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            Abstract
The development of a new crop variety is a time-consuming and costly process due to the reliance of plant breeding on gene shuffling to introduce desired genes into elite germplasm, followed by backcrossing. Here, we propose alternative technology that transiently targets various regulatory circuits within a plant, leading to operator-specified alterations of agronomic traits, such as time of flowering, vernalization requirement, plant height or drought tolerance. We redesigned techniques of gene delivery, amplification and expression around RNA viral transfection methods that can be implemented on an industrial scale and with many crop plants. The process does not involve genetic modification of the plant genome and is thus limited to a single plant generation, is broadly applicable, fast, tunable and versatile, and can be used throughout much of the crop cultivation cycle. The RNA-based reprogramming may be especially useful in plant pathogen pandemics but also for commercial seed production and for rapid adaptation of orphan crops.
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                    Fig. 1: Transfection of various crop plants with viral vectors delivered using Agrobacterium or as VPs.[image: ]


Fig. 2: Induction and repression of flowering with viral vectors in several plant species.[image: ]


Fig. 3: Modification of plant stature in several crop species via modulation of gibberellin metabolic pathway by viral vectors.[image: ]


Fig. 4: Transient reprogramming of other agronomic traits in tomato with PVX vectors delivered by Agrobacterium using spraying.[image: ]


Fig. 5: Enhanced virus spread, amplification and recombinant protein accumulation using modified PVX vectors.[image: ]


Fig. 6: Fate of Agrobacterium and viral vectors in transfected plants and soil (greenhouse and open field).[image: ]
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                Data availability

              
              All data generated or analysed during this study are included in this published article and its Supplementary Information. All materials are available for research purpose upon request from the corresponding author under a material transfer agreement with Nomad Bioscience. The following sequences of codon-optimized genes have been deposited in NCBI as GenBank accession numbers: MT877076 (SlTAGL1, codon optimized for rice), MT877077 (SlOVATE, codon optimized for rice), MT877078 (SlANT1, codon optimized for Bifidobacterium longum) and MT877079 (GFP, codon optimized for tobacco). Source data are provided with this paper.
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