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Since genome editing with CRISPR/Cas9 was first established in mammalian cells in 2013, and it has become possible to edit
genomes efficiently using improved CRISPR systems with enhanced activity. Many rare and intractable genetic diseases are
caused by single nucleotide mutations, and CRISPR/Cas9 is expected to be a technology that can treat these diseases. In
reality, however, precise gene repair of a disease-causing single nucleotide without any scar is technically difficult and almost
impossible to be achieved by the current CRSIPR/Cas9 system. The reason for this is that CRISPR/Cas9 activity is too strong,
which induces insertions and deletions (indels) in the repaired allele (re-editing) due to off-target effects, as well as in a non-
repaired normal allele. Other major problems include the low efficiency of homology-directed repair (HDR) and inducing
cytotoxicity. In this study, we aimed to overcome such problems by decreasing the CRISPR/Cas9 activity, and to establish a
gene therapy method that emphasizes safety and avoids risks of side effects that may be occurred by incomplete gene repair

with genomic scars.

We have established a method to finetune CRISPR-Cas9 activity by extending cytosine [C] on the 5 gRNAs (JC]gRNA). We
mathematically elucidated the relationship between Cas9 activity and indel induction efficiency for a pair of alleles and
constructed a mathematical model that can predict the indel frequency for each allele from the Cas9 activity. Importantly, the
reduction of Cas9 activity could overcome all the problems described above, and scarless base substitution could be introduced
in the mouse and human cells efficiently. We have actually succeeded in generating a model of heterozygous genetic disease,
Fibrodysplasia Ossificans Progressiva (FOP), in mouse ES cells and also repairing the disease-related mutation in the human
iPS cells derived from FOP patients. We have also succeeded in constructing a simulation model that can predict the scarless
gene repair at the single nucleotide levels. By using this model, we will be able to design the [C]gRNAs for the scarless editing

when conducting drug development with minimal time, cost, and effort.

The features of the novel genome editing platform we developed in this study are (1) an activity-regulatable system with a
safety device on CRISPR/Cas9 system, and (2) optimization for various types of editing by selecting activity grade. Clinical
trials for the treatment of diseases with CRISPR/Cas9 are currently demonstrated mainly in the United States, but most of
them are done with [0C]gRNAs. Thus, the risk of side effects due to the strong Cas9 activity may occur in the future. Such
finetuning CRISPR system has not been utilized in clinical applications yet. In addition to safety, finetuning allows for various
types of editing, leading to treatments for a greater number of diseases. Therefore, the [C]gRNA has the potential to become

a standardized technology for gene therapy in the future as a new genome editing platform.



