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Abstract:

Marker-assisted technologies in the field of plant biotechnology have attracted great interest of scientists seeking to determine the
genetic variety and improve specific characteristics of species. Among several types, molecular markers hold great promise due
to their high efficiency, adequate accuracy, and good reproducibility. This review aimed to present different molecular markers
used in genetic biodiversity studies of common food plants, including potato, corn, and tomato.

We presented some of the most frequent molecular markers in terms of their methodologies, advantages, challenges, and
applications. We also reviewed the latest advances in the genetic diversity studies of common food plants that contribute to
agricultural activities.

According to latest progress, Simple Sequence Repeats, Sequence Characterized Amplified Region, and Single Nucleotide
Polymorphism are the most common molecular markers in plant diversity studies due to their co-dominancy, high level of
polymorphism, great reproducibility, and adequate specificity. Considering common food plants like potato, corn, and tomato,
Simple Sequence Repeats and Single Nucleotide Polymorphisms provide detailed information about polymorphisms, resistance
to pathogens or diseases, genome maps, and population dynamics. However, more research should be conducted to apply the
latest and more efficient technologies, such as Next Generation Sequencing, Diversity Array Technologies, and omics, to the
genetic diversity studies of plant species.

Within the scope of recent progress, this review has a strong potential in providing relevant material for further research. It can
serve as a guide to adopt the latest and most efficient sequencing platforms for examining various plant species, primarily potato,
corn, and tomato.
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INTRODUCTION

Today, one of the most striking challenges that the
world faces is the growth of human population at an
unstoppable rate. According to the latest forecasts, the
world population is expected to reach 9.7 billion in
2050 and 11.2 billion in 2100, if no action is taken [1].
Moreover, there is an increasing concern about global
warming that threatens the natural habitat of living
organisms. These and similar environmental and
sociological problems point out the potential risks in

Traditional agricultural activities that could protect these
plants are limited since most cultivable lands are already
under cultivation or urbanized. Also, environmental pol-
lution and stress factors, such as drought, cold, salinity,
and metal toxicity, make it difficult to carry out crop
production. Therefore, researchers have focused on the
search for more sustainable and economic solutions
through technological and scientific innovations [2, 3].
The conservation of plant biodiversity and the sus-
tainable use of existing resources are among the t
op priorities for researchers in various fields. With

the availability of food, energy, water, and agricultural
resources in the near future. Most of these problems
involve the depletion of food plant resources that will

present a serious threat to human and animal nutrition.

the recent developments in genetic engineering tech-
niques, genetic variability and biodiversity of food
plants have become a subject of molecular biology
applications [4]. In particular, molecular markers are
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the key tools that are currently available to identify,
conserve, and improve plant species. They represent
DNA sequences that show polymorphism between
individuals or populations. This technology offers an
excellent opportunity for preserving the existing plant
species, understanding metabolic pathways, increasing
biodiversity, improving plant resistance to disease and
insects, and developing new hybrid crops.

Notably, the application of marker technologies is
not affected by climatic and environmental conditions,
unlike agricultural practices. Some of the molecular
markers include Amplified Fragment Length Poly-
morphism (AFLP), Random Amplified Polymorphic
DNA (RAPD), Sequence-Related Amplified Polymor-
phism (SRAP), Inter Simple Sequence Repeats (ISSR),
Simple Sequence Repeats (SSRs), Sequence Characteri-
zed Amplified Region (SCAR), Restriction Fragment
Length Polymorphism (RFLP), Single Nucleotide Poly-
morphism (SNP), Diversity Array Technologies (DAT1T),
and Next Generation Sequencing (NGS) [5].

The application of molecular marker technologies
to preserve plant diversity is now being recognized as
a way of solving the problems of traditional agriculture
and food security. There have been a large number of
completed and ongoing projects aimed at integrating
molecular marker technologies into plant biotechnology
studies. They have focused on a wide range of plant
species including medicinal, wild, and edible plants
that are highly important for biodiversity and human
population. However, edible food plants are gaining
much more attention as the world’s population is inc-
reasing, climatic conditions are getting worse, and huma-
nity is facing serious food shortages [6].

Thus, a systematic review of molecular marker
technologies applied to food plants can serve as a
promising guide to develop novel strategies for pre-
serving and improving these species. In this context, we
aimed to present various molecular methods used in
genetic biodiversity studies of some common food
plants, including potato, tomato, and corn. These plants
are essential and economically important vegetables
among various types of crop plants in many count-
ries. Also, they are highly preferable in the fight against
food scarcity due to their nutritious and calorie-dense
properties [7]. First, we summarized some of the most
frequent molecular markers, their methodologies, advan-
tages, challenges, and applications. Then, we reviewed
the latest advances in genetic diversity studies of
common plants that can aid agricultural activities. To
our knowledge, this is one of the first reports that brings
together the key aspects of the most recent progress
in applying molecular marker technologies to potato,
tomato, and corn plants.

STUDY OBJECTS AND METHODS

This review aimed to bring together the existing
academic literature regarding the use of various mole-
cular methods in genetic biodiversity studies of common
food plants. Using relevant keywords (including “gene-
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tic diversity” and “molecular marker technology”), we
searched for English-language articles mainly published
in 2017-2022 and indexed by three databases, namely
Web of Science, Science Direct, and Scopus. The list of
publications was limited to high-quality peer-reviewed
journals and the references in the retrieved papers were
also screened for relevant studies.

RESULTS AND DISCUSSION

Molecular marker technologies. In the past, tradi-
tional breeding approaches to genetic diversity offe-
red significant contributions to the identification and
development of plant species. Some of the traditional
methods included backcrossing, hybrid, and mutation
breeding. However, these attempts were highly time-
consuming and susceptible to environmental conditions.
Marker technology was developed to overcome these
limitations and involved morphological, biochemical,
and molecular markers. Molecular marker technology
has gained much more attention due to the progress in
molecular biology techniques and the challenges of the
other markers [3, 8, 9]. Molecular markers are employed
to detect different variations derived from insertions, de-
letions, or duplications located on chromosomes. They
have several advantages over traditional methods as
they show high efficiency and accuracy in all tissues
with good reproducibility. Also, they are not affected
by environmental conditions and/or the growth stage of
plants [10, 11].

Molecular markers are mainly divided into three
categories depending on their detection techniques:
polymerase chain reaction (PCR)-based, hybridization-
based, and DNA sequence-based markers (Fig. I).
These classes include a variety of specific markers:
Restriction Fragment Length Polymorphism (RAPD),
Amplified Fragment Length Polymorphism (AFLP),
Single Nucleotide Polymorphism (SNP), Sequence Cha-
racterized Amplified Region (SCAR), Inter Simple
Sequence Repeats (ISSR), and Restriction Fragment
Length Polymorphism (RFLP). They have their own
pros and cons, which will be detailed in the next
section [9].

Hybridization-based marker techniques. The RFLP
marker is the only method classified in hybridization-
based marker techniques. Changes in nucleotide se-
quences of the genomic DNA are derived from point
mutations, insertions, deletions, translocations, dupli-
cations, etc., and they exhibit polymorphisms between
individuals of species. These mutations can modify the
restriction sites and lead to length variations in DNA
fragments. When the genomic DNA is isolated and
mixed with restriction enzymes, DNA is cleaved by
these enzymes (restriction endonuclease, or restrictase)
at cleavage sites. This is followed by the hybridization of
the target DNA by a labeled probe after it is transferred
to agarose gel electrophoresis and the Southern blotting.

RFLPs have been widely utilized as an efficient tool
for the detection of polymorphisms, genome mapping,
and population dynamic studies. For example, Kim et al.
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analyzed the quantitative trait locus of corn to determine
its resistance to downy mildew, a major disease cau-
sing significant yield loss [12]. They used 691 SSR and
36 RFLP markers to identify polymorphisms between
different lines, and reported that around one-third of the
markers showed to be polymorphic. This technique has
several advantages, including codominant inheritance,
high reproducibility, locus specificity, and high genomic
abundance. However, it requires a considerable amo-
unt of high-quality DNA, expensive toxic radioactive
probes, and prior sequence information. Moreover, this
method is time-consuming and costly [13, 14]. These
disadvantages have guided researchers to develop other
marker techniques.

PCR-based marker techniques. The PCR-based
markers rely on the amplification of a particular DNA
sequence in the presence of specific primers and
enzymes by using the PCR technique [5, 15]. RAPD is
one of the most common PCR-based marker systems
that are generated with the random amplification of the
genomic DNA in the presence of short arbitrary primers.
After the PCR step, the separation and visualization of
fragments by gel electrophoresis provide the detection
of genomic polymorphisms by comparing the size of a
band with the known molecular marker [16, 17]. Due to
high speed, simplicity, and cost-effectiveness, the RAPD
markers are highly preferred for a wide variety of plant
species. For example, Sesli and Yegenoglu aimed to
determine the effectiveness of RAPD and ISSR markers
for the wild oil plant [18]. They reported that the RAPD
marker provided reliable results about the genetic
variability of this plant in a relatively shorter time than
the ISSR marker.

In another study, RAPD, ISSR, and start codon-
targeted (SCoT) markers were compared to characterize
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the molecular profiles of five kalanchoe species. The
authors found the RAPD marker to be considerably ef-
ficient in identifying the genetic polymorphism due to
its high polymorphism level of 50-70% [19]. Notably,
this marker requires a small amount (20—40 ng) of
DNA and does not need any additional information
prior to experiments [20, 21]. The major challenge of
this technique is that the process and the obtained
results are sensitive to slight changes in reaction
conditions. Therefore, the RAPD protocol should be
carried out under strictly controlled conditions. Othe-
rwise, contradictions may be observed between dif-
ferent experiments resulting in lower reproducibi-
lity [21]. Sharma et al. compared the genetic diversity
in carnation genotypes/mutants with RAPD, ISSR,
and SSR markers [22]. They reported that the RAPD
marker showed worse reproducibility than the other
markers, since it was influenced by variable factors such
as primer, template quantity, and amplification profile.
One of the possible strategies to solve this problem was
presented by Lin et al., who studied the development
of a novel capillary electrophoresis-random amplified
polymorphic DNA (CE-RAPD) method to improve
the resolution of small molecular detection in RAPD
profiling [23]. This method was defined as a promising
tool for RAPD that provides standardization through
repeated experiments.

The AFLP marker was developed to overcome the
problems associated with the RAPD and RFLP methods.
In detail, DNA is firstly digested by using two different
restriction enzymes. Then, oligonucleotide adapters are
ligated to the restriction fragments. Lastly, selective PCR
is applied to amplify the attached fragments. Finally, the
amplified fragments are checked by gel electrophoresis
after they are stained with fluorescent or radioactive
labelling [5].
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AFLP is a dominant marker type that can use any
DNA fragment regardless of its source, without requi-
ring any prior data about the sequence. It can provide
considerably reliable and reproducible results in a
relatively shorter time than the RAPD and RFLP
methods. Since restriction sites may be found across
the whole genome, the AFLP markers can be used
to simultaneously analyze a great number of polymor-
phisms with a single primer [24]. Therefore, this method
plays a key role during the preparation of genetic and
physical mapping. However, its application is limited
because of some challenges, including its complexity.
Moreover, it requires high molecular weight DNA and
has a low ability to distinguish the homozygous from
the heterozygous because of dominant characteristics.
In addition to the method’s complexity, the observation
of band profiles is difficult because of a short length
of fingerprints in agarose gel [12, 25]. In order to re-
solve this, researchers have developed a novel Three
Endonuclease-AFLP (TE-AFLP) method to analyze the
genetic diversity of an Indian tea plant. As a result, clear
banding profiles produced by the TE-AFLP technique
were reported to be simple to score across gels [26].

SSRs, also called microsatellites, are a type of
PCR-based markers which have short tandemly repeti-
tive sequences found in the eukaryotic genome. Micro-
satellite DNAs have repeat motifs up to six nucleotides
that show variations within and among individuals of
a particular species. These variations and the length of
sequences determine the level of polymorphism which
can be detected with the PCR analysis.

The advantages of the SSR markers are high geno-
mic abundance, co-dominant inheritance, ease of auto-
mation, high polymorphism, and moderate reproduci-
bility. In comparison to the RAPD and AFLP markers,
this method requires prior sequence information about
the genome of a species for DNA sequence and it is a
highly expensive procedure [16, 27]. As an alternative,
ISSR markers are developed by modifying SSR, namely
by amplifying genomic regions located between two
identical repeat sections that are oppositely oriented.
Although the ISSR markers are highly applicable in
plant genetic studies, their limitations are low repro-
ducibility and homology of co-migrating amplification
products [5, 28]. Several studies have been performed
to enhance the identification and authentication of plant
species by using the ISSR marker technology. They
revealed that ISSR coupled with the high resolution
melting (HRM) analysis could provide beneficial results
about the plant diversity and could be used to create
new cultivars with desirable traits. The HRM analysis
is a powerful technique that produces sequence-related
melting profiles during dissociation of double stranded
DNA and provides information about the differences in
the genotype at the level of a single nucleotide [29, 30].

Co-dominant SCAR markers are an improved vari-
ant of RAPDs. They have higher specificity because the
primers for SCARs are designed considering nucleotide
sequences established in cloned RAPD fragments. Apart
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from high specificity, this marker system has such
advantages as reproducibility, high efficiency with low
quantities of a DNA template, ease of application, and
low sensitivity to experimental conditions. Despite the
numerous advantages, the use of SCARs is negatively
affected by the need for additional information be-
fore the PCR and the detection limits of the primers.
Regarding the detection limit, a wide variety of levels
from 0.1 to 25ng were reported as possible chal-
lenges. However, increasing the sample number and
using the quantitative PCR may improve the detection
limits [31, 32].

Another simple PCR-based marker is SRAP, a
dominant and effective system for the production of
genome-wide fragments. It is based on the amplifica-
tion of open reading frames by utilizing two different
primers, including CCGG sequence in the forward
primer and AATT in the reverse primer. This marker
is robust, efficient, and inexpensive. Thus, it is widely
used in different applications, including map construc-
tion, genetic variety investigation, and DNA fingerprin-
ting [17, 33].

DNA sequence-based marker techniques. The DNA
sequencing technology has gained great attention with
the developments in molecular biology. SNP is one
of the sequence-based marker technologies that repre-
sents the most abundant and efficient DNA fingerprin-
ting approach. This marker detects possible polymor-
phisms derived from changes in a single nucleotide
position due to substitution, deletion, or insertion [13].
A variety of techniques have been reported to determine
SNP genotypes, which are based on performing allelic
distinction techniques and detection approaches. Some
of the common detection methods are cleaved ampli-
fied polymorphic sequences (CAPS), Sanger sequencing,
SNP-RFLP, and single strand conformational poly-
morphism (SSCP) [5]. The importance of SNP markers
has risen with the latest developments in high-through-
put genotyping methods like NGS, DArT marker,
genotyping by sequencing, and allele-specific PCR.

DArT markers are microarray-based hybridization
techniques that are largely used for mapping and gene-
tic diversity studies. This system is considered a time-
saving alternative to hybridization-based markers. DATT
offers excellent potential to examine plant diversity,
because it enables simultaneously genotyping of several
thousands of polymorphic loci in a single assay. Also,
it is highly reproducible and no prior information is
needed to determine the sequence. The DArT marker
analysis mainly involves the construction of a genetic
library and its printing on microarray chips. After
that, the labelled DNA is hybridized on chips and scan-
ned for data analysis [5, 34]. The use of microarray plat-
forms makes the DArT markers greatly preferred due to
their ability to separate very high DNA fragment den-
sities [35].

With the development of sequencing methods and
high throughput technologies, simultaneous analysis
of large amounts of DNA sequences has become an
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important approach. Currently, NGS techniques are
becoming available for the sequencing of thousands
to billions of nucleic acid sequences in one assay.
They include a variety of techniques such as Illu-
mina, Genapsys, Qiagen, Ion Torrent, and Roche
454 sequencing, which show different numbers of reads
per run changing from 2 M to 1.1 billion. The massi-
vely parallel sequencing capacity of NGS provides
more accurate analysis of the whole genome at a low
cost [36, 37]. This technology has been widely applied
to detect polymorphism, construct genetic maps, geno-
type mapping populations, and analyze whole genome
sequences [17, 38]. However, the use of the NGS tech-
nology for plant species is still limited due to the lack
of sufficient data for standard operating procedures.
Also, the main challenges arise from the preparation of
libraries since this technique generates massive amounts
of data [39]. Therefore, there is a need for more rese-
arch to accelerate plant diversity studies with the NGS
technology.

Recent advances in genetic diversity of common
food plants. Efforts have been made in the last years to
protect some of the common food plants and improve
their properties, such as resistance to pathogens, yield,
and adaptation to environmental conditions. Applying
genetic marker technologies to investigate plant diver-
sity can help protect the existing plant sources and deve-
lop new strains with specific features [40, 41]. Some
of the most recent molecular markers used to study
variations in potato, corn, and tomato plants include

RAPD, SSR, AFLP, SNP, SCAR, and DArT (Table 1).
This review summarizes the latest developments in the
genetic diversity studies of these three plants.

Genetic diversity of potato. Potato (Solanum tube-
rosum L.) is one of the most common food plants in the
world, together with rice, corn, and wheat. It is a non-
cereal staple crop which serves as a major source for
millions of people worldwide. China, India, and Russia
are the leaders in potato production. In order to meet
the global demand, it is crucial to improve its genetic
potential [57]. For many years, scientists have studied
different genetic varieties of potato using multiple
marker-assisted technologies. Among them, SSRs have
been mostly applied to characterize potato genetics
due to their reproducibility, simplicity of use, and high
polymorphism. A total of 1219 potato varieties from
around the world have been investigated using SSRs
to determine possible diversities over time and space.
No major changes were reported in the genetic diver-
sity of this crop over the past three centuries [42].
In another study, a diverse population of 189 geno-
types of S. tuberosum was screened with SSR mar-
kers to determine the late blight resistance, which is
one of the most destructive diseases in potato pro-
duction. After analyzing wild and cultivated potato
germplasms, the authors found significant resistance
variations among the genotypes within the spe-
cies [43]. These and similar studies (Table 1) have pro-
vided useful information for the determination of
potato diversity and showed the effectiveness of SSR
markers.

Table 1 Recent applications of marker-assisted technologies for potato, corn, and tomato plants

Marker Species Plant Material Marker Type/Size  Genetic diversity References
Potato  Solanum 30 heirloom varieties 35 SSR markers ~ No loss of diversity over [42]
tuberosum 205 old cultivars the past three centuries
984 modern cultivars
Wild and 61 wild genotypes 30 SSR markers  Significant variations in wild [43]
cultivated 32 S. tuberosum Andigenum group and cultivated potato genotypes
Solanum 79 varieties of S. tuberosum Cultivated S. tuberosum
species Chilotanum group Chilotanum showed lower
genetic diversity
Solanum 120 accessions from Colombia 1534 polymorphic High total diversity (95%) [44]
tuberosum 2 accessions from Ecuador AFLP markers
subsp. 13 accessions from Peru
andigenum 8 accessions from Bolivia
Solanum 94 populations of the wild 2094 polymorphic A core subset including [45]
fendleri S. fendleri from six different AFLP markers 26 accessions with 96%
mountain regions in southern 16 adaptive marker diversity
Arizona, USA markers
n.a. 214 TAMU potato clones 10 106 SNP Heterozygosity with an overall  [46]
(68 red-skinned, 62 russet, markers average of 0.59
32 yellow-skinned, 31 chipping, Differentiation among breeding
21 purple-skinned clones) clones
n.a. 73 Korean potato clones 6575 SNP 10 highly informative SNPs [47]
(45 commercial varieties, markers discriminating all 393 potatoes

28 breeding lines)
37 potato collections from different
countries
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Continuation of Table 1

Marker Species Plant Material Marker Type/Size Genetic diversity References
Corn n.a. 20 corn genotypes representing 8 RAPD Maximum gene diversity of [48]
sweet corn, popcorn, yellow corn, ~ markers 0.354 for yellow corn, minimum
and white corn diversity of 0.254 for white corn
Same genotypic diversity for all
corn types
Zea mays var. 39 sweet corn inbred lines 63 SSR The major allele frequency [49]
saccharata markers between 0.42-0.79
Polymorphic information
content between 0.27-0.63
High polymorphism among
the inbreeds
Zea mays 120 inbred lines obtained from the ~ 108 dominant The overall average PIC [50]
Corn Experiment Station, Gangwon SCAR markers value of 0.34
Agricultural Research and Extension (32 monomorphic, Expected heterozygosity
Services, collected in Korea 76 polymorphic)  0of 0.324
n.a. 192 F, families derived from 691 SSR and 12.95% of phenotypic variation, [12]
B73 (susceptible) x Kill (resistant) 36 RFLP markers resistance to downy mildew
and QTL analysis disease associated with the
upregulation
of 15 genes
Zea mays 59 corn genotypes (46 Zambian SNP-based The mean gene diversity of 0.29 [51]
grown landraces, 10 cultivated DATrT markers Polymorphic information
three-way check hybrids, 3 obsolete content of 0.23
varieties) Higher genetic variety within
a population rather than
between populations
n.a. 162 early maturing yellow 9684 DArT-SNP  Gene diversity of 0.30 [52]
and white tropical inbred lines markers Polymorphic information
content ranging from 0.08
to 0.38
Tomato Solanum 48 tomato genotypes (32 from 130 SSR markers ~ Polymorphic information [53]
lycopersicum  ICAR-NBPGR, India; 14 from the content between 0.12—0.93
Tomato Genetics Resource Center, Significant level of molecular
University of California; 2 superior variance
released varieties)
Solanum 64 landraces from Campania, 7720 SNPs Several sequence variants [54]

lycopersicum

Sicily and Apulia 3 outgroups

related to fruit maturation
and resistance to stress

n.a 32 accessions of Hail landraces 7 SRAP primer Average polymorphic [55]
combinations information content of 0.68
Discrimination power of 14.29
Wide range of genetic diversity
at both inter and intra-variation
levels
Solanum 14 modern varieties, 71 landraces SSRs Average polymorphic [56]
lycopersicum  and 22 commercial hybrids 2 SCAR markers  information content of 0.74

Genetic loss because of breeding
in the modern tomato gene pool

n.a. — not available

The AFLP marker technology is also used in po-
tato genetic diversity studies. For example, del Rio and
Bamberg aimed to analyze the minimum amount of
germplasm units showing the highest plant diversity
by building a core subset [45]. In their study, 144 ac-
cessions from the Potato Genebank located in the

United States were discriminated from each other with
genetic similarity values of 62—89%. After the selection
process, a final core subset was built with a 96% marker
diversity of 26 accessions.

The AFLPs are a key tool for potato studies be-
cause of high polymorphism and a small amount of
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DNA required. Yet, their use is limited by high cost.
The DNA sequence-based markers, especially SNPs,
can become an alternative to the PCR-based marker
systems. Recently, Texas A&M University (TAMU) wi-
thin its potato breeding program has investigated
potato varieties and advanced clones at a molecular
level by performing SNP markers. Their detailed ana-
lysis highlighted the genetic diversity of potato sources
and paved the way for applying SNPs in other breeding
programs [46]. Jo et al. carried out a similar study
of potato clones from the Korean potato breeding
program that provided useful information about the
crop’s breeding history, regional adaptations, and
market demands [47]. Despite the developments, the
lack of sufficient data about potato proteomics and
metabolomics makes it difficult to further investigate its
genetic diversity and improve its quality.

Genetic diversity of corn. Corn (Zea mays L.) is
another important crop worldwide that is consumed
not only by humans but also by livestock. Its genetic
diversity has been studied for many years and described
in plentiful literature. Javed et al. applied the RAPD
technology, one of the oldest marker systems, to assess
different corn genotypes representing sweet corn, pop-
corn, yellow corn, and white corn [48]. According to
their results, white corn had minimum gene diversity,
while yellow corn showed the maximum level among
20 corn genotypes. Although some lines exhibited poly-
morphism with other groups, a total divergence was
observed for all the studied types. As in potato diver-
sity, the SSR markers have been commonly used to
investigate the population structure and genetic diver-
sities of corn [49, 58, 59].

In addition to the RAPD and SSR markers, SCARs,
another PCR-based marker technology, may provide
highly efficient data for the crop’s allele and genetic
diversity. However, SCARs have not been applied in mo-
lecular studies of plants as commonly as the previous
two markers. The potential of SCARs for corn diver-
sity was investigated by Roy et al., who reported this
marker’s effectiveness in analyzing the structure of corn
inbred population of the Korean breeding lines [50].

Despite the great developments in sequencing tech-
nologies, recent efforts in corn studies have been shifted
to the use of DNA sequence-based markers, and a
number of successful results have been reported. One
of the studies determined the genetic diversity of corn
genotypes by using the SNP-based DAT marker [51]. In
another study, 162 yellow and white corn inbred lines
were analyzed for clarification of heterotic groups, inter-
trait relationships, and population structure with the use
of the DArT-SNP markers [52]. These studies provided
new insights into corn genetic diversity.

Genetic diversity of tomato. Tomato (Solanum lyco-
persicum L.), which originated in South America, is
cultivated throughout the world as one of the most impor-
tant vegetable crops. For example, the volume of tomato
production in Russia is about 30 million tons. It has a
high nutritional value due to a rich content of different
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metabolites such as lycopene, vitamins A and C, mine-
rals, and dietary fiber. Therefore, researchers have used
different technologies to study the genetic diversity
of tomato and improve its properties.

The molecular markers that are generally used to
explore tomato diversity are SSR, RAPD, SNPs, and
ISSR [53, 60, 61]. For example, 48 genotypes of dif-
ferent exotic and indigenous sources were evaluated
using 130 SSRs to determine the plant’s resistance to
two common tomato diseases. The analysis resulted in
developing a new species resistant to tomato spotted
wilt virus and fusarium wilt diseases [53]. Gonias et al.
employed characterization analyses by using SSRs
coupled with SCAR, another reliable marker, to evaluate
the polymorphism level of tomato germplasms [56]. This
two-stage molecular approach produced useful data
about the genetic variety and resistance of tomato to
two serious fungal diseases, fusarium crown and root
rot, as well as late blight. As a sequence based-marker,
SNPs were used to analyze the genetic diversity of
64 tomato accessions from southern Italy. They showed
a variety of mutations in genes, which were associated
with stress tolerance and fruit quality [54]. Recently, the
SRAP markers have been applied to analyze inter- and
intra-genetic variability among Hail tomato landraces.
The scientists determined the uniqueness of Hail to-
mato landraces and presented the potential use of the
SRAP markers for other tomato-breeding programs
which are of plant breeders’ interest to include in bree-
ding programs for crop improvement. We assess the
inter- and intra-genetic variability among 96 accessions
representing three Hail tomato landrace using DNA-
based marker sequence-related amplified polymorphism
(SRAP) [55].

CONCLUSION

Molecular marker technologies have found a wide
range of applications in plant biotechnology because of
their specific advantages in terms of efficiency, accuracy,
reproducibility, simplicity, detection of polymorphism,
and cost. This review summarized major molecular
markers that have been used to study the genetic diver-
sity of potato, corn, and tomato plants.

We identified different types of molecular marker
technologies used for genetic diversity research of plant
species. These markers are classified into three groups:
hybridization-, PCR-, and sequence-based technologies.
The PCR-based markers are more advantageous than
the hybridization-based markers because of the latter’s
toxicity and time-consuming characteristics. Conside-
ring the latest progress, SSRs and SCARs are highly
preferred PCR-based markers due to their co-dominancy,
high level of polymorphism, great reproducibility, and
adequate specificity. However, rapid developments in
molecular biology and biotechnology have led to a great
shift towards sequence-based markers and novel mar-
ker technologies. One of such techniques are co-
dominant SNPs, which show an extremely high level of
polymorphism and good reproducibility. The recently



Aslanbay Guler G. et al. Foods and Raw Materials. 2023,11(2):282—292

developed NGS technology is a major breakthrough in
the efforts to sequence plant genomes. This sequencing
method has a strong potential to be used for plant di-
versity studies because it can provide reliable results
by sequencing billions of nucleic acid sequences simul-
taneously. However, further research is needed to fully
understand this technique and to validate its robustness
for a variety of plant species.

Potato, corn, and tomato are essential and eco-

nomically important vegetables, and their genetic
information has been studied by several researchers.
According to these studies, SSRs and SNPs are the
most extensively used markers for these three food
plants, since these markers possess high genomic
abundance, co-dominant inheritance, ease of automa-
tion, high polymorphism, and adequate reproducibility.
These markers provide detailed information about
polymorphisms, resistance to pathogens or diseases, ge-

nome maps, and population dynamics. However, the
most recent methodologies like DArT and NGS should
be implemented into the genetic diversity studies of
these plants to improve efficiency. This review can serve
as a guide for adopting the latest and most efficient
sequencing platforms to examine various plant species,
primarily potato, corn, and tomato.
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