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Abstract 

 
Deoxyribonucleic acid (DNA) as a tool for marker technology is found to be remarkable, advanced and exciting 

in recent years. DNA markers are valuable tools and important in various plant breeding analyses for 

identification, gene mapping, marker systems and mutagenesis response. As gene expression is related to 

concurrent cellular activities and is mobilised in the adaptation of plants to adverse environmental conditions, 

changes at the DNA levels can be detected simultaneously. The changes also reflect response onto plant traits in 

which selection for better quality plant materials can be made and/or used as bio-indicator response in tracking 

any environmental change. The objective of the present study is to show Inter Simple Sequence Repeat (ISSR) 

markers as an important technique in differentiating plant DNA genomic in various species for the evaluation of 

their diversity and radiation effects in population. The technique has been found to be rapid, simple, reliable 

and robust in generating molecular fingerprinting database in biosurveillance for a nuclear power programme. 

 

 

Abstrak 

 
Sejak kebelakangan ini asid deoksiribonukleik (DNA) telah dikenalpasti mampu digunakan dalam teknologi 

penandaan yang berdaya maju. Penanda-penanda DNA mempunyai nilai dan kepentingan dalam analisa 

pembiakbakaan, pemetaan gen, sistem penanda dan kesan ke atas mutagenesis. Pengekpresesan gen 

berhubungkait dengan aktiviti-aktiviti sel yang terlibat dalam penyesuaian tumbuh-tumbuhan dengan keadaan 

persekitaran yang kurang baik membolehkan perubahan DNA juga dikesan secara serentak. Perubahan 

tersebut juga dapat menunjukan respon ke atas sifat-sifat tumbuhan di mana pemilihan kebakaan tumbuhan 

berkualiti tinggi dapat dilakukan dan digunakan sebagai bioindikator bagi menjejaki sebarang perubahan 

persekitaran. Objektif kajian ini adalah untuk menunjukkan kepentingan penggunaan penanda Inter Simple 

Sequence Repeat (ISSR) sebagai satu teknik pembezaan di dalam tumbuhan menggunakan DNA genomik untuk 

pelbagai spesies bagi menilai kepelbagaian dan kesan sinaran di dalam populasi tumbuhan tersebut. Teknik ini 

didapati cepat, mudah, kebolehpercayaan tinggi dan robus dalam menjana pangkalan data yang melibatkan 

penandaan molekul kearah program kuasa nuklear. 
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INTRODUCTION 

 

Evolution in genomics revealed a great impact in breeding advancement. Understanding genetic composition of 

living organisms including many plant species of economic importance will lead our future for plant species 

especially crops species towards sustainable growth in breeding program. As basic components in genetics are 

G, A, T and C which form a sequence towards related functional genes, understanding the changes in the 

sequence at molecular levels is important and can be used as powerful tools for genetic mapping, germplasm 

evaluation and marker assisted selection (Figure 1). 

 

Molecular marker or genetic markers is also known as DNA fingerprinting, helps in identifying specific genes. 

The markers are a string or sequence of nucleic acid which makes up a segment of DNA. They are located near 

the DNA sequence of the desired gene and are transmitted by the standard laws of inheritance from one 

generation to another. As the markers and the genes are close together and allocate on the same chromosome, 

they tend to stay together as each generation of plants is produced. This links known as genetic linkage where 

researchers utilise in predicting desired gene which leads toward identifying the gene traits. Several marker 

systems have been developed and are applied to a range of crop species. These are the Restriction Fragment 

Length Polymorphisms (RFLPs), Random Amplification of Polymorphic DNAs (RAPDs), Sequence Tagged 

Sites (STS), Amplified Fragment Length Polymorphisms (AFLPs), Simple Sequence Repeats (SSRs) or 

microsatellites, and Single Nucleotide Polymorphism (SNPs) (Shu, 2009).  



The main uses of these molecular markers in crop genetic studies are as follows: 

 Assessment of genetic variability and characterization of germplasm 

 Identification and fingerprinting of genotypes 

 Estimation of genetic distances between population, inbreeds, and breeding materials 

 Detection of monogenic and quantitative trait loci (QTL) 

 Marker-assisted selection 

 Identification of sequences of useful candidate genes 

 Mapping and tagging of genes: Generating tools for marker-assisted selection in plant breeding 

 Phylogeny and evolution 

 Diversity analysis of exotic germplasm 

 Genotyping of cultivars 

 

The genetic code is the set of rules by which information encoded in genetic material (DNA or mRNA 

sequences) is translated into proteins (amino acid sequences) by living cells. 

 

 
 

Figure 1. The structure of the DNA double helix. The atoms in the structure are colour coded by element 

and the detailed structure of two base pairs is shown in the bottom right. Source: 
http://www.wikipedia.org/wiki/Gene 

 

The following properties would generally be desirable for a molecular marker: 

 Easy recognition of all possible phenotypes (homo- and heterozygotes) from all different alleles  

 Demonstrates measurable differences in expression between trait types and/or gene of interest alleles, 

early in the development of the organism  

 Has no effect on the trait of interest that varies depending on the allele at the marker loci  

 Low or null interaction among the markers allowing the use of many at the same time in a segregating 

population  

 Abundant in number  

 Moderately to highly polymorphic 

 Co-dominant inheritance (in discriminating homo- and heterozygous states in diploid organisms) 

 Unambiguous assignment of alleles 

 Frequent occurrence in the genome 

 Even distribution throughout the genome 

 Selectively neutral behavior (i.e., no pleiotropic effects) 

 Easy access (i.e., by purchasing or fast procedures) 

 Easy and fast assay (e.g., by automated procedures) 

 High reproducibility 

 Easy exchange of data between laboratories 

 Low cost for both marker development and assay 

http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Double_helix
http://en.wikipedia.org/wiki/Atoms
http://en.wikipedia.org/wiki/Element
http://en.wikipedia.org/wiki/File:DNA_Structure+Key+Labelled.pn_NoBB.png


DNA fingerprinting is an important instrument for the characterization of germplasm, i.e., the total genetic 

diversity present in the world for a certain crop, encompassing old and newly bred cultivars, land races, and 

related wild species. One major aim is to determine the extent and distribution of genetic variation, and to 

understand the geographic and ecological aspects of the processes that have given rise to the observed patterns 

of variation Hodgkin et al. (2001). 

A major step forward in genetic identification is the discovery that about 30–90% of the genome of virtually all 

the species is constituted by regions of repetitive DNA, which are highly polymorphic in nature. These regions 

contain genetic loci comprising several hundred alleles, differing from each other with respect to length, 

sequence or both and they are interspersed in tandem arrays ubiquitously. The repetitive DNA regions play an 

important role in absorbing mutations in the genome. Of the mutations that occur in the genome, only inherited 

mutations play a vital role in evolution or polymorphism. Thus repetitive DNA and mutational forces functional 

in nature together form the basis of a number of marker systems that are useful for various applications in plant 

genome analysis. The markers belonging to this class are both hybridization-based and PCR-based. 

Inter-simple sequence repeats take advantage of simple sequence repeats (SSR) or microsatellites that are 

abundant in all eukaryotic genomes. SSR are short, tandem repeats that are useful as genetic markers. However, 

use of SSR requires a knowledge of the sequence of the region flanking the tandem repeats. ISSR in contrast, 

does not require any prior knowledge of genome sequence. ISSR use primer that are anchored at the 5' or 3' end 

of a repeat region and extend into the flanking region. This technique then allows amplification of the genomic 

segments between inversely oriented repeats (ISSRs). Generally a series of single primers are used to generate 

series of fragments that are size-separated on either an agarose gel. This technique is rapid and can differentiate 

between closely related individuals. Advantages of this technique include multiple polymorphic loci, high 

throughput and low cost. Disadvantages include the fact that these are dominant markers (Jabbarzadeh et al. 

2010) 

The first studies employing ISSR markers were published in 1994 (Zietkiewicz et al. 1994; Gupta et al. 1994). 

And later, utilization of this technique has demonstrated the utility of ISSR markers for addressing questions of 

hybridization and diploid hybrid speciation. In higher plants or animals, ISSR markers are demanding although 

they are known to be abundant, very reproducible, highly polymorphic, highly informative and quick to use 

(Bornet et al. 2004). In addition, several other studies ranging from conservation biology to molecular ecology 

and systematics have demonstrated the utility of the technique in a wide range of applications and plant families 

(Asteraceae, Brassicaceae, Hippocastanaceae, Orchidaceae, Poaceae, Scrophulariaceae, Violaceae). ISSR 

uses the presence throughout the genome of Simple Sequence Repeats (SSR) which are ubiquitous, abundant 

and highly polymorphic tandem repeat motifs composed of 1 to 7 nucleotides. A unique PCR primer composed 

of a few SSR repeats (with or without anchored end) was used to amplify DNA sequences between two inverted 

SSR composed of the same units and spaced out by less than around 4 Kbp. Neither sequence information nor 

prior genetic studies were required for these analyses, unlike for SSR markers. 

 

ISSRs are DNA fragments of about 100-3000 bp located between adjacent, oppositely oriented microsatellite 

regions. ISSRs are amplified by PCR using microsatellite core sequences as primers with a few selective 

nucleotides as anchors into the non-repeat adjacent regions (16-18 bp). About 10-60 fragments from multiple 

loci are generated simultaneously, separated by gel electrophoresis and scored as the presence or absence of 

fragments of particular size. The most important variant in ISSR is the locus-specific PCR amplification of 

nuclear which is flanking by single tandem repeat primers. The main advantage of ISSRs is that no sequence 

data for primer construction are needed and low quantities of template DNA are required. As ISSRs are 

randomly distributed throughout the genome, chances in amplifying any position in the genome are higher. 

However, as the ISSR is a multilocus technique, disadvantages include the possible non-homology of similar 

sized fragments. But, this weakness become benefits as the multilocus fingerprinting profiles obtained, ISSR 

analysis can be applied in studies involving genetic identity, parentage, clone and strain identification, mapping 

studies and taxonomic studies of closely related species in which are related to diversity study. 

In developing program for Nuclear Power facilities, biota ecosystem is the most important part to be considered. 

Thus, the ISSR technics which are simple, priceless,, robust and reproducible becoming part of the construction 

as public needs the information about any changes at every single living in the environmental. This information 

should be taken before, during and after the construction. In addition, monitoring at yearly basis and in certain 

circumstances will be followed by continuously in meeting the requirements of national and international 

standard act for environment in handling radioactive facilities. 



METHODOLOGY 

Genomic isolation  

 

Young leaves of samples were collected at the early morning from the greenhouse. Genomic DNA was 

extracted from freshly harvested leaves by adopting the protocol outlined by Doyle and Doyle (1987). Quality of 

the extracted DNA was examined by gel electrophoresis in 1% agarose gel in TAE buffer (Tris acetate-EDTA) 

with ethidium bromide (0.5 μg/mL). Electrophoresis of DNA was performed at 70V for 45 minutes and DNA 

was visualized with a UV transilluminator. Purity of genomic DNA isolated was evaluated spectrometrically 

(NanoDrop Spectrophotometer) by measuring absorbance at 260nm and 280nm.  

 

 

PCR assays 

 

100 ISSR primers were tested for their repeatable amplification with plant sample. PCR gradient of temperature 

range 40 - 55°C was performed to determine the optimum annealing temperature for PCR amplification. Of 

these, primers that produced good amplification products were chosen for ISSR assay. The process as shows in 

figure 2. 

 

 
 

Figure 2 Process flow in ISSR PCR-based techniques 

 

The reaction master mix of 25μl was placed in a thermo cycle machine (PTC-200 DN Cycler, USA). The PCR 

reaction mixture consisted of 2μl of template DNA, 200μM of each of the 4 dNTPs, 1X PCR buffer, 25mM 

MgCl2, 0.4μM of ISSR primer and 0.1U Taq DNA polymerase (Promega, USA). PCR amplifications were 

initiated with hot start and followed specific thermal profile as follow: single step of initial denaturation at 94°C 

for 3 minutes followed by 30 cycles of 1 minute at 94°C, 30s at annealing temperature (40 - 55°C), 50s 

elongation at 72°C and final extension at 72°C for 7 minutes.  

 

 
 

 

Primer designing is a process cycle in getting 

specificity PCR amplification. The primers need 

to be optimised at gradient temperature prior to 

optimization of MgCl2, DNA concentration, 

dNTP and Taq polymerase. 

 

Direct sequencing from PCR products may help 

in identifying partial genes closed to tandem 

repeats. Eventhought these tandem repeats are 

non-coding reguion  

 

 

 

 

Figure 2 Process flow in designing specific primers for 

specific traits in DNA fingerprinting 

techniques by using ISSR 

 



 

 

 

Table 1: List of ISSR Primers used in this study 

 

Primers  Primer Sequence  

(5’-3’) 

Tm 

(C˚) 

 Primers  Primer Sequence  

(5’-3’) 

Tm 

(C˚) 

IS 1  (CAC)7T  55.3  IS 51  (GACA)6  52.3 

IS 2   (GA)9C 46  IS 52 (TCC)5RY 46.7 

IS 3 G(TG)9  46  IS 53  (CT)8C  41.9 

IS 4 (CAC)7G 57.2  IS 54  (AG)8C  41.9 

IS 5 (CAC)7GT 57.3  IS 55  (AG)8A  39.5 

IS 6 (GTG)7C  57.2  IS 56  (TC)8C  41.9 

IS 7 (CA)10G  49.2  IS 57  (GA)8CT  42.9 

IS 8 (CT)9G  46  IS 58  (GT)8YC  44 

IS 9  (GA)9AY  45.6  IS 59  (GGAGA)3  39.5 

IS 10 BDBT(CCT)6  49  IS 60 BDB(CA)7  41.1 

IS 11 HVH(TCC)6  48.2  IS 61  (GA)9T  43.8 

IS 12  (AG)8T  39.5  IS 62  (GA)9A  43.8 

IS 13  (AG)8G  41.9  IS 63 (AGAGG)4  59.1 

IS 14  (GA)8T  39.5  IS 64  (TA)5  -7.6 

IS15  (GA)8C  41.9  IS 65  (TA)8  17.7 

IS 16  (GA)8A 39.5  IS 66  (TA)6  3.7 

IS 17  (CT)8A  39.5  IS 67  (AT)7  11.7 

IS 18  (CT)8G  41.9  IS 68  (AT)9  22.4 

IS 19  (CT)8T  39.5  IS 69  (TGG)5  42.2 

IS 20  (CA)8A  39.5  IS 70  (GAA)6  36.1 

IS 21  (CA)8G  41.9  IS 71  (AG)7  32.2 

IS 22  (GT)8A  39.5  IS 72  (GTC)5  42.2 

IS 23  (GT)8C  41.9  IS 73  (CT)8  38.2 

IS 24  (GT)8T  39.5  IS 74  (CT)14  56.3 

IS 25 (TC)8A  39.5  IS 75  (CTT)5  28.6 

IS 26  (GT)9C  46  IS 76  (CCG)6  63.4 

IS 27  (GT)7GGTG  45.2  IS 77  (AT)5(AAT)7 38.1 

IS 28 (AC)8T  39.5  IS 78  (AGA)7  41.4 

IS 29  (AC)8C  41.9  IS 79  (TC)11  49.7 

IS 30  (AC)8G  41.9  IS 80  (AAT)8 31.8 

IS 31  (TG)8A  39.5  IS 81  (AG)5T 17.2 

IS 32  (TG)8G  41.9  IS 82  (AG)5TT  20.7 

IS 33  (AG)8YT  41.8  IS 83 (AG)5TTG  26.9 

IS 34  (GA)8YT 41.8  IS 84  C(AG)5 20.9 

IS 35 (CT)8RA 41.8  IS 85 (CT)5CACC 35.1 

IS 36  (CT)8RC 44  IS 86  (GT)5GA 24.2 

IS 37 (CA)8RT 41.8  IS 87 (AATGC)3AAT 36.1 

IS 38  (CA)8RC 44  IS 88 (AG)8T 39.5 

IS 39  (GT)8YA 41.8  IS 89  (AG)8C 41.9 

IS 40  (GT)8YG 44  IS 90 (AG)8G  41.9 

IS 41  (TC)8RT 41.8  IS 91  (CA)8T 39.5 

IS 42  (AC)8YG 44  IS 92  (CA)8C 41.9 

IS 43 (AC)8YA 41.8  IS 93  (AGC)6 49.7 

IS 44  (AC)8YT 41.8  IS 94  (ATG)6 36.1 

IS 45  (TG)8RT 41.8  IS 95 (GATA)4 28.0 

IS 46  (TG)8RC 44  IS 96  (GACA)4 38.2 

IS 47  (ACC)6 49.7  IS 97 (GATA)3GACA 30.5 

IS 48  (ATG)8 45.4  IS 98 (GAT)4A  20.6 

IS 49  (CTC)6 49.7  IS 99 (GAT)4T  20.6 

IS 50  (GAA)6 36.1  IS 100  (GAT)4G  23.7 

 



 

 

 

RESULTS AND DISCUSSION 

 

In general, DNA fingerprinting depends on the understanding of the molecular genetic control in targeting the 

gene of interest and/or marker to be used as references in identifying samples. Molecular genetic information is 

a great help in developing a proper selection for molecular markers. Thus, ISSR marker is an alternative way to 

fulfil this strategy as no sequence information requires in performing this technique.  

 

 

 

(A) PCR products derived from different cultivars 

of Musa sp. 

 

(B) PCR products derived from mutants (M1) 

seeds of Jatropha curcas after exposed to 

chronic radiation at Gamma greenhouse 

 

(C) PCR products derived from different 

cultivars of Ananas sp. 

 

 

Figure 3 Polymorphic patterns amplified by ISSR primers derived from different type of species and mutants. 

(A) Comparison between local banana varieties. (B) Evaluation of mutant population derived from 

chronic radiation in Jatropha curcas (C) Comparison between local pineapple varieties. 



 

 

Point mutation in the primer annealing sites in such species may lead to the occurrence of ‘null alleles’, where 

ISSR fails to amplify in PCR assays. Null alleles can be related to certain attribute. These attributes refers to 

sequence divergence in flanking regions leading poor primer annealing, especially at the 3’ section, where 

extension commences; preferential amplification of particular size alleles due to the competitive nature of PCR. 

Figure 3 shows different type of polymorphic patterns amongst cultivars, species and mutants sample. These 

specific bands can be used as markers for fingerprinting and found to be reliable in identifying the specific 

samples. The ISSR primers also sensitive in detecting mutants derived from low dose radiation as chronic 

radiation. According to Lu et al (2011), PCR-based ISSR technique is also sensitive in detecting somaclonal 

variants in Musa sp.  This platform will open opportunity in monitoring biota samples as any stress conditions 

will be easily evaluated and recorded.  

 

Previously, methods of cultivar and/or plant species identification and stress effects in plant species evaluation 

frequently are based on the estimation of morphological characteristics. The estimation usually at cost-effective 

and the assessments may have their limitations, including (1) insufficient variation among cultivars (especially if 

the cultivars to be compared share a closely related pedigree), (2) subjectivity in the analysis, (3) influence of 

the environment and management practices, and (4) expression of some characters only in certain 

developmental stages. However, choices of DNA marker method depend on the scale and purpose of cultivar 

identification where all the samples needs to be documented for easy access and data retrieves (Arnau et al. 

2002, Prevost and Wilkinson 1999). 

 

Information generated by ISSR markers can be utilised through bioinformatics in manipulating, searching, and 

data mining of biological data, and this includes DNA sequence data. Bioinformatics tool is important to store 

and search DNA sequences and  have led to widely applied advances in computer science, especially string 

searching algorithms, machine learning and database theory. The DNA sequenced may be aligned with other 

DNA sequences to identify homologous sequences and locate the specific mutations that make them distinct. 

These bioinformatics techniques, especially multiple sequence alignment, are used in studying phylogenetic 

relationships and protein function.  

The most frequently technique used for distance matrix algorithm is the so-called unweighted pair group method 

using arithmetic average (UPGMA). UPGMA assumes a rigid molecular clock, which means that the 

evolutionary rates along all branches of the tree need to be identical. Saitou and Nei1213 developed a more 

sophisticated clustering method called neighbor-joining (NJ). This algorithm produces additive trees and does 

not assume identical evolutionary rates along all branches. The analysis will show relationship and/or cluster of 

the samples which are important in observing similarity amongst the samples.  

Regions of DNA sequence that have the characteristic patterns associated with protein- or RNA-coding genes 

can be identified by gene finding algorithms, which allow researchers to predict the presence of particular gene 

products and their possible functions in an organism even before they have been isolated experimentally. Entire 

genomes may also be compared which can shed light on the evolutionary history of particular organism and 

permit the examination of complex evolutionary events. 

Mutation in tandem repeats and/or microsatellite alleles is biased in the sense that larger alleles contain more 

bases, and are therefore likely to be mistranslated in DNA replication. Smaller alleles also tend to increase in 

size, whereas larger alleles tend to decrease in size, as they may be subject to an upper size limit; this constraint 

has been determined but possible values have not yet been specified. If there is a large size difference between 

individual alleles, then there may be increased instability during recombination at meiosis. 

DNA sequencing provides highly robust, reproducible, and informative data sets, and can be adapted to different 

levels of discriminatory potential by choosing appropriate genomic target regions. One obvious disadvantage 

that ISSRs share with other multilocus markers is their dominant nature, which limits their use for population 

genetics and mapping studies.  

 

http://en.wikipedia.org/wiki/Data_mining
http://en.wikipedia.org/wiki/Computer_science
http://en.wikipedia.org/wiki/String_searching_algorithm
http://en.wikipedia.org/wiki/String_searching_algorithm
http://en.wikipedia.org/wiki/Machine_learning
http://en.wikipedia.org/wiki/Database_theory
http://en.wikipedia.org/wiki/Homology_(biology)
http://en.wikipedia.org/wiki/Mutation
http://en.wikipedia.org/wiki/Multiple_sequence_alignment
http://en.wikipedia.org/wiki/Phylogenetics
http://en.wikipedia.org/wiki/Gene_prediction
http://en.wikipedia.org/wiki/Gene_product
http://en.wikipedia.org/wiki/Gene_product


 

 

CONCLUSIONS 

 

Genome analysis based on molecular markers known as DNA fingerprinting has generated a vast amount of 

information and a number of databases can be generated to preserve information and analysis. DNA 

fingerprinting is important for identification of cultivars and species, genetic mapping, assessment of genetic 

diversity, bio-geographical studies, detection of somaclonal variation and molecular markers. The technique has 

been found to be rapid, simple, reliable and robust in generating molecular fingerprinting database for breeding 

program and biosurveillance in supporting a nuclear power programme. 
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