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5. Enrichment Analysis

Metabolite Enrichment Analysis is used to directly investigates if a group of functionally related metabolites are significantly
enriched, eliminating the need to preselect compounds based on some arbitrary cut-off threshold. The Enrichment Analysis
module of MetaboAnalyst has added multiple enhancements for Version 5.

Highlights:

Added 1615 new chemical class metabolite sets

Enhanced enrichment analysis visualizations ~ interactive bar-chart, bubble plot, and interactive p'iéjchart

Enhanced support for lipidomics data
Expanded our underlying database to cover 197 854 lipids \

Implemented a smart-matching algorithm to enhance the matching of user-uploaded lipids to our internal

compound database.




5.1 Start Enrichment Analysis

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

Module Overview

Click here to

Input Data Type S a rt on a module 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
(compound lis

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

Statistical Meta-analysis
txt table Analysis

« Show R command history

Network Analysis

Power Analysis

Other Utilities




5.2.1 Enrichment Analysis (Upload one column compound list)

Users can upload MetaboAnalyst 5.0 - user-friendly, end-to-end metabolomics data analysis

either a list of
N MetaboAnalyst 5.0 - user-friendly, end-to-end metabolomics data analysis
compounds, a list of |

compou nds with Choose one of the following options to proceed
Co ncentration va | UGS, Over Representation Analysis Single Sample Profiling Quantitative Enrichment Analysis ]
or a concentration

Please enter a one-column compound list:
table.

Creatine -
Download : Dimethylglycine
: Fumaric acid
Exit | Glycine
: Homocysteine
L-Cysteine
L ]

L-Fhenylalanine
L-Serine
L-Threonine
L-Tyrosine
L-Valine

ic acid
Pyt s Specify the input type.

Sarcosine

FEEERREEEE ﬁﬁugaﬁaw

Input Type: Compound names

Feature Type: - Specify - -

Try Example: ® None | List1(metabolites) | List 2 (lipids)

Specify here whether
the features are lipids or e Check the mapping

metabolites. o - results and then Click
Click “Submit” to “Submit” to process

upload your data. your data.




5.2.2 Enrichment Analysis (Upload two column compound list)

4. Check the P —
compound S
mapping results. R

MetaboAnalyst 5.0 - user-friendly, end-to-end

1.Upload a list

Of com p oun d S Over Representation Analysis Single Sample Profiling Quantitative Enfichment Analysis

with ~ ~
. Enter your data below (two-column data):
concentration \

D-Glucose  23.92 -

ValueS Eymglutan;\cagigéﬁ.aa
ormic aci .

Indoxyl sulfate 34.21
Dimethylamine 38.28
Ethanolamine 39.29
Glycolicacid 41.39 i
Cliamine 5289 5. Check the concentration
L-Histidine = 55.95

Trigonelline  57.4

3-Aminoisobutanaic acid £9.76 CompariSOH results.

Taurine 116
Glycine 123.52
Trimethylamine N-oxide 128.04

‘Compariscn with Reference Concentration
Citric acid 22531 Sase
\ Hippuric acid 278.53 g :

Kcon ek 10508 2 gl sy o 1 comgarzens

Input Type: Compound names 5‘.‘_’ —_— “"""“"" :---—-
2. Specify the unit FeatweType: -Spesty— .~ , N

Biofluid (unit): Urine {umol/mmel_creatinine)
of the

oose one of the following options to proceed

FEE¥EEREERE
FEEEEEEERREE

s

Use the example data

CO n Ce nt rat | o n "~ - urine sample {(umol/mmol_creatinine)
values you input submit

Concertratan Rarge [umallmmol_creatine)

3. Click “Submit” to

6. Click view to inspect the
upload your data.

compound comparison.




1.Upload your

data table and
specify the
format etc.

1.Input the
Metabolomic
Workbench
Study ID to
import the
data.

5.2.3 Enrichment Analysis (Upload concentration table)

Over Representation Analysis
Upload your concentration data (.csv or .ixt)

Group Label: # Discrete (Classification)
ID Type: Compeund names
Feature Type: - Specify —

Data Format:

Single Sample Profiling

Choose one of the following options to proceed

Quantitative Enrichment Analysis

__ Continuous (Regression)

Submit

~

Data File: Choose File | No file chosen

Download from Metabolomics Workbench

Study ID: | STO01301

Try our test data:

Data 1D Type Group Label

) Data1 Commonname Discrete

PubChem CID  Continuous

Common name Discrete

Submit

Description

Urinary metabolite concenirations from 77 cancer patients
measured by 1H NMR. Phenofype: N - cachexic; Y - control
Uninary metabolite concentrations from 97 cancer patients
measured by 1H NMR. Phenotype: muscle gain (percentage
within 100 days, negative values indicate muscie loss)

Lipidomic biomarkers in serum samples from patients with benign
and secondary progressive MS obtained from the Metabolomics
Workbench (ST000688).

2. Click "Submit’ to
upload your data.

TIP1: MetaAnalyst now
allows users to use the
study results from
Metabolomics Workbench
directly by simply providing
the STUDY ID.

TIP2: The data pre-
processing steps, including
data integrity check, 1D
standardization, and
normalization need to be
performed step by step.




5.3 Parameter Selection

| MetaboAnalyst 5.0 - from raw spectra to patterns and biological insights

Parameter Setting:

Please select a metabolite set library
» Processing

Pathway based

Metabolite set library
selection. New libraries
in V5 include the fecal-
disease metabolite set

and all chemical
cture metabolite
set

Disease signatures

Chemcial structures

Self defined

® SMPDB
KEGG

Drug related

Blood

CSF

Feces

Super-class
Main-class

Sub-class

SNPs
Predicted

Locations

Upload here

_ Only use metabolite sets containing at least 2 entries

Please specify a reference metabolome

@ Use all the compounds in the selected library

Upload a reference metabolome based on your analytical platform

R Command History %
Keep collapsed ® Save
1. nSet<-InitDatabbjects("conc”, “msetor
a", FALSE)

2.
99 metabolite sets based on normal human metabolic pathways.

84 metabolite sets based on KEGG human metabolic pathways (Oct. 2019).

461 metabolite sets based on drug pathways from SMPDB.

344 metabolite sets reported in human blood.
384 metabolite sets reported in human urine.
166 metabolite sets reported in human cerebral spinal fluid (CSF).

44 metabolite sets reported in human feces.

35 super chemical class metabolite sets
464 main chemical class metabolite sets o1 I

7. ! li o lipid
Yarzsibichemical claas metanoiite sets . mSet<-CreateMappingResultTable (nSet)

4,598 metabolite sets based on their associations with SNPs loci.
912 metabolic sets predicted to change in the case of dysfunctional enzymes.

73 metabolite sets based on organ, tissue, and subcellular localizations.

define your own customized metabolite sets

Click “Submit” to
perform enrichment
analysis.

Submit

Xia Lab @ McGill (last updated 2020-12-14)

TIP1: Select the
metabolites sets you are
going to explore or upload
a self-defined sets.




5.4.1 Enrichment Analysis Results — Bar Chart

MetaboAnalyst 5.0 - from raw spectra to patterns and biological insights

Results of Enrichment Analysis

* Please scroll down for the detailed result table on the botiom
« Enrichment Ratio is computed by Hits / Expected, where hits = observed hits; expected = expected hits (see the Table below)

Bar Chart

Interactive bar-chart of E
the e n riCh ment é Overview of Enriched Metabolite Sets (Top 25)

analysis results. Hover | | | oo [

)

over the bars to view
the Enrichment Ratio
per metabolite set.

Sels

Metabolite

Glycerophos

= _
al _

Glyceroph

Xia Lab @ McGil (last updated 2020-12-14)



5.4.2 Enrichment Analysis Results — Network View

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

Network View

®
Omaéw;:n Qn;"Q @i .

Interactive network of ] "‘ O — .

X Difference Between Normal Han. rague-Dawdey (Sd) Rats
different pathways are Q- s

. Short-Chain 3-Hydroxyacyl-Coa Dehydrogenase Deficiency (Schad)
displayed here. You can Qmw-mw‘www e @

try to drag or zoom in to o bzl Eocaphkoyopsy s Evtd by Ak Suc2
explore the connection s el
between pathways.



5.4.3 Enrichment Analysis Results — Dot Plot

| MetaboAnalyst 5.0 - from raw spectra to patterns and biological insights

Dot plot of the
enrichment analysis
results The SIZE Of the Overview of Enriched Metabolite Sets (Top 25)

circles per metabolite Orabosctmaries
set represents the S—
Enrichment Ratio and N
the color represents Emichment Rato

H Glycerophosphocholines : :g
the p-value. e
Glycerophosphates @ 1o

P-value
Glycerophosphogiycerols 1.00

0.75
Glycerophospholnostols 0.50
0.25

0.00
Diradylglycerols

Ceramides

2 4
-log10 (p-value)

Interactive Pie Chart

Xia Lab @ McGill (last updated 2020-12-14)



5.4.4 Enrichment Analysis Results — Summary table

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

ﬂ Expected P value Holm P FDR Details
- Schizophrenia 13158 3.55836-4  0.039141  0.00331  View
» Processing

= Enrichment

Download

Rats Treated With Hgel2 13158 36236E-4 0039487 000331  View
Difference Betwsen Normal Han-Wistar (Hir) And Spragus-Daviey (Sd) Rats 13158 3633E-4 0039457  0.00331  View
Propionic Acidemia 13158 38979E4  0.041708  0.0033H  View
Paraquat Poisoning 13158 3.9458E4 0041825 0003311  View
Tyrosinemia | 1.3158 3.9493E-4 0.041825 0.003311 View
Phenylketonuria 13158 40033E-4 0041825 000331  View
Bt Feeding: Amino Acid Formula [Dd] 1.3158 4695E-4  0.048358  0.0033M  View
Iaple Syrup Urine Disease 13158 49515E4 0050506 0003311  View
Metabolites Affected By Age 1.3158 4.9763E-4 0.050506 0.003311 View
Wetabolites Affected By Gender 13158 50144E-4 0050506 000331  View
Peripheral Inflammatory Pain In The Rat (Fca Mods!) 13158 50252E-4 0050506 000331  View
X-Linked Creatine-Transporter Defect 13158 5027E-4 0050506  0.0033H  View
Primary Hypomagnesenia 13158 50295E4 0050506 0003311  View
Creatine Deficiency, Guanidinoacetate Methyltransferase Deficiency 1.3158 5.15E-4 0.050506 0.003311 View

Asphyxia [Dd] 13158 5.115E-4 0.050506  0.003311 View Tabular Summary Of

Metabolites Affected By Diurnal Variation 1.3158 5.117E-4 0.050506  0.003311 View

Cachedia 13158 7.428E-4 008908  0.0045393  View the en r|Ch ment
Fructose-1 6-Diohasphatase Deficiency 13158 00011854 010905  0.0088627  View . .
—— 5 (o o o analysis results. Click
Fumarase Deficisncy 13158 00018152  0.16337  0.0090793  View "Details" to V|eW Wh |Ch
Spaslic Ataxia 13158 00013984 018896  0.0090793  View

Tryptophanuria 1.3158 0.0018984  0.1639% 0.0090793  View features Were hitS in
Hemodialysis 13158 0.002093 026039  0.01359 View the meta bO||te Set

Lung Cancer 13158 00030887 026563 0.01358 View

Ketosis Unspecific [Dd] 13158 00042017 035715 0.017776 View

Rats Treated With Hydrazine 1.3158 0.0047579  0.39966 0.019384 View

Multiple Sclerosis 13158 0.0080732  0.50408 0.023859

View
Malnutrition 1.3158 0.0066558  0.54577  0.024601  View
s

Madium ~hain Arul "na Nahirrasnsea Nafirianc 12158 NONTEAAL _ NAHNT 0 A24RNA
Xie Lab @ WoGill_{last updaed 2021-01-08)

You can click the ‘submit’ button at the bottom of this page to finish the analysis this time.




5.5 Result Downloading & New Journey

Results Download Start New Journey

L) Statistical Analysis
lyst 5.0 - user-friendly, end-to-end metabolomics data analy s  Bmarker Analsi
Click the “Generate ——

Report’ to download a Click the "Explore Data in |:> P
pdf report summarizing b sourney Other Modules” to directly o
your ana|y8|s d images) from the Results Downlog use your data n Other

Targeted M nics
_ Pathway Analysis

ne directory. You cz Untargeted Metabolomics __ Functional Analysis

the button. Finally, you can continug modules (eg Statlstlcal ey tab.
Analysis Module)

Resiits Download Start New Journey

Generate Report

Download.zip gea 0 dpif2.png
Rhistol

data processed.csv gea dot 0 dpivdp C“Ck the Download'ZIp
cnom 1 dp72png Selizophreniatoi72 ong to download a zipped
Tryptephanuriadpi?2.png daia nomalized.csv folder Contalnlng a” da‘ta
eea cea e fa o and created images.
msea nefwork json norm 1 dpif2.png

Click the “Logout” to
finish the processing.




If you have any questions please read thro




