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We identified a total of nine missense, nonsynonymous mutations in RIT1, encoding

a member of the RAS subfamily, in 17 of 180 individuals with Noonan syndrome. Seventy percent of mutation-
positive individuals presented with thertrophic cardiomyopathy; this frequency is high relative to the ov
erall 20% incidencein individuals with Noonan syndrome. These RIT1 alterations enhanced ELK1 transactivati
on. The introduction of mRNAs of mutant RIT1 into 1-cell-stage zebrafish embryos was found to result in a
significant increase of embryos with craniofacial abnormalities, incomplete looping, a hypoplastic chamber

in the heart, and an elongated yolk sac. These results demonstrate that gain-of-function mutations in RIT
1 cause Noonan syndrome and show a similar biological effect to mutations in other RASopathy-related genes
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