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Plant phenotyping data management

Focus on advantages as well as pragmatic and effectives solutions

www.elixir-europe.org emphasis.plant-phenotyping.euwww.inrae.fr
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• Trait/Variable : 
• definition of an observable characteristic 
• Yield

• Phenotype : A trait/Variable with a value
• Yield = 6T by hect

• Properties
• Morphological, physiological, biochemical or 

agronomic

• Quantitative or qualitative

• Highly heterogeneous

• Environment
• Except primary phenotypes 

• P = G x E x C

• Polysemic
• Measure in a Phenotyping experiment
• Characterisation of a Plant Genetic resource
• Association with genetics (QTL, GWAS)
• Association with a gene function

Plant Phenotyping scope

Environment

Plant Genotype

Phenotype

Climate
Soil Cultural

Practice

Pathogenes 
pressure
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Phenotype data lifecycle
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Derivation, Reduction

Genotype Treatment N input Date Rep Fusariose

Soissons low input 15,3225129 15/11/2011 1 5

Soissons low input 15,3430556 16/11/2011 2 7

Data Acquisition Data computation Knowledge

« Raw » data, pheno/env measurement, variables « Derived»  data,

computed, reduced, indicators
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Publication

Data Acquisition Data computation Knowledge

Wilkinson et al.

The FAIR Guiding Principles for 

scientific data management and 

stewardship.

Scientific Data 3 (2016)

« Raw » data, pheno/env measurement, variables « Derived»  data,

computed, reduced, indicators

Derivation, Reduction

Genotype Treatment N input Date Rep Fusariose

Soissons low input 15,3225129 15/11/2011 1 5

Soissons low input 15,3430556 16/11/2011 2 7
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VARIABLES
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● Data cleaning
● Traceability, Reproducibility & Provenance 
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● New computation for each

scientific question
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• One experimental dataset➔many papers/reuse
• https://doi.org/10.1016/j.tplants.2025.09.001

Plant Phenotyping data reuse, WHY ?

Multisite experiment

indoors + fields, 2014

E.J. Millet, et al. 2016, Genome-wide analysis of yield in 

Europe

E.J. Millet, et al. 2019, Genomic prediction of maize yield

J. Bouidghaghen, et al. 2023 Genomic prediction indoor to 

field

S. Alvarez Prado, et al. 2018, genetic variability of stomatal 

conductance

L.C. Maistriaux, et al.2024, Aquaporine expression

B. Ali, et al. 2024, High-dimensional multi-omics

S. Lacube, et al. 2020, Crop Models, Simulating the effect of 

flowering

https://doi.org/10.1016/j.tplants.2025.09.001
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• Document and trace Trait methods and protocols

• Agree on variable/trait methods and units
• Final project meeting ➔ Oups, data cannot be compared among partners

• List and identify plant material

• Localise experiments

• Organise raw and derived data 

• Document all data matrice columns
• No PH_John1 and TGW_Jane2 columns

• Anybody should understand your dataset without calling you

Plant Phenotyping data reuse, HOW ?
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• Open science based on FAIR Data principles

Plant Phenotyping data reuse, in practice

Wilkinson et al., The FAIR Guiding 

Principles for scientific data 

management and stewardship.

Scientific Data 3 (2016)

Sustainable data access over decades

Open Protocole

Perenial
Metadata

Ids

Index

Metadata 
Description

Semantics

Linked Data

Vocabularies

License

Well described

Provenance 

Standards
(origin, process, methodology)
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Progress towards FAIR and Open Data requires multidisciplinary cooperation
• Biologists

• Bioinformaticians

• Ontology/semantics specialists

FAIR 5 * Open Data → be pragmatic

Data on the web, open licence

Data in a structured format

Data in a non-proprietary format

Data linked to other datasets

Data identified by a URI

Biologists

Bioinformaticians

https://5stardata.info/en/

Progressing towards FAIR and Open Data requires a multidisciplinary cooperation : 

• Biologists

• Bioinformaticians

• Specialists of ontologies/semantics

https://5stardata.info/en/
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Progress towards FAIR and Open Data requires multidisciplinary cooperation

FAIR 5 * Open Data
https://5stardata.info/en/

Genetics
Genomics

Phenomenon
Agronomy

Metabology

Data on the web, open licence

Data in a structured format

Data in a non-proprietary format

Data linked to other datasets

Data identified with a Persistent 
Identifier (URI)

You We Ontologists

https://5stardata.info/en/
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Plant Phenotyping data reuse, (really) in practice

Data portals

Data repositories

Global Data Standards

Information Systems

Scripts and 
Workflows

MCPD

Guidelines

Portable 
devices, 

sensors, …
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Plant Data standards 

Structure
• Formatting and Organizing

• Data

• Dataset description & Metadata

• Data Models, templates

• Phenotyping Variable, Biological Material

• Standards : VCF, GFF, MIAPPE, etc…

• Biologist & Computer scientist driven

Technical

• Data integration and sharing

• Interoperability : tools and systems

• GA4GH 

• Breeding API www.brapi.org

• Computer scientist driven

Semantic
• Description of the data

• Controlled vocabularies: term name and definitions

• Phenotyping Variables (trait+method+scale)

• Ontologies: semantic links between terms

• Biologist driven

Persistent Unique 

Identifiers

Cultivars, 

Accessions, MCPD, 

…

http://www.brapi.org/
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Plant Structure Standard
• Biologist Friendly

• Definitions and clear examples
• Excel templates
• Trainings

• Minimum and sufficient list of metadata
• Computer scientist friendly  

• Explicit data model: ISA-Tools and Breeding API 
(BrAPI) compatibility.

• Validation framework and toolbox
• Includes established standards

• MultiCrop Passport Descriptors (MCPD): plant 
material identification

• Crop Ontology: description of measurement and 
calculation methods

• Specification with several implementations
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MIAPPE Implementations & Technical Standards

• Databases and data repositories
• Any Breeding API (BrAPI) compliant DB (GnpIS, PHIS, PIPPA, …)
• Generic data repositories (Dataverse, Zenodo, e!Dale, …)

• Web Services
• Breeding API www.brapi.org
• International collaboration
• Standard Open Web Service API 
• Information Exchange, Main target: Breeding
• ELIXIR, EMPHASIS, Excellence in Breeding platform (CGIAR, Cornell Peter Selby)

• File Exchange
• MIAPPE XLSX Templates https://github.com/MIAPPE/MIAPPE/Templates
• Project workflows
• ISA Tab: data + metadata
• RO Crate

• Ontology, OWL Implementation
• https://github.com/MIAPPE/MIAPPE-ontology
• http://agroportal.lirmm.fr/ontologies/PPEO
• Data model representation, Formal concepts and constraints

http://www.brapi.org/
https://github.com/MIAPPE/MIAPPE/Templates
https://github.com/MIAPPE/MIAPPE-ontology
http://agroportal.lirmm.fr/ontologies/PPEO
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Phenotype Semantic Standard: Ontologies

• Description of plant traits and characteristics

• www.cropontology.org 
• Representation model, ie Framework

• Trait + Method + Scale
• Scale: unit, rating scale
• Trait: Entity (e.g. leaf) + Characteristic (surface)

• Collection of ontologies by species

• Ontology creation by Community/Project possible
• Recommended in certain cases
• Solves : Potentially time-consuming contribution to ontologies
• Publication

• Agroportal
• https://entrepot.recherche.data.gouv.fr/dataverse/vo-inrae

• Vitis Organ ontology
• Wheat Crop Ontology
• Walnut Trait Ontology
• Woody Plant Ontology

15

http://www.cropontology.org/
https://entrepot.recherche.data.gouv.fr/dataverse/vo-inrae
https://entrepot.recherche.data.gouv.fr/dataverse/vo-inrae
https://entrepot.recherche.data.gouv.fr/dataset.xhtml?persistentId=doi:10.15454/SBXYSV
https://entrepot.recherche.data.gouv.fr/dataset.xhtml?persistentId=doi:10.15454/3EDMCP
https://entrepot.recherche.data.gouv.fr/dataset.xhtml?persistentId=doi:10.15454/AV5RT2
https://entrepot.recherche.data.gouv.fr/dataset.xhtml?persistentId=doi:10.15454/JB2WCE
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Trait Method

T1: Plant Height

Unit

U1: cm
U2: mm

+ +
M2: First tassel branch

M1: Total height

M3: Last expanded leaf

M4: Youngest growing leaf

U3: pixelM5: Highest pixel 
corresponding to plant

Phenotyping/environment variable = Trait + Method + Unit/Scale

L Cabrera

Crop Ontology in practice

One TRAIT ➔ 9 VARIABLES
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MIAPPE & BrAPI ADOPTION 

• Transparent for users
• Using data standards without noticing it

• BrAPI Implementation = MIAPPE Compliant

• Databases
• FAIDARE (incl GnpIS)
• PHIS/Sixtine
• European SI ELIXIR and EMPHASIS

• VIB, NIB, ITQB, WUR, ...

• CGIAR
• Breedbase
• Solegenomics
• ...

• FAIRDOM-Seek
• Generic data repositories (Dataverse, Zenodo)

• BrAPi tools
• https://brapi.org/compatibleSoftware

• ELIXIR, EMPHASIS

https://brapi.org/compatibleSoftware
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MIAPPE SPECIFICATIONS

18



p. 19Plant phenotyping data management

2026 03 10 / Cyril Pommier

• www.miappe.org

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

MIAPPE Specifications

http://www.miappe.org/
https://github.com/MIAPPE/MIAPPE/tree/master/MIAPPE_Checklist-Data-Model-v1.1
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MIAPPE Specifications

• Specifications table

• 11 Sections

• Metadata Fields

• Definitions

• Examples

• Cardinalities
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MIAPPE Specifications

• Specifications table

• 11 Sections

• Metadata Fields

• Definitions

• Examples

• Cardinalities

• Data model : Links 
between sections/concepts
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MIAPPE overview

• Investigation: full dataset
• fields, greenhouse, ...
• One to many location
• One to many years

• Study: experience 
• One location/site
• One or more years

• Assay: 
• trait or indice (Pheno or Env) 
• Trait + Method + Scale/Unit

Investigation = Dataset

Study A
France
2013

Study B
Italy

2013-2014

Study C
Germany

2018-2024

Plant 
Measures

µPlot 
Measures

Plant 
Measures

Pot 
Measures

Variable C Variable A Variable B

Trait
+

Method
+

Scale

OR
Community 

specific
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MIAPPE TEMPLATE EXAMPLE

Only mandatory sheets
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https://doi.org/10.15454/IASSTN

https://doi.org/10.15454/IASSTN
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MIAPPE self documentation
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MIAPPE Investigation
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• Plus additional descriptors
• expeDesignDesc, expeDesignType, obsUnitDesc,  growthFacilityDesc, growthFacilityType, 

culturalPractice, expeDesignMap

• Project specific custom columns

MIAPE Study
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MIAPPE Person
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• MIAPPE Mandatory (RED) and recommended fields (GREEN) + any additional information 

• Material source: Genebank Accession (e.g. B73_INRAE) or cultivar (e.g. RENAN)

• Biological Material : Seed lot (e.g. B73_INRAE_2023)

MIAPPE Biological Material
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• Minimal template

• Fits most needs (including Prowild)

MIAPPE Observed Variable
TRAIT + METHOD + UNIT
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MIAPPE Observed Variable
Full Crop Ontology Template (not needed in Prowild )
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• Dedicated Data sheet OR separated file

• Format not constrained in MIAPPE

• AGENT Example https://doi.org/10.57745/1HLI7X 

MIAPPE Data 

https://doi.org/10.57745/1HLI7X
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H2020 AGENT

N. Stein (IPK, coord), P. Kersey (RBGK), M. Alaux 
(INRAE), S. Weise (IPK), C. Pommier (INRAE), M. 
Lange (IPK), R. Finkers (WUR), J. Destin (INRAE)

MIAPPE community
ELIXIR Plant Community,
Krajewsky P, Cwiek H, Tardieu F, Usadel B, Arend D, 
Arnaud E, Junker A, King G, Laporte MA, Poorter H, Reif J, 
Rocca-Serra P, Sansone SA,  Kersey P, 
And many more!

Crop Ontology
Arnaud E, Laporte MA, …

Emphasis
Tardieu F, Usadel B, Arend D, Junker A, Poorter H, Neveu P, Pierushka
R, Alic I, Tireau A., Kazemipour-Ricci F., R. van de Zedde … 
And many more!

Breeding API
Selby P, Mueller L, Robbins K, 
Backlund JE, Boizet A., … , 
And many more!

Aknowledgments & Questions
Elixir Plant community & platforms

Beier S., Gruden C., Pommier C., Coppens F, Scholz U., 
Lange M., Contreras B., Adam Blondon AF, Faria D, 
Chavez I, Miguel C, Droedsbek B, Finkers R, Papoutsoglou
E, Olster R, Ramsak Z, Michotey C.,  …
And many more!


