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Abstract
The objective of this study was to complete the molecular evaluation of five Acacia species including 
first by determining the genetic diversity of the plants using the polymerase chain reaction (PCR)-based 
inter-simple sequence repeat (ISSR) method. This investigation was carried out to assess fingerprint 
and thus genetic variations among the Acacia species. The ISSR method was used to determine DNA 
fingerprints for Acacia spp. Eight primers were used, with all primers delivering amplification products. 
Our data show a total of 71 bands of 70 bp to 2,200 bp were amplified, of which 0.77 demonstrated 
an average polymorphism information content per primer. Among the eight primers tested, the mean 
annealing temperature was 48°C and average polymorphism information content was between 0.36 
and 0.84. The ISSR primers for the five species of Acacia showed four main groups, with a higher 
level of similarity between these species. These results indicated ISSR markers provide an efficient 
alternate for identification via DNA fingerprinting of the genetic relationships in Acacia. PCR-based 
ISSR represents a powerful method that can provide practical information for the development of 
molecular markers, molecular cytogenetic techniques, and DNA Fingerprinting for application in an 
Acacia spp breeding program.
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iNtRODUCtiON
 Acacia spp. plants (family: Mimosaceae) 
number more than 1,500 species and have been 
planted in more than 80 countries around the 
world. To date, there are more than two million 
hectares of land-care plantings in South and 
Central America, Africa, Asia, and Australia (Old et 
al., 2002), with the plants used for their medicinal 
and health-promoting properties, including the 
leaves in the treatment of skin disease and asthma 
disease and as food (Thambiraj and Paulsamy, 
2012). Acaciais also planted to yield pulp for paper 
and as a source of wood (Choung, 2010). 
 DNA fingerprinting has been widely 
beneficial in detecting genetic variation within 
breeding populations in order to differentiate 
accessions and positively identify species and 
cultivars that might be difficult to characterize 
because of indistinct traits or which have similar 
morphological characteristics. It has also been 
used to identify plants containing genes of 
interest. Importantly, a number of molecular 
technical methods are being used to create DNA 
fingerprinting assessments and each of these 
has certain weaknesses and strengths (Saunders 
et al., 2014). Tracing the unknown origin of 
species or cultivars has been another valuable 
contribution of DNA fingerprinting to germplasm 
characterization. For example Regner et al. (2001) 
utilized microsatellite, inter-simplesequence 
repeat (ISSR), random Amplified Polymorphic 
DNA (RAPD), and amplifed fragment length 
polymorphism (AFLP) techniques to investigate 
1,200 vines (Vitis species) and were able to 
describe the history of many cultivars still in use, 
going back to the Middle Ages. Separately, using 
only microsatellites, Laigret and Luro (1995) 
effectively studied the origin of different Citrus 
species and their relationships. 
 ISSR is a polymerase chain reaction 
(PCR)-created method that employs moderately 
short primers that line microsatellite regions 
(Taylor and Barker 2012). The application of the 
ISSR method is beneficial, as molecular markers 
have roles to present to enhance a population 
genotype classification, in addition to providing 
essential baseline information for the gene 
pool management and breeding strategies of 
Acacia(Josiah et al., 2008). The level of genetic 
variation in seed Acacia is important to plantation 

forests, as high levels will enhance plant tolerance 
to climate change, diseases, or pests (Shanthi and 
Priya, 2015).
 Thus, ISSR amplifications were applied 
to evaluate genetic diversity among these plants 
and to investigate microsatellite motif frequency 
in the plants (Alhasnawi et al. 2015). The ISSR 
investigation provided insights into the levels, 
frequency, and organization of polymorphism of 
deferent simple-sequence repeat (SSR). The ISSR 
amplification findings were utilized to group plant 
genotypes through cluster analysis. As a result, ISSR 
amplification proved to be a valuable technique 
to rapidly identify cultivars and determine 
genetic variability among plant varieties. This 
effective genetic fingerprinting method could be 
beneficial for describing the large numbers of 
plant accessions held in international and national 
germplasm centres  (Blair et al., 1999). The ISSR 
technique has been previously successfully utilized 
in studies on the genetic variation of Acacia(Taylor 
and Barker, 2012). The usefulness of incorporating 
main DNA markers—for example, ISSR markersto 
evaluate germplasm diversity and characterize 
interspecific relationships in the Acacia auriculi-
formis population in the seedling seed orchard has 
also been identified (Shanthi and Priya 2015). The 
objectives of the present study were to design and 
optimize ISSR primers and use DNA finger-printing 
for the assessment of genetic relationships in 
species of Acacia by using ISSR molecular markers.

MAteRiAls AND MethODs 
 Five species of Acacia spp. (Acacia 
accutifolia, Acacia arabica, Acacia salicina, Acacia 
saligna, and Acacia logifolia) were used in this 
research in the process of DNA fingerprinting to 
determine genetic relationships by using ISSR 
markers.  
DNA isolation
 The genomic DNA Acacia genotypes 
were isolated using EasyPrepTM Plant Genomic 
DNA Miniprep Kit (50), Cat No. GD02-01, Bioland 
Scientific LLC, USA.
Polymerase chain reaction 
 The temperature profile used was as 
follows: initial denaturation of DNA strand at 
94°C for 30 seconds, denaturation at 94°C for 30 
seconds, annealing of primers at 48°C to 51°C 
(gradient temperature) for 60 seconds, extension 
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at 68°C for one minute/kb for 30 cycles; final 
extension at 68°C for five minutes; and then 
hold at 5°C. The optimization for PCR reagents 
was completed employing an optimized primer 
combination and annealing temperature. The ISSR 
patterns were analysed in volumes of 25 µL by 
using OneTaq® Quick-Load® 2X Master Mix with 
Standard Buffer (M0486S; BioLabs, UK).
Primer selection and polymerase chain reaction 
optimization
 The ISSR sequences of design primers 
with restricted sites on primer sequence 5.-3. for 
design primers by alpha DNA were determined. 
Details of the ISSR primer sequences can be found 
in Table 1. The optimization of PCR involved the 
gradient annealing temperature composed by 
eight combinations of ISSR designed according 
to standard PCR techniques. Four gradient 
temperatures were utilized, including 48°C, 
49°C, 50°C, and 51°C. Thirty PCR cycles were 
completed in a thermal cycler (T100™; Bio-Rad 
Laboratories, Hercules, CA, USA). PCR amplification 
reactions were analysed by 1.5% (w/v) agarose gel 
electrophoresis at 75 V. 
Data analysis
 ISSR-PCR bands were recorded as marker, 
absent (0), or present (1) at each band position for 

frequency of alleles present, average frequency 
of alleles absent, and average PIC per ISSR primer 
for five species were determined.

ResUlts
 In the present investigation, genetic 
variations among the Acacia spp. were studied by 
using several ISSR markers via identifying the DNA 
fingerprints shown in Table 1. The ISSR markers 
were 16 to 17 mers bases long and the annealing 
temperatures were optimized. The genomic DNA 
of the five species of accessions was amplified 
using eight ISSR primers and yielded a total of 135 
mers bases, with an average of 16.88 mers bases 
for the eight ISSR primers (Table 2). The mean 
percentage of bases of adenine (A) was 28.22%, 
of cytosine (C) was 17.88%, of guanine (G) was 
35.52%, of thymine (T) was 18.38%, of adenine 
(A) + thymine (T) was 46.60%, and of cytosine (C) 
+ guanine (G) was 53.40%, respectively, for the 
eight ISSR primers shown in Table 2. Optimum 
components and markers choices led to four 
annealing temperature to choose from ranging 
from 48°C to 51°C, whichwere screened for the 
amplification of Acacia spp. Clear bands were 
observed at 48°C for all primers (Fig. 1). 
 Our investigation revealed that eight 
ISSR specific markers were screened for the 
amplification of Acacia for the optimum ISSR 
primer annealing temperature. Nonetheless, for 
the optimization of markers, we used DNA of one 
Acacia spp. The selected optimizing annealing 
temperatures for PCR markers were determined 
based on the great clear bands created (Table 1). 

Fig. 1. Gel images generated of DNA obtained by ISSR 3 
Lane M: DNA Marker 100 bp
Lane 1: annealing temperature 48oC
Lane 2: annealing temperature 49oC
Lane 3: annealing temperature 50oC
Lane 4: annealing temperature 51oC

Table 1. Details of ISSR primer and sequence

ISSR   Primer Sequence 5' - 3' Length 
Primer

ISSR 1 (AC)8 G ACACACACACACACACG 17 mers
ISSR 2 (AG)8 T AGAGAGAGAGAGAGAGT 17 mers
ISSR 3 (TG)8 C TGTGTGTGTGTGTGTGC 17 mers
ISSR 4 A(CAG)5 ACAGCAGCAGCAGCAG 16 mers
ISSR 5 (GT)8 C GTGTGTGTGTGTGTGTC 17 mers
ISSR 6 G (CA)8 GCACACACACACACACA 17 mers
ISSR 7 (GT)8 C GTGTGTGTGTGTGTGTC 17 mers
ISSR 8 (GA)8 G GAGAGAGAGAGAGAGAG 17 mers

the four species for every ISSR primer. Annealing 
temperature; ratio of amplified bands; and A, T, C, 
G, and G+C content for ISSR markers were noted. 
The ISSR scores were used to create a data matrix 
to investigate genetic variation among the five 
species using the CLC Sequence Viewer program 
version 6.8.1 for Windows. The total number of 
bands, polymorphism information content (PIC), 
approximate fragment size range (bp), average 
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 The results in Figure 1 illustrate that 
there was an optimal annealing temperature 
for select markers. In this phase of the present 
investigation, ISSR primers gave positive 
amplification temperatures. We selected the well 
visible and clear bands and considered them in a 
further assessment. As a result, eight markers were 
found to produce strong amplifications that were 
used in genetic investigation for the best annealing 
temperature for ISSR primers (Table 3).
 Results showed that, in the ISSR eight 
primers, the ideal annealing temperature was 48°C 
(Table 3). The results presented in Table 3 indicate 
the average polymorphism information content 
as 0.84, the average frequency of alleles that 

were absent was 2.00, and the average frequency 
of alleles that were present was 0.650. We 
observed that, for the ISSR2 primer, the average 
polymorphism information content was 0.36, the 
average frequency of alleles that were absent was 
1.18, and the average frequency of alleles that 
were present was 0.50. In the ISSR3 primer, the 
average polymorphism information content was 
0.84, the average frequency of alleles that were 
absent was 1.63, and the average frequency of 
alleles that were present was 0.45. for the ISSR4 
primer, the average polymorphism information 
content was 0.64, the average frequency of alleles 
that were absent was 1.75, and the average 
frequency of alleles that were present was 0.60. 

Table 2. The percentage of nucleotide sequences, used for molecular characterization

 Primer      The percentage of

ISSR sequence  Length A C G T A + T C + G
Primer (5’-3’) mers

ISSR 1 (AC)8G 17  47.06 47.06 5.88 0.00 47.06 52.94
ISSR 2 (AG)8T 17  47.06 0.00 47.06 5.88 52.94 47.06
ISSR 3 (TG)8C 17  0.00 5.88 47.06 47.06 47.06 52.94
ISSR 4 A(CAG)5 16  37.50 31.25 31.25 0.00 37.50 62.50
ISSR 5 (GT)8C 17  0.00 5.88 47.06 47.06 47.06 52.94
ISSR 6 G(CA)8 17  47.06 47.06 5.88 0.00 47.06 52.94
ISSR 7 (GT)8C 17  0.00 5.88 47.06 47.06 47.06 52.94
ISSR 8 (GA)8G 17  47.06 0.00 52.94 0.00 47.06 52.94
Total  135 225.7 143.0 284.2 147.1 372.8 427.2
Mine  16.88 28.22 17.88 35.52 18.38 46.60 53.40

Table 3. Data on annealing temperature (°C), average pic per primer, average frequency of alleles absent, and 
average frequency of alleles present for ISSR markers 

 ISSR ISSR  ISSR ISSR ISSR ISSR ISSR ISSR
 1 2 3 4 5 6 7 8

Annealing  48 °C 48 °C 48 °C 48 °C 48 °C 48 °C 48 °C 48 °C
Temperature 
(°C)
Average 0.84 0.36 0.84 0.64 0.84 0.96 0.84 0.84
PIC per 
primer
Average  2.00 1.19 1.63 1.75 1.06 1.00 1.69 1.44
Frequency  
of alleles 
absent
Average  0.65 0.50 0.45 0.60 0.40 0.20 0.40 0.35
Frequency of 
alleles 
present
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Considering the results of the ISSR5 primer, the 
average polymorphism information content was 
0.84, the average frequency of alleles that were 
absent was 1.03, and the average frequency of 
alleles that were present was 0.400. In the case 
of the ISSR6 primer, the average polymorphism 
information content was 0.69, the average 
frequency of alleles that were absent was 1.00, 
and the average frequency of alleles that were 
present was 0.20. For the ISSR7 primer, the average 
polymorphism information content was 0.84, the 
average frequency of alleles that were absent 
was 1.69 and the average frequency of alleles 
that were present was 0.40. Lastly, for the ISSR8 
primer, the average polymorphism information 
content was 0.84, the average frequency of alleles 
that were absent was 1.75, and the average 
frequency of alleles that were present was 0.35.
The typical fingerprints obtained for Acacia spp. 
revealed that the eight ISSR primer products 
are of different sizes, a finding which was easily 
obtained on the visualized sequencing gel by way 
of gel electrophoresis of DNA. The eight primers 

produced new bands that were reproducible and 
clear.
 Separately, the results in Table 4 reveal 
that the number of amplified bands produced 
by the used ISSR1 primer ranged from one to 
five bands, while the amplicon size varied from 
70 bp to 2,000 bp in all of the Acacia spp. The 
number of amplified bands produced by the used 
ISSR2 primer ranged from one to two bands and 
the amplicon size varied from 100 bp 800 bp in 
all of the Acacia spp. Additionally, the number 
of amplified bands produced by the used ISSR3 
primer ranged from one to four bands and the 
amplicon size varied from 100 bp to 2,000 bp in all 
of the Acacia spp., except Acacia saligna did not 
show any bands. The number of amplified bands 
produced by the used ISSR4 primer ranged from 
one to four bands and the amplicon size varied 
from 100 bp to 2,200 bp in all of the Acacia spp, 
except Acacia arabica did not show any bands. 
The number of amplified bands produced by the 
used ISSR5 primer ranged from two to three bands 
and the amplicon size varied from 300 bp to 1,700 

Fig. 2. Alignment of population structure of five Acacia spp.

Fig. 3. Hierarchical analysis showing genetic relationship among the of five Acacia spp. based on data generated 
using 8 ISSR primers
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bp in Acacia arabica, Acacia saligna, and Acacia 
logifolia. The number of amplified bands produced 
by the used ISSR6 primer was two bands and the 
amplicon size varied from 300 bp to 2,200 bp in 
Acacia salicina and Acacia logifolia. The number 
of amplified bands produced by the used ISSR7 
primer ranged from one to four bands and the 
amplicon size varied from 100 bp to 2,200 bp in all 
of the Acacia spp., except Acacia saligna did not 
show any bands. Lastly, the number of amplified 
bands produced by the used ISSR8 primer ranged 
from two to three bands and the amplicons 
siz varied from 300 bp to 2,000 bp in Acacia 
accutifolia, Acacia saligna, and Acacia logifolia. 
 The genetic diversity of the five Acacia 
spp. in this study was assessed with eight ISSR 
primers (Fig. 2 and 3). ISSR primers for the five 
species of Acacia displayed four main groups: 
group 1 includes Acacia saligna and Acacia 
logifolia, group 2 contains Acacia salicina and 
Acacia arabica, group 3 combines group 1 and 
group 2, and group 4 includes Acacia accutifolia 
and group 3). The diagram in Figure 3 reveals that 

the species similarity coefficient ranged from 0.252 
(Acacia saligna / Acacia logifolia), 0.318 (Acacia 
salicina / Acacia arabica), and 0.015 (group 1 / 
group 2) to 0.000 (Acacia accutifolia / group 3). 
The species Acacia accutifolia and group 3showed 
more similarity than did the other species. The 
species Acacia arabica and Acacia logifolia showed 
more dissimilarity distance as compared with the 
rest of the Acacia species (Figure 3). 

DisCUssiON
 Optimal primer annealing temperatures 
for a specific PCR amplification are reliant on 
the base composition, nucleotide sequence, 
length, and concentration of the primers. Lower 
temperatures favour short fragment ampli-
fication, while higher temperature amplifications 
of large fragments are preferred (Mohamad et 
al., 2017). The present results agree with those 
found for polymorphism obtained using anchored 
(GA)n and (AG)n ISSR primers, reflecting the 
taxonomic and conventional genetic correlations 
of a large set of plant germplasms (Sarla et al., 

Table 4. Characteristics of total No. of bands, PIC, fragment size (bp), and total bands for ISSR markers amplification 
in Acacia spp.

Species  ISSR 1 ISSR 2 ISSR 3 ISSR 4 ISSR 5  ISSR 6 ISSR 7 ISSR 8

A. accutifolia Total No.  4 2 3 2 - - 2 2
 of bands
 PIC 0.44 0.40 0.29 0.25 - - 0.29 0.29
 Fragment  1000 -  300 - 800 300 - 750 300 - 500 - - 450 - 550 300 - 
 size (bp) 2000       500
A. arabica Total No.  5 2 2 - 2 - 1 -
  of bands
 PIC 0.56 0.60 0.29 - 0.40 - 0.14 -
 Fragment  1000 -  300 - 750 400 - 850 - 300 - 500 - 100 - 100 -
 size (bp) 2000
A. salicina Total No.  2 2 4 4 - 2 1 -
 of bands
 PIC 0.22 0.40 0.57 0.50 - 0.50 0.14 -
 Fragment 400 - 600 300 - 500 500 -  400 -  - 300 - 500 100 - 100 -
 size (bp)   2000 2000
A. saligna Total No.  1 2 - 2 3 - - 3
 of bands
 PIC 0.11 0.40 - 0.25 0.60 - - 0.43
 Fragment  100 - 100 300 - 500 - 100 - 500 750 -  - - 750 - 
 size (bp)     1700   1700
A. logifolia Total No.  1 1 1 4 3 2 4 2
 of bands
 PIC 0.11 0.20 0.14 0.50 0.60 0.50 0.57 0.29
 Fragment  70 - 70 100 - 100 100 - 100 800 -  750 -  2 - 2200 1500 -  1000 - 
 size (bp)    2200 1700  2200 2000

Total bands = 71 13 9 10 12 8 4 8 7
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2005). This was also supported by the study of 
Nazrul and Yin-Bing (2010), who identified good 
amplification products from ISSR primers based 
on (CT)n and (GA)n repeats. However, the primers 
with di-nucleotides motifs (AG)n, (CT)n, and (GA)
n that lead to the induction of a higher level of 
polymorphism in plants include cumin, wheat, and 
wheat (Sheikhehpour et al., 2014).
 Existing genetics technologies include 
directly sampling the DNA structure of the 
genomes, which can provide more accurate 
estimates of the true differences and similarities 
between genomes. The accuracy of genetic 
relationship evaluations based on molecular 
markers depends on the number and location(s) 
of the molecular markers utilized (Davierwala et 
al., 2000). 
 The productivity of ISSR markers can also 
be estimated by parameters, such as polymorphic 
information content. Molecular marker parameters 
like PIC application can be used for assessing the 
use potential of ISSR markers. Therefore, the 
present results are in agreement with the idea that 
the average value of PIC was 0.26 per ISSR primer. 
Comparing the average PIC value of each locus 
with the frequency of polymorphic bands at each 
locus showed that a larger number of polymorphic 
bands was related with reduced values of PIC 
(Grativol et al., 2011).
 This lack of agreement underlines when 
the rank relationships are tested and raises a 
note of caution in terms of some of the applied 
molecular markers tools, particularly with regard 
to the identification of very similar accessions or 
duplicates (Virk et al., 2000). 
 The results of the current research 
indicate that a high level of polymorphism exists 
among Acacia species by using ISSR markers, 
suggesting the high efficiency and suitability of 
these ISSR markers to show the genetic differences 
of Acacia species. The use of a molecular technique 
could provide significant information about genetic 
polymorphism, elucidate inter-population genetic 
variations, and support the improvement and 
development of plant populations (Sheikhehpour 
et al., 2014). The present results are consistent 
with previous findings suggesting that ISSR tools 
are highly polymorphic fingerprints, reproducible, 
very reliable, and complete (Nazrul and Yin-Bing, 
2010). ISSR primers are a powerful technique 

for producing a fingerprinting key and have the 
potential to identify species-specific ISSR markers 
for plants (Pharmawati et al. 2005). It was also 
supported that ISSR markers are reliable and 
efficient for the valuation of genetic diversity 
among grape species (Dhane et al. 2006). 

CONClUsiON
 DNA fingerprints as markers are a 
successful and powerful technique for plant 
breeding. In these experiments, ISSR markers 
represent a powerful tool in genetic research 
for DNA fingerprinting and have the potential 
to identify Acacia species. The complementary 
use of molecular markers, molecular cytogenetic 
techniques, and fingerprinting could enable a 
more accurate characterisation and evaluation 
of different Acacia species. This investigation 
indicates that land races exhibit very distinct 
identities and can be beneficial in generating 
mapping populations,genetic relationships, and 
breeding programs.
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