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FAIR principles, an new opportunity to improve the data lifecycle

Preliminary question :

Data Capture ?

How to best manage your data

to make the most of it for your research ?

How to ensure that open data works for research ?

Daniel Jacob

INRA UMR 1332 BFP – Metabolism Group

Bordeaux Metabolomics Facility

March 2019
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Is a

transversal INRA CATI(*) whose vocation is to 

promote, support and valorize 

the implementation of

data and code management and sharing 

for the purpose of 

reuse and reproducibility of science.

(*) Centre Automatisé de Traitement de l'Information -

Automated Information Processing Center
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Raw Data
Processed

data

Analyzed

data

Published

data

Information 

(often partial)

Open access

Data flow Concerned data

Experiment 

Data Tables 

Know-how Knowledge

Processed data is the raw 

data processed in a way 

so that they can highlight 

some features, i.e. some 

type of variables linked 

to the focus of the study.

Annotation, Curation, Validation

Partly not automatically 

reproducible because it 

requires human expertise

Raw data

Specialized Data Repositories

Expected objectives

Studies with a design of experiment (DoE) involving one or more analytical approaches
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During a research project

Know-how

Knowledge

P
ro

je
ct

Data flow

DATA

Data / Metadata

Data Mining Modeling

Find out 

“biomarkers”

Explain data

Data/Metadata Exploration 

Data Visualization

Data mining / Modeling

Data exploration  Descriptive statistics 

First glimpse of the data that can show trends.

Allow the data to be well characterized, which is 

necessary to then choose how to analyze them.

 Repetition of multiple scenarios on 

different subsets of data

 Selection subsets of data

 Implying lots of data manipulation

 data capturing, data formatting, data linking, 

data import / data export

 Linking both metadata and data for data 

mining

Data processing
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Before the project begins

After the project is completed

Future

Data flow

DATA

During a research project

A data management plan or DMP is a 

formal document that outlines how data 

are to be handled both during a research 

project, and after the project is 

completed.

The goal of a data management plan is to 

consider the many aspects of data 

management, metadata generation, data 

preservation, and analysis before the 

project begins

this ensures that data are well-managed 

in the present, and prepared for 

preservation in the future.

 Description by metadata (Ontology / Controlled Vocabulary)

 Data capturing, data formatting, data linking

 Implying data archeology after several months / years 

Data management
Publishing policies
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Before the project begins

After the project is completed

Future

During a research project

Know-how

Knowledge

P
ro

je
ct

Data flow

2
1 2

1

Data management

Time is clearly explicit

Data processing

Time is often implicit

Reduce data manipulation

Data sharing & data availability

Facilitate the subsequent data mining

Facilitate the data dissemination

Make consistent the two axes : 

Motivations

How ?

DATA

The "data life" must therefore be integrated

into the scientific research process 
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THE FAIR DATA PRINCIPLES

The "FAIR" principles define the 

basis for data sharing

easily to find, accessible, 

interoperable and reusable. 

However, it is to the communities to specify the actions necessary for 

their implementation

The implementation of FAIR principles is a process that must be thought 

of in a progressive and community-oriented way.

It must be integrated into existing practices to ensure that they evolve 

without interruption and in a way that is acceptable to the various 

actors
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Gathering Data and Preparing Data : 

• lot of data manipulation, mainly in the form of table,

• combine data sets according to a common field (identifiers)

Modelisation :

• selection of subset of data then many repetitions of complex 

processing operations

• according to a very varied parametrization (scenarios).

But: Repetitive and tedious tasks

Spreadsheet as a central tool

Despite all their drawbacks

e.g. multiple information in a format without internal structure

This does not take away any of their benefits

Universal tool

Data capture... as far upstream as possible

Take into account users operating methods and work habits

Allow users to gain efficiency where they would like to gain efficiency

Handling of all these tasks related to data management

Promote 

good practices

Provide 

services
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samples : Sample features

The experimental context:  needs / wishesseeding harvesting
samples 

preparation

Sample 

identifiers

Experiment Design (DoE)

samples analysis

Data

Promote non-proprietary 

format like CSV or TSV

necessary and indispensable step 

towards « Linked Open Data ».

Promote good practices

Well organized data

• Each variable forms a column

• Each observation forms a line

• Each type of "unit observational" forms a table
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samples : Sample features

The experimental context:  needs / wishesseeding harvesting
samples 

preparation

Sample 

identifiers

Experiment Design (DoE)

samples analysis

Data

identifier

factors

Quantitative

Qualitative

Promote good practices

Whatever the kind of experiment, this

assumes a design of experiment (DoE)

involving individuals, samples or whatever

things, as the main objects of study (e.g.

plants, tissues, bacteria, …)

This also assumes the observation of

dependent variables resulting of effects

of some controlled experiment factors.

Moreover, the objects of study have

usually an identifier for each of them, and

the variables can be quantitative or

qualitative.

Promote non-proprietary 

format like CSV or TSV

Well organized data

• Each variable forms a column

• Each observation forms a line

• Each type of "unit observational" forms a table
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The experimental context:  needs / wishesseeding harvesting
samples 

preparation

Sample 

identifiers

Experiment Design (DoE)

samples analysisPromote good practices

 Metadata : not just on the "top"  linked to datasets 

but more deeply linked to the variables.

Data

identifier

factors

Quantitative

Qualitative

Shortname Description Unit

SampleID Pool of several harvests Identifier

Treatment Treatment applied on plants Factor

DevStage fruit development stage Factor

FruitAge fruit age Days post-anthesis (dpa) Factor

FruitDiameter Fruit diameter mm Variable

FruitHeight Fruit height mm Variable

FruitFW Fruit Fresh Weight(g) g Variable

Rank Row of the invidual plant on the table Feature

Truss Position on the stem of the truss Feature

Shortname Description Unit

SampleID Pool of several harvests Identifier

Treatment Treatment applied on plants Factor

DevStage fruit development stage Factor

FruitAge fruit age Days post-anthesis (dpa) Factor

FruitDiameter Fruit diameter mm Variable

FruitHeight Fruit height mm Variable

FruitFW Fruit Fresh Weight(g) g Variable

Rank Row of the invidual plant on the table Feature

Truss Position on the stem of the truss Feature

Description of the different 

columns within data files

Metadata

samples : Sample features

Minimal effort (PUT)

Promote non-proprietary 

format like CSV or TSV

factor

quantitative

qualitative

identifier

categories
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Promote good practices

Metadata file allowing to associate a key concept to each data subset file

Optional

Metadata file allowing each attribute (variable) to be annotated

Optional

Minimal but relevant Metadata

s_subsets.tsv

factor

quantitative

qualitative

identifier

categories

a_attributes.tsv

…

…

Additional data subsets can be added 

step by step, as soon as data are 

produced.

Entity ⇔ unit observational (e.g. samples, compounds, …)

Attribute ⇔ Variable, Feature, ... (e.g. Plants, Fruits, Glucose, Rank, ….)
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Experiment 

Data Tables

+ Metadata 

ODAM Framework

Additional data subsets can be 

added step by step, as soon as 

data are produced.

PUT

Drag & Drop

Data can be 

downloaded, 

explored and mined

F

A

I NTEROPERABLE

R

Rodam

Develop if needed, lightweight tools

- R/Python scripts (Galaxy), lightweight GUI (R shiny)

- Python (Plotly Dash)

Multi-criteria exploration & 

interactive visualization

Merging &  selection 

of data subsets 

Repetition of complex 

treatments according to very 

varied parameters

Export

API

Promote good practices

Provide services
Link https://data.inra.fr

facilitate the 

subsequent data 

publication

Minimal effort

Maximum efficiency

Multiscale deployment 

Local / Intranet / Internet
Storage and 

sharing with all 

partners

GET

http://pmb-bordeaux.fr/dataexplorer/

F INDABLE

A CCESSIBLE

I

R E-USABLE

offered to Data 

Producers/ 

Consumers
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Experiment 

Data Tables

+ Metadata 

ODAM Framework

Additional data subsets can be 

added step by step, as soon as 

data are produced.

Data Lifecycle

PUT

Drag & Drop

Data can be 

downloaded, 

explored and mined

F

A

I NTEROPERABLE

R

Rodam

Develop if needed, lightweight tools

- R/Python scripts (Galaxy), lightweight GUI (R shiny)

- Python (Plotly Dash)

Multi-criteria exploration & 

interactive visualization

Merging &  selection 

of data subsets 

Repetition of complex 

treatments according to very 

varied parameters

Export

API

Data capture

Data 

Extension

Data Curation
Remove 

inconsistent 

values 

Data Backup

Data Publication

Link
F INDABLE

A CCESSIBLE

I

R E-USABLE

https://data.inra.fr
The "data lifecycle" is thus integrated 

into the scientific research process 

facilitate the 

subsequent data 

publication

Multiscale deployment 

Local / Intranet / Internet
Storage and 

sharing with all 

partners

http://pmb-bordeaux.fr/dataexplorer/

GET
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Example based on FRIM - Fruit Integrative Modelling

Merging &  selection of data subsets 
data set intersections

acquire on the same samples

data tree based on metadata files

http://pmb-bordeaux.fr/dataexplorer/?ds=frim1
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Merge the activome data AND the metabolome data acquire on the same samples belonging to the "Control" group

Merging &  selection of data subsets 

QUERY

SELECT plants + samples

+ (aliquots+activome) 

+ (pools+qNMR_metabo)

WHERE sample ∈ { Treatment=“Control” }

qNMR_metabo

plants 

samples 

activome

Example based on FRIM - Fruit Integrative Modelling
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plants              samples                        activome qNMR_metabo

http://myhost.org/getdata/xml/frim1/(activome,qNMR_metabo)/treatment/Control

 Avoids lots of data 

manipulation

(activome,qNMR_metabo)  plants + samples

+ (aliquots+activome) 

+ (pools+qNMR_metabo)

Merging &  selection of data subsets 

Merge the activome data AND the metabolome data acquire on the same samples belonging to the "Control" group

Example based on FRIM - Fruit Integrative Modelling

As far as possible, keep the old way of using the scientist's worksheets … 
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Retrieving Data within R

Merge the activome data AND the metabolome data acquire on the same samples 

data and metadata are all available and accessible by scripting languages(R, API)

metadata…

…

Example based on FRIM - Fruit Integrative Modelling

data

… while allowing a way 

to be more efficient ...
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Data / Metadata

Data Mining

Make both 

metadata and data 

available for 

data mining.

Experimentation

/ Analysis

The subsequent data mining is great facilitated
activome   qNMR_metabo

Water StressControl (log10 transformed)

Retrieving Data within R
data and metadata are all available and accessible by scripting languages(R, API)
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Opportunity for Reproducible Research

Reproduce the results presented in an article.

Fostered by the fact that data and metadata are 

all available and accessible by scripting 

languages(R, API)

rescience.github.io

Data Analysis Reporting

Gathering Data and Preparing Data

carried out by the ODAM approach

Merging &  selection of data subsets 

Repetition of complex treatments 

according to very varied parameters

F

A

I NTEROPERABLE

R
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Opportunity for Open Data

Data dissemination

Disseminate their data more quickly 

at any time they wish 

without any additional effort

(URL)

https://data.inra.fr

R scripts (Rmd) 

F INDABLE

A CCESSIBLE

I

R E-USABLE

Data Publication
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doi:10.15454/95JUTK

(URL) http://pmb-bordeaux.fr/dataexplorer/?ds=frim1

Example based on FRIM - Fruit Integrative Modelling
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Opportunity for the Web Of Data Resource Description Framework (RDF)

CV Term

Entities

Attributes

OptionalX

Metadata

Entity ⇔ unit observational (e.g. samples, compounds, …)

Attribute ⇔ Variable, Feature, ... (e.g. Plants, Fruits, Glucose, Rank, ….)

http://agroportal.lirmm.fr/ontologies

Plants
Compounds

Enzymes

Harvests

Samples
plants.tsv

PlanteID
harvests.tsv

Lot samples.tsv

SampleID

compounds.tsv

enzymes.tsv

SampleID

SampleID

Entities

TO

Plant Trait 

Ontology

EO

Plant Env. 

Ontology

PO

Plant Structure & 

Dev. Stage 

Ontology

GO

Ontology

CHEBI

Ontology

…

Attributes
CV Term

CV Term

CV Term

a conceptualization associated with a set of facts

Reference ontologies

(domain-dependent)
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Other

Metadata

images, 

geolocation, 

meteorology,

other data sets,

…

Linked Data

Resource Description Framework (RDF)

Typical queries: 

Search for a particular Trait

Entity + Attribute = Trait

Category CV Term

Entities

Attributes

Metadata

RDF 

Schema

Attributes Subsets

attribute

node

subset

node

rdf:type rdf:type

Attribute Entity

#hasEntity

#hasAttribute

Category
Species

#hasCategory #hasSpecies

https://schema.org/Dataset

measurementTechniquevariableMeasured

factor

quantitative
qualitative

identifier

categories

Application ontologies

CV Term

rdf:Bag

a conceptual model or ontologies within a knowledge base.

Opportunity for the Web Of Data

F INDABLE

A CCESSIBLE

I NTEROPERABLE

R E-USABLE

100%
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FAIR principles

• can improve the data lifecycle by relying on technologies, 

• but only if they serve the concerned communities by 

meeting their expectations.

The role of a data authority is to translate principles into 

standards in agreement with the concerned communities
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Open Data for Access and Mining
ODAM Framework

https://fr.slideshare.net

“Make your data great now”

“Make your data great again”

towards Open Data and Reproducible Research

towards Linked Open Data

Thank you for your attention

http://pmb-bordeaux.fr/dataexplorer/

https://hub.docker.com/r/odam/getdata
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Appendix 1 
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Example based on FRIM - Fruit Integrative Modelling

https://pmb-bordeaux.fr/dataexplorer/

lightweight tools

R shiny

Visual data exploration 
a first key step for deeper analyses
Visual data exploration 
a first key step for deeper analyses

Data exploration  Descriptive statistics 

First glimpse of the data that can show trends.

Allow the data to be well characterized, which is necessary to then choose how to analyze them.
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Example based on FRIM - Fruit Integrative Modelling

https://pmb-bordeaux.fr/dataexplorer/?ds=frim1

Example online
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Example based on FRIM - Fruit Integrative Modelling

FRIM1 Using Data
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Example based on FRIM - Fruit Integrative Modelling

FRIM1
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Example based on FRIM - Fruit Integrative Modelling

FRIM1
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Example based on FRIM - Fruit Integrative Modelling

FRIM1

Metadata files

In order to allow data to be explored and

mined, we have to adjoin some minimal

but relevant metadata
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Example based on FRIM - Fruit Integrative Modelling

Metadata files

In order to allow data to be explored and

mined, we have to adjoin some minimal

but relevant metadata
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Example based on FRIM - Fruit Integrative Modelling
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Example based on FRIM - Fruit Integrative Modelling
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Example based on FRIM - Fruit Integrative Modelling

Explore several 

possibilities by 

interacting with the 

graph



Daniel Jacob, INRA – April 2019

Example based on FRIM - Fruit Integrative Modelling
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Example based on FRIM - Fruit Integrative Modelling
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Example based on FRIM - Fruit Integrative Modelling

Save as …
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Example based on FRIM - Fruit Integrative Modelling

Export as …

As far as possible, keep the old way of using the scientist's worksheets … 
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Example based on FRIM - Fruit Integrative Modelling

The R 

package 

Rodam

Copy-Paste

The Comprehensive R 

Archive Network

https://cran.r-project.org

… while allowing a way to be more efficient ...
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Appendix 2 



Daniel Jacob, INRA – April 2019

Data

Format

TSV

REST Services: hierarchical tree of resource naming (URL)

Retrieving data

Retrieving metadata

<data format>

<dataset name>

<subset>
(<subset>)

<entry><category>

<value> <value> <value>

<entry>

GET http://myhost.org/getdata/<data format>/<dataset name>/< … >/< … >

factor

quantitative

qualitative

identifier

link

categories

xml/tsv/json

frim1

Data can be explored and mined 

based on some minimal but relevant metadata

EDTMS

ODAM
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Field Description Examples

<data format> format of the retrieved data; possible values are: 'xml' or ‘tsv' tsv

<dataset name> Short name (tag) of your dataset frim1

<subset> Short name of a data subset samples

<entry> Name of an attribute entry (defined by the user in the a_attribute file 

(column ‘entry’)

sampleid

<category> Name of the attribute category; (assigned by the user in the a_attribute

file (column ‘category’) 

possible values are:  ‘identifier’, ‘factor’, ‘qualitative’, ‘quantitative’ 

quantitative

(<subset>) Set of data subsets by merging all the subsets with lower rank than the 

specified subset and following the pathway defined by the "is_part_of" 

links.

(samples) 

plants + harvests + 

samples

<value> Exact value of the desired entry or category 1, factor

REST Services: hierarchical tree of resource naming (URL)

GET http://myhost.org/getdata/<data format>/<dataset name>/< … >/< … >

EDTMS

ODAM
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http://myhost.org/getdata/<data format>/<dataset name>/<subset>/<entry>/<value>

http://myhost.org/getdata/<data format>/<dataset name>/(<subset>)/<category>

http://myhost.org/getdata/<data format>/<dataset name>

http://myhost.org/getdata/<data format>/<dataset name>/(<subset>)/<entry>/<value>

http://myhost.org/getdata/<data format>/<dataset name>/<subset>

http://myhost.org/getdata/<data format>/<dataset name>/(<subset>)

• Get the subset list of a dataset

• Get all values within a data subset

• Get values within a data subset for a specific value of an entry

• Get all values within a set of data subsets

• Get values within a set of data subsets for a specific value of an entry

• Get the attribute list within a set of data subsets for a specific category

REST Services: hierarchical tree of resource naming (URL)

GET http://myhost.org/getdata/<data format>/<dataset name>/< … >/< … >

EDTMS

ODAM
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4

7

http://pmb-bordeaux.fr/odamsw/

REST Services: hierarchical tree of resource naming (URL)

GET http://myhost.org/getdata/<data format>/<dataset name>/< … >/< … >

EDTMS

ODAM
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Get of data subsets by merging all 

the subsets with lower rank than the 

specified subsets and following the 

pathway defined by the 

“obtainedFrom" links.

(activome,qNMR_metabo)  plants + samples

+ (aliquots+activome) 

+ (pools+qNMR_metabo)

Example based on FRIM - Fruit Integrative Modelling

http://pmb-bordeaux.fr/odamsw/
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Example based on FRIM - Fruit Integrative Modelling

http://pmb-bordeaux.fr/odamsw/
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<data format>

<dataset name>

<subset>
(<subset>)

<entry><category>

<value> <value> <value>

<entry>

tsv

frim1

samples

sample

365

GET http://www.bordeaux.inra.fr/pmb/getdata/tsv/frim1/(samples)/sample/365

The R package 

Rodam
https://cran.r-project.org/web/packages/Rodam/index.html

The Comprehensive R Archive Network

Example based on FRIM - Fruit Integrative Modelling

Retrieving Data within R
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Retrieving Data within R

Merge the activome data AND the metabolome data acquire on the same samples 

data and metadata are all available and accessible by scripting languages(R, API)

metadata…

…

Example based on FRIM - Fruit Integrative Modelling

data
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Retrieving Data within R

Visualization of data set intersections acquire on the same samples

data and metadata are all available and accessible by scripting languages(R, API)

Example based on FRIM - Fruit Integrative Modelling
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Data / Metadata

Data Mining

?

Make both 

metadata and data 

available for 

data mining.

Experimentation

/ Analysis

MFA

rCCA

pLDA

…

ODAM facilitates the subsequent data mining

activome   qNMR_metabo

Water StressControl (log10 transformed)


