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Studies were undertaken for identiﬁcation and genetic relationships in six tree
species of Acacia through Random ampliﬁed polymorphic DNAs (RAPD)
markers. A total of two hundred and ﬁfty three distinct DNA fragments
(bands), ranging from 0.1–3.1 kb were ampliﬁed by using selected 17 random
10-mer primers. The genetic similarity analysis was conducted on the basis of
presence or absence of bands which revealed a wide range of variability within
the species. The cluster analysis clearly showed that there was high degree of
diversity (∼ 70%) within the six tree species of Acacia. Three major clusters
were obtained belonging to 6 species of Acacia. First and second clusters were
represented by only one species each i.e. Acacia mollissima and A. arabica
respectively whereas 3rd cluster was represented by four species i.e. A. farnesiana, A. catechu, A. auriculiformis, A. concinna. A. farnesiana and A.
catechu were the closest member sharing about 30% similarity. A. auriculiformis and A. concinna shared about 28% and 18% similarity, respectively,
with the cluster formed by A. farnesiana and A. catechu. The closest genetic
distance existed within populations of diﬀerent Acacia tree species. Thus,
these RAPD markers have the potential for conservation of identiﬁed clones
and characterization of genetic relatedness among the species. It is also helpful
in tree breeding programs and provide an important input into conservation
biology.
Key words: Acacia, phylogenetic relationships, RAPD analysis, legume tree.

Introduction
The genus Acacia belongs to family Leguminosea:
Mimosoideae. This genus represents both trees
and herbs distributed in the tropical and subtropical regions of the world. Most of the tree
species of the genus Acacia have high timber quality, medicinal as well as economic value
(ANONYMOUS, 1989). The Acacia trees are growing rapidly, can adapt to a wide range of degraded

lands, and have high pulp quality and yield. Most
of the Acacia trees have become the most important plantation species in southeast Asia and Australia. The trees are reported to have medicinal
properties i.e. antiseptic, anti-dysenteric and antifever. The seeds are astringent, and given in piles,
diarrhea and other maladies (ANONYMOUS, 1989).
However, these valuable timber species face extinction as germplasm conservation is diﬃcult because of high intrafruit seed abortion and inbreed-
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ing depression. The conservation of plant populations and species is mostly concerned with the
number of genetic individuals present in populations in order to assess factors such as genetic drift,
inbreeding depression and lack of mates in selfcompatible species (BARRETT & KOHN, 1991).
The breeders need to be able to estimate the
degree of relatedness between the existing material. Germplasm characterization and evolutionary
process in viable populations are important links
between the conservation and utilization of plant
genetic resources. Conventionally, morphological
characters like growth habit, leaf type, ﬂoral morphology and fruit characters have been used to
deﬁne the plant name. Molecular techniques help
researchers not only to identify the genotypes, but
also in assessing and exploiting the genetic variability through molecular markers (WHITKUS et
al., 1994). Insights into the relative genetic diversity within the Acacia species would be useful in
plant breeding and also for the development of
strategies for ex situ conservation of plant genetic
resources. DNA ﬁnger printing of all the genetic
resources of the timber yielding tree plants, is a
necessity for generating a molecular database to
catalogue as well as to utilize the information in
a systematic manner. Moreover, the commercial
value associated with identifying useful traits creates a direct value on gene banks ensuring longterm preservation of a collection. The genetic relationship and markers can be useful for designing strategies for gene introgression and breeding
programs to produce desired recombinant hybrid
genotypes with both timber quality and biomass
yields. Management decisions for the conservation
of taxa ideally necessitate an understanding of
their biology and other factors, including genetic
variability, that inﬂuence their survival. Conservation management decisions for rare taxa, however, often have to be made quickly without adequate ecological data or information on their genetic variability (GASTON & KUNIN, 1997). Random ampliﬁed polymorphic DNA (RAPD) analysis has proved useful for estimating genetic diversity particularly to assist in the conservation of
rare species and plant genetic resources (ANDERSON & FAIRBANKS, 1990). RAPD analysis in particular has proven to be a rapid and eﬃcient means
of genome mapping (WILLIAMS et al., 1990) and
is well suited for genetic resource characterization
(ANDERSON & FAIRBANKS, 1990). The DNA ﬁngerprinting generated by the polymerase chain reaction (PCR) using arbitrary primers, has provided a new tool for the detection of DNA polymorphism in number of tree species (CARLSON et
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al., 1991; BINELLI & BUCCI, 1994; BRADSHAW
et al., 1994; BYRNE et al., 1995; VERHAEGEN &
PLOMIO, 1996). In this context, information on
the genetic relationships and diversity of available
germplasm is essential for the identiﬁcation of potential germplasm and conservation biology. In the
present investigation, we report on genetic relationships and genetic variability within the population of Acacia tree species based on RAPD
markers.
Material and methods
Plant materials
Leaf material was collected from 20 individuals of
Acacia namely Acacia auriculiformis A. CUMM, A.
concinna DC, A. catechu WILLD., A. farnesiana
WILLD., A. arabica WILLD. and A. mollissima WILLD.
from natural stand grown at Chandaka Reserve Forest,
Bhubaneswar. Mature seeds were collected and grown
in the 10 inches earthen pots under net house condition. The leaf materials were used for DNA isolation.
DNA isolation
DNA was extracted from young leaves using the
N-cetyl-N,N,N-trimethylammonium bromide (CTAB)
method described by DOYLE & DOYLE (1990) with
modiﬁcations. Two grams of fresh leaf material were
washed in distilled water and subsequently ringed with
80% (v/v) ethanol and then grounded in liquid nitrogen. Ten milliliters of preheated extraction buﬀer (2%
CTAB (w/v), 0.2% β-mercaptoethanol (v/v), 100 mM
Tris-HCl pH 8.0, 2 mM EDTA, 1.4 M NaCl) were then
added per 2g of powder material and incubated for two
hours at 60 ◦C. The DNA pellet was resuspended in
200 µL to 300 µl of Tris-EDTA (10 mM – 1mM). DNA
quantiﬁcation was performed by visualizing under UV
light, after electrophoresis on 0.8% agarose gel. The
resuspended DNA was then diluted in sterile distilled
water to 5 ng/µL concentration for use in polymerase
chain reaction ampliﬁcation reactions.
Primer screening
Forty 10-mer primers, corresponding to kits A,B, D
and N from Operon Technologies (Alameda, California) were initially screened using six species (ﬁve sample each) to determine the suitability of each primer
for the study. Primers were selected for further analysis based on their ability to detect distinct, clearly
resolved and polymorphic ampliﬁed products within
the species of Acacia. To ensure reproducibility, the
primers generating no, weak, or complex patterns were
discarded.
Polymerase Chain Reactions (PCR) ampliﬁcations
A set of forty random decamer oligonucleotides purchased from Operon Technologies Inc. (Alameda, California, USA) was used providing single primers for the
ampliﬁcation of RAPD fragments. Polymerase Chain
Reactions (PCR) were carried out in a ﬁnal volume of
25 µL containing 20 ng template DNA, 100 µM each
deoxynucleotide triphosphate, 20 ng of decanucleotide

Table 1. Total number of ampliﬁed fragments and number of polymorphic fragments generated by PCR using
selected random decamers in six Acacia tree species.
Name of
primer

Sequence
of the primer

Total No.
ampliﬁcation
products

No. of
polymorphic
products

Size range
(Kbp)

OPA 01
OPA 02
OPA 09
OPA 11
OPA 14
OPA 16
OPA 20
OPB 17
OPB 20
OPN 05
OPN 08
OPN 09
OPN 10
OPN 13
OPN 14
OPN 15
OPN 16

5’-CAGGCCCTTC-3’
5’-TGCCGAGCTG-3’
5’-GGGTAACGCC-3’
5’-CAATCGCCGT-3’
5’-TCTGTGCTGG-3’
5’-AGCCAGCGAA-3’
5’-GTTGCGATCC-3’
5’-AGGGAACGAG-3’
5’-GGACCCTTAC-3’
5’-ACTGAACGCC-3’
5’-ACCTCAGCTC-3’
5’-TGCCGGCTTG-3’
5’-ACAACTGGGG-3’
5’-AGCGTCACTC-3’
5’-TCGTGCGGGT-3’
5’-CAGCGACTGT-3’
5’-AAGCGACCTG-3’

10
10
13
8
13
11
10
10
20
20
15
22
15
19
15
19
19

10
10
13
8
13
11
10
10
20
20
15
22
15
19
15
19
19

0.8–2.9
0.2–2.4
0.3–1.8
0.5–1.7
0.3–1.7
0.2–1.9
0.6–2.0
0.5–1.1
0.2–2.5
0.3–2.2
0.2–2.0
0.2–2.0
0.2–2.0
0.2–2.0
0.4–3.1
0.4–2.6
0.1–2.1

primers (M/S Operon Technology, Inc., Alameda, CA
94501, USA), 1.5 mM MgCl2 , 1 × Taq buﬀer (10 mM
Tris-HCl pH 9.0, 50 mM KCl, 0.01% gelatin), and 0.5
U Taq DNA polymerase (M/S Bangalore Genei, India). Ampliﬁcation was achieved in a PTC 100 thermal
cycler (M J Research, USA) programmed for a preliminary 4 min denaturation step at 94 ◦C, followed by 45
cycles of denaturation at 94 ◦C for 1 min, annealing at
37 ◦C for 1 min and extension at 72 ◦C for 2 min, ﬁnally
at 72 ◦C for 10 min. Ampliﬁcation products were separated alongside a molecular weight marker (1kb ladder, MBI Fermentas, USA) by electrophoresis on 1.2%
agarose gels run in 0.5X TAE (Tris Acetate EDTA)
buﬀer, stained with ethidium bromide and visualized
under UV light. Gel photographs were scanned through
Gel Doc System (Gel Doc. 2000, BioRad, USA) and
the ampliﬁcation product sizes were evaluated using
the software Quantity one (BioRad, USA). In another
set of experiment, PCR ampliﬁcation was made in 20
individuals in each species.
Data analysis
Data were recorded as presence (1) or absence (0) of
band products from the examination of photographic
negatives. Each ampliﬁcation fragment was named by
the source of the primer (Operon, Advanced Biotechnologies), the kit letter or number, the primer number
and its approximate size in base pairs. Bands with similar mobility to those detected in the negative control,
if any, were not scored. Similarity index was estimated
using the NEI & Li coeﬃcient of similarity (NEI & LI,
1979). Cluster analyses were carried out on similarity estimates using the unweighted pair-group method
arithmetic average (UPGMA) using NTSYS-PC, version 1.80 (ROHLF, 1995).

Results and discussion
The primer screening step resulted in seventeen 10-mer primers which showed polymorphisms
within the six species of Acacia used. Fourteen
primers showed polymorphism, but could not distinguish within the species, and 9 primers gave
no ampliﬁcation products. The reproducibility of
the ampliﬁcation product was tested on template
DNA from three independent extractions of the
ﬁve selected clones using leaf samples from diﬀerent seasons. Most of the ampliﬁcation reactions
were duplicated. Only bands that were consistently reproduced across ampliﬁcations were considered for the analysis. Bands with the same mobility were considered as identical fragments, receiving equal values, regardless of their staining
intensity. When multiple bands in a region were
diﬃcult to resolve, data for that region of the gel
was not included in the analysis. The results indicate that seventeen informative primers were selected and used to evaluate the degree of polymorphism within all the tree species of Acacia. The
selected primers generated distinctive products in
the range of 0.1–3.1 Kbp. Maximum numbers of
bands were produced by the primer OPN-09 (22)
and minimum by primer OPA-11 (8) (Tab. 1).
A total of two hundred and ﬁfty three ampliﬁed fragments were scored across six species for
the seventeen selected primers, and were used to
estimate genetic relationships within the species.
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Fig. 1. RAPD patterns of six species of Acacia generated by primer: a – OPN-09 (5’-TGCCGGCTTG-3’), b
– OPN-15 (5’-CAGCGACTGT-3’), c – OPA-09 (5’-GGGTAACGCC-3’), d – OPN-14 (5’-TCGTGCGGGT-3’).
M – Kbp molecular weight ladder. 1– Acacia mollissima, 2 – Acacia auriculiformis, 3 –Acacia farnesiana, 4 –
Acacia catechu, 5 –Acacia concinna, 6 – Acacia arabica.

Pattern of RAPD fragments produced by the 10mer primer OPN-09, OPN-15, OPA-09 and OPN14 are shown in Figs 1a-d. Further analysis of
these RAPD proﬁles for band similarity indices
could clearly diﬀerentiate all the tree species of
Acacia i.e. A. mollissima, A. concinna, A. auriculiformis, A. arabica, A. catechu and A. farnesiana. The similarity matrix obtained after multivariant analysis using “NEI & LI” coeﬃcient (NEI
& LI, 1979) is presented in Table 2. The results
of the genetic similarity matrix coeﬃcient indicate that A. catechu had about 11%, 29% and
31% similarity with A. mollissima, A. arabica and
A. farensiana, respectively. The cluster analysis
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indicate that six species of Acacia formed two
major clusters (Fig. 2). The ﬁrst major cluster
represented by only one species each i.e. d A. arabica. Second major cluster was represented by ﬁve
species i.e. A. catechu, A. farnesiana, A. auriculiformis, A. concinna and A. mollissima. A. farnesiana and A. catechu representing a minor cluster with about 30% similarity. A. auriculiformis
shares about 28% similarity with A. farnesiana
and A. catechu. A. mollissima shares about 18%
similarity with A. arabica. The dendrogram represents the close distances among the species occurring in adjacent tips of the classiﬁcation as
per the numerical taxonomy (SNEATH & SOKAL,

Table 2. Similarity matrix for NEI & LI’s coeﬃcient of six diﬀerent tree species of Acacia.

Am
Aa
Af
Ac
Aco
Aar

Am

Aa

Af

Ac

Aco

Aar

1.0
0.18
0.12
0.11
0.19
0.12

1.0
0.3
0.29
0.23
0.16

1.0
0.31
0.23
0.10

1.0
0.17
0.09

1.0
0.15

1.0

Am – A. mollissima, Aa – A. auriculiformis Af – A. farnesiana Ac – A. catechu, Aco – A. concinna, Aar–
A. arabica.

0.00

0.25

0.50

0.75

1.00
A. mollissima
A. auriculiformis
A. farnesiana
A. catechu
A. concinna
A. arabica

Fig. 2. Dendrogram of cluster analysis of RAPD markers illustrating the genetic relationships among the six
species of Acacia.

1973). One minor cluster comprises A. farensiana
and A. catechu which were about 30% similarity
because of the close association with regards to
growth habit and taxonomical classiﬁcation.
The results indicate that the mean levels of
genetic variation was low among the individuals
of diﬀerent Acacia tree species (data not shown).
The present study of DNA proﬁling in tree Acacia
species clearly showed that it was possible to analyse the RAPD patterns for correlating their similarity and distance between species by which one
could predict the origin of the species to a great
extent. Further, the taxa-speciﬁc bands can be utilized for deﬁning the uniqueness, which will be
helpful in species and taxa identiﬁcation. From the
results of the RAPD proﬁling, it was observed that
some species performed good number of ampliﬁed
bands but few species showed less number of ampliﬁed bands on same primer. Similarly, unique
patterns were observed diﬀerentiating all six tree
species from each other by using seventeen 10-mer
random primers which can be concluded as RAPD
markers for diﬀerentiating Acacia tree species and
its help for conservation of germplasm (VIRK et
al., 1995), breeding programs and management of
genetic resources (BRETTING & WIDRELECHNER,
1995). MILLER & BAYER (2001) reported that the
genus Acacia is subdivided into three subgenera:
subg. Acacia, subg. Aculeiferum, and the predomi-

nantly Australian subg. Phyllodineae. Morphological studies have suggested the tribe Acacieae and
genus Acacia are artiﬁcial and have a close aﬃnity
to the tribe Ingeae. ROBINSON & HARRIS (2000)
studied the plastid DNA phylogeny of the genus
Acacia. They concluded that the tribe Acacieae
and genus Acacia are not monophyletic. Furthermore subgenera Acacia and Aculeiferum are sister
taxa and neither of them appears closely related
to subgenus Phyllodineae. BUKHARI et al. (1999)
noted that A. nilotica and A. farnesiana are sister species, though A. nilotica is Afro-Asiatic and
A. farnesiana is of American origin.
In this investigation we provide information
on genetic relatedness within species for conservation. An understanding of the level and partitioning of genetic variation within the species would
provide an important input into determining appropriate management strategies.
Acknowledgements
The authors wish to acknowledge the help of the Department of Biotechnology, Ministry of Science and
Technology, Government of India for ﬁnancial assistance under the scheme No. BT/PRO/1205/AGR/08/
082/98. The authors also grateful to Dr. S. P. S.
KHANUJA, Director, CIMAP, Lucknow, for valuable
help.
References
ANDERSON, W. R. & FAIRBANKS, D. J. 1990. Molecular markers: Important tools for plant genetic resource characterization. Diversity 6: 51–53.
ANONYMOUS, 1989. The Wealth of India: Raw Materials, Vol. A-B. Council of Scientiﬁc Industrial
Research, New Delhi.
BARRETT, S. C. H. & KOHN, J. R. 1991. Genetic and
evolutionary consequences of small population size
in plants: Implications for conservation, pp. 3–30.
In: FALK, D. A. & HOLSINGER, K. E. (eds), Genetics and conservation of rare plants. Oxford University Press, New York.

119

BINELLI, G. & BUCCI, G. 1994. A genetic linkage map
of Picea abies KARST., based on RAPD markers, as
a tool in population genetics. Theor. Appl. Genet.
88: 283–288.
BRADSHAW, H. D., VILLAR, M., WATSON, B. D.,
OTTO, K. G., STEWART, S. & STETTLER, R. F.
1994. Molecular genetics of growth and development in Populus. III. A genetic linkage map of a
hybrid poplar composed of RFLP, STS and RAPD
markers. Theor. Appl. Genet. 89: 167–178.
BRETTING, P. K. & WIDRELECHNER, M. P. 1995. Genetic markers and horticultural germplasm management. Hort. Sci. 30: 1349–1356.
BUKHARI, Y. M., KOIVU, K. & TIGERSTEDT, P.
M. A. 1999. Phylogenetic analysis of Acacia (Mimosaceae) as revealed from chloroplast RFLP
data. Theor. Appl. Genet. 98: 291–298.
BYRNE, M., MURRELL, J. C., ALLEN, B. & MORAN,
G. F. 1995. An integrated genetic linkage map for
eucalypts using RFLP, RAPD and isozyme markers. Theor. Appl. Genet. 91: 869–875.
CARLSON, J. E., TULSIERAM, L. K., GLAUBITZ, J. C.,
LUK, V. W. K., KAUFFELD, C. & RUTLEDGE, R. .
1991. Segregation of random ampliﬁed DNA markers in F1 progeny of conifers. Theor. Appl. Genet.
83: 194–200.
DOYLE, J. J. & DOYLE, J. L. 1990. Isolation of plant
DNA from fresh tissue. Focus 12: 13–15.
GASTON, K. J. & KUNIN, W. E. 1997. Concluding comments. In: KUNIN, W. E. & GASTON, K. J. (eds),
The biology of rarity, pp. 262–272, Chapmann &
Hall, London.
MILLER, J. T., & BAYER, R. J. 2001. Molecular phylogenetics of Acacia (Fabaceae: Mimosoideae) based
on the chloroplast matK coding sequence and
ﬂanking trnK intron spacer regions. Amer. J. Bot.
88: 697–705.

120

NEI, M. & LI, W. H. 1979. Mathematical modes for
studying genetic variation in terms of restriction
endonucleases. Proc. Natl. Acad. Sci., USA, 76:
5269–5273.
ROBINSON, J. & HARRIS, S. A. 2000. A plastid DNA
phylogeny of the genus Acacia (Acacieae, Leguminoseae). Bot. J. Linnean Soc. 132: 195–222.
ROHLF, F. J. 1995. NTSYS-pc Numerical taxonomy
and multivariate analysis system. Version 1.80, Exter Software, Setauket, New York.
SNEATH, P. H. A. & SOKAL, R. R. 1973. Numerical
taxonomy. The principles and practice of numerical
classiﬁcation. W. H. Freeman & Co. San Francisco,
573 pp.
VERHAEGEN, D. & PLOMION, C. 1996. Genetic mapping in Eucalyptus urophylla and Eucalyptus grandis using RAPD markers. Genome 39: 1051–1061.
VIRK, P. S., FORD-LLOYD, B. V., JACKSON, M. T.
& NEWBURY, H. J. 1995. Use of RAPD for the
study of diversity within plant germplasm collections. Heredity 74: 170–179.
WHITKUS, R., DOEBLEY, J. & WENDEL, J. F. 1994.
Nuclear DNA markers in systematics and evolution, pp. 116–141. In: PHILLIPS, L. & VASIL, I. K.
(eds), DNA-based markers in plants. Kluwer Acad.
Publ., Amsterdam, The Netherlands.
WILLIAMS, J. G. K., KUBELIK, A., LIVAK, K. J.,
RAFALSKI, J. A. & TINGEY, S. V. 1990. DNA polymorphisms ampliﬁed by arbitrary primers are useful as genetic markers. Nucleic Acids Res. 18: 65316535.
Received March 23, 2002
Accepted Oct. 22, 2003

