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Noonan syndrome related diseases are congenital diseases of short stature,
heart disease, and tumor predisposition. Genetic mutations in multiple molecules of the RAS/MAPK
signaling pathway have been identified. Among them, LZTR1, which controls the ubiquitination of RAS,

has an autosomal recessive inheritance variant and a dominant inheritance variant, but its
functional significance is not clear. In this study, we identified LZTR1 mutations, HRAS intragenic
duplications, and novel causative genes by comprehensive genome analysis of patients with clinically
suspected Noonan syndrome-related diseases. We clarified the genotype-phenotype relationship of
mutation-positive individuals. Furthermore, to elucidate the pathophysiology, we analyzed the
function of the LZTR1 variant using cultured cells and model organisms.
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