Development and Characterization of a 16-way MAGIC Peanut Population Using High Throughput Phenotyping and Deep Learning
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Genetic improvement in peanut (Arachis hypogaea L.) is constrained by limited allelic diversity in biparental populations and the phenotyping bottleneck inherent in evaluating large breeding populations. To expand allelic diversity, a 16-way MAGIC population was developed using 18 founder parents carrying multiple traits of interests. High throughput phenotyping and deep learning were used to characterize plant architecture in this population. An initial random two-way pairing between parents followed by half diallel designs for four-, eight-, and 16-way crosses produced a total of 420 16-way F1 lines of which 210 F1s were used in this study. A subset of 245 F6 lines tracing back to 153 F1 lines and 18 parents were planted in 1.5 m long plots in two rows 91cm apart and replicated thrice. High throughput phenotyping data was collected using a DJI Matrice drone equipped with RGB camera at 6 and 8 weeks after planting (WAP). Manual data also were collected on the same day. The images were stitched together with Pix4D Mapper. Individual plots were automatically segmented using Segment Anything model (SAM). From the dense point clouds, the height of the plants and canopy architecture like mainstem prominence (MP) and growth habit (HP) were obtained using deep learning models. Convolutional neural network (CNN) model AlexNet was used for MP and GH. While the analysis is still in progress, the initial results are encouraging. This research provides support for the utility of high throughput phenotyping platforms and deep learning in phenotyping and characterization of MAGIC populations.
