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Heterogeneity exists in the amount of mRNA and protein levels observed at the single cell level, even
in a cell population cultured under the same conditions. Therefore, we have developed a technique to
enable simultaneous visualisation of transcription and the position of its genomic region within the
nucleus with the aim of building a research base from which to understand heterogeneity. To
visualise the active transcriptional state, MS2 repeats were knocked into target genes. By visualising
constitutively active gene and gene related to cell adhesion during differentiation, transcriptional
heterogeneity between individual cells was observed. To visualise the spatial position of gene regions,
we applied the CRISPR/Cas9 system, which is widely used for genome editing. sgRNAs were designed
against MS2 repeats to visualise the position using dCas9-GFP; no bright spot was observed within
the nucleus in living cells, suggesting that expression levels of sgRNA can be low, and sgRNA and
dCas9 may not be bound efficiently. Therefore, we improved the expression system of target sgRNA
by wutilising the endogenous tRNA-processing system. As a result, expression levels were
approximately 10 times more effective than the commonly used U6 promoter, and the assembly of
dCas9 and sgRNA was improved. This improvement was also confirmed by effective transcriptional
inhibition and genome editing, and we successfully established simultaneous targeting of multiple
genes using this system.




