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論文内容の要旨 

〔目 的(Objective)〕 

Cis-regulatory elements (cREs) play a crucial role in regulating gene expression and determining cell 

differentiation and state transitions. To capture the heterogeneous transitions of cell states associated 

with these processes, detecting cRE activity at the single-cell level is essential. However, current analytical 

methods can only capture the average behavior of cREs in cell populations, thereby obscuring cell-specific 

variations. To address this limitation, we develop novel computational method to detect cRE activity at the 

single-cell level. 

 

〔方法ならびに成績(Methods/Results)〕 

We proposed an attention-based deep neural network framework that integrates DNA sequences, genomic distances, 

and single-cell multi-omics data to detect cREs and their activities in individual cells. Our model shows 

higher accuracy in identifying cREs within single-cell multi-omics data from healthy human peripheral blood 

mononuclear cells than other existing methods. Furthermore, it clusters cells more precisely based on predicted 

cRE activities, enabling a finer differentiation of cell states. When applied to publicly available single-cell 

data from patients with glioma, the model successfully identified tumor-specific SOX2 activity. Additionally, 

it revealed the heterogeneous activation of the ZEB1 transcription factor, a regulator of 

epithelial-to-mesenchymal transition-related genes, which conventional methods struggle to detect. Overall, 

our model is a powerful tool for detecting cRE regulation at the single-cell level, which may contribute to 

revealing drug resistance mechanisms in cell sub-populations. 

 

〔総 括(Conclusion)〕 

We proposed a new method for detecting cRE activity at the single-cell level using deep neural networks equipped 

with attention mechanisms. Our model integrates DNA sequence information, chromatin accessibility, and genomic 

distance within the model architecture, leading to a more accurate detection of cRE activity compared to 

previous methods. 

 




