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Figure 1 The pivotal role of the cytoskeleton in immune signal transduction. The orange arrow indicates the signaling pathway triggered by PRRs
perception of PAMPs: the cytoskeleton modulates the activity of plasma membrane calcium channels through dynamic reorganization, leading to an
increase in intracellular Ca®* concentration. Subsequently, Ca>" binds to PCaP1, promoting its dissociation from the plasma membrane and targeting it
to microtubules, thereby regulating immune responses by inducing microtubule destabilization. In parallel, Ca>* activates the CDPKs cascade to
initiate downstream responses. The purple arrow indicates the activation of the MAPK cascade upon plant perception of pathogens. The blue arrow
corresponds to the ROS burst triggered by PRRs-mediated recognition of PAMPs: elevated ROS levels inhibit the biochemical activity of CP, thereby
relieving their negative regulation on microfilament assembly. This drives extensive remodeling of the microfilament cytoskeleton, which
cooperatively activates complex downstream immune defense programs
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Figure 2 The complex interaction network between the cytoskeleton and plant hormone signaling. The left panel illustrates the SA-mediated defense
mechanism, wherein elevated SA levels upregulate ADF activity, driving large-scale depolymerization of microfilaments to meet immune demands.
The central section elaborates the crosstalk logic between GA and JA signaling: the core regulatory node DELLA proteins remain stable under low GA
conditions, activating the transcription factor MYC2 to trigger JA-dependent defense responses. When GA induces DELLA degradation, the
interaction between JAZ and MYC2 is restored, which antagonizes the JA pathway while simultaneously activating ADF, leading to further
remodeling of the microfilament cytoskeleton. The upper right portion highlights the feedback regulatory role of microfilament dynamics, indicating
that microfilament depolymerization can reciprocally modulate SA and JA levels, thereby maintaining immune homeostasis. Lastly, the lower right
section focuses on ethylene (ET)-mediated regulation of microtubules, specifying that ethylene enhances microtubule stability by upregulating the
expression of the microtubule-stabilizing protein WDL5
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Plant diseases caused by pathogenic microorganisms pose a persistent threat to global agriculture and ecological security. To counter
pathogen invasion, plants rely on a multilayered innate immune system composed of PTI and ETI. The cytoskeleton, a highly
dynamic network of actin filaments and microtubules, not only supports cellular architecture and intracellular trafficking but also
functions as a central regulatory hub in plant immunity. Recent advances have revealed that cytoskeletal remodeling is rapidly
triggered upon pathogen perception, integrating key signaling modules including Ca®" fluxes, reactive oxygen species production, and
hormone crosstalk. Moreover, cytoskeletal dynamics precisely regulate immune outputs by modulating endocytosis, plasma
membrane protein mobility, cell wall reinforcement, plasmodesmata closure, and programmed cell death. In parallel, many pathogen
effectors directly target cytoskeletal components to disrupt host defense and promote colonization. This review summarizes current
research on the functions of the cytoskeleton in plant immune recognition, signal integration, and defense execution, with a particular
focus on elucidating its mechanistic role as a central regulatory hub within the immune network. Furthermore, it outlines potential
future research directions, including the application of super-resolution live-cell imaging, single-molecule dynamic tracking, and
integrated multi-omics analyses to decipher the interaction networks between the cytoskeleton and the immune system. The aim is to
provide novel insights and identify molecular targets for the genetic improvement of crop disease resistance and the design of
sustainable green control strategies.

plant immune response, cytoskeleton, pathogen recognition, immune signal transduction, regulation of spatiotemporal
dynamics
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