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Abstract

Molecular markers are efficient for exploiting variations in genotypes as they are not
influenced by environmental factors and also speed up breeding programs. They are used
to detect large numbers of distinct divergence between genotypes at the DNA level. Genetic
diversity study helps to estimate the relationship between inbred lines to make the best hybrid
combinations. Lines which are clustered in different heterotic groups are considered as the
best hybrid combinations to carry out further breeding activities. Molecular markers are used
to meet a number of objectives, including genetic diversity analysis and prediction of hybrid
performances in divergent crop species. Agro-morphological and molecular markers have
been utilized to study genetic diversity so far. In maize, the uses of molecular markers are
important for the evaluation of genetic diversity of inbred lines and in clustering them into
heterotic groups. These markers determine genetic similarity of the lines and are used to
assess the genetic diversity of maize. Molecular markers have proven valuable for genetic
diversity analysis of many crop species and genetically diverse lines are important to improve
hybrid breeding.
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Introduction hybrids can be obtained in crosses of parents
Maize (Zea maysL) is a well-known cereal crop in from a diverse origin than hybrids formed from
its adaptability and importance worldwide. A lines with the same genetic background.
maize breeding program requires genetically Consequently, accurate characterization of inbred
diverse source material. Genetically diverse and lines using molecular and morphological markers
complementary elite inbred lines can play a is important for effective breeding (Xu et al,
significant role in the development of maize 2013).

hybrids with maximum expression of heterosis

(Adeyemo et al., 2011; Singh et a/ ., 2018). Maize is predominantly a cross-pollinated crop
Similarly, Menkir et a/. (2010) reported that better showing the highest phenotypic and genotypic

variability from generation to generation (Molin et
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al., 2013; Nyaligwa et al., 2015). The presence of
genetic variability allows for further improvement
of the crop. The levels of recombination in maize
are high (Huihua Fu, 2002) and disparately it
shows low levels of linkage disequilibrium
(Remington et al., 2001). Maize is an outcrossing
species, and it has large population sizes
(Vigouroux et al.,, 2002). Therefore, it is
important to reduce complexity by making strong
selection that could have retained near normal
levels of diversity (Wang et al., 1999). This, in
turn, minimizes the possibility of detecting false
positives, i.e., low diversity can be reported due
to unselected genes. However, in maize, a
relatively modest effect of domestication
bottleneck can be observed as a result of
unselected genes retaining  high diversity and
can be readily eminent from those undermined by
selection (Eyre-Walker et la., 1998).

The presence of genetic variability allows for
further improvement of the crop.  Various agro-
ecological conditions provide a possibility of
making selection on the genes involved that could
be identified by using different tests such as
genomic scans for the selected gene. Single
nucleotide  polymorphism  (SNP)  marker
technology provides a great advantage of high -
throughput, scanning the genome for a good
selection. The SNP discovered in teosinte can
then be assayed in diverse maize lines, or again,
examined through the SNP mapper’s trash bin of
monomorphic loci (Vigouroux et al., 2002).

Existence of strong selection placed up on a gene
could create a suitable condition to find the
reasonable expectation that neighbouring genes
will have retained near normal levels of diversity
during domestication of maize (Wang et al.,
1999). This situation reduces the possibility of
detecting false positives due to hitchhiking effect.
The relatively modest effect of domestication
bottleneck can be observed in maize, so
unselected genes retain high diversity and can be
readily distinguished from those affected by
selection (Eyre-Walker et la., 1998).

Knowledge on the genetic diversity and
relationships among maize inbred lines is
indispensable to identify promising combinations
for the exploitation of heterosis and
establishment of heterotic groups for use as
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source materials in a breeding program.
Molecular markers have proven valuable for
genetic diversity analysis of many crop species
(Yoseph et al. , 2014; Mengesha et al., 2017).
Extremely high levels of natural genetic variation
existed in maize at both morphological and
molecular levels (Yan et al., 2010). The amount
of genetic variability found in a population under
improvement governs the type of breeding
schemes to be used for population improvement
and the expected level of progress that we want
to make (Shahi and Singh, 1985). Therefore,
genetic diversity affects the potential genetic gain
through selection. Availability of sufficient genetic
variability = enhances selection efficiency.
Classification of germplasm into heterotic groups
in hybrid breeding needs genetic diversity
information. Prediction of hybrid performance can
be made using genetic distance based on
molecular markers (Makumbi et al., 2011).

Genetic diversity is important to identify groups
with similar genotypes for conserving, evaluating
and utilising genetic resources. It is also useful
for studying the diversity of different germplasms
as possible sources of genes that can improve the
performance of cultivars. Moreover, it helps to
determine the uniqueness and distinctness of
phenotypic  characteristics  and genetic
constitutions of closely related organisms  with
the purpose of protecting the breeder’s
intellectual property rights as reviewed by (Geleta
et al., 2006).

Assessment of genetic diversity using DNA-based
techniques, such as the use of molecular markers,
at the DNA sequence level has been proven very
effective . Among these markers, amplified
fragment length polymorphism (AFLP), randomly
amplified polymorphic DNA (RAPD), restriction
fragment length polymorphism (RFLP),  simple
sequence repeats (SSR)  and single nucleotide
polymorphism (SNP) have been used to assess
information on the genetic divergence of parental
inbred lines (Menkir et al., 2004; Geleta et al.,
2006; Badu-Apraku et al., 2013). Liu et al. (2003)
proved a clear difference of the non-stiff stalk,
stiff stalk and tropical/subtropical lines and
concluded that the stiff stalk lines are the most
divergent and can provide a strong heterotic
response in crosses with other maize inbred lines.
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Of  these molecular markers, RFLP is the most
commonly used one in the assessment of genetic
diversity in plant species, but due to the labour
intensive and time-consuming nature of RFLPs,
recently developed PCR-based marker
techniques, like SSRs and AFLPs, are playing an
increasingly important role in such studies

This review mainly presents and discusses the
most relevant advances in the development and
application of molecular markers in genetic
diversity study in maize breeding. It introduces
the most relevant DNA based molecular markers
and provides examples of their application in
maize genetic diversity study. The objective is to
provide modern breeders with a recent synthetic
view of how molecular markers can effectively
improve the efficiency of breeding programs.

Application of different molecular markers for
genetic diversity assessment in maize

Use of RFLP for studying genetic diversity

Estimation of hybrid performance in maize has a
vital role and is becoming an issue for many years
(Hallauer and Miranda Filho, 1988). The
construction of genetic linkage maps based on
molecular markers for maize can provide effective
means for predicting hybrid performance and
heterotic (Ajmone et al., 1998). Restriction-
fragment length polymorphisms (RFLPs) become
a solution to many of the constraints associated
with the study of the inheritance of morphological
traits in maize (Ajmone et al., 1998). It exhibits
abundant polymorphisms and provides a precise
measurement of the genetic similarity of
genotypes (Messmer et al., 1991). Similarly, RFLP
markers allow related lines and inbred lines from
common genetic background to be identified, but
to estimate genetic distances with  precision, a
large number of probe-enzyme combinations is
needed (Messmer et al., 1991). According to
Garcia et al. (2004), AFLP markers are considered
as the best choice of markers and efficient for
studying diversity and assessing genetic
relationships between tropical maize inbred lines.
AFLPs can also provide good levels of precision in
its genetic estimates and predict single-cross
performance. Several studies have confirmed that
RFLP-based estimates of genetic relationship can
be used to assign maize inbred lines to heterotic
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groups (Benchimol et al., 2000; Warburton et al.,
2005). Determination of genetic distance was
later used to predict hybrid performance.  RFLP
has been employed to investigate genetic
distances among tropical maize materials and
their relationship to heterotic group allocation and
hybrid performance. The study revealed that
there is a high correlation for line crosses from
the same heterotic group and low correlation for
line combinations from different heterotic groups
of parental GDs with single crosses and their
heterosis for grain yield. This suggests that RFLP-
based GDs are efficient and reliable to assess and
allocate  genotypes from tropical maize
populations into heterotic groups. Though, RFLP-
based GDs are not suitable for estimating the
performance of line crosses from genetically
diverse heterotic groups (Benchimol et al., 2000).
In maize, RFLP markers are widely used to carry
out the similarity of genotype at the DNA level
(Melchinger, 1999). These markers take
advantage in maize by exploiting a large number
of polymorphic loci found in breeding materials
(Messmer et al., 1991). Elite inbred lines adapted
to the U.S. Corn Belt and early-maturing
European maize inbred lines revealed that RFLPs
are important to a) define heterotic groups b)
assign inbred lines to heterotic groups, ¢) show
genetic relationships among lines and d)
differentiate  diverse  germplasm  sources.
However, RFLP markers are constrained by
labour and time utilization i.e. they utilize more
labour and time. Therefore, looking at other
alternative marker techniques like PCR-  based
ones including AFLP (Amplified Fragment
Length Polymorphism) and SSR (Simple
Sequence Polymorphism) is essential (Jones et
al., 1998).

Using AFLP (Amplified Fragment Length
Polymorphism) for studlying genetic diversity

AFLP markers are genomic restriction fragments
detected after selective amplification using the
polymerase chain reaction (PCR). AFLPs are
considered as Mendelian markers with a number
of interesting features relative to RFLPs. Thus,
they are a powerful tool for DNA fingerprinting of
genomes of any origin or complexity, including
those of maize (Geleta et al., 2006). The AFLPs
are very useful in analysis variation within-species
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because they allow the rapid acquisition of a large
amount of genetic information due to their
capability to simultaneously identify a large
number of amplification products reviewed in
(Hartings et al., 2008). The AFLP technique is
largely applicable in maize to construct genetic
maps or to study phylogenetic relationships,
genetic diversity and other applications (Ajmone
et al., 1998).

AFLP markers also have good association with the
result obtained from the RFLP system and is a fast
and reliable system capable of supporting a
multiplex approach that does not require previous
knowledge of DNA sequencing (Garcia et al.,
2004). There is little information available on
comparison of estimates of genetic relationship
based on RFLP and AFLP marker types, but these
two markers are known to be efficient for
determining the genetic relationship of maize
germplasm pools.

Use of Simple sequence repeat (SSR) markers for
Diversity Study

SSR markers are co  dominant in nature. SSR
markers are very effective in discrimination and
analysis of genetic relationships in quality protein
maize genotypes (Bantte and Prasanna, 2003).
The average number of alleles identified per
microsatellite locus during screening is
determined by the genetic diversity of the studied
materials. However, other factors like the
number of SSR loci and repeat types that affect
the detection of polymorphic markers can
contribute to allelic variation in the studied
materials as reviewed by Legesse et al. (2007).
For instance, Legesse et al. (2007) reported 3.85
average numbers of alleles using 27 SSR loci to
screen some inbred lines, and this was
considerably lower than previously reported
results in maize. Warburton et al. (2002) reported
4.9 alleles with 85 SSR loci. The difference could
be associated with the type of electrophoresis
system used to screen the microsatellite loci in
maize.

The informativeness of SSR loci and their
potential to detect differences among the inbred
lines based on their genetic relationships depend
largely on polymorphic information content
(PIC). SSR markers chiefly classify the inbred
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lines into different clusters, which generally
agreed with their pedigree records and
adaptation regimes. SSR markers are robust for
diversity analysis and heterotic groupings in most
maize inbred lines (Warburton et al., 2002).

In diversity study, clustering is common to
identify the inbred lines into different groups.
Legesse et al. (2007) reported clustering of
inbred lines into five groups, which may be
generalized into three main clusters representing
the highland, the mid-altitude and the mixed
group lines based on agro-ecology. The pedigree
records of the materials also have a great
contribution in grouping. Smith et al. (1997);
Senior et al. (1998) and Reif et al. (2003) also
demonstrated that the genetic distance estimated
by SSR marker can be associated with the
pedigree information in maize. On the other
hand, groupings of the inbred lines based on their
adaptation regimes (cluster I and IV) can also be
evident based on the cluster analysis.

Use of Single nucleotide polymorphism (SNP)
markers for Diversity Study

Single nucleotide polymorphism (SNP) markers
are developed recently and effectively used in
detecting genetic diversity. These markers gained
significant attention because they are bi-allelic in
nature and can be expressed  at a much higher
frequency in the genome than SSRs and other
markers. Likewise, their genotyping can easily be
automated (Jones et al., 2007). The genetic
dissection of traits of economic importance and
the application of marker-assisted genetic
analysis and genomic selection in crops would be
facilitated due to the availability of SNP
genotyping platforms (Rafalski, 2002). Moreover,
SNPs are a known class of sequence variability in
the genome and thus have the potential to
provide the highest map resolution (Jones et al.,
2007; Jones et al., 2007). The recent
developmentin high-throughput genotyping by
sequencing (GBS) approaches, like DArTseq,
becomes most efficient to characterize genetic
diversity by complexity reduction methods (Wenzl
et al., 2004; Elshire et al., 2011). Diversity Arrays
Technology (DArT) can measure DNA variation at
many genomic loci at a time without sequence
information on a particular crop. This technology
can be effectively applied to many crop species
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(including those with large genome sizes) for
studying genetic diversity (Wenzl et al., 2004).
DArT mainly detects the presence or absence of
individual fragments in genomic representations
as described by Jaccoud et al (2001). The
recently developed high- through put
microarray-based DNA marker technology for
detecting DNA polymorphism (diversity arrays
technology, DArT) (Wenzl et al., 2004) becomes
successful for the analysis of genetic diversity in
many crop species like rice (Elshire et al., 2011),
cassava (Xia et al., 2005) and pigeon pea (Yang
et al., 2006).

Conclusion

Genetic diversity is important to identify groups
of inbred lines for further utilization of hybrid
development. It is also useful for studying the
diversity of different germplasms as possible
sources of genes that can improve the
performance of cultivars. Genetic diversity
markers help to determine the uniqueness and
distinctness of phenotypic and genetic
characters . DNA-based molecular marker
technologies are useful tools for  genetic
similarity studies. Among these molecular
markers, RFLP is most commonly used in the
assessment of genetic diversity in plant species,
but due to labour intensive and time-consuming
nature of RFLPs, recently developed PCR-based
marker techniques  like SSRs and AFLPs  are
playing an increasingly important role in such
studies. For instance, AFLP markers have the
capacity to give several bands in a particular
amplification. Depending on the purpose of the
study and the availability of resources, SSR and
SNP are still recognized as markers of choice
to study genetic diversity.
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