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New emerging field of “OMICS” research (which includes genomics, proteomics and
metabolomics) concerned with comprehensive characterization of the small molecule
metabolites present in biological systems.

Omics & Systems Biology
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» Measurement of the dynamic multiparametric metabolic response
of living systems to pathophysiological stimuli or genetic
modification (Nicholson, 1999)

— quantitative measurement of the time-related “total” metabolic
response to pathophysiological (nutritional, xenobiotic, surgical
or toxic) stimuli

» MetabolLomics - the picture, MetaboNomics — the movie

* Nowadays, everything is Metabolomics
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« “.the complete set of

metabolites/low-molecular-weight
intermediates, which are context
dependent, varying according to the
physiology, developmental or
pathological state of the cell, tissue,
organ or organism...” (Oliver 2002)

» Origin: Endometabolome, Microbiome,
Xenobiome, Nutribiome...

* Nature: Glycome, lipidome,
sphingolipidome, peptidome...

* Metabolome < Phenotype
biom
. e
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e QOverview of the metabolic status and global biochemical events associated with a
cellular or biological system.

— Pathological situations without known mechanism, i.e. relationship between obesity
and insulin resistance
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What metabolomics can provide (ll)
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e Identification (proposal) of new biomarkers, important in the

process of new drug discovery or as in vitro diagnostics tools.

— For instance, new diagnostic biomarkers for aggressiveness

in chronic lymphatic leukemia

kers of

Acatylcomitine 0.695
Butyrylearitine 0.548
Hexanoylcamitine 0.690
Detanayleamitine 0.651
Decanoylearmitine 0.662
Palmitey! lcarnitine a7e
Dodecanamide 0.497
Hexadecanamide 0516
Cleamide 0.600
Lincleamide 0.672
Acyleamitines® 0743
Fas® 0.662
Acyleamitines and FAA 0750

(%)
432
108
27.0
297
27.0
40.5
8.1
5.4
189
16.2
324
139
540

(%)
3.0
¥8.0
F6.0
¥5.0
F4.0
94.0
100.0
100.0
960
8.0
95.0
P60
8%.0

Metabolite auc  Sensitivity Specificity  poy o)

86,1
B4.4
87.1
85.6
81.8
87,1
100.0
100.0
825

ive state of CLL

NPV (%)

621

52.4
56.8
57.5
56.3
41.2
5210

51.4
54.2
539
58.4
527
659

What is metabolomics good for.....
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» searching for metabolic differences between groups of samples (case vs control;

before vs after treatment; One condition vs another)

+ identifying compounds that are significant and proposing the mechanisms

+ finding out information about the phenotype
» observing the effects of a treatment
« finding new drug targets

What is metabolomics NOT....

« a method to reveal the fate of a metabolite or drug
» a method for quantification

» the use of a simple kit to quantify a grouop of metabolites (it requires NMR, MS...)

» Possible without simultaneous comparison of samples




Definition of Metabolism
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The complete group
of (bio)chemical
processes within an
organelle, cell,
tissue, organ or
organism, essential
for life

Analytical approaches in metabolomics
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I Global metabolic profile

I Quantification of specific metabolites I




Three ways to do metabolomics

@ Metabolome analysis q

METABOLITE METABOLITE TARGET
mmum PROFILING ANALYSIS

sample treatment standards for quantification selectivity +

non-biased sample  data treatment -
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ANALYTICAL TECHNIQUES

GC/MS: Small polar compounds

— Mainly water soluble (some hydrophobic)

— Sample treatment: Derivatization

— Fragmentation reproducible - databases
NMR

Water-soluble

— Virtually no sample treatment
— High LOD

LC/MS
— from small to large (<1500 Da) medium to non-polar metabolites

CE/MS: Small-medium polar compounds

— Amino acids, acylcarnitines, polyamines, etc.

No derivatization

ACLiTeSci 2
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MS Based analytical platforms in metabolomics

ACLiTeSci 2

Analysis Application Advantages Disadvantages
Technique

GC-MS Separation, High chromatographic Inability to analyze
identification, and resolution, availability thermo-labile and high
quantification of of large spectrum molecular weight
volatile and thermally libraries for metabolites | metabolites, the
stable less polar identification. requirement of
metabolites. derivatization for non-

volatile metabolites.

LC-MS Separation, High sensitivity, large Limited availability of
identification, and sample capacity, commercial libraries,
guantification of very derivatization not restriction on LC eluents,
broad groups of required, ability to matrix effect, limited
metabolites, analyze thermo-labile potential in identification
depending on the type | compounds. unless an MS-MS
of column and mobile technique is used.
phase.

CE-MS Separation, High resolution and Limited availability of
identification, and rapid analysis, utility for | commercial libraries.
quantification of polar | complex biological Buffer incompatibility,
and ionized samples, even ifin a detection limits. Limited
metabolites, using small volume. potential for
reduced sample identification unless an
volumes. MS-MS technique is used.
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Metabolomics

A: QCs (red dots) clustered together B: QCs spreaded

DATA TREATMENT IN METABOLOMICS: MdlifeSei 2,

Signal Processing + o

Raw data processing || Data pre-processing || Data pre-treatment Data treatment

* Noise reduction

I * Peak detection I
* Alignment

* Data filtering

* Missing Values

DATA PROCESSING PIPELINE

* Normalization I * Metabolite indentifcation
» Transformation » Statistical analysis:

* Scaling Multivariate & Univariate

* Raw data file conversion




ANALYTICAL TECHNIQUE: GC-MS MCTifeSci 2,
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Gas chromatography coupled to mass spectrometry

Gold standard
— Highly sensitive and reproducible
— Information: Quality and Quantity
— Spectrum libraries for identification purposes
— 10-20% of the known compounds can be analyzed by GC

* High metabolic relevance

(a) 3D Data of GC/MS, (b) Extracted lon chromatogram for the selected ion
(c) Asingle data point in time gives a single mass spectrum
adapted from Chromatography today
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Coelution of 3 compounds
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After deconvolution

a) Before and b) After the deconvolution process
adapted from https://www.agilent.com/cs/library/Support/Documents/f05017.pdf




AACTifeSei 2,
o= CLEU

4

Deconvolution in LC-ESI-MS and CE-ESI-MS
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« Peak-based methods

* Molecular Feature Extractor (Agilent) considers the accuracy of the mass
measurements to group related ions by charge-state envelope, isotopic
distribution, and possible chemical relationships when determining whether
different ions are from the same metabolic feature.

* |t can consider also related ions like adducts: proton, sodium, potassium and
ammonia adducts in positive ionization or loss of a proton, adducts with formate,
etc. in negative ionization mode.

ACTifeSei 2,
== CEU

4

After Deconvolution

Universidead
San Pablo

a ) i ‘ x10 & [Cod 18 1.108 1130589 -ES! ECC Scan Sample12A_pos_1 d
{ 11

26 28 3 32 34 36 18 4 42 44 4 @1 S

— 12 14 16 18 2 22 24 2%
3 8 5 18 Counts vi. Acousfon Tima (i)

8 04 06 08 1

<10 5|Crd 18:1.108113.059: +ESI MFE Speckum (11996-1.354 min) Sample124_pos_1.d
254 *114lo862

b) ik

Neutral Mass = 113.0589

Q71246
(IMeH)e

136.0474 1520218
(MeNaj+ Mok

I

2431066
{2MsNa)e
l

10 120 130 140 150 160 170 160 190 200 210 220 230 240 20 260 200

Thompsonsvs. Mass4o-Charge (m/z)

a) Total lon Chromatogram

b) Chromatograms from every single compound obtained after deconvolution




Chromatogram or features list?
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Alignment

— Peak shifts are observed across the RT axis
— Two groups:
 data are aligned before peak detection
» peak-based alignment methods: detected spectral peaks are aligned across
samples.

« softwares:
— MetaboAnalyst (metaboanalyst.ca)
— mzmine and mzmine2 (http://mzmine.sourceforge.net/)
— metAlign
— BinBase (fiehnlab.ucdavis.edu)
— xcms and xecms2 (Scripps)
— metaXCMS (Scripps)
— XCMS Online (Scripps)

Missing values

— Problems in further analysis

— Different strategies
* Replace by the half of the minimum, by mean/median, k-nearest neighbour (KNN),
probabilistic PCA (PPCA), Bayesian PCA (BPCA) method, Singular Value Decomposition
(SVD) ...

Filtering
— Variables of very small values - detected using mean or median

— Variables that are near-constant - detected using standard deviation (SD)
— Variables that show low repeatability - measured using QC sample




Data pretreatment

e Normalization o

Sample-specific normalization (i.e. weight, volume)
Normalization by sum or median

Normalization by reference sample

Normalization by a pooled sample from group control
Normalization by reference feature

Quantile normalization

ACLiTeSci 2
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Data scaling

— Mean centering

— Auto scaling (mean-centered and
divided by the standard deviation
of each variable)

— Pareto scaling (mean-centered
and divided by the square root of

standard deviation of each
variable)
— Range scaling (mean-centered

e Data transformation

— Log transformation

_ Cube root transformation and divided by the range of each

variable)

ACLiTeSci 2
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Statistics for Metabolomics

AIMS to:

o detect differences between sample groups at the chemical level
0 rank compounds by relative importance for sample differentiation

VARIABLES |

J Independent
o dependent variable: represents the output Variable
or effect, or is tested to see if there is effect, '( (
e.g.: abundance of metabolite e Influences
o0 independent variable: represents the inputs .,’ C in theGE
or causes, or are tested to see if they are the )
_ " 2 -
causes, e.gtg.. treatment conditions within the Dependent “
experimen / Variable -
TYPES

S

0 Univariate analysis UVA:
o Normal distribution: Student’s t-Test, ANOVA,
o Non-normal distribution: Mann-Whitney U-Test, Kruskal-Wallis

o Multivariate analysis MVA: PCA, PLS-DA, OPLSDA
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6 used as a tool in exploratory data \

analysis
0 each dot graphically represents each
sample measured

G 2
o the algorithm has no knowledge of the (OUE @
group associations of the samples —
unsupervised analysis

Y-Axis

Group 1

o first principal component explains most

of the variance
vari L

o compound loadings indicate the impact

. Group 3
of that compound on the analysis - Tz

0 each dot is the sum of the compound
loadings for a sample

o the tightness of the clustering reflects

\the variance of the samples /

Group4 &5
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an algorithm using past data to predict the

results of future observations

+ the algorithm has knowledge of the
group associations of the samples —
supervised analysis

« common algorithms

— Partial Least Squares
Discriminate Analysis (PLS-DA)

— Support Vector Machine
— Decision Tree

— Naive Bayes

K— Neural Network /
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Partial Least Square - Discriminant Analysis
Projection on Latent Structures - Discriminant Analysis

-~

a statistical method that bears some relation to principal components analysis (PCA) but\
is a supervised analysis

o0 creates a linear regression model by projecting the predicted and observable variables to a new
space

o well suited when there are more predictors (compounds) than observations (samples)

o0 each compound has a t-score that represents its impact on the prediction
\o a prediction confidence value is assigned when the model is run j
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assesses accuracy of prediction rule that is built and provides an indication of over-
fitting models:

all samples in the training set except one is used to build the prediction rule

using this rule, the class of sample that was left out is predicted

the sample is returned to the training set while a different sample is left out and the prediction
rule is built with remaining samples

this process is repeated until each sample in training set has been predicted exactly once
the number of correct and incorrect predictions is then tallied to determine the success rate

. samples in the training set are randomly divided into N equals subsets, maintaining relative
classes frequency

. N-1 subsets are then combined for training and the remaining set is used for testing

. repeat step 2 step with each group left out in turn

. repeatstep 1, 2, 3 M times

. each sample gets predicted M times and majority class predicted over these M times is

reported in validation results

ANCiTeSci 2,
Identification & cru

Database matching using ks
accurate mass measurement

Database matching with isotope
pattern matching

Database matching with isotope
pattern matching and retention
time

4. MS/MS library matching

5 MS/MS library and retention time
matching
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DATABASE CLASIFICATIONS

+ Based on Spectral input

— Mainly small molecules and not only metabolites

— NMR
— MS or MS/MS

 Based on compound information

ANCLiTeSei 2
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— Compound name, structures, physical properties, identification

 Based on Metabolic pathway database

— Metabolites, xenobiotics, proteins, signal pathways

 Complete Metabolomic database

— A combination of the previous ones

Database List in 2018

Name

KEGG

://www.atipd.ethz.ch KEGG Glycan
http://bigg.ucsd.edu KNApSAcK
http://biocyc.org/ LipidMaps
http://bionumbers.hms.harvard.edu/ MarkerDB
http://www.bml-nmr.or MassBank
http://www.bmrb.wisc.edu/metabolomics MetaboAnalyst
http://www.cowmetdb.ca/cgi-bin/browse.cgi Metabolights

http://www.ebi.ac.uk/chebi MetaCrop
https://www.ebi.ac.uk/chembl/about# MetaCyc
http://www.ebi.ac.uk/chebi METAGENE
http://chemminedb.ucr.edu METLIN
http://www.chemspider.com MMCD
http://ccd.chemnetbase.com/intro/index.jsp#abo
ut mzCloud
CSF Metabolome Database http://www.csfmetabolome.ca oMIM
CyberCell Database http://ccdb.wishartlab.com/CCDB/ OMMBID
http://www.drugbank.ca Oryzabase
http://www.ecmdb.ca PepBank
://web.expasy.org/pathways, PharmGKB
://fiehnlab.ucdavis.edu/Metabolite-Library-
PMN
://www.foodb.ca PubChem
://gmd.mpimp-golm.mpg.de Reactome
http://metabolomics.pharm.uconn.edu/iimdb RiceCyc
Serum Metabolome
http://www.genome.jp/ke Database
http://www.genome.jp/ke lycan SetupX & BinBase

ANCLiTeSei 2
&= cru

Universidad
San Pablo

://prime.psc.riken.jp/?action=metabolites index
http://www.genome.jp/ke lycan
http://prime.psc.riken.jp/?action=metabolites index
http://www.lipidmaps.or;
http://www.markerdb.ca/users/sign in
http://www.massbank.j
http://www.metaboanalyst.ca/MetaboAnalyst
http://www.ebi.ac.uk/metabolights/index
http://metacrop.ipk-
gatersleben.de/apex/f?p=269:111:
http://metacyc.or
http://www.metagene.de/program/a.pr.
https://metlin.scripps.edu/index.ph
http://mmcd.nmrfam.wisc.edu

https://mzcloud.or;
http://www.ncbi.nIm.nih.gov/omim
http://ommbid.mhmedical.com
http://www.shigen.nig.ac.ip/rice/oryzabase
http://pepbank.mgh.harvard.edu
http://www.pharmgkb.or:

http://www.plantcyc.or
http://pubchem.ncbi.nIm.nih.gov
http://www.reactome.or;
http://pathway.gramene.org/gramene/ricecyc.shtml

http://www.serummetabolome.ca
http://fiehnlab.ucdavis.edu/projects/binbase setupx
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Devoted to metabolite annotation.

Performs searches over unified compounds
from different sources.

Apply knowledge based on the input data
given by the user.

Aid to identify oxidized lipids.
http://ceumass.eps.uspceu.es/mediator

Mode (*): Adducts (*):

calculation of new m/z from neutral
mass based on selected adducts

b'd
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1 [LIST OF COMPOUNDS

2 | Ezpe Iden Weigh Name Formula cas Kegy  HMDE Lipiliaps Metln  EubChem  InChiKey Pathways

3 7732 MH 353.3349 L-palmitagleamitine C23H4EMO LMEAOTO7007Y HOMRRGHIHMYIMOC-NRF ANRHFS A1

[ 17761 MH 399.3349 O-palmitayloaritine CZIHABN LLEANFO70058 ROPRRGRKHMYIMOC- JHFFF ADYSA-N

5 TFEET MeH 399.3349 Palmitoylcarnitine C23H45M04 2064-67-2 L2090 HMDE000022Z LMFAOFOTO004 26667 TM9SS1E  WKOMRRGHKHMYMOC-OAQYLSRUS Eatry scid Metsbolism  Eattya

& 0 Mia Mo compounds found for esperimental mass 3383367 and adduot:

7 13882 MaNHS 3823083 methyl 9-butglpercy-10.2-octadecadiencate C23H20% LMEAMMONIE 74461 HVZNKF ORHKMPCH-ZAPIVE JS AN

& 13443 MUY 3823083 methul 13-buryiperoey3,M-ootadecadiennate CaHe204 LMEANMINGT  T4462 GUWYTNFTRALBO-AEFWDTSSEA M

E] 35769 MehlH4 382.3083 Lepidumterpenyl ester CZ3Hs208 HIMDB0036EEE "aE63 172320 PASMASGUCOKBJK-UHFFFAQYSAN

10 53861 MaNH4 3623053 ME00R20:2(11Z, Z)H0k0) C23He204 HIADEOiT54 5232 BMENGRE  PMUSUEZTCFTEMO-HZSYTTRNS AN

1 52648 MehH4 3823083 ME(20:2(11Z,HZ)0:0M0:0] C23H4z04 HIMDB001I5?: 62358 GM3038F QRBGFYBOCEYOSN-KOTZR/SHSA-N

i G063 MaNH4 3623053 Persenone B C2aHe204 HMDE0R38E "ati4s RILHNGLZUOMHEHE-SLYRVAYSA-H

] 0 MeH-HO) Mo sompounds found for eaperimental mass 339.3367 and adduet: |

M 16968 MoH 4213192 Gamma-linolenyl ¢ amitine C2EH4IND HMDEOMEHE LIMFANTONES) 53369 "BMTIH0  VDPMHVILMVSAGH-EAHSRKMESA-N

% 96332 eH 4213182 Alpha-linclenyl camitine C26H43M04 "ha2a0 "BR477E2|  DFWRGGHKDAHTIL-UHMZISMFEA-N

i 126612 M.H 4213205 AGELASINE C26HI9NS "aar

7 138401 MH 421312 Latanoprost ethyl amide-d4. C2EHIE04M04 "aga7y

] 17732 MuNa 353.3349 L-palmitagloamitine C23H4EMO LME Q7070079 HOMARGHHMYIMOC-NRF ANFHFS A1

] 17761 Msbla 399.3349 O-palmitayloaritine CZIHABN LLEANFO70058 ROPRRGRKHMYIMOC- JHFFF ADYSA-N

20 17657 Mella 399.3349 Palmitoylcarnitine C23H45M04 2064-67-2 L2090 HMDE000022Z LMFAOFOTO004 26667 TM9SS1E  WKOMRRGHKHMYMOC-OAQYLSRUS Eatry scid Metsbolism  Eattya

El] 1284 MANHY 404.2927 talpha,25-dibyhony-21-nor-20-0savitamin O3 Falpha 25-diydrony- 2| C26HS004 LMETO020028 41870 ADMOZOOKWZZ THY-DOGZISIESA-M

2 1295 MoNHS 404.2927 Talpha,25-dihydrany-24 in 0 Halpha,25-dihyd C25H4004 LIMSTO2020030 41971 UMFLCGLUMNECT-NPNEGCSOS AN
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Confirmation by Standard addition

13
12

X105 [+ESI EIC(130.0863) Scan Frag=125.0V TRT_pipecolic.d '
14

A

s 12
Counts vs. Acquisition Time (min)

14 145

X103 |+ESI EIC(161.1285) Scan Frag=125.0V QC_MIX_C.d

—
108 11 112 114 116 118
Counts vs. Acquisition Time (min)

12 122

124

Pipecolic acid

Methyl-lysine
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From Lists to Pathways

metabolomics

Retenton | Conc.in Retenton | Conc. in
Time Urine Time Urne
Compound (min) v Compound (min) M)
Dns-o-phospho -L-serine 092 <DL*  Dns-lle 635 2
Dns-o-phospho -L-yrosine 095 <DL Dns-3-aminosalicylic acid 644 05
Dns-adnosine monophosphate 099 <DL Dns-pipecolic acid 650 05
Dns-o-phosphoethanolamine 106 16 Dns-Leu 654 54
Dns-glucosamine 106 2 Dns-cystathionine 654 03
Dns-o-phospho -L-threonine 1.09 <DL Dns-Leu-Pro 660 04
Dns-6-dimet hylmine purne 120 <DL Dns-5-hydroxylysine 665 16
Dns-3-methyl -histidine 122 80 Dns-Cystine 673 160
Dns-taurine 125 834 Dns-N-norleucine 681 01
Dns-carnosine 134 2 Dns-5-hydroxydopamine 747 <DL
Dns-Arg 153 36 Dns-dimethylamine 7.33 293
Dns-Asn 155 133 Dns-5-HIAA 746 18
Dns-hypotaurine 158 10 Dns-umbelliferone 747 19
Dns-homocarnosine 161 39 Dns-2,3-daminoproprionic acid 763 <DL
Dns-guanidine 162 <DL Dns-L-omithine 7.70 15
Dns-Gin 172 633 Dns-4-acetyamidophenol 7.73 51
Dns-allantoin 183 38 Dns-procaine 773 89
Dns-L-citrulline 187 29 Dns-homocystine 7.76 33
Dns-1 (or 3 -}-methylhistamine 194 19 Dns-acetaminophen 797 8
Dns-adenosine 206 26 Dns-Phe-Phe 803 04
Dns-methylguanidne 220 <DL Dns-5-methyo xysalicylic acid 804 21
Dns-Ser 224 511 Dns-Lys 816 184
Dns-aspartic acid amide 244 2% Dns-anine 817 <DL
Dns-4-hydroxy -proline 256 23 Dns-leu-Phe 822 03
Dns-Glu 257 21 Dns-His 835 1550
Dns-Asp 260 90 Dns-4-thialysine 837 <DL
Dns-Thr 303 157 Dns-benzylamine 838 <DL
Dns-epinephiine 305 <DL Dns-1ephedrine 850 06
Dns-ethanolamine 3n 471 Dns-tryptamine 863 04
Dns-aminoadipic acid 347 70 Dns-pyrydoxamine 894 <DL
Dns-Gly 343 2510 Dns-2-methyl -benzylamine 924 <DL
Dns-Ala 388 503 Dns-5-hydroxytrptophan 925 012
Dns-aminolevul 397 30 Dns-1,3 diaminopropane 944 023
Dns-r-amino -butyric acid 398 46 Dns-putrescine 960 05
Dns-p-amino -hippuric acid 398 29  Dns-12-diaminopropane 966 01
Dns-5-hydro xymethyluri 458 19 Dns-tyrosinamide 9.79 29
Dns-tryptophanamide 470 55  Dns-dopamine 10.08 140
Dns-isoguanine 475 <DL Dns-cadaverine 1008 008
Dns-5-aminopentanoic acid 479 16 Dns-histamine 1019 04
Dns-sarcosine 481 72 Dns-3-methoxy -tyramine 1019 92
Dns-3-amino -isobutyrate 481 85 Dns-Tyr 1028 321
Dns-2-aminobutyric acid 491 17 Dns-cysteamine 1044 <DL
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Pathway Databases

Rich source of biological data that relates metabolites to

ANCLiTeSei 2
&= cru

genes, proteins, diseases, signaling events and processes

Provide various tools to permit visualization and
gene/metabolite mapping

Often cover multiple species

KEGG (www.genome.jp/kega/), BioCyc/MetaCyc

(https://biocyc.org/), SMPDB (www.smpdb.ca), Reactome
(www.reactome.org), WikiPathways
(http://www.wikipathways.org)...
“Strictly speaking, one could argue that pathways don't
exist... there are only networks.” (WikiPathways.org)

Universidad
San Pablo

KEGG - Kyoto Encyclopedia of Genes and

Genomes

Fle Eat view Favorkes  Todls  Help

Ou - © REG P doe @ 35 B-1JB

Address |8 fnikegalr

3 Pentose phosphate pathway - Reference pathway - Micresoft Internet Explorer

Fle [t Vew Favokes

ciress | g et e, gt A boet-bewes Bt otrrocurd+COSTRS

Telp
Qe - O HREG P e @3-S @=-LJB

ANCLiTeSei 2
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| FENTCSE PHCSFHATE P.'\THWJ\Y/

[bc COMPOUND: CO0158
% Pentose phosphate pathway - Reference pathway
[ Pathway menu | Orthalag tabls ] [coon:
Rulerone: pathway - Cyrfent salaction  Select 1-5. ~1,%-Lactane;
o1 :
o
N
b-g,
7 L
o
o 15 3

http://www.genome.jp/kegg/
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Over Represgntation Single Sample Profiling Quantitative Enrichment
Analysis Analysis
Compound concentrations Compound concentrations Compound concentrations
Compound selection Compare to normal
(t-tests, clustering) references
\ 4
; Assess metabolite
Important compound lists Abnormal compounds set directly
/ Find enriched biologicalthemes
ORA input Vv
For MSEA

> Metabolite set libraries

N

A 4

Biological interpretation

MCTifeSci 2,
Start with a compound List & crt
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g Teasr .
= MetaboAnalyst W S
i U = - a web service for metaboldiiiie tata &)
ihih‘lﬁi L . L I ' bk

'
QHO”"E‘ Statistical Analysis | Pathway Analysis Time Series Other Utilities

» A list of compound names (over representation analysis)

| » A list of compounds with concentration values (single sample profiling) ‘

| » A concentration table (quantitative enrichment analysis) ‘

G}Home Statistical Analysis Pathway Analysis Time Series Other Utilities

» A list of compound names (over representation analysis)

| ®» A list of compounds with concentration values (single sample profiling) |

| » A concentration table (quantitative enrichment analysis) |




Concentration Comparison

Comparison with Reference Concentration

Note: refersnce concentrations are in the form of mean(min - max) format. In cases where the ranges were not

reported in the original literature, the min and max were calculated using the 95% confidence intervals. In the
Comparison column, H, M, L means higher, medium (within range), lower compared to the reference

concentrations. Click the Image Icon link to see a graphical summary for the comparisons.
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Data check

M g value

Data fitter

Enrichment

Pathway

Peak search

¥y ¥ ¥y ¥y ¥y757

Metabolitez
Download

Log out

| Compound Concentration | Reference Concentrations Comparison | Detail | Include

L-lzoleucine 0.3z

Fumaric acid 0.47

Succinic acid g4

Methylhistidine

L-Azparagine | 19.62

L-Threonine 93.19

M = r

1 =

0.58

Methylhistidine |~ e TR ' -

Quantitative Enrichment Analysis

Statistics

Enrichment

[
>
[
»  Pathway
>
[
=

Statistical Analysis Pathway Analysis Time Series Other Utilities

» A list of compound names (over representation analysis)

| ® A list of compounds with concentration values (single sample profiling) |

¥ A conce ion table (quantitative enrichment analysis)

Upload your concentration data (.csv)
@Fcrmat

Browse..

Compound Label Type: Compound names | ¥
Phenotype Label: Dizcrete (Classification) =

Try our test data:

Data Compound Phenotype  Description

Urinary metabolite concentrations from 77 cancer
* Dpatal Common name  Discrete patients measured by 1H NMR. Phenotype: N -
cachexic; ¥ - control
Urinary metabolite concentrations from 97 cancer
patients measured by 1H NMR. Fhenotype: muscle

' Data2 PubChem CID  Continuous R . .
gain (percentag Nin 100 days, negative values

Submit
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RESULT

LA IS ML NI | AR ILIE MIE AL
GLUTAMATE METABOLISM
AMMONIA RECYCLING
INCEITOL METABOLISM
SPHINGOLIFID METABOLISM
FYRUVATE METABOLISM
GLYCOLYSIS

INSULIN SIGNALLING

FRUCTOSE AND MANNOSE DEGRADATION
GITRIC ACID CYCLE

PURINE METABOLISM

MITOCHONDRIAL ELECTRON TRANSPORT CHAIN
UREA CYCLE

ASPARTATE METABOLISM

PHENYLALANIME AND TYROSINE METABOLISM
CATECHOLAMINE BIOSYNTHESIS

»  Time Series
»  Peak zearch
*  letabolites
Downlead

Log cut

BILE ACID BIOSYNTHESIS

FYRIMIDINE METABOLISM

CYSTEINE METABOLISM
GLUCONECGENESIS

GLUCOSE-ALANINE CYGLE

HISTIDINE METABOLISM

ARGININE AND PROLINE METABOLISM
TYROSINE METABOLISM

PHOSPHOLIFID BIOSYNTHESIS

PORPHYRIN METABOLISM

TAURINE AND HYPOTAURINE METABOLISM
ALANIME METABOLISM

OXIDATION OF BRANCHED CHAIN FATTY ACIDS
BETA OXIDATION OF VERY LONG CHAIN FATTY ACIDS
STARCH AND SUCROSE METABOLISM
MALATE-ASPARTATE SHUTTLE

LYSINE DEGRADATION

BIOTIN METABOLISM

KETOME BODY METABOLISM
PANTOTHENATE AND COA BIOSYNTHESIS
BETA-ALANINE METABOLISM
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Fold Enrichment

Metabolite Set

H TRYPTOPHAN METABOLISM 34
. PROPANOATE METABOLISM 18
. BETAINE METABOLISM 10
. METHIONINE METABOLISM 24
—

| Total | Hit | Statistic | Expected | P Value | Holm P | FOR | Details
2 |15.088 1.3158 5.3712E-5 | 0.0024707 | 0.0020529 .|..*1L
1 17.695 1.3158 1.3942E-4  0.0082741 0.002052% .l..*ll..
Z 1431 13158 1.4515E-4 | 0.0083865 | 0.0020529 .I..‘l
4 | 11.386 1.3158 1.7852E-4 | 0.0076762 | 0.0020529 .l..‘l .

Metaboanalyst
Metabolic Pathway Analysis (MetPA)

MULiTeSei 2,
+ CEU
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Purpose: to extend and enhance metabolite set enrichment analysis for

pathways by
— Considering the structures of pathway
— Dynamic pathway visualization

Currently supports ~1500 pathways covering 17 organisms (based on KEGG)
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WorkflowqMetabolomies 3.0
o Vel he- el e 1 e '] atud v analyss
G ) andl annotation for Metabolemics o Ao MSCorven
: ' TR
e . fee Vendor: [¥)
STEP 2 STEP 3 STEP 4 M5 Levels:
Requestan account || Comnect 1o Gatary || Uplaad your data | | Mk reproducitie -

| ~Galaxy | am ?gw ) ()

Output Drwctony

=Y
Optons
Outpus fomat: [mXL_v] Extonson:

By encoding precision: @ G4be 0 326k
Witeindex: [ Use 2 compresson: [

[ Usethese setings nest e | tan MSConves |
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Edt View Tools Windew Help -2 x

3 Fe
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Dy Toaimburmt [ mizargnis I
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e | i)
R
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Sow  Loaw
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Tew ¥ Mty
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o WorkflowsMetabolomies 3.0

*
STEP 1 STEP 2 STEP 3 STEP 4
Request an accownt i Convect 10 Galary Upload your data | | Maka reproducitie

[ S ki

= | emm | Cem | S
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= Galaxy / 4 / Metabolomics

Tools & & “ History el
Uptond File from yosr . Unnamed histery

computes

e Workflow4metabolomics e ..
R @) Current version : 3.0 e
statitcal anstess ol Evenwa . Tt s Chisiophs Care (Z014). WorkRemaWetEbolomicet A

Annotation f

s

Preprocessing

‘Nermalisation 2

T ) Latest news

Annotation . m}ﬂl,- LE-MS: A new gl e e

v « 20/T42017 - - cnack ey

Preprocessing

Normalivation + Changeicg

Qualitx Contrs! [+ Tusorias

Stativtical Anatysis

Annotation

COMMON TOOLS ms ‘ -

Texl Manigslation

the name you want (just avoid it to begin with
ID" if you plan to open it with Excel later)

column names
Sample metadata

«—— first row

Information about your samples
(study factors for example)

You can add to this
table as many columns
as you want or need

I

first column

Samples’ ID must absolutely match
those in the data matrix file




PRACTICAL SESSION. VISUALS_5

class

batch

sampleName
QcC
C1
HC3
BL

one
one
one
one

polarity
positive
positive
positive
positive

sampleType

pool
sample
sample

blank

Bl
B1

B1

injectionOrder

MULiTeSei 2
+ CEU
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= Galaxy / 4 / Metabolomics

Tools

uplond Filg fram your
computar

i
&=

Workflow4metabolomics

Histary

Unnamaed histary

(empty) - .

Le-mMs

Hormalisation
Quality Control
‘Statistical Analysis
Annotation

Ge-ms
Braprocessing
Harmalisatian
Quality Sontrol
Satistical Anatysis
Annatation

NHR
Preprocessing
Harmalisation
Quality Control
Statistical Analysis
Annotatien
COMMON TOOLS
Data Handling
Text Manipulation
Filter and Sort

from web or upload from disk

Composite  Collect

Mame

Type (set all):

1 Crovee Tocad Mie

5 Chocsn FTP file

Ganoms status

Upload configuration o

BZ  Convert spaces 1o ats

B Use POSIX standard

R Genama (st all):

# FastniFatch date

wese: ([ oo

sstory I8 empty. You can
or

PRACTICAL SESSION. VISUALS_6

| Workflow4metabolomics

N ifb
A

" Histary

Unnamed history

{empsy) e

Download from web or upload from disk

Be

sqular | Composite

Collection

TP fies o

This Galaxy server allows you to uploa files via FTR. To upload some fies, log In
0 tha FTF server #t fp workflowamatabalomics.org using your Galaxy
credertials (email pddress anc password)

=T

.
g

local file || B Chooss FTP file

(& Paste,Fetch data

it history Is empty. You can
o ogf gala
fom.an extermal source

Close

Usnacured FTR connedtion

0 Unsecured FTF connection

MULiTeSei 2,
+ CEU
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Hashe will be senl in plairtent. Piease contecl your e

henbrg serve provider Tor ssntance

- D mect

[ Dont show again

0 Pomos

e




PRACTICAL SESSION. VISUALS_7

O choose local file E¥ Choose FTP file

Download from web or upload from disk

Composite  Collection
You added 1 fle{s) to the queue. Add more files or click 'Start’ to proceed
Name Size Type Genome Settings Status
=% samples. pe - - ~ - -1
FTP flles -]
This Galaxy server allows you to upload files via FTP To upload same files, log in
to the FTP server at ftpowerkflowdmatabolomies.org using your Galaxy
credentials (amall addrass and password ),
Avallable files: [ 1 files & 19.6 MB
& Name Size Created
B samples.zip 19.6 MB 11/22/2017 05:09:03 PM
Type (sal ] -

e - I

[ Paste/Ferch data

MULiTeSei 2
CEU

Universidad
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Download from web or upload from disk
Boguine | Composite  Collection
Name size Type
ESLC_Pasitive_meXMLER 3.0 GB Auto-dete .+ Q)
Type (set all): Q
£l Choose local Mie || &> Choose FTP file

Ganome Sattings Status

k-3

100%

-

unspecified (7} .

Guenome (st all):

[

¥ Paste/Fetch cata ”

PRACTICAL SESSION. VISUALS_38

Tosls

Uniaad Eile from your
computer

LE-M5

Preprocessng
Normalmation
Quality Contred
‘Statistical Anabesks
Annotation

GE-MS

Statintical Anabysis
Annstation

COMMON TOOLS

Eaka Haniing = UPGRADE - xerma.® (2.1.0): upgrade et e o
Texs Manigslation 1.44.0t0 1

e « MEW - xcm The WaM tocis

— = take a3 input & single fie. Tt will allow to

< seversl files and merge them afterward

istary coem
1 ift> °
“’ln . - Unmamed history
| Workflow4metabolomics - s
@) current version : 3.0 LLE Positve me @ x
Publicatson: Franck Glacomonl, Gikdas Le Corguiiié, Misharl Manscor, Markn Landl, Perme Pericard, Laip

Sephie Goul

by Pt

nistopte Duparier, Marks Trambilay-Frasce, Jean-Frangels Martin, Dansel Jacob,
Etierne A, Théwanot and Cheistepha Caros (7014). WorkflowsMetabolomics: A

Help

) Latest news

= Changeleg

- 3.0

Upload File
Dataset Information

and support: supROrtEMEENavdmetatciomics.arg

= 10/85/2017 - LE-MS: A new tisbeeial vides axplain how to run x

L]
= 20/04/2007 - WorkRewdMstabolomics v3.0 starts today - Check

.0 - 207042017

Le-ms

« Preprocessing

MULiTeSei 2,
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+ Extraction
= Extraction of ions in each sample

Visualize
Important Peaks
getBIC()

Filter and independantly.
Identify Peaks
xemsseti) « Grouping < alignment
X — *Each ion is aligned across all samples
Match Peaks Retention Time
Across Samples Caorrection - a a .
aroupt ,p — crcor() * Retention time correction (optional)
Raw ¥
LCMS Fill in Missing *Fill peaks
Data Peak Data *Replace missing data with baseline value
HetCDF "
fillpeaks()
mz XML — — .
mzData \ .statistics and visualisation (optionals)
Anayze Rosuis | g CAMERA | ‘CAMERA
difffreport() Annotation * For annotation of adducts, neutral loss and
isotopes

\——

J
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= / Metabolomics
Toals + Soem
has e guccesehully added to the - i
o o ) elly £ the queus - reuing in e Salkwing datiiet o
T 3: LE_Poitive_mzXML xset Rbats
compunar
3: LE_Positive_meiML sampleMeladats oy
[ EA Y ]
e 44 LE_Panilive_meXMLased.TICs_raw.pdl eIy
Pk Miementon ...q"‘ Mt log i
el e L 8o LE_Pusitive_meXMLasel BPEs_ram. ol o
Fickace I s o ey BLLC Positive maX @ o ¥
Mih_wmm #1LC_Positive_mzXMLxset.log.tat
——— 7o 40 hackthe 41t of Qubu B4 88 vew The rHGTNG 448Dy releESIng e Vastory pane. When | 10 Lot OHETALIEN 1w
::mm:"‘:"m the Joh s faners runs (5 status will changs fros ‘russing” i Tirished f compleled sucoesshuly o ‘errer’
s probloms weors ncountonod. Ewh -
gV Gooup praks z
TQeCtar MTOAY BATpIeE Using
veilepging P b o O &LLC Positive muX ® 4 %
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TERRRSANIA T CrRATE BeW
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sample
'+ Metadata = 2 T !
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Be_REHC LE_PosEse_maxML  postiee H
LoSEL S LE_ Postiee mzxML  posive
G1C Positive XM @ 4 x| LD SR e Data processing
Lasstlog.ta e 1 [re—————
LENTTS LE. Poutive_maiL :
SiLC Positive mzXM @ # x| eoineo LE_Posmve_maxbl  pasve |
LxsetBPCs raw,pdf R G R ok o [ |
1o LE_Postive maxi  postve " 1 k
451G Positive mzXM @ 4 x| e I e N g -
Lxset.TICs raw.pdf we_zoco LC Posssve mexML  posmve
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LixsstADat Re_4c LC Poskive msXML  josisve
[ LC_Poskove mrxML  poskve I
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Lzip W [ ——
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e_Pwc LC Postve maiML  posive |
Qcie LC Postive moxMl  pogtse
acn LE Posive mIXML  posiive 1
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L
TifeSei @
AA(TifeSci #,
PRACTICAL SESSION. VISUALS_10 :
— CEU
Universidead
San Pablo
poot1by o opeetm . pootiey Parameter : num + label[Format
196.0910 EG 711733921 196.0902 66.6 7933325 .
xcms.aroup Group peaks 9. 7a594) [158.1173  67.4__ 82969 Or : RData file | rdata.xcms.raw
260877 | 342.0308 2581 .
together across samples using X 850038 434851 [283.0030 yarast] Or : RData file | rdata.xcms.retcor
overlapping m/z bins and . ——— e - -
196,905 66,6(75100%6) 186,091 667 11753921 |196.0802  66.67933525
calculation of smoothed peak Group ions by m/z [1ss1180  &7.a] 71736 |3az.0310 6 7as8a | | i 1
distributions in '::;a g S e |
chromatographic time. | . it
196.0910 55.4 11733921
Group ions by R |
342.08
2670561 260877
283.03. EESLERE
. Resulting
mz rt 1181 [pool1B2  |pooll1B3 |
| 196.0905. 66.6/ 7810936/ 11733921 7933325
158.117 67.4 71736 82969/
342.0: 21.3 2581
342 68.3| 202 74594
267.058 65.5 28203 260877

283.031! 65. 424631] 357
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Xcms.group Group peaks together across samples using overlapping m/z &% Versions | w Options
bins and ion of thed peak distr in aphic time. (
2.1.0)

xset RData file

[ & (b No rdata.xcms.raw, rdata.xems.group, rdata.xcms.retcor or rdata dataset avallable. -
output file from another function xcms (xcmsSet, retcor etc.)
Method to use for grouping

density -
[method] See the help section below

Bandwidth

30

[bw] bandwidth (standard deviation or half width at half maximum) of gaussian smoothing kernel to apply to
the peak density chromatogram

Minimum fraction of samples necessary
0.5
[minfrac] in at least one of the sample groups for It to be a valld group
Width of overlapping m/z slices
0.01
[mzwid] to use for creating peak density chromatograms and grouping peaks across samples
Advanced options
show -
Maximum number of groups to identify in a single m/z slice
50
[max]
Get a Peak List
Yes No

ANCiTeSci 2,
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Grouping peaks in mass bin: 337.975 — 338.225 m/z (mzwid)

2500 3000 3500 4000

2500 3000 3500 4000
Problem
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Grouping peaks in mass bin: 337.975 — 338.225 m/z (mzwid)

bw = 30 sec

Problem
Solved

1
4000

3500

Minfrac = 0.5

® e
e
“e

g

miz I miz
90
: 09 XX
1 1
1 1
RT RT
e 4 samples in each

group
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= Galaxy / 4 / Metabolomics

Tosls ‘£ History Sem
E 1 3ot huam Dewn succRssfully added 10 Ehe quewe - Tesulling in the following datasets:
0 O : S
: LC_Pasitiva_m.
T e # XML x5t group ADats o
#1 LE_Positive_maxML xsat.group. Rplots. paf o
Le-Ms 36208 .-
- 1 LE_Positive_maxX ML uset.group. variablaMatadata. sy Ty =
Peak Tdentilcation using
e iy TR 10: LE_Pusitive_mEXML rsalgroup.dataMatriz sy ataMatrie e
packBge to presencess LE/MS. on e
data fer relathve quantfication 11: xeattog.txt e
and stanistical analysts ML AL QIALRIAY
e ets €an check the status of cueued JobS and view e resulling dats by refreshieg the History pane. When
iy SR S e | o i o al%
be used by
u roum atapat
HEMS AR Sroup
bagather across sampies using O 7:0E Positive m @ S x
overlaoping myz bins ML Eset.OrouR.RD
calculation of mocthed pesk =
distributions in
time, G LC_Positive_mzX  ® / x
MLxnetien.tet
Retention Time
CaeTection using retoor SilC_Positive miX = / x
froem woms & package MLssetNECs caves
- ar
s 4110 Positive miX w4 w
represanted 1o cras o HLasetTICS rawn
tedt te ereate nim e
pesks in missing areas
B LE_Positive mzx @ & x
MLsampleMetedate.
summary of NCMS anabysis =
10: LG Positive mz ® / x Group.variableMetadata. Group.dataMatrix.ts
XMLetgroup.data e = — -
Matrinte —
$iLC Positive maX & # x
MLxsat.group.varia
leMatadata.tay
8iLC Positive maX @ / x
ML.zsat.group Relel
wpdl
ZiAC Positive mIX @ F % =
MLxsataroup ROAE i
a —_—
e Group.Rpl 0.4 3000
R ots.pdf
‘Snows the differents samples (dot) §
5 Qrouped togetie in a peak density
ENCMagrAm defied by bw and §
. vale A
Pt . 1
: I4 -
Yy 5 |
: , - IH'
|
[ i- f’n
! 2 \
! " g —k
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xcms.retcor Retention Time
Correction using retcor
function from xcms R package

Parameter : num + Iabel|Format
1 : RData file |rdata.><cms.gmup

xcms.retcor Retention Time Correction using retcor function from xcms R o Versions | = Options
package (Galaxy Version 2.1.0)
xset RData file
Bt | O No rdata.xcms.raw, rdata.xcms.group or rdata dataset avallable. hd
output file from another function xcms (xcmsSet, retcor etc.)
Method to use for retention time correction
peakgroups -
[method] See the help section below
Smooth method
loess b &

[smooth] either 'loess’ for non-linear alignment or ‘linear’ for linear alignment

N b of extra peaks to allow in retention time correction correction groups
1
[extra]
N ber of missing ples to allow in retention time correction groups
1 Number of admitted missing well
[missing] behaved peak in a group.

Advanced options
hide -

L2

ACifeSei 2
CEU
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PRACTICAL SESSION. VISUALS_16

Advanced options

show -
Degree of smoothing for local polynomial regression fitting
0.2
[span]
Family
gaussian hd
[family] if gaussian fitting is by least-squares with no outlier removal, and If symmetric a re descending M
estimator is used with Tukey's biweight function, allowing outlier removal

plottype N .
Plot to visualize the result of the

deviation retention time correction. v
[plottype] if deviation plot retention time deviation points and regression fit, and if mdevden also plot
peak overall peak density and retention time correction peak density

ip fi @
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Tools L

r o 1 Job has been successfully added to e queue - resisting in the lollowing datasets:

Upload File frem your 12: LC_Positive_meXML xsot.group.retcor. ROt
computer
13: LC_Positive_meXML.xselgroup. retcor. Rplots. pdf
Le-Ms
Praprocessing
ACMAEMESEL FRration and
Peak Identification using
womaset function from xoms R
patkags 1o preprocess LC/MS
data for relative quantification 16; xuat log.txt
and statistical anafysis

14: LE_Positive_mzXML xset.group.retcor. TICs_corrected.pdf

15: LE_Positive_mrXML xeat.group.retcor. BRCA_corracted.pdf

You can check the status of Gueued jobs and view the resulting data by refreshing the History pane. Wien

the Job has been run the status will change from ‘Tunning” to Minished® If completed successhlly o ‘error If
ProbiFE waee ENCountEred.

ACMANEMASEL Merger Merge
Xoms,xEmsSet xuet In one to
e used by greup

MEms.oreug Group peaks
together across samples using
overlapping m/z bins and
enlewstation of smpsthed peak
dastributions in
chromatographic tine.

AOms.retcor Retention Time
Correction using retcor
function from xcmes R package
‘Homs. WPeaks Integrate &
sampie’s signal in regions
whirs peak Groups are not
represented to create new
peaks in missing areas

HOMS. UMMy Create a
summary of XCMS analysts

CAMERA.annctate CAMERA =

History

=]
Unnamed histary
37168 -
0 151 LS Positive x
XML ssetaroun.r
etcarBPCA_cormected.mf
0 14005 Positive *x
XML EseLArOuE.E
O1nLC Positive *
etcar.Ralata.pdf
Q@ 12i LC_Posltive_ x
MIXMLEseLArOuE.T

Z:1C_Positive_mIX @ # x
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Toohs X History com
0 1150 hen been succenstully added to the queue - resulting in the followeng datasets
............. . o o
Py A7 LE_Positive_maXMLwet.Group retcor. grovp. AData
pachiage 1o pregeocess LOMS i
dats for Telative quantffcation 18: LC_Positive_ma ML xsel.group.retcor, growp. Rptots. pdt
802 statiatical anghyss 17368 EA N
uThamiiet Heger Herge Sl T B =
ArE S Yot Wil O 2045 Positive. @ S x
be med by groxp 20: LE_Positive_meXML.xeel. ‘isar.arous. dalaMatriniay
ELTArOuD Group pedks
togethar acrass Samples LEng 21t asetdog.tat @ 19115 Positive. ® # %
overlappieg Mz Bins and mAXMLAsALArOUR.E )
cakulation of smoothed peak Vona €3 eheck the statis of quesed Jobrs e view the ¥ Whiss hzor
dHRNbuTIeng In the job has been run the status wil changs from ‘runsing’ to Tnished If compieted successfuly or "smer’ If [l
chiematographic bme. prodlems were encountered. D 181 Positive. @ # x
ETfelor Retention Time: miXMlrsstaroup.s
Cormectien Lsing retcar slcorgroupAplets.pal
tunctice
nctioe from ool R package o TR
o ik Integrate & mEXMLEsstaroups
samgle's sigeal in regions etoor.oroup AData
Where peak Grougs are net
represasted to Create new ABLC Posltive Bk ® / X
Peaks In missing areas MMLxiat.oroug.tels
T, A group er.APCE_correciad.pdl
sufmimary of XCMS analyss MlC Pt ez & /%
S step EMLEsstaroup.retc
e R, R or.TICs corrected pdf
ansotation reiults (sctope A% AL Posilben_ms
R S e .2
fragmaents] and a dffregort
monm than o conditien. Rt
1200 Positive mz
S — XMLgsstarougreic i |
xcms.fillPeaks Int te a ‘s signal in i where peak groups Versions | = Options
xcms.flllPeaks Integrate a i v 19 i p. < p & &
sample's signal In reglons are not represented to create new peaks in areas ( Y 2.1.0)
where peak groups are not xset RData file
represented to create new T 5
peaks In missing areas D | fal No rdata.xcms.group or rdata dataset avallable. -
output file from another xcms function (group)
Filling method
Parameter : num + Iabal[Format
chrom -
1 : RData file [rdata.xcms,group

[method] See the help section below
Get a Peak List

Yes | No

Resubmit your raw dataset or your zip file L2
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Galaxy / 4 / Metabolomics

Toals = sy cem
~ o 1 ol s B sl kb 1 e ben - FEAing in 7o Poming dutasets

221 Lot ER LR D reTCer Grow Al eaks. KOaTE

331 LC_Pusithes_meXmL csat.

341 LE_Positive_mrL

281 amattug et
Auiniri droup pesia Vi o i o st 1 st o o e T e 48 o eyl Tt Py o, v

veriangng miz bins and Tk ol P Tt 15 1t AT TS Tt e TN T ‘TN ISNGT  COMpledind ke or ‘sevor It @ 230 LC_Pusivn_ =
cakiation of smoothed pess ‘prbieme were encounternd. LR AL, G Ui

atcor.aroup.fillpenks. yarinbiat
etadata.tsy

variableMeta dataM
i1 datatsv 0« s+ @ atrixtsv <+ s

[ (A1 [ [

[ ELEITLINATIES  DDMSMIMAIED  IRNTATENT LRI

WITIARIMIE  JATHANTIN PRI

106 $0MATR00OTS 1004320140828
RTINS
ARMMIT] 10 TR DI INEN  MITHITING TR L
LIRS GLieessreaT MINTTR SMDLASINAIN  WOTRLIDNINM LEITI0RRI  S08SITINN]
LIS 80 ANTASLMATN  NSAMIEN  STATTITIS)  SUMEMATY

MELLIEMTLY

Caee

1LI2ANETE

Siptrgmsanan  MENITRR  LUMAAGENTINN  MOUMLASGALITHM  LMELMOMIINS]  LHBLIRMTHE

SO TIMITH RIS
NIATL 5014476
IETLIOKIANS IS RISIENET LB SIS0

MILLWWSTOM UL L 1

LG0T8 o 5008

ANOATATIONIS  TMNIAMOMST  ATIDAIININ]
IFHMLLEI LSO TII pe—
P T —

HASER1TS

AT Bl a1
LMD IR IR
LLIOGE.ISNINND  LANMOATOAIIED  aTTIA1I
Patos. nmANETI 4T
PHSTRALINAIS  AMIDLMIEIITN  TROUGIMOLIT SIS

R BIIINIT AN 11
HRSTRMTINGS  GAATMRIKN  SEAIBST
IR LATIINMIN  SLLTIIREN
[EEry

Mt 3 2 A 18610888720
MINTITS  MITLINNTASS  LNLIOOLOWNAIM  LILINOLGOLTOTE  RILI0GISSBONRE
MITLT  MLZLIMITESE L 1T LLOMISAI  12L10G3343LT08
MIZTIM MIZLIMITASS  LNLIJSTAOGRT  LILINIALIANTIS  RILINAI2GEM

FITE

JFMTANITE ITETELAMIEMET  ISMSAMITAL  DUMIITDHTIE
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24:1C Positive mz & # x

Exported
or.aroup.fillpeaks.dataMatrix.ts B data matrix -
A ¥ i ALEL.. X i " " @ " (]
6,929 lines i S Tl i T S Tl o S T

format: tabular, database: 2

AEMATI SMILL CMOSLE MZMIT 1A A4S SRALAD
P e ]
b FideaL) e

TELLIT WTLSE e TT (MG

Rl S st e
paraliel 3.2.5 FRER Sowns PR, R ey

BlocGenerics 0.16.1 preivty i iy Plivrifesienigoves
Biobase 2.30,0 a1y ey
reen -
Repp 0.12.10 P
mzR 2.4.1 o -
xems 1.46,0 L maLL
snow 0.4.2 o 1 s
Lisitht ! o s s
220 LIS

s s

b
Peaks Barn

wamia
bz
e e
e
[

I e Ve O TS
1aum BUILIT SOMM 1M LAY TR
1B NI BEITHS ATMAAE DIMHT WM DIPATLD LISSALE DAY

M e e
W s sons
MM (eLs IR G

xcms.summary Create a
summary of XCMS analysis

xcms.summary Create a y of XCMS lysis (Galaxy Version 1.0.3) & Verslons « Options
xsaet RData file

i
| D i) (as} No rdata.xcms.raw, rdata.xcms.group, rdata.xcms.retcor, rdata.xcms.fillpeaks, rdata... -
output file from another function xcms {xcmsSet, group, retcor, fillpeaks etc.)
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