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1 Introduction

Cytogenetics is branch of genetics that is concerned with the study
of the cell in biology. It is important due to its diagnostic applica-
tion, as it can identify chromosomal abnormalities which cause a
variety of genetic disorders, such as Down Syndrome, Klinefelter
Syndrome and Tuner Syndrome. One part of cytogenetics is the
preparation and study of karyotypes. A karyotype is a description
of the chromosomes present in a cell, such as the number of chro-
mosomes present, as well as the presence of abnormalities (if any).
It can be easily visualised and, therefore, has been widely used as a
mechanism for understanding the underlying genetics of cells and
organisms. It remains of vital diagnostic importance, as well as a
key tool for a large research community. Human karyotypes are
normally represented using a string, as defined by the International
System for human Cytogenetic Nomenclature (ISCN). 46,XX is a
simple example ISCN string that describes the karyotype of a (nor-
mal) female individual.

Unlike similar string-based representations, ISCN strings are not
computational amenable. As a result, they can be hard to parse,
validate and query. This was not a major problem initially, but now
we have hundreds of thousands of karyotypes across multiple re-
search databases which are of clinical importance.

For this work, the modelling technology that we are using to rep-
resent the karyotype domain is an ontology – a model that captures
knowledge about a domain by describing the concepts and rela-
tionships between these concepts. The main benefits to using an
ontology are that it can handle multi-scale definitions and partial
knowledge, which is common to complex scientific knowledge.

The purpose of our ontology is to provide a strong computational
and formal interpretation for a karyotype. This will enable seman-
tic (and syntactic) checking of karyotypic information at the point
of generation; it will allow the development of a knowledge base
of karyotypes which is open to rich querying, and finally a web-
capable interchange format for the many different groups around
the world that generate this information.

2 Our Approach

For our methodology, we made use of a semi-agile approach, driven
from the ISCN specification and other use cases, thus resulting in
a lightweight ontology with specific computational goals. For the
ontology model, we first thought of using a partonomy – which
models part-whole relations. However, this did not allow us to dis-
tinguish between strong edge cases. For example, 45,X,-Y de-
scribes the chromosomes, isolated from a normal male, which has
lost the Y chromosome, while 45,X is a phenotypically female in-
dividual with Turners Syndrome, but are partonomically identical.
Therefore, we instead made use of event-based change (from a nor-
mal karyotype) model – similar to the ISCN strings. The top-level
structure of the ontology is shown in Figure 1.
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Figure 1: The top-level structure of the karyotype ontology.

However, even with a semi-agile approach, there are many sim-
ilar concepts for example, 24 chromosomes, telomeres and cen-
tromeres, and over 850 bands. This meant that manual construction
was impractical as the ontology would be hard to build and diffi-
cult to maintain. Therefore, we defined the ontology as a series of
parameterisable patterns which expand to the full ontology [War-
render and Lord 2013]. This approach was enabled by a novel tool
called Tawny-OWL [Lord 2013]. Tawny-OWL is a library that is
used as a “textual user interface” for ontology construction and en-
ables a fully programmatic way of building ontologies. Tawny-
OWL was motivated by this karyotype work, but is not specific to
it.

3 Implementation and Future Work

The development of a karyotype ontology is potentially valuable
for cytogenetics, reducing collections of karyotypes to a form that
is easy to query, check and maintain. The work described here
presents an initial step towards this goal. We are evaluating the
ontology using examples defined in ISCN2013. So far we have
successfully implemented 127 ISCN examples. The karyotype on-
tology is available at http://www.purl.org/ontolink/
karyotype/.

In time, we expect to extend this work so that we have a model
that would be useful for clinicians around the world. To achieve
this, we must test the scalability of the model as current clinical
research databases contain hundreads of thousands of karyotypes.
Tools for visualisation and generation will need to be developed
such that clinicians can interact with the model, and through the
use of Tawny-OWL provide an end-to-end solution for the compu-
tational encoding of karyotypes.
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