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Maojo and co-authors discuss computational biomedical ontologies from different perspectives,
including their philosophical foundations, and in particular issues of emergence, the ability (or lack of
ability) of ontologies to generate new discoveries and theories, and to evolve. Pointing to a new
direction of research in biomedical ontologies, the authors raise open questions related to visual
reasoning and spatial ontologies.
Emerging novel biological knowledge and its integration with current scientific views is not always
easily represented in ontologies, even when the new knowledge is deduced by scientists and is not
expected to be discovered purely by reasoning with ontologies. Maojo and co-authors note that
different ontologies that cover the same domain but view it from different perspectives (e.g., of
molecular biologists, physiologists, and clinicians) may address different biological levels using a
different level of granularity and different context. Indeed, the different communities of researchers
and practitioners have different points of view that change over time, as the scientific knowledge
about a domain grows. For example, the cell cycle stages, such as interphase and its phases, G1 (first
gap), S (synthesis), and G2 (second gap), and the mitosis stage with its phases, prophase,
prometaphase, metaphase, anaphase, and telophase, were defined based on cytological observations
made by examining dividing cells through a microscope. For example, at the onset of prophase,
chromatin condenses together into a chromosome and at metaphase the centromeres of the
chromosomes convene along the metaphase plate. However, ontologies need to consistently represent
the dynamic knowledge about high-level biological processes in the context of their molecular-level
sub-processes [1]. For example, they should be able to relate the interphase G1 phase to processes of
protein synthesis, organelles production, and cell growth. Furthermore, ontologies can also be used to
provide even more detailed molecular definitions. Such definitions could relate the cell cycle
checkpoint between phase G1 and phase S, in which the cell duplicates its DNA, to the specific
molecular-level processes and their participating molecules (e.g., cell cycle kinases CDK4/6-cyclin D
and CDK2-cyclin E) and molecular complexes (for details see
http://www.biocarta.com/pathfiles/h_g1pathway.asp). Peleg et al. [2] provide another example where
a bio-ontology was used to specify the process of protein translation in a high-level representation that
is further nested into a detailed specification of tRNA mutations that cause abnormal protein
translation resulting in clinical disease phenotypes.
The authors reiterate Noble's criticism of the Gene Ontology (GO), which excludes physiology and
most aspects of evolutionary biology and therefore cannot adequately address modeling phenomena
across different biological levels. It is important to note, however, that bio-ontologies have different

purposes; GO [3] is meant to provide a common vocabulary used to annotate gene products according
to the biological processes at which they participate, the function that they exhibit, and their cellular
localization. In this way, GO can facilitate data aggregation (e.g., retrieval of all mouse genes that
participate in lipid metabolism) [4] and data integration [5], where data from different biological data
bases is retrieved and joined based on common GO annotations. Other bio-ontologies have been used
to formulate queries for accessing and integrating data from multiple biological databases [6] or for
modeling and simulating biological processes in the context of their participating molecules and their
resulting disease phenotypes [1, 2, 7].
Another interesting question raised by the authors is whether computational ontologies could do more
than provide a means of representing descriptive knowledge of a field in a computationally useful
way, or in other words could they go beyond "what you put in is what you get out". The answer to this
question, in my view, is affirmative. Existing ontologies already provide not just descriptions but can
be the basis for planning care pathways [8], providing explanations for decision-support
recommendations [9], and enable simulation-based prediction of system behavior over time [7].
Furthermore, by representing libraries that contain definitions of different types of exceptions and
exception-handling mechanisms [10], even unanticipated exceptions that occur during execution of
clinical-guideline based decision-support systems could be handled by generic exception-handlers.
Similarly, using description-logics-based ontologies, default behavior could be defined and executed
for controlling the access to electronic medical records when specific organizational policies have not
been defined [11].
Moving on to the second topic addressed by the paper by Maojo and co-authors, the focus on visual
reasoning and spatial ontologies is an important emerging need for biomedical ontologies. Geometric
shapes are important means for biologists for conceptualizing and comprehending biomolecular
structures as well as for understanding how structure relates to function and to process. Biologists are
used to creating diagrams to convey how biomolecular complexes act in biological processes e.g., the
replication complex that replicates DNA, the protein translation mechanisms, etc. Biologists find it
more intuitive to comprehend such diagrams in contrast with more abstract representations of
biological process models. To make computational biological process models more intuitive for
biologists, tools such as Cell Illustrator [12] allow biological scientists (users) can intuitively model
and simulate complex dynamic interactions and processes in biopathways comprising of hundreds of
entities within and among cells, using intuitive icons that correspond to classes in the biological
pathway ontologies named Cell System Ontology.
Maojo and co-authors note that when considering shapes, fundamental concepts that arise are
connectedness and adjacency. These distinctions are also important when considering cellular
organelles; in the BioWorkflow ontology [1], cellular components are classified into membranes (e.g.,
nuclear membrane), spaces (e.g., cytoplasm, lysosome lumen), membrane bound compartments (e.g.,

membrane bound-organelles, such as nucleus, chloroplast), non-membrane bound cellular
compartments (such as cytostome and nucleolus), and cellular structures (e.g., centriole).
There are many additional topics that are important in the context of biomedical ontologies and have
not been covered by this paper. One of those topics is the use of computational methods to discover
knowledge in data [13-15] and in biomedical publications [16, 17] in order to populate ontologies.
Such methods make the task of ontology construction more scalable.
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