[bookmark: _GoBack]Supplementary Table 1
Supplementary Table 1. Patient set. A set of 169 DDD patients, the number of genes containing variants of unknown significance (VUS), the causal gene and causative disease in each. Matching VCF files and patient phenotypes at time of diagnosis come from EGA (see Methods).
Supplementary Note 1
Computing the Phrank score
We overlay a Bayesian Network24 on the HPO DAG. A Bayesian Network is a DAG in which every node is associated with a conditional probability distribution dependent only on its parents. Let  be the set of phenotypes that are not descendants of phenotype  in the phenotype DAG. In a Bayesian Network, the local Markov assumption () holds for every node . Intuitively, in the case of the HPO DAG, the conditional probability distribution associated with a phenotype  defines the probability of observing  given observations of its parent phenotypes . 
We define the conditional probability of observing phenotype , given its immediate parent(s), , as the number of genes associated with , , over the number of genes associated with any , . This follows from an assumption that each gene has equal probability of being mutated and resulting in the phenotype. Thus, the conditional probability distribution associated with each phenotype  in the HPO DAG is defined as follows:

To compute the probability of any set of phenotypes , following the chain rule of probability of events, 

Given a set of phenotypes  including all ancestors (such that ), and using the local Markov assumption, this formula can be simplified to:

Substituting each factor in this multiplication with the appropriate element from the conditional probability distribution associated with each phenotype :

The information content (in bits) of a set of phenotypes  is, by definition,

The Phrank score is defined as the information content of an intersection of two sets of phenotypes ancestral to the two input phenotype sets. One can use the above observations to derive an explicit formula to compute this quantity:






