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Environment

Genome / Environment / Phenome

Genetics & Genomics Phenomics

Plant Breeding
Meta analyses

Climate Change Studies
Genotype by Environment

Phenology

●Reproducibility

●Tracibility ● Expensive, lot of resources needed

● Complex design

● Cannot be reproduced

● Huge and very complex datasets
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Plant Phenomics simplified data life cycle
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Plant Phenomics simplified data 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

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



Phenomic data management and description → Data standards

Semantic
• Description of the data

• Crop ontology

• www.cropontology.org

• Phenotyping/environment 

• variable = Trait + Method + Unit/Scale

• Biologist driven

Structure
• Formatting, Modelling and Organizing Data

• Minimal Information About Plant Phenotyping Experiment 

• www.miappe.org

• Dataset : greenhouse, field, multiannual, multilocal

• Variables and plant material

• Biologist & Computer scientist driven

Technical

• Data integration and sharing

• Interoperability : tools and systems

• Breeding API www.brapi.org

• Computer scientist driven

Persistent Unique 

Identifiers

URI, sensor ID, 

accessions ID, Trait 

ID, DOI,…

http://www.cropontology.org
http://www.miappe.org
http://www.brapi.org/


Plant Phenomic data standards and tools

- Implementations
- File templates
- Recherche Data Gouv
- FAIDARE Data portal
- PHIS/Sixtine Information System

- Research Data Management Kit
- List recommended standards, tools 

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

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


Research Data Management Kit for Plant Phenomics

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

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


FAIDARE Plant data portal for global heterogenous data federation

Dedicated plant data search engine 

Portal

Metadata index
link back to source repositories



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

FAIDARE Plant data portal for global heterogenous data federation

Phenomics
Genetics

WheatIS, 
Transplant

Dataverse

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


File template & Recherche Data Gouv

https://github.com/MIAPPE/MIAPPE/tree/master/MIAPPE_Checklist-Data-
Model-v1.1/MIAPPE_templates

https://github.com/MIAPPE/MIAPPE/tree/master/MIAPPE_Checklist-Data-Model-v1.1/MIAPPE_templates


File template & Recherche Data Gouv



Full Phenomic RDM capabilities

- Dedicated experimental Information System
- PHIS / SIXTINE



Make FAIR data, structure your data

Identification
● Everything can be identified: plants, experiments, 

sensors, events, etc.

● Persistent, unambiguous, resolvable

Semantics
● Naming Conventions

● Controlled vocabulary

● Formalized relationships between entities

● Data annotation and enrichment

How?
PHIS, an ontology driven

Information System

URI of plant:
<http://phenome.fr/arch/2017/c17000118>

URI of pot:
<http://phenome.fr/arch/2013/pc13001542>

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

URI of cabin:
<http://phenome.fr/arch/2018/ac180015>

URI of camera:
<http://phenome.fr/arch/2018/ac180019>

URI of image: <http://phenome.fr/arch/2017/ic17002295855>



PHIS: an Ontology driven Information System for Plant Phenomics

iRODS

● Metadata semantic 

description (experiments, 

plots, factors, sensors, 

variables, etc.)

● Data

Image processing 

Advanced data extraction

Environmental data

Phenotypic data

Image 

processing 

Analysis 

pipeline

User interface

Vue.js

Scripts

WS User interface

Swagger UI

Community

Analysis,

sharing, etc.

REST API

Web App File storage system



PHIS-4P: example of a connection to a data processing platform

Données environnementales

Données phénotypiques

● Description sémantique des 

métadonnées (expérimentations, 

parcelles, facteurs, capteurs, 

variables, etc.)

● Données

PHIS - Sixtine

Web Services 

Pipeline d’analyse des données 

capteurs pour les différents 

vecteurs (Phenomobile, drones, 

Literal)

Contexte Expérimental : 

expérimentations, 

parcellaire, capteurs

● Déclaration des images 

brutes

● Résultats d’analyse 

● Description des étapes de 

traitement (provenance)



Resource Sharing

● Naming conventions

● Link to domain ontologies (Crop Ontology, Agrovoc, etc.) and standard 
ontologies (Dublin Core, Ontology of Annotation, etc.)

● Specific instances for creating, storing, and exporting sharable resources

● Data traceability protocols

● Standard Compatibility (BrAPI, MIAPPE)



Resource Sharing - Variables model

Entity Characteristic Method Scale (unit)

Trait

PLANT HEIGHT RULER CM

Reference ONTOLOGIES

Entity

Individual

level

VARIETY
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Resource Sharing - Variables model

Entity Characteristic Method Scale (unit)

Trait

PLANT HEIGHT RULER CM

Reference ONTOLOGIES

Entity

Individual

level

VARIETY



Resource Sharing - Shared resources instances

● Variables



Resource Sharing - Shared resources instances

● Variables



Resource sharing - Shared resources instances

● Germplasm



Resource Sharing - Data traceability - Provenance

What is Provenance ?

That is metadata to know

● Who played a role in data generation at different scale?

● Who is the main responsible?

● How data was transformed?

● Which tools were used?

● When and how data were produced?

● etc.



Resource Sharing - Data traceability - Provenance

● Entity: data, data sources, documents, results, etc.

Entity can be input or output

● Agent: person, software, Web Services, institution, company, etc.

Agent bears the responsibility

● Activity: generating, transforming, modifying, processing, etc

Activity occurs over a period of time and acts upon or with entities

Representation model for 

provenance (PROV-O)



Resource Sharing - Data traceability - Provenance

Exemple : PhenoArch

Greenhouse experiment

hauteur de 

plante = 

342 pixels

Plant RGB Image Binary Image Elaborated Data

camera ?

settings ?

angle ?

treatment ?

settings ?
traitement ?

settings ?

Provenance 

Image Acquisition

Provenance 

Binarisation

Provenance Data 

(traits extraction)



Resource Sharing - Data traceability - Provenance

Data are linked to a provenance



Resource Sharing - Standards Compatibility

- BrAPI - https://brapi.org/
- Standardized RESTful web service API specification for 

communicating plant breeding data
- PHIS: BrAPI WebServices implemented (v1.3)

=> Makes indexing of PHIS data by FAIDARE possible!

- MIAPPE - https://www.miappe.org/
- Minimum Information About Plant Phenotyping Experiments
- Open, community driven, data standard designed to harmonize 

data from plant phenotyping experiments
- Mapping with other standards (ISA-Tools , BrAPI)
- PHIS is MIAPPE-compliant

https://brapi.org/
https://www.miappe.org/


User Friendly Interfaces

Declaration of the experimental context



User Friendly Interfaces

Declaration of the Devices



User Friendly Interfaces

Data Visualization - Environmental data



User Friendly Interfaces

Data Visualization to raw image provenance



PHIS Users Community

Phenome Platforms
○ M3P - PhenoArch
○ Pheno3c
○ Phenotoul
○ Diaphen
○ New users:

■ Phenotic
■ 4PMI

Emphasis community
○ UCL
○ University of Helsinki
○ University of Copenhagen
○ WUR NPEC



Conclusions

● 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 

● PHIS: used in several phenotyping platforms

● Work in conjunction with standards (BrAPI - MIAPPE) and offer shared resources 
(variables/genetic)

● Successfully linked to an image analyses platform using FAIR principles for its input and 
output data

● Ongoing developments
○ New features / enhanced ergonomy
○ Adaptation to the needs / evolution of research
○ Support
○ Link with research teams

● OpenSILEX: opening to other communities

● Support and training available! 



PHIS - OpenSILEX useful links

● OpenSILEX
○ OpenSILEX website: http://opensilex.org/
○ OpenSILEX demo: http://opensilex.org/sandbox/app/
○ How to contribute to OpenSILEX?

■ Github repository: https://github.com/OpenSILEX/
■ Developer documentation: https://opensilex.github.io/docs-community-dev/
■ OpenSILEX Docker: https://github.com/OpenSILEX/opensilex-docker-compose
■ User documentation: https://opensilex.github.io/phis-docs-community/

● PHIS
○ PHIS website: http://phis.inrae.fr/
○ Research paper: https://nph.onlinelibrary.wiley.com/doi/full/10.1111/nph.15385
○ Variables declaration tutorial: https://www.youtube.com/watch?v=Pvz9o-b_Mok

http://opensilex.org/
http://opensilex.org/sandbox/app/
https://github.com/OpenSILEX/
https://opensilex.github.io/docs-community-dev/
https://github.com/OpenSILEX/opensilex-docker-compose
https://opensilex.github.io/phis-docs-community/
http://phis.inrae.fr/
https://nph.onlinelibrary.wiley.com/doi/full/10.1111/nph.15385
https://www.youtube.com/watch?v=Pvz9o-b_Mok

