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Introduction

- Scientists, companies and agencies hold a vast amount of high quality
mass spectral information related to environmental samples

- Larger parts of data usually neither used nor shared with others

- No share may be related to privacy issues or unawarness of Open Data
benefits

- Missing data repositories for raw mass spectral files, derived peak lists
and associated meta data
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Implications for digital ‘specimen’ repositories
Community building (good examples, social media, workshops)

- Data quality (reliability, instruments and software settings)
- Standardisation (methods, vocabularies / ontologies)
Curation (data quality, enrichment of meta data)
- Data quantity (handling of large data files)
- User-interfaces (easy discovery, access and re-use of data)
- Machine-interfaces (retrieval of data for automated workflows)
- Privacy (anonymisation, secured data services for internal use)

Long-term availability and referencing (e.g. DOI deployment)

DOI: digital object identifier ﬁU FZ



Learning from metabolomics community

. o L _ METABOLOMICS
High activity in release, publication, " MetaboLights W0 R Kb et

announcement and exchange of
publicly available metabolomics
datasets that may be useful for other
researchers

QO Grouped @ Stacked @ Metabolomic Repository Bordeaux Metabolomics Workbench @ MetaboLights

o
* Studies published 2012-2016 IIIIII MER ?bb B
IIIIIIII Standards in metabolomics

||IIIII () cosmos
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llllllllllllllllllllllllllllllllllllllllllllllllll

1012 0aM3 0614 0415 0216

http://met:;olomexchange?zarg ; b ; ﬁ U F Z




Example: MetabolLights

aboL igh

Examples: alaning, human, urine, MTBLS1

Home Browse Studies Browse Compounds Browse Species Analysis Download Help Give us feedbac L. Submit Study # Login

. Tweets W Follow
MetabolLights Download
: % = Metabolights @Metabolights 4lan (2]
Melabolgiis Is:adatabace for i Pre-packaged ISAcreator download. To make it easy for new users, ]d"h. MTBLS270: A new method for quantitative =

Metabolomics experiments and derived e ; ; : :
: : please download and just unzip our pre-packaged |SAcreator with plugin and
information. ;

The database is cross-species, cross- conNgUEton.

technigue and covers metabolite structures

and their reference spectra as well as their ‘l Metabolights ©lMetabolights 31 Dec
biological roles, locations and l_lhl' MTBL5168: Metabolism triggers system-wide

concentrations, and experimental data from . TR epistasis on transcriptome, proteome and

determination of bitter components of Belgian
endi... ebi.ac.uk/metabolights/M...

metabolic experiments. About MetaboL ights. from our public fip archive. Please find zip archives under the "studies" folder. metabol... ebi.ac.uk/metabolights/M
""""""""""""""""""""""""""""""""" Each public study can be found in the corresponding MTBLS-id folder. Complete Expand
experiments can be opened with ISAcreator or you can extract the archives
using your normal unzip program. ‘ll Metabolights @lictzbolights 17 Nov
I nn MTELS173: Comprehensive Metabolic Profiling of ~ ©

Tweet to @Matabolights

« Database and repository for metabolomics experiments and derived information
* Presents meta data on studies, experiments, identified metabolites and MS and

NMR data /
http://www.ebi.ac.uk/metabolights/ NMR: Nuclear Magnetic Resonance Spectrocopy ﬁ U F Z



Example: MetaboLights

MTBLS229: Untargeted extraction of metabolites 13C labeling profiles from time course labeling switch Stu dy |and | ng page

experiment
 Meta data
& Pailrick Kiefer B2 Submitled: 16-Sep-2015 | Release date: 19-Oct-2015 , Update date: 19-Oct-2015 . . . e
% Share Study | @ BETA R Study status. Public o || Sts Of | d enti fl e d
Study Description # View Metabolites Assay ¥ Download Study files m eta b O I ite S
Dynamic isotope labeling data provide crucial information about the operation of metabolic pathways, and are commonly generated via liquid chrog mass specirometry (LC-MS).
* Download of raw data

Metabolome-wide analysis is challenging as it requires grouping of metabolite features over different s We ped DynaMet fg i ions of isotope labeling experime
from LC-high resolution M3 raw data. DynaMet enables untargeied extraction of metabolite labeling profiles and provides integ for expressive data visualization. For this study we generated
labeling data of the model strain Escherichia coli from 13C glucose labeling switch experiments. Analysis of two biology
analysis of two daia sets each comprising 19 samples resulted in 286 and 293 features, respectively, with delge
fitted with the implemented model. After removing false positives and merging both data sets Dynalkis
implemented fitting function. Comparison with KEGG database resulted in 125 matches cog

The study results reported here are only a summary. To reproduce the complelgueet

Metabolite

at least 80% of all samples analyzed. Of these, 222 and 230, respectively, could be
vealed a total number of 291 features with labeling profiles whereof 285 could be generated with
#fionding to 88 metabolites covering multiple pathways of core metabolism and major biosynthetic routes

1.e. labeling profiles and corresponding kinetic fits including plots. DynaMet software is required.

identification 1¢  Chemical formula Species Smiles 20150815_138_JH_exp15-08-04_fast_label_rep2_nLC_QEx_sd_ [ Select all File
(2S)}-Deoxymyxol 2-alpha-  CAGHEBO6 Escherichia  C[C@@H]10[C@@HIO[C@@H] 0 0
L-fucoside (CHEBI-80193) coli (\C=C\C(C)=C\C=C\C(C)=C

\C=C\C(C)=CA\C=C\C=C(C) 0 20150813 092 JH EC exp15-07-29 fast label nLC LTQ s1 Osec.mzML

\C=C\C=C(C)

\C=C\C2=C(C)CCCC2(C)C)C(C) B 20150813 094 JH EC exp15-07-29 fast label nLC LTQ s2 1sec.mzML

(ClONC@@H](O)NC@H]

(OIc@@Hno B 20150813 096 JH EC exp15-07-29 fast label nLC LTQ s4 3sec mzML
;g@’&‘g:ﬁ“y"“’“"y‘ AR E AR TR T E;f“e”c’"a 2 B 20150813 098 JH_EC_exp15-07-29 fast label nLC_LTQ s5 _6sec.mzML
macromolecule
(CHEBI:28010) | 20150813 100 JH EC exp15-07-29 fast label nLC LTQ s6_11sec.mzML
2-Deoxy cyclic AMP C10H12NE05P Escherichia ~ Ncincnc2nicnci2) A o 20150813 102 JH EC exp15-07-29 fast label nLC LTQ s7 16sec.mzML
(CHEBI 28074) cali [C@H]1C[C@@H]20P(0)

(=0)joC[C@H]201 0 20150813 104 JH EC exp15-07-29 fast label nLC LTQ s8 20sec mzML
3-deoxydihydrostreptomycin =~ C21H43N7017R2 Escherichia CN[C@@H/1[C@@H])(O[C@@H] 0.07 B 20150813 106 JH EC_exp15-07-29 fast label nLC LTQ s9 30sec.mzML
3" 6-bisphosphate coli (CO)C@H](O)[C@H]10P(0)

(CHEBI-27944) {OFO)0[C@@H][C@@H] o

(CONC@H] F 20150813 109 JH EC exp15-07-29 fast label nLC LTQ s10 40sec.mzML

(CloC@HNOC@HNIC@H]

(ONC@@HI(OP(0)0)=0) ]| 20150813 111 _JH EC exp15-07-29 fast |label nLC LTQ s11_60sec.mzML

[C@HINC(N=N)[C@@H]

(O)[C@@H]TNC(N)=N 0 20150813 113 JH EC exp15-07-29 fast label nLC LTQ s12 90sec.mzML

http://www.ebi.ac.uk/metabolights/
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 1H BT transformation scheme used with permission from Huntscha et al. 2014, DOI: 10.1021/es405694z, Copyright (2014) American Chemical Society
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From mass spectra to repository

/ Sample data \ | l

Mass spectral raw data
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Metadata Non-targets

How to handle large datasets?
1) Large MS raw data (e.g. 400-600 MB for one run at Q Exactive Orbitrap in full scan /

AlIF mode)
2) No one has the capacities to store large data of many researchers on in kind basis,
\ even upload is a challenge /
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DOI: 10.1021/es405694z, Copyright (2014) American Chemical Society

 1H BT transformation scheme used with permission from Huntscha et al. 2014,




Solution: Building a distributed system — NormanNTXchange

A S Compounds

Metadata

L ‘il | Compounds

- =2 Harvests (Open) Data
Lof:al ) ¢ Data retrieval to
repositories = o . improve local data
Central repository bownload of dat
ownload of raw data
(Portal) E—
on request

Role of central server

Central portal and repository

Role of local servers

Local institutions / users Federates all local servers
Private and Open Data O ¢ ® | Public and private institutions
Raw mass spectral data 5 @9 Private and Open Data

User community
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Demonstration of NormanNTXchange mockup

Data portal based on ckan

NormanNTXchange serves as a distribution and exchange

|atfi fi ;
Search data bl

_ T Organizations

NORMAN Non-Target G___ (2
i

T Groups
NormanNTXchange statistics

Add Dataset

2 1 0 2 : : : s that 2 datasets found Order by: | Relevance E|
datasets organization  groups related items

T Tags Joint Danube Survey 2013 - LVSPE - Non-Target Screening

target (1) .
NORMAN Non-Target Group : suspect (1) csv [ mzmL

non-target (1)

Joint Danube Survey 2013 - LVSPE - Non-Target NORMAN Collaborative Trial Targets and Suspects

Screening collaborative trial (1)
= 2 roios : As part of a series of workshops in September 2014, NORMAN members expressed the need to exchange
NORMAN (1) various lists of substances to improve their suspect screening efforts. An_.
NORMAN Collaborative Trial Targets and Suspects LVSPE (1) €SV
As part of a series of workshops in September 2014, NORMAN i
members expressed the need fo exchange various lists of LTQ Orbitrap XL (1)
JD83 (1) You can also access this registry using the AP (see API Dacs).

https://ckan.org - —




Demonstration of NormanNTXchange mockup

Examples of exported peak lists £, e
derived with ... Example of a peak list stored in the database

Joint Danube Survey 2013 - LVSPE - Non-Target
Screening

Data and Resources

I Examples of exported peak lists derived with ...
r+ Expl -
iy URL: http:/fckan lo/dataset/7 35df029-7765-411-8f0f-bbec4aesdc Bbiresource/b50e653c-aac 1-4605-babe-e404e49821a7/download/jds3ex

[== JDS§3_LVSPE_JD$27_Hercegszanto FTMS_full_M$S_ESipos_...
= Joint Dabube Survey 3 - Large volume solid phase exraction sample JOS27 full

lika_Morava_FTMS_full_MS_ESipos... ~* Explore =
mé solid phase exdraction sample JOS41 full

* Explore =

B8 Data Explorer B DETECTED Peaks B8 DETECTED Peaks in Sulina
JDS3_LVSPE_JDS4T™
Joint Dabube Surviy 3 - Larg

[ o
2%  JDS3 LVSPE JDS59_DownstreaMmArges FTMS_full_MS_ESI... <> Embed
== JointDabube Survey 3 - Large volume sclid a extraction sample JDS59 full
EDw  yps3_LVSPE_JDSET_Sulina_FTMS_full_MS | s_non-ta... Aad Eilter
= Joint Dabube Survey 3 - Large volume solid phase sxirachiol nple JOSET full SELE
Grid  Graph  Map 12656 records  « |1 —1100 || » Q | se Go » Filters
JDS3  LTQOrbitrapXL  LVSPE  non-target
_id Sample Locatio... Latitude Longitu... Peak st... Peakm/... Peak RT PeakRT... PeakRT... Peak he... |
D I d f t I fI 1 140521-... Sulina 451945 2895933 DETECT... 315171... 258683... 257276... 271642 .. 7672347..
Own Oa page Or raW maSS Spec ra I e 2 140521-... Sulina 45.1945 2895933 DETECT... 114.090... 11.64345 108438... 132718 1650489
' | Keywords | Q 3 140521-... Sulina 45.1945 2895933 DETECT... 279.1589... 2351645 1.42360... 3.51280... 883025..
4 140521-... Sulina 451945 2895933  UNKNOWN N/A /A /A /A MAA
4 DRk lo SER TSI 5 140521-..  Sulina 45.1945 2895933  UNKNOWN N/A /A /A /A MNAA
B 140521-14_JDS3 LVSPE_JDS27_Hercegszanta FTMS_full MS_ESIpos_non-targst zip 6 140521-... Sulina 451945 2805033 DETECT... 353266. 208047 204744 306222 1467252..
1 . 7 140521-... Sulina 451945 2895933 DETECT... 320.005... 243652.. 1.45144... 3.51280... 530062 ...
Project WANA sample data — -
Description Joint Dabube Survey 3 - Large volume solid phase extraction sample JDS27 full scan mass |;| L o 8 140521_ = SU“na 45'1 945 28'95933 UNKNOWN NJ"A NJ"A le’A le’A NJ"A
S L T R e 9 140521-_ Sulina 451945 2895933 UNKNOWN MN/A NiA NIA NIA NIA
Dataquality @ quality assured data $ ‘ W 5

. Bobrina-zatony.

Leaflet | @ Openstreetiap contributors - License:
oDbL

¥ Metadata Catalogues

> Request Data for Download
¥ Contact https://www.ufz.de/record/dmp/archive/2853/en/ ﬁ U F Z
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Demonstration of NormanNTXchange mockup

Map view of the detected non-target peaks Graphical view of the not-target peaks
(m/z vs. retention time)
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Conclusions

- Archiving of environmental MS data is achievable

- Adistributed and federated system shares costs
- Privacy issues are addressed and guaranteed

- Common standards need to be developed and commited
- Curation ensures data quality and value adds data

- Open Data enhances awareness and builds a community

"Opened up a Pandora's box" by F.S. Church (http://en.wikipedia.org) ﬁ U FZ
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