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Application of single-cell omics techniques in

plant reproductive research
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Abstract: Reproduction is a vital process through which organisms transmit genetic information.
Understanding plant reproductive mechanisms is essential not only for elucidating individual propagation,
population sustainability, genetic inheritance, cellular differentiation and development but also for providing
critical scientific insights and practical guidance for agricultural production and crop improvement. However,
the unique structural features, isolation challenges, and limited availability of reproductive cells in higher
plants have long hindered in-depth studies. Recent advancements in single-cell omics technologies, which
enable multi-dimensional sequencing analyses of the genome, transcriptome, and epigenome at the single-cell
level, have provided a more precise and comprehensive approach to investigate fundamental biological
questions. These technologies facilitate the exploration of cellular heterogeneity during different stages of

gametogenesis and the interactions between cells and their microenvironment during plant development. As
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sequencing accuracy and resolution continue to improve, single-cell omics offer new perspectives and

opportunities for unraveling key questions related to gamete development and fertilization. This review

summarizes the applications and recent progress of single-cell omics technologies in plant reproductive

research, and highlights their significance for advancing plant reproductive biology, crop genetic improvement,

and germplasm innovation, discusses future research challenges.

Key Words: plants; sexual reproduction; single-cell techniques; high-throughput sequencing; multi-omics
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