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Advances in the metabolic engineering of plant flavonoid biosynthesis
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Abstract; Flavonoids are among the most representative polyphenolic secondary metabolites in plants, exhibiting remarkable structural
diversity and pleiotropic biological functions. They play pivotal roles in plant growth and development, environmental adaptation, and
human health. Their biosynthesis constitutes a highly plastic system orchestrated by multi-layered networks. This review synthesizes re-
cent advances in plant flavonoid biosynthesis, with an emphasis on the core enzymatic machinery, multi-level regulatory networks, and
applications in metabolic engineering and synthetic biology, and it evaluates strategies, bottlenecks, and future opportunities at the
technological frontier. An in-depth elucidation of the flavonoid biosynthetic pathway provides a solid theoretical foundation and techno-
logical support for crop improvement and natural product development.
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Table 2 Core enzyme gene families in flavonoid biosynthesis
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Table 3 Key transcription factors and modes of action in flavonoid metabolic regulation
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