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Abstract

To address the challenges of sparsity and technical noise in single-cell ATAC sequencing data, this
study proposes a non-negative matrix factorization method integrated with graph regularization
and nuclear norm constraint. This approach restores global information through low-rank decom-
position and preserves the local manifold structure by leveraging a cell similarity graph, thereby
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achieving biologically consistent representations in the low-dimensional space. Experiments demon-
strate that our method effectively recovers missing values, reveals clearer cell subpopulations in
clustering and visualization tasks, and enhances the performance of downstream scATAC-seq data
analysis.
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Figure 1. Graph regularized non-negative matrix factorization model framework
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Figure 3. Comparative analysis of AUPR values across different methods
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Figure 4. Comparative analysis of average silhouette coefficients among various methods
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Figure 5. Comparative analysis of ARI values across different methods
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Figure 6. Clustering comparison analysis of the ChromVAR method before and after imputation
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Figure 7. Comparative analysis of transcription factor activity distribution before and after imputation
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Figure 8. Comparative visualization analysis using the Cicero method before and after imputation
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Figure 9. Comparative analysis of clustering using the Cicero method before and after imputation
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Figure 10. Comparative analysis of clustering with the ScABC method before and after imputation
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