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Research generates Data

h"p://doi.org/10.5281/zenodo.3332807

http://doi.org/10.5281/zenodo.3332807


What Are Research Data?

📊 Defini&on by OECD: 
Research data are defined as factual records 
(numerical scores, textual records, images and 
sounds) used as primary sources for scienFfic 
research, and that are commonly accepted in 
the scienFfic community as necessary to 
validate research findings. A research data set 
consFtutes a systemaFc, parFal representaFon 
of the subject being invesFgated. 
📁 Examples of research data:
✔ Genomics: FASTQ, BAM, VCF files
✔ Imaging: Microscopy, MRI scans
✔ Computa@onal models: Code, simula@ons
✔ Experimental records: Lab notebooks, 
spreadsheets Source

https://communities.springernature.com/documents/infographic-what-are-research-data


Research Data: Data Deluge

• Big Data => A data deluge and a paradigm shift to manage

Source

https://ivctechnologies.com/2018/07/19/drowning-in-data/


The Explosion of Research Data

• 2003: First human genome 
sequencing: ~3 billion bases, $3 billion

• Today: A single RNA-seq experiment 
produces gigabytes of data

• Global data producFon in life sciences 
doubles every ~18 months!

https://www.ncbi.nlm.nih.gov/sra/docs/sragrowth/
Last update: 02/25/2024

91,2 TB !

💡 Challenge: More data = More storage, processing, and management issues.

SRA database growth

Total bases
Open access bases



Without good data prac;ces

• Data gets lost or becomes unusable

h>ps://doi.org/10.1038/nature.2013.14416 

https://doi.org/10.1038/nature.2013.14416


Without good data practices

• Data gets lost or becomes unusable
• Other researchers can’t reproduce 

results

Repeatability of published microarray gene expression analyses.
Nat Genet. 2009;41: 149–155. doi:10.1038/ng.295

Is there a reproducibility crisis in science?
Nature. 2016.
doi:10.1038/d41586-019-00067-3



Without good data practices

• Data gets lost or becomes unusable
• Other researchers can’t reproduce 

results
• Can’t submit to journals and 

funding agencies



Without good data practices

h<ps://www.youtube.com/watch?v=66oNv_DJuPc

https://www.youtube.com/watch?v=66oNv_DJuPc


FAIR DATA Principles?

FAIR = Findable, Accessible, Interoperable, Reusable
• Proposed in 2016 to improve scien<fic data management.
• Adopted by funding agencies, ins<tu<ons, and journals.
💡 FAIR ensures data is well-organized, documented, and reusable.

Source

https://dirrosdata.ctk.uni-lj.si/en/raziskovalni-podatki/nacela-fair/


Findable



Accessible



Interoperable



Reusable



Applying FAIR in Research

💡 Prac%cal %ps:
✔ Choose the right repository for your data
✔ Use standardized file formats and metadata
✔ Document every step of data processing
✔ Ensure long-term storage and accessibility

Restricted access
Reusable

Unusable Unusable

Open access
Reusable

FAIR
data

Closed
data

Open 
data

Accessible ≠ Open



What is Research Data Management (RDM)?

RDM is the process of organizing, storing, 
preserving, and sharing research data 
throughout its lifecycle. 
• Key Objectives: 

• Ensure data integrity and quality
• Facilitate reproducibility and transparency
• Comply with institutional and funding 

requirements
• Enable data reuse and long-term preservation

• Why it matters? 
• Ensures data integrity and avoids loss
• Facilitates collaboration and reproducibility
• Meets funding agency and journal requirements
• Saves time and resources by keeping data 

structured

Source

Reuse

Plan

Collect

ProcessAnalyze

Preserve

Share

https://www.bium.ch/en/publication-open-access/data-management/


What is a Data Management Plan (DMP)?

A Data Management Plan (DMP) is a structured document 
that outlines how research data will be collected, processed, 
stored, shared, and preserved throughout and beyond a 
project’s lifecycle.
Why is a DMP Important?
• Ensures data integrity and reproducibility
• Facilitates collaboration and data sharing
• Helps comply with FAIR principles (Findable, Accessible, 

Interoperable, Reusable)
• Meets funder and journal requirements
• Reduces risk of data loss and mismanagement
Where is a DMP Required?
• Funding agencies (e.g., Horizon Europe, NIH, ANR)
• Institutional policies
• Help for submission to journals

Source

https://makeameme.org/meme/if-you-fail-b8nd6o


Good data practices: Storage & sharing

•💾 Where should you store your data?
• AcFve storage: HPC servers, NAS
• Long-term archiving: InsFtuFonal servers, 

public repositories

•🔥 Best prac2ces to prevent data loss:
• Regular backups with redundancy

• 3 copies
• 2 supports (different media)
• 1 off-site (remote)

• Use secure storage plaTorms (avoid USB drives & 
external hard disks alone)

• Don’t use Cloud

BAckup, by Auke Herrema, CC-BY



Good data prac;ces: Organize your data
❌ Poor data organization

Ex: Organizing data by lab member

• Organized by person instead of project: If a student 
leaves, their data becomes hard to find.

• Vague folder names: Data1, Data, data_new… don’t 
indicate what they contain.

• Unclear file names: final_file_v2.txt, test_trial.csv, 
script_final_version4.R don’t describe their purpose.

• Multiple confusing versions: script2_old_version.py, 
final_graph_march.png… it's unclear which is the 
correct version.

• Scattered data: Scripts, results, and data are spread out 
instead of grouped by project, making collaboration 
difficult.



Good data prac;ces: Organize your data
Project-Based Organization

Raw data are read only !
📌 1. Chronological Order (YYYY-MM-DD format)
📌 2. Project-Based, Not Researcher-Based

• Centralized data, accessible a0er team changes
• Encourages collabora7on & avoids duplica7on

📌 3. Clear Folder Structure
📌 4. Explicit Naming ConvenRons

• Compressed (.gz) for storage efficiency
• Descrip7ve filenames (e.g., data_cleaning.py, 

summary_sta7s7cs.csv)
📌 5. README.txt in Every Folder

• Explains purpose of files & structure
• Helps new members onboard quickly

📌 6. Supports Reproducibility & FAIR Principles
• Findable, Accessible, Interoperable, Reusable
• Standardized format for easy sharing & long-term usability



Good data prac;ces: Use Readme

Add a README file in every directory :

● Simple format (text or markdown)
● What do you write in a README file ?

○ Description
○ Sub-folder structure
○ Files descriptions (format, specie, sample, etc.)
○ Dates (creation, reception)
○ Version
○ How data have been downloaded or generated
○ By who
○ How to install software
○ How to run software



Good data prac;ces: Data security and 
integrity

Password
Compliant with good practices
● a different password for each application
● size DOES matter…

Use a password manager (like Keepass or Bitwarden)

Generate and check checksums (md5, sha1, sha256)
Useful to check the integrity
Data may be corrupted (error, faulty transfer, virus, etc.)

Take care of permissions
Limit access to what is strictly necessary
Make raw data read-only



Data are Nothing Without Metadata



Data are Nothing Without Metadata

• Making Data Understandable & Usable 
• InformaAon that describes data: 

• WHO created the data ?

• WHAT is the content of the data ? 

• WHEN were the data created ? 

• WHERE is it geographically ? 

• HOW were the data developed ? 

• WHY were the data developed 
• Following community standards enhances 

reusability



Metadata standards 

General standards
• Dublin core for descrip@on of numerical resources 
• bioschema.org for descrip@on of life science resources (datasets, soWware, training material,...)
Disciplinary standards
• MiXS (Minimum Informa@on about any (X) Sequence)
• MIAME (Minimum Informa@on About a Microarray Experiment)
• MIAPPE (Minimum Informa@on About a Plant Phenotyping Experiment)
• MINSEQE (Minimum Informa@on about a high-throughput SEQuencing Experiment)
Metadata standards oIen depend on the repository you will use to publish data
• It is helpful to decide at the beginning of the project what are the recommended repositories for 

your data types
• You can view ELIXIR repositories here: h\ps://elixir-europe.org/plaTorms/data/elixir-deposi@on-

databases   

https://elixir-europe.org/platforms/data/elixir-deposition-databases
https://elixir-europe.org/platforms/data/elixir-deposition-databases


Open Science & Reproducibility

•🌍 Why make data accessible?
✔ Increases transparency & trust in research
✔ Allows data reuse for new analyses
✔ Funding agencies & publishers now require it
•📌 Best pracIces for data sharing:
📁 Deposit datasets in Zenodo, GEO, ArrayExpress
📜 Publish scripts & analysis workflows on GitHub/GitLab



Key Takeaways

✅ Plan data management early
✅ Use structured file organiza2on and naming conven2ons
✅ Track changes and document workflows
✅ Ensure proper metadata documenta2on
✅ Store and share data securely for reproducibility

💡 “Good data management today prevents frustraIon tomorrow!”



MADBOT: A Research (Meta)Data Management 
App
• MADBOT (Metadata And Data Brokering Online 

Tool) is a web applicaAon that provides a 
dashboard for managing research data and 
metadata.
• The applicaAon allows users to aggregate 

metadata related to scienAfic projects and 
precisely idenAfy where data is stored through 
various connectors.
• It also supports researchers in publishing data and 

metadata to a wide range of repositories, both 
generalist (RGD, Zenodo, etc.) and themaAc (ENA, 
GEO, etc.).

https://gitlab.com/ifb-elixirfr/madbot



Sources

• Benaben, D. (2024, mars 20). Data management introduction. Zenodo. 
https://doi.org/10.5281/zenodo.10850091

• Seiler, J., de Lamotte, F. (2021, nov 16). FAIR data 2021 : principes FAIR pour 
la gestion des données de recherche en sciences de la vie - Session 2 
(novembre). Moodle. https://moodle.france-
bioinformatique.fr/pluginfile.php/273/mod_resource/content/1/Module2_
Bonnes_Pratiques_v3.pdf

• https://moodle.france-
bioinformatique.fr/course/index.php?categoryid=2

• https://docs.google.com/presentation/d/1dqwbUNtqOiqQxxca0wr2Ep
HlkyE_A9gZ-HftUkWHOkU/edit?usp=sharing

https://doi.org/10.5281/zenodo.10850091
https://moodle.france-bioinformatique.fr/pluginfile.php/273/mod_resource/content/1/Module2_Bonnes_Pratiques_v3.pdf
https://moodle.france-bioinformatique.fr/pluginfile.php/273/mod_resource/content/1/Module2_Bonnes_Pratiques_v3.pdf
https://moodle.france-bioinformatique.fr/pluginfile.php/273/mod_resource/content/1/Module2_Bonnes_Pratiques_v3.pdf
https://moodle.france-bioinformatique.fr/course/index.php?categoryid=2
https://moodle.france-bioinformatique.fr/course/index.php?categoryid=2
https://docs.google.com/presentation/d/1dqwbUNtqOiqQxxca0wr2EpHlkyE_A9gZ-HftUkWHOkU/edit?usp=sharing
https://docs.google.com/presentation/d/1dqwbUNtqOiqQxxca0wr2EpHlkyE_A9gZ-HftUkWHOkU/edit?usp=sharing

