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We identified spontaneous somatic mutations and ones induced by whole-body

X-irradiation in mouse long-term hematopoietic stem cells (LT-HSCs) by whole-genome sequencing of
cell clones propagated in vitro from LT-HSCs. Single-nucleotide variants (SNVs) and small indels
were the most common types of somatic mutations, and increased in a dose-dependent manner up to 2 to

3-fold by X-irradiation. Single-base substitution patterns in the SNVs suggested a role of reactive
oxygen species in X-ray-induced mutagenesis. Small deletions out of tandem repeats, multisite
mutations, and structural variants were the mutation types of the highest radiation-specificity.
Analysis of mice with an NRF2 null or activation mutation suggested a protective action of NRF2
against somatic mutations induced by radiation exposure.
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