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Outline

1. How I got into ontology - the data exchange problem

1. What does “ontology” mean?

2. “Ontologizing” data examples

1. Ontology tools
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2011: Escherichia coli O104:H4

4,000+ ill; 47 fatalities
16 countries
70 companies

Cucumbers, tomatoes, leafy vegetables ???
200 million Euro/week cost to Spain!

Egyptian fenugreek seeds

Germany May 1st

Epidemic Announcement

Globalization of food networks increases risk of    
pathogen spread across borders
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Fast and accurate detection of pathogens 
is critical for health and trade



Similar Epi/Clinical data needs across agencies

Questions re: diseases, symptoms, clinical events, dates of onset

CDC Atlanta, 
BC CDC, WHO
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Ontology

Wise Wiki Entity

The philosophical
study of the nature of 

being, becoming, existence 
or reality as well as the 

basic categories of being 
and their relations.

> data dictionary

> hierarchy of terms

> annotation

> logical reasoning

Web 2.0 Cylon



Ontology
pyramid

Data Dictionary: term label, definition and data type

Global Identifier: global standard

Hierarchy: facets of description

Qualitative and 
Quantitative Relations

Querying 
and Reasoning

We are 
here!

Data 
mapping & 

sharing 
easier!

Problem: 
Consensus?

Safe 
bet!
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OBOFoundry.org
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Reusing a family of orthogonal 
ontologies.

Like volumes of an encyclopedia -
all organized under a general 
Basic Formal Ontology



8

BioSample metadata
standards

Minimal Data for Matching (MDM)

Sample_name
Organism
Collected_by
Collection_date
Geo_loc_name
Isolation_source
Lat_lon
*host
*host_disease

http://www.viprbrc.org/brcDocs/documents/rss_feed_doc/Scheuermann_GSC13_04MAR2012_2.pptx



host age age of host at the time of sampling; ... 
could be seconds for amoebae or 
centuries for trees

value {float} {unit}

host sex physical sex of the host enumeration [male | female | neuter | 
hermaphrodite | not 
determined]

host 
disease

Name of relevant disease, e.g. 
Salmonella gastroenteritis. Controlled 
vocabulary; Human Disease Ontology

disease name 
or DO

{term}

Partial ontologization of BioSample

Source: https://www.ncbi.nlm.nih.gov/biosample/docs/attributes/

http://bioportal.bioontology.org/ontologies/DOID
https://www.ncbi.nlm.nih.gov/biosample/docs/attributes/
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The Cancer Imaging Archive (TCIA)

The Lung Image Database Consortium (LIDC) 
image collection consists of diagnostic and lung 
cancer screening thoracic computed tomography 
(CT) scans with marked-up annotated lesions.  
Clinical diagnosis data for 158 patients.
https://wiki.cancerimagingarchive.net/display/Public/LIDC-IDRI

Ontology-Enhanced Representations of Non-image 
Data in The Cancer Imaging Archive
Jonathan P. Bona, Tracy S Nolan, Mathias 
Brochhausen
https://www.researchgate.net/publication/326158241

https://wiki.cancerimagingarchive.net/display/Public/LIDC-IDRI
https://www.researchgate.net/publication/326158241
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LIDC Clinical Diagnoses spreads heet: https://tinyurl.com/y6f76vhv

Data source: https://wiki.cancerimagingarchive.net/display/Public/LIDC-IDRI

https://tinyurl.com/y6f76vhv
https://wiki.cancerimagingarchive.net/display/Public/LIDC-IDRI


Tools: ontology lookup services

Many routes to the same term
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OntoBee He Group
U of M Medical School

OLS European Bioinformatics 
Institute: 
https://www.ebi.ac.uk/ols/

BioPortal

http://www.ontobee.org/
https://www.ebi.ac.uk/ols/index
https://www.ebi.ac.uk/ols/index
https://bioportal.bioontology.org/


Foundational elements of the world

Earth, water, fire, air, ether, metal, 
wood ??? Quirks, quarks, Bosons?

Source: https://en.wikipedia.org/wiki/Classical_element

● Continuants (endurants): material 
entities, the qualities that inhere in  
them, the roles they take on, and 
information content entities about 
them.

● Occurents (perdurants): Events or 
processes, which we only observe 
indirect evidence of at any moment in 
time.

https://en.wikipedia.org/wiki/Classical_element
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Basic Formal Ontology (BFO)

“A continuant is an entity that 
persists, endures, or continues 
to exist through time while 
maintaining its identity.“

“A material entity is an 
independent continuant that has 
some portion of matter as proper 
or improper continuant part.”

“A quality is a specifically 
dependent continuant that, in 
contrast to roles and dispositions, 
does not require any further 
process in order to be realized.”

http://purl.obolibrary.org/obo/bfo.owl

http://purl.obolibrary.org/obo/bfo.owl




OntoTrek - visualizing the final frontier
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http://localhost:8000
https://genepio.org/ontotrek/?ontology=agro




Bottom-up / process components

18Positive HPV status for a head and neck cancer patient.  Adapted from:  http://ceur-ws.org/Vol-2285/ICBO_2018_paper_37.pdf

http://ceur-ws.org/Vol-2285/ICBO_2018_paper_37.pdf
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21Adapted from:  http://ceur-ws.org/Vol-2285/ICBO_2018_paper_37.pdf

“... colon cancer has spread to their lungs, as determined by a 
biopsy. This patient has two instances of ‘DO: cancer’, one that 
inheres in the patient’s ‘UBERON: colon’ and one that inheres in 
the ‘UBERON: lung’. An ‘OGMS: diagnostic process’ with some 
‘OBIB: biopsy’ as part has produced as output an ‘OGMS: 
diagnosis’ that is about the patient. The biopsy evaluated an 
‘UBERON: portion of tissue’ that was derived from an ‘EFO: 
neoplasm’ that was located in the patient’s lung.”

Disease and 
diagnosis for a lung 
cancer patient

http://ceur-ws.org/Vol-2285/ICBO_2018_paper_37.pdf


Ontology 
r e u s e



GEEM ontology-driven data specifications
ISO/TC Workgroup 34/SC 9 
NP23418: "Microbiology of the 
Food Chain — Whole Genome 
Sequencing, Typing and Genomic 
Characterization of Foodborne 
Bacteria".

https://genepio.org/geem/form.html#GENEPIO:0002083 23

“Over twenty thousand standards 
have been set covering everything 
from manufactured products and 
technology to food safety, 
agriculture and healthcare.”

https://genepio.org/geem/form.html#GENEPIO:0002083
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Supplementary Info
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Reading

Ontology-Enhanced Representations of Non-image Data in 
The Cancer Imaging Archive
Jonathan P. Bona, Tracy S Nolan, Mathias Brochhausen
https://www.researchgate.net/publication/326158241

OBO Foundry (http://obofoundry.org) and 
https://pdfs.semanticscholar.org/ab7e/56b1b7efe553841d83781
3f7e694a1a6fd6d.pdf

Identifier advice: 
https://www.ncbi.nlm.nih.gov/pubmed/28662064

Mapping between ontologies via OWL logic, SKOS and db cross 
references : 
https://douroucouli.wordpress.com/2019/05/27/never-mind-the-
logix-taming-the-semantic-anarchy-of-mappings-in-ontologie/

Tools
Protege:
https://protege.stanford.edu/
https://webprotege.stanford.edu/
https://protegewiki.stanford.edu/wiki/WebProtegeUsersGuide

Text lookup:  OntoBee, OLS, BioPortal, Agroportal
Text lookup → Selectable OLS ontologies:  Zooma
Text lookup → Genotype/phenotype

Monarch Text Annotator

BioSample short text conversion to ontology: LexMapr
Reuse of ontology-driven data standards: GEEM

Jquery Chosen mod for synonym recognition in 
categorical selection lists:
https://github.com/harvesthq/chosen/issues/2928

https://www.researchgate.net/publication/326158241
http://obofoundry.org
https://pdfs.semanticscholar.org/ab7e/56b1b7efe553841d837813f7e694a1a6fd6d.pdf
https://www.ncbi.nlm.nih.gov/pubmed/28662064
https://douroucouli.wordpress.com/2019/05/27/never-mind-the-logix-taming-the-semantic-anarchy-of-mappings-in-ontologie/
https://protege.stanford.edu/
https://webprotege.stanford.edu/
https://protegewiki.stanford.edu/wiki/WebProtegeUsersGuide
http://www.ontobee.org/
https://www.ebi.ac.uk/ols/index
https://bioportal.bioontology.org/
http://agroportal.lirmm.fr/
https://www.ebi.ac.uk/spot/zooma/
https://monarchinitiative.org/annotate/text
https://github.com/Public-Health-Bioinformatics/LexMapr
https://github.com/GenEpiO/geem
https://github.com/harvesthq/chosen/issues/2928

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Ontology
	Slide Number 6
	OBOFoundry.org
	Slide Number 8
	Partial ontologization of BioSample
	The Cancer Imaging Archive (TCIA)
	Slide Number 11
	Slide Number 12
	Foundational elements of the world
	Basic Formal Ontology (BFO)
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Bottom-up / process components
	Bottom-up / process components
	Bottom-up / process components
	Disease and diagnosis for a lung cancer patient
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Supplementary Info

