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Abstract:

Artificial intelligence (Al) has rapidly emerged as a transformative force in
plant biotechnology, reshaping a wide range of applications, from multi-omics
data analysis to genome design, predictive breeding, and smart agriculture. The
explosive growth of biological data has created an urgent need for models
capable of uncovering hidden patterns, deciphering nonlinear relationships, and
accurately predicting plant behavior under diverse environmental conditions.
This review synthesizes recent advances in machine learning and deep learning
for genomic, transcriptomic, proteomic, and metabolomic analysis. It highlights
the expanding role of Al in enhancing the precision and efficiency of gene-
editing systems, particularly CRISPR-based technologies. We further discuss
breakthroughs in digital phenotyping, machine vision, and automated detection
of biotic and abiotic stresses. Key developments in predictive breeding, multi-
modal genotype—environment modeling, plant Digital Twins, and Al-driven
systems biology including the modeling of gene regulatory and metabolic
networks are examined in depth. Alongside these opportunities, challenges such
as data quality issues, model interpretability, dataset bias, ethical
considerations, and biosecurity concerns are critically evaluated. Finally, we
outline future directions featuring computational genome design, robotic
agriculture, autonomous breeding workflows, and fully integrated Al-powered
plant management systems. Collectively, this review demonstrates how the
convergence of Al and plant biotechnology is paving the way for the
development of resilient, high-yielding, and climate-adaptive crops tailored to

the demands of future agriculture.
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