Exercise 2: Pathways Analysis and Multiomics

Part 2 (Exercises 2,3 and 4):

Pathways Analysis and Multiomics
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34 Oxford Metabolomics Data
Processing and Analysis Workshop



Exercise 2: Pathways Analysis and Multiomics

Overview

In Exercise-1 you performed data processing and statistical analysis of an untargeted metabolomics
dataset. In this Exercise you will perform pathways analysis (targeted and untargeted) and multiomics
data integration using MetaoAnalyst with data from the same metabolomics experiment. The aim is
to interpret the results in a metabolic pathway context. This exercise will guide you through the
process of putting your statistical analysis into biological context and to produce a report at the end
via MetaboAnalyst. You will also be asked a series of questions to help with understanding the results.

As in exercise 1 we will follow a step by step guide which includes screen shots demonstrating how to
perform the analysis and display the results. If you are already familiar with using MetaboAnalyst for
Pathways Analysis and do not want to be guided by screenshots you can go straight to the final section
of this document which provide a list of tasks and questions to be answered. It is expected the majority
of people on the course will benefit from the step by step guide.

If you get stuck or have any questions along the way please put up your hand and those running the
course will come and help.

To complete Exercise 2, you will need:

1. Access to MetaboAnalyst online:
https://www.metaboanalyst.ca/MetaboAnalyst/home.xhtml
2. There are three different data files for Part 2:
e Targeted Pathways Analysis: ‘Exercise_2_DATA_MA.csVv’ (Part 1)
e Untargeted Pathways Analysis: ‘Exercise-3_untargeted.csv’ (Part 2)
e Multiomics (metabolomics and transcriptomics): ‘Exercise-4_multiomics (Part 3)

3. These instructions to follow.

Datafiles are available on the Sharepoint for the workshop. Please make sure you have downloaded a
local copy of these data files to your computer before starting the exercise. You may also find it useful
to have a hard copy of this exercise sheet or have it open on a separate screen when using
MetaboAnalyst.
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Part 1: Targeted Pathways Analysis

Step by step guide (with screen shots)

Please follow the step by step guide below to analyse the dataset
you are given and create a Pathways analysis report in
MetaboAnalyst. You will then have some questions to answer about
the results (if you are an experienced MetaboAnalyst user you can go
straight the list of talks which are given on the last page of this
document).

Part 1: Targeted Pathways Analysis

1. Copy the .csv file called ‘Exercise_2_DATA_MA.csVv’ to your local computer (this data
file will have been sent to you by email and will also have been uploaded to the
Teams site for the workshop).

2. Open MetaboAnalyst https://www.metaboanalyst.ca/

3. Select: >>click here to start<< which will open up the pyramid of modules (see
Figure 1 below).
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Module Overview

Data Formats

MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

Pathway Analysis

Input Data Type Available Modules (click on a module to proceed, or scroll down for more details)
Tutorials
£AQs
AP
2 MS Peaks
e et o e e Funcinnai an:
Update History saistotniat sy e
MetaboAnalystR Annotated Features
P Enrichment Analysis
Contact
Generic Format
User Stats . Statistical Analysis Blomarker Analysis Time-seun ™
Publications
About

_. nnalysis

Spectral Processing

Functional Meta-anal

alysis rk Analysis

Statistical Meta-analysis Pouer Analysis. Ofher Utilties.

¥l Show R command history

o
&

© staistical Analysss
GenomeCanada
This module offers various commonly used statsical and
o machine lesring methods including Ltests, ANOVA, FCA, PLS-
o DA and Orthogonal PLS-DA. 1 aiso provides custering and
GenomeQuébec visuaizaton tooks o create dendrograms and heatmaps as well

NIH

as o classify data based on random forests and SV

© SpeciralAnalyss

s module alows users to upload raw LC-MS spectra (mzlL,
ML or mzData)to be processed using our optinized
workflow based on MetaboAnaystR - OptLCHS. The moduie
‘supports common LC-MS platforms. The resut peak ntensty
table can be used for statistcal and funconal analysis.

© Time-series/Two-factor Ansysis

Figljre 1: Pyramid of MetaboAnalyst modules.

on ‘A concentration table’ as circled in Figure 2.

you just downloaded.

Compound List

» Processing

© Biomarter Analysis

“This module performs various biomarker analyses based on
receiver operating characterstc (ROC) curves for a singe or
muliple bomarkers using wel-estabished methods. 1 aso
alows users to manually speciy bomarker models and
perform new sample predicton

© Funcional Anaiysis (1S Peaks)

“This module accepts high-resolution LS speciral peak data
10 perform metaboke pathway enrichment analysis and visual
exploration based on the wek-establshed mummichog
aigorihm k currenty supports 26 organisms including Human,
Mouse, Zebrafish, C. elegens, and other specks.

© Enrichment Analysis

Please upload your data use one of the options below

Concentration Table

Metabolomics Workbench Data

» Pathway Upload your concentration data (.csv or .txt)
Download
Exit Group Label: Discrete (Classification)
ID Type: — Please specify
Data Format: Samples in rows
Data File: Browse... | No file selected

© pathuiay Anslysis (tarosted)

s module supports pathway analysis (ntegrating enrichment
analysis and pathway topology analysis) and visuaizaton for
26 model organisms, inclding Human, House, Rat, Cow,
Chicken, Zebrafih, Arabidopsis thalan, Rice, Drosophis,
Malari, 5. cerevisae, E coll, and others species.

© Functionsl eta-ansiysis (45 peaks)

“This module provides statistcal methods to entity consistent
functional changes across mutile global metaboloics.
datasets collected under comparable LC-HS condions. t
employs mummichog algorthm to help dentiy consistent
functonal signatures by integratig functonal changes from
ndependent studies or by pooiing peaks from complementary.

instruments,

© Jont Pathway Anshsis

Select ‘Pathways Analysis’ which will open up a window as in Figure 2 below. Click

Complete as shown in Figure 3. Browse for the file called ‘Exercise_2_DATA_MA.csv’

MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

Continuous (Regression)

Use the example data

Data  Description

Dataset

cachexic; Y - control

Figure 2: Select ‘concentration table’.

Submit

Urinary metabolite concentrations from 77 cancer patients measured by 1H NMR. Phenotype: N -
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MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

ﬂ : Please upload your data use one of the options below
- : Compound List Concentration Table Metabolomics Workbench Data
» Processing :
» Pathway Upload your concentration data (.csv or .txt)
Download
Exit : Group Label: ® Discrete (Classification) _ Continuous (Regression)
; 1D Type: HMDB ID .
i Data Format: Samples in columns -
Data File: Browse... Exercise_2_DATA_MA.csv

Use the example data
Data  Description

Urinary metabolite concentrations from 77 cancer patients measured by 1H NMR. Phenotype: N-

: Dataset :
cachexic; Y - contral

i Submit

Figure 3: Complete details as shown, browse for the file called ‘Exercise_2_PathwaysAnalysis_MA’ you just
downloaded and click ‘submit’

6. You are then taken to a data integrity check page (Figure 4).

MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

ﬂ : Data Integrity Check:
: 1. Checking the class labels - at least three replicates are required in each class.
Upload ] 2. Ifthe samples are paired, the pair labels must conform to the specified format
= Processing 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).
Name check
Missing value
Data processing information:
Data filter
Checking data content .. passed.
Data editor
Samples are in columns and features in rows.
Mormalization
Download The uploaded file is in comma separated values (.csv) format.
Exit The uploaded data file contains 18 (samples) by 109 (compounds) data matrix.

Samples are not paired
2 groups were detected in samples

Only English letters, numbers, underscore, hyphen and forward slash (/) are allowed

All data values are numeric.

1 features with a constant or single value across samples were found and deleted
Atotal of 0 (0%) missing values were detected.

By default, missing values will be replaced by 1/5 of min positive values of their corresponding variables

Click the Skip button if you acceptthe default practice;

Or click the Missing value imputation to use other methods.

+ Proceed

Figure 4: Data Integrity Check page.

7. Click ‘Proceed’ at the ‘Data integrity’ page.
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8. Check the ‘Compound Name/ID Standardization’ page (Figure 5). If any of the
naming of metabolites is not correct a ‘name check’ page will appear. There is a
chance to update the name at this point of simply continue and those queried in red
will be ignored in the pathways analysis (N.B. 2 are queried in red but we will
continue without amending them).

9. Once ready click on ‘submit’ at the bottom of the list. This opens up the
‘Normalisation overview’ page familiar from Exercise-1 on Data Processing.

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

HMDBO00026T Pyroglutamic acid HMDBO00O2ET 7405 C01879
m HMDB0000243 Pyruvic acid HMDB0000243 1080 Coo022
Quinic acid HMDB0002072 6508 C00298
Upload
~ Processing HMDB0000232 Quinolinic acid HMDB0000232 1086 co3rz2
- HMDB0003213 Raffinose HMDB0003213 10542 C00492
HMDBO001543 D-Ribose 5-phosphate HMDB0001E48 439167 C03738
Missing value
HMDBO000E18 D-Ribulose S-phosphate HMDB0000E18 439184 coo193
Data filter
Data editor HMDBO0007S2 Sebacic acid HMDB00007S2 5192 C08277
Normalization : HMDB00602T4 164735 C00447
Downloze HMDBOOSUS0Y - - - view
Exit
HMDBO001063 D-Sedoheptulose 7-phosphate HMDB0001068 22833559 C05382
HMDB0000247 Sorbitol HMDB0000247 5780 Co0794
HMDBO0OS831 Sorbitol-6-phosphate HMDB000S831 818 C02810
HMDB0000254 Succinic acid HMDB0000254 mo Co0042
HMDBO001259 Succinic acid semialdehyde HMDB0001259 mz coo232
HMDB0001227 5-Thymidylic acid HMDB0001227 8700 C00364
HMDBO001342 Thymidine S'-triphosphate HMDB0001342 84968 C00453
HMDB0000S35 Uridine diphosphate glucuronic acid HMDB0000S3S 17473 C00167
HMDB0000236 Uridine diphosphate glucose HMDB0000236 53477679 C00023
HMDB0000300 Uracil HMDB0000300 74 Coo106
HMDBO000289 Uric acid HMDB0000289 urs CO00366
HMDB0000296 Uridine HMDB0000296 £029 C00299
Uridine 5- HMDB0000288 8030 Coo10s
Uridine diphosphate-N- HMDB0000280 9547196 C00043
Uridine HMDB000028S §133 C00075
HMDBO001554 Xanthylic acid HMDB0001554 73323 C00855
HMDBO002917 D-Xylitol HMDB0002817 6912 £00373
HMDB00008ES Xylulose S-phosphate: HMDB00008ES 438180 coo231
HMDBO001487 NADH HMDB0001487 928 £00004
Uridine S-diphosp! HMDB0000285 8031 £00015
HIDBI00G122 View
You can download the result here
Submit

Figure 5: Compound Name/ID Standardization’ page.

10. Select ‘Normalisation by Sum’, ‘Log’ for data transformation and ‘Pareto Scaling’
under Data Scaling click on ‘Normalise’ and then ‘Proceed’. (Figure 6)
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ﬁ MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

ﬁ Nermalization overview:

The normalization procedures are grouped into three categories. The sample normalization allows general-purpose adjustment for differences
Upload
P among your sample; data transfermation and scaling are two different approaches to make individual features more comparable. You can use one
~ Processing

Missing value

or combine them to achieve better results

Sample Normalization

Data filter !
Data editor } ) ane
_ ‘ Sample-specific normalization (i.e. weight, volume) Specify
Download i # Normalization by sum
= _ Normalization by median
_ Normalization by reference sample (PQN) Specify
Normalization by a pooled sample from group Specify
Normalization by reference feature Specify

Quantile normalization

Data transformation
None

# Log transformation {generalized logarithm transformation or glog)

_ Cube root transformation (fakes the cube root of datavalues)

Data scaling
None
Mean centering (mean-centered only)
Autoscaling  (mean-centered and divided by the standard deviation of each variable)
@ Pareto scaling (mean-centered and divided by the square root of the standard deviation of each variable)

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

Normalize

Figure 6: Data normalisation page (select the same normalisation, transformation and scaling approaches
optimised from the statistical analysis of the data then click ‘Proceed’).

11. On the next page leave ‘Specify Pathways analysis algorithms’ as default (Scatter
plot, Global test, Relative betweenness centrality and Use all compounds...) and
select the ‘Pathway Library’ that is relevant to the samples being analysed (default is
Homo sapiens/KEGG which us suitable for human derived cells, tissues and bio-fluids
and will be used here).

12. Ensure ‘Homo sapiens (KEGG)' is selected (Figure 7). Select ‘Submit’
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ﬁ MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

i

specify pathway analysis parameters:

Upload : # Scatter plot (testing significant features)
| Visualization method
~ Processing _ Heatmaps (testing your selected features)
Bl -

Enrichment method
_ Global Ancova

Missing value
Data filter 3 # Relative-betweeness Centrality
| Topolagy analysis
Data editor 1 _ ' Out-degree Centrality
# Use all compounds in the selected pathway library
DDRgEaY ; Reference metabolome .
Exit ! _ Upload your own reference metabalome

Select a pathway library:

@ tomo sapiens (KEGG)
_ Homo sapiens (SMPDB)

1us musculus (KEGG)

Mammals
_ Mus musculus (SMPDB)
Rattus norvegicus (rat) (KEGG)
_ Bos faurus (cow) (KEGG)
Birds _ Galus galus (chicken) (KEGG)
Fish Danio rerio (zebrafish) (KEGG)
Insects _ Drosophila melanogaster (frut fiy) (KEGG)
MNematodes Caenorhabditis elegans (nematode) (KEGG)
Fungi _ Saccharomyces cerevisiae (yeast) (KEGG)
_ Oryza sativa japonica (Japanese rice) (KEGG)
Plants Arabidopsis thaliana (thale cress) (KEGG)
_ Chiorelia variabilis (gre<n alga) (KEGG)
Schistosoma mansoni (KEGG)
Plasmodium falciparum 207 (Malaria) (KEGG)
Parasites

_ Plasmodium vivax (Malaria) (KEGG)

Trypanosoma brucei (KEGG)

Escherichia coli K-12 MG1655 (KEGG)
_ Bacilus subtiis (KEGG)

Pseudomonas putida KT2440 (KEGG)

Figure 7: Specify Pathways Analysis parameters.

13. The next view will show the results of the Pathways Analysis (Figure 8). On the left
hand side is an overview of the Pathways identified and the right hand side shows
metabolites in those pathway. This is displayed when the circles in the graph are
clicked on.

[About compound colours within the pathway - light blue means those metabolites are not in
your data and are used as background for enrichment analysis; grey means the metabolite is
not in your data and is also excluded from enrichment analysis (only applicable if you have
uploaded a custom metabolome profile); other colours (varying from yellow to red) means
the metabolites are in the data with different levels of significance.]
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5.0 MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

Result View:

i

The metabolome view on the left shows all matched pathways according to the p values from the pathway enrichment analysis and pathway impact values from the

Upload pathway topology analysis. Placing your mouse over each pathway node will reveal its pathway name. Clicking each node will launch the pathway view on the right panel

~ Processing

Missing value

The pathway can be launched either by clicking the corresponding node on the left image or by clicking the pathway name from the table below. Please note, each node
(compound) is clickable. You can zoom in and out using the control buttons below, and then drag the image to the locations of interest. Placing the mouse over each
metabolite node will reveal its common name. Clicking the node will trigger the view of the selected compound

About compeund colors within the pathway - light blue means those metabolites are not in your data and are used as background for enrichment analysis; grey means the

R3] ==

Data filter : metabaolite is not in your data and is also excluded from enrichment analysis (only applicable if you have uploaded a custom metabolome profile); other colors (varying from
Data editor | yellow to red) means the metabolites are in the data with different levels of significance.

Domnicad : Show gridline  Update )

Exit :
Overview of Pathway Analysis Ubiquinone and other terpenoid-quinone bi ithesis
. PR
! - C00082 Ccoog28 C03313
] |
: e o
: EE @
i 5] ®
: E °
: ® @
| : S e o @ ) C05819 C05849
; <]
! w-e (o) ®
] ° o} @®
| o o
| 8 O
i 8 o
! ﬁ o
| o -
| l T T . - ! C00544 C20265 C02059
: 0.0 02 04 06 08 10
! Pathway Impact

Figure 8: Pathways Analysis results screen

14. Below these graphs is a list of the pathways identified as being modified along with
statistics associated with the significance of these modifications (Figure 9).

Click the corresponding Pathway Name to view fts graphical presentation; ciick Match Status to view the pathway compounds (with matched ones highlighted).
DB

i Pathway Name Match Status p -og(p} Holm p FDR Impact Details

Lysine degradstion 1625 14448617 | 1684 56339E-16 | 2B17E-16 0.14085  KEGG SMP

} | Irvotoohan metsboism 181 14446617 | 1684 563316 | 2817E16 0.0 KEGG SWP

D-Glutamine and D-glstamate metsbolism 108 S.O76BE-12 | 11208 1878310 61152811 0.0

i Butanoate melabolism s 64707E-12 11189 23205610  &.M52EM 0.03175

Alanine, aspartate and glutamate metabolism 7i28 T.B4E12 1106 2744610 61152611 0.14684  KEGG SMP SMP SMP

Arginine biosynthesis 018 1.0678E-11 10972 36298610 63393611 0.0 KEGG

i Ctrate cycle (TCA cycle) 7020 5.4277E-11 10265 1.7944E-9 3.0206E-10 030785

Ubiguinone and other i 1 3.8565E-9 24138 12341E7 1671268 10

i Phenylalaning tyrosine and ryptophan 114 3.3568E-9 34138 12341E7 1871268 0.0

|| Terpenod backbone biosynthesis e 6.6767E9 81753 2.0036E7 26047E-8 0.18571  KEGG
Pyruvate metabolism azz B.5045E-9 80658 249247 3.04726-8 0.20634  KEGG SMP
Pentose phosphate pathway 822 183498 77364 SAITIET 5.9634E8 0.38831  KEGG SMP
Cysteine and methionine metabolism 2033 2149868 TEET6 5804567 B.4404E5 0.0 KEGG SMP SUP
Pentose and glicuronate interconversions 7018 512668 7.2901 1.3333E6 1.37556-7 057812  KEGG
Glycolysis / Gluconeogenesis 5026 5200368 72765  13333E6 1.37556-7 027796 KEGG SMP SWP
Tyrosine metabolism 452 6.3516E8 7964 1526866 1.5506E-7 010815 KEGG SMP SMP
Glutathione metabolism 128 120487 58381 257815 2968567 0.00709  KEGG SMP

Glycine,_serine and threonine metabolsm 433 64BT4ET 61879 1427265 1.4056E-6 0.0897 KEGG SMP

Arginine and proine metabolism 2038 B.BE6 5.0655 1.808E-4 1.7853E-5 0.0 KEGG SMP

{ Amino sugar and nucleotide sugar metaboiism x4 9.6305E-6 50164 1926164 1.8779E-5 019789 KEGG SWP SWP

2 Lo Lo
Submit

Figure 9: Statistical results for the pathway analysis are interactive

15. Questions:
a. What are the top 3 pathways that are predicted to be altered?
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b. Which Pathway has the greatest proportion of metabolite matches (e.g.
identified metabolites in that pathway)?
c. What is the name of the metabolite in the highest ranked pathway?

16. Select submit and then ‘Generate Report’. Click on ‘Analysis Report’ and save. The
report also provides an introduction to the principles of the pathways analysis and
how it works. Links to various publications and tutorials can be found on the
MetaboAnalyst website from which you can learn more about the functionality of
the software and statistical tools.

Click the corresponding Pathway Name to view its graphical presentation; click Match Status to view the pathway compounds (with matched ones highlighted).

1] 2 e

1] 2 e

Submit

i Pathway Hame Match Status p -logip) Holm p FDR Impact Details
i Lysine degradation 125 1.4446E-17 16.84 5.6339E-16 2817E-16 0.14085 KEGG SMP

E Tryptophan metabolism 1441 1 4446E-17 16.84 5.6339E-16 2817E-16 00 KEGG SMP

i D-Glut: and D-glutamat 15 5.0786E-12 11.294 1.8783E-10 B 1152E-11 00 KEGG SMP

i Butanoate metabolism 4NS 6.4707E-12 11.188 2.3295E-10 6.1152E-11 0.03175 KEGG SMP

E Alaning, aspartate and glutamats ] 7.84E12 11.108 2.T44E-10 B.1152E-11 0.14684 KEGG SMP SWP SMP
Arginine biosynthesis a4 1.0676E-11 10972 3.6298E-10 5.9393E-11 0.0 KEGG

E Citrate cycle (TCA cycle) 120 S4377E-11 10.265 1.7944E-9 3.0296E-10 0.30785 KEGG SMP

i Ubiqui and other terpenoid-quinone biosynthesis 15 3.8566E-9 84138 1.234E-7 1.6712E-8 1.0 KEGG SMP

E Phenylalanine, tyrosine and tryptophan biosynthesis 144 3.8566E-9 8.4138 1.2341E-T 16712E-8 0.0 KEGG SMP

i Terpenoid backbone biosynthesis 8 6.6787E-9 81753 2 D03BE-T 2 B047E-B 0.18571 KEGG

E Pyruvate metabolism 427 8 5946E-9 8.0658 2 4524E-T 3 04T2E-8 020684 KEGG SMP
Pentose phosphate pathway a7z 18349E-8 77364 51377E-T 5963456 038831 KEGG SMP

i Cysteine and methionine metabolism 233 2.149BE-8 7.6676 5.8045E-7 6.4404E-8 0.0 KEGG SMP SWP
i Pentose and glucuronate interconversions s 5.128E-8 7.2501 1.3333E-6 1.3755E-7 057812 KEGG

i Glycolysis / Gluconeoggnesis 526 5.2003E-8 7.2765 1.3333E-6 1.3755E-7 027796 KEGG SMP SHP
E Tvrosine metabolism 4142 6.3616E-8 7.1964 1.5268E-6 1.5506E-7 0.10816 KEGG SMP SHP
E Glutathione metabolism 128 1.294E-7 6.8881 2.9761E-6 2.9685E-7 0.0070% KEGG SMP

i Glycine, serine and threonine metabolism 433 6.4874E-7 6.1879 1.4272E-5 1.4056E-6 0.0687 KEGG SMP

i Arginine and proline metabolism 238 8.6E-6 5.0655 1.806E-4 1.7653E-5 0.0 KEGG SMP

E Amino sugar and nucleotide sugar pikT 9.6305E-6 5.0164 1.9261E-4 1.8779E-5 0.19789% KEGG SMP SWP

Figure 10: Download and save report for pathways analysis.

ﬁ Download Results & Start New Journey

MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

Upload Please download the results (tables and images) from the Results Download tab below. The Download.zip contains all the files in your home directory. You can also

o generate a PDF analysis report using the button. Finally, you can continue to explore other compatible modules using the Start New Journey tab.
~ Processing

Results Download

Start New Journey
Missing value
Datafilter |
Data editor |

Generate Report
Download zip path_view_0_dpi72.png

RhistoryR data_pormalized csv

m
=
o

data_processed.csv

C00322.png

name_map.csv

| Z00m1615910685528.png

crop1615910685528.png

Figure 11: Generate a report

Logout

10

Lysine degradation.png

data_original.csy

norm_0_dpi72.png
snorm_0_dpi72 png

pathway_results.csv




Exercise 2: Pathways Analysis and Multiomics

Part 2: Untargeted Pathways Analysis

This section provides a step by step guide to untargeted pathways analysis using ‘Functional
Analysis’ in MetaboAnalyst (based on Mummichog algorithm).

1. Copy the .csv file called ‘Exercise-3_untargeted.csv’ to your local computer (Note
this is an entirely different dataset to the one used in Part 1).

2. Open MetaboAnalyst https://www.metaboanalyst.ca/

3. Select: >>click here to start<< which will open up the circular list of modules (see
Figure 12 below).

s v x R

<« c @ O @ hups metaboanalyst.ca/MetaboAnalyst/ModuleView.xht e e @ty Yo &g@m =
=! 5.0' MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis
Hom Module Overview

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

Tutorials
Raw Spectra

" D. LC-MS Spectral Processing

FAQs

APls
MS Peaks
e q Functional Analysis Functional Meta-analysis
Update History orintens
MetaboAnalystR
Enrichment Analysis Pathway Analysis Joint-Pathway Analysis Network Analysis
Contact
eneric Form:
Uset Stats Statistical Analysis Biomarker Analysis Time-series/Two-factor Analysis | Statistical Meta-analysis Power Analysis Other Utiities
Publicat
About | Show R command history

fa....n
Lab @ e

Figure 12: Pyramid list of modules in MetaboAnalyst.

4. Select ‘Functional Analysis’ tab (see Figure 12) which will open up a window (see
Figure 13 below). Select the ‘Peak intensity Table’ tab at the top (note this is not the
default) Please complete the details as shown in Figure 13 (should be default). Select
‘browse’ and attach ‘Exercise-3_untargeted.csv’ (available to download on the
Teams site for the course).

5. Press ‘Proceed’

11
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& What's new X | @ Peak Annotation and Verificatior X | G branched chainamino acids - Gc X @ MetaboAnalyst x 4+

< c &

voo- X

cex »0@ :

Please upload your data

This module supports functionsl anlysi of untargeted metabolomics data generated from high-resolution mass spectrometry (HRMS). The basic assumption i that putative annotation at ingividual compound level can collectively predict changes at functional levels
i :
Cpiced) 2s defined pathways. This is at group level rely on * h

which is more tolerant to in compound annotat

by Lietal. To use thi h
> Processing

« The input peak it or pesk table must contain the complete data, not just significant data - we need the complete data to estimate the null model (background);
o [Required] Feature or pezk names must be their numeric mass (m/z) values for putative znnotation;

Ve st « [Optional] You can also provide retention time () to further improve peak annotation

Set parameter

Download
Apeak listprofile A peak intensity table
Bt

Upload a peak intensity table

fon Mode: Negative Mode \/

Mass Tolerance (ppm)@ 50 v (editable)
Retention Time Yes - Minutes
Data Source® Generic v/

Data Format Samples in columns

ersise 3 untargeted.csv 364.7 KB

Submit
Try our example datasets
Data Format Description
Generic peak intensity table (no Example peak intensity table from KO experiment of
O  immune cell
retention time) denditic cells and epithelial cels treated in DSS.
cotsse Peak intensity table with retention  Peak intensity table of COVID-19 global metabolomics
ovig-
ime Study with over 8,000 peaks.
Smallintensity table with retention  Peak table of a Malaria metabolomics study with 5,113
time pesks,

Xia Lab @ Mo (a5t upcted 2022.11-17)

Figure 13: ‘Upload your data’ page (note that the ‘peak intensity table’ tab is selected at the top (not
the default).

6. The ‘Data Integrity Check’ page provides a summary of the data (Figure 14). Select
‘Proceed’.

& What's new X | & Peak Annotation and Verification X | G branched chain amino acids - Go X MetaboAnalyst x 4+ v — X
<« c a ure/pr nityCheckaxhtmi cex »0@ :
Show R Commands

o Data Integrity Check:

1. Checking the class labels - at least three replicates are required in each class

upl
plesd 2. the samples are paired, the pair labels must conform to the specified format.
V' Pprocessing 3. The data (except class labels) must not contain non-numeric values.
R 4. The presence of missing values or features with constant values (i, all zeros).

Missing value

Data filter Data processing information:
Data editor Checking data content ..passed.
‘samples are in columns and features in rows.
Normalization
The uploaded fileis in comma separated values (csy) format
Set parameter
The uploaded data file contains 18 (samples) by 4724 (pesks(mz/rt) data matrix.

View result

v reslt Samples are not paired.

Download 2 groups were detected in samples.
et

Only English letters, numbers, underscore, hyphen and forward slash ) are allowed.

All data values are numeric.

186 features

3 constant or single value

e found and deleted.

ross samples.

Atotal of 0 (0%) missing values were detected.

. default missing, values will be replaced by 1/5 of min positive values of their

Click the Proceed button if you accept the default practice;

Or dlick the Missing Values button to use other methods

Xia Lab @ Moa (a5t upeted 2022-11-17)

Figure 14: The ‘Data Integrity Check’ page (not it informs that some zero values were identified and
removed)
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Exercise 2: Pathways Analysis and Multiomics

7. The next page is for data filtering. We use the exact same parameters as for the
statistical analysis e.g. Keep the default settings (IQR filtration). Click on submit and
then ‘Proceed’.

8. The next page is the Normalisation overview we encountered during data processing
for statistical analysis. You should the same settings determined as most appropaote
for the statistical analysis. In this case:

a. Normalisation by Sum
b. Log Transformation
c. Pareto Scaling

9. The next page provides parameters and setting for the pathways analysis. Note the
options available on the ‘Set Parameters’ page (Figure 15). You can use the default
settings for now. Scroll to the bottom and click on ‘Proceed’.

ﬁ b Spwcify anatysh parameters:
—
(]
H Sebect 3 pathwary Reary:
Ox @
.:.'0
@
2 @
al cass @
(]
@
2@
]

Figure 6: ‘Set Parameter’ page
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Exercise 2: Pathways Analysis and Multiomics

10. The Mummichog ‘Pathway Activity Profile’ is loaded (Figure 16). This looks very
similar to the ‘Pathways Analysis Results screen’ shown for the targeted pathways
analysis and works in a similar way. Hover over the un-annotated circled node
(Figure 16). Glutathione metabolism is shown. The list of pathways and ranking is
found below the figure ranked by significance (p-value). Note the data can be
downloaded at this stage using the blue tabs above the pathway list. Either the
Pathway Hits or Compound Hits (e.g. which have been putatively annotated). You
can also click on the view link (under ‘Details’ to see which metabolites are in a
pathway of interest and which have been identified and whether a particular
metabolite hit is significant (red) or not significant (blue). See Figure 17 by way of
example for the Glycine, Serine and Alanine pathway which is predicted to be the
most significantly altered pathway. (Figure 17).

Glycine, serine, alanine and threonine metabolism
v p— .

Pentose phosphate pathway
° Putative anti-Inflammatory metabolites forn

M — Histidine metabolism
(]

Vitamin B3 (nicotinate and nicotinamide) metabolism
(]

=
=4 o
= N o
(—.3 °o® o ®
o © .
o
& o o
® o
- — oo °
o 0 00
oF
o) °° ©
o
o8
ce"’qjo
o - ooow%
[ [ [ |
1 2 3 4

Enrichment Factor

Figure 7: Mummichog Pathway Activity Profile.
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Exercise 2: Pathways Analysis and Multiomics

& What's new X | @ Peak Amotation and Verificatior X | G branched chain aminoacids - G- X @ MetaboAnalyst X peaks to_paths 0.dpi300png (0 X | + v = X

Match Details

Figure 8: Which metabolite are identified can be viewed.

11. Select ‘Network Explorer’ on left hand side navigation panel. This opens a window
showing the entire metabolic network template for the organism chosen on the ‘Set
Parameter’ page (Figure 18).

® What's new X | @ Peak Annotation and Verification X | G branched ch: ds-Go X @ X @ peaks to paths 0.dpi300png @ X | + v - =] X

B r—
() e 5
() mrseri 20
() g st angen:
[ o tebem 33

Figure 9: Metabolic Network page

12. Select the first five pathways via the tickbox next to ‘Name’ at the left hand side list
of pathways, this will populate the pathways network with all matched compound

15



Exercise 2: Pathways Analysis and Multiomics

features for each pathway. Note the dropdown options at the top of the page which
can be useful to configure the output.

13. Questions Part 2:
a. Which metabolic pathway has the highest proportion of putative
identification via the untargeted pathways analysis in the top 6 pathways?

b. If you consider all pathways with a p-value <0.05 which broad areas of
metabolism would you suggest are affected in the presence of IDH1

mutations?

c. Using the network explorer tab illustrate whether significantly altered
pathways populate a similar or distinctly separate areas of metabolic space?

14. This completes the ‘Functional Analysis Exercise. To download the MetaboAnalyst
report click on the ‘Download’ at the top of the page (circled in Figure 18).

15. Select ‘Generate Report’ on the next page followed by ‘Analysis Report’ after it
downloads (Figure 19).

gE s.u’ MetaboAnalyst 5.0 - user-friendly, streamlined metabolomics data analysis

Download Results & Start New Journey

Please download the results (tables and images) from the Results Download tab below. The Download.zip contains all the files in your home directory. You can also

Iae

= generate a PDF analysis report using the button. Finally, you can continue o explore other compatible modules using the Start New Journey tab.
~ Processing

Results Download Start New Journey

Generate Report

Exit
Download.zip data_original.csv

Rhistory.R mummichog_matched compound_all.csv

data_processed.csv scattermum json

peaks_to_paths 0_dpi72 png mummichog_pathway_enrichment csv

Logout

Figure 10: Click on ‘analysis Report’ to download the PDF report of MS Peaks to Pathways Analysis

16. A PDF report will open (Figure 20). Save this to your computer.
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Exercise 2: Pathways Analysis and Multiomics

=+ Automatic Zoom

Metabolomic Data Analysis with MctaboAnalyst 4.0

Name: guest15124933973172148375

September 14, 2020

1 Background

foven with high mass accuracy afforded by current high-resolution MS platforms, it i often imposible
s | g e we~i .

on
t al. 2013 (PMC3701697). A complem
(GSEA) method, a widely used method to extract bmlu al meaning
anks of MS

peaks without using a significance cutoff. 1t is o and e
missed from ORA methods. Both the muuuun.hug xlgnnthul (Version 1. 0 10), which has been ¢
translated from the Python programming to R, and the adapted GSEA method have been implemented
in the MS Peaks to Paths module. The module also includes an expanded knowledgebase of 21 organisms
for pathway analysis.

2 Overview

The MS Peaks to Pathways module consists of three steps - uploading the user’s data, sclection of a
pathway library, and pathway analysis.

Figure 20: Save the PDF report for the MS Peaks to Pathways analysis.

Part 3: Multiomics

This section provides a step by step guide to multiomic pathways integration in the ‘Joint
Pathways Analysis’ module in MetaboAnalyst.

17. Copy the .csv file called ‘Exercise-3_untargeted.csv’ to your local computer (Note
this is an entirely different dataset to the one used in Part 1).

18. Open MetaboAnalyst https://www.metaboanalyst.ca/

19. Select: >>click here to start<< which will open up the circular list of modules (see
Figure 21 below).
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0o/l ¢ 7 cldlc|s|e|—|c|s|&# 0@ c|lelellc|= ¢ e s @ c BB clcEIGEEIMRBOSDREGIC He QED x & 8|6 &~ + v

< c a

Home

Data Formats

Tutorials

User Forum

MetaboAnalystR

Publications

Update History
APls

User Stats

About

Contact

GenomeQuébec

NIH)

n NSERC
iL4d CRSNG

5 PubMed_Timeline_...csv

aboAnalyst/ModuleView 2w B 0@ (e i)

MetaboAnalyst §.0 - 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 )
- LC-MS Spectra Processing

MS Peaks ) . ) )
peak st o intensity table Functional Analysis Functional Meta-analysis

Annotated Features ) . ;. " . .
oon bt Enrichment Analysis Pathway Analysis Joint-Pathway Analysis Network Analysis

Generic Format Statistical Analysis Statistical Analysis

) Biomarker Analysis Statistical Meta-analysis Power Analysis Other Utilities
it table fles) fone factor] [metadata table]

> Statistical Analysis [one factor] > Statistical Analysis [metadata table] > Biomarker Analysis

This n

>> Enrichment Analysis 2> Pathway Analysis (targeted) 2> Network Explorer

X

PubMed Timeline_..csv A | BE PubMed Timeline_..csv ~ @Y PubMed Timeline_..csv  ~ | @I PubMed Timeline_..csv A | B PubMed Timeline...csv ~ | BE PubMed Timeline..csv A Showall | X

Figure 21: Pyramid list of modules in MetaboAnalyst.

20. Select ‘Joint-Pathways Analysis tab (see Figure 21) which will open up a window.

Open the ‘Exercise_4_mulitomics.csv’ file. This contains column A and B with
metabolite information and log2fold changes and Column D and E with

transcriptomic information and corresponding log2fold change information (Figure

22 below). Copy and paste these data into the corresponding boxes in
MetaboAnalyst (so shown in Figure 23 below)

21. Make sure the organism is set to ‘Homo sapiens (human)’ and ID type is ‘Official

Gene Sumbol’ for the transcriptomics data and for the Metabolomics data ensure

‘Targeted (compound list)’ is selected and ID-type is ‘HMDB ID’.
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Page Layout
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Figure 22: Data found in Exercise_4 mulitomics.csv’

& c

@ new.metaboanalyst.ca/MetaboAnalyst/upload/JointUploadView.xhtml

@ NewTab Login to Canvas - U...
ﬁ E Upload your data
| This medule is designed for integrative analysis of transcriptomics/proteamics and metabolomics data zt pathway level.
Upload !

. ! * Transcriptomics / Proteomics:
> Integrative Analysis H . 5 5
o A list of significant genes (or proteins) with opticnal fold change values;

Download * Metabolomics:

Exit @ Targeted metabolomics: a list of significant metabalites (or compounds of interest) with optional fold change values;

o Untargeted metabolomics: a complete peak list. Peak names must be their numeric mass (m/z) values with optional retention times;

Organism: Homo sapiens (human) Matabolomics Type: Targeted (compaund list) W

Genes/proteins with optional fold changes Compound list with optional fold changes

SATE2  10.036 HMDBOO0O710 79033
HLA-E 1052 HMDBOOODES4  9.2548
HLA-C 10319 HMDBOOD0225  -3.6478
PECAM1 9.5302 HMDEB0013220 -1.7139
| SCML1  9.3547 HMDEB0000208 -2.4853
i GeP1 9311 HMDBOOD1250  -1.4278
| HI-0 00044 HMDBOO00E39 085121
CTNNAZ -2.8657 HMDBOO01SA8  -0.96174
1 RHOU 8.4613 HMDB0002917 -0.87956
j D108 83615 HMDBOOD1067  -1.0038
i ARHGAPS 83507 HMDBOO00S30  -0.77727
: D4 8.2542 HMDBO000255  -0.84657
i SAMDS  -8.1552 HMDBOOOSS21 057761
i HIPK2 81240 HMDBOOOT0BE  -0.90158
| UACA 81 - HMDBO0000247 0.57974 o
NID1 7.685 7 HMDBO000230 0.64706 7
DTYPE | Official Gene Symbol

Try our example
Figure 23: Upload the metabolomics and transcriptomics data.
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Exercise 2: Pathways Analysis and Multiomics

22. Click on ‘Submit’
23. Information about the gene and metabolite name mapping is given and the
opportunity to exclude either (Figure 24). Scroll to the bottom and select ‘Proceed’

es all the IDs (except common compound names) to be matched exactly, The table below shows the matched genes and compounds from the underlying databases. For common compound names, users can further perform

h by clicking the View link in the Details column. To remove 2 gene or compaund from further analysis, use the Delete ink in the last column.

Gene Name Mapping  Compound Name Mapping

Download saTe2 23314 saTE2

Exit HLA-E 3108 HLA-E

H1-0 3005 H1-0 H1.0 linker histone Delete

o109 135208 D109 €D109 molecule Delete

Rho GTPa:

Figure 24: The ‘Data Integrity Check’ page (not it informs that some zero values were identified and
removed)

24. The Parameter Setting Page enables you to choose how the data will be integrated
and the type of algorithm used for data integration (Figure 25). For the purposes of
this example we will keep all the default setting. Scroll to the bottom of the page and
click on ‘Proceed’.

25. The Results View (Figure 25) provides the results of the multiomics integration in the
form of a Pathways 2-D plot familiar from the Pathways Analysis modules. This now
has combined metabolomics and transcriptomics data. you can investigate which
pathways shows greatest significance and impact by hovering over the red points in
the top right of the 2-D plot. Click on the most significant and highest impact
pathway (circled in red) and wait a few seconds. The pathway (KEGG format) is
provided with the genes (square) and metabolites (circles) colour coded according to
whether they are significantly altered in abundance (red) or not (green). If you hover
over a gene or metabolite further information is provided (Figure 25).
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Exercise 2: Pathways Analysis and Multiomics

ﬁ & Result View

' Integrative Analysis

Set parameter

View result Show gridline Update

Download

Exit

Uplead each node will launch the pathway view on the right panel,

Overview of Pathway Analysis
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Pathwiay Impact

&, Results Table

-
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Figure 25: Results from multi-omic integration

1D map locations of interest. Placing the mouse over each node will reveal its common name. Clicking the node will trigger the details view.

Citrate cyele (TCA cycle

&, Matched Featur

Click the corresponding Pathway Name to view s graphical presentation; click Match Status to view the pathviay members (with matched ones highlighted).

D> Network Explorer

The overview on the left shows all matched pathways accerding to the p values from the pathway enrichment analysis and pathway impact values from the pathway topology analysis. Placing your mouse over each pathy

The pathway can be launched sither by dlicking the corresponding nade on the left image or by clicking the pathway name from th table below. Please note, each nade is clickable. You can zoom in and out using the con

26. If you scroll down you can see the results tables with associated statistics. Note there
is a FDR-corrected significance value associated with each pathway (Figure 26). You
can download further information from the analysis using the blue boxes provided.

i ® Click the corresponding Pathway Name to view fts graphical presentation; cick Match Status to view the pathvay members (vith matched ones highiighted).
il

Upload

Integrative Analysis

Pathway Name
1D map

Set parameter Citrate cycle (TCA cycle)
View result Pyruvate metabolism
Download Pentose phosphate pathway

exit Glycolysis or Gluconeogenesis

Lysine degradation
pyrimidine metabolism

Glutathione metabolism

nasitol phosphate metabolism

Nitrogen metabolism

Glyoxylate 2nd dicarboxylate metabolism
Glycerolipid metabolism

Pentose and glucuronate interconversions
Arginine biosynthesis

Aminoacyl-tRNA biosynthesis

Cysteine and methionine metabolism
Terpenoid backbone biosynthesis

Amino sugar and nucleotide sugar metabolism
Alanine, aspartate and glutamate metabolism
Fructose and mannose metabolism

Butanoate metabolism

Figure 11: List of pathways predicted by multiomic integration and associated statistics.
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Exercise 2: Pathways Analysis and Multiomics

27. Click on ‘Proceed. To be taken to the ‘Download Results & Start New Journey’ screen
select ‘Generate Report’ and download this to your computer.

Questions Part 3: Multiomics

a. How many pathways were predicted with an FDR-corrected p-value <0.05?

b. Which metabolic process appears to be most significantly altered?

c. Click on the KEGG link for the ‘Citrate cycle (TCA cycle)’ in the results table:
Why are some of the enzymes labelled in green and some left white?

d. Predict what will happen to the abundance of the metabolite 1) precursor
and 2) product if the corresponding metabolic enzyme’s gene is upregulated
(assume the transcriptional change leads to a change in the corresponding

active enzyme)?

e. How might a metabolite’s abundance be altered independently from direct
transcriptional changes?

THIS COMPLETES THE STEP BY STEP GUIDE TO PATHWAYS ANALYSIS
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LIST OF TASKS FOR PATHWAYS ANALYSIS (NON-STEP BY STEP)
Part 1: Targeted pathways analysis

e Upload the ‘Exercise_2_DATA_MA.csv’ dataset in the Pathways Analysis module. Use
Homo sapiens as the organism metabolic pathway library.

e |dentify the pathway which has the most statistically significant changes. Identify the
pathway having the greatest metabolic impact.

e Download the data and generate a report. Select ‘Analysis Report’ and save it.

Questions:

a. What are the top 3 pathways that are predicted to be altered?
= Answer:
b. Which Pathway has the greatest proportion of metabolite matches (e.g.
identified metabolites in that pathway)?
= Answer:
¢. What is the name of the metabolite in the highest ranked pathway?
= Answer:

Part 2: Functional analysis of an untargeted dataset

e Open the ‘Functional Analysis’ module and load ‘Exercise-3_untargeted.csv’ datafile
using the following parameters (negative ion mode; 5ppm mass tolerance; retention time
not present; ranked by p-values.

e Create a metabolic network model from the untargeted dataset (using Homo sapiens
as the organism metabolic pathway library).

e |dentify the most significantly altered metabolic pathway

e |dentify the pathway showing the greatest metabolic impact.

e Explore these pathways using the metabolic network visualisation tool.

e Download the data and generate a report. Select the Analysis Report and save it.

Questions Part 2:

d. Which metabolic pathway has the highest proportion of putative
identification via the untargeted pathways analysis in the top 6 pathways?

e. If you consider all pathways with a p-value <0.05 which broad areas of
metabolism would you suggest are affected in the presence of IDH1
mutations?

f. Using the network explorer tab illustrate whether significantly altered

pathways populate a similar or distinctly separate areas of metabolic space?
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Part 3: Multiomics

e Use the Joint Pathways Analysis module in MetaboAnalyst 5.0 to investigated the
transcriptome and metabolome data in ‘Exercise_4_mulitomics.csv’.

e Create a pathway integration map using default settings.

e |dentifying the pathways that are predicted to be significantly altered.

e Answer the questions on Part 3 below.

Questions Part 3: Multiomics

g. How many pathways were predicted with an FDR-corrected p-value <0.05?
h. Which metabolic process appears to be most significantly altered?

i. Click on the KEGG link for the ‘Citrate cycle (TCA cycle)’ in the results table:
Why are some of the enzymes labelled in green and some left white?

j.  Predict what will happen to the abundance of the metabolite 1) precursor
and 2) product if the corresponding metabolic enzyme’s gene is upregulated
(assume the transcriptional change leads to a change in the corresponding
active enzyme)?

k. How might a metabolite’s abundance be altered independently from direct
transcriptional changes?
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