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● Experimentations in the domain of phenomics

● Expensive, require a lot of resources and often very hard

● Cannot be reproduced

● Huge and very complex datasets

● Strong needs of transparence and reproducibility

● Give value to data: re-analyses, meta-analyses and new analyses

→  impossible without advanced data management

Phenomics Data Challenge



Findable: persistent ID, indexed in portals, standardized and relevant metadata

Challenge: coordinated and sustainable data services

Accessible: open and standardized protocols, license rights

Challenge: cultural evolution of teams

Interoperable (technology, syntax, semantic): shared standardized formats, 

vocabularies and formal languages for knowledge representation, 

Challenge: skill developement (interdisciplinary)

Reusable: provenance, relevant metadata for understanding across disciplines, 

Challenge: new analysis methods

FAIR Principles



❖A need for new generation of Information Systems

Complex Data Challenge



OpenSILEX: an open source software set

● Methods, tools, components to implement information systems 

for experimental data in agriculture and environment 

● Information System: Organized system for the collection, 

organisation, storage, exchange and treatment of information

Data
Methods

People

Software

Hardware

PHIS: Information System for phenomics based on OpenSILEX

PHIS



The structuring of data enables a computer system to perform store, 

retrieve, process data and Implement good practices:

● Make FAIR data

● Flexible  

● Ability to allow understanding (and reproduce) data processing

● Ability to enforce DMP and Open Science

Structuring of data based on 2 key elements:

● Identification and Naming convention

○ Objects: plants, plots, experiments, sensors, events, etc.

○ Persistent, unambiguous, resolvable, globally unique

● Semantic and tagging (based on ontology set)

○ Controlled vocabulary

○ Formalized relationships between entities 

○ Data annotation and enrichment (search engine friendly)

Data structuring



Scientific object instances (plant, plant organ, plot, etc.) are formalized
Identified by URI standardized, unambiguous, shared, etc

Events (management, faults, meteo, etc) are formalized
Identified by URI

Variables, Observations, Factors, Documents, Devices, Softwares
are associated with these Objects and Events
Identified by URI

Organisation and linking of Objects and Events → done with a controlled 
semantic (reference ontologies, vocabularies, thesaurus, taxonomies) and 
application Ontologies (RDF, OWL, SKOS)* 

PHIS → Ontology driven

*Semantic Web Languages W3C

Data Structuring: PHIS approach



PHIS identification

URI

⮚ Standardized and easy integration in Web application
⮚ Unambiguous

⮚ Actionable (resolvable,dereferencable)

URI → generated by tools under responsibility of local coordinator  

URI of plant
<http://phenome.fr/arch/

2017/c17000118>

URI of pot:
<http://phenome.fr/arch/2

013/pc13001542>

URI of cabin:
<http://phenome.fr/arch

/2018/ac180015>

URI of camera:
<http://phenome.fr/arch

/2018/ac180019>

URI of image:
<m3p:arch/2017/ic17002295855

>

URI of cart:
<http://phenome.fr/arch/2013/ct1300123>



PHIS identification

URL identifies what exists on the Web

URI identifies, on the Web, what exists

IRI  identifies, on the Web, in any language, what exists

prefix m3p: <http://phenome.fr/arch>

URI of plant
<m3p:2017/c17000118>

URI of pot:
<m3p:2013/pc13001542>

URI of cabin:
<m3p:2018/ac180015>

URI of camera:
<m3p:2018/ac180019>

URI of image:
<m3p:arch/2017/ic17002295855

>

URI of cart:
<m3p:2013/ct1300123>



#mauguio5

#s2351

Metadata / ontologies provide the meaning of data

→ Link data elements using a controlled and shared vocabulary

and also machine readable 

PHIS and Semantics



#mauguio5

is-is-a

Cultivated 
Land

Agrovoc/FAO Reference 
(thesaurus/ontologie)

#Maiz
e

#Plot

#s2351

is-is-a

within

Metadata / ontologies provide the meaning of data

→ Link data elements using a controlled and shared vocabulary 

and also machine readable

→ Data are structured in a graph that can be queried  

PHIS and Semantics



Ontology driven Information System



<#plant12>

partOf

<#leaf221>

<#plot51>

sowingDate

17/11/2018

partOf

<#leaf222>

<#maugio>

sf-withIn

Plant

Plot

Leaf

PlantOrgan

subClassOf

Site

thing

sf-within
subClassOf

subClassOf

partOf

subClassOf

is-a

is-a

is-a

sf-withIn

is-ais-a

subClassOf

sowingDate

xsd:date



Formalization of variables

● Use URI (ID) for unambiguous variable (in global context)

● Actionable URI for an accessible description of variables

Description can be read by machine and human 

● Reuse existing variable description if available

● Use standardized representation schema for formalisation of new 

variable (and share it)

Variable = Entity + Characteristic + Method + Scale

#plant_height = URI

What do we recommended in PHIS

#plant_height

#plant #ruler #cm#height



Scientific 
Computation

and

Workflow 
LAYER

Web API LAYER

NoSQL database Triplestor
e

Data LAYER

Web Service 
LAYER

NoSQL database

Triplestore

Semantic Services

e-infrastructure LAYER

Distributed storage system

Web User Interface 

Software Agents
(e.g. python scripts)

Software Agents
(e.g. Data  acquisition)

Software Agents
(e.g. python scripts)

Software Agents
(e.g. python scripts)

OpenSILEX - PHIS Architecture



PHIS Web User Interfaces for the 

management of:

● Project information

● Experiment

● Facilities

● Devices

● Scientific objects

● Germplasms 

● Experimental factors

● Data

● Data visualization

● Data provenance

PHIS User Interface

http://138.102.159.36:8084/app/


✔Allows management of huge and complex data

✔Enables and facilitates cloud computing (data center, EGI)

→ distributed computing, distributed storage, backup

✔Manage semantics (ontologies, standardized vocabularies)

✔Flexible design

✔Open technologies, Web APIs and portal interoperability

✔Provenance and reproducibility for data processing

✔Over 10 instances of PHIS for various installations (field and 

greenhouse)

✔Distributed PHIS instances:  >1 petabytes of data

✔Other implementations of OpenSilex: WEIS, SunAGRI, Sixtine

✔Open Software - support and development (MISTEA team)

OpenSILEX / PHIS



Conclusion

✔ A new generation of information systems (e.g. PHIS) is needed

✔ Giving value to complex data requires structuring according to FAIR 
principles

✔ A better formalization of concepts (using ontologies) and data is 
required for interdisciplinary research

✔ Advanced data management makes data available for AI and data 
analytics 

✔ Support and training available 



⮚PHIS demonstration

● http://phis.inra.fr/

● Research paper: 

https://nph.onlinelibrary.wiley.com/doi/full/10.1111/nph.15385

⮚How to contribute to OpenSILEX?

● Github repository: https://github.com/OpenSILEX/

● Developer documentation: https://opensilex.github.io/docs-

community-dev/

⮚User documentation of the version in development:

● https://opensilex.github.io/phis-docs-community/

PHIS and OpenSILEX 

http://phis.inra.fr/
https://github.com/OpenSILEX/
https://opensilex.github.io/phis-docs-community/


Global Information systems

Dispersed data Heterogenous data Dedicated repositories & Archives
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Environment

Data standardisation and exchange

Environment / Phenome / Genomic / *omic / Genetic

Genetics
Genomics
Omics

Phenomics

Plant Breeding

Genetic variations by Traits

Climate Change Studie

Genotype by Environment
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Environment

Genetics
Genomics
Omics

Phenomics

Plant Breeding

Genetic variations by Traits

Climate Change Studie

Genotype by Environment

Dispersed
Heterogenous
Getting Standardized

Dispersed
Heterogenous

Mostly centralized
Homogenous data
Heterogenous metadata

PLANT use case

Environment / Phenome / Genomic / *omic / Genetic
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Phenotyping data life cycle

Soisson
s x high 

N

Charger 
x high N

Charger 
x low 
input

Soisson
s x low 
input

Soisson
s x low 
input

Soisson
s x high 

N

Charger 
x high N

Soisson
s x high 

N 

Soisson
s x high 

N

Genotype Treatment N input Date Rep Fusariose

Soissons low input 15,32253129 15/11/2011 1 5

Soissons low input 15,31430556 16/11/2011 2 7

Soisson
s x high 

N

Charger 
x high N

Charger 
x low 
input

Soisson
s x low 
input

Genotype Treatment Fusariose

Soissons low input 6

« Raw » data, pheno/env measures, variables

« computed » data, reduced, indicators 

Derivation, Reduction
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Plant Phenotyping Life cycle

Data acquisition

• VARIABLES
• Plant/microplot level
• Traceability
• Raw measures
• Data Cleaning
• Platform IS (Emphasis IS, 

PHIS, …)
• Analysis Reproducibility 
• Provenance 

Data computation

• INDICATORS
• Statistical integration
• Genotype level (mostly)
• New computation for each 

scientific question
• One raw dataset 🡪 many 

computed datasets

Data publication

• One Data Publication by 
datasets.

• Platform IS
• Phenomic, plant level

• FAIR Data Repositories
• Reduced

24

Genotype traitement Fusariose

Soisson low input 5

Soisson high N 7

Charger low input 1

Charger high N 2

Variety charger 
is resistant to 
fusariose under 
intensiv 
cultural 
practice

Raw data long term conservation
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Plant Phenotyping Life cycle

Data acquisition

• VARIABLES
• Plant/microplot level
• Traceability
• Raw measures
• Data Cleaning
• Platform IS (Emphasis IS, 

PHIS, …)
• Analysis Reproducibility 
• Provenance 

Data computation

• INDICATORS
• Statistical integration
• Genotype level (mostly)
• New computation for each 

scientific question
• One raw dataset 🡪 many 

computed datasets

Data publication

• One Data Publication by 
datasets.

• Platform IS
• Phenomic, plant level

• FAIR Data Repositories
• Reduced

25

Genotype traitement Fusariose

Soisson low input 5

Soisson high N 7

Charger low input 1

Charger high N 2

Variety charger 
is resistant to 
fusariose under 
intensiv 
cultural 
practice

Raw data long term conservation

Data Knowledge
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Open science through FAIR data principles 

Open Protocole

Perenial 
Metadata

Ids

Index

Metadata 
Description

Semantics

Linked Data

Vocabularies

License

Well described

Provenance 

Standards

Wilkinson et al., The FAIR Guiding 
Principles for scientific data 
management and stewardship.
Scientific Data 3 (2016)

Sustainable data access over decades

(origin, process, methodology)

Repositories StandardsDiscovery
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FAIR data repositories

https://projet-recherchedatagv.ouvrirlascience.fr/

https://projet-recherchedatagv.ouvrirlascience.fr/
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FAIR data repositories

https://projet-recherchedatagv.ouvrirlascience.fr/

https://data.inrae.fr/

https://projet-recherchedatagv.ouvrirlascience.fr/
https://data.inrae.fr/
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FAIR data repositories
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Global Data discovery portal

Dispersed data Heterogenous data Dedicated repositories & Archives
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Global Data discovery portal

Dispersed data Heterogenous data Dedicated repositories & Archives
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FAIDARE: Global Data discovery portal

Literature Bioschemas 
sources

Genetics
Genomics

Historical 
Datadiscovery

Phenomics

Full text 
+ 

Fine criteria
+ 

Link back

Dataverse

https://urgi.versailles.inrae.fr/faidare/

https://urgi.versailles.inrae.fr/faidare/
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Data standards for FAIR

Semantic

• Description of the data

• Controlled vocabularies: term name and 
definitions

• Ontologies: semantic links between 
terms

Biologist driven

Structure

• Formatting and Organizing the data

• Data Models

• Standards : CSV, VCF, GFF, MIAPPE
(www.miappe.org) , etc…

• Biologist & Computer scientist driven

Technical

• Data integration and sharing

• Interoperability : tools and systems

• GA4GH 

• Breeding API www.brapi.org

• Computer scientist driven

Persistent Unique 

Identifiers

URI, gene ID, 

accessions ID, Trait 
ID, DOI,…

http://www.miappe.org/
http://www.brapi.org/
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Phenotype Structure Standard

Minimal Information About Plant Phenotyping Experiment 

www.miappe.org

Many stakeholders

Elixir, Emphasis, Bioversity, North American PPN

Open Community:

Request for comments

Github Feature requests

Mailing lists

Meetings & Workgroups

Crops and woody plants

Papoutsoglou et al. (2020) Enabling reusability and interoperability of 
plant phenomic datasets with MIAPPE 1.1. New Phytol, 227:260-
273; https://doi.org/10.1111/nph.16544

http://www.miappe.org/
https://doi.org/10.1111/nph.16544
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Phenotype Technical Standard, MIAPPE Implementations

Ontology, OWL Implementation

https://github.com/MIAPPE/MIAPPE-ontology

http://agroportal.lirmm.fr/ontologies/PPEO

Data model representation

Formal concepts and constraints

File Archive

ISA Tab: data + metadata

RO Crate studies

Web Services

Breeding API

International collaboration

Standard Open Web Service API 

Information Exchange, Main target: Breeding

Excellence in Breeding platform (CGIAR)

Adoption

Phenospex

ELIXIR

EMPHASIS

European Genbanks (EURISCO)

https://github.com/MIAPPE/MIAPPE-ontology
http://agroportal.lirmm.fr/ontologies/PPEO
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Take Home Message

Research Data Reuse, including by yourself, Public or not

● → Complex
● → Relies on FAIR data principles and in particular

○ Data Management
■ Information systems
■ Data Management Plans

○ Data repositories

○ Data standards 

○ Data search portals

● Support and Guidances 

https://rdmkit.elixir-europe.org/

https://rdmkit.elixir-europe.org/
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