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Introduction

The identification and functional characterization of disease genes are important problems in
medical bioinformatics. The results of experimental high-throughput work, such as genome-wide
association studies and RNA interference screens, yield long lists of candidate disease genes.
However, the analysis and validation of these genes are time-consuming and expensive tasks.
Therefore, computational prioritization methods are required to narrow down the set of potential
disease genes.

To this end, a number of prioritization approaches has been developed recently [1, 2]. Some
are based on a single data source, but many take multiple data sources into account. In particular,
protein interactions and functional annotations are two major data sources [1, 2]. Recently, we
introduced the MedSim method, which utilizes the functional similarity of Gene Ontology (GO)
terms [3, 4]. This showed that excellent performance can already be achieved using functional
annotations alone. However, if sufficient annotations of good quality are not available for specific
genes, additional data sources have to be included into the prioritization procedure. Therefore,
we present a novel combination approach that addresses this issue.

Materials and Methods

In contrast to other prioritization methods that consider only identical annotations or are based
on GO enrichment computations, MedSim quantitatively assesses the functional similarity of GO
terms using sophisticated similarity measures [5]. MedSim automatically derives a functional
profile for a certain disease phenotype from the GO term annotations of the associated disease
genes. The functional similarity between the disease profile and the corresponding profiles of
candidate genes is then used to create the final rank list of candidate disease genes.

Based on MedSim and additional network information, our new approach prioritizes candi-
date genes in three main steps: (1) construction of molecular networks for candidate genes, (2)
quantification of candidate gene relevance using network measures, and (3) final aggregation of
multiple rank lists of potential disease genes.

To construct a functional similarity network of genes, one form of molecular network, we re-
trieved the functional gene similarities from the online database FunSimMat, a comprehensive
web resource of functional similarity values [3]. These were transformed into weighted gene-gene
relationships. Each network comprises known disease-associated genes in addition to the candi-
date genes. Alternatively, it is possible to use other forms of molecular networks such as protein
interaction networks.

Afterwards, we quantify the disease relevance of each candidate gene to the known disease
genes in a molecular network. To this end, we compute several network centrality measures
based on shortest paths and random walks. These measures can be applied on both weighted
and unweighted networks and indicate the closeness and betweenness of the candidate genes to
the disease genes [6].

Since each computed centrality measure implicates a ranking of the candidate genes, we ob-
tain multiple rank lists. Each list ranks the candidate genes w.r.t. their relevance to the known
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disease genes. These rank lists can then be combined using rank aggregation algorithms. Ad-
ditionally, different confidence values can be assigned to the individual rank lists. Finally, our
prioritization approach results in a single overall rank list.

Results

We applied leave-one-out cross-validation to benchmark our combination approach on a dataset
of 99 disease phenotypes and their associated genes/proteins from OMIM and UniProtKB [4].
Putative candidate genes were derived from artificial quantitative trait loci of size 10 Mbp around
every disease gene. For each disease, we constructed a functional similarity network that contains
all genes from the disease loci and computed the centrality measures to rank the candidate genes.
We then evaluated the top-ranked genes in the finally aggregated list.

Furthermore, we compared MedSim and our new combination approach in a comprehensive
case study for Crohn’s disease on recently published data of 71 susceptibility loci [7]. This resulted
in a number of potential disease genes in the loci for follow-up experiments. We also developed a
new user interface to MedSim based on the web service FunSimMat [3]. This allows the upload
of own candidate lists and the interactive usage of the prioritization procedure for many diseases.
Moreover, the combination approach is implemented as Cytoscape plugin.
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