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Although physicians and medical researchers have identified many gene mutations in patients
via next-generation DNA sequencing, the production and characterization of genetically
modified mice are indispensable for demonstrating how the identified gene mutations cause
diseases. Mouse models of human diseases with the same mutations will elucidate pathogenic
mechanisms and accelerate drug discovery. Our research group comprises the Kazusa DNA
Research Institute and RIKEN Center for Integrative Medical Sciences (IMS). We have
collaborated for over 20 years to produce genetically modified mice. Since the introduction of
several technologies for high-throughput production of genetically modified mice via the use of
embryonic stem (ES) cells to produce chimeras, we have developed an efficient pipeline to
produce genetically modified mice. We have previously reported many genetically modified
mice, including a mutant mouse that spontaneously develops pruritic dermatitis. In the BINDS
project, we received 97 requests to produce genetically modified mice, including 20 conditional
knockout mice, 44 knock-in mice, 8 conditional knock-in mice, 3 BAC transgenic mice, and 22
CRISPR/Cas9 gene-editing mice. We have completed 93 requests and we continue to produce
and support the remaining four genetically modified mice.

Although the Cre/loxP system is the gold standard technique used to perform conditional gene
knockouts in mice, more than one Cre/loxP cannot be used within the same construct. To
address this problem, we developed two novel site-specific recombination systems: VCre/VloxP
and SCre/SloxP. These new tools are useful for performing more complicated and fine genome
engineering manipulations. In line with this, we established four novel knock-in (KI) mouse
strains in  which the CAG-VCre, CAG-SCre, VloxP-STOP-VloxP-EGFP, and
SloxP-STOP-SloxP-tdTomato genes were inserted into the ROSA26 locus. CAG-VCre and
CAG-SCre KI mice carry VCre or SCre genes that are ubiquitously expressed via the CAG
promoter. VloxP-STOP-VloxP-EGFP and SloxP-STOP-SloxP-tdTomato KI mice were reporter
mice carrying EGFP or tdTomato genes posterior to the STOP cassette, which are floxed by
VloxP and SloxP sites, respectively. We crossed these two reporter mice with three different
deleter mice (CAG-VCre KI, CAG-SCre KI, or Cre-expressing transgenic mice). The results
demonstrated that VCre/VloxP and SCre/SloxP functioned similarly to Cre/loxP in mice, and
that the two recombinases exhibited tight specificity for their recognition sequences. There are
two major inducible Cre systems: Cre ERT2, which is induced by the addition of tamoxifen, and
the TET on/TET off system, which is induced by the addition of doxycycline. Inducible VCre
systems can be potentially very useful and powerful tools, especially if both
tamoxifen-inducible Cre and doxycycline-inducible VCre are present in the same cells of a

particular mouse or in the reverse combination. We attempted to create tamoxifen-inducible
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VCre fused to ERT2 and doxycycline-inducible VCre based on TET. Taken together, VCre/VloxP
and SCre/SloxP in combination with both Cre/loxP and Flp/FRT will serve as powerful tools for
genome engineering, especially for applications requiring genetic modification of both alleles of

a gene of interest in mice or multiple targeted deletions in the same cell at different times.



