Drought Response in Peanut: Physiological and Transcriptomic Differences Between Water Savers and Water Spenders
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Recently, our research group identified peanut cultivars with high water-use efficiency (WUE, water-saver: AU16-28) and efficient use of water (EUW, water-spender: AU-NPL-17). To understand these two contrasting strategies of drought tolerance in peanuts, we evaluated physiological traits and generated leaf transcriptome profiles from 120 samples spanning five peanut genotypes (AU16, line8, AU17, PI50, and PI39) under progressive drought conditions. We performed differential expression analysis and weighted gene co-expression network analysis (WGCNA).  We found that drought progression was the dominant source of transcriptomic variation. For network analysis, WGCNA was performed on drought-stage samples (C1, C3, and C5; 45 samples total) using the 6,000 most variable genes and identified 22 non-grey modules. Module–trait analysis confirmed a strong temporal drought axis (e.g., MEpink, r = 0.979 with drought stage/time). Importantly, two modules were significantly associated with the water-spender indicator but not with drought stage, revealing a second, orthogonal axis linked to drought-response strategy: MEcyan (negative association with water spender) and MEtan (positive association with water spender). Functional enrichment indicated clear biological contrasts between strategy modules. MEcyan was enriched for ribosome/translation and aminoacyl-tRNA biosynthesis, consistent with a translational maintenance program characteristic of water-saving behavior. In contrast, MEtan was enriched for cysteine-type peptidase activity and stress-associated pathways, including proline metabolism and MAPK signaling, consistent with stronger protein turnover, osmotic adjustment, and stress signaling in water spenders. Hub-gene prioritization integrating module membership and strategy association identified candidate regulators in both modules for downstream validation. These results support a two-axis model of the peanut drought transcriptome: a dominant time-driven core response plus a distinct strategy-linked program, providing candidate modules and hub genes for mechanistic studies and breeding improvement.
