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Abstract of Thesis

Genomes are threatened by endogenous and exogenous factors, leading to DNA double-strand breaks (DSBs).
To ensure genetic stability and cellular viability, repairing the DSBs is essential. Homology-directed repair
(HDR) is one of the main pathways to repair DSBs in the genome. Compared with the other pathway (i.e. Non-
Homologous End Joining, NHEJ), HDR is capable to repair DSB in high fidelity and errorless manner.
Fluorescence live-imaging of the HDR event is essential not only for investigating how and where the genome
integrity is maintained but also for evaluating the HDR activity by manipulating the components for DNA
repair.

In the crustacean Daphnia magna, studying HDR is important to understand genome maintenance during
parthenogenesis, the effects of environmental toxicants on the genome, and the improvement of HDR-mediated
genome editing. However, there are no tools available to evaluate HDR events in this species. Here, I developed
a transgenic D. magna that expresses green fluorescence protein (GFP) upon HDR occurrence.

I utilized the previously established reporter plasmid named DR-GFP that has a mutated eGFP gene (SceGFP)
and the tandemly located donor GFP gene fragment (;GFP). Upon double-strand break (DSB) introduction on
SceGFP, the iIGFP gene fragment acts as the HDR template and restores functional eGFP expression. I
customized this reporter plasmid to allow bicistronic expression of mCherry gene under the control of the D.
magna EF1a-1 promoter/enhancer. By CRISPR/Cas-mediated knock-in of this plasmid via non-homologous
joining, I generated the transgenic 1. magna that expresses mCherry ubiquitously, suggesting that the DR-GFP
reporter gene is expressed in most cells. In contrast, this line did not show any eGFP signals under the
laboratory culture condition. However, when a DSB in the SceGFP gene was introduced using the Cas9-gRNA
complex targeting I-Scel recognition site, the eGFP signal was successfully observed in 80% of samples,
indicating the visualization of HDR occurrence in response to the DSB. Furthermore, the eGFP signal was
observed broadly in various body parts such as the head and thoracic appendages. This implies that DR-GFP
could detect HDR in any tissue.

Introducing DSB on the SceGFP resulted in eGFP expression and this HDR event could be detected by
fluorescence, genomic PCR, and quantitative reverse-transcription PCR, suggesting this line could be used for
evaluating HDR. The established reporter line might expand our understanding of the HDR mechanism and

also improve the HDR-based gene-editing system in this important model organism.
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