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INTRODUCTION 
 
The purpose of this document is to provide an accessible overview (or ‘primer’) of key reference ontologies 
that have established themselves as a ‘de facto’ standard by the biomedical community. The inclusion of the 
following ontologies in this report is based on the recommendation by the Open Biomedical Ontologies 
community, as well as the direct experience of the RICORDO partners, in the use (and, in some cases, 
development) of the ontologies described. In particular, the recommendation stems from: 

1. the direct verification that the proposed ontologies are known to be supported by independent 
teams that actively maintain their resources, and respond to the ongoing requirements of the 
biomedical community accordingly; 

2. the wide usage of the relevant ontology by the community, thus ensuring that (apart from the 
reasoning capabilities provided by the resource per se) the choice of ontology brings immediate 
benefits to the new user that are associated with the annotation of VPH resources to an 
extensively-used ontology term ID space. 

 
The creation of a communal curation plan based on the use of standard dictionaries will therefore ensure 
that VPH data and model (VPHDM) resources are annotated in a consistent manner. To this end, RICORDO 
draws from the field of bioinformatics, which has achieved a number of successes in data and model 
interoperability thanks to the co-ordinated development and application of ontologies. Large scale databases 
of small molecules, DNA and protein sequences, gene expression, molecular pathways and their 
mathematical models owe much to their interoperability to the concerted effort of the OBO community based 
on the approach pioneered by the Gene Ontology (GO) consortium. 
 
This document reports on the project’s efforts to identify appropriate dictionaries (i.e. databases and 
ontologies) to create a set of core reference datasets and ontologies (CORDO) that will provide the stable 
identifiers (IDs) for use in VPHDM annotation across VPH resources. 

 
 
BACKGROUND 
There is a recognized lack of a consistent or computable terminology for modeling across structural scales 
and species. This is a fundamental impediment to data integration in the VPH, with its diversity of model 
systems spanning multiple spatial and temporal scales. To this end, RICORDO is seeking to build semantic 
interoperability based on community annotations that draw upon a limited set of non-overlapping 
dictionaries. It is therefore crucial that RICORDO assesses existing controlled vocabulary and ontology 
resources and developmental practices to provide guidance about standards the VPH should establish in 
this crucial area of interoperability. 
 
The key RICORDO recommendations in this report are based on the following sources: 

1. the VPH Network of Excellence’s (NoE) Requirements and Technology Assessment Exercise 
survey; 

2. the NoE’s consultations with biomedical industry and clinical stakeholders, with particular reference 
to the VPH meeting held at the European Bioinformatics Institute in co-ordination with the institute’s 
Industry Programme; 

3. the ESFRI ELIXIR project findings on biological Data Integration and Interoperability; 
4. the OBO Foundry meeting held on week 2 of the RICORDO project (as part of the RICORDO kick-

off meeting activities – see Annex); 
5. the multidisciplinary RICORDO partner consultation in WP2. 

 
 
 
 
DESCRIPTION OF WORK 
The CORDO recommendations cover the following areas: 

1. Biological structure 
2. Biological processes 
3. Qualities 
4. Classes of entities in Experiments, Modeling and Simulation 
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These four key categories are discussed below. 
 
1. Biological Structures 

a. The Foundational Model of Anatomy [1-2] 
The Foundational Model of Anatomy (FMA) is an ontology of human anatomy and will serve as 
the VPH Core Vocabulary for annotating and mapping macroscopic anatomical entities (i.e., 
multicellular entities, and larger). It is a reusable and generalizable resource of deep anatomical 
knowledge which is designed to meet the needs of any knowledge-based application that 
requires structural information. It is widely used in many informatics research projects as well as 
in clinical applications.  To date, we have documented over 2100 registrations to download the 
FMA from itswebsite, drawing interest from both private and public sectors, including local and 
international government agencies and institutions,  from >150 universities in 51 countries, >90 
US universities and colleges, large commercial companies such as General Electric, Siemens, 
GSK and Philips, non-profit organizations such as the Mayo Foundation and the Allen Brain 
Institute, health care providers such as Cleveland Clinic, Texas Healthcare Network and private 
citizens. The FMA has served to provide and continues to provide 1) ontological framework to a 
number projects such as the Virtual Soldier Project, RadLex and Terminologia Anatomica 
(FICAT), 2) ontology template for other ontologies such as Common Anatomy Reference 
Ontology (CARO), Cell ontology (CL) and Aneurist; 3) anatomy content enhancements to  
RadLex, the Disease Ontology (DO), the Human Phenoptype Ontology (HPO) and Skin 
Ontology; 4) ontology support for various applications such as BodyParts3D (Japan), 
AnatomyLens (search engine from IBM), and Autodesk (ergonomics modeling); 5) ontology for 
alignment and mapping projects  involving the anatomy axis of SNOMED-CT, GALEN anatomy 
and neuro-imaging terminologies such as Talairach, AAL and FreeSurfer; and 6) ontology test 
bed for auditing methodology (NJIT), tool development and knowledge engineering by projects 
such as K-CAP (knowledge capture challenge), LexGrid (distributed network of resources), 
Microsoft (mappings) and TopQuadrant (scalability of tools).  The FMA has also been adopted 
as the anatomy standard by the European working group (CEN) of ISO for health informatics. 
The FMA is the primary anatomy reference ontology source for the composite annotations to be 
used in the VPH. 
 

b. The Edinburgh Mouse Atlas (EMAP) and the Mouse Anatomical (MA) Dictionary 
The domain of the MA is the adult mouse, while that of EMAP is mouse embryo anatomy. EMAP 
and MA have a close, formal collaboration and are working towards a unified anatomy of the 
mouse. EMAP was one of the first anatomy ontologies – perhaps the first to be implemented 
and used widely. The MA was built on the EMAP model and discussions continue between the 
two groups about all aspects of anatomical representation. Both are used to annotate gene 
expression in the GeneExpression database (GXD) and are widely used elsewhere in the 
mouse community, in EMAGE, EUREXPRESS, GUDMAP, EuReGene, etc.  Some other gene 
expression resources use anatomy ontologies related to or based on these (for example, 
GenePaint). 
 
The EMAP anatomy ontology is organized into 26 developmental stages, referred to as Theiler 
stages (TS1–TS26) [8]. Each stage is primarily organized as a structural part–of tree. The 
tissues represented by subnodes of a node in the tree are intended to be non-overlapping 
(exclusive) and complete, i.e. they describe all distinct parts of the parent tissue. (The term 
‘tissue’ is used in a very generic way, meaning both: whole anatomical structures as well as 
specific tissues.) For example, the trophectoderm consists of the mural trophectoderm and the 
polar trophectoderm, which are distinct from each other and are the only parts of the 
trophectoderm. The requirement for the anatomy ontology to be non-overlapping and complete 
was a design decision by the biologists who developed it, rather than a constraint needed for its 
computational formalisation.  
 
In addition to the ontology, the EMAP atlas contains 3D voxel-based reconstructions of the 
embryos at the different developmental stages and mappings between concepts in the ontology 
and their corresponding voxel sets in the 3D model. This enables the integration of spatially 
mapped data with data labelled using the terms from the anatomy ontology. 
 
EMAP was built on a developmental stage-by-stage basis. The currently ongoing revision of the 
EMAP ontology aims to (i) thoroughly incorporate class (Is_a) relations in order to represent the 
development and adult state of each structure by recognizing the identity of the continuant 
structure rather than focusing on the snapshot views through the separate windows of 
successive developmental stages, and (ii) incorporate properly-defined temporal relationships.  
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In the long term, the goal is to have a single ontology that includes everything in the mouse, 
including the adult. 
 

c. The Cell Type Ontology [9] 
The Cell Ontology is an ontology for cell types that covers the prokaryotic, fungal, animal and 
plant worlds aiming to provide descriptions of other biological objects, such as gene-expression 
data and facilitate interoperability. It includes over 700 cell types. These cell types are classified 
under several generic categories and are organized as a directed acyclic graph. The ontology is 
available in the formats adopted by the Open Biological Ontologies umbrella and is designed to 
be used in the context of model organism genome and other biological databases. 
 

d. The Gene Ontology Cell Component [10] 
The cellular component ontology is one of the three vocabularies of the Gene Ontology that 
provides structured controlled vocabularies for the annotation of gene products with respect to 
their cellular location at the levels of subcellular structures and macromolecular complexes. 
Examples of cellular components include nuclear inner membrane, with the synonym inner 
envelope, and the ubiquitin ligase complex, with several subtypes of these complexes 
represented. Generally, a gene product is located in or is a subcomponent of a particular cellular 
component. The cellular component ontology includes multi-subunit enzymes and other protein 
complexes, but not individual proteins or nucleic acids. Cellular component also does not 
include multicellular anatomical terms. 
 

e. The Protein Ontology [11] 
PRO is a formal representation of protein objects, providing both descriptions of these objects 
and the relationships between them. PRO encompasses a sub-ontology of proteins based on 
evolutionary relatedness (ProEvo) and a sub-ontology of the multiple protein forms produced 
from a given gene (ProForm). PRO is interoperable with other OBO Foundry ontologies--such 
as the Sequence Ontology (SO) and the Gene Ontology (GO)--that provide representations of 
protein qualities. This interoperability facilitates cross-species comparisons, pathway analysis, 
disease modeling, and the generation of new hypotheses through data integration and machine 
reasoning. 
 

f. Chemical Entities of Biological Interest [12] 
Appearing in a wide variety of contexts, biochemical ‘small molecules’ are a core element of 
biomedical data. Chemical ontologies, which provide stable identifiers and a shared vocabulary 
for use in referring to such biochemical small molecules, are crucial to enable the interoperation 
of such data. One such chemical ontology is ChEBI (Chemical Entities of Biological Interest), a 
candidate member ontology of the OBO Foundry. ChEBI is a publicly available, manually 
annotated database of chemical entities and contains around 18000 annotated entities as of the 
last release (May 2009). ChEBI provides stable unique identifiers for chemical entities; a 
controlled vocabulary in the form of recommended names (which are unique and unambiguous), 
common synonyms, and systematic chemical names; cross-references to other databases; and 
a structural and role-based classification within the ontology. ChEBI is widely used for 
annotation of chemicals within biological databases, text-mining, and data integration. 
 

2. Biological Events 
a. GO Biological Process [10] 

The Biological Process (BP) ontology is one of the three vocabularies of the Gene Ontology that 
is describes biological goals accomplished by one or more ordered assemblies of molecular 
functions. High-level processes such as `cell death' can have both subtypes, such as 
`apoptosis', and subprocesses, such as `apoptotic chromosome condensation'. We note here 
that A biological process is not equivalent to a pathway; at present, GO does not try to represent 
the dynamics or dependencies that would be required to fully describe a pathway. 
 

b. Mammalian Pathology [13] 
The mammalian pathology ontology provides a description mammalian pathology phenotypes 
and incorporates known mouse pathologies hierarchically organised as "instances of" 
pathological processes. It distinguishes between pathological anatomical entities and 
pathological process and can be used in conjunction with the PATO ontology to provide 
pathological descriptions. 
 

3. Qualities 
a. GO Molecular Function [10] 

The Molecular Function (MF) is one of the three vocabularies of the Gene Ontology that 
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describes activities, such as catalytic or binding activities, at the molecular level. GO molecular 
function terms represent activities rather than the entities (molecules or complexes) that perform 
the actions, and do not specify where, when or in what context the action takes place. Examples 
of individual molecular function terms are the broad concept `kinase activity' and the more 
specific`6-phosphofructokinase activity', which represents a subtype of kinase activity. 
 

b. PATO [14-17] 
RICORDO aims at the standardization of the representation of physiological variables and data. 
There has been a substantial effort in the general domain of phenotype data representation over 
the years and a system has been developed to allow for a high degree of expressivity to capture 
the wide range of phenotypes observed across a variety of organisms and types of investigation. 
This system is based on the PATO framework that provides an integration platform that allows 
consistent phenotype descriptions and data (including physiology data) by allowing a so-called 
post-composition methodology that involves the combination of a set of domain ontologies with 
their appropriate qualities that are provided from an ontology of qualities termed PATO. The 
PATO framework has the ability of expressing both qualitative and quantitative descriptions as 
well as providing logical definitions for so-called precomposed complex descriptions, such as the 
ones available from the various phenotype ontologies that exist for several domains. Within the 
field of human physiology a set of domain specific and non specific ontologies will be required to 
be combined with the PATO ontology. 
 

c. Ontology for Physics in Biology [3-7] 
The Ontology of Physics for Biology (OPB) is an ontology of physical concepts, properties, and 
laws that a VPH Core Vocabulary for physics-based biosimulation modeling and data analysis. It 
will be used for annotating and mapping analytical model variables and experimental datasets 
(e.g., pressure of blood in aorta, MPK-gene expression rate in renal tubule cells) across all 
structural levels (i.e. molecular to whole organism) and time-scales. A relatively new ontology, 
the OPB is being co-developed in conjunction with and “stress-tested” against advanced model 
annotation software (SemGen, SemSim) for annotating, merging, and encoding biosimulation 
models using composite annotations. The OPB has been developed by the UoW team in the 
Web Ontology Language (OWL) based on knowledge representational principles developed and 
proven by the UoW FMA development experience. OPB is unique amongst ontologies with 
biophysical content in that its content is based strictly, and deeply, on the principles the 
principles of classical physics and thermodynamics. Such a principled approach is critical to 
resolving ambiguities of usage and naming across multiple biomedical and biophysical 
disciplines. 
 

4. Classes of entities in Experiments, Modeling and Simulation 
a. Units Ontology [14] 

The Units Ontology (UO) was developed in order to allow for the PATO framework to provide a 
means to record both qualitative and quantitative information. Although ontologies provide 
qualitative partitions of the kind of entities we find in nature, in biology we also need to record 
quantitative information relating to phenotypic observations (e.g. a quality such as "size"). 
Therefore, as a necessary adjunct to PATO, a Units Ontology [UO] has also been built and 
published to the OBO site. The UO was assembled from existing text-based sources and 
constructed according to OBO Foundry principles. It is maintained in OBO format. The UO 
includes 264 terms, all of which are defined. These definitions are consistent with those of the 
Unified Code for Units of Measure [UCUM]. Wherever possible definitions from the National 
Institute of Standards and Technology [NIST] are used. 
 

b. Ontology for Biomedical Investigation 
The Ontology for Biomedical Investigations (OBI) addresses the need for controlled 
vocabularies to support integration of experimental data, a need originally identified in the 
transcriptomics domain by the Microarray Gene Expression Data Society (MGED), which 
developed the MGED Ontology as an annotation resource for microarray data. In response to 
the recognition of convergent needs in areas such as protein and metabolite characterization, 
this effort was broadened to become what was initially known as FuGO (Functional Genomics 
Investigation Ontology). FuGO was further expanded in 2006 to include clinical and 
epidemiological research, biomedical imaging and a variety of further experimentation domains 
to become what is today OBI, an ontology designed to serve the coordinated representation of 
designs, protocols, instrumentation, materials, processes, data and types of analysis in all areas 
of biological and biomedical investigation. OBI employs the PATO and UO ontologies for the 
description of phenotypes. 
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RICORDO is also examining the use of upper level ontologies that describe very general concepts across all 
biological domains, thus supporting very broad semantic interoperability between a large number of 
ontologies. Candidates include BFO, DOLCE, GFO. A further key goal of RICORDO, in the context of WP5, 
is the use of predefined well formed ontological relationships. To this end, RICORDO is examing the use of 
the Relation Ontology proposed by the OBO foundry. 
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