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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 biolagiegbretation based meta
analysis.

Highlights:

- Support for reta-analysis of untargeted metabolomics dategration at pathway leyel .




3.0 Knowledge & Background

Why metaanalysis?

While individual studies may identify certain results, such results may not be reproducible in other independeritestudies of t
same biological questions due to low sample size, sample heterogeneity, the 8 pfdtfdrm used, or metrics used
for interpreting results. Metaalysis, which is the combination of findings from independent stadrebe used to
overcome such limitations and ultimately increase the power, precision, and generalizability of a study.

The module of MetaboAnalyst now permits users to performanatgsis of untargeted
metabolomics data. The method implemented in this module also reduces the bias individual studies may carry towards
specific sample processing protocols ofNLE instruments.




3.2 Start Meta-Analysis (MS Peaks)

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

Module Overview CIle here to

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

Raw Spectra
- pec LC-MS Spectral Processing

AL, 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 s Statistical Meta-analysis Power Analysis Other Utilities
1xt table E

« Show R command history




3.3.1 Meta-Analysis MS Peaks Upload

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

Please upload and process your data

> View result

i
- Use the panel below to prepare each individual data. Click the individual cells to activate each process. Click Add New to add a new data set. The maximum total number of samples

Set parameter

Meta paths
Pool peaks

Download

et 1. Upload 2. Perform

5 each peak sanity
table checkand
individually. view data.

Data Upload Sanity Check

* Upload &P

Venn diagrams
Network viewer

allowed is 1000. When all data sets have been processed, Click Proceed to proceed. Click the Try Examples button to try our example datasets.

Normalization Analysis Summary

- b Analyz @r

! ! 1

3.Normalize 4.Perform a 5.View
the data. ttest to summary of
identify statistical
important test.
features.

Include

= Try Examples

Try our example
data here

© Proceed

Xia Lab @ McGill (last updated 2021-04-12)

TIP 1:The uploading table
should include all peaksafter
processing rather than
several interested peaks.

Click here to include (0!
not) the peak table in th
metaanalysis.

TIP 2:The mummichog
algorithm (Li et al. 2013)
works best when there are
10~25% significant peaks.
Please try to adjust the
percentage of significant
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

= Adducts Customization

Please customize the adducts based on your experimental conditions (e.g.
Mobile Phases). Click 'Confirm’ to finish.

Available Include

Data name:

Number of features:

Number of samples:

Group labels:

Normalization procedures used:

Percentage of signficant hits(%):

Customize adducts (Optional):

Al_pos

2223

49

covid vs. HC

Log + Medium Normalization

Dvtupnj {fluif!beevdut -
finish the uplaoding of this dataset.

M+2Na [24]
M+3Na [34]
M+H+2Na [34]
M+2H+Na [3+]
M+2Na-H [1+]
M+HHK [24]

M+ACN=H [1+]

M [1+]
M+H [14]
M=2H [24]
M=3H [34]
M=Na [1+]
M+H+Na [24]

M=K [14]




3.4 Upload Using Example Data

, . . fid nNormalization- Ok TIP:Users can either
MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data Further feature fitering based on . i
Interquantile Range upload a single ion mode
- table as a dataset, or
Normalization - OK
Fur}hsrfealur& filtering based on tables from
ISt Renge both ion modes together

- Use the panel below to prepare each individual data. Click the individual cells to activate each process. Click Add New to add a new dal ain Normalization - OK by ChOOSIng the

allowed is 1000. When all data sets have been processed, Click Proceed to proceed. Click the Try Examples button to try our example Further feature filtering based on approprlate 'Ion Mode'
Interquantile Range

ﬁ Please upload and process your data

Set parameter

v View result Data Upload Sanity Check Normalization Analysis

Meta paths T
« Al pos + Process + Normalize « Analyze

Pool peaks S S— _ —_

Venn diagrams + Bl1_pos + Process + Normalize + Analyze

Network viewer « C1_pos + Process + Normalize + Analyze

Download

Exit

D mjPdotebdds

to move forwarc

with the meta
analysis

= Try Examples © Proceed

XiaLab @ McGill (last updated 2021-04-12)




3.5.1 Parameter Setting : Pathway-level Integration

| MetaboAnalyst 5.0 - user-friendly, end-to-end metabolomics data analysis

1. Startmetaanalysis Eit#;‘:ﬁ:g‘#ifae_'ed

Parameter Settings / |ntegrat|on at ana'ySiS at pathway level
Pathway-ievel Intsgration pathway or peakS (by integrating p values)

N or at peaks level from

+ View result For pathway-level integration, each individual study undergoes the steps of calculating m| 2 . Se paramete rs n, followed poo"ng peaks together.

Meta paths by pathway activity prediction. All pathway resuits are combined fo create a unified mari found across
Pool peaks all-studies). Pathway activity scores are then combined using one of several p-value inte fo r pathway

venn diagrams

Tip: use this method when studies are independent of each other, but interrogate (more |nteg ratlon analysis

Network viewer improves the biological consistency across studies
Download

Ext Algorithm: ® Mummichog TIP2: p value integration provide
P-value Integration @ Fisher e 6 approaches here. Briefly,
Pattway liorary: Homo sapiens (human) [KEGG] = Fisher is sensitive to small p
values and not recommended for
) = 6 or more datasets. Min and Max
Pooing Peaks 4/ 1 Dmj dl ! C are jnatieindically the minimum
S to process the or maximum p values. Stouffer

The pooling peaks method is to computationally combine different instruments to measure the same set of sample, I . IS useq for data fOIk?Wlng :
merged into a single input for putative compound annotation (with consideration for different mass tolerances) foll ana ySIS gaussian curve, while Edglngton

Tip: use this method when the samples are homoganeous but instruments are more complementary, for instance samples that comes from the same beStS_ :fItS circular data and
Iab but were obtained using different columns, exiraction methods o data collected using complementary LG-MIS instruments sensm.ve to |§rge p value. Vote-
counting weight all datasets

Algorthm: ® Mummiches _ GSEA same and give a vote if there is a
version @ Version 1 study meet the confidence

P-value cutofr @ 0.001 interval (p < 0.05), at least 5
Pattway liorary: Homo sapiens (humam) [KEGG] = datasets are required to reach
the significant level (meta.p <
0.05) for vote-counting.



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

3.5.2 Results (Pathway Level integration)

MetaboAnalyst 5.0 - user-friendly, end- D m] Uﬂdatm.\ﬂi up !
customize maximum TIP:Pathway integration
Meta-analysis Results pathway number shown at results are shown as a
Wty o sone (5 the bubble plot below. bubble plot. The node
size is positively
ine, tyrosine an:he:‘:;"m "M:am"sm . o Value Correlated Wlth the
Prmary bl ack bosynthesis . i enrichment ratio of the
S — - corresponding pathway.
Ubiquinone and other terpencid-quinone biosynthesis Meta,P IS the |ntegrated P

Sphingolipid metabolism I 02
AminoscyRNA bosymthesis values.
*

Tryplophan metabolism
" Enrichment_Ratio

® 025

050
Propancate metabolism .

Table Of the tOp Glutathione metabolism : ?:

Metabolism of xenobiotics by cytochrome P450

Alanine, aspartate and glutamate metabolism

beta-Alanine metabolism

enriched pathways Al et
identified in the meta
analysis

Meta.P are the irnegramdMas, Mean_Enrich describes the percentage of the potential compound hits to the potential hits to the whole pathway. Other columins are the rav p-values for each individual data

Pathway Atpos_Pvalue Bipos_Pvalue C1pos_Pvalue Mean_Enrich(%) Meta.p
Phenylalanine, tyrosine and tryptophan biosynthesis 0.033127 0.32413 0.053433 8333 0.020835

Phenylalanine metabolism 0.0059386 0.49215 0.59975 4667 0.048179

Primary bile acid biosynthesis 051247 061711 001988 1667 011925 D m j Néthrkd 2
Tyrosine metaboiism 0.077673 02243 0.50793 30.16 0.14957
Porphyrin and chiorophyll metaboiism 021929 0.15112 058136 16.05 024561 An alysl i JI u p I

©  Previous ~  Venn Diagrams = Network Analysis th e d ata N th e

D mjVenn Didgrants) context of a KEGG|
to view the Venn plot ¢ metabolic network. -

pathways.




3.5.3 Results (venn Diagram)

TIP:Venn diagram is
providing the intersection
results of different
datasets.

| MetaboAnalyst 5.0 - user-friendly, end-to-end metabolomics data al

Different regions in the Venn diagram represent all possible comparisons among the data sets. R
« Pa and chlorophy]l metabolism
« Atmost four datasets can be compared at the same time. Datasets without hite will NOT be shovwn here;
« The area size of the egion does NOT relate to the mumber of patinvays:
« Click an asea to show the comesponding pathways on the left panel.
The max number of datasets that can be compared using Venn M an ual Iy Set the

diagram is 4. Adjust the p-value cutoff below to control the

number of significant pathways. CUt-Off Of p Values _
P-value cutoff: 0.05 Update of pathways tO Network viewer
include for Venn |_=
diagram.

Pathways Include

Click certain part to

view the pathways

© Previous -+ Network Analysis

Xia Lab @ MoGill_(1ast updazed 2021-01-09)



3.5.4 Results (Network Exploration)

Manually select
specific the

pathway(s) you
are interested in

The compound
hits will be

mapped onto the

global metabolicf
network.




