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Scientific abstract- Elucidating the Cellular and Molecular Mechanisms of Rootward Na+ Recycling Under Salt Stress Condition
Background: Soil salinization, intensified by climate change, is a global threat to crop yield, particularly in arid and semi-arid regions. While plants have evolved diverse tolerance mechanisms to regulate Na+ transport and accumulation, these mechanisms are mainly characterized in roots, leaving the genetic regulation of leaf Na+ accumulation and rootward Na+ recycling poorly understood. Given that leaves are the primary sites of both photosynthesis and Na+ toxicity, enhanced rootward Na+ recycling could significantly improve plant performance under saline soils. Understanding Na+ recycling mechanisms requires investigating the functional heterogeneity of distinct cell types in Na+ accumulation and transport. However, current salt stress studies typically analyze Na+ content at organ or whole-plant levels using destructive assays of bulk tissue, masking cell-population responses and limiting our insights into genetic mechanisms of salt tolerance.
Preliminary Findings and Hypothesis: Using live imaging of tomato leaves, we have discovered localized Na⁺ accumulation within specific phloem cell subpopulations, a phenomenon conserved across wild and domesticated species. We hypothesize that rootward Na+ recycling operates through a two-step mechanism: first, Na⁺ transiently accumulates in specific phloem-related cells; then, it is transported through the conducting sieve elements toward the roots. Furthermore, we propose that the extent of rootward Na+ recycling varies among species based on their salt tolerance strategy (excluder vs. includer species).
Objectives and Experimental Approach:
1. Identify genes involved in Na+ recycling: Phloem-specific marker lines will be employed to identify Na+-accumulating cells, followed by single-cell transcriptomics to identify cell population expression patterns. Candidate genes will then undergo functional validation through protoplast-based assays.
2. Quantify Na+ recycling: Na+ spatial distribution will be tracked using fluorescent labeling, while 18O-labeled water and PEG-based assays will measure shootward water flow and Na+ recycling proportions, respectively. These findings will be integrated into a computational model of Na+ recycling, which will be validated using transport inhibitors and genetically modified tomatoes to elucidate regulatory mechanisms.
3. Functional validation of key genes: Based on findings from Objectives 1 and 2, five to ten candidate genes will be selected for in planta functional validation to confirm their roles in Na⁺ recycling.
[bookmark: _GoBack]Expected Significance: This multi-scale analysis integrating cellular Na+ dynamics, single-cell transcriptomics, and whole-plant transport modeling will provide unprecedented insights into rootward Na+ recycling mechanisms and reveal fundamental principles of plant adaptation to saline environments.
