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Abstract 

Objectives 

Given the rapid growth of the global human population, it is imperative to enhance agricultural 

productivity to fulfill the increasing demand for crops. Enhancing crops through selective plant 

breeding (PB) is a sustainable method to augment both the quantity and consistency of yields 

without escalating the need for fertilizers and pesticides. Moreover, data generation in agriculture 

and biotechnology has greatly increased in recent years due to the very rapid development of 

high-performance technologies. Similar to advancements in genomics, there are encouraging 

progressions in plant phenotyping technologies, including mechanized phenotyping apparatus and 

sophisticated picture analysis. This has led to an unparalleled understanding of PB, structure, and 

function. Therefore, the aim of this study was to investigate a combined method of genomics and 

bioinformatics for plant breeding programs.  

 

Results 

The latest advancements in genomics and bioinformatics offer possibilities for expediting crop 

enhancement. Third-generation sequencing (TGS) techniques are aiding in the resolution of 

difficulties in plant genome assembly arising from polyploidy and the presence of repetitive 

regions. There is a growing availability of superior crop-referencing genomes, which significantly 

aids in the analysis of genetic variations and the identification of specific PB objectives within 

the genome. Machine learning (ML) aids in identifying genomic areas of agricultural significance 
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by assisting in the annotation of genomes and allowing for the efficient measurement of 

agronomic variables in controlled and natural environments. 

 

Conclusions 

Crop datasets that combine the increasing amount of genotype and phenotypic data offer a 

valuable tool for breeders and a chance for data mining methods to discover new candidate genes 

related to traits. Moreover, with the increasing understanding of agricultural genetics, the 

techniques of genomic selections and genome engineering provide the potential for developing 

crops resistant to illnesses and adaptable to stress while achieving high production. 
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Introduction 

The progress of Plant Breeding (PB) is primarily limited by the need for a sufficient 

theoretical foundation in various aspects of current genetics, which necessitates the development 

of suitable mathematical frameworks (Swarup et al. 2021). The existence of such algorithms can 

significantly streamline and expedite the resolution of genotype identity issues, as well as forecast 

the amalgamation of quantitative characteristics of newly developed varieties. Integrating 

conventional crop modeling with innovative PB techniques and genetic modeling will expedite 

the development of novel cultivars suited for diverse environmental circumstances (Srinivasa et 

al. 2023). Many of these instruments and processes are associated with the OMICs grouping 

(Brière et al. 2021). Moreover, data generation in agriculture and biotechnology has greatly 

increased in recent years due to the very rapid development of high-performance technologies 
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(Mohammadabadi et al. 2024). These data are obtained from studying biological molecules, such 

as metabolites, proteins, RNA, and DNA, to understand the role of these molecules in determining 

the structure, function, and dynamics of living systems (Pour Hamidi et al. 2017). Functional 

genomics is a field of research that aims to characterize the function and interaction of all the 

major components (DNA, RNA, proteins, and metabolites, along with their modifications) that 

contribute to the set of observable characteristics of a cell or individual (i.e., phenotype) 

(Williamson & Leiros 2020). Furthermore, in a breeding program, genetic improvement can be 

maximized through accurate identification of superior organisms that are selected as parents of 

the next generation, thereby achieving breeding goals (Mohammadabadi et al. 2024). Artificial 

neural networks have been proposed to alleviate this limitation of traditional regression methods 

and can be used to handle nonlinear and complex data, even when the data is imprecise and noisy 

(Pour Hamidi et al. 2017). Agricultural data can be too large and complex to handle through visual 

analysis or statistical correlations. This has encouraged the use of machine intelligence or artificial 

intelligence (Ghotbaldini et al. 2019). The utilization of OMICS technologies can optimize the 

nutritional value of crop residues, hence augmenting agricultural productivity for nutrition, 

animal feed, and energy generation (Kamusoko et al. 2021). OMICS has enhanced the reliability 

and foreseeability of PB programs, resulting in reduced time and cost for developing stress-

tolerant crop types (Veerasamy & Fredrik 2023). Transcriptomics, a significant subcategory of 

OMICs, appeals to biologists, particularly those involved in PB (Kamusoko et al. 2021).  

Similar to advancements in genomics, there are encouraging progressions in plant 

phenotyping technologies, including mechanized phenotyping apparatus and sophisticated picture 

analysis. This has led to an unparalleled understanding of PB, structure, and function. When 

comparing genomic studies to Plant Phenotyping (PP) (Bhattacharya et al. 2021), the data output 

generated by established methods in PP is still easily handled (Sayers et al. 2023). As per the 

National Center of Biotechnology Information (NCBI), bioinformatics is a scientific discipline 

that integrates biology, computer science, and technological expertise into a unified framework 

(Sayers et al. 2023). Bioinformatics is a field that uses mathematical, empirical, and 

computational techniques to address biological challenges by utilizing DNA, RNA, protein acid 

patterns, and related data (Cao et al. 2020). Bioinformatics has played a role in various scientific 

disciplines, including PB. PB has expanded by utilizing different strategies and equipment to 

achieve specific goals. The sequencing of a genome is merely the initial phase in comprehending 

genome organization, gene framework, and gene expression trends (Wang et al. 2021). There are 

just two model organisms, Arabidopsis and grain, for which the research has genome sequences 

that are both recent and almost complete. Numerous genome sequencing initiatives have been 

conducted for various plants, such as wheat and corn. The first significant improvement after 
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Sanger sequencing was the development of short-read technology, sometimes called second-

generation sequencing (Sayers et al. 2023).  

Machine Learning (ML) and other data science approaches can uncover new and valuable 

information by analyzing various datasets (Wan et al. 2022). The present knowledge about plant 

genetics and the rising sophistication of tests and tools have greatly accelerated the production of 

different plant types (Gladkov & Gladkova 2021). Utilizing contemporary bioinformatics 

methodologies is imperative for modern PB to expedite the reduction of labor and supplies 

expenses within a short timeframe (Chen et al. 2023). The variety framework is a scientific 

prediction that determines a crop's specific features to achieve a desired efficiency level, 

sustainability, and other necessary production attributes (Suruliandi et al. 2021). In machine 

learning, feature learning refers to the automated procedure by which a model maximizes its 

performance on a particular task by identifying and optimizing important patterns, structures, or 

traits (termed "features") from raw data. It is crucial because it allows machines to learn the most 

important traits automatically, rather than having to be manually engineered. This dramatically 

improves prediction accuracy and efficiency. The significant influence of PB in creating 

genetically better genotypes for particular environments necessitates an evaluation of 

bioinformatics's contribution to the PB research field (Chen et al. 2023). The primary objective 

of this study is to provide an overview of the current advancements in genomics, PP, and 

regulation. This will be achieved by examining a range of online software tools that are utilized 

to analyze the results of various molecular biology tests to enhance plant modification.  

With the advent of Third-Generation Sequencing (TGS), the practice of sequencing and 

repetition genomes has become commonplace in various fields of PB (Xiao & Zhou 2020). TGS 

has many drawbacks, including intrinsic biases and uncertain alignment of repeated components. 

As a result of confirmation bias, it's possible to misunderstand crops or choose to disregard data 

that challenges the preconceptions. This may lead to issues with genome identification in the case 

that the approach misses a problem or makes a wrong decision. These shortcomings result in draft 

genome assembly and hinder the investigation of concealed indels and structural variations (Wan 

et al. 2022). TGS, such as Pacific Biosciences (PacBio) single-molecule sequencing and Oxford 

Nanopore Technology (ONT) sequencing (Mikheenko et al. 2022), has facilitated the fabrication 

of longer reads and improved the accuracy and continuity of genome assembly (Suruliandi et al. 

2021). The integration of long-read sequencing, mapping methods, and chromosomal 

conformation capturing has enabled smaller facilities and non-model cultivars to achieve 

remarkably congruent chromosome-level crop genomic assembly (Dessy et al. 2023; Veerasamy 

& Fredrik 2023). Emerging optical mapping technologies, like BioNano Genomics, can 
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efficiently mark lengthy DNA molecules exceeding 250 kb (Bhattacharya et al. 2021). This 

facilitates the identification of structural variations and the creation of a well-constructed 

framework at a relatively cheap expense. A great example is Bionano Genomics, which builds 

optical maps of DNA molecules using third-generation sequencing (TGS) technology.Among the 

many applications for Bionano's optical maps are: Enhancing and verifying sequencing assembly, 

Find gene rearrangements between others, structural variations (SVs) in plant and animal 

genomes, and SVs in both plant and animal genomes. The model details are illustrated in Table 

1. 

 

Table 1. Literature Survey on Previous Models 

Ref Model/Method/Algorithm Inference 

(Wan et al. 

2022) 

Third-Generation Sequencing (TGS) Reduced intrinsic biases and 

uncertain component alignment. 

(Suruliandi et 

al. 2021) 

Single-molecule sequencing and Oxford 

Nanopore Technology (ONT) 

Improved accuracy and continuity. 

(Veerasamy 

& Fredrik 

2023) 

integration of long-read sequencing, 

mapping methods 

Achieved congruent chromosome-

level crop genomic assembly. 

(Bhattacharya 

et al. 2021) 

Optical mapping technologies Efficiently marked lengthy DNA 

molecules. 

 

Another advancement in mapping technology is the chromosomal conformational capturing 

sequence, which relies on the natural physical joining of DNA segments (Williamson & Leiros 

2020; Xiao & Zhou 2020). Combining Hi-C data and visual mapping enables enhanced 

chromosomal phasing and scaffolding (Camgözlü & Kutlu 2023; Surendar et al. 2024). Hi-C 

allows for the selective isolation of chimeric DNA ligation junctions followed by deep sequencing 

by including a biotin-labeled nucleotide at the ligation junction. The ability to identify chromatin 

connections on an unprecedented scale is made feasible by Hi-C's interoperability with next 

generation sequencing tools. Xiao et al. (2022) successfully constructed the wheat genome, 

characterized by high repetition and polyploidy, by integrating brief reads, visual mapping, and 

chromatin interface mapping information. The assembly achieved an N50 value of 1.9 Mb. TGS 

offers a greater level of sequencing contiguity, which can enhance genomics-based PB methods 

such as trait identification.  
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One of the most effective uses of TGS in PB is to create better and more complete crop 

genomes (Bohra et al. 2020). When choosing a sequencing method for a project to assemble the 

genome of crops, it is crucial to consider factors such as genome dimensions, fertility, levels of 

repeated material, and accessible financial resources. TGS is often not cost-effective for repeated 

sequencing investigations of crop species (Camgözlü & Kutlu 2023; Dessy et al. 2023). With the 

decreasing cost of TGS, these approaches expand to a wider spectrum of genomic study beyond 

genome construction. In investigations requiring barcoding of more than a certain number of 

samples, TGS may prove to be a more economical option than other approaches. After the sample 

sizes reached 61 for Flongle, 183 for MinION, and 356 for PacBio, TGS became more cost-

effective than Sanger sequencing for barcoding.  

 

Genomics and Bioinformatics for Plant Breeding  

The objective of PB is to generate novel plant cultivars. This enduring endeavor commences 

with fundamental research and frequently spans numerous years, requiring a substantial monetary 

commitment. Genomics-assisted PB is a highly efficient and cost-effective method that has been 

extensively utilized. The phenotyping platforms, genetic databases, and high-throughput 

genotyping technologies are used by GAB to accomplish these aims. Among the many outcomes 

of GAB are: Tapaswini rice: This variety benefits from a mix of genes that make it resistant to 

both biotic and abiotic tolerant genes. The Pusa Chickpea 10216 is a hybrid that was created by 

crossing the Pusa 372 with genes that make the plant more resistant to drought.  Genomics aids 

in comprehending the structure and operation of biological structures. It can monitor the 

molecular alterations during growth in various circumstances, such as shifts in plant physiological 

science, pathogen influence, or environmental adjustments. Genomic specimens can be taken 

from the same or distinct individuals within a species or from various species altogether.  

Comparison genomics enables examining specific characteristics in closely related plants by 

preserving genetic sequences between species possessing smaller, more manageable genomes and 

those possessing larger and more intricate genomes. They have been employed to investigate 

genetic variation and detect advantageous alleles for many aesthetic and resistance features, such 

as plant structure and inflorescence attributes, waterlogging acceptance, aphid opposition, and 

adaptation to drought. Su et al. (2024) converted a significant Single Nucleotide Polymorphism 

(SNP) associated with waterlogging resistance in Chrysanthemum (CS) into a Dynamic Cut 

Amplification Polymorphism Sequences (d-CAPS) marker (Williamson & Leiros 2020; Su et al. 

2024). The accuracy of this marker was determined to be 71.3% and was validated in 50 different 

cultivars or ancestors. With this accuracy rating, the prediction will work better on different 



Biswas and Sharma 2024 

217 

Agricultural Biotechnology Journal;      Print ISSN: 2228-6705,      Electronic ISSN: 2228-6500 

 

cultivars. Agrawal et al. (2020) proposed two d-CAPS markers linked to the CS blooming stage 

and head dimensions. The d-CAPS indicators show promise for use in the genetic improvement 

of CS. These strategies will offer innovative and potent resources for future CS cultivation. 

ML enables programs to analyze data by acquiring trends through iterative processes. ML 

offers significant benefits over other analytical methods when dealing with extensive, varied, and 

unstructured information, such as those produced by optical imaging or sequence. ML enables 

PB to analyze PP and extract valuable insights from various datasets, including identifying 

correlations between DNA sequencing and characteristics. Plant breeders may benefit 

significantly from machine learning (ML), a subfield of AI. It is capable of optimising in vitro 

breeding techniques, predicting crossovers and regions of natural selection, identifying QTLs, 

assessing genetic architecture, classifying genotypes, modeling attributes, phenotypic prediction, 

and complicated relationship interpretation. Additionally, ML can improve in vitro breeding 

procedures, model plant properties, analyze complicated relationships, and categorize genotypes 

of plants using morphological and genetic markers. Additionally, it may predict crossovers, 

identify areas of natural selection where mutations have been almost fixed, and differentiate 

between active genes and pseudogenes, among other genomic regions. Moreover, the epigenome 

comprising different mechanisms e.g. DNA methylation, remodeling, histone tail modifications, 

chromatin microRNAs and long non-coding RNAs, interact with environ-mental factors like 

nutrition, pathogens, climate to influence the expression profile of genes and the emergence of 

specific phenotypes (Barazandeh et al., 2016). Multi-level interactions between the genome, 

epigenome and environmental factors might occur (Amiri Roudbar et al., 2020). Furthermore, 

numerous lines of evidence suggest the influence of epigenome variation on health and production 

(Alavi et al., 2022). The expression of eukaryotic genes is temporarily and multidimensionally 

controlled. Only a relatively small set of the entire genome is expressed in each type of tissue, 

and the expression of genes depends on the stage of development (Heidarpour et al. 2011; Khabiri 

et al. 2023). Therefore, gene expression in eukaryotes is specific to each tissue (Safaei et al. 2022). 

Also, the amount of gene products that are made in the same tissue as well as in other tissues that 

make up that product, regulates the expression of that gene. One of the basic activities is the study 

of genes and proteins related to traits and their study at the cellular or chromosomal level (Bordbar 

et al., 2022). 

Plant phenotyping (PP): PP involves quantifying plants' functional or structural 

characteristics, ranging from within cells to the organism scale. This process is complicated for 

conducting research on associations and enhancing crop development. Due to the rapid 

advancement of genomics studies and sequencing methods, there is a growing need for plant 

characteristics to aid in comprehending genetic data. Traditional PP methods are frequently a 
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hindrance due to their subjective nature, susceptibility to errors, the requirement for significant 

labor and time, and their limitation on the number of characteristics, plants, and conditions 

assessed. The development of high-throughput photography and automatic detectors, along with 

advancements in ML, enables the implementation of PP. This approach overcomes the limitations 

of conventional human-based phenotyping by facilitating the quick creation of phenotypical 

characteristics and traits across huge populations. High-throughput phenotyping consists of four 

primary components: image or sensor-based identification, categorizing phenotypical 

information, quantifying features, and forecasting using specialized models or methods. Despite 

the practical application of ML in agricultural genomics and PP, some difficulties still need to be 

addressed. ML modeling necessitates extensive datasets to use in training and constructing the 

model. A limited training set might result in scientifically inconsequential and erroneous 

predictions. Obtaining an extensive dataset can be expensive and time-consuming, especially for 

crop metrics, which can only be conducted once each growth cycle. ML-based phenotyping is 

restricted to specific universities and businesses. To make ML-based phenotyping possible on 

future farms, decreasing the expenses associated with acquiring and operating is necessary. By 

analyzing plant data, machine learning (ML) may help with crop management and plant breeding. 

Plant phenotyping, which involves evaluating characteristics including growth, development, and 

resistance, may be improved by ML. Machine learning has several applications in plant 

phenotyping, such as:  

• The application of ML allows for the development of automated phenotyping systems, which 

are capable of collecting and analyzing massive amounts of plant data. These systems can 

examine plant data in controlled conditions or in the field using robots, sensors, and imaging 

technologies.  

• Machine learning (ML) is a powerful tool for studying gene activity and its impact on plant 

phenotypes in response to environmental changes.  

• When it comes to developing plants to be more stress-tolerant, ML may be a huge assistance.  

• Management of crops: ML is useful for managing crops since it can forecast yields, estimate 

biomass, and track growth phases.  

• Plant health: ML can detect nutritional status and water stress, which helps in assessing plant 

health.  

• Early disease identification in plants is possible with the use of ML.  

 

ML in plant genomics: ML is utilized in various genomics studies, including genome 

assembling, the iterative deduction of gene regulatory systems, and identifying authentic Single 
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Nucleotide Polymorphisms (SNPs) in polyploid crops. Torniainen et al. (2020) provide a 

comprehensive list of ML techniques and corresponding open-source R modules applicable for 

analyzing plant science data (Torniainen et al. 2020). ML can enhance the process of assembling 

polyploid genomes with intricate redundancy in their genetic structure. The method of fully 

assembling and annotating a genome is essential for monitoring variation in genetics in an animal 

species and comprehending the purpose and arrangement of plant genes. This is important in crop 

trait development (Figure 1). Non-ML-based assembling techniques that utilize a linear method 

to assemble repeated sequence areas need help dealing with highly duplicated genomes. An ML 

technique was employed to address this constraint, identify flaws in the assembly process, and 

provide a superior assembly method for wheat. Portcullis's RNA-sequence mapping program 

utilizes ML to distinguish between genuine and synthetic splicing sites. This application of ML 

has been essential in annotating the bread grain genomes. 

 

 

Figure 1. Steps in genomics-assisted plant breeding 

 

SNPs are the most common type of genetic differences found in plant genomes. There are 

still obstacles to overcome when it comes to identifying SNPs in plants with several sets of 

chromosomes. Barbosa et al. (2021) created an ML analysis program that utilizes neural networks 
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and tree-bagging methods to locate and remove inaccurate positive SNPs (Barbosa et al. 2021; 

Su et al. 2024). Their demonstration showed that the technique can detect SNP variability and 

accurately select real SNPs with a precision of over 98% in generated SNP variation information 

from peanuts and strawberries. Neuronal networks have been used to identify SNPs in error-prone 

lengthy readings. This task is challenging in specimens with two or more sets of chromosomes 

because errors must be differentiated from actual heterozygous variations. Among the many 

possible future uses of machine learning in genomics are the creation of more precise 

pharmaceutical drugs customized to individual patients or populations, the enhancement of soil 

quality and agricultural yields by farmers, and the advancement of genetic screening tools for 

kids. 

 

Bioinformatics tools 

Biological repository: Biological repositories are repositories of consistent information that 

are stored standardized and efficiently. These databases encompass a wide range of biological 

disciplines. A simple database could consist of a single file with several records, including the 

same information set. Repositories consist of hardware and software components used to manage 

data. The primary goal of a registry is to organize data into a collection of structured entries to 

facilitate efficient data access. Every record, known as an entry, should contain a range of fields 

that store specific data elements. To get an individual entry from the database, the consumer can 

specify a specific value to be searched for within a particular area and anticipate the computer to 

return the complete data item. This technique is referred to as formulating a query. There are two 

types of databases: the primary and secondary databases. The key distinction between main and 

secondary databases is that the primary one stores the initial data while the second analyses and 

expands upon it. 

Primarily, primary databases are used to store first-hand information, such as findings, 

concepts, and theories. Publicly accessible databases, often known as primary databases, save 

information for future use. The European Molecular Biology Laboratory, GenBank, and the DNA 

Database of Japan are all examples of main databases.  Data from main databases is used to 

construct additional layers of information in secondary databases. Due to their employment of 

both computer methods and human examination, secondary databases are often referred to as 

curated databases. Multiple resources, such as other databases, scholarly articles, and restricted 

vocabularies, may be mined for data via secondary databases. 

Software and tools: For finding and grouping collections of nucleotide and protein 

sequences, two programs are available: DIAMOND and MMseqs2. The MMseqs2 suite of 
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programs is multi-purpose, functioning as both a desktop program and a local web server. The 

purpose of DIAMOND is to analyze massive volumes of sequencing data. Bioinformatics 

employs a variety of software, ranging from essential instructional tools to more intricate 

graphical applications and independent internet services offered by bioinformatics corporations 

or public organizations. The Basic Local Alignment Sequencing Tool (BLAST) is widely used 

for sequencing identification. Three phases are used by BLAST. The process begins by 

"chopping" the DNA or protein sequence into smaller "words" of 10–12 nucleotides or 3–4 amino 

acids . Secondly, it searches the whole database for exact matches using these short terms. Third, 

when a match is detected, it attempts to further align the letters by comparing them in sequence. 

It checks for a satisfactory match with every new set of letters. A higher score is given for a good 

match and a lower one for an inadequate one. A precomputed score table for each pair of 

nucleotides or amino acids is included into the BLAST algorithm. The method still holds the 

record as the most efficient way to identify particular sequences in extensive datasets and allows 

for quickly labeling new sequences. BLAST is widely recognized as the primary tool for detecting 

sequence parallels in extensive records. There are other alternatives for assembling sequencing 

records, with the choice depending on factors such as hardware accessibility, database magnitude, 

format, organization, and the genetic makeup of the species. 

Gene silencing methods: While insertion ablation is an effective technique for creating loss 

of function mutations, it does have limits when it comes to redundant genes and fatal mutants. To 

overcome these restrictions, techniques for disrupting biological processes have been devised and 

utilized for the functional study of plant genes. RNA interference is a widely used technique for 

silencing genetics through the targeted destruction of RNA molecules with a sequence matching 

the introduced double-stranded RNA. This process is known as post-transcriptional gene 

suppression. In recent years, selective RNA interference systems have been created to meet the 

need for targeted silencing. These systems utilize either a chemical-inducible recombine 

mechanism or an inducer derived from heat shock-inducible genetics. A genetic approach called 

CRISPR interference (CRISPRi) may be used to silence genes in cells. It does this by directing a 

repressor to the transcription start site of a specific gene. A single guide RNA (sgRNA) and a 

catalytically inactive Cas9 protein (dCas9) are used in the CRISPRi method. When the Cas9-

sgRNA complex attaches to certain DNA sequences, it prevents RNA polymerase from extending 

transcripts.  

Research into gene function, genetic connections, and loss-of-function experiments may all 

be facilitated using CRISPRi. One research, for example, employed CRISPRi to make mice 

develop osteopetrosis and defective lymph nodes by simulating gene loss.  
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Depending on the cell type and the growing circumstances, CRISPRi may or may not be 

effective. It is possible to quantify CRISPRi's impact using assays like as flow cytometry, qRT-

PCR, or genome-wide NET-seq.  

 

Plant database 

Plant comparative genomics and repositories: With the recent addition of nucleotide 

sequences for farming species, such as crops and cattle, the research can now compare genomes 

between different organisms. This enables the research to identify the critical genes responsible 

for specific physical traits. Integrating genomic material obtained from other closely related 

species, such as extensive collections of DNAs and information from whole-genome sequencing 

initiatives, is expected to enhance information regarding gene function exchange across biological 

models and practical applications. This could expedite the process of understanding the molecular 

composition of cellular systems that are linked to significant characteristics. Many internet 

databases for plant genetics and suitable analytical tools have emerged. 

Portal data resources in plants: TAIR is a prevalent and comprehensive data resource in 

plant science. It serves as a crucial portal for Arabidopsis study (Xiao & Zhou 2020). The Salk 

Institute Genetic Analysis Laboratories is a valuable information repository that consolidates 

many data sets of significant omics findings primarily related to Arabidopsis. The Arabidopsis 

Genome Dictionary details several genomic assets developed for the Arabidopsis study 

(Mikheenko et al. 2022). These portal sites provide portals for extensive information about omics 

and bio services. These websites contain interconnected data collections that link each identified 

gene with its corresponding elements, such as full-length DNA replicas, gene mutations, gene 

expression trends, and genome homologous sequences. Internet sites employ genome websites 

such as G-Explore to view a gene with annotations in conjunction with its genome sequence and 

related data (Williamson & Leiros 2020). Gramene is a widely used portal that serves as both a 

comprehensive source of data on rice and a platform for advancing the study of plant genome 

comparison. Gramene provides comprehensive genome-focused data, encompassing gene 

commentary, genetic markers, and a mostly Gramineae species-oriented database (Su et al. 2024). 

With the advent of DNA sequencing initiatives, there has been a rise in the development of portal 

sites that facilitate information sharing and integrating related materials for different species. The 

genome network is a gateway for Solanaceae genomic assets, including essential data on the 

plant's genomic sequence research (Agrawal et al. 2020).  

The field of agriculture encounters significant obstacles in utilizing the large amount of 

genetic data, which comes from many sources and is presented in different formats, to enhance 
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crop development. To overcome these issues, it is necessary to utilize innovative PB techniques 

and bioinformatics technologies to convert genomic information into improvements in crop 

productivity and safety. Bioinformatics is currently exerting a significant influence on the 

advancement of the farming industry, agro-based enterprises, the usage of agricultural by-

products, and the improved management of the natural world. Genomics, which involves 

sequencing the genomes of hypothetical plants and plant pathogens, has advanced quickly and 

created numerous possibilities for enhancing the genetics of agricultural plants. Scholars might 

employ Meta qualitative trait loci analysis, genomic broad associations, and genetic screening to 

expedite the identification of robust gene trait connections. Genome editing is a valuable method 

for quickly introducing advantageous mutations into high-quality plant varieties. Genomic 

selection improves the effectiveness of selection without the need to understand the specific 

genetic factors involved. 

Conclusions: The field of agriculture encounters significant obstacles in effectively utilizing 

the large volume of genetic data, which comes from many sources and is presented in different 

formats, to enhance crop development. To address these difficulties, it is necessary to employ 

innovative PB techniques and bioinformatics technologies to effectively convert genomic data 

into improved agricultural productivity and stability. Scientists can employ meta-studies and 

genomic screens to expedite the identification of solid connections between genes and traits. 

Genome editing is valuable for quickly introducing advantageous mutations into high-quality 

crops. However, genomic selection improves the effectiveness of selection without the need to 

understand the specific genetic factors involved. ML algorithms can utilize high-throughput 

characterization and genomic information to enhance the automation of certain aspects of the gene 

identification process, such as DNA annotation and picture interpretation, which are known to be 

particularly difficult. By combining innovative technology and approaches, emerging PB can 

attain the necessary rate of plant enhancement to guarantee adequate nutrition. Addressing many 

species concurrently may be in the future of ML. ML approaches have a wide range of potential 

applications in fields including comparative genomics and information transfers from model 

plants to target crops. 
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   چکیده

وری کشاورزی برای تحقق تقاضای روزافزون برای محصولات زراعی  سریع جمعیت جهانی بشر، تقویت بهرهبا توجه به رشد    هدف:

روشی پایدار برای تقویت کمیت و قوام بازده بدون افزایش     (PB)گیاهان    بهنژادیتقویت محصولات زراعی از طریق  .  ضروری است

های اخیر به دلیل توسعه بسیار ها در کشاورزی و بیوتکنولوژی در سالعلاوه بر این، تولید داده.  نیاز به کود و سموم دفع آفات است

های  ای در فناوریکنندههای دلگرمهای ژنومیک، پیشرفتمشابه پیشرفت های با کارایی بالا بسیار افزایش یافته است.سریع فناوری

ویر پیچیده وجود دارد. این امر منجر به درک بی نظیری  سازی گیاهی، از جمله دستگاه فنوتیپ مکانیزه و تجزیه و تحلیل تصفنوتیپ

های  یک روش ترکیبی از ژنومیک و بیوانفورماتیک برای برنامه بررسی  لذا، هدف این مطالعه،    .، ساختار و عملکرد شده استPBاز  

 بود.   بهنژادی گیاهی

یابی  های توالی  تکنیک.  کنددر ژنومیک و بیوانفورماتیک امکان تسریع در تقویت محصول را فراهم می  هاآخرین پیشرفت  نتایج: 

در دسترس   .  کننددر حل مشکلات در مونتاژ ژنوم گیاهی ناشی از پلی پلوئیدی و وجود مناطق تکراری کمک می   (TGS) نسل سوم

 PB برتر، به طور قابل توجهی در تجزیه و تحلیل تغییرات ژنتیکی و شناسایی اهداف  تبودن در حال رشد ژنوم های مرجع محصولا

با کمک در حاشیه نویسی ژنوم و امکان سنجش کارآمد متغیرهای زراعی در  (ML) یادگیری ماشین.  کندخاص در ژنوم کمک می

 . کنداهمیت کشاورزی کمک می باشناسایی مناطق ژنومی   بهمحیط های کنترل شده و طبیعی، 

https://orcid.org/0009-0004-0730-9948
https://orcid.org/0009-0007-4055-9561
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کنند، ابزاری ارزشمند برای پرورش  می   یب و فنوتیپی را ترک  ی های ژنوتیپفزاینده دادهمقدار  های زراعی که  مجموعه داده   گیری:نتیجه

با درک . همچنین  دهند های جدید نامزد مربوط به صفات ارائه می های داده کاوی برای کشف ژندهندگان و فرصتی برای روش 

ها را  های انتخاب ژنومی و مهندسی ژنوم پتانسیل تولید محصولات زراعی مقاوم در برابر بیماریروزافزون ژنتیک کشاورزی، تکنیک

 هستند. سازگار  نیز تولید بالا، با استرس   این محصولات علاوه برند و نکفراهم می

 محصولات زراعی  ،بیوانفورماتیک، ژنومیک  بهنژادی گیاهی، های کلیدی:واژه

 

 . مروری: نوع مقاله
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