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Wild-derived Structural‑Variant Haplotypes Disrupting Auxin and Root‑Development Genes Confer Resistance to Root‑Knot Nematode in Peanut
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Root‑knot nematode (RKN, Meloidogyne arenaria) remains a major limitation to peanut production worldwide. More than three decades ago, Dr. Charles Simpson introgressed RKN resistance from the wild Arachis cardenasii into cultivated peanut. This near-immunity resistance was used in all RKN‑resistant commercial cultivars grown today. However, identifying the mechanisms underlying this resistance has been challenging due to suppressed recombination and structural complexity within the introgressed segment. Here, we dissect the genetic structural basis of RKN-resistance in the PeanutMAGIC population by integrating pangenome-based genome-wide association mapping, short-read haplotype analysis, long-read sequencing, and pangenome-graph visualization. We evaluated RKN resistance in 310 MAGIC Core lines and eight parents in two greenhouse assays and conducted whole genome sequencing for pangenome-based genotyping. Genome-wide association mapping identified a single resistance locus on chromosome A09. Short-read haplotype analysis identified an aligned 1.6-Mb locus showing limited recombination within the resistance-associated haplotype. Long-read fine mapping resolved this into discrete, parent-specific structural variants (SVs), identifying eight Tift-NV-specific regions (R1 to R8) and ten Tifrunner-specific regions (S1 to S10), defined by presence–absence variation. There are three gene families likely responsible for the durable RKN resistance, IAA-3-amino acid hydrolases located in R1 and S1, F‑box/RNI-like superfamily proteins in R3, and protein Root Hair Defective 3 in S7. The resistant haplotype contains extensive SVs that disrupt many or all these genes, whereas susceptible lines maintain intact versions. These genes are related to giant cell formation, which are the specialized feeding sites of RKN. The disruption of these genes suggests that the resistance is based on loss of susceptibility, potentially through coordinated suppression of auxin signaling and root endomembrane remodeling required for giant cell formation, which warrants further investigation.
