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We have been providing mouse strains carrying a point mutation in target genes based on users’ request. Each strain

potentially carries ~3,000 point mutations. In this fiscal year, we established a method to comprehensively detect all
the mutations in whole mouse coding exons. By using this newly established system, we started to provide model

mice encompassing gene-to-gene interactions.
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Development of Technology in 2010-2011
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(2) Development of the next-generation gene targeting
system encompassing gene-to-gene interactions.
Not only the genetic diseases and traits but also all the life
responses to environmental factors are reflected in gene
functions encoded in the genome. For instances, sunburns,
healing of external injuries, and immunological responses
against flu and its recovery are all controlled by the complex
multigene expressions and interactions. The ultimate goal of life
sciences in the 21st century is to develop the way to conquer
diseases and to improve and maintain the quality of life by

elucidating the functions of ~30,000 genes in the genome.

The International Knockout Mouse Consortium, which has been

developing knockout mice for every gene as each ES-cell line is
the first step to understand each monogenic function. The
knockout mouse system, however, may only be feasible to
reveal the interactions of three genes, at most. Thus, it is
necessary to develop another break through that enable to
elucidate complex multigenic interactions.

We have been trying to integrate the RIKEN next-generation
gene targeting system to the ultra throughput DNA sequencers
since 2005. In this fiscal year, we have established a method to
detect all the ENU-induced mutations in the whole coding
exons of the mouse genome, which also has made it for the first
time possible to systematically identify gene-to-gene
interactions if any.

Firstly, we developed the enrichment system of a total of 49.6
Mb of whole coding exons in the mouse genome by
collaborating with Agilent Technologies. The enriched sample
was subjected to the ultra throughput DNA sequencing with AB
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Whole coding—exon enrichment and ultra throughput sequencing detected 67
ENU-induced mutations in the G1 no.1675 genome. ENU was administered to GO male
and mated to untreated females to produce G1 mice so that no X chromosomes of G1
males carry ENU-induced mutations. (Fig.1)
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The flow to identify gene-to-gene interactions. When the G3 exhibits any phenotypes
with respect to the mutation in the target gene (<), then, all the mutations (<) in
whole coding-exons will be detected as shown in the text. The segregation of all the
mutations in G3 will be determined by a conventional method that quickly identifies
gene-to-gene interactions if any. Even if an interacting mutation(s) exists in noncoding
region(s), the nearby coding mutation(s) will be the marker for the detection. (Fig.2)
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Mutagenesis and Genomics Team

SOLiD and we have found a total of 67 point mutations in one
G1 mutant strain (Fig. 1). We then sequenced four mutant G1
strains with the same system and discovered a total of 219
mutations within two months. The discovery of more than 50
mutations in addition to the one in the users’ target gene allows
them to identify gene-to-gene interactions as shown in Fig. 2.
The newly established mutation discovery system also makes
the phenotype analysis time much shorter. The users used to
conduct backcrosses more than 2 years to eliminate all the
mutations except in their target gene. With the new system, they
may immediately intercross mutant mice without any
backcrosses in order to detect gene-to-gene interactions. Finally,
the new system should also provide the basic infrastructure to
directly reveal all the ENU-induced mutations in the RIKEN
mutant mouse library starting from the mutation discovery in
the whole coding exons.
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