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Yamamoto et al., "Statistical hypothesis testing of factor loading in principal component analysis
and its application to metabolite set enrichment analysis" BMC Bioinformatics, (2014) 15(1):51.
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 MetaboAnalyst¥ld

« BT DTIN=IRFEDDavid Wishartt 2F /L KZENJianguo Xia
DIRET IL—TILYBEEINTWST) —DWebHf—ER

LT Oweb A MI77€R
e http://www.metaboanalyst.ca/ (&#ThR. 2024.98F = Tld. 6.0)

* https://genap.metaboanalyst.ca/ (5.0)

5.0

Home

Data Formats
Tutorials

FAQs

APls

Update History
MetaboAnalystR
Contact

User Stats

Publications

=3
=2
o
S

(e

GenomeCanada

MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

News & Updates

« Check out our MetaboAnalyst 5.0 paper now available on the 2021 NAR web server issue; &%

+ For multi-omics analysis, try our OmicsAnalyst for various data-driven approaches, or OmicsNet for knowledge-based integration; 35%
» Added support for VIP plot for Orthogonal Partial Least-Squares (OPLS) in Statistics module (07)

« Minor bug fixes based on user feedback (05/3 ) B

+ Improved functional meta-analysis data upload page for more flexible data proc:

» Fixed the issue with synchronized 3D scatter plots for scores and loadings (04/1

+ Upgraded to PrimeFaces 10 and fixed the issue for multi-group figure legen:

Overview

IMetaboAnalyst is a comprehensive platform dedicated for metabolomics data analysis via user-friendly, web-based interface. Over the past decade, I
become the most widely used platform (=300,000 users) in the metabolomics community. The current MetaboAnalyst (V5.0) supports raw MS spectr


http://www.metaboanalyst.ca/
http://www.metaboanalyst.ca/
https://genap.metaboanalyst.ca/
https://genap.metaboanalyst.ca/

Statistical Analysis [one factor

(5.0

Home
ata Formats

Tutorials

User Forum

MetaboAnalystR

GenomeCanada

(¢
8
GenomeQuébec

MetaboAnalyst §.@- user-friendly, streamlined metabolomics data analysis

Module Overview

Input Data Type Available Modules (click on a module to proceed, or scroll down for more details)
Raw Spectra .
SRR s LC-MS Spectra Processing

MS Peaks

Functional Analysis Functional Meta-analysis

Annotated Features . . . . .
Enrichment Analysis Pathway Analysis Joint-Pathway Analysis

Generic Format Statistical Analysis Statistical Analysis

Biomarker Analysis Statistical Meta-analysis
table f [one factor] [metadata table] i ys

> Statistical Analysis [one factor] » istical Analysis table]

Network Analysis

Power Analysis

2o

33
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A B C D E 7 G H | J K

| L1 L1-2 L1-3 L1-4 L1-5 L2-1 L2-2 L2-3 L2-4 L2-5

Label [ 0 1 0 0 0 12 12 12 12 12
gamma-Glu-Cys 0.002131 0.002123 0.001154 0.001122 0.000764 0.000504 0.000456 0.000761 0.000369 0.000221
gamma-Glu-2-aminobutyric acid 2.67E-05 4.07E-05 3.74E-05 0 0 0.000069 6.92E-05 0.000104 4.58E-05 3.92E-05
gamma-Butyrobetaine 0.00225 0.002199 0.001928 0.001543 0.001431 0.001531 0.001099 0.001095 0.000933 0.00113
beta-Ala 0.006975 0.01274 0.009952 0.007622 0.006263 0.01778 0.013166 0.010415 0.012316 0.01408
Xanthosine 0.002037 0.001377 0.000529 0.000765 0.000931 0.000987 0.000585 0.000429 0.000506 0.000345

Xanthopterin 0.000117 9.78E-05 8.54E-05 8.05E-05 5.33E-05 0 3.01-05 4.23E-05 3.52E-05 0
Xanthine 0.008337 0.005057 0.004272 0.00605 0.005468 0.009027 0.008239 0.005656 0.007852 0.007315
Val 0.028482 0.042974 0.039433 0.044225 0.044748 0.037922 0.034743 0.03678 0.026216 0.030289
UuTpP 2.37E-05 2.34E-05 3.74E-05 3.29E-05 5.52E-05 2.06E-05 1.47E-05 0 2.35E-05 2.01E-05
Urocanic acid 2.25E-05 2.37E-05 1.95E-05 2.26E-05 0 0.000182 3.55E-05 0.000029 4.88E-05 3.58E-05
Uridine 0.009288 0.010703 0.006812 0.00663 0.007044 0.00643 0.006485 0.006719 0.006114 0.005245
Uric acid 0.001833 0.003585 0.002197 0.002249 0.003107 0.002395 0.002417 0.002238 0.003512 0.002584
Urea 0.143363 0.209627 0.202604 0.156428 0.13072 0.142575 0.105483 0.112816 0.136813 0.131537
Uracil 0.001484 0.001704 0.001136 0.001084 0.001177 0.001129 0.001113 0.0012 0.001086 0.00101
UMP 0.006386 0.006573 0.00975 0.00683 0.009133 0.007092 0.007415 0.009989 0.00819 0.008266
UDP-N-acetylglucosamine 0.003038 0.003748 0.004966 0.004238 0.006038 0.005763 0.003471 0.003989 0.00326 0.002713
UDP-glucuronic acid 4.34E-05 3.48E-05 5.81E-05 3.81E-05 6.62E-05 5.22E-05 4.28E-05 5.41E-05 7.85E-05 7.92E-05
UDP-glucose ; UDP-galactose 0.003531 0.000879 0.00359 0.00721 0.009591 0.003216 0.00289 0.002377 0.002808 0.002134
ubp 0.000267 0.000275 0.0003 0.000279 0.000409 0.000284 0.000194 0.000204 0.000212 0.000212
Tyr-Glu 0.000102 6.74E-05 3.64E-05 4.48E-05 0.000051 4.56E-05 2.48E-05 0.000036 2.04E-05 2.18E-05
Tyramine 4,44E-05 2.25E-05 2.96E-05 3.15E-05 4.05E-05 2.56E-05 2.52E-05 2.59E-05 1.72E-05 0.000028
Tyr 0.011741 0.013964 0.010952 0.011192 0.011773 0.013534 0.011039 0.011486 0.007544 0.00891
Trp 0.003457 0.003584 0.003711 0.003724 0.003977 0.002886 0.00311 0.003057 0.00256 0.002811
Trimethylamine N-oxide 0.000685 0.000312 0.000431 0.000277 0.000219 3.31E-05 1.42E-05 3.31E-05 5.36E-05 6.22E-05
Trigonelline 0.000895 0.002158 0.001487 0.001449 0.000816 0.000281 0.000305 0.00036 0.000274 0.000425
Triethanolamine 9.04E-05 4.29E-05 5.58E-05 4.56E-05 4.51E-05 0.000035 4.45E-05 4.35E-05 6.15E-05 4.72E-05
Trehalose 6-phosphate 0.000055 5.74E-05 0.000071 0.000057 0.000044 4.65E-05 3.55E-05 2.74E-05 3.25E-05 4.12E-05
trans-Glutaconic acid : Itaconic acid 0.000146 0.000221 0.000257 0.000196 0.00011 0.000132 0.000101 0.000132 0.000148 0.000193
threo-beta-Methvlasnadic acid 0.000153 _0.000162_0.000211_0.000144_0.000173__0.00017__0.000177 _0.000117__0.00015__0.00019
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MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

Please upload your data

A plain text file (.txt or .csv):

Submit

in columns (unpaired)

&R

Submit

Submit

Xia Lab @ McGill (last updated 2021-02-01)

» Processing
Normalization Data Type: ® Concentrations Spectral bins Peak intensity table
» Statistics
Format: Samples in rows (unpaired) v
Download — h
Exit Data File: | BB.. | I7LANEIRE Bh.
A mzTab 2.0-M file (.mzTab): @ SO m p I e S
NS
— b % Theoretica
O 7714 %2R
. HSEREINTLERA.
A compressed file (.zip):
Data Type: ® NMR peak list MS peak list
Data File: (8&.. | o7 1uERENTLERA.
Pair File: [BR.. | 77 usERENTHER A
A dataset from Metabolomics Workbench: @
Study 1D: §T001301
P8

21
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5.0 MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

K

Sample Normalization

fi ‘
Upload. o Hone

v Processing : Sample-specific normalization (i.e. weight, volume) Specify
- : Normalization by sum
Missing value :
Data filter Normalization by median
Data editor : Normalization by reference sample (PQN) Specify
- : Normalization by a pooled sample from group Specify
» Statistics Normalization by reference feature Specify
Download
Quantile normalization
Exit

Data transformation
o None
Log transformation (generalized logarithm transformation or glog)

Cube root transformation (takes the cube root of data values)

Data scaling
None R
Mean centering (mean-centered only) A U 1-0 S C O I I n g
@ Autoscaling  (mean-centered and divided by the standard deviation of each variable) (%ﬁ ;'.‘g )
Pareto scaling (mean-centered and divided by the square root of the standard deviation of each variable) S
Range scaling (mean-centered and divided by the range of each vanable)

Normalize

Xia Lab @ McGill (last updated 2021-02-11)
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A dataset from Metabolomics Workbench: @

Upload

Study ID:

> Processing
Normalization

> Satistics

Try our test data

Download

Exit
Data Type Description

Metabolite concentrations of 77 urine samples from cancer patients measured by 1H NMR
Concentrations
Eisner R et al.). Group 1- cachexic; group 2 - control

Metabolite concentrations of 39 rumen samples measured by proton NMR from dairy cows fed
Concentrations with different proportions of barley grain (Ametaj BN, et al). Group label - 0, 15, 30, or 45 -
indicating the percentage of grain in diet.

Binned 1H NMR spectra of 50 urine samples using 0.04 ppm constant width (Psihogios NG, et

NMR spectral bins ¢
2l) Group 1- control; group 2 - severe kidney disease.
. Peak lists and intensity files for 50 urine samples by 1H NMR (Psihogios NG_ et al.).
NMR peak lists
Group 1- control; group 2 - severe kidney disease.
Compound concentrations of 14 urine samples collected from 7 cows at two time points using
Concentrations (paired)

1H NMR (unpublished data). Group 1- day 1, group 2- day 4,

LC-MS peak intensity table for 12 mice spinal cord samples (Saghatelian et al). Group 1- wild-

MS peak intensiti
O : & type: group 2 - knock-out.

MS peak lists
wild-type: group 2 - knock-out.
: LC-MS mzTab file of 15 mouse liver samples collected using LTQ Orbitrap Velos by (Hartler et
2l) Group 1 - mouse liver 1; group 2 - mouse liver 2; group 3 - mouse liver 3
2 GC-MS mzTab file of 6 Arabidopsis samples obtained using (MS-DIAL). Group 1 - cont; group 2 -
GC-MS mzTab

MeKo.

Xia Lab @ McGill  {last updated 2023-2

MS peak intensities
LC-MS peak intensity table for |12 mice spinal cord samples
(Saghatelian et al.). Group |- wild-type; group 2 - knock-out.
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Upload
v Processing
Data check
Missing value
Data filter
Data editor
Normalization

> statistics

T D

4

al

Ellllil/
Rl
)
i
l_
e

Data Integrity Check:

1. Checking the class labels - at least three replicates are required in each class.
2. If the samples are paired, the pair labels must conform to the specified format.
3. The data (except class labels) must not contain non-numeric values.

4. The presence of missing values or features with constant values (i.e. all zeros).

Data processing information:
Checking data content ..passed.
Samples are in columns and features in rows.
The uploaded file is in comma separated values (<sv) format.
The uploaded data file contains 12 (samples) by 409 (peaks(mz/rt)) data matrix.
Samples are not paired.
2 groups were detected in samples.

Only Englich letters, numbers, underseore, hyphen and forward slash (/) are zllowed

&ll data values are numeric.

A total of O (09%) missing values were detected.

By default missing values will be replaced by 1/5 of min positive val £ their coresponding varizbles
Click the Proceed button if you accept the default practice;

Or click the Missing Values button to use other methods.

== -

Proceed% 7 ') v 7

Xia Lab @ McGill

25
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Upload
V' Processing
Data check
Missing value
Data filter
| Data editor
Normalization
> Statistics
Download

| Exit

Show R Commands
Data Filtering:

The purpose of the data filtering is to identify and remove variables that are unlikely to be of use when modeling the data. No phenotype information are used in the filtering process, so
the result can be used with any downstream analysis. This step is strongly rec d for d lomics d (i.e. spectral binning data, peak lists) with large number of

g

variables, many of them are from baseline noises. Filtering can usually improve the results. For details, please refer to the paper by Hackstadt, et al.

Non-informative variables can be characterized in three groups: 1) variables that show low repeatability - this can be measured using QC samples using the relative standard
deviation(RSD = SD/mean). Features with high percent RSD should be d from the sub: analysis (the d threshold is 20% for LC-MS and 30% for GC-MS); 2) variables

that are hroughout the experiment conditions - these variables can be detected using standard deviation (SD); or the robust estimate such as interquantile range (IQR); and
3) variables of very small values (close to baseline or detection limit) - these variables can be detected using mean or median.

For data filtering based on the last two categories, the default parameters follow the empirical rules: 1) Less than 250 variables: 5% will be filtered; 2) Between 250 - 500 variables: 10% will
be filtered; 3) Between 500 - 1000 variables: 25% will be filtered; and 4) Over 1000 variables: 40% will be filtered. You can turn off data filtering by dragging the slider to adjust the
percentage to filter out to be 0, when your data contain less than 5000 features (or 2500 for power analysis) to control computing time on our server.

RSDs greater than:

—_— 25%

Reliability filter: Filtering features based on technical repeatability QC samples

Q interquantile range (1QR)

Standard deviation (SD) Percentage to filter out:

O 0%

Variance filter: Median absolute deviation (MAD)

Relative standard deviation (RSD = SD/mean)

Non-parametric relative standard deviation (MAD/median)

Percentage to filter out* 0%I3

0 Mean intensity value Percentage to filter out:

><i%
Fit

Abundance filter:
Median intensity value O 0%

=T

Submitz 7 ') w 7 Proceed%* 7 ') v 7

Xia Lab @ il (last updated 2023-12-13)
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Data transtormation applies a mathematical transtormation on ingivicual values themselves, A simple mathematical approach is used to deal with negative values in log and square root Please search GmicsFOrum using “normalization
ﬁ 9 #metaboanalyst” to find more information,
- Data scaling adjusts each variable/feature by a scaling factor computed based on the dispersion of the variable.

Upload
W Processing Sample normalization
Data check o
None
Missing v Sample-specific normalization (i.e. weight. volume)
Data filter

Normalization by sum
Data edit, S L
bk Normalization by median

Normakizstion Mormalization by a reference sample (PQN)

> Statistics

MNormalization by a pooled sample from group (group PQN) =

Normalization by reference feature

Quantile normalization (suggested only for > 1000 features)

Data transformation
() None
Log transformation (base 10)
Square root transformation (square root of data values)

Cube root transformation (cube root of data values)

Data scaling

Neone

Mean centering (mean-centered only] A u_l_o SCO I i n g % ilﬁ?l&%j:R

I 0 Auto scaling  (mean-centered and divided by the standard deviation of each vanable) I

Pareto scaling  (mean-centered and divided by the sguare root of the standard deviation of each variabie)

Range scaling (mean-centered and divided by the range of each variable)

Xia Lab @ MoGill
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Upload
“  Processing
Data check
Missing value
Data filter
Data editor
Normalization
Statistics
Downlead

Exit

Select an analysis path to explore :

Univariate Analysis

Eold Change Analysis T-lests Volcano plot

One-way Analysis of Vanance (ANOVA)

Comelation Heatmaps Pattern Search Correlation Networks (DSPC)

Advanced Significance Analysis

Significance Analysis of Microarray fand Metabolites) (SAM)

Empirical Bavesian Anahysis of Microaray (2

IMetabolites) (EEAM)

Chemometrics Analysis

Partial Leact Squares - Discriminant Analysis PLS-DA)

Sparse Partial Least Squares - Disoriminant Anahyvsis (5905-Da)

Qrthogonal Partial Least Squares - nmingnt Anghysis (orthoPLS-DA)

Cluster Analysis

Hierarchical Clustering: Dendrogram  Heatmags

Partitional Clustering: K-means Self Organizing Map (SOM)
Classification & Feature Selection

Random Forest

Suppert Vector haching (SVM)

R Command

Chemometrics Analysis

Principal Component Analysis (PCA)
x7')w 7

MGl
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Normalization
VvV Statistics

Fold change

D DT DGER R

)
aul/
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Principal Component Analysis (PCA)

Overview  ScreePlot | 2DScoresPlot | LoadingsPlot  Synchronized 3D Plots  Biplot
Specify PC on X-axis: 1w
Specify PC on Y-axis: 2w
Display 95% confidence regions: m
Display sample names:
Use grey-scale colors:
Flip Image X ax O Y
*
Scores Plot
KO
wT
o
R
(o]
2 -
(]
()
3
g ° o g’
o o
~
g (@] )
4
o
°

JRIZPLSDA% 7 ') w7 L., PLS-DAD4ER % #ER
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Data check
Missing value
Data filter
Data editor
MNormalization
Statistics
Fold change
T-test
Wolcano plot
ANOVA
Correlations

k

DSPC ne

PatternHunter
PCA

PLSDA
SPLSDA
OrthoPLSDA
SAM

EBAM
Dendrogram
Heatmap

SOM

K-means
RandomForest

SVM

Download

JRiZDownload% 7 ') w7 L, BR{TAT—J L4ER % S5

Display 95% confidence region:

Display sample names

Use grey-scale colors:

Component 2 (355 %)

20

10

-10

20

-40

el

aul/

-
<

Scores Plot

A

4

o

5

o

mmanc

a
-
0

oo— K9 3

30



sEENYo>a— R

Show R Command

Dat:
Mi Download Results & Start New Journey
- Please downlcad the results {tables and images) from the Results Dewnlead tab below. The Download.zip contains all the files in your home directery. You can also generate a PDF analysis report using the button. Finally, you can
sr compatible modules using the Start New Journey tab.
Dat:
Nerm
Results Download  Start New Journey
W Statisti
. —- Q g
e ownload.zi D77 A IS S W
. ~ 70N -
| Download zip I sngem 0 doi72.png
BhistoreR s loading O dpi7a
DS3 SCOrBCsY 5 scoreld O dso
pea loading3d © json data normalized.c
Fi REF Pair O gpi7Zpoy norm O dpiT.
ol loading3d 0 json fca scree O dpiT2.
sPLSDA -
pleda ladingsisy Rea ladings.cev
OrthePLSDA
p flsda score csy Rea loading 0 dpif2 po
EBAM Ie] Rl a0 dpifd
Den ca scoredd O dpi
nca scoredd O json

data_original.csvidZ THER L £ D T,
7 74 L% % mouse_data_original.csviZZ E L T, C:¥RIZIRBFT 3
(EFL TG -HR1. BREA7 7ML TRASEIW)
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