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Semantics and Plant Phenotyping Data 
Structuration for Data Analytics

Pierre-Etienne Alary, Llorenç Cabrera-Bosquet,
Anne Tireau, Morgane Vidal, … , Pascal Neveu

MISTEA-LEPSE, INRA-Montpellier, France

Phenotyping Hybrid Information System
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Phenotyping infrastructure: multi-scale approach
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High throughput omics

Aim : Characterize large collections of genotypes at 
high-throughput enabling quantitative genetics studies 
(GWAS – GS)



Use case: PhenoArch generates daily...

… Structured data
• > 44000 raw and segmented images 
• ca. 200000 phenotypic observations
• >10000s points of environmental data

… Non structured data
• Visual scores
• Lab book notes
• Events 
• Measurements in companion platforms or 

compartments



But also and very important…
• Plant accidents
• Human mistakes
• platform failures
• ↑ number of non exploitable / misleading data



• Store, organise and manage:

• Highly heterogeneous data (e.g. images, growth curves)
• Multi-spatial and temporal scale data (leaf to canopy level)
• Multi-source data (field, platform)
• Environmental data

• Enrich datasets with knowledge and metadata (enable 
reuse of data and meta-analyses)

• Interoperate and integrate data into external resources 
(e.g. modelling platforms or external databases)

• Provide FAIR data (functionnaly linked data)

We need an Information system capable to

Findable, Accessible, Interoperable, Reusable



FAIR DATA
       Findable, Accessible, Interoperable, Reusable

e.g. MIAPPE e.g. PHIS



• Hybrid system based on different storage databases 
(PostgreSQL, MongoDB, iRODS, RDF4J)

• Object identification and organisation (plants, sensors, plant 
organs, plots, etc.) based in:

 Persistent Identifiers (e.g.URI, IRI, doi)
  Two specific application Ontologies (OWL) formalise 

Objects and Events

• Enrichment of data with knowledge and metadata via 
annotation

• User-friendly and interactive web interface 

• Flexible Web Services for the  integration of a diverse 
and multi-source data

PHIS approaches 



Object Identification

URIs (Uniform Resource Identifiers)
 standardized, unique, unambiguous identification of objects

How do we link all these objects?



Application Ontologies

OEPO (Ontology for Experimental Phenotypic Objects)
=> assignes types to objects involved in phenotyping experiments (e.g. sensors, plants, 
experimental context) and defines a specialization hierarchy between them according to the 
specificities of the installations and experiments.

OEEv (Ontology of Experimental Events (OEEv)
=> characterises events that occur during an experiment, (e.g. dates of sowing, application of a 
given treatment, harvesting), experimental management or any category of technical problem.

Whereas OEPO and OEEv refer to objects and events that can be specific to either 
field or controlled conditions, a number of the terms and definitions follow 
recommendations adopted by EMPHASIS and reuses reference ontologies 
including:

• Crop Ontology
• Plant Ontology
• FAO/Bioversity Multi Crop Passport Descriptors
• Semantic Sensor Network Ontology 
• PATO
• PPEO (MIAPPE)
• other ontological resources such as the AGROVOC
• …

Reference 
ontologies



OEPO and OEEv Application Ontologies
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Event Annotation
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Events follow the Web Annotation Data Model that allows assigning motivation and purpose attributes 
to annotations (e.g. oa:describing, oa:replying, etc.). Dublin Core properties such as 
dcterms:created or dcterms:creator are also used.



Event Annotation
On the web interace, clicking on a data point automatically displays the images 
associated to this point together with the associated annotations 



Web Service API

• RESTFul (Representational state transfer) 
• Services available using URIs. 
• Developed in Java with Jersey implementation of JAX-RS (Java API for 

RESTful Web Services) standard
• Implements the Breeding API : new version (v1.2) to be implemented
• Swagger interactive documentation (data-interchange format JSON)

API documentation (Swagger) PHIS architecture



Environmental sensors

Each object is related to different objects, properties and data



Data visualisation

• Display of images, and time courses of phenotypic and environmental variables 
are automatically adapted to the particular experiments and variables

• Raw images, segmented images and metadata can be displayed in both field and 
greenhouse experiments 



Variable management and interoperability

Variable = Trait + Method + Unit



PHIS includes extensible scientific computing modules based on R packages for 
calculating elaborated variables and generating experimental summaries and 
reports.

Data analysis



In short PHIS: 
 

 Allows management of huge and complex data
thanks to a flexible design

 Enables and facilitates cloud computing
→ distributed computing, distributed storage

 Focuses on Data Provenance in order to produce reproducible 
research

 Is based on Open technologies

 Uses international identification systems (URI and DOI)

 Uses Semantics (ontologies, standardized vocabularies)

 Allows portal interoperability (towards BrAPI v1.2 compliance)
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EMPHASIS-PREP: 
Preparation of 

European Infrastructure for Multi-Scale Plant 
Phenotyping And Simulation for Food Security in a 

Changing Climate

www.plant-
phenotyping.eu
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