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Research progress on plant Whirly proteins
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Abstract:  Environmental stresses represent a major constraint to crop production. Understanding the molecular
mechanisms underlying plant stress responses, particularly the roles of key regulatory proteins, is crucial for developing
stress-resilient crops. Whirly proteins constitute a unique family of plant-specific single-stranded DNA/RNA-binding pro-
teins that function dually as transcriptional regulators in the nucleus and as genome stability guardians in organelles. In the
nucleus, they modulate phytohormone pathways and stress-responsive gene networks, while in chloroplasts and
mitochondria, they participate in nucleic acid metabolism and organellar genome maintenance. Recent breakthroughs in
structural biology and reverse genetics have significantly advanced our knowledge of Whirly protein functions. Whirly genes
hold promise as strategic targets for precision molecular breeding aimed at enhancing crop stress adaptation and sustainable
agricultural productivity. This review provides a comprehensive synthesis of current understanding regarding Whirly pro-

teins, including their discovery, nomenclature, classification, structural features, subcellular targeting mechanisms, and

nucleic acid-binding properties, with a focus on their
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234 T FIRUH (BK20231321) mitochondria, as well as their involvement in key physio-
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Fig.2 Schematic diagram of the three-dimensional structure of potato P24 protein
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