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A picture is worth a thousand words

Anscombe’s Quartet

b

datasets::anscomhbe
X1 %2 x3 x4 vl Y2 VE] i

1 10 10 10 & B.04 9.14 7.46 6.58
2 8 B B B 6.95 8.14 6.77 5.76
3 13 13 13 8 7.58 B.74 12.7 7.7
4 9 9 9 B8 8.8l 8.77 7.11 B&.B84
5 11 11 11 & B.33 9.26 7.81 8.47
6 14 14 14 8 9.96 8.10 8.84 7.04
7 6 6 & 8 7.24 6.13 6.08 5.25
g 4 4 419 4.26 3.10 5.39 12.50
9 12 12 1?2 & 10.84 9.13 8.15 5.56
10 7 7 7 8 4.82 V.26 6.42 7.91
11 5 53 5 8 5.68 4.74 5.7 6. 89
= fBasics::basicstats(anscombe)

x1 X2 X3 x4 vl y2 Y3 yd
nobs 11. 000000 11.000000 11.000000 11.000000 11.000000 11.000000 11. 000000 11.000000
NAS 0. 000000 0.000000 0.000000 0.000000 ©.000000 O0.000000 O.000000 O.000000
Minimum 4,000000 4.000000 4.000000 8.000000 4.260000 3.100000 5.390000 5.250000
Maximum 14.000000 14.000000 14.000000 19. 000000 10.840000 9.260000 12.740000 12. 500000
1. Quartile 6.500000 6.500000 6.500000 8.000000 6.315000 6.695000 6.250000 6.170000
3. Quartile 11. 500000 11.500000 11.500000 8.000000 8.570000 8.950000 7.980000 8.190000
Mean 9. 000000 5.000000 9.000000 9.000000 7.500909 7.500909 7.500000 7.500909
Median 9. 000000 9.000000 9.000000 8.000000 7.580000 8.140000 7.110000 7.040000
sum 99, 000000 99, 000000 99.000000 99.000000 82.510000 82.510000 B2.500000 82.510000
SE Mean 1.000000 1.000000 1.000000 1.000000 0.612541 0.6125368 0.612196 0.612242
LCL Mean b.771861 6.771861 6.771861 6.771861 6.136083 6.136024 6.135943 6.136748
UCL Mean 11.228139 11.228139 11.228139 11.228139 8.865735 8.865795 B.864057 8.865070
variance 11. 000000 11.000000 11.000000 11.000000 4.127269 4.127629 4.122620 4.123249
stdev 3.316625 3.316625 3.316625 3.316625 2.031568 2.031657 2.030424 2.030579
skewness Q. 000000 0.000000 0.000000 2.466911 -0.048374 -0.978693 1.380120 1.120774
Kurtosis -1.328926 -1.528926 -1.528926 4.520661 -1.199123 -0.514319 1.240044 0.628751



Anscombe's Quariet
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Take home lesson: never trust summary statistics alone; always visualize your data!



Datasaurus (aka Anscombosaurus)
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Take home lesson: “never trust summary statistics alone; always visualize your data!”

Albert Cairo: http://www.thefunctionalart.com/2016/08/download-datasaurus-never-trust-summary.html



Visualization of mass spectrometry data
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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
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Heatmap
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Boxplot
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PCA

(Median) PCA of all samples
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Western blots / gels, microscope images

soluble global
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Tools for visualizing numeric data
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A | B | C | D E | F | G H 1! | J | K | L M N | O | P | Q@ | R | 5 | T | U | v |
|probability spectrum  expect ions peptide  protein  calc_neutral_pep_mass |ppm
| 09996 calibrated, 0,00013  okt-22 K.EALGIPA sp|P31939 1173,6394| 7,9633[0 O
0,9957 calibrated,  0,0181  sep-22 K.QITQSAL sp|P78527 1299,7147|  7,3962 Calibrated: mme 5, internal target 05 ppm
| 1 calibrated, 0,000161  sep-68 K.EKAPSIIF sp|P1798C 1959,0565|  6,9717||
| 0,9985 calibrated, 0,000429  sep-20 K.DAYQVIL sp|Q9BZZ 1219,6449|  6,9061
| 1 calibrated, 9,296-05  nov-20 K.HLSVNDI sp|P30048 1205,6517| 65533
| 09996 calibrated, 1,23E-06  aug-18 K.LASDLLE sp|P12814 1214,6659|  6,5425
| 1 calibrated, 0,000526  aug-30 R.IGNVEIS sp|P15927 1710,004 6,224 500 y
0,0977 calibrated, 0,00076  okt-18 R.DLIVATI, sp|P31939 1041,6434|  6,1518 '.
1 calibrated, 3,50E-06  dec-84 K.SGYHQS sp|P10768 2307,1244|  6,1046
0,0917 calibrated,  0,0084  jul-28 R.TINLYPL sp|04380¢ 1744,9036|  6,1018
1 calibrated. 8,88E-05 15/34  K.VSHVSTC sp|P00558 1739,9054|  6,0417|| a00
0,996 calibrated, 0,000578  nov-24 K.ASSAAGL sp|Q1456¢ 1172,6513| 59881
| 09988 calibrated. 0,00306  okt-20 K.VDATAE sp|P13667 1132,5612 5,952
0,997 calibrated, 515 2/240  K.GPRGSQ sp|Q6ZN1 3417,465| 5,7625
1 calibrated. 0,000106  okt-24 R.VTWDSS sp|Q9ULV. 1537,6984| 5,6546(| 300
0,9981 calibrated, 0,364  okt-60 K.EGKPTIV sp|07593 1844,9044|  5,6252(0
1 calibrated. 0,00664  nov-72 R.KPLVLC[ sp|P27695 2190,1467| 55782
0,9942 calibrated, 0,00695  jun-26 K.vWQLQIsp|Q9NYU 1661,8526| 53964
| 1 calibrated. 2,21E-05  dec-22 K. TGQAAE sp| 00023 1156,6452|  53292|| 2
| 1 calibrated. 0,00201 15/52  K.AHGGYS'sp|P0657€ 1405,6739| 53035
| 09976 calibrated.  0,0109  nov-18 K.ALGDLIS. sp|Q9Y49( 987,5601| 52979
| 1 calibrated. 5,52E-06 13/56  K.TVAGQD sp|P30043 1511,8671| 52174
| 09966 calibrated. 0,000705  sep-18 K.VLDIIATI sp|PO768¢ 1098,6649|  5,2127
| 1 calibrated. 6,88E-05  sep-80 K.VIAVYDL sp|P3864€ 2250,2148|  5,2031
0,9991 calibrated, 0,265  sep-44 R.FIFEDQIIsp|P0273C 1562,7841|  5,1363 I I
| 09971 calibrated. 0,000224  sep-18 K.VNTPTT sp|P2663¢ 1150,5982| 5,1182|| o — — — — ll Bl -

Excel*
Quick and adaptable
Especially good for internal sanity checks

* commercial



RStudio
File Edit Code View Plots Session Build Debug Profile Tools Help
S - Of s~ on ~ Adains *

Console  Terminal Jobs

C:/Users/arzutugceguler/Dropbox (Personaly/wdir/cortex/

¥
else if( (fold_change[il>min_log2_fold_change) && (pvalli,1l<max_pval) )
{

points(fold_change[i],-Toglo(pval[i,1]), pch=18, col="forestgreen);

#text (fold_change[i]+0. 20, -1og10(pval [1])+0.20, labels[i,1], col="forestgreen™);
changes[i] <- "+"

print(c("up”,labels[i,11))

no_up <- no_up +
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Useful R libraries for more advanced, publication
guality visualizations

There are currently 161 Proteomics and 118 Mass Spectrometry packages in Bioconductor
version 3.15.

ggplot2

lattice
s shiny*

plotly*

MSstats

protViz
* commercial



ggplot2

Soluble
)
S 4 I osodigly pval)
ke, 123456
‘o _ o ,Eif3a(420)
S DppE(382)y “bez";‘w’ » pasaitad ¥
2 O0- e R
= s :"‘% ® AT Chgb(116)
8 Slrt2(55) ° = » o GlU](gs
o —2 X
O | Vamp3(39)
_ - Ht(6
8 4- ( )\.

10 8 -6 -4 =2 0 2 4 6 8 10
log2(diGly(Mutant/Wildtype))



Perseus
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Tools for icons / anatomical visualizations

bioicons : * bioicons
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Tools for icons / anatomical visualizations

M Gallery > Fig. 1.1_updated
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Tools for icons / anatomical visualizations

« COMICS

Dataset name: Organism: Sex: Stages: ID type:
Predefined carp data Carp (Cyprinus carpio) Male Adult UniProt ID
View | Save all gene/protein IDs available View  Save corresponding ontology classes 0.09
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SINGLE MAP 0.06
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Save SVG | Save PDF
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o 2 = 40
D Genename  Protein name Un Pm:t..- g ZFIN “NCBI
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Tools for network visualizations

* Cytoscape
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Tools for network visualizations
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Interactive plots

(2

Data analysis &
interactive graphs

Collaboration & sharing

e -
L J \,Jl:'u" .

Smart manuscripts
& interactivity

Data reuse Data findability & accessibility

+—>

Permanent, 2-way
connection between
data, data analysis, data
visualization and
published manusctipts

World access to all data
lifecycle stages

\Y
!

Analyze
data

*  FiglinQ*

Gf) {18 FiglinQ

Write
manuscript,
embed
visualization

Visualize
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publishing not needed

N

Publish
manuscript
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Built-in data reuse

* commercial / paid subscription
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Searching for (visualization) tools

[ ]
EI’ lr o Essential scientific and technical information about software tools,
databases and services for bioinformatics and the life sciences.



| [P @ biotools/t

Everything: visualization tools =  Search bio.tools 660 tools Explore ~  Login

GenBank taxonomy tools | & &

Utilities for manipulations and visualization tasks on GenBank taxonomic information.

Taxonomy

Suite MIT GenBank taxonomy tools

Gitools | O 3@ &

A framework for analysis and visualization of multidimensional genomic data using interactive heat-maps.

Genomics

Desktop application

Repitools | & a8

Tools for the analysis of enrichment-based epigenomic data. Features include summarization and visualization of epigenomic data across promoters according to gene expression context, finding regions of differential
methylation/binding, BayMeth for quantifying methylation etc.

Epigencmics

Command-line tool Library GPL-2.0 BioConductor
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Colors & ambiguity
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Mass spectrometry data In
MetaboLights

the home for metabolomics experiments and derived information

Claire O’'Donovan |
EMBL-EBI Metabolomics Team

www.ebi.ac.uk

EMBL-EBI



Metabolomics: data management |I||||||.MetaboLights

FAIR Guiding Principles

Provide a guideline for data producers and publishers to
enhance the reusabillity of scientific data

www.nature.com/scientificdata

Findable

Accessible SCIENTIFIC DATA:

Interoperable OPEN: Comment: The FAIR Guiding
e Principles for scientific data

Re-useable

wesis. MANagement and stewardship

Mark D. Wilkinson et al.*

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.

EMBL-EBI



Metabolomics: data management ills, MetaboLights

Gene MRNA Protein Metabolite
Genomics Transcriptomics Proteomics Metabolomics

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: the final frontier?

Timothy D Veenstra

Genome Medicine 2012 4:40
https://doi.orq/10.1186/am33%9? | © BioMed Central Ltd. 2012
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Metabolomics: MSI

The Metabolomics Standards Initiative (MSI)

The MSI is an academic policy provider, to support the

development of open data and metadata formats for
metabolomics.

e 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
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|I”|||  MetaboLights
Open Source Study Repository & Metabolite Knowledgebase

i, Metabol ights

///” Examples: Alanine, Homo sapiens, Urine, MTBLS1

Home Browse Studies Browse Compounds Browse Species Download Help Give us feedback About Submit Study

i T t by @Metabolights
MetaboLights weets 0

i, Metabolights

MetaboLights is a database for Metabolomics experiments and derived information. The database is cross-species, cross- Jhts

technique and covers metabolite structures and their reference spectra as well as their biological roles, locations and
concentrations, and experimental data from metabolic experiments. Metabolights is the recommended Metabolomics repository
for a number of leading journals.

More about us

MTBLS706: Gluconeogenesis using glycerol
as a substrate in bloodstream...
ebi.ac.uk/metabolights/M....

Dec 11, 2018
Quick tour ¥
il MetaboLights
@Metabolights
MTBLS658: A robust intracellular metabolite
extraction protocol for hu...
ebi.ac.uk/metabolights/M....
- e Dec
— BC
& =
. P MetaboLights
Study Compound Library Training L
MTBLS538: 13C metabolomics reveals
widespread change in carbon fate du...
BROWSE COMPOUNDS TRAINING ONLINE ebi.ac.uk/metabolights/M. ..
2018
ORCID SEARCH SPECIES QUICK TOUR
ills, MetahoLIghts
METABOLIGHTS LABS :

https://www.ebi.ac.uk/metabolights
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MetaboLights user base
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MetaboLights :l"llh- NVetabolights
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MetaboLights Database
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* Cross species, cross technique

* Comprehensive information collection

° Open access, discoverable through various portals
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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)

Characteristic

Sample details/factors (e.g., disease
state, treatment, timings)

Column type

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)

Term

Instrumentation

Metabolomics Standards Initiative Ontology (MSIO), Chemical Methods Ontology
(CHMO), Mass Spectrometry Ontology (MS), Unit of Measurement Ontology (UO)
MetaboLights (MTBLS) ...

Design Descriptor

Metabolites

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

Metabolights.owl

Instruments

Publication

Metaboliahis EBI Zooma service
approved terms

Other institute
approved terms

T

Manually curated terms

Relative terms

P
Search certain ontolagiW

EBI OLS service
‘ CHMO: Chromatography r”/
Search certain ontologies
‘ EFO: Factors
\ NCBITAXON: Taxonomy o

\ XEML Environment Ontology (XEQ)

WaRMS

World Register of Marine Species

human
(®)phenotype
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oo PO %;% 5= BTO
Consortium A
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MetaboLights: Browse or search studies

i, Metabol i

g

Home Browse Studies

ghts

Examples: Alanine, Homo sapiens, Uring, MIBLS1

Browse CGompounds Browse Species Download Help Give us feedback About Submit Study Login

Metabolights / Search

Filter your results
Type

study
—| compound

Techrology
Organism

Organism Part

®

145 results, showing 1 10 10 Show more data from EMBL-EBI

Utilization of Metabolomics to Identify Serum Biomarkers for Hepatocellular @
Carcinoma in Patients with Liver Cirrhosis

. Study Identifier  MTBLS17 Organism Homo sapiens
& Study Size 27.58GB Study Factors Disease, Injection, Experiment
& Submitted by Habtom Ressom & Jinlian Wang 4
A lipidomic human population and translational feeding study of hepatic @

steatosis and de novo lipogenesis (Human plasma assay)

1 Study Identifier MTBLSE16 Organism Heme sapiens
& Study Size 2.45GB Study Factors Sampling time
& Submitted by Jules Griffin &2
Plasma Lipidomics for the Identification of Anticedent Memory Impairment @
1 Study Identifier MTBLS72 Organism BAQO:reference compound, blank, Homo
sapiens
& Study Size 32.22GB
Study Cogpnitive Status
& Submitted by Robert Padilla &4 Factors
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MetaboLights — Study information

i, Metabolights L [=5

mples: Alanine, Home sapiens, Urine, MTBLS1

Home | BrowseStudies  BrowseCompounds  BrowseSpecies  Download = Help  Giveusfeedback = About Submit Study | Login

Public : 2019-09-19

MTBLS749: Alterations in the tyrosine and phenylalanine pathways revealed by biochemical profiling in cerebrospinal
fluid of Huntington's disease subjects

Kim Kultima, Stephanie Herman

Huntington's disease (HD) is a severe neurological disease leading to psychiatric symptoms, motor impairment and cognitive decline. The disease is caused by a CAG
expansion in the huntingtin (HTT) gene, but how this translates into the clinical phenotype of HD remains elusive. Using liquid chromatography mass spectrometry, we
analyzed the metabolome of cerebrospinal fluid (CSF) from premanifest and manifest HD subjects as well as control subjects. Inter-group differences revealed that the
tyrosine metabolism, including tyrosine, thyroxine, L-DOPA and dopamine, was significantly altered in manifest compared with premanifest HD. These metabolites
demonstrated moderate to strong associations to measures of disease severity and symptoms. Thyroxine and dopamine also correlated with the five year risk of onset in
premanifest HD subjects. The phenylalanine and the purine metabolisms were also significantly altered, but associated less to disease severity. Decreased levels of
lumichrome were commonly found in mutated HTT carriers and the levels correlated with the five year risk of disease onset in premanifest carriers. These biochemical
findings demonstrates that the CSF metabolome can be used to characterize molecular pathogenesis occurring in HD, which may be essential for future development of
novel HD therapies.

PUBLICATIONS

Alterations in the tyrosine and
b . f led by
biochemical profiling i...

2 Herman Stephanie, Niemels Valter, Emami
Khoonsari Payam, Sun...

Descriptors Protocols Samples Assays Metabolites Files
KEYWORDS

Huntingtin (Huntington Disease) Untargeted Metabolites Liquid Chromatography Mass Spectrometry

Factors

Phenotype : Phenotype
Replicate : Replicate

MS Format : Format

MTBLS749
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MetaboLights — Study information

EMBL-EBI
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ne, MTBLS1

Public L ¢ Date | 2019-08-19

MTBLS749: Alterations in the tyrosine and phenylalanine pathways revealed by biochemical profiling in cerebrospinal
fluid of Huntington's disease subjects

Kim Kultima, Stephanie Herman

Huntington's disease (HD) is a severe neurclogical disease leading to psychiatric symptoms, motor impairment and cognitive decline. The disease is caused by a CAG
expansion in the huntingtin (HTT) gene, but how this translates into the clinical phenotype of HD remains elusive. Using liguid chromatography mass spectrometry, we
analyzed the metabolome of cerebrospinal fluid {CSF) from premanifest and manifest HD subjects as well as control subjects. Inter-group differences revealed that the
tyrosine metabolism, including tyrosine, thyroxine, L-DOPA and dopamine, was significantly altered in manifest compared with premanifest HD. These metabolites
demonstrated moderate to strong associations to measures of disease severity and symptoms. Thyroxine and dopamine also correlated with the five year risk of onset in
premanifest HD subjects. The phenylalanine and the purine metabolisms were also significantly altered, but associated less to disease severity. Decreased levels of
lumichrome were commonly found in mutated HTT carriers and the levels correlated with the five year risk of disease onset in premanifest carriers. These biochemical
findings demonstrates that the CSF metabolome can be used to characterize molecular pathogenesis occurring in HD, which may be essential for future development of
novel HD therapies.

PUBLICATIONS

Alterations in the tyrosine and
phenylalanine pathways revealed by
biochemical profiling i...

4, Herman Stephanie, Niemela Valter, Emami
Khoonsari Payam, Sun...

Factors

Phenotype : Phenotype
Replicate : Replicate

MS Format : Format
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MetaboLights — Study information

i, Metabolights L [=5

Exam| lanine sapiens, Urine, MTBLS1

Home | BrowseStudies  BrowseCompounds  BrowseSpecies  Download = Help  Giveusfeedback = About Submit Study | Login

MTBLS749: Alterations in the tyrosine and phenylalanine pathways revealed by biochemical profiling in cerebrospinal
fluid of Huntington's disease subjects

Kim Kultima, Stephanie Herman

Huntington's disease (HD) is a severe neurological disease leading to psychiatric symptoms, motor impairment and cognitive decline. The disease is caused by a CAG
expansion in the huntingtin (HTT) gene, but how this translates into the clinical phenotype of HD remains elusive. Using liquid chromatography mass spectrometry, we
analyzed the metabolome of cerebrospinal fluid (CSF) from premanifest and manifest HD subjects as well as control subjects. Inter-group differences revealed that the
tyrosine metabolism, including tyrosine, thyroxine, L-DOPA and dopamine, was significantly altered in manifest compared with premanifest HD. These metabolites
demonstrated moderate to strong associations to measures of disease severity and symptoms. Thyroxine and dopamine also correlated with the five year risk of onset in
premanifest HD subjects. The phenylalanine and the purine metabolisms were also significantly altered, but associated less to disease severity. Decreased levels of
lumichrome were commonly found in mutated HTT carriers and the levels correlated with the five year risk of disease onset in premanifest carriers. These biochemical
findings demonstrates that the CSF metabolome can be used to characterize molecular pathogenesis occurring in HD, which may be essential for future development of
novel HD therapies.

PUBLICATIONS

Al i intha ine aned

Descriptors Protocols Samples Assays Metabolites Files

KEYWORDS

Huntingtin {Huntington Disease) Untargeted Metabolites Liguid Chromatography Mass Spectrometry

Factors

Phenotype : Fhenotype
Replicate : Replicate

MS Format : Format
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MetaboLights — Study information

il Me’[aboLightS _

Urine, MTBLS1

Home | BrowseStudies  BrowseCompounds  BrowseSpecies  Download = Help  Giveusfeedback = About Submit Study | Login

MTBLS749: Alterations in the tyrosine and phenylalanine pathways revealed by biochemical profiling in cerebrospinal
fluid of Huntington's disease subjects

Kim Kultima, Stephanie Herman

Huntington's disease (HD) is a severe neurological disease leading to psychiatric symptoms, motor impairment and cognitive decline. The disease is caused by a CAG
expansion in the huntingtin (HTT) gene, but how this translates into the clinical phenotype of HD remains elusive. Using liquid chromatography mass spectrometry, we
analyzed the metabolome of cerebrospinal fluid (CSF) from premanifest and manifest HD subjects as well as control subjects. Inter-group differences revealed that the
tyrosine metabolism, including tyrosine, thyroxine, L-DOPA and dopamine, was significantly altered in manifest compared with premanifest HD. These metabolites
demonstrated moderate to strong associations to measures of disease severity and symptoms. Thyroxine and dopamine also correlated with the five year risk of onset in
premanifest HD subjects. The phenylalanine and the purine metabolisms were also significantly altered, but associated less to disease severity. Decreased levels of
lumichrome were commonly found in mutated HTT carriers and the levels correlated with the five year risk of disease onset in premanifest carriers. These biochemical
findings demonstrates that the CSF metabolome can be used to characterize molecular pathogenesis occurring in HD, which may be essential for future development of
novel HD therapies.

PUBLICATIONS

Al i intha ine aned

Descriptors Protocols Samples Assays Metabolites Files

KEYWORDS
Huntingtin {Huntington Disease) Untargeted Metabolites Liguid Chromatography Mass Spectrometry
Phenotype
Ontology Details
Factors Ham
Prefix: EFO
Short Form:
IRI: Http://Wovw.EbiAc Uk 0000651
Term Detai
Phenotype : Phenotype Definition R - o o .
he Observable Form Taken By Some Character (Or Group Of Characters) In An Individual Or An Organism, Excluding Pathology And Disease. The Detectable Outward Manifestations Of A Specific Genotype
i . i Database Cross_reference : SNOMEDCT:116006 NCItC18977 MO:192 NIFSTD:birnlex_2087 MeSHDO010641
Heplicaieilienita s Term Editor : Tomasz Adamusiak James Malone Jie Zheng
MS Format : Format

| MTBLS749
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MetaboLights — Study information

Descriptors Protocols Samples Assays Metabolites Files

=Collapse all

Sample collection

The lumbar puncture was performed through the L3/L4 or L4/L5 interspace, and CSF was collected in a polypropylene tube that was centrifuged for 5 min at
250 x g at room temperature. The supernatant was transferred, into fresh pelypropylene tubes in aliquots of 240 pL and stored at -80 °C until analysis.

Extraction

CSF samples were thawed on ice, and 100 pl was transferred and mixed with 410 pl ice-cold methanol (MeOH) supplemented with an internal standard
cocktail (D4-6keto-prostaglandin-F1-alpha, D4-thromboxane-B2, D4-prostaglandin-F2-alpha, D4-prostaglandin-E2, D4-prostaglandin-D2, D4-15-deoxy-
deltal2, 14-prostaglandin-J2, D4-cortisol and levonorgestrel) at a final concentration of 0.25 uM. The samples were further vortexed for 15 s and incubated
at -20 °C for 30 min, followed by centrifugation at 2040 -~

re

Post Extraction  Derivatization

Chromatography

The liquid chromatography-mass spectrometry analyses were performed using a Thermo Ultimate 3000 HPLC and Thermo Q-Exactive Orbitrap mass
spectrometer. 10 pl sample was injected to a Thermo Accucore aQ RP C18 column {100 x 2.1 mm, 2.6 um particle size). The analytical gradient was initiated
with an isocratic flow for 3 min (0% B), followed by a 2.6 min gradient (0-10% B), 8.3 min (10-100% B) and 2 min (100% B), followed, finally, by re-
equilibration and washing of the column for 3 min (0% B), wh  ~

e

Chromatography Instrument  Column Type  Column Madel

Mass spectrometry

Mass spectrometry data were acquired in profile mode (in positive and negative ionization made) on a Thermo Q-Exactive Orbitrap mass spectrometer, using
a mass range of 70-800 m/z during the first 5 min and 148-900 my/z in the following 15 min (to avoid low mass contaminants) in the positive ionization mode
and 70-900 m/z throughout in negative ionization mode. To improve the identification of metabolites, tandem mass spectrometry analyses in positive and
negative ionization mode were performed s - m

ScanPolarty  ScanMjzRange  Instrument  Mass Analyzer lon Source

Data transfarmation

The acquired raw data was converted to an open source format (mzML). Peaks were centroided by msconvert from ProteoWizard [1] and preprocessed using
the following pipeline within the KNIME platform [2]: the peak-picked data was quantified by FeatureFinderMetabo [3] and the resulting features were linked
across the samples using featureLinkerUnlabelled@T [4], allowing 10 s retention time tolerance and 5 ppm mass deviation (performed irrespective of charge
state across the samples). The non-defaul  ~

ore

Metabolite identification

All metabolic features with a 756% coverage across samples were matched against an in house library of characterized metabolites using a 15 ppm mass
tolerance and a 20 s time window. Metabolites (identified metabolic features) of interest were manually curated on MS/MS level when available.

MTBLS749
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MetaboLights — Study information

Descriptors Pro!

Samples

Sample collection

Assays Metabolites Files

=Collapse all

The lumbar puncture was performed through the L3/L4 or L4/L5 interspace, and CSF was collected in a polypropylene tube that was centrifuged for 5 min at
250 x g at room temperature. The supernatant was transferred, into fresh pelypropylene tubes in aliquots of 240 pL and stored at -80 °C until analysis.

Extraction

CSF samples were thawed #f ice,
cocktail (D4-6keto-prpefaglandin-
deltal2, 14-prostgefandin-J2, D4-
at -20 °C for, min, followed by

pgsfxtraction  Derivatization

Chromatography

The liguid chromatography-mass

spectrometer. 10 pl sample was inj
with an isocratic flow for 3 min (0%
equilibration and washing of the c

Chromatography Instrument  Colum

Mass spectrometry

Mass spectrometry data were acq
a mass range of 70-800 m/z durin)
and 70-900 m/z throughout in ne:
negative ionization mode were pe:

ScanPolarity  Scan MjzRange  If

DatiNgansfarmation

The acquired ra ta was conver|
the following pipeline W{in the Kl
across the samples using Tesgurel]

state across the samples). The

Chromatography

The liquid chromatography-mass spectrometry analyses were performed using a Thermo Ultimate 3000 HPLC and Thermo Q-Exactive Orbitrap mass
spectrometer. 10 ul sample was injected to a Thermo Accucore aQ RP C18 column (100 x 2.1 mm, 2.6 um particle size). The analytical gradient was initiated
with an isocratic flow for 3 min (0% B), followed by a 2.6 min gradient (0-10% B), 8.3 min (10-100% B) and 3 min (100% B), followed, finally, by re-

equilibration and washing of the column for 3 min (0% B), wh ~ more

Chromatography Instrument Column Type Column Model

Mass spectrometry

Mass spectrometry data were acquired in profile mode (in positive and negative ionization mode) on a Thermo Q-Exactive Orbitrap mass spectrometer, using
a mass range of 70-900 m/z during the first 5 min and 148-900 m/z in the following 15 min (to avoid low mass contaminants) in the positive ionization mode
and 70-900 m/z throughout in negative ionization mode. To improve the identification of metabolites, tandem mass spectrometry analyses in positive and

negative ionization mode were performed s -~ more

Scan Polarity Scan M/z Range Instrument Mass Analyzer lon Source

Metabolite identification

All metabolic features with a 756% coverage across samples were matched against an in house library of characterized metabolites using a 15 ppm mass
tolerance and a 20 s time window. Metabolites (identified metabolic features) of interest were manually curated on MS/MS level when available.

MTBLS749
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MetaboLights — Study information

Descriptors Protocols Samples Assays Metabolites Files
File: s_MTBLS749.txt ltems per page: 494 ¥ 1 - 494 of 494
Filter
Protocol REF Sample Name Organism Organism part Phenotype Replicate MS format
Sample collection 1_Rep1_NEG Homo sapiens cerebrospinal fluid control 1 MS1 format
Sample collection 1_Rep1_POS Homo sapiens cerebrospinal fluid control 1 MS1 format
Sample collection 1_Rep2_NEG Homo sapiens cerebrospinal fluid control 2 MS1 format
Sample collection 1_Rep2_POS Homo sapiens cerebrospinal fluid control 2 MS1 format
Sample collection 10_Rep1_NEG Homo sapiens cerebrospinal fluid contral 1 MS1 format
Sample collection 10_Rep1_POS Homo sapiens cerebrospinal fluid control 1 MS1 format
Sample collection 10_Rep2 NEG Homo sapiens cerebrospinal fluid control 2 MS1 format
Sample collection 10_Rep2_POS Homo sapiens cerebrospinal fluid control 2 MS1 format
Sample collection 11_Rep1_NEG Homo sapiens cerebrospinal fluid control 1 MS1 format
Sample collection 11_Rep1_POS Homo sapiens cerebrospinal fluid control 1 MS1 format
Sample collection 11_Rep2_NEG Homo sapiens cerebrospinal fluid control 2 MS1 format
Sample collection 11_Rep2_POS Homo sapiens cerebrospinal fluid control 2 MS1 format

MTBLS749
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MetaboLights — Study information

Descriptors Protocols Samples As Metabolites Files
Assay Sheet 1 Assay Sheet 2 Assay Sheet 3 Assay Sheet 4
File: a_MTBLS1987_LC-MS_positive_hilic_metabolite_profiling.txt tems per page: 69 - 1-69 of 69
Filter
Pr Labe Pratocol REF
mode type column
ACQUITY
UPLC
Waters BEH Waters
ACauiTy Amide Mass » Kevo
Chromatography UPLC H- (17 ym, HILIC spectrometry Positive 50-1000 @S
Class System 2.1 mmx QTof
100 mm;
Waters)
ACQUITY
UPLC
Waters BEH Waters
ACQUITY Amide Mass . Xevo
Chromatography UPLC H- (17 pm, HILIC spectrometry Positive 50-1000 Go-S
Class System 2.1 mmx QTof
100 mmm;
VWaters)
ACQUITY
UPLC
Waters BEH Waters
AcauiTy Amide Mass » Xevo
Chromatography UPLC H- (17 pm, HILIC spectrometry Positive 50-1000 Go-s
Class System 2.1 mm x QTof
100 mm;
VWaters)
AmnT MTBLS1987
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MetaboLights — Study information

Descriptors Protocols Samples Assays Metabolites

Assay Sheet 1 Assay Sheet 2 Assay Sheet 3 Assay Sheet 4

File: a_MTBLS1

LC-MS_negative_hilic_metabolite_profiling.

Validations

Data
HILICneg/QC_HILIChegQ1.raw -
transformation
Data
HILICneg/QC_HILICheg02.raw -
transformation
HILICneg/QC_HILICheg03.raw Data
- transformation

HILICneg/HILIChegative_MSMS_20eV.mgf

HILICneg/HILICegative_MSMS_20eV.mgf

HILICneg/HILICnegative_MSMS_20eV mgf

Metabolite
identification

Metabolite
identification

Metabolite
identification

ignment File

m_MTBLS1987_LC-
MS_negative_hilic_metabolite_profiling_v2_maf tsv

m_MTBLS1987_LC-
MS_negative_hilic_metabolite_profiling_v2_maf.tsv

m_MTBLS1987_LC-
M$S_negative_hilic_metabolite_profiling_v2_maf.tsv

@3

derived

MTBLS1987
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MetaboLights — Study information

Descriptors Protocols Samples Assays Metabolites Files
Assay Sheet1  AssayShel pageriptors  Protocols  Samples  Assays  Metabolites  Filas
File: a_MTBLS1987_LC-MS_posi
Assay Sheet 1 Assay Sheet2  Assay Sheet 3 Assay Sheetd
Filter
File: 3_MTBLS1987_LC-MS_negative_reverse-phase_metabolite_profiling.txt tems per page: 68 ¥ — 65065
S As ame
Filter
QC_HILICpos01 MS Assay Name Raw Spectral Data File Protocol REF e Derived Specir Protocol R
QC_RPLCneg01 RPLCneg/QC_RPLCneg01 raw Data RPLCneg/RPLCnegative MSMS 20evmgf 00l
transformation identificat
QC_HILICpos02
Dat Metabolit
QC_RPLCneq02 RPLCneg/QC_RPLCneg02 raw s RPLCneg/RPLChzgative MSMS 20eVmgf o @
transformation identificat
QC_HILICpes03 a
Data Metabalit
QC_RPLCneq03 RPLCneg/QC_RPLCneg03.raw . RPLCneg/RPLCnegative_MSMS_20eVimgf ..~ |
transformation identificat

MTBLS1987

EMBL-EBI




MetaboLights — Study information

Descriptors Protocols Samples Assays

Metabolites Files

MAF Sh MAF Sheet 2 MAF Sheet 3 MAF Sheet 4
File: m_MTBLS19 LC-MS_positive_hilic_metabolite_profiling_v2_maf.tsv age: 13 - -
Filter
Structurs L (e SMILES InChi Metabaolite identification D
identifier formula charge
(o] OH
InChi=15/C5HaNO2/c7-5(8)4- )
CHEBI:26271 0C(=0)C1CCCN1 Pral 116.07029
=0) 5.1-3-6-4/hd,EH,1-3H2,(H,7,8) roline
NH
CHy 0
He | INChi=1S/C5H11NO2/c1-
S CHEBI:17750 CIN4|(C)(C)CCO-])=0 ' Betai 118.08747
N : (N+IGHCICEHO-) 6(2.3)4-5(7)8/h4H2, 1-3H3 etaine :
HyC o
| | InChl=1S/CSH10N203/c8-
. ~on CHEEI:28300 NC{CCCNI=0IC(0)=0 3(5(9)10)1-2-4(7)8/hGH, 1 Glutamine 147.07607
o 2,6H2,(H2.7,8)(H,9,10)
| InChi=18/C5H11NO25/c1-9-
e ~on CHEBI: 16811 CSCCCNC(0)=0 3-2-4(6)5(7)8/M4H,2- Methionine 150.05818

M,

3.6H2, 1H3,(H.7.8)

EMBL-EBI
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MetaboLights — Study information

Descriptors Protocols Samples Assays Metabolites Files
MAF Sheet 1 MAF Sheet 2 MAF Sheet 3 MAF Sheet 4
File: m_MTBLS' LC-M5_positive_hilic_metabolite_profiling_vZ_maf.tsv
Filter
Structura Database Chemica SMILES
identifier formula
0 OH
CHEBL:26271 OC(=0)C1CCCN1
NH
CHy O
S
N CHEBL17750 CMN+][CHCICTO-|
H-;C/ (s)
“ «’u\/\(&‘- ok CHEBI:28300 NC[CCC{N)=0)C/(d
o
R \/\('l OH CHEBL:18811 CSCCCN)C{O)=0

Descriptors Protocols Samples Assays Metabolites Files
MAF Sheet 1 MAF Sheet 2 MAF Sheet 3 MAF Sheet 4
File: m_MTBLS1987_LC-MS_positive_reverse-phase_metabolite_profiling_v2_maf.tsv Items per page: 18 - 1801 18
Filter
Woman
ac Qc Qc Woman Pto19 Woman Pt119 Men Pt074 Woman Pt022 Men Ptoi
Structure HCW099
Cpos07 RPLCpos08 RPLCpos09 RPLCpos RPLCpos RPLCpos RPLCpos RPLCpc
RPLCpos
Structure not available 1889097 5.308643602 5.339502163 5.609366786 5.00663743 4.679825794 5.33411991 4.604604231 5.169805
w, on
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MetaboLights — Study information
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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

D) Raw data

C) Both
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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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