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Abstract:
The development and utilization of molecular markers for the

exploitation and identification of plant genetic diversity is one of the
most key developments in the field of molecular genetics studies.
Various types of techniques are used to estimate genetic diversity such
as dominant markers (Random Amplified Polymorphic DNA (RAPD),
DNA amplification fingerprinting (DAF), Arbitrarily primed
polymerase chain reaction (APPCR), Inter-simple sequence repeat
(ISSR) and Amplified Fragment Length Polymorphism (AFLP), and
co-dominant markers (Restriction Fragment Length Polymorphism
(RFLP), Simple sequence repeats (SSRs), Sequence characterised
amplified regions (SCARs), Cleaved amplified polymorphic sequence
(CAPS), Expressed sequence tags (ESTs), Single Nucleotide
Polymorphisms (SNPs) and sequence tagged sites (STSs). Today, new
techniques are frequently being developed. No such techniques are
ideal yet these fulfill all requirements needed by plant researchers.
Each technique has its own advantages and limitations. The present
review highlights a basic description of various molecular techniques
that can be utilized for the analysis of plant genetic diversity and DNA
fingerprinting.
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Molecular markers

Molecular marker is a sequence of DNA, which are located with
a known position on the chromosome (Kumar 1999), or a gene
whose phenotypic expression is frequently easily discerned and
used to detect an individual, or as a probe to mark a
chromosomes, nucleus, or locus (King and Stansfield 1990;
Schulmann 2007). Markers show polymorphism, which may
arise due to alteration of nucleotide or mutation in the genome
loci (Hartl and Clark 1997) and make it possible to identify
genetic differences between individual organisms or species
(Collard et al. 2005). Molecular markers are used in many
different areas such as genetic mapping, paternal tests, detect
mutant genes which are connected to hereditary diseases,
cultivars identification, marker assisted breeding of crops,
population history, epidemiology and food safety, population
studies (Hartl and Jones 2005). Collard et al. (2005) studies
that genetic marker used to identify genetic variation among
individual species or organisms. Schhulmann (2007) studies
that genetic marker used to construct linkage maps and genetic
diversity. Molecular marker also used in many different areas
that are including detecting mutant genes, genetic mapping,
epidemiology and for population studies (Hartl and Jones 2005).

The practice in agriculture has since the introduction of
molecular makers in the 1980s broaden and simplified both for
commercial and scientific uses to acknowledge new information
such as large number of agronomic and disease resistance
traits are available in major crop species (Phillips and Vasil
2001; dJain et al. 2002; Gupta and Varshney 2004). A
conventional breeding programme thus involves crossing whole
genomes, followed by selection of the superior recombinants
from among the several segregation products. Indeed, such a
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procedure is time consuming and laborious, involving several
crosses, several generations, and careful phenotypic selection,
and the linkage drag (tight linkage of the undesired loci with
the desired loci) may make it further difficult to achieve the
desired objective. Today many plant breeders utilize molecular
markers to proof and identify desirable traits of important
plants. Various plant researchers are used molecular markers
to study genetic polymorphism and linkage maps construct
(Schulmann 2007). There are many advantages of molecular
markers compared with morphological and biochemical
markers. For instance, when comparing morphological markers
with molecular markers, expression of such markers is
influenced both by dominant-recessive relationship and
epistatic-pleiotropic interaction. The use of such markers has
been criticized since the study of genetic variation among
germplasm using morphological characteristics is labors and
time consuming (Cooke 1984). When comparing with
biochemical markers, their use is now limited due to large scale
analysis and low level of genetic variation in a given species
and subspecies (Rafinski and Babik 2000).

Ideal Desirable Properties of Molecular Markers

+ Easily available

+ Assay is rapid and easy

* Reproducible and highly polymorphic

* Co-dominant inheritance and recurrent occurrence in genome
Selectively neutral to environmental conditions

* Data exchange between different laboratories should be easy.

It is really complicated to obtain molecular marker of above
criteria. Depending on the type of study undertaken, a marker
system can be recognized that would fulfill the above
characteristics. Various types of molecular markers are used to
estimate DNA polymorphism and are classified as
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hybridization-based markers and polymerase chain reaction
(PCR)-based markers. In hybridization based markers DNA
profiles are visualized by hybridizing the restriction
endonuclease digested DNA fragment, to a labelled probe,
which is a DNA fragment of known sequence while PCR based
markers involve in vitro amplification of particular DNA
sequences with the help of specifically or arbitrarily chosen
oligonucleotide sequences (primers) and a thermostable DNA
polymerase enzyme. The amplified DNA fragments are
separated by electrophoresis and banding patterns are detected
by different methods such as staining (using ethidium bromide
dye) and autoradiography. With the advent of thermostable
DNA polymerase the use of PCR in research and clinical
laboratories has increased tremendously. PCR is extremely
sensitive and operates at a very high speed. Its application for
diverse purposes has opened up a multitude of new possibilities
in the field of molecular biology (Saiki et al. 1985; Saiki et al.
1988).

Types of molecular markers

Various types of molecular markers are available and new
methods are frequently being developed. Today, no method is
ideal for all applications so scientist teams must weigh both
pros and cons of methods when starting a new project (Harlt
and Jones 2005).

Molecular markers are grouped after their different
abilities of showing homozygosity (dominant marker) or
heterozygosity (co-dominant marker) (Hartl 1988). The most
commonly used dominant DNA marker for genetic diversity in
plants are: Random Amplified Polymorphic DNA (RAPD;
Williams et al. 1990), DNA amplification fingerprinting (DAF;
Caetano-Anolles et al. 1991), Arbitrarily primed polymerase
chain reaction (AP-PCR; Welsh and McClelland 1990), Inter-
simple sequence repeat (ISSR; Zietkiewicz et al. 1994) and
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Amplified Fragment Length Polymorphisms (AFLP; Vos et al.
1995), whereas the most common used co-dominant markers
are: Restriction Fragment Length Polymorphisms (RFLP;
Botstein et al. 1980), Microsatellites (SSR; Akkaya et al. 1992);
Sequence characterised amplified regions (SCAR; Paran and
Michelmore 1993), Cleaved amplified polymorphic sequence
(CAPS; Konieczny and Ausubel 1993), Expressed sequence tag
(EST; Adams et al. 1991) and Single Nucleotide Polymorphism
(SNP; Jordan and Humphries, 1994) and sequence tagged sites
(STS; Olsen et al. 1989). Both dominant and co-dominant
markers can be use to detect DNA polymorphism, which further
used to assess the level of genetic variation in diverse
populations and can indicate for instance population history,
patterns of migration, and breeding structure (Hartl and Jones
2005).

Dominant DNA Markers

Arbitrarily Sequence Markers

Random Amplified Polymorphic DNA (RAPD), Arbitrarily
Primed PCR (AP-PCR), and DNA Amplification Fingerprinting
(DAF) have been collectively termed Multiple Arbitrary
Amplicon Profiling (MAAP) (Caetano-Annolles 1994). These
three techniques were first use to amplify any species DNA
fragments without prior sequences information. The difference
among MAAP techniques include modifications in amplification
profiles by changing primer length, sequence and annealing
temperature (Caetano-Anolles et al. 1992), the thermostable
DNA polymerase (Bassam et al. 1992), the number of PCR
cycles (Caetano-Anolles et al. 1991; Welsh and McClelland
1991; Micheli et al. 1993; Jain et al. 1994), enzymatic digestion
of template DNA or amplification products (Caetano-Anolles et
al. 1993) and alternative methods of fragment separation and
staining. These three techniques produce markedly different
amplification profiles, varying from quite simple (RAPD) to
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highly complex (DAF) patterns. These marker techniques are
quick, easily generated by PCR and require no prior sequence
information.

The RAPD markers are small oligo nucleotide primers
usually 10 bp in length of arbitrary sequence to generate bands
profiles. These primers bind to the complementary sequences
along the genome and PCR amplification occurs when the
regions between the opposing primer sites are within
amplifiable distances. The basic technique of RAPD involves

(1) 1solation of highly pure DNA,

(i1) addition of single arbitrary primer,

(ii1)polymerase chain reaction (PCR),

(iv) The resulting PCR products are generally resolved on
1.5- 2.0% agarose gels and stained with ethidium
bromide (EtBr) or polyacrylamide gels in
combination with either AgNO3 staining (Huff et al.
1993; Vejl, 1997, Hollingsworth et al. 1998), or
fluorescently labeled primers or nucleotides
(CorleySmith et al. 1997; Weller and Reddy 1997) or
radioactivity (Pammi et al. 1994) are sometimes
used.

Despite its low resolving power, the simplicity and low cost of
agarose gel electrophoresis has made RAPD more rapid and
popular than both AP-PCR and DAF.

Inter-Simple Sequence Repeat (ISSR)

Inter-Simple Sequence Repeat (ISSR) involves amplification of
DNA segment present at an amplifiable distance in between
two identical microsatellite repeat regions oriented in opposite
direction. Inter-Simple Sequence Repeat usually 16-25 bp long
as primers in a single primer PCR reaction targeting multiple
genomic loci to amplify different sizes of inter-SSR sequences.
The microsatellite repeats used as primer can be either di-
nucleotides or tri-nucleotides. ISSR markers are highly
polymorphic and are used on genetic diversity, gene tagging,
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phylogeny, evolutionary biology and genome mapping studies
(Reddy et al. 2002). ISSR PCR is a technique, which overcomes
the problems like high cost of AFLP, low reproducibility of
RAPD, and the flanking sequences to develop species specific
primers for SSR polymorphism. ISSR segregate mostly as
dominant markers following simple Mendelian inheritance.
However, they have also been shown to segregate as
codominant markers in some cases, thus enabling distinction
between homozygote and heterozygote (Sankar and Moore
2001). ISSR have been used since 1994 for a wide range of
organisms (Zietkiewicz et al. 1994) in DNA fingerprinting,
diversity analysis and genome mapping (Godwin et al. 1997;
Bornet and Branchard 2001; de Vincente et al. 2004).

Advantages of ISSR

ISSR is quick, simple, highly reproducible and the use of
radioactivity is not essential. ISSR markers usually show high
polymorphism (Kojima et al. 1998), and with the most
important advantage that no prior information about genomic
sequence is required (Bornet and Branchard 2001).

Amplified Fragment Length Polymorphsim (AFLP)

AFLP technique combines the power of RFLP with the
flexibility of PCR-based technology by ligating primer
recognition sequences (adaptors) to the restricted DNA (Lynch
and Walsh 1998). The key feature of AFLP is its capacity for
“genome representation”: the simultaneous screening of
representative DNA regions distributed randomly throughout
the genome. AFLP markers can be generated for DNA of any
organism without initial investment 1in primer/probe
development and sequence analysis. Both good quality and
partially degraded DNA can be used for digestion but the DNA
should be free of restriction enzyme and PCR inhibitors. Details
of the AFLP methodology have been reviewed by many authors
(Blears et al. 1998; Mueller and Wolfenbarger 1999; Ridout and
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Donini 1999).

AFLP analysis involves restriction digestion of genomic
DNA with a combination of rare cutter (EcoRI or Pstl) and
frequent cutter (Msel or Taql) restriction enzymes. Double-
stranded oligonucleotide adaptors are then designed in such a
way that the initial restriction site is not restored after ligation.
Such adaptors are ligated to both ends of the fragments to
provide known sequences for PCR amplification. PCR
amplification will only occur where the primers are able to
anneal to fragments which have the adaptor sequence plus the
complementary base pairs to the additional nucleotides called
selective nucleotides. An aliquot is then subjected to two
subsequent PCR amplifications wunder highly stringent
conditions with primers complementary to the adaptors and
possessing 3" selective nucleotides of 1 — 3 bases. The first PCR
(preamplification) is performed with primer combinations
containing a single bp extension, while final (selective)
amplification is performed using primer pairs with up to 3-bp
extension. Because of the high selectivity, primers differing by
only a single base in the AFLP extension amplify a different
subset of fragments. A primer extension of one, two or three
bases reduces the number of amplified fragments by factors of
4, 16 and 64, respectively. AFLP fragments are visualized
either AgNO3 staining, or on denaturing polyacrylamide gels
with autoradiography, or on agarose gel, or automatic DNA
sequencers.

Advantages of AFLP

(1) It is highly reproducible and reliable (Jones et al. 1997).

(1) It does not require any DNA sequence information
from the organism under study.

(i11) It 1s information-rich due to its ability to analyze a
large number of polymorphic loci simultaneously with a
single primer combination on a single gel as compared
to RFLPs and microsatellites (Russell et al. 1997).
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(iv) Co-migrating AFLP amplification products are mostly
homologous and locus specific with exceptions in
polyploidy species.
(v) Both good quality and partially degraded DNA can be
used for digestion but the DNA should be free of
restricttion enzyme and PCR inhibitors.

Co-dominant markers

Restriction Fragment Length Polymorphism (RFLP)
RFLPs are inherited naturally occurring Mendelian characters.
They have their DNA rearrangements due to evolutionary
processes, unequal crossing over, mutations within the
fragments, point mutations within the restriction enzyme
recognition site (Schlotterer and Tautz 1992). In RFLP
analysis, restriction enzyme digested genomic DNA and then
resolved by gel electrophoresis and western blotting (Southern
1975). Specific banding patterns are then visualized by
hybridization with labeled probe. These probes are mostly
species-specific of about 0.5-3.0 kb in size, obtained from a
cDNA library or a genomic library. The genomic libraries are
easy to construct but a large number of scattered duplicates are
found in inserts that makes complex patterns. This problem can
be overcome by using methylation sensitive restriction enzyme
Pstl which facilitates DNA sequences of small sizes, preferred
in RFLP analysis (Figdore et al. 1988). In contrast cDNA
libraries are difficult to construct, however, they are more
popular as actual genes are analyzed and they contain fewer
repeat sequences (Miller and Tanksley 1990; Landry and
Michelmore 1987)

Advantages of RFLP markers
(1) RFLP markers were used for constructing genetic maps.
(1) RFLPs are codominant and reliable markers in linkage
analysis, breeding.
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(ii1) can be easily determined in homozygous or
heterozygous state of an individual.

Disadvantages of RFLP markers

(1) the large amount of DNA required for restriction
digestion and Southern blotting.

(1) Expensive, time-consuming and hazardous.

(i11) only one marker may be polymorphic, which is
highly inconvenient especially for crosses between
closely-related species and their inability to detect
point mutations and polymorphism (Botstein et al.
1980; Winter and Kahl 1995)

Microsatellites (SSR)

Microsatellites, also known as simple sequence repeats (SSR),
variable number tandem repeats (VNTR) and short tandem
repeats (STR) are tandem repeats motifs of 1-6 nucleotides
found at high frequency in the nuclear genomes of most taxa
(Beckmann and Weber, 1992). For example, (A)11, (GT)12,
(ATT)9, (ATCG)S, (TAATC)6 and (TGTGCA)5 represent mono-,
di-, tri-, tetra-, penta- and hexa-nucleotide repeats, respectively.
A microsatellite locus typically varies in length between 5 and
40 repeats, but longer strings of repeats are possible.
Dinucleotide, trinucleotide and tetranucleotide repeats are the
most common choices for molecular genetic studies.
Dinucleotides are the dominant type of microsatellite repeats in
most vertebrates characterized so far, although trinucleotide
repeats are most abundant in plants (Beckmann and Weber,
1992; Kantety et al. 2002; Chen et al. 2006). Despite the fact
that the mechanism of microsatellite evolution and function
remains unclear, SSRs were being widely employed in many
fields soon after their first description (Litt and Luty 1989;
Tautz 1989; Weber and May 1989) because of the high
variability which makes them very powerful genetic markers.
Microsatellites have proven to be an extremely valuable tool for
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genome mapping in many organisms (Knapiket al. 1998), but
their applications span over different areas ranging from
kinship analysis, to population genetics and
conservation/management of biological resources (Jarne and
Lagoda 1996). Microsatellites can be amplified for identification
by the polymerase chain reaction (PCR), using two unique
sequences which are complementary to the flanking regions as
primers. This process results in production of enough DNA to
be visible on agarose or polyacrylamide gels; only small
amounts of DNA are needed for amplification as thermocycling
In this manner creates an exponential increase in the replicated
segment.

With the abundance of PCR technology, primers that
flank microsatellite loci are simple and quick to use, but the
development of correctly functioning primers is often a tedious
and costly process. However, once they are developed and
characterized in an organism, microsatellites are powerful for a
variety of applications because of their reproducibility,
multiallelic nature, codominant inheritance, relative abundance
and good genome coverage (Liu and Cordes 2004).

Unlike conserved flanking regions, microsatellite repeat
sequences mutate frequently by slippage and proofreading
errors during DNA replication that primarily change the
number of repeats and thus the length of the repeat string
(Eisen 1999). Because alleles differ in length, they can be
distinguished by high-resolution gel electrophoresis, which
allows rapid genotyping of many individuals at many loci for a
fraction of the price of sequencing DNA. Many microsatellites
have high-mutation rates (between 10-2 and 10-6 mutations per
locus per generation, and on average 5X10-4) that generate the
high levels of allelic diversity necessary for genetic studies of
processes acting on ecological time scales.

Advantages of SSRs markers
(1) SSR are used for plant breeding, conservation biology
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and population genetics as forensics, paternity analysis
and gene mapping (Coates and Byrne 2005).
(i1) require little amount of DNA, which does not have to be
of high quality.
(111) the simple interpretation of results (de Vicente and
Fulton 2003).

Disadvantage of SSRs markers

(1) the requirement of a known sequence to be amplified
(Weising et al. 2005).

(i1) Developing new microsatellites are expensive and time
consuming (Coates and Byrne 2005).

(111) the phenomena null-alleles, which are nonamplifying
alleles and appears frequently. Null-alleles leave no
bands when having homozygousity, but when having
heterozygousity it leaves one band visual. This will
interfere and complicate reading of data, since it will be
registered as a homozygote individual when actually
being a heterozygote. To reduce error due to null alleles,
population studies should contain many diverse SSR
primers so that different multiple microsatellite loci are
investigated (Weising et al. 2005).

Sequence characterized amplified regions for
amplification of specific band (SCAR)

Michelmore (1991) and Martin (1991) was the first to introduce
this technique, in which RAPD marker termini are sequenced
and longer primers of 22—24 nucleotide bases long are designed
for specific amplification of a particular locus. It shows
similarity with STS markers in construction and application.
The presence or absence of the band represent variation in
sequence.

Advantages of SCARs markers
a) SCARs are advantageous over RAPD markers as
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(i) they detect only a single locus.
(11) their amplification 1s less sensitive to reaction
conditions.
(i11) they can potentially be converted into codominant
markers (Paran and Michelmore 1993).
b) SCARs compared to arbitrary primers
(1) SCARs exhibit several advantages in mapping
studies (codominant SCARs are informative for
genetic mapping than dominant RAPDs)
(i1)) map based cloning as they can be used to screen
pooled genomic libraries by PCR.
(ii1) locus specificity and physical mapping.
SCARs allow comparative mapping or homology studies among
related species, thus making it an extremely adaptable concept
in the near future (Tanaka et al. 2006; Michhelmore et al.
1991).

Cleaved Amplified Polymorphic Sequence (CAPS)

CAPS are a combination of the RFLP and PCR and it was
originally named PCRRFLP (Maeda et al., 1990). The technique
involves amplification of a target DNA through PCR, followed
by digesting with restriction enzymes (Michaels and Amasino
1998). Hence, CAPS markers rely on differences in restriction
enzyme digestion patterns of PCR fragments caused by
nucleotide polymorphism between samples. Critical steps in the
CAPS marker approach include DNA extraction, and the
number or distribution of polymorphic sites, and PCR
conditions.

Advantage of CAPS markers
(i) since analysis of restriction fragment length
polymorphisms is based on PCR amplification, it is
much easier and less time-consuming than analyzing
alternative types of markers that require southern
hybridizations.
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(i1) CAPS primers developed from ESTs are more useful as
genetic markers for comparative mapping study than
those markers derived from non-functional sequences
such as genomic microsatellite markers.
CAPS markers are inherited mainly in a co-dominant
manner (Matsumoto and Tsumura 2004).

Expressed Sequence Tags (EST)

Each gene must be converted or transcribed into messenger
RNA (mRNA) that serves as a template for protein synthesis.
The resulting mRNA then guides the synthesis of a protein
through a process called translation. The problem is that
mRNA is very unstable outside of a cell; therefore, scientists
use an enzyme called reverse transcriptase to convert mRNA to
complementary DNA (cDNA). cDNA production is the reverse of
the usual process of transcription in cells because the procedure
uses mRNA as a template rather than DNA. ¢cDNA is a much
more stable compound and it represents only expressed DNA
sequence because it is generated from mRNA that represents
exons by excising (splicing) introns. Once cDNA representing
an expressed gene has been isolated, scientists can then
sequence a few hundred nucleotides from either the 5' or 3' end
to create 5' expressed sequence tags (5' ESTs) and 3' ESTs,
respectively. A 5' EST is obtained from the portion of a
transcript (exons) that usually codes for a protein. These
regions tend to be conserved across species and do not change
much within a gene family. The 3' ESTs are likely to fall within
non-coding (introns) or untranslated regions (UTRs), and
therefore tend to exhibit less cross-species conservation than do
coding sequences. The challenge associated with identifying
genes from genomic sequences varies among organisms and is
dependent upon genome size as well as the presence or absence
of introns, which are the intervening DNA sequences
interrupting the protein coding sequence of a gene. The
production of ESTs starts with the construction of cDNA
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libraries. The identification of ESTs has proceeded rapidly, with
over 6 million ESTs now available in computerized databases.
ESTs were originally intended as a way to identify gene
transcripts, but have since been instrumental in gene discovery,
for obtaining data on gene expression and regulation, sequence
determination, and for developing highly valuable molecular
markers, such as EST-based RFLPs, SSRs, SNPs, and CAPS.
ESTs have been used for designing probes for DNA microarrays
that is used to determine gene expression. ESTs also allow the
efficient development of single or low-copy RFLP markers.
RFLP markers developed from ESTs (EST-RFLP) have been
extensively used for the construction of high-density genetic
linkage maps (e. and physical maps (Kurata et al. 1997). Often
EST-based RFLP 2556 markers allow comparative mapping
across different species, because sequence conservation is high
in the coding regions. Hence, marker development and
mapbased cloning in one species will profit directly from data,
which are available in any other species. ESTs also allow a
computational approach to the development of SSR and SNP
markers (Eujayl et al. 2001) for which previous development
strategies have been expensive. Pattern-finding programs can
be employed to identify SSRs in ESTs. The available sequence
information allows the design of primer pairs, which can be
used to screen cultivars of interest for length polymorphisms. A
modest 1% to 5% of the ESTs in various plant species have been
found to have SSRs of suitable length (20 bp or more) for
marker development (Kantety et al. 2002). It should be possible
to find a large number of these SSRs in an organism for which a
great number of ESTs have been generated. EST-SSRs also
have a higher probability of being functionally associated with
differences in gene expression than the genomic SSRs (Gao et
al. 2004). Most of the large scale, multispecies in silico mining
efforts for developing EST-SSRs seem to have focused primarily
on monocotyledonous crops (Kantety et al. 2002; Thiel et al.
2003), although ESTs of a few dicot species have been explored
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for SSR mining (Qureshi et al. 2004; Varshney et al. 2005).

Two strategies have been employed for SNP
development based on ESTs.

One strategy uses ESTs from the 3'-end of cDNA clones,
which consists mainly of 3'-UTRs, to maximize the chance of
finding sequence variations. Primer pairs can be derived from
the EST sequences and the amplification of corresponding
regions from several genotypes followed by sequence
comparison may reveal SNPs.

Alternatively, one can use clusters of ESTs which
contain sequences from different cultivars and identify
potential SNPs computationally.

Single nucleotide polymorphism (SNP)

Single nucleotide polymorphism (SNP) is a DNA sequence
variation occurring when a single nucleotide (A, T, G or C)
differs among members of a species. SNP is the most abundant
marker system both in animal and plant genomes and has
recently emerged as the new generation molecular markers for
various applications. Being binary or co-dominant status, they
are able to efficiently discriminate between homozygous and
heterozygous alleles. Moreover, unlike microsatellites their
power comes not from the number of alleles but from the large
number of loci that can be assessed (Foster et al. 2010). Once
the rare SNPs are discovered in a low diversity species, the
genetic population discrimination power can be equivalent to
the same number of loci in a genetically diverse species. The
more evolutionary conserved nature of SNPs makes them less
subject to the problem of homoplasy (Brumfield et al. 2003).
Most importantly, SNPs are amenable to high throughput
automation, allowing rapid and efficient genotyping of large
numbers of samples (Tsuchihashi and Dracopoli 2002). In
plants, SNP can be designed from ESTs (Coles et al. 2005), and
single-stranded pyrosequencing (Miller et al. 2003). A high-
throughput genome analysis method called diversity array

EUROPEAN ACADEMIC RESEARCH - Vol. II, Issue 1/ April 2014
1528



Muhammad Idrees, Muhammad Irshad- Molecular Markers in Plants for Analysis
of Genetic Diversity: A Review
technology (DArT), based on microarray platform, has been
developed for the analysis of plant DNA polymorphism (Jaccoud
et al. 2001). Eijk et al. (2004), described a novel SNP
genotyping technique, SNPWave. Chip-based SNP arrays use
thousands of oligonucleotide probes attached to a solid surface
(e.g., glass, silicon wafer) allowing for a large number of SNPs
to be interrogated simultaneously (Rapley and Harbron 2001).
The ABI PRISM SNaPshot Multiplex Kit is designed to
interrogate up to 10 single nucleotide polymorphisms (SNPs) at
known locations on one to 10 DNA templates in a single tube.
In brief, the protocol includes preparation of sample reactions
using template and primer, performing SNaPshot reactions by
thermal cycling and conduction of post-extension treatment of
the products. Then automated electrophoresis of the samples
and finally, analyzing the data. SNP is able to determine
genetic diversity in plants, particularly in species with limited
genetic diversity. Determination of population genetic structure
of Castor bean (Ricinus communis) using SNPs from genome-
wide comparisons showed low levels of genetic diversity and
mixing of genotypes, leading to minimal geographic structuring
of castor bean populations worldwide (Foster et al. 2010).
Clustering of Castor bean indicated five main groups
worldwide and a repeated pattern of mixed genotypes in most
countries; most molecular variance occurred within-populations
(74%) followed by 22% among-populations and 4% among-
continents (Foster et al. 2010).. Recently, a single nucleotide
primer extension (SNuPE) assay targeting gyrB gene has been
developed to identify bacteria belonging to the Burkholderia
cepacia complex, which are very difficult to identify using
commonly used phenotypic and molecular techniques (Coenye
et al. 2001). Novel SNP based technique allowed the successful
detection and distinction of specific genetic variations and is
effectively applied in routine medical diagnosis since it permits
to analyze routinely many samples in a short time (Ferri et al.
2010). Similar approaches need to be utilized in plants that are
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difficult to discriminate for low level of genetic diversity.

Sequence Tagged Site (STS)

STS was first developed by Olsen et al. (1989) as DNA
landmarks in the physical mapping of the human genome, and
later adopted in plants. STS is a short, unique sequence whose
exact sequence is found nowhere else in the genome. Two or
more clones containing the same STS must overlap and the
overlap must include STS. Any clone that can be sequenced
may be used as STS provided it contains a unique sequence. In
plants, STS is characterized by a pair of PCR primers that are
designed by sequencing either an RFLP probe representing a
mapped low copy number sequence (Blake et al. 1996) or AFLP
fragments. STS markers are codominant, highly reproducible,
suitable for high throughput and automation, and technically
simple for use (Reamon-Buttner and Jung 2000).
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