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Introduction to Ontology
Semantics & tools for data annotation

Harold Duruflé



Problem: Several words for retrieving the same data
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Sunflower

Helianthus 

Helianthus spp. 

Tournesol

Helianthus annuus L.

→ Semantic heterogeneity (concepts)

(SUNRISE project)



Problem: Data is multi-format and everywhere
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Databases

Excel files

Tabulated files text files

Publication / Reports

→ Structural and syntactic heterogeneity



Several domains

4(INRA with the collaboration of the RDA Agrisemantics WG
http://aims.fao.org/activity/newsletter/aims-newsletter-no80-january-2019)

→ Domain heterogeneity



Different types of semantic resources
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Glossaries

Thesaurus

Controlled 
vocabularies

Taxonomies

Ontologies

Weaker 
Semantics

Stronger 
Semantics

(Abstraction)

Word/HTML

XML

UML

RDF

Concept Maps

Web Ontology Language 
(OWL)

Time

(Adapted to Semantic Spectrum & Network Inference)

(e.g. Relations,
concepts)



Example:
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Level of
Abstraction

DNA

Sequence

Structural motif 

Protein

Pathways

Yield Improvement



What is an ontology?

• Provide a shared vocabulary for a domain (all the terms)

• Provide textual definitions that describe the intended meaning of the
terms in vocabularies

• Provide standard identifiers for concepts describing a given domain

• Provide machine-readable axioms and definitions that enable
computational access to some aspects of the meaning of classes and
relations – logical representation of human knowledge

→ Facilitate data publication / data access and analysis

7



What is an ontology?
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https://www.ontotext.com/knowledgehub/fundamentals/what-are-ontologies/



FAIR principles

FAIR: Findable, Accessible, Interoperable, Reusable 

(Wilikinson, 2016 nature DOI: DOI:10.1038/sdata.2016.18)

To be Interoperable:

• I1. (meta)data use a formal, accessible, shared, and broadly applicable 
language for knowledge representation.

• I2. (meta)data use vocabularies that follow FAIR principles.

• I3. (meta)data include qualified references to other (meta)data.

9
www.go-fair.org/fair-principles/



Why biologist have adopted ontologies?
• To provide canonical representation of scientific knowledge

• To annotate experimental data to enable interpretation, comparison,
and discovery across databases (Example: GO )

• To facilitate knowledge-based applications for
• Decision support

• Natural language-processing

• Data integration

10
https://towardsdatascience.com/ontology-and-data-science-45e916288cc5



Example of the crop ontology

• No naming convention for variables and methods of measurement
which are heterogeneous

• Trait & Variable definitions and measurement are not similar between
farmers, breeders, agronomists, modelers,…
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Plant Height

→ One trait = x traits…



Example of the crop ontology
Annotation must explain:
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1/ What is the observation about? = TRAIT
(e.g. Plant Height, Color of grain)

2/ How is the trait observed? = METHOD
(e.g. Measuring, Estimated visually, Calculated)

3/ How is the trait observation expressed? = SCALE
(e.g. cm, short/medium, white/black)



Example of the crop ontology
Annotation must explain:
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1/ What is the observation about? = TRAIT
(e.g. Plant Height, Color of grain)

2/ How is the trait observed? = METHOD
(e.g. Measuring, Estimated visually, Calculated)

3/ How is the trait observation expressed? = SCALE
(e.g. cm, short/medium, white/black)



11 traits

20 traits

1 trait

39 traits

5 traits

64 traits

1 traits

16 traits

1 trait

Rice Traits

Example of an ontology
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Example of link between ontologies
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Pod ColorBerry Color
Achene Color

Fruit Color Grain ColorKernel Color

fruit color trait (TO:0002617) across various species

→ Ontologies can link to data from multiple species



Breeding Management System
Breeders, Data Manager & Scientists

Published online
Possibility to download variables  
Possibility to upload variables

Defined and organized variables

In Trait Dictionary

Plants’ traits ontology

Ease data collection in 
the field thanks to 
defined variables

Fieldbook creation

Store annotated data, and 
allow their interpretation 

and harmonization 

Database

Crop Ontology Workflow
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Data Analysis
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Thank you

(xkcd.com/927)

• Bioversity international CGIAR

◆ Elizabeth Arnaud

◆ Marie Angélique Laporte

◆ Cyril Pommier
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(Wilikinson, 2016 nature DOI: DOI:10.1038/sdata.2016.18)


