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Abstract 

 

Aquilaria sp. belongs to the Thymelaeaceae family and well distributed to Asia region. The species is a 

multipurpose use from root to shoot and becoming an economic important crop, which generates wide 

interest in understanding the genetic diversity of the species. Understanding of the effectiveness in 

differentiating DNA-based markers is an important step towards plant germplasm characterization and 

evaluation. It is becoming a prerequisite for more effective application of molecular marker techniques 

in breeding and mapping programs. Polymerase Chain Reaction (PCR)-based approaches are in 

demanding as its simplicity and requirement for only small quantities of sample genomic DNA. Inter-

simple sequence repeats (ISRR) requires no prior genomic information as anchor template in producing 

multi-loci markers of tandem repeats for polymorphic patterns by PCR amplification which becoming a 

key of advantageous of ISSR primers. ISSR markers have shown rapid, simple, reproducible and 

inexpensive means in molecular taxonomy, conservation breeding and genetic diversity analysis. The 

ISSR for marker applications are essential to facilitate management, conservation and genetic 

improvement programs towards improvement of standard resin quality for perfume and or 

pharmaceutical industries. In this paper, a total of 100 ISSR primers were optimized by using Aquilaria 

malaccensis. Primers optimization resulted, 38 ISSR primers affirmative for the polymorphism 

evaluation study, which encountered both from specific and degenerate ISSR primers. Marker derived 

from ISSR profiling is a powerful method for identification and molecular classification of Aquilaria 

sp from species to accessions and further will useful in identifying any mutant lines derived from 

nature and/or mutagenesis activities. 
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Abstrak 

 

Aquilaria sp. Tergolong dalam keluarga Thymelaeaceae dan tersebar ke rantau Asia. Spesis ini 

mempunyai kepelbagaian penggunaan dari akar hingga ke pucuk dan menjadi tanaman ekonomi yang 

penting, sehingga menjana minat yang luas dalam memahami kepelbagaian genetik spesies. 

Pemahaman lebih baik dalam membezakan penanda berasaskan DNA adalah satu langkah penting ke 

arah pencirian dan peneilaian germplasm tumbuhan ini.Ianya menjadi penting sebagai pra-syarat dalam 

pengaplikasian teknik penandaan molekul bagi pembiakan dan pemetaan program. Pendekatan 

berasaskan Tindakan Berantai Polymerase (PCR) diperlukan memandangkan hanya kuantiti kecil 

sampel genomik DNA. Inter-simple sequence repeats (ISRR) tidak memerlukan maklumat genomik 

sebagai template utama dalam menghasilkan pelbagai lokus penanda berpolimorfik melalui amplifikasi 

PCR yang menjadi kunci utama kelebihan primers ISSR. Penggunan penanda ISSR adalah pantas, 

mudah, keberulangan dan murah dalam mengkaji taksonomi molekul, pembiakan pemuliharaan dan 

analisis kepelbagaian genetik. The ISSR ini juga merupakan suatu keperluan untuk aplikasi penandaan 

bagi memudahkan program peningkatan pengurusan, pemuliharaan dan pembangunan genetik ke arah 

peningkatan kualiti resin standard untuk minyak wangi dan/atau industri farmaseutikal. Dalam kertas 

ini, sejumlah ISSR primers telah dioptimumkan dengan menggunakan species Aquilaria malaccensis. 

Sejumlah 38 primers ISSR telah dikenalpasti dari primer khusus dan degenerat yang sesuai bagi kajian 

penilaian polymorphism. Penanda dari ISSR merupakan satu kaedah yang mapan untuk mengenal pasti 

dan pengklasifikasian Aquilaria meliputi spesis dan aksesi, seterusnya akan berguna dalam mengenal 

pasti mutan yang diperolehi daripada alam semula jadi dan/atau melalui aktiviti mutagenesis. 
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Introduction 

 

Aquilaria sp. or better known as gaharu is famous for its resin. When Aquilaria trees infected with 

mold, it begin to produce an aromatic resin in response to this attack. As the infection grows, it results 

in a very rich, dark resin within the heartwood. It is this precious resinous wood that is treasured 

around the world. The resin is commonly called gaharu, agarwood or oud and is valued in many 

cultures for its distinctive fragrance, thus it is used for incense and perfume. 

There are fifteen species of the Aquilaria genus and eight are known to produce agarwood. The most 

well-known Aquilaria in producing gaharu in Malaysia are Aquilaria malaccensis. Aquilaria 

malacensis has been the most sought after species of Aquilaria in Malaysia for the past hundred years 

until the depletion number of the species causing traders to find new substitute of gaharu which is 

Aquilaria hirta, but the quality of gaharu produced by it is low compared to A. malacensis.  

There is also Aquilaria sub-integra which has similar phenotype with A. malacensis, but it susceptible 

to diseases which cause death at early age. It is believed that adaptability of this species is depended on 

the environment and it is agreed with Meiling et al (2012) which have reported that the genetic 

classification of Aquilaria senensis accessions coincided with their geographic distribution, with some 

overlapping between neighbouring regions. 

Determination of gaharu’s grade or the quality of gaharu is the most important part in gaharu industry 

as gaharu is one of the most expensive woods in the world. Yet, there are no specific standard that we 

can use or referred to identified or determined specific Aquilaria in which produce the best quality of 

gaharu resin. Thus, it is important to all planters to make sure that they plant the right species or it will 

cost them a lot in terms of money and also time for growing undefined species.  

This is mostly because Aquilaria trees take a long time to grow and it takes years for the tree to 

produced gaharu resin. Hence, molecular markers are needed to identify the species in getting a high 

grade of gaharu resin. The markers are also important for tissue culture seedling for mass propagation. 

Many molecular marker techniques are available today and it depends on personnel expertise, devices 

and budget available. PCR-based approaches are in demand because of their simplicity and 

requirement for only small quantities of sample DNA. The polymerase chain reaction (PCR) is a 

technique in molecular biology to amplify a single or few copies of a piece of DNA across several 

orders of magnitude, generating thousands to millions of copies of a particular DNA sequence. The 

method relies on thermal cycling, consisting of cycles of repeated heating and cooling of the reaction 

for DNA melting and enzymatic replication of the DNA.  

 

Primers (short DNA fragments) containing sequences complementary to the target region along with a 

DNA polymerase (after which the method is named) are key components to enable selective and 

repeated amplification. As PCR progresses, the DNA generated is itself used as a template for 

replication, setting in motion a chain reaction in which the DNA template is exponentially amplified. 

PCR can be extensively modified to perform a wide array of genetic manipulations.  

 

Studies have shown that ISSRs provide a powerful, rapid, simple, reproducible and inexpensive means 

to access genetic diversity among closely related cultivars, characterization of accessions and 

identification of cultivar and varieties (Kumar et al., 2008). Inter-simple sequence repeats (ISSR) 

marker is found the best choice as it requires no information about the species. Besides, no anchored 

ISSRs are arbitrary multi loci markers produced by PCR amplification with a microsatellite primer.  

 

Further, such amplification does not require genome sequence information and leads to multilocus and 

highly polymorphous pattern (Sara et al. 2013). ISSR markers amplify regions between adjacent and 

inversely oriented microsatellites using di-, tri-, tetra- and pentanucleotide. Each band corresponds to a 

DNA sequence delimited by two inverted microsatellites.  
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Materials and method 
 

Plant materials 

Aquilaria malacenssis sample used in this work was derived from Nuclear Malaysia germplasm 

collection. 

 

 

DNA extraction 

Fresh leaves collected from Nuclear Malaysia germplasm were stored at 4ºC in sandwich-blot tissue 

paper until DNA isolation was performed. Total genomic DNA from 1g fresh leaf was extracted using 

a standard 3X CTAB protocol with minor modifications (Gowel, 1991; Doyle & Doyle, 1987, 1991). 

The DNA was isolated at least three times from same plant in the germplasm and quantity by using 

Nano-drop devices. Quality of the DNA was evaluated by separation in 1% agarose at 70V for 30 min. 

 

 

Reaction mixture optimization 

PCR process was conducted using PCR Thermal Cycler MyCycler (Bio-Rad). Six parameters were 

optimized for PCR reaction mixture. 

 

i) 10X PCR buffer : 0.4X, 0.6X, 0.8X, 1.0X and 1.2X 

ii) 25 mM MgCl2: 1.0 mM, 1.5 mM, 2.0 mM, 2.5 mM and 3.0 mM 

iii) 10 mM dNTP mix: 0.4 mM, 0.8 mM, 1.2 mM, 1.6 mM and 2.0 mM 

iv) 10 μM ISSR Primer: 0.4 μM, 0.8 μM, 1.2 μM, 1.6 μM and 2.0 μM 

v) Genomic DNA: 20 ng/μl, 40 ng/μl, 60 ng/μl, 80 ng/μl and 100 ng/μl 

vi) Taq polymerase:  0.5 U, 1.0 U, 1.5 U, 2.0 U and 2.5 U 

 

 

Primers optimization 

PCRs were performed in a 25 µl reaction volume containing 1xPCR buffer (Promega), 1.5 mM MgCl2, 

0.4 µM of mixed dNTPs (Bioline), 0.4 mM of each primer, 0.5U Taq DNA Polymerase (Promega) and 

50-100 ng/µl template genomic DNA. Gradient temperature was set at 43.8, 45.8, 48.3, 51.6, 55.4, 

58.7, 61.3, 63.1˚C. Cycling conditions is 94°C for 3 minutes (initial denaturation) followed by 30 

cycles denaturation at 94ºC for 30 seconds, annealing gradient temperature ranging from 45-55 for 50 

seconds and elongation at 72ºC for 60 seconds. Final elongation was 72ºC for 5 minute. Amplification 

was performed in a PCR Thermal Cycler MyCycler (Bio-Rad) in 0.2mL tubes. PCR products were 

separated in TBE buffer by 1.8% agarose gel electrophoresis at 70V for 1 hour.  

 

Primer evaluation 

Evaluation of ISSR primers was based on amplification of visual bands observed on agarose gel. A 

good annealing temperature was based on distinctive band(s) appeared at specific temperature. 
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Table 1: List of ISSR Primers optimised in this study 

Primer 

Primer Sequence  

5' - 3'  Primer 

Primer Sequence 

5' - 3'  Primer 

Primer Sequence 

5' - 3' 

IS 1  (CAC)7T  (22 mer)  IS 35  (CT)8RA  (18 mer)  IS69  (TGG)5 (15 mer) 

IS 2  (GA)9C  (19 mer)  IS 36  (CT)8RC  (18 mer)  IS70  (GAA)6 (18 mer) 

IS 3  G(TG)9  (19 mer)  IS 37  (CA)8RT  (18 mer)  IS71  (AG)7 (14 mer) 

IS 4  (CAC)7G  (22 mer)  IS 38  (CA)8RC  (18 mer)  IS72  (GTC)5 (15 mer) 

IS 5  (CAC)7GT  (23 mer)  IS 39  (GT)8YA  (18 mer)  IS73  (CT)8 (16 mer) 

IS 6  (GTG)7C  (22 mer)  IS 40  (GT)8YG  (18 mer)  IS74  (CT)14 (28 mer) 

IS 7  (CA)10G  (21 mer)  IS 41  (TC)8RT  (18 mer)  IS75  (CTT)5 (15 mer) 

IS 8  (CT)9G  (19 mer)  IS 42  (AC)8YG  (18 mer)  IS76  (CCG)6 (18 mer) 

IS 9  (GA)9AY  (20 mer)  IS 43  (AC)8YA  (18 mer)  IS77  (AT)5 (AAT)7  (31 mer) 

IS 10  BDBT(CCT)6  (18 mer)  IS 44  (AC)8YT  (18 mer)  IS78  (AGA)7  (21 mer) 

IS 11  HVH(TCC)6  (20 mer)  IS 45  (TG)8RT  (18 mer)  IS79  (TC)11  (22 mer) 

IS 12  (AG)8T  (19 mer)  IS 46  (TG)8RC  (18 mer)  IS80  (AAT)8   (24 mer) 

IS 13  (AG)8G (17 mer)  IS 47  (ACC)6  (18 mer)  IS 81 (AG)5T  (11 mer 

IS 14  (GA)8T  (17 mer)  IS 48  (ATG)8   (24 mer)  IS82  (AG)5TT  (12 mer) 

IS 15  (GA)8C  (17 mer)  IS 49  (CTC)6  (18 mer)  IS83  (AG)5TTG  (13 mer) 

IS 16  (GA)8A  (17 mer)  IS 50  (GAA)6  (18 mer)  IS84  C(AG)5 3’  (11 mer) 

IS 17  (CT)8A  (17 mer)  IS 51  (GACA)6  (24 mer)  IS85  (CT)5CACC  (14 mer) 

IS 18  (CT)8G  (17 mer)  IS 52  (TCC)5RY  (17 mer)  IS86  (GT)5GA 3’  (12 mer) 

IS 19  (CT)8T  (17 mer)  IS 53  (CT)8C  (17 mer)  IS87 (AATGC)3AAT (18 mer) 

IS 20  (CA)8A  (17 mer)  IS 54  (AG)8C  (17 mer)  IS88 (AG)8T (17 mer) 

IS 21  (CA)8G  (17 mer)  IS 55  (AG)8A  (17 mer)  IS89  (AG)8C (17 mer) 

IS 22  (GT)8A  (17 mer)  IS 56  (TC)8C  (17 mer)  IS90  (AG)8G (17 mer) 

IS 23  (GT)8C  (17 mer)  IS 57  (GA) 8CT  (18 mer)  IS91  (CA)8T (17 mer) 

IS 24  (GT)8T  (17 mer)  IS 58  (GT) 8YC  (18 mer)  IS92  (CA)8C (17 mer) 

IS 25  (TC)8A  (17 mer)  IS 59  (GGAGA)3  (15 mer)  IS93  (AGC)6 (18 mer) 

IS 26  (GT)9C  (19 mer)  IS 60  BDB(CA)7  (17 mer)  IS94  (ATG)6 (18 mer) 

IS 27  (GT)7GGTG  (17 mer)  IS 61  (GA)9T  (19 mer)  IS95  (GATA)4 (16 mer) 

IS 28  (AC)8T  (17 mer)  IS 62  (GA) 9A  (19 mer)  IS96  (GACA)4 (16 mer) 

IS 29  (AC)8C  (17 mer)  IS63  (AGAGGC)4  (24 mer)  IS97  (GATA)3GACA(20 mer) 

IS 30  (AC)8G  (17 mer)  IS64  (TA)5   (10 mer)  IS98  (GAT)4A   (13 mer) 

IS 31  (TG)8A  (17 mer)  IS65   (TA)8  (16 mer)  IS99  (GAT)4T (13 mer) 

IS 32  (TG)8G  (17 mer)  IS66  (TA)6 (12 mer)  IS100  (GAT)4G  (13 mer) 

IS 33  (AG)8YT  (18 mer)  IS67 (AT)7 (14 mer)    

IS 34  (GA)8YT  (18 mer)  IS68  (AT)9 (18 mer)    

Notes: B = C, G, T; D = A, G, T; H = A, C, T; R = A, G; V = A, C, G; Y = C, T 

 



Optimization of ISSR markers for molecular DNA fingerprinting in Aquilaria sp.  2013

 

5 
 

Results and Discussion 
 

The used of ISSR marker is recommended for mutagenesis study and agreed with Zahra et al. (2012) 

that ISSR revealed high polymorphism and useful for studying genetic diversity, introgression analysis 

and identification of germplasm. Species Aquilaria is endangered species and the use of ISSR markers 

is supported by Jiang Feng et al. (2013) as no information required in understanding the polymorphism 

amongst the species. The amplification of this microsatellite-based molecular marker depends on the 

variation, motif and frequency of SSRs that changed due to natural crossing and/or mutation induction 

(Carvalho et al., 2008).  

PCR technique is a fundamental tool for genome analysis with widely recognized advantages. The first 

advantage will be the extraordinary sensitivity of the method of exponential amplification of minute 

numbers of target sequences to large amounts of yield. In principle, even a single copy of a target 

sequences can be detected and amplified by PCR technique. Despite the wonders of PCR technique, it 

comes with disadvantages as well. Because of its sensitivity, the PCR results are susceptible to 

misinterpretation even if trace amount of contaminating DNA are present (Birren et al., 2006).  

 

In addition, Taq DNA polymerase that does not hold proof reading capability results in a relatively 

high error rate. On average, it incorporates the wrong nucleotide every 9000 nucleotides which can lead 

to a cumulative error rate of 1 in 300 nucleotides over 30 cycles. PCR could also be technically 

challenging quantization method as it often requires substantial pre-experimental planning to design 

suitable primers and concentration optimization of each reaction reagent.  

 

In this work, optimum condition for each PCR reactions were evaluated at 1x PCR Buffer, 1.5 mM 

MgCl, 0.8mM dNTP mixed, 0.8µM primers, 60 ng/µl DNA template and 0.5U Taq polymerase. The 

total amounts of each reaction was set at 25µl. These condition was used further in optimizing anealing 

temperature for the evalation of the 100 ISSR primers. 

 

 

 

 
Plate 1. Optimization of six parameters for PCR revealed the optimum condition of each PCR 

components. At 1x PCR Buffer, 1.5 mM MgCl, 0.8mM dNTP mixed, 0.8µM primers, 60 

ng/µl DNA template and 0.5U Taq polymerase. 
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Table 2: Evaluation of annealing temperature (Ta °C) and number of bands derived from 

PCR products amplified by ISSR primers. The PCR products were separated by 

1.5% Agarose gel at 70V for 45 minutes. Visualised bands were used to 

estimate the Ta °C. 

 

Primer 

Primer Sequence  

5' - 3' 

Ta 

(ºC) 

No of 

Band  Primer 

Primer Sequence 

5' - 3' 

Ta 

(ºC) 

No of 

Band 

IS 1  (CAC)7T  (22 mer) 61 3  IS 33  (AG)8YT  (18 mer) 60 7 

IS 2  (GA)9C  (19 mer) 45 3  IS 34  (GA)8YT  (18 mer) 60 4 

IS 3  G(TG)9  (19 mer) NA -  IS 35  (CT)8RA  (18 mer) WA - 

IS 4  (CAC)7G  (22 mer) 51 2  IS 36  (CT)8RC  (18 mer) 49 6 

IS 5  (CAC)7GT  (23 mer) NA -  IS 37  (CA)8RT  (18 mer) 60 5 

IS 6  (GTG)7C  (22 mer) NA -  IS 38  (CA)8RC  (18 mer) WA - 

IS 7  (CA)10G  (21 mer) NA -  IS 39  (GT)8YA  (18 mer) 45 3 

IS 8  (CT)9G  (19 mer) WA -  IS 40  (GT)8YG  (18 mer) 45 3 

IS 9  (GA)9AY  (20 mer) NA -  IS 41  (TC)8RT  (18 mer) 55 4 

IS 10  BDBT(CCT)6  (18 mer) 61 3  IS 42  (AC)8YG  (18 mer) 55 2 

IS 11  HVH(TCC)6  (20 mer) 60 2  IS 43  (AC)8YA  (18 mer) 63 4 

IS 12  (AG)8T  (19 mer) WA -  IS 44  (AC)8YT  (18 mer) 51 4 

IS 13  (AG)8G (17 mer) NA -  IS 45  (TG)8RT  (18 mer) 61 5 

IS 14  (GA)8T  (17 mer) 50 1  IS 46  (TG)8RC  (18 mer) 61 6 

IS 15  (GA)8C  (17 mer) NA -  IS 47  (ACC)6  (18 mer) WA - 

IS 16  (GA)8A  (17 mer) NA -  IS 48  (ATG)8   (24 mer) 61 1 

IS 17  (CT)8A  (17 mer) NA -  IS 49  (CTC)6  (18 mer) 61 5 

IS 18  (CT)8G  (17 mer) NA -  IS 50  (GAA)6  (18 mer) 44 3 

IS 19  (CT)8T  (17 mer) 47 2  IS 51  (GACA)6  (24 mer) WA - 

IS 20  (CA)8A  (17 mer) 58 1  IS 52  (TCC)5RY  (17 mer) 58 2 

IS 21  (CA)8G  (17 mer) NA -  IS 53  (CT)8C  (17 mer) WA - 

IS 22  (GT)8A  (17 mer) NA -  IS 54  (AG)8C  (17 mer) 57 4 

IS 23  (GT)8C  (17 mer) NA -  IS 55  (AG)8A  (17 mer) NA - 

IS 24  (GT)8T  (17 mer) NA -  IS 56  (TC)8C  (17 mer) 57 2 

IS 25  (TC)8A  (17 mer) 57 3  IS 57  (GA) 8CT  (18 mer) 61 4 

IS 26  (GT)9C  (19 mer) WA -  IS 58  (GT) 8YC  (18 mer) 61 4 

IS 27  (GT)7GGTG  (17 mer) WA -  IS 59  (GGAGA)3  (15 mer) 57 2 

IS 28  (AC)8T  (17 mer) WA -  IS 60  BDB(CA)7  (17 mer) 60 3 

IS 29  (AC)8C  (17 mer) 58 3  IS 61  (GA)9T  (19 mer) 61 6 

IS 30  (AC)8G  (17 mer) WA -  IS 62  (GA) 9A  (19 mer) 61 4 

IS 31  (TG)8A  (17 mer) NA -  IS63  (AGAGGC)4  (24 mer) WA - 

IS 32  (TG)8G  (17 mer) WA -  IS64  (TA)5   (10 mer) NA - 
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Primer 

Primer Sequence  

5' - 3' 

Ta 

(ºC) 

No of 

Band  Primer 

Primer Sequence 

5' - 3' 

Ta 

(ºC) 

No of 

Band 

IS65   (TA)8  (16 mer) NA -  IS83  (AG)5TTG  (13 mer) NA - 

IS66  (TA)6 (12 mer) NA -  IS84  C(AG)5 3’  (11 mer) NA - 

IS67 (AT)7 (14 mer) NA -  IS85  (CT)5CACC  (14 mer) NA - 

IS68  (AT)9 (18 mer) NA -  IS86  (GT)5GA 3’  (12 mer) NA - 

IS69  (TGG)5 (15 mer) WA -  IS87 (AATGC)3AAT (18 mer) NA - 

IS70  (GAA)6 (18 mer) WA -  IS88 (AG)8T (17 mer) 55 3 

IS71  (AG)7 (14 mer) WA -  IS89  (AG)8C (17 mer) WA - 

IS72  (GTC)5 (15 mer) NA -  IS90  (AG)8G (17 mer) 61 4 

IS73  (CT)8 (16 mer) NA -  IS91  (CA)8T (17 mer) 62 1 

IS74  (CT)14 (28 mer) NA -  IS92  (CA)8C (17 mer) NA - 

IS75  (CTT)5 (15 mer) NA -  IS93  (AGC)6 (18 mer) 60 3 

IS76  (CCG)6 (18 mer) WA -  IS94  (ATG)6 (18 mer) NA - 

IS77  (AT)5 (AAT)7  (31 mer) NA -  IS95  (GATA)4 (16 mer) NA - 

IS78  (AGA)7  (21 mer) NA -  IS96  (GACA)4 (16 mer) NA - 

IS79  (TC)11  (22 mer) NA -  IS97  (GATA)3GACA(20 mer) NA - 

IS80  (AAT)8   (24 mer) NA -  IS98  (GAT)4A   (13 mer) NA - 

IS 81 (AG)5T  (11 mer NA -  IS99  (GAT)4T (13 mer) NA - 

IS82  (AG)5TT  (12 mer) NA -  IS100  (GAT)4G  (13 mer) NA - 

 

Notes: NA- no amplification- 44 primers; WA weak amplification – 18 primers 

 

Optimization of annealing temperature was achieved by performing PCR gradient. Of 100 ISSR 

primers optimized, 38 primers (38%) showed significant amplification and produced bands ranging 

from 1-7 numbers of bands. 18 primers were identified producing a week bands which might be 

improved by individually optimise onto the reaction mixture. Band patterns showed slightly different at 

different PCR gradient annealing temperatures. Bands that were present at lower annealing 

temperatures were absent at higher annealing temperature. This phenomenon is related to specificity of 

template to increasing of annealing temperature. At lower annealing temperature, non-specific 

annealing primers occur, resulting in the amplification of unwanted segments of DNA. Conversely, too 

high annealing temperature resulting in poor amplified DNA yield as a result of oligonucleotide 

primers anneal poorly to the template DNA  (Sambrook and Rusell, 2001).. The annealing temperature 

was determined according to acceptable yields of amplified products and calculated melting 

temperature provided. 

 

Among various PCR-based markers, ISSR markers have been revealed to be useful as novel DNA 

markers in studies on purposing crop improvement such as genomic fingerprinting, phylogenetic 

analysis and gene tagging (Isshiki et al., 2008). ISSR markers amplify regions between adjacent and 

inversely oriented microsatellites using di-, tri-, tetra- and pentanucleotide SSR primers with the 

advantage that the information of the target DNA sequence is not required (Shen et al., 2010). As ISSR 

amplification is independent, variation and frequency of the patterns can easily be detected among 

species. Thus, the system is reliable to mutagenesis study for molecular breeding works. Studies have 

shown that ISSRs provide a powerful, rapid, simple, reproducible and inexpensive means to access 

genetic diversity among closely related cultivars, characterization of accessions and identification of 

cultivar and varieties (Kumar et al., 2008).  
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Conclusions 
 

Analysis of ISSR products derived from PCR amplification is fundamental importance to 

fingerprinting as these information can be utilised and recognition a standard in constructing national 

public databases. A total of 38 ISSR primers (38 %) were found significant and suitable for 

polymorphism assessment in Aquilaria malaccensis. ISSR repeats are the non-coding regions of 

chromosome and specific stretch of DNA sequences which are not active. However, ISSR are 

interspersed between normal coding genes and present in certain chromosomes as SAT (satellite) 

bodies make it uniqueness and advantage to be used for DNA fingerprinting. Thus, ISSRs marker can 

offer great potential for basic fingerprinting in Aquilaria species. The genetic diversity pattern based on 

this ISSR analysis provides guidelines for future Aquilaria sp. analysis to facilitate management, 

conservation and genetic improvement program towards high cultivation of gaharu resin production.  
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