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ABSTRACT 

	De novo domestication offers an effective and rapid method of utilizing beneficial traits from wild plants for agriculture, preserving their inherent stress resilience. Recently, de novo domestication has been successfully demonstrated in allotetraploid rice, which represents a breakthrough in staple crop development. The present review explores the potential of genome editing, such as CRISPR/Cas9 and TALEN, can accelerate the modification of key domestication traits in wild species, facilitating the development of climate-resilient crops and contributing to global food security.
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1. INTRODUCTION 

[bookmark: _GoBack]The domestication of crops stands as one of the most transformative innovations in human history, laying the foundation for agriculture and promoting the emergence of complex civilizations (Fuller and Stevens 2019; Krug et al., 2023). Traditionally, domesticated crops involved the long-term gradual selection of plants with desirable traits such as higher yield, improved quality, shattering resistance, and adaptation to local environmental conditions (Diamond, 2002; L. Sun et al., 2024). With the understanding of principles of inheritance and modern breeding techniques, the rate of development of new plant varieties with increased crop productivity has increased significantly, with an exponential increased in crop yield (Flint-Garcia 2013; Sun et al. 2024).  However, these methods are inherently slow, depending on naturally occurring mutations and prolonged breeding cycles that extend across generations. The arrival of precise genome editing systems, notably CRISPR/Cas, TALEN and ZFN, has dramatically changed this landscape, leading to the emergence of de novo domestication  (Gaj, Gersbach, and Barbas 2013; Gupta and Musunuru 2014; Zhang, Zhang, and Yin 2019). 
This approach enables the direct and rapid modification of wild plant species to introduce domestication traits while preserving their inherent resilience, including natural stress tolerance, disease resistance, and environmental adaptability. As a result, crops are rapidly domesticated while maintaining broad genetic diversity and climate resilience (Lemmon et al. 2018; Zsögön et al. 2018). Unlike conventional breeding methods, which are time-consuming and constrained by existing domesticated germplasm, de novo domestication bypasses lengthy hybridization and selection steps, instead leveraging the rich allelic diversity present in wild species to create new crops with tailored agronomic, nutritional, and environmental traits (Yu and Li 2022; Zhu and Zhu 2021).
[image: ]Figure 1: This image illustrates these two paths. In conventional domestication, wild plants undergo selection over hundreds to thousands of years to gradually accumulate domestication-related alleles and form landraces. These landraces are then further improved into modern cultivated varieties through selection breeding over 5-15 years.  De novo domestication accelerates this process by using CRISPR-Cas9 genome editing technology to rapidly introduce domestication and improvement traits into elite wild germplasm with special traits with desirable characteristics (such as reduced seed dormancy, controlled flowering time, resistance to seed shattering, high fertilizer uses efficiency, high grain quality, and larger grain size).  This approach enables the development of novel crops within 1-6 years, which can then be refined into cultivars over the following 5- 15 years, while preserving broader genetic diversity.
These targeted edits have improved yield and fruit quality and retained the wild genotypes, drought and salinity tolerance, pathogen resistance, and superior metabolic diversity. These advances showcased the potential of this technology in transforming orphan crops and underutilized species into agronomically valuable resources. Building on these advances, a critical milestone was achieved with the first application of de novo domestication in a major cereal crop (Amombo et al. 2025; Talabi et al. 2022).  A landmark study by (Yu et al. 2021) reported the successful genome editing and domestication of Oryza alta, an allotetraploid wild rice species, marking a historic breakthrough as the first polyploid cereal plant to undergo complete de novo domestication.
2. Genetic and phenotypic Traits under Selection During Crop Domestication
Pioneering research in the Solanaceae family crop has demonstrated the viability of this approach. For instance, CRISPR/Cas systems have been effectively used to modify wild tomato (Solanum pimpinellifolium) (Zsögön et al., 2018a) and groundcherry (Physalis pruinosa) (Lemmon et al., 2018) to improve fruit size, plant architecture, and nutrient composition. Key genes targeted include SELF-PRUNING (SP) (growth habit), FW2.2 (fruit size), CLAVATA3/WUSCHEL (locule number)  (Li et al. 2018). These targeted edits have improved yield and fruit quality and retained the wild genotypes, drought and salinity tolerance, pathogen resistance, and superior metabolic diversity. These developments showcased the potential of this technology in transforming orphan crops and underutilized species into agronomically valuable resources. Building on these developments, a critical milestone was achieved with the first application of de novo domestication in a major cereal crop (Amombo et al. 2025; Talabi et al. 2022).  
Oryza alta exhibits high biomass production and exceptional stress tolerance to biotic and abiotic stress, traits highly desirable for future agriculture in the face of climate change. However, its polyploid genome posed substantial challenges for transformation and precise genome editing. To address this,  (Yu et al. 2021) first sequenced and assembled the complete genome of O. alta (with tetraploid genome AACC structure), enabling the identification of orthologs of key domestication genes such as sd1 (semi-dwarfism), sh4 (seed shattering), qSH1 (seed dispersal), GS3 and GW2 (grain size), Gn1a (grain number), DEP1 (panicle architecture), and Ghd7/DTH7 (flowering time regulation) (Li et al. 2016a; Yu et al. 2021; Zhang et al. 2025).
CRISPR/Cas9 tools were then used to introduce desirable traits, including those of OaSD1-CC and OaSD1-DD, the homologs of the gene sd1 (Sasaki et al., 2002), which resulted in shortened culms, reduced seed shattering, increased grain size and number, and modified flowering time. Importantly, the genetic transformation and regeneration efficiencies achieved were 80% and 40%, respectively, which were remarkable for a polyploid wild species traditionally considered recalcitrant to genetic manipulation (Yu et al. 2021) Table 1. Furthermore, multiplex CRISPR systems were employed to simultaneously edit multiple gene traits in a single generation, dramatically accelerating the domestication process. In addition to traditional CRISPR/Cas9, advanced genome editing tools such as cytosine and adenine base editors were allowed to introduce precise point mutations, minimizing off-target effects (Abdelrahman et al. 2021).
These technologies preserved genomic integrity and allowed for refined control over gene expression. Additional, CRISPR-associated transposons and primer editing systems were leveraged to manipulate non-coding regulatory regions, such as promoters and enhancers, enabling nuanced fin-tuning of traits like plant height, tillering capacity, and nutrient content profile (Dong 2024). Importantly, many of the edited traits were inherited and remained across multiple generations, affirming the viability of O alta as a viable staple crop. Nevertheless, further work is needed to assess long-term trait interaction, genomic stability, epistasis, and agronomic performance under real-world conditions (Przybyla and Gilbert 2022). 

[bookmark: _Hlk218082966]Table 1: Major traits selected during crop domestication
	S. No
	Traits
	Crops selected during domestication (representative)
	Crops where trait is still active, explored/improved
	Primary impact on crop productivity
	References

	1
	Loss of seed shattering (non-shattering)
	Rice, wheat, barley, sorghum, maize, pearl millet, soybean, common bean, lentil
	Soybean, pigeon pea, lentil, rapeseed, cowpea- reduce pre-harvest loss under mechanization
	Increases harvestable yield (reduces pre-harvest loss); enables harvest efficiency
	(Doebley et al., 2006; Fuller & Allaby, 2018; Ross-Ibarra et al., 2007; Maity et al., 2021)

	2
	Increase in seed/fruit size (gigantism)
	Rice, maize, wheat, barley, soybean, chickpea, tomato, potato, cassava
	Rice, wheat, soybean, tomato, optimize size vs. quality trade-offs
	Directly increases per-plant edible biomass and caloric return
	(Y. Dong & Wang, 2015; Frary et al., 2000; Huang et al., 2010; Meyer & Purugganan, 2013a)

	3
	Reduction/loss of seed
	Rice, wheat, barley, maize, sorghum, chickpea, lentil, soybean
	Wheat, barley (reintroduction of dormancy to prevent PHS); legumes- regional adaptation
	Improves uniform emergence- stable plant stands- poorly tuned- preharvest sprouting losses
	(Fuller and Allaby 2018; Nakamura 2018; Purugganan and Fuller 2009; Zhang et al. 2020)

	4
	Reduced branching/ increases apical dominance
	Maize (domestication from teosinte), rice, sorghum, barley, soybean, tomato
	Rice, wheat, soybean-optimize tiller/branch number for yield stability
	Concentrates assimilate to main axes - higher harvest index: eases planting density management
	(J. Doebley et al., 1997; Jiao et al., 2010; A. J. Studer et al., 2017b)

	5
	Determinacy (loss of indeterminate growth)
	Soybean, common bean, chickpea, pea, tomato
	Soybean, tomato, common bean- development of determinate varieties for mechanization
	Synchronizes reproductive phase, single harvest; improves harvest efficiency
	(Kwak et al. 2012; Meyer and Purugganan 2013b; Pnueli et al. 1998; Tian et al. 2010a)

	6
	Increases harvest index/ allocation to the harvested organ
	Rice, wheat, maize, soybean, cassava, potato
	Rice, wheat, cassava, potato- further partitioning under high inputs
	High HI increases harvestable yield per unit biomass; core to Green Revolution gains
	(Guo et al. 2010; Jobson et al. 2019; Li et al. 2016b)

	7
	Changes in seed/fruit colour and Testa traits
	Rice(white/red), maize (kernel colours), soybean, tomato, grape
	Maize, rice, soybean—biofortification (pigments, antioxidants)
	Affects market value, nutritional quality (antioxidants), and consumer preference
	(Piazza et al., 2002a; Sweeney et al., 2006a; Todd & Vodkin, 1993)

	8
	Root/tuber architecture changes (enlarged storage organs)
	Potato, cassava, sweet potato, yam, carrot, best
	Cassava, potato, sweet potato-increase dry matter, nutrient content
	Substantially increases edible biomass per plant; critical for food security in many regions
	(Arias et al., 2022; Ravi et al., 2014; Y. Wang et al., 2024)

	9
	Herbivore and pest resistance
	Maize, rice, sorghum, soybean, pigeon pea, cowpea, tomato, potato
	Maize(armyworm), rice(stemborers), soybean (aphids), pigeon pea (pod borer)-ongoing
	Reduces yield loss and stabilizes productivity; decreases pesticide needs
	(Hu, Xiao, and He 2016; Lopez et al. 2007; Naranjo 2011; Wiarda, Fehr, and O’Neal 2012)

	10
	Disease resistance (pathogen resistance)
	Rice, wheat, barley, maize, soybean, potato, grape, banana
	All major crops-ongoing stacking/pyramiding for durable resistance
	Prevents catastrophic yield loss; major determinant of long-term productivity
	(Gao & Bhattacharyya, 2008; Seeholzer et al., 2010; Sucher et al., 2017)

	11
	Water-use efficiency/drought tolerance
	Sorghum, pearl millet, barley, chickpea, cowpea
	Rice, wheat, maize, chickpea, sorghum, pearl millet — breeding for drought resilience
	Maintains yield under water deficit; increases yield stability in drylands
	(Serraj et al., 2004)

	12
	Salt tolerance
	Barley, rice landraces, quinoa, date palm
	Rice (Saltol lines), wheat, barley, quinoa - salinity breeding
	Allows cultivation on saline soils; preserves yield in salt-affected fields
	(Munns, James, and Läuchli 2006; Munns and Tester 2008; Thomson et al. 2010)

	13
	Cold tolerance / low-temperature germination
	Barley, wheat, temperate rice varieties, maize landraces (high altitude)
	Wheat, barley, rice (japonica × indica introgressions), maize (temperate hybrids)
	Enables cultivation in temperate zones; reduces frost/germination losses
	(Kobayashi 2005; Liu et al. 2015; Stockinger et al. 2007; Zhang et al. 2014)

	14
	Seed oil composition and quality
	Soybean, rapeseed, sunflower, groundnut, flax
	Soybean, rapeseed, sunflower- high-oleic/low-erucic lines for nutrition
	Improves oil nutritional value and oxidative stability; adds market value
	(Pham et al. 2010; Rauf et al. 2017; Shi et al. 2017; Yuan et al. 2019)



Here, the conventional breeding techniques, including marker-assisted selection (MAS), genomic selection (GS), and speed breeding, will be essential for translating edited genotypes into elite, high-yielding, and disease-resistant cultivars (Watson et al., 2018). Complementary technologies such as high-throughput phenotyping, genome-wide association studies (GWAS), and pan-genomics can facilitate the identification of novel editing targets and accelerate phenotypic evolution (Sinha et al. 2023).   Beyond tomato and rice, de novo domestication has been piloted in wild soybean (Glycine soja), teosinte (Zea mays ssp. parviglumis), and foxtail millet (Setaria viridis) (Curtin et al. 2022; Hu, Mauro-Herrera, and Doust 2018; Liu, Fernie, and Yan 2020). Targeted genes in these studies included PDH1 (pod dehiscence), FT and SOC1 (flowering regulation), and DOG1 (seed dormancy). These successes highlight the potential to domesticate hundreds of wild and underutilized species into climate-adapted, nutritionally enhanced, and regionally optimized crops (Ricroch et al., n.d.; A. J).

3. Domestication-Related Traits and Their Underlying Genes

This breakthrough marked a paradigm shift in crop improvement. Rather than integrating favourable alleles into already domesticated lines, de novo domestication enables the creation of entirely new crops using wild genotypes as a starting point (Fernie and Yan 2019; Yang, Yu, and Xu 2019). Its approach holds enormous promise for generating next-generation crops tailored to emerging challenges in agriculture, such as food security, climate change, and land degradation. Potential applications include the development of energy crops with high biomass for biofuel, carbon-sequestering plants with deep root systems for environmental sustainability, and compact cultivars designed for vertical farming and urban agriculture  (Lu et al., 2020; Maher et al., 2020).
In wild tomato species, ongoing research continues to advance, focusing on editing multiple genes controlling fruit development, abiotic stress tolerance, and metabolic enhancement using cutting-edge tools like prime editing, epigenome editing, and CRISPR-associated transposases (Tiwari et al., 2023). These innovations allow for precise manipulation of gene function, epigenetic regulation, and cis-regulatory elements, expanding the toolbox for fine-tuning complex traits Table 2. As a global population grows and environmental stresses intensify, de novo domestication represents a timely, precise, and powerful strategy to diversify our crop base and create resilient food systems. The convergence of cutting-edge genome editing, advanced phenotyping, and deep genomic knowledge is ushering in a new era of plant domestication, one that is precise, fast, targeted, and capable of meeting the 21st-century world's agriculture demands. The ultimate goal is to develop climate-resilient crops capable of thriving under changing environmental conditions. This strategy aims to enhance global food security by ensuring stable and sustainable agricultural productivity.

Table 2: Crop domesticatgoald their respective genes/QTLs: Function and mutation types
	S. No
	Crops still actively explored
	Genes/QTLs (representative)
	Gene function/ mutation type
	Impact on productivity
	Reference

	1
	Soybean, pigeon pea, rapeseed, sesame
	sh4, qSH1, OsSh1 (rice); Btr1/2 (barley); Sh1 (sorghum); ZmSh1 (maize); PDH1, SHAT1-5, NST1A/B (soybean); IND, FUL, SHP1/2 (Brassica)
	TFs and cell wall regulators; mutation types: SNPs, promoter changes, LOF/truncations
	Prevents pre-harvest loss, ↑ harvest efficiency
	(Avino et al. 2012a; Lin et al. 2012; Senthil and Komatsuda 2005; Zhang et al. 2022; Zhang and Singh 2020a)

	2
	Rice, wheat, soybean, tomato
	GS3, GW2, GW5/qSW5, GL7 (rice); fw2.2, fw3.2 (tomato); ZmCNR1 (maize); TaGW2, TaCKX6 (wheat)
	Regulators of cell proliferation: LOF/truncation, promoter variants
	Increases edible biomass and caloric return
	(Guo and Simmons 2011; Illa-Berenguer et al. 2015; Li et al. 2019; Zhou et al. 2015)

	3
	Wheat, barley (partial dormancy), legumes
	Sdr4, OsVP1 (rice); TaMFT, Vp-1 (wheat); Qsd1, Qsd2 (barley); DOG1 (Arabidopsis)
	ABA/GA pathway regulators; SNPs, promoter variants, LOF
	Ensures uniform germination, reduces PHS
	(Chen et al. 2021; Cyrek et al. 2016; Sato et al. 2016; Vetch et al. 2022)

	4
	Soybean, sesame, rapeseed
	PDH1, SHAT1-5, NST1A/B (soybean); IND, FUL, SHP1/2 (Brassica); SiSh1 (sesame)
	NAC, MADS, bHLH TFs; promoter mutations, LOF
	Prevents pod shatter, ↑ yield
	(Avino et al. 2012b; Ross-Ibarra, Morrell, and Gaut 2007; Zhang and Singh 2020b)

	5
	Rice, wheat, soybean
	tb1 (maize); PROG1, IPA1 (rice); INT-C (barley); Dt1 (soybean)
	TCP/SPL/TFL1 TFs; promoter insertions, miRNA-site mutations
	Higher harvest index, density adaptation
	(Liller et al., 2015; B. Liu et al., 2010)

	6
	Soybean, tomato, bean
	SP (tomato); Dt1, Dt2 (soybean); PvTFL1y (bean)
	FT/TFL1 family regulators; LOF or allelic variation
	Synchronizes harvest and mechanization
	(Carmel-Goren et al. 2003; Repinski, Kwak, and Gepts 2012; Tian et al. 2010b)

	7
	Rice, wheat, cassava
	Gn1a/OsCKX2, IPA1/OsSPL14, DEP1 (rice); Rht-B1/D1 (wheat); ZmCNR1 (maize)
	CK oxidase LOF (Gn1a); SPL TF alleles (IPA1); DELLA semi-dominant alleles (Rht)
	Increases grain/biomass ratio; Green Revolution trait
	(Guo et al. 2014; Li et al. 2016c; Pearce et al. 2011)

	8
	Tomato, banana, apple
	RIN, NOR, CNR, alc (tomato); ACS, ACO (ethylene biosynthesis); MaMADS (banana)
	MADS/NAC/SBP TFs and ethylene enzymes; partial LOF (alc), promoter variants, allelic diversity
	Extends shelf life, reduces post-harvest loss
	(Pattyn, Vaughan‐Hirsch, and Van de Poel 2021; Shan et al. 2020; Wang et al. 2020)

	9
	Potato, cassava, sweet potato
	StSP6A, StCDF1 (potato); MeAGPase, MeSWEET10a (cassava); IbMADS1 (sweet potato)
	FT-like tuber signals, CDF TFs, starch enzymes, transporters; CNV, allelic variants
	Greatly increases edible biomass; key for staples
	(Plantenga et al. 2019; Shi et al. 2024; Veley et al. 2023)

	10
	Tomato (high sugar), melon, grape
	LIN5 (invertase), SWEET transporters, Sh2, Bt2 (maize)
	Sugar transporters and invertases; null alleles (Sh2), promoter/expression variants
	Increases taste and market value
	(Du et al. 2025; Wang et al. 2023; Zanor et al. 2009)

	11
	Eggplant, citrus, cucurbits
	SmPrickle1/2, SmARF18 (eggplant); Tr/Bt (cucumber); CsLOB1 (citrus candidate)
	Developmental regulators (ARF, LOB, trichome genes); LOF or regulatory changes
	Improves handling, reduces labour injury
	(Hu et al. 2014ET)












4. Conclusion
De novo domestication enables precise improvement of wild plant species while preserving their inherent stress tolerance and genetic diversity. Successfully demonstrated in tomatoes and allotetraploid rice. The integration of advanced breeding and genomic techniques, this approach provides a powerful pathway to develop resilient, next-generation crops. 
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