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APPLICATION OF MOLECULAR MARKERS IN 
GENETIC DIVERSITY ANALYSIS 
 
Abstract 
 
 Many plant species were exterminated 
or had their geographic ranges severely 
restricted due to habitat changes brought on by 
climate change and human activity. In recent 
years, the distribution of certain plant species 
that once had a vast range has substantially 
decreased, leading to their position as 
endangered and threatened species. The ability 
of a population to adapt to a changing 
environment is influenced by genetic diversity, 
which is a crucial factor in species 
conservation. The amount of genetic variation 
among individuals in a variety, or population, 
of a species, is commonly known as genetic 
diversity. It results from the numerous genetic 
variations between individuals and may appear 
as differences in DNA, biochemical traits (such 
as protein structure), physiological traits (such 
as abiotic stress resistance or growth rate), or 
morphological traits (such as plant height). 
Genetic diversity is examined by using 
morphological markers and biochemical 
markers. The exact level of genetic diversity 
cannot be defined by morphological and 
biochemical markers because environmental 
factors influence morphological and 
biochemical parameters. Molecular markers 
have shown to be very effective tools in the 
study of genetic diversity because of their 
highly polymorphic character and inability to be 
influenced by the environment. Molecular 
markers also known as DNA markers or genetic 
markers analyzed the diversity on the level of 
the DNA. Molecular markers give a chance to 
characterize genotypes more exactly than other 
markers and to evaluate genetic relationships. 
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I. INTRODUCTION 
 

Genetic diversity is defined as the amount of variability between individuals, or 
populations of a species that depict the balance 
mutation(Hughes et al., 2008, Carvalho et al., 2019)
in the conservation of species because it influences a population's ability to adapt to a 
changing environment (figure 1) 
understanding any species evolutionary past and determining potential threats to variety in 
the future, knowledge of genetic div
More genetically diverse populations are more suitable because genetic diversity is frequently 
linked to plant fitness (Ilves et al, 2013
variations in morphological and biochemical parameters. These two methods are help
the detection of diversity but these methods have some drawbacks. The expression of 
morphological and biochemical parameters is influenced by environmental factors. Analysis 
of genetic diversity based on molecular markers is a helpful complement to 
morphological and biochemical characterization of 
tissue or environmental effects, and enables the identification of 
development. Molecular marker analysis was discovered with the
biotechnology to efficiently analyze genetic diversity (

 
Molecular markers are recognizable DNA sequences that are located at a known, 

genome-specific location on the chromosome. 
minimizing potential environmental impacts
al., 2016).Molecular markers are significant tools for genetic diversity study, which is the 
initial stage in breeding initiatives and genetic resource 
ecology, diversity, plant breeding, conservation, and genetic engineering, molecular markers 
have a wide range of applications
Polymorphic DNA (RAPD), Amplified Fr
targeted (SCoT), Simple sequence repeats (SSRs), Inter
Restriction Fragment Length Polymorphism (RFLP), Single Nucleotide Polymorphisms 
(SNPs) and Sequence characterized amplifi
assessment of genetic diversity
and molecular markers used in genetic diversity analysis.
 

 
Figure 1: Impact of changing environmental conditions on 
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Genetic diversity is defined as the amount of variability between individuals, or 
populations of a species that depict the balance between genetic variety loss and 
mutation(Hughes et al., 2008, Carvalho et al., 2019). Genetic diversity is a significant factor 
in the conservation of species because it influences a population's ability to adapt to a 

environment (figure 1) (Kirk and Freeland 2011, Szczecińska et al., 2016
understanding any species evolutionary past and determining potential threats to variety in 
the future, knowledge of genetic diversity patterns is very helpful(Neel and Ellstrand 2003).

verse populations are more suitable because genetic diversity is frequently 
et al, 2013). Diversity is traditionally investigated by assessing 

variations in morphological and biochemical parameters. These two methods are help
the detection of diversity but these methods have some drawbacks. The expression of 
morphological and biochemical parameters is influenced by environmental factors. Analysis 
of genetic diversity based on molecular markers is a helpful complement to 
morphological and biochemical characterization of plants as they are abundant, unaffected by 
tissue or environmental effects, and enables the identification of plants in the early phases of 
development. Molecular marker analysis was discovered with the
biotechnology to efficiently analyze genetic diversity (Thomas et al., 2006).

Molecular markers are recognizable DNA sequences that are located at a known, 
specific location on the chromosome. They are useful tools in genetic studie

potential environmental impacts give information on genetic variability(Soares et 
Molecular markers are significant tools for genetic diversity study, which is the 

initial stage in breeding initiatives and genetic resource protection. In the fields of taxonomy, 
ecology, diversity, plant breeding, conservation, and genetic engineering, molecular markers 
have a wide range of applications. Numerous molecular markers  such as Random Amplified 
Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphism (AFLP), Start codon 
targeted (SCoT), Simple sequence repeats (SSRs), Inter-simple sequence repeat (ISSR),  
Restriction Fragment Length Polymorphism (RFLP), Single Nucleotide Polymorphisms 
(SNPs) and Sequence characterized amplified regions (SCARs) are widely used in the 
assessment of genetic diversity (Table 1).In this study, we discussed about 
and molecular markers used in genetic diversity analysis. 

Impact of changing environmental conditions on plant species
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Genetic diversity is defined as the amount of variability between individuals, or 
netic variety loss and 

. Genetic diversity is a significant factor 
in the conservation of species because it influences a population's ability to adapt to a 

ńska et al., 2016). For 
understanding any species evolutionary past and determining potential threats to variety in 

ersity patterns is very helpful(Neel and Ellstrand 2003). 
verse populations are more suitable because genetic diversity is frequently 

). Diversity is traditionally investigated by assessing 
variations in morphological and biochemical parameters. These two methods are helpful in 
the detection of diversity but these methods have some drawbacks. The expression of 
morphological and biochemical parameters is influenced by environmental factors. Analysis 
of genetic diversity based on molecular markers is a helpful complement to the 

as they are abundant, unaffected by 
in the early phases of 

development. Molecular marker analysis was discovered with the development of 
). 

Molecular markers are recognizable DNA sequences that are located at a known, 
They are useful tools in genetic studies and by 

ormation on genetic variability(Soares et 
Molecular markers are significant tools for genetic diversity study, which is the 

In the fields of taxonomy, 
ecology, diversity, plant breeding, conservation, and genetic engineering, molecular markers 

Numerous molecular markers  such as Random Amplified 
agment Length Polymorphism (AFLP), Start codon 

simple sequence repeat (ISSR),  
Restriction Fragment Length Polymorphism (RFLP), Single Nucleotide Polymorphisms 

ed regions (SCARs) are widely used in the 
In this study, we discussed about genetic diversity 

 

plant species 
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II. SIMPLE SEQUENCE REPEATS (SSRS)
 
 Simple sequence repeats (SSRs) also known as microsatellites are 
molecular marker applied in genetic diversity studies
tandem repeats and 1–4 nucleotides DNA 
genomes at high frequency (Idrees and Irshad 2014, Beckmann and Weber 1992
their high mutation rate and co
homozygotes), SSRs markers are able to detect po
populations and genetic admixture between populations, even if they are strongly linked. 
(Naceur  et al., 2012). SSRs markers are abundant, random distribution in the entire genome, 
highly reproducible, highly polymorphic, hi
 
III. RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD)
 
 Randomly amplified polymorphic DNA (RAPD) markers usually consist of the use of 
8-15 base pairs length oligonucleotide primers of the arbitrary sequence which bind to the
nonspecific sites on the DNA and produce band profiles
the DNA under low annealing temperature
with small amounts of genomic DNA available. As the primers can bind anywhere in the 
genomic DNA sequence, RAPD is a simple and quick technique that does not require 
genomic knowledge to characterize organisms
et al., 2014, Kumar et al., 2011
effectiveness, and easy performance.
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SIMPLE SEQUENCE REPEATS (SSRS) 

Simple sequence repeats (SSRs) also known as microsatellites are 
applied in genetic diversity studies. SSR markers are 1

4 nucleotides DNA sequences long found in most taxa's nucl
genomes at high frequency (Idrees and Irshad 2014, Beckmann and Weber 1992
their high mutation rate and co-dominant nature (distinguish heterozygotes from 
homozygotes), SSRs markers are able to detect polymorphisms within and between 
populations and genetic admixture between populations, even if they are strongly linked. 

). SSRs markers are abundant, random distribution in the entire genome, 
highly reproducible, highly polymorphic, high information content, and easy to assay.

RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD) 

Randomly amplified polymorphic DNA (RAPD) markers usually consist of the use of 
15 base pairs length oligonucleotide primers of the arbitrary sequence which bind to the

nonspecific sites on the DNA and produce band profiles (fig 2). Primers randomly bind on 
the DNA under low annealing temperature.  RAPD markers can detect polymorphism even 
with small amounts of genomic DNA available. As the primers can bind anywhere in the 
genomic DNA sequence, RAPD is a simple and quick technique that does not require 
genomic knowledge to characterize organisms but where it's not entirely clear. (
et al., 2014, Kumar et al., 2011).  The RAPD markers are useful because of its simplicity, 
effectiveness, and easy performance. 

Figure 2: The principle of RAPD 
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Simple sequence repeats (SSRs) also known as microsatellites are one of the key 
. SSR markers are 1-6 nucleotide 

sequences long found in most taxa's nuclear 
genomes at high frequency (Idrees and Irshad 2014, Beckmann and Weber 1992). Due to 

dominant nature (distinguish heterozygotes from 
lymorphisms within and between 

populations and genetic admixture between populations, even if they are strongly linked. 
). SSRs markers are abundant, random distribution in the entire genome, 

gh information content, and easy to assay. 

Randomly amplified polymorphic DNA (RAPD) markers usually consist of the use of 
15 base pairs length oligonucleotide primers of the arbitrary sequence which bind to the 

. Primers randomly bind on 
RAPD markers can detect polymorphism even 

with small amounts of genomic DNA available. As the primers can bind anywhere in the 
genomic DNA sequence, RAPD is a simple and quick technique that does not require 

t where it's not entirely clear. (Mkada–Driss 
).  The RAPD markers are useful because of its simplicity, 
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IV. INTER SIMPLE SEQUENCE REPEATS (ISSRS)  
 

Inter simple sequence repeat (ISSR) is the region which is present between two 
microsatellites (SSR). It is a multi-locus marker and in this technique region between two 
microsatellites (SSR) amplified using polymerase chain reaction. Inter Simple Sequence 
Repeats (ISSRs) are dominant in nature (does not distinguish heterozygotes from 
homozygotes) and used in genetic diversity, cultivar identification, evolutionary biology, 
gene tagging phylogeny and genome mapping studies (Pradeep et al., 2002). Compared to 
other dominant markers, such as RAPD, ISSR markers yield more polymorphic and 
repeatable bands and can produce results quickly and cost-effectively. (Wang et al.,  1994, 
Borba et al., 2005). The universality and simplicity of the ISSR marker's development 
(without prior sequence knowledge) are its key advantages (Agostini et al., 2008, 
Jabbarzadeh et al., 2010). Design based on the microsatellite areas and high annealing 
temperature is the main reason why the ISSR marker is reproducible (Sandes  et al., 2016). 

 
V. SINGLE NUCLEOTIDE POLYMORPHISMS (SNPS) 

 
Single nucleotide polymorphisms (SNPs) are also known as minisatellite are co-

dominant markers, and these are molecular markers of the new generation and most often 
associated with genes, making them the most useful genetic markers in genetic studies (eg. 
genetic diversity analysis)  (Jiang 2013). SNPs detect polymorphisms among individuals 
because of single nucleotide position changes. SNPs markers are abundant, co-dominant, 
locus-specific, and much more stable than other genetic markers. SNPs have recently 
received considerable attention because these markers are bi-allelic and occur much more 
frequently in the genome than other molecular markers. (Ren et al., 2013). 

 
VI. RESTRICTION FRAGMENT LENGTH POLYMORPHISMS (RFLPS) 

 
 Genetic fingerprinting, profiling, and testing are other names for restriction fragment 
length polymorphisms (RFLPs), were the first developed molecular markers technique and 
now it is not widely used. It is a co-dominant marker and hybridization-based marker that use 
DNA fragments generated from genomic DNA by a specific restriction endonuclease.During 
the 1980s, RFLP markers were first created in the human genetic study and subsequently 
used in plant studies (Botstein et al., 1980, Weber and Helentjaris 1989). Compared to 
morphological or biochemical markers, RFLPs offer the opportunity to assess genetic 
diversity between individuals more precisely. The benefits of using RFLPs in crop breeding 
and linkage analysis include the ability to detect an infinite number of loci, co-dominant 
markers that are extremely reliable, but the drawbacks include labor-intensive, expensive, 
time-consuming, large amounts of DNA required for restriction, and limited polymorphism, 
especially in closely related lines. (Collard  et al., 2005). 

 
VII. START CODON TARGETED (SCOT) 

 
 Start codon targeted (SCoT) is an important, simple, and helpful gene-targeted marker 
based on the short conserved plant gene region around the ATG translation initiation codon 
(Collard and Mackill 2009). SCoT markers use longer primers (18-mer) and can produce 
reproducible polymorphisms. SCoT markers are a dominant marker, do not require sequence 
data and are associated with functional genes and corresponding characteristics (Mulpuri et 
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al., 2013). The concept of the SCoT marker is identical to ISSR and RAPD molecular 
markers because it uses forward and reverse primer(Nair et al., 2016). SCoT primers generate 
more polymorphisms compared to other dominant markers (RAPDs and ISR). SCoT markers 
are used for genetic diversity research, phylogenetic analysis, structural analysis, cultivars 
identification, quantitative trait loci (QTL), fingerprinting, variation and differentiation 
(Shekhawat  et al., 2018, Feng et al., 2015, Gorji et al., 2012). Simple, quick, highly 
polymorphic, easy to use, universal primers, low cost, and gene-targeted markers are the 
advantages of SCoT markers.(Yang et al., 2019). 

 
VIII. SEQUENCE-CHARACTERIZED AMPLIFIED REGION (SCAR) 

 
 It is a DNA fragment recognized by PCR amplification using two specific 
oligonucleotide primers. The two ends of RAPD markers are cloned and sequenced to create 
useful SCAR markers which are longer than RAPD primers. It has 18–25 bases in primers 
and in RAPD 10 bases in primers (Rajesh et al., 2013, Premkrishnan and Arunachalam 2016). 
When compare to RAPD, SCAR markers are more precise, and repeatable, only detect one 
locus and their amplification is less sensitive to reaction conditions. SCAR markers are 
species-specific techniques that may be used for molecular identification. These markers are 
co-dominant and PCR-based markers and can also be useful in the physical mapping 
(Bhagyawant 2016). The basic idea is to convert RAPD (dominant markers) into SCAR (co-
dominant) because the use of RAPD markers has some limitations and disadvantages.(Yang 
et al., 2013). 

 
IX. AMPLIFIED FRAGMENT LENGTH POLYMORPHISM (AFLP) 

 
 Amplified fragment length polymorphism (AFLP) is also a DNA fingerprinting 
technique that employs DNA digestion by restriction enzyme followed by amplifying the 
subsets of genomic fragments in the special polymerase chain reaction and separation by 
electrophoresis on a polyacrylamide gel.(Vos et al., 1995).  AFLP markers are dominant 
markers. AFLP markers are very helpful due to their robust, secure, highly reproducible, low 
price and detection of high polymorphism. For examine gene flow, population structure, 
evolution, genetic mapping, ploidy level, plant conservation research, hybridization, and 
introgression research, and to track herbicide-resistant biotypes, AFLPs isused(Slotta 2008). 
 

Table1: Genetic diversity analysis by using Molecular markers 

Molecular 
Marker 

Plant Observation / Results References 

AFLP 
Markers 

Amaranthuspalmeri High levels of genetic diversity  
detected 

Chandi et al., 
2013 

AFLP 
Markers 

Croton 
antisyphiliticus 

Polymorphism and genetic 
diversity was found 

Oliveira et al., 
2016 

ISSR 
markers 

Croton tetradenius The markers were effective and 
showed polymorphism 

Almeida-
Pereira et al., 
2017 

ISSR 
markers 

Melocannabaccifer
a(Roxb.) Kurz 

Genetic diversity detected Alansi et 
al.,2016 

RAPD Xylocarpus sp. The markers provide an efficient Pawar et al., 
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X. APPLICATION OF GENETIC DIVERSITY 
 

In the last three decades, efforts have been created to detect genetic diversity of plants 
using molecular marker techniques. Genetic diversity is important for the development of 
improved recombinants is a key goal of any crop improvement strategy (Naik et al., 2006). 
Plant breeders have the chance to develop new and improved cultivars with desirable 
characteristics, including preferred traits of both farmers such as high yield potential, big 
seed, etc., and preferred traits of breeders such as resistance to pests and diseases, 
photosensitivity, etc. (Bhandari et al., 2017). Molecular markers are important in genetic 
diversity because they are highly informative and have helped to classify agronomic 
characteristics in wild, traditional and enhanced germplasm by dissecting quantitative traits 
(Lefebvre 2004). 

 
Forests give a wide range of timber goods, panels, posts, poles, pulp and paper that 

are used in everyday life. Genetic and phenotypic diversity have been identified using 
molecular DNA-based techniques over the past 20 year (Tereba et al. 2017). Endangered tree 
species genetic diversity knowledge in any region of the globe can lead to the development of 
efficient conservation and future use policies (Gudeta  2018). Genetic diversity serves several 
important purposes, including as a resource for tree breeding and improvement programs for 
the development of well-adapted tree species and the improvement of genetic gain for many 
helpful characteristics, ensuring the health of trees as a whole by demonstrating their 

markers tool for accessing and designing 
the conservation strategy of 
current interspecific genetic 
polymorphism in mangrove 
species 

2013 

RAPD 
markers 

Caesalpiniapulcher
rima (L.) Sw. 

RAPD markers are not effective 
for detecting polymorphisms 

Rodrigues et al., 
2012 

SSR 
Markers 

Dalbergiaodorifera Genetic diversity detected Liu et al., 2019 

SSR 
Markers 

Alnuscremastogyne 14 Populations of A. 
cremastogyneare have a relatively 
high level of genetic diversity 

Guo et al., 2019 

SNP 
markers 

Cowpea The markers were efficient in the 
study of the diversity 

Souleymane et 
al., 2018 

SNP 
markers 

Mimulusguttatus A small number of SNPs can 
detect clonality patterns and wide-
ranging relationships between 
native and introduced populations 

Pantoja et al., 
2017 

RFLP 
markers 

Brassica juncea The markers showed high 
polymorphism levels 

Mir et al., 2015 

RFLP 
markers 

Vignaradiata A high level of polymorphism was 
found 

Shahidul et al. 
2015 

SCoT 
markers 

Durum wheat Genetic variation detected Etminan et al., 
2016 

SCoT 
markers 

Rose High degree of variation detected Agarwal et al., 
2019 
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resilience to a variety of biotic and abiotic stressors under changing and unpredictable 
environmental and societal conditions (Porth et al., 2014). 
 
XI. CONCLUSION 
 
 The majority of conservation initiatives to date whether in situ or ex situ, have moved 
forward with little knowledge of the genetic diversity that was being saved, and it is vital to 
change this condition. Conservation of important plant species is important but without the 
knowledge of genetic diversity conservation is not effective. Traditionally, Genetic diversity 
is examined by using morphological markers and biochemical markers. These markers cannot 
define the exact level of genetic diversity because environmental variables affect 
morphological and biochemical parameter expression. On the other hand, genetic diversity at 
the DNA level is defined by molecular markers that are unaffected by environmental factors. 
Compared to other markers, molecular markers are quick, efficient, and reliable in that they 
Clearly delineate genetic differences. 
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