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Insulator proteins function as barriers to enhancer—promoter interactions (EPIs). The primary insulator protein in
vertebrates is CTCF, a DNA-binding protein (DBP). However, other DBPs associated with the insulator function
of EPIs remain largely unidentified. To address this, we developed a systematic and comprehensive deep learning—
based approach for identifying DNA motifs of DBPs associated with insulators.

Using this method, we identified 97 directional and minor non—directional motifs in human fibroblast cells,
corresponding to 23 DBPs implicated in insulator function, including CTCF and other transcriptional regulators
previously reported. The estimated orientation bias of CTCF was consistent with the directional bias observed in
chromatin interaction data. These motifs were significantly more enriched at insulator sites separating repressive
and active chromatin regions, at chromatin interaction boundaries, and at splice sites, compared to those of other
DBPs

For example, we found that a MyoD—-binding site—known as a key regulator in muscle differentiation—was located
at an insulator site near a gene involved in skeletal muscle function. Furthermore, our insulator—pairing model
suggests that both homologous and heterologous insulator—insulator pairing interactions are orientation—
dependent. These findings advance our understanding of novel transcriptional regulatory mechanisms.

Building on this deep learning framework, we further developed a method to predict the regulatory target genes
and functional roles of DNA/RNA-binding proteins in individual cell or tissue types, using gene co—expression data
across diverse biological contexts, without relying on the experimental identification of DNA/RNA-binding sites.
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