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The world depends on agriculture, and agriculture itself faces grand challenges, such as meeting the needs for food, fiber, and bioenergy required by the continuously increasing human population. It is necessary to meet these needs using the shrinking arable land area available whilst also adapting to the climate changes that lead to more frequent flooding, drought, and high temperatures, as well as breeding crop plants that are able to withstand diseases and pests with little use of environmentally harmful chemicals. All these challenges call for innovative solutions that will be derived from fundamental and applied research, including genome editing, in plant sciences, and agriculture.

Genome editing refers to enabling precise genome modifications, such as site-specific insertion, deletion, substitution, and epiallelic changes of the DNA in a cell or organism. Genome editing is basically based on the in vivo DNA double strand breaks (DSBs) induced by engineered endonucleases that are programmed to recognize the preselected genomic sites and exploitation of cellular DSB repair mechanisms (Carroll, 2014). The programmable nucleases include meganucleases (Gong and Golic, 2003), zinc finger nucleases (ZFNs) (Urnov et al., 2005), transcription activator-like effector nucleases (TALENs) (Christian et al., 2010; Li et al., 2011), and clustered regularly interspaced short palindromic repeats (CRISPR) associated nucleases (Cas) (Jinek et al., 2012; Cong et al., 2013; Mali et al., 2013). Additionally, engineered nuclease variants can perform genome editing without DSBs (e.g., through causing DNA single strand breakage) (Rees and Liu, 2018) or epigenome editing (no DNA breakage at all and no DSB repair) (Holtzman and Gersbach, 2018).

Genome editing has become the most important biotechnological tool that has spurred the growth of our biological knowledge and the field of biotechnology itself with tremendous contributions that have enabled rapid progress in industry, medicine, and agriculture. In the past 10 years, we have witnessed the rapid advance in the development of CRISPR-based genome editing technologies and their applications in a variety of fields, including plant functional genomics and crop improvement. The genome editing technologies in plants include engineering of sequence-specific nucleases, delivery of editing reagents, generation and selection of editing events, and characterization and utilization of intact plants, which have further implications for public acceptance and regulatory approval of the genome edited plants. Over the last decade, genome editing platforms have been established and applied in more than 45 genera of plants (Shan et al., 2020). However, the need for better understanding of the molecular and genetic mechanism of genome editing, continuing improvements, and novel applications of genome editing technologies in plants still require major research endeavors. Specifically, plant genome editing faces major challenges as outlined below.


OVERCOMING SPECIES- AND GENOTYPE-DEPENDENT TRANSFORMATION

Unlike in animals, genome editing in plants requires plant transformation that involves delivering of the editing reagents into plant cells, selection of edited cells, and regeneration of intact plants with desired edits. For most crops, transformation and regeneration still remain strenuous despite more than three decades of technological advances. They are therefore a bottleneck in fully materializing the great potential of genome editing in agriculture (Altpeter et al., 2016). Recently, studies have used the development regulator (DR) genes (e.g., Baby Boom and Wuschel2) along with optimal regimes of phytohormones to improve transformation efficiency in plants. Expression of specific combinations of the DR genes in plant somatic cells leads to the formation of meristematic tissue capable of regenerating shoots (Lowe et al., 2016; Maher et al., 2020). However, further improvement and widespread adaption of the technology for crop plants beyond the few tested remain challenging. Research endeavors also need to make new technological advances amenable to the various forms of genome editing, including targeted mutagenesis, gene insertions, and base replacements.



BROADENING TARGETS FOR CROP IMPROVEMENT THROUGH GENOME EDITING

The great promise of genome editing in agriculture can only be manifested through fine-tuning the gene or genetic element of interest in crop plants (Kwon et al., 2019; Oliva et al., 2019). However, the number of targets for crop improvement through genome editing are currently limited due to a lack of understanding of biological process involving genes, pathways, networks, and their interactions with environmental factors. On the other hand, CRISPR-based genome editing technologies start to show the feasibility of performing genome-wide and high throughput functional genomics, expediting gene/trait discovery in model or non-model crops (Lu et al., 2017; Meng et al., 2017). The challenge is to integrate multidisciplinary approaches to identify targets that both bear potential for beneficial agronomic traits and are suitable for genome editing (Araus et al., 2018).



ACHIEVING HIGH-EFFICIENCY BASE REPLACEMENT

The majority of genome editing development and application focuses on targeted mutagenesis. In contrast, the methods and applications for the base replacement remain very limited, particularly in plant genome editing due to the very low efficiency in some plants and lack thereof in the majority of crop plants. In crop plants, superior traits are often governed by genetic variations in SNPs (single nucleotide polymorphisms); the challenge is to identify them and integrate them in elite varieties in an expedited manner. This provides a great opportunity to recapitulate the superior alleles in the target genomes through base replacement. The HDR (homology directed repair) based base replacement or gene insertion holds promise in this. The recently reported “prime editing” technology that utilizes Cas9 and guides RNA variants to precisely alter a specific DNA sequence also holds promise in base replacement if adapted and validated in plants (Anzalone et al., 2019). Prime editing is superior in some instances over the base editors which convert C to T and A to G within a window of a guide RNA specified DNA site because it offers the possibility of replacement of a small genomic region (Rees and Liu, 2018). Research endeavors are needed to adapt and improve these technologies for a wide range of plant species.



TOWARD BETTER PUBLIC PERCEPTION AND REGULATORY OVERSIGHT OF GENOME EDITING IN AGRICULTURE

Genome editing technologies can be used to create genotypic and phenotypic variations in plants that are indistinguishable from those obtained through natural means or conventional mutagenesis approaches; therefore, the genome edited products do not readily fit current definitions of genetically modified organisms (GMOs) within most regulatory regimes (Wolt et al., 2016). The usage of genome editing can help breed crops within a shorter time and with more precision, maximize the genetic potential of crop yields, develop germplasm that is more tolerant to pests, diseases, and other abiotic stresses, and help prolong shelf life of food products to avoid food waste. Therefore, the challenge would be to find greater public and regulatory acceptance of genome editing over the use of transgenic approaches. It is crucial to strengthen public trust and influence regulatory frameworks, which in turn will impact the utility of genome editing in agriculture, and which entails promoting transparency—sharing and openness of information regarding genome editing techniques and applications.

The goal of Genome Editing in Plants is to publish all findings and experiences in plant genome editing and epigenome editing, including experimental, analytical, and theoretical methodologies and resources in plant genome editing, as well as studies related to the biological function of genes and networks in plants using genome editing technologies. The journal also aims to publish high-impact, peer-reviewed commentary articles and review articles in the area of genome editing in plants.
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