
Except where otherwise noted, content of these slides is licensed under 
a Creative Commons Attribution-Share Alike 4.0 international license (CC BY-SA 4.0)

Shedding Light on the Dark Matter
of Molecular Dynamics Simulations

Pierre Poulain



P. Poulain | CC BY-SA 2

Molecular dynamics simulations require 
resources

Source: Penalva, Wikimedia, CC BY-SA

expertise computer power

https://commons.wikimedia.org/wiki/File:Jade_CINES.jpg
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Sharing MD simulations files

● Requirements from funders, journals or institutions
● Open science
● Reproducibility
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No consensus data repository for MD 
simulation files

Albeit many initiatives: MoDEL, GPCRmd, NMRLipids…

Use of generic non-moderated data repositories:  

Zenodo, Figshare, OSF, Dryad…
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Dark matter of MD simulations

Data that is technically accessible, 

but neither indexed, curated, 

or easily searchable.
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MDverse

1. Find and index scattered MD data

2. Extract, enhance and explore metadata

3. Assess reusability (R from FAIR principles)

A universal search engine for MD open data

(Not yet another data repository)
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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

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 1: Focus on Gromacs files
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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)
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Step 2: Source of MD metadata



P. Poulain | CC BY-SA 13

Step 2: Uneven amount of metadata

Open the can and taste the soup
Open the files 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

https://mdverse.streamlit.app/
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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)

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

A Gromacs trajectory file could be reused to:
● Analyse 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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Conclusions
Depositing MD simulations data in a FAIR-enabled 
repository does not guarantee your data is actually FAIR:
● Provide metadata (context)
● Avoid zip files

Why is it important?
● Sharing and storing data cost money and energy

”Biomolecular Simulations for a Better World”
● Dynamic generative deep-learning models?

(Need for high quality, curated data)
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What’s next?

● Explore other “data” repositories:
Dryad, GitHub (yep)…

● Extract structured metadata from raw text
(text mining / Named Entity Recognition)

● Collectively define an ontology for (MD) simulations
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We        open science

Source: Data trap, XKCD, CC BY-NC

Preprint [bioRxiv]

(data + source code)

This presentation [Zenodo]

DOI 10.5281/zenodo.8129492

https://xkcd.com/2582/
https://www.biorxiv.org/content/10.1101/2023.05.02.538537v1
https://doi.org/10.5281/zenodo.8129492
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