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This study presents an AI-driven framework for identifying and prioritizing
functional single-nucleotide variants (SNVs) in cancer using allele-specific ex-
pression (ASE) patterns derived from single-cell RNA sequencing (scRNA-seq)
data. Traditional approaches typically examine SNVs in isolation, neglecting
potential interactions between co-occurring variants. We addressed this gap by
analyzing both individual and combinatorial SNV effects on gene expression and
cellular phenotypes within their native genetic contexts.

Two complementary strategies were employed: (1) machine learning (ML)
models to detect SNVs exhibiting ASE signatures similar to known pathogenic
variants, and (2) a method for identifying SNV combinations with synergistic
transcriptomic effects. Preliminary analyses revealed strong correlations be-
tween predicted SNV functionality and ASE in scRNA-seq, supporting allele
expression as a biologically meaningful indicator of variant impact.

The computational pipeline integrates Bayesian networks, classical ensem-
ble models, neural networks, and hierarchical modeling to prioritize SNVs and
interactions with high biological relevance. The framework incorporates stan-
dard scRNA-seq tools and custom modules for SNV-centric analyses, ensuring
scalability and robustness across large, heterogeneous datasets.

Interpretability was prioritized through differential expression analysis, func-
tional enrichment, and regulatory network reconstruction. Overrepresented
pathways and master regulators linked to variant configurations were identi-
fied, including variant effects stratified by cell type and RNA-editing status.
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This approach not only established a scalable strategy for pinpointing func-
tional and combinatorial SNVs in cancer but also provided insights into tumor
biology, candidate biomarkers, and potential predictors of therapeutic response.
The methodological flexibility supports broader applicability across other com-
plex diseases, extending the utility of ASE-informed variant analysis beyond
oncology.


