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ABSTRACT
Breeding practices' historical development and the slow shift from traditional hybridization and selection techniques to marker-assisted breeding and molecular genetics are covered in the first section of the paper.  It also looks at how omics technologies, like as proteomics, metabolomics, transcriptomics, and genomes, have been integrated to speed up precision breeding and transform trait discovery.  Particularly in vegetative propagated crops, advances in tissue culture, somaclonal variety, doubled haploids, and embryo rescue are emphasized for their roles in facilitating the quick multiplication and fixation of desired features. As a major source of income, rural employment, and human nourishment, horticultural crops are essential to world agriculture.  However, genetic complexity, lengthy breeding cycles, and biotic and abiotic stressors usually limit their productivity and quality.  Using both traditional and contemporary breeding methods, horticulture crops have seen tremendous genetic advancement in recent decades.  The developments in genetic plant breeding and their uses to improve horticulture crops' production, quality, stress tolerance, and adaptability are thoroughly examined in this review. The recent development of genome editing technologies like CRISPR/Cas9, which provide unmatched precision in altering target genes and are being utilized more frequently to enhance disease resistance, shelf life, and nutritional value, is given a lot of attention.  The research also looks at how data-driven platforms, artificial intelligence, and speed breeding might help overcome constraints like unpredictable environmental conditions and lengthy generation durations. Even with these technological developments, issues like heterozygosity, limited genetic diversity, and regulatory restrictions continue to be significant.  Case studies from important crops, including tomato, banana, grape, apple, and brinjal, are shown at the end of the paper to demonstrate how breeding techniques can be applied successfully.  It highlights the necessity of interdisciplinary cooperation and supportive policies while outlining potential future developments, such as climate-smart breeding and participatory techniques.


1. Introduction
[bookmark: _GoBack]Crops cultivated for flowers, Fruits, vegetables, ornamentals, and plantation crops are examples of horticultural crops, which are vital to global agriculture because they increase food and nutritional security, economic growth, and environmental sustainability. These crops are an essential component of regular human meals because they include essential vitamins, minerals, and phytochemicals that promote health and wellness. Horticulture contributes significantly to the economy by generating wealth from both domestic and international markets, supporting the livelihoods of millions of smallholder farmers. Horticulture also contributes to job creation in many developed and developing countries, especially in value-added sectors like food processing, packaging, and distribution. Which include fruits, vegetables, ornamentals, and plantation crops—are essential to global agriculture because they significantly improve economic growth, environmental sustainability, and food and nutritional security. Because they include vital vitamins, minerals, and phytochemicals that support health and wellbeing, these crops are a necessary part of everyday human meals.  By bringing in money from both domestic and foreign markets, horticulture makes a substantial economic contribution and sustains the livelihoods of millions of smallholder farmers. In many established and developing nations, horticulture also creates jobs, particularly in value-added industries like food distribution, processing, and packaging. Horticultural crops confront many obstacles in terms of quality, yield, and adaptation, despite their significance. Post-harvest losses, the rise of new pests and diseases, climate change, and the growing need for sustainable farming methods all make these issues worse. Despite their value, traditional breeding and culture techniques have proven inadequate in tackling these intricate and dynamic problems.  This has made it necessary to use increasingly sophisticated and accurate breeding methods in order to guarantee the productivity, quality, and resilience of horticultural species. Genetic plant breeding is an important part of horticulture crop enhancement. Plant genetic resources are altered to produce variants with better traits, such as higher yield, resilience to disease and stress, enhanced nutritional value, and extended shelf life. Even while conventional breeding methods like hybridization, selection, and mutation have historically assisted in improving crops, recent advances in biotechnology and molecular genetics have fundamentally altered the breeding environment. Thanks to techniques like genome-wide association studies (GWAS), CRISPR-based gene editing, marker-assisted selection (MAS), and omics-driven trait mapping, breeding programs can now attain unprecedented levels of efficiency and precision. Combining these advanced genetic tools with traditional breeding methods could transform horticultural production systems. Modern breeding ensures the sustainability of the food system, conserves biodiversity, and enables the rapid creation of cultivars that meet specific agroclimatic conditions and market demands. Furthermore, the use of transcriptomics and genomics has enabled new methods for understanding complex traits and genetic architecture in major and minor horticultural crops.	Comment by NOVIN: Horticulture generates employment opportunities  	Comment by NOVIN: Rewrite these properly 	Comment by NOVIN: Write concisely 	Comment by NOVIN: Similar to above ,mentioned sentences 
2.  Historical Perspectives of Plant Breeding in Horticulture
Horticultural plant breeding has changed from traditional domestication methods to methods motivated by science.  Plants with desirable qualities including taste, yield, and stress resistance were chosen by early civilizations, such as those in Egypt, China, and India (Singh et al., 2011).  A significant turning point that established the groundwork for contemporary breeding techniques was the 19th-century discovery of Mendelian genetics (Kingsbury, 2009).  Early in the 20th century, hybridization became popular because it allowed breeders to blend advantageous features (Allard, 1999).  Horticultural crops were further varied by methods like polyploidy and mutation breeding, particularly in fruits like bananas and citrus (Brar & Jain, 1998). In perennial plants, grafting and vegetative replication were also essential for maintaining elite features (Hartmann et al., 2011). Current breeding practices have been greatly impacted by these historical developments, which have also opened the door for biotechnological advancements.
2.1.  Traditional Breeding Techniques
Since the beginning of agriculture, when early farmers started choosing plants with desired qualities like greater taste, bigger fruits, or longer shelf life, horticultural plant breeding has existed.  The domestication of numerous horticultural species was made possible by these choices, which were made in response to phenotypic observations (Meyer et al., 2012).  Mass selection, clonal propagation, and open pollination were among the early techniques used, especially for fruit crops and perennial species where vegetative propagation preserved superior genotypes (Janick, 2005). Systematic plant breeding was made possible by Mendelian genetics as scientific knowledge of heredity developed in the 19th and 20th centuries.  The crossing of two genetically different parents, known as hybridization, became a key method for generating variety in horticulture.  Breeders were able to take advantage of heterosis, or hybrid vigor, in crops including onions, tomatoes, and cabbage thanks to this method (George, 2012).  Significant gains in uniformity, yield, and resilience to environmental stressors and illnesses were made possible by the creation of inbred lines and F1 hybrids. The main technique for vegetatively propagated crops, such as grape, citrus, and bananas, was clonal selection, in which superior individuals or spontaneous mutations were chosen and propagated asexually (Engelmann, 2011).  Though their use in horticulture was comparatively restricted because of the challenges associated with screening large populations, other methods such as mutation breeding—which is triggered by radiation or chemicals—gained popularity in the middle of the 20th century for producing unique features (Ahloowalia et al., 2004).
2.2.  Achievements in Traditional Breeding	Comment by NOVIN: Elaborate these more 
Horticulture has benefited greatly from traditional breeding, which has produced many commercial cultivars with improved agronomic and consumer-preferred features.  Among the noteworthy accomplishments are Early-maturing and high-yielding cultivars of crops such as brinjal (Solanum melongena), chile (Capsicum spp.), and tomato (Solanum lycopersicum). To aid in the development of hybrid seeds, self-incompatible methods have been developed for cauliflower and cabbage (Thakur & Kalia, 2013). Enhancement of qualitative attributes including vitamin C in citrus fruits, sugar in grapes, and carotenoid concentration in carrots. Using traditional crossing with resistant sources, resistance breeding is used to protect crops like tomatoes from Fusarium wilt and bananas from Panama disease (Frison & Sharrock, 1999). Particularly in areas like Europe, the USA, India, and China, these accomplishments made horticultural industries far more commercially successful and globally competitive.
2.3.  Limitations of Traditional Breeding	Comment by NOVIN: Write in a single paraphrase along with the references 
Traditional horticultural breeding had a number of drawbacks despite its achievements:
 Long Breeding Cycles: Conventional breeding takes a very long time since many fruit products, including citrus, apples, and mangos, have long juvenile periods (up to 5–10 years) (Evans, 2013).
 Heterozygosity and Polyploidy: A lot of horticultural products, like strawberries and bananas, are extremely polyploid or heterozygous, which makes genetic research and trait fixation more difficult (Hummer & Hancock, 2015).
 Narrow Genetic Base: Many crops experienced genetic bottlenecks as a result of extensive selection and vegetative propagation, which decreased their resistance to changing pests and environmental conditions.
 Limited Screening Tools: Without molecular markers, it was challenging to monitor polygenic features like drought tolerance or flavor profiles because traditional breeding focused on observable traits.
Low Throughput: Breeding programs often lacked tools to process large populations efficiently, slowing the pace of genetic improvement.
These challenges laid the groundwork for the integration of molecular biology, genomics, and biotechnology into breeding programs in the late 20th and early 21st centuries, revolutionizing trait discovery and crop development.
3. Traditional Breeding Methods	Comment by NOVIN: Elaborate these paragraph with more citations 
 For decades, the foundation of horticulture crop improvement has been traditional plant breeding.  It is based on using techniques like hybridization, selection, mutation breeding, polyploidy, and grafting to capture genetic variety that is either naturally occurring or artificially created.  Even while sophisticated molecular techniques have become more popular in recent years, traditional methods are still essential, especially for crops with lengthy breeding cycles and in environments with limited resources.
3.1.  Hybridization and Selection
The process of hybridization, which involves combining advantageous qualities from genetically different parents, has proved crucial in the creation of new cultivars.  According to Kumar et al. (2021) and Brown (2012), this approach has produced hybrids with enhanced fruit quality, disease resistance, and productivity in horticulture crops such as tomato (Solanum lycopersicum), apple (Malus domestica), and mango (Mangifera indica).	Comment by NOVIN: Scientific name should be in Italic 
Mass selection and pedigree selection are two of the subsequent selection procedures that assist in separating superior genotypes from segregating populations (Chadha, 2001). Mass selection is effective in open-pollinated crops for traits like yield and earliness, while pedigree selection is effective in self-pollinated or inbred crops, particularly when quantitative aspects are at risk (Allard, 1999; Acquaah, 2012).   However, the effectiveness of these tactics is sometimes limited by the time required to consolidate contextual variables and desired traits.
3.2.  Breeding Mutants
 The genetic diversity pool for breeding programs has been increased through induced mutations utilizing chemical and physical mutagens, such as EMS and gamma and X-rays.  In vegetables like tomato, okra, and mungbean, mutation breeding has significantly enhanced characteristics like disease resistance, compact growth habit, and shelf life (Datta, 2005; Singh and Sharma, 2015).  It has allowed for the production of new flower colors and shapes in ornamentals such as roses (Rosa spp.) and chrysanthemums (Chrysanthemum morifolium) (Micke, 1993; Van Harten, 1998). Because mutagenesis is random and favorable mutations are rare, mutation breeding frequently necessitates screening huge populations, despite its benefits as a non-GMO technique (Shu et al., 2012).
3.3.  Chromosome manipulation and polyploidy
 In horticulture, polyploidy—having more than two sets of chromosomes—is frequently used to enhance characteristics including fruit size, flavor, and stress tolerance.  Commercially viable seedless and larger-fruited varieties have been produced using induced polyploids in crops such as citrus (Citrus spp.), bananas (Musa spp.), and watermelon (Citrullus lanatus) (Ramsey and Schemske, 1998; Dhooghe et al., 2011). In decorative and medicinal plants, polyploidy can also improve environmental tolerance and the synthesis of secondary metabolites (Hegarty and Hiscock, 2008).  Breeding programs must carefully regulate it, though, as it may lead to irregular meiosis and decreased fertility (Soltis and Soltis, 2000).
3.4.  Perennial Crop Grafting
 In perennial fruit crops, grafting is frequently employed to combine the characteristics of various genotypes—usually, a high-quality scion with a disease-resistant, stress-tolerant rootstock.  Controlling tree size, increasing output, and improving resistance to biotic and abiotic challenges are particularly crucial for apple, citrus, grape, and stone fruit crops (Hartmann et al., 2011; Warschefsky et al., 2016). Grafting has become a more accurate and effective method for improving perennial crops thanks to contemporary techniques like micrografting and in vitro grafting, which have increased compatibility and success rates (Goldschmidt, 2014).
3.5.  Drawbacks of Traditional Methods
 Conventional approaches are fundamental, but they can have drawbacks including lengthy generation durations, complex polygenic traits, and environmental variability that affects phenotypic selection (Geleta et al., 2004; Tester and Langridge, 2010).  Furthermore, the introduction of novel features is impeded by the limited genetic bases of many horticultural crops.
4.  Modern Genetic Breeding Instruments and Methods
 Modern genetic breeding technologies have been developed and adopted in response to the drawbacks of conventional breeding in horticultural crops, including complex trait inheritance, heterozygosity, and long generation durations. These methods combine computational genetics, molecular biology, and biotechnology to speed up breeding initiatives and improve selection accuracy.  Quantitative trait loci (QTL) mapping, genome editing (e.g., CRISPR-Cas systems), genomic selection (GS), marker-assisted selection (MAS), and omics-based technologies including transcriptomics, proteomics, and metabolomics are important techniques.
4.1.  Marker-Assisted Selection (MAS)
MAS enables early and accurate selection by utilizing molecular markers associated with desired features. MAS has been effectively used in horticultural crops to increase abiotic stress tolerance, fruit quality, and disease resistance. For instance, breeding has frequently employed markers associated with the Fw1 gene for Fusarium resistance in strawberries and the Ve1 gene for tomato resistance to verticillium wilt (Foolad and Panthee, 2012; Whitaker et al., 2011). By enabling selection at the seedling stage, MAS lowers breeding cycles and field expenses.
4.2.  Quantitative Trait Loci (QTL) Mapping
QTL mapping is the process of examining segregating populations to find genetic areas linked to complex traits.  For features including sugar content, hardness, blooming time, and cold tolerance, QTLs have been discovered in crops like citrus, grape, and apple (Kenis et al., 2008; Cabezas et al., 2006).  The finding of candidate genes underlying significant horticultural features is accelerated by QTL mapping, which forms the foundation of MAS.
4.3.  Genomic Selection (GS)
GS uses phenotypes from a training population and genome-wide marker data to predict breeding values.  In perennial horticulture crops, when phenotyping is costly and generation times are lengthy, this approach is very beneficial.  GS has shown excellent prediction accuracy for fruit texture and acidity in crops like apples (Muranty et al., 2015).  Even in early breeding generations, GS allows for earlier and more effective selection.
4.4.  Genome Editing (e.g., CRISPR/Cas9)
The ease of use, accuracy, and effectiveness of CRISPR/Cas9 have made it a revolutionary tool in plant breeding.  It permits specific alterations like allele replacements or gene knockouts.  CRISPR has been applied to tomatoes to change plant architecture, decrease fruit breaking, and increase shelf life (SlALC gene) (Li et al., 2018).  By focusing on susceptibility genes, genome editing has given bananas resistance to bacterial wilt (Tripathi et al., 2019).  Since backcrossing is challenging in vegetatively propagated crops, genome editing is particularly helpful in avoiding linkage drag.	Comment by NOVIN: Mention some of the horticultural crops developed through Cas9 with references 
4.5.  Omics Technologies
Genomics, transcriptomics, proteomics, and metabolomics provide comprehensive insights into gene function, expression levels, and metabolic pathways.  For example, genes linked to fruit ripening and scent generation have been identified using transcriptome analysis in strawberries (Aharoni et al., 2004).  Citrus proteomics has aided in the identification of proteins implicated in responses to abiotic stress (Zou et al., 2012).  Systems biology-level trait dissection is made possible by the integration of omics data with breeding strategies. Together, these contemporary resources improve selection effectiveness, shorten breeding times, and make it easier to create cultivars that are responsive to shifting market needs and environmental conditions.  Further boosting genetic gain in horticulture crop development is the combination of several technologies, like MAS with CRISPR or GS with omics.
5.  Breeding Horticultural Crops for Particular Features
 The ability to breed for certain qualities that correspond with agronomic performance, market demands, and environmental resistance is crucial to the success of horticulture crop improvement.  Breeding programs look for qualities such resistance to disease and pests, tolerance to biotic and abiotic stress, increased yield, quality attributes, longer shelf life, and better nutritional value.  It has become more and more necessary to use precise trait identification and selection aided by genomics and biotechnology in order to accomplish these aims through traditional and molecular breeding.
5.1.  Resistance to Disease and Pests
 In horticulture, disease and insect pressures drastically lower production.  Molecular marker-assisted selection (MAS) and genomic selection have supplemented traditional breeding for resistance, which is focused on phenotypic selection.  For instance, molecular markers have accelerated the pyramiding of numerous resistance genes, and apple breeding programs have used the Vf gene to include resistance to apple scab (Venturia inaequalis) (Bus et al., 2000).  Genes like I, Ve, and Mi have been effectively used to confer resistance to Fusarium wilt, Verticillium wilt, and root-knot nematodes in tomatoes (Scott et al., 2013). CRISPR-Cas9 and other new biotechnological techniques have made it possible to specifically knock out susceptibility genes.  Cucumber's resistance to powdery mildew was increased when CRISPR was utilized to eliminate CsWRKY20 (Chandrasekaran et al., 2016).
5.2.  Stress Tolerance (Abiotic and Biotic)
Particularly in light of climate change, abiotic stressors like drought, salt, severe temperatures, and nutritional deficiencies present a significant problem.  Finding quantitative trait loci (QTLs) and genes linked to adaptive qualities is a necessary step in breeding for tolerance. Wild relatives like Solanum pennellii, which give alleles for osmotic adjustment and effective water consumption, have been used to generate tomato lines that are resistant to salt and drought (Foolad, 2004).  Citrus rootstock breeding has further increased drought and salinity tolerance, allowing for production in marginal areas (Castle, 2010). In addition to diseases, biotic stress has led to the breeding of pest resistance in crops through the use of transgenic techniques or resistant wild species.  For instance, Bt eggplant that expresses the Cry1Ac protein has been authorized for cultivation in Bangladesh and has notable resistance to the shoot and fruit borer (Leucinodes orbonalis). (Shelton et al., 2018).
5.3.  Nutritional Enhancement, Yield, Quality, and Shelf-Life
 In horticulture, improved flower-to-fruit ratio, decreased fruit drop, and an elevated harvest index are frequently associated with yield enhancement.  In crops like bananas, tomatoes, and strawberries, yield trait selection has accelerated thanks to genomic selection and high-throughput phenotyping (Ferrão et al., 2020). Marketability depends on quality attributes including flavor, texture, color, and scent.  To choose for desired scents in melon and grape, metabolomics and volatile component profiling are employed (Tieman et al., 2006).  Both conventional and molecular methods have been used to increase shelf life. For example, the tomato's rin and nor genes slow down the softening of the fruit, but frequently at the expense of flavor. Increased levels of vitamin C, β-carotene, anthocyanins, and folate are examples of nutritional characteristics that have gained popularity. Through breeding and metabolic engineering, biofortification initiatives have produced iron-rich lettuce, purple carrots rich in anthocyanins, and tomatoes high in lycopene (Giovannucci, 2002; Zhang et al., 2014).
6. Biotechnology's Function in Breeding
 In contemporary horticulture breeding, biotechnology has emerged as a crucial instrument, allowing for quick and focused advancements that are not possible with just conventional techniques. The effectiveness of crop improvement has been improved by fundamental biotechnological methods such tissue culture, somaclonal variation, doubled haploids, and embryo rescue, particularly in clonally propagated and cross-incompatible species.  These techniques aid in the generation of hybrids, unique variety, quick multiplication, and the removal of sexual barriers in breeding programs.
6.1.  Micropropagation and Tissue Culture
 Tissue culture is the process of growing plant cells, tissues, or organs in vitro while maintaining sterility.  It makes it possible to reproduce genetically homogeneous plants through cloning, which is especially useful for horticulture crops where true-to-type propagation is crucial. The generation of superior planting material for crops such as potatoes, bananas, orchids, and strawberries has been transformed by micropropagation (George et al., 2008). Large-scale tissue culture development of disease-free planting material has been essential for replacing virus-infected suckers and guaranteeing consistent field establishment in bananas (Musa spp.) (Vuylsteke, 1989). Similarly, in order to guarantee genetic integrity and the quick growth of desired hybrids, orchids are commercially produced via tissue culture.
6.2.  Variation in Somaclonal
 The term "somalonal variation" describes the genetic variety seen in plants that have been regenerated from tissue cultures.  It was once thought to be an unforeseen outcome, but it has since evolved into a useful source of novel variety for crop development. Somaclonal variations in sugarcane and decorative plants like as gerbera and chrysanthemum have been used to create new cultivars with improved growth habits, disease resistance, or color (Larkin and Scowcroft, 1981).  Citrus plants with somaclonal diversity have better fruit attributes and are more resistant to the tristeza virus (Peña et al., 2004).  With the use of these variations, beneficial mutants can be chosen without the requirement for induced mutagenesis.
6.3.  Haploids with doubled
 The creation of doubled haploids (DHs) speeds up the breeding cycle significantly by allowing the creation of homozygous lines in a single generation.  In order to create homozygous diploids (2n), DH technology first induces haploid cells (n) in vitro or in vivo, and then chromosomes double. According to Ferrie and Caswell (2011), DHs are utilized in pepper, tomato, and melon to quickly create inbred lines that are necessary for F1 hybrid breeding.  DHs enable the fixing of desired features and the production of homogeneous seed-propagated variations in crops such as asparagus, where conventional inbreeding is laborious (Bräutigam and Lüdders, 1984).
6.4.  Rescue of Embryos
 A vital biotechnological method for getting beyond post-zygotic hurdles in interspecific hybridization or broad crosses, when embryo abortion is frequent, is embryo rescue.  Breeders are able to rescue hybrid plants that would not otherwise survive by cultivating immature embryos in vitro. In grape, citrus, and apple breeding, this method has proven especially helpful since wild cousins offer beneficial features like stress tolerance or disease resistance, but they are frequently sexually incompatible with cultivated types (Jain and Priyadarshan, 2009).  Downy mildew resistance in grapevines has been aided by the introgression of resistance genes from Vitis rotundifolia into Vitis vinifera using embryo rescue (Gray et al., 1992).
7. Examples of Successful Genetic Breeding Cases	Comment by NOVIN: References 
 Several globally significant fruits and vegetables demonstrate the practical efficacy of genetic breeding in horticulture crops.  Features like yield, disease resistance, shelf life, and nutritional quality have been greatly improved by advancements in tissue culture, transgenics, traditional breeding, and molecular marker technologies.  Selected case studies demonstrating significant breeding breakthroughs in tomato, banana, apple, grape, and brinjal are presented in this section.
7.1.  Tomato (Solanum lycopersicum)	Comment by NOVIN: Italic 
The tomato serves as a model crop for breeding and genetic studies.  Varieties resistant to bacterial wilt, late blight, and tomato yellow leaf curl virus (TYLCV) have been developed more quickly thanks to marker-assisted selection (MAS).  For example, commercial hybrids with broad-spectrum resistance have been produced by introducing Ty-1 to Ty-3 resistance genes into elite lines (Hanson et al., 2000). Conventional breeding and genomics can enhance antioxidant content and shelf life, as demonstrated by high-lycopene tomato lines selected for nutritional benefit, such as 'Florida 8059' and 'Pusa Hybrid-4' (Klee and Giovannoni, 2011).  Furthermore, by altering genes like SP5G and SlCLV3, CRISPR/Cas9 genome editing has been used to improve fruit size, plant architecture, and yield (Zsögön et al., 2018).
7.2.  Banana (Musa spp.)
Sterility and polyploidy are obstacles to banana breeding, but somaclonal diversity, tissue culture, and interspecific hybridization have produced significant advances.  Disease resistance and yield performance have been successfully integrated with the release of the "FHIA" hybrids (e.g., FHIA-01, FHIA-17) created in Honduras (Rowe and Rosales,1996). Fusarium wilt-resistant improved clones, such as "CO-2" and "Udhayam," have been created in India by the ICAR-National Research Centre for Banana (Tripathi et al., 2019).  Molecular breeding of characteristics like drought tolerance and shelf life has become possible thanks to genomic techniques, such as the sequencing of the Musa acuminata genome.
7.3.  Apple (Malus domestica)
Marker-assisted breeding (MAB) and conventional hybridization have greatly advanced apple breeding.  Targeted breeding for texture, flavor, and storability has produced cultivars like "Honeycrisp" and "Jazz" (Kellerhals et al., 2004).  Orchard management was transformed by the "Geneva" rootstock series, which was bred for dwarfing and disease resistance. In order to expedite the breeding process, MAB has been used to provide resistance to apple scab (Venturia inaequalis) through genes like Vf (Bus et al., 2009).  Large-scale initiatives like the RosBREED program in the USA are currently using genomic selection to expedite the development of improved apple cultivars (Peace et al., 2014).
7.4.  Grape (Vitis vinifera)	Comment by NOVIN: Italic for all Scientific name 
Historically, the goals of grapevine breeding have been to increase resistance to fungal diseases and improve the quality of wine and table grapes.  Cultivars resistant to powdery and downy mildew have been produced using marker-assisted introgression of resistance from wild species like Vitis rotundifolia (Di Gaspero and Cipriani, 2003). Complex hybridization and mutation breeding were used to create seedless cultivars such as "Thompson Seedless" and "Crimson Seedless."  Targeted trait enhancement in color, flavor, and sugar content for various market demands is now possible thanks to developments in genome sequencing and QTL mapping (Jaillon et al., 2007).
7.5.  Brinjal (Eggplant; Solanum melongena)	Comment by NOVIN: Italic 
Bt brinjal, a transgenic variety of brinjal, is one of the few horticultural crops that is commercially grown.  It was initially marketed in Bangladesh and was created to withstand the fruit and shoot borer (Leucinodes orbonalis). It greatly decreased the need for pesticides while boosting productivity (Shelton et al., 2018). Traditional breeding techniques have produced resistant cultivars with great fruit quality and resistance to bacterial wilt, such as "Arka Anand" and "Pusa Ankur."  Additionally, research is being done to enhance safety and nutritional value by altering genes involved in glycoalkaloid production using CRISPR/Cas9 (Garg et al., 2022).
8.  Opportunities and Prospects for the Future
 As new technology meet established methods, the future of genetic plant breeding in horticulture is about to change.  It is anticipated that innovations like climate-smart breeding techniques, AI-integrated decision-making, and speed breeding will solve long-standing issues while creating new opportunities for sustainable and quick cultivar growth.
8.1.  Horticultural Crop Speed Breeding
 Speed breeding, which was initially created for annual field crops like wheat and barley, includes adjusting light, temperature, and photoperiod in order to significantly shorten generation durations (Watson et al., 2018).  Early attempts indicate that speed breeding can be extended to some vegetable crops, such as tomato, lettuce, and pepper, even though horticulture crops frequently have longer life cycles. Through optimal photoperiod and CO₂ enrichment, tomatoes have produced up to 4–6 generations annually in controlled-environment chambers (Ghosh et al., 2018).  The breeding cycle can be shortened by combining speed breeding with CRISPR editing or marker-assisted selection to quickly correct desirable alleles in elite lines. Recent methods attempt to induce precocity in perennials by employing quick cycling rootstocks in fruit trees and gene editing (e.g., changing FT genes to minimize juvenile phase), while full implementation is still difficult (Flachowsky et al., 2009).  Long-cycle breeding systems may undergo a revolution if speed breeding and genomic selection are combined.
8.2.  Data-Driven Breeding and Artificial Intelligence
 AI-powered breeding platforms have been made possible by the emergence of big data from environmental modeling, genomic sequencing, and high-throughput phenotyping.  Cross-selection choices and trait prioritizing are currently guided by machine learning (ML) and deep learning (DL) models that predict phenotypic traits from genotypic and environmental inputs (Crossa et al., 2017). According to Singh et al. (2016), artificial intelligence (AI) technologies are especially helpful for evaluating huge phenomics datasets, such as image-based disease rating and fruit color quantification, and for figuring out intricate characteristic relationships.  Applications for early-stage prediction and trait optimization in fruits and vegetables include Google's AutoML and IBM's PlantAdvisor.
8.3.  Climate-Informed Breeding Methods
 Heatwaves, droughts, salt, and pest outbreaks are among the major hazards to horticulture productivity posed by climate change. Climate-resilient cultivars that can flourish in unpredictable environments while preserving yield and quality must be the main focus of future breeding. Crops such as cucumber (CsNAC, CsCBF) and tomato (SlDREB1, SlAREB1) are undergoing marker-assisted introgression of drought and salinity tolerance QTLs (Zhou et al., 2016).  By using MAB and gene editing to incorporate the HsfA2 and Hsp genes, tomato heat tolerance has been addressed. The use of wild relatives as stress-resilience trait donors is another exciting approach.  Genomic libraries from species such as Citrullus colocynthis and Solanum pennellii are being mined for characteristics linked to disease resistance, thermotolerance, and water use efficiency (Fernie and Yan, 2019).
9.  Conclusion
In recent years, the science of genetic plant breeding has advanced significantly, providing creative answers to numerous problems in the production of horticultural crops.  The ways that horticulture crops are being enhanced through a combination of traditional breeding, molecular markers, biotechnological tools, omics integration, and advanced technologies like genome editing, artificial intelligence, and speed breeding have all been thoroughly examined in this review. In contemporary horticulture, genetic breeding has become essential for increasing resistance to pests, diseases, and environmental stressors as well as for boosting fruit quality, production, and nutritional value.  Precision breeding and trait discovery have accelerated due to a stronger knowledge of complex traits brought about by the integration of genomes, transcriptomics, proteomics, and metabolomics.  Particularly in vegetatively propagated and resistant species, biotechnology methods like as tissue culture, somaclonal variation, doubled haploids, and embryo rescue have further supported genetic improvement initiatives. However, because of long generation cycles, heterozygosity, low genetic diversity in elite lines, and ethical and legal concerns about genetically modified organisms and gene editing technologies, breeding horticultural crops is still a challenging task.  These issues need for a multifaceted strategy that incorporates socioeconomic factors, policy reform, and scientific innovation. The use of AI and data-driven platforms, along with the development of climate-smart breeding techniques, has the potential to transform the selection process, improve adaptation in the face of climate change, and drastically cut down on the time needed for cultivar development.  Case studies in important crops like grape, tomato, banana, and apple show that focused and well-supported breeding programs can provide significant outcomes. Prioritizing a number of crucial directions is necessary going forward.  These include investing in breeding infrastructure and training, conserving and using a variety of genetic resources, creating strong and open regulatory frameworks, and encouraging more cooperation between government agencies, private breeders, and farming communities.  Furthermore, attaining sustainability and inclusivity in horticulture development would depend on involving farmers in participatory breeding and guaranteeing fair access to improved cultivars.
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