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BResearch Projects

Our bodies are composed of over 200 different cell
types, each expressing a specific set of genes to
perform unique functions. Gene expression is
regulated by transcription of genes to RNA,
translation of proteins from RNA, and RNA and
protein degradation. However, for many genes,
transcription is the primary process determining
gene expression, with a high correlation between
RNA and protein levels. Transcription is dynamic,
with genes switched stochastically between an "ON"
state, where mRNA is continuously synthesized, and
an "OFF" state where little or no mRNA is synthesized.
Gene expression is determined by the frequency of
the switch, the average mRNA expression level in a
single ON state, and RNA degradation rate, ultimately
determining the average mRNA expression level in
the cell. However, the regulation mechanism of
transcriptional dynamics remains unknown. We use
live cell imaging, single-cell RNA-seq, and CRISPR
library screening to elucidate regulatory mechanisms
of gene expression dynamics.

Using mouse embryonic stem cells as a model, we
have previously shown that transcriptional dynamics
and their regulation differ significantly from gene to
gene. Furthermore, fluorescence imaging in living
cells has revealed that the transcriptional dynamics
of Nanog genes, which are important for the
maintenance of pluripotency, are associated with
cluster formation of RNAPII and transcriptional
regulator BRD4. Currently, we are working to
elucidate the relationship between higher-order
genomic structure and transcriptional dynamics
using the seqFISH method, which can quantify the
subcellular localization of multiple RNA molecules,
DNA regions, and proteins.
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