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Standards for Distributed Plant 
Phenotyping data integration

Challenges and  Solutions
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Outline

• FAIR principles
• Data model
• Standards
• Use cases 

u Information systems : traceability and integration
u Standard File format 
u Web services for analysis and interoperability
u Semantic Web & RDF

• Perspectives

20 March 2018
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Phenotyping P = G x E x C

Environment

Plant Genotype

Phenotype

Interactions

Climate SoilCultural
Practice

Stress

Phenology, Strucuture, Biochemical content  

• Trait/Variable : a definition of an 
observable characteristic

u Yield
• Phenotype : A trait/Variable with a value

u Yield = 15 Kg by hect

20 March 2018
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Study/Trial organisation

Genotype
Watering
Inputs
…

Study

Observation 
Unit

Measures

Value

Ontology
Time

Treatment

Factor

Physio or ecophysiology
Breeding, Selection
Climatic Change 

Levels
Plant, micro plot, …

Phenotype
Environment

20 March 2018
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Soisson x 
high N

Chargeur 
x high N

Chargeur 
x low
input

Soisson x 
low input

Soisson x 
low input

Soisson x 
high N

Chargeur 
x high N

Soisson x 
high N 

Soisson x 
high N

Genotype treatment rep LAI

Soisson low input 1 5
Soisson low input 2 7

Level: Rep

Data life cycle
Raw data

Level: trial / traitement
Genotype traitement Fusariose

Soisson low input 5
Soisson high N 7

AN MOIS JOUR
Nitrogen
input

2011 11 15
15,322531

29

2011 11 16
15,314305

56

Level: trial

20 March 2018
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Soisson x 
high N

Chargeur 
x high N

Chargeur 
x low
input

Soisson x 
low input

Genotype treatment rep LAI

Soisson fi 1 5
Soisson fi 2 7

Genotype treatment LAI

Soisson low input 6

Elaborated dataRaw data

Soisson x 
high N

Chargeur 
x high N

Chargeur 
x low
input

Soisson x 
low input

Soisson x 
low input

Soisson x 
high N

Chargeur 
x high N

Soisson x 
high N 

Soisson x 
high N

Data Elaboration

20 March 2018
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Data elaboration

• NIRS

• After Calibration and Analysis

Individual Genotype Repetition Date 4000 4002 4004 4006

662200657-1 662200657 1 Nov11 0.790383794657
181

0.790834341907
288

0.791261293580
598

0.791659233526
804

662200657-2 662200657 2 Nov11 0.817254078896
638

0.817865344054
208

0.818450087726
549

0.819007314250
037

662200659-1 662200659 1 Nov11 0.822434379133
726

0.822871701993
426

0.823268552780
517

0.823649256266
632

Individual Genotype Repetition Gluc_sol Gluc_solub Gluc_hydrol NIRS_id Date
662200659-1 662200659 1 0.064074733 0.38557928 0.321504547 2274 Nov11

20 March 2018
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Data elaboration

• LIDAR
u Very Big files
u Plant Architecture
u Raw extraction : 

• Leaf area, leaf angle 

u Elaborationè % interception
• Metabolomic

u MSI Compliant Full description
u Elaboration à

• Leaf Protein concentration
• Root Cellulose concentration

20 March 2018
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Data elaboration

• Transformation and computation operation
• Future new analysis to elaborate new variables. 

à Raw data long term conservation
• Need 

u Reproducibility
u Traceability
u Provenance 

è FAIR

20 March 2018
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FAIR Data Principles

20 March 2018
10https://www.ontoforce.com Wilkinson, M. D. et al. The FAIR Guiding Principles for scientific data 

management and stewardship. Scientific Data 3, 160018 (2016).

Open Protocole
Perenial Metadata

Ids
Metadata

Index

Semantics
Linked Data
Vocabularies

License
Well described

Provenance
Standards

• Avoid Data Silos
• Interoperable Data and Tools Integration  

u Linked data
• Repositories Complementarity

u Volume and Variety Burden Sharing
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FAIR: DATA STANDARDS

Metadata
Semantic

20 March 2018
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European 
Networks

National
Networks

Global 
Networks

20 March 2018
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International data standards

Web services

Controlled vocabularies 
Trait dictionaries

Minimal information

MCPD

Interoperability in International network
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WheatIS standards

• http://wheatis.org/DataStandards.php
• Phenotypes guidelines
• MIAPPE
• Cropontology
• Breeding API

13
20 March 2018
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WheatIS standards

• Reuse for other crops: Rice, …

14
20 March 2018
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INTEROPERABILITY: SEMANTIC

FAIR

20 March 2018
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Semantic

• Define concepts: plant, micro_plot, phenotype, experiment, event
• Define Relations: micro_plot contains plant 
• Common Vocabularies and ontologies

u Agrovoc, Plant Ontology, Crop Ontology, Environment Ontology, …

20 March 2018
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Study

Observation 
Unit

Measure

Value

Ontology

Time

Treatment

Factor

contains

contains

hasGenotype

is-applied

Plant

plotmicro_plot

Genotype

Treatments
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Image

Drone-Session

Micro-Image

Micro-Plot

Plot

Plant
Genotype

altitude

produces

contains contains

contains

observes

value

altitude

hasGenotype

hasGenotype

treatment

is-applied

Semantic Inference

20 March 2018
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is-applied

metadata

factors
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Semantic Inference

• Enables Provenance and Reuse
• Uncouple 

u Data capture
u Data analysis
u Data reuse

• Inference allows to format the data for a target use

20 March 2018
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Germplasm 
ID PH PH2 GCOL GY

24530 80 1 2 35
85432 120 3 4 48
78452 95 2 4 43
56093 100 2 1 50

Phenotype data in breeding

1/ What is the 
observation about ?

=

TRAIT or 
Environment

Annotation must explain:

The height of the plant

The color of the grain

The grain yield

www.cropontology.org
Elizabeth Arnaud et al.

Semantic for variables

20 March 2018
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Germplasm 
ID PH PH2 GCOL GY

24530 80 1 2 35
85432 120 3 4 48
78452 95 2 4 43
56093 100 2 1 50

Phenotype data in breeding

2/ How is the trait 
observed ?

=

METHOD

Annotation must explain:

With a 
measuring tape

Estimated 
visually

Calculated
Panicle weight x panicle 

density

www.cropontology.org
Elizabeth Arnaud et al.

20 March 2018
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Germplasm 
ID PH PH2 GCOL GY

24530 80 1 2 35
85432 120 3 3 48
78452 95 2 3 43
56093 100 2 1 50

Phenotype data in breeding

3/ How is the trait 

observation expressed?

=

SCALE

Annotation must explain:

cm

1 = white

2 = cream

3 = yellow
g/m²

1 = short (<90cm)

2 = medium 

(>90cm and <110cm)

3 = tall (>110cm)

www.cropontology.org

Elizabeth Arnaud et al.

20 March 2018
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Germplasm 
ID PH PH2 GCOL GY

24530 80 1 2 35
85432 120 3 3 48
78452 95 2 3 43
56093 100 2 1 50

Phenotype data in breeding

1 VARIABLE
=

1 TRAIT/ENV 
+ 1 METHOD 

+ 1 SCALE 

www.cropontology.org
Elizabeth Arnaud et al.

20 March 2018
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Community
Species

Ontologies  

http://www.cropontology.org/
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INTEROPERABILITY: STANDARD

20 March 2018
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Minimum Information About 
Plant Phenotyping Experiment

• Standard 
u Data exchange and traceability
u Repositories

• Input and output for analysis pipelines developed for 
phenotyping and genetic

u Transplant, Elixir : European eInfrastructure for life 
science

u EPPN and Emphasis European eInfrastructure (ESFRI) for 
plant Phenotyping

u CGIARs

• Implementations
u File Archive
u Web Service
u RDF

20 March 2018
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• Contribution
u European Infrastructures : Elixir (Bioinformatics), Emphasis/EPPN 

(Phenotyping)
u National Institutes: France, Germany, Poland, UK, Portugal, Slovenia, 

Nederland, Belgium, Italy
• Steering committee

u Elixir: European Bioinformatic infrastructure
u Emphasis: European plant phenotyping infrastructure
u Bioversity International - CGIAR
u Elizabeth Arnaud, Paul Kersey, Pawel Krajewsky, Matthias Lange, Cyril 

Pommier, Bjorn Usadel
• Current Versions

u Version 1 : Transplant + EPPN + Phenome
u Version 1.1 : Elixir, validation in progress

• Documentation and model: Biologist friendly
• Adaptations to new implementations
• Proposal open for consultation contribution welcomed 
• See http://www.miappe.org for providing feedback.

MIAPPE Construction

25
20 March 2018

http://www.miappe.org/
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MIAPPE v1.1 Overview

26

Study

Plant 
Material

study 
metadata

Experimental 
design +  factors

Observation 
unit

Assay

m

m

m

m

Investigation

m

Publication  
metadata

Data files

Measures

measurement 
metadata

m

investigation 
metadata

Ownership, contact 
details, [database 
accessions, publication 
dates and DOIs, etc.]

Primary 
metadata

e.g. observed variables, 
hardware/software, etc.

e.g. timing and location: 
one location, several years; 
environment, nutrients; 
sample collection, 
processing, management

e.g. title, abstract

Measures

m

20 March 2018

Whole Dataset

Trial
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MIAPPE v1.1 Overview
Plant Material

• Biosource : Plant Material identification
• Multi Crop Passport Descriptor (MCPD) compliant

u https://www.bioversityinternational.org/e-library/publications/detail/faobioversity-multi-
crop-passport-descriptors-v21-mcpd-v21/

u FAO & Bioversity International
u Genebanks

• ID Field are reused in MIAPPE
• Key : Identification

u 0. Persistent unique identifier : PUID = URI/DOI
u 1.Institute code
u 2.Accession number
u 5. Genus
u 6. Species 
u 7. Subspecies : ‘subsp.’ (for subspecies); ‘convar.’ (for convariety); ‘var.’ (for variety); ‘f.’ (for 

form);‘Group’ (for ‘cultivar group’)
u 28. Remarks

• Suitable for non Genbank collections : breeder varietal list, laboratory collection, …

27
20 March 2018

https://www.bioversityinternational.org/e-library/publications/detail/faobioversity-multi-crop-passport-descriptors-v21-mcpd-v21/
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www.cropontology.org

MIAPPE v1.1 Overview
Variables• Observation Variables

u Phenotype & environment
u Trait : What is measured
u Method : How is it measured
u Scale :  How is it observed
u Variable : trait + method + scale

20 March 2018
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http://www.cropontology.org/
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MIAPPE v1.1 overview: 
Metabolomic

• Existing standards
u Metabolights, Minimum information MSI
u Full traceability
u Sample treatment : temperature, tissue processing, molecule extraction 

protocol, measurement protocol….
• MIAPPE 

u Elaborated data
u Elaborated, computed variables: Leaf Sugar content by microplot
u Link to Metabo archive

• Metabolight
• Metabohub
• …

29
20 March 2018
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USE CASES

Information Systems for publication and traceability
File archive
Web services
Semantic web and RDF

30
20 March 2018
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USE CASE: DATA REPOSITORIES

20 March 2018
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MIAPPE: Databases

• Production databases
u PHIS

• Cleaned data publication repositories
u GnpIS

• http://dx.doi.org/10.15454/1.4489666216568333E12

u eDale
u PlantPhenoDB

• Implementation 
u Internal
u Web services API

20 March 2018
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Definition

Implementation

Implementation

http://dx.doi.org/10.15454/1.4489666216568333E12
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MIAPPE databases & FAIR
• Findable: Indexed metadata
• Interoperable : Vocabularies/Ontologies, Plant material ID

20 March 2018
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MIAPPE databases & FAIR
• Accessible
• Reusable: License, File standard 
• Whole Phenotyping Network

20 March 2018
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MIAPPE databases & FAIR
• Reusable: PHIS high tracability
• Annotation of Observation Units

20 March 2018
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m3p:plant1245

event:9854

« Fallen pot »

2017/mar/23
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Example : Data set building with GnpIS-
Ephesis

• GnpIS-Ephesis: INRA Information System, part of Phenome and 
Elixir

• François-Xavier Oury, Emmanuel Heumez, Bernard Rolland, Jérôme Auzanneau, Pierre Bérard, Maryse Brancourt-
Hulmel, Xavier Charrier, Hubert Chiron, Camille Depatureaux, Laurent Falchetto, et al (2015) Winter wheat
(Triticum aestivum L) phenotypic data from the multiannual, multilocal field trials of the INRA Small 
Grain Cereals Network. doi: 10.15454/1.4489666216568333E12 

u DOI : http://dx.doi.org/10.15454/1.4489666216568333E12

u Winter wheat phenotypic French experimental network. 

u Observations : agronomic, quality, disease, phenology,…

u Integration of 10 experimental locations, 15 years, 1700 genotypes.

à 813 trials/study, 81 000 replications

20 March 2018
36

http://dx.doi.org/10.15454/1.4489666216568333E12


Cyril Pommier /  Standards for Distributed Plant Phenotyping data integration

Wheat datasets publications

• Example of multiple datasets 
integration
u Shared locations
u Some common varieties

• Successive publications 
u Initial publication: Agronomic and 

breeding
u Quality

• Breadmaking
• Technological

u Additional Year: 2015

20 March 2018
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Scientific Question 

• Evolution of wheat mean yield for genebank accessions from 2003 
to 2007, including disease interaction.

20 March 2018
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Wheat Yield dataset building

• MIAPPE Plant Material 
Selection

• Optionaly Panel or 
Collections

20 March 2018
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Wheat Yield dataset building

• MIAPPE investigation : Genebank/BRC accessions dataset
selection

20 March 2018
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Wheat Yield dataset building

• MIAPPE Assay/Observation variable:
u Yield and stress variables selection
u See BrAPPS

20 March 2018
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Wheat Yield dataset building

• Easy Subseting
~ Third of 81 000 
replications

• Reuse through
MIAPPE ISA Tab File 
export

20 March 2018
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USE CASE: FILE ARCHIVE

MIAPPE ISA Tab

20 March 2018
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MIAPPE File Archive

• ISA Tab for Phenotyping
u Investigation/Study/Assay

u Zip Archive 
• MIAPPE Metadata

• Raw data 

– CSV

– Images or binary files

– Reference to image archive (URI/URL)

• Elaborated data

– CSV

– Provenance

• Training and improvements
u File and metadata curation 

• Elixir 

• Célia Miguel & Anne Françoise Adam 
Blondon

u BrAPI to IsaTab portable tool 
• Elixir implementation study for MIAPPE 

Validation

• Frederik Coppens& H. Parkinson&M. 
Courtot + Elixir-fr-nl, ISA Framework, …

Data files

20 March 2018
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MIAPPE File: Wheat Yield dataset

• Zip archive
• 402 files
• README
• i_Investigation.txt : 

initial file, bootstrap

• MIAPPE v1.0
u Not MIAPPE V1.1

20 March 2018
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MIAPPE File

• Derived data file : d_BTH_Rennes_2003_SetA1.txt

• Metadata files 

• Raw data file: analysis input

20 March 2018
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Observation Unit
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USE CASE: WEB SERVICES 

20 March 2018
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MIAPPE: Web Service

• Breeding API
• International collaboration

u Excellence in Breeding platform (CGIAR)
u Coordinator : Peter Selby
u Lead: Lukas Mueller, Jan Erik Backlund, 

Kelly Robbins
• Vision : 

u Standard Open API 
u Easy, secure, and efficient 
u Information Exchange 
u Between systems and applications 
u Breeding is the main target

Bill & Melinda Gates Foundation
CassavaBase
T3
IBP
JHI
Bioversity
CIRAD
INRA
IRRI
GOBII
Wageningen
CIP
DaRT
Cornell
iPlant

20 March 2018
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MIAPPE Web Service : Breeding API

• Resources 
u http://brapi.org/
u Specifications 

• https://brapi.docs.apiary.io/#reference
• https://github.com/orgs/plantbreeding

• Servers implementations
u CGIARs international network

• Integrated Breeding Platform, Breeding Management System

u Elixir Excelerate
u Emphasis: PHIS
u Germinate
u GnpIS

• Clients implementations
u Flapjack : genotyping data visualization
u Phenome-fppn portal, GnpIS
u R analysis pipelines

• BrAPPS
� https://www.brapi.org/brapps.php

u Ontology Widget
• https://github.com/gnpis/trait-ontology-widget

20 March 2018
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Implicit Phenotyping Model overview

• MIAPPE Compliant
• Modification of Gnpis-ephesis publication
• Full model overview : 

https://github.com/plantbreeding

20 March 2018
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Trial

ID

DOI

name

Study

ID

name

location

contact persons

Datafile

name

URL

type0..n

0..n

Observation Unit

ID

level

position

0..n

Observation

observation variableID

value

date

Phenotyping campaign

comments

notators

0..n

Germplasm

accessionNumber

DOI

name

taxonomy

variety

0..1

Factors

name

modality

description

0..n

https://github.com/plantbreeding
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Workflow HIDAP-SweetPotatoBase

Use of BrAPI to connect 
HIDAP an SweetPotatoBase

SweetPotatoBase storage the experimental data 
that we want to use

Single 
Analysis

MET 
Analysis

HTM
L

MS 
WORD

USER

Exploratory 
Analysis

The Analytical Components of HIDAP

Export analytical reports in two 
formats

USE case WS1: BrAPI for R analysis

20 March 2018
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Brapi/v1/study/table web service à ISA Raw data file
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R brapi libraries: on github

20 March 2018
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USE case WS2: BrAPPS
• Tools integrable in any BrAPI compliant System

u https://www.brapi.org/brapps.php

20 March 2018
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BrAPPS
• Study Comparaison tool

20 March 2018
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Web Services 

GnpIS
Ephesis

Identification
Ontologies

Archive system

Infrastructure
Storage
Archive
Compute

Generic Data 
discovery

USE case WS3: Distributed Information System
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Generic data discovery

• Full text
• Facets

20 March 2018
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CerealsDB

UCW

Data types
Phenotypes
Markers, 
accessions, 
GWAS, 
Experiments
Journal articles
Seeds of 
discovery data
Genomic
Features

Generic data discovery

20 March 2018
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Generic Search Growth
Indexing Package

• Community Building
• Indexing node deployment support
• http://wheatis.org/Tools.php
• http://wheat-urgi.versailles.inra.fr/Projects/Wheat-Information-

System/SolR-tool-package

20 March 2018
58

http://wheatis.org/Tools.php
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Elixir Plant Data Lookup Service
• Phenotype & Study
• Integrated in Elixir collaboration
• Complementarity and convergence with WheatIS datadiscovery network
• Central Index
• GnpIS-Ephesis like data integration over databases network

Data endpoints
INRA

WUR

...

Data Cache

Data 
Harvester

Web 
Service

Web User 
interface

Batch 
Download

20 March 2018
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USE CASE: MIAPPE ONTOLOGY ( PPEO )

Plant Phenotyping Experiment Ontology

20 March 2018
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MIAPPE Semantic: PPEO
• Joint initiative : Elixir (Fr, Nl, Pt), Emphasis, 

CropOntology, RDA, INRA
• MIAPPE OWL Ontology

u First draft
u https://github.com/MIAPPE/MIAPPE-ontology

• BrAPI 2 MIAPPE RDF workflow
u http://www.wheatis.org data standard page
u http://ist.blogs.inra.fr/wdi/phenotypes-as-rdf/

• Agroportal
u Agronomy bioportal
u http://agroportal.lirmm.fr/ontologies/PPEO

• Wheat dataset
u http://dx.doi.org/10.15454/1.4489666216568333E12
u Future Query: Impact of summer temperature 

on yield 

20 March 2018
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https://github.com/MIAPPE/MIAPPE-ontology
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MIAPPE STATUS AND PERSPECTIVES

20 March 2018
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Adoption
• Plant community involved

u Elixir (European bioinformatic infrastructure)
u Emphasis (European Phenotyping infrastructure)
u Bioversity international CGIAR

• Breeding API is Elixir official Phenotyping standard web 
service

• MIAPPE and BrAPI high collaboration
u adoption and compliance

• Data repositories and management tools
u GnpIS https://urgi.versailles.inra.fr/gnpis/
u eDale https://edal.ipk-gatersleben.de/
u PlantPhenoDB at IPGPAS http://cropnet.pl/plantphenodb/
u In progress: COPO, Elixir plant databases (iBet, WUR, VIB, …), 

Brassica Information Portal, …

63
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Perspectives

• Version 2 : Emphasis, Elixir, …
u Environment
u Sensor traceability
u Phenoharmonis Workshop Montpellier may 2018

• Elixir data lookup service, MIAPPE enabled.
u Data discovery
u Elixir
u WheatIS & Emphasis ?
u Open source software

• Dataset Validation
u Elixir
u File archive (ISA Tab) and BrAPI based
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Perspectives: Emphasis Ontology & 
MIAPPE

• Emphasis Ontology in construction
u High level organization of phenotyping infrastructures
u Complementary of MIAPPE
u For instance: Installation ≈ Assay

• elementary level for data acquisition
• Set of sensor + vectors
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Plant Phenotyping Data & FAIR

• FAIR allows handling big data on the long term (decades)
u Findability

• in a lot of datasets
• With different approaches
• Without relying on any Archive logic/Folder mechanisms

u Accessibility
• Avoid storing high volumes for nothing

u Interoperability
• Processing lot of data
• Aggregating several datasets into new ones

u Reusability
• Understandability of the data
• Reducing data format heterogenity

20 March 2018
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