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The total number of the identified point mutations in RIKEN Mutant Mouse Library exceeded 4,500.
Among them, users have developed new models, e.g., behavioral anomalies and tumorigenesis models
this year. We also succeeded in identifying very rare spontaneous mutations in the mouse. During the
identification process, we found problems of the mouse genome reference sequences and have started
de novo re-assembly of the genome sequence of the standard mouse strain.
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Development of Technology in 2015-2016
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Figure. Accumulation of spontaneous mutations and their origins.

Starting from a total of 33 G1 mice, unique pairing was only made from G2 to obtain G5 mice every generation; therefore, de novo mutations
have always been heterozygous. We obtained eight G5 mice from eight independent pedigrees. We conducted a trial trace by using a total
of 112 so far identified mutations from the 4 out of 8 pedigrees. As a result, 16 mutations (triangles with m) were de novo mutations and
originated from a single ancestor in the pedigrees as shown by red lines whereas 96 were derived from G1 mice.
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The users have been developing various mutant mouse models
including human diseases from RIKEN ENU mutant mouse
library. This year, Mun et al. (2015) and Sakamaki et al. (2015),
for instance, developed behavioral and tumorigenic models,
respectively. Spontaneous mutations have well known to be very
rare but a significant risk factors for various diseases. Meantime,
they are the driving force of genetic diversities and evolution. In
order to maintain and to control the qualities of the bioresources,
it is fundamental to elucidate spontaneous mutations but not well
understood, yet, since they are extremely difficult to detect.
Motoo Kimura showed that the base substitution rate is a
constant value of ~10-%/bp/yr in a scale of millions of years.
Contrary, it is also well known that the mutation rate is dependent
on age, gender, genetic background and environmental risk
factors like radiations and chemical mutagens.

We thus developed a new scheme to study the rare spontaneous
mutations in a defined standard mouse strain with a large scale as
shown in the Figure. All the mutations including recessive
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deleterious ones are accumulated without selection for a total of
five generations. The trio analysis in human has given an
estimate of the mutation rate to be 1 X 10-°/bp/generation. If this
estimate would also apply to the mouse, each mouse genome of
the 5th generation (G5) would carry 240 de novo mutations in the
whole genome. We have independently conducted this
experiment in § pedigrees. The Genome Sciences Program
supported the whole genome sequencing of the 8 G5 mice so that
a total of 1,920 (=240 X 8 G5 mice) de novo mutations would be
detected. We kept all the genomic DNA samples from every
mouse in the eight pedigrees. Thus, it has also become possible to
trace the origin of the detected mutations as well (Figure).

For the detection of ENU-induced as well as spontaneous mutations, the
genomic reference sequences are essential. Various large-scale human
genome re-sequencing programs have indicated the necessity to
re-assemble the human genome reference sequence. The cutting-edge
genome editing technologies are, for instance, completely dependent on
the reference sequence to design as well as to validate off-target effects.
Thus, several de novo re-assemblies of human genome sequence have
been conducted this year. In order to refine the mouse genome reference
sequence, we have started the de novo assembly of genomic DNA of the
standard mouse strain.
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