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Abstract
Peanut productivity is threatened by high temperatures (HT) worldwide. Reducing membrane lipid unsaturation levels is a conserved mechanism for maintaining membrane stability under HT; however, the underlying pathways in peanut remain unclear. We hypothesized that the conditional expression of genes regulating sequestration of polyunsaturated fatty acids into triacylglycerols (TGs) and sterol esters (SEs) will improve heat tolerance in peanut. We tested this hypothesis on recombinant inbred lines (RILs) contrasting in heat tolerance using lipidomic and gene expression analyses. Heat-tolerant RILs decreased highly unsaturated membrane diacyl lipids (one or two 18:3, 18:2, or 16:3 acyl chains) and increased less unsaturated membrane diacyl lipids under HT. The heat-tolerant RILs also increased TGs with one, two, or three 18:3-acyl chains and 18:3- and 18:2-acyl containing SEs. Under HT (24–48 h), the heat-tolerant RILs showed higher expression of DGAT1-2, DGAT3-3, and PDAT, supporting acyl sequestration into TGs. Reduced FAD3-2 expression occurred later (7 d), suggesting that suppression of desaturase activity is likely a downstream acclimatory response. Further, the heat-tolerant RILs exhibited elevated ASAT and PSAT expression, indicating acyl sequestration into SEs. Expression of HIL1, an MGDG lipase releasing 18:3 acyl chains, was also upregulated, consistent with active acyl turnover. Our results demonstrate that polyunsaturated-acyl sequestration into TGs and SEs is a heat-adaptive mechanism in peanut that lowers membrane unsaturation levels and stabilizes membranes. The genes DGAT1-2, DGAT3-3, PDAT, HIL-1, ASAT, and PSAT that regulate acyl recycling mechanisms and the RILs that overexpress them will assist breeding programs in developing heat-tolerant peanut varieties. 
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