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Abstract
Acacia species are found at various arid and semiarid regions. Among the tree genera of family,
Fabaceae, Acacia contains the highest number of species. We have collected different species of
Acacia from various places of Saudi Arabia and reconstructed phylogeny for evaluation of genetic
relationship among them. Internal transcribed spacer sequence of nrDNA (nrDNA-ITS) locus was
used for the reconstruction of phylogeny among these species. Based on phylogenetic tree, Acacia
etbaica and A. johnwoodii were close to each other. Similarly, A. ehrenbergiana and A. tortilis were
close to each other. Thus, this gene locus was helpful in evaluating the genetic relationship among
these species.
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1. Introduction
Trees and shrubs are important flora to maintain the ecosystem of any habitat where the vegetation is rich. The
number of tree species in Saudi Arabia is more than the floristic element. Around 80% are found in the southwestern and western regions, including Taif region. Among the tree genera, Acacia contains the highest number
of species followed by Ficus genus. Acacia genus (commonly known as wattle, thorntree or whistling thorn)
(family: Fabaceae) contains around 1300 species and out of these, around 960 species are native to Australia.
The remainder species are found from tropical to warm temperate region of both hemispheres. The plant of this
genus is well nodulated under drought stress conditions.
Most of Acacia species grow in the arid and semi-arid regions of the world. Acacia species have social and
economic importance throughout the warm and tropical regions of the world. These species withstand harsh
climatic conditions and considered as the most successful trees in the arid regions [1] [2]. Xerophytic morpho-
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logical characteristics of Acacia species help to cope from harsh environmental conditions.
Different species of Acacia have been used for various purpose of human. Most of the Acacia produce tannins
which is highly used in the leather industry [3]. Besides, Acacia species are also used as a forage, fuel, soil fertility
and soil conservation. Many of them such as A. nilotica and A. polyacantha are used for local furniture for houses.
Some species are used for medicinal purpose as A. nilotica pods are used for treating diarrhea, wounds, gums and
kidney diseases [4].
Plant genetic diversity has important role in crop improvement for important desirable characteristic such as
yield and quality traits. This genetic diversity can be preserve in plant genetic resources such as DNA library
and GenBank and so forth. It can be used in breeding program for the development of potential cultivars for improving food production.
Number of molecular markers have been used for phylogenetic study such as random amplified polymorphic
DNA (RAPD) [5], amplified fragment length polymorphism AFLP [6], restriction fragment length polymorphism (RFLP) etc. [7]. Molecular and biochemical researches have been performed on Australian and African
Acacia species to provide useful markers for plant breeding and conservation programs [8]-[10].
These are polymorphic many molecular markers which have been used for genetic diversity study. DNA
markers are more reproducible as compared to morphological and biochemical markers. Different chloroplast
markers are also used for phylogenetic study as the size of these markers are short and easily amplifiable. The
nuclear and chloroplast sequences have been used for the phylogenetic study of Acacia species. The gene dispersal by pollen as well as by seeds both have high impact on genetic diversity. The plants which are self-pollinated have narrow genetic diversity than the cross pollinated plant species
(http://www.crestonfoodaction.ca/site/preventing-cross-pollination-in-seed-plants/) [11]. The population of one
species found at different places, have also genetic variations, as environmental factor create insertion or deletions in the genome.
Based on available literature about the Acacia species, in the current study, we used nrDNA-ITS locus for
phylogenetic study of different species of Acacia species found in the Al-Baha province.

2. Materials and Methods
The study was done at Department of Biology, Al-Baha University, Saudi Arabia. The important Acacia species
viz., Acacia etbaica, A. johnwoodii, A. ehrenbergiana and A. tortilis were collected from different places of AlBaha, Saudi Arabia. Genomic DNA was isolated from 200 mg fresh leaves according to the modified DNeasy
Plant Mini DNA isolation kit (Qiagen). The extracted genomic DNA was quantified and diluted in double distilled water for PCR reaction. Polymerase chain reaction (PCR) amplification was performed in a total volume
of 25 µl. The reaction mix contained 40 ng of temple DNA, 15 pmol/l of each forward/reverse ITS primer, 10
mmol/l Tris–Cl (pH 8.3), 0.5 U Taq DNA polymerase, 200 umol/l of each deoxyribonucleotide triphosphate, 50
mmol/l KCl and 25 mmol/lMgCl2. The PCR program consisted: 94˚C for 3 min; 94˚ for 30 s, annealing temperature (54.3˚C) for 30 s, 72˚C for 1 min, 41 cycles; 72˚C for 10 min. PCR product was electrophoresed on 1.2
percent agarose gel for confirmation of the amplified sequence. After amplification of the ITS loci, they were
purified before sequencing.
Sequence generation, alignment and phylogeny reconstruction:
The nrDNA-ITS sequence was BLAST at GenBank database http://blast.ncbi.nlm.nih.gov/Blast.cgi for confirmation of our sequence. These sequences were processed further for phylogeny reconstruction using the
MEGA 5 [12]. The sequence alignment was done using the ClustalX [13]. The branch support of phylogenetic
tree was evaluated using 1000 bootstrap (BS) replicates with random sequence addition, equal weighting and
TBR branch swapping, holding one tree at each replicate.

3. Results and Discussion
Acacia species were collected from different places of Al-Baha province, Saudi Arabia for their phylogenetic
study (Figure 1). All Acacia species were identified by Taxonomist, at Department of Biology, Al-Baha University. The identified taxa were processed further for genomic DNA isolation. The extracted DNA was good in
quality and yield as it was isolated using the Qiazen mini Kit.
Various species of Acacia have numerous medicinal values as mentioned above. These trees are also used by
camels, sheep and goat as a fodder. These species play an important role in preservation and restoration of fertility
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Figure 1. Acacia species collected from Al-Baha province of Saudi Arabia. (a) Acacia ehrenbergiana; (b) Acacia johnwoodii; (c) Acacia tortilis; (d) Acacia etbaica.

Figure 2. Phylogenetic tree was constructed using the Maximum Parsimony
method. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (1000 replicates) are shown next to the branches.

of poor and eroded soils. These legumes produce extensive, deep root system, in addition to their potential to fix
atmospheric N2 [14]. In Tunisia, Acacia tortilis ssp. raddiana is the only wild and native Acacia, which grow
spontaneously in arid and Saharan areas.
Different species are found in Saudi Arabia and some species have overlapping morphological characteristics.
Therefore, their phylogenetic study is very necessary to know their relationship among them based on genetic
markers. These markers are more informative than the non-sequencing based markers. We have collected different species of Acacia from various places of Al-Baha (Figure 1) for their phylogenetic study. Internal transcribed spacer sequence of nrDNA (nrDNA-ITS) was used for the phylogenetic study among the Acacia species.
After amplification and sequencing of nrDNA-ITS loci, all sequences were BLAST at GenBank database for
sequence similarity to the concerned genus/species. After confirmation of nrDNA-ITS, the phylogeny was reconstructed among these species for the evaluation of genetic similarity among them. The generated sequences
of nrDNA-ITS have been submitted at GenBank database (accession number: KU168956, KU168957,
KU168958). Paraserianthes lophantha and Pithecellobium clypearia were used as outgroup for the phylogenetic
study of these Acacia species as shown at the base of phylogenetic tree. All species were clustered according to
the sequence similarity (Figure 2).
The phylogenetic study of Acacia species also performed by other researchers using the molecular markers
such as RAPD, ISSR and AFLP [15]-[18]. In our study, the obtained results of Acacia species was reproducible.
However, this locus has been used for the phylogenetic study of many plant species such as Cypripedium, crocus, Eriobotrya etc. [19]-[21]. The use of this locus is very easy in phylogenetic study as its amplification and
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sequencing both are easy. Thus, nrDNA-ITS locus was useful marker in phylogenetic study of Acacia species
growing in the Saudi Arabia. This marker is more useful in phylogenetic study as compared to the other polymorphic markers as described above.
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