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To make efficient use of data... 

Ø What do I mean by reproducibility
Ø Data Sharing;

Ø – data publication is insufficient 
Ø – data “sharing” is needed for reuse, mashup, and integration of the data 

Ø Standards; 
Ø – standardization of terminology – MI and SOP

Ø via Society or international organizations 

Ø – standardization of data exchange format 
Ø – clarification of rules regarding data exchange (copyright, personal 

information, etc...)
Ø – Privacy and ethic were applicable

Ø Creation and management of a portal website from which users 
access existing DB
Ø Data analysis reproducibility



Example: Digital!  Reproducibility

http://reproducibility.cs.arizona.edu/

Reproducibility is a cornerstone of the scientific process: only 
if my colleagues can reproduce my work should they trust its 
veracity. 

Christian Collberg & Todd Proebsting



Metabolomics Standard Initiative (WG)

• Lives at http://msi-workgroups.sourceforge.net

• 5 Workgroups

• Biological context metadata WG

• Chemical analysis WG

• Data processing WG

• Ontology WG

• Exchange format WG

Roy Goodacre Metabolomics (2014) 10:5-7



https://github.com/ISA-tools/ISAcreator

Developed a user friendly way 
to capture standards-compliant 
metadata

Capturing Metadata: ISA-Tab format

https://github.com/ISA-tools/ISAcreator/wiki/API
https://github.com/ISA-tools/ISATab-Viewer

Susanna-Assunta Sansone and ISA team

P Rocca−Serra et.al,. ISA 
software suite: supporting 
standards−compliant 
experimental annotation and 
enabling curation at the 
community level, Bioinformatics, 
2010.



ISAcreator – Using Ontologies



MetaboLights – Current submission pipeline

Share private prepublication studies with 
reviewers and other trusted parties.

Study upload
Aspera, High-Speed File



MetaboLights  Studies and Compounds

MetaboLights - an open-access general-purpose repository for metabolomics studies and 
associated meta-data. Nucl. Acids Res. (2012)         doi:10.1093/nar/gks1004 



MetaboLights – Study Validation Status

MetaboLights - an open-access general-purpose repository for metabolomics studies and 
associated meta-data. Nucl. Acids Res. (2012)         doi:10.1093/nar/gks1004 



MetaboLights – Study Validation details



Data sharing repositories

http://www.metabolomicsworkbench.org/

http://ebi.ac.uk/metabolights/

Format conversion



http://metabolomexchange.org

- Coordination of Standards in Metabolomics



Use case for metadata: OmicsDI – Collection 
of omics

MX

PX EGA

TX

BD2K-EBI Yasset Perez Riverol and Henning Hermjakob; 
Perez-Riverol, Yasset, et al. "Omics Discovery Index - Discovering and Linking Public Omics 
Datasets." bioRxiv (2016): 049205. (bioRxiv)



OmicsDI

Perez-Riverol, Yasset, et al. "Omics Discovery Index - Discovering and Linking Public Omics Datasets." 
bioRxiv (2016): 049205. (bioRxiv)



Leading to data discovery 



DATA FORMATS



Why different formats?

COordination of Standards in 
MetabOlomicS -FP7

Images from Google



Data Standards, Exchange; What is XML?

• XML stands for EXtensible Markup Language
• XML is a markup language much like HTML
• XML was designed to carry data, not to display data
• XML is designed to be self-descriptive

NMR analysis
All spectra were recorded on a 
<Varian NMR Instrument> Varian VNMRS 600 NMR 
Spectrometer </Varian NMR Instrument>
operating at a proton  NMR  frequency of
<Irradiation frequency>599.83

<Megahertz>MHz</Megahertz> </Irradiation frequency>
using a <cryoprobe>5 mm inverse detection 

cryoprobe</cryoprobe>.
<acquisition nucleus>1H</acquisition nucleus> NMR

spectra were recorded […].



Data exchange standards in MS

Slide from; Steffen Neumann (IPB-Halle), Proteomics and HUPO-PSI community 



Generating ISA-Tab metadata files from 
metabolomics XML data 

https://github.com/ISA-tools/mzml2isa



Tools the way forward!

3



Current way and ideal



DATA ANALYSIS
THE MISSING LINK

http://www.pas.org.pk/the-missing-linkis-you/



What software we have –which one should I 
choose?

Type of Tool Number
LC/MS 93
GC/MS 32
NMR 24
Metabolite Identification 29
Lipid Identification 6
Lipidomics - Other 2
Statistical Analysis 13
Pathway Analysis 9
Total 208

Rachel Spicer



Instrument .RAW files

Frequency Spectra

Averaged Transients

QC C5 S3 S7 C1 C10 QC S1 C3 S5 C7 S6 QC ..

C5 C5’ C5’’

IRFC5 IRFC5’ IRFC5’’

FSC5 FSC5’ FSC5’’

Stitched Peak Lists SPLC5 SPLC5’ SPLC5’’

RFPLC5

Replicate 
Filtering

S3 S3’ S3’’

IRFS3 IRFS3’ IRFS3’’

FSS3 FSS3’ FSS3’’

SPLS3 SPLS3’ SPLS3’’

Replicate 
Filtering

.. ..’ ..’’

IRF.. IRF..’ IRF..’’

FS.. FS..’ FS..’’

SPL.. SPL..’ SPL..’’

Replicate 
Filtering

DIMS Data Collection

Apodisation, Zero-filling and FFT

Mass Calibration and SIM-stitching

RFPLS3 RFPL..Replicate Filtered Peak Lists

Calibrant List

ATC5 ATC5’ ATC5’’ ATS3 ATS3’ ATS3’’ AT.. AT..’ AT..’’

Batch 
Correction

SFPM PQN + BATCH

Spectral 
Cleaning

SFPM PQN + BATCH + CLEAN

Blank Filtering

TIC 
Filtering

SFPM PQN + BATCH + KNN SFPM PQN + BATCH + CLEAN + KNNSFPM PQN + KNN

SFPM PQN + BATCH + KNN + GLOG SFPM PQN + BATCH + CLEAN + KNN + GLOGSFPM PQN + KNN + GLOG

SFPM

SFPM PQN

Impute Missing Values using KNN

Glog Transformation

RFPLblank

Sample Filtered Peak Matrix 

Samples

Technical Triplicates 

Sample 
Filtering

Missing-value 
Filtering

PQN Normalisation

Complex analysis pipelines



MetaboLights – Analysis workflow
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Derived analysis results

Study

Elixir and PhenoMeNal e-Infra



PhenoMeNal - Goal

PhenoMeNal VRE Portal

Data Producer

Data container Packaged 
tool

Tool maker Infrastructure 
provider

Compute 
Infrastructure

PhenoMeNal; http://phenomenal-h2020.eu/



Key objectives
• Understand the computational needs of the Metabolomics 

Community.
• Integrate and scale existing Open Source tools into a well-

tested e-infrastructure.

PhenoMeNal; EMBL-EBI



Major revolution



Same in software

Cluster CloudPI’s Collaborator’sDeveloper’s

PhenoMeNal; EMBL-EBI



VRE Portal

- Three usability 
rounds

- 80% functionality 
running.

- Public instance 
access.

- App Library, hooked 
to EGI AppDB.

- Documentation.

http://portal.phenomenal-
h2020.eu/

PhenoMeNal; EMBL-EBI



Why workflow?

View, share, edit, rerun workflow



Birmingham galaxy–m metabolomics workflow

l Many tools

l Many languages

l Complex to learn

l Many parameters

l Complex to report



Workflow4metabolomics.org

Workflow4metabolomics.org



MassCascade EMBL-EBI

https://bitbucket.org/sbeisken/masscascadeknime/wiki/ExampleWorkflows



MetaboLights – The team

Previous: Paula de Matos, Mark Rijnbeek, Tejasvi Mahendraker, Pablo Conesa

Kenneth Haug Reza Salek

Mark Williams

Venkata 
Chandrasekhar

Keeva Cochrane

Jose Ramon Macias 
Gonzalez

Christoph Steinbeck Jules Griffin (UC/MRC)

Xuefei Li (MRC)

Kalai Jayaseelan



EBI PhenoMeNal – The team

Kenneth Haug Reza Salek

Namrata KaleChristoph Steinbeck

Sijin HePablo Moreno



COSMOS consortium



PhenoMeNal consortium



Funding and Collaborators


