Cross-Continental Discovery and Deployment of a Smut Disease Resistance Locus
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Peanut smut significantly hinders global peanut production and disrupts major supply chains. Caused by the soil-borne pathogen Thecaphora frezzii, smut disease has spread to all peanut growing regions in Argentina and can result in extreme yield loss, as high as 51%. To uncover the genetic basis of smut resistance and accelerate breeding, we first built a population-specific pangenome graph and used scaled skim sequencing on mapping and validation populations over two seasons. This approach, married with comparative genomics of long-read sequences for 26 diverse accessions, identified a major QTL on chromosome 12 harboring functional variation for smut resistance. This locus was rapidly incorporated into cross-continental breeding programs. Graph-selected smut resistant lines retained elite agronomic backgrounds while showing strong field resistance under severe disease pressure. Within four years, this framework enabled the discovery, validation, and deployment of genetic resistance and the creation of adapted, resistant cultivars ready to protect growers. Our results highlight how targeted pangenomic approaches, coupled with coordinated international breeding efforts, can deliver rapid breeding solutions to emerging global crop diseases. 
