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Advancing numerous breeding lines efficiently through a multi-generation pipeline remains a challenge in peanut variety improvement. The North Carolina State University Peanut Breeding and Genetics (NCSU-PBG) Program advances Virginia-type peanuts through a speed-breeding pipeline with 90-day generation intervals, beginning with F1 crossing blocks and culminating in advanced line evaluation. F1 plants are genotyped using PCR Allele Competitive Extension (PACE) markers to confirm putative crosses, and marker-assisted selection drives rapid generation advancement through F2–F4. At the F5 stage, lines are genotyped using a custom AgriSeq amplicon platform capturing approximately 2,000 program-specific loci. While this system enables accelerated generation advancement, the volume of lines reaching the F5 stage creates a bottleneck prior to entry into resource-intensive field trials. To address this, we are implementing a genomic selection framework applied at the F5 genotyping step to predict performance for high-value traits. Target traits include yield, maturity (measured indirectly through pod fill), leaf spot resistance, and tomato spotted wilt virus resistance — traits that collectively define the commercial value and adaptability of Virginia-type peanut cultivars in the Virginia-Carolina region. Predictive models will be trained on multi-year Preliminary and Advanced Trial phenotypic data combined with AgriSeq marker profiles and validated using leave-one-year-out cross-validation to assess stability across environments and seasons. Genomic estimated breeding values will prioritize F5 advancement to Preliminary Yield Trials, concentrating field resources on the highest-potential lines. This approach is expected to improve selection accuracy, reduce lines requiring full field evaluation, and shorten the overall breeding cycle for the NCSU-PBG program.


