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Few specific causes of congenital heart defects (CHDs) are well characterized, and most cases are due to the effects of multiple genetic and environmental factors and their interactions. A genetic predisposition has been suggested, based on familial clusters reported for nearly all cardiac malformations, and the increased recurrence risk after a first affected baby or with an affected parent. Despite multiple genome-wide association studies of large cohorts and numerous candidate gene studies, only a few genes are known for CHD malformations. We are undertaking next generation DNA sequencing analysis of samples from patients with CHD.  
In families with highly penetrant phenotypes (multiple affected individuals) we are identifying novel deleterious variants that segregate with disease.  These have been identified in novel genes, often affecting new pathways, supporting the presumed heterogeneity of defects that can cause CHD.
In small families and sporadic cases we are identifying a large number of novel or rare deleterious variants in genes or pathways previously associated with CHD, such as cardiac transcription factors or histone associated proteins.  
Interestingly in many cases we are detecting multiple variants in genes encoding related proteins (such as interacting proteins or protein in the same pathway), in several cases inherited from different parents.  
These data support the hypothesis that sporadic cases of CHD arise from patients having inheriting multiple moderate risk variants that together create a genetic milieu that leads to the developmental abnormalities. 

