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1. Introduction

Plants are valuable research objects. Their life spans can reach up to 5000 years, and their

survival potential under extreme conditions makes them more interesting. Knowledge about

plants has maturated and deeper research areas have been generated.

After commercialization of first transgenic plant, agricultural revolution has been started.

Biotechnological improvements have been rapidly integrated into agricultural technologies in

response to the global needs.

Plant breeding is an application that changes the plant genetics to thousands of genes, crossing

varieties and then selecting the new varieties (and genes) that are desired. In this intertwined

event, the plant breeder crosses to ensure that the desired traits are gathered in sufficient

numbers, taking into account the preferences for genetic backgrounds. Breeding studies are

based on Mendelian genetics. There are several breeding objectives for each cultured plant

species. These objectives are possible to alter suddenly. Therefore, new breeding programs

should be adapted. At this point, the breeders must be in a close relation with the market and

agricultural technologies. Breeding can be described as the continuous period of mating and

selection. The only difference is the breeding methods preferred by the breeders.

In practice, biotechnology is often combined with plant breeding to develop plants. In this

context, genetic markers mapped near genes responsible for important agricultural features

are used to select the desired plant. New age molecular techniques can be easily adapted for

plant system. Therefore, a new wide door opened to new possibilities for discoveries in plants.

Releasing the data of plant genomes, it is important to determine the relation between

interconnected network of genes and gene products. The requirements of new approaches for

analysis and interpretation of the results cannot be denied.
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2. Molecular marker analysis

Molecular markers can be expressed as a DNA sequence or gene expression product that

represents differences in genomic level in relation to a gene or a property. Molecular markers

are markers that can be used to monitor differences at the DNA level and for a gene that is

being investigated. DNA markers are also DNA regions in which polymorphism in individ-

uals within a species can be determined [1, 2] .

Molecular markers are nontissue-specific DNA regions that are reliable, repeatable,

standardizable, capable of identifying multiple regions in the genome, capable of identifying

more than one region in the genome, independent of environmental conditions, dominant

and codominant [2–4].

Molecular markers are classified as dominant and codominant markers. Heterozygous indi-

viduals cannot be distinguished from homozygous dominant individuals, since dominant

markers are not suitable for identification of heterozygous individuals when related to domi-

nance between alleles is dominated by dominant markers. Thus, three different individuals

(AA, AA and AA) can be distinguished for any marker at any point [2, 4].

The use of molecular marker systems based on this meta-analysis has become more prevalent

in genetic studies conducted by the discovery of the polymerase chain reaction (PCR). The

rapid development of technology and the accompanying needs, the facilities of the laboratories

where the applications will occur, the biological properties of the species and the abundance of

markers in the genome have contributed to the development of DNA markers [5]. Restriction

fragment length polymorphism (RFLP), randomly amplified polymorphic DNA markers

(RAPD), amplified fragment length polymorphism (AFLP), sequence labeled sequences (STS),

microsatellites (SSR), cleaved polymorphic sequence (CAPS), single strand such as comple-

mentary polymorphism (SSCP), amplicon length polymorphism (ALP), interspecific sequence

repeat polymorphism (ISSR), expressed sequence tags (EST) and single nucleotide polymor-

phism (SNP) [1, 6–11].

Molecular marker techniques have some advantages and disadvantages as compared to each

other, but their reasons for preference vary according to the purpose of the study and the

technical possibilities of the laboratory in which the study will be conducted. SSR and SNP

markers are frequently preferred because of the high level of polymorphism nowadays [11, 12].

3. Marker-assisted selection (MAS)

Marker-assisted selection (MAS) accelerates the process of developing a new improved variety.

Instead of choosing a character (which is a result of many genetic studies), the MAS is based on

the genes that provide the desired character. This is called the quantitative feature locus (QTL)

the choice of specific alleles in the marker locus is dependent [13, 14]. To summarize the

theoretical advantages of MAS:
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1. Avoid errors that are caused by environmental changes.

2. Applicability in a juvenile phase without leaving a character.

3. In order to be effective, a single plant may be applied here, while the phenotypic selection

of some characters requires many seeds or tissues.

4. Phenotypic selection may be more economical. Although the MAS paternal choice does

not take the place of sexual recombination and breeding strategies, it can greatly increase

the selection effect of a superior genotype.

Therefore, MAS is considered to be an important technique for improving general plant

regeneration. The advantages of MAS may not always be meaningful, and it is often discussed

that phenotypic selection for many characters is faster and cheaper than MAS. Some of the

factors that may affect the success of MAS in the negative are as follows:

1. Some breeding facilities are inadequate in terms of technical infrastructure and expertise

required for the implementation of MAS.

2. Decreasing the influence of the MAS between the marker and the target QTL.

3. Marker must be polymorphic on parents.

4. MAS is only effective if the selected alleles are more important than the other alleles in the

population. This last factor is the key to success or failure of everyMAS application [13, 15, 16].

As can be seen clearly, MAS is based on the ability to predict the value of alleles. This

prediction depends on a number of factors, but it is essentially an allele, the behavior of other

alleles in existence and other physical environmental conditions that have not yet been tested.

For example, a breeder may determine that the A1 allele at its locus is a positive effect on yield.

However, this prediction is made in a limited environment and with a limited number of gene

sources. A breeder who crosses a parent with allele A1 and a new parent with the allele A4 and

selects the allele A1 as the bound marker will never know that the allele A4 is better than the

allele A1, but not in the absence of the allele A1, plants may be susceptible to a disease. For

these reasons, MAS should never be applied separately from phenotypic selection. The most

successful applications of MAS arise in situations where it is used to improve it rather than

applied to phenotype selection [5, 13–15].

4. Genetic linkage mapping

DNA marker technology is used in herbal organisms to study diversity and kinship levels,

fingerprint studies, genomic and physical maps, genomic regions associated with various

stress factors, and genomic information. Fingerprint analysis aims to identify similarities or

differences among genetic materials. Based on the assumption that the variation in genetic

markers represents a variation in genes, the use of markers in fingerprint analysis has been

conceived. In the fingerprint analysis, markers are widely used to provide information on
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many of the genomes at the same time. As a result, the proportion of loci that differs between

genetic materials is determined. This type of analysis is used to select materials to be imported

into the plant rehabilitation program, and with the use of lines with a high variation, the

breeder has the choice of choosing what he wants from a wider variation. Fingerprint analysis

is also used for various diagnoses. Fingerprint analysis based on genetic markers also has a

widespread use in forensic envy. Genetic markers are used in genomic analysis, in evolution-

ary development, in the identification of structural changes in chromosomes, in genetic

resources and in the protection of varieties and in genetic variation. DNAmarkers are the most

trusted and preferred systems because they are not affected by any condition, and because

they allow the whole of the genome to be narrated or done [17, 18].

Link maps can determine the position and genetic distance between the markers along the

chromosome. A genetic linkage map is formed by determining how often the marker moves

together. A good genetic map has many markers on the whole genome without big gaps. The

rate of production of genetic maps increased as the rate of use of this information in plant

breeding programs increased. Both simple and complex inherited genes can be easily identi-

fied by DNA markers [1]. Many characters (such as resistance to certain diseases) that are

simply governed by a single gene have been transferred to different genotypes in a very short

time, thanks to DNA markers provided that genetic maps are first made. The most effective

use of molecular markers has been the refinement of quantitative characters possessing com-

plex inheritance and governed by multiple genes. Many characters such as plant height,

flowering time, brooding, yield and yield elements, quality, endurance against certain diseases

and harms are being quantitatively controlled and have considerable prospects for plant

breeding trials. Since quantitative characters are governed by multiple loci (QTLs), the degree

of effect of each locus is different, and because they are highly affected by environmental

conditions, it is difficult to determine and transfer in traditional breeding trials [19, 20].

However, due to detailed genetic maps made with molecular markers, the degree of effect of

each locus can be determined by locating homozygous populations in different environmental

conditions, and probable locations of these loci have been identified on chromosomes. The

most important use of link maps is to identify chromosome regions that contain the locus of

interest and the quantitative feature locus associated with the feature of interest. These types

of maps are called QTL maps or genetic maps. The QTL mapping is based on the presence of

markers and genes that open up through chromosomal recombination during meiosis and

allow them to analyze this expansion in their offspring [12, 21–23].

Generally, the rate of polymorphism in plant species that can be tolerated is higher than that of

self-fertilized plant species. For this reason, partly distantly related rootstocks/parents are

selected in the mapping studies carried out on self-fertilized plants [19]. The choice of DNA

markers to be used in a mapping study depends on the availability of the currently existing

and characterized markers or the suitability of the specific markers for the organism being

studied. When polymorphic markers are identified between parental/parent, these markers

need to be screened in the entire mapping population. This process is called as marker

genotyping [14, 20].
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Link analysis can be done manually for several markers, but the use of computer programs is

required to perform link analysis for a large number of markers. When genetic maps were

constructed to cover a large number of plant species, researchers believed that the genes could

be in similar order and in similar sequences in close-up car species. This observation called

genetic and collinearity in terms of chromosome organization among species reveals the

existence of hundreds or even thousands of common molecular markers that could be geneti-

cally mapped in different species. The use of co-markers in mapping studies allows genome-

wide comparative analysis of different species [23].

Most DNA markers are selected from nonrepetitive regions in the genome. This means that

repetitive DNA is included in the genetic markers as empty and large regions. Along with not

being observed much in dicotyledonous plants, while high-order cholinergic activity is

observed in monocotyledons, it is observed among some species of synthetic dicotyledonous

plants as well as the reason. The strain between species reveals a number of meaningful

results. Simply, the genetic information obtained for a species can be transferred to another

species by eliminating experimental barriers [14, 24].

The rapid accumulation of sequence resources guarantees that genetic applications will pro-

gress with comparative genomics. The linkage of these genomic sources with close relatives

and even farther relative species greatly facilitates the exploration of evolutionary narratives.

This clarifies the exploration and exploration of important orthologous loci, the restructuring

of phylogeny and other biological questions.

5. Omic technologies

The omic technologies makes the interactions understandable between the genes, proteins and

the biochemical pathways by using several molecular and analytical methods such as bioin-

formatics and computational analysis methods. The main focus of omic technologies is the key

traits of interest known as genomics, transcriptomics and proteomics. Improvements in instru-

mentation and analytical methods have driven the major data sources of omic technologies

such as genomics, transcriptomics and proteomics forward [25, 26].

Technological improvements produce genome-scale data to use in breeding studies. In relation

to the improvements in analytical methods, analysis of the metabolites becomes important.

Profiling of the alterations of the metabolite accumulation provides an insight into the responses

of the plants against several stress factors. A new omics research field “metabolomics”was born.

Nontarget metabolome analysis is also useful to evaluate the tissue specific metabolites and

secondary metabolites. It has been reported that significant progresses in metabolite quantitative

trait locus (mQTL) analysis have been used in several plant species [27, 28].

The main issue in omic technologies is to combine the heterogeneous data sets. High-throughput

quantitative omic data are the best option to describe the different levels of the information of a
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biological system. Computational tools are effective to overcome this problem. An integrative

analysis of the genome-scale data, comparative analysis of the genomes, phytochemicals, and

biosynthetic pathways can be easily and successfully performed. Multi-omics-based systems are

demonstrative to understand the pathways or molecules having role in certain plant functions

[29, 30].

Epigenomics is one of the latest tools to understand a gene function regulation in an organism.

The newest technologies have opportunity to enable the data to resolve the mechanisms.

Epigenomics provides us ability to define phenotypic variations via DNA-protein interactions,

chromatin modifications and RNA technologies. Also, usage of chromatin immunoprecipitation

(ChIP) techniques with next generation sequencing (NGS) technologies can gain epigenomic

data from plant species [31–33].

6. Next-generation sequencing (NGS)

The improvements in sequencing technologies, an important era in plant genomic researches

have been started. In a short time, cost-effective sequencing technologies have been developed.

Next-generation sequencing (NGS) platforms give opportunity to plant genomic studies for

several breeding strategies [34–36]. It is available to work with the plant genome and the whole

transcriptome by using NGS platforms without resequencing. HeliScope™, SMRT™, RNAP™

and Nanopore DNA sequencer are classified as 3rd generation sequencing technologies. Recent

advances in DNA sequencing technologies produce new analyze methods to define the exact

mechanisms of the traits. Genome-wide association studies known as GWAS are effective to

discriminate the complex features in plants. GWAS can scan the molecular markers among the

DNA, gene or genome rapidly, and it can be possible to find the genetic variation which is in

relation to an agronomic trait. GWAS uses the NGS data to find genetic variations [30, 37, 38].

NGS technology is also effective for characterization of transgene constructs such as flanking

regions and other element combinations [39]. NGS technology is more sensitive than qPCR GMO

detection to find out the existence of unknown GMOs. Integration of NGS to other new age

molecular methods such as DNA walking opens a new window in GMO screening [30, 39–42].

7. Bioinformatic analyses

Genomic information obtained by new-age molecular biology techniques is required to be

stored, organized and analyzed. Bioinformatic methods have progressed rapidly and exchanged

the status of the research. The use of bioinformatics tools is crucial for the processing of large-

scale data in detail.

The important point is to process and analyze plant genomics data. NGS technology is the

main challenge. In recent years, the increase in the number of sequenced plant genomes and

the need for tools are obvious. The heterogeneous nature of the plants and innovative
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bioinformatic tools have become mandatory. The German Federal ex situ Gene Bank of Agri-
cultural and Horticultural Crops (GCBN), GIBS (Genebank information system), EURISCO,
LAILAPS, PGP&e!DAL, PlantsDB, IPK blast server, Plabi PD are recent platforms for plant
genomic resources [43].

The integrative improvements of multiple omic technologies and computational tools are
helpful in plant biotechnology studies. Interdisciplinary collaborations are important to enable
the network between different fields of life sciences. This must be the most important mission
for the researchers working on plant biotechnology to provide new insights on agricultural
problems. Otherwise, it will be a big challenge to solve the upcoming problems and to define
the requirements of plant breeders.
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