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Problem: Several words for retrieving the same data

Sunflower

Helianthus spp.

Helianthus annuus L.

Tournesol

(SUNRISE project)

- Semantic heterogeneity (concepts)



Problem: Data is multi-format and everywhere

Databases Tabulated files ! ‘ text files

Publication / Reports

- B

—> Structural and syntactic heterogeneity
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Several domains

= Domain heterogeneity

(INRA with the collaboration of the RDA Agrisemantics WG

http://aims.fao.org/activity/newsletter/aims-newsletter-no80-january-2019)

SEMANTICS - THE WAY TO RECONCILE

POINTS OF VIEW AND DATA
THE EXAMPLE OF "RICE’
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Different types of semantic resources

Stronger Ontologies
Semantics 4 .
(Abstraction) Taxonomies
Web Ontology Language
(e.g. Relations, Controlled (OWL)
concepts) vocabularies Concept Maps
(==
i
Thesaurus RDF R
UML T;,R
Glossaries o
Word/HTML @j
Weaker >

) Time
Semantics :

(Adapted to Semantic Spectrum & Network Inference)



Example:

Level of
Abstraction

Problem Solving

Conversation

Sentences

Concepts

Yield Improvement
Pathways
Structural motif
Protein

Sequence

DNA



What is an ontology?

* Provide a for a domain (all the terms)

* Provide that describe the intended meaning of the
terms in vocabularies

* Provide describing a given domain

* Provide and definitions that enable

computational access to some aspects of the meaning of classes and
relations — logical representation of human knowledge

—> Facilitate data publication / data access and analysis



What is an ontology?

Ontologies do not only introduce a
sharable and reusable knowledge
representation, but can also add new
knowledge about the domain.

_ Concept
Concept o ] |
8~ |/ q instances of objects
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https://www.ontotext.com/knowledgehub/fundamentals/what-are-ontologies/



Eﬁable Accessible nteroperable R
t N~ L [
FAIR principles O & do O

eusable

FAIR: Findable, Accessible, Interoperable, Reusable
(Wilikinson, 2016 nature DOI: DOI:10.1038/sdata.2016.18)

To be Interoperable:

 |1. (meta)data use a
for knowledge representation.

 |2. (meta)data use
* |3. (meta)data include to other (meta)data.

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



Why biologist have adopted ontologies?

* To provide canonical representation of scientific knowledge

* To annotate experimental data to enable interpretation, comparison,
and discovery across databases (Example: GO (8o))

 To facilitate knowledge-based applications for
* Decision support
* Natural language-processing
* Data integration

nﬁ @ 10

https://towardsdatascience.com/ontology-and-data-science-45€916288cc5



)
)Crop Ontology

for agricultural data

Example of the crop ontology

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

* Trait & Variable definitions and measurement are not similar between
farmers, breeders, agronomists, modelers,...

Plant Height

- One trait = x traits...

11



"Crop Ontology
Example of the crop ontology

Annotation must explain: et <0 520560105

Trait description Diameter of a cross-section of the root

1/ What is the observation about? = - dontfir O 320 000122¢

Attribute Diameter

(e.g. Plant Height, Color of grain) SR AT —

Method Scan roots from soil depths of 0-45 cm using CI-600
description scanner system associated with the WinRhizo
software and calculate root diameter based on
image Winrhyzo analysis. WinRHIZO uses a non-
. . statistical method for measuring root morphology. It
2/ H OW IS th e tra It O bse rved ? - M ETH 0 D calculates total root length from a one pixel thinned
image by multiplying the number of pixels by pixel
size, and calculates average diameter by dividing

(e.g_ Measuring’ Estimated Visua”y’ CaICUIated) the projected area of the imaged object by the total

length.

Method name Image analysis - Root diameter using WinRhizo in
SITIS platform

Ildentifier CO_320:0001358

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

Scale Xref UD:0000016
Scale class Numerical

Scale name millimeter 12



I.Crop Ontology
Example of the crop ontology

Annotation must explain:

1/ What is the observation about? = ( ]\i
(e.g. Plant Height, Color of grain) calepf

Image analy$is - Root diameter using WinRhizo in S§TIS platform
(CO_320:0001225)
methogT
Root diameter
(CO_320:00010567)

2/ How is the trait observed? = METHOD \i[

(e.g. Measuring, Estimated visually, Calculated)

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

13



Example of an ontology

)Crop Ontology

for agricultural data

@ entity

1 trait
. attribute

Trait (entity-attribute pair) with a Xref to:

Culm-® @ Strength

@ Time to heading
@ flowering date
@ Lodging incidence

[ ] ® Time to maturity
No Xref ® Height
To 11 traits ® seeding date
IRIS Abiotic stres = @ Vigor
TO and IRIS
® Weight
20 trait @ \. Yield
® Phenotypic Acceptability
L
® Exsertion
® Number
a .
SSed-@ @ Shattering
@ Threshability
Biochemi L
. L . .
1 trait @ Bacterial blight damage
@ Bacterial leaf streak damage
® Brown spot Damage
° ° O @ Leaf blast damage
R I ce I ra Its Traits ® Leaf scald damage
. ® Leafholder damage
39 traits . ® Sphaerulina oryzina damage
® False smut incidence
5 traits [ ® Discoloration by fungal diseases

Ferti
Pan [ ]

Morphological Milled caryopsi

64 traits

Kernel smut incidence

amylose content
Gelatinization temperature

protein content
Length
Shape
Width
Scent

Elongation
Length
Width

14



Example of link between ontologies

fruit color trait (TO:0002617) across various species

Kernel Color Grain Color

doorisAiignedTo

Berry Color Pod Color

door isAlignedTo

door. sAlignedTo

—> Ontologies can link to data from multiple species

door sAkgnedTi

R doorisAligne
.\M.mmm

door sAlgnedTo
\ joor sAl

mTheSamDOmm
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Crop Ontology Worktlow i B
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Thank you
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(e \ =Crop Ontology

Bimrﬂit" for agricultural data
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e
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(xkecd.com/927)
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Box 2 | The FAIR Guiding Principles

To be Findable:

F1. (meta)data are assigned a globally unique and persistent identifier

F2. data are described with rich metadata (defined by R1 below)

F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

To be Accessible:

Al. (meta)data are retrievable by their identifier using a standardized communications protocol
Al.1 the protocol is open, free, and universally implementable

Al.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available

To be Interoperable:

I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles

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

To be Reusable:

R1. meta(data) are richly described with a plurality of accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage license

R1.2. (meta)data are associated with detailed provenance

R1.3. (meta)data meet domain-relevant community standards

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