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* 12 Mass spectrometers

3 teacher-researchers

* Who we are
* Around 40 people

* Half are permanent staff

16 students

* A majority of chemists

Université

 But also biologists, pharmacists, bioinformaticians, etc.

* What we do

* Specialized in proteomics

de Strasbourg

* ldentification and quantification of proteins
* Search for biomarkers
* Characterization of therapeutic proteins




A few definitions

* Proteomics
* Study of all the proteins in a cell, tissue or organism
* Proteins are essential molecules for most functions in all living organisms
* Genes are the source code for proteins

% » N A

Transcription

DNA RNA Proteins

For humans: ~20 000 genes ~100 000 transcripts ~5 000 000 proteins
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Improvements in mass spectrometry
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4000 yeast proteins 4000 yeast proteins 10000 yeast proteins
Beginning of | 44h Ih 2h
proteomics I I I
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Acquisition @ @ @ 300 MS/MS
200-300 Hz a/
speed spectralsec
40TB
Size per file per year




Data processing

* Many software involved for different purposes
* |dentification & quantification (Proline, Maxquant, Dia-NN, etc)
* Functional analysis (Kegg, GeneOntology, Reactome, etc.)
* Statistical analysis (Prostar, MSqRob, R)
* FAIR data practices (PRIDE, ProteomeXchange)
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Data processing

* Many software involved for different purposes
* |dentification & quantification (Proline, Maxquant, Dia-NN, etc)
* Functional analysis (Kegg, GeneOntology, Reactome, etc.)
* Statistical analysis (Prostar, MSqRob, R)
* FAIR data practices (PRIDE, ProteomeXchange)

* Data treatment can require huge resources and long computation time
* Quantification compares all analyses at once
* Can consume all the resources of one server for days
* One process can block the server for everyone else
* Impossible to content 40 users with only local resources!!

* The solution is in the Cloud! T
SCIGNE




The SCIGNE Platform

SCIGNE

In a few words

SCIGNE — a platform offering compute and
storage services hosted by IPHC

Includes support to help researchers to
manage and analyse large amounts of data in
several scientific fields (physics, chemistry,
biology and ecology)

Labelised by IN2P3 and by the University of
Strasbourg (CORTECS)

Involved in several national and international
scientific projects

Managed by a team of 8 highly-skilled
engineers

https://scigne. fr

Expertise & Services

Processing and analysis of large amounts of
scientific data

Computation reproducibility studies

Data and software management plans,
making the data FAIR

Software development (including GPU &
|A), source code opening

IT Security & Green computing
High-throughput computing, Cloud
computing and scientific data management
services
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The SCIGNE Platform

* Advantages
* Plenty of resources available
* Stable and powerful environment
* The SCIGNE engineers are responsive and competent

* Drawbacks
* Data transfer can take a while
* Best fit for Linux command line software
* Best fit for non-commercial software

e Software

* Occasionally: Proline, Brownotate, NetMHCpan, etc.
* On a daily basis: Alphafold, ionbot, Dia-NN, Galaxy




AlphaFold

* What is it?

Sequence of  AF-P12343-F1 =  Chain #  l:Aspartatea.. ¥ A ¥ @
D I d b G I D M . d Y..'-‘ALLHSAR«'LSC'«ASAFHF“ L.'-‘;A.'-‘AAS;‘;R;‘AS SNNAH \-"EY“F I-‘:)FILC'ﬂ' E.'-‘LYP'R:)TNSE-’WNLC? "
eve O P e y O Og e e e P I n “;‘;Y'R:DN“E-"PT\-’I.FS v’RKI-‘AEI—‘L"‘IAAE-" L:)P'EYLFIC CL:-‘AE F"'RASA ELAL“ENSE v \-"E-"S"‘RF"«T
. . v""TIS T"‘I—‘ALRI “;‘LSFL.‘RFFFFSR:)«FLFPI—‘SNCNHTFIFRDA“Y”L"SYRYY:)FP'TCCFZI FT v |
2024 Chemistry Nobel Prize laureates

Predicts the 3D structure of a protein from its amino acid sequence

Model Confidence @
Very high (pLDDT > 90) High (90 > pLDDT > 70)
y high p g p

Low (70 = pLDDT = 50) Very low (pLDDT < 50)

Jumper, ] et al. Highly accurate protein structure prediction with AlphaFold. Nature (2021)

Varadi, M et al. AlphaFold Protein Structure Database: massively expanding the structural coverage of protein-sequence space with high-accuracy models. Nucleic Acids Research (2021)
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Predicts the 3D structure of a protein from its amino acid sequence
* Why is it important?
Characterization of proteins and protein complexes

Better understanding of the interactions with other molecules

Accelerate drug discovery

Understanding diseases linked to misfolded proteins

Model Confidence @

i Very high (pLDDT > 90) High (90 > pLDDT > 70)

Low (70 = pLDDT = 50) Very low (pLDDT < 50)

Jumper, ] et al. Highly accurate protein structure prediction with AlphaFold. Nature (2021)
Varadi, M et al. AlphaFold Protein Structure Database: massively expanding the structural coverage of protein-sequence space with high-accuracy models. Nucleic Acids Research (2021) 8
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Predicts the 3D structure of a protein from its amino acid sequence

* Why is it important?

* Characterization of proteins and protein complexes
* Better understanding of the interactions with other molecules
* Accelerate drug discovery
* Understanding diseases linked to misfolded proteins
* Why using the Cloud? Model Confidence @
Study of proteins not predicted yet B VorvPign GLODT>20) I Hen (30> pLobT>70
Low (70 > pLDDT > 50) Very low (pLDDT < 50)

Not depend on the public server
OurVM: 8 CPU, 64GB RAM, 4TB

Jumper, ] et al. Highly accurate protein structure prediction with AlphaFold. Nature (2021)
Varadi, M et al. AlphaFold Protein Structure Database: massively expanding the structural coverage of protein-sequence space with high-accuracy models. Nucleic Acids Research (2021) 8




ionbot

* What is it!
* Developed by Compomics (VIB, Ghent University, BE)
* Open modification search engine

e Using Deep Learning to model the complex behaviour
of peptide molecules in a mass spectrometer

MS?Rescore:  C. Silva, Bioinformatics (2019), Declercq, MCP (2022)  DeeplC: R. Bouwmeester, Nature Methods {2021);
MS2PIP: R. Gabriels, Nucleic Acids Research (2019) Percolator: L. Kéll, Journal of Proteome Research (2009)

Open modification
search engine *
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MS?Rescore:  C. Silva, Bioinformatics (2019), Declercq, MCP (2022)  DeeplC: R. Bouwmeester, Nature Methods {2021);
MS2PIP: R. Gabriels, Nucleic Acids Research (2019) Percolator: L. Kéll, Journal of Proteome Research (2009)
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e Using Deep Learning to model the complex behaviour
of peptide molecules in a mass spectrometer

* Why is it important?
* Improved identifications (including modifications) and

confidence using prediction-based rescoring (0,1% FDR) =~ Predicedoms spectrum
4 XIC
* Why using the Cloud? el i h .
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+ OurVM: 16CPU, 64GB RAM, I TB e S—
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ia-NN

. . i 10/22/202414:16:03 X +
* What is it?

I I . Experiment name: [10/22/2024 14:16:03 |
Input Output

* Developed by Vadim Demichev (Charité Universitatsmedezin fow | [ 40N | [Coorld | [Covotioda ] | Usoaning uart o ion et

Main output |D:'-.Prnjets'-.DiaNN'-.‘I S'report tsv |

Be I"lin, DE) Temp/dia dir | | |

[] Generate spectral library Quantities matices

* Quantify large-scale experiments using neural networks e | l

[[] Generate Prosit input from FASTA or spectral library

Precursor FDR (i) (1.0 = Threads |4 |=
[ o I Loglevel |1 |2

Addttional options

Spectral library | |

Add FASTA

Clear list

[] Reannotate
[] Contaminants

DIA-NN exe diann.exe Run Not started Stop

Precursor ion generation Algorithm
[] FASTA digest for library-free search / library generation Mass accuracy (0.0 2 [ Unrelated runs

[] Deep leaming-based spectra, RTs and IMs prediction M51 accuracy (0.0 2| [ Peptidoforms
Protease | Trypsin/P  ~ | Missedcleavages |1 = Scan window 0 = [ mBR
Maximum number of variable modfications [0 = Heuristic protein inference No shared spectra
N4emm M excision C carbamidomethylation Protein inference Genes ~
1 oxM) [ AciN4em) ] Phosphe [ KGG Neural network classifier | Single-pass mode ~
Peptide length range 7 = - |30 = Quartification strateqy | QuantUMS thigh precision) ~
Precursor charge range 1 > -4 = Cross+un nomalisation | RT-dependent ~
Precursor m/z range 00 & - (1800 & Library generation IDs, RT & IM profiling ~
Fragment ion m/z range 200 |54 - 1800 |5 Speed and RAM usage | Optimal results ~
Demichev et al. DIA-NN: neural networks and interference correction enable deep proteome coverage in high throughput (Nature Methods, 2020) 10
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Galaxy

* What is it?

* A Galaxy instance

* Used to deploy a series of in-house tools developed for diverse purposes

The Galaxy Community , The Galaxy platform for accessible, reproducible, and collaborative data analyses: 2024 update (Nucleic Acids Research)
https://galaxyproject.org/
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Galaxy

* What is it?

* A Galaxy instance

* Used to deploy a series of in-house tools developed for diverse purposes

* Why is it important!?
* Generating protein databanks (Uniprot, NCBI)
* Searching online databases (Kegg, Gene Ontology, etc.)
* Run local tools (blastp, fasta3é, etc.)

The Galaxy Community , The Galaxy platform for accessible, reproducible, and collaborative data analyses: 2024 update (Nucleic Acids Research)
https://galaxyproject.org/
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* What is it?

* A Galaxy instance

* Used to deploy a series of in-house tools developed for diverse purposes

* Why is it important?
* Generating protein databanks (Uniprot, NCBI)
* Searching online databases (Kegg, Gene Ontology, etc.)
* Run local tools (blastp, fasta3é, etc.)

* Why using the Cloud?

* Convenient to keep these tools in one place
* Easier maintenance

* Access from home
e OurVM: 16CPU, 32Go RAM, | To

The Galaxy Community , The Galaxy platform for accessible, reproducible, and collaborative data analyses: 2024 update (Nucleic Acids Research)
https://galaxyproject.org/
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Conclusion

* Proteomics and Mass spectrometry generate huge quantities of data
* Local servers are not able to process such data
* We use the SCIGNE platform everyday

* Side note
* Most of the recent tools are using Machine Learning
* Only possible with a large amount of public data to train the models
* Open Science and FAIR data practices are important!

* Perspectives
* Development of Cumulus to dispatch the jobs on different VM on the Cloud
* RSync client to automate data transfer
* Will be used for Dia-NN, other software will follow
* https://github.com/stars/AlexandreBurel/lists/cumulus
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