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Abstract

Multicellular organisms, including humans, are composed of various cell types. Each
cell type expresses genes specific to its phenotype. This cell-type-specific
expression is primarily regulated by enhancers located distal to the genes. However,
many questions remain unanswered about the dynamic proximity between
enhancers and promoters and its relationship with transcriptional activity. We
investigated enhancer-promoter (E-P) interactions and transcriptional dynamics in
mouse embryonic stem cells using sequential DNA/RNA/immunofluorescence
(IF)-FISH analyses, live-imaging, and computational simulations. Our findings
demonstrate that the active state of particular genes is marked by advanced
genomic configurations and localized aggregations of transcriptional regulatory
proteins, which results in a prolonged duration of E-P interactions. This emphasizes
the critical importance of E-P contact time in transcriptional dynamics and paves the
way for a more nuanced understanding of gene-specific regulatory mechanisms.
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