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Identifying functional elements from the vast noncoding regions of the human genome is a major challenge
in genomics research. An efficient, scarless, biallelic, and gene-wide mutagenesis technology is necessary for
direct functional analysis of endogenous noncoding regions, such as introns, in gene regulation. Given these
backgrounds, as described in the chapter 1, the purposes of this thesis are set to (1) establish the genome editing
technology, which meets these requirements above, and (2) elucidate the feasibility and values of the
technology.

Chapter 2 describes the design principle of the Universal Knock-in System (UKiS), a newly devised genome
modification technology in this thesis. With UKiS, both alleles in the target genomic region can be modified
into desired sequences without any scar by introducing mutations via homologous recombination with two-step
positive and negative selection. In chapter 3, 4 and 5, this thesis applies UKiS to the first intron of 7P53 in the
near-diploid cell line HCT116 for proofing concept and screening for gene-regulatory elements. Complete
deletion of the intron, its substitution with mouse and zebrafish syntenic introns, and precise removal of
retrotransposon-derived elements were all efficiently achieved in both alleles, revealing a suppressive role of
intronic 4lu elements in 7P53 expression. In Chapter 6, this thesis performs 100 kb-scale whole-intron
deletions of three genes and evaluate their impacts on gene expression. In Chapter 7, this thesis utilizes UKiS to
generate isogenic disease model cells for spinocerebellar degeneration type 2 (SCA2) by introducing a mutation
in the CAG repeat of ATXN2, the causative gene of SCA2. Chapter 8 demonstrates the applicability of UKiS for
human induced pluripotent stem cells by deletion of P53 first intron without losing stemness. Conclusions of

this thesis are presented in the chapter 9, where significance and prospects of this these projects are discussed.
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