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Abstract. Biological knowledge evolves in a quick way whereas more people with
other backgrounds (e.g., bioinformaticians, computer scientists, etc.) that help in
biological research require detailed knowledge on biomolecular processes in order
to understand the data they need to analyse. To solve this problem, in this paper
we propose a multimodal knowledge representation using graphical diagrams rep-
resenting biological knowledge, a natural language elucidation of the content of
the graphical diagrams, linking the graphical elements to ontology instances; and a
graph for visualising the ontology.
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1. Introduction

Biological research produces highly diverse information types [1], and the overall vol-
ume of biological knowledge is rapidly increasing. This diversity and amount of data
requires the semantic integration of information and knowledge, together with large
datasets. Such integration and the application of advanced computing requires the coop-
eration of domain specialists with data scientists, bioinformaticians and computer sci-
entists [2], who often lack basic knowledge of molecular biology, genomics and bio-
chemistry. As a result, grasping sophisticated mechanisms (e.g., biochemical pathways
or gene expression) requires new paths of knowledge standardisation, representation and
visualisation. Such pieces of exchangeable and re-usable information about a specific
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domain are also known as knowledge commons [3].

GREEKC [4] is a European network dedicated to the construction of high quality
and interoperable knowledge commons covering the field of gene regulation. GREEKC
aims to propose formally funded and interoperable Knowledge Representation (KR)
models that can be easily employed and shared by all stakeholders of Life Science re-
search. The educational and integrative aspects of the dissemination of these KR models
suggest a multimodal approach, bringing together graphical representations, textual rep-
resentations and formal-ontological representations. Such an approach should be stan-
dardised in terms of naming and definitions rooted in domain ontologies and languages
(e.g., graph-based, logical (OWL), natural language) and requires a shared comprehen-
sion of the subject matter by all players in interdisciplinary teams because of the need to
work with tightly interconnected data.

In order to satisfy these requirements, we propose a model that is ontology-based
and follows a view on ontologies that emphasises them as artefacts for knowledge shar-
ing within and across domains. Ontologies are therefore seen as formal descriptions of
the characteristics of biological entities (e.g., molecules, organisms, cell components,
processes, qualities, etc.) [5]. Our approach is inspired by principles formulated by the
OBO Foundry [6], which recommends that domain ontologies be rooted in a founda-
tional framework of basic categories and relationship types, which supports partitioning
of domain ontologies (e.g., as done in the Gene Ontology [7][8]).

Bio-ontologies are normally restricted to T-Boxes, i.e., axiomatic descriptions of
properties that universally hold for all particulars that instantiate a certain type (e.g.,
that all chromosomes are constituted by DNA). However, T-Boxes are neither sufficient
in granularity and expressiveness nor appropriate to fulfil our educational goals. Tradi-
tionally, such information has been conveyed by texts and by graphical diagrams, albeit
in a rather informal way. GREEKC proposes completing the picture by adding formal-
ontological descriptions as a means to create and disseminate knowledge commons.

In this paper, we use the domain of gene regulation to describe an example of KR
model that fulfils the above-mentioned requirements.

2. Methods

In order to build our model, we are assuming that a well-defined T-box exists, with uni-
versally agreed meanings (e.g., axioms) and sources such as domain ontologies con-
nected to foundational ontologies as their building blocks. Once we have these blocks,
the representation of prototypical examples, such as “transcription factor activity” from
Gene Ontology is then expressed as A-box entities (prototypical instances) using: (i) el-
ements of graphical diagrams, having appropriate labels and ideally having interactive
functionality that links its graphical elements to the instances they represent in (ii) an
ontology that provides universal descriptions in an OWL T-Box, instantiated by A-box
entities and expressions that formally describe the processes depicted in the graphical di-
agram; (iii) a natural language elucidation of (i) (Figure 1); and (iv) a graph visualisation
of (ii) (Figure 2).

For (i) we proposed a pre-existing prepared set of diagrams, i.e., graphical depictions
of biological processes (Figure 1), supplied by the Norwegian GREEKC partner Astrid



Lagreid. In order to implement (ii) and (iv) we were using Noctua [9], a web-based tool
used for the collaborative annotation of the activities that can be attributed to proteins in
biological processes, based on A-box assertions. This tool produces so-called GO-CAM
models, expressed as triplets (subject - predicate - object). Every model is a collection of
triplets that describes broader biological processes.
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Transcription factors (TFs) recognize closely spaced binding sites within enhancers that create
nuclecsome free regions, thus enabling cooperative binding and can include interactions
between TFs and Transcription Cofactors (Co-TFs) (Reiter et al., 2017).
NPT The recruitment of Co-TFs typically act through modifying and remodeling the chromatin
Definition in context of enhancers. These Co-TFs include histone acetyltransferases (eg. p300/CBF, SAGA
Natural complex, MOF, TIP60 and others), histone methyltransferases (e.gMLL3/4, CARMT),
Language chromatin remodeling factors (e.g. Brg1, CHD7) and factors that promote crosstalk with the
transcriptional machinery (e.g. Mediator complex) at promoters. Co-TFs complexes, enable
activation of transcription by influencing the activity of RNA polymerase and facilitating
establishment of a transcriptionally permissive chromatin environment (Long et al., 2016).

Figure 1. Example of a cartoon representation of epigenetic regulation of a promoter together linked to its
definition written in Natural Language [10][11].
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Figure 2. Example of a graph visualisation of “transcription factor activity” using the tool Noctua.

Our Noctua models rely on the Gene Ontology (GO) as domain ontology. They are
centred on a particular molecular activity class from the GO Molecular Function (MF)
ontology, represented as a prototypical OWL instance. MF annotations are connected to
provide the context in which that particular molecular function occurs. All connections
within a GO-CAM model are relations as OWL object properties from the OBO Rela-
tions Ontology. GO-CAM models can be created using the graphic interface of the Noc-



tua website. The first step to create the triplets was to analyse each statement in the tex-
tual description in order to extract the suitable GO terms by searched identifiers and key-
words. Next, the relations between MF and other GO elements (precisely, instances of
GO classes, particularly from the cellular component (CC) and biological process (BP)
ontologies were added. Finally, instances from Sequence Ontology (SO) [12] classes
were added and related to the MF instances.

3. Conclusion and Outlook

We proposed a way to build an educational knowledge representation artefact that helps
people working with biological data to understand the interconnected nature of biologi-
cal molecules and processes. This support is even more relevant to people that lack basic
biological knowledge. This constitutes a work in progress and its advance can be mon-
itored on the GREEKC website. Therefore, the next step is implementing such a KR
model since it will be of great value for the community.
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