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Abstract—Biomedical ontology development is often a time 
and resource consuming endeavor. To maximize efficiency of the 
process, we present a set of 10 simple rules covering basic 
technical requirements such as scoping and versioning, while 
considering additional elements such as licensing and community 
engagement. When applied, the rules will help avoid common 
pitfalls and jump-start ontology building. 
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INTRODUCTION 
Biomedical Ontologies are notoriously challenging and 

laborious to develop, despite their uncontested usefulness for 
data description, sharing and integration. As the amount of data 
generated keeps increasing, ontologies are becoming a de facto 
requirement for scientific creation and maintenance of datasets. 
While advantages to using an ontology are many, it is not 
straightforward for inexperienced users to choose which to use 
[1] before considering development of their own. Additionally, 
there is often no single resource providing exactly what is 
needed, and many biologists embark on a new ontology 
building task without being fully aware of some basic notions 
in ontology development. This paper seeks at documenting 
some general rules and guide neophyte users towards practical 
considerations for efficient biomedical ontology building. 

I. SET THE SCOPE FROM USERS’ NEEDS 
It is often very tempting to ‘dig in’, and start creating new 

terms and organize them in a hierarchy. However before 
proceeding with ontology development itself, it is crucial to 
take a step back and consider the use cases the ontology is 
attempting to address. Typically this is in the form of 
competency questions [2] - queries which the ontology should 
be able to satisfy in order to be considered correct and usable. 
Building an ontology from the bottom up will ensure there is 
coverage, i.e. the ‘terms’ required are present, but it will not 
always ensure that the queries required are satisfiable. This 
requires an understanding of those questions and from there 
building in class descriptions and structure such that they can 
be answered by the ontology. 

II. DO YOUR RESEARCH & REUSE AS MUCH AS POSSIBLE 
When choosing to create a new resource, care should be 

taken to reuse work done in the context of other efforts where 

possible. While this introduces additional constrains such as 
need to keep in sync or decisions about positioning and 
modifications, the advantages of doing so greatly outweigh the 
disadvantages. Reusing terms from other resources allows 
developers to rely on the knowledge of domain experts who 
curated them and to dedicate more work time for novel terms. 
The Minimum Information to Reference an External Ontology 
Term guidelines [3] specifies a mechanism to selectively 
import a term from a source ontology into a target resource, 
without the overhead of importing the whole external file. For 
example, the Gene Ontology (GO, [4]) currently imports 
selected terms from the Chemical Entities of Biological 
Interest (ChEBI, [5]) to model physiological responses to 
drugs. Avoiding duplication of resources additionally increases 
interoperability: a single URI is created per term, preventing 
the need for tedious mappings between terms with the same 
meaning in different resources. 

III. PUBLISH THE ONTOLOGY LICENSE AND ATTRIBUTION MODEL 
When building an ontology, you should think about 

licensing early on [6]. Indeed, licenses cannot be made more 
restrictive; they can only be loosened towards a more 
permissive one. Within the OBO Foundry [7], we chose to 
recommend the Creative Commons licenses [8], specifically 
CC-by, which requires attribution upon reuse. The OBO 
Foundry only requires the original URIs be reused for 
attribution, which prevents ‘attribution stacking’ : only the URI 
need to be cited, without the need for adding extra citations to 
individuals or projects. However other efforts such as Wikidata 
[9] require resources be available under CC-0 (i.e. public 
domain) for reuse, so the chosen license can and will impact 
the usage that can be made of your resource. Proper attribution 
will be important when trying to track usage, and can help 
justify supporting it to funding agencies. 

IV. PROVIDE STABLE URIS & VERSION YOUR ONTOLOGY 
While ontologies evolve through time, stability of 

identifiers is a fundamental tenet of their life cycle. Each entity 
described should have a unique identifier, and this identifier 
should be stable through time [10]. When terms become 
obsolete, a deprecation policy such as this of the GO [11] 
should be followed. Using URLs as identifiers enables for their 
dereferencing, i.e., resolution into human readable information 
in a browser as well as RDF for machine in the background. 



The adoption of the OBO Foundry ID policy by many OBO 
library resources has enabled common tooling to be built, such 
as Ontobee [12] which provides built-in dereferencing for 
OBO resources. 

V. USE A VERSION CONTROL SYSTEM OR EQUIVALENT  
Version Control Systems (VCS) allow for storage of 

ontologies and their versions in a common shared space, with a 
history of all edits preserved in a transparent fashion. In the 
world of software engineering, almost all software is developed 
using a VCS, and we argue that the same should hold for 
ontology engineering. In particular, we advocate for the use of 
a publicly hosted VCS system, such as GitHub or GitLab. 
These systems also provide mechanisms to help make stable 
releases, as well as provide issue trackers and tools to allow the 
wider community to interact with and comment on aspects of 
the development process. Many ontology developers have 
chosen to adopt a common folder structure with which to 
organize project file, which helps users find things in 
consistent places. Tools such as the ontology-starter-kit [13] 
can help you bootstrap a project using a standard layout. 

VI. USE A COMMON METADATA SET 
Usage of common annotation properties allows tool 

developers to rely on them to build their user interface, and 
enables users to go back and check on the origin of the term 
and what its intended meaning is, and/or contact the relevant 
individual should they need more clarification about its usage. 
While it is usually non controversial that at least a label and 
definition be provided for each entity in the ontology, we found 
that other properties are useful in providing documentation and 
traceability. For example, source of the definition – such as a 
PMID or web citation - is often useful to capture and provides 
additional context for the term. Annotation properties should 
be used to indicate evolution of the ontology: ‘replaced_by’ 
indicates one-to-one replacement of obsolete terms and can be 
followed by scripts to update annotations for example, and 
‘creation_date’ or ‘created_by’ can help audit the resource. A 
common metadata set [14] has been proposed and is currently 
used by many resources in the OBO Foundry. Other efforts 
exist to formalize metadata, such as the Simple Knowledge 
Organization System (SKOS) [15] and the Dublin Core (DC) 
Metadata element set [16]. 

VII. EVALUATE EARLY, OFTEN & OPENLY 
Collecting datasets first will ensure the resource developed 

fits the use case, and that there will be a gold standard against 
which the ontology can ultimately be evaluated. Some tools, 
such as the Ontology Lookup Service [17] allow calculating 
deltas (or diffs) between ontologies to explore their 
development, quality of content in terms of definitions, and 
compliance with ontology development best practice. For 
example, adherence to OBO Foundry principles [18] for 
ontology best design can provide qualitative evaluation. For 
external evaluation, other metrics can be useful to provide a 
quantitative overview, such as number of classes, properties in 
the ontology, or number of projects using the resource (as part 
of their own ontology or to annotate their datasets), evolution 

strategy, use of design patterns or domain interoperability. For 
either kind of evaluation, publish your results alongside with 
the ontology, pointing to the version that was being evaluated 
and changes that were being made when performing sequential 
evaluations. 

VIII. DOCUMENT YOUR DESIGN PATTERNS 
Consider the knowledge you are trying to describe. In many 

cases in biology, a repetitive pattern can be seen. For example, 
the transport of a protein process in GO includes a starting 
point, an endpoint, a cargo, whether we are describing amino 
acid import into cell or oligopeptide export from 
mitochondrion. In the Ontology of Biomedical Investigations 
[19], assays are described via their input, output, and their 
evaluant (i.e., what is being measured). Using patterns for 
defining logical axioms allows for fast addition of new classes 
via script, as well as easier maintenance should the patterns be 
updated. Uberon documents a variety of anatomical entity 
design patterns on its wiki, and many of these are applicable to 
other ontologies [20]. The GO and several other ontologies 
including the Cell Type Ontology [21] already use standard 
patterns to generate new terms via the TermGenie tool [22]. In 
GO around 80% of new terms are added via this route. Other 
tools such as Tawny OWL [23] and the ontology Pre-
Processing Language [24], for example as implemented via 
Webulous [25] are also available. A newer, simpler, version of 
templates is being implemented, ‘Dead Simple OWL design 
patterns’ (submitted). Adopting an upper level ontology can 
help ensure that the hierarchy developed is compliant with 
others which adhere to the same type of representation. This is 
important in the context of reuse of resources, or to ensure easy 
communication between developers. For example, ‘cancer’ can 
refer to a disease or an aggregate of cells, which would be in 
clearly separated areas of the ontology. Many upper ontologies 
are available [26]. In the OBO Foundry, the Basic Formal 
Ontology (BFO [27]) has been widely adopted.  

IX. MAKE ONTOLOGY AS DETAILED AS IT NEEDS TO BE. BUT NO 
FURTHER. 

Including users who understand the domain in question is 
also a valuable consideration. While there are many, freely 
available resources from which biomedical information can be 
collected, some are more reliable than others. Crowd sourcing 
such knowledge can be a productive method for collecting 
knowledge for inclusion into an ontology [9] but expertise 
from the biomedical domain in question is critical in ensuring 
the validity of the ontology content. Care should also be taken 
to capture the appropriate level of information. For example, 
when describing a disease, is only the diagnosis needed, or 
should the symptoms and signs be described as well? To 
maximize effectiveness, a resource need to abide by the 
Goldilocks principle [28] and capture just the right amount of 
information. 

X. ENGAGE WITH THE COMMUNITY 
Finally, don’t be afraid to ask for help! There are many 

places where to get help, starting with the trackers of the 
resources you are interested in. The biomedical ontology 



community is relatively small, and many developers have been 
working together for a long time. While this means discussions 
can sometimes become heated, it also implies a long shared 
history and respect for each other’s work. The community 
often comes together at yearly events such as the International 
Conference on Biomedical Ontology, the International 
Biocuration Conference or the Bio-ontology Special Interest 
Group. General mailing lists, such as public-semweb-
lifesci@w3.org or obo-discuss@lists.sourceforge.net are also 
good places where to engage with other users and developers. 
Many other documents and blogs, such as Ontogenesis [29], 
can also provide assistance. Engaging a wider community 
means that in the longer-term more people may contribute, and 
will help establish a community of editors that provides some 
level of sustainability to the resource. 

CONCLUSION 
Building a new ontology can be a daunting task, and should 

not be taken on lightly. Good ontology development requires 
time and dedication, but if done correctly will provide 
advantages in storing and analysing biomedical data. 
Following a simple set of rules from early development on will 
prevent unnecessary proliferation of custom resources which 
are doomed to disappearing as their funding ends, and foster 
building of interoperable community resources. 
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