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Regulation of gene expression dynamics in
pluripotent stem cells revealed by imaging analysis

Summary

Our bodies are composed of a variety of cell types, each fulfilling unique functions through the specific
expression of particular groups of genes. These gene expressions are precisely regulated by the interaction
between the gene promoters and distal enhancers. This regulatory mechanism involves cell type-specific binding
sites for transcription factors, playing a crucial role in the recruitment of RNA Polymerase Il and transcription co-
factors.

Furthermore, these transcription regulatory factors possess numerous intrinsically disordered regions,
promoting the formation of condensates within the cell nucleus. It is believed that the formation of these
condensates facilitates the physical proximity of enhancers and promoters, thereby promoting continuous
transcriptional activation. Recent imaging analyses and single-cell RNA sequencing have confirmed dynamic
transcriptional activation in various species, cell types, including mouse embryonic stem cells. Dynamic
transcriptional activation, or transcriptional bursting, refers to the phenomenon where genes switch between a
transcriptionally active state, continuously synthesizing RNA, and a transcriptionally inactive state, where little to
no synthesis occurs. This transcriptional bursting is understood to gene expression levels and the heterogeneity
in gene expression among cells. However, the specifics of how the condensate formation of transcription-related
factors and the stability of enhancer-promoter interactions control transcriptional bursting remain unclear.

In this seminar, | will introduce transcriptional dynamics control mechanisms in mouse embryonic stem cells
elucidated using state-of-the-art imaging techniques, including live single-gene imaging and sequential
fluorescent in situ hybridization (FISH). In particular, | will provide the latest insights into the transcriptional
bursting and their regulatory mechanisms, discussing how transcriptional bursting controls gene expression
levels.
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