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An ontology describing congenital heart defects data
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Abstract

Congenital heart defects (CHDs) are a group of diseases characterized by a structural anomaly of the heart that is pre-
sent at birth. They are considered as the commonest cause of childhood death in developed countries. The causes
of congenital heart disease are still under investigation, but their strongly presumed to be genetic or a combination of
genetic and environmental factors. In order to store the derived knowledge, a collaborative knowledge base called
CHDWiIki has been developed, which collects all the information about the genetic basis of CHDs. However, this dedi-
cated web resource suffers the same problems with similar portals where heterogeneous information is hosted. Further
steps should be taken in order to ensure the interoperability of the available data. Also, the hosted data should be offered
in a machine-readable format in order to direct be used by other Bioinformatic tools. In order to solve these problems, the
life science scientific community tends fo use semantic web fechnologies, which have proved their efficiency through
numerous examples including VariO ontology, Gene Ontology (GO), Orphanet Ontology of rare diseases (OntoOrpha)
and many more. In this contribution, we present an onfology, which describes CHD data, developed around three main
data categories: genotype, phenotype (CHDs) and clinical reports. Retrieving data from CHDWiki, this ontology describes
the relationships between genes and human phenotypes, derived from published data or single clinical cases, providing
a useful tool o geneticists, molecular biologists and clinicians. This ontology hosts information about syndromic genes,
chromosomal aberrations that may cause CHDs and associations between genes and CHDs. Further information is in-
cluded such as structural variations and single point mutations.

Motivation and Objecﬂves ples including VariO ontology?, Gene Ontology
Congenital heart defects (CHDs) are a group of (GO) (Ashburner ef al., 2000), Orphanet Onfology
diseases characterised by a structural anomaly ©f rare diseases (OntoOrpha) (Aime et al., 2012),
of the heart that is present at birth. They are con-  And Many more.

sidered as the commonest cause of childhood In this confribution, we present an onfology,

web site of the American Heart Association'. The fhree main data categories: genofype, pheno-
causes of congenital heart disease are still un- TyPe (CHDs) and clinical reports. Retrieving data
der investigation, but they are strongly presumed from CHDWiIki, this ontology describes the rela-
to be genetic or a combination of genetic and  flonships between genes and human pheno-
environmental factors (Jenkins et al, 2007). In or-  TyPes derived from published data or single clini-
der fo store the derived knowledge, a collabora- €Al cases, providing a useful tool fo geneticists,
tive knowledge base called CHDWiki (Barriot et molecular biologists and clinicians. This onfology
al., 2010) has been developed, which collects all hosts information about syndromic genes, chro-
the information about the genetic basis of CHDs, Mosomal aberrations that may cause CHDs and
However, this dedicated web resource suffers  9ssociations between genes and CHDs. Further
the same problems with similar portals where het- information is included such as structural varia-
erogeneous information is hosted. Further steps fions and single point mutations.
should be taken in order to ensure the interop-
erability of fhe availdble data. Also, the hosted VIETNOS
data should be offered in a machine-readable
format in order to directly be used by other bioin-
formatic tools. In order to solve these problems,
the life science scientific community tends to
use semantic web fechnologies, which have
proved their efficiency through numerous exam-

As mentioned before, the CHD ontology is com-
posed by three main concepts (genes, CHDS
and clinical reports) and the between them relo-
tionships. These three concepts are further clas-
sified using a is  a relation as it can be seen in
Figure 1. The CHD family of diseases is hierarchi-
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cally structured, starting from the CHD concept
which is further refined in 11 subclasses (e.g.,
"Abnormalities of atriums and atrial septum”,
"Abnormalities of great veins”, *“Rhythm and con-
duction disturbances”, etc). These concepts, in
some cases, are further refined to more specific
congenital heart defects. The other two main
classes of the CHD ontology are also refined: the
gene entities, which are subclasses of the con-
cept Gene, are belonging either to the subclass-
es of the "Non Syndromic Genes” or “Syndromic
Genes”. The clinical case entities fall info one of
the following categories: "ASHG” which stands for
American Society of Human Genetics, "CME _
Leuven _Bench” which refers to unreported pa-
fients with causal CNVs from Leuven Hospital,
and "PMID” which stands for case reports in lit-
erature (PuoMed ID).

Two further relationships were used in our on-
fology: connected  with, which describes an
association between a gene and a CHD, and
involved _ in, which describes an association
between a gene or a CHD and a case report. It
has to be noted that CHDWiIki users have manu-
ally curated each association between entities,
providing high quality data.

We also created a vocabulary that describes
the relatfionships between the ontology terms.
As we consider the extensibility of onfologies a
very important property, we used words into our
vocabulary derived from two well-known ontolo-
gies: the Dublin Core Metadata Initiative® (DCMI)
and the RDF Schema* (RDFS). Each class in-
cludes a set of properties such as structure vari-
ation (where deviation, chromosome, start and
end region are referred) and single point muta-
fion (where DNA mutation, peptide mutation and
relevant reference are referred). Moreover, when-
ever was possible, we used external URIs for each
class property. For instance, the property “label”
of a gene refers to the corresponding gene page
at Ensemble web portal. Also a variety of external
URLs are provided under the “seeAlso” property
of each Gene and CHD subclass.

To annotate the basic CHD ontology classes
using unique URIs, we used well-known IDs such
as the shortlist of the Association for European
Pediatric Cardiology® (AEPC) for the CHDs, the
Hugo IDs (Gray et al., 2013) for the associated

3 http://dublincore.org/
4 hitp://www.w3.org/TR/rdf-schema/
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Tablel. The class hierarchy of the CHD ontology (snapshot
from Protégeé 4.2).

v @ CaseReport
» ©ASHG_2007
> CME_Leuven_Bench
> PMID
v @ CHD
» © Abnormalities_of_atriums_and_atrial_septum
» © Abnormalities_of_AV_valves_and_AV_septal_defect
» © Abnormalities_of_coronary_arteries_and_arterial_duct_and_pericardium
» © Abnormalities_of_great_veins
» © Abnormalities_of_position_and_connection_of_heart
» © Abnormalities_of_VA _valves_and_great_arteries
» © Abnormalities_of_ventricles_and_ventricular_septum
Diagnostic_congenital_and_generic_cardiac_codes
Heart_muscle_disease_and_cardiomyopathies
Rhytm_and_conduction_disturbances
» @ Tetrallogy_of_Fallot_and_variants
v ©Gene
» @ Non_Syndromic_Genes
» ©Syndromic_Genes

genes and the CHDWiki case report IDs for the
recorded clinical cases. Specifically, the AEPC
URI annotation for the CHDs is considered more
accurate than using OMIM® annotation as this
disease family is not so well characterised by
it. Besides that, it has to be noted that the cre-
ated URIs of the CHDs and the clinical cases re-
fer to CHDWiki pages, while the associated gene
URIs refer to the HUGO Gene Nomenclature
Committee’ (HGNC) web pages.

Results and Discussion

In our project, we used Protégé 4.2% and the on-
fology was built in OWL format. We chose not to
use OBO format as OWL is a more expressive lan-
guage and we could also describe the relations
between our ontology classes, which were not
aways an is  a instance. As Protegé reasoner
presents some limitations concerning the class
properties querying, we also created our ontol-
ogy in simple RDF turtle format. Our ontology is
also hosted at the Bioportal (Whetzel et al., 2011),
which is the most popular open repository of bio-
medical ontologies.

As a future work, we will continue the enrich-
ment of the created ontology and will test its
biological usefulness by applying queries on
very specific research questions. Also, we plan
to connect the CHDWiki data onfology with other
well-known bio-onfologies such as the Human
Phenotype Ontfology (HPO) (Robinson et al.,
2008). This way, queries with increased informa-
fion value for doctors and geneticists could be
applied. Finally, we plan to create a SPARQL’
endpoint that, accompanied with a friendly in-
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terface, will be hosted on CHDWiki portal. The
godal is fo encourage untrained users 10 query
the available data without having any previous
knowledge regarding semantic technologies
such as RDF and SPARQL. While the scientific in-
ferest on rare diseases is continuously increasing,
onfologies could play a vital role info the infegra-
tion and further analysis of the generated data
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