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Traditional gene discovery for genetically heterogeneous autism spectrum disorder (ASD) 

requires large cohorts, which has limited the identification of the full spectrum of susceptibility 

genes. We present an integrative framework that combines a foundation model for predicting 

gene perturbation responses with orthogonal genomic validation using family-based genome 

sequence data (n=88,263) to prioritize ASD-linked genes. By training the model on the Neural 

Organoid Cell Atlas with Perturbations (NOCAP), comprising 3.6 million cells from normal, 

perturbed, and disease-model organoids, we built a foundation model that predicts 

transcriptional responses to ASD gene perturbations and enables in silico 

neurodevelopmental screens. Our model identified two biologically distinct gene groups: one 

enriched in synaptic pathways (e.g., NBEA, FYN, ERC1) during corticogenesis, and another 

active in early radial glia, involved in ubiquitin signaling (e.g., RNF216, TNKS2, YWHAE). 

Furthermore, we identified 167 additional candidate ASD genes from these two groups. Our 

findings demonstrate the value of perturbation-informed foundation models in ASD gene 

discovery and implicate early radial glia dysfunction in ASD etiology. 

 

 


