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Introduction: The molecular diagnosis of rare genetic
diseases requires detailed clinical phenotypes and proces-
sing of large amounts of genetic data. This motivates large-
scale collaborations between clinicians, geneticists and
bioinformaticians across multiple sites where patient data
are pooled together to boost the chances of solving rare
cases, and validating novel genes. This motivated the
development of Phenopolis, a platform for harmonisation of
genetic and phenotypic data.
Methods: Using Human Phenotype Ontology (HPO)

encoded phenotypes, Phenopolis is able to prioritise
causative genes using different sources of evidence, such
as literature search and model organism phenotype ontology
analysis. Additionally, Phenopolis uncovers gene-
phenotype relationships within the stored patient data
through variant filtering and statistical enrichment of HPO
terms. The database is implemented using a graph database
for scalability which allows efficient linking of HPO, genes
and variants.
Results: Phenopolis is an open-source web server

providing an intuitive interface to genetic and phenotypic
databases. Phenopolis is also an ideal platform for studying
the pleiotropy of genes. The online version available at
www.phenopolis.org, includes four example patients with
inherited retinal dystrophies, to illustrate our methods.
Discussion: The Phenopolis platform accelerates clinical

diagnosis, gene discovery and encourages wider adoption of
the HPO in the study of rare genetic diseases. We plan on
extending Phenopolis to interface with the Genomics
England GenePanel app to retrieve relevant genes and
contribute novel disease genes.
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Autism Spectrum Disorder (ASD) is characterized by highly
heterogeneous clinical phenotypes and complex genetic
architecture, rendering early diagnosis and prognosis diffi-
cult. CNVs in many genes have been implicated in ASD,
disrupting specific Biological Processes (BP) eventually
associated with distinct clinical phenotypes. Here we sought
to identify and predict clinical patterns associated with BP
disrupted by specific brain gene CNVs, using a machine
learning-based integrative approach. Firstly, clustering
analysis of clinical records from 2446 ASD patients from
the Autism Genome Project identified two consistent and
highly stable clusters, differing in ASD severity, adaptive
behaviour and cognitive ability. Secondly, functional
enrichment analysis of rare CNVs, disrupting brain-
expressed genes in these ASD subjects, identified 15 sig-
nificant BPs, including nervous system development, cog-
nition, and protein polyubiquitination. Random Forest
feature importance analysis showed that all these BP con-
tributed positively to the classification of ASD severity, as
defined by the identified clusters. Finally, a Naive Bayes
classifier was trained using cluster and BP information from
a subset of data, comprising the 325 individuals with
highest BP information content scores. A stratified five-fold
cross validated model predicted the severity of ASD phe-
notype from BPs, with precision of 0.82 and recall of 0.39.
This study thus shows that severity predictions can be
attained from BP putatively disrupted by brain-gene CNVs.
However, precise predictions are only achieved in sub-
groups with high BP information content, and specificity is
generally low. A clinical application will thus require fur-
ther analysis, in much larger datasets that include detailed
phenotypic information. FCT-Portugal (SFRH/BD/52485/
2014)
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BEA: a web tool for BioMark gene expression analysis
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