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Lecture Title
Al-Driven Immunogenomics: A Scalable Single-Cell Framework with Structural Validation

Abstract

Deciphering the molecular basis of immune recognition is a cornerstone of modern biophysics
and systems immunology. While single-cell sequencing provides unprecedented resolution of
immune repertoires, predicting functional interaction outcomes from high-dimensional
genomic data remains a significant computational challenge. In this talk, I will present an Al-
driven immunogenomics pipeline that integrates multi-omic single-cell data with individual
genetic backgrounds. Our framework utilizes geometric deep learning to systematically
screen cellular interactions at a single-cell resolution. To ensure biophysical accuracy, we
employ protein foundation models to perform atomic-level structural validation of identified
candidates, bridging the gap between sequence-level observations and mechanistic physical
insights. This integrative approach offers a scalable solution for uncovering pathogenic
mechanisms in complex immune-mediated conditions. By linking high-throughput
immunogenomics with advanced structural modeling, our framework provides a robust
platform for advancing precision medicine and evaluating drug-induced immune responses.



