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ABSTRACT

Next generation sequencing (NGS) technologies have had a significant impact on plant breeding and
genetics, enabling researchers to rapidly and accurately analyze large amounts of genetic data and identify
and characterize important plant traits. NGS technologies, such as the study of gene expression and
regulation in plants has made extensive use of RNA and genome sequencing, revealing important details
about the mechanisms governing these activities. Plant-pathogen interactions have been studied using
NGS, which has also been utilized to find pertinent genes. By identifying the genes and genetic variants
that are associated with plant resistance to diseases, researchers can cross different plant varieties that are
more disease- and pest-resistant. This can help to reduce crop losses and improve crop yields. NGS has
been used to study the genetics of plant populations, enabling researchers to identify genetic variations that
are associated with important plant traits and to develop new plant varieties with improved performance or
desirable characteristics. Despite some challenges, such as complexity of NGS technologies and the
limited availability of reference genomes for many plant species, NGS has had a major impact on plant
breeding and genetics and is likely to continue to play a significant part in the future evolution of novel
plant varieties.
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1. INTRODUCTION

NGS is a powerful tool that has revolutionized many aspects of plant breeding and genetics. It allows
researchers to rapidly and accurately analyze large amounts of genetic data (Liu et al. 2012), enabling them to
identify and characterize important traits (Salgotra et al. 2014), study gene expression and regulation, and
understand the genetic foundation of interactions between plants and pathogens (Campos et al. 2021), and between
other plants and microorganisms. NGS allows researchers to generate large amounts of genetic data quickly, cost-
effectively, and efficiently, making it possible to study numerous samples in a short period of time. Multiple
genomic areas can be analyzed simultaneously using NGS, making it possible to acquire a comprehensive view of
plants genetic makeup (Song et al. 2017). It is sensitive enough to detect rare genetic variants that may be missed by
traditional techniques. So, it provides high-resolution data, making it possible to detect even small genetic changes
or variations (Allard et al. 2012).

1.1. Plant Traits Identification and Characterization

NGS technologies have had a significant impact on the identification and characterization of important plant
traits, such as those related to growth, development, and response to environmental stresses (Unamba et al. 2015).
These technologies have made it much easier and faster to study how plants' gene expression is regulated, as well as
the identification and description of plant genes and their roles. This has guided to a better understanding of the
genetic basis of important plant traits and has enabled the development of new strategies for improving plant traits.
This can be done by comparing the gene expression patterns in plants with different phenotypes (characteristics)
and identifying genes that are differentially expressed (expressed at different levels) in two different phenotypes
(Vlk and Repkova 2017).
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Fig. |I: Flowchart diagram of NGS Methodology (Gupta and Gupta 2014).

1.2. Gene Expression and Regulation

NGS technologies, such as sequencing by synthesis, sequencing by hybridization, 454 pyrosequencing, lon
torrent, lllumina (Bi et al. 2019). Pacific Biosciences sequencing (Slatko et al. 2018), RNA sequencing (RNA-seq)
and genome sequencing, have been widely used to study gene expression and regulation in plants (Camilli et al.
1994; Dmitriev et al. 2022). RNA-seq allows researchers to detect and compute all of the RNA molecules appear in
a sample (Yang et al. 2012), including mRNA, which is transcribed from protein-coding genes and can be used as a
proxy for gene expression (Muskovic et al. 2022). By comparing the levels of mMRNA in different plant tissues or in
response to different stimuli, such as drought, heat, or disease, researchers can identify genes (Mwadzingeni 2016),
that are differentially expressed and study the mechanisms that regulate their expression. Genome sequencing
provides a complete map of the DNA sequence of a plant genome (Jiao and Schneeberger 2017; Sun et al. 2022),
which can be used to identify the locations of genes and other regulators like silencers, enhancers, and promoters.
By studying the sequence and structure of these regulatory elements, researchers can gain insight into the
mechanisms that control gene expression in plants.

ChiIP-seq is applied to locate the transcription factors' binding locations and other regulatory proteins in the
genome (Furey 2012). This provides valuable information about the mechanisms that regulate gene expression and
can help to identify new targets for improving plant performance. One such technology is digital gene expression
(DGE) profiling, which allows quantitatively measure the expression of all genes in a sample using high-throughput
sequencing (Li et al. 2021). This method has been used to pinpoint genes that are differently expressed in various
plant tissues or in response to various stimuli, and it can offer a comprehensive perspective of gene expression in
plants (Ben Khedher et al. 2022). These technologies can provide valuable insights into the mechanisms that
regulate gene expression in plants and can help to identify new targets for improving plant performance (Sahu et al.
2020).

1.3. Exploring Genetics of Plant-Pathogen Interactions

Plant-pathogen interactions have a significant impact on the productivity and health of crops and natural
ecosystems. By NGS technologies, scientists have been able to delve into the genomic basis of these interactions,
uncovering the genes and gene products involved in plant defense responses to pathogens and how pathogens evade
or suppress these defenses (Kumari et al. 2017). By comparing the gene expression patterns of plants that are
resistant or susceptible to a particular pathogen, researchers can identify key players in plant defense responses and
study their functions. RNA-seq is a powerful tool for exploring the genetics of plant-pathogen interactions and
identifying genes involved in plant defense responses (Fass et al. 2020). It provides valuable insights into the
mechanisms by which plants resist or succumb to diseases.

Furthermore, NGS has been used to study the genetics of plant-pathogen interactions at the molecular level
(Mukherjee et al. 2012), by analyzing the sequences of genes and gene products involved in plant defense responses
and pathogen evasion or suppression. For example, researchers have used NGS to identify the sequences and
analyze the functions of receptor-like kinases (RLKs) in plant defence mechanisms. RLKs are a group of
transmembrane receptors that are crucial for plant growth and disease defense (Afzal et al. 2008), and their
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sequences and functions have been characterized using NGS technologies. This can provide understanding of the
mechanisms that underlie these interactions and can help to identify new targets for improving plant resistance to
diseases.

1.4. NGS Challenges and Limitations

There are several current challenges and limitations of using NGS in plant breeding and genetics. One
challenge is the complexity of analyzing and interpreting the large amounts of data produced by NGS technologies.
This requires specialized bioinformatics tools and expertise (Kulski 2016), which may not be available to all
researchers. Another challenge is the limited availability of reference genomes for many plant species (Michael and
VanBuren 2015), which can make it difficult to accurately annotate and interpret the sequences generated by NGS
technologies. Particularly with regard to plant species that are not models, for which there may be limited genomic
resources available. Non-model plant species are those that are not widely used as experimental organisms in
research, and therefore have not been as well-characterized at the genomic level (Armengaud et al. 2014).

Also, there are technical challenges associated with using NGS technologies in plants, such as the difficulty of
obtaining high-quality DNA and RNA from plant tissues, and the complexity of designing and optimizing NGS
experiments for plant samples (Inglis 2018). Despite these challenges, NGS technologies have had a major impact
on plant breeding and genetics and have provided valuable insights into the genetic basis of important plant traits.
As these technologies continue to evolve and improve, it is likely that many of these challenges will be overcome
and that NGS will become an increasingly important tool for plant breeding and genetics (Ray and Satya 2014).

1.5. Potential Future Impacts of NGS on Plant Breeding Programs

NGS technologies have the potential to have a significant impact on plant breeding programs in the future.
These technologies are likely to continue to play a key role in the development of new plant varieties. One potential
impact of NGS is the acceleration of plant breeding programs (Altman et al. 2021; Savadi et al. 2021). These have
the possibility to significantly influence plant breeding programs in the future. These technologies allow researchers
to analyze the genomes, transcriptomes, and proteomes of plants quickly and accurately, providing valuable
information about the genes and gene products engaged in key agronomic aspects like yield, quality, and disease
resistance (Singh et al. 2020).

The possibility to breed plants that are more adapted to changing climatic factors including rising temperatures,
shifting precipitation patterns, and growing atmospheric carbon dioxide levels is another possible benefit of NGS
(Leisner 2020). By enabling researchers to identify the genes and genetic variants that are correlated with plant
responses to these environmental challenges, NGS technologies can help to develop new plant varieties that are
better suited to these changing conditions (Bansal et al. 2013). Scientists at the International Maize and Wheat
Improvement Center (CIMMYT) in Mexico used NGS technologies to identify genetic variants that are associated
with drought tolerance in maize and developed new maize varieties that are more resilient to drought stress (Aryee
et al. 2021). These varieties have been released in several states in Latin America, Asia, and Africa have contributed
to improved crop yields in these regions.

2. Conclusion

Despite some challenges, such as high cost and limited reference genomes, NGS has greatly impacted plant
breeding and is expected to continue to do so in the future. Overall, the potential of NGS in plant breeding and
genetics is vast, and its use is likely to continue to grow in the coming years. It has already had a significant impact
on the way that plant breeding is done, and it has the potential to further transform the field by enabling the
development of more efficient and precise breeding strategies.
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