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ABSTRACT

Development of molecular markers for various desirable traits related to disease resistance,
drought tolerance, compact canopy, higher yield, etc hold great potential for crop
improvement of Casuarina equisetifolia L. This work focuses on the analysis of genetic
relationship between 24 first generation colones of C. equisetifolia. Total genomic DNA was
isolated by CTAB method and amplified with random oligonucleotide primers (Ten arbitrary
10-mer primers from Oberon Technologies Primer, USA) using PCR. The polymorphic
bands were detected on agarose gels. Each random primer used in this study produced
distinct bands. These were used for the final analysis. Six primers (OPM-05, OPM-13, OPB-
18, OPE-06, OPE-07 and OPE-08) yielded 39 scorable bands. These bands were then
constructed using the RAPD distance v1.04 package. Following this, SHAN method in
NTSYSpc v2.02 was used to generate a pair wise distance matrix between various clones of
C. equisetifolia. The highest genetic similarity co-efficient value (0.91) was observed
between clones APSKLM-25 and APVSP-14 while the lowest co-efficient value (0.04) was
seen between clones APKKD-11 and APKKD-9. The RAPD study was helpful to establish
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Introduction

The members of the Family Casuarinaceae are commonly
known as casuarinas. They are monoecious or dioecious trees or
shrubs having unique needle like branchlets with many articles.
Currently casuarinas are grouped under four genera (Wilson and
Johnson 1989), which encompass over 90 species (Moncur et al.
1997). Among the four genera, the species of Casuarina and
Allocasuarina are commercially cultivated in many tropical and
sub-tropical regions of the world while the other two genera
Gymnostoma and Ceuthostoma occur as wild species (Chonglu
Zhong et al. 2010; Sergio Svistoonoff et al. 2010).

Casuarina (2n = 18) comprises about 17 species distributed
throughout Southeast Asia and Australia (Pinyopusarerk and
House 1993), whereas Allocasuarina consisting of 59 species
are endemic to Australia (Wilson and Johnson 1989). They are
considered to be the nearest relatives of the genus Casuarina
since they share many common morphological features. The
basic chromosome number of Allocasuarina varies fromn = 10
to n = 14. Polyploidy, particularly tetraploidy is known to be
prevalent in some species like A. luehmanii (2n = 56) and A.
littoralis (2n = 44). Phylogenetic and taxonomic relationships
within the species of casuarinas have been studied using the size
and number of chromosomes, pattern of geographical
distribution (Barlow 1959; Barlow 1983) and diversification in
the morphological characteristics (Wilson and Johnson 1989) to
distinguish the members of Allocasuarina and Casuarina.
Recently, rbcL and plastid matK sequences were used for the
genetic analysis of Casuarinaceae (Sogo et al. 2001) and the
study was further extended to decipher the phylogeny of 76
species demonstrating the monophyly of the four genera and
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examining the relationships within the family (Steane et al.
2003).

Although about 15 species of Casuarina and Allocasuarina
are recognized for multiple utilization, only C. equisetifolia is
cultivated widely in many countries (Doran and Hall 1983;
Pinyopusarerk and House 1993; Krishnamoorthy 1989)
accounting for about 1.4% of tree plantations of the casuarinas
(FAO 1995). This commercial and silvicultural importance of C.
equisetifolia has led to the establishment of multinational
provenance trials co-ordinated by Doran and hall (1983);
Pinyopusarerk et al. (1996). The species is propagated by
cladode cuttings (Gurumurthi and Bhandari 1988) and yield gain
is achieved through clonal plantations using genetically
divergent and productive clones (Ahuja and Libby 1993). In
India, major effort is directed towards production of improved
planting stocks through selection of superior performers from
plantations/provenances and their vegetative propagation.
Additionally, seed orchard raised with selected clones can
provide good quality seeds for plantations if vegetative
propagules fall short of demand. The optimal utilization of
diversity requires genetic characterization of the stocks and
identification of the selected clones in the early stage.
Morphological characters have been used to estimate genetic
divergence of clonal selections of C. equisetifolia (Kumar and
Gurumurthi 2000). Genetic variation at the population level has
been studied using RAPD markers in C. equisetifolia (Ho et al.
2002). RAPD variation in casuarinas of Taiwan has revealed
that most plants in Taiwan were closely related but not typical
C. equisetifolia indicating introgressive hybridisation among C.
equisetifolia, C. glauca and C. cunninghamiana (Ho et al.
2002a). The evaluation of genetic diversity would promote the
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efficient use of genetic variations in the breeding program
(Paterson et al. 1991) and inbreeding depression has occurred in
Lentinula edodes (Hasebe 1991), so the evaluation of genetic
diversity between breeding materials takes on additional
importance.

The scope of the present study was to generate a reliable
DNA based marker system for the characterization of
Casuarinaceae in general and C. equisetifolia in particular.
Among many different types of DNA markers, the markers
based on Random amplified polymorphic DNA (RAPD) provide
a co-dominant, highly reproducible and genetically informative
marker system (Van et al. 1995, Fracaro et al. 2005;
Venkatachalam et al. 2004; Pedro and José 2000; Campbell
1999). However information on RAPD loci is not available in
Casuarinaceae clones. The Random amplified polymorphic
DNA-PCR (RAPD-PCR) takes advantage of the ubiquitously
distributed RAPD in the eukaryotic genomes. So the present
work was taken up with the objective of establishing an efficient
and reproducible marker system based on RAPD-PCR for the
identification of clonal selections and plant breeding of C.
equisetifolia for forest development.

Materials and methods
Plant martial

Twenty four parent clones (cuttings) of Casuarina
equisetifolia were collected from different plantations in the
districts of Andhra Pradesh, India (Table 1). The clonal cuttings
were planted in the silviculture nursery, Institute of Forest
Genetics and Tree breeding (IFGTB), Coimbatore, India. Again
the collected clonal cuttings were grown in the nursery to get the
F1 Generation. These were used as samples for DNA
fingerprinting studies.

Reagents and chemicals

The following solutions and chemicals were used: CTAB
3% (w/v), IM Tris-Cl (pH 8), 0.5 M EDTA (pH 8), 5 M NaCl,
absolute ethanol (AR grade), chloroform-IAA (241 [v/v]),
polyvinylpyrrolidone (PVP) (Sigma) and R-mercaptoethanol. All
the chemicals used in the experiments were of analytical grade.
The extraction buffer consisted of CTAB 3% (w/v), 100 mM
Tris-Cl (pH 8), 256 mM EDTA (pH 8), and 2 M NaCl. The PVP
and B-mercaptoethanol were prepared fresh.

DNA extraction and purification

DNA was isolated from growing tips of juvenile needles of
each clone using a modified Cetyl Trimethyl Ammonium
Bromide (CTAB) method (Yasodha et al. 2005). The plant
materials were ground to powder in sterilized pestle and mortar
in liquid nitrogen. The fine powder was transferred to
microcentrifuge tubes containing freshly prepared 600 ul of
extraction buffer (100 mM Tris buffer pH 8, 25 mM EDTA, 2 M
NaCl, 3% CTAB and 3% polyvinyl pyrrolidone). The
suspension was mixed gently and incubated at 65°C for 20 min
with occasional mixing. The suspension was then cooled to
room temperature and an equal volume of chloroform: isoamyl
alcohol (24:1) was added. The mixture was centrifuged at 12000
rpm for 10 min. The clear upper aqueous phase was then
transferred to a new tube; a 2/3 volume of ice-cold isopropanol
was added and incubated at -20°C for 30 min. The nucleic acid
was collected by centrifuging at 1000 rpm for 10 min. The
resulting pellet was washed twice with 80% ethanol and air-
dried under a sterile laminar hood, and the nucleic acid was
dissolved in TE (10 mM Tris buffer pH 8, 1 mM EDTA) at
room temperature. The contaminating RNA was eliminated by
treating the sample with RNase A (10 mg/ml) for 30 min at
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37°C. DNA concentration and purity were determined by
measuring the absorbance of diluted DNA solution at 260 nm
and 280 nm. The quality of the DNA was determined using
agarose gel electrophoresis stained with ethidium bromide
RAPD-PCR amplification

The RAPD-PCR was performed according to the method of
McClelland et al. (1995). The reactions were carried out in 25
pL volume in a tube using ten random decanucleotide primers
separately,OPM-02, OPM-05, OPM-13,0PB-04, OPB-12,0PB-
15, OPB-18, OPE-06, OPE-07 and OPE-08 (Arbitrary 10-mer
primers from Oberon Technologies Inc., Alameda, California,
USA) (Williams et al 1990). Each reaction tube contained 30 ng
template DNA, 1.5 mM MgCI2, 300 uM of dNTPs, 2.5 pL of Ix
Taq DNA polymerase buffer, 25 pM decanucleotide primer and
1.5 units of Taq DNA polymerase (Bangalore Genei, India).
Amplification was performed in a DNA thermal cycler (Techne
Thermal Cycler, England) using the following conditions: 95°C
for 3 min; 36 cycles at 94°C for 1 min, 35.6°C for 30 s and 72°C
for 1 min; final extension at 72°C for 2 min. PCR products were
resolved on 1.2% agarose gel in IXTAE buffer. The DNA was
stained with 0.5 mg/mL ethidium bromide, visualized and
photographed under a UV transilluminator. A sample without
template DNA was included as a negative control in each
experiment to check contamination. Electrophoretic profile was
visualized under UV radiation and photographed with a UV
transilluminator. The sizes of DNA fragments were estimated by
comparison with standard ladder (1kb and 100 bp; Bangalore
Genei, India)
Designation for RAPD marker

Each RAPD marker was given a two-part name. The first
part corresponded to the primer with which the polymorphism
was observed (one or two letters followed by a two-digit number
which corresponded to an Operon Technologies primer), while
the second part corresponded to the approximate size (in bp) of
the band.
Data collection and analysis

The amplification products were scored separately for each
primer. The presence or absence of band for each clone was
assessed. The binary code 1 for the presence and 0 for absence
of the band were used. Only intensely stained polymorphic
bands were used in the statistical analysis. Pair-wise similarity
matrices were generated by Jaccard’s coefficient of similarity
(Jaccard 1908) using the SIMQUAL format of NTSYS-pc
(Rohlf 2002). A dendrogram was constructed using the
unweighted pair group method with arithmetic average
(UPGMA) with the SAHN module of NTSYS-pc to show a
phenetic representation of genetic relationships as revealed by
the similarity coefficient (Sneath and Sokal 1973). The binary
data were also subjected to principal component analysis (PCA)
using the EIGEN and PROJ modules of NTSYS Pc.
Results and Discussion
Marker polymorphism

C. equisetifolia L species were analyzed using 10 random
primers of which 6 produced reproducible polymorphic banding
patterns. A total of 39 bands were scored of which 35 (89.6%)
were polymorphic and 4 were monomorphic bands (10.24%).
The number of bands generated per primer varied from 6 to 9
and a minimum of 6 bands was generated by the primers OPM-
13, OPM-06 and OPM-07 while the maximum of 9 bands were
observed with primers OPM-05 and OPE-08. The primer OPB-
20 also generated 7 bands. The size of the amplified products
varied from 900 to 2,900 bp in different primer (OPM-05(1000
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bp-2500 bp), OPM-13(900 bp-2500 bp), OPB-20(1200 bp-2500
bp), OPE-06(1500 bp-2900 bp), OPE-07(1350 bp-2500 bp), and
OPE-08 (1250 bp-2500 bp)). The minimum size (900bp) of the
amplified products was from primer OPM-13 and maximum size
(2900bp) of the amplified products was from primer OPE-08.
Three primers (OPM-05, OPE-06 and OPE-08) generated 100%
polymorphic bands and primers OPM-13 (83.3%), OPE-20
(71.4%) and OPE-06 (83.3%) also generated higher
polymorphic bands. Only primer OPE-20 alone generated less
polymorphic bands of 71.4% (Table 2).RAPD profiles of a
representative primer OPM-05 are shown in Fig 1.

M1 3456180 URIMBHE KDY N2 BN

Fig. 1 RAPD profiles of the primer OPM-05. M-DNA size
Marker (Samples 1-24 as in Table 1)

The high level of polymorphism detected by the RAPD
markers in this study is comparable with the other perennial
species (Chalmers et al. 1992; Gillies et al. 1999; Izumi et al.
1997; Ganesh et al.2008). Similar levels of polymorphic bands
were generated in these studies by same primers.

Clones of C. equisetifolia specific diagnostic markers

The primers such as OPM-05 (APPKD-1, APVSP-14 and
APVSP-16 ), OPM-13 (APVIM-33), OPB-20 (APPKD-5,
APPKD-10, APVSP-15, APVSP-23 and APVJM-35), OPE-06
(APSKLM-25 and APVIM-39), OPE-07 (APPKD-4, APPKD-6,
APPKD-12, APVSP-22, APSKLM-27 and APVJM-31) and
OPE-08 (APKKD-3, APPKD-7, APPKD-9, APPKD-11,
APVSP-18, APSKLM-26 and APVIM-32 ) detected clones-
specific diagnostic markers suitable for discriminating 24 clones
of C. equisetifolia. These clones-specific RAPD markers could
potentially be used for identifying clones of C. equisetifolia
from any mixed population comprising other clones or species
of Casuarina complex Similar approach has been successfully
used for molecular diagnosis of species and cultivars by many
workers (Sosinski and Doucher 1996; Yamamoto and Duich
1994; Trujillo Y Cabrera and Maria Valdés 2010).

Genetic diversity

The DNA banding patterns of C. equisetifolia from the
investigated sites provide evidence for both genetic homogeneity
and diversity within individual clones, as well as differences
between geographically separate clones. Andhra Pradesh clones
of C. equisetifolia produced genetic similarity co-efficient
(pairwise distance matrix) which varied from 0.00 to 0.91 (Table
3). The highest genetic similarity co-efficient (0.9) was observed
between clones APSKLM-25 and APVSP-14 of C. equisetifolia
while the lowest value (0.04) was measured between APKKD-
11 and APKKD-9. Similar wide range in similarity values had
also been observed in many other perennial species (Nair et al.
1999; Sarmah et al. 2007). UPGMA cluster analysis the clones
of C. equisetifolia similarity co-efficient generated a
dendrogram (Fig. 2) which illustrated the overall genetic
relationship among the genotypes surveyed. Cluster analysis
indicated 10 major distinct clusters and 12 subclusters
comprising all the accessions. Among twenty four Andhra
Pradesh clones of C. equisetifolia, clones APKKD-11 and
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APKKD-9 are genetically very similar while clones APVSP-15
and APVIM-35 are highly divergent among the rest of the
clones; APVIM-35 has a wider geographic distribution in
Andhra Pradesh as compared to the other clones of C.
equisetifolia  assessed, apart from its morphological
distinctiveness. This clone has a smaller plant spread and
dichotomously branched narrow leaves with serrated margin
which makes it morphologically distinct from the other clones of
C. equisetifolia. Similar wide range of similarity values has also
been observed on studies of seed weight and seedling growth
within C. equisetifolia species (Yang et al. 1995). The genetic
variations of 70 individual samples of C. equisetifolia growing
along the northern coast of Senegal were studied using 160
primers; they generated 1396 reproducible bands and 61
polymorphic bands. This result showed a narrow genetic
variation among (4.36%) and within (5.90%) C. equisetifolia
subsp equisetifolia and C. equisetifolia subsp incana plantation
sites (Ndoye et al. 2011). 456 individual samples of C.
equisetifolia were evaluated to assess the genetic diversity and to
identify hybridization in Casuarina grown in Taiwan. 11
primers were used and 81 polymorphic bands were scored. The
average Nei’s gene diversity of Casuarina grown in Taiwan
(0.198) was significantly higher (p<0.001) than those of native
provenances of C. equisetifolia (Ho et al. 2002). RAPD markers
were also used for the identification of genetic diversity of 142
individual samples belonging to 12 native accessions of C.
equisetifolia grown in an international Provenance trial garden
in Taiwan (Ho et al. 2002a). RAPD markers were used in C.
equisetifolia to characterize closely related genotypes (Yasodha
et al. 1999).

Coafficses

Fig. 2 Dendrogram showing the clustering between different
clones of Casuarina equisetifolia L

RAPD-PCR has been used widely in plants for the analysis
of genetic relationships between and within species (Bassam
1992; Beekman et al. 1990; klein-Lankhorst 1991; Kuen et al.
2002; Kuen et al 2004; Nicodemus et al. 2006; Rogstad and
Willams 1988; Reiter et al. 1992; Sanchez et al. 1998; Varshney
et al. 2000; Weising et al. 1995) and assessment of hybridisation
in natural populations and of analysis germplasm (Williams et
al. 1990). Further RAPD-PCR is useful in fingerprinting and
characterisation of accessions and identification of cultivars and
varieties.

The technical simplicity of the RAPD technique has
facilitated its use in the analysis of genetic relationship in
several genera (Wilikie et al. 1993; Demeke 1992; Nair et al.
1999). The major concerns regarding RAPD-generated
phylogenies include homology of bands showing the same rate
of migration and variation in fragment mobility (Stammers et al.
1995). In spite of this limitation, RAPD markers have the
greatest advantage to scan across all regions of the genome;
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hence they are highly suited for phylogeny studies at species
level (Wilikie et al. 1993; Demeke 1992). Recent developments
in DNA marker technology together with the concept of marker
assisted selection provide new solutions for selecting and
maintaining desirable genotypes.

Once molecular markers closely linked to desirable traits
are identical, than a marker assisted selection can be performed
in early segregating populations and at early stages of plant
development. Marker assisted selection or identification can be
used to pyramid the major genes including resistance genes,
with the ultimate goal of producing varieties with more desirable
characters.

In the present investigation, RAPD markers have been used
to clones of C. equisetifolia accessions at intra- and inter-
specific levels. This study will be helpful for the selection and
improvement of C. equisetifolia in future.
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Table 1: Listof Andhra Pradesh Clones of Casuarina equisetifolia L selected for the RAPD studies

SNo CLONAL IDENTITY

Origin

1 APPKD-1

2 APKKD-3

3 APPKD-4

4 APPKD-5

5 APPKD-6

6 APPKD-7

7 APPKD-9

8 APPKD-10
9 APPKD-11
10 APPKD-12
11 APVSP-14
12 APVSP-15
13 APVSP-16
14 APVSP-18
15 APVSP-22
16 APVSP-23
17 APSKLM-25
18 APSKLM-26
19 APSKLM-27
20 APVIM-31
21 APVIM-32
22 APVIM-33
23 APVIM-35
24 APVIM-39

Kakinada
Kakinada
Kakinada
Kakinada
Kakinada
Kakinada
Kakinada
Kakinada
Kakinada
Kakinada
Visakhapatnam
Visakhapatnam
Visakhapatnam
Visakhapatnam
Visakhapatnam
Visakhapatnam
Srikakulam
Srikakulam
Srikakulam
Vijayanagaram
Vijayanagaram
Vijayanagaram
Vijayanagaram
Vijayanagaram

Note: All the clones were collected in Andrapradsh- India
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Table 2 List of primers, number of amplified products, polymorphism percentage and polymor phism
information content

% of
SN Primer No. of bands 0. of monomorphic INr?I. ?fhi % of polymorphic ~ monomorphic ~ Fragment (size range
-NO € generated bands po yba nodf ¢ bands (%) bands in bp)
(%)
1 OPM-05 9 0 9 100 0 ~2500-1000
2 OPM-13 6 1 5 83.34 16.66 ~2500-900
3 OPB-20 7 2 5 71.42 28.57 ~2500-1200
4 OPE-06 6 1 5 83.34 16.66 ~2900-1500
5 OPE-07 6 0 6 100 0 ~2500-1350
6 OPE-08 9 0 9 100 0 ~2500-1250
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Table 3 Pairwise distance matrix for the selectedclones of Casuarina equisetifolia L
¢ Pk Kk Pk Pk PRk Pk Pk Pk Pk Pk AP AP AP AP AP AP B0 S0 AP AP UM AP AP AP
o b b2 bs  bs 0 o 540 Dail  Dap VSP-14 VSP1S VP16 VSP-18  VSP-22 VSP23 oo oo SKLM27  VIMBL el VIM33 VM35 VAM-39
APPKD-1  0.000
APKKD-3 02432  0.000
APPKD-4 02222 04286  0.000
APPKD-5 02381 01707 03000  0.000
APPKD-6 02667 03103 05000 04118  0.000
APPKD-7 02174 02000 02273 01200 04737  0.000
APPKD-9 01707 03000 01795 02444 04545 01429  0.000
APEKD' 0375 04194 04667 04444 01617 04500 03714  0.000
ApifD' 01628 02857 02195 01915 04286 09800 00435 03514 0000
APPKD-
0 02571 01765 03333 03333 02593 02558 02105 02414 02000  0.000
APVSP- 03548 06000 03793 04286 05652 04350 04118 06000 04444 05714 0000
APVSP-
o 05714 05556 05385 05625 05000 05000 04839 03636 04545 03600 09048  0.000
AP 02273 03023 02857 02083 03889 01538 02766 04211 02653 04146 04595 05882  0.000
Apl\gsp' 03846 02632 04054 03488 04194 02766. 01905 03333 02273 02222 06250 05172 03333  0.000
AP P 02105 02073 02222 02381 04667 02174 02195 05625 02558 03714 04194 06429 02273 03846 0000
Apz\fp' 03659 03500 03333 02000 04545 01837. 03636 03714 03043 03684 05294 04194 01489 03810 03171  0.000
APSKLM- 05484 03333 07241 04286 04783 04872 06471 05200 06111 05714 09167 05238 03514 04375 05484 03529 0000
Apsz’;'-'v" 01429 01707 03000 01304 04118 00800 01556 05000 01064 02821 04286 05625 02083 04388 01905 02889 04857  0.000
AP52'§LM' 02727 03023 02381 02083 04444 01154 02340 04211 02245 03659 05135 05294 00800 03333 02273 01489 04054 02083  0.000
Aps\f'v" 05000 03143 04118 03500 03571 02727 04359. 03333 04146 03333 06552 05385 02381 02973 04444 02308 03793 04000 01905  0.000
AP;QJM' 02558 02381 03171 01489 05429 01765 02609. 05135 02500 04000 03889 06970 02245 03636 02093 02609 04444 01915 01837 03659  0.000
APSV;M' 05556 03714 04706 03500 04286 03636 04872, 03333 04634 03939 07241 05385 03333 03574 05000 02821 03793 05000 02381 01176 03171  0.000
Apg\/;'\"' 05172 07143 03333 05152 07143 04595 05000 06522 05294 06923 05455 05789 04857 06667 04483 04375 06364 05758 04286 05556 04706 05556  0.000
APVIM- 4000 02414 05000 03529 02727 04211 05172 03333 04857 03333 05652 06000 04444 04194 06000 03939 03913 04118 04444 02857 03714 03571 06190  0.000



