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Agenda

❖ Overview 

❖ Visualization tools

❖ Metabolomics study examples

❖ Interactive discussion 



Two different worlds?
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A picture is worth a thousand words

Anscombe’s Quartet



Take home lesson: never trust summary statistics alone; always visualize your data!



Take home lesson: “never trust summary statistics alone; always visualize your data!”

Datasaurus (aka Anscombosaurus)

Albert Cairo: http://www.thefunctionalart.com/2016/08/download-datasaurus-never-trust-summary.html
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Visualization of mass spectrometry data

https://phosphopedia.gs.washington.edu/PhosphoproteomicsAssay/index.xhtml
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The -omics



Visualizations for mass spectrometry-based 

proteomics data

• Numeric data (with or without labels)

e.g. volcano plots, heatmaps, boxplots, PCAs etc.

• Trees / networks

e.g. ontologies, gene ontology enrichments, protein interaction networks etc.

• Images

e.g. experiment workflows, anatomical visualizations, western blots etc. 



Volcano plots



Heatmap



Boxplot



PCA



Western blots / gels, microscope images



Tools for visualizing numeric data 

Excel*

• Quick and adaptable

• Especially good for internal sanity checks

* commercial



R



Useful R libraries for more advanced, publication 

quality visualizations

There are currently 161 Proteomics and 118 Mass Spectrometry packages in Bioconductor 

version 3.15. 

• ggplot2

• lattice

• shiny*

• plotly*

• MSstats

• protViz

* commercial



ggplot2



Perseus



Tools for icons / anatomical visualizations

• bioicons



Tools for icons / anatomical visualizations

• BioRender*

* commercial



Tools for icons / anatomical visualizations

• COMICS



Tools for network visualizations

• Cytoscape



Tools for network visualizations

• VOSviewer



Interactive plots 

• FiglinQ*

* commercial / paid subscription





Searching for (visualization) tools

○ Essential scientific and technical information about software tools,

databases and services for bioinformatics and the life sciences.







Colors & ambiguity



Colors & ambiguity



Mass spectrometry data in 

MetaboLights
the home for metabolomics experiments and derived information

Claire O’Donovan

EMBL-EBI Metabolomics Team

www.ebi.ac.uk



FAIR Guiding Principles

Findable

Accessible

Interoperable

Re-useable

Metabolomics: data management 

Provide a guideline for data producers and publishers to 

enhance the reusability of scientific data

Good research data management is not a goal in itself, but rather the key conduit leading to knowledge 

discovery and innovation, and to subsequent data and knowledge integration and reuse.



Gene mRNA Protein Metabolite

Genomics Transcriptomics Proteomics Metabolomics

Metabolomics: data management 

Can metabolomics learn from the other omic techniques and

not repeat many of the same mistakes that have been made in

which a lot of data were collected but little information was

gleaned?



Metabolomics: MSI

The MSI is an academic policy provider, to support the

development of open data and metadata formats for

metabolomics.

• community-agreed reporting standards

• minimal information (MI) checklists

• data exchange formats to support

the MIs reporting standards,

allow data to be efficiently applied,

shared and reused



Open Source Study Repository & Metabolite Knowledgebase

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



MetaboLights user base

Malaria Host-Pathogen 

Interaction Center (NIH)

Precision Metabolomics



Geographical distribution of submitted studies

(Top 10: China: 507, USA: 362, UK: 356, Germany: 235, France: 94, 

Japan: 68, Spain: 66, Italy: 64, Australia: 53, Netherlands: 39)

MetaboLights study submission rates per year

MetaboLights



MetaboLights Database

• Cross species, cross technique

• Comprehensive information collection

• Open access, discoverable through various portals  

Sample PreparationSample Collection Data Acquisition Data Interpretation



MetaboLights: Ontology mapping
Ontologies: Controlled vocabulary

Area Ontology

Species/Organism, Organism part

National Center for Biotechnology Information Organismal Classification (NCBITAXON), 

World Register of Marine Species (WoRMS), National Cancer Institute Thesaurus (NCIT), 

Environment Ontology (ENVO), Brenda Tissue and Enzyme Source Ontology (BTO)

Sample details/factors (e.g., disease 

state, treatment, timings)

National Cancer Institute Thesaurus (NCIT), Experimental Factor Ontology (EFO), Plant 

Ontology (PO), Unit of Measurement Ontology (UO), Human Phenotype Ontology (HP), 

Orphanet Rare Disease ontology (ORDO)

Instrumentation

Metabolomics Standards Initiative Ontology (MSIO), Chemical Methods Ontology 

(CHMO), Mass Spectrometry Ontology (MS), Unit of Measurement Ontology (UO)

MetaboLights (MTBLS) … 

Metabolites Chemical Entities of Biological Interest (ChEBI ) … cross ref to other databases



MetaboLights: Browse or search studies



MetaboLights – Study information

MTBLS749
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MetaboLights – Study information
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MetaboLights – Study information

MTBLS749



MetaboLights – Study information

MTBLS749



MetaboLights – Study information

MTBLS1987



MetaboLights – Study information

MTBLS1987
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MetaboLights – Study information

MTBLS1987



MetaboLights – Study information

MTBLS1987



MetaboLights – Study information

MTBLS1987
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Questions:

• Do you submit your data to public repositories? 

MetaboLights/Metabolomics Workbench/MetaboBank

(and PRIDE)

• Do you reuse public mass spectrometry studies?

a) Metadata

b) Raw data 

c) Both



Questions:

• What data do you think we are missing?

• What tools do you use when manipulating/viewing the 

data? – either your internal data or the public data

• What tools would you like available with the repositories?
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