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|s data growth, FAIR"?

And the pace of change is unprecedented

Knowledge Doubling Curve
+ 1900s, Knowledge doubled every century
+ 1940s, knowledge doubled every 25 years

« Currently, knowledge doubling every 13
months

« By 2020, every 12 hours?

FAIR Principles

Make your data:
* Findable

* Accessible
* Interoperable

Reusable
Interoperable  +Rightsand

Source: Buckminster Fuller and IBM, Harvard Univ ersity Jeff Lichinan

1 10771 6/knowledaes : licence models
:Je ; : 10711 6 /knowledge-doubling-eve o Reusa ble e i Rz o
f *Data non-permitted
.ACCESSIble Documentation use
- Initiative
¢ Determining
what to share *CDIsC
® *Participant
Findable consent and risk
management
* Descriptive * Access status
metadata
« Persistent http://datafairport.org/
Ide ntifiers am
= m Data
- - Find, Access, Interoperate & Re-use Data
g
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Metabolomics Standard Initiative (WGQG)

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

5 Workgroups

Biological context metadata WG

Chemical analysis WG
Data processing WG

Ontology WG
Exchange format WG

i Experimental ]
Design
Ontology
v
Biological
Sansone et System -
al. (2007)
Hardy & ".
Taylor (2007) Chemical |
Analysis
‘\ Data
Exchange ¥
Data
Processing_

MSI overview — Fiehn et al. (2007)

Mammalian/ in vitro —> Griffin et al. (2007)
Microbial / in vitro —s van der Werf et al. (2007

Plant systems —> Fiehnet al. (2007)
Environmental —> Morrison et al. (2007)
—> General overview

—> Sumner et al. (2007)

\> NMR spectroscopy —> Rubtsov et al. (2007)

—> Goodacre et al. (2007)

Roy Goodacre Metabolomics (2014) 10:5-7
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Data sharing repositories

I AR T
aboLights =3

i
ay
—dlull.‘! J /J j E L) Examples: alanine, human, urine, MTBLS1

£ Submit Study ;| # Reza

Metabolights > Browse

You are browsing Metabolights

Filter your results 71 Search result(s) showing 1to 10 12345678)»

Privacy

NMR based metabolomics of Human Type 2 Diabetes urine samples Actions v
_) Private studies
Public studies Release date: 15-Feb-2012

Organism http://www.metabolomicsworkbench.org/

Homo sapiens (Human)

) Alkane standard Study Factors c\A\>L"f1/;)/ M ET B O M I C S Log in / Register
i is (ecotype ija, Ws) Metabolic syndrome: [type 2 diabetes mellitus:Control Group] < (¢ A I

") Arabidopsis thaliana.Col-0 Gender: [Female Gender(Female_Gender):Male Gender(Male_Gender)] o = & = e
Arabidopsis thaliana (thale cress) :
biofilm Assay
Bos taurus (Bovine) NMR si

=) pectroscopy (132)
Bovinao Training
Cs57BL/6

Caenorhabditis elegans

Metabolomics profile of herbivory-induced Nic enuata plants Welcome to the UCSD Metabolomics Workbench, a resource sponsored by the Common Fund of the National Institutes of Health.
Calanus helgolandicus

) Chlamydomonas reinhardtii Release date: 14-Aug-2012
HEK293 | to di it b data Fundin portunities
Homo sapiens Organism . . Call for Pilot and Feasibility Project

=) Home sanion (Human) Nicotiana attenuata (Coyote tobacy The Metabolomics Workbench is now accepting metabolomics data from NIH grantees/projects, as long as the Applications from Regional

| Hordeum vulaare var. distichum (Two-rowed and results i are followed. for data ition are avai in the "I Comprehensive Research

Cores
and Experimental Data Deposition" section & of the website along with tutorials and examples on the

) of the data infi sre and use of these templates. For any questions concerning data upload
lease contact Dr. Ecin Fahy. Raglona! Comprehensive
P Metabolomics Resource Cores
(RCMRC)s
Michigan Regional Comprehensive
A i 2
(0 P for Sy Resource Core (MRCY &
NIH West Coast Metabolomics Center at
As part of the NIH Common Fund's M ics Program, the My ite Standards Synthesis Core (MSSC) UC Davis &
aims to provide metabolomics researchers with high quality metabolite standards. NIH Eastern Regional Comprehensive
We invite scientists to nominate compounds for synthesis. i compounds will be reviewed by the NIH Metabolomics Resource Core at RTI

" . . — . International &
Common Fund’s executive committee, and prioritized for synthesis.

Southeast Center for Integrated
Metabolomics (SECIM) &

Resource Center for Stable Isotope-

. . " Metabolomics Workbench Highiights S e
L] Metabolomics Core at Mayo Clinic &
h tt p . //e b I . a C . u k/l I l eta b O I I g h tS/ Three new Regional Comprehensive Metabolomics Resource Cores (RCMRC)s have joined the NIH
Metabolomics Consortium: » RCMRC press releases
° Center for Integrated h ics (SECIM) &
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OmicsDI — Collection of omics

<D

‘ 80,000 - TX
. . 60,000
Omics Discovery 40,000

Index 20,000 PX EGA

Home Browse APl Databases

5,000 -
organism, repository, gene, tissue, accession 4.000
Examples: cancer, Homo sapiens, Orbitrap, QOHAUS, Phospho, Hela

2,000
rovoalod  oihors binding | . I . MX

obtained gxperiments derived 1.000 -

effects including - ,800
.0 400
00 | i 18 l
{
o 0 —mB

following differentially

expression -

molecular
regulation

overall
factor anﬂWSIS target refer
samples more

elated Patients
relate uatnv‘avs disease mechanisms

hybridized

Resources @ Omics

Description @ Sample Data Tissues @ Org
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Leading to data discovery

9 organism, repository, gene, tissue, accession

o Exampiles: cancer, Homo sapiens, Orbitrap, Q9HAUS, Phospho, Hela

Omics Discovery
Index

Home Browse APl Databases Help About %™ Feedback

Dataset Information Similar Datasets
Metabolomics-based elucidation of active metabolic pathways in (@ Hs_sscs
erythrocytes and HSC-derived reticulocytes 2014-12-311 PAe005052 | PeptideAtias

(ZOntology highlight

ABSTRACT: Human stem cell derived reticulocytes were compared with mature erythrocytes by metabolomics analysis. V] Test Metabolomics set

2014-05-02| E-TABM-289 | ArrayExpress
DATA PROTOCOL: HILIC POSITIVE ION MODE

INSTRUMENT(S): Orbitrap; ({Y)) Metabolomic profiling of twenty

metabolites from human tissues in six
........................................... studies

2014-05-02| E-TABM-290 | ArrayExpress

ST000403 | MetabolomicsWorkbench a Quantitative Proteomics Reveals

Metabolic Differences in Homing and Non-
Homing Glioma Stem Cell Xenografts and
Stromal Cells

EMBL-EBI




OmicsDI

ks

** AND instrument_platform:"Orbitrap" AND omics_type:"Metabolomics

o Examples: cancer, Homo sapiens, Orbitrap, Q3HAUS, Phospho, Hela

Omics Discovery
Index

Home Browse APl Databases Help About %™ Feedback

46 Q Results for search term: *:* AND instrument_platform:"Orbitrap" AND omics_type:"Metabolomics"
Page 12
Sort by:

Page size 15
1 Relevance Publication date & @

Showing 1-15 of 46

Show results for

QProteomics

@ Metabolomics (4 @ Metabolomics-based elucidation of active metabolic pathways In erythrocytes and HSC-derived reticulocytes

0 Transcriptomics o Human stem cell derived reticulocytes were compared with mature erythrocytes by metabolomics analysis.
@ Genomics (o ORGANISM(S): Homo sapiens

@ Multi-omics o

STO00403 | MetabolomicsWorkbench

Repository

(m TC and B6 untreated plasma in lupus-prone mice lipidomics (part-1l)

Find your repositories compare plasma samples from 3 month old lupus-prone (TC) and control (B6) mice
ORGANISM(S): Mus musculus

STO00310 | MetabolomicsWorkbench

MetabolomicsWorkbench (10)

@ Untargeted metabolomic analysis of the small intestinal content of malnourished mice

c: A total of 8 samples from 6 week old, female C57BL/6 mice, treated for 3 weeks with a malnourished diet or a control-fed isocaloric diet.
I . F_Y LR W kl - -~ -
TRl les were tf'a'ken from t'he small intestinal fecal content at the terminus of the ileum.

EMBL-EBI




Capturing Metadata: ISA-Tab format

—— mapper file chooser
= / .
Developed a user friendly way . / / Vo A
Wizar
visualization

ontology search

automated ontology tagging
spreadsheet-likg interface V-4 r — =7

/ = ||[|——

to capture standards-compliant / publication searcher
VAR Tl T il
metadata [ == 7/ » / / < co-o /

QR code generator
//I' E-' =

05GP ramevon] o
https://github.com/ISA-tools/ISAcreator Cm | Edim :

Q  Ontology search

https://github.com/ISA-tools/ISAcreator/wiki/APl =, Fropor s
https://github.com/ISA-tools/ISATab-Viewer Analysis
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ISAcreator — Using Ontologies

browse suggested ontologies (+) view history
Recommended Ontologiles All Ontologies
Search for: | Caenorhabditis elegans X _search

4 terms from 2 ontologies
NCBITaxon - NCBI organismal classification

Caenorhabditis elegans/Monacrosporium haptotylum mixed EST library(obo
NEWT - NEWT UniProt Taxonomy Database

v filter

Selected term. (You can also enter freetext here): NCBITaxon:Caenorhabditis elegans

Term name: Caenorhabditis elegans
Service Provider: BioPortal

accession: obo:NCBITaxon_6239
database_cross_reference: GC_ID:1
has_exact_synonym: nematode
has_obo_namespace: ncbi_taxonomy
has_related_synonym: Rhabditis elegans
oboInOwl:id: NCBITaxon:6239

rdfs:label: Caenorhabditis elegans
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Data Standards ; \WWhat 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

= Al
I cvList Prﬁélel;zl‘r:fcs
NMR analysis Standards
Initiative

All spectra were recorded on a I referenceableParamGroupList

|
|
<Varian NMR Instrument> Varian VNMRS 600 NMR | sampleList | im
Spectrometer </Varian NMR Instrument> | instrumentConfigurationList | spectrumDescription
operating at a proton NMR frequency of softwareList | F:‘:""’”’”s'
<Irradiation frequency>599.83 [QataProcessingList | | scan |
<M_egahertz>MHz</Megaheﬁz> </Irradiat!on frequency> = | binaryDataArray |
using a <cryoprobe>5 mm inverse detection — o |
cryoprobe</cryoprobe>. - .".a"nm =
1H NMR spectrumList
spectra were recorded [...]. Lspectrum L
[ spectrum |
— chromatogram
o | binaryDataArray |
\ | S |




Generating ISA-Tab metadata files from
metabolomics XML data

B £SYORIGIN= 1 G ( Additional

##$ZORIGIN= 0

$ N R
HNaCALE 4.4431242e-10 1 Metadata (CLI)
##SZSCALE= 1 ' o
ar 4028235e+38 [ Additional

: Metadata (GUI)
1

Study Name

Writer

Parser

MZML2ISA
NMRML2ISA

positive" .
P ". .y" "positive" "50 -
“t typeA : ‘E . stry" “positive" "50 - . ..
accession": "http metry" "positive" "50 - 19 . on r
Anal i "name": "electrosp Of"e:ry“ "POS%EVE" "gg - }ggt |1safl " I Sa
" w. upmcn rometry" "positive" "50 - d
na ySlS ref": "MS rometry" "positive" "50 - 2000

’ crometry" "positive" "50 - 1950 mm—"
Instrument": { rometry" "positive" "50 - 2000

" . w., on a rometry" "positive" "50 - 2000
con accession": "http: ‘ometry" "positive" "50 - 195/

"name": "LTQ Orbitg metry" "positive" 20"

o - :
" ref': ”M” °t:§" EEEES%EE — IIIIIIIIIMetabOnghtS

itiuan

Pipeline =«
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Metabolights — Study Validation Status

EMBL-EBI Services Research Training = About us

' 1 MTBLS1 "Search |
m‘ J /J r l’:% (_) (_) J f [' _J Examples: alanine, human, urine, MTBLS1

Home Browse Studies | . Browse Compounds = Browse Species Analysls Download Help Give us feedback ' About £, Submit Study /# Login

MetabolLights > Search

You are searching Metabol.ights Show morecata rom eveL£a) |

Filter your results 52 results, showing 1 (1] «< Pagelof6 > %
Type A metabolomic study of u changes in type 2 diabetes in human compared to the control group

compound Validations Status: ®

study

Release date: 14-Feb-2012
Organism

Organism

Homo sapiens
Homo sapiens

i udy Factors udy identifier:
Daphnia magna Study Fact Study identifier: MTBLSI
Saccharomyces cerevisiae Gender Total Study size: 229.97MB
reference compound ;
) ,po Metabolic syndrome Submitted by
Caenorhabditis elegans Reza Salek

Schizosaccharomyces pombe 972h-
Arabidopsis thaliana

MetaboLights - an open-access general-purpose repository for metabolomics studies and

associated meta-data. Nucl. Acids Res. (2012) EMBL-EBI




Metabolights — Study Validation detalls

Study Design Description Protocols Samples Assay ~ Study Files Study Validation X

Validations marked with (%) are specially approved by the MetabolLights Curators

Show 10 4 entries Search:
Condition |7 Status Description Requirement Group Message
4 PASSES Study Title MANDATORY STUDY OK
v PASSES Study Description MANDATORY STUDY OK
v PASSES Study text successfully OPTIONAL STUDY OK
parsed
v PASSES Study Contact(s) have MANDATORY CONTACT OK
listed email
4 PASSES Sample(s) MANDATORY SAMPLES OK
v PASSES Sample Name consistency MANDATORY ASSAYS OK
check
x FAILS Publication(s) associated MANDATORY PUBLICATION  Study Publication is missing

with this Study

v PASSES Minimal Experimental MANDATORY PROTOCOLS OK
protocol
INCOMPLETE Comprehensive OPTIONAL PROTOCOLS  Protocol description is not sufficiently detailed or not all required fields are provided. Missing field(s):
Experimental protocol Chromatography, Metabolite identification, Sample collection
x FAILS Sample Collection protocol MANDATORY PROTOCOLS Sample data is provided but no 'Sample collection' protocol is described
Showing 1 to 10 of 19 entries Previous - 2 Next
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Tools the way forward!

& GitHub, Inc. [US] | https://github.com/ISA-tools/isa-api [

rowing (] markiin ¢ Bookmarks World Time - World £ TeXMed - Exporting  [..] parcel tracking [..] house improvement (L] python and graph (] slack-channel [

BIOCRATES

LIFE SCIENCES
ISA API The Deep P! m

The open source ISA metadata tracking tools help to manage an increasingly diverse set of life | iS&tOOlS

science, environmental and biomedical experiments that employing one or a combination of
technologies.

Built around the ‘Investigation’ (the project context), ‘Study’ (a unit of research) and ‘Assay’ (analytical measurement) MA LIMS
general-purpose Tabular format, the ISA tools helps you to provide rich description of the experimental metadata (i.e. Lz L G R e e
sample characteristics, technology and measurement types, sample-to-data relationships) so that the resulting data and ProfectyTotehfattysckenelysiety8C:0Q (BakenIDE)

discoveries are reproducible and reusable. Bsieipiviaie
Project title: Total fatty acid analysis by GC-QQQ ( Baker IDI)
To find out more about ISA, see www.isa-tools.org Sy 2 ondlyse bY 2
Description:
To find out who's using ISA and about the ISA development and user community, see www.isacommons.org
The ISA API aims to provide you, the developer, with a set of tools to help you easily and quickly build your own ISA
objects, validate, and convert between serializations of ISA-formatted datasets and other formats/schemas (e.g. SRA Qlent: ey S

schemas). The ISA APl is published on PyPI as the isatools package.

Project managers: = Komal Kanojia (komal.kanojia@unimelb.edu.au)

David De Souza (desouzad@unimelb.edu.au)
*Note that the current version is a very early stage release (v0.1)* < Add @ Remove

=
Authors: The ISA team. Save ISA-Tab Export

License: This code is licensed under the CPAL License.

Repository: https://github.com/ISA-tools/isa-api [ | I ! ssing View Bucket MS/MS Similarity = H
ISA team email: https://groups.google.com/forum/#!forumv/isatools - =he Include Strength
V! -
ISA discussion group: https://groups.google.com/forum/#!forum/isaforum ample_1.d v z
= etz mple_2.d %] 3 hd
Github issue tracker: https:/github.com/ISA-tools/isa-api/issues ample_3.d 3 -
- —{ample_4.d % 3 M
ample_S.d 3 -
ample_6.d %) 3 -
ample_1.d 9 v
9 -

Toggle Include State

K| K| &| ]

[
|
‘ Import attributes
|
\

Export as ISA-TAB [\

8 Coffee_Strength_9_Sample_2.d
. 9 Coffee_Strength_9_Sample_3.d
10  Coffee_Strength_9_Sample_4.d
11  Coffee_Strength_9_Sample_5.d
12 Coffee_Strength_9_Sample_6.d
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Current way and ideal

Planning of Study,
experiment design,
samples selection
and treatments

Experimental
realisation

Y

Perform assays

1
J M

Metabolomics
raw data

Data
Processing

Data analysis
Statistics
Network analysis

A

Metabolomics (2016) 12:14
DOI 10.1007/511306-015-0879-3

Transfer
Meta Data
from lab book

Raw Data
conversion

ISA-Tab:

i_Investigation
s_Samples
a_Assays
m_Metabolites

i

illis, MetaboLights

REVIEW ARTICLE

Data standards can boost metabolomics research, and if there is

a will, there is a way

Wetlab
K_H

Planning of Study,

experiment design,

samples selection
and treatments

" ISA-Tab:

i_Investigation
s_Samples
a_Assays

m_Metabolites

v

Experimental
realisation

Tl

| &

Metabolomics

Data re-use

raw data

y

- ISA-Tab:

i_Investigation
s_Samples
a_Assays

m_Metabolites

N\ /_%

Data
Processing

.|||I||.. MetaboLights

v

Data
Processing

"~ ISA-Tab:

i_Investigation
s_Samples
a_Assays
m_Metabolites

Data analysis
Statistics

v

Raw Data
conversion

=

Network analysis

/i

Data analysis
/ Statistics
Network analysis

J
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Samples  ac  cs | s3 | s7 | ¢

Technical Triplicates c5 cs c5”

DIMS Data Collection

)

33

T

3

Instrument .RAW files IRFS5 | IRFC® | IRF” — IRFS3 | IRFS¥ [ IRFS” — IRF- IRF-* IRF-"
Averaged Transients ATCS | ATCS | ATCS" ATSS [ ATS® | ATS3" AT AT AT-"
[ | I [ | I I [ |
Apodisation, Zero-filling and FFT ) TIC
¢ ¢ ¢ ¢ ¢ Filtering
Frequency Spectra | Fses [ Fseo [ rse | [ rs [ Fs [ rs | [ Fs [ Fse [ Fsv |

Calibrant List C

Mass Calibration and SIM-stitching

)<_

v

v v ¥ 3

v__ 3

Stitched Peak Lists

[ spres [ spres [ispres | [ spuss [spiss [spissr | [ spe | spie [ sp |

Replicate
Filtering

N\

B\

Replicate
Filtering

2\

Replicate
Filtering

Replicate Filtered Peak Lists

Sample Filtered Peak Matrix

RFPLS?

Sample
Filtering

SFPM

RFPLblank

Blank Filtering

Missing-value
Filtering

C PQN Normalisation )
v

| SFPMFaN |

li

Batch
Correction

Spectral
Cleaning

| T e |

[ s

|7

Impute Missing Values using KNN

|

| SFPM PN +KNN |

|

|

| SFPM PQN + BATCH + KNN |

| SFPM PQN + BATCH + CLEAN +KNN |

Glog Transformation

y

[ oo ]

v

D)
!

| SFPM PQN + BATCH + KNN + GLOG |

| ‘SFPI PON-+ BATCH + CLEAN + KN + GLOG |

Complex analysis pipelines

\ - ’ ~Ih+ ~ Searcl
jlhu VietaboLignts (R

Metabolights >

BLS79: Direct infusion mass spectrometry metabolomics dataset: a
benchmark for data processing and quality control
& Share Study | £)View all files

Submited: 01-Apr-2014 ,Release date: 05-Jun-2014

Jennifer Kirwan , Ralf Weber , David Broadhurst , Mark Viant Other identifiers: SDN_DIMS

Study Design Description Protocols Assay Study Files

Download whole study | [ Download metadata ] View all files
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PhenoMeNal - Goal

Data Producer Tool maker Infrastructure

I ﬁ provider
Data contaiTe# Package Compute ==

tool Infrastructure

- 2

PhenoMeNal VRE Portal

J
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Key objectives

« Understand the computational needs of the Metabolomics
Community.

 Integrate and scale existing Open Source tools into a well-
tested e-infrastructure. Software tools Public Data |

ooy —

Today
| _ () PhenoMeNal
~ w Computer
Scientist

= SE= H"N

Data Analysis Scientists




Major revolution
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Same in software

Developer's  Pl's Cluster Cloud Collaborator’s
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\/ R | P O r-t al @PhenOMeNa/ Home Cloud Research Environment App Library Help
Cloud Res: vironment Portal

An easy to use, cloud based scalable
Alllibraries i the App Library run software infrastructure for metabolomic

— re e l | S a | I IR within the Cloud Research Environment
on the cloud. This simplifies running researc h
and maintaining applications.

A Want to give it a go?
Access to the Virtual Research Environment is
. . through Open Source scientific web environments Create
— o such as Galaxy Workflow or Jupyter IPython Cloud Research Environment
O u n C I O n a I y coding web environment.

| ]
ru n n I n g . Test drive our Cloud Research Environment Find out more
Ll Jupyter IPython

Note that this is a public instance accessible by everyone

- Public instance

aCCess. The open-source App Library provides
a catalogue of free Metabolomic data

analysis libraries available within the

- App Library, hooked Cloud Research Environment

With user feedback and ratings it is easier to choose the best software for
O p p . your analysis
Browse App Library

- Documentation.

s
P
Send s

Access your Cloud Research
Enviroment through standard scientific
open-source web environments,
Galaxy Workflow tool and Jupyter
coding environment

pr——
i and Se

. Subiract and oo
Comen Facmass

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

- e

« et
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MetabolLights — The team

Venkata
Chandrasekhar

Christoph Steinbeck

Previous: Paula de Matos, Mark Rijnbeek, Tejasvi Mahendraker, Pablo Conesa
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EBlI PhenoMeNal — The team

g Reza Salek

Sijin He

Christoph Steinbeck ’ Namrata Kale
4

i Kenneth Haug

Pablo Moreno
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COSMOS consortium

'SEVENTH FRAMEWORK
PROGRAMME




PhenoMeNalconsortium
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Funding and Collaborators

95 BBSRC

b|0$C|ence for the future

EMBL- EBI 3 3 ¢ ‘ isasoftwaresuite

= UNIVERSITY OF
4% CAMBRIDGE

Human
Nutrition

MRC Research

Improving health through nutrition research

SEVENTH FRAMEWORK
PROGRAMME

EMBL-EBI




