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Project overview and objectives: Recent advances in foundation models are transforming genomics research. Evo 2, recently published in Nature, is the largest open biological foundation model currently available, trained on more than 9 trillion nucleotides from over 100,000 genomes across all domains of life. Its ability to model genomic sequences over very long ranges and to learn biologically meaningful representations without task-specific training makes it a powerful tool for studying genome function, evolution, and variation.
The aim of this project is to explore and exploit the potential of Evo 2 for plant genomics research, focusing on species of agricultural importance. The project will investigate how genomic foundation models can support comparative genomics, genome annotation, identification of regulatory elements, prediction of variant effects, and the discovery of genes associated with key agronomic traits such as yield, stress tolerance, disease resistance, and environmental adaptation. By integrating genomic and transcriptomic data, the research will evaluate the capacity of Evo 2 to uncover evolutionary patterns and functional mechanisms that can contribute to crop improvement and sustainable agriculture.

Innovation and originality of the project: The proposed research is highly innovative because it leverages Evo 2, a recently developed genome foundation model trained on genomic data spanning the entire tree of life, to address key challenges in plant and agricultural genomics. Unlike traditional comparative genomics approaches, which rely on sequence alignment and species-specific analytical pipelines, Evo 2 learns directly from DNA sequences through self-supervised learning, capturing functional and evolutionary information across multiple scales of genome organization. The project will systematically evaluate the application of genome foundation models to crop genomes, exploring their potential for comparative genomics, functional annotation, regulatory element discovery, and prediction of variant effects. The originality of the research lies in introducing state-of-the-art AI methodologies, including genome-scale embeddings and zero-shot functional prediction, into the study of agriculturally important species. By integrating artificial intelligence with plant genomics, the project aims to generate new insights into genome evolution, adaptation, and trait regulation, while providing innovative computational tools to support next-generation breeding strategies and sustainable agriculture under changing environmental conditions. The project will be supported by the GERMINA High-Performance Computing Cluster (HPCC), a state-of-the-art infrastructure featuring over 1,500 CPU cores, NVIDIA H200 GPUs, and more than 1 PB of storage, providing the computational resources required for large-scale genomics, multi-omics, and AI-driven analyses based on Evo 2.
