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Abstract

Phenotypes are investigated in model organisms to understand and reveal the molecular mechanisms
underlying disease. Their computational analysis has been greatly facilitated by the introduction of phe-
notype ontologies developed to capture and compare phenotypes within the context of a single species.
We have recently developed a method to transform phenotype ontologies into a formal representation,
combine phenotype ontologies with anatomy ontologies, and apply a measure of semantic similarity to
construct the cross-species phenotype network PhenomeNet. PhenomeNet relies on the descriptions of
diseases and disorder with clinical signs to identifying causative genes for human diseases based on ex-
perimental data from animal organisms. We describe our integration of the Orphanet clinical signs for
rare and orphan disease with PhenomeNet, and demonstrate that our approach can identify candidate
genes through the systematic comparison of experimentally derived phenotypes in mice with clinical
signs associated with Orphanet disorder (0.798 area under ROC curve).

Introduction

Animal models provide a valuable tool for the investigation of gene functions and the study of human
disease. In phenotype experiments, genetically modified organisms are created and the observable char-
acteristics resulting from the modification are recorded. Large scale knockout projects that aim to record
the phenotypes resulting from deactivation of every protein-coding gene in an organism have been com-
pleted for yeast [1] and are currently underway for the mouse model organism [2]. The systematic
generation of phenotype information associated with genetic modifications has the potential to lead into
novel insights regarding the molecular mechanisms underlying orphan diseases based on the phenotypic
similarity between an experimentally recorded phenotype in a model organism and the clinical pheno-
type of the patient. In order to systematically analyze and compare clinical phenotypes and phenotypes
in animal models, it is necessary to integrate phenotype descriptions across species.

Within model organism communities, ontologies are being employed to record the outcome of phenotype
experiments. For example, the Mammalian Phenotype Ontology (MP) [3] is used to record normal and
abnormal phenotypes resulting from mouse phenotype experiments. In the clinical research context, the
Human Phenotype Ontology (HPO) [4] has been developed and is currently being applied to describe
the phenotypes associated with disorders in the OMIM database [5]. The PATO framework [6] has been
applied to formally define the terms in species-specific phenotype ontologies [7] and enable their inte-
gration across species. We have developed the PhenomeBLAST software tool that integrated phenotype
ontologies and employs automated reasoning to provide alignments of phenotype terms across multiple
species. This integration enables the direct comparison of phenotypes in different species, including the
comparison of phenotypes in animal models and phenotypes of human diseases. The PhenomeNET ap-
proach [8] performed systematic pairwise comparisons between phenotypes in five species and human
diseases, demonstrating that it is possible to automatically reveal the molecular origins of orphan disease
by analyzing the phenotypes associated with mutations in animal organisms.

Here we describe an extension to this approach by integrating clinical signs associated with disorders
from Orphanet [9] – a database dedicated to information on rare diseases and drugs. Our goal is to em-
ploy this resource for identifying possible candidate genes for orphan diseases based on their phenotypic
similarity with phenotypic manifestations observed in mice. In order to quantitatively evaluate this ap-
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proach, we report the area under the ROC curve (i.e., a plot of the true positive rate as a function of the
false positive rate) for identifying known human gene-disease associations.

Methods

We have created a phenotypic representation of the disorders in OrphaNet based on the phenotype on-
tologies for human (HPO) and mouse (MP). To generate this representation, we used a combination of
lexical and structural approaches. First, we use the Needleman-Wunsch algorithm [10] to find the labels
and synonyms of phenotype terms in the HPO and MP that are lexically most similar to the labels of
clinical signs in OrphaNet and assign these MP or HPO classes as equivalent to the clinical sign in Or-
phaNet. Second, we use the taxonomic structure of clinical signs in OrphaNet and identify a super-class
in HPO or MP for clinical signs. As a result, we can associate 2,507 disorders from OrphaNet with
52,002 phenotype terms from HPO and 11,674 phenotype terms from MP.

Results
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Figure 1:

We incorporate the OrphaNet phenotypes in PhenomeNET in order to compare phenotypes recorded in
mice with human disease phenotypes and rank diseases based on their phenotypic similarity to the ob-
served mouse phenotype. We then compare these ranking against known gene–disease associations taken
from the Mouse Genome Informatics (MGI) database and against OrphaNet’s gene-disease associations.
To evaluate and quantify our approach, we use an analysis of the receiver operating characteristic (ROC)
curve. A ROC curve can be used to visualize the performance of a classifier and plots the true positive
rate of the classifier as a function of the false positive rate. The area under the ROC curve (AUC) is
a quantitative measure of the classifier’s performance. Using OrphaNet’s gene–disease associations as
positive instances and all remaining gene–disease pairs as negative, we achieve an AUC of 0.734, while
we achieve an AUC of 0.798 using MGI’s gene–disease associations as positive instances.

PhenomeNET and its associated tools and resources are freely available on http://phenomeblast.
googlecode.com. The similarity between animal models and diseases can be explored using our
PhenomeBrowser webserver at http://phenomebrowser.net.
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