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Background: Precision medicine approaches require genotype-phenotype associations that 
have translational utility and hence can impact disease management and outcomes. To date, 
approximately one-quarter of patients with pulmonary arterial hypertension harbour rare 
mutations in disease-causing genes. We hypothesised that integrating deep phenotyping 
data with whole-genome sequencing data will reveal new rare disease-associated variants 
with smaller effect sizes.  
 
Methods: We analysed whole-genome sequencing data from 13,037 participants enrolled in 
the NHIR Bioresource-Rare Diseases study, of which 1148 were recruited to the PAH 
domain. To test for genetic associations between genes and selected phenotypes of 
pulmonary hypertension (PH) we used a Bayesian model comparison method called 
BeviMed. By assigning phenotypic tags based on the current diagnostic classification of PH, 
stratification by age at diagnosis and transfer coefficient of carbon monoxide (KCO), we 
defined the groups for comparison.  
 
Results: A strong association was identified between protein truncating variants (PTV) in KDR 
and significantly reduced KCO (PP=0.989). KDR PTV carriers also presented significantly later 
in life (PP=0.912). All patients harbouring PTV in KDR(n=4) had mild parenchymal lung 
changes. One of the KDR subjects had a family history of PAH. KCO stratification also 
highlighted an association between IDH3G (n=6) and moderately reduced KCO in patients 
with PAH (PP=0.920). We identified four additional individuals with PTVs in KDR and three 
patients harbouring missense variants in IDH3G in the US PAH Biobank. We also confirmed 
associations between previously reported genes and PAH.  
 
Conclusions: Deep phenotyping enabled patient stratification into subgroups with shared 
pathobiology and increased the power to detect new PAH risk genes namely KDR and 
IDH3G. These new genes further implicate central roles for the endothelium and alterations 
in mitochondrial respiration in the pathobiology of PAH. 
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