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Executive Summary 

Objectives 

Phenomic datasets are at the crossroad of several disciplines, in particular plant physiology, 

genetics, ecology and crop modelling. All these communities have developed their own 

solutions to organise and store resulting datasets in dedicated repositories or information 

systems, so it is crucial that the effort of  EMPHASIS to organize phenomic datasets results in 

information systems that are interoperable with those of other infrastructures such as ELIXIR 

(genomics and genetics), ANaEE (Ecology) and AgMIP (crop modelling). This is in a context 

in which data sciences are receiving an increasing interest, in particular with the EOSC initiative 

of the European Commission.  

 

Main results 

The information systems developed by different communities for phenotypic data differ in their 

organization and content. Phenomic information systems need to track all elements for re-

analysis of individual experiments, in particular the time courses and spatial variability of 

environmental variables, the time course of traits and the link between samples, organs, 

genotypes, plants,events, x-y positions of each plant or plot. This requires the use of semantic 

web to automatically generate complex metadata from a few indications. This level of detail is 

not necessary in Genetic-Genomic or in Ecology, so corresponding information systems relate 

integrative plant traits with integrative indicators of environmental conditions, and/or with 

genomic information. The crop modelling community developed its own standards for traits, 

environmental variables and managing practices. EMPHASIS has launched common working 

groups with each of these communities, resulting in a clarification of the role of each 

information system, in common tasks for mapping ontologies and in a list of tasks that will 

facilitate interoperability between information systems.    
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1. Introduction 

1.1. Different conceptions of phenotypic information systems in the 

phenomic, genomic-genetic, ecology and crop modelling 

communities  

The term 'information system for phenotypic data' involves different objects and aims in different 

scientific communities. The objective of this deliverable was to clarify the objectives of our own 

community in relation to those in other communities/infrastructures, and to facilitate the 

organisation of phenomic information systems to make them compatible with those used by other 

communities/infrastructures. 

- The Phenomic community needs specific information systems. Indeed, phenomic experiments in 

field or indoor conditions have a value that tremendously increases if combined with other 

experiments, at different scales or in different climatic conditions (1). Gathering phenomic data is 

expensive and time consuming, while phenomic experiments cannot be reproduced because the 

same combination of environmental conditions that occurred in one experiment will never occur in 

another experiment (2). Furthermore, phenomic data may involve measurements with a temporal 

definition of minutes, such as stomatal conductance or growth rate which can vary by one order of 

magnitude over minutes, to integrative measurements over months, such as yield or cumulated 

transpiration. These features require complex information systems allowing a researcher who did 

not participate to an experiment to reanalyse the same dataset, for instance with other hypotheses 

or to include it in a larger dataset. In particular, reanalyses require that time courses of 

environmental conditions are stored with high spatial and temporal definitions, that the exact 

spatial position of every plot or plant in the experiment is traced, and that the relation between 

organs, samples, plants, locations, events, experimenters and projects can be automatically 

extracted from the information system. Such an information system was developed (2) with an open 

source software and is deployed in several installations in Europe.  

- The genetic-genomic community uses other information systems involving mean values for each trait 

and studied genotype. These values are used, for example, to perform genome-wide association 

studies relating a given trait to genomic information at thousands to millions of positions on the 

genome, or to compare gene expression to measured traits (3). Because traits are environment-

sensitive, this analysis requires the taking into account of environmental information, usually via 

mean values of environmental variables during key phases of the crop cycle. The resulting 

information systems do not need to directly store the complexity of information for each experiment 

as that in the former paragraph. Indeed, here traits and environmental conditions are scalars, vs 

time courses above, and the spatial variability of traits and environment are dealt with, previously 

to inclusion in the database, via the statistical models that extract genotypic values. The MIAPPE 

working group developed standards for such datasets (4, 5), and specific information systems such 

as GnpIS are currently available in the frame of the ELIXIR European infrastructure (6). 
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- The Ecology community essentially uses the same type of information as in the above paragraph, 

for instance to derive large meta analyses relating traits to environmental indices such as cumulated 

light or average temperature (7). The MIAPPE working group also takes into account the 

requirements of the Ecology community (4, 5).  

- Finally, the crop modelling community uses phenomic data to calibrate models. The latter relate 

iteratively environmental conditions every day or hour to transpiration, growth and development on 

the same day, resulting in cumulative traits such as yield or total soil water/nitrogen uptake. These 

models need to be calibrated for every genotype, thereby requiring high throughput data collected 

in the field or in phenotyping platforms (8). This requires precise time course of environmental 

conditions at several experimental fields, together with (i) traits such as leaf area index, biomass 

or transpiration in the same fields, (ii) response curves of, for instance, transpiration or growth rate 

to environmental conditions, often obtained in indoor phenotyping platforms. The AGMIP community 

organised terms using the ICASA Master Variables List (9) and datasets following the AgMIP data 

standards and data translator tools (10). 

A main question addressed by this deliverable is the extent to which the information systems 

presented above are compatible. In particular, we addressed the question of the feasibility of a 

common information system for all communities, or of a pragmatic approach consisting in developing 

web-services that facilitate communication between distinct information systems.  

1.2 The EOSC initiative and the FAIR Guiding Principles  

The FAIR Guiding Principles (Findability, Accessibility, Interoperability, and Reusability) now make a 

large consensus in the scientific community for organizing datasets and analysing scientific results 

(11). All information systems presented above follow these principles. They need 'Interoperability' in 

such a way that phenomic data can be used by all communities. Conversely, the other terms 'Findable', 

'Accessible' and 'Reusable' have contrasting consequences in each category of information system 

presented above, because the involved communities do not require the same information for 

reanalyzes.  

The EOSC initiative was launched by the European commission to foster the FAIR principles in all 

disciplines involved in the H2020 and Horizon Europe frameworks. EMPHASIS is involved in the EOSC-

Life project that brings together the 13 Biological and Medical ESFRI research infrastructures (BMS 

RIs) to create an open collaborative space for digital biology in Europe. Through EOSC scientists will 

gain direct access to FAIR data connected to workflows and tools in a cloud environment available 

throughout the European Research Area. EMPHASIS objective to make plant phenotyping data FAIR is 

therefore developed and implemented in a wider and collaborative context within EOSC as an 

essential part to make plant science data reusable. Specifically, EMPHASIS is involved in a 

demonstrator within the EOSC-Life project called A+ (see § 3.4).  
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2. Methods 

EMPHASIS took the initiative to develop common working groups with each of the above mentioned 

communities. We used a pragmatic method consisting in specific meetings and working groups with 

each individual community, whereas the general approach is aimed to be synthesised in a review 

paper in an academic journal. Meetings were kept to a minimum, whereas we dedicated much of our 

effort to writing common white papers, documents and scientific papers, and to participating to 

existing working groups such as MIAPPE or AgMIP.  

We also worked in common projects. This was the case for the above-mentioned EOSC call, but also 

of other projects such as EU DROPS/ANR AMAIZING for genotype-to-phenotype analyses (12), and UE 

DROPS and SOLACE for the relation between phenotype and modelling. 

3. Relation with other infrastructures 

3.1 ELIXIR (Genetic-genomic community) 

The first meeting between EMPHASIS and ELIXIR was held on 22-23 May 2017 at IPK Gatersleben, in a 

strategic meeting of the MIAPPE working group for re-defining its objectives and working method 

(https://www.miappe.org/). This was the first occasion for Genomic-genetic, Ecology and Phenomic 

communities to clarify their objectives and relations. A second meeting was held in Montpellier on 18 

May 2018 and a third meeting was a videoconference on 26 October 2018. A white paper followed 

each meeting, each of them was formally approved by the executive committees of EMPHASIS PREP, 

MIAPPE and ELIXIR. Several ad-hoc meetings occurred since then for facilitating the writing of white 

papers, in particular during the 15th Integrative Bioinformatic Symposium (September 18-20, 

2019, Paris). Three papers in academic journals were published in the MIAPPE context, coauthored 

by members of EMPHASIS prep, Elixir and of the Ecology community.  

The main domain of the EMPHASIS community concerning data (Fig. 1) is to: 

- Produce datasets that jointly include phenotypic and environmental information, most often as time 

courses of variables in a way that allows traceability of objects, images or events during an 

experiment, thereby facilitating future meta analyses (‘reusable’ in “FAIR”).  

- Analyse data and produce new objects, e.g. 3-D representations of plants or canopies, 2-D maps of 

environmental conditions, response curves of a given phenotypic variable to one or several 

environmental conditions. 

- Run models that allow dissection/simulation of time courses or spatial variations. Models, either 

statistical or process-based are a tool for testing hypotheses, but also to cross scales, e.g. between 

controlled and field conditions. They are also a way for checking data quality.  

- Facilitate the access to full datasets, phenotypic environmental and metadata (Findable, Accessible 

and Interoperable in FAIR). 

EMPHASIS, as an infrastructure, does not run these analyses but provides the information system and 

data quality policy that facilitate access to datasets and their (meta)analyses.  

The main domain of the ELIXIR community concerning data (Fig. 1) is to: 

https://www.miappe.org/
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- Enable FAIR publication of datasets to allow their use for genetic and genomic analyses.  

- Enable data, tools and repositories interoperability by seeking collaboration with relevant 

communities to build and recommend standards, metadata and repositories.  

- Allow findability and accessibility of any scientific data type, including multidimensional phenotype.  

- Help the building of integrative datasets that links phenotype to genotype or other data types. This 

integration is possible with elaborated data, like genetic variation inferred from resequencing 

experiments or phenotyping two-dimensional data matrices inferred from time series or direct 

measurement.  

- Enable publication and integration of elaborated phenotyping datasets, i.e. data matrices handling 

values for traits. 

- Provide the infrastructure for the quality check of datasets, mainly at the syntactic level and to 

ensure the presence of minimal metadata like biological material description and complete 

measurement methodology traceability and provenance. 

It is noteworthy that the domains represented in Fig. 1 deal with the specificities of the communities 

and infrastructure in EMPHASIS and ELIXIR, whereas individual scientists in each community can cover 

the whole range of activities. Fig. 1 defines the ‘domains of excellence’ of each community in order 

to better identify common tasks.  

 

 
Fig. 1. Schematic representation of the flow of data, from experiments to genetic analyses, with 

the respective domains of excellence in EMPHASIS and ELIXIR 

 

The common tasks that were identified are  

ELIXIR /EMPHASIS: Three needs “in series”

Following 

experiments

Phenotypic 

analysis

Data sharing 

and Reuse

- Tracking 
- objects, events, 
images 

- Following 
- plants, sensors, 
cameras

- Environmental 
conditions 
Mapping/time 
course 

- Sensor calibration

- Data cleaning

- Calculated traits
- Time courses
- Spatial analysis
- Ratios (growth 
per ...)

- Tools for data 
quality
- Reproducible?
- Cross scale ?
- Modelling?

EMPHASIS Elixir

- Enable 
reproducible 
analyses (GxE, 
GWAS, Genomic 

Prediction, Evolution)
- Data integration 

and linking
- Data Publication
- Data discovery
- Pipeline Hosting

- From 
measurements 
to traits

- Tools for trait 
quality
- heritability 
- genetic 
correlations

TRAITS



 

 
9 

- Improving environmental characterization. The list of environmental variables in MIAPPE has been 

the object of debates, and too specific variables have been removed from the MIAPPE list. A group in 

EMPHASIS/EPPN2020 proposed an approach to better identify the requirements of each community, 

with two levels (essential/desirable as requirements for installations to provide accesses funded by 

the project. A document was accepted by the EMPHASIS PREP and EPPN2020 executive committees and 

provided to the MIAPPE group for discussion.  

- Defining “abstract datasets” in EMPHASIS databases. The difference in the nature and structure of 

datasets identified above highlights the necessity for EMPHASIS databases to define lists of single 

point scalars extracted from time series and spatial data from full datasets. Most scientists in 

EMPHASIS do this exercise but there is currently no room in databases to keep and trace it. A common 

task is to identify the nature of such lists, their requirements and formats in such a way that they can 

be queried by ELIXIR information systems. ELIXIR/MIAPPE is writing such lists based on common case 

studies, for discussion in EMPHASIS and EPPN2020 consortia for feasibility.   

3.2 ANaEE (Ecology community) 

An essentially similar approach was adopted with ANaEE, with meetings within the MIAPPE group 

which includes an Ecology component (22-23 May 2017 at IPK Gatersleben (see §3.1) and September 

18-20, 2019, Paris. Specific meetings with the coordinators of ANaEE resulted in the writing of a 

common paper published in Nature Plants (13) 

We fine- tuned our respective domains for data management. Briefly, AnaEE focuses on ecosystem-

wide interactions between plants, soil biota and fauna, for the assessment and forecasting of 

ecosystems functional trajectories in response to global changes. AnaEE platforms involve the 

measurement of more variables than those in EMPHASIS, but over a limited amount of genotypes and 

with a lower throughput of plants. The ANaEE information system therefore follows MIAPPE standards, 

and have a structure largely similar to those in ELIXIR but with precise time courses of environmental 

variables on air and soil environment, including variables that characterize the biotic interactions, 

largely absent from EMPHASIS information systems. Measuring yield quantity and quality obtained in  

EMPHASIS for many genotypes allows to extend the results present in ANaEE information systems to 

assess simultaneously agricultural productivity and its environmental footprint, as well as their trends 

in response to global changes, in particular with biodiversity and climatic changes. 
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Fig.2 EMPHASIS and ANaEE domains of excellence for data collection and organization. Redrawn from Roy et al 

2017, Nature Plants 

3.3 AgMIP (Crop modelling community) 

A similar approach was also used with the crop modelling community, in particular with meetings in 

Bruxelles (24-26 September 2018) with members of the AgMIP community and in Montpellier (17 April 

2019) with AgMIP and CGIAR centres (CIMMYT and Biodiversity International). Another meeting will be 

held at the iCROPM conference of Montpellier in February 2020. The International Consortium for 

Agricultural Systems Applications (ICASA (9)) developed comprehensive standards for documenting 

and describing field experiments, providing detailed descriptions of management practices and traits 

of soils and plants for crop experiments. The ICASA standards emphasize common vocabularies, 

relations among variables, and the ability to implement the specifications in various formats. This 

ICASA dictionary was extended and modified for modelling use within AgMIP (e.g. the definition of 

new model variables that were not previously described) (10).  

This repository is very similar to ontologies in EMPHASIS, so the main work consists in mapping terms 

between the two sources. A clear benefit for EMPHASIS is the access to adequate ontologies for 

management practices, developed by AgMIP and Biodiversity international. A common group was 

created for performing these operations.  

Another crucial element was to perform a comparative mapping of existing models and phenomic 

information systems. In this context, an online portal referencing plant and crop simulation models 

was developed (UCLouvain, https://quantitative-plant.org/). This website maintains a catalogue of 

plant models that can be used to access or simulate new variables from phenomics data. It will raise 

the interest of the phenomics community in model-assisted phenotyping. Beyond the mapping 

activities, a task is currently under work to facilitate the exchanges of data between the phenomic 

information system PHIS and the platform of models developed by AgMIP.  

3.4 Research Infrastructure projects and EOSC 

In the EOSC framework, EMPHASIS is one of the 13 Research Infrastructures involved within the EOSC-

Life cluster project coordinated by ELIXIR to develop digital space for European Life Science, 

Biological and Medical research addressing key societal challenges (https://www.eosc-life.eu). EOSC-

Life deals with biomedical data that cross all scales from data collection, data organization and 

analyses with FAIR specificities with the overarching goal to enable reusability of these data and tools 

and by doing that fuel new scientific disciplines. This includes close interaction with many research 

infrastructures, development of common data management policy, user management, training etc. 

Specifically, EMPHASIS is involved in a demonstrator within the EOSC-Life project called A+ that links 

different life science infrastructures (EMPHASIS, ELIXIR, ISBE) by enabling the use and analysis of 

genomics, proteomics, metabolomics, and phenotyping datasets of tomato, potato and maize. The 

goal is to demonstrate phenotype to genomic data integration for analysis in a cloud environment. 

https://quantitative-plant.org/
https://www.eosc-life.eu/
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Plant A+ will improve the toolset needed to document and give access to the datasets using FAIRDOM 

(https://fair-dom.org) and allow their findability using FAIDARE 

(https://urgi.versailles.inra.fr/faidare/), both tools being connected using the Breeding API 

(www.brapi.org).  

Additionally, EMPHASIS closely connects with the Life Science Research infrastructure community 

within the CORBEL cluster project (13 Research Infrastructures, https://www.corbel-project.eu/) 

and the environmental community within the ENVRIPlus Research Infrastructure cluster project (26 

Research Infrastructures, https://www.envriplus.eu/) that aim among other at identification of 

synergies in data management and development of shared services. 

3.5 Data science community 

The data science community is directly involved in EMPHASIS via national infrastructures as well as in 

the companion project EPPN2020 , whose work package leaders for information systems belong to this 

community (in particular B Usadel, P Neveu and C Pommier). The MIAPPE group also involves both 

biologists and computer scientists, thereby allowing rich and efficient work to be done. This 

facilitated the emergence of common projects and common papers with the mathematics-computer 

science community, in particular with INRIA (French institute for computer sciences and robotics) (14, 

15) and Excellence Cluster PhenoRob (http://www.phenorob.de/). These common projects aims at 

technology development for targeted monitoring and management particularly by machine learning 

and cloud computing techniques to analyse huge amounts of data. They formalize and improve the 

efficiency of workflows for data analysis(14) and optimize temporary (cache) storage and re-

computing in clouds, thereby decreasing the duration of data analysis by e.g. half (15). 

Pipelines and models are not a service of EMPHASIS but the information system allows embedding 

them, so the workflow is traceable and reproducible in cloud environment such as EOSC. 

Conclusion 

It would probably not be realistic to aim at a common information system for all communities in view 

of the tremendous complexity that the diversity of requirements would generate, but it is still 

essential that the different information systems can communicate via web-services. For example, it 

is thinkable that standardized workflows automatically extract genotypic means and environmental 

indicators used by the genomic community from the complex phenomic information systems used by 

the phenomic community.  

We believe that the common activities with other infrastructures, the resulting position papers and 

academic papers and the tools for interoperability will soon result in interoperable information 

systems and common workflows of data analysis.  

http://www.phenorob.de/
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