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What is molecular dynamics (MD)?

Senac et al, Langmuir, 2017. Movie by Patrick Fuchs

Gagelin et al, Nature communications, 2023.

water + detergent
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https://doi.org/10.1021/acs.langmuir.7b01348
https://doi.org/10.1038/s41467-023-38219-9
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Molecular dynamics simulations require 
resources

expertise computer power

Source ; Photothèque CNRS/Cyril Frésillon (droits réservés)
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http://www.idris.fr/eng/jean-zay/jean-zay-presentation-eng.html
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MD simulations require large computational 
resources → high cost

In 2023:
● GENCI, CT 7

(simulation in biology)
● 160 Mh CPU
● 10 Mh GPU
● Total cost: 8.5 M€

Source ; Photothèque CNRS/Cyril Frésillon (droits réservés)

Patrick Fuchs, 2024. 4 / 31

http://www.idris.fr/eng/jean-zay/jean-zay-presentation-eng.html
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MD simulations require large computational 
resources → high environmental cost

Élise Duboué-Dijon & Antoine Taly, LBT, 2024. 5 / 31
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Sharing research data is important

● Requirements from 
funders, institutions, 
or journals

● Open science

● Reproducibility
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Sharing research data in biology

Community-approved data repositories for experimental 
(omics) data:

● SRA, GEO, ENA: genomics & transcriptomics

● PRIDE, MassIVE: proteomics & metabolomics
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Sharing MD simulation files
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● Many initiatives: MoDEL, GPCRmd, NMRLipids…

● No consensus data repository for MD simulation files 
(yet)

Sharing MD simulation files
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● Many initiatives: MoDEL, GPCRmd, NMRLipids…

● No consensus data repository for MD simulation files 
(yet)

● Use of generic non-moderated data repositories:
Zenodo, Figshare, OSF, Dryad…

Sharing MD simulation files
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Welcome to the Dark Matter of MD

Data that is technically accessible, 

but neither indexed, curated, 

or easily searchable.

DOI 10.7554/eLife.90061.3 9 / 31

https://elifesciences.org/articles/90061
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A universal search engine for MD open data
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MDverse

1. Find and index scattered MD data

2. Extract, enhance and explore metadata

3. Assess accessibility and reusability
(from FAIR principles)
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Step 1: Find and index scattered MD data

APIs
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Step 1: Find and index scattered MD data
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Step 1: Find and index scattered MD data

250k files
2k datasets

14 TB of data
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Step 1: Find and index scattered MD data

250k files
2k datasets

14 TB of data

1% of data in Zenodo = MD data
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Step 1: Find and index scattered MD data
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Step 2: Metadata = context
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Step 2: Metadata = context

No metadata 
(bad)

Natural language 
metadata (good)

Controlled vocabulary 
metadata (better)

Soup can idea from “Metadata for Effective 
Research Data Management”, Chiu et al., 2019.15 / 31

https://osf.io/qn6gd/
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Step 2: Metadata = context

Metadata for MD simulation: identity of simulated molecules, 
temperature, length, force field, software...

No metadata 
(bad)

Natural language 
metadata (good)

Controlled vocabulary 
metadata (better)

Soup can idea from “Metadata for Effective 
Research Data Management”, Chiu et al., 2019.15 / 31

https://osf.io/qn6gd/
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Step 2: Sources of MD metadata
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Step 2: Uneven amount of metadata
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Step 2: Uneven amount of metadata

Open the can and taste the soup
Open the file and extract metadata
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Step 2: Metadata from Gromacs (.gro) files
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Step 2: Metadata from Gromacs (.gro) files
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Step 2: Metadata from Gromacs (.mdp) files
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https://mdverse.streamlit.app/ 

Step 2: Explore metadata
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https://mdverse.streamlit.app/
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Step 3: Back to the FAIR principles
Findable
Accessible
Interoperable
Reusable
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Step 3: Back to the FAIR principles
Findable
Accessible
Interoperable
Reusable

“[…] the FAIR Principles put specific emphasis on enhancing the

ability of machines to automatically find and use the data, 

in addition to supporting its reuse by individuals.”
Wilkinson et al., Scientific Data, 2016.
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Step 3: Assess accessibility (zip files)
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Step 3: Assess accessibility (zip files)

88 % of indexed files
were in zip files
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Step 3: Assess accessibility (zip files)

88 % of indexed files
were in zip files
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Step 3: Assess reusability

A Gromacs trajectory file could be reused to:
● Analyze a simulation (.xtc + .pdb/.gro/.tpr)
● Continue a simulation (.gro/.trr/.cpt + .mdp/.tpr)
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Step 3: Assess reusability

A Gromacs trajectory file could be reused to:
● Analyze a simulation (.xtc + .pdb/.gro/.tpr)
● Continue a simulation (.gro/.trr/.cpt + .mdp/.tpr)

Do we have any proof we can actually reuse the data?
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MD data sharing highlights 
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MD data sharing highlights 
Depositing MD simulations data in a FAIR-enabled 
repository does not guarantee your data is actually FAIR

24 / 31



P. Poulain | CC BY

MD data sharing highlights 
Depositing MD simulations data in a FAIR-enabled 
repository does not guarantee your data is actually FAIR
● Provide metadata (context)

24 / 31



P. Poulain | CC BY

MD data sharing highlights 
Depositing MD simulations data in a FAIR-enabled 
repository does not guarantee your data is actually FAIR
● Provide metadata (context)
● Avoid zip files (no .tgz)

24 / 31



P. Poulain | CC BY

MD data sharing highlights 
Depositing MD simulations data in a FAIR-enabled 
repository does not guarantee your data is actually FAIR
● Provide metadata (context)
● Avoid zip files (no .tgz)

Why is it important?
● Sharing and storing data cost money and energy
● Dynamic generative deep-learning models?

(Need for high quality, curated data)
24 / 31
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What’s next?                         Keep digging!
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What’s next?                         Keep digging!
Explore other “data” repositories:
● Dryad, Science Data Bank
● ATLAS, MDDB
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https://www.scidb.cn/en/list
https://www.dsimb.inserm.fr/ATLAS
https://mddbr.eu/
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What’s next?                         Keep digging!
Explore other “data” repositories:
● Dryad, Science Data Bank
● ATLAS, MDDB 400 k files

25 / 31

https://www.scidb.cn/en/list
https://www.dsimb.inserm.fr/ATLAS
https://mddbr.eu/
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What’s next?
Extract structured metadata from raw text
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What’s next?
Extract structured metadata from raw text

https://zenodo.org/records/3592499 26 / 31
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What’s next?

Mohamed Oussaren

Extract structured metadata from raw text
Text mining / Named Entity Recognition
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What’s next?

Karine Duong

Extract structured metadata
from molecular systems

https://grodecoder.streamlit.app/ 
28 / 31

https://grodecoder.streamlit.app/
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What’s next?
Improve discoverability and data(sets) exploration

Linked User-driven Multidisciplinary Exploration Network
2025 → 2027

Involved communities: SSH, Maths, Earth System, 
Molecular Dynamics
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Thanks

IJM, Paris, France
Lisa Bouarroudj
Mohamed Oussaren

CBI, Toulouse, France
Magdalena Szczuka
Matthieu Chavent

LBT, Paris, France
Marc Baaden
Karine Duong

Amsterdam, Netherlands
Steven Garcia

Univ. Copenhagen, Denmark
Johanna K. S. Tiemann
Kresten Lindorff-Larsen

KTH Royal Inst. Tech. Stockholm, 
Sweden
Lucie Delemotte
Erik Lindahl

Stockholm Univ. , Sweden
Rebecca J. Howard
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Questions? 

Source: Data trap, XKCD, CC BY-NC

▲ This presentation ▲
DOI 10.5281/zenodo.14264571
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https://xkcd.com/2582/
https://doi.org/10.5281/zenodo.14264571
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