Transcriptomic Analysis of Arachis hypogaea L. to Identify Genes Conferring Resistance to Meloidogyne arenaria (Neal) Chitwood with Wild Introgression
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The peanut root-knot nematode (Meloidogyne arenaria) causes significant yield losses in cultivated peanut (Arachis hypogaea L.), making it essential to identify genetic mechanisms of resistance. This transcriptomic study was conducted to identify root-knot nematode (RKN) resistance genes and defense mechanisms in five BC₃ breeding lines, including the resistant check NemaTAM and the susceptible check Florunner. These BC₃ lines carry genetic introgression from TxAG-6, with resistance derived from wild Arachis species (Arachis cardenasii, A. diogoi, and A. batizocoi). Samples inoculated with 4,000 eggs of Meloidogyne arenaria were collected at degree-day intervals corresponding to nematode developmental stages, including six timepoints (baseline, 10, 17, 21, 31, and 45 days after inoculation, DAI). Nematode development and resistance levels were assessed through counts of vermiform juveniles, galls, females, and eggs. NemaTAM and lines G3 and G4 restricted early infection and reduced female development and egg production, whereas G5 showed partial resistance. Florunner and G2 supported rapid nematode development.Differential expression analysis using DESeq2 (Wald and LRT tests; padj < 0.05, |log₂ fold change| ≥ 0.6) showed that gene expression changes were driven by timepoint, genotype, and genotype × timepoint interactions. Transcriptomic analysis identified thousands of differentially expressed genes associated with diverse resistance mechanisms and pathways. Rate-reducing resistance lines (G1, G4, G5) activated salicylic acid signaling, ethylene, nitric oxide responses, coumarin biosynthesis, and protease inhibitors early after infection. In contrast, NemaTAM exhibited a hypersensitive-like response involving programmed cell death, redox regulation, and nitric oxide detoxification. Additionally, several uncharacterized genes and a genotype-specific long non-coding RNA were identified as potential resistance candidates.

