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The research aimed to construct a basis for pathogenicity evaluation of variants of uncertain

significance (VUS), utilizing large—scale computational and experimental approaches

Among many VUS that are identified via whole—genome—sequencing (WGS) of disease patients in
clinical genomics, non—coding VUS are relatively hard to evaluate. Assuming that a number of VUS
could present their pathogenicity through regulation of nearby gene expression, this research aimed
to provide a general model for gene expression regulation with application to clinical genomics

setting and to provide a pipeline for pathogenic regulatory variants from VUS.

We set two key methods in our research: (1) fundamental understanding of gene regulatory grammars
through deep learning of genome and epigenome data, and (2) massively parallel reporter assay in
multiple cell lines enabling large—scale experimental validations. In addition, we planned to make

the results public, for wider use in the genetics community.

Main results:

(1) Improved fine—mapping resolution of eQTLs

We trained on statistically fine—mapped eQTLs in GTEx while allowing wide range of epigenetic
features. We showed that the output score has higher prediction accuracy compared to alternative
tools in predicting regulatory variants, and showed that we can utilize the score for
prioritization of complex—trait causal variants. The publication summarizing the result is under

review.

(2) Massively parallel reports assay

We surveyed hundreds of thousands of predicted regulatory variants identified in (1). We also
included blood-trait associated variants as well as height—associated variants in the list, and
expanded our cell types of investigation to include chondrocyte. In addition, we included variants
pairs that are un—observed in human population.

Our analysis showed that statistically fine—mapped eQTLs are enriched for MPRA-validated variants.

These results were included as part of the Nature Genetics paper (Wang et al 2024).

(3) Browser for public use of our results

We implemented the Japan Omics Browser (JOB: [JOB] (https://japan—omics. jp/)) for visualization of
our machine—learning and MPRA results. JOB is a user—friendly platform not requiring any machine—
learning knowledge, and has accumulated near 1,000 active users in a year after release. The
manuscript summarizing the protocols and details of JOB is published after the research period

(2025/05; Takahashi et al BMC Genomics 2025)



