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3. Meta-Analysis (MS Peaks)

The modules extends the mummichog algorithm (Li et al. 2013)

implemented in the MS Peaks to Paths module to perform biological-interpretation based meta-
analysis.

Highlights:

Support for meta-analysis of untargeted metabolomics data integration at pathway kevel; .

Support for meta-analysis of multiple untargeted metabolomics data by pooling their péaks.




3.0 Knowledge & Background

Why meta-analysis?

While individual studies may identify certain results, such results may not be reproducible in other independent studies of the
same biological questions due to low sample size, sample heterogeneity, the type of LC-MS platform used, or metrics used
for interpreting results. Meta-analysis, which is the combination of findings from independent studies - can be used to
overcome such limitations and ultimately increase the power, precision, and generalizability of a study.

The module of MetaboAnalyst now permits users to perform meta-analysis of Untargeted
metabolomics data. The method implemented in this module also reduces the bias individual studies may carry towards
specific sample processing protocols or LC-MS instruments. \




3.2 Start Meta-Analysis (MS Peaks)

alyst 5.0 - user-friendly, end-to-end metabolomics data analysis

Module Overview C||Ck here tO
t

Input Data Type Available Modules (click on a medule to proceed, or scroll down for more details)

Raw Spectra
pec LC-MS Spectral Processing

mzXML or
Functional Analysis Functional Meta-analysis

Annotated Features

) " Enrichment Analysis Pathway Analysis Joint-Pathway Analysis Network Analysis
(compound lis

Generic Format Time-series/Two-factor
Statistical Analysis Biomarker Analysis

Statistical Meta-analysis Power Analysis Other Utilities
txt table Analysis

« Show R command history




3.3.1 Meta-Analysis MS Peaks Upload

TIP 1: The uploading table
should include all peaksafter

Try our example procesls?n? ratt:e(rj thank
data here several interested peaks.

Please upload and process your data

Use the panel below to prepars sach individual data. Click the individual cells 1o activale sach process_Click Add New 1o add  new Yata set The maximum tolal number of samples allowed is 1000 When all data sets have
Upload been processed, Click Proceed to proceed. Click the Try Examples button 1o try our example datasats

et parameter Click here to include (or
View result Data Upload Integrity Check Normalization Summary Include not) the peak table |n the

Meta paths .

' > TyExomples @1 ada vew ® Proces .
K viewer T T T A TIP 2: The mummmhog

— algorithm (Li et al. 2013)
B 1. Upload 2. Perform 3. Normalize 4. Perform a 5. View works best when there are
each peak sanity the data. t-test to summary of 10~25% significant peaks.
_ ‘tallble check and _ identify statistical ~ Please try to adjust the
individually. view data. important test. percentage of significant
features. features by changing the p
value cutoff.

TIP 3: After performing the
uplaoding and analyzing.
Users could optionally
define the potential
adducts for more accurate
mapping in the coming
steps.



3.3.2 Meta-Analysis MS Peaks Adducts Customization

Adduct Customization

Data Analysis

Please customize the adducts b: r experimental conditions {e.g. Mobile

T-tests will be performed on the uploaded peak table to determine the number N
Phases). Click the Confirm button to finalize these changes.

significant peaks, Note that the mummich [ 13) works
shows the

Available Include
Set p valus cutoff
Customize adducts (Optional):
o Ms2Na [2+] M[14]
_— Sig[47)
Me3Na (3+] MH [14]

M+H+2Na [3+] M+2H [2+]

M2H+Na [3+] M+3H [3+]

lyst.ca/MetaboAnalyst/upload/MetaPathLoadView.xhtml#




3.4 Upload Using Example Data

TIP: Users can either
upload a single ion mode
table as a dataset, or
tables from

both ion modes together
by choosing the
appropriate ‘lon Mode'.

Please upload and process your data

Use the panel below fo prepare each individual data. Click the individual cells fo activate each process. Click Add New to add a new data set. The maximum fotal number of samples allowed is 1000. When all data sets have

Upload been processed, Click Proceed to proceed. Click the Try Examples button to try our example datasets.

Set parameter

View result Data Upload Integrity Check Normalization Analysis Summary Include

Meta paths

Upset diagram
Downioadt B ~ Analyze

Exit

Click “Proceed’ to move
forward with the meta-
analysis




3.5.1 Parameter Setting . Pathway-level Integration

1. Start meta-analysis
Integration at

T Pathway.level Integration pathway or peaks TIP1: Users could select

P — to perform the meta-

View result For pathway-level integration, each individual study undergoes the steps of calculating m/z level statistics and putative metabalite annotation, followed by pathway activity prediction. All pathway results are analysls at pathWa.y IeVeI
Meta paths combined to create a unified matrix of pathway-level results (keeping enly pathways found across all-studies). Pathway activity scores are then combined using one of several p-value integration methods. (by Integ I’atl ng p Val ues)
Pooling peaks Tip: use this method when studies are independent of each other, but interrogate (mare or less) the same pathways . The use of pathway analysis improves the biological consistency across studies.

or at peaks level from
Upset diagram | p k h
R Agorh: O wummicnog pooling peaks together.

Download Version @ Version 1\

ﬁ E Parameter Settings

Exit

P-value InlEgralicn.e Fisher v

Pathway library: Homo sapiens (human) [KEGG)

3. Click “Submit”
) 6 approaches here. Briefly,
for pathway anaIyS|s Fisher is sensitive to small p
integration ~ values and not recommended for
& pooling peaks method aims to improve the metabolome coverage by combining complementary measurements . In this case, all uploaded peaks are merged into a single input for putative compound 6 or more da‘tasets' m and M;ax
annotation (with consideration for different mass tolerances) followed by pathway activity prediction, are mathematically the minimum
Tip: use this method when the same set of samples were obtained using the same (or very similar} MS instrument under different experimental conditions, for instance using different columns, extraction or maXimum p Values- StOUffer
methods or o modes is used for data following
gaussian curve, while Edgington
bests fits circular data and
- sensitive to large p value. Vote-
counting weight all datasets
S R same and give a vote if there is a
study meet the confidence
interval (p < 0.05), at least 5
datasets are required to reach
the significant level (meta.p <
0.05) for vote-counting.

Algorithm: Q Mummichog

Version @ Version 1 ™/

P-value cutoft@) 0.001



https://dev.metaboanalyst.ca/docs/Faqs.xhtml

3.5.2 Results (pathway Level integration)

. B Click “Update” to P—
=" customize maximum TIP: Pathway integration
Upload Number of pathways 1o display: 15 Update pathway number shown at results are shown as a

Set parameter
e the bubble plot below. bubbieiplot Theinode

Meta paths Phenylalanine, tyrosine and tryptophan biosyntme W v Slze IS pOSItlyely

Phenylalanine metabolism enrichment ratio Correlated Wlth the
B ® : 02s enrichment ratio of the

0.50 q

Netwark viewer Porphyrin and chlorophyll metabolism @ o Correspondlng pathway'
Download Ubiquinone and other terpenoid-quinone biosynthesis . 1.00 Meta'P |S the |ntegrated P

Sphingolipid metabelism
values.

Poaling peaks

Upset diagram

Exit

Aminoacyl-tRNA biosynthesis
p-value

Tryptophan metabolism
Metabolism of xenobiotics by cytochrome P450 I 0.75

Alanine, aspartate and glutamate metabolism

0.50

Table of the top Propanoate metabolism .
. -

Glutathione metabolism

eanChEd pathWayS beta-Alanine metabolism

Glycerophospholipid metabalism

identified in the meta- FFF S Click “Network

analysis. Analysis” to explore
PES— the data in the
context of a KEGG

Detaled result table L . . metabolic network.
, Click “Upset Diagrams
Mean Enrich describes the percentage of the potential compound hits to the potential hits to the whole pathway (not

- to view the Venn plot of
pathways. etap

ues, Other columns are the raw p-values for each

Pathway A1_pos_Pvalue B1 |

Phenylalanine, tyrosine and tryptophan biosynthesis 0033127 032413 0053433 0020835

Phenylalanine metabolism 0.0059386 0439215 0.59975 0.048179

Xia Lab @ MCGl (135t updated 2022-06-17)




353 ReSL”tS (Upset Diagram) TIP: Venn diagram is

providing the intersection

results of different
datasets.

iThis UpSet dingram is useful for displaying all possible comparisons between datasets., ine. tyrosine aud ryprophan

is
e and other terpenoid-quinone

.U
M a n U a | |y Se-t th e « Different nodes and connecting nodes correspond to the possible comparisons between datasets that contain hits biosynthesis

= Different vertical bars represent the number of hits corresponding to select comparison. Horizontal bars represent the number of hits corresponding to
cut-off of p values —
# Click on nodes and bars to show the corresponding features on the left panel.
Adjust the p-value cutoff beic of the number of si of pat hwa ys 1o + At most four datasets can be compared at the same tine. Datasets without hits will NOT be shown here;

include for Venn
P-value cutoff: 005 .
diagram. o omnc sm o2

i
i

A1_pos

Click certain part to view
the intersected pathways »

B1_pos
C1pos

meta_dat 2
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Intersection Size




The compound
hits will be
mapped onto the
global metabolic
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3.6.1 Parameter Setting — Pooling peaks

ﬂ h Parameter Settings

TIP: Mummichog version
Upload Pathway-level Integration 1 is more compatible for
et parometer heterogenous data (like
For pathway-level integration, each individual study undergaes the steps of calculating m/z level statistics and putative metabalite annotation, followed by pathway activity prediction. All pathway results are d |ffe rent LC_ M S
Meta paths combined to create a unified matrix of pathway-level results (keeping only pathways found across all-studies). Pathway activity scores are then combined using one of several p-value integration methods. I tf / t t_

atrorms/ extraction
Pooling peaks Tip: use this method when studies are independent of each other, but interrogate (more or less) the same pathways . The use of pathway analysis improves the biological consistency across studies. p .
method etc.), while the
version 2 is only

Download Version @ Version 1

e applicable for the same

pvalue ntegration @ Faee v LC-MS condition.
1. Start meta_ana|y8|s Pathway library: Homo sapiens (human) KEGG)

from pooling peaks

View result

Upset diagram

Network viewer Algorithm Q Mummichog

Pooling Peaks

e sl ks et i s improve he metabolome coverage by combining compemenay mesuremen 2. SEL pArameters for
annotation (with consideration for different mass tolerances) followed by pathway activity prediction, f H I I H

unctional ana ySIS
Tip: use this method when the same set of samples were obtained using the same (or very similar) MS instrument ui

Tl e e from poolmg peakS ifferent columns, extraction

input for putative compound

Algorithm: Q Mummichog

Version @ Version 1 W

o vaus i@ m\ 3. Click “Submit

to process the
Pathway library: Homo sapiens (human) [KEGG] -
analysis




3.6.2 Results (Pooling peaks)

TIP: Click the network
explorer at the bottom of
Mummichog Pathway Actiiy Profile this page to start the
= Mouseover any circle to view its name; click a circle to view compound matches. Click the Network Explorer to view results in the KEGG global metabolic network. eXp|Orati0n Of network
S 0@ analysis. You can also
r—" download the pathway or
ks : ([ ] compound hits by clicking

e the corresponding buttons.

Download

Exit

Click the pathway
node or view
button to see the
metabolites

The colored nds/e irical inds indicat tial matches from the user's i
mapping in the D S W Ao s S s W,

specific pathway r— Metaboltes

Sphingolipid C06124; C01120; C00836; C00319; C0O0065; C00154; C02934;
C12144; C00346

Detailed result table
Mouse over the Help icon 10 find more information on each columns @
Pathway Name Total T) Hits aiy T Hits (sig) T Expected T) P-value T}
16089 00028744
016319
01703 0042651

10 7 01703 0042651
X3 Lab @ WG (st daled 20229617




3.7 Result Downloading & New Journey

Click the “Start New
Journey” to directly use
bownload Resuls & Start New Journey your data in other modules @ Stactca Aras
— lease download the results ables and images) rom the Rasults Download tab below. The Dow (eg S‘[a‘[ist]ca| Ana|ysis lysis report using the R _ Biomarker Analy

button. Finally, you can continue to explore other compatible modules using the Start New Jou Time-series/Two-factor

Set parameter M od u |e) _ Power Analysis

View result

Results Download Start New Journey

Results Download  Start New Journey
Meta paths __ Enrichment Analysis
s Targeted Metabolomics -

Paoling peaks __ Pathway Analysis

Upset diagram " Untargeted Metabolomics Functional Analysis
pos norm.csy -

Netwark viewer

Download meta bubble 0 7 300,0ng

Exit mummichoq_matched compound 3

Click the “Generate
Report’ to download a
pdf report summarizing

your analysis.




If you have any questions please read thro




