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r/course/view.php?id=38



MESSAK Imane

2025 June 5th

FAIR principles applied to 
bioinformatics



3

Hello !

Baptiste Rousseau

IR CNRS

Full stack dev

Thomas Denecker

IR CNRS

Full stack dev

Julien Seiler

IR CNRS

Full stack dev

Imane Messak

IR CNRS

Full stack dev



4

Part 1 : Context
● Open Science
● The crisis of reproducibility

Part 2 : Basic concepts
● The definitions of reproducibility
● FAIR Principles

Part 3 : A solution proposal
● A solution proposal
● FAIR bioinfo training

Plan
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Open Science, the 
crisis of reproducibility



6

Open Science

More and more data...

https://www.ebi.ac.uk/ena/browser/about/statistics

https://www.ebi.ac.uk/ena/browser/about/statistics
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Open Science

... to create more knowledge

PHPKB, Defining Knowledge, Information, Data 
phpkb.com/kb/article/defining-knowledge-information-data-239

https://www.phpkb.com/kb/article/defining-knowledge-information-data-239.html
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Open Science

But how to produce good data?

epeatable
eplicable
eproductibleR

From collecting to analyzing data

doi.org/10.1038/s41597-020-0486-7

From preserving to re-using data
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UNESCO Recommendations

Open Science

Objective: Make research accessible to everyone

▪ Not just access to the knowledge itself

▪ The entire process of its creation and 

dissemination

▪ The possibility of reuse

▪ Open dialogue with all stakeholders, 

interdisciplinarity

▪ Commitment to and from society

UNESCO Recommendation on 
Open Science, nov 2021
https://unesdoc.unesco.org/ark:/
48223/pf0000379949.locale=en 

https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en
https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en
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Open Science

Ambitions

▪ Democratize access to knowledge

▪ Make science more cumulative, 
strongly supported by data, and more 
transparent

▪ Increase research efficiency by 
avoiding duplicated efforts and reusing 
data or scientific material

▪ Promote scientific advancements and 
innovation

▪ Foster public trust in science



11

And in reality? A reproducibility crisis

In biology,

76 % 
of the researchers surveyed

failed to reproduce results.

Monya Baker, 2016
https://doi.org/10.1038/533452a 

https://doi.org/10.1038/533452a
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And in reality? A reproducibility crisis

Collberg et al. 2015
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And in reality? A reproducibility crisis

Alsheikh-Ali et al. PLoS ONE (2011)
Nekrutenko & Taylor, Nature Genetics (2012) 
Begley & Ellis Nature (2012)
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Everyone has had this experience

An interesting article ... … but a deceptive M&M
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The ravages of time …

Michener (1997) Gibney (2013)

https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/1051-0761%281997%29007%5B0330%3ANMFTES%5D2.0.CO%3B2
https://www.nature.com/articles/nature.2013.14416
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Cost of not having FAIR research data

€10.2bn every year !!!
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The basic concepts of 
reproducibility
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Reproducibility in science

Reproducible research, Repeatability, 
Replicability, Reproducibility, 

Replication…
Overlapping concepts

⇒ many definitions! 

https://www.acm.org/publications/policies
/artifact-review-and-badging-current

Definitions from the                            (2016) :

Repeatability: same team, same experimental design
Reproducibility: different teams, same experimental design
Replicability: different teams, different experimental designs

https://www.researchgate.net/publication/323118701
_Terminologies_for_Reproducible_Research
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https://doi.org/10.6084/m9.figshare.5443201.v1, Slide 7

Matrix for the Reproducibility of Whitaker (2017):

The Turing Way project illustration by Scriberia. Used under a CC-BY 
4.0 licence. DOI: The Turing Way Community & Scriberia (2024).

https://doi.org/10.5281/ZENODO.3332807
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Data & Code : Well known for data
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Reminder : FAIR data principles

In brief, FAIR data should be:

Findable: The first step in (re)using data is to find it! 
Descriptive metadata (information about the data 
such as keywords) is essential.

Accessible: Once the user finds the data and software 
they need to know how to access it. Data could be 
openly available but it is also possible that 
authentication and authorisation procedures are 
necessary.

Interoperable: Data needs to be integrated with other 
data and interoperate with applications or workflows.

Reusable: Data should be well-described so that they 
can be used, combined, and extended in different 
settings.

The Turing Way project illustration by Scriberia. Used under a CC-BY 
4.0 licence. DOI: The Turing Way Community & Scriberia (2024).

https://doi.org/10.5281/ZENODO.3332807
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Open Data 5★

★ Open License

★ machine REadable

★ Open Format

★ Uniform Resource Identifier

★ Linked Data

Bernes-Lee

https://5stardata.info/fr/
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Data & Code : but for the code ?

?
https://science-ouverte.univ-artois.fr/l
es-donnees-de-la-recherche/ 

https://science-ouverte.univ-artois.fr/les-donnees-de-la-recherche/
https://science-ouverte.univ-artois.fr/les-donnees-de-la-recherche/
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Code/software: special data

Like data, software is backed up, but it's not "just" data. They are living and 
complex entities.

Katz DS, Niemeyer KE, Smith AM, Anderson WL, Boettiger C, Hinsen K, Hooft R, Hucka M, Lee A, Löffler F, Pollard T, Rios F. 2016. 
Software vs. data in the context of citation. PeerJ Preprints 4:e2630v1 https://doi.org/10.7287/peerj.preprints.2630v1

Data Software

are facts, observations creations

produce evidence an executable tool

change? no (unless underlying hardware changes) yes: continuous maintenance & updates

lifespan long-term necessary when the experiment 
cannot be reproduced (cost of collection or 

validation)

short: often rebuilt to use other software 
(complex dependencies), replaceable 

(another performs the task better)

https://doi.org/10.7287/peerj.preprints.2630v1
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FAIR principles

Findable (for humans and machines)
- Unique identifier (e.g., a DOI with Zenodo)
- Metadata describing the analysis and tools; they are FAIR, searchable, and indexable (e.g., README)
- Available on a forge (GitHub, GitLab) and in an archive repository (SWH)

Accessible 
- Retrievable using a standardized protocol
- Open, free and universally implementable
- Metadata accessible, even when the software is no longer available (SWH)

Interoperable
- Use a formal, accessible, shared and broadly applicable language
- Tool cooperation (snakemake, conda, and docker) locally or on a server (cloud or cluster)

Reusable
- Clear licensing and access rights (according to employer, DPO)
- Have a detailed provenance
- Follows community standards
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In short, it's very close!

OpenAire

https://www.openaire.eu/what-is-fair-data
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A suggested solution 
to make your project 
reproducible
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Reminder : the road to our goal

The Turing Way project illustration by Scriberia. Used under a CC-BY 
4.0 licence. DOI: The Turing Way Community & Scriberia (2024).

https://doi.org/10.5281/ZENODO.3332807
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In concrete terms, how to proceed?

Versioning

Sharing

Archiving

Create a 

virtual 

environment

Installing 

tools using 

a package 

manager

Create 

analysis 

scripts

Offloading 

analysis to a 

server

Portability 

of results 

exploration

 Editing the 

analyses 

reports

Reproducibility

The pillars of reproducibility

based on 
The five pillars of computational reproducibility: Bioinformatics and beyond
Mark Ziemann, Pierre Poulain, Anusuiya Bora, OSF preprint, 2023
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Pillar 1 - Versioning, sharing, and archiving code

Why ?

- Having the right version of the code

- Temporal insight

- Openness to the community
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Pillar 1 - Versioning, sharing, and archiving code

Versioning Archiving
Versioning / 

sharing 
Sharing

…

how ?
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Pillar 1 - Versioning, sharing, and archiving code

Advantages / Disadvantages

 

+ Code backup

+ Easy for sharing

+ Automatic version 

management

- Not easy for novices

             Why ? 

- Freezing the environment

- Sharing the environment

    How ?
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Pillar 2 - Creating a virtual environment

Why ? 

- Freezing the environment

- Sharing the environment

How ? Advantages / Disadvantages

 

+ Fast and lightweight

+ Portable

+ Easy to share and deploy 

- With an up-to-date 

system

- [docker] Accepted in your 

structure?
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Pillar 3 - Installing tools using a package manager

Why ? 

- Having the right version of 

the tools used

- Installing them simply

How ?

PIXI

Advantages / Disadvantages

+ Simple manager to install

+ Simple package 

installation

+ Version management

- Can be heavy (miniconda 
solution)

- Missing packages (R) 
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Pillar 4 - Creating an analysis script

                Why ? 

- Having a reproducible 

analysis script

- Not redoing what has 

already been done

- Parallelizing

How ? Advantages / Disadvantages

+ Job management

+ Powerful and fast

+ Capable of using Conda 

environments

+ Parallelizable

- A logic to learn (syntax 
less simple than shell 
script)
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Pillar 5 - Offloading analysis to a server

Why ? 

- Controlled environment

- Offloading analysis

How ? Advantages / Disadvantages

+ Easy to set up

+ Increased power (cloud or 

cluster)

+ For everyone

- Not easy for novices
- Attention to sensitive 

data

 

 



38

Pillar 6 - Portability of results exploration

Why ? 

- Making exploration simple

- Easy to share

How ? Advantages / Disadvantages

+ Portable (HTML)

+ Accessible everywhere

+ Interactive (configurable, 

dynamic graphs, etc.)

- Mix of languages
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Pillar 7 - Editing an analysis report

Why ? 

- Having a record of the analysis (date, 

time, parameters, etc.)

- Storing tool versions

How ? Advantages / Disadvantages

+ Simple syntax 

(Markdown)

+ Sharing (PDF, HTML, etc.)

- Rare visualization 
problems using 
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Conclusion
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Always open questions

1. Data
a. Do I do even it if the data are not 

100% FAIR?  
b. How to manage large volumes of 

data?
c. How to manage data and 

metadata updates?
2. Code

a. How to ensure that the code will 
always be accessible?

b. Is it acceptable to make 
adaptations? To what extent?

c. Provide all the code? 
(valorization, creation of a 
start-up, etc.)

3. Computation time (days, months, years)

4. Skill and sensitivity
a. Willingness but technical inability 

to do so
b. "Why bother, it's useless"
c. too long 

5. The coverage 
a. Should everything be made 

reproducible?

6. When to do it?
a. At the beginning? But what if it 

doesn't work?
b. At the end?
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Take home messages

A genuine reflection on the reproducibility of analyses

(balance, time, scope, etc.)

Proposal of a solution that helps make any analysis protocol reproducible.

Reproducibility is an added value for your work !
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A virtuous circle

FAIR raw data 

+

FAIR scripts/protocols

=

FAIR processed data
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What is our level of reproducibility ?

Versioning 

Sharing 

Archiving

Create a 

virtual 

environment

Installing 

tools using 

a package 

manager

Create 

analysis 

scripts

Offloading 

analysis to a 

server

Portability 

of results 

exploration

Editing the 

analyses 

reports

Reproducibility

And you? How many pillars support your reproducibility?
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Trainings
by the IFB
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Trainings by the IFB

IFB trainings on the theme of FAIR

1. FAIR principles for research data 
management in life sciences 
(FAIRdata)

2. The FAIR principles in a 
Bioinformatics project 
(FAIRbioinfo)

https://moodle.france-bioinformatique.fr/ 

More training sessions to come

Stay Tuned!

https://moodle.france-bioinformatique.fr/


Thank you for your 
attention !


