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1. Introduction

1.1 Aim and main features

Metabolomics depends more and more on bioinformatics tools, along with its rapid evolution
and broad application. Currently, a number of free or commercial, desktop or web based, separate
or comprehensive tools have been developed but there is still an unmet demand for a green and
user-friendly desktop platform to cover all the steps of computational metabolomics. Here, an
all-in-one platform for mass spectrometry-based untargeted metabolomics data mining (IP4M)
was developed to provide an alternative tool for beginners and advanced users.

The main features of IP4M include the following: 1) IP4AM developed using Java, Perl, and R
is a freely available, green, and instrument-independent tool. 2) IP4AM covers all the representative
steps and functions of computational metabolomics, including peak identification and annotation,
raw data and peak table preprocessing, univariate and multivariate difference analysis, correlation
analysis, cluster and sub-cluster analysis, linear regression analysis, ROC analysis, pathway
analysis, venn analysis, and sample size and power analysis. The integrated functions and
packages are selected from numerous popular and representative ones. 3) IP4M is suitable for
beginners and advanced users, as it provides workflows for a quick and reproducible analysis and
offers sufficient basic/advanced parameters for a more refined analysis.

Compared with other multi-function platforms, the strengths of IP4M are the GC-MS peak
identification, many simple but useful tools, and rich knowledgebase. However, it is limited in
integration with other omics data. IP4M can be further extended to an online platform and NMR
data preprocessing module is could be incorporated. Nevertheless, it is still an attractive

alternative to existing platforms.



1.2 Running environments

Software: Windows 7 and above
Hardware: CPU > 3.0 GHz; Memory > 8 Gb
Programming language: Java, Perl, and R

Administrator privileges are required.

This is a green desktop software. No registration is required.

IP4AM V1.0
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2. Usage rules

2.1 Interface structure and workflow

The software interface includes four parts: tools window, main window, task window and file

window.

Workflow (Fig. 1): select a tool in tools window—> Set parameters and execute in main

window —> View running status in task window —> View results in main and file window.

= Tools!
type filter text
v = LC-MS Preprocess

- TEprocess

* metaMS.runlLC LC-MS data preprocess using met:

i Peak ion by Public and Custom Librawg

@ Integrated Platform for Metabolomics Research - IP4M v1.8.0

1 = Tool: metaMS.runlC =

- = x

Tool: metaMS.runLC LC-MS data preprocess using metaMS package - Help Link

- Peak Table Operations
= Statistical Analysis

& Pathway Analysis

= Workflows

Other Tools

N

Please select mulliple cdlimzxML files

Browse...

@ Some input files are required

f/mzXML format

Settings needed for functions runL.C — Conditional Param
RP - reverse-phase chromatography

No Parameters In It

RT range option — Conditional Param

hide ~

No Parameters In It

MZ range oplion — Conditional Param
hide ~

No Parameters In It

7 || Files,

Number af corestCPUI o he used in neak nicking
Tasks.

Task Name Start Time End Time  State

= Task: Internal standard normal.. 2018/7/..  2018/7/.. Finished

= Task: Internal standard normal.. 2018/7/.. 2018/7/.. Failed

= Task: Total area normalization  2018/7/..  2018/7/. Finished

= Task: Zero Filling 2018/7/.. 2018/7/.. Finished

= Task: Zero Filling 2018/7/.. 2018/7/.. Finished

=Task: Zero Filling 2018/7/.. 2018/7/.. Finished
3y LE Task: Zero Filling 2018/7/.. 2018/7/.. Finished

~

| & outputshtmifies
detailed information.txt
identified pkTable.txt N

Specific steps:

Fig.1 Workflow of usage

1) In the tools window, double-click the tool you want to use and the parameters setting panel

will pop up automatically (fig. 2).
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i Integrated Platform for Metabolomics Research - PAM v1.8.0

= Tools! Ca

type filter text
~ = LC-MS Preprocess

\l metaMS.runLC LC-MS data preprocess using ﬁ
= GL-MIS Preprocess

= Peak Annotation by Public and Custom Libraries
+ Peak Table Operations

+ Statistical Analysis

+ Pathway Analysis

= Workflows

i= Other Tools

= Tool: metaMS.runlC
Tool: metaMS.runLC LC-MS data preprocess using metaMS package - Help Link
Please select multiple cdtimzXML files
Browse...
@ Some input files are required

netcdf/mzXML format.

Settings needed for functions runl.C — Conditional Param
RP - reverse-phase chromatography ~

No Parameters In It

RT range option — Conditional Param
hide ~

No Parameters In It

MZ range option — Conditional Param
hide ~

No Parameters In It

Number of corestCPUY o be used in neak picking.

T Tasks

Task Name Start Time End Time  State

= Task: Internal standard normal.. 2018/7/.. 2018/7/.. Finished

= Task: Internal standard normal.. 2018/7/.. 2018/7/.. Failed

= Task: Total area normalization ~ 2018/7/.. 2018/7/.. Finished

7 Task: Zero Filling 2018/7/.. 20187/ Finished

= Task: Zero Filling 2018/7/.. 2018/7/.. Finished

ETask: Zero Filling 2018/7/.. 2018/7/.. Finished
2018/7/.. 2018/7/.. Finished

= Task: Zero Filling

- *x
]
-
= O |=Files e/ =0
~
v

2)

the corresponding task information will appear in the task window (fig. 3).

Fig.2 Select a tool

Use the default parameters or edit them as you want. Click the “Execute” button to run and

= Tools! Ca

type filter text
v = LC-MS Preprocess
* metaMS.runLC LC-MS data preprocess using meta
i= GC-MS Preprocess
= Peak Annotation by Public and Custom Libraries
Peak Table Operations
= Statistical Analysis
& Pathway Analysis
= Workflows
i= Other Tools

i Integrated Platform for Metabolomics Research - PAM v1.8.0

- *x
= Tool: metaMS.runlC = '8
~

@ Some input files are required

etedf/mzXML format

Settings needed for functions runl.C — Conditional Param

RP - reverse-phase chromatography ~

No Parameters In It

RT range option — Conditional Param

hide ~

No Parameters In It

MZ range option ~ Cenditional Param

hide

No Parameters In It

Number of cores(CPU) to be used in peak picking.

2

Execute

TTasks = 0 |%= Files, ela=
Task Name Start Time  End Time  State 2
= Task: Internal standard normal.. 2018/7/..  2018/7/.. Finished
= Task: Internal standard normal.. 2018/7/.. 2018/7/.. Failed

= Task: Total area normalization ~ 2018/7/.. 2018/7/.. Finished

™ Task: Zero Filling 2018/7/.. 20187/ Finished

= Task: Zero Filling 2018/7/.. 2018/7/.. Finished

= Task: Zero Filling 2018/7/.. 2018/7/.. Finished

= Task: Zero Filling 2018/7/.. 2018/7/.. Finished .

3)

Fig.3 Execute the task

and file window. Click the files to view the specific results (Fig. 4-5).

When the task is finished, double-click the task to view the list of result files in main window
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- Integrated Platform for Metabolomics Research - |
= Taols|

type filter text

v i = Pr

= metaMS.runLC LC-MS data preprocess using meta

» = GC-MS Preprocess

» i= Peak Annotation by Public and Custom Libraries
» 1= Peak Table Operations

» 1 Statistical Analysis

» + Pathway Analysis

» & Workflows

» i= Other Tools

PAM v1.8.0
© 9 = Tool: metaMS.runlC

= Output: metaMS.runlC |

9 =

Output Files:

* lems raw pkTable. txt

T Tasks
Task Name Start Time End Time  State
= Task: Zero Filling 2018/7/.. i
= Task: Outlier Processing

2018/7/...
= Task: Biosigner molecular sign... 2018/7/...

[ Task: Plot pathway enrichmen...

- *x
=0
~
v
= 0 |%= Files, ela=0

~ | » © outputs.html.files
© lems._raw_pkTable.txt
“ outputs.html

Fig.4 View the results 1

@ Integrated Platform for Metabolomics Research - IP4M v1.8.0

= Tools 2 = Tool: metaMSrunlC | Output: metaMS.runlC =

type filter text ? -

v LC-S Preprocess

. mlh:ﬂs.runl.c LC-MS data prep using meta | LD D2 rt NZ_1 N3_1

, & GC-MS Preprocess LC1 | 62 [4. 61173760574975[675. 110999990997|02. 4800000000004

+ i- Peak Annotation by Public and Custom Libraries LC2 | 63 4. 61173760574975] __ I311.68___|453. 328550811438

» &= Peak Table Operations LC3 | 78 4. 61173760574975(3768. 3999999099135, 760000000001

| ¢ Statisticn Analysis LC4 | 77]4 61017500754189] 16802, 84 11309, 64

- okt LC5_|155]4. 6861438933404 0 1539

&= Other Tools LC6_|107]s. 69350033087523] 2652 48 1937. 52
LC7_|224]4. 70573760574975] 16308 |77 3955007962365|
LCS [162]5.71217425005307] __ 1329.06 1817. 56
LCO_|3794. 71863025062 762|L5. 5656400660018 142,04
LCL0 |384]4. 71907093908308| 220,56 159. 92762451033
LCLL |315]4. 2240427241642 298.8 186. 507017801266,
LCI2 |489]4. 72263364947624 0 281.2
LC13 |302]4. 72396811575011|108. 095241048292|322. 000000000001
LCL4 |498]1. 7263704832486 0 162. 28
LCL5 |355]4. 72706278833526 237 95. 0549849967598
LC16 |130]4. 7291687910858 25988.56 22702.24
LCL7 |373]4. 73571431789882] 120,92 125. 11213680542
LCI8 |348]4. 7366455454642 0 259,48
LCL9 |172]4. 74037283381766] _ 2344.24 2045.36
LC20 |390]4. 74064894429505(122. 543929766942 196, 56
LC21 |412J4. 74798850885086[75. 9999265694521 195.2
LC22 |483]4. 74798850885086[200. 972263470775 196.8

T Tasks
Task Name Start Time End Time  State
< > [ Task: Zero Filling 2018/7/.. 2018/7/.. Finished

v
"5 | Files| BCRE
~ | O outputs.htmlfiles
1 lems_raw_pkTable.txt

Fig.5 View the results 2
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4) If the task has failed, you can double-click the task item to view the log information (fig. 6).

5) Right-click on the task item and select ‘Rerun’ to edit the inputs and/or parameters as the error

messages and t

hen re-run the task (fig. 7).

@ Integrated Platform for Metabolomics Research - IPAM v1.8.0 - X
% Tools " 71 = Tool: Biosigner molecular signature discovery | @ Log: Biosigner molecular signature discovery =S
type filter text Task Command Line: -
& LC-MS Preprocess . — - — . . e A B .
= GOMS Prr . DAGCMPANPAM v1.8.5 final version/bin/Perl/bin/perl” *DAGCMPAWPAM v1.8.5 final version/tools/diff/biosigner.pl® -input1 *CAUsers\liangdandan
= GL-M> Preprocess i o \IP4M Outputs\metaMSrunLC 2018.7.12_14.49.29\lcms raw_pkTable.txt” -input2 “C:\Users\liangdandan\Desktop\lc ko groups.txt” -methodVe "all” -boot!
= Peak Annotation by Public and Custom Libraries “50" -pvalM "0.05" -perml *1° ~tierC "S" -html "C:AUsers\liangdandan\iP4M_Outputs
©= Peak Table Operations \Biosigner_molecular_signature_discovery 2018.7.23_12.33.58\outputs html" ~output1 “C:\Users\liangdandan\IP4M_Outputs
« & Statistical Analysis
« I Univariate Statistical Analysis Task Standard Owtput:
® Student T-test between two independent or pait
2 Wilcokon-test between o independent o A |l versontoan e/ osaner i input “CALsers\angdandanJPAM OuEpuSTetaHS . 3016712 1440 50ycms faw pRTabe ot
N . | v1.85 final version/tools/diff/biosigner.pl” -inputl "CAUsers\liangdandan\IPAM OutputsimetaMs.runlC 2018712 14.49.29\cms raw_pkTable.
: :rnalz;s‘:'f;._mann:amorﬂ\ore than lw°tgh’°" -input2 *CAUsers\liangdandan\Desktop\lc_ko_groups.bt” -methodVc “all* -boot! *50° “pvalN "0.05" -perml *1° -tierC *S* -html *C:\Users\liangdandan
. uskal-Wallls rank sum test ameng more theh | yipap Outputs\Biosigner_molecular_signature_discovery_2018.7.23 12,33 58\outputs.html” -output! "C:\Users\liangdandan\IP4M_Outputs
* F Multivariate Statistical Analysis \Biosigner_molecular signature_discovery_2018.7.23_12.33 5B\variable_results txt" -output2 *C:\Users\liangdandant|PAM_Outputs
® Principal component analysis \Biosigner_molecular signature_discovery 2018.7.23_12.33 SB\variable_significant_results txt” -output3 "CAUsers\liangdandan\IPAM_Outputs
= (Or partial least squares \Biosigner_molecular signature discovery 2018.7.23 12.33.58\biosigner_summary.txt” -output4 "C\Users\liangdandan\IPAM _Outputs
= Support vector machine \Biosigner_molecular signature_discovery_2018.7.23_12.33.58\figure-tier.pdf* -output5 *CAUsers\liangdandan\IP4M_Outputs
» Random forest \Biosigner_malecular signature_discovery 2018.7.23 12.33.58\figure-boxplotpdf”
® Biosigner molecular signature discovery with P! |1, Standard Error Output:
= Pathway Analysis -
£ Worldlows Warning message:
R —— Inread.table(” _group ", header = F, sep = "\t", check.names = FALSE, :
& Other Tools incomplete final line found by readTableHeader on*_group_*
Error in apply(data[, group1], 1, mean) : dim(MESTEEL
FLET
Error, died with 256 at DAGCMPA\IP4M_v1.8.5 final_version/tools/diff/biosigner.pl line 128. v
T Tasks = 0 ||=Files, sla=0
Task Name Start Time End Time  State 2
= Task: Zero Filling 2018/7/.. 2018/7/.. Finished
= Task: Outlier Processing 2018/7/.. 2018/7/.. Finished
£ Task: metaMS.runl.C 2018/7/.. Finished
™ Task: Outlier Processing 2018/7/...
20182
2018/7/.
< > v
@ Integrated Platform for Metabolomics Research - PAM v1.8.0 - X
= Tools © B = Tool eRah @ log: eRah = =8
type filter text Task Command Line: ~
ol MSP’ . DAGCMPAVIPAM v1.85_final_version/bin/Perl/bin/perl” "DAGCMPAUPAM v1.85_final_version/tools/erah/erah.pl” -i “DAGCMPA\demo data ~
- OLel Preprocess 1 \201803.14data\N2_1.cdf" -analysis_time "0° -min_peak_width 1° -min_peak_height “2500" -noise_threshold *500" -avoid_processing mz "¢
= mataMS.runGC Peak ?'d"“g Using | | (73:75,147:149)" -min_spectra_cor "0.9" -max_time_dist *3" -mz_range "¢(70:600)" - -min samples'] -blocks_size "NULL" -peaktable *C:\Users\liangdandan
= eRah Peak deconvolution and peak | |\IPAM_Outputs\eRah 2018.7.26 8.33.4\gcms raw_pkTable.txt” -peakspectra “CAU JPAM_Outputs
= Peak Annotation by Public and Custon
= Peak Table Operations Tock Standard Output
= Statistical Analysis min_peak_height “2500" -noise_threshold *500° -avoid_processing mz *c(73:75,147:149)" -min spectra_cor *0.9" -max time dist *3* -mz range ‘c(/0:600)" &
& Pathway Analysis -min_samples 17 blocks size "NULL" -p “C\U WIP4M _Outp 2018.7.26 8.334\gcms_raw pkTablext” -peakspectra *C:
~ Worklows \Users\liangdand; puts\eRah_2018.7.26_8.334\gcms_mass_spectramsp™ -html "CAUsers\liangdandan\IPAM_Outputs
~ Other Tool \eRah_2018.7.26 8. i‘J\nutputs,hrml' -normpeakspectra "C\Users\liangdandan\IP4M_Outputs\eRah_2018.7.26_8.334\gcms_mass_spectra_959norm.msp”
Hher ool 1 N2_1.cdf <<===>> DAGCMPA\demo data\2018.03. 14data\N2_1.cdf GIERRIRFSHIE
R version 3.3.3 (2017-03-06) -- “Another Canoe”
Copyright (C) 2017 The R Foundation for Statistical Computing
Platform: xB6_64-w64-mingw32/x64 (64-bit)
v
Task Standard Error Output: Open Result
B MENEES  Repp . gpvn E\\\I;f;;\m'j mo(S:sE Fxlp\mw
Warning message:in fun(libname, pkgname) : The current available versip = OPen Root Folder in O5 Explorer e, make sure that your current version
of eRah (1.0.5) is the same as in CRAN (http://cran.-project.org/packagd- = View Log liwlng: install packages(‘erah’)Errar in
alinn factorsiFyneriment@Nata@Factar ist_min snertra cor may time dif G ReRun In afanment neadedCalle alinnCamn hd
I Tasks: & Stop = 0| %=Files sja=0o
Task Name: Start Time  End Time State W Stop All ~
T Task: Kruskal-Wallis rank sum . 2018/7/26.. 2018/7/26.. Finished | 5 pejete
mTask pwr.Ltest 2018/7/26.. 2018/7/26.. Finished | 5 Defete All
fiTask eRah 2018/7/26.. 2018/7/26.. Terminated
B Task: Plot pathway enrichmen.. 2018/7/25.. 2018/7/25.. Finished
T Task: KEGG pathway enrichme.. 2018/7/25.. 2018/7/25... Finished
miTask: Compounds ID mapping  2018/7/25... 2018/7/25... Finished
i Task: Pathway analysis 2018/7/25.. 2018/7/25... Finished
B Task Pathway analysis 2018/7/25.. 2018/7/25... Finished
™ Task: Pathway analysis 2018/7/24.. 2018/7/24... Finished
. 5| Task: Pathway analysis 2018/7/24.. 2018/7/24... Failed .

Fig.7 Rerun the task
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2.2 Inputs and outputs:

Raw data of mzXML and NetCDF formats and other files (peak table, sample information,
compound list etc.) of tab-delimited text format are supported inputs. The free software
ProteoWizard (http://proteowizard.sourceforge.net/) is recommended for converting raw data files
from various instrument vendors to mzXML format. All the intermediate and final results are

exported as .txt files (data) or .pdf (figures) files.
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3. Functional modules

3.1.1 LC-MS preprocessing

Tool: metaMS.runLC LC-MS data preprocessing using metaMS

package

This tool is a wrapper for the function 'runLC()' in the R 'metaMS' package. It is designed to

process a series of LC-MS data files and to produce a peak table with mz, rt, and intensities of

peaks in all samples. The popular package xcms is used to perform the peak picking, grouping and

retention correction, and peak filling operations.

Parameter :

1.

RP - reverse-phase chromatography: This particular setting is fine-tuned for the analysis of
LC-MS runs.

NP - normal-phase chromatography: This particular setting is fine-tuned for the analysis of
LC-MS runs.

RT range: RT range to process in minutes, for example, 5,25.

MZ range option: MZ range retained for the analysis, for example, 50,500.

matchedFilter: Method to use for peak detection. This function identifies peaks in the
chromatographic time domain. The intensity values are binned by cutting the LC/MS data
into slices (bins) of a mass unit (binSize m/z) wide. Within each bin, the maximal intensity is
selected. The peak detection is then performed in each bin by extending it based on the steps
parameter to generate slices comprising bins current _bin - steps +1 to current _bin + steps -
1. Each of these slices is then filtered with matched filtration using a second-derivative
Gaussian as the model peak shape. After filtration peaks are detected using a signal-to-ration
cut-off.

step size: The peak detection algorithm creates extracted base peak chromatograms (EIBPC)
on a fixed step size.

FWHM: Full width at half maximum of matched filtration gaussian model peak. Can only be
used to calculate the actual sigma.

max: Maximum number of peak per extracted ion chromatogram.

snthresh: Signal to noise ratio cutoff.



10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

IP4AM V1.0

min. class. Fraction: Minimum fraction of sample necessary in at least one of the sample
groups for it to be a valid group.

min. class. Size: Minimum number of sample necessary in at least one of the sample groups
for it to be a valid group.

mzwid: Width of overlapping m/z slices to use for creating peak density chromatograms and
grouping peaks across samples.

bws: The two bandwidths used for grouping before and after retention time alignment.
missing ratio: Ratio of missing samples to allow in retention time correction groups.

extra ratio: Ratio of extra peaks to allow in retention time correction groups.

centWave: Method to use for peak detection. The centWave algorithm performs peak density
and wavelet-based chromatographic peak detection. It is most suitable for high-resolution
LC/{TOF,OrbiTrap,FTICR}-MS data in centroid mode. In the first phase the method
identifies regions of interest (ROIs) representing mass traces that are characterized as regions
with less than ppm m/z deviation in consecutive scans in the LC/MS map. These ROIs are
then subsequently analyzed using continuous wavelet transform (CWT) to locate
chromatographic peaks on different scales. The first analysis step is skipped, if regions of
interest are passed via the param parameter.

ppm: Numeric defining the maximal tolerated m/z deviation in consecutive scans in parts per
million (ppm) for the initial ROI definition

peakwidth: numeric with the expected approximate peak width in chromatographic space.
Given as a range (min, max) in seconds.

prefilter: numeric: ¢ (k, 1) specifying the prefilter step for the first analysis step (ROI
detection). Mass traces are only retained if they contain at least k peaks with intensity >= I.

Reference:

[1] R. Wehrens, G. Weingart and F. Mattivi, metaMS: An open-source pipeline for GC-MS-based

untargeted metabolomics J. Chrom. B (2014), v966, 109-116.

[2] Colin A. Smith, Elizabeth J. Want, Grace O’Maille, Ruben Abagyan and Gary Siuzdak.

"XCMS: Processing Mass Spectrometry Data for Metabolite Profiling Using Nonlinear Peak
Alignment, Matching, and Identification" Anal. Chem. 2006, 78:779-787.

[3] Ralf Tautenhahn, Christoph B\"ottcher, and Steffen Neumann "Highly sensitive feature

detection for high resolution LC/MS" BMC Bioinformatics 2008, 9:504
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Results and visualization:

@ Integrated Platform for Metabolomics Research - IP4M v1.8.0 - [ X
= Tools! 2 = Tool: metaMSrunlC | Output: metaMS.runlC
type filter text Laind
‘ Fﬁﬁ?ﬁm-msuaup P using meta 1D L It NZ_1 N3_1 &
GC-MS Preprocess LC1 |62 [4. 61173760574975(675. 11999999999702. 4800000000004
= Peak ion by Public and Custom Libraries LC2 |63 [4. 611737605749 1311. 68 453. 328550811438
Peak Table Operations LC3 | 78 [4. 61173760574975[3768. 39999999999|135. 760000000001
- suatitica Analysis LC4 | 77[4.61917590754189]  16802. 84 11309, 64
- Workilows LC5 |155]4. 66861438033404 0 1539
Other Tools L6 [107]4. 69350933087523 2652. 48 1937. 52
LC7 |224[4. 0573760574975 163. 08 77. 3955007962365
LC8 |1624. 71217425095307 1329. 96 1817. 56
LC9 [379[4. 71863025062762]15. 8658490660918 142. 04
LC10 |384]4. 7190709390830, 220. 56 159. 92762451033
LC11 [415]4. 72240427241642 298. 8 186. 507017801266
LC12 [489]4. 72263364947624 0 281.2
LC13 [392]4. 72396811575911]108. 098241048292]322. 000000000001
LC14 [498]4. 72663704832486) 0 162. 28
LC15 |355]4. 72706278833526, 237 95. 0549849967598
LC16 |130]4. 72916879108558] 25988. 56 22702. 24
LC17 [373]4. 73571431789882] 129.92 125. 11213680542
LC18 |348[4. 73664554544642] 0 259, 48
LC19 |172]4. 74037283381766) 2344. 24 2045. 36
LC20 |390]4. 74064894429505]122. 543929766942 196. 56
LC21 [412]4. 74798850885086]75. 9999265694521 195.2
LC22 [483]4. 74798850885086/200. 972263470775 196. 8 v
e —
T Tasks “ 8 |l=Files
Task Name Start Time  End Time  State "~ © outputs.html files

> E Task: Zero Filling 2018/7/.. 2018/7/. Finished Iems_raw_pkTable txt

Fig. 1 the outputted Peak table with two samples of metaMS.runLC tool

3.1.2 GC-MS preprocessing

Tool: metaMS.runGC peak picking using metaMS package

This tool is a wrapper for the function 'runGC()' in the R 'metaMS' package which is designed
to process a series of GC-MS data files and to produce a peak table. It performs a
pseudospectrum-based analysis, where the basic entity is a collection of (mz, 1) pairs at specific
retention times. The standard workflow of metaMS for GC-MS data is the following:
1. peak picking;
2. definition of pseudospectra;
3. identification and elimination of artefacts;
4. annotation by comparison to a database of standards;
5. definition of unknowns;

6. output.
Parameter:

1. RT range: part of the chromatograms that is to be analyzed. If given, it should be a vector of
two numbers indicating minimal and maximal retention time (in minutes). For example 5, 25.

2. FWHM: numeric specifying the full width at half maximum of matched filtration gaussian
model peak. Can only be used to calculate the actual sigma.

3. RT_ Diff: the allowed RT shift in minutes between different samples.
10



IP4AM V1.0

4.  Min_ Features: the minimum number of ion in a mass spectrum.
similarity_ threshold: the minimum similarity allowed between mass spectra considered as
the same compound.

6. min. class. fract: the fraction of samples in which a pseudospectrum is present before it is
regarded as an unknown.

7. min. class. size: the absolute number of samples in which a pseudospectrum is present before

it is regarded as an unknown.
Reference:

[1] R. Wehrens, G. Weingart and F. Mattivi, metaMS: An open-source pipeline for GC-MS-based
untargeted metabolomics J. Chrom. B (2014), v966, 109-116.

Results and visualization:
- Integrated Platform for Metabolomics Research - IPAM v1 8.0 - =1 x
% Tools: 2 = Took metaMS.runlC (= Qutput: metaMS.runlC & Output: metaMS.runGC = o
type filter text P ”‘
Name RunlL RunlR RunlS
i LC-MS Preprocess i -
« = GC-MS Preprocess putput Files: nknown 1|985470112|566679368) 1045892202
= metaMS.runGC Peak picking using « gems raw pkTable. txt Unknown 11] 94499098 | 78043352 | 165432033

= eRah Peak deconvolution and peak nsp Unknown_30] 9892283 0 15867485
: ';Eﬂk Annlnlalmn by Pubiic and Custod tra 999norm msp | Unknown 4|332262984|314474394] 347787267
: Se""‘ Table Operations Unknown 12) 81057561 0 82819384
= Statistical Analysis
= Pathway Analysis Unknown 46) 0 [220043993] 403749803
= Workflows Unknown 13| 78381121 0 | 135909286
# Other Tools Lnknown 36 2527342 0 3707291
Unknown 2422362512 0 28676735

Unknown 9 |124028621105133303] 197074532
Unknown 23] 18664219 | 35825326 | 14111533
Unknown 29] 10024783 | 9197096 | 12461662

Nan¥ Unknown 1
DB. idx: -1

.99; 134 2.10;
1.84; 149 1.10
2 0.16; 164 0.05

T Tasks.

Task Name J : R B
ETask: GC-MS peak annotati| e . Com R e e et ‘ ra 99¢
ETask: metaMS.runGC L fanc

Fig.2 The outputted total results files, peak table, and normalized mass spectra information of
metaMS.runGC.

11



IP4AM V1.0

Tool: eRah Peak deconvolution and peak picking using eRah package

This tool is a wrapper of the R 'eRah' package for GC-MS data processing. 'eRah' is an R
package that allows for an innovative deconvolution of GC-MS chromatograms using multivariate
techniques based on blind source separation (BSS). It automatically detects and deconvolves the
spectra of the compounds appearing in GC-MS chromatograms. Then, compounds are aligned by
spectral similarity and retention time distance. It computes the Euclidean distance between
retention time distance and spectral similarity for all compounds in the chromatograms, resulting
in compounds appearing across the maximum number of samples and with the least retention time
and spectral distance. After that, a missing compound recovery step can be applied to recover
those compounds that are missing in some samples. Missing compounds appear as a result of an
incorrect deconvolution or alignment - due to a low compound concentration in a sample - , or
because it is not present in the sample. This forces the final data table with compound names and
compounds area, to not have any missing (zero) values. Please see the references for detailed

descriptions.
Parameter :

1. RT window: The chromatographic retention time window to process. If 0 all the
chromatogram is processed.

2. Minimum peak width: This is a critical parameter that conditions the efficiency of eRah.
Typically, it should be the half of the mean compound width.

3. noise. threshold: Data above this threshold will be considered as noise

4. avoid.processing.mz: The masses that do not want to be considered for processing. Typically,
in GCMS those masses are 73,74,75,147,148 and 149, since they are ubiquitous mass
fragments typically generated from compounds carrying a trimethylsilyl moiety.

5. Minimum spectral correlation value: From 0 (no similar) to 1 (very similar). This value sets
how similar two or more compounds have to be considered for alignment between them.

6. Maximum retention time distance: This value (in seconds) sets how far two or more
compounds can be considered for alignment between them.

7. Minimum. sample: The minimum number of samples in which a compound has to appear to
be considered for searching into the rest of the samples where this compound is missing.

8. blocks. size: For experiments containing more than 100 (Windows) or 1000 (Mac or Linux)
samples (numbers depending on the computer resources and sample type). In those cases,
alignment can be conducted by block segmentation. For an experiment of e.g. 1000 samples,
the block.size can be set to 100, so the alignment will perform as multiple (ten) 100-samples
experiments, to later align them into a single experiment.

This parameter is designed to solve the typical problem that appears when aligning under the

12
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Windows operating system: "Error: cannot allocate vector of size XX Gb". Such a problem
will not appear with Mac or Linux, but several hours of computation are expected when
aligning a large number of samples. Using block segmentation provides a greatly improved
run-time performance.

Reference:

[1] X. Domingo-Almenara, et al., eRah: a computational tool integrating spectral deconvolution
and alignment with quantification and identification of metabolites in GC{MS-based
metabolomics. Analytical Chemistry. 88 (2016) 9821{9829. DOI:
10.1021/acs.analchem.6v02927

[2] X. Domingo-Almenara, et al.,, Compound identification in gas chromatography/mass
spectrometry-based metabolomics by blind source separation. Journal of Chromatography A
1409 (2015) 226{233. DOI: 10.1016/j.chroma.2015.07.044

Results visualization:

@ Integrated Platform for Metabolomics Research - IP4AM v1.8.0 = = 5 X
= Tools * Tool: metaMS.runlC  © Output: metaMS.runlC & O © Output: eRah
type filter text oy
v & LC-MS Preprocess 0 o .
utput Files: A
= metaMS.runLC LC-MS data preprocess using meta p
v & GC-MS Preprocess
* metaMS.runGC Peak picking using metaMs packa
= eRah Peak deconvolution and peak picking using e
Peak ion by Public and Custom Libraries
Peak Table Operations
Statistical Analysis
Pathway Analysis
Workflows
Other Tools
v
Name: 2 Files
rt: 4.695 outputs.htmlfiles ~
T Task: Peak table normalization  2018/7/.. 2018/7/.. Failed # gcms_mass _spectra 99¢
= Task: Peak table normalization 2018/7/.. 2018/7/.. Failed # gems_mass_spectra.msg:
= Task: Internal standard normal... 2018/7/.. 2018/7/... Finished gems_raw_pkTable.txt
< > @ Task: Total area normalization  2018/7/.. 2018/7/.. Finished vi< >

Fig.3 The outputted results files, peak table, and normalized mass spectra of eRah package.
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3.2.1 GC-MS peak annotation

Tool: GC-MS peak annotation on msp database files

This tool intends to annotate compounds from the GC-MS peak table by matching mass

spectra and/or retention times of public/custom library and detected peaks. If you want to use the

custom library for annotation, a standard MSP format file is required.

Parameter:

o o A~ wDd

10.

11.

normalized dot product: Matching factor function for mass spectrum. The function applies
weights to an input to get weighted outputs.
normalized Euclidean distance: Matching factor function for mass spectrum.
mass spectrum similarity cutoff: 0-1, more similar larger matching factor.

RT window: The retention time difference that can be allowed.
NSEN: An integrated library derived from NIST/EPA/NIH. It is the default public library.
GMD_ALK: A public database from the Golm Metabolome Database (GMD). ALK - based
on 9 n-alkanes (C10-C36).
GMD_FAME: A public database from the Golm Metabolome Database (GMD). FAME -
based on 13 fatty acid methyl esters (C8 ME-C30 ME).
GMD_MSIR: The 'Q_MSRI_ID' GC-Quadrupole-MS MSRI Database of Golm Metabolome
library.
MoNA-HMDB: It is derived from MassBank of North America, with 4620
spectra(http://mona.fiehnlab.ucdavis.edu/downloads).
MoNA-MetaboBASE: It is derived from MassBank of North America, with 1254 spectra
(http://mona.fiehnlab.ucdavis.edu/downloads).
MoNA-ReSpect: It is derived from MassBank of North America, with 6290

spectra(http://mona.fiehnlab.ucdavis.edu/downloads).

Note:

There is no retention time field in the public library and only mass spectrum information is

used for annotation. For a custom library, this tool supports the joint annotation by mass spectrum

and retention time. Users can provide an in-house library file in MSP format containing the field

'rt'. This is an optional field. A compound can be repeated in the database with the same 'Name '

14
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but a different mass spectrum. In this case, the best hit will be outputted.
Reference:

[1] Schauer N, Steinhauser D, Strelkov S, Schomburg D, Allison G, Moritz T, Lundgren K,
Roessner-Tunali U, Forbes MG, Willmitzer L, Fernie AR, Kopka J: GC-MS libraries for the
rapid identification of metabolites in complex biological samples. FEBS Lett 2005,
579(6):1332-1337. 10.1016/j.febslet.2005.01.029

[2] Kopka, J., Schauer, N., Krueger, S., Birkemeyer, C., Usadel, B., Bergmuller, E., Dormann, P.,
Weckwerth, W., Gibon, Y., Stitt, M., Willmitzer, L., Fernie, A.R. and Steinhauser, D. (2005)
GMD@CSB.DB: the Golm Metabolome Database, Bioinformatics, 21, 1635-1638.

Results and visualization:

# Integrated Platform for Metabolomics Research - IP4M v1.8.0 - [ X
= Tools! . © OQutput: eRah = Tool: GC-MS .. @ Help: GC-MS ® Tool: LC-MS . # Help: LC-MS & Qutput: GC-M... 22| ® Tool: GC-MS " N

type filter text

v & LC-MS Preprocess

= metaMS.runLC LC-MS data preprocess using meta
v iz GC-MS Preprocess

= metaMS.runGC Peak picking using metahs packa

= eRah Peak deconvalution and peak picking using &
~ == Peak Annotation by Public and Custom Libraries

* GC-MS peak annotation on msp database file

= LC-MS peak annotation on Tab-delimited txt data

Peak Table Operations

= Statistical Analysis
Pathway Analysis

. AlignlD Glycine-d5 || K2_I [EH] [Tl A
Output Files: - =

Waorkflows
& Othe uery

1| % Files
~ outputs.html files
detailed information.txt
identified_pkTable.txt
2 2 401 4162 440 %, 447 1; 450 1; 409 16: 100 52; 103 100; 106 18, | ] iddentified_uniq_pkTable.txt
= Task: eRah 2018/7/.. 2018/7/.. Finished < outputshtml
= Task: metaMS.runGC 2018/7/.. 2018/7/.. Finished

Fig.4 The outputted total files, identified peak table, and compounds detailed information of
GC-MS peak table annotation.

3.2.2 LC-MS peak annotation

Tool: LC-MS peak annotation on xls database files

This tool is used to annotate compounds from the LC-MS peak table by comparing m/z and
RT with the public/custom library. The best top five hits will be shown in the results. If you want
to use the custom library for annotation, a two-column Tab-delimited text file is required with the

first column as compound name and the second column as precise MZ.
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Parameter:

1. mz cutoff: A hit that difference of mz must be <=mz_cutoff.

2. RT window: The acceptable retention time difference.

3. ppm: Parts per million. numeric the relative error for matching peaks that is a window of user
specified error (or the default 10) in ppm for each fragment mass.
(M- MO|+m)x 106 (ppm). ‘M’ is the measured value of the ion mass; ‘M0’ is the theoretical
value of the ion mass; ‘m’, an integer, is the mass of the ion.
For example, the molecular ion measured value of a compound is 364.2504, the theoretical
value is 364.2509, and the mass measurement accuracy is:
|364.2504-364.2509|+364<106=1.4ppm

4. adducts type: There are several possible adducts and the recommended type that most
commonly occurs is “M+H” or “M-H”.

Note:

1. There is no retention time field in the public library and only mass spectrum information is
used for annotation. For a custom library, this tool supports the joint annotation by precise
MZ and retention time. Users can provide an in-house two-column Tab-delimited text file
with the first column as compound name and the second column as precise MZ.

2. The tool will identify all possible matching compounds based on all adduct types selected,

sort them according to the matching score, and output them all as 'detailed_information.txt'.
Also, the compound with the smallest MZ and RT deviation will be outputted as the final

identified compound in 'identified_pkTable.txt' file.

Results and visualization:

@ Integrated Platform for Metabolomics Research - IP4M v1.8.0 - [ X
= Tools! 1 = Tool GC-MS ... 7 Help: GC-MS .. | » Tool: LC-MS .. @ Help: LC-MS .. @ Qutput: GC-M... ® Tool: GC-MS _ & Qutput: LC-M... 2| o
type flter text R D SHO7597A | SHO7608B |
v & LC-MS Preprocess : . — T — = = =1 A
= metaMS.runLC LC-MS data preprocess using meta QU LPUL Files: Sorafenib N-oxide 1&14.:.n+91||914. 2119107
v i GC-MS Preprocess 2 1894. §13633]§89. 8584025
» metaMS.runGC Peak picking using metaMS packa i 12, 13-epoxy-9-alkoxy-10E-octadecenoate [45163. 21917[21898. 24251
= eRah Peak deconvolution and peak picking using e Qentilie 1 7437, 502726|2586. 034903
~ &= Peak Annotation by Public and Custom Libraries - Qetalled infol — — =
» GC-MS peak annotation on msp database file 3-Bromosulfolane 1709. 85541 ||1033. 111766,
* LC-MS peak annotation on Tab-delimited txt data 1-Tsothiocyanato-8- (methylthio) octane |5273. 157932[3444. 396109
Peak Table Operations 2-(4-Vethyl-5-thiazolyl) ethyl butanoate[127267. 4435[92000. 93493
= Statistical Analysis 8 1339. 633605]607. 8319578
- Vathway Analysis 9 18481, 78677]9878. 253492
= Workflows = e = =
& OthgeIas Rhenium 25611. 5955 [[13053. 88925|
e e 11 3786. 0770652811, 874155
Methyl methylthio selenide 2927. 077413(1981. 117768|
1,3, 5-Trithiane 26293. 78656]15871. 88666]
Atrazine 12273, 09315[8659. 789507
2, 2-dichlore-1, 1-ethanediol 53137, 55769(37501. 16727
Furosemide [8548. 496021][4205. 645366]
1, 3-Dichloropropene 5170. 8115483778, 113902|
Ammonium peroxydisulfate 11685. 96462]5839. 060415
19 17961, 18956]11415. 48618
20 2721. 396709[1675. 759201
2-Methyl-2-cyclopenten-1-one 1421. 038453[732. 6912366
v
8 || Files,
~ | & outputshtmlfiles .
detailed_information.txt
identified_pkTable.bct
< v« >
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Fig.5 The outputted results files, identified peak table, and detailed information of compounds of

LC-MS peak annotation.
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3.3.1 Pretreatment

Tool: Outlier processing on peak table

The tool takes a peak table file as input and processes the outliers using the capping method.
Default boundary is [0, Q3+1.5*IQR]. If the value > (Q3+1.5*IQR), it is identified as an outlier

and replaced by the maximum value within the normal range.
Parameter:

1.  Q3: The third quartile (Q3), also known as the "larger quartile", equals to the value ranked at
75% of all values in ascending order.
2. IQR: InterQuartile Range, equals to |Q3 minus Q1|.

Tool: Zero filling on peak table

This tool takes a peak table file as input and fills the missing values (zero , null value or ‘NA’,
or negative values) with 1) the a*min value, where ‘a' is a user-defined coefficient; 2) ‘'min* which
is the minimum non-negative value in the peak table; 3) user-specified value; 4) values computed
by 'KNN'; and 5) values computed by ‘girlc’. The ‘girlc’ algorithm is especially suitable for
left-censored data.

Reference:

If you use 'KNN' method, references:

[1] Hastie, T., Tibshirani, R., Sherlock, G., Eisen, M., Brown, P. and Botstein, D., Imputing
Missing Data for Gene Expression Arrays, Stanford University Statistics Department
Technical report (1999).

[2] Olga Troyanskaya, Michael Cantor, Gavin Sherlock, Pat Brown, Trevor Hastie, Robert
Tibshirani, David Botstein and Russ B. Altman, Missing value estimation methods for DNA
microarrays BIOINFORMATICS Vol. 17 no. 6, 2001 Pages 520-525

If you use 'girlc’ method, references:
[3] QRILC: a quantile regression approach for the imputation of left-censored missing data in
quantitative proteomics, Cosmin Lazar et al.

[4] Wei R, Wang J, Su M, et al. Missing Value Imputation Approach for Mass Spectrometry-based
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Metabolomics Data: [J]. Scientific Reports, 2018, 8(1).

[5] Wei R, Wang J, Jia E, et al. GSimp: A Gibbs sampler based left-censored missing value
imputation approach for metabolomics studies: [J]. Plos Computational Biology, 2018,
14(1):¢1005973.

3.3.2 Normalization

Tool: Total area normalization on peak table

This tool takes a peak table file as input and performs total intensity normalization within

samples. The formula is (x/sum of total intensity within the corresponding sample) *1000.

Tool: Internal standard normalization

This tool takes a peak table file as input and performs internal standard (IS) normalization

within samples. The normalization formula is (x/internal standard) *10000.
Parameters:

Set the standard compound: for example Chlorophenylalanine

Note:

1. The IS compound must exist in the inputted peak table.
2. Experimental preparation: The internal standard must be prepared in advance and added

guantitatively to each sample.

Tool: Peak table normalization based on QC (pooled samples)

This tool takes a peak table file as input and performs normalization based on quality control
samples (QCs).

QCs are pooled samples. They contain the same compounds as the subject samples and are
supposed to reflect the average metabolite concentrations within a study. QCs are pretreated
according to the same protocols as the subject samples and are evenly injected throughout the
analyses. The performances of the pretreatment and the analytical platform can be assessed using

the QCs. The normalization formula is (x metabolite/QC metabolite) *10000.

Input files:
19
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1. Peak table file in Tab-delimited text format, with the first column as the compound identifier

and others as samples.

For example:
Table.1 Peak table with QC

AlignID STDmix_GC_01 STDmix_GC 02 QC1 STDmix_GC 03 QC2
Unknown 1 1486892478 561322777 3448620272 3448620272 561322777
Nitrogen dioxide 5492977592 684434115 3265669981 3265669981 3265669981
Ethanol, 2-fluoro- 2265686433 4182838129 4365291513 4365291513 4182838129
3-Pentanone, 2,2,4,4- 21155307 21155322

13390154 12612932 21155307
tetramethy|-
Hydrazine 14588107 8510918 7224351 7224351 7224380

2. Sample-to-QC design file, a Tab-delimited text file with two columns, "sample™ and "QC".

For example:
Table.2 Sample-to-QC group file
STDmix_GC_01 QC1
STDmix_GC_02 QC1
STDmix_GC_03 Qc2

Output files:

'QC_norm_pkTable.txt', normalized peak table.

For example:
Table.3 Normalized peak table based on QC

AligniD STDmix_GC_01 STDmix_GC 02 QCl  STDmix_GC_03 QC2
1 4311.558 1627.673 10000 61437.38 10000
Nitrogen dioxide 16820.37 2095.846 10000 10000 10000
Ethanol, 2-fluoro- 5190.229 9582.036 10000 10436.2 10000
3-Pentanone, 2,2,4,4-tetramethyl-  6329.454 5962.065 10000 9999.993 10000
Hydrazine 20192.97 11780.88 10000 9999.96 10000
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Tool: Basic statistics summary

IP4AM V1.0

This tool takes a peak table file as input and outputs the basic statistics, including ‘nbr.val’,

'nbr.null’, 'nbr.na’, 'min’, 'max’, ‘'range’, 'sum’, 'median’, 'mean’, 'SE.mean’, '‘Cl.mean.0.95" ,'var’,

'std.dev', 'coef.var', 'skewness', 'skew.2SE', 'kurtosis', 'kurt.2SE', 'normtest.W', and 'normtest.p'.

Results and visualization:

Glycine—d5_1 N2_1 N3_1 QCl_1

nbr. val 102 102 102 102

nbr. null 0 0 0 0

nbr. na 0 0 0 0

min . 85417760431785e-12) 0. 00893943757733268 || 0.057258514677102 |8. 31486109559897e—-14

max 329. 680542925297 112. 89922337076 125. 740860123838 252. 160556248509
range 329. 680542925293 112. 890283933183 125. 683601609161 252. 160556248509

sum 1000 1000 1000 1000
median . 85417760431785e-12| 1. 10299535500165 1. 36297406812425 1. 08348644707193
mean 9. 80392156862746 9. 80392156862746 9. 8039215686274H 9. 80392156862745
SE. mean 3.78909734127497 2.04561276241289 2.09451749617876 2.90974935184046
CI.mean. 0. 95)| 7.51654986910382 4. 05794545684011 4. 15495929340276 5. 77216000007589
var 1464. 44038348902 426. 822220522143 447. 474361263493 863. 597411634667
std. dev 38. 2680073101412 20. 6596761959655 21. 1535897961432 29. 3870279483085
coef, var 3.9033367456344 2.10728697198848 2. 15766615920661 2.99747685072747
skewness 6. 43059173977852 2. 8854557982957 3.25217946337447 6. 08756886871145
skew. 2SE 13. 4492419508164 6. 03477793958065 6.80176105720342 12. 7318277882741
kurtosis 47. 2488232127589 8. 28380925870972 11. 2179513653653 43. 9662007414141
kurt. 2SE 49, 858367667054 8.74132263241143 11. 8375169076059 46. 3944465160137
normtest. W || 0. 273608347703713 0. 523061870917586 0. 500071280525113 0. 338586626170908

normtest. p |§. 47635486569766e—20|1. 26236546321313e—16|5. 26494948440981e—-17|2. 32559965582194e-19

Fig.6 The basic statistics summary of four samples

Tool: retrieve rows from peak table

The tool takes a peak table file and a one-column compounds list file as inputs and outputs a

sub-peak table file which rows correspond to the compounds list.

Input files:

1.

and others as samples.

For example:

Table.4 Peak table

Peak table file in Tab-delimited text format, with the first column as the compound identifier
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(2-methoxyethoxy)propanoic
acid isomer
(gamma)Glu-Leu/lle
1-Methyluric acid
1-Methylxanthine

1,3-Dimethyluric acid

HU_011

3.019766

3.888479
3.869006
3.717259

3.535461

HU_014

3.814339

4.277149
3.837704
3.776851

3.932581

HU_015

3.519691

4.195649
4.102254
4.291665

3.955376

HU_017

2.562183

4.32376
4.53852
4.432216

4.228491

HU_018

3.781922

4.629329
4.178829
4.11736

4.005545

HU_019

4.161074

4.412266
4.516805
4.562052

4.320582

2. Aone-column compound list file in text format.

For example:

Output files:

Table.5 Compound list file

1-methyluric acid

1-MethylIxanthine

1,3-Dimethyluric acid

1,7-Dimethyluric acid

A sub-peak table file in Tab-delimited text format, with the retrieved information according

to the compounds list.

For example:

Table.6 Sub-peak table

1-Methyluric acid
1-Methylxanthine
1,3-Dimethyluric acid

1,7-Dimethyluric acid

HU_011

3.869006
3.717259
3.535461

3.325199

HU_014

3.837704
3.776851
3.932581

4.025125

HU_015

4.102254
4.291665
3.955376

3.972904

HU_017
453852
4.432216
4.228491

4.109927

HU_018
4.178829
411736

4.005545

HU_019
4516805
4562052

4.320582

Tool: Row average by groups

This tool takes a peak table file and a samples-to-group design file as inputs, and outputs the

averaged intensity of every compound in every group.

Results and visualization:
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broupl| group2 || group3

70 0.150 | 0.207 || 0.240

| Norgestrel 0.287 | 0.421 || 0.012
44 2.650 | 0.994 || 0.765

20 1.057 | 2.121 || 0.904
2,5,8,11, 14-Pentaoxapentadecane 0.289 | 0.794 || 0.655
Cvelohexanamine 82. 8b4 | 1.427 || 5. 742
Bromocriptine 0.869 | 1.708 || 2.743
Dehvdroemetine 0.389 | 0.638 || 1.002
Bamifylline 4.823 | 0.626 || 0.412
Triacontane 0.210 | 0.477 || 0.622

142 23. 951 0.296 || 0.680

5 41,570 0.768 || 1.786

Indole 06. 463 |125. 741|252, 161

68 6.091 | 1.032 || 0.415
Naphthalene, 2-phenyl- 0.004 | 0.918 || 0.260
1H-Indole, 3-methyl- 1.200 | 1.220 || 1.943
19 5.713 | 0.304 || 0.232

87 0.145 | 0.057 || 0.156

Carbaril 10. 107 | 13. 226 29. 311

85 0.438 | 0.755 || 0.668
Cholesterol 13.855(29.013| 0.869
Ethchlorvynol 1.243 | 1.350 || 2. 793

86 2.332 | 4.421 || 3.806

Fig.7 The outputted averaged intensity of every compound in 3 groups.

3.3.4 Transformation

Tool: Log2 transformation

This tool takes a peak table file as input and performs log transformation (base 2) or median

centered log2 transformation on the peaks.
Note:

The transformation formula is: log2 (value+1)

The median center is performed on the row (compound data).

Tool: Z-score transformation

This tool takes a peak table file as input and performs z-score transformation on the peaks.
This method standardizes the data by mean and standard deviation of the original data. It is
applicable to the cases where the maximum and minimum values are unknown, or there is outlier

data beyond the range of values. Formula is new data = (original data - mean)/standard deviation.
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Tool: Transpose

This tool takes a matrix data as input and performs transpose operation.

3.3.5 Merge tables

Tool: Merge tables by compound name

This tool takes multiple peak tables as input and merges them together. The outputted peak
table will have more samples and compounds. If a compound exists in some but not all tables, it
will be filled as NA in missing position in the final merged table. If same sample names exist in
different tables, their common compounds will be averaged and outputted in the final table.

Input files:

Multiple peak table files in Tab-delimited text format, with the first column as the compound
identifier and the others as samples.

For example:
Peak table 1.
Table.7 The inputted tablel
AlignID STDmix_GC_01 STDmix_GC_02
1 1486892478 451322711
Nitrogen dioxide 5492977400 684433223
Ethanol, 2-fluoro- 2265686433 4182838129
Peak table2:
Table.8 The inputted table2
AligniD STDmix_GC_02 STDmix_GC_03
1 0 3448620100
Nitrogen dioxide 3265968000 3265668000
Norgestrel 789.33 5315.224
Output files:

'merged_matrix.txt', merged peak table file in Tab-delimited text format.
Table.9 The merged table
AligniD STDmix_GC_01 STDmix_GC_02 STDmix_GC_03

1 1486892478 451322711 3448620272
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Nitrogen dioxide
Ethanol, 2-fluoro-

Norgestrel

5492977592
2265686433
NA

1975200611.5
4182838129
789.33

3265669981
NA
5315.224
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3.4 Statistical Analysis
3.4.1 Univariate statistical analysis

Tool: Student t test between two independent or paired groups

This tool performs the Student t-test and multiple comparison correction on the peaks of the
inputted table. Group information is given by a group design file (Tab-delimited text file). The
number of groups should be 2. For paired t-test, pairs are defined according to the order in each of

the two groups and the number of samples must be equal in the two groups.
Note:

Groups number must be 2 in the sample group file.
Group names of characters or string are preferred. Numbers are also supported but not

recommended.
Input files:

Group design file. For paired t-test, pairs are according to the order in each of the two groups.
For example:

Table.10 The group file for paired t-test, with 3 pairs (_pl, _p2, and _p3) in different color blocks

HU_01 p1
HU 02 p1

HU_03_p2

HU_04 p3

HU_05_p2

HU_06_p3

Output files:

1. 't test results.txt', t-test results with p value, log2FC, and g value.

2. 't test significant_results.txt', significant t-test results.

Note:

Groups number must be 2 in the sample group file.

Group names of characters or string are preferred. Numbers are also supported but not
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recommended.

Results and visualization:

& Integrated Platform for Metabolomics Research - IP4AM v1.8.0
& Tools = O || = Took: Student T-test |1 Output: Student T-test

type filter text ==

i LC-MS Preprocess
test significant results. txt

Output Files:

= GC-MS Preprocess

i Peak Annotation by Public and

i Peak Table Operations

i Statistical Analysis

~ i= Univariate Statistical Analysis
= Student T-test between tw
= Wilcoxon-test between tw:
= Analysis of variance amon:
* Kruskal-Wallis rank sum t

mean (group2)
15000001

| % Files [
,,,,, anedio: ter IS 65 ~ > © outputshtmlfiles ~
“ outputshtml

t test results.txt

1 toct cianificant eocultc bt

Fig.8 The outputted files with the full results and significant results of t-test method.

Tool: Wilcoxon-signed-rank-test between two paired groups

This tool performs the Wilcoxon-test and multiple comparison corrections to find the
significant peaks on the peak table data. Group information is given by a group design file
(Tab-delimited text file). The number of groups should be 2. For a paired test, pairs are according
to the order in each of the two groups. For example, A-group-first-sample and
B-group-first-sample are a pair. For a paired test, the number of samples must be equal in the two
groups. For a paired-test, a Wilcoxon rank sum test (equivalent to the Mann-Whitney test) is

carried out, otherwise, a Wilcoxon signed rank test is performed.
Input files:

Group design file. For a paired t-test, pairs are according to the order in each two groups.
For example:

Table.11 The group file for paired test, with 3 pairs in different color blocks

HU_01 p1 M
HU 02 p1 F
HU_03 p2 M
HU_04_p3 M
HU_05_p2 F
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HU_06_p3 F
Output files:

1. ‘wilcox_test_results.txt', Wilcoxon-test results with p value, log2FC, and q value.
2. ‘wilcox _test_significant_results.txt', significant Wilcoxon-test results.

Note:

Group number must be 2 in the sample group file.

Group names of characters or string are preferred.

recommended.

Results and visualization:

Numbers are also

supported but

not

variance variance stderr log2FC
mean (group?) (group2) stderr(gromd) | (roup1) (groupl) (groupl) (grounli’grounz) i
44 193959. 035 |46106498521. 3824 481924 0 0 1. 31303366857649
5 807610. 4 0 275336.5 | 18886155600.5 | 971155 | -L.55246361552145
Norgestrel 2657. 6120000188 |1 . 0545881][2657. 6119999812 242695 2972205000 38550 . 51287008349626__||p. 333333333333333J0. 7391304
20 204390. 500000019 83550952980. 4846]204380. 499999981 1032124 30248642 3889 2. 336216260: . 333333333333333]0. 7391304347
142 384804. 7 11896901452. 88 208153.5 | 83567584805 | 64640.5 | -0.88647860337 . 333333333333333J0. 7391304347
68 148595. 85 3071725714, 045 487470. 3 [[325773022. 580001 12762.7 1. 7139204980384 ||0. 333333333333333J0.
19 106595. 65 | 7038651, 64500001 149340. 5 3189104. 5 2023.5 | 0.486456901187242 |p. 333333333333333J0.
85 151139 00000001945685994641 9B86|[151135 999999951 397793 | 1998637068 31612 1.39614190670491 _|p. 3333333333333330.
Cholesterol [196458_35000001977191766569. 4302196455 _349999951|[ 13526312 5| 116127780520.5 | 240964 5 || b 1370491409405 | 333333333333333J0. 7391304347
86 860577. 000000015 1481185545857 . 94[B60576. 999999981 2214949. 5 | 10174939204.5 | 71326.5 1. 36389761818189__|p. 333333333333333)0. 739130434752609|
Wilrinone 71380. 0000000188, 10190208799. 9946(71379. 9999999812 _ 180208 536150258 16373 1.33607125184429 _|p. 3333333333333330. 739130434782609)
94 40084. 9950000188, 3213613648. 29704]20084. 9949999812 157926 165074450 9085 1.97811450811402 _|p. 3333333333333330. 739130434752609)
125 1490965. 00000002/4445953262449. 89|1490964. 99999998| 8013769. 5 | 6721922781112, 5| 1833202.5 | 2. 42623462299429  |p. 333333333333333J0. 739130434752609)
Fluoranthene 32404. 450000019 223652672359. 58 [334404. 449999961 3636337 | 105361615058 229523 3. 44281995752296 |. 3333333333333330. 739130434782609)
Phenobarbital 64007, 6000000168 5193945715, 5151964007, 5999999812 519425 4789268450 48935 3.02060033271684 . 333333333333333J0. 739130434762609
96 B3063. 1500000188]13798973775. 8385|B3063. 1499999812 229590.5 | 154032112.5 9592.5 1. 46678245821576 ,333333333333333‘]6,T:cqmmsq?scsn%l
'(EH’?:ITZI;‘:E‘“””‘ 6586424. 00000002|86761962215551. 56586423, 99999998 31792483 | 4312684931202 | 1468449 2.27111840238021 . 333333333333333)0. 739130434782609)
Oxethazaine 215437. 000000188] 92826201937, 538 |[215436. 999993812| 528103 10484385318 72403 1 5329166624 _|p. 333333333333333)0. 73913043
110 760752, 000000019(1219147371007. 94|780751. 9599998 1] 3904934 | 2169315335922 | 1041469 | 2. . 333333333333332J0. 73913043
48 1271549, 00000002 36437387757601. 7|[2271549. 95999956| 9176511 53353377800 163330 1. 0308507901722 333333333333333[0. 73913043
64 56017. 245 |1529490410. 02003 129624 1164610322 24131 1. 2103992256016 0. 333333333333333]0. 1391304347521

Fig.10 The results of Wilcoxon-signed-rank-test between two paired groups

Tool: Analysis of variance among more than two groups

This tool fits an analysis of variance model to find the significant peaks on the inputted peak

table. Group information is given by a group design file (Tab-delimited text file).

Note:

Group names of characters or string are preferred. Numbers are also supported but not

recommended.

Results and visualization:
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[ [ mean(el) variance (g1) stderr (g1) mean (g2) stderr (g2) mean (g3) variance (¢3) stderr (g3) D Tdr
0 0 0 P11703. 66666666 [13848. 7065164144]193139. 791666667 21330007555. 5208 |42160. 4154347029]0. 00310360422161433]0. 058061753071686]
0 0 0 36452 £150. 6401643399 [p5453. 0416666667 18492, 4701531707|0-U05 50309250 6969|U- UBUe1 75801 6569
0 o o 0 75825 [22515. Z5470055% 0. 00721 T525353562540. 058061 5307 L6k
picT7 0 0 0 0 0 \| 73394 125 || 6089055272. 64205 |22526. 0132451388]0. 00722540303259207|0. 05806175307 16569
[ucso 0 0 0 0 0 |[7o145.3333333333] 5564454922. 24242 |21533. 5007990586]0. 00723579640544258|0. 0580617530716869]
I 0 0 0 1995. 17377, 5. 0643852236200 73673.25 | 6156101061, 84001 [23650. 7946178513]0. 00725615118201468|0. 05806175307 16369
0 0 0 15012, 3333333333 46854406 6666667]2794. 47002985019][34360. 7516666667 8085302044, 52083 [5061. 9947303118 0. 0073048625492484 0. 0580617530716869]
0 0 0 0 [B7557. 1666666667] 8722589440. 87879 |26960. 1576563595]0. 007375597547975620. 05806175307 16869

[ 0
@Lm 85714265714/5275202. 14285714]865. 101552885634 6917 72912 os.a 4666667]2203. 06133469871[72622. 0416666667 5054539979. 38447 |22332. 4128778936/0. 00819136882506163)0. 0580617530716867
[NC63[2110. 2857142657 1] 12985506, 57 14256]1362. 16357119407) 3634 33303333333]5119861. 066666671163, 31860544641 74133.875 || 615636306+, 64205 |22653. 85170456690, 006425304042006380. 0580617530716869)
pic1g] 0 0 0 1387200. 66666667]13312197592. 2667[47103. 0741859706 78111549 T275660123188367 | 24623261, 568397
[446155. 571428571]93102098450. 9524]115326. 925644914 183116. 333333336319632353. 86667]32454. 1531853441 35227454, 125 50755632113708 |11029338. 2700932]0. 00881592734246947]0. 0580617530716369]
2065, 112557 425109531553 5714108 S5006854 4513, EGGGGETpadseno 11, STy ioisseo3 i, S1cee] [5948023. 96245529) 0. 0089091651 1176 0. 058061 7530716969]

M‘IIQJU 4285714286 82896385.952%‘3441. 27023791218 16181 752361. 6 |2541. 40255230766437033. 458332333 [137138.834379195]0. 00981269149711853]0. 0595363950825191
W‘4961 71429]71804275. 2380@“3202. 77279953514|[7562. 33333333333|3556433 1. 4666667]2434. 62288204514|[70832. 1666666667 5648301744. 15152 |21695. 4320759198] 0. 0113848298529129 0. 0598813635952624)
@331“ 0 0 J‘ 0 [208976. 666666667 |434907777. 866667|8513. 79055676404||167029328. 666667| 37094909412902200 |5559894: 53032] 0. 0118059287453994

M 108923 [6905254912. 66667]31408. 0401732392 [116482. 666666667]110072168. 266667]4283. 14 33.8 184417609124263648]1239682 78387

@mrme 6726265346 0524104694 205346671] 1270030 8432203020 _|37488. 4271475518 L94795171. 958333 516400022947 16645 65539798 2051753] 0012543 7401492114]

166551 143\93344 0. 0131824538955178 0. 0538813635

0 0 0 [67585. 3333333233365946859. 26666673315, 25031534556[491252. 553333333

2 92464, 9524]102632. 79942630347 1756, 666666667|257918605651. 467207331, 101086072670217747. 833333
44510 5778325291, 66667|26731. 0614566153 87762 5340677321, 6| 29834, 759709663 126468454 75

[310328. 571428571]52584269794. 2857|86672. 0170645683)B12752. 666666667]4691705929. 86667]27963. 3865672796[£898142. 33333333

INCT1[04452. 4255714256] 13877517520, 255144525 3016060634 119045 | 775104784 5 J36011. 6851054305|1062002. 20166667]

144103 [9705671528. 66661]37236. 0645624002|[221080. 333333333|2521293789. 06667]20499. 1617270344[71237162. 5833333 7 9394165113 |25778510. 1440369 0. 0189344349604759 0.

0 0 0 L14514. 333323333|180516003. 466667|5620. 14239835414|210348. 208333333 67033718733. 2481 |74740. 5059373475 0. 0211205469794090 | 0. 071676406743664

0 0 0 0 0 0 [4551. 08233333333 34207926. 2651515 |1688. 38992004097 0. 0213142367159607 | 0. 071676406743664

[470186. 857142857] 104208650224, 81 |122012. 089696534 576354 505197165344 |91760. 3005429545 5767355 46864072321211. 8 93. 14848043] 0. 0220542789980505 | 0. 071676406743664

[1246337477978. 95 %ymmmvmum [4205055. 59511016 0. 0245509937834265 | 364749

[NC10[114486. 142657 143]2153527562. L4256|1754L, 0547609784 87525079.5 || 141029757 240 |34281889. 9113624) 0. 028045 01797364749

I mwmmmm 4509, 1666666667 6300202112, 87879 22929, 6062491247 0. 028999 01797364749

[ec7q] 180803 15515745840, 6667]47080. 0926052466 253397 38536308413, 6_|50141, 5621503976][49562. 8333333333] 551850857, 60606 21444, 7076952296] 0. 0298112721501194 0. 077760179736474

1619184. 95533396| 0. 0164695975!
346762 10&97535@ 0. 018084332944290

Fig.11 The result of analysis of variance among 3 groups

Tool: Kruskal-Wallis rank test among more than two groups

This tool performs a Kruskal-Wallis rank sum test and multiple comparison corrections to
find the significant peaks on the inputted peak table. Group information is given by a group design
file (Tab-delimited text file).

Note:

Group names of characters or string are preferred. Numbers are also supported but not

recommended.

3.4.2 Multivariate statistical analysis

Tool: Principal component analysis

This tool performs a principal components analysis on the inputted peak table data. If the
group design file (a Tab-delimited text file) is provided, samples in the same group will be plotted

as the same color.
Input files:

1. Peak table file in Tab-delimited text format, with the first column as compound identifier, the
others as samples.

For example:
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Table.12 The inputted peak table file

HU_01 HU_01 HU_01 HU_01 HU_01 HU_01

1 4 5 7 8 9
(2-methoxyethoxy)propanic 3.0197 3.8143 3.5196 2.5621 3.7819 4.1610
acid isomer 66 39 91 83 22 74
3.8884 4.2771 4.1956 4.3237 4.6293 4.4122
(gamma)Glu-Leu/lle
79 49 49 6 29 66
o 3.8690 3.8377 4.1022 4.5385 4.1788 4.5168
1-Methyluric acid
06 04 54 2 29 05
. 3.7172 3.7768 4.2916 4.4322 4.1173 4.5620
1-Methylxanthine
59 51 65 16 6 52
. o 3.5354 3.9325 3.9553 4.2284 4.0055 4.3205
1,3-Dimethyluric acid
61 81 76 91 45 82
. o 3.3251 4.0251 3.9729 4.1099 4.0240 4.3268
1,7-Dimethyluric acid
99 25 04 27 92 56
2-acetamido-4-methylphenyl 4.2047 5.1818 3.8856 4.2379 1.8529 4.0806
acetate 54 58 8 15 94 81
. o 4.0802 4.3592 4.2491 4.2314 4.3236 4.2444
2-Aminoadipic acid
04 46 11 04 79 85

2.(Optional), Group design file in Tab-delimited text file.
For example:

Table.13 The inputted group design file

HU_011 M
HU 014
HU_015
HU_017
HU_018
HU_019

=T L5

Output files:

1. ‘'pca_scores.txt', PCs (scores) matrix.

2. 'pca_importance.txt', importance of PCs.

3. 'pca_rotation.txt', the matrix of variable loadings (i.e., a matrix whose columns contain the
eigenvectors).

4. ‘'pca_plot.pdf', PCA plot using PCs score values, the default is PC1 and PC2.

Results and visualization:
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Fig.12 The resulting files and the PCA scores plot

Tool: (Orthogonal) partial least squares discriminant analysis

This tool performs the OPLS-DA algorithm to rank peaks on the inputted table by variable
importance in projection (VIP). Group information is given by a group design file (Tab-delimited
text file). OPLS-DA is only available for binary classification and the number of groups should be
2.

The orthogonal Partial Least-Squares (OPLS) algorithm was introduced by J. Trygg and
Wold (2002) in order to model separately the variations of the predictors correlated and orthogonal
to the response. It has a similar predictive capacity compared to PLS and improves the
interpretation of the predictive components and of the systematic variation (Pinto, Trygg, and
Gottfries 2012). In particular, OPLS modeling of single responses only requires one predictive
component. Diagnostics such as the Q2Y metrics and permutation testing are of high importance
to avoid overfitting and assess the statistical significance of the model. The VIP, which reflects
both the loading weights for each component and the variability of the response explained by this
component (Pinto, Trygg, and Gottfries 2012; Mehmood et al. 2012), can be used for feature
ranking and selection (J. Trygg and Wold 2002; Pinto, Trygg, and Gottfries 2012).

Input files:

1. Peak table file in Tab-delimited text format, with the first column as the compound identifier
and others as samples.
For example:

Table.13 The inputted peak table file
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HU_01 HU_01 HU_01 HU_01 HU_01 HU_01
1 4 5 7 8 9
(2-methoxyethoxy)propanoic 3.0197 3.8143 3.5196 2.5621 3.7819 4.1610
acid isomer 66 39 91 83 22 74
3.8884 42771 4.1956 4.3237 4.6293 4.4122
(gamma)Glu-Leu/lle
79 49 49 6 29 66
3.8690 3.8377 4.1022 4,5385 4.1788 45168
1-Methyluric acid
06 04 54 2 29 05
) 3.7172 3.7768 4.2916 4.4322 41173 4.5620
1-Methylxanthine
59 51 65 16 6 52
) o 3.5354 3.9325 3.9553 4.2284 4.0055 4.3205
1,3-Dimethyluric acid
61 81 76 91 45 82
) o 3.3251 4.0251 3.9729 4,1099 4.0240 4.3268
1,7-Dimethyluric acid
99 25 04 27 92 56
2-acetamido-4-methylphenyl 4.2047 5.1818 3.8856 4.2379 1.8529 4.0806
acetate 54 58 8 15 94 81
. o 4.0802 4.3592 4.2491 4.2314 4.3236 4.2444
2-Aminoadipic acid
04 46 11 04 79 85
2. Group design file in Tab-delimited text file with two columns (samplename groupname).

Table.14 The inputted group design file

HU_011
HU 014
HU_015
HU_017
HU_018
HU_019

M

=T 5T

For example:

Output files:

1.

2.

3.

data.

4,

5. 'oplsda_figure.pdf’, OPLS-DA plot.
Parameter:

‘'oplsda_prediction_summary.txt', prediction summary.

'oplsda_variable_significant_results.txt', significant feature results.

'oplsda_variable_results.txt', feature ranked results that are sorted by VIP.

‘'oplsda_samples_results.txt', OPLS-DA model sample prediction results using inputted
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1. VIP-value: Anumerical variable indicating the Variable Importance in Projection.

2. orthogonal components: The number of orthogonal components (for OPLS only); when
set to 0 [default], PLS will be performed; otherwise OPLS will be performed; when set
to NA, OPLS is performed and the number of orthogonal components is automatically
computed by using the cross-validation (with a maximum of 9 orthogonal components).

3. scaling methods: Either no centering nor scaling ('none’), mean-centering only (’center’),
mean-centering and Pareto scaling (’Pareto’), or mean-centering and unit variance
scaling (’standard’) [default].

X.. =X.. —X.
Mean-centering: gl Y !
x..’: X .. —5§. / /S»
Pareto scaling: el ( Y ! ) !
X = (x. —x.)/S.
unit variance scaling: Yy ( Yy l ) l
J T
- _ - \2
X; _I/JZXE’.'SE = 2 (x{',[_xi)/(']_l)
Comments: /= /=1

4. crossvall: Number of cross-validation segments (default is 7); The number of samples
(rows of ’x’) must be at least >= crossvall

5. permutation: Number of random permutations of response labels to estimate R2Y and
Q2Y significance by permutation testing [default is 20 for single response models
(without train/test partition), and 0 otherwise]

6. graphical parameters: This tool provides ten graphic parameters for ten different graphic
types. They are displayed in ‘oplsda_figure.pdf' file.

Note :

Group number must be 2 in the sample group file.

Group names of characters or string are preferred. Numbers are also supported but not
recommended.
Reference:

[1] Thevenot, E.A., Roux, A., Xu, Y., Ezan, E., Junot, C. 2015. Analysis of the human adult

urinary metabolome variations with age, body mass index and gender by implementing a
comprehensive workflow for univariate and OPLS statistical analyses. Journal of Proteome
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Research. 14: 3322-3335.

[2] Trygg J, Wold S. Orthogonal projections to latent structures (O-PLS) [J]. Journal of
Chemometrics 2002,16:119 -128.

[3] Rui C P, Trygg J, Gottfries J. Advantages of orthogonal inspection in chemometrics[J]. Journal
of Chemometrics, 2012, 26(6):231-235.

[4] Mehmood, T., KH. Liland, L. Snipen, and S. Saebo. 2012. “A Review of Variable Selection
Methods in Partial Least Squares Regression.” Chemometrics and Intelligent Laboratory
Systems 118 (0): 62—69.

[5] Galindo-Prieto B., Eriksson L. and Trygg J. (2014). Variable influence on projection (VIP) for

orthogonal projections to latent structures (OPLS). Journal of Chemometrics 28, 623-632.

Results and visualization:
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Fig.13 The resulting files and the summary plot of OPLS-DA

Tool: Support vector machine

This tool performs support vector machines to rank peaks in the inputted table by SVM-RFE.
Group information is given by a group design file (Tab-delimited text file).

The SVM-RFE algorithm proposed by Guyon returns a ranking of the features of a
classification problem by training an SVM with a linear kernel and removing the feature with the
smallest ranking criterion. This criterion is the w value of the decision hyperplane given by the

SVM. For more detailed information, please review the original paper.

Input files:
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1. Peak table file in Tab-delimited text format, with the first column as the compound identifier

and the others as samples.

For example:
Table.15 The inputted peak table file
HU_01 HU_01 HU_01 HU_01 HU_01 HU_01
1 4 5 7 8 9
(2-methoxyethoxy)propanoic 3.0197 3.8143 3.5196 2.5621 3.7819 4.1610
acid isomer 66 39 91 83 22 74
3.8884 4.2771 4.1956 4.3237 4.6293 4.4122
(gamma)Glu-Leu/lle
79 49 49 6 29 66
o 3.8690 3.8377 4.1022 4.5385 4.1788 4.5168
1-Methyluric acid
06 04 54 2 29 05
) 3.7172 3.7768 4.2916 4.4322 4.1173 4.5620
1-MethylIxanthine
59 51 65 16 6 52
) o 3.5354 3.9325 3.9553 4.2284 4.0055 4.3205
1,3-Dimethyluric acid
61 81 76 91 45 82
3.3251 4.0251 3.9729 4.1099 4.0240 4.3268
1,7-Dimethyluric acid
99 25 04 27 92 56
2-acetamido-4-methylphenyl 4.2047 5.1818 3.8856 4.2379 1.8529 4.0806
acetate 54 58 8 15 94 81
) o 4.0802 4.3592 4.2491 4.2314 4.3236 4.2444
2-Aminoadipic acid
04 46 11 04 79 85
2. Group design file in Tab-delimited text file with two columns (samplename groupname).
For example:
Table.16 The inputted group design file
HU 011 M
HU 014 F
HU_015 M
HU_017 M
HU_018 M
HU_019 M
Output files:

'svm_summary.txt', summary information about SVM.
'svm_variable_results.txt', feature ranked results that are sorted by SVM-RFE.
"svm_samples_results.txt', SVM model sample prediction results using inputted data.

'svm_prediction_summary.txt', prediction summary.

A

'support_vectors.txt', support vectors in the model.
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6. 'svm_plot.pdf’, SVM plot.
Parameter:

kernel function: The kernel function reflects the similarity between the inputted data. The
correct choice of kernel parameters is crucial for obtaining good results, which practically

means that an extensive search must be conducted on the parameter space before results can

be trusted.

‘ kernel | formula ‘ parameters ‘
linear u'v (none)
polynomial y(uTv + ¢o)? ~v.d, ey
radial basis fct. | exp{—y|u—v|*} | v
sigmoid tanh{yu'v+co} | 7, co

1. Linear kernel: Simple and safe, try it first. The model is interpretative. It indicates which
features or data points in the model are important. But it is not available if the data is not
linearly separable.

2. Polynomial kernel: Less restrictive than linear applications, it can solve non-linear separable
data. But it is more complicated with three parameters.

3. Radial basis function (RBF): Usually defined as a monotonic function of the Euclidean
distance between any points in space to a certain center. It maps primitive features to infinite
dimensions. It is able to achieve nonlinear mapping and also has less numerical difficulties.

4. Sigmoid: Squashes numbers to the range [0, 1]. Historically popular since they have a nice
interpretation as a saturating “firing rate” of a neuron. But there are some fatal disadvantages.
For instance, saturated neurons “kill” the gradients, sigmoid outputs are not zero-centered,

and exp () is a bit computationally expensive.

Note:

Group names of characters or string are preferred. Numbers are also supported but not

recommended.
Reference:

[1] Marchiori E, Sebag M. Bayesian Learning with Local Support Vector Machines for Cancer
Classification with Gene Expression Data[M]// Applications of Evolutionary Computing.
Springer Berlin Heidelberg, 2005:74-83.[2] Gene Selection for Cancer Classification using
Support Vector Machines (2002) Isabelle Guyon, Jason Weston, Stephen Barnhill, VIadimir
Vapnik.

Results and visualization:
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Fig.14 The resulting files and the variable ranks of SVM (3 groups)
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Fig.15 The resulting files and the classification plot of SVM (3 groups)

Tool: Random forest

This tool implements Breiman's random forest algorithm (R randomforest package) for
classification and peak ranking based on the inputted table. The peaks are ranked by the mean

decrease in Gini index. Group information is given by a group design file (Tab-delimited text file).

Input files:

1. Peak table file in Tab-delimited text format, with the first column as the compound identifier
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and the others as samples.

For example:
Table.17 The inputted peak table file
HU_01 HU_01 HU_01 HU_01 HU_01 HU_01
1 4 5 7 8 9
(2-methoxyethoxy)propanoic 3.0197 3.8143 3.5196 2.5621 3.7819 4.1610
acid isomer 66 39 91 83 22 74
3.8884 42771 4.1956 4.3237 4.6293 4.4122
(gamma)Glu-Leu/lle
79 49 49 6 29 66
L 3.8690 3.8377 4.1022 4.5385 4.1788 4.5168
1-Methyluric acid
06 04 54 2 29 05
. 3.7172 3.7768 4.2916 4.4322 41173 4.5620
1-Methylxanthine
59 51 65 16 6 52
. L 3.5354 3.9325 3.9553 4.2284 4.0055 4.3205
1,3-Dimethyluric acid
61 81 76 91 45 82
. L 3.3251 4.0251 3.9729 4.1099 4.0240 4.3268
1,7-Dimethyluric acid
99 25 04 27 92 56
2-acetamido-4-methylphenyl 4.2047 5.1818 3.8856 4.2379 1.8529 4.0806
acetate 54 58 8 15 94 81
o 4.0802 4.3592 4.2491 4.2314 4.3236 4.2444
2-Aminoadipic acid
04 46 1 04 79 85

2. Group design file in Tab-delimited text format with two columns (samplename
groupname).

For example:

Table.18 The inputted group design file
HU_ 011 M
HU 014
HU_015
HU_017
HU_018
HU_019

=T

Output files:

1. 'rf_summary.txt ', summary information about random forest model.
2. 'rf_variable_results.txt ', feature rank results that sorted by mean decrease in Gini index.

3. 'rf_prediction_summary.txt ', random forest model sample prediction results using inputted

data.
4. 'rf_prediction_summary.txt', prediction summary.
5. 'rf_error_rates_plot.pdf ', error rates plot in the model.
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6. 'rf_predictions_margin_plot.pdf ', predictions_margin plot.
Parameter:

1. number of trees: It specifies the number of decision trees included in the random forest. The
default is 500.

2. mtry: Mtry specifies the number of variables used in the node for the binary tree. The default
is the quadratic root of the data set variable (classification model) or one- third (predictive
model). Generally, it is necessary to carry out artificial selection step by step to determine the
optimal m value.
replacement: Specify the way to randomly sample Bootstrap. The default is resampling.

4. nodesize: The minimum number of decision tree nodes. By default, the discriminant model is
1 and the regression model is 5.

5. maxnodes: The maximum number of decision tree nodes

Results and visualization:
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Fig.16 The resulting files and the margin of prediction plot of RF
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Fig.17 The resulting files and error rate plot of RF

Tool: Biosigner molecular signature discovery with PLSDA, RF, and

SVM

This tool is the wrapper of the R package ‘biosigner' and aims to find the significant peaks in
the inputted table. Three binary classifiers have been jointly used in biosigner, namely Partial
Least Square Discriminant Analysis (PLS-DA), Random Forest (RF) and Support \ector
Machines (SVM), to achieve high levels of prediction accuracy. Group information is given by a

group design file (Tab-delimited text file).

Input files:

1. Peak table file in Tab-delimited text format, with the first column as the compound identifier
and the others as samples.
For example:

Table.19 The inputted peak table file

HU_01 HU_01 HU_01 HU_01 HU_01 HU_01

1 4 5 7 8 9
(2-methoxyethoxy)propanoic 3.0197 3.8143 3.5196 2.5621 3.7819 4.1610
acid isomer 66 39 91 83 22 74
3.8884 42771 4.1956 4.3237 4.6293 4.4122
(gamma)Glu-Leu/lle
79 49 49 6 29 66
o 3.8690 3.8377 4.1022 4.5385 4.1788 4.5168
1-Methyluric acid
06 04 54 2 29 05
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3.7172 3.7768 4.2916 4.4322 4.1173 4.5620
1-Methylxanthine

59 51 65 16 6 52
3.5354 3.9325 3.9553 4.2284 4.0055 4.3205
1,3-Dimethyluric acid
61 81 76 91 45 82
3.3251 4.0251 3.9729 4.1099 4.0240 4.3268
1,7-Dimethyluric acid
99 25 04 27 92 56
2-acetamido-4-methylphenyl 4.2047 5.1818 3.8856 4.2379 1.8529 4.0806
acetate 54 58 8 15 94 81
4.0802 4.3592 4.2491 4.2314 4.3236 4.2444
2-Aminoadipic acid
04 46 11 04 79 85

2. Group design file in Tab-delimited text format with two columns (samplename

groupname).
For example:
Table.20 The inputted group design file

HU_011 M

HU 014 F

HU_015 M

HU_017 M

HU_018 M

HU_019 M
Output files:
1. 'biosigner_summary.txt', summary information about biosigner algorithm.
2. ‘'biosigner_variable_results.txt', ranked feature results by biosigner algorithm.
3. 'biosigner_variable_significant_results.txt', significant feature results.
4. 'biosigner_figure-tier.pdf ', displays classifier tiers from selected features.
5. 'biosigner_figure-boxplot.pdf ', individual boxplots from selected features.

Parameter:

1. bootstraps for resampling: The number of bootstraps is set to 5 to speed up computations
when generating this vignette; we however recommend to keep the default 50 value for
analyzing (otherwise signatures may be less stable).

2. pvalN: To speed up the selection, only variables which significantly improve the model up to
two times this threshold (to take into account potential fluctuations) are computed.

3. Selection tiers: Tiers from S, A, up to E by decreasing relevance. The (S) tier corresponds to
the final signature, i.e. features which passed through all the backward selection steps. In
contrast, features from the other tiers were discarded during the last (A) or previous (B to E)
selection rounds. Note that tierMaxC = ‘A’ argument in the print and plot methods can be

used to view the features from the larger S+A signatures (especially when no S features have
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been found, or when the performance of the S model is much lower than the S+A model).
Note:

1. Group number must be 2 in the sample group file.

2. Group names of characters or string are preferred. Numbers are also supported but not

recommended.

3. The algorithm returns the tier of each feature for the selected classifier (s): tier S corresponds
to the final signature, i.e., features which have been found significant in all the selection steps;
features with tier A have been found significant in all but the last selection, and so on for tier
B to D. Tier E regroup all previous round of selection.

Reference:

[1] Rinaudo P, Boudah S, Junot C, et al. biosigner: A New Method for the Discovery of Significant

Molecular Signatures from Omics Data[J]. Frontiers in Molecular Biosciences, 2016, 3.

Results and visualization:
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Fig.18 The resulting files and the potential biomarker (signatures) plot of biosigner
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Fig.19 The resulting files and the boxplot of ‘S’ signatures by biosigner.

3.5 Pathway Analysis

Tool: Compounds ID mapping

The tool takes a one-column compound list file as input and performs libraries (HMDB,
PubChem, KEGG, etc.) IDs and basic information searching. This is a wrapper of the popular R
package metaboAnalystR (https://github.com/xialab/MetaboAnalystR).

Results and visualization:
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Fig.20 The resulting file of compound 1Ds annotation.
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Tool: Pathway analysis on compounds ID mapping results

KEGG (Kyoto Encyclopedia of Genes and Genomes) is a database resource that integrates

genomic, chemical and systemic functional information. Gene catalogs from completely

sequenced genomes are linked to higher-level systemic functions of the cell, the organism, and the

ecosystem. This tool is a wrapper of the ‘metabolic pathway analysis’ modules of the popular

MetaboAnalyst platform.

The tool takes a compounds annotation file as input and performs pathway analysis based on

information from KEGG.

Parameter:

pathway library: 21 different species libraries have been provided, including Human, Mouse,
Rat, Cow, Chicken, Zebrafish, Arabidopsis thaliana, Rice, Drosophila, Malaria, Budding
yeast, E.coli., etc., with a total of 1600 pathways.

representation analysis algorithm:

hypergeometric test: In statistics, the hypergeometric test uses the hypergeometric
distribution to calculate the statistical significance of having drawn a specific {\displaystyle k}
k successes (out of {\displaystyle n} n total draws) from the aforementioned population. The
test is often used to identify which subpopulations are over- or under-represented in a sample.
Fisher's exact test: It is a statistical significance test used in the analysis of contingency tables.
The test is useful for categorical data that result from classifying objects in two different
ways; it is used to examine the significance of the association (contingency) between the two

kinds of classification.

3. Specify pathway topology analysis algorithm:

The module provides two popular topological measures found on the left-panel to provide
users greater insight into their networks.

Out-degree centrality: It refers to the number of links a node has to other nodes.

Relative betweenness centrality: It represents the degree of centrality a node has in a network
by measuring the number of shortest paths that pass through that node.

Nodes with high scores in both measures are more likely to be important hubs.

Reference:

[1] Xia J, Wishart D S. Web-based inference of biological patterns, functions and pathways from

metabolomic data using MetaboAnalyst[J]. Nature Protocols, 2011, 6(6):743-760.

[2] Chong, J., et al. (2018) MetaboAnalyst 4.0: towards more transparent and integrative

metabolomics analysis. Nucleic acids research, 46, W486-w494.

http://www.metaboanalyst.ca.
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Results and visualization:
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Fig.21 The results of pathway analysis with detailed information and hyperlink of the pathways.
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Fig.22 The pathway analysis plot of the first 30 compounds

Tool: Enrichment analysis on compounds ID mapping

results

The tool takes a one-column compound list file and performs metabolite set enrichment
analysis for human and mammalian species. The analysis is based on eight metabolite set libraries
containing ~7000 groups of biologically meaningful metabolite sets collected primarily from
human studies. This tool is a wrapper of the ‘enrichment analysis’ modules of the popular
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MetaboAnalyst platform.
Parameter:

metabolite set library: Eight different metabolite set libraries have been provided, containing
~6300 groups of biologically meaningful metabolite sets collected primarily from human
studies. Pathway-associated metabolite set library contains 99 metabolite sets based on
normal metabolic pathways. Diseased-associated metabolite set library contains 344
metabolite sets reported in human blood. Disease-associated metabolite set library contains
384 metabolite sets reported in human urine. Disease-associated metabolite set (CSF) library
contains 166 metabolite sets reported in human cerebral spinal fluid (CSF). SNP-associated
metabolite set library contains 4598 metabolite sets based on their associations with detected
single nucleotide polymorphisms (SNPs) loci. Predicted metabolite set library contains 912
metabolic sets that are predicted to be changed in the case of dysfunctional enzymes using
genome-scale network model of human metabolism. Location-based metabolite set library
contains 73 metabolite sets based on organ, tissue and subcellular localizations.
Drug-pathway-associated metabolite set library contains 461 metabolite sets based on drug

pathway.
Reference:

[1] Xia J, Wishart D S. Web-based inference of biological patterns, functions and pathways from
metabolomic data using MetaboAnalyst[J]. Nature Protocols, 2011, 6(6):743-760.

[2] Chong, J., et al. (2018) MetaboAnalyst 4.0: towards more transparent and integrative
metabolomics analysis. Nucleic acids research, 46, W486-w494.

http://www.metaboanalyst.ca.
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3.6 Workflows

3.6.1 GC-MS data preprocessing workflow: from raw data to

peak table

This workflow takes multiple GC-MS raw data files in netCDF or mzXML format as inputs
and outputs a peak table. It performs GC-MS data preprocessing and peak table operation,
including mainly peak detection, spectrum aligning, metabolites annotation and peak table

pretreatment.

Input files:

Multiple GC-MS raw data files in netCDF or mzXML format.
Output files:

'‘gcms_raw_pkTable.txt', raw peak table is generated with one line per "compound™” and one
column per sample.

'‘gcms_mass_spectra.msp’, Corresponding pseudospectrum(compound) mass spectrum
information in MSP format, the identifier is same in peak table file.

'‘gcms_mass_spectra_999norm.msp’, intensities normalized mass spectrum information in
MSP format, intensities sum=999.

'identified_pkTable.txt', identified peak table file in Tab-delimited text format.

‘identified_uniq_pkTable.txt', identified unique peak table file in Tab-delimited text format.
When row names are duplication, the row with the maximum intensity will be retained.

'detailed_information.txt', detailed information about query and database relationship in
library searching.

'zero_filled_pkTable.txt', zero filled peak table file in Tab-delimited text format.

'total_area_norm_pkTable.txt', total area normalized peak table file in Tab-delimited text
format.

'log2_transformed_pkTable.txt', log2 transformed peak table file in Tab-delimited text format.

Results and visualization:
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Fig.23 The outputted files and the identified peak table of GC-MS data processing workflow

3.6.2 LC-MS data preprocessing workflow: from raw data to

peak table

This workflow takes multiple LC-MS raw data files in netCDF or mzXML format as inputs
and outputs peak table. It performs LC-MS data preprocessing and peak table operation, including

peak detection, spectrum aligning, metabolites annotation and peak table pretreatment.
Input files:

Multiple GC-MS raw data files in netCDF or mzXML format.
Output files:

‘lcms_raw_pkTable.txt', a peak table is generated with one line per "compound” and one
column per sample.

'identified_pkTable.txt', identified peak table file in Tab-delimited text format.

'identified_uniq_pkTable.txt', identified unique peak table file in Tab-delimited text format.
When row names are duplication, the row with the maximum intensity will be retained.

'detailed_information.txt', detailed information about query and database relationship in
library searching.

'zero_filled_pkTable.txt', zero filled peak table file in Tab-delimited text format.

'total_area_norm_pkTable.txt', total area normalized peak table file in Tab-delimited text
format.

'log2_transformed_pkTable.txt', log2 transformed peak table file in Tab-delimited text format.
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Fig.24 The outputted files and the total area normalized peak table of LC-MS data

3.6.3 Statistical analysis based on peak table

processing workflow

This workflow takes a peak table file and a group design file as inputs. It performs all

univariate and multivariate statistical analysis as user selected (between two groups).

Input files:

1. Peak table file in Tab-delimited text format, with the first column as the compound identifier

and the others as samples.

2. Group design file

groupname).

Output files:

‘pkTable_summary.txt', basic statistics summary information on columns (sample data).

't_test_results.txt', t-test results with p value, log2FC, and g value.

't_test_significant_results.txt', significant t-test results.

'wilcox_test_results.txt', Wilcoxon-test results with p value, log2FC, and g value.

‘wilcox _test_significant_results.txt', significant Wilcoxon-test results.

‘aov_results.txt', analysis of variance model results with p-value and q value.

‘aov_significant_results.txt', significant analysis of variance model results.

in Tab-delimited text format with two columns (samplename
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'kw_test_results.txt ', Kruskal-Wallis rank sum test results with p-value and g value.

'kw_test_significant_results.txt ', significant Kruskal-Wallis rank sum test results.

'pca_scores.txt', PCs (scores) matrix.

'pca_importance.txt', the importance of PCs.

'pca_rotation.txt', the matrix of variable loadings (i.e., a matrix whose columns contain the
eigenvectors).

'pca_plot.pdf’, PCA plot using PCs score values, the default is PC1 and PC2.

'oplsda_variable_results.txt', feature ranked results that are sorted by VIP.

‘oplsda_variable_significant_results.txt', significant feature results.

‘oplsda_samples_results.txt’, OPLS-DA model sample prediction results using inputted data.

‘oplsda_prediction_summary.txt', prediction summary.

‘oplsda_figure.pdf', OPLS-DA Plot.

'svm_summary.txt', summary information about SVM.

'svm_variable_results.txt', feature ranked results that are sorted by SVM-RFE.

"svm_samples_results.txt’, SVM model sample prediction results using inputted data.

'svm_prediction_summary.txt', prediction summary of SVM.

'support_vectors.txt', support vectors in the model of SVM.

'svm_plot.pdf', SVM plot.

'rf_summary.txt ', summary information about random forest model.

'rf_variable_results.txt ', feature ranked results that are sorted by mean decrease in Gini index
using RF.

'rf_samples_results.txt ', random forest model sample prediction results using inputted data.

'rf_prediction_summary.txt', prediction summary of RF.

'rf_error_rates_plot.pdf ', error rates plot in the RF model.

'rf_predictions_margin_plot.pdf ', predictions _margin plot of RF.

‘biosigner_summary.txt', summary information about biosigner algorithm.

‘biosigner_variable_results.txt', feature ranked results by biosigner algorithm.

'biosigner_variable_significant_results.txt', significant feature results by biosigner algorithm.

" biosigner_figure-tier.pdf ', displaying classifier tiers from selected features by biosigner
algorithm.

" biosigner_figure-boxplot.pdf ', individual boxplots from selected features by biosigner
algorithm.

Results and visualization:
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Fig.25 The outputted files and demos (opls-da plot, SVM plot, the margin of prediction plot by

RF, and the biosigner summary) of statistical analysis workflow

3.6.4 Pathway and enrichment analysis

The tool takes a one-column compound list file as input and performs pathway analysis and
enrichment analysis, including compounds ID mapping, KEGG pathway, and enrichment analysis.
KEGG pathway libraries with ~1600 pathways are the knowledgebase for this tool which covers
21 species (human, mouse, rat, cow, chicken, zebrafish, arabidopsis thaliana, drosophila, malaria,
etc.). The enrichment analysis performs metabolite set enrichment analysis for human and
mammalian species. The analysis is based on 8 libraries containing ~6300 groups of biologically

meaningful metabolite sets collected primarily from human studies.

Input files:
A one-column compound list file in text format.
Output files:

‘compounds_idmapping.txt ', compounds annotation result.

"pathway _results.txt ', KEGG pathway enrichment analysis result.
‘pathway_results_plot.txt ', KEGG pathway enrichment result visualization diagram.
"enrichment_results.txt ', enrichment analysis result.

"enrichment_plot.pdf', enrichment result visualization diagram.
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Fig.26 The outputted files and visualization of pathway and enrichment analysis workflow
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3.7 Other Tools
3.7.1 Merge LECO CSV files

Tool: Merge LECO CSV files on peak table

The tool takes multiple .CSV files as inputs (outputted from the Chromatof software of
LECO., USA, reference mode) and merges them to generate a combined peak table file, according
to ‘R.T.’, ‘Quant mass’, and ‘Area’. The .CSV files from BT, 4D, and HRT GC-TOF/MS
instruments (LECO, USA) are supported.

Parameter:

Merge method:

Same mass and RT difference within the cutoff: if same quant mass and rt difference within
the cutoff are met, the corresponding compounds of multiple samples is considered as the same
one. The “area” values of the same compound will be merged and the name of the compound
outputted is the one with the highest frequency of occurrence. For same frequency names, the one
with the maximum average strength is taken. If more than one variable (in the same sample) meet
the criteria, the largest “area” will be taken.

Same mass and one by one according to RT order: all the inputted files will be sorted by
“Quant mass” and “R.T.”, and then merged directly one by one. This option is simple but
effective.

Note:

This tool is strict to file format. Make sure these columns exist: the retention time column
with the name starts with ‘R.T.”, the peak area column named ‘Area’, the quant mass column
named ‘Quant Masses’, and the compound name column named ‘Name’. Other columns are also
permitted but will not be involved in process. The row number of all the inputted files should be
the same.

3.7.2 GLM on two groups

Tool: GLM on two groups

This tool is the wrapper of the R ‘glm’ function and aims at peak ranking by coefficients of

linear regression. Group information is given by a group design file (Tab-delimited text file). The
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tool is only available for binary classification and the number of groups should be 2.

Results and visualization:
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Fig.28 The outputted files and corresponding information of GLM analysis
3.7.3 ROC analysis
Tool: ROC analysis
.
This tool takes a peak table file as input and computes ROC curves for every peak.
0 Integrated Platform for Metabalomics Research - IP4M v1 8.0 ] ] ] - o x
= Tools = 0a TookRocan.. |# TookRocan.. | Output Tran.. |@log:Rocana. |©log:Rocana.. @ OutputRoc.. | Output Rec . o ™ =ole
type filter text 9 == =
» & LC-MS Preprocess
GC-MS Preprocess
s m M P rocess ROC curves
» & Peak Table Operations =
¢ Statistical Analysis B
> © Pathway Analysis
Workflows
« & Qther Tools = |
= Merge LECO CSV files to Peak Table =
* GLM on twa groups
= Roc analysis
# Hierarchical cluster analysis on peak table g =
® Plot tree on newick tree format file
= Plot heatmap with tree on peak table i
= Subdluster analysis on peak table
> 1 i i A
-
» © Plotting Tools
Power Analysis
o~ s best cut-aff Giy1
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+— best cut-off N&
—e— best cut-off N3
g - —s—  best cut-off QC1
T T T T T T
0.0 0.2 04 06 08 1.0
False positive rate
I Tasks =e
Task Name Start Time End Time State ~
= Task: Roc analysis 2018/7/24-1... 2018/1/24-19... Finished
G o = Task: Roc analysis 2018/7/24-1.. 2018/7/24-19.. Finished "

Fig.29 ROC curves of six peaks
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3.7.4 Hierarchical cluster analysis

Tool: Hierarchical cluster analysis on peak table

This tool takes a peak table file as input and performs hierarchical cluster analysis on it.

Parameter:

Distance calculate method:
1. Euclidean:
The Euclidean distance between points p and q is the length of the line segment connecting
them.

d(p,q) = d(q,p) = \/(QI —p)’ + (g2 —p2)* 4+ (@ — pn)’

Correlation distance:

DN == e Py

Cov(X,Y) E((X— EX)(Y — EY))
Pxy = T/—— —— =
Correlation coefficient: VD(X) JD(¥) VD(X) {D(Y)
Canberra distance : sum (Jp_i - q_i| / |p_i + q_i|). Terms with zero numerator and

denominator are omitted from the sum and treated as if the values were missing. This is

intended for non-negative values (e.g., counts): take the absolute value of the denominator.
pi — qi
dp,a) =) ———
— ‘ . .

Binary distance: The vectors are regarded as binary bits, so non-zero elements are ‘on’ and
zero elements are ‘off’. The distance is the proportion of bits in which the only one is on
amongst those in which at least one is on.

Minkowski distance: The p norm, the pth root of the sum of the pth powers of the differences

between the components.

1/p
D(X,Y) = (le yzlp)
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6. Manhattan: Absolute distance between the two vectors.

di(p,a)=|p—df: = Z lpi — gi
i=1
where (p, q) are vectors.

P=(p1,p2,...,pn) and q = (q1,q2,.--,qn)

7.  maximum distance : Maximum distance between two components of x and y (supremum

norm).

Cluster methods:

1. ward: Ward's minimum variance method aims at finding compact, spherical clusters.

2. complete: The complete linkage method finds similar clusters.

3. single: The single linkage method (which is closely related to the minimal spanning tree)
adopts a ‘friends of friends’ clustering strategy.
The other methods can be regarded as aiming for clusters with characteristics somewhere
between the single and complete link methods.

4. centroid: Method “centroid" is typically meant to be used with squared Euclidean distances.

5. average: The average distance method measures the average distance between each pair of
observations

6. mcquitty: It finds the similar cluster.

7. median: Median distance method.

Results and visualization:

56



IPAM V1.0

@ Integrated Platform for Metabolomics Research - IP4M v1.8.0 - a X
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Fig.30 The hierarchical cluster tree plot.

3.7.5 Plot tree

Tool: Plot tree on Newick tree format file

This tool takes a standard Newick format tree file as input and plots hierarchical tree by
phylogram, fan, or cladogram mode.

@ Integrated Platform for Metabolomics Research - IP4M v1.8.0 - =] X
= Tools| © B | = Tool: Hierar.. |@ Help: Hierar... \E QOutput: Hier... \E! Output: Hier.. | = Tool: Hierar... | ® Tool: Plot tree \E Output: Plot.. |® Output Plot.. =2 [" = B |2
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» + LC-MS Preprocess
» = GC-MS Preprocess
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» i= Peak Table Operations
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» = Workflows
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= Roc analysis
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* Plot tree on newick tree format file
# Plot heatmap with tree on peak table
= Subcluster analysis on peak table
» i Correlation and Distance Analysis
» & Plotting Tools
» = Power Analysis
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Task Name Start Time End Time State ~
HiTask: Plot tree 2018/7/24-2.. 2018/7/24-20.. Finished
ETask Plot tree 2018/7/24-2.. 2018/7/24-20... Finished
< 2 | vt it b ANIB T anierrMma n il v

Fig.31 The hierarchical tree plot by fan mode.
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3.7.6 Plot heatmap with tree

Tool: Plot heatmap with tree on peak table

This tool takes a peak table file as input and plots heatmap with clusters on it.

Results and visualization:

IP4AM V1.0

# Integrated Platform for Metabolomics Research - IPAM v1.8.0
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Tasks
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Fig.32 The heatmap with tree in pdf edit box.

3.7.7 Sub-cluster expression analysis

Tool: Sub-cluster expression analysis on peak table

This tool takes a peak table file as input and performs cluster analysis on it. The metabolites

are classified into several groups (clusters) according to their distance or variation similarity.

Parameter:

Distance calculate method:
1. Euclidean:

The Euclidean distance between points p and q is the length of the line segment connecting

them.
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d(p?q) = d(qap) = \/(QI —Pl)z + (qQ —’P2)2 +eeet (q”. _pn)2

Correlation distance:

Dx:,' =1— pxy

Correlation coefficient:

Cov(X,Y) E((X— EX)(Y — EY))
pk_ —— —— "_= — ———
T p®mydm) DX D)
Canberra distance: sum (jp_i - q_i| / |p_i + q_i|). Terms with zero numerator and

denominator are omitted from the sum and treated as if the values were missing. This is

intended for non-negative values (e.g., counts): take the absolute value of the denominator.
n

d(p, q) = Z Pi — qi

i—1 pe| + ||

Binary distance: The vectors are regarded as binary bits, so non-zero elements are ‘on’ and
zero elements are ‘off’. The distance is the proportion of bits in which the only one is on
amongst those in which at least one is on.

Minkowski distance: The p norm, the pth root of the sum of the pth powers of the differences

between the components.

n 1/p
D(X,Y) =Dl —ul"

i=1
Manhattan: Absolute distance between the two vectors.
T
di(p,a) =p—ali =) Ip —a
i=1
where (p, q) are vectors.

P — (plspﬁs”'spn) andq: {qlfq‘),s“*s%z)

maximum distance :Maximum distance between two components of x and y (supreme norm).

Cluster methods:
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ward: Ward's minimum variance method aims at finding compact, spherical clusters.
complete: The complete linkage method finds similar clusters.

single: The single linkage method (which is closely related to the minimal spanning tree)
adopts a ‘friends of friends’ clustering strategy.

The other methods can be regarded as aiming for clusters with characteristics somewhere
between the single and complete link methods.

centroid: Method "centroid" is typically meant to be used with squared Euclidean distances.
average: The average distance method measures the average distance between each pair of
observations

mcquitty: It finds the similar cluster.

median: Median distance method.

Results and visualization:

~ = Other Tools

@ Integrated Platform for Metabolomics Research - IPAM v1.8.0 — [ x
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gl MC6 |-0. 750187030441015] 2. 88090913958616 | 2. 54778018361279 | 2. 76856134671400 || 1. 45036738817133 | 0. 602086623529715 |-0. 750187
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v
Tasks =l
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Fig.33 Th outputted files and one matrix of sub-cluster analysis.
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@ Integrated Platform for Metabolomics Research - IPAM v1.8.0
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Fig.34 The line chart of sub-clusterl.

3.7.8 Correlation and distance analysis

Tool: Create sample correlation matrix and make heatmap plot

This tool takes a peak table file as input and performs correlation analysis on it.

Parameter:

Correlation methods:

1. Kendall rank correlation:

The Kendall rank correlation coefficient, commonly referred to as Kendall's tau coefficient

(after the Greek letter 7), is a statistic used to measure the ordinal association between two

measured quantities. A tau test is a non-parametric hypothesis test for statistical dependence

based on the tau coefficient.

2

e ngn(wi — z;) sgn(y; — y;)

n(n —1)

<]

2. Pearson correlation:

the Pearson correlation coefficient, also referred to as Pearson's r is a measure of the linear

correlation between two variables X and Y. It has a value between +1 and —1, where 1 is a

total positive linear correlation, 0 is no linear correlation, and —1 is a total negative linear

correlation.
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D o1 [ )
VI (@ - 22 /T (5 - 5)?

3. Spearman correlation:

Spearman's rank correlation coefficient or Spearman'’s rho is a nonparametric measure of rank
correlation. It assesses how well the relationship between two variables can be described
using a monotonic function.

cov(rgx, 1gy)

Ts = Prgx,rgy =

Orgx Orgy

Cluster methods:

1. ward: Ward's minimum variance method aims at finding compact, spherical clusters.

2. complete: The complete linkage method finds similar clusters.

3. single: The single linkage method (which is closely related to the minimal spanning tree)
adopts a ‘friends of friends’ clustering Strategy.
The other methods can be regarded as aiming for clusters with characteristics somewhere
between the single and complete link methods.

4. centroid: Method "centroid" is typically meant to be used with squared Euclidean distances.

5. average: The average distance method measures the average distance between each pair of
observations

6. mcquitty: It finds the similar cluster.

7. median: Median distance method.

Results and visualization:
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- Integrated Platform for Metabolomics Research - IPAM v1 8.0 - X
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Fig.35 The heatmap of correlation analysis

Tool: Generate distance matrix on peak table

This tool takes a peak table file as input and generates the distance matrix.
Parameter:

Distance calculate method:

1. Euclidean:
The Euclidean distance between points p and q is the length of the line segment connecting
them.

d(p,a) = d(a,p) = /(@ —»1)* + (@2 = p2)* + -+ + (@ — pn)?

2. Correlation distance:
ny ol Pxy

Correlation coefficient:

b = _COVBY) _ E(X—EN(Y —EV))
OypmypY) DX DY)

3. Canberra distance: sum (Jp_i - q_i| / |p_i + qg_i). Terms with zero numerator and
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denominator are omitted from the sum and treated as if the values were missing. This is
intended for non-negative values (e.g., counts): take the absolute value of the denominator.

mn

d(p,q) = 3 24l

i=1 pi| + |

Binary distance: The vectors are regarded as binary bits, so non-zero elements are ‘on’ and
zero elements are ‘off’. The distance is the proportion of bits in which the only one is on
amongst those in which at least one is on.

Minkowski distance: The p norm, the pth root of the sum of the pth powers of the differences

between the components.

n 1/p
D(X,Y) =Dz —wl
i=1

Manhattan: Absolute distance between the two vectors.
n
di(p,a)=lp-al=) Ipi—al
i=1
where (p, q) are vectors.

P = (p15p2:°°°:pn) andq: (Q].SQ2&°°°Sqn)

maximum distance : Maximum distance between two components of x and y (supremum

norm).

Results and visualization:
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Fig.36 The distance matrix.
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Tool: Make distance heatmap on distance matrix

This tool takes a distance matrix as input and makes a heat map plot based on it.

Results and visualization:
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Fig.37 The distance heatmap

Tool: For Cytoscape: retrieve pairs from matrix according to specific

criterion

This tool retrieves pairs from matrix according to a specific criterion. The result can be
imported directly into Cytoscape for network construction.

Results and visualization:
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- Integrated Platform for Metabolomics Research - IPAM v1 8.0 X
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Fig.38 The retrieved pairs for Cytoscape, and the outputted network of Cytoscape.

3.7.9 Plotting tools

Tool: Plot Venn diagram on metabolites lists

With this tool, you can calculate the intersection(s) of the list of elements. It will generate a

Venn plot and textual output indicating which elements are exist in each intersection or are unique
to a certain list/group.

Results and visualization:
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Fig.39 The Venn plot of four groups.
Tool: Pairwise scatter plot on two samples

This tool is used for plotting pairwise scatter figures in batch mode. All the scatter plots will
be saved in one pdf file.

Results and visualization:
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Fig.40 The pairwise scatter plot on two samples.

Tool: Box plot on peak table

This tool is used for plotting box figures in batch mode. All the box plots will be saved in one
pdf file.

Results and visualization:
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Fig.41 The box plot of samples (one box per sample)
Tool: Line chart on peak table

This tool is used for plotting line or bar charts in batch mode. All the plots will be saved in
one pdf file.

Results and visualization:

@ Integrated Platform for Metabolomics Research - IP4AM v1.8.0

= =] X
= Tools et} [@Hﬂp: Boxplot @ Output:Line..  (« Output:Line..  Output:Line.. @ Output: Line.. " @ Output:Line.. @ Output:Line.. = Tooklineo.. ™ ~ 9 #
type filter text (9=~ e
» & LC:-MS Preprocess
» & GC|

» & Peak Annotation ublic and Custom Librari
» & Peak Table Operations
» & Statistical Analysis

Pathway Analysis

» EP;
> & Workflows
vE

l b

Other Tools

= Merge LECO CSV files to Peak Table

* GLM on two groups

* Roc i

* Hierarchical cluster analysis on peak table
= Plot tree on newick tree format file

= Plot heatmap with tree on peak table

= Subcluster analysis on peak table

» & Correlation and Distance Analysis

v & Plotting Tools

* Plot venn diagram on metabolites lists
* Pairwise scatter plot on two samples

= Box plot on peak table

= Line or Bar chart on peak table

N13

ac11

» i Power Analysis g g
- J h U ST
T
[ Tasks. )
Task Name Start Time End Time State
£iTask: Line or Bar chart 2018/7/24-2... 2018/7/24-21... Finished m
< > | ETask: Line or Bar chart 2018/7/24-2.. 2018/7/24-21... Finished v

Fig.42 The line charts of samples.
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Fig.43 The bar charts of samples.

3.7.10 Sample size and power analysis

Sample size and power analysis is helpful to estimate a reasonable sample size before
experiments or to evaluate the power of analysis results after experiments.

1) Tool: Pwr.t.test power calculation for t-test (one, two, and paired

samples)

For t-tests, the following functions are used:

pwr.t.test(n =, d =, sig.level =, power =, type = c¢(*"'two.sample™, "one.sample’, *paired™))
where n is the sample size, d is the effect size, and type indicates a two-sample t-test, one-sample
t-test or paired t-test. If you have unequal sample sizes, use

pwr.t2n.test(nl =, n2=, d =, sig.level =, power =)

where nl and n2 are the sample sizes.

For t-tests, the effect size is assessed as

|#1_#:4|
i

R
ul: mean of groupl
p2: mean of groupl
% COMMOonN error variance
Cohen suggests that d values of 0.2, 0.5, and 0.8 represent small, medium, and large effect sizes

respectively.
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You can specify alternative="two.sided", "less", or "greater" to indicate a two-tailed, or one-tailed
test. A two-tailed test is the default.

Results and visualization:

# Integrated Platform for Metabolomics Research - IPAM vi1.8.0 — [ x
% Tools o || Output: Line. |« Output: Line.. |= Tool:lineo.. = TookLineo.. @ Help:lineo.. |s Tookpwrt.. @ Help: pwrt.. | Output: pwr... | ™ ]
type filter text 9=

= LC-MS Preprocess

= GC-MS Preprocess
Peak Annotation by Public and Custom Librari
= Peak Table Operations )
Statistical Analysis la
& Pathway Analysis B

& Workflows

~ = Other Tools
= Merge LECO CSV files to Peak Table

wo-sample t test power calculation

ig. level = 0.05
ower = 0.8
alternative = two. sided

= GLM on two groups

* Roc analysis

* Hierarchical cluster analysis on peak table

= Plot tree on newick tree format file

= Plot heatmap with tree on peak table

= Subcluster analysis on peak table

i- Correlation and Distance Analysis

i Plotting Tools

~ & Power Analysis

® pwr.ttest power calculations for t-tests o
® pwr.t2n.test two samples (different sizes)

OTE: n is number in *each® group

» pwr.anova.test power calculations for bal
= pwr.r.test power calculations for correlati
® pwr.f2.test power calculations for genera
® pwr.2p.test power calculations far two pr
® pwr.2p2n.test power calculations for two
= pwr.p.test power calculations for proport
= pwr.chisq.test power calculations for chi-

Tasks
Task Name Start Time End Time State ~
FTask: pwrt.test 2018/7/24-2.. 2018/7/24-21_. Finished
= Task: Line or Bar chart 2018/7/24-2.. 2018/7/24-21.. Finished
S Task: Line or Bar chart 2018/7/24-2.. 2018/7/24-21.. Finished
< » | ®Task Line or Bar chart 2018/7/24-2.. 2018/7/24-21... Finished v

Fig.44 The results of power analysis when two samples t- test is used.

2) Tool: Pwr.t2n.test power calculation for t-test (different sizes)

For t-tests, the following functions are used:

pwr.t.test(n =, d =, sig.level =, power =, type = ¢(*"two.sample’, ""one.sample’, *paired™))
where n is the sample size, d is the effect size, and type indicates a two-sample t-test, one-sample
t-test or paired t-test. If you have unequal sample sizes, use

pwr.t2n.test(nl =, n2=, d =, sig.level =, power =)

where nl and n2 are the sample sizes.

For t-tests, the effect size is assessed as

|.-“1_.-“2|
I e W]

a
ul: mean of groupl
u2: mean of groupl

GZZ common error variance

70



IP4AM V1.0

3) Tool: Pwr.anova.test power calculation for balanced one way

ANOVA

For a one-way analysis of variance, the following functions are used:pwr.anova.test(k =, n =, f
=, sig.level =, power =)
where K is the number of groups and n is the common sample size in each group.

For a one-way ANOVA, effect size is measured by f where

pi=ni /N

ni=number of observations in group i

N=total number of observations

pi= mean of group i

p=grand mean

%= error variance within groups

Cohen suggests that f values of 0.1, 0.25, and 0.4 represent small, medium, and large

effect sizes respectively.

4) Tool: Pwr.r.test power calculation for correlation test

For correlation coefficients, the following functions are used:

pwr.r.test(n =, r =, sig.level =, power =)

where n is the sample size and r is the correlation. We use the population correlation coefficient as
the effect size measure. Cohen suggests that r values of 0.1, 0.3, and 0.5 represent small, medium,

and large effect sizes respectively.

5) Tool: Pwr.f2.test power calculation for general linear model

For linear models (e.g., multiple regression), the following functions are used:

pwr.f2.test(u =, v =, f2 =, sig.level =, power =)

where u and v are the numerator and denominator degrees of freedom. We use 2 as the effect size

measure.
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2
3 i
4 1- &
] 2
f2= Ryp— Ry
1-R2,

R? = population squared multiple correlation
R? = variance accounted for in the population by variable set A
R2ag = variance accounted for in the population by variable set A and B together

The first formula is appropriate when we are evaluating the impact of a set of predictors on an
outcome. The second formula is appropriate when we are evaluating the impact of one set of
predictors above and beyond the second set of predictors (or covariates). Cohen suggests f2 values

of 0.02, 0.15, and 0.35 represent small, medium, and large effect sizes.

6) Tool: Pwr.2p.test power calculation for two proportions (equal n)

When comparing two proportions, the following functions are used:

pwr.2p.test(h =, n =, sig.level =, power =)

where h is the effect size and n is the common sample size in each group.

k= Earcsm'@'—z art:sin'@'

Cohen suggests that h values of 0.2, 0.5, and 0.8 represent small, medium, and large effect sizes
respectively.

7) Pwr.2p2n.test power calculation for two proportions (unequal n)

When comparing two proportions, the following functions are used:

pwr.2p.test(h =, n =, sig.level =, power =)
For unequal n's

pwr.2p2n.test(h =, n1 =, n2 =, sig.level =, power =)
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8) Pwr.p.test power calculation for proportions (one sample)

To test a single proportion, the following functions are used:
pwr.p.test (h =, n =, sig.level = power =)
For both two sample and one sample proportion tests, you can specify alternative="two. sided",

"less™, or "greater” to indicate a two-tailed, or one-tailed test. A two-tailed test is the default.

9) Pwr.chisg.test power calculation for the chi-square test

For chi-square tests, the following functions are used:pwr.chisq.test(w =, N =, df =, sig.level =,

power =)

where w is the effect size, N is the total sample size, and df is the degrees of freedom. The effect

size w is defined as

#oral— w2
e Efp, 2L)
iml 2l

p0; = cell probability in an ith cell under Hy
pl; = cell probability in an ith cell under H,

Cohen suggests that w values of 0.1, 0.3, and 0.5 represent small, medium, and large effect sizes
respectively.
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