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Webinar — 15'"- 16'" December 2020
Using ontologies to improve animal science research

Organizing center: INRAE (France)
Target participants: Scientists, Rl technicians, Bachelor, Master or PhD students
Objectives

e Understand the usefulness of the ontologies to annotate experimental dataset
e Use these ontologies and reference them in publications
® Use the ontologies adapted to SmartCow

Pre requisite skills: Basic knowledge in biology
Program
Tuesday 15 December 2020, 9:45 — 15:30
9:45-10:00 Introduction of the course by R. Baumont and C. Hurtaud, INRAE (France)

10:00 -12:00 What is an ontology? by Olivier Dameron, University of Rennes 1 (France)

1. Definition

2. History

3. Examples of use of ontologies (application of ontologies)
4. Exercises:

i.  How to build a small ontology?
ii. How to use ontologies to annotate data with the open-source editor
Protégé?
iii. How to use ontologies to retrieve data with the open-source editor
Protégé?

12:00 — 13:30 lunchbreak

13:30-15:30 The ontology engineering lifecycle and its best practices by Monika Solanki,
Agrimetrics (UK)

Wednesday 16 December, 10:00 -12:00

1. Presentation of French ontologies from INRAE
a. ATOL ontology by Catherine Hurtaud and Linh Chi Nguyen, INRAE (France) (25
min)
b. EOL ontology by Jéréme Bugeon, INRAE (France) (15 min)
c. AHOL ontology by Marie-Christine Meunier-Salalin, INRAE (France) (15 min)
2. Example of application/use of an ontology AHOL for professional use, by Marie-
Christine Meunier-Salalin, INRAE (France) (20 min)

3. Text based annotation with ontologies, Claire Nédellec INRAE (France) (45 min)
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Concept and objective of SmartCow

e Better coordination of research infrastructures (Rls) in the
cattle sector is necessary to develop more efficient
approaches to address the various challenges in cattle
breeding and research

 SmartCow is a first step towards the integration of Rls for the
European cattle sector, developing:

* Networking activities: mapping Rls, adopting common
language, the best standardized techniques and data sharing

e Joint research activities: improving GSM and ‘proxies’ to
phenotype new and more complex animal traits

* Transnational access: providing researchers an easy
access to high quality services and resources

SmartCow




2018 - 2022

l SRUC - Beef centre

[ SRUC - Dairy centre |

WUR-DLO
- Dairy Campus

| Teagasc - Grange

I Teagasc - Moorepark

| UREAD - CEDAR |

INRA - Le Pin
INRA - Herbipédle |

[IRTA - EVAM | -

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under the Grant Agreement n°730924.

First-class Cattle Research Infrastructures
(RIs) across Europe:

* 11 major Rls distributed in 7 EU countries

* 12 locations, which include 18 installations

* 2500 dairy and 1000 beef cows

» Networking of Rls to inventorize resources,
harmonize procedures, and share data

- Joint research activities to improve
experimental methods and phenotyping capability
« Interaction with stakeholders to stay in line
with industry needs and improve dissemination
http://www.smartcow.eu/stakeholders/

TRAINING PROGRAM

For Scientists, Technicians, Stakeholders, PhD students
* Face-to-face training courses

* Free web-conferences

* One-day study tours in 4 different countries

http://www.smartcow.eu/resources/training/

TRANSNATIONAL ACCESS CALLS

Offers external users (academic and industry) free
access to SmartCow Rls

* 30 projects during the 4 years of SmartCow
* Access to around 10,000 cow-weeks

http://www.smartcow.eu/calls/

SmartCow




A training and study tour program

It consists of:

* Face-to-face training courses (1-3 days)

* Web conference training courses, accessible with PC, Internet +
phone (2 hours)

* One-day study tours

It aims to share the results of the project : methods, techniques,
use of tools...

* CH4 emissions, Feed efficiency, Ethics in animal experimentation,
NIRS, Sensors, Ontologies...

It includes lectures, exchanges with scientists, visit of Rl facilities
and farms...

...But Covid-19 crisis obliged turning into webinar all training g
activities since March 2020...
SmartCow




Research infrastructures in SmartCow

e Large range of data are obtained on animals,
feeds and environment in various conditions
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FAIR Principles in SmartCow

* Principles to ensure that data are shared in a way that
enables & enhances reuse, by humans and machines

Findable

Persistent ID
Metadata online

o
&

Accessible Interoperable Reusable
Data online Use standards, Rich
Restrictions where controlled vocabs documentation
needed Common (open) Clear usage
formats license
W3C Weh Enablement

Findable

Accessible

Interoperable

Source: https://doi.org/10.5281/zenodo.1065991
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Ontologies in SmartCow

e The DMP outlines the use of a common language to
describe data and the development of a tool that allow
to exploit data in accordance with FAIR principles:

— Use of open standards and open data ontologies to simplify
access and inter-operability of data
=>» Improve and foster the use of ATOL, EOL and AHOL
=>» 92 new terms added since the beginning of SmartCow

— Development of a could-based data platform to upload,
control sharing and link the data to get additional insights
and store the data beyond the life of the project.

— Standardize the vocabulary and make links between how
observations are described and livestock ontologies -

s
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- Joint research activities to improve
experimental methods and phenotyping capability
« Interaction with stakeholders to stay in line
with industry needs and improve dissemination
http://www.smartcow.eu/stakeholders/

TRAINING PROGRAM

For Scientists, Technicians, Stakeholders, PhD students
* Face-to-face training courses

* Free web-conferences

* One-day study tours in 4 different countries

http://www.smartcow.eu/resources/training/

TRANSNATIONAL ACCESS CALLS

Offers external users (academic and industry) free
access to SmartCow Rls

* 30 projects during the 4 years of SmartCow
* Access to around 10,000 cow-weeks

http://www.smartcow.eu/calls/
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science research
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Program of the webinar

Tuesday 15 December morning 9:45-12:00

0 9:45-10:00 Introduction of the course by R. Baumont and C. Hurtaud,
INRAE (France)
0 10:00-12:00 What is an ontology? by Olivier Dameron, University of
Rennes 1 (France)
1. Definition
2. History
3.Examples of use of ontologies (application of ontologies)
4. Exercises:
i. How to build a small ontology?
ii. How to use ontologies to annotate data with the open-source
editor Protégé?
iiil. How to use ontologies to retrieve data with the open-source
editor Protégé?

o 12:00-13:30 Lunchbreak

SmartCow



Program of the webinar

Tuesday 15 December afternoon

0 13:30-15:30 The ontology engineering lifecycle and its best practices by
Monika Solanki, Agrimetrics (UK)

Part 1 - 45 minutes presentation, Q&A and a 5 minutes break

Part 2- 45 minutes presentation, hands-on & Q&A

SmartCow



Program of the webinar

Wednesday 16 December morning 10:00-12:00

0 10:00-10:55 Presentation of French ontologies from INRAE
a. ATOL ontology by Catherine Hurtaud, INRAE (France) (25 min)
b.EOL ontology by Jérébme Bugeon, INRAE (France) (15 min)
c. AHOL ontology by Marie-Christine Meunier-Salailin, INRAE (France)
(15 min)

0 10:55-11:15 Example of application/use of an ontology AHOL for professional
use, by Marie-Christine Meunier-Salailin, INRAE (France) (20 min)

0 11:15-12:00 Text based annotation with ontologies, Claire Nédellec INRAE
(France) (45 min)

SmartCow



During the webinar

1 If you have a question, please use the chat.

J Linh Chi and | will be moderators for the questions. We will ask
the questions for you during or after the presentations

Have a good webinar from :

A
=

. ey
Paris, France SmartCow

Rennes, France



What is an ontology?

Olivier Dameron

Université de Rennes 1

15 December 2020
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“Ontologies make people happier”
Ph. Rocca-Serra, 2011-10-18

O. Dameron 15 December 2020 2/65



Life science data
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Big data and the deluge of life science data

Big data

Datasets so large or complex that traditional data processing is
inadequate [Laney2001]

Life science: data deluge [Aldhous1993]

@ computerized biomedical data

@ genomics and bioinformatics

Science. 1993 Oct 22,262(5133):502-3.

Managing the genome data deluge.

Mdhous P.

PMID: 5211171 [PubMed - indexed for MEDLINE]
Science. 1995 Aug 4,2689(5224):630

Europe opens institute to deal with gene data deluge.
Williams N.

PMID: 7624788 [PubMed - indexed for MEDLINE]
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Bottleneck

Too much data for current processing capabilities

@ data production rates outpace CPU improvements

@ current analysis methods do not scale up

The Widening Gulf between Genomics Data Generation ﬂ Libertas Academica
and Consumption: A Practical Guide to Big Data Transfer
Technology

Frank A. Feltus', Joseph R. Breen III?, Juan Deng?, Ryan S. Izard®, Christopher A. Konger?,
Walter B. Ligon III°, Don Preuss® and Kuang-Ching Wang*

BICINFORMATICS AND BIOLOGY INSIGHTS 2015:9(51) l
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What to expect for 2025

Our estimation is that genomics is a “four-headed beast” — it is
either on par with or the most demanding domain [...] in terms of

@ data acquisition ) ) _
Big Data: Astronomical or Genomical?
) d a t d Sto ra ge Zachary D. Stephens', Skylar Y. Lee', Faraz Faghri?, Roy H. Campbell?, Chengxiang Zhai®,

Miles J. Efron®, Ravishankar lyer', Michael C. Schatz®*, Saurabh Sinha’*, Gene
E. Robinson®*

° d ata d ISt r b Ut on PLOS Biology | DOI:10.1371/journal.pbio. 1002195  July 7,2015

@ data analysis

Table 1. Four domains of Big Data in 2025. In each of the four domains, the projected annual storage and computing needs are presented across the data

lifecycle.
Data Phase  Astronomy Twitter YouTube Genomics
25 zefta-bytesty 0.5-15 billion 500-900 million hours/year 1 zetta-bases/year
tweets/year
Storage 1 EBlyear 1-17 PB/year 1-2 EB/year 2-40 EBlyear
Analysis In situ data reduction Topic and Limited requirements Heterogeneous data and analysis
sentiment mining
Real-time processing Metadata analysis Variant calling, ~2 trillion central
processing unit (CPU) hours
Massive volumes All-pairs genome alignments, ~10,000
trillion CPU hours
Distribution Dedi d lines from Small units of Major component of modemn user's  Many small (10 MB/s) and fewer massive
1o server (600 TB/s) distribution bandwidth (10 MB/s) (10 TB/s) data movement

doi:10.1371/jeurnal pbio. 10021951001

O. Dameron
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Degrees of data complexity

multiple scales (heterogeneity)

(highly) interdependent at each scale
interdependent between scales
variability

incompleteness

evolution

distributed (and lack of interoperability)

A

Life science

Complexity

Quantity'

O. Dameron 15 December 2020 7/65



Complexity of life science data

Challenge (computational)

How to handle this complexity?

@ Experts are very good at doing it on their domain (hint)

e on their domain
e on their data

@ The difficulty is to do it systematically
@ Expertise = ability to use knowledge for interpreting data

@ We should use their expertise, not try to outperform them

O. Dameron 15 December 2020 8/65



Annotations for describing

complex and massive data

O. Dameron 15 December 2020 9/65



Capturing expertise with annotations

Annotation
Annotation = result of some interpretation process

O. Dameron 15 December 2020 10/ 65



Capturing expertise with annotations

Annotation
Annotation = result of some interpretation process

@ ideally by an expert (from big data to smart data)

@ usually requires some background knowledge

e formalisation ranging from free text to controlled vocabularies
to (shared) semantic framework [semantic spectrum]

Boc| . [Sieepy] [H
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The data annotation process

Annotate data =

@ describe explicitely the relevant elements in your data and
the relations between these elements

@ so that users (incl. you and the non-experts) or programs do
not have to go once again through the tedious process of
interpreting them

is important!

seems easy...

exercice 1: describe a set of images

... but turns out to be more difficult than expected

describing and interpreting the data is for domain experts

formalizing and representing the annotations and their
dependencies is for data engineers

O. Dameron 15 December 2020 12 /65



Using annotations for overcoming data complexity

Add annotations? But we have too much data already!

@ can be used as proxy to complex data

@ simplifies by providing a compact abstraction
@ overcomes variability

@ enriches by making explicit the underlying meaning

Storing, sharing and reusing these annotations is the key to life
science data systematic analysis

O. Dameron 15 December 2020 13 /65



Ontologies for interpreting annotations
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Ontologies

Knowledge underlying annotations remains to be represented
@ “Much of biology works by applying prior knowledge [...] to
an unknown entity” [Stevens2000]

@ "The complex biological data stored in bioinformatics
databases often require the addition of knowledge to specify
and constrain the values held in that database” [Stevens2000]

Ontology

Formal representation of knowledge in which the essential terms
are combined with structuring rules that describe the relationships
between them [Bard2004]

ELSEVIER

Erief Bioinform, 2000 Nov;1 (4):398-414

or gy-based kr ge repr ion for bicinformatics. Beyond the data deluge: Data integration and bio-ontologies
Stevens R', Geble CA, Bachhofer S

Judith A. Blake *, Carol J. Bult

O. Dameron 15 December 2020 15 /65



Ontologies specify the meaning of annotations

Knowledge is represented as relations between sets of entities J

taxo:...

“steroid biosynthetic process”
rof:subClassOf

1a%0:207598 goi..
“sterol biosynthetic proces: holesterol metabolic proces
“Homo" uniprotCore:scientificName  rdfk:subClassOf rdfs:suliClassOf  rdfS3DBCESSOf  rdfs:subClassOf
1ax0:9605. 10016126 9010016126
“Homo saplens". uniprotCore:scientificName  rdfb:subClassOf rdfs:sUbClassOf /néuncwassor
tax0:9606. uniprotCore:Protein 90:0006695

uniprotCore:mnemoni \

"cholesterol biosynthetic process”

migrotCoreorganism | rgp.type

"HUMAN"

“TGFB1_HUMAN"

uniprotCore:mnemonic

uniprotCore:credted 205"~ ~xsdint

*2015-04-29"~ ~xsd:date

*1986-07-21" ~xsd:date

O. Dameron 5 December 2020 16 /65



Ontologies support reasoning about annotations

Reasoning

Method for traversing or enriching the graph of data

taxo:

“steroid biosynthetic process”
rdf:subClassOf

“sterol biosyntetic process" i ~_ j “cholesterol metabolic proces
“Homo sapiens". (wmme rdft:subClassOf rdfsSubClassof /riéubclassol
tax0:9606 uniprotCore:Protein 9. 90:0006695
QrotCorezorganism rdf:type “cholesterol biosynthetic process"

“TGFB1_HUMAN®

GUniprot:P01137

uniprotCore:replaces uniprotCore:mnemonic

uniprotCore:repl;

uniprotCore:mofified
uniprotCore:cre:

ed "205"~ ~xsdint

Uniprot:ABK792

“2015-04-29"~ ~xsd:date

1986-07-21" ~xsd:date

O. Dameron

5 December 2020 17 /65



Semantic Web and Linked (Open) Data

Semantic Web offers a unified framework to Linked Data

@ RDF for representing and aggregating entities descriptions

o RDFS+OWL for representing domain knowledge (and
combine it with data descriptions)

e SPARQL for querying everything (possibly from multiple
repositories)

<

SPARQL endpoints offer unified query access to RDF repositories
ex: Fuseki, Virtuoso,...

Linked Open Data: a federation of RDF repositories

LODStats (http://lodstats.aksw.org/) [Ermilov2016]
@ 9960 datasets; 149.10° triples

@ general scope; Life sciences = major field (size+density)

O. Dameron 15 December 2020 18 /65


http://lodstats.aksw.org/

o RDF repositories can be queried in SPARQL via endpoints

@ data from one endpoint can make references to data from
another endpoint

S S
0 o¢ 9.65
Linked open data cloud, by M. Schmachtenberg, C. Bizer; A. htzsch and R. Cyganiak http://lod-cloud.net/
Jo=o=}

O. Dameron 15 December



Ontologies: what they are

@ Annotations’ underlying structure
o (Formalized) representations of domain knowledge

@ Relations that are always true, independently from anecdotic
facts

Rule of thumb

what is implicit in a factual document is often background
knowledge that belongs to an ontology

O. Dameron 15 December 2020 20 /65



Ontologies: what they are not

@ Ontology (the branch of philosophy)

e Controlled vocabularies, terminologies,... (although both are
useful and often connected)

@ Sets of annotated data (genericity is the key)

O. Dameron 15 December 2020 21 /65



From controlled vocabularies to ontologies

o Controlled vocabulary: set of words used preferentially to
ensure annotation uniformity

e Terminology: vocabulary with additional information (e.g.
synonyms) and relations (e.g. antonyms, broader than,
narrower than, related to,...). Ex: Wordnet

e Taxonomy (hopefully) formal organisation of concepts along
the “is a” relation (subsumption). Ex: classification of species

o language-independent
e can be associated to controlled vocabularies and terminologies

@ Ontology: taxonomy with additional relations, constraints,
and (hopefully) formal definitions. Ex: Gene Ontology,
ChEBI...

O. Dameron 15 December 2020 22 /65



Ontology principles

Ontologies mostly deal with sets of entities (classes)

Which properties are shared by these entities (necessary)

How some of these properties define the set
(necessary and sufficient)

What are the possible values for some of the properties
(fractures are located on bones, no “fracture of the eyelid")

What are the relations with other sets of entities

Classes are organized from general to particular (taxonomy)
The subclass — superclass relation corresponds to set inclusion

A class can have several parents

The properties of the superclass also apply to all its
descendents (inheritance)

O. Dameron 15 December 2020 23 /65



Ontologies in use: use the MeSH to query pubmed

handle synonyms

In pubmed (https://pubmed.ncbi.nlm.nih.gov/)

@ look for articles about vitamin c as a full text search
@ examine one of the articles and look for the MeSH annotations

@ look for the MeSH term vitamin c and the articles it annotates

@ look for the MeSH term ascorbic acid and the articles it annotates

handle taxonomy

In MeSH (https://www.ncbi.nlm.nih.gov/mesh/)

@ look for cardiovascular disease

@ select the relevant MeSH term
(https://www.ncbi.nlm.nih.gov/mesh/68002318)

@ look at its synonyms and its descendents
@ add it to the search builder

@ search on pubmed

A\
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https://pubmed.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/mesh/
https://www.ncbi.nlm.nih.gov/mesh/68002318

Ontologies in use: Gene Ontology

In the GO website (http://geneontology.org/)
@ look for “glucose metabolic process”

@ select “ontology” in the radio box below the search field, and
search

o select the GO term (http:
//amigo.geneontology.org/amigo/term/G0:0006006)

@ select the “Graph view” or the “Inferred tree view” tab and
visualize its ancestors and its descendants

e for Homo sapiens, how many proteins are annotated by this
GO term? How many miRNA?

O. Dameron 15 December 2020 25 /65


http://geneontology.org/
http://amigo.geneontology.org/amigo/term/GO:0006006
http://amigo.geneontology.org/amigo/term/GO:0006006

Synthesis
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o Life science data are distributed and highly complex
@ Annotations address complexity

@ Ontologies formalize the knowledge underlying annotations

Reused across datasets

Shared for interoperability
Support reasoning

For programs more than humans

@ the Semantic Web provides an infrastructure supporting
integration and reasoning

@ Life science annotations and ontologies have matured
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Hands-on session: build your own ontologies

O. Dameron 15 December 2020 28 /65



Your first ontology with Protégé

000

File Edit View Reasoner Tools Refactor Window Help

% untitled-ontology-13 (http:/www.semanticweb.ora/olivier/ontologies/2020/11/untitled-ontology-13)

ontology IRI

o B - . 11/untitled

Metrics
Ontology Version IRI

Annotations

Class axioms

Ontology imports [Ontology Prefixes | General class axioms

~ Search

Direct Imports

Indirect Imports

Gt

Retrieve Protégé from https://protege.stanford.
select the “Active ontology” tab

adjust the ontology IRl (= template for the future identifiers)

O. Dameron
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https://protege.stanford.edu/

Activate the “Classes” tab (if not already visible)

intitied-ontology-1

File Edit View Reasoner Tools Refactor

@ untitled-ontology-13 (http://www .se

Active ontology x

ontology IRI http://www.semanticweb.orgfol

Ontology Version IRI

Annotations

b.org/olivier/ontol titled-ontology-13) - [http:

Views

Create new tab...

Export current tab...

Import tab...

Store current layout

Reset selected tab to default state

Capture view to clipboard...

Timestamp log / console
Show log...

Look & Feel

Refresh user interface

> [1/untitled-ontology-13) - Search...
+ Active ontolooy

Entities

Object properties

»

Data properties
Annotation properties
Individuals by class
OWLViz

DL Query

SWRLTab

OntoGraf

SQWRLTab
SPARQL Query

|Ontology imports |Ontology Prefixes |General class axioms

[

Direct Imports

Indirect Imports

Start rassoner

O. Dameron
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tab organization

File Edit View Reasoner Tools Refactor Window Help
© untitled-ontology-13 (http://www

Active ontology x| Classes x

| Class hierarchy (inferred)

|Annotations Usage
Class hierarchy T

0/11/untitl

logy-13)

~ Search...

=

< herarchy MELE] Annotations
Asserted -

owl:Thing

[Descripuor

Equivalent To

SubClass Of

General class axioms:

SubClass Of (Anonymous Ancestor)
Instances

Target for Key

Disjoint With

Disjoint Union Of

o left: hierarchy of classes (top = general; bottom

= particular)

@ top right: annotations for describing the hierarchy active class

@ bottom right: properties formalizing the hierarchy active class

O. Dameron
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Create new classes

File Edit View Reasoner Tools Refactor Window Help
o firstOnto (http://www.semanticweb.org/olivier/firstOnto) ~ Search...
Active ontology x Classes x
|Class hierarchy (inferred) Annotations |Usage
Class hierarchy
Annotations
Asserted -
v ® owl:Thing
© Artefact
© Artist
© Book
© Painter
- ® Painting
© Person
© SciFiBook
© Writer Equivalent To
SubClass Of
General class axioms
SubClass Of (Anonymous Ancestor)
Instances
Target for Key
Disjoint With
Disjoint Union Of
Start ressoner B

O. Dameron




Organize classes into a hierarchy

File Edit View Reasoner Tools Refactor Window Help
< o firstOnto (http://www.semanticweb.org/olivier/firstOnto) ~ Search...
Active ontology x Classes x
|Class hierarchy (inferred) Annotations |Usage
Class hierarchy
Class hierarchy: owl:Thing EOELE] | A nnotations
% Asserted -
A& Jow!: Thing
v-© Artefact
-~ ® Painting
v ® Book
v ® Artist
- ® Writer
© Painter Equivalent To
SubClass Of
General class axioms
SubClass Of (Anonymous Ancestor)
Instances
Target for Key
Disjoint With
Disjoint Union Of
Start ressoner B

O. Dameron




Annotate the classe

File Edit View Reasoner Tools Refactor Window Help

</ [ firstOnto (hitp://www.semanticweb.org/olivier/firstOnto) - Search
st partina
Active ontology X| Classes X
Class hierarchy (inferred) I Usage
Class hierarchy P 7
learthy: Paning (T e
] Asserted - " it apel  [language: en]
+ @ owl:Thing Painting
v ® Artefact
o rdfs:label  [language: fr]
+-@ Book Tableau
+ @ person
-0 Artist
© Writer
o Painter :
Equivalent To
SubClass Of
®Artefact
General class axioms
SubClass Of (Anonymous Ancestor)
Instances
Target for Key
Disjoint With
Disjoint Union Of

e rdfs:label = name(s) of the class

@ rdfs:comment = description of textual definition

O. Dameron




Disjoint classes cannot have common instances

o s ol TSEons) -1
File Edit View Reasoner Tools Refactor Window Help
<| @ firstOnto (http://www semanticweb org/olivier/firstOnto)

Active ontology x| Classes x

Class hierarchy (inferred) [Annotations [Usage
Class hierarchy

[ nozstons Serson

Annotations

. Asserted v it iabel  [language: en]
@ owlThing Person
7 Artefact
Painting
» @ Book
» & Artist

[Cescipion: person

Equivalent To

SubClass Of

General class axioms

SubClass Of (Anonymous Ancestor)
Instances

Target for Key

Disjoint With
Artefact

Disjoint Union Of:

@ Person and Artefact are disjoint

@ Painter and Writer are not

@ notice that by inheritance, Painter and Artefact are also
disjoint

O. Dameron 15 December 2020
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Classes can have multiple parents

i manticueb org/olierirstOnto) - home/olier/ar martcowfirtontol Gl

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto)

~ Search...
Person ) impassibleClazs
Active ontology x Classes x
|Class hierarchy (inferred) |Annotations [Usage |
Class hierarchy
Annotations
wie. [ Asserted -
v-® owl:Thing
v © Artefact
" ® ImpossibleClass
@ Painting
» ® Book
v © Person
b ssibleClass|
t

Equivalent To

SubClass Of @
@ Artefact
©Person
General class axioms
SubClass Of (Anonymous Ancestor)
Instances

Target for Key

Disjoint With

o st thereasoner cick Ressonee » Start ressones || Show nferences

@ notice that ImpossibleClass appears twice in the hierarchy
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Start the reasoner

File Edit View

ADE
v-® owl:Thing
v © Artefact
~ ® ImpossibleClass
- ® Painting
» ® Book
v-® Person
Wimpossibleciass]
> © Artist

None

EIERY [l Start reasoner
Person ) ImpossibieClass

Active ontology

 Class hierarchy (

| Class hierarchy Configure...

* HermiT 1.4.3.456

~ Search...

BHIEEE

Description: ImpossibleClass [N

Equivalent To

SubClass Of
@ Artefact
@ Person
General class axioms
SubClass Of (Anonymous Ancestor)
Instances

Target for Key

Disjoint With

Start reasoner [

O. Dameron




owlNothing ) Impossibleclass

Active ontology x Classes x

File Edit View Reasoner Tools Refactor Window Help

The reasoner detects inconsistent classes

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto)

Class hierarchy (inferred)
Class hierarchy

[Annotations [Usage

| Class hierarchy (inferred): impossibleC
v ® owl:Thing

v ® owl:Nothing

» ® Artefact

> ® Person

Description: IMposs|

~ Search...

B0

Equivalent To

SubClass Of
Artefact
Person

General class axioms

SubClass Of (Anonymous Ancestor)
Instances

Target for Key

Disjoint With

Resoner acive | Show Inferences

@ notice that we switched to the inferred class hierarchy

O. Dameron
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Activate the “Individuals” tab

File Edit View Reasoner Tools RefactorHeIp

< o firstOnto (http://www.semanticweb. Views ’ ~ Search...
BT  <tive ontolooy
Active ontology x Classes x . Entities
Class hierarchy (inferred) Annotat v Classes
Class hierarchy [ Annotationd IEsmEEs Object properties ENELE]
son ELECE] | i
15 Asserted - Annotati ey port current tab... Data [UEEeidEs
. cwl’-'l"hing rdfslal - gtore current layout Annotation properties
: p v
v-® Artefact 70T Reset selected tab to default state Individuals by class
- ® Painting . N OWLViz
» ® Book Capture view to clipboard... DL Que
&person| i Y
» ©Artist Timestamp log / console OntoGraf
Show log... SWRLTab
[Description
B | Look & Feel »  SQWRLTab
quivale
Refresh user interface Sl Qs
SubClass Of

General class axioms

SubClass Of (Anonymous Ancestor)
Instances

Target for Key

Disjoint With
Artefact

Disjoint Union Of

O. Dameron 15 December 2020 39
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Create an instance of the Painter class

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto)

Person ) Artist ) Painter

Active ontology x [Classes x|Individuals by class x|
Annotations \Usage

(AR Assertedv AN
v ® owl:Thing Annotations
> © Artefact
v-® Person
v © Artist

~ Search...

[ainter]
© Writer

Description: leonardoD:

Types

Object property assertions
@ Painter

Data property assertions
Same Individual As

For: @ Painter Different Individual
erel ividuals
leonardoDaVinc ! Nt individus

Negative object property assertions

Negative data property assertions
http:ffww icweb. org/olivierffirstonto# Davinci

O. Dameron




Create an instance of disjoint classes

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto)
Person) Artst) Painter

Active ontology x Classes x| Individuals by class x|

Annotations |Usage

0 X Asserted - 55

v ® owl:Thing

> © Artefact

v-® Person
v © Artist

Annotations

-0
© Writer

©Artefact
@ Painter

Same Individual As

Different Individuals

# leonardoDaVinci

~ Search...

rtions: impossiblePerson

Object property assertions
Data property assertions
Negative object property assertions

Negative data property assertions

O. Dameron




Synchronize the reasoner

File Edit View [FEEEANTd Tools Refactor Window Help
< @ firstOntc tOnto) ~ Search...

Al  SYnchronize reasoner Ctrl-R

rActive ontology :  Stop reasoner

. %
v-® owl:Thing .
» ®Artefact ® HermiT 1.4.3.456
v @ Person None
v ® Artist

Configure...

L
- ® Writer

©Artefact
© painter Data property assertions
Ll
For: @ Painter Same Individual As Negative object property assertions
lePersol ) )
# leonardoDaVinci Different Individuals Negative data property assertions

out of sync with A
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The reasoner detects inconsistent individuals

File Edit View

< @ firstOntc

Person ) Artist ) Painter

Active ontology :

v-® owl:Thing

» ® Artefact
v @ Person
v ® Artist
Writer

Painter

# leonardoDaVinci

impossiblePerson

Tools Refactor Window Help

tOnto) ~ Search...
Synchronize reasoner Ctrl-R

Stop reasoner

Configure...
e HermiT 1. Help for inc
None

@ Your ontology is inconsistent which means that the
OWL reasoner will no longer be able to provide any
useful information about the ontology.

You have several options at this point:

= Click the Explain button to try the Protege
explanation facility.

= If you think you know what the problem is,
click Cancel to fix the ontelogy yourself.

« Some reasoners come with command line prty assertions
tools that will provide complete explanations
for inconsistent ontologies.

perty assertions

bject property assertions

Explain| Cancel ata property assertions

Reazaner

inconsistert

O. Dameron
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Activate the “Datatype properties” tab

- i semanticwet
File Edit View Reasoner Tools RefactorHeIp

< o firstOnto (http://www.semanticweb. Views 3 ~ Search...

Active ontology x |Classes x|Individuals by Create new tab... Entities ||

Annotatiot v Classes

Asserted - f Export current tab... ObjcclpIoREties I

» @ Artefact Import tab... Data properties

v ® Person Store current layout Anr?o.tation properties
v Artist Reset selected tab to default state Y Individuals by class
Writer Capture view to clipboard owtviz
P 3 DL Query
Timestamp log / console OntoGraf
Show log... SWRLTab I
Types Look & Feel »  SQWRLTab
Refresh user interface HAANCL Quisry
ELECRE Same Indiviauar »s vata property assertions
Different Individuals Negative object property assertions

For: ® Painter
# leonardoDaVinci

Negative data property assertions

T use the reasonr clck Ressoner » Start reasonsr | Show Inferences
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Create datatype properties

File Edit View Reasoner Tools Refactor Window Help

<[ @ firstOnto (http://www.semanticweb.org/olivier/firstOnto) - Search...
Active ontology x| Classes x by class x| Data properties X
Usage
Z[C][ Asserted -
v =owl:topDataProperty Annotations
et rdfsilabel  [language: en]
last name.
« Functional Equivalent To.

SubProperty Of;

Domains (intersection)
Person

Ranges

Disjoint With

@ create relations which values are strings, numbers, dates...

@ the domain is the set of individuals for which this relation
makes sense

e functional property (checkbox) can have at most one value
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Use datatype properties to describe individuals

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto) ~ Search...

Person ) Artist ) Painter

Active ontology x |Classes x| Individuals by class x |Data properties x|

Asserted - [

v-® owl:Thing Annotations
> Artefact
v-® Person

v-®Artist

i
- ® Writer

Types Object property assertions

@ Painter
Data property assertions
-

e
&% Same Individual As tName "Leonardo
Da Vinci

For: ® Painter ='last name'

leonardoDaVi Different Individuals . . .
Negative object property assertions

Negative data property assertions

T use the reasoner clck Ressoner » Start reasoner | ShowInferences &

O. Dameron



Activate the “Object properties” tab

File Edit View Reasoner Tools RefactorHeIp

< o firstOnto (http://www.semanticweb. Views 3 ~ Search...

Active ontology x |Classes x|Individuals by Create new tab... Entities ||

Annotatiot v Classes ||
Asserted - [ = Export current tab... Object properties I

v ® owl:Thing Annotations i
'@ Artefirt Import tab... v Data prqpertles )
v Perso_n Store current layout Anr?o.tatlon properties
v ’ Artist Reset selected tab to default state ¥ Individuals by class
Writer Captt j to clipboard o g
apture view to clipboard... DL Query
Timestamp log / console OntoGraf
. Showlog... SWRLTab |
Types Look & Feel »  SQWRLTab
Painte  Refresh user interface SPARQL Query
vata property assertions
Same Individual As =firstName "Leonardo"
For: ® Painter ='last name' "Da Vin

pifferent Individuals

Negative object property assertions

Negative data property assertions

Ressaner active | | Show Inferences
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Create an object property

File Edit View Reasoner Tools Refactor Window Help

</ | efirstOnto (http://www.semanticweb.org/olivier/firstOnto) ~ Search...

Active ontology x| Classes x

by class x| Data properties X Object properties X

e [
v = owl:topObjectProperty

B rcaioror]

Asserted ~

Usage

Annotations

Functional Equivalent To
Inverse func o operty of
Transitive
Symmetric  Inverse Of
Asymmetric pomains (intersection)
Reflexive Person
Irreflexive  ganges (intersection)
Artefact
Disjoint With

SuperProperty Of (Chain)

@ create relations between individuals
@ domain = set of individuals for which this relation makes sense
@ range = set of possible values for the relation
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Create an instance of Painting

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto)

~ Search...
Artefact) Painting

Active ontology x Classes x Individuals by class x |Data properties x| Object properties x|

Asserted - [ mo!

v ® owl:Thing Annotations
v-© Artefact
»® Book
v-® Person
v-©Artist
Painter
Writer
Description: mona 0
Types Object property assertions
Painting
mE Data property assertions
& Same Individual As
For: ® Painting . - Negative object property assertions
q B Different Individuals

Negative data property assertions

http://www.semanticweb.org/olivier/firstOnto# monaLisaPainting

Reasoner state out of syn ith active ontology | Show Inferences

O. Dameron
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Use an object property to connect Da Vinci and Mona Lisa

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto) ~ Search...

Person ) Artist ) Painter

Active ontology x Classes x Individuals by class x |Data properties x| Object properties x|

Asserted - [

v-® owl:Thing Annotations
v-© Artefact
»® Book
- ® Painting
v-® Person
v-®Artist
@

- ® Writer

Types ect property assertions

@ Painter =creatorof
monalisaPainting

L ik Same Individual As
Data property assertions

For: ® Painter
=firstName "Leonardo"

leonardoDaV Different Individuals
='last name' "Da Vinci

Negative object property assertions

Negative data property assertions

Ressaner state out of sync vith active ontology || Shaw Inferences £

December 2020
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Use properties to add constraints to classes

File Edit View Reasoner Tools Refactor Window Help
<[ o firstOnto (http://vww.semanticweb.org/olivierffirstOnto) - Search..

Active ontology x Classes x Individuals by class x Data properties x Object properties x

Class hierarchy (inferred) Annotations |Usage

Class hierarchy

Asserted -

owl:Thing
+ o Artefact

Disjoint With.

@ if x is an instance of Artist, then
e x is the creatorOf at least one y (notice the “some” keyword)
e this y is an instance of Artefact
@ NB1: y can be unspecified; the reasoner knows there is one
@ NB2: being an artist = having created an artefact
but having created an artefact does not make you an artist
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A class' constraints are inherited by its subclasses

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto) ~ Search...
Persan ) Artat) painter
Active ontology x Classes x  Individuals by class x Data properties x Object properties X
Class hierarchy (inferred) Annotations Usage
Class hierarchy [Annotatic ter ELELE]
Class hierarchy: Painter EEELE] Annotations
Asserted -
v ® owl:Thing
» ® Artefact
v-® Person
v-® Artist
Painter|
Writer
Description: Painter BIEEE
Equivalent To
SubClass Of
Artist

General class axioms
SubClass Of (Anonymous Ancestor)
@ creatorOf some Artefact

Instances
#®leonardoDaVinci

Target for Key

Raasonsr sats out of syne ih activ otology

Show ferances

@ because all Painters are Artists, they must have created at
least one Artefact

O. Dameron 15 December 2020




Defined classes

File Edit View Reasoner Tools Refactor Window Help

<[ o firsonts (htp. fwiww.semanticweb.org/olivierirstOnto] - Search
\mwe ontology X[ Classes x [Individuals by class X Data properties X Object properties X

Class hierarchy (inferred) Annotations Usage

Class hierarchy. Eroiaons P Tm=e]
" Painer

EEECED ppnotations:
Asserted -
v ® owl:Thing

v o Artefact

% ® Bool

Qpainter]

Writer

Instances
#leonardoDaVinci

Target for Key

@ we refine the (inherited) constraint for Painter so that the

must have created at least one Painting (which is a subclass
of Artefact)

@ defined instead of subclass:
having created a painting < being a painter
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Defined classes

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto) ~ Search...
Person) Artist) Writer

Active ontology x Classes x Individuals by class x Data properties X Object properties x|

Class hierarchy (inferred) ||Annotations |Usage
i ERELE]

 Class hierarchy |

=Rl Annotations
%8R Asserted -
v-® owl:Thing
v-© Artefact
»® Book
- ® Painting
v-® Person
v-©Artist
~© Painter
-Q

Description: Wiriter

Equivalent To

©creatorOf some Book

SubClass Of
GArtist

General class axioms

SubClass Of (Anonymous Ancestor)
@ creatorOf some Artefact

Instances

Target for Key

Reasoner state out of syn ith active ontology | Show Inferences
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Dune is a book

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto) ~ Search...

Artefact) Book
Active ontology x Classes x Individuals by class x |Data properties x| Object properties x|

v-® owl:Thing Annotations
v-® Artefact
»o
- ® Painting
v-® Person
v-©Artist
- © Painter
- © Writer

ons: Dune

Description: Dune
Types Object property assertions

@ Book
Data property assertions

Dune oE
L ik Same Individual As
Negative object property assertions

For: ® Book

BT 'fferent Individuals
Negative data property assertions

http://www.semanticweb.org/olivier/firstOnto# Dune

Ressaner state out of sync vith active ontology || Shaw Inferences £

December 2020 55 /65

O. Dameron



Frank Herbert is a Person and created Dune

File Edit View Reasoner Tools Refactor Window Help
@ firstOnto (http://www.semanticweb.org/olivier/firstOnto)

~ Search...

<
Person
Active ontology x Classes x Individuals by class x |Data properties x| Object properties x|

v-® owl:Thing Annotations
v-© Artefact
»® Book
- ® Painting
v-®
v-© Artist

- © Painter

- © Writer

ons: FrankHerbert

Description: FrankHerbert
Object property assertions
creatorOf Dune

Types
©Person
& Same Individual As Data property assertions
='last name' "Herbert"
=firstName "Frank"

For: ® Person _ -
FrankHerb Different Individuals
Negative object property assertions

Negative data property assertions

Ressaner state out of sync vith active ontology || Shaw Inferences £
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Synchronize the reasoner

Trston (i irrtonto) - hamelalverar
File Edit View [[EEEERY Tools Refactor Window Help
< @ firstOntc tOnto) ~ Search...

Active ontology @ Stop rea The current reasoner is active but has not taken into account the recent
changes to the ontology. In this mode, reasoning results may be inaccurate.
Pushing this button will resynchronize the reasoner with the ontology leading

Configur to inferences that are once again accurate.
v-® owl:Thing »
v.® Artefact *® HermiT 1.4.3.456
v ® Book None
SciFiBook
Painting
v-© Artist
Painter
Writer
Description: FrankHerbert op ons: FrankHerbert
Types Object property assertions
Person ™creatorOf Dune

Same Individual As Data property assertions
For: ® Person ='last name' "Herbert"

FrankHerb: Different Individuals =firstName "Frank"

Negative object property assertions

Negative data property assertions

Reasoner state out of syn ith active ontology | Show Inferences

O. Dameron
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Class definition: Frank Herbert is

recognized as a Writer

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto)

Person ) Artist ) Writer

~ Search...

Active ontology x Classes x Individuals by class x |Data properties x| Object properties x|

v-©owl:Thing Annotations
» @ Artefact
v @ Person
v-@Artist
Painter

Description: FrankHerbert

ons: FrankHerbert

Types Object property assertions
Person ™creatorOf Dune
ype (inferred): FrankHerb MEmE

» ®Book (1) Same Individual As Data property assertions

»-© Pai ='last name' "Herbert"
»OP; Different Individuals =firstName "Frank"

v SWriter (1)

[ FrankHerbert

Negative object property assertions

Negative data property assertions

For: © Writer

Ressaner active | | Show Inferences

O. Dameron
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Create and define SciFiWriter as a subclass of Person

File Edit View Reasoner Tools Refactor Window Help

< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto)
Person) Artst) SciFiWriter

~ Search...

Active ontology x Classes x Individuals by class x Data properties X Object properties x|

Class hierarchy (inferred) ||Annotations |Usage
 Class hierarchy | [ =L

£ =Rl Annotations
%8 [ ® Asserted ~
v-® owl:Thing
v-© Artefact
v-® Book
@ SciFiBook
- ® Painting
v-® Person
v-©Artist
-0

@ Painter Equivalent To
- © Writer Ocreatorof some Sc

SubClass Of
GArtist

General class axioms

SubClass Of (Anonymous Ancestor)
@ creatorOf some Artefact

Instances

Target for Key

Reasoner state out of syn ith active ontology | Show Inferences
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Synchronize the reasoner

e
File Edit View [[EEEERY Tools Refactor Window Help
< @ firstOntc tOnto) ~ Search...

EERLEELRTE  Synchronize reasoner Ctrl-R

Active ontology @  Stop reason The current reasoner is active but has not taken into account the recent
Class hierarchy ( changes to the ontology. In this mode, reasoning results may be inaccurate.
A ) Pushing this button will resynchronize the reasoner with the ontology leading
(Il Al Configure... to inferences that are once again accurate.
¢ HermiT 1.4.3.456

None

v-® owl:Thing
v-© Artefact
v-® Book
SciFiBook
Painting
v-® Person
v-©Artist

Painter Equivalent To
Writer creatorof some SciFiBook

SubClass Of
Artist

General class axioms

SubClass Of (Anonymous Ancestor)
creatorOf some Artefact

Instances

Target for Key

Reasoner state out of syn ith active ontology | Show Inferences

December 2020
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SciFiWriter is inferred to a subclass of Writer

<

Persan ) Atst ) Vit ) ScFiriter

Class hierarchy (inferred)
Class hierarchy
Tass hierarchy (nferred): ScFte?

v ® owl:Thing

» © Artefact
v @ Person
v ©Artist

Painter

File Edit View Reasoner Tools Refactor Window Help

1s

@ firstOnto (http://www.semanticweb.org/olivier/firstOnto)

Active ontology x Classes x | Individuals by class x |Data properties x Object properties x

Annotations |Usage |

[Annotati

~ Search...

OBl Annotations

Description: ScIFWiiter
Equivalent To
creatorOf some SciFiBook

SubClass Of
Artist

General class axioms

SubClass Of (Anonymous Ancestor)
creatorOf some Artefact

Instances
Target for Key

=]

B

e

i

@ let the reasoner organize the classes for you!
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Make Dune an instance of SciFiBook...

File Edit View Reasoner Tools Refactor Window Help

</ - | @ firstOnto (http://www.semanticweb.org/olivier/firstOnto)

Artefact) Baok

~ Search...
Active ontology x |Classes x| Individuals by class x |Data properties x Object properties x|
(Class hierarchy: Book WIEDT] | Annotations |Usage
Inferred -
v ©owl:Thing Annotations
v ®Artefact
v
- ©sciFiBook
©Painting
v-©Person
v ®Artist
©Painter
v S Writer
©SciFiwriter
Types Object property assertions
©Book
v type (nferred): bune — m=me Ml OSciFiBook XXX Data property assertions
v ®Book (1) . . T or
Dune | same Individual As@ ~ ASserted in: http:/www.sem

» ©Painting (1) Different Individuals
v Swriter (1)

®FrankHerbert
Direct instances: Dune

* X

For: ® Book

Negative data property assertion

G

Rassonsr ats out of sync wih aciva otology

e

s

i

@ an individual can be an instance of multiple classes
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... automatically makes Frank Herbert a SciFiWriter

File Edit View Reasoner Tools Refactor Window Help
< @ firstOnto (http://www.semanticweb.org/olivier/firstOnto)

Persan ) st ) Viitr ) ScFiriter

Active ontology x |Classes x  Individuals by class x |Data properties x |Object properties x|

~ Search...

(Class hierarct

SciFwiiter
Inferred -~
v ®owl:Thing
v ©Artefact
» ©Book
©Painting
v ©Person
v ® Artist
O Painter
v O Writer

Annotations

®SciFiWriter

iption: FrankHerbert

Types
@ Person

Indviduals by type (nferred): FrankHerb B mE
©painter (1) same Individual As

ing (1)

ook (1) Different Individuals

SSciFiwriter (1)

FrankHerbert

For: & SciFiWriter

Object property assertions
=creatorof Dune

Data property assertions
='last name' "Herbert"
=firstName “Frank"

Negative object property assertions

Negative data property assertions

Ressonsr active [ Shom nferences
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Synthesis
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@ describe your data as precisely as possible
o formalize your ontology as finely as possible
e disjoint classes help detect inconsistencies

@ in your ontology (cf. ImpossibleClass)
@ in your data (cf. impossiblePerson)

e necessary constraints (cf. Artist)
o definitions (cf. Painter and Writer)

@ let the reasoner do the tedious part of ontology maintenance

@ enjoin the new capability to query your data
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Program of the webinar

Wednesday 16 December morning 10:00-12:00

0 10:00-10:55 Presentation of French ontologies from INRAE
a. ATOL ontology by Catherine Hurtaud, INRAE (France) (25 min)
b.EOL ontology by Jérébme Bugeon, INRAE (France) (15 min)
c. AHOL ontology by Marie-Christine Meunier-Salailin, INRAE (France)
(15 min)

0 10:55-11:15 Example of application/use of an ontology AHOL for professional
use, by Marie-Christine Meunier-Salailin, INRAE (France) (20 min)

O 5 min break

0 11:20-12:00 Text based annotation with ontologies, Claire Nédellec INRAE
(France) (40 min)

=S
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Animal Trait Ontology for
Livestock: ATOL



ATOL project

INRAE motivations

0 Promote a common culture for INRAE scientists using animal models and
different approaches

0 Develop a common language with geneticists

0 Have an ontological base of the traits of interest for production animals
and associated measurement techniques, in order to promote
collaborative projects, referenced publications, data management and
help teaching

0 Actively participate in the implementation of the VT-USA database by
introducing generic animal traits used in Europe

SmartCow




Motivations

J Anim Sei. 2008 June ; 86(6): 1485-1491. doi:10.2527/jas.2008-0930.

Animal trait ontology: The importance and usefulness of a unified
trait vocabulary for animal species

L. M. Hughes‘, J. BaoT, Z.-L. Hu", V. HonavarT, and J. M. Reecy'

* Department of Animal Science, Center for Integrated Animal Genomics, Iowa State University, 2235 Kildee
Hall, Ames 50011

+ Department of Computer Science, Artificial Intelligence Research Laboratory, Iowa State University, 211
Atanasoff Hall, Ames 50011

0 Meeting with James Reecy (december 2008): presentation of his
project VT sustained by USDA-National Animal Genome Research
= objective of Production

0 Program is aimed at the development of a standardized trait
ontology for farm animals and software tools to assist the
research community in collaborative creation, editing,
maintenance, and use of such an ontology

SmartCow




The ATOL project at the origin: the objectives

O Have a reference ontology for the phenotyping of
farm animals and shared by the international
scientific and teaching community

O Have a language usable by computer programs
(database management, semantic analysis,
modeling, etc.)

d Have the most generic traits possible for
vertebrates

 Make the ontology as operational as possible and
close to measurement techniques (collectors, users)

O Structure the base for production purposes

SmartCow




ATOL: Structure and network

steering committee

(12 mb, INSERM, Dt GA & PHASE, ' '

Pl, PRC,UMRH, NUAGE, LPGP, BDR )

VT Consortium VT
James Reecy, Cary Park

Animal Nutrition Eattv Ii Growth & Mammary gland
welfare atty fiver  Meat production & Milk

Egg Reproduction

(J Vernet/

(MC Salaiin) G Maxin) (J Bugeon)

(J Bugeon) ©Furene) B PUELE (Al

Experts from INRAE-PHASE (about 40)
Experts from european Aquaexcel (about 20)

Bovine, Sheep, Goat, Pork, Horse, Rabbit, Poultry, Fish (Zebrafish, and other fishes), mouse, rat ...

=5
/

<1
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ATOL: the complete hierarchy

4 K |anima| trait of Iivestm:h:|
= . animal welfare trait
[ 4§ egg trait

-, fatty liver trait

. growth and meat production trait

=, mammary gland and milk production trait
[ 4y nutrition trait
- . reproduction trait

SmartCow



ATOL: the complete hierarchy

a | |anima| trait of livestock

L animal welfare trait - 4 ,.|anima|welfaretrait

- 4 | animal performance trait
o ral
: 9 ., animal production trait
. FEItt‘j.f liver trait ¢ ., body conformation trait
. growth and meat production trait > L growth trait
= |, mammary gland and milk production trait =8 bl

- | disease susceptibility trait
. nuftrition trait » @ health body trait
- . reproduction trait - . immunity system trait

4 | psychoneurophysiological state trait
=, behaviour trait

= ., biological rhythm trait

= |, cognitive function trait

-, emaotional and stress function tra
= |, pain response trait

., reflex response trait

I 4y Sensory capacities trait

SmartCow




ATOL: the complete hierarchy

a | |anima| trait of Iivestm:k|
= L. animal welfare trait
|
- 4| egg trait | | 4 | eqq trait
‘ a4  eqq formation trait

-, fatty liver trait *
. hormonal mechanisms®®®

=, growth and meat production trait
- | organ®tt
. mammary gland and milk production : .
1 _ 4 | egq production trait
= Ly nutrition trait
|, egg morphological production trai
=, reproduction trait

., egg quantitative production trait ©

4 . eqq quality trait

i

> . eqq biological activity trait

. eqq composition trait

. eqgg mechanical properties trait
.. eqq organoleptic trait

., egg technological trait




ATOL: the complete hierarchy

a | |anima| trait of Iivestn:r::h:|

= . animal welfare trait

4y egg trait 5

> |, growth and meat production trait 4 |, fatty liver physiology

= . mammary gland and milk production tra i fatty liver enzyme activity

= Ly nutrition trait a  fatty liver quality

L. reproduction trait ., fatty liver nutritional quality

» | technological and organoleptic qu

SmartCow




ATOL: the complete hierarchy

a |} |anima| trait of Iivestn:r::h:|
- . animal welfare trait
- 4 egg trait f ! '

- 4y fatty liver trait

. |growth and meat production trait H .. growth and meat production trait

=, mammary gland and milk production trait » ., adipose tissue trait
= | nutrition trait i~ . body slaughter trait
- |, carcass quality trait

., reproduction trait
= growth trait

=, meat quality trait

i, muscular system trait

SmartCow




ATOL: the complete hierarchy

a | |anima| trait of Iivestm:h:|
. animal welfare trait
4y egg trait

-, fatty liver trait

=, growth and meat production trait

.| mammary gland and milk production trait
= Ly nutrition trait
=, reproduction trait

» . mammary gland and milk production tr

a4 | mammary gland production trait

. colostrum trait
= . milk ejection trait
o L milk trait

4 |, mammary gland trait
» . mammary gland microbiology trai
. mammary gland morphology trait
= . mammary gland physiclogy trait

SmartCow




ATOL: the complete hierarchy

a | |anima| trait of Iivestm:h:|

= L. animal welfare trait
4y egg trait
-, fatty liver trait

=, growth and meat production trait

. mammary gland and milk production trait
{
L. reproduction trait 7 b ., animal feed efficiency

» . animal requirement
. digestive system morphology
. digestive system physiology

= . ingestion
= L, nutrient balance
. supplementation

SmartCow




ATOL: the complete hierarchy

a | |anima| trait of Iivestm:h:|

. egqg trait
. fatty liver trait

. nutrition trait

| reproduction trait

- animal welfare trait

. growth and meat production trait

. mammary gland and milk production trait

_ . reproduction trait

[+

| B

conception physiology

. endocrine reproductive system
. female reproductive feature

. male reproductive feature

. sex determination

SmartCow




ATOL: number of traits

ATOL

Animal Trait Ontology for Livestock

Traits
animal welfare trait l | I | | I I l |
reproduction trait ‘ | I l | ‘ | |

nutrition trait

mammary gland and milk production trait

fatty liver trait

growth and meat production trait

50 100 150 200 250 300 350 400 450 500 550 600 650 700 75C

=

More than 3000 traits in September 2020

SmartCow




ATOL: structure of a trait « water intake »

INRAZ

atol
- Animal trait of livestock
] Show in tree T Is &
a4 | animal trait of livestock
1, animal welfare trait |

| egg trait Nutrition trait

. fatty liver trait

# ., growth and meat production trait A Is a
.. mammary gland and milk production trait I
4 | nutrition trait Ingestlon
|, animal feed efficiency
|\ animal requirement T Is a

|, digestive system morphology
. digestive system physiology
4 | ingestion

|| energy intake Wa te r I n ta ke

| feed intake
| feeding duration
| intake capacity
» 1) mineral intake
|» |, nitrogen intake
b [ [water intake
| nutrient balance
. supplementation

| reproduction trait 1= }

SmartCow




ATOL: structure of a trait « water intake »

INR Ontologies - ATOL - EOL - AHOLw

atol Ontologies

T Show in tree Uniform Ressource Identifier (URI)
ATOL 0001529 http://opendata.inra.fr/ATOL/ATOL_0001529

4 | animal trait of livestock

| animal welfare trait

| egq trait Informations
v . fatty liver trait

# . growth and meat production trait
water intake

|\ mammary gland and milk production trait Name
4 || nutrition trait Nom ingestion d'eau
. animal feed efficiency
Definition (en) any measurable characteristic related to the amount of water (CHEBI:15377) intake

animal requirement
toute caractéristigue mesurable associée a la quaniité d'eau (CHEBI:15377) ingérée

) digestive system morphology Definition (fr)
» | digestive system physiolos
" i IO, Source INRAE
4 | ingestion
- | energy intake Link Mo results
i feed intaka Comments No results
. feeding duration
intake capacity
| mineral intake
- |, nitrogen intake S
I Synonyms Species
- | |water intake
| nutrient balance
. Exact synonyms
v | supplementation i
Py intake of water Birds
| reproduction trait RS B
water consumption Fish
water ingestion
Related synonyms Mammals
MNo results
Measurement methods
€ >

e ———
*\4‘——?&_'\,3

<Ry
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ATOL: structure of a trait « water intake »

INRA@ Ontologies - ATOL - EOL - AHOL™

atol Ontologies

| Show in tree

a O i it o ik ATOL 0001529

. animal welfare trait
 egawa Informations A definition in French and English

v . fatty liver trait

# . growth and meat production trait
Name
|\ mammary gland and milk production trait

4 || nutrition trait Nom

animal feed efficiency
any measurable characteristic related to the amount of water (CHEBI:15377) intake

&

1 . Definition (en)
animal requirement
ute caractéristique mesurable associée & la quantité d'eau (CHEBI:15377) ingérée

) digestive system morphology Definition (fr)
» | digestive system physiolos
" i IO, Source INRAE
4 | ingestion
- | energy intake Link Mo results
lj feed intaka Comments No results
. feeding duration
| intake capacity
| mineral intake
- |, nitrogen intake S
I Synonyms Species
- | |water intake
| nutrient balance
Exact synonyms
Birds

v | supplementation

intake of water

uptake of water

water consumption Fish
water ingestion

.. reproduction trait

Related synonyms Mammals

MNo results

Measurement methods

SmartCow




ATOL: structure of a trait « water intake »

INR Ontologies - ATOL - EOL - AHOLw

atol Ontologies

| Show in tree

a O i it o ik ATOL 0001529

animal welfare trait

| egq trait Informations
v . fatty liver trait

# . growth and meat production trait
water intake

|\ mammary gland and milk production trait Name
4 || nutrition trait Nom ingestion d'eau
. animal feed efficiency
Definition (en) any measurable characteristic related to the amount of water (CHEBI:15377) intake

animal requirement

toute caractéristiqgue mesurable 3 d'eau (CHEBI:15377) ingérée

) digestive system morphology Definition (fr)
r | digestive system physiology
Source

4 | ingestion

- | energy intake Link

feed intaki
4 teed intake Comments
. feeding duration

intake capacity

+ 1 mineral intake

b nit intak =
o %E Synonyms ?_Dectes
b ater vtk Ontology, book of ref, adapted from X,...
» | nutrient balance
. Exact synonyms
v | supplementation RS o Birds
.. reproduction trait RS B
water consumption Fish
water ingestion
Related synonyms Mammals
No results
Measurement methods
€ >

e ———
*\4‘——?&_'\,3

<Ry

SmartCow




ATOL: structure of a trait « water intake »

INRA@ Ontologies - ATOL - EOL - AHOL™

atol Ontologies

| Show in tree

a O i it o ik ATOL 0001529

. animal welfare trait

| egq trait Informations
v . fatty liver trait

# . growth and meat production trait
water intake

|\ mammary gland and milk production trait Name
4 || nutrition trait Nom ingestion d'eau
| animal feed efficiency
Definition (en) any measurable characteristic related to the amount of water (CHEBI:15377) intake

animal requirement
toute caractéristigue mesurable associée a la quaniité d'eau (CHEBI:15377) ingérée

) digestive system morphology Definition (fr)
» | digestive system physiolos

ol & bkt Source INRAE
4 | ingestion

- | energy intake Link Mo results

feed intaks
b teed iniaka Comments No results
. feeding duration

intake capacity

+ 1 mineral intake

- |, nitrogen intake ]
I Synonyms Species
- | |water intake
| nutrient balance
. Exact synonym:
v | supplementation
P i intake of water Birds
| reproduction trait T
water consumption Fish

water ingestion

Exact or approximate synonym S

MNo results

Measurement methods

SmartCow




ATOL: structure of a trait

INRAZ

atol

| Show in tree

4 | animal trait of livestock
| animal welfare trait
| eqg trait
v . fatty liver trait

# . growth and meat production trait
|\ mammary gland and milk production trait
4 | nutrition trait

| animal feed efficiency

animal requirement

digestive system morphology

r | digestive system physiology

4 | ingestion
- | energy intake
| feed intake
. feeding duration

intake capacity

+ 1 mineral intake
- |, nitrogen intake
- | |water intake

nutrient balance

v | supplementation

.. reproduction trait

Ontologies

ATOL 0001529

Species (absent/present)

« water intake »

Ontologies - ATOL

Informations

Name

Nom
Definition (en)
Definition (fr)
Source

Link

Comments

any measurable chara

toute caractéristiqgue m

Synonyms

Exact synonyms
intake of water
uptake of water
water consumption
water ingestion

Related synonyms
MNo results

Measurement methods

Species

Birds

Chicken present
Duck present
500s€e present
Quail present
Turkey present

Fish

Carp present

Cod present
Salmon present
SeaBass present
SeaBream present
Tilapia present
Trout present
ZebraFish present

Mammals

Catile present
Goat present
Horse present
Mouse present
Pig present
Rabbit present
Sheep present SmartCow




ATOL: structure of a trait « water intake »

INRAZ

atol

| Show in tree

a

[ ]

3

.. animal trait of livestock

animal welfare trait

L. eqgq trait

. fatty liver trait

. growth and meat production trait

.\ mammary gland and milk production trait

| nutrition trait

4

3

animal feed efficiency
|, animal requirement

digestive system morphology

., digestive system physiology

| ingestion
- | energy intake

| feed intake
. feeding duration

intake capacity

+ 1 mineral intake
- |, nitrogen intake
b ()i |water intake
nutrient balance

supplementation

.. reproduction trait

Sadjad Danesh Mesgaran, Bjorn Kuhla

Institute of Nutritional Physiology “Oskar Kellner,” Leibniz Institute for Farm Animal Biology (FBN), Wilhelm-Stahl-Allee 2, 18196 Dummerstorf, Germany

Ontologies

ATOL 0001529

Ontologies - ATOL - EOL - AHOL™

Informations

Name

Nom
Definition (en)
Definition (fr)
Source

Link

Comments

water intake

ingestion d'eau

any measurable characteristic related to the amount of water (CHEBI:15377) intake

toute caractéristigue mesurable associée a la quaniité d'eau (CHEBI:15377) ingérée

INRAE

No results

No results

Synonyms

Exact synonyms
intake of water
uptake of water
water consumption
water ingestion

Related synonyms,
MNo results

Species

Birds

video, article of reference, methods

Mammals

Measurement methods

avJt
Guideline on measuring individual water intake in dairy cow (ATOL_0001529) [
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Environment Ontology for

— INRA
Dmt}luglr

- AT

Livetock: EOL

(

~N

ATOL

Animal Trait Ontology for Livestock

Ontologies

EOL
Environment Ontology for Livestock

4 | emvirgoment oroiogy for vesiock
| Ivestock farming ersrommssnt
| Ivestock farming structure

| Ivestock farming System
| Inestock feeding

( AHOL \

Animal Health Ontology for Livestock




Why EOL ?

A phenotype depends on the genotype and the

environnement
(P=G+ E + Epi).

ATOL

(traits)

l

EOL Phenotype data basis

(Rearing environment)

AHOL
(disease)

Measurement method




EOL: the hierarchy

Impact of the living/rearing environment
on the phenotypic traits

INRAZ

What’s around

eol

Filter: |Search... ‘

[ IShow in tree .
How | conceived

4 | environment ontology for livestock The prOXima| environnemen and managed my

farm ?
. livestock farming environment

Rearing structure

» . livestock farming structure

. livestock farming system Choice made by the farmer
» 1 livestock feeding Feeding (quantity, quality)




EOL: the hierarchy

The proximal environnement

s | environment ontology for livestock 4 | environment ontology for livestock
). livestock farming environment « | livestock farming environment
:@ | livestock farming structure 4 rearing living environment
I livestock farming system 4 livestock abundance

 livestock feeding

. animal biomass
. animal density
. livestock group characteristic

. livestock group size

| livestock group structure
. rearing biocoenosis context
a4  rearing physicochemical environmel
. air rearing environment
. light rearing environment
. s0il environment

- water rearing environment

What’s around
me ?




EOL

the hierarchy

What’s around

Rearing structure me ?

4 environment ontology for livestock

4 environment ontology for livestock
| livestock farming environment

a4 | |livestock farming structure

. livestock farming environment

b livestock farming 5tmcture|

| livestock farming system s | experimental structure equipment
| livestock feeding | respiration chamber
4 | rearing structure equipment

.. animal handling facility

. enrichment rearing equipment
4 | rearing structure material

. environmental material

~ rearing structure physical dimensior

[ 9
.

. aquaculture rearing structure phr

. terrestrial rearing structure physi

. rearing structure type

[ S
[

. aquatic rearing structure

| terrestrial rearing structure

FLAN ¥ AMENAGEMENT




EOL: the hierarchy

s | environment ontology for livestock _ How | conceived
hoice made by the farmer and managed my

. livestock farming environment
farm ?

livestock farming structure

] |Iivestock farming 5y5tem| a _ livestock farming system
. livestock feeding 4 aquatic farming system

~ aquatic management system

. aquatic rearing stage unit

biome support

product oriented aquatic rearing
. species association system

4  precision livestock farming system
. animal material
. body evaluation material

a4  terrestrial farming system
. biome support
. product oriented terrestrial rearir
. species association system
 terrestrial management housing

. terrestrial rearing stage unit




EOL: the hierarchy

How | conceived

Feeding (quantity, quality) and managed my
farm ?
« _ environment ontology for livestock s | livestock feeding
. livestock farming environment . diet change
. livestock farming structure s _ diet characteristic
. livestock farming system . dietary relative composition
| |livestock feeding| a | diet delivery
K | feed delivery
| milk delivery
Protein: 1.5g
| water delivery : ]

4  feed characteristic
. feed buffer ability
. feed chemical composition
. feed energy content
. feed nature
. feed pH
. feed physical characteristic

. feed preservative content




EOL: structure of a trait « air temperature mean value »

Rearing physical environment

 rearing physicochemical environment Ll Is a
4 | air rearing environment air rearing ‘environment
© . air chemical parameter
; : Is a
4 air physical parameter Ll
ki air density air physical parameter
air enthalpy
1‘ Is a

. air movement

. air particle content .
_ air temperature parameter
| air pressure

4  air temperature parameter T—l Is a

. air dew temperature _
. air fluctuation temperature air tem perature value

4 air temperature value Is a

. air temperature maximum value

| | air temperature mean value

: . air temperature mean value
. air temperature minimum value

instantaneous air temperature




EOL: structure of a trait « soil copper content»

gal Ontologies

a | dir rearing emironment

L air chemical paramoets

ock fanming environment . reanng physicochemical environment ¢ soil emvironment © soll chemical parameter
ol mineral manter compoure =i sleren: -GRIfORMRessource-Identifier (URI) o
WA i et http://opendata.inra.fr/EOL/EOL_0001840

| lRght Intensity

4t s EOL_000184

L air phnsical pargmeton

. photoperod
4 4 type of ight Informations
L. arthicial light
| daylight ;
) Marme soil copper content
a sl eiwirosment
4 soil chemicel pecamebor Definition (en) conlent of coppear (CHEBEZRG94) in soil
| carhon th nittrooen ratio
Source [ INRAE
L =odl cation exchange canacihy
4 | soil minersl mather compounc Link hrepestfanans el ac ui'chebl/searchid.da?cheblld=CHEBE 28654
4 | solf dement trace metalic o
Comments Mo results
| sl chromium content
), | soil copper conkent
| soil magneshem conbent
o sl mertury content L M a
SWNOIMYTTIS vieasurement methoos
b sl sinc content bt L ' I I
L soil mitrogen oosmpound
Lxact synonyns Mo results

| w0l phasphores comgond
Mo results
| -soil ceganic matter compounc ™

). sotl pH
Related synmomyms

&l =il salinity Ma resules




EOL: structure of a trait «soil copper content»

pol Ontologies

a | dir rearing emvEonment
air chemical parameter

irgmiment ¢ soil environment ¢ soll chemical parameter

air physical paramoton

a | light rearng emdronment
| Ight Intensing
L fight spectrum E O L_ODO 1 840
L photoperiod
4 | bype of fight Informations A definition (eng/ish on/y)
1. arthicial light
| daylight
) MNarme soil copper content
a | os0l cwirosdnent
a0 soil clemicsl pessmeler conlent of copper (CHEBL2ZRE94) in sil
L carhon to nIfrogen ran
Source [ INRAE

sl cation echanos capacity
a | soil minersl matter compounc Link It fwianei.ch

a o sol element trace metalic o

Comments ferrreTri

| st chromium conkent
| st copper conkent

s0il magnesiem conbent

soil mmercury content L v e
. SYNamyms vieasurement methods
soil ginc conlent y ¥ b

s0il mitrogen cosmpound
soil phasphons comgond

soif organic matter compaounc

M results

Lxact synoiyms

Ma results

Link to another on‘tzology

). soll pH
Related synomms

AW nlly. Ma resuits




EOL: structure of a trait «soil copper content»

eal Ontologies
a | dir rearing emdaonment
alr chomical paramete
ITONIMEnt <oi| ervironment © soll chemical parameter
air phosical parameter
a o light rearing. emdronmernt
| Ight Intensity
L light spectrum E O [__000 1 840
photoperiod
4 4 type of iight Informations
. arthicial light
daylight X
) Marme sail copper content
a | s0il crwirosndnent
4 soil chemicel perameter Definition {en) conlent of copper (CHEBEZBE94) in seil
carhnn tn NIfFegen ran
Source [ INRAE
sl catian exchanos rapacity
4 | soil minerzd matter compounc Link htepst/panans ol ac uiehebi/searchid.do?chebllid=CHEBIZBG54
a4 | soll eement trace metalic ¢
Comments Mo results

| sl chromium content
| soit copper content |

s0il magneshem oonkent _

sl imercury content, w G honvm
sl ging content o € Sy o y S

Measurement methocds

I —
S0l mitrogen oosmpound
50l phasphiones com - Lxact synonyns e results
Ma resules
soif organlc matter compaunc ™
b 5ol pH
Related symonyms
=l sy, Ma resulcs
v

How this parameter is measured




EOL: number of parameters

llvastock farming system

Iil‘rr\rm‘.h—k h-”lni“F- e —

livestock farming structure

livestock leeding

20 D 60 80 100 120 140

=

Traits

livestock farming environmant—.,

i
#

livestock farming struciure—s

More than 700 parameters in December 2020

160

"h
“lvestock feading

1R0)

200

livestock farming system

30 240 760 AR
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AHOL Ontology

Objectives

* fine description of the health status of individuals and
flocks in different species of animal production

» multispecies focus

» production disease : agent or factor involved
* pathogen agent (infectious diseases)
* environmental factors

» clinical signs related to disease or health disorder

* Further : applications using ontologies dedicated to the
animal production sector : health management of
herd, diagnosis tool

a5

SmartCow




AHOL - perimeter focus on the disease/health disorder
properties : specie affected, causes, consequences

Disease

health disorder

/

has pathogen

affects LBO livestock
Species |~  breed ontology
NCBI
taxonomy
ontology
has symptom
is caused, \

promoted by

Pathogen agent

l

NCBI

ontology
Organism
classification

Environmental
factor

EOL ontology

Environment of

phenotypic trait,
metadata

Clinical signs
(phenotypic trait with
abnormal expression)

SNOMED

ontology
symptom
ontology

&5
SmartCow



AHOL - Example

affects
chronic endometriosis Female cattle Bos taurus
AHOL_0003051 Bovine nebi + 9913
has pathogen has Symptom
Escherichia coli -
fertility
fever
problem
AHOL_0004068
Tl 2 AHOL_0003051 AHOL_0003069

shomed: 27034006 snomed: 386661006

SmartCow



AHOL - hierarchy

main branches 177 maladies

ahol

==INRA Ontologies - ATOL - EOL - AHO Download ¥
ahol Ontologies #®
Fl‘ler:- f
Filter: |Search... o, moL
). disease
CSV File Parcourfr... | Aucun fichier sélectionné. v Get
[ Show n tree
AHOL
s || dsease
S v Traits

| chronic disease
| communicable disease

. genetic disease

| infectious disease

.| non communicable disease

especially genetic disease — non communicable disease ey



AHOL — communicable disease branch

communicable disease

, horizontal disease transmission
| S S .. bacterial diarrhea (suckling cattle)
bacterial enzootic bronchopneumaonia (cattle)

chronic endometriosis (female cattle)

4 ::I:rmmunical:tle I:“SEEEE | chronic ileitis lawsonia (swine)

. chronic mastitis (female cattle)

+ ). |horizontal disease transmission

vector-born disease
: : poenps |, wvector-born disease
G ' 'U'E[‘tlﬂﬂl dIEEESE transmission chronic ileitis lawsonia (swine)
equine piroplasmosis (horse)

exudative epidermitis (swine)

. vertical disease transmission
| . chronic paratuberculosis (cattle)
chronic pleuropneumonia (pig)

chronic Q fever (female cattle)

SmartCow




AHOL - infectious disease branch

- infectious disease

- bacterial disease
bacterial diarrhea (suckling cattle)
bacterial enzootic bronchopneumonia (

chronic endometriosis (female cattle)

4 | infectious disease 4 | fungal disease
S bacterial disease dermatophytosis (horse)
_ dermatophytosis (rabbit)
[+ fungal disease

/ a4 | parasitic disease
L= . parasitic disease chronic parasitic gastro-enteritis (cattle

& viral disease coccidiosis (rabbit)

. dermatitis (horse)
4 viral disease
equine rhinopneumaonitis (horse)
myxomatosis (rabbit)

. pestivirosis (cattle)

pestivirosis (sheep, goat)



AHOL - non communicable disease branch

P non communicable disease
allergic disorder

metabolic disorder

mycotoxin-related disorder

nutritionnal disorder
nutriment-related disorder

micronutriment-related disorder

physical disorders
skin disorder
musculsqueletal disorder
neurological disorder

psychological disease
cognitive disorder
developmental disorder

toxic-related disorder _‘
5,
tumor cancer disease e




AHOL - properties of disease

Example bacterial diarrhea

INRA@ Ontologies - ATOL - EOL - AHOLY Download

ahol_diseases Ontologies A

4 | disease
i animal health trait ~ disease = communicable disease = horizontal disease fransmission * bactenal diarhea (suckling cattie)
4 communicable disease

T Unique Identifier (ID), Uniform Ressource Identifier
ettt s s AHOL_000060>  'yr1) http://0pendata.inra. fr/AHOL/AHOL 0005060

Informations

Name bacterial diarrhea (suckling catile)

Nom diarrhée bactérienne (bovin aliaité)

Definitien (en) Frequent elimination of loose stools. It has toxic, nufritional, parasitic or most often infectious origins.

Definition (fr) Elimination fréquente de selles liquides. Elle est d'origine toxique, nutritionnelle, parasifaire ou le plus souvent infecfieuse.

Source INRAE/ONRIS/ENVT Ontology, ouvrage de ref, ...
Comments

pictures, reference publication, methods

< Pathogens )

denydration escherichia col
fever

growth retardation

Environmental factor

Species ex : instantaneous air temperature EOL_0000253

mammals



SmartCow — AHOL

Exercise

https://www.atol-ontology.com/ahol/

Request on disease / pathogen / symptom

bacterial diarrhea (suckling cattle) 2 matches

communicable disease

AHOL_0005060 < horizontal disease transmission

infectious disease

bacterial disease

SmartCow
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Applications of AHOL Ontology
Objectives

e Creation of centralized databases with computer

interface with ontologies => annotated databases on
health events

* Diagnosis tool using knowledge of the ontology




Applications of AHOL Ontology

annotated on farm databases

e annotated databases on health events

* query and exploit data on health events in
correspondence with ontologies identifiers via a formal
language (ex SPARQL query)

* assess the health status of animal or herd from queries
on the frequency of diseases, the presence of
pathogens, the expression of clinical signs

* allow interoperable datasets using the same reference
identifier

a5

SmartCow




Applications of AHOL Ontology
rinciple of the interface with ontolo

Data collectors at the animal level _

‘ Data extraction
from queries of the farm database

On farm database '
i Database User database
4, & Ontologies
g <g v ATOI/EOL/AHOL

Computer app

SmartCow



Applications of AHOL Ontology
rinciple of the interface with ontolo

Data extraction
from queries of the farm database

Data collectors at the animal level

‘ Database

\ Informatic
On farm database :ﬁq— terfaces User database
Items on - Items on

* animal animal /all (farm level)
* recording time Time period of recording
* health events : disease

disease

treatment Shio e pathogen

pathogen clinical signs

clinical signs

SmartCow



Annotated files from data extraction of the user database

Data extraction Queryitems - animals from the experiment
- recording period : 01/01/2020 to 01/10/2020
l - on event clinical signs : lameness

data file with various format Copy | Excel Print

Treatment Event Id AHOL
family

805471 01/01/2020 01/10/2020 MELOVEM members lameness AHOL_0003029
060032 01/01/2020 01/10/2020 - members lameness AHOL_0003029

=» shared datasets for health status of several farms
=>» meta analysis on experimental health dataset

a significant added value for standardized registration, optimal
operation, and sharing of health data,
and broader phenotypic data (ATOL) and their context (EOL) =
collected on animals

<P

SmartCow




Applications of AHOL Ontology : diagnostic tool

* Query the ontology via an app (web, smartphone) to
confirm health diagnosis

- disease suspected : check the pathogen or clinical
symptom related to

- pathogen found : check potential diseases related to

- clinical signs recorded : check potential disease related to

=>» Potential tool to check, to improve knowledge on
health




Applications of AHOL Ontology : diagnostic tool

* Assess the health status of animal or herd from queries
on the frequency of diseases, the presence of
pathogens, the expression of clinical signs

* Allow interoperable datasets using the same reference
identifier




SmartCow

Thanks for your attention

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under the Grant Agreement n°730924

Copyright © 2018, SmartCow Consortium
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Using ontologies to combine data from multiple sources

Objective
Centralize, structure and standardize information
For better access and reuse =0

Free text data are many 4 S A7 L o

Text mining s S v === T 4
transforms :1:‘11.:"2”:.’%1‘::;:1% = ';i'f:;""’" S
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Combining data from multiple sources

Information from bibliography

) « Supports research hypotheses
’ ‘ « Supports experimental condition settings

« Confirms experiments results by previous published work

\ / . Meta-analysis



£ . Ontology for data annotation

\ o

b
mapping
ATOL Experimental data
E}animal trait of livestock Parameter Group 1* Group 2 Group 3

- mammary gland and milk production trait Number of cows 49 23 18
é}mammary gland production trait Milk yield/milking (kg) 11.16° £ 0.37 10.92°® +0.59 9.37°+
IJ_:}‘milk trait Fat (%) 4.77°+0.13 4.79° +0.21 5.08% + (
é}mllk """" - it rait Total protein (%) 3.55% +0.04 3.51+0.07 3.55% + (
Ll R Casein (%) 2,617+ 0.03 2.57% +0.05 2,567 =
E}milk organic acid trait Whey protein (%) 0.94° + 0.02 0.94° +0.03 0.98° +(

: b b
mllk citric acid concentration Casein number 0742 + 0.00 0.73; +0.01 0.727 +=(
Lactose (% 455"+ 0.03 451" +0.04 439+ (
Citric acid (%) 0.16% + 0.00 0.16% +0.01 0.162 = (

Tog 5CC (cells/m 450327+ 0.05 5.20(160"% +0.07 5.89(784")C + (




milk organic acid trait

Ontology for annotation

| of textual data

The citric acid in whole milk was measured at
different intervals

Different parameters of milk samples (fat, total
protein, casein, lactose, total solids, solids non-
fat, citric acid, [..]

The effect of subclinical mastitis on the citric acid
concentration of cow's milk was studied

Milk citrate concentration of
affected animals was significantly lower

Factors influencing milk citric acid
concentrations in dairy cows

Choline, carnitine, citric acid and lactose in milk were
correlated with



Ontology for annotation

of textual data

\: ™ milk organic acid trait

: - . . From
milk citric acid concentration concept

ir . ] Lexicon,
measure citric milk cattle [ syntax ]
of acid

To text

Factors influencing milk citric acid
concentrations in dairy cows

The citric acid in whole milk was measured at
different intervals



How to find information

on milk composition, citric acid and other components

Text fragments

ﬂtric acid in whole milk was \

measured

parameters of milk samples (fat,
[..], citric acid

milk citric acid concentrations in

citric acid concentration of ‘
cow's milk Milk lactic acid

Categories

4 N

Milk citric acid
concentration

concentration

dairy cows

Kcitric acid and lactose in milk /

-

/

...hiérarchiques

Milk organic acid trait \

Milk composition trait
Milk quality trait
Milk trait

Mammary gland
production trait

y

Enable conceptual abstraction = By climbing the hierarchy



Automatic extraction of information

Effect of Pathogen-Specific Clinical Mastitis on Milk Yield in Dairy Cows|

Entit
recogn i'\c/ion Our objective was to estimate the effects of the first occurrence of Bathogent
Extraction of i iy

New York State

relationships
Entity
normalisation

other pathogens grouped together, and “no pathogen isolated.”

‘Grohn et al., 2004. doi.org/10.3168/jds.S0022-0302(04)73472-4

Gréshn et al., 2004. doi.org/10.3168/ids.50022-0302(04)73472-4
Grohn et al., 2004, doi.org/10.3168/ds.80022-0302(04)73472-4

Ontologies
- - 1SO Code US-NY
TeXt mini ng JewNoresiate Nomenclature
v

Geographical
place

Has effect on

Information
Extraction

AHOL 2
AHOL

Disease ATOL 1518
Mammary gland

production trait

AHOL 5012
Bacterial disease ATOL 5290
Milk trait

AHOL 5073
\ERIY

ATOL 1518
Milk yield




Entity recognition

Entities types and boundaries

/Effect of

Our objective was to estimate the effects of the first occurrence of pathogen-|

on milk yield in 3071 dairy cows in 2 EHINCHRSEEN

farms. The pathogens studied were Streptococcus spp., Staphylococcus

n Milk Yield in Dairy Cow

aureus, Staphylococcus spp., Escherichia coli, Klebsiella spp., Arcanobacterium

pyogenes, other pathogens grouped together, and “no pathogen isolated.”
Gréhn et al., 2004. doi.org/10.3168/jds.50022-0302(04)73472-4

.

~

S

-

EOL:Pathogen
EOL:Disease
ATOL:Trait

GeoNames

/

o

~

_/




Mapping of Ontology concepts to text

ﬂ)ealing with variation \

Typographic variation meat colour / meat color
crude fiber / crude fibre

Abbreviation Lactobacillus spp. / Lactobacillus subspecies
Acronym Colostrum somatic cell count / Colostrum SCC
Morphological variation testicular size / testis size / testes size
Morpho-syntactic variation weight seen at birth / weight at birth

activity for LDH / LDH activity
citric acid and lactose in milk / milk citric acid

\\Semantic variation adipose tissue / fat tissue /




Entity regognition

methods

/ Dictionary mapping
For strict nomenclature

Suffers from homonymy and ambiguity

Rules with criteria on context and entity composition
Good precision, poor recall

Supervised machine Learning from training examples
Probability of a word to belong to an entity of a given type
Required manual annotation
To be combined with word embeddings

Term extraction and entity type prediction by machine learning

Good precision of the boundaries
To be combined with distant supervision




Entity normalization

Example

AHOL 5073
Mastitis
(female cattle)

Species:Mammal

cattle

ATOL 1518
Milk yield

AHOL 5074
Chronic mastitis
(female cattle)

ATOL 5324
Milking
milk yield

Species:Mammal
cattle

ATOL 5323
Daily milk
yield

Species:Mammal
cattle



Entity normalization

methods

Similarity criteria between the entity and the class
Common words
Same « head »
Vector (word embedding) distance

Supervised machine Learning from examples
Required manual annotation
Zero-shot learning problem
To be combined with word embeddings
Using the structure of the ontology

N /




Relationships

Examples and methods

affects

/ N
[ Effect of_on Milk Yield in Dairy Cows

Given the entities of the right type, predicts the relation ships

* Rules

* Supervised Machine Learning from positive and negative training examples
of the relation



Applications

N

For animal research
Semantic search of papers.
Combining data, experimental data and bibliographical results

~

Meta-analysis based on semantic annotation of experimental data tables/

For decision support
Cartography of main and secondary topics.
Who is working on what? Expert profiling

For Ontology extension
Add or revise classes through bibliography analysis



Semantic search engine

/Classical bibliography search \

e Researchers face an overwhelming amount of publications.
e Technical terms are not known by researchers conducting interdisciplinary studies.

e Word-based search misses relevant papers.

{ Terminology variation hinders efficient searching. /

Semantic search principle. Search the full-text of documents for the

ontology concepts of the user query. Not only user query words.

/ Benefits. \

. Efficient search without the knowledge of the relevant keywords,

. Large collections can be automatically indexed and kept up to date.

e An alternative to time-consuming manual indexing of the papers /

.




Semantic search engine - AlvisIR

i milk production traits and Bos Taurus| | . Search I
. il a -

— o rE——©

ATOL 5 .

Page1 of4 b M O [1 to 50 of 179]

Mamary gland and ) : |
milk production trait = L [
= Genetic evaluation of Ethiopian Boran and their crosses with Holstein Friesian in central Ethiopia: [milk
oostaurus 2122¢ 179
Data 382 179
Metazoa 1338 156 2009
Bos taurus 3866 145 Haile, AJoshi, BKAyalew, WTegegne, ASingh, A
tes.t fo"_ taxonomy | 331 94 Abstract Breed additive and non-additive effects, and genetic parameters of lactation | (LYD), 305-day
g;'r::':::iens zgg gg (305YD), lactation length (LL), (@ i) per day of lactation (DM) and (i Jigld) (LTYD) were estimated in
Zea mays 340 48 Ethiopian Boran and their crosses with Holstein in central Ethiopia. The data analyzed included 2360 lactation records
Hordeum vulgare 105 41 spread over 15 years. Ethiopian Boran |cattle| were consistently inferior (P < 0.01) to the Ethiopian Boran-Holstein crosses
Homo sapiens 99 30 for the dairy traits studied. When the crosses were compared, LYD, 305YD and DM were higher (P < 0.01) for 75% and
= 87.5% crosses compared to 50% and 62.5% ones. However, the 50% crosses had higher (P < 0.01) LTYD than the other
ATOL Concepts genetic groups. The individual additive genetic breed differences for (i were all significant (P < 0.01).

10 20 Al The estimates, in favor of Holstein, were 2055 + 192 kg for LYD, 1776 + 142 kg for 305YD, 108 + 24 days for LL, 5.9 + 0.5
facet value freq. doc. kg for DM and 3353 £+ 1294 kg for LTYD. Crossbreeding of the Holstein with the Ethiopian Boran resulted in desirable and
milk yield 1912 169 significant (P < 0.01) individual heterosis for all [r | traits). The heterosis estimates were, 529 + 98, 427 + 72
e 2182 125 kg, 44 + 12 days 1.47 + 0.23 kg and 3337 £ 681 kg, for LYD, 305YD, LL, DM and LTYD, respectively. The maternal
;Ze: btake 222 33 heterotic effects were non-significant (P > 0.05) for all traits. Heritabilities of LYD, 305YD, LL, DM and LTYD for Ethiopian
metabolisrm 275 66 Boran were 0.20 £+ 0.03, 0.18 £+ 0.03, 0.26 = 0.03, 0.13 £+ 0.03 and 0.02 + 0.04, respectively. The corresponding estimates
milk fat 405 56 for crosses were 0.10 + 0.002, 0.11 £ 0.003, 0.63 £ 0.02, 0.45 £ 1.05 and 0.24 + 0.11, respectively. Selection within each
meal 187 54 of the genetic groups and crossbreeding should substantially improve the (mi jon) potential of the Ethiopian Boran
fertility 377 52 breed under such production system.
milk composition 143 52 “




Combining experimental information and bibliography

Florilege, a database gathering microbial habitats, phenotypes and uses

llege D t b
Search relations by taxon | syeptococcus } [Tsv Download I Filter SelectionJ an d
85 relations for the taxon Streptococcus
PubMed
GenBank ¢ . ,
Source |(camaia Habitat lmllk ] J QPS only | Apply
CIRM-Levures
SOURCE TEXT TAXON RELATION TYPE HABITAT QPs
24827399 Streptococcus thermophilus ASCC Livesin milk
1275
31704010 Streptococcus thermophilus Lives in yak milk /] PubMed
Streptococcus thermophilus Lives in milk (] CIRM-BIA
16754859, 24053819, 10932746 Streptococcus thermophilus Lives in milk /] PubMed
Streptococcus thermophilus Lives in ewe milk (/] CIRM-BIA
FJ915687, FJ915686, FJ915685 Streptococcus thermophilus Lives in goat milk @ GenBank
Streptococcus thermophilus Lives in yak milk (/] CIRM-BIA
19878555 Streptococcus thermophilus. Lives in bovine milk /] PubMed
16297479 Streptococcus thermophilus Lives in cow milk 0 PubMed
21995282 Streptococcus thermophilus LMD-9 Lives in milk PubMed
21131489 Streptococcus thermophilus NDO3 Lives in yak milk PubMed

AB370974 Streptococcus uberis Lives in cow milk GenBank



Combining experimental information and bibliography

Pubmed bibliography
Genbank database

i)[ I'streptococcus uberis" lives in {habitat}/OBT:000(

Streptococcus uberis gene for 16S ribosomal RNA, partial sequence, st
362B-1

Bank: AB370974.1
GenBiank: ABSTOS 0 4 |4 4 Pagel ofl » M O

—

Go to:
LOCUS AB370974 1481 bp DNA . Ribotyping of (§ ) from a dairy's environmer
DEFINITION St reptococcus uberis gene for 16S ribosoma’ Authors: Ruth N Zadoks Linda L Tikofsky KathrynJBoorW
strain: 1-362B-1.
ACCESSION AB370974 2005 Veterinary microbiology
VERSION AB370974.1 .
FEATURES Location/Qualifiers Abstract (Si : §) is a major cause of bovine [i@stiliS) and |
source 1..1481 to th th To identi ifi f- .
/organism="Streptococcus uberis" exposure to the pathogen. To identify specific sources o -causini
/mol_type="genomic DNA" from the environment and feces of dry cowssi#"a grazing herd. Environm
/strain="1-362B-1" o those found in [milk]. (. ube~~g% detected in 63% of 94 environmental
/isolation_source="mastitis milk of cow" ) ) - <t
/db_xref="taxon:1349" material, flie , 1 23% of 107 fecal samples, and in 4% of 787 E
/country="Japan: Hokkaido,Ebe ong 266 isolates. Per sample, up to %ve ribotypes were dete
_— iiolli‘:;i.on_datg 2006 AHOL 5073 gnificantly among environmental, fecal and [milkl samples. Specific envi
/p ;'(-)duct=“165 ribosomal RNA" Mastitis m were not identified. Fecal shedding was not persistent and did not
fecal samples containing [S. U is| was highest during the summer grazir
(female cattle) X . ‘
35 samples) but not in non-farm soil (0 of 11 samples). We hypothesize i
maintenance of m populations in the dairy ecosystem.




Combining experimental information and bibliography

Extend the Information System to deal with semantic queries
Query interpretation
Result display

r Query: all data about mammary gland production trait

Ne)\
xat©
ATOL A@é

Mapping

Er-milk trait
= milk composition trait = .
= milk organic acid trait m Sample Id Clt”; el
-
W 805471 87GH9 UoI198 0,16
060032 87GH9 UOI99 0,11

Experimental data



Combining experimental information and bibliography

Requirements

é(tend the Information System to deal with semantic queries\
Query interpretation
Result display

Alignment of the attributes of the database schema with the

ontology classes

Select the relevant attributes of the database (e.g. trait, disease)
Manually align the attributes with the ontology classes
\ Re index the data

/




Combining experimental information and bibliography

Requirements

Extend the Information System to deal with semantic queries
Query interpretation
Result display

Alignment of the attributes of the database schema with the
ontology classes
Select the relevant attributes of the database (e.g. trait, disease)
Manually align the attributes with the ontology classes
Re index the data

Semantic analysis of the text
Identify relevant nomenclatures and ontologies
Train the methods to recognize entites of the relevant class types
Index the textual data with the trained methods




Combining experimental information and bibliography

‘ Query: all dataabout mammary gland production trait ’

Interpretation

é—mammary gland production trait
& milk trait
& milk composition trait
Emilk organic acid trait

milk citric acid concentration

—

expenment Id Sample Id %
Factors mflu_encm_g mll_k citric acid 805471 87GH9 UOIO8 0,16
concentrations in dairy cows
TRANEALL ARAWALS B avaity wwEes 060032 87GH9 UOI99 0,11

W EI W I I VAREIW IS I WAL W WW o

Citric acid

Texte Experimental data



Conclusion

ﬁext mining tranforms unstructured text into structured data
Extracts information

Relates it to domain knowledge by normalisation and extraction of
relationships

Integration into a unified information system
Mapping of the data schemata based on ontology
May require more complex alignment rules (e.g. different measure
units)

Next: align data, not only concepts

Extraction of numbers from the text (e.g. tables)
\ Transform numerical values into qualitative values (e.g 0,15 = low) /
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