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Metabolomics

 omics science

 dedicated to small molecules (< 1kDa)

 involved in metabolic chemical reactions
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Computational steps
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Preprocessing

StatisticsIdentification

Network 
analysis

URINE30DIL4_CID20_endogènes #68 RT: 1.22 AV: 1 NL: 4.17E5
F: FTMS + p ESI Full ms2 173.09@cid20.00 [50.00-800.00]
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Many software tools
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Many software tools and databases
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Flow injection analysis - mass spectrometry
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Sample

Pro Cons

LC-MS • Sensitive
• Wide dynamic

range

• Slow (10-60 min)
• Expensive and 

difficult
chromatography

FIA-MS • Fast (1-3 min) • Matrix effect
• Isomers not 

separated

FIA is adapted to 

high-throughput

screening
TIC

Solvent Flow
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Original work

Major modification of existing algorithm

Detection of 

m/z bands

Noise 

estimation

Peak model 

estimation

Signal 

filtering

Peak 

alignment

Missing 

values 

imputation

Raw files

Variable by sample table of peak intensities

The proFIA workflow

https://doi.org/10.1109/CIBEC.2008.4786077
https://doi.org/10.1093/bioinformatics/btx458
https://doi.org/10.1093/bioinformatics/btx458
https://doi.org/10.1093/bioinformatics/btx458
https://doi.org/10.1093/bioinformatics/btx458
https://doi.org/10.1093/bioinformatics/btx458
https://doi.org/10.1093/bioinformatics/btx458
https://doi.org/10.1093/bioinformatics/btx458
https://doi.org/10.1093/bioinformatics/btx458
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Detection of m/z bands
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Signal filtering

 This peak model is used to perform 

matching filtration on the signal

 The match can be extended if a second 

maximal is found on the filter. If not, a 

triangular filter is used for coarser grain

 A statistical test has been developed to 

discard signals too close to the baseline
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ropls package: R implementation of the 

(O)PLS(-DA) modeling algorithms

 Full diagnostics

outliers

permutation testing

 Full numerical and graphical 

results

R2X, R2Y, Q2Y

VIPs
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https://doi.org/10.1109/CIBEC.2008.4786077
https://doi.org/10.1021/acs.jproteome.5b00354
https://doi.org/10.1021/acs.jproteome.5b00354
https://doi.org/10.1021/acs.jproteome.5b00354
https://doi.org/10.1021/acs.jproteome.5b00354
https://doi.org/10.1021/acs.jproteome.5b00354
https://doi.org/10.1021/acs.jproteome.5b00354
https://doi.org/10.1021/acs.jproteome.5b00354
https://doi.org/10.1021/acs.jproteome.5b00354
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Feature selection: from biomarker discovery to 

clinical diagnostics
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https://doi.org/10.1109/CIBEC.2008.4786077
http://dx.doi.org/10.1038/nbt1235
http://dx.doi.org/10.1038/nbt1235
http://dx.doi.org/10.1038/nbt1235
http://dx.doi.org/10.1038/nbt1235
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The biosigner wrapper algorithm
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2) features ranked by their importance for the classifier on the train subsets

3) half-interval

search for the 

largest

irrelevant

feature subset

1) resampling

(bootstrap)

4) discard irrelevant features

Repeat until selected subset is stable:
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biosigner package: model performances

sacurine diaplasma leukemia

factor gender diabetic type ALL/AML

samples 183 69 72

features 109 5,501 7,129

signatures [2-3] [0-2] [1-2]

performances (full -> restricted)

PLS-DA 87% -> 89% 83% -> 91% 95% -> 87%

Random Forest 86% -> 86% 81% -> 81% 92% -> 92%

SVM 88% -> 89% 83% -> na 93% -> 95%
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Spectrum identification
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Input: 

• A mass spectrum

• A precursor m/z

Molecular and/or 

spectral database

Identification 

sofware*

Output :

Scored molecules

0,98

0,85

0,63

0,82

• CSI-FingerID (Shen, 2014)

• CFM-ID (Allen, 2014)

• MetFrag (Wolf, 2010)

• Etc…

Model learned on a 

database. 

CFM-ID: Transition 

probabilities

CSI-FingerID: Linear

transformation between

kernel spaces
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Mining spectral libraries
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Input:

• A set of spectra

Spectral Mining 

software

Output:

Information about structural similarities

• Networks (GNPS, Wang, 2014) 

• Motifs discovery

(MS2LDA, Van der Hooft, 2016) 
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Frequent subgraph mining
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Blue nodes are patterns

Red nodes are spectra

Lighter colors indicate 

smaller patterns

Smaller nodes indicate 

less frequent patterns
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Managing workflows with Galaxy
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https://doi.org/10.1109/CIBEC.2008.4786077
https://doi.org/10.1093/bioinformatics/btu813
https://doi.org/10.1093/bioinformatics/btu813
https://doi.org/10.1093/bioinformatics/btu813
https://doi.org/10.1093/bioinformatics/btu813
https://doi.org/10.1093/bioinformatics/btu813
https://doi.org/10.1093/bioinformatics/btu813


W4M tools
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https://doi.org/10.1109/CIBEC.2008.4786077
https://doi.org/10.1016/j.biocel.2017.07.002
https://doi.org/10.1016/j.biocel.2017.07.002
https://doi.org/10.1016/j.biocel.2017.07.002
https://doi.org/10.1016/j.biocel.2017.07.002
https://doi.org/10.1016/j.biocel.2017.07.002
https://doi.org/10.1016/j.biocel.2017.07.002


W4M offer

• Private account

• Computation and storage resources

• Help desk

• Sharing and referencing of histories and workflows (DOI)

• Annual courses (tutoring on your own data)

Save the date: 8-12 October 2018, Pasteur Institute (Paris)

• Installation of local instances

25

contact@workflow4metabolomics.org

mailto:contact@workflow4metabolomics.org
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A team work from talented people

 The CEA team

Pierrick Roger-Mele, Natacha Lenuzza, Alexis Delabrière, 

Philippe Rinaudo et al.

 The Workflow4Metabolomics Core Team

Christophe Caron, Franck Giacomoni, Gildas Le Corguillé, 

Yann Guitton, Marie Tremblay-Franco, Jean-François Martin, 

Mélanie Pétéra, Nils Paulhe, Christophe Dupérier, Cécile 

Canlet, et al.

 The PhenoMeNal consortium

Christoph Steinbeck, Steffen Neumann, Namrata Kale, Pablo 

Moreno, Kenneth Haug, Reza Salek, Tim Ebbels, Philippe 

Rocca-Serra, Michael van Vliet, Marta Cascantes, Pedro de 

Atauri, Christoph Ruttkies, Kristian Peters, Daniel Schober, 

Luca Pirredu, Gianluigi Zanetti, Merlijn van Rijswijk, Ola 

Spjuth, Ralf Weber, Mark Viant, et al.
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Audience

 ~ 100-120 attendees

 40% from industry
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Overview of some recent publications
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Overview of some recent publications
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http://dx.doi.org/10.1002/pmic.201300192
http://dx.doi.org/10.1002/pmic.201300192
http://dx.doi.org/10.1002/pmic.201300192
http://dx.doi.org/10.1002/pmic.201300192
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http://dx.doi.org/10.1002/pmic.201300192
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Overview of some recent publications
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https://doi.org/10.1002/prca.201500083
https://doi.org/10.1002/prca.201500083
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Overview of some recent publications
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https://doi.org/10.1038/s41467-017-01318-5
https://doi.org/10.1038/s41467-017-01318-5
https://doi.org/10.1038/s41467-017-01318-5
https://doi.org/10.1038/s41467-017-01318-5
https://doi.org/10.1038/s41467-017-01318-5
https://doi.org/10.1038/s41467-017-01318-5
https://doi.org/10.1038/s41467-017-01318-5
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Bridges between proteomics & metabolomics

 Preprocessing

 Statistics

 Identification

 Data integration

 Metabolic networks

 Formats (MSnBase)

 Databases

 Biology

 Analytical chemistry

 …

|   33


