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Next-generation sequencer (NGS) now predicts ~5,000 mutations per ENU mutant line. The size of the RIKEN
Mutant Mouse Library also increased in 13,000 lines so that the number of archived mutations has become ~70
million. About a million coding mutations are thus now available. Indeed, we find many allelic series of mutations
in three target genes and most of them exhibited phenotypes. The new modeling system for gene-to-gene
interactions with NGS but avoiding backcrosses has also become available.
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Development of Technology in 2011-2012
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Fig. 1. ENU mutations found in B-catenin (A), Sufu (B),
and Smo (C) by reverse genetics. Many allelic series of
mutations shown by stars have already been discovered.
All the KO-type alleles were early embryonic lethal. Four
out of six revived missense mutations exhibited various
mutant phenotypes.
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Fig. 2 Open mouse resource encompassing
gene-to-gene interactions. Many allelic series of ENU
mutations allows fine functional analysis of the target
gene. Avoiding any backcrosses, any modifiers or
gene-to-gene interactions may be detected by the deep
exome re-sequencing with NGS. When a modifier(s)
existing in a noncoding sequence(s), the linkage analysis
with the nearby coding mutation(s) should detect such
noncoding modifier(s).
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Expansion of Mutant Mouse Library and open
resource for modeling gene-to-gene interactions.

We have further enhanced the mutation detection efficiency to
80 — 100 exome mutations per ENU mutant strain by NGS.
Accordingly, the estimated number of genomewide mutations
increased to ~5,000 per strain. The ENU Mutant Mouse Library
also expanded to 13,000 strains by collaborative efforts; thus, a
total number of archived ENU mutations now ~70 million. One
ENU-induced mutation is expected every ~50bp in the library.
We thus are able to provide >30 independent mutant strains for
any target gene. We screened only parts of candidate functional
regions of three target genes and indeed found 26 mutations
(Fig. 1), of which 17 (65.4%), 6 (23.1%) and 3 (11.5%) were
missense, synonymous and KO-equivalent mutations,
respectively. We have so far analyzed 9 mutant strains and have
already identified mutant phenotypes in 7 strains (77.8%). All
of the KO-equivalent mutations indeed exhibited the phenotype
of the early embryonic lethality reported by the conventional
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KO mouse technology. Missense mutations showed hypomorph
phenotypes. Thus, it becomes possible to conduct fine analyses
of the target gene. These phenotype analyses had been
conventionally conducted after eliminating any modifier effects
of the other thousands of mutations by backcrossing >10
generations. Common diseases and complex traits in human are,
however, a consequence of complicated gene-to-gene
interactions so that modifier effects among the mutations are
indispensable to elucidate such interactions. The randomly
induced thousands of genomewide mutations had been
practically impossible to identify; thus, they were intentionally
discarded. We now are able to identify genomewide
coding-mutations by NGS and made it available to the research
community to capture the modifiers and to analyze the
gene-to-gene interactions (Fig. 2). Even if such modifiers may
be in noncoding sequences, the linkage study with the nearby
coding mutations should identify and reveal such noncoding
modifiers as well.
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