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Editorial on the Research Topic 


Evolution of crop genomes and epigenomes, volume II


Darwin’s theory (1859) explained natural phenotypic variation and selection but lacked a mechanism for inheritance (Darwin, 1859), later addressed by Mendel’s rediscovery and the Modern Synthesis (Huxley, 1943). Advances in genetics expanded evolutionary theory to genomic and epigenomic levels, revealing polygenic/omnigenic architectures (Barghi et al., 2020; Boyle et al., 2017) and transgenerational epigenetic inheritance (Boskovic and Rando, 2018). Domestication, Darwin’s proof-of-concept for selection (Darwin, 1868), now aids genomic/epigenomic research in crops (Alam and Purugganan, 2024). Multi-omics studies (Meyer and Purugganan, 2013; Gutaker and Purugganan, 2023) elucidate crop adaptation, domestication, and agronomic gene discovery (Joly-Lopez et al., 2016). Advances in sequencing, machine learning, and bioinformatics (Cortés and López-Hernández, 2021) have accelerated crop genome research (Cortés et al., 2023), revealing how domestication reshaped genomes/epigenomes (Purugganan, 2022).

A deeper understanding of these evolutionary constrains and changes is crucial for developing superior and sustainable crop varieties with enhanced yield, nutritional value, and stress resilience. This Research Topic explores crop genome/epigenome evolution through multi-omics analyses, compiling discoveries across gene families, pathways, and diverse species. This Research Topic comprises five original research articles focusing on the above research areas, viewed 7,387 times by the time of this Editorial. These works enable readers to (i) quantify the scale of divergence and conservation of genomes and epigenomes during crop evolution, (ii) reconstruct the evolutionary history of target gene families and pathways, (iii) expand the paradigm of molecular evolution to acknowledge variable gene expression, gene regulatory and metabolomic profiles into what nowadays can be recognized as multi-omic evolution, (iv) identify patters and causal relationships between genome size, genome duplication/polyploidy, and the occurrence of key evolutionary innovations, and ultimately (v) interpret the metabolomic/phenotypic consequences of genome/epigenome evolution. All insights leverage large-scale multi-omics data with biotech/agricultural applications.




Multi-omic evolution – nothing makes sense in molecular evolution except in the light of the multi-omics spectrum

First, Li et al. adventured into the evolution of mitochondrial genomes, a long-standing question in molecular genetics, within the Saccharum complex. The researchers assembled and compared the graph-based mitochondrial genomes of four Saccharum species related to sugarcane (i.e., Tripidium arundinaceum, Erianthus rockii, Miscanthus sinensis, and Narenga porphyrocoma) using Illumina and PacBio HiFi data. Comparative genomics analyses revealed significant structural variations and phylogenetic relationships. For instance, the authors found that the mitogenomes exhibited complex, graph-based structures with multiple junctions. They identified a total of 51 unique genes in the mitogenomes, including 32 protein-coding genes (PCGs), 16 tRNA genes, and 3 rRNA genes. Authors also traced the sequences transferred from the chloroplast to the mitogenome, with M. sinensis showing the highest transfer length and proportion. Based on the phylogenetic analysis of 13 conserved mitochondrial PCGs, the authors concluded that N. porphyrocoma was the closest relative to Saccharum. They also unveiled the extensive genomic rearrangements among the mitogenomes, and highlighted the dynamic nature of mitochondrial genome evolution, including gene duplication and loss, with the ATP synthase and cytochrome c synthesis genes being the most conserved likely due to puryfing selection. The significance of this study lies in its contribution to comparative genomic studies and the enrichment of genomic resources relevant to sugarcane breeding. The identification of structural variations and phylogenetic insights directly address the need for more comparative studies and mechanistic understanding of organelle evolution. Ultimately, this study enriches the mitochondrial genomic resources for Saccharinae and provides new insights into the evolution of mitogenomes at the family and genus levels.

On a more gene-target spectrum, Yang et al. conducted a genome-wide study of the EIN3/EIL gene family in broomcorn millet (Panicum miliaceum L.). Phylogenetic analysis and expression profiling highlighted diverse spatiotemporal and stress-related expression patterns, not to mention variation in protein structure and cis-regulatory elements in the promoter region. Specifically, the authors identified 15 EIN3/EIL genes in P. miliaceum, which can be classified into four groups based on the conserved motif composition and gene structure features. They verified that genome-wide duplication events mainly contributed to the gene expansion, and all duplicated genes undergone purifying selection during their recent evolution. This enabled the expansion of biological functions within the gene family, impacting different growth and developmental stages in P. miliaceum as well as response to abiotic stresses, include cold, drought and salt stresses. The work provides an integrative analysis of a gene family with widespread phenotypic effects in a polyploid crop, offering valuable insights into the effects of polyploidization on gene family evolution and function.

Similarly, Liu et al. presented a systematic identification and evolutionary analysis of the glucosinolate (GSL) pathway genes in 14 representative plant genomes, with focus on the evolution and comparative transcriptome analysis in the oil crop Brassica napus L. The authors identified a total of 1280 genes in the GSL pathway from across 14 species. They further demonstrated that these genes are specifically distributed in Brassicaceae and are extensively expanded in B. napus. The analyses revealed that whole-genome duplication events contributed to the large gene expansion of the GSL pathway in B. napus. Meanwhile, this study built a comprehensive RNA-seq dataset of a high- (ZY821) and a low-GSL-content (ZS11) B. napus cultivar, which enabled studying differences in the expression profiles across tissues/organs at different stages. Based on this RNA-seq data, authors identified 65 differential expressed genes (DEGs) that may determine the differences in GSL content between ZY821 and ZS11. The study provides an inclusive dataset of GSL pathway genes, enhancing our understanding of pathway evolution and providing valuable resources for B. napus improvement through molecular breeding (Cortés and Du, 2023).

Meanwhile, Liu et al. explored the functional diversity of cytochrome P450 enzymes (CYP96Ts) involved in Amaryllidaceae alkaloid biosynthesis. The authors generated a full-length transcriptome of Lycoris aurea by PacBio single-molecule real-time (SMRT) sequencing to trace the function of L. aurea CYP96T1-like cytochrome P450 in alkaloid biosynthesis. They obtained a total of 52,338 unigenes in this species based on the transcriptome data, and identified five unigenes related to oxidative-coupling cytochrome P450 based on diverse L. aurea cDNA library analyses, co-expression analysis and RT-PCR assay. Four candidate genes (LauCYP96T1, LauCYP96T1-like-1, LauCYP96T1-like-2, and LauCYP96T1-like-3) were cloned, to later be used for functional characteristic analysis (i.e., subcellular localization analysis, expression and in vitro enzymatic reaction assay, and structural homology modeling analysis), revealing inverted regioselectivity for oxidative coupling of 4’-O-methylnorbelladine. The authors elucidated that these four CYP96T homologs catalyzed para-para´ and para-ortho´ oxidative coupling in Amaryllidaceae alkaloids biosynthesis. This research brings insights into the functional diversity and pleiotropy of CYP96T enzymes, highlighting the need for deeper mechanistic understanding of specialized pathways.

Finally, on a more downstream level, Lin et al. delved the intricate relationship between gene expression and metabolic profiles during sweet potato tuber development. By employing RNA sequencing and metabolomics, the authors investigated the gene expression and metabolic profiles during the tuber development (70, 100, and 130 days). They identified 16,303 DEGs and 1,566 differentially regulated metabolites (DRMs). DEGs and DRMs were significantly enriched in the pathways related to starch and sucrose metabolism, and flavonoid biosynthesis. The authors further pinpointed 14 candidate genes related to starch, carotenoids and anthocyanins contents in sweet potato tubers, i.e., chalcone isomerase (CHI) gene in flavonoid biosynthesis, and UDP-glucose pyrophosphorylase 2 (UGP2) and glycogen synthase (glgA) genes in starch biosynthesis. The landmark of this work consists in providing a detailed molecular-level understanding of the regulatory mechanisms governing tuber development by carrying out multi-omic data integration.





Expanding the frontiers of crop genome and epigenome research

The findings highlighted in this Research Topic lay the foundation for innovative research in the nascent field of multi-omic evolution. Among the several key areas that warrant further exploration, expanding the species scope is perhaps the most imperative. The studies presented here focus on a select group of crop species, yet future research should expand the species spectrum to encompass a broader representation of crops, particularly those with unique evolutionary histories (e.g., Cortés et al., 2018), orphan research (Hu et al., 2025), or paramount importance for the food security (e.g., López-Hernández et al., 2023), nutrition (Wu et al., 2020, 2024), sustainability (Benitez-Alfonso et al., 2023) and self-sufficiency (Scherer et al., 2020; Varshney et al., 2021b) targets. This will enlighten more generalizable patterns of crop genome and epigenome evolution.

Second, but not less important, a more prominent integration of epigenetic regulation is desirable. Epigenetic modifications play a crucial role in shaping gene expression (Chinnusamy and Zhu, 2009) and phenotypic plasticity (Kristensen et al., 2020; Fox et al., 2019), yet are often disregarded by studies focusing on the latter paradigms (Bossdorf et al., 2008). Oncoming research should aim integrating epigenomic data (e.g., DNA methylation, histone modifications) with genomic and transcriptomic data to build a more comprehensive understanding of the evolutionary constrains shaping crop genomes and epigenomes, and their phenotypic consequences.

On a third note, interpreting evolution across the multi-omics continuum requires more advanced modeling techniques. The development of sophisticated computational models capable of predicting the multi-dimensional downstream consequences of genomic and epigenomic variations on crop traits and metabolomes is crucial. These models should be capable to simultaneously integrate multiple data types and incorporate information on gene regulatory networks and their environmental interactions. The current machine learning boom (Varshney, 2021) promises assisting in these matters (Libbrecht and Noble, 2015; Schrider and Kern, 2018).





Perspectives

While substantial progress has been made in recognizing major trends and causes during crop genome evolution, as illustrated by this Research Topic, critical knowledge gaps remain. A more comprehensive understanding requires the integration of diverse data types – genomic, transcriptomic, epigenomic, and metabolomic – to build a holistic picture of evolutionary changes at intricate omic levels (Barrera-Redondo et al., 2020). Meanwhile, further comparative studies across closely related species are essential to disentangle common evolutionary trajectories (Wolf and Ellegren, 2017) from unique adaptations driven by specific environmental pressures or selective breeding (Feng et al., 2024). Despite recent efforts in these last two fronts, the mechanistic comprehension of coupled genomic and epigenomic changes, and their downstream consequences, are still in its infancy. Therefore, identifying the key genes and regulatory pathways involved, as well as their environmental context (Cortés et al., 2022; Lasky et al., 2023), is crucial for a complete understating of these evolutionary processes. Equally important, translating fundamental mechanistic knowledge into practical applications for crop improvement is critical, especially due to a limited adoption of innovation by farmers (Kholova et al., 2024). This will require strategies that harness multi-omic evolutionary novelty to speed breeding programs aiming at the design of crops with superior resilience to biotic and abiotic stresses (Varshney et al., 2021a; Cortés, 2024), without disregarding their market value and the farmers’ preferences (Peláez et al., 2022).

Visualizing these novel trends in the field of multi-omic evolution will in turn impact other transgressive technologies, such as gene editing. Target genes and regulatory elements identified as part of these studies can be manipulated by unprecedented genome editing tools such as CRISPR/Cas9 (Doudna and Charpentier, 2014). For instance, this approach is now allowing precise editions to test gene functionality in crop backgrounds, and eventually leverage them for fast-forward improvement (Dort et al., 2020), while recognizing intrinsic evolutionary trade-offs (Denison, 2016) and genomic constrains (Ellegren and Galtier, 2016).





Author contributions

HD: Writing – original draft, Writing – review & editing. ZL: Writing – review & editing. AC: Writing – review & editing, Writing – original draft.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. HD recognizes that this work was supported by the 2024 Key Core Agricultural Technologies R&D Program of Chongqing: Development and Application of Short-Cycle Rapeseed Germplasm Resources (FWLX20241200025), and the Natural Science Foundation of Chongqing (2023NSCQ-MSX3166). In turn, AJC acknowledges funding from Vetenskapsrådet (2016–00418 and 2022-04411), the British Council (527023146), and Kungliga Vetenskapsakademien (BS20170036).




Acknowledgments

The editors would like to thank the authors for their interest in this Research Topic on “Evolution of Crop Genomes and Epigenomes”, as well as all the reviewers and editors who have actively participated and improved the submitted manuscripts.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

 Alam, O., and Purugganan, M. D. (2024). Domestication and the evolution of crops: variable syndromes, complex genetic architectures, and ecological entanglements. Plant Cell 36, 1227–1241. doi: 10.1093/plcell/koae013

 Barghi, N., Hermisson, J., and SchlöTterer, C. (2020). Polygenic adaptation: A unifying framework to understand positive selection. Nat. Rev. Genet. 21, 769–781. doi: 10.1038/s41576-020-0250-z

 Barrera-Redondo, J., Pinero, D., and Eguiarte, L. E. (2020). Genomic, transcriptomic and epigenomic tools to study the domestication of plants and animals: A field guide for beginners. Front. Genet. 11. doi: 10.3389/fgene.2020.00742

 Benitez-Alfonso, Y., Soanes, B. K., Zimba, S., Sinanaj, B., German, L., Sharma, V., et al. (2023). Enhancing climate change resilience in agricultural crops. Curr. Biol. 33, R1246–R1261. doi: 10.1016/j.cub.2023.10.028

 Boskovic, A., and Rando, O. J. (2018). Transgenerational epigenetic inheritance. Annu. Rev. Genet. 52, 21–41. doi: 10.1146/annurev-genet-120417-031404

 Bossdorf, O., Richards, C. L., and Pigliucci, M. (2008). Epigenetics for ecologists. Ecol. Lett. 11, 106–115. doi: 10.1111/j.1461-0248.2007.01130.x

 Boyle, E. A., Li, Y. I., and Pritchard, J. K. (2017). An expanded view of complex traits: from polygenic to omnigenic. Cell 169, 1177–1186. doi: 10.1016/j.cell.2017.05.038

 Chinnusamy, V., and Zhu, J. K. (2009). Epigenetic regulation of stress responses in plants. Curr. Opin. Plant Biol. 12, 133–139. doi: 10.1016/j.pbi.2008.12.006

 Cortés, A. J., and López-Hernández, F. (2021). Harnessing crop wild diversity for climate change adaptation. Genes 12, 783. doi: 10.3390/genes12050783

 Cortés, A. J. (2024). Abiotic stress tolerance boosted by genetic diversity in plants. Int. J. Mol. Sci. 25, 5367. doi: 10.3390/ijms25105367

 Cortés, A. J., Castillejo, M.Á., and Yockteng, R. (2023). ‘Omics’ Approaches for crop improvement. Agronomy 13, 1401. doi: 10.3390/agronomy13051401

 Cortés, A. J., and Du, H. (2023). Molecular genetics enhances plant breeding. Int. J. Mol. Sci. 24, 9977. doi: 10.3390/ijms24129977

 Cortés, A. J., Hurtado, P., Blair, M. W., and Chacón-Sánchez, M. I. (2018). “Common bean genome diversity reveals the genomic consequences of speciation, adaptation and domestication,” in Genetic Diversity in Plants. Ed.  M. Caliskan (InTech, Rijeka, Croatia).

 Cortés, A. J., López-Hernández, F., and Blair, M. W. (2022). Genome–environment associations, an innovative tool for studying heritable evolutionary adaptation in orphan crops and wild relatives. Front. Genet. 13. doi: 10.3389/fgene.2022.910386

 Darwin, C. (1859). On the Origin of Species by Means of Natural Selection (London: John Murray).

 Darwin, C. (1868). The Variation of Animals and Plants under Domestication (London: John Murray, London).

 Denison, R. F. (2016). Darwinian Agriculture: How Understanding Evolution Can Improve Agriculture (Princeton, NJ: Princeton University Press).

 Dort, E. N., Tanguay, P., and Hamelin, R. C. (2020). Crispr/Cas9 gene editing: an unexplored frontier for forest pathology. Front. Plant Sci. 11. doi: 10.3389/fpls.2020.01126

 Doudna, J. A., and Charpentier, E. (2014). Genome editing. The new frontier of genome engineering with Crispr-Cas9. Science 346, 1258096. doi: 10.1126/science.1258096

 Ellegren, H., and Galtier, N. (2016). Determinants of genetic diversity. Nat. Rev. Genet. 17, 422–433. doi: 10.1038/nrg.2016.58

 Feng, J., Dan, X., Cui, Y., Gong, Y., Peng, M., Sang, Y., et al. (2024). Integrating evolutionary genomics of forest trees to inform future tree breeding amid rapid climate change. Plant Commun. 5, 101044. doi: 10.1016/j.xplc.2024.101044

 Fox, R. J., Donelson, J. M., Schunter, C., Ravasi, T., and Gaitan-Espitia, J. D. (2019). Beyond buying time: the role of plasticity in phenotypic adaptation to rapid environmental change. Philos. Trans. R Soc. Lond B Biol. Sci. 374, 20180174. doi: 10.1098/rstb.2018.0174

 Gutaker, R. M., and Purugganan, M. D. (2023). Adaptation and the geographic spread of crop species. Annu. Rev. Plant Biol. 75, 679–706. doi: 10.1146/annurev-arplant-060223-030954

 Hu, H., Zhao, J., Thomas, W. J. W., Batley, J., and Edwards, D. (2025). The role of pangenomics in orphan crop improvement. Nat. Commun. 16, 118. doi: 10.1038/s41467-024-55260-4

 Huxley, J. (1943). Evolution, the Modern Synthesis (London: Harper & brothers).

 Joly-Lopez, Z., Flowers, J. M., and Purugganan, M. D. (2016). Developing maps of fitness consequences for plant genomes. Curr. Opin. Plant Biol. 30, 101–107. doi: 10.1016/j.pbi.2016.02.008

 Kholova, J., Urban, M. O., Bavorova, M., Ceccarelli, S., Cosmas, L., Desczka, S., et al. (2024). Promoting new crop cultivars in low-income countries requires a transdisciplinary approach. Nat. Plants 10, 1610–1613. doi: 10.1038/s41477-024-01831-8

 Kristensen, T. N., Ketola, T., and Kronholm, I. (2020). Adaptation to environmental stress at different timescales. Ann. N Y Acad. Sci. 1476, 5–22. doi: 10.1111/nyas.13974

 Lasky, J. R., Josephs, E. B., and Morris, G. P. (2023). Genotype-environment associations to reveal the molecular basis of environmental adaptation. Plant Cell 35, 125–138. doi: 10.1093/plcell/koac267

 Libbrecht, M. W., and Noble, W. S. (2015). Machine learning applications in genetics and genomics. Nat. Rev. Genet. 16, 321–332. doi: 10.1038/nrg3920

 López-Hernández, F., Burbano-Erazo, E., León-Pacheco, R. I., Cordero-Cordero, C. C., Villanueva-Mejía, D. F., Tofiño-Rivera, A. P., et al. (2023). Multi-environment genome-wide association studies of yield traits in common bean (Phaseolus vulgaris L.) × Tepary bean (P. Acutifolius A. Gray) interspecific advanced lines in humid and dry Colombian caribbean subregions. Agronomy 13, 1396. doi: 10.3390/agronomy13051396

 Meyer, R. S., and Purugganan, M. D. (2013). Evolution of crop species: genetics of domestication and diversification. Nat. Rev. Genet. 14, 840–852. doi: 10.1038/nrg3605

 Peláez, D., Aguilar, P. A., Mercado, M., LóPez-HernáNdez, F., Guzmán, M., Burbano-Erazo, E., et al. (2022). Genotype selection, and seed uniformity and multiplication to ensure common bean (Phaseolus vulgaris L.) var. Liborino. Agronomy 12, 2285. doi: 10.3390/agronomy12102285

 Purugganan, M. D. (2022). What is domestication? Trends Ecol. Evol. 37, 663–671. doi: 10.1016/j.tree.2022.04.006

 Scherer, L., Svenning, J. C., Huang, J., Seymour, C. L., Sandel, B., Mueller, N., et al. (2020). Global priorities of environmental issues to combat food insecurity and biodiversity loss. Sci. Total Environ. 730, 139096. doi: 10.1016/j.scitotenv.2020.139096

 Schrider, D. R., and Kern, A. D. (2018). Supervised machine learning for population genetics: A new paradigm. Trends Genet. 34, 301–312. doi: 10.1016/j.tig.2017.12.005

 Varshney, R. K. (2021). The plant genome special issue: advances in genomic selection and application of machine learning in genomic prediction for crop improvement. Plant Genome 14, e20178. doi: 10.1002/tpg2.20178

 Varshney, R. K., Barmukh, R., Roorkiwal, M., Qi, Y., Kholova, J., Tuberosa, R., et al. (2021a). Breeding custom-designed crops for improved drought adaptation. Adv. Genet. (Hoboken). 2, e202100017. doi: 10.1002/ggn2.202100017

 Varshney, R. K., Bohra, A., Roorkiwal, M., Barmukh, R., Cowling, W. A., Chitikineni, A., et al. (2021b). Fast-forward breeding for a food-secure world. Trends Genet. 37, 1124–1136. doi: 10.1016/j.tig.2021.08.002

 Wolf, J. B., and Ellegren, H. (2017). Making sense of genomic islands of differentiation in light of speciation. Nat. Rev. Genet. 18, 87–100. doi: 10.1038/nrg.2016.133

 Wu, X., Islam, A. S. M. F., Limpot, N., Mackasmiel, L., Mierzwa, J., Cortés, A. J., et al. (2020). Genome-wide snp identification and association mapping for seed mineral concentration in mung bean (Vigna radiata L.). Front. Genet. 11. doi: 10.3389/fgene.2020.00656

 Wu, X., Michael, V. N., López-Hernández, F., Cortés, A. J., Morris, J. B., Wang, M., et al. (2024). Genetic diversity and genome-wide association in cowpeas (Vigna unguiculata L. Walp). Agronomy 14, 961. doi: 10.3390/agronomy14050961




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Du, Liang and Cortés. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Plant Science





OEBPS/Images/fpls.2025.1623554_cover.jpg
& frontiers | Frontiers in Plant Science

Editorial: Evolution of crop genomes
and epigenomes, volume Il





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: Evolution of crop genomes and epigenomes, volume II

      

        		

          Multi-omic evolution – nothing makes sense in molecular evolution except in the light of the multi-omics spectrum

        



        		

          Expanding the frontiers of crop genome and epigenome research

        



        		

          Perspectives

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





