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Outline

• Bringing awareness to existing resources
• Request for extending IUPAC InChi specification to support isotopologue reporting 

• (Hunter Moseley)

• A controlled Terminology: MSIO
• A syntax for describing experimental setup: ISA

• Used by EMBL-EBI Metabolights Repository

• Fluxomics use case require specific handling
• Dedicated ISA-Configurations reflecting annotation needs formulated by the community
• Dedicated Data Matrix Formats:

• Option 1: derived from MAF file for compatibility with ISAcreator plugin
• Validation
• Layout: wide table + fixed height (i.e. fixed number of molecular dimensions)

• Option 2: Exploratory  JSON Tabular Data packages
• Layout: long table + fixed width (i.e. fixed number of measurement dimensions)



SIRM & flux studies != Metabolite profiling studies

• A lot in common for 
acquisition techniques 
(MS,NMR)

• BUT
○ labeling experiments require specific 

descriptors

○ analytical tools differ

○ Reporting results require specific 
descriptors



Issue 1: Molecular Identity 

•InchI Isotopologue and Isotopomer Proposal

https://github.com/MSI-Metabolomics-Standards-Initiative/inchi-isotopologue-extension

https://github.com/MSI-Metabolomics-Standards-Initiative/inchi-isotopologue-extension


Molecular Identification: Extension to Inchi Proposal

• https://doi.org/10.6084/m9.figshare.7150964.v1



Isotopically-Resolved Isotopologue Specification:



Augmented Range Specification:



Nominal-Mass Isotopologue Specification: 



Partial Isotopomer Specification:



Cross-Constitutional Isomer Isotopologue Specification:



• Credit: Hunter Moseley, 
University of Kentucky



Issue 2:  describing and depositing Stable Isotope 
Resolved Metabolomic Studies to Metabolights 
@EMBL-EBI
 •ISA the syntax

•MSIO the terminology



Quick Overview of MSIO:

• https://github.com/MSI-Metabolomics-Standards-Initiative/MSIO

Application ontology:
Built by reusing ontology 
modules extracted from 
exisiting resources

Enriched and augmented 
by the term additions 
collected during the 
COSMOS and 
PhenoMenal Work

https://github.com/MSI-Metabolomics-Standards-Initiative/MSIO


Quick Overview of MSIO:

• OBI

• CHEBI

• STATO

• PSI-MS

• NMR-CV

• DUO



In production, available from EMBL-EBI OLS

• What is posted is a 
reasoned and merged 
version of the 
ontology

• It is updated with 
every release 
automatically



MSIO  has 3 main branches

• Process branch: 
• covering actions such as:

• Material processing



MSIO  has 3 main branches

• Process branch: 
• covering actions such as:

• Assay/ Data Acquisition



MSIO  has 3 main branches

• Process branch: 
• covering actions such as:

• Data Transformation



MSIO  has 3 main branches

• Process branch: 
• covering actions such 

as:
• Material Entity

• MSIO includes  Terms 
supporting reporting 
Quality Control 
Elements



MSIO  has 3 main branches

• Process branch: 
• covering actions such as:

• Molecular Entity
• Mostly imports from CHEBI



MSIO  has 3 main branches

• Information Entity 
• covering actions such as:

• Measurement types/datum



MSIO support for Fluxomics specific software 



• Need more ?
• No problem, there a template for that!

• Take advantage of OBO Foundry Robot tools for submitting, 
requesting new terms (http://robot.obolibrary.org/)

• As simple as filling a spreadsheet

• At minima, provide
• A name of the software class

• A definition including a reference to a code repository and/or a DOI 
/ Pubmed ID to a publication (as shown in the example)

• Log issues / term requests at MSIO github issue tracker

• https://github.com/MSI-Metabolomics-Standards-Initiative/
MSIO/issues

MSIO support for Fluxomics specific software 

http://robot.obolibrary.org/
https://github.com/MSI-Metabolomics-Standards-Initiative/MSIO/issues
https://github.com/MSI-Metabolomics-Standards-Initiative/MSIO/issues


ISA Syntax – EMBL-EBI Metabolights Format

• Information Entity 
• covering actions 

such as:
• Measurement 

types/datum



ISA Syntax – EMBL-EBI Metabolights Format

• Serialization as Tabular text file or JSON document

• JSON-LD context files are available (OBO foundry + Schema.org (not 
as rich))



ISA Syntax – EMBL-EBI Metabolights Format

• Fluxomics Specific Annotation Requirements via a set of ISA configurations



ISA Syntax – EMBL-EBI Metabolights Format

• Several studies from Marta Cascante’s team have been submitted

• https://www.ebi.ac.uk/metabolights/MTBLS247

• https://www.ebi.ac.uk/metabolights/MTBLS412

• ISA converter can retrieve Metabolomics Workbench Data and 
convert to ISA syntax (pb = absence of raw data files from the US 
repository)

• ISA python code to convert US DCC JSON to ISA format
• Caveat: free text only, not semantic markup, could be done post-hoc by NER.

https://www.ebi.ac.uk/metabolights/MTBLS247
https://www.ebi.ac.uk/metabolights/MTBLS412


Issue 3: Data Matrix Results

•Again, both syntax and semantics to be agreed 
upon

• Dedicated Data Matrix Formats:
• Option 1: derived from MAF file for compatibility with ISAcreator plugin

• Validation
• Layout: wide table + fixed height (i.e. fixed number of molecular dimensions)

• Option 2: Exploratory  JSON Tabular Data packages
• Layout: long table + fixed width (i.e. fixed number of measurement dimensions)



Modeling Data Matrices  



Provisioning for FAIR data matrices – MS



Provisioning for FAIR data matrices - NMR



Provisioning for FAIR data matrices – Analysis 
Tools
• Output of Ramid, Midcor and iso2flux implement 

the current recommendations 
• (credits to Vitaly Selivanov, Pedro de Atauri, Marta 

Cascante, Silvia Marin, University of Barcelona)



• Option 2: Exploratory  JSON Tabular Data package



• Option 2: Exploratory  JSON Tabular Data package



• Option 2: Exploratory  JSON Tabular Data package



Future Work

• More testing 

• BYOD and creation ISA formatted documents for deposition to Metolights

• Hackathon with tool developers to implement regularized outputs and self 
standing data matrices

• Vocabulary development

• submit terms where a need arises

• make some resources used by MSIO more robust with resolvable uri (e.g. NMR cv)



Acknowledgements

• FP7 COSMOS: grant agreement number: EC312941
• H2020 PhenoMeNal: grant agreement number: 654241

All thanks go to:
Marta Cascante, Vitaly Selivanov, Pedro de Atauri, Kenneth Haug, Reza Salek, Claire 

o’Donovan, Chris Steinbeck, Hunter Moseley, Teresa Fan, Andrew Lane



Questions


