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Table 1 Comparison of core technologies between traditional breeding and smart breeding
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Fig. 1 Framework of smart breeding technology system
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Synergy of multi-dimensional data chain-driven and intelligent
decision-making : systematic construction of intelligent breeding
technology systems and transition of genetic gain

ZHANG Zhiqi, WANG Xingtao, REN Duanyang, CAO Wenfu, WANG Jianjun
Institute of Ecological Animal Husbandry, Shanxi Agricultural University, Shuozhou 036001, China

Abstract Intelligent breeding, as the core driving force of technological innovation in modern seed in-
dustry, is facilitating the transformation of crop genetic improvement from experience-based approaches to
data-driven paradigms. This article systematically reviewed the path of constructing the intelligent breeding
technology framework and the progress on its application in crop genetic improvement to provide theoretical
foundations and practical references for the intelligent transformation of seed industry in China.The achieved
breakthroughs of intelligent breeding in designing complex trait, mining germplasm resource, and predict-
ing genetic gain were summarized based on combining key technical modules including the acquisition of da-
ta from high-throughput phenotyping and genotyping, the decision-making empowered by artificial intelli-
gence (AI) algorithm and the integration of multi-omics platform with typical case studies at home and
abroad. Intelligent breeding significantly improved the efficiency and precision of breeding by constructing
multi-dimensional data-driven models that integrate genotype, phenotype, and environment (GXPXE).
In the future, we should strengthen the interdisciplinary integration of biology, information and engineer-
ing, develop knowledge-embeddedalgorithms, establish a global collaboration platform, promote the digi-
tal sharing of germplasm resources and the reconstruction of commercial breeding systems.It is recommend-
ed to establish policy-guided mechanisms to deepen industry-academia-research collaboration, thereby ac-
celerating the translation of technological innovations into the industrial end.

Keywords intelligent breeding; artificial intelligence (AI) algorithms; gene editing; simulation of
virtual breeding ; intelligent mining; genetic gain; model of deep learning
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