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Abstract
Introduction: Genes and pathways are analyzed for excess of ultra-rare truncating and missense variants in
Tetralogy of Fallot using a binomial test comparing observed variation rates to background de-novo mutation
rates. This method doesn’t require matched controls. Materials and Methods: Since original background
mutation rates were estimated for de-novo variants, we applied a scaling factor to obtain new probabilities P'=k*P;
factor k was computed so that the number of predicted and observed ultra-rare variants match. We applied the
same method pooling expected probabilities and observed variants by pathway, to boost power. We addressed
the problem of gene-set correlations by using a greedy-step-down-aggregation approach; and computed a
sampling-based FDR only for aggregated gene-sets. We tested gene-sets derived from Gene Ontology and
pathways, and MPO annotation of human orthologs in mouse. Results: By applying this method to genes
predicted haploinsu�cient, we found signi�cant genes: FLT4 (BH-FDR~0%), NOTCH1 (BH-FDR~0.5%), and etc. For
Gene Ontology and pathways, we found the VEGF and related pathways (FDR~0%, including FLT4,KDR, ⋯), Cardiac
Vascular Smooth Muscle Cell Di�erentiation, and related pathways (FDR~0.08%, including NOTCH1 gene, ⋯). For
MPO terms, we found abnormal vitelline vascular remodeling and related pathways (FDR~0%, including
FLT4,KDR,FOXO1, ⋯), delayed heart looping and related pathways (FDR~0.05%, including NOTCH1 gene, ⋯).
Conclusions: FLT4,KDR,FOXO1, and NOTCH1 genes were in line with manual gene curation �ndings. Also,
pathways results con�rm manual curation �ndings which support dysregulated VEGF signaling as a novel
mechanism contributing to the pathogenesis of TOF. Funded by Ted-Rogers Centre for Heart Research, and CIHR
(MOP-89066).
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