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INTRODPUCTION

Metabolomics data analysis is a field within the
broader realm of omics sciences, which focuses on
the comprehensive study of small molecules, or
metabolites, within a biological system.
These metabolites include a wide range of

compounds such as sugars, lipids, amino acids, and
organic acids, among others.
Metabolomics aims to provide a snapshot of the
metabolic state of an organism, tissue, or cell at a
given point in time, reflecting the dynamic
interplay of various biochemical pathways and
environmental factors.
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This urine wheel was published in 1506 by Ullrich Pinder, in his
book Epiphanie Medicorum. It describes the possible colours, smells
and tastes of urine, and uses them to diagnose disease.
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Metabolite

x

e :
Metabolites are small molecules
* involved in metabolism processes
[Wishart, 2007].

© Endogenous metabolites
Amino acids, organic acids, nucleic acids, fatty
acids, amines, sugars, vitamins, co-factors,
pigments, and antibiotics are produced by
organisms in the body naturally.

Exogenous chemicals
Drugs, environmental contaminants, food
additives, toxins, and other xenobiotics are
derived externally.




* < Metabolome (1)

& Metabolome, typically defined as a collection of all metabolites
produced by cells, offers a window to investigate cellular biochemistry
and how the mechanistic biochemistry relates to cellular phenotype

phosphate
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Glutamate € ----=- e -
] ——) )
¢ Glycolytic ™
Har> genes
Glutamine

Cancer cell

Normal cell
(Loss or decreased amounts
of SIRT8, SIRT3, SIRT4)
12

KRB AR EEEBIENEY Noture Medicne, 201



* ° Metabolome (2)

* In comparison with genome,
transcriptome, and proteome,
metabolome is closer to downstream
phenotypes and therefore serves as
promising materials to study phenotypes.

*bw.

Metabolome 1—_
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‘ metabolism
Genome &  Transcriptome Proteome & Metabolome & Phenome &

Comprehensive analysis of metabolites
= metabolome analysis/ metabolomics epigenome & Exome Interactome Fluxome Exposome

https://humanmetabolome.com/ap/techinfo/ Int. J MOI Sci. 2013



* ¢ Metabolome (3)

: . *
¥ . Because metabolome is also largely determined by
genome, different species have different metabolomes.

©
 Metabolome databases of some species have been
constructed S
— Yeast Metabolome Database (YMDB) = %: O
— E. coli Metabolome Database (ECMDB) _' = rf_:;

— Human Metabolome Database (HMDB) —— _
— MassBank Database .8 MassBank
— METLIN (METabolite LINk) Metabolomics Database

¥
EESTSS O, e
CSLwcc \ SLEsTeRG
s 2 METLIN

==
[




Metabolomics was developed in the early
2000s as one of the OMICS tools.

GENETIC
AND EPIGENETIC
FACTORS

LIFESTYLE

https://www.mtidx.com/our-technology/metabolomics




* + Metabolomics (2)

& ° LC-MS and GC-MS are the most popular experiment *
platforms for metabolomics studies.

@ — High sensitivity and selectivity in rapidly separating and quantifying
target or non-target compounds, including metabolites and lipids, in
biological fluids [Hird et al., 2014].
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* ° Metabolomics (3)

" * Recently, metabolomics profiling has been used

G) broadly in exploring
— The association with disease states [roede, 2013; Buergel, 2022]
— Drug metabolism [Liu, 2007; Balashova, 2018]
— Clinical diagnostics [Patti, 2012; Thistlethwaite, 2022]

— Understanding mechanisms of toxicity [clarke, 2008; Olesti, 2021]

* The results have aided to understand the roles of
metabolites in the biological mechanisms (aituntas, 2014;

Donia, 2015; Senyilmaz, 2015; Qiu, 2023]




* ° Metabolomics (4)
1L .

As the popularity of metabolomics studies, a number of analysis tools

@ are available.

* First, some commercial software for metabolomics data processing,
peak alighment, and/or data visualization are provided with the o
experimental instruments such as

— Mass Profiler Pro (Agilent Technologies, Palo Alto, CA, USA)
— ProfileAnalysis (Bruker, Billerica, Massachusetts, USA)
— MarkerLynx (Waters, Milfold, MA, USA)

— Compound Discoverer (Thermo Fisher, Waltham, Massachusetts , USA)




Metabolomics (5)

* Second, free packages were also developed
— MZmine [Katajamaa, 2006]

* A modular framework for MS-based data processing,

visualization, and analysis.
— XCMS [Smith, 2006]

* MS-based data processing using a nonlinear peak detection, *

matching, and RT alignment.
— MultiAlign [LaMarche, 2013]

* An alignment of multiple LC/MS datasets by clustering mass

and chromatographic elution features across datasets.




* ° Metabolomics (6)
*«

 Web-based tools are available for performing statistical
© analysis and pathway analysis for metabolomics data

— MetaboAnalyst [Xia, 2015]

* A web server designed to certificate comprehensive metabolomics data

analysis, visualization, and interpretation.

— MeltDB [Kessler, 2013]

* A web application about data storage, sharing, standardization, integration,

and analysis of metabolomics experiments.

— XCMS Online [Tautenhahn, 2012]

* A platform for feature detection, retention time (RT) correction, alighnment,

annotation, statistical analysis, and data visualization.







Recently, numerous large-scale metabolome-wide
association studies (MWAS) have been conducted
[Altmaier, 2014; Osborn, 2013; Sekula, 2015; Tzoulaki, 2014; Zamora-
Ros, 2014; Kojouri, 2023].

Such studies are characterized by a long study time,
complex experimental factors, and a high number of
samples with multiple technical and biological
replicates [Fernie, 2011].




The experiments of large-scale MWAS may be
influenced by several sources of variation,
including controllable and uncontrollable factors.

Controllable factors
e Sample characteristics and known batch effects, can be considered

during study design.

Uncontrollable factors
e Specimen contamination and unknown batch effects (e.g., a batch
effect due to period-to-period variation in LC column performance [Karpievitch, 2014]),

should be appropriately addressed during statistical analysis.




 Without appropriate data quality control and

statistical modelling, false positives and
negatives in statistical associations increase

substantially.




Peak response

Data quality issues and complex batch effects in a
metabolomics study must be tackled by statistical
analysis properly.

Before calibration After calibration

Instrument A Instrument B Instrument A Instrument B

Gross and systematic
errors calibration

Peak response

L0 D

T T T e T o
400 600 800 1000 1200 400 600 800 1000 1200
Injection order Injection order

Anal. Chem. 2016




* No software is available for a complete analysis:
(1) analyzing different data file formats
(2) visually representing various types of data
features
(3) implementing peak alignment
(4) conducting quality control

(5) exploring batch effects
(6) performing association analysis
(7) accomplishment peak identification
* This study is aimed to develop an integrated analysis
tool for statistical metabolomics studies to streamline
the complete analysis flow from initial data
preprocessing to downstream association analysis.




SMART: Statistical Metabolomics
Analysis — An R Tool

&5 SMART =] == [t

File “iewer PeakAnalysis Statistical Methods

Resolution

m/z resolution [100 Lower bound |-Inf
RT resolution |100

SMART with a user- friendly interface was developed in R
and R- GUI (Graphical User Interface) under the Windows
operating system.
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History & Work flow

SMART DESCRIPTION

Yu-Jen Liang and Chih-Ting Yang
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SMART description

 SMART (Statistical Metabolomics Analysis - an R Tool)

— with a user-friendly interface was developed in R and R-GUI (Graphical
User Interface) under the Windows and Mac operating system.

Version 1.0

30



Version 1.2

Statistical Metabolomics Analysis —an R Tool
(SMART)

4. Data preprocessing

--- Pareto scaling (PS)
7. Association analysis

--- Partial least squares (PLS)
8. Peak identification

--- HMDB & Massbank




Version 1.0

Website

http://www.stat.sinica.edu.tw/hsinchou/metabolomics/SMART.htm

o
i g ik
SMART (Statistical Metabolomics Analysis - An R Tool) f”s S ‘

% Introduction:

SMART written in R and R GUI has been developed as user-friendly software for
integrated analysis of metabolomics data. SMART streamlines the complete analysis
flow from initial data preprocessing to downstream association analysis, including
analyzing different data file formats (e.g., .raw, .d, and mzXML), visually representing
various types of data features (e.g., total ion chromatogram and mass spectra),
implementing peak alignment, conducting quality control for samples and peaks,
exploring batch effects (e.g., known experimental conditions, unknown latent groups, or
hidden substructures), and performing assoclation analysis.

& software: .

[ Vemion | Sysem | DownlosdFile | FieType | FileSze | UpdaieTime Version 1.2
SMART 1.2 beta)  Windows (64-bit) B 7z 1.75 MB 2019/Mar/27
SMART11 | Windows (32-bit) | 7z 75.0 KB 2016/Jul26
[ Windows (64-bit) | | 7z T 797KB | 2016/Juli28
Mac ' 7z 486 KB | 2016/0ul/26
SMART 1.0 Windows (32-bit) 7z 75.2 KB 2016/May/19
Windows (84-bit) | ‘ 7z 79.7 KB 2016/May/19
Mac 7z 50.1 KB 2016/May/19

+  Other required packages: (1) R language and packages, (2) ActiveTcl 8.5 (32-bit, 64-bit, Mac), and (3) ProtecWizard.
= Software for unzipping *.7z files can be downloaded from the website: http.//www,7-Zip.org/

& Example: An antihypertensive pharmacometabolomics study of 5 nonmedication and 5 ACEi medication patients

SMART Raw spectrum files ‘ 7z 853 Mb 2016/May/19
Covariate file s csv 4 Kb 2016/May/19
Factor file x‘j csv 4 Kb 2016/May/19

& User guide:
SMART 1.2 Instructions “L_ PDF 1.82 Mb 2019/Mar/27
SMART 1.1 Instructions 'z_: PDF 211 Mb [ 2016/Juli26
SMART 1.0 | Instructions '“: PDF 2.11 Mb 2016/May/19

% citation:
Yu-Jen Liang, Yu-Ting Lin, Chia-Wei Chen, Chien-Wei Lin, Kun-Mao Chao, Wen-Harn Pan and Hsin-Chou Yang (2016/05).
SMART: Statistical Metabolomics Analysis — An R Tool. Analytical Chemistry 88, 6334 — 6341.

& Correspondence:
Dr. Hsin-Chou Yang, Institute of Statistical Science, Academia Sinica, 128, Academia Road, Section 2 Nankang, Taipei 115, 32
Taiwan. (Fax) 886-2-27831523; (Tel) 886-2-27889311 ext. 113; (E-mail) hsinchou@stat.sinica.edu.tw


http://www.stat.sinica.edu.tw/hsinchou/metabolomics/SMART.htm

Version 2.0

Statistical Metabolomics Analysis —an R Tool
(SMART)

3. Peak analysis
--- untargeted data analysis
--- targeted data analysis
4. Data preprocessing
--- Pareto scaling (PS)
--- Inverse normal transformation
5. Quality control
--- S/N ratio
--- Clustering distance measures
7. Statistical analysis {Association-analysis)
--- ANCOVA
--- Partial least squares (PLS)
--- Integrative omics pathway analysis (IOPA)
8. Post analysis
Peak identification
--- HMDB & MassBank
Concentration calibration
--- Calibration curve construction
--- Concentration calculation




Workflow

SMART

(Statistical Metabolomics Analysis - an R Tool)

1
Convert raw file to
mzXML file Data visualization
msconvert.exe mzR (R)
(ProteoWizard) 4'

r>

Peak analysis
Untargeted & targeted analysis

J

Data preprocessing
Step 1. internal standard
Step 2. generalized log2
Step 3. scaled normalization

J

J Re-alignment

uality control

Peak filtering
Step 1. missing rate or zero rate, |S/N|
Step 2. r-value

2

Sample filterin
s-value

2D, 3D, spectra visualization

TIC plot and clustering

QC interactive
viewer

. 2

Batch effect detection
PCA or LG

PC score plot &
clustering tree

Statistical analysis
ANCOVA, PLS, IOPA

Volcano plot & \

score plot, etc. /

Resanere

Post analysis
Peak ID, Concentration calibration

Peak ID list & \;

standard curve j

34



Workflow
Peak analysis (Cont.)

(Untargeted peak alignment and annotation )

Peak alighment

Read mzXML file
mzR (R)

l

Filter and identify peaks
xcmsSet()

Match peaks across samples
group()

XCMS (R)
Fill in missing peak data
— (optional)
fillPeaks()

Retention time correction
retcor()

Statistical Metabolomics Analysis - an R Tool

.

Output
peak annotation table

—>

T

Peak annotation
CAMERA (R)

Peak abundance table format:
() integrated area of original (raw) peak, () integrated area of filtered peak,
() maximum intensity of original (raw) peak, () maximum intensity of filtered peak

.

Output
peak abundance table




R, ActiveTCL, and ProteoWi,izard
SMART

SMART INSTALLATION



SMART installation

Software requirements

—R 4.2.1 (for SMART 2.0)

* https://cran.r-project.org/bin/windows/base/old/4.2.1/
* https://cran.r-project.org/bin/macosx/

—ActiveTcl 8.6
* https://www.activestate.com/products/tcl/
—ProteoWizard 3.0

* https://proteowizard.sourceforge.io/download.html

15 ActiveTcl 8.6.12 Build 0000 (64-bit) Setup * 1 ProtecWizard 3.0.23083 64-bit Setup — x

ngtwestate Welcome to the ActiveTcl

8.6.12 Build 0000 (64-bit)
Setup Wizard
The Setup Wizard will install ActiveTd 8.6.12 Build 0000

(64-bit) on your computer. Click ™ext™ to continue or
"Cancel” to exit the Setup Wizard.

Using ActiveTcl at work?

Use ActiveTcl Business or Enterprise Editions for
production servers, and get access to technical
support, maintenance and indemnification.
Safeguard your applications with guaranteed,
quality-assured ActiveTcl binaries and mitigate
risk with world-class support for your critical Tel
systems.

< Back Cancel

Welcome to the ProteoWizard 3.0.23083
64-bit Setup Wizard

The Setup Wizard will install Proteo\Wizard 3.0.23083 64-bit
on your computer. Click Next to continue or Cancel to exit
the Setup Wizard.

Badk Cancel



https://cran.r-project.org/bin/windows/base/old/4.2.1/
https://cran.r-project.org/bin/macosx/
https://www.activestate.com/products/tcl/
https://proteowizard.sourceforge.io/download.html

 Mac OS (1)
—R 4.2.X

—XQuartz 2.8.5

SMART installation

R for mac0S

This directory contains binaries for a base distribution and packages to run on macOS. Releases for old Mac OS X systems (through Mac OS X 10.5) and PowerPC Macs can
be found in the old directory.

Note: Although we take precautions when assembling binaries, please use the normal precautions with downloaded executables.

Package binaries for R versions older than 3.2.0 are only available from the CRAN archive so users of such versions should adjust the CRAN mirror setting (https: //cran-
archive.r-project.org) accordingly.

R 4.2.3 "Shortstop Beagle" released on 2823/83/15

Please check the integrity of the downloaded package by checking the signature

pkgutil --check-signature R-4.2.3.pkg

in the Jerminal application. If Apple tools are not avaiable you can check the SHAT checksum of the downloaded image:
openssl shal R-4.2.3.pkg

Latest release:

arm64.pke (notarized and signed) R 4.2.3 binary for macOS 11 (Big Sur) and higher, Apple silicon arm64 build, signed and notarized
99d1ad04b0267f6d40cd019340Fe . Th6b81 package.

(ca. 86MB) for M1 and higher Macs only! Contains R 4.2.3 framework. R.app GUI 1.79 for Apple silicon Macs (M1 and higher). Tel'Tk 8.6.12 X11
libraries and Texinfo 6.8.

Important: this version does NOT work on older Intel-based Macs - see below for Intel version.

macOS Ventura users: there is a known bug in Ventura, if the installation fails. move the downloaded file
away from the Downloads folder (e.g.. to your home or Desktop)

Note: the use of X11 (including tcltk) requires XQuartz (version 2.8.1 or later). Always re-install XQuartz
when upgrading vour macOS to a new major version.

This release uses Xcode 13.1 and expenimental GNU Fortran 12 arm64 fork. If you wish to compile R
packages which contain Fortran code, you may need to download GNU Fortran for arm64 from
https://mac R-project.org/tools. Any external libraries and tools are expected to live in /opt/R/arms4 to not
conflict with Intel-based software and this build will not use /usr/local to avoid such conflicts (see the

X Quartz

Home The XQuartz project is an open-source effort to develop a version of the X.0Org_X Window System that runs on macOS.
Together with supporting libraries and applications, it forms the X11.app that Apple shipped with OS X versions 10.5
through 10.7.

Releases
Support Quick Download
Contributing Download Version Released Info
gX_QuartzQ.S.S.p_kg_ 2.8.5 2023-01-26 For macQOS 10.9 or later
Bug Reporting
GitHub License Info

An XQuartz installation consists of many individual pieces of software which have various licenses. The X.0rg software
components’ licenses are discussed on the X.0Org Foundation Licenses page. The guartz-wm window manager included
with the XQuartz distribution uses the Apple Public Source License Version 2.

ign by Kyle 1. McKay for the XQuart;
ribution services provided by CloudFl




SMART installation

* Mac OS (2)
— ActiveTcl 8.6

o ws Install ActiveState ActiveTcl 8.5.18.0.288892

macO05 ﬂBIWESIﬂIE Welcome to the ActiveState ActiveTcl 8.5.18.0.298892 Installer
| Welcome to the ActiveState ActiveTel 8.5.18.0.298892 distribution for O8 X/

Leopard/i3&6-x86_64.
¥ ActiveTcl 8.6 o Introduction OpARLEA -
' License Package Management: new

Destination Select

TEAcup, the TEApot Repository Client

Installation Type Packages:

[ Installation

| § Tel 85 Trofs 044
sumrmary

Tk 83

ActiveTel 8.5 is compatible with most ActiveTcl 8 4 packages. More
packages can be obtained with the teacup (accessing TEApot), or by
installing this distribution into the same directory as an existing ActiveTcl 8.4
installation.

Using ActiveTcl at workT

Our ActiveTcl Enterprise business solution is a support and maintenance
package for organizations of all sizes that depend on Tel. Safeguard your

Continue



SMART execution

* Download SMART 1.2
— http://www.stat.sinica.edu.tw/hsinchou/metabolomics/SMART.htm

— Search by Google: “SMART metabolomics’

)

* Execute SMART 2.0

—R4.2.1
— RStudio

| SMART_main.R

[:f' 1_Tomoya.R

[:f' 2_Magisa_norm.R

[a 3_ANCOVAR

[ 4 10PAR

[ 5_targetd_analysis.R

[:f' 6_restartR

[:f' 7_calibration_curve R

[:f' 8_Concentration_calculation.R
R dbMetabo.RData
R function_ls.RData
R hsaSPlA_reversible(curmulative_surm).RData
R KEGG_pathway_class. Rdata

ST . .
sl Ushiolico

SMART_main.R

rm(list = Is())
gc()
library(tcltk)

setwd("G:/SMART2/Code") ##need modified##
file <- list.files(pattern = ".R")

file <- file[!grepl("RData|source" file)]
sapply(file, function(x)source(x))
load("dbMetabo.RData")

&5 SMART - [} ®
File Viewer PeakAnalysis Statistical Analysis Post Analysis
Resalution Intensity limit Retention time M/z Rotation angle
. = . 20 . 100 15
m/z resclution | 100 Lower bound |-Inf Begin Begin Vangle
L1 | L1
. : 50 100 15
RT resolution 100 Upperbound |Inf Range Range H angle
_L1 L1 L1
Hscale: |2 Vscale: [1.75
f Refresh Save fil Exit

40



http://www.stat.sinica.edu.tw/hsinchou/metabolomics/SMART.htm

SMART execution

e Execute SMART (v1.1 0r 1.2)

— Windows OS (Win10, Win7, XP)
* SMART_V1.2_64bit.exe
 SMART_V1.1_32bit.exe

—Mac OS

 SMART V1.1 _Mac.r, SMART V1.1 Mac_Gui.r, SMART V1.1 _Mac_Sub.r
* source(“~/Documents/SMART/SMART_V1.1_Mac.r’)

&5 SMART =] oo -] ece

File Viewer Peak Analysis Statistical Methods

X SMART
File Viewer PeakAnalysis Statistical Methods

-E-w Pk dasts Bt Mo

XP 32bit
Win7 64bit

Mac

S == " e
mwenn | Gomehomt - m ]
p— S— - . (e
-
hoomn
Resolution Intensity limit Retention time M/z Rotation angle
- s - Intensity limit time Mz Rotation angle
m/z resolution |100 Lower bound |-Inf Begin B Vangle
5 g [ g [ g [ mjz resolution Lower bound Begin 20 Begin 100 V angle B
50 100 15 ‘ ‘ |
RT resolution [100 Upper bound [Inf Range‘ Rﬁnge‘ H angl ‘ RT resoluton [1907 |Upper bound [ JRange L
| I | [
Hscale: 2 Vscale: [175

Hscale: |2 Vscale: |1.75
A Refresh Save file Exit ¥ Refresh ‘
—— =




SMART execution

* Windows (details)

REEY — |
— Execute SMART*.exe
(5 EE C\Users\lyj\Desktop\SMART_Demo!\SMART_V1.1_64bit.exe LyiEi26 F{E R 2 )
S B *
... .... ..... pDir ZMrogram Files\Froteo Wizand
. . . . rDir ZAProgram Files\R
teDvir ChbetiveTel
TEMP FTEER PR OFTLE St nnatsl.aral\ Termn
| FEEQD.. | | SREEE).. || MFERED |
i ()
S B *
__________________________________________________________ Comspec A nd oweshenrstern 320 md exe
' ' FP_NO_HOST_.. NO
34 Ppath AP rogram Files (a3 APV APSoftwar. .
"""""""""""""""""""""""" ODEONTPATH  C/WINDOWRFONTS T
........... .. (s, | [ EEwD. | [ mEe |
_____________________________________________________________________ | ®E || EH
ase provide the path of required software OS: Windows 7 x64 Log flle
Pe provite e ball ol fedRited woliVdle oven. R: R version 3.3.3 (2017-03-06) x86_64
o Filesip" Tcl: C:\ActiveTcl
Ping cran.wu-wien.ac.at [137.208.57.37] (28 32 s AR E R
[BIZEH 137.208.57.37: it =32 i5-=294ms TTL=43
137.208.57.37 # Ping @zt &R
B . HELoEE=1 2WE =1 28E% =0(0% 3%9%) .




* GUI

File WViewer

Peak Analysis

SMART execution

Statistical Methods

x| SMART

Resolution

m/z resolution
RT resolution

Intensity limit

Lower bound
Upper bound

Retention time

Begin 20
T
50

Range e T

Miz
Begin 100
11

100

A 1 |

Rotation angle
15
V angle
S
15
H angle
S

Hscale: |2

Refresh |

Vscale: [1.5




HT (hypertension), Drug, and BC (breast cancer)

DEMONSTRATION DATA
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Demonstration data (HT)
Dr. Pan, Wen-Harn & 2Bl — 48 LC-MS

Published online 2022 Nov 17. doi: 10.1016/).csbj.2022.11.030 PMID: 36467587

‘ Comput Struct Biotechnol J. 2022; 20: 6458-6466 PMCID: PMC9708446

Pharmacometabolomic study of drug response to antihypertensive
medications for hypertension marker identification in Han Chinese
individuals in Taiwan

¢ Pha rmacometa b0|0m iCS StUdy (Comput Struct Biotechnol J. 2022)

Yu-Jen Liang,®' Kuang-Mao Chiang,®" Li-li Xju ¢ Chia-Min Chung,? Chi-Jen Lo ®f Ming-Shi Shiao &f
Mei-Ling_ Cheng,®' Cheng-Chin Kuo ¢ Hsin-Chou Yang, 29"+ and Wen-Harn Pan®*

—250 hypertension patients

— [ |ouyd91oIg JONIIS I

= Author information = Article notes = Copyright and License information  Disclaimer

—Select 10 hypertension patients e
* 5 ACEi treated patients EEREes SIS EESOER  dnm
FRSE S MRS > AL GEE? AERTEEE

* 5 non-treated patients S FIRE

; 4 OF 11|73
* 60 replicate samples @ARB + ©FIFRA
C ARB
ACEN_1.raw
ACEN _2.raw ) @FIFRE + ®ACEI @ARB + ®CCB
ACEN 3.raw 6 replicates
ACEN _d.raw 6.0 6.0 6.0 6_0 6.06.0 - E%%
ACEIN _S.raw O, 0o O o0 O 0 O 0o O0_00_o
ACEI1_B.raw — EZE fth CCB
ACEIZ_T.raw _
ACEI2_2.raw L @CCB + @ACEI
ACEI2_3.raw — i CEl
ACEI2_4.raw N
ACEI2_5.raw BEHXKiE: ESH/ESC Guidelines + JNC 8 Guidelines + JAMA. 2014;311:2216-24.
ACEI2_B.raw

47


https://www.ibms.sinica.edu.tw/wen-harn-pan/

Demonstration data (Drug) LC-MS/MS

Dr. Wang, Yi Sheng T R4 AT - L RESHTZE 0,

Drug Name rawfile
1 S35 (Heroin) (Diacetylmorphine) 12f&E 5554 (11 standard samples) (1) 50 ppb
?5”%*@*%/&[::{ (2) 100 ppb
2 MEME (Morphine)
3) 200 ppb
3 A (Cocaine) S PP
| D1_50_MST.mzxML | D1_50_MSMS mzXML (4) 300 ppb
4 Thebaine s mmeen DR
| D3_200_ m | D3_200 .m pp
g | D4_300_MST.mzxXML | D4_300_MSMS.mzxXML
5 KJii (delta9-THC) (delta9-Tetrahydrocannabinol) Y D5 400_MS1 maXML 1 D5 400, MSMS.maXML (6) 500 ppb (for test)
| De_500_MST.mzXML | De_500_MSMS.mzxML
6 Z IRt (Amphetamine) ] D7_600_MS1.mzXML 7 D7_600_MSMS.mzXML (7) 600 ppb
| D8_T00_MST.mzXML | DE_700_MSMS.mzxXML
7 FHEZ IR Es (MA) (Methamphetamine) | D9_800_MS1.mzXML | D9_800_MSMS.mzXML (8) 700 ppb
. | D10_900_MS1.mzxXML | D10_900_MSMS.mzxXIL
8 %88 N, (MDMA) (3,4-Methylenedioxymethamphetamine) " D11_1000_MS1 mzXML 1 o11 1000 msmsmaadl — (9) 800 ppb
9 Love Drugz{Mellow Drug of America (10) 900 ppb
MDA (3,4-Methylenedioxyamphetamine
( ylenedioxyamp ine) (11) 1000 ppb
10 T84t a7 (Ketamine)
11 # W PEF (Rohypnol ) Flunitrazepam (FM2)
12 W ERPEE (B S ) Nimetazepam



https://www.genomics.sinica.edu.tw/index.php/tw/wang-yi-sheng-

Demonstration data (Drug)

Parameter setting : the tolerance of m/z and

LC-MS/MS

retention time (RT)

Input file : the true m/z information of m/z Data Ans FULL MS & MSMS FULL MS only MSMS only
(required), RT (optional) and RT tolerance(optional) MS1 RT v v v
mz \' \' \' A \' \'
Output file : MS2 RT v v v
* Peak abundance table mz v v v v v v
 MS1 and MS2 spectrum
 SAMPLENAME_target-detection.pdf (future)
Name m/z RT RT tolerance Name m/z w ST
Heroin 370 11.42 Heroin 370, 328, 268, 211, 193, 58
morphine 286 2.45 Morphine 286, 268, 229, 201 Standard
cocaine 304 11.7 Cocaine 304, 182, 150, 105, 82 Test
Thebaine 312 11.31 Thebaine 312, 281, 266, 251, 221, 58
delta-9 THC 315 25.23 delta-9 THC 315, 259, 193, 135, 123, 107,93 v Ms2
Amphetamine 136 7.04 Amphetamine 136, 119,91 Standard
MA 150 8.26 MA 150, 119, 91
MDMA 194 8.99 MDMA 194, 163, 135, 133, 105 Test
Love Drug 180 8.44 Love Drug 180, 163, 135, 133, 105 True mz
Ketamine 238 10 Ketamine 238, 220, 179, 163, 152, 125
FM?2 314 17.4 FM?2 314, 200, 286, 268
Nimetazepam 296 17.35 Nimetazepam 296, 268, 250, 222, 193, 165

Input format of true m/z information file (MS1)

Input format of true m/z information file (MS2)
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Journa | List > J Clin Invest > v.124(1); 2014 Jan 2 > PMC3871244

Demonstration data (BC) JCI e foural o Cinial Ivestigation

Published by The American Society for Clinical Investigation | Founded 1908

J Clin Invest. 2014 Jan 2; 124(1): 398-412. PMCID: PMC3871244

o B re a St Ca n Ce r St u d y Published online 2013 Dec 9. doi: 10.1172/JCI71180 ?&%{ﬁﬁﬁj‘f{:@ BMID: 24316675

MYC-driven accumulation of 2-hydroxyglutarate is associated with breast cancer
prognosis

132 samples

Atsushi Terunuma,! Nagireddy Putluri 2 Prachi Mishra,' Ewy A.Mathé, Tiffany H. Dorsey, ' Ming_Yi ? Tiffany A. Wallace,

64 Black African-Americans and 68 White European-Americans.

—Gene expression (GEO GSE37751)  Affymetrix Human Gene 1.0 ST Array
* 108 samples. (53 B, 55 W)

— Breast tumor samples (n = 61) and adjacent non-tumor tissue samples (n =47).

* 20254 genes.
—Metabolomics (Supplemental Tables 1 and 2) GC-MS me . S
-FEETN_ é% Y
* 132 samples. (64 B, 68 W) BEFH B MYC

pathway 2 [E 3 Bl -
— 67 human breast tumors and 65 tumor-adjacent noncancerous tissues.

* 536 metabolites.

— 32 metabolites are all zero.
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SMART OPERATION
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Statistical Metabolomics Analysis — an R Tool

1. Data import

52



Data Import

Data

Statistical Metabolomics Analysis — an R Tool
(SMART)

|
RAW file

Convert RAW file

1

to mzXML file
msconvert.exe
(ProteoWizard)

RAW file
(.raw or .d)

| ACEIL_1.raw
| ACEIL_Z.raw
) ACEI1_3.raw
| ACEIL_4.raw
| ACEI1_S.raw
| ACEIl G.raw
| ACEI2_1 raw
| ACELZ? Z.raw
| ACEI2_3.raw
| ACELZ2 4.raw
| ACEI2_5.raw
J ACEIE_E-.rawd

mzXML file

2

‘ Peak abundance data )

mzXML format file

(.mzXML)

i ACEI_1 mzXML
D ACEIL_2mzXML
I ACEIL_3 mzXML
i ACEI_4 mzXML
D ACEIL_5.mzXML
) ACEI_6.mzXML
i ACEIZ2_1 mzXML
D ACEIZ_2 mzXML
) ACEI2_3 mzXML
i ACEI2_4 mzXML
D ACEIZ_5.mzXML
D ACEIZ_6. mzXML

LS

3

Peak abundance data file

(.csv)

Peak Index mz

1
2
3
4
5
B
7
8
9

10

55.9369

5b6.9635
60.07568
61.01206

68.9834
69.07024
70.06568
72.08126
72.08131
77.03941

Ret Time.sec. ACEI1 1 ACEI1 2 ACEI1 3

336.6774 A0.ABBOTY 49.20359 73.12604

336.0434 26.2133 NA 34.25458
29.1904 15.04558 18.71559 15.56744
39.1728 NA NA NA
23.9603 32.57462 39.53168 A40.60577
53.4746 NA NA NA
32.2958 NA NA NA
B64.0674 NA NA NA

37.8029 7599819 59.4558 52.61279

58.097 36.12143 35.46023 38.785751
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Data import (raw file)
e Data import (e.g., .raw file)
— Input folder
* indicate the directory of “.raw” files
— Output folder

* Create “mzXML” to be the directory name in the output
folder

e Convert “raw” to “mzXML”

[ 75 SMART Data Import - Please wait for data importing (57% done)
File | Viewer Peak Analysis Statistical Methods
—YS M1 4 57%
Diata Innport -
- -
&3 Data import - O s € DataImport IE'
Data type: * Rawformat ' mzXMLformat ¢ Peak abundance data o
input folder (Raw data):  [C./SMARTZ2/Data/HT/Rawfile_10HT (@@ Dataimportis done.
Output folder; |- /SART 2 /Results B

Path of Proteo\Wizard: C:/Users/Lab/AppData/Local/Apps

Import Cancel |

ProteoWizard:

Note: only “raw” file can be in the input directory

C:\Users\username\AppData\Local\Apps 54



[Fa)

MAR

e
¥

File Viewer PeakAnalysis

Data import (for RAW file)

-+ - O v
Statistical Methods
Resolution Intensity limit Retention time | M/z Rotation angle
myz resolution [100 Lower bound |-Inf Begin | =0 | Begin | 100[ W ang!el L |
: Fim— — 1] 50 100 15
RT resolution |100 Upper bound |Inf Range Range - ——||H angle ———
| ppe | nge | o [ e L[ Heangte T
Hscale: |2 Vscale: [1.75
Refrash | Save file Exit I




Data import (mzXML file)

e Data import (for mzXML file)

— Folder setting

* Note: only “mzXML” file can be in the input folder

-
5 SMART

@ Data Import

Data type:

¢ Rawformat & mzXMLformat ¢ Peak abundance data

File Viewer PeakAnalysis Statistical Methods

Input folder (mzXML file):

|G-/SMART2/Results/mzXML

Cutput folder:

Import |

|G/SMART2/Results

Cancel |

Data Import

ACEIM1
ACEI42
N1
N2
N3
N6
N7

| Data import is done.

Resalution Intensity limit Retention time M/z Rotation angle
= . 20 . 100 15
m/z resolution |100 Lower bound |-Inf Begin Begin Vangle
L — | W
= 50 100 15
RT resolution |100 Upper bound [Inf Range Range Hangle
L — [
Hicale: 2 Vacale: 175
- = = Refresh Save file Exit




&3 SMART

File Wiewer

Peak Analysis

Import mzXML

i = o >
Statistical Methods
Resolution Intensity limit Retention time M/=z Rotation angle
S L 20 £ 100 15
my'z resolution | 100 Lower bound |-Inf in in WV angle
| I Begin L Y e
: —a— e 50 100 15
RT resolution 100 Upper bound |Inf Range Range Hangle ———
| i Wl " e
Hscale: |2 Vscale: [1.75
Refresh | Save file Exat I




Data import (peak abundance data)

* Data import (for peak abundance data)

3 ’ i3 Column Information — O
1 Please provide column information:
N
i SMART - .
i Column index of peak index: |1
File | Viewer PeakAnalysis Statistical Methods ,
Column index of name: |NA
Diata Impoit - .
Column index of mass: |2
Column index of retention time: |3 unit: [sec
2 Column index of first sample: |4-
N Import |
wsly Data Import lﬁj l':' | (5] Iﬂ
Data type: i~ Rawformat & mzZXMLformat & Peak abundance data
Input file: |TfACEIv5N:::nMed,-’PeakAIignmenUSSQQ_anilledpealdntD_IDDpE.cw
Outputfolder:  [F/SMART/ACElsNonMed /Import e e
Missing data:  |MA
I.-"'_"\-.I Data impaort is done.
Continue | Cancel | W The number of non-informative peaks (all NAs) is 0.

| $60_nofilledpeakinto_loop2.csv
| 560_nofilledpeakinto_loop2_forSMART.csv




D sMAR

File Viewer PeakAnalysis

mzxXML

ACEN
ACEI1_2
ACEl1_3
ACEI1_4
ACEI1_5
ACEI1_6

ACEI2

ACEI3

ACEI41

ACEI42

N1

N2

N3

NG

NT

Statistical Methods

TIC plot
o
(=]
o
=
=T
o
o
O —
- O
= L]
i
=
o 3
N
o o
= ol
g
o
E o
(=
= e
(=1
* ACEN 1
o -
I I I T I I
100 120 140 160 180 200
Retention Time (sec)
Resolution I Intensity limit Retention time M/z Rotation angle
= 264
my/z resolution |100 Lower bound |-Inf Begin | EE Begin %}7 Vangleijﬁi
— = 100.0
RT resolution |100 Upper bound |Inf RangeT Range |%]7 Hangle&i
Hscale: |2 Vscale: [1.75
Refresh | Save file I Exit |

Data import (for peak abundance data)




Statistical Metabolomics Analysis — an R Tool

2. Data visualization
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Flowchart

SMART

(Statistical Metabolomics Analysis - an R Tool)

?

Convert RAW file
to mzXML file
msconvert
(ProteoWizard)

Data visualization

mzR (R)

\/ 2D, 3D, spectra

\ visualization

S

TIC plot and clustering
/\

3.4
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e 2D plot

s

2 ’ @i SMART

Data visualization

2D Plat
3D Plat

Peak Analysis  Statistical

-~

TIC Plot
TIC Clustering
ACEIL 4

outpath\2D plot\ACEI1_1 RT20(50) mz100(100).png

-
55 SMART

\

(2)

/

rzXML_5500
S ACEIL
ACEIL 2
ACEI1 3
ACEI1_4
ACEIL S
ACEIL 6
ACEILO0
ACEIL1
ACEIL2
ACEIL3
ACEIL4
ACEILE
ACEILT
ACEIL
ACEIQ
ACED2
ACEI20
ACEIZL
ACEI22
ACEI23
ACEI24
ACEI25
ACEIZ6
ACELZ7
ACEI28
ACEI29
ACEI3
ACEI30
ACEI31
ACEI32
ACEI33
ACEI34
ACEI35
ACEI36
ACEI37
ACEI38
ACEI39
ACEM
ACEI40
ACEI1
ACEM42

Ry B B e B8 i e 0 B B e 0y B B e B B B By B e B 0y B B e B B e B B e B e B B e W B

-

m

File Viewer PeakAnalysis Wethods Peak Identification

ACEM_1

160

140

2429
407
2342
161
99.8
80
60.8

442

298

154

T T T
30 40 50

Retention Time

Retention time

Beat 20.0
egin i

B 500
ange i

3)

Resalution Intensity limit

m/z resolution | 100 Lower bound |-Inf

RT resolution (100 Upper bound [Inf

Hscale: |2 Vscale: (1.75

i S

Save file

60

M/z

Bogin 1000

Range 1000

Rotation angle
15
L1
15
L1

W angle

H angle

Exit

NTTTTTTT T T T T T T T T T T T T T T T

g



Data visualization

* 3D plot

r Bl
€ SMART (= [ E et
File Viewer Peak Analygsi tatistical Methods
mzxXML
B ACEIL ACEI_1
— ACEIL 1
8 ACEIL_2
feld SMART e
= = — ACEIL 4
File | Viewer | Peak Analysis Statistical ACEILS
ACEIl 6
20 Plat - B— ACEDR
o E— ACE3
3D Flot B—  ACEM1
G—  ACEM2
TIC Plot B N1
o B— M2
TIC Clustering B— N3
B— N6
ACEIL 4 B N7
Resolution Intensity limit Retention time M/z Rotation angle
_ 200 1000 18
m/z resolution (100 Lower bound |-Inf Begin Begin V angle
| L L1 (|
_ 50.0 1000 25
RT resolution |100 Upper bound |Inf Range Range Hangle
L L1 L
Hscale: 2.1I Wscale: (21 /-\
< / » Refresh ! I ‘ Save file Exit
L S | \/

outpath\3D plot\ACEI1_1 RT20(50) mz100(100) _h25 v18.png




* TIC plot

— For each replicate sample

Z5 SMART

Data visualization

2D Plot

3D Plot

TIC Plot

TIC Clustering
ACEIL 4

File |Viewer | Peak Analysis  Statistical

-~

TIC plot

outpath\TIC plot\ACEI1_1 RT20(50).png

\_/

@ SMART SRICE X
—
File Viewer PeakWy&is Stijstical Methods
mzxXML
= ACEIL
ACEIL 1
ACEIL 2 TIC plot
ACEIL 3
ACEIL 4
ACEIL 5
ACEIL 6
B—  ACEL2
B—  ACEIR
B—  ACEM1 =
M- ACEM2 5% SMART
E— M1 e
B— M2 = = .
B— N3 File | Viewer | Peak Analysis
B— N6 —
BE— N7 20 Plot -
3D Plat
TIC Plat
TIC Clustering
ACEIL 4
ACEIL S
AFCTT1 £ T T T T T T
20 30 40 50 60 70
Retention Time (sec)
Resalution Intensity limit Retention time Mz Rotation angle
. = . 200 . 100 15
m/z resolution (100 Lower bound |-Inf Begin Begin Vangle
L1
. = 50.0 100 15
RT resolution 100 Upper bound |Inf Range Range H angle
L1 11 L1
Hscale: |2 Vscale: [1.75
* Retfresh Save file Exit
< < 2




2D plot

& SMART

File

Viewer Peak Analysis

mzxXML
ACEN
ACEI1_2
ACEI1_3
ACEI1_ 4
ACEI1_5
ACEN1 6
ACEI2
ACEI3
ACE
ACEl42

i = o
Statistical Methods
Resolution Intensity limit Retention time M/=z Rotation angle
A L 20 £ 100 15
myz resolution [100 Lower bound |-Inf in Begin WV angle
| Seon 1) o) L (YT
RT resolution |1_IDD Upper bound [inf Range = Range 00 Hangle — Gl
| i) (| ]
Hscale: |2 Vscale: [1.75
Refresh | Save file | Ext




3D plot

& SMAR

File Viewer PeakAnalysic

mzXML
ACEN

ACEI_2

ACEI_3

ACEI1_4

ACEI_5

ACEN1 6
ACEI2
ACEI3
ACEI41
ACENM42
N1

L= [ >
Statistical Methods
ACEM_1
2429
— - — 407 5
180 — L 2354
- - - 153 4
—_ | m—
160 — — -— 100.6
= - = - 31
£ ) -
140 - . 62.2
- il - ~ | 439
120 — - —— -_— 20 6
o 153
| — —
T | | | 0
30 40 50 &0
Retention Time
|Resolution Intensity limit Retention time M/z Rotation angle
R — e 200
| m/z resolution | 100 Lower bound |-Inf Begin [ T Begin IL;.E;* Vangle ’%7
- e —— 50.0
RT resolution [100 Upper bound (Inf Range i Range |1—;.E}7 Hangle [__1|_5_|7
Hscale: |2 Vscale: [1.75
Refresh | Save file | Exit |




TIC plot

@ smas

File Viewer PeakAnalysis Statistical Methods

mzXML
ACEI

ACEI1_ 2
ACEI1 3
ACEI1 4
ACEN 5
ACEI1 &

ACEI2

ACEIZ 200

ACEIA1

ACEI42

M1

M2

N3

N6

N7

&

fypsuots
=

ACEM_1

'Resolution Intensity limit

m/z resolution | 100

RT resolution 100

Lower bound |-Inf

| Upper bound Inf

Retention time
200
Begin |
1000
Range iy | (.

M/z
Begin |T1DU_O
Range T1 e

'Rotation angle

Hscale: |2 Vscale: |1.75

Refresh |

Save file |

Exit |




Data visualization

* TIC clustering

£ SMART
File |Viewer | Peak Analysis Statistical
90 Plat - C Clustering-Flease wait TIC data extracting (8% done)
3D Flot I
TIC Flot ACEIL 5 8% S
TIC Clustering
ACEIL 4 -

€ TIC Clustering ||

N

W15 TIC Clustering = |[=] g

Input folder: F/SMART/ACEvsMonMed/mzxXhL_S599
Output folder: F/SMART/ACEsMNonMed

| TIC clustering is done.

Retention time: From|0 to|600 (sec)
Clustering method: W Complete linkage W  Average linkage ¥ Ward's method

Clustering Cancel
Sl o] | =T |




Statistical Metabolomics Analysis —an R Tool

e Data visualization

— TIC clustering

* output

outpath\TIC clustering\TICtable.csv

A B C D E F G H | J K
1 Scan_index Ret Time ACEIL 1 ACEIl 2 ACEI1 3 ACEIL 4 ACEIL 5 ACEIl 6 ACEI2. 1 ACEI2Z 2 ACEI2 3

2 1 1.611703 1840.316 1883.235 1999.769 1929.929 2029.317 2244.63 1590.959 1761.858 2098.871
3 2 1.914309 525.8319 513.814 509.7652 502.4335 512.8351 492.2585 480.4986 472.9005 519.8399
4 3 2.154968 562.8346 509.1748 539.4163 467.0927 511.4119 472.8939 543.9075 475.7264 537.953
5 4 2.395501 512.4183 508.6098 636.6686 503.0518 503.2116 464.3456 503.8277 548.2333 528.2615
6 5 2.635341 538.5349 520.6004 542.8813 545.037 507.3488 507.485 439.9774 494179 526.823
7 6 2.875018 591.0371 545.6836 536.9702 542.5765 497.7138 488.2345 509.0443 535.7909 588.3315
8 7 3.114768 532.316 481.7373 572.3064 488.0685 531.7565 461.464 522.0878 490.4316 580.4105
9 8 3.35471 552.8936 549.1855 555.149 482.2098 464.2407 499.5836 528.0374 554.635 544.5468
10 9 3.594811 557.4039 4852134 568.3623 560.4765 529.6015 451.1695 506.7829 518.2427 559.6974
11 10 3.83523 543.802 487.1033 569.2555 466.8808 459.995 447.294 493.1324 537.6599 556.3434
12 11 4.075452 540.6479 551.7796 583.8124 488.8864 514.7813 502.7545 502.8375 476.9177 565.6591
13 12 4.315626 520.1061 566.7769 545.4417 574.0717 494.1166 516.8445 468.7639 495.1702 515.7346
14 13 4.555596 565.7251 514.366 553.2607 503.1035 488.1889 516.7361 526.1669 523.666 564.338
15 14 4.795548 498.9484 464.8117 522.7676 527.2203 511.1384 473.0254 518.6355 529.5582 497.3565
16 15 5.035726 521.6926 494.5057 550.8154 514.8136 481.3621 501.2584 507.0366 539.1605 545.1652



Statistical Metabolomics Analysis — an R Tool

e Data visualization

— TIC clustering
* output

outpath\TIC clustering\Average\Clustering.png

Average Linkage (1674 Scans)

= perfectly-clustered sample ® well-clustered sample = poorly-clustered sample

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
2 2 2 2 2 § 2 § § & £ g ¥ ¥z ¥ ¥z 3 § 4 8% 8% 5 8§ 2z =z =z 2z =z =z § 2 2 £ §F § g opog 2 2 2 2 = 2 2 ¥ z 2 2 2 2 2 2 § § § &L o &
uuuuuuuuuuuuuuuuuuuuuuuuuuuuu
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<




Viewser Peak Analysis

TIC clustering

mzxXML

ACEN
ACEI1_2
ACEl1_3
ACEI1_4
ACEI1_5
ACEI1_6

ACEI2

ACEI3

ACEI41

ACEI42

N1

N2

N3

NG

NT

Statistical Methods
TIC plot
o
(=]
o
=
=T
o
o
O -
- O
= L]
i
=
o 3
N
o o
= ol
g
o
E o
(=
= e
(=1
* ACEN 1
o -
I I I T I I
100 120 140 160 180 200
Retention Time (sec)
Resolution I Intensity limit Retention time M/z Rotation angle
; - 264
my/z resolution |100 Lower bound |-Inf Begin | EE Begin %}7 Vangleiﬁi
— e 100.0
RT resolution 100 Upper bound |Inf Ranges I Range |%]7 Hangle&i
Hscale: |2 Vscale: [1.75
Refresh | Save file I Exit |




Statistical Metabolomics Analysis — an R Tool

3. Peak analysis
(untargeted analysis)




Flowchart

—

y

o

e
Convert RAW file to
mzXML file

TIC plot and Clustering P
/\
Data visualization
mzR (R)
msconvert
(ProteoWizard)

Statistical Metabolomics Analysis — an R Tool
(SMART)

\/ZD 3D, spectra visualization
’k Sliding window (scan)
Peak analysis

Untargeted & targeted analysis




Peak analysis (untargeted)

e Untargeted analysis
— Step 1: import mzXML files
— Step 2: execute XCMS

* (Peak alignment)

5 SMART

File Wiewer

Peak Analysis = Statistical Analysis  Post Analysis

Ctanda

Peak detection and abundance calculation
Data Preprocessing
Quality Control

Untargeted Analysis

Targeted Analysis

dl

Peak Alignment - Please wait for align mTT processing (30...

ACEI3 6

r{n ™
&3 Peak Alignment Elﬂlg

Input falder: F/SMART/ACEsNonMed_Example/mzXML_10HT
Output folder: F/SMART/ACEvsNanhed_Example

Parameter setting:
Identify peaks:

lockMassFreq: IF— , polarity: ,b— ,snthresh: |10, mslevel: ,n— , scanrange: Ini , nSlaves: 4 -
profmethod:  bin & binlin &  binlinbase © intlin
@ MatchedFilter-method

fwhm: |3— L, max ,5— | step: ,F , steps: ,2— , mzdiff: ,W -step*steps
" centWave-method

ppm: ,? , peakwidth: min ,F , max IW , mzdiff: W , fitgauss: ,F— , naise: ,D—

prefilter: k ,3— I W

Group peaks from different samples (loop)
bw: |3 ,minfrac: (0.5, minsamp: |1 ,mzwid: (003 |, max: (30

Correct retention time from different samples (loop)

missing: ,l— , extra: ,l— , span: ,F
smooth: ¢ loess (¢ linear Xcms. pdf

family: & gaussian symmetric

Integrate areas of missing peaks: XCms Pre process. pdf

fillPeaks: & Yes & Mo

Peak abundance format:

* integrated area of ariginal (raw) peak & maximum intensity of original (raw) peak

" integrated area of filtered peak  maximum intensity of filtered peak

Peak annotation:

filter out by selection: [~ isotope [~ fragment [ adduct { & positive & negative ) CAM ERA

oK | Cancel |

74




Peak analysis (untargeted)

— Step 3: execute CAMERA (Peak annotation)

rﬂ T
#as Adduct selection: Elﬂlg

Select adducts to reserve:

[M+E+MaCOOH]+
[W+E+MHZ]+

@ O @ |x| Adduct selection:

Select adducts to reserve:

[M+K+HCOOH]+
[M+K+NH3]1+
[M+K+NaCOOH]+

[M+Na+HCOOH]+
[M+Na+K]1Z+
[M+Na+NH31+
[M+Na+NaCOOHI+ | |

EW .

oK




* 3. Peak alignment and annotation -- output file (peak abundance table)

outpath\Peak Alignment\S60_nofilledPeakinto_loop2.csv

Peak Index mz

1

W 00 =] @ o R

P b S b b b s s
O WD 00 s oL B W R O

55.9302
56.95207
57.93077
60.07351
68.97672
70.05911
72.07474
72.07494
72.93235
74.93326
77.03265
79.04987
82.00799
84.03872
84.03838
84.95268
84.95221
86.08994
86.98677
87.09331

Peak analysis (untargeted)

Ret Time.sec ACEI1_1 ACEI1 2 ACEI1l 3 ACEIl 4 ACEIL5 ACEIL 6 ACEI2. 1 ACEI2 2 ACE2 3

336.7816
335.9918
335.9468
29.2962
24,1171

40.49721 48.4055  B6B.5233
25.78232 NA 33.81898
25.30278 26.6211 28.52791
15.05838 19.10104 15.67263
32.99825 39.72613 41.26156

32.3207 NA NA NA
37.8148 77.36168 60.19769 53.10426 45.49223 52.31326 45.89031 266.037
64.0368 NA NA NA

336.7707

54.64176 NA 116.1767

336.1583 NA 4674469 53.22282

57.9572
57.9244
24,1165
30.0699
48.6612
24,1234
335.6901
53.8669
24,1066
53.7237

36.87367 38B.9539 3B.91873
23.16134 15.64894 19.705598
22.04538 26.83705 28.74175
38.46723 4541489 54.63141
33.55734 30.40641 21.84934
245.3396 218.0391 247.8054
301.2523 195.8762 316.6637
238.2553 219.8844 231.6355
17.84491 189.26533 NA

131.6603
31.96166
37.52189
20.25476
24.86147

NA

NA

105.3885
45.98308
31.10987
19.23182
32.02328
50.46705
26.916
261.728
302.4194
185.6219
17.23194

15.80857 NA 16.59535 NA

153.4566
34.43379
34.32671

14.3002
37.08042

NA

NA

68.20429 98.66187
36.10391 NA
20.62405 19.76005
19.61156 NA
29.47383 AB.53648

NA 88.67861

NA 61.4457

268.4261 NA NA

A4, 75656
37.97594
20.40361
22.70863
52.82711
35.54772
190.1302
272.9157
186.2405

4026063 50.46011
3442077 131.6498
15.09588 70.72101
20.06136 41.06131
49.82799 127.9401

27.8324 42.54551
217.5573 324.1443
542.9502 232.0436
190.8221 1208.354

20.42927 NA 33.63286

NA

NA 73.34223

101.203

125.084

21.12795 NA

23.86996
17.66053
51.11766
71.20517
248,2481
57.43003
116.3039
42.93352
148.9135
60.65076
34.26637
147.1337
47.40438
256.0635
2895.5475
1210.146
32.69955
76.04747

289.22897
16.79027
60.06144
77.2781
192.2031
54.12979
208.1015
57.50089
208.078
71.75067
40.51016
136.5419
44,89901
321.4737
193.4221
1024.845
25.17788
63.93756]



Peak analysis (untargeted)

* 3. Peak alignment and annotation -- output file (peak abundance table)

outpath\Peak Alignment\S60_nofilledPeakinto_loop2_annoinfo.csv

Peak Index mz Ret Time.sec isotopes adduct pCgroup
1 22.9849305 277127 35
2 55.92994829 336.8763 319
3 56.95336483 335.936 [M+K]+ 17.9854 29
4 57.9299371 335.8817 [M+H]+ 56.9236 7
5 59.92473806 335.8649 220
6 60.07189387 29.25 336
7 B8.97673761 24,1198 [M+Na]+ 45.9928 46
8 69.06404612 52.8241 182
9 70.05827741 32.3222 166

10 72.07471273 37.7522 [M+K]+ 33.1119 [M+Na]+ 49.0859 [M+H]+ 71.0677 44
11 72.07482812 64.0093 162
12 72.93202428 336.803 [M+Na]+ 49.9429 58
13 74.93307144 336.1642 [2M+K]+ 17.9854 29
14 76.92734109 336.1336 [3M+Na]+ 17.9854 [3M+Na+2K-H]2+ 17.9854 29
15 77.03232255 57.8967 [M+Na]+ 54.0431 bl
16 79.04787429 57.9087 4
17 82.00795337 24,1116 A6
18 B84.03810375 30.1203 13
19 84.03824131 48,7586 252
20 84.07434463 38.9898 [M+H]+ 83.0689 23



Viewser Peak Analysis

mzxXML

ACEN
ACEI1_2
ACEl1_3
ACEI1_4
ACEI1_5
ACEI1_6
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Peak analysis (untargeted)
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* ACEN 1
o -
I I I T I I
100 120 140 160 180 200
Retention Time (sec)
Resolution I Intensity limit Retention time M/z Rotation angle
= 264
my/z resolution |100 Lower bound |-Inf Begin | EE Begin %}7 Vangleijﬁi
— = 100.0
RT resolution |100 Upper bound |Inf Ranges I Range |%]7 Hangle&i
Hscale: |2 Vscale: [1.75
Refresh | Save file I Exit |




Statistical Metabolomics Analysis — an R Tool

3. Peak analysis
(targeted analysis)




Peak analysis (targeted)

W ST
» Targeted analysis Standard
— Step 1: import mzXML files & true m/z information Test
W MS2
Standard
Test
mzXML files true m/z ,: S
|| D1_50_MS1.mzXML Name mz Ret_Time.sec tol_time.sec Name parent_ion daughter_ion tol_time.sec
| D2_100_MS1.mzXML Heroin 370 685.2 5 Heroin 370 370;328;268; 211;193;58 10
. Morphi 286 147 5 Morphi 286 286; 268; 229; 201 10
| D3_200_MS1.mzXML orphine orphine
. Cocaine 304 702 5 Cocaine 304 304; 182; 150; 105; 82 10
| D4_300_M31.mzxML Thebaine 312 678.6 5 Thebaine 312 312; 281; 266; 251; 221; 58 10
|| D5_400_MS1.mzxML delta-9 THC 315 1513.8 5 delta-9THC 315 315; 259; 193; 135; 123; 107; 93 10
| DB_500_MS1.mzXML Amphetamine 136 422.4 20 Amphetamine 136 136; 119; 91 20
| D7_600_MS1.mzXML MA 150 495.6 10 MA 150 150; 119; 91 10
" DE_"-DD_MS1 L MDMA 194 539.4 5 MDMA 194 194; 163; 135; 133; 105 10
J_ - - M Love Drug 180 506.4 10 Love Drug 180 180; 163; 135; 133; 105 10
|| D9_800_MS51.mzXML Ketamine 238 600 5  Ketamine 238 238; 220; 179; 163; 152; 125 10
|| D10_900_MS1.mzxXML FM2 314 1044 5 FM2 314 314; 200; 286; 268 15
|| D11_1000_M51.mzXML Nimetazepam 296 1041 5 Nimetazepam 296 296; 268; 250; 222; 193; 165 10
MS1 MS2

targeted_MS1_tol_time.csv targeted_MS2_tol_time.csv
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e Targeted analysis
— Step 1: import mzXML files & correct m/z
— Step 2: peak detection & abundance calculation

1 )@ Data Import - O *
Data type: " Rawformat  mzXMLformat & Peak abundance data
Input falder (mzXML file): |G:,-’SMART2¢’Data,-’Drug,-’MS1f"True
Output folder: |G:,-‘SMART2,J"Resultstrug

Import | Cancel |

Peak analysis (targeted)

G Targeted Analysis - O x

Input folder: G;/SMART 2/Data/DOrug,/M51,/5tandard
Output folder: G;/SMART2/Results/Drug

Parameter setting:

Peak detection:

prostep: |1 , mslevel: |1 . scanrange: |n , nSlaves:

profmethod: & bin ¢ binlin ©  binlinbase

Peak abundance calculation:

intlin

time tolerance: |5 sec % userprovided {  auto detect

m,z tolerance: |11}I}D ppm true m/Z ﬂ

true m/z information file: |G:,-’SMART2,.-’DatafDrungrue mz/true_MS1 _tol_time.csv J

Cancel |

Additional MSn data: @ Yes { Mo

Continue |

& SMART
File ‘iewer PeakAnalysis Statistical Analysis  Post Analysis
Standa  Peak detection and abundance calculation Untargeted Analysis
Data Preprocessing Targeted Analysis =
Quality Control A
i Data Import - Additainal MSn data - O >
Input folder for Additional MSn (mzXML file): |G:fSMART&’Data;’Drug;’MSZ.l’Standard
Pararneter setting:
Peak detection:
prostep: |1 , mslevel: |2 , scanrange: |n
profmethod: & hin ¢ binlin ¢ binlinbase ¢ intlin
Peak abundance calculation:
time tolerance: |5 sec % userprovided ©  auto detect
my/z tolerance: (1000 ppm
true m/z infarmation file: |G:fSMART2fData;’Drug;’True mzftrue_MS2_tol_time.csv J
oK |
§ Peak Ana Targeted) - Fleaze wait for processing (18% done — O ot

[D2_100_MS1 18%%
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Peak analysis (targeted)
» Step 3. output file (peak abundance table; MS, MSMS spectrum)

outpath\Peak Analysis (Targeted)\S11 peak abundance_MS.csv

D1_50_M51
D1_50_MSMS
D2_100_MS1
D2_100_MSMS
D3_200_MS1
D3_200_MSMS
D4_300_MS1
D4_300_MSMS
D5_400_MS1
DS_400_MSMS
D6_500_MS1
D6_500_MSMS
D7_600_MS1
D7_600_MSMS
DS_700_MS1
DS_700_MSMS
D9_800_MS1
D9_800_MSMS
D10_900_MS1
D10_900_MSMS
D11_1000_MS1
D11_1000_MSMS

S11_mz_M51.csv
S11_mz_MS2.csv
511_peak_sbundance_MS1.csv

511_peak_abundance_MS1_forSMART...

511_peak_abundance_MSZ.csv

511_peak_abundance MS2_forSMART...

511 _relative_abundance MS2.csv
S11_retention_time_MS1.cav
S11_retention_time_MS2.cav
S11_=n_PMST . cav

S11_sn_M5S2 cav

Relative
Abundance

1004

801

60+

401

204

0-

Relative
Abundance

100

80

60

401

201

0-

D1_50_12drugmix_in5ACNinH20+01FA_20uL_01

Heroin RT=685.2 m/z=370

m/z = 369.63 - 370.37

11.408

‘ [N W

100.1118

Ll ‘|.\

IL

15
RT(mins)
RT = 11.4082 mins scan #2089

370.1635

25

30

50

70

%0

110

130

150

170

1%0 :

£1o -

."230 250 570 égo 310 330 35 370 3%

410

430

450

470

490

510

530

550

370



Peak analysis (targeted)

Output file (Peak abundance table of all samples)
Peak abundance (MS1)

Peak Index Name mz Ret_Time Ret_Time ast D1_50_MS D10_900_ D11_1000_ D2_100_M D3_200_M D4_300_M D5_400_M D6_500_M D7_600_M D8_700_M D9_800_M
- .sec _est.sec - 1 MS1 MS1 S1 S1 S1 S1 S1 S1 S1 S1
1 Heroin 370 685.2 685.3724 370.1643 20454233 4.85E+08 5.37E+08 33246830 65461545 1.08E+08 1.12E+08 2.2E+08 2.18E+08 3.07E+08 3.79E+08
2 Morphine 286 147 146.2696 286.1431 41215408 5.53E+08 6.23E+08 55632394 1.11E+08 1.59E+08 1.66E+08 2.97E+08 3.05E+08 4.01E+08 4.69E+08
3 Cocaine 304 702 701.136 304.1538 67391965 1.91E+09 2.16E+09 1.09E+08 2.8E+08 4.54E+08 4.79E+08 9.74E+08 9.95E+08 1.32E+09 1.57E+09
4 Thebaine 312 678.6 678.8176 312.1588 13918057 6.54E+08 7.9E+08 22156818 57057964 1.12E+08 1.14E+08 2.89E+08 3.04E+08 4.41E+08 5.71E+08
5 delta-9 THC 315 1513.8 1513.319 315.2302 584689 12324894 10750614 1040859 3017275 4419165 4255491 6385888 8052278 9572914 11385840
6 Amphetamine 136 422.4 419.1944 136.0804 28233349 38237498 37707935 30552141 36745807 37802678 38425018 38130787 39861533 37695091 38418264
7 MA 150 495.6 496.8365 150.1021 88366857 4.84E+08 5.19E+08 1.14E+08 1.84E+08 2.48E+08 2.57E+08 3.68E+08 3.78E+08 4.43E+08 4.61E+08
8 MDMA 194 539.4 538.9991 194.1173 57005641 1.36E+09 1.61E+09 77917415 1.73E+08 3.32E+08 3.11E+08 6.96E+08 7.22E+08 9.57E+08 1.14E+09
9 Love Drug 180 506.4 505.6407 180.0866 2977060 32927321 40623589 3508615 5215888 7552811 8060482 14862760 15982588 21387478 24410233
10 Ketamine 238 600 599.9313 238.0988 65361457 1.9E+09 2.12E+09 1.1E+08 3.04E+08 5.13E+08 5.38E+08 1.07E+09 1.13E+09 1.41E+09 1.64E+09
11 FM2 314 1044 1044.274 314.093 23235201 4.47E+08 5.37E+08 37148568 83573478 1.28E+08 1.31E+08 2.39E+08 2.43E+08 3.1E+08 3.84E+08
12 Nimetazepam 296 1041 1040.522 296.1024 27111684 5.03E+08 5.88E+08 41037216 91247724 1.44E+08 1.48E+08 2.57E+08 2.67E+08 3.45E+08 4.14E+08
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Peak analysis (targeted)

Output file (Peak abundance table of all samples)
Peak abundance (MS2)

Peak_Index Name

parent_ion

mz

Ret_Time.sec Ret_Time_est.sec mz_est

D1_50_MSM D10_900_MS D11_1000_M D2_100_MS D3_200_MS D4_300_MS D5_400_MS D6_500_MS D7_600_MS DS8_700_MS D9_800_MS

S MS SMS

1Heroin 370 370NA 685.5322 370.1636 34936037 4.31E+08 4.74E+08 45887062 80773701 1.19E+08 1.85E+08 2.31E+08 2.75E+08 2.99E+08 3.65E+08

2 Heroin 370 328NA 685.5322 328.1531 5994749 79250544 88352065 8205245 14903335 22352355 34701357 40951023 49833482 55034774 67134243

3 Heroin 370 268NA 685.5322 268.1322 5966182 80881111 96696971 8852504 15962231 23508212 36036774 44988809 54698078 57847453 70564375

4 Heroin 370 211NA 685.5322 211.0747 3361656 46230644 54063830 4770158 8791204 12473739 20439931 25000126 31336412 33862691 40365021

5Heroin 370 193 NA 685.5322 193.0641 1510510 20921156 23617575 2064699 3996665 5545420 8870916 9727212 12878930 14027716 17201483

6 Heroin 370 58 NA 686.438 57.99157NA 258.2116NA 273.661NA 638.7396 NA

7 Morphine 286 286NA 145.5 286.143 16131323 2.1E+08 2.22E+08 34800087 63534132 84246919 1.1E+08 1.36E+08 1.46E+08 1.61E+08 1.97E+08

8 Morphine 286 268NA 145.5 268.1305 430782.9 6575950 6785043 969792.4 1816443 2392807 3283501 4052850 4471966 4903943 6066029

9 Morphine 286 229NA 1455 229.0854 1381069 19277741 20679948 3056907 5480279 7688644 10079360 11702549 13521425 14964256 17815511
10 Morphine 286 201NA 145.5 201.0879 1967459 28574132 28953802 4338963 8250409 11269557 14353928 17231385 19143587 21127442 25307275
11 Cocaine 304 304 NA 700.1591 304.1536 1869106 18330609 20144319 4651245 7718511 9179664 12901861 13487416 15494409 16525349 17790183
12 Cocaine 304 182NA 699.8602 182.117 43752791 5.02E+08 5.37E+08 1.18E+08 1.99E+08 2.42E+08 3.23E+08 3.65E+08 4.08E+08 4.44E+08 4.85E+08
13 Cocaine 304 150NA 699.8602 150.091 4216007 54187027 58594892 12328872 21144421 26080012 33884162 37684106 42701985 46630588 51139926
14 Cocaine 304 105NA 699.8602 105.0332 3613007 50772687 56131246 10074624 17121746 21047970 29647120 34590745 35860013 40174301 46894619
15 Cocaine 304 82NA 699.8602 82.0649 5027314 69164979 78411520 14017254 23880243 29053601 40693701 46962217 51254207 56796007 64853128
16 Thebaine 312 312NA 678.0616 312.1517 1095431 9256829 11341677 1766889 3150661 3824506 5264614 6189062 7429242 7942980 8623290
17 Thebaine 312 281NA 678.0616 281.1163 534162.5 4365164 4921961 804912.5 1398028 1823320 2546612 2982317 3328803 3572010 3994250
18 Thebaine 312 266 NA 678.0616 266.1032 1866305 16921521 19156966 3263283 5384742 6937593 9418883 11512846 12833181 13809395 15751537
19 Thebaine 312 251NA 678.0616 251.0695 3056593 26949412 31532800 5253820 8837063 11769548 15247149 18110674 21036849 23342167 25431602
20Thebaine 312 221NA 678.0616 221.0838 1812587 17278121 19202136 3174271 5577776 7159779 9476728 11502196 12895684 14336249 15762883
21Thebaine 312 58 NA 678.7908 58.04143NA 5888.264 7090.007 4134.432 286.0357 4603.693 14751.52 6566.844 12127.54 11897.7 7630.39
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Output file

Relative abundance (MS2)

Peak analysis (targeted)

peak Index Name parent ion mz Ret Time.sec Ret Time_est.secmz est DL-50-MS D10.900_ D11_1000_ D2 100 M D3_200_M D4_300 M D5_400_M D6_500_M D7_600_M D8_700_M D9_800_M
- - - — e - Ms MSMS MSMS SMS SMS SMS SMS SMS SMS SMS SMS
1 Heroin 370 370NA 685.5322 370.1636 100 100 100 100 100 100 100 100 100 100 100
2 Heroin 370 328 NA 685.5322 328.1531 17.15921 18.39443  18.6417 17.88139 18.45073 18.73004 18.74169 17.76055 18.09249 18.37667 18.39403
3 Heroin 370 268 NA 685.5322 268.1322 17.07744 18.77289 20.40242 19.29194 19.76167 19.69859 19.46293 19.51175 19.85863 19.31585 19.33385
4Heroin 370 211 NA 685.5322 211.0747 9.622315 10.73035 11.40711 10.39543 10.88375 10.45231  11.0393 10.84261 11.37696  11.3071 11.05956
5 Heroin 370 193 NA 685.5322 193.0641 4.323645 4.855901 4.983152 4.499524 4.947978 4.646757  4.79105 4.218714 4.675811 4.683997 4.713014
6 Heroin 370 58NA 686.438 57.99157 NA 5.99E-05 NA 0.000596 NA NA 0.000345 NA NA NA NA
7 Morphine 286 286 NA 145.5 286.143 100 100 100 100 100 100 100 100 100 100 100
8 Morphine 286 268 NA 145.5 268.1305 2.670475 3.125105 3.062768 2.786753 2.859004 2.840231 2.987035 2.972688  3.06945 3.042394 3.075344
9 Morphine 286 229 NA 145.5 229.0854 8.561415 9.161407 9.334928 8.784194 8.625725 9.126321 9.169298 8.583596 9.280783 9.283786 9.032074
10 Morphine 286 201 NA 145.5 201.0879 12.19651 13.57935 13.06975 12.46825 12.98579 13.37682 13.05792 12.63889  13.1397 13.10741 12.83023
11 Cocaine 304 304 NA 700.1591 304.1536 4.271969 3.654745 3.751795 3.939854 3.871665 3.786899 3.996785 3.692513 3.800112 3.720228 3.665711
12 Cocaine 304 182 NA 699.8602 182.117 100 100 100 100 100 100 100 100 100 100 100
13 Cocaine 304 150 NA 699.8602 150.091 9.635973 10.80377 10.91305 10.44322 10.60621 10.75882 10.49676 10.31695 10.47296  10.4976 10.53751
14 Cocaine 304 105 NA 699.8602 105.0332 8.257776 10.12303 10.45421 8.533747 8.588402 8.682946 9.184191  9.47007 8.794919  9.04414 9.662752
15 Cocaine 304 82NA 699.8602 82.0649 11.49027 13.79007 14.60382 11.87337 11.97852 11.98552 12.60624 12.85707 12.57045 12.78606 13.36315
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Peak analysis (targeted)

Output file
m/z (MS1)
Peak_In \ o, RetTimesRet Time_est. . D1.50_MS D10_900_ D11_1000_D2_100_M D3_200_M D4_300_M D5_400_M D6_500_M D7_600_M D8_700_M D9_800_M
dex ec sec - 1 MS1 MS1 S1 S1 S1 S1 S1 S1 S1 S1
1Heroin 370 685.2 685.3724 370.1643 370.1641 370.1642 370.1642 370.1643 370.1644 370.1643 370.1643 370.1644 370.1643 370.1642 370.1643
2 Morphine 286 147 146.2696 286.1431 286.1432 286.1431 286.143 286.1432 286.1432 286.1432 286.1432 286.1432 286.1431 286.1431 286.1431
3 Cocaine 304 702 701.136 304.1538 304.1537 304.1538 304.1538 304.1539 304.154 304.1538 304.1537 304.1539 304.1538 304.1539 304.1538
4 Thebaine 312 678.6 678.8176 312.1588 312.1588 312.1587 312.1586 312.1588 312.1588 312.1588 312.1588 312.1588 312.1588 312.1587 312.1587
5delta-9 THC 315 1513.8 1513.319 315.2302 315.2193 315.2314 315.2317 315.2313 315.2314 315.2313 315.2312 315.2313 315.2311 315.2312 315.2313
6 Amphetamine 136 422.4 419.1944 136.0804 136.0589 136.0881 136.0891 136.0615 136.0743 136.0787 136.0822 136.0876 136.0871 136.088 136.0886
7MA 150 495.6 496.8365 150.1021 150.0957 150.1096 150.1148 150.0878 150.0931 150.0988 150.0962 150.1067 150.0988 150.1092 150.1121
8 MDMA 194 5394 538.9991 194.1173 194.1173 194.1172 194.1172 194.1171 194.1173 194.1173 194.1173 194.1173 194.1173 194.1173 194.1172
9Love Drug 180 506.4 505.6407 180.0866 180.0712 180.0972 180.101 180.0718 180.084 180.0921 180.0782 180.0869 180.0861 180.0898 180.094
10Ketamine 238 600 599.9313 238.0988 238.0988 238.099 238.0989 238.0988 238.0988 238.0988 238.0988 238.0988 238.0988 238.0988 238.099
11FM2 314 1044 1044.274 314.093 314.0929 314.093 314.093 314.0932 314.0931 314.093 314.0931 314.0929 314.093 314.093 314.093

12 Nimetazepam 296 1041 1040.522 296.1024 296.1024 296.1025 296.1025 296.1024 296.1024 296.1024 296.1025 296.1022 296.1024 296.1023 296.1026

86



Output file
m/z (MS2)

Peak analysis (targeted)

peak Index Name parent_jon mz Ret_Time.sec Ret Time_estsec miz est Dl-50-MS D10.900_ D11 1000_ D2 100 M D3 200 M D4_300_ M DS5_400 M D6_500 M D7_600_M D8 700_M D9_800_M
- - - S - MS MSMS MSMS SMS SMS SMS SMS SMS SMS SMS SMS
1Heroin 370 370NA 685.5322 370.1636 370.1635 370.1637 370.1635 370.1635 370.1635 370.1634 370.1635 370.1636 370.1638 370.1635 370.1636
2 Heroin 370 328NA 685.5322 328.1531 328.1533 328.1531 328.1528 328.1533 328.1532 328.1531 328.1531  328.153 328.1531 328.1531  328.153
3 Heroin 370 268NA 685.5322 268.1322 268.1324 268.1322  268.132 268.1324 268.1323 268.1323 268.1322 268.1322 268.1322 268.1321 268.1322
4Heroin 370 211NA 685.5322 211.0747 211.0746 211.0746 211.0746 211.0745 211.0747 211.0748 211.0748 211.0748 211.0746 211.0746 211.0746
5Heroin 370 193NA 685.5322 193.0641 193.0642 193.0642  193.064 193.0641 193.0642 193.0641 193.0641 193.0641 193.0641 193.0641 193.0642
6 Heroin 370 58NA 686.438 57.99157 NA 57.9707 NA 57.9983 NA NA 58.0057 NA NA NA NA
7 Morphine 286 286NA 1455 286.143 286.1429 286.1428 286.1428 286.1431  286.143 286.1431 286.1431  286.143 286.1431 286.1429  286.1429
8 Morphine 286 268NA 1455 268.1305 268.1101 268.1326 268.1325 268.1327 268.1326 268.1326 268.1326 268.1325 268.1326 268.1325  268.1325
9 Morphine 286 229NA 145.5 229.0854 229.0853 229.0854 229.0854 229.0854 229.0854 229.0854 229.0854 229.0854 229.0855 229.0854  229.0854
10 Morphine 286 201NA 145.5 201.0879 201.0616 201.0905 201.0905 201.0905 201.0905 201.0904 201.0905 201.0905 201.0906 201.0906 201.0904
11 Cocaine 304 304NA 700.1591 304.1536 304.1536 304.1536 304.1536 304.1537 304.1537 304.1534 304.1538 304.1538 304.1537 304.1537 304.1535
12 Cocaine 304 182NA 699.8602 182.117 182.1171  182.117  182.117  182.117  182.117 182.1169  182.117  182.117 182.1171  182.117 182.1171
13 Cocaine 304 150NA 699.8602 150.091 150.0909  150.091 150.0909  150.091  150.091 150.0909  150.091  150.091  150.091 150.0909  150.0909
14 Cocaine 304 105NA 699.8602 105.0332 105.0332 105.0332 105.0332 105.0332 105.0332 105.0332 105.0333 105.0332 105.0332 105.0332  105.0332
15 Cocaine 304 82NA 699.8602 82.0649  82.0649  82.0649  82.0649  82.0649  82.0649  82.0649  82.0649  82.0649  82.0649  82.0649  82.0649
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Peak analysis (targeted)

Output file
RT (MS1)
Peak Index Name mz Ret Time.sec Ret_Time_ mz est D1_50_MS D10_900_ D11_1000_D2_100_M D3_200_M D4_300_M D5_400_M D6_500_M D7_600_M D8_700_M D9_800_M
- - est.sec - 1 MS1 MS1 S1 S1 S1 S1 S1 S1 S1 S1
1Heroin 370 685.2 685.3724 370.1643 684.492 685.62 685.626  685.392 684.96 685.428 685.062 685.68  685.632 685.89  685.314
2 Morphine 286 147 146.2696 286.1431 144954  146.202 147.018 145902 146.196 146.196 146.202 146.154  146.796 146.85 146.496
3 Cocaine 304 702  701.136 304.1538 699.912 701.256 701.226 700.8 701.274 701.034 701.286 701.43 701.394 701.586 701.298
4Thebaine 312 678.6 678.8176 312.1588 678.264 678.828 678.858 678.504 678.786 678.672 678.948 678.744  679.002 679.314 679.074
5delta-9 THC 315 1513.8 1513.319 315.2302 1513.5 1513.308 1513.782  1512.63 1513.332 1512.768 1513.47 1513.41 1513.632 1513.422 1513.26
6 Amphetamine 136 422.4 419.1944  136.094 421.452 415.902 414.804 423.384 420.396 418.092 417.762 416.316  430.752 416.67  415.608
7MA 150 495.6 496.8365 150.1021 495.9 496.668 496.824  496.854 496.818 496.458 496.794  495.954  498.144  497.148 497.64
8 MDMA 194 539.4 538.9991 194.1173 538.212 539.214 539.298 538.506 538.752 538.824 539.424 539.172 539.496 538.992 539.1
9Love Drug 180 506.4 505.6407 180.0866 504.756 505.356 506.364 504.726 505.014 505.836 506.154 505.44 506.694 505.932 505.776
10Ketamine 238 600 599.9313 238.0988 599.22  599.994 600.06 599.826  599.922 599.88 600.156 599.796 600.072 600.12  600.198
11 FM2 314 1044 1044.274 314.093 1044.162 1044.828 1044.162 1043.718 1044.252 1044.438 1043.772 1044.33 1044.582 1044.99 1043.778

12Nimetazepam 296 1041 1040.522 296.1024 1039.692 1041.312 1040.952 1040.52 1040.508 1040.46 1040.1 1040.442 1040.688 1040.538 1040.532
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Output file
RT (MS2)

Peak analysis (targeted)

peak Index Name parent ion mz  Ret Timesec Re€t-TMe_ = .o D150 Ms D10900_ D11 1000_D2_100 M D3_200_ M D4_300_M DS_400_M D6_500_M D7_600_M D8_700_M D9_800_M
- = - est.sec - Mms MSMS MSMS SMS SMS SMS SMS SMS SMS SMS SMS
1 Heroin 370  370NA 685.5322 370.1636  683.292 686.46  686.472 683.16 683.1 686.37  686.376 686.4 686376 686.424  686.424
2 Heroin 370  328NA 685.5322 328.1531  683.292 686.46  686.472 683.16 683.1 686.37  686.376 686.4 686376  686.424  686.424
3 Heroin 370  268NA 685.5322 268.1322  683.292 686.46  686.472 683.16 683.1 686.37  686.376 686.4 686376  686.424  686.424
4Heroin 370 211NA 685.5322 211.0747  683.292 686.46  686.472 683.16 683.1 686.37  686.376 686.4 686376  686.424  686.424
5 Heroin 370  193NA 685.5322 193.0641  683.292 686.46  686.472 683.16 683.1 686.37  686.376 686.4 686376  686.424  686.424
6 Heroin 370  58NA 686.438 57.99157 NA 679.944 NA 689.724 NA NA 689.646 NA NA NA NA
7 Morphine 286  286NA 1455  286.143 145524 145518  145.494 145.47 145.5  145.488  145.482 145.5 145.5  145.524 145.5
8 Morphine 286  268NA 145.5 268.1305 145524 145518  145.494 145.47 1455  145.488  145.482 145.5 1455  145.524 145.5
9 Morphine 286  229NA 1455 229.0854  145.524 145518  145.494 145.47 1455  145.488  145.482 145.5 1455  145.524 145.5
10 Morphine 286  201NA 145.5 201.0879 145524 145518  145.494 145.47 1455  145.488  145.482 145.5 1455  145.524 145.5
11 Cocaine 304  304NA 700.1591 304.1536  700.038  699.876  703.164  699.906  699.816  699.816  699.828  699.84  699.792 699.84  699.834
12 Cocaine 304 182NA 699.8602  182.117  700.038  699.876  699.876  699.906  699.816  699.816  699.828  699.84  699.792 699.84  699.834
13 Cocaine 304  150NA 699.8602  150.091  700.038  699.876  699.876  699.906  699.816  699.816  699.828  699.84  699.792 699.84  699.834
14 Cocaine 304  105NA 699.8602 105.0332  700.038  699.876  699.876  699.906  699.816  699.816  699.828  699.84  699.792 699.84  699.834
15 Cocaine 304  82NA 699.8602  82.0649  700.038  699.876  699.876  699.906  699.816  699.816  699.828  699.84  699.792 699.84  699.834
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Peak analysis (targeted)

Output file
S/N (MS1)

Peak IndexName mz Ret Time.sec Ret_Time_ mz est D1_50_MS D10_900_ D11_1000_D2_100_M D3_200_M D4_300_M D5_400_M D6_500_M D7_600_M D8_700_M D9 _800_M

- - est.sec - 1 MS1 MS1 S1 S1 S1 S1 S1 S1 S1 S1

1Heroin 370 685.2 685.3724 370.1643 1.258 1.3451 1.3331 1.2637 1.2006 1.2379 1.2124 1.3227 1.2697 1.2882 1.3332

2 Morphine 286 147 146.2696 286.1431 0.8601 0.8815 0.8624 0.7993 0.7657 0.7593 0.7614 0.8325 0.821 0.889 0.8425

3 Cocaine 304 702 701.136 304.1538 1.0586 1.1744 1.1824 1.0686 1.1593 1.1368 1.1814 1.1737 1.1954 1.1696 1.1643

4Thebaine 312 678.6 678.8176 312.1588 1.2042 1.3537 1.3344 1.1617 1.2331 1.3413 1.3679 1.4252 1.4004 1.35 1.39

5delta-9 THC 315 1513.8 1513.319 315.2302 0.4827 0.7615 0.786 0.6074 0.7792 0.7682 0.7972 0.812 0.8056 0.7853 0.8336

6 Amphetamine 136 422.4 419.1944 136.0804 1.4295 0.8961 0.8624 1.4094 1.2505 1.1382 1.1193 0.9806 0.9936 0.9322 0.9072

7MA 150 495.6 496.8365 150.1021 1.2172 1.0342 1.0247 1.1924 1.1465 1.1408 1.1538 1.1191 1.1219 1.0873 1.0896

8 MDMA 194 539.4 538.9991 194.1173 0.8665 1.0204 1.0133 0.8288 0.9271 1.0063 0.974 1.064 1.0822 1.0516 1.085

9Love Drug 180 506.4 505.6407 180.0866 1.324 1.5555 1.5448 1.2935 1.303 1.3073 1.4168 1.4861 1.4673 1.7218 1.4975

10Ketamine 238 600 599.9313 238.0988 1.1623 1.1566 1.1886 1.1839 1.259 1.2549 1.2607 1.2335 1.2798 1.2108 1.2105

11FM2 314 1044 1044.274 314.093 0.9901 0.9353 0.9865 0.9695 0.9464 0.9406 0.9512 0.9684 0.9777 0.9584 0.9852

12Nimetazepam 296 1041 1040.522 296.1024 0.9651 0.9587 0.9532 0.9341 0.9048 0.9264 0.9336 0.9345 0.9144 0.9565 0.9393
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Output file
S/N (MS2)

Peak analysis (targeted)

peak Index Name parent._jon mz Ret Timesec Ret-Time_e . D150_MS D10_900_ D11_1000_ D2_100_M D3_200_M DA4_300_M D5_400_M D6_500_M D7_600_M D8_700_M D9_800_M
- - - st.sec - MS MSMS MSMS SMS SMS SMS SMS SMS SMS SMS SMS
1 Heroin 370  370NA 685.5322  370.1636 2.2754 2.1575 2.2095 1.7426 1.5182 1.5774 1.8792 1.919 1.9821 1.9042 2.0616
2 Heroin 370  328NA 685.5322 328.1531 2.2624 2.1629 2.2075 1.7496 1.5132 1.5627 1.8573 1.9065 1.9546 1.8699 2.0653
3 Heroin 370  268NA 685.5322  268.1322 2.2613 2.1554 2.2105 1.7726 1.5105 1.57 1.8721 1.9139 1.9731 1.8614 2.0704
4 Heroin 370 211NA 685.5322  211.0747 2.2738 2.1484 2.2039 1.7586 1.5087 1.5658 1.8721 1.9124 1.9829 1.8725 2.0448
5 Heroin 370 193NA 685.5322  193.0641 2.2736 2.1775 2.2153 1.7398 1.5218 1.5767 1.8779 1.8741 1.9691 1.8508 2.0683
6 Heroin 370 58 NA 686.438 57.99157NA NA NA NA NA NA NA NA NA NA NA
7 Morphine 286  286NA 1455  286.143 1.5084 1.498 1.4622 1.6833 1.794 1.6962 1.7063 1.6977 1.6228 1.5853 1.5373
8 Morphine 286  268NA 1455 268.1305 1.4903 1.5157 1.4851 1.7056 1.8104 1.7309 1.7479 1.7242 1.6543 1.6184 1.5653
9 Morphine 286  229NA 1455  229.0854 1.5004 1.5458 1.506 1.7119 1.7769 1.7119 1.7187 1.6686 1.6353 1.6151 1.561
10 Morphine 286  201NA 1455 201.0879 1.48 1.5655 1.5007 1.7254 1.7964 1.7166 1.7216 1.6632 1.6224 1.5915 1.5471
11 Cocaine 304  304NA 700.1591 304.1536 1.9155 1.4562 1.4427 2.0541 1.9777 1.8857 1.7429 1.6952 1.6246 1.5651 1.4984
12 Cocaine 304  182NA 699.8602  182.117 1.8864 1.5056 1.4639 2.0907 2.0307 1.9291 1.8093 1.7527 1.6855 1.6817 1.5992
13 Cocaine 304  150NA 699.8602  150.091 1.8077 1.5238 1.4723 2.0971 2.0433 1.9661 1.8037 1.7921 1.6852 1.6823 1.5917
14 Cocaine 304  105NA 699.8602  105.0332 1.7233 1.6279 1.5504 2.1 2.0632 1.9639 1.8819 1.8348 1.7372 1.7087 1.6749
15 Cocaine 304 82NA 699.8602  82.0649 1.7085 1.623 1.5539 2.1039 2.0543 1.97 1.8798 1.8226 1.7479 1.7198 1.6732
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Peak analysis (targeted)
Figure (MS1)

D7_600_MS1 Heroin RT=685.2 m/z=370

Relative m/z = 369.63 - 370.37

Abundance
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D7_600_MSMS Heroin RT=685.632 m/z=370,328;268; 211;193,58

P e a k a n a I yS i S ta rg ete d Aoundance » miz = 369.63 - 370.37

Figure (MS2) ]

m/z = 327.672 - 328.328
m/z = 267.732 - 268.268
m/z = 210.789 - 211.211

m/z = 192.807 - 193.193

m/z = 57.942 - 58.058
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Auto detect

£ Targeted Analysis — 0 %

Input folder: G;/SMARTZ2/Data/Drug/M51/Standard
Cutput folder: G/SMARTZ2/Results/Drug

Parameter setting:

Peak detection:

prostep: |1 , mslevel: |1 ,scanrange: |n , nSlaves:
profmethad: ™ bin ©  binlin binlinbase ©  intlin
Peak abundance calculation:
time tolerance: |5 sec [ userprovided ™ auto detect
m/z tolerance: (1000 ppm
true m/z information file: |G:/SMART2/Data/Drug,/True mz/true_MS1_wo_time.cav J

Additional MSn data: & Yes T Mo

Continue Cancel

[N e« S B o T TR N K A I T

= e
P |

13

Mame

Heroin
Morphine
Cocaine
Thebaine
delta 9 THC
Amphetamine
b A

MDA

Love Drg
Eetamine
Fii2
Nimetazepam

mz Eet Time.sec

370 NA
286 NA
304 NA
312 NA
315 NA
136 NAa
150 NA
194 NA
130 NA
238 NA
314 NA
296 NA

true_MS1 wo_time.csv

{5 Data Impaort - Additainal MSn data

Input folder for Additional MSn {mzxML file):

Parameter setting:
Peak detection:
prostep: |1 , melevel: |2
profmethod: &  bin T binlin ©  binlinbase

Peak abundance calculation:

,scanrangel |n

time tolerance: |5 sec

myz tolerance: (1000 ppm

true m/z information file:

ok |

user provided {*

G:/SMART2/Data/Drug/MS2/Standard

auto detect

G/SMART2/Data/Drug/True mzftrue_MS2.csv

Mame

1 parent_ion daughter_ion

2 |Heroin 370 370;328:268; 211;193;58

3 |Morphine 286 286; 263, 229; 201

4 |Cocaine 204 304, 182; 150; 105; 82

5 | Thebaine 312 312, 281, 266; 251; 221; 58
& |delta-9 THC 215 315; 259; 193; 135; 123; 107; 93
7 | Amphetamine 136 136; 119; 91

8 Ma 1500 150; 119; 91

9 |MDMA 194 194; 163; 135; 133; 105

10 |Love Drug 180 180; 163; 135; 133; 105

11 |Ketamine 238 238; 220: 179: 163; 152; 125
12 |Fm2 214 314; 200; 286; 268

13 | Nimetazepam 296 206; 263; 250; 222; 193; 165

true_MS2.csv

[
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Flowchart Statistical Metabolomics Analysis —an R Tool

(SMART)

| :
oMWl > oo p
y >\ TIC plot and Clustering P

Convert RAW file to LT
mzXML file Peak analysis = R
msconvert XCMS & CAMERA(R)

(ProteoWizard)

K 2D, 3D, spectra
> visualization
\ Sliding window (scan)

Data preprocessing
Step 1. Internal Standard (IS)
Step 2. Generalized log 2

Step 3. QN and others

r||I




Statistical Metabolomics Analysis - an R Tool

* 4. Data preprocessing

&1 SMART

File Viewer | PeakAnalysis | Statistical Methods
-] mzxX L Pealk Aligmment and Annotation
J

ACEI] Diata Preprocesmng

ACEI] ]
ACEL Cuality Control

ACFT12 |—[

[

¥

.y
B

i Data Preprocessing — O x

Input file:
E:/1_2T/D_B0G/Lyj)/1S5/DrYang/Project/Metabolite/SMART/2.0/forSMART /geneData_YJ_forSMART .csv

Output folder: E/1_2T/D_80G/Lyj/155/DrY¥ang,/Project/Metabolite/SMART/2 0/forSMART/SMART 2.0/ GE

Step 1. Internal standard adjustment: |Ncme V| m/z

Step 2. Transformation: |Genera|ized log2 v|

Step 3. Normalization:  Mone ™ by Samples by Peaks

Cancel

Quantile normalization
Standardization

Pareto scaling

Inverse normal transformation

Version 2.0

-
JTr =
siy Data Preprocessing

= | B S |

Input file: F/SMART/ACELsMNonMed_Example/20160506/Peak Alignment/S60_nofilledPeakinto_loop2.csv
Output folder: F/SMART/ACENsNonMed_Example/20160506

Step 1. Internal standard adjustment: Scaling to the mean of IS *  mjz - |176.118
Step 2. Transformation: Generalized log2 -

Step 3. Mormalization: MNone -

Run Cancel
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& SMART
File Viewer PeakAnalysis

mzxXML

ACEN
ACEI1_2
ACEl1_3
ACEI1_4
ACEI1_5
ACEI1_6

ACEI2

ACEI3

ACEI41

ACEI42

N1

N2

N3

NG

NT

Data preprocessing

Cerd — O o
Statistical Methods
TIC plot
o
(=]
o
=
=T
o
o
O -
- O
= L]
i
=
o 3
N
o o
= ol
g
o
E o
(=
= e
(=1
* ACEN 1
[ -
I I I T I I
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Retention Time (sec)
Resolution I Intensity limit Retention time M/z Rotation angle
= 264
my/z resolution |100 Lower bound |-Inf Begin | EE Begin %}7 Vangleijﬁi
— = 100.0
RT resolution |100 Upper bound |Inf Ranges I Range |%]7 Hangle&i
Hscale: |2 Vscale: [1.75
Refresh | Save file I Exit |
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Flowchart

\.___/’

, ;'—7

Convert RAW file to

(ProteoWizard)

mzXML file
msconvert

Read mzXML file
mzR (R)

\Z

Re-alignment

>

Peak alignment and
annotation
XCMS & CAMERA(R)

visualization

v

¢

>C TIC plot and Clustering P
/ 2D, 3D, spectra
N
AN

Sliding window (scan) )

\lf_l

Data preprocessing
Step 1. Internal Standard
Step 2. Generalized log 2
Step 3. QN and others

Statistical Metabolomics Analysis —an R Tool
(SMART)

W Qusity Contrsd result wiewes

=TT -

Quality control

Peak QC

1. missing-rate or zero-rate, |S/N|
2. r-value (within/between)

Acomacy

Sample QC

Clustering (using height and step)

Clistesizg methed = complaln
r-value threshold : Tnf.
Height threshold (nosmal) 10349

1 oo o o 8 a___o

W =51 “aie,
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a5 4— commm_
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- N -
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5. Quality control -- sample filtering

@ (VRS (T To 1\ A R oF: T Yo WeT 4 WA . ity inclex for peaks : r-value = SsW /558
OOd _ g ua I it ! E ea kS eAverage-linkage , complete-linkage , or Ward’s method

2. Dista nce measurement h *h =log((1 - p) / 2), p = Pearson’s correlation coefficient

v eperfectly-clustered : all replicate samples of this subject are clustered together @

3 . Su b.ects cate g rizatio 1] | s well-clustered : at least 2/3 replicate samples of this subject are clustered together

epoorly-clustered : otherwise

r'ﬁ_lll_‘l’_%‘_f_l_\

- - - — i o4 | L] - = 5] i
E W ©m m = = =T T [ g = =
2 F 7 3 F
—
perfectly-clustered well-clustered poorly-clustered

6 replicates 4 or 5 replicates Less than 4 replicates

101



5. Quality control -- sample filtering (2)

#

# Quality Control - Output viewer

0.85

0.9

0.85

0.8

Accuracy

Clustering method - Average linkage
r-value cut-off : Inf

s-value threshold (Parametric) : 0.027

h

0.05
0.04 -
0.03
0.02

— Nard's method

—  MAverage linkage 0.01 -

—  Complete linkage

T4 2] 543 45z 355 236 144

i 022 02 047 0.14

012 011 009 008 006 0.05 0.04 003 0.02
r-value cut-off

g mg &
L ] perfec‘tl]r—clustered ACEH"_E
* wellclustered
* poorly-clustered
N7 _5
&£
ACEI45_5_8
-value=0.02ACE|44 SAACE|44 6
+ [
L ‘ -
: ! s
* L
:
: :
L]
& & 8 10
Steps

Re-alignment |

Average Linkage (775 peaks with r-value < Inf) 1 ACEI41 B
. ) 2 M7_5 Tes
poorly-clustered sample () 3 N7 6 Mo
4 M7_1 Mo
5 ACEI41_1 Mo
3 ACEI41_2 Mo
T 7 N7_2 Mo
= e S T s MU o T S T
L2322 iioiiiZEocEiiiiii9iTUIIS9959953 5SS AES8E58E585555 J N7_3 No
Y YIeeRIIR T T EEBEABEEEEEET I T EABEEE T T T 1a N7_4 No
1 ACEIA 3 Mo
12 | ACEI41_4 Mo
13 | ACE441 Mo
14 | ACEI44 2 Mo
r . 1

[luality




5. Quality control -- sample filtering (2)| |

i Quality Control - Output viewer

Clustering method - Average linkage

r-value cut-off - Inf

s-value threshold (Parametric) - 0.027
Accuracy h
1 S S T W S WO S S o hen.0I7 =
- & h=0.027

&
& B
0.08 4 & perfectly-clustered ACEI41_6
# well-clustered
055 oos #* poorly-clustered
' N7_5
&£
ACEI45 5 6
0.9 4 0.02 - e -
-value=0.02ACE]44 SYACE|44 6
* [
L
s 0.02 ‘ .
. B *
— ard's method H L ]
*
—  Average linkage o001 4 -
o8 1— Complete linkage :
|
I——I_lF’:‘j_' '_ﬁ—l I_F_‘ I__I——I | | 1
el e — b - - - - - - N o ~N o - - o e
x T z x x x —- —_ - —_ - P
¥ 8§ 8§ 8 * * = * @B g *FF
< < £ < < £

| I
~ 11| perfectly-clustered well-clustered poorly-clustered

6 replicates 4 or 5 replicates Less than 4 replicates

[
]

- [

4 L

Re-alignment Close




5. Quality control

#

-- sample filtering (2) --

# Quality Control - Output viewer

Clustering method - Average linkage
r-value cut-off : Inf

s-value threshold (Parametric) : 0.027

Re-alignment |

Accuracy h
g 2 28 :
0.05 1 o perfec‘tl]r—clustered ACEI41_6
* well-clustered
055 * poorly-clustered
004
M7 5
=
ACEI45_5 8
1 0.03 4 2
s b value=0.02ACE44_SAACEI44 6
* [
e 0.0z * ‘ .
’ —  Ward's method E | J
—  Average linkage o001 4 -
o8 1— Complete linkage : | I '
' 74 = 543 452 358 *
Inf i 028 02 017 014 012 011 0.0% 008 0.05 2z 4
r-value cut-off
i [luality
Average Linkage (775 peaks with r-value < Inf) 1 ACEI B
2 MH7_5 Tes
= poorly-clustered sample {0 =
poort ple o) 3 M7_E Mo
) MH7_1 Mo
5 ACEIA1_1 Mo
B ACEI41_2 Mo
T 7 M7_2 Wi
e ey vy v e M= MU S B S
EC ey C IS EE 3331353099099 99 9933333550838 8E88a0nn; J N7_3 No
F3iiidiiFiad [ EEEEE LY LY T 10 N7_4 No
11 ACEIAT_3 Mo
12 ACEI41_4 Mo
13 ACEI44 1 Wi i
14 | ACEI44 2 No (=]
T I 4 1 | P
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e 5. Quality control

1”& Viewer | Peak Analysis | Statistical Methods

T il Peal Ahg]mlent.
ACETT Diata Preprocessing
Cualityr Cnﬁml
ACEIL 2
ACEIL_3
ACEI1_ 4

ACCT £

Diata Analysis
Cratput Viewer

|%| Peak/Sample filtering

Input file: /JUsers/macos/Documents/SMART/Data
Preprocessing/S60_nofilledPeakinto_loop2_mean_Glog2_none.csv

Output folder: fUsers/macos/Documents/SMART
Retention time (RT) and mfz: & Yes W RT: From |20 to|195 (sec) and

v mfz: From |50 to 990
T No

Peak filter: & Yes( w zerorate >=08 (0~1)or W missing rate >=(0.5 (0~1))
~ MNo

Clustering method: | Complete linkage W Average linkage v Ward's method

s-value thresholding method: © Parametric (Normal) © Nonparametric ¢ Bootstrap

Run Cancel

Version 1.0

o 4

2 ’ {1 Peak/Sample filtering

Input file: G;/SMART2/Results/Drug/Peak Analysis
(Targeted),/511_peak_abundance_MS51_forSMART _forSMART.csv

Cutput folder: G;/SMART2/Results/Drug

Retention time (RT)and m/z: © Yes ¥ RT:From to
I~ myz From to

* Mo
" Mo

Clustering: | Metric Linkage:

[v¥ Pearson correlation metricance

Peakfilter. ™ VYes (W zerorate >=08 (0~1)or ¥ missingrate >=|0.5 (0~1)or ¥ |5/N ratio| < |0 (=>=0))

v Complete linkage
¥ Spearman correlation metricance W Awverage linkage

¥ Kendall correlation metricance W Ward's method

s-value thresholding method: Parametric (Normal) ¢  MNonparametric T Bootstrap

Run (H Cancel
| — .

(sec) and

|S/N]

Version 2.0

V‘
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Statistical Metabolomics Analysis —an R Tool

e 5. Quality control

& Peak/Sample filtering - . x

Input file: G./SMART2/Results/HT/Data
Preprocessing,/560_nofilledPeakinto_loop2_forSMART_mean_Glog2_none_forSMART .csv

Cutput folder: G/SMART2/Results/HT

Retention time (RT) and m/=z * Y¥Yes ¥ RT:From |20 to|199  (sec)and

¥ m/z From |30 to 990

T Mo
Peakfilter: & Yes [ ¥ zerorate »= W [0~1)or ¥ missing rate >= ’F (0~1)or W |S/N ratio| < ID_ (==0))
T Mo
Clustering: | Metric Linkage:
l¥ Pearson correlation metricance V¥ Complete linkage
¥ Spearman correlation metricance | W Average linkage Version 2'0
v Kendall correlation metricance ¥ Ward's method

s-value thresholding method: @ Parametric (Normal) ©  MNonparametric 1 Bootstrap

Run Cancel |

S LS

il O result—F O Data

JC_results-2023-06-14-1812 (Parametric - KendallCorrDist)
JC_results-2023-06-14-1820 (Parametric - KendallCorrDist)
JC_results-2023-06-14-1811 (Parametric - PearsonCorrDist)

QC_results-2023-06-14-1819 (Parametric - PearsonCorrDist)
QC_results-2023-06-14-1612 (Parametric - SpearmanCorrDist)
QC_results-2023-06-14-1619 (Parametric - SpearmanCorrDist)
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Statistical Metabolomics Analysis —an R Tool
* 5. Quality control

# Quality Contral LX)

6' In the region of RT (and MZ), number of peaks is reduced from 984
WV o600
The file is saved as "peak_RTWZ_S60_P659.cav'.

LLEE

¥

# Quality Control LX)

'6 There are 80 samples with two or more replicates and 641 peaks in
W' the validated data for subsequent analyses.

The file is saved as "peak_RTMZ_filter_S60_P&41 cav'.




Statistical Metabolomics Analysis — an R Tool

* 5. Quality control

#5 Please input the cut-off of r-value

(=[5 ]

Histogram of r-value (r = SSW/ SSB)

Frequency
15 25 30
|
]
1

10

O

001 002 004 008 016 035 074

r—value (a scale of log )

r-value cut-off:

1. [Inf 21 3. |0.82 4 |0.63 5. |05
6. |0.39 7. 103 8. [0.24 9. |0.19 10. (0.14
11. |0.09 12.|0.05 13.|0.04 14.|0.02 15.|0.01

Continue

158 336 7.18

| v 4

ag

[ ] % Please input the cut-off of r-value

Histogram of r-value (r = SSW/ SSB)

o _
pas] —
. mi il
i
Lf-) ] N —
Lat| I
— ] _ —
i . —
L B I
=
- ]
QL L L
0 o]
D_ -—
L _
L Ly
| onfl |
o]
[ T TTTTIITTIITTITITITITITIITIoTT
001 o004 o6 05 153 5594
r—wvalue (a scale of logyg)
r-value cut-off:
1. |Inf 2.1 3. 082 4. 063 5 05
& |0.39 7. 0.3 8 024 9. 019 100|014
11. |D.09 12 005 13 |0.04 14 |0.02 15 |0.01
Continue



Statistical Metabolomics Analysis —an R Tool
5. Quality control

[ ] @ [% Quality Control - Output viewer
Clustering method : Average linkage
r-value cut-off : Inf
s-value threshold (Parametric) : 0.035

Accuracy h ACElAD M7 5 N
0.8 0O h<0.035 A B
4 h=0.035
n perfectly-clustered
085 004 o 1 PEory clactred
s-value=0.035
08 o
ezl = ACEIM 6
075 o *
0.02
0r4q__ Ward's method >
—  Awerage linkage ! -
0E5 4 — Complete linkage 0.0+
40 42 380 b2} 2 143 a4 -
Inf 1 082 063 05 032 03 024 012 014 002 005 004 002 O 4 4.5 5 55 [
r-value cut-off Stepa
1 ACEI42_5 Yes
2 ACEI42_ 6 Yes
3 ACEIM2 3 Yes
4 ACEI42 4 Yes
5 ACEI2_1 Yes
B ACEI42_2 Yes
7 MN7_5 Yes
B MN7_6 Yes
— g N7 _1 No
. 10 NT_4 Mo
l | 11 N7_2 No
Jj?1 |J-| EL 12 N7_3 No
I_I]_‘I"\ ™ 13 ACEI41_1 Mo
~;=;~;-|=;;"'""""i"'""" --------- rrEE """"""""" ':':';';':;"ffff 14 HCE|41_2 NU
-]

Re-alingment | Close




Statistical Metabolomics Analysis —an R Tool

e 5. Quality control

Quality Control - Please wait for QC processing (53% done)

0.22 53%

¥

# Quality Control e ]

) Output of quality control is finished.
L' RData file is saved as "QC_results-2016-05-06-1818 RData" for
Quality Control - Output Viewer

. Bootstrap . Average
| Monparametric . Complete
. Parametric — . Ward
|| peak_information.csw [ Accuracy.png
| peak RTMZ_839.cav | peakTable_postQC.csv
| peak RTMZ filter_395.caw | | QC_results-2015-01-28-0023.RData
|| Step_vs Height rInfpng [ Clustering_r Infpng QC.r Inf.csv
M| Step_vs_Height r 1 png M Clustering_r 1.png L QCr Lesv

|| Step_vs_Height_r 0.39.png R Clustering_r 0.39.png
|| Step_ws_Height_r_0.28 png M| Clustering /0. 28
W& Step_vs_Height_r_0.23 png B Clusterig r 0.23 png
[Bs| Step_vs_Height_r_0.17 png M Clustering_r\

= QC_r 017 csv

¥

# Quality Control e S

| Do you really want to close without doing realignment?

I

[B| Step_vs_Height_r_0.15.png [M| Clustering_r_0.15.png E) QCr 0.15.cov

B Step_ws_Height_r_0.12. png M Clustering_r_0.12.png
o - ] QCr0.12.csv

Output path: outpath\Quality Control\Normal\Average




Statistical Metabolomics

e 5. Quality control — output viewer

Analysis —an R Too

L =)

Chstering method © Avarage linkage
r-value cut-off : inf

s-value threshold (Parametric] . 0,033

Aeavary

| Quality Cantral - Output viewar

fi Output Viewer

Peak &lignment
Diata Preprocessing

Cuality Contral

File Wiewer [_Peakhnalysis] Statistical Methods

Diata Analwsis
Crutput Viewer

—

mlﬁlg

acEw
z

om ] — —
-
N
e e
o W, am
oz
CL ACEl41_8
.
o
am
ar Waid's method -
— & fag 1 .
s 4 Compiee linkage am
1 E P . . .
i 1 O 085 G5 OB 03 M 010 o O DO OH 00 00 H a5 5 55 e

[Ty

) o | e ] oo <[]

Input .RData file:

||f’5599_P1011{Pa rametric/QC_results-2016-04-15-1428 RData

OK Cancel

[ 7T
76 2077
N1 [
w NY_a No Do |
| "o wNie [ [
| = 1 17| NP3 [ [
e 1l 19 | ACEWT1 | Ma 002
Lo W | ACCHIZ | Mo 5023
T
Re-alingment i‘
ality Control - Output viewer =)@ -
Clustering method : Average linkage
rvalue cut-off: Inf
s-value threshold (Parametric) : 0.035
AcourEcy h Eld N 1N
03 T T ==
2 R0
* Pericaiy siustered
288 001 3 Do o
08
o ACEI41_6
by
ors
0
07
— Viart .
— tveage linkage H .
085 4 —  Complete linkage om
= P = = = . = .
It 1 082 05 05 028 03I 024 019 0.4 008 005 0.04 0.2 001 4 s 5 s o
vae cutart
[T ———— Femove  Qually
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File Viewer Peak Analysis

mzxXML

ACEN
ACEI1_2
ACEl1_3
ACEI1_4
ACEI1_5
ACEI1_6

ACEI2

ACEI3

ACEI41

ACEI42

N1

N2

N3

NG

NT

Quality control (1)

Cerd — O o
Statistical Methods
TIC plot
o
(=]
o
=
=T
o
o
O —
- O
= L]
i
=
o 3
N
o o
= ol
g
o
E o
(=
= e
(=1
* ACEN 1
o -
I I I T I I
100 120 140 160 180 200
Retention Time (sec)
Resolution I Intensity limit Retention time M/z Rotation angle
= 264
my/z resolution |100 Lower bound |-Inf Begin | EE Begin %}7 Vangleijﬁi
— = 100.0
RT resolution |100 Upper bound |Inf Ranges I Range |%]7 Hangle&i
Hscale: |2 Vscale: [1.75
Refresh | Save file I Exit |
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Peak re-alignment and
annotation
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Flowchart

Statistical Metabolomics Analysis —an R Tool
(SMART)

i

\.___/ /
y >\ TIC plot and Clustering P
Convert RAW file to Read mzXML file
mzXML file mzR (R) /
2D, 3D, spectra
msconvert
(ProteoWizard) \ > visualization
K Sliding window (scan)
Peak alignment and
ﬁ annotation
XCMS & CAMERA(R) \l, \1,
Data preprocessing e i
Step 1. Internal Standard c e
= Step 2. Generalized log 2 = s _-f_- =
g Step 3. QN and others
c 8 iy o e —— =TT -
& Quality control T ey | T . .
08 \ 028 ;
Peak QC - Lo vt : ; E
1. missing-rate or zero-rate, |S/N| o H i :
2. r-value (within/between) *1 ... Bl i H )
a5 4— comnkn . . » I . o6 ] :
Complete Linkage (772 Peaks with r < Inf) E
Sample QC =
Clustering (using height and step) : -

Realingmeat Clesa




Re-alignment & annotation

e Re-alignment
& annotation

i3 Peak Re-alignment and Annotation = | B i

Input folder: F/SMART/ACEvsMonhMed_Example/m=z<XML_10HT
Output falder: F/SMART/ACENsMNonMed_Example

Parameter setting:

Identify peaks:

lockMassFreq: |F , polarity: |b ,snthresh: (10, mslevel: |n , scanrange: |n ,nSlaves: 4

profmethod: ¢ bin & binlin ¢ binlinbase ¢ intlin
{* MatchedFilter-methad
fwhm: |3 , Max: |5 , step: |D.1 , steps: |2 , mzdiff: [0.8  -stepfsteps

i~ centWave-method

ppm: |25, peakwidth: min (20, max |30 , mzdiff: [-0.02 | fitgauss: |F , noise: |0
prefilter: k |3 1100

Group peaks from different samples (loop)
bw: |3 , minfrac: (0.3, minsamp: |1 ,mzwid: (0.03 |, max: |30

Carrect retention time from different samples (loop)

rrissing: Il— , extra: ’l— , Span: ’F

smooth: & loess & linear

family: & gaussian symmetric

Integrate areas of missing peaks:

fillPeaks: & Yes f« HNo

Peak abundance format:
(« integrated area of ariginal [raw) peak ©  maximum intensity of original (raw) peak

(" integrated area of filtered peak " maximum intensity of filtered peak

Peak annotation:

filter out by selection: W isotope W fragment ¥ adduct ( (¢ positive {© negative )

QK Cancel




Statistical Metabolomics Analysis —an R Tool

@ Align retention times across samples { loop) E@g

e Re-alignment

& ann0tatI0n Retention Time Deviation vs. Retention Time
g . [x]
g g
° sgqgueta® B
=
i
3 -
] [T
[ak]
E
|_
5 3
=
o
[ak]
il
= _
=
=
[ak]
(]
S
m
[ak]
(n

0 100 200 300 400

Retention Time

Correct again Stop |




Statistical Metabolomics Analysis — an R Tool

* Re-alignment
— CAMERA

rﬂ B
gai Adduct selection: E@g

Select adducts to reserve:

[

@ O @ x| Adduct selection:

Select adducts to reserve:

[M+EK+HCOOH]+
[M+K+NH31+
[M+E+NaCOOH]+
[M+K]+
[M+Na+HCOOH]+
[M+Na+K]Z2+
[M+Na+NH3]+
[M+Na+NaCOOHI+ | |

M e

oK




Peak re-alignment

mzXML

ACEl1
ACEI1_2
ACEI1_3
ACEI1 4
ACEI 5
ACEI1 6

ACEI2

ACEI3

ACEI41

ACEI42

N1

N2

N3

N6

N7

nment ana Annoiaton

Input folder: C:/Users/ly)/Deskiop/SMART_Demo/mzxML
Output folder: C:/Users/ly)/Desktop/SMART_Demo

Parameter setting:

Identify peaks:

lockMassFreq: |F , polarity: |b ,snthresh: (10, mslevel: |n

profmethod: & bin €  binlin ©  binlinbase
# MatchedFilter-method

fwhm: |30
" centWave-method

,max |5 ,step: |01

ppm: [25 , peakwidth: min (20 max |50

prefilter: k |3 1100

Group peaks from different samples (loop)
bw: i30 , minfrac: 0.5

, minsamp: |1

Correct retention time from different samples (loop)

missing: |1 , extra: |1 , span: |l].2

smooth: ©  loess @ linear

family: ® gaussian syrmmetric

Integrate areas of missing peaks:
fillPeaks: & Yes & No

Peak abundance format:

, mzwid: iD.ES ,max: |50

T
, scanrange: |n

intlin

,steps: |2 , mzdiff: |'_I.'.I'8_ -stepisteps

mzdiff: |-0.02 | fitgauss: |F

* integrated area of original (raw) peak maximum intensity of ariginal (raw) peak

" integrated area of filtered peak

Peak annotation:

filter out by selection: ™

Lo

isotope [~ fragment [~ adduct { & positive

T raximum intensity of filtered peak

Cancel I

negative )

, nSlaves:

- f
. noisa: |0




Statistical Metabolomics Analysis —
an R Tool

e Data preprocessing (after re-alignment)

-
T =
wsi Data Preprocessing

Input file:

5

Step 2. Transformation: Generalized log2 -

Step 3. Mormalization: Mone -

F/SMART/ACElvsMNonMed_Example/20160506/Realignment/S52_nofilledPeakinto_loop?2_filterAnnoPeak.c

Output folder: F/SMART/ACElvsNonMed_Example/20160506

Step 1. Internal standard adjustment:  Scaling to the mean of IS

Cancel |




Statistical Metabolomics Analysis —

an R Tool

e Quality control (after re-alignment)

— Peak filtering

@1 Peak/Sample filtering =&

Input file: F/SMART/ACENsMonhed_Example/20160506/Data
Preprocessing,/532_nofilledPeakinto_loop2_filterAnnoPeak_mean_Glog2_none.csv

Output folder: F/SMART/ACElvsMonMed_Example/20160506

Retention time (RT) and m/z: & Yes W RT:From (20 to|195  (sec) and
W m/z From |30 to (990
" Mo
Peak filter: + Yes (V¥ =zerorate >=|08 (0~1)or W missingrate >=|0.5 [0~1))
" Mo
Clustering method: W Complete linkage v Awverage linkage ¥ Ward's method
s-value thresholding method: +  Parametric (Mormal) & MNonparametric {©  Bootstrap

Run Cancel




Statistical Metabolomics Analysis —

an R Tool

e Quality control (after re-alignment)
— Peak filtering

# Quality Control

LX)

."’.. . ..\.
[ |
L

In the region of RT (and MZ), number of peaks is reduced from 430
to 320.
The file is saved as "peak RTMZ_552_P320.cav".

) Quality Control

\ 4

|

."’.. ..\.
[ |
wy

There are 32 samples with two or more replicates and 308 peaks in
the validated data for subsequent analyses.

The file is saved as "peak RTMZ_filter_532_P306.cav"".
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e Quality control (after re-alignment)
- Pea k filte ring rﬁ\ Please input the cut-off of r-value

Histogram of r-value (r =SSW/ SSB)

i@

Frequency
10
|
I
I

[0 H_I_H [

T T TTT ITTT TTTTTTTTTITTTITITTIT I
001 002 004 008 016 033 069 143 297

r—value (a scale of log )

r-value cut-off:
1. |Inf 2.1 3. [075 4. 10.49 5. [0.35

6. |0.26 7. |0.19 8 (014 9. [0.11 10. |0.09
11. |0.06 12.0.05 13.|0.03 14. |0.02 15. |0.01
Continue




Statistical Metabolomics Analysis —an R Tool

e Quality control (after re-alignment)

— Peak filtering

€ Quality Control

e

y  Output of quality control is finished.

Quality Contral - Output Viewer

" RData file is saved as "QC_results-2016-05-08-1732 RData" for

-
%5 Quality Contral - Output viewer

Clustering method : Average linkage
r-value cut-off : Inf

s-value threshold (Parametric) : 0.026

Accuracy
B I S S T R S S S S S N S 7
0.95
03 4
085 4 — ard’s od
—  hverage linkage
— Complete linkage
0g 3 = 5% 2 43
T T T T T T T T T T T T T T T
Inf 1 075 049 035 026 019 0.14 0.11 0.09 0.06 005 0.02 0.02 0.01
r-walus cut-off
Average Linkage (306 peaks with r-value < Inf)
le = poariy-clustered sample

& h=D

0.025 | 026
* perfectly-clustered
+ well-clustered
+ poorly-clustered
0.02 4
0015 H
0.01 4
.
0.005 | .
T T T
3 25 5

Re-alingment

ACEN_1

perfect

>

m

Close

1 Mo

2 ACEN_2 Mo perfect
3 ACEN_3 Mo perfect
4 ACEN_4 Mo perfect
5 ALCEIN_S Mo perfect
B ACEI_B Mo perfect
7 ACEIZ_1 Mo perfect
g ACEIZ_2 Mo perfect
9 ACEIZ_3 Mo perfect
10 ACEIZ_4 Mo perfect
1 ACEIZ_B Mo perfect
12 ACEIZ_B Mo perfect
13 ACEIZ_1 Mo perfect
14 ACEIZ_2 Mo perfect

n




File Viewer PeakAnalysis

Quality control (2n)

mzxML

ACEI
ACEI_2
ACEN 3
ACEI1 4
ACEI1 5
ACEI1 6

ACEIZ2

ACEI3

ACEI41

ACEI42

M1

[

N3

MNB

MN7F

Statistical Methods
TIC plot
=
=]
[
o
=T
o
=1
0 —
oo
= (5]
o
=5
o s
= e
o O
= o4
0
=
H o
(=1
e
(=
* ACEM. 1
o=
T I I I
100 120 140 160 200
Retention Time (sec)
|Resolution Intensity limit Retention time | M/z 'Rotation angle
[ d64 !
|m/z resolution [100 Lower bound |-Int Begin L Begin Ll [V angle L
L1 . T
S . 100.0 [
|RT resolution |100 Upperbound |Inf Range i s Range ’%‘7 |H angle &7
Hscale: IZ Vscale: [1.75
Refresh | Save file ] Exit |
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6. Batch effect detection
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Statistical Metabolomics Analysis —an R Tool
(SMART)

Flowchart

e - p
/ 5 >\ TIC plot and Clustering )H ‘
Convert RAW file to Read mzXML file :
mzXML file mzR (R) =
2D, 3D, spectra
msconvert \/ q . p.
(ProteoWizard) \]/ > visualization
Sliding window (scan)
ﬁ Peak analyisis |
XCMS & CAMERA(R) \l/

Data preprocessing
Step 1. Internal Standard e
Step 2. Generalized log 2 = i
Step 3. QN and others

\’

Peak QC

Re-alignment

1. missing-rate
2. r-value (within/between)

v

Sample QC
Clustering (using height and step)

v

Batch effect detection
PCA and Clustering analysis (LG)




Batch effect detection

* Batch effect (PCA)

[ Ctatictical Methods ]
1 Batch Effect Analwss

Lyalvsts of Covariance (ANCOVA)

FT\ Batch Effect Detection - PCA

Frincipal Component &nalvsiz (PCAY
Latent Group Ib
=)

Input file: F/SMART/ACENsMonMed_Example/20160506,/Quality
Contral/552_P430/Parametric/peakTable_postQC_552_P306.csv

Output folder: F/SMART/ACEsMonhed_Example/20160506

oK Cancel

Q Pea

Covariates file: onhMed_Example/20160306/Covariate/ACEL M_HT10_cowv.csw J

A

\

3

k abundance data

Peak_Indexmz Ret_time.sec ACEI1_1 ACEI1_2
3 60.07563 29.1905 5.02179 5.47943
4 61.01206 39.1727 NA NA

]
Peak abundance data ;Nf'mgd Nf'mm
(peakTable_postQC.csv) 1na NA
B AOETIG BA0ET3 NA MNA
9 72.08131 37.8041 7.33726 7.13653
10 77.03941 58.0969 6.26716 6.54659
11 79.05265 58.1402 5.65197 5.21454

\
SamplelD DDataset Dgender Cage

ACEI1

ACEI1D
ACEI11
ACEI12
ACEI13
ACEI14
ACEI1E
ACEI1Y
ACEI1B

ACEI19

46
46
46
47
46
42
41
23
24
a0

Fd B

Cov file

PO S S s s s s

| I LN R L I LN ]

Chmi Ddate
26.08 D0914
26.65 D0915
23.41 DO920
27.32 D0O920
23.76 DO920
30.81 01014
23.29 D0924
25.45 D0924

29 D0O924
26.08 D0924




Batch effect detection

* Batch effect (PCA)

@ Batch Effect Detection - PCA |3

:I Please determine the number of principal components (PCs).

e

@i Please input the number of PCs

o 32 PCs’eigenvalue = 1
=
o |
D
o
0
m o
=] S
™ o] .
e = g
= o
=] 2
o g | o
o
=
o ﬁ\o_“b—
4 s Qe pmaio e o e S
[ ] — T UJ. TR TS
I I [ I
5 10 15 20
Principal Components
The number of the required principal components (PCs): 20
L1
oK

2 - 13 PCs’variance >= % ymulative
¢ Proportion
o e
@
o
o |
Lo}
=
<
o
N
=
=

T T | |
5 10 15 20

Principal Components

FCs




Batch effect detection

* Batch effect (PCA)

— Output files outpath\Batch Effect Detection\Principal Component Analysis (5)
SamplelD PC 1 PC_2 PC_3 L
ACEI1_1 -14.42  -8.34155 -4.72467 PC_index PC_eigenvalue PC_varprop PC_varpropcum
ACEI1_2 -15.9665 -8.26392 -1.82812 1 172.8498312 0.295427713  0.295427713
ACEI1_3 -10.3364 -12.6445 -11.1373 2 69.48399819 0.118759148 0.414186861
ACEI1 4  -9.78977 -11.5955 -9.99943 3 53.71048208 0.091799713  0.505986574
ACEI1_5 _8.3899 -10.1633 -5.99414 4 39.69078614 0.067837834 0.573824408
5 32.63368001 0.055776123 0.629600531
ACEIl_ 6  -10.9973 -4.66903 -6.23839 : p—
ACEIZ2_1 17.64336 -6.43721 6.850438 |
» ————
PCA_scores_3.csv PCA_variance_3.csv

P et colour vy age (805%) Popltcoour by gendr (505 P et colour oy b 505%)

PCA_screeplot_5.png PCAplot_colourby_age (50.6%).png PCAplot_colourby_gender (50.6%).png PCAplot_colourby_BMI (50.6%).png



Peak Analysis

Batch effect (PCA)

mzXML

ACEl
ACEI_2
ACEI1_3
ACEI 4
ACEI1 5
ACEl1_6

ACEI2

ACEI3

ACEI41

ACEl42

N1

N2

N3

NG

N7

Statistical Methods
TIC plot
o
o
o -
o
b
o
o
[
o=
= oy
u
=
o g
e
o O
= ol
m
=
H o
=
==
o
* ACER 1
==
I I I I I I
100 120 140 160 180 200
Retention Time (sec)
Resolution Intensity limit Retention time |M/z Rotation angle
— 864
|m/z resolution [100 Lower bound |-Inf Begin L Begin IL:I.::;* Wangle &7
! — . 100.0
|RT resolution 100 Upper bound |Inf Range  EE Range ’%‘7 H angle lﬁi
Hscale: IE Vscale: [1.75
Refresh | Save file ] Exit |




Batch effect detection

* Batch effect (latent group)

— Clustering analysis

[Etatistical Methaods ]
1 Batch Effect &nalwsis

Analysz of Covariance (ANCOTA)

FT\ Batch Effect Detection - LG

ESEE=X)

Contral/552_P430/Parametric/peakTable_postQC_552_P306.csv
Output folder: F/SMART/ACEsMonhed_Example/20160506

2 Covariates file: onhMed_Example/20160306/Covariate/ACEL M_HT10_cowv.csw J

oK Cancel |

Input file: F/SMART/ACENsMonMed_Example/20160506,/Quality

Q Peak abundance data

Method: " Complete linkage & Average linkage ¢ ‘Ward's method

L

136

Peak Index Mass Ret time(sec) N7 1 N7 6
3 60.0756 29.1905 4.9484 NA
4 61.0121 39.1727 NA NA
L A2 083 T aRn? 740761 7.19992
Peak abundance data ' NA NA
' NA NA
(peakTabIe_postQC.csv) A NA
9 72.0813 37.8041 6.70913 5.64685
10 77.0394 58.0969 6.3407% L5.80933
11 79.0526 58.1402 NA 4,92574

Principal Component &nalwsis (PCA)
Latent Group I},

ACEI

ACEIL0
ACEI11
ACEI1Z
ACEI13
ACEI14
ACEILG
ACEI1Y
ACEI1E
ACEI19

Cov

SamplelD DDataset Dgender

1
1
2
file

Fd Rl B2 B2 LA

T R — B T ey

Cage

46
46
46
a7
46
42
41
23
24
S0

Chmi Ddate
26.08 D0O914
26.65 D0915
23.41 DO920
27.32 DO920
23.76 D0O920
30.81 D1014
23.29 D0O924
25.45 D0924

29 D0O924
26.08 D0924




Batch effect detection

* Batch effect (latent group)

®

— Clustering analysis

@ Batch Effect Detection - LG ﬁ

| Please input the number of sample clusters.

BE

o A
@1 Batch Effect Detection - LG E@ﬂ

Group index
* 1
) m
Bar
[

The number of latent groups: |2 groups (2~10)

o




Batch effect detection
@) Bstch Effect Detection - LG X

* Batch effect (latent group) 5) &

| Latent Group analysis is done.

— Clustering analysis (output files)

outpath\Batch Effect Analysis\Latent Group (2)

Sample_ID group_idx ,_

N7_1 - ‘ | | ]
[ :'-.-.L. b --ﬁ|,-.-,. 7o (e, [T, W

N7_6
-
4 -
> s = |

ACEI41_1
latent_group_Awverage_2.csv latent_group_fverage.png latent_group_fwverage_2.png latent_group_Average_3.png

N7_2
ACEIA1_S
ACEI41_4
N7_3

9 N7.4

10 ACEN1 2
11 ACEI41_3
12 ACEl45_5
13 ACEl5_6
14 |N41_6

15 ACEI6_4
16 ACEl46 5
17 ACEl46 6

[N R T R SRR R

Ll f

=

1] o | -{ "

R N R e N e i R R R

=i
-lj‘

latentgroup_colorby_Age_Average_2.png latentgroup_colarby_BMILAverage_2.png latentgroup_colarby_Gender_Average_2 png
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& SMAF

Viewer Peak Analysis

mz¥XML

ACEI
ACEI1_2
ACEN 3
ACEI1 4
ACEI1 5
ACEI1 6

ACEIZ2

ACEI3

ACEI41

ACEI42

M1

[

N3

MNB

MN7F

Batch effect (latent group)

Statistical Methods
TIC plot
(=
o
[
o
=5
o
o
('
e
= (a5
o
=
© 3
cC o —
a o
= o
)
o
F o
o
= A
o
* ACEM. 1
o=
I | I I ] I
100 120 140 160 180 200
Retention Time (sec)
Resolution Intensity limit Retention time M/z 'Rotation angle
2 s 3 864 - 1000 | 15
| m/z resolution | 100 Lower bound |-Inf Begin Begin Wangle
! P L] ooy | e ||V L —
= 100.0
RT resolution |100 Upperbound |Inf RangeT Range A iHangle 13
L || 1
Hscale: IZ Vscale: (1.75
Refresh | Save file ] Exit |




Statistical Metabolomics Analysis — an R Tool

/. Statistical analysis

140



Flowchart Statistical Metabolomics Analysis —an R Tool
(SMART)
BCT—
\.__./
/ >< TIC plot and Clustering
Convert RAW file to Read mzXML file
mzXML file mzR (R)
msconvelrt \v \/ 2D, 3D, spectra visualization )
(ProteoWizard) [ Sliding window (scan)
Peak analysis k
" ’ XCMS & CAMERA(R) _ \l’ \l/

Data preprocessing i s ) i
Step 1. Internal Standard s ez

Step 2. Generalized log 2 g e e
Step 3. QN and others

\’

Peak QC
1. missing-rate
2. r-value (within/between)

\%

Sample QC
Clustering (using height and step)

\’

Batch effect detection
PCA and Clustering analysis (LG)

v

Re-alighment

Statistical analysis
ANCOVA, PLS, and Pathway analysis

141




ANCOVA

STATISTICAL ANALYSIS (1)



Statistical analysis (ANCOVA)

Statistical Analysis = Post Analysis
Batch Effect Detection

e Association analysis

_ AN COVA Analysis of Covariance (AMCOVA)
Partial Least Squares (PLS/PLS-DA)
— Batch effect adjustment (Latent group) Pathway Analysis
f #53 Analysis of Covariance (ANCOVA) [ = El -§th

Input file: F/SMART/ACEsMonMed_Example/20160506/Quality
Control/532_P430/Parametric/peakTable_postQC_552_P306.csv

Output folder: F/SMART/ACEsMonhed_Example/20160506
Covariates file (optional): ART/ACElsMNonhed_Example/20160506/Covariate/ACEL M_HT10_cowv.csw ...

Batch effects file (optional): 0508/Batch Effect Detection/Latent Group (2)/latent_group_Average_2.csv ...

Latent group

Factar file (required): T/ACENsMNonMed_Example/20160506/Covariate/ACEL N_HT10 factorcsv ..
Label for the control group:  |MonhMed
¥ Runpermutationtest  # of permutations: (10000 Cut-off of nominal p-value: |0.05
Mumber of cores: 4 -
OK Cancel 2
b —~H
Batch effect file
Cov file (latent group) Factor file
SamplelD DDataset Dgender Cage Chmi Ddate 1 Sample_ID group_idx SamplelD Group
ACEIL 1 1 46 26.08 D0914 2 N7_1 1 ACEIL ACEI
ACEI10 1 1 46 26.65 DO915 3 |N7_6 1 ACEI2 ACEI
ACEI11 2 1 46 23.41 DO920 4 ACEI41 1 1 ACEIZ ACEI
ACEI12 2 1 a7 27.32 DO920 5 N7 2 1 ACEI4 ACEI
ACEI13 2 1 46 23.76 DO920 6 ,"-"i.CEM-i 5 1 ACEIS ACEI
ACEI14 5 1 42 30.81 D1014 7 ACE141 4 1 ACEIG ACEI
ACEI1lE 2 1 41 23.29 DO924 8 N7 3 1 ACEI7 ACEI
ACEI17 2 1 23 25.45 DO924 9 N;"_Jfl- 1 ACEI8 ACEI
we =2 x e LR, ) b G
11 ACEI41 3 1 ACEI10  ACEI

Factor (variable of interest) file

143



Latent group

Statistical analysis (ANCOVA)

e Association analysis
— ANCOVA
* VIF
[ S|

€ Anslysis of Covariance

@ Please input the VIF upper bound for claiming a collinearity
WY between batch effect and covariate(s).

-
&5 Analysis of Covariance - Variance Inflation Factor (VIF)

Collinearity Check - VIF
ACE e Hontded ACErzMaonked

Gender Age

ACE vz Monted
Bkl

Mext

The VIF upper bound: |10

144



Statistical analysis (ANCOVA) Latent group

e Association analysis
— ANCOVA
* Covariate selection

i "
e - . - .
5as Analysis of Covariance - Covariate Selection E@g

Variable Covariate

Gender (ACEivs. MonMe = -
Age (ACEi vs. MonMed)
BMI (ACEi ws. Monhled)

@ ANCOVA - Covariates Seleqy e S|

==

[: :I Please select covariates in AMCOVA
e

145



Statistical analysis (ANCOVA) Latent group

e Association analysis
— ANCOVA
* Model setting : Group:Rep + Gender + Age + BMI

il = N
tas Analysis of Covariance - Model E@g

Please input an ANCOVA model.

Candidate covariates: Group , Rep, Gender, Age , BMI
ACEi vs. NonMed: Group + Batch Effect + |GrDup:Rep + Gender + Age + BMI

Mote: Motation "A:B" indicates that variable B nested in variable A Mext

146
) Analysis of Covariance LX)

ANCOVA - Please wait for ANCOVA processing (100% don... m

Finished 100% :I AMNCOVA = done.

ANCOVA-Parallel task (permutation 10)

0% done




Statistical analysis (ANCOVA

e Association analysis
— ANCOVA
* Permutation

Latent group

@ XQuartz Applications Edit Window Help Lo Tue1C =
[ ] @ % ANCOVA-Parallel task (permutation 67) todel anel:
0% done { | =0
‘ ] Lis
L
| | Next
% ANCOVA-Parallel task (permutation 53) | |£J ok
% ANCOVA-Parallel task (permutation 4) | k-
% AMNCOVA-Parallel task (permutation 54) | k-
N, ANCOVA-Parallel task (permutation 5) | prE =
% ANCOVA-Parallel task (permutation 55) | le number M...
% ANCOVA-Parallel task (permutation 6) | ——
% ANCOVA-Parallel task (permutation 58) |
% ANCOVA-Parallel task (permutation 7) | le nuaber
% ANCOVA-Parzllel task (permutation 57) | le number L =
% ANCOVA-Parallel task (permutation 8) |
— — le number
% AMNCOVA-Parallel task (permutation 58) |
%\ | ANCOVA-Parallel task (permutation 9) | le number
N, ANCOVA-Parallel task (permutation 59) |
% ANCOVA-Parallel task (permutation 10) |
N ANCOVA-Parallel task (permutation 60) |
% ANCOVA-Parallel task (permutation 11) | le number )
% ANCOVA-Parallel task (permutation 61) |
% ANCOVA-Parallel task (permutation 12) |
% ANCOVA-Parallel task (permutation 62) | ffect and
% ANCOVA-Parallel task (permutation 13) |
% ANCOVA-Parallel task (permutation 63) |
% ANCOVA-Parallel task (permutation 14) |
% ANCOVA-Parallel task (permutation 64) |
Resolution I % ANCOVA-Parallel task (permutation 15) B
mfz resolutlonl— Lower
i |
RT resolution l— Upper bound 8
Hscale: 2 wvscale: L5 ran
¥ Refresh | | Exit a
—vy !
6 |}
sourcetfile, local = FALSE, echo = verbose, print.eval = echo, verbose = getOption{“verbose"], prompt.echo = getGption{“prompt*}, max.deparse.length = 150, chdir
nnrv\riir[rr- = matfintinn/*anrndinn®l cantinoa arhn = actCintinniYrantinoa®l cbin arhn - kaan cnurra - natfintinnd“roan eaonmat i




—-log,o(p-FDR)

[=1
=

10 18

—log,q(p-value)

a

10

Statistical analysis (ANCOVA)

e Association analysis

— ANCOVA output (Volcano plot)

Volcano plot

] &
p-FOR=0.05
& top50 340
o
e
408
F
Y 914
514
" F Fy
Y GED 253 227
@ 237 A a
10g+10(0.05) (281 significant peaks) 2
o — 9 P
T T T T T
-400 =300 =200 =100 0
Aoy Fs
p-value=0.05
— & tgp5s0 340
Fy
_ 408
Fs
" 914
514
Fy F
Fy
23‘? 569 253 227 & ! 2
L4 a g2
A r
10g44(0.05) (323 significant peaks) 3
I I I I I
-400 =300 =200 =100

outpath\ANCOVA\Volcanoplot_ACEi vs. NonMed.png

Fold Change (coefficient)




VIF_threshold _10.csv

Group_Comparison ACEivs.NonMed

Statistical analysis (ANCOVA)

e Association analysis
— ANCOVA output (numerical results)

Variable
cluster_idx

covariate_select.csv

ACEi

Dataset
gender

age
bmi
date

outpath\ANCOVA\

ACEi-NonMed(var) gender

[= R

1.1

age

1.1

Peak_Index mz

p-value_ACEi vs. NonMed_details.csv

Peak_Index mz
6 60.07116125
8 69.06404612
9 70.05927741
20 84.0381544
24 8495377854

Ret_time.sec (Intercept)

29.2696
52.8168
32.3226
48.7662
24,1371

1.07E-11 0.964754576
0.000887385 0.001643264
0.01042616 0.005719337
1.65E-05  (.44412925
4.03E-33 0.001005549

pFDR_ACEi vs. NonMed.csv

Peak_Index mz Ret_time.sec ACEi_NonMed(pfdr)

4 60.07346317
5 68.97671978
6 70.05911424
7 72.0747612
8 72.07493563

29.3075 0.881473536
24,1263 0.14360528
32.3293 0.77584518
37.82594 0.020267411
64.0451 0.745393188

ACEi_NonMed Gender Age

4

00 =] an Ln

60.07346
68.97672
70.05911
72.07476
72.07494

BMI

bmi

coef_ ACEi vs. NonMed.csv

Ret_time.sec ACEi_NonMed

29.3075
24,1263
32.3293
37.8254

cluster_idx

0.004593074 0.10313761 0.102492534 0.000784103
0.002529177 0.007070659 0.000141511 NA
0.013706893 0.000968562 NA
0.048497137 0.482746084 0.953953795 4.00E-05
3.23E-11 4.07E-12 5.22E-19 4.04E-28

NA

0.193368544

-0.275392306

-13.3419297

-0.220116074
64.0451 -

6.089761406

ACEi_NonMed:Rep
0.894761782
0.374987713
0.024744527
0.979548774

0.99475372

ACEivs.NonMed ACEivs.NonMed ACEivs.NonMed

1

Empirical p-value_ACEi vs. NonMed

Peak_Index mz

8
9
24
31
51

69.06404612
70.05927741
84.95377894
88.94712657
104.1014407

Ret_time.sec ACEi_NonMed({epv) ACEi_NonMed(epFDR)

52.8168
32.3226
24,1371
24.1306
29.0027

0.00950099
0.02970297
0.00990099
0.00950099
0.00990099

0.022442244
0.059020188
0.022442244
0.022442244
0.022442244
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€55 SMART
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File Wiswer PeakAnalysis Statistical Methods

Resolution |[ntensity limit Retention time M/z Rotation angle
myz resolution {100 'Lower bound [-Inf Begin |%7 Begin lﬁm WV angle [%7
RT resolution |100 ‘Upper bound |Ir1'f Range lﬁﬁﬂ_ Range |—_10|£| H angle ’%7
Hscale: |2 Vscale: 173
Refresh | Save file Exit

ANCOVA(latent group)




PLS/PLS-DA

STATISTICAL ANALYSIS (2)



Statistical analysis (PLS/PLS-DA)

* Breast cancer data

Gene expression data

Peak_index MZ RT GeneS

1 1 1 OR4F17 3.7453  5.3542
2 2 2 14-Sep 8.1687  8.9836
3 3 3 OR4F16 57183  7.7406
4 4 4 GPAM 10.8207  8.1991
5 5 5 L10C100287934 7.9763  8.1870
6 6 6FAMS87A 6.0228  5.7201
7 7 710C643837 7.7452  6.6167
8 8 8SAMD11 7.0537  6.6805
9 9 9KLHL17 7.6677  7.2229
10 10 10 PLEKHN1 7.5829  7.2255

3.9132
8.6854
7.7985
10.6819
7.9481
5.7764
8.9223
6.9922
7.4896
7.6950

LHC3265 LHC3630 LHC4662 LHC5838 LHC6065
3.9697 4.1630
8.8927  8.9830
7.0605  7.0725
8.3634 10.9824
8.3095  8.1858
5.7067  5.9063
7.5027  8.1036
6.6381  6.8894
7.0800  7.3386
7.3089  7.3336

Metabolomics data

Factor file

Cov file
SamplelD CAGE DRACE/ETHNICITY
LHC3265 51W
LHC3630 39 B
LHC3660 42 W
LHC4662 91 8B
LHC5838 42 W
LHC6065 39 B
LHC6075 81 B

Peak_index MZ RT Metabolite

3 1-linoleoylglycerophosphocholine
4 1-methylimidazoleacetate

5 1-methylnicotinamide

6 1-myristoylglycerophosphocholine
7 1-oleoylglycerol (1-monoolein)

8 1-oleoylglycerophosphocholine

O 00 N O U B W N BB
O 00 N O U B W N BB

9 1-oleoylglycerophosphoethanolamine

=
o
=
o

10 1-palmitoylglycerol (1-monopalmitin)

1 1-arachidonoylglycerophosphoethanolamine*
2 1-arachidonoylglycerophosphoinositol*

LHC3265 LHC3630 LHC3660 LHC4662 LHC5838

-1.4956
-1.2812
-2.7585
-0.8876
-1.2717
-1.9470
-4.8191
-3.3124
-3.3418
-3.2395

-0.8435
-1.2812
-2.7585
-0.8876
-2.1301
-1.9470
-4.8191
-3.3124
-3.3418
-3.2395

-0.4623 -1.7410
-0.7580  -1.2812
-0.1364  -2.7585
-0.8876  -0.8876
-0.2701  -2.5847
-1.9470 -1.9470
-4.8191 -4.8191
-0.4852 -3.3124
-3.3418 -3.3418
-1.6936  -3.2395

0.3248

0.1697
-2.7585
-0.8876

0.7415
-1.9470
-4.8191
-3.3124
-3.3418
-3.2395

SamplelD
LHC3265
LHC3630
LHC3660
LHC4662
LHC3264
LHC3631
LHC3661
LHC4333

DGroup
NORMAL
NORMAL
NORMAL
NORMAL
TUMOR
TUMOR
TUMOR
TUMOR




Statistical analysis (PLS/PLS-DA)

* PLS-DA
—ANCOVA

Statistical Analysis  Post Analysis
. Batch Effect Detection
Analysis of Covariance (AMCOWVA)
Partial Least Squares (PLS/PLS-DA)
Pathway Analysis

e Analysis of Covariance (AMCOWA)

Input file: G;/SMARTZ2/Data/BC/GE/geneData_Y)_forSMART .cawv
Output folder: G:/SMART2/Results/BC/GE

Covariates file (optional): G:/SMARTZ/Data/BC/GE/pData_cov.cav
Batch effects file (optional):

Factor file (required): G:/SMARTZ/Data/BC/GE/pData_factor.csv
Label for the control group:  |MORMAL

[ Run permutation test: | Mumber of permutations: 10000

Cut-off of nominal p-value: (0.05

Murmnber of cores:

oK Cancel

d bt

Residual file

Peak_Inmz Ret LHC3265 LHC3630 LHC4662
1 1 1 -0.4827 1.1505 -0.1989
2 2 2 -0.3548 0.2817 -0.2449
3 3 3 -0.8935 0.9525 1.1760
4 4 4 19564 0.0220 3.1320
5 5 5 -0.3283 -0.1210 -0.4228
6 6 6 01040 -0.1262 0.1050
7 7 7 01356 -0.7696  1.5441
8 8 8 0.1454 -0.1397 0.1416
9 9 9 0.3133 -0.1251 0.1743

LHC5838
-0.2741
0.4087
0.4201
-0.6095
0.0158
-0.2424
-0.1083
-0.2649
-0.2801

LHC6065
-0.0407
0.2811
0.2843
2.8053
-0.1222
0.0600
0.7173
0.0692
-0.0094




Statistical analysis (PLS/PLS-DA)
* PLS-DA
— Input: Residuals from ANCOVA

Statistical Analysis = Post Analysis

Batch Effect Detection ReSIdual flle
Ana!}fsis of Cwariaﬂc? (ANCOVA) )@ Peak_Inmz Ret LHC3265 LHC3630 LHC4662 LHC5838 LHC6065
Partial Least Squares (PLS/PLS-DA 1 1 1 -0487 11505 -0.1989 -0.2741 -0.0407
Fathway Analysis
2 2 2 2 -0.3548 0.2817 -0.2449 0.4087 0.2811
/ . 3 3 3 -0.8935 0.9525 1.1760 0.4201 0.2843
i Partial Least Squares (PLS/PLS-DA) — O =
4 4 4 19564 0.0220 3.1320 -0.6095 2.8053
Input file: G;/SMART2/Results/BC/GE/ANCOVA/resi_ TUMOR vs. NORMAL_forPLS_forSMART .csv 5 5 5 -0.3283 -0.1210 -0.4228 0.0158 -0.1222
Cutput folder: G;/SMART2/Results/BC/GE 6 6 6 01040 -0.1262 0.1050 -0.2424 0.0600
Response file (required): G:/SMART 2/Data/BC/GE/pData_response.csv J 7 7 7 01356 -0.7696 1.5441  -0.1083 0.7173
Number of extracted factors: 8 8 8 01454 -0.1397 0.1416 -0.2649  0.0692
— Cancel | 9 9 9 0.3133 -0.1251 0.1743 -0.2801 -0.0094

Response file

# Partial Least Squares >

PLS/PLS-DA P1 it T PLS/PLS-DA i 0 PLS-DA SampIeID DGroup
= = ease wai or = processing =

108 samples x 20254 variables and 1 response _ LHC3265 |NORMAL

standard scaling of predictors and response(s) [0} PLS/PLS-DA is done. LHC3630 NORMAL

R2X(cum) R2Y(cum) Q2(cum) RMSEE pre ort pR2Y pQ2 = LHC3660 NORMAL

Total 0.237 0.685 0.539 0.282 2 0 0.05 0.05 LHC4662 NORMAL

== LHC3264 TUMOR

LHC3631 TUMOR

LHC3661 TUMOR

LHC4333 TUMOR




VIP

Statistical analysis (PLS/PLS-DA
* PLS/PLS-DA output (figures)
outpath\PLS-DA\VIPvalues.png outpath\PLS-DA\x_score.png

P-value vs. VIP Scores (PLS-DA)

15533
LHC13216
UMOR
8
2 7 NORMAL
LHC18382
2.0
LHC10863
LHC3661
(=]
2 1 LHCB406
E@%é? fic11262 LHC20020
LHC225HH g 462644 HCAGE3
. | - Yo LHC10669
: JLHcareo LHC20644
LHC4662 LH@%
= LHC 11246 pLHIASTY LHERES13 LAkp1g8e pp LHE2A%52
g . LHC10740 HC12163 |y roccne LHC9769
P LHC8254 LHCO5201 5330
Lbae2588y HC9TEhe 0603
74
LHC 1 3TRfistaonot ET52Y
LHc10744
LHC3631
g | L HC21091 LHC8126
LHC10249
(=]
o
-
I I I I
-100 -50 0 50 100
R2X R2Y Qzy RMSEE pre
0.237 0.685 0.539 11 (14%) 0.282 2

p-value



SUMMary. s

Statistical analysis (PLS/PLS-DA)

* PLS/PLS-DA output (numerical results) outpath\PLS-DA\

WiPvalues.csv
x_coefficient.csv
*_loading.csv

*¥_SCOore.csv

x_weight.csv

& VIPvalues.png
summary.csv &| x_score.png

Variation explanation

R2X R2X(cum) R2Y R2Y(cum) Q2 Q2(cum) Signif. Iter. RMSEE pR2Y pQ2
0.146  0.146 0589  0.589  0.549  0.549 R1 1
01 0246 0.0905 0679 0.0153  0.556 R1 1 0.285 0.05 0.05
VIPvalues.csv X score.csv
— Sample pl p2

LHC10248  -79.65393937 -9.205999313
Peak_mz Ret_tiVIP P-value LHC10249 69.64932109 -22.63991244
1 1 1 0848680576 0.051310251 LHC10668  -19.95370836 -34.39035425
2 2 2 0557861769  0.01262452 LHC10669 48.6971083  45.06335989
3 3 3 0250738031  0.9629312 LHC10693  83.12152012 -30.24721724
4 4] 4] 2224399175 3.21E-12 LHC10740  -41.28603181  12.68094071
5| 5| 5| 0.60991584] 0.062585973 LHC10741  71.66903023 -45.54072944
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Integrative omics pathway analysis (IOPA)

STATISTICAL ANALYSIS (3)



Multi-omics data
— Gene expression
— Metabolomics

Association analysis

— ANCOVA

* Fold-change(beta value) and p-value

Pathway database

— KEGG

Statistical methods
— ORA (Over-representation Analysis)
— SPIA (Signaling Pathway Impact Analysis)

PF(g))=AE(g)+) By
=1

P-value combination

— Fisher

— Pbine (vin-Chun Lin et. al., 2022)

Integrative omics pathway analysis (IOPA)
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Statistical analysis (IOPA)

* [OPA
— Input: Fold-changes and p-values from ANCOVA

Statistical Analysis  Post Analysis |nput f||e beta value raw p-value
Batch Effect Detection
Analysis of Covariance (ANCOVA) ID TUMOR_NORMAL_logFC TUMOR_NORMAL_pv
Partial Least Squares (PLS/PLS-DA) Gene ID 1 -0.00110327 0.071059437
Pathway Analysis -0.000916425 7.18E-05
9 0.015210523 0.000932944
I 10 0.000653423 0.630181778
/ Integrative Omics Pathway Analysis — O > 12 -0.012109371 0.012604048
Input file: G:/SMART2/Data/BC/BC_GEandMT_FC_PV_forlOPA csv 13 -0.003937972 2.75E-08
Output folder:  |G:/SMART2/Results/BC 14 -0.002344647 0.864390741
15 -8.70E-06 0.609908795
Fes i say 16 -0.000819847 0.006943451
Inclusion criteria: * Yes (v p-value < (005 (0~1)and v |-0.005 <= logFC <=|0.005 ) 18 0.008067477 0.05162788
€ No C00064 0.000881739 0.031417287
Pbine: Relative accuracy <= [1e-5 C00065 0.006986954 3.65E-11
C00072 0.013958216 1.24E-07
Run Cancel C00073 0.001264568 1.42E-07
C00074 0.013968516 1.72E-06
Done pathway 301 : Diabetic cardiomyopathy. . # Peak Alignment and Annotation C0o0077 -0.000517312 2.16E-07
Done pathway 302 : Vviral myocarditis.. C00078 0.0037256 2.34E-10
LEnE pathway i Lip1d and atherosclerosis. . |'6'| Statistical Analysis - Integrative Omics Pathway Analysis is done Compound ID s
Done pathway 304 : Fluid shear stress and atheros.. ar ) Y : . vy ' C00079 0.004466391 4.24E-07
Post analysis and graph plotting C00082 0.004255505 2.10E-06
Progress 10.2 —
Progress 20.39 B C00086 0.01605101 6.20E-08




Statistical analysis (IOPA)

e |OPA output (figures)

outpath\IOPA\Pathway analysis_volcano.tiff outpath\|IOPA\Pathway analysis_volcano_normalized.tiff

-og10(P) 1. Metabolism 2. Genetic Information Processing 3. Environmental Information Processing -og10(P) 1. Metabolism 2. Genetic Information Processing 3. Environmental Information Processing
5. Organismal Systems 6. Human Diseases 5. Organismal Systems 6. Human Diseases
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3. Environmental Information Processing

6. Human Diseases

2. Genetic Information Processing

5. Organismal Systems

Statistical analysis (IOPA)

4. Cellular Processes

* |OPA output (figures)
1. Metabolism

outpath\IOPA\Pathway analysis_manhattan.tiff

-log10(p)

Fo




Name

Focal adhesion

Calcium signaling pathway
Rap] signaling pathway
Pathways in cancer

Malaria

Pentose phosphate pathway
Fructose and mannose metat
Viral protein interaction with
Breast cancer

Drug metabolism - cytochror
Ras signaling pathway
Cytokine-cytokine receptor i
Melanoma

PPAR signaling pathway
Regulation of actin cytoskele
Renin secretion
Complement and coagulatior
Chemokine signaling pathwe
Intestinal immune network fc

4510
4020
4015
5200
5144
30
51
4061
5224
982
4014
4060
5218
3320
4810
4924
4610
4062
4672

G_size

199
239
209
529
49
29
33
96
147
59
232
287
72

Statistical analysis (IOPA)

outpath\|IOPA\

* |OPA output (numerical results)

deG_n

28
30
55
14

18

12
25
35
11
14
28
12
16
25
10

G_pORA C_size

2.51E-08
0.000216
2.52E-06
1.01E-05
3.35E-07
0.022018
0.114111
6.36E-06
0.001661
9.63E-05
0.001543
1.60E-05
0.002296
4.38E-05
3.39E-05
0.00045
1.95E-05
6.20E-05
0.000168

O OO N OO0 OO OO NN0O MO OO

OO O~ OO DD DD OO OO

1

1
1
1
0.020092
0.006934

[N U UG NS UGS RIS U U

0.566055
1
1
1

IOPA_fcl _fcu_pverrle-05.csv

C_pORA P_size

199
239
209
533
49
37
40
96
147
59
232
287
72
72
215
71
85
188
45

pORA

9.64E-08
0.000539
7.81E-06
6.00E-05
6.67E-07
6.89E-06
9.35E-05
1.38E-05
0.003078
0.000165
0.003295
5.18E-05
0.003563
8.10E-05
9.12E-05
0.000271
3.90E-05
0.000152
0.000268

2.62E-05
0.146561
0.002123
0.016323
0.000181
0.001874
0.025419
0.003767
0.837214
0.044868
0.896239

0.0141
0.969157
0.022041
0.024815
0.073626
0.010619
0.041463
0.072787

1.31E-05
0.006979
0.000425
0.001814
6.05E-05
0.000425
0.002118
0.000628
0.024223
0.003205
0.024223
0.001762

0.02485
0.002118
0.002118
0.004331
0.001517
0.003189
0.004331

-0.52457
-0.50532
-0.77625
-0.7608
0
1.132867
2.637291
-0.03463
-0.46963
-2.50511
-0.35004
-0.03616
-0.29144
-0.00688
-0.10275
-0.12699
-0.00525
-0.08032
0.011799

pORA_BcpORA_FIraw_eSPI eSPIA

-0.51835
-0.50228
-0.7646
-0.75518
0
1.160247
2.671882
-0.03399
-0.46674
-2.49872
-0.34545
-0.03346
-0.28558
-0.00688
-0.09474
-0.12576
0.000728
-0.0769
0.011799

-0.14581
-0.27379
-0.35228
-0.16013
0
0.277502
0.457923
-0.09449
-0.35471
-0.36212
-0.18837
-0.05458
-0.45544
-0.01593
-0.05758
-0.1694
-0.00529
-0.07157
0.056716

0.002
5.00E-06
0.004
0.001
1
0.182
0.039
0.251
0.003
0.12
0.006
0.397
0.005
0.44
0.377
0.133
0.996
0.389
0.24

0.542
0.001355
1

0.271

1

1

1

1

0.813

0.1355
0.000678
0.180667
0.090333

1
0.679356
0.529095
0.738832

0.1626

0.616306

0.20325
0.879675
0.193571
0.889851
0.879675
0.616306
1
0.879675
0.738832

eSPIA_ncpeSPIA peSPIA_FpeSPIA_F pFisher

4.51E-09
5.59E-08
5.71E-07
1.06E-06
1.02E-05
1.83E-05
4.93E-05
4.72E-05
0.000116
0.000234
0.000234
0.000243
0.000213
0.000401
0.000388
0.000404
0.000434
0.000636
0.000684

1.23E-06
1.52E-05
0.000155
0.000288
0.002762
0.004977
0.013405
0.012831
0.031628
0.063695
0.063622
0.066002
0.057837
0.109023
0.105507
0.109986
0.117978
0.173113
0.186098

pFisher_FpFisher_I pPbine

6.13E-07
5.06E-06
3.88E-05
5.76E-05

0.00046
0.000711
0.001489
0.001489
0.003163
0.004714
0.004714
0.004714
0.004714

0.00647

0.00647

0.00647
0.006554
0.008459
0.008459

2.22E-08 6.00E-06
1.71E-07 4.62E-05
1.78E-06  0.00048
3.13E-06 0.000845
2.43E-05 0.006569
4.15E-05 0.011198
0.000101 0.027249
9.69E-05 0.02617
0.000222 0.059848
0.000419 0.113101
0.000418 0.112984
0.000433 0.116817
0.000384 0.103609
0.000683 0.184344
0.000663 0.178929
0.000688 0.185824
0.000734 0.198064
0.00104 0.280745
0.001111 0.299849

pPbine_B pPbine_F. Status

6.00E-06 Inhibited
2.31E-05 Inhibited

0.00016 Inhibited
0.000211 Inhibited
0.001314 Inhibited
0.001866 Activated
0.003406 Activated
0.003406 Inhibited

0.00665 Inhibited
0.008986 Inhibited
0.008986 Inhibited
0.008986 Inhibited
0.008986 Inhibited
0.011614 Inhibited
0.011614 Inhibited
0.011614 Inhibited
0.011651 Activated
0.014279 Inhibited
0.014279 Activated
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Statistical Metabolomics Analysis — an R Tool

8. Post analysis
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Workflow

|
Convert raw file to . L
mzXML file Data visualization
msconvert.exe mzR (R)
(ProteoWizard)

¥

> Peak analysis
|_ Untargeted & targeted analysis

\

Data preprocessing
Step 1. internal standard
Step 2. generalized log2
Step 3. scaled normalization

4

J

uality control

Re-alighment

Peak filtering
Step 1. missing rate or zero rate, |S/N|

Step 2. r-value

2

——

Sample filterin
s-value

. 2

Batch effect detection
PCA or LG

v

Statistical analysis
ANCOVA, PLS, IOPA

> 2

Post analysis
Peak ID, Concentration calibration

SMART

(Statistical Metabolomics Analysis - an R Tool)

2D, 3D, spectra
visualization

TIC plot and clustering

QC interactive
viewer

PC score plot &
clustering tree

= B .

Volcano plot & \ - — :

score plot, etc. ),

masvanan

Peak ID list & x

standard curve j
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Peak identification

POST ANALYSIS (1)



* Input m/z

Post analysis (Peak identification)

i Batch Search

Output folder: G/SMART2/Results/Drug

Mass (Da): |

370, 1642727

286, 1431455
2 304 1538273

312, 1587545
315.2302273
13, 0803727
150, 1020727
1041172545
180, 0865727
2330933455

K1l

I+ MH4
+Ma
Il+K

Adduct:

P+H+MNH4
M+H+MNa
PA+H+K
M+H+2Ma
M+H

«

Fs

M+lsoProp+Ma+H
M +lsoProp+H

Tolerance: |50

Reset |

Search |

B

lon Mode: ¢ Meutral * Positive ©  MNegative

 Da* ppm

Cancel |

-

1 Post Analysis
Peak Identification
Calibration Curve

3

ANCOVA

Peak_Index mz Ret_time.sec ACEi_NonMed

724 512.3515 116.3137 1.67E-09
425 321.3204 189.6585 5.66E-06
162 173.1252 60.0519 6.44E-06
179 183.111 52.2998 6.44E-06
308 261.1474 53.2244 6.44E-06
532 377.1709 155.9171 6.44E-06
864 619.3877 70.1135 6.44E-06
375 304.2394 155.9289 7.49E-06
427 322.3229 189.6408 7.49E-06

{1 Peak Identification

Target

N_"

Adduct

Database

Name

Chemical Formula

Mass

| Delta |

6363392 M+K HMDB HMDB13022 Neuromedin N C32H51N507 617.378849011 2.8070e-03
2631395 M+Na HMDB HMDB15407 Pirbuteral C12H20M203 240147392516 2.8895e-03
2631395 M+Na HMDB HMDB39160 L-Gizzerosine C11H20M402 240158625904 8.343%e-03
2631393 M+ HMDB HMDBO0360 5,8-Tetradecadienoic acid C14H2402 224177630012 1.2880e-03
2631395 M+K HMDB HMDB30426 Linalyl isobutyrate C14H2402 224177630012 1.2880e-03
2631395 M+K HMDB HMDB30427 Linalyl butyrate C14H2402 224177630012 1.2880e-03
2631395 M+K HMDB HMDE31015 Ethyl (2E,6Z)-dodecadienoate C14H2402 224177630012 1.2880e-03
2631395 M+K HMDB HMDE32053 alpha-Terpineol butanoate C14H2402 224177630012 1.2880e-03
2631395 M+K HMDB HMDB32342 Isobomyl isobutyrate C14H2402 224177630012 1.2880e-03
2631395 M+ HMDB HMDB32324 Terpinyl isobutyrate C14H2402 224177630012 1.2880e-03
2631395 M+K HMDB HMDB36424 Allyl undecylenate C14H2402 224177630012 1.2880e-03
2631393 MK HMDE HMDB37814 2-Propenyl cyclahexanepentanoate C14H2402 224177630012 1.2880e-03
2631395 M+K HMDB HMDE38246 Barnyl butyrate C14H2402 224177630012 1.2880e-03
2631395 M+K HMDB HMDB38259 Meryl butyrate C14H2402 224177630012 1.2880e-03

m

HMDB & MassBank




Breast cancer

ANCOVA

Post analysis (Peak identification)
* Peak ID output (numerical results) outpath\Peak Identification)
peaklD_search_results_2023-03-31 18-09-07.csv
Target  Adduct.Model DB ID Name Chem.Formu Mass abs.delta
512.3515M HMDB HMDB31879 11a,12a-Epoxy-3b-hydroxy-28,13-oleananolide 3-acetate C32H4805 512.3501746 0.001325354
512.3515M HMDB HMDB34646 3beta-Acetoxy-12-ox0-28,13beta-oleananolide C32H4805 512.3501746 0.001325354
512.3515M HMDB HMDB35313 Ganoderic acid S C32H4805 512.3501746 0.001325354
512.3515M HMDB HMDB35330 Ganoderic acid Mf C32H4805 512.3501746 0.001325354
512.3515M HMDB HMDB35332 Ganoderic acid X C32H4805 512.3501746 0.001325354
512.3515M HMDB HMDB36672 3alpha-Acetoxy-11-keto-beta-boswellic acid C32H4805 512.3501746 0.001325354
173.1252 M HMDB HMDB59607 apo-[3-methylcrotonoyl-CoA:carbon-dioxide ligase (ADP-forming)] C7H15N302 173.1164267 0.008773261
183.111 M HMDB HMDB40067 4-Butyl-5-propylthiazole C10H17NS 183.1081702 0.002829761
183.111 M HMDB HMDB40083 2,4-Dimethyl-5-pentylthiazole C10H17NS 183.1081702 0.002829761
183.111 M HMDB HMDB40084 4,5-Dimethyl-2-pentylthiazole C10H17NS 183.1081702 0.002829761
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Target

Post analysis (Peak identification)

* Peak ID output (numerical results)

outpath\Peak ldentification\

peaklD search_results 2023-10-18 23-18-16_100ppm.csv

Adduct
370.1643 M+H

370.1643 M+H
370.1643M+H
370.1643 M+H
370.1643M+H
370.1643 M+H
286.1431 M+H
286.1431 M+H
286.1431 M+H
286.1431 M+H
286.1431 M+H
286.1431 M+H
286.1431 M+H

DB
HMDB

HMDB
HMDB
HMDB
HMDB
HMDB
HMDB
HMDB
HMDB
HMDB
HMDB
HMDB
HMDB

DB_ID
HMDB0014038

HMDB0015288
HMDB0015633
HMDB0029360
HMDB0029401
HMDB0031947
HMDB0002171
HMDB0014440
HMDB0014472
HMDB0015692
HMDB0029377
HMDB0030256
HMDB0032961

Name
N-Deisopropyl-fluvastatin

Trimetrexate

Amisulpride

Isorheagenine

Ochratoxin B

Niazicinin
Glycylprolylhydroxyproline
Morphine
Hydromorphone
Isothipendyl

Piperine

Erysopine

Chem.Formu Mass
C21H20FNO4

C19H23N503
C17H27N304S
C20H19NO6
C20H19NO6
C17H23NO8
C12H19N305
C17H19NO3
C17H19NO3
C16H19N3S
C17H19NO3
C17H19NO3

Secodemethylclausenamide C17H19NO3

369.1376
369.1801
369.1722
369.1212
369.1212
369.1424
285.1325
285.1365
285.1365

285.13
285.1365
285.1365
285.1365

KEGG_ID

C11154

C01516
C07042

C03882

Drug

abs.delta

0.01936
0.023093

0.01523
0.035759
0.035759

0.01463
0.003399
0.000624
0.000624
0.005901
0.000624
0.000624
0.000624



Concentration calibration
e (Calibration curve construction
e Concentration calculation

POST ANALYSIS (2)



Calibration curve construction
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Calibration curve construction

Input file : peak abundance data

Method :

Compound name and peak abundance in different

concentration levels (required)
Sample name: D1_50 MS1 ...

Rule: sampledID_conc. MSx

Regression (linear or quadratic)
Weight (1, 1/x, 1/x?)
Outlier detection

None, Cook’s D, 95% Cl, Deviation

Output file :

Per drug : PID1_Heroin_mz370.1642727 _Im.tiff

Summarized files

Calibration-curve_info.csv
Peak_abundance_S10 _P12.csv

Input file: peak abundance data (from Peak analysis)

-- standard compounds

Peak_Index Name mz_est Ret_Time_est.sec D1_50_MS1 D10_900_MS1 D11_1000_MS1 D2_100_MS1 D3_200_MS1 D4_300_MS1 D
1 Heroin 370.1643 685.3724 20454233 4.85E+08 5.37E+08 33246830 65461545 1.08E+08
2 Morphine 286.1431 146.2696 41215408 5.53E+08 6.23E+08 55632394 1.11E+08 1.59E+08
3 Cocaine 304.1538 701.136 67391965 1.91E+09 2.16E+09 1.09E+08 2.8E+08 4.54E+08
4 Thebaine 312.1588 678.8176 13918057 6.54E+08 7.9E+08 22156818 57057964 1.12E+08
5 delta9-THC 315.2302 1513.319 584689 12324894 10750614 1040859 3017275 4419165
6 Amphetamine 136.0804 419.1944 28233349 38237498 37707935 30552141 36745807 37802678
7 MA 150.1021 496.8365 88366857 4.84E+08 5.19E+08 1.14E+08 1.84E+08 2.48E+08
8 MDMA 194.1173 538.9991 57005641 1.36E+09 1.61E+09 77917415 1.73E+08 3.32E+08
9 Love Drug 180.0866 505.6407 2977060 32927321 40623589 3508615 5215888 7552811
10 Ketamine 238.0988 599.9313 65361457 1.9E+09 2.12E+09 1.1E+08 3.04E+08 5.13E+08
11 FM2 314.093 1044.274 23235201 4.47E+08 5.37E+08 37148568 83573478 1.28E+08
12 Nimetazepam 296.1024 1040.522 27111684 5.03E+08 5.88E+08 41037216 91247724 1.44E+08
Output file: Calibration-curve_info.csv
Peak_Index Name mz Ret_time.sec model weights Original concentration thetal
1Heroin 370.1643 685.3724linear unweighted 50;100;200;300;400;600;700;800;,900;1000  -4.9E-
1Heroin 370.1643 685.3724linear 1/x 50;100;200;300;400;600;700;800;900;1000  -1.5E:
1Heroin 370.1643 685.3724linear 1/x2 50;100;200;300;400;600;700;800;900;1000  -3676(
1Heroin 370.1643 685.3724 quadratic unweighted 50;100;200;300;400;600;700;800;900;1000 19931
1Heroin 370.1643 685.3724 quadratic 1/x 50;100;200;300;400;600;700;800;,900;1000 14796
1Heroin 370.1643 685.3724 quadratic 1/x2 50;100;200;300;400;600;700;800,900;1000 11317:
2 Morphine 286.1431 146.2696linear unweighted 50;100;200;300;400;600;700;800;,900;1000  -2.2E-
2Morphine 286.1431 146.2696linear 1/x 50;100;200;300;400;600;700;800;900;1000 2718
2Morphine 286.1431 146.2696linear 1/x2 50;100;200;300;400;600;700;800;900;1000 12145t
2Morphine 286.1431 146.2696 quadratic unweighted 50;100;200;300;400;600;700;800;900;1000 27509¢
2 Morphine 286.1431 146.2696 quadratic 1/x 50;100;200;300;400;600;700;800;900;1000  25624:
2 Morphine 286.1431 146.2696 quadratic 1/x2 50;100;200;300;400;600;700;800;900;1000 24114




Post analysis (Concentration calibration)

e Calibration curve construction

— Input: Peak abundance table

Post Analysis

Peak |dentification

Concentration Calibration

Concentration Calculation

Calibration Curve Construction

3 Calibration Curve Construction

Step1: Import Data

Input file:

Output folder:
Missing data:

-= Step2: Quality Control

-=> Step3: Parameter Setting

| >

|5u|t5fDrungDncentratiDn Calibratinn,-’S‘I‘IJ:eak_abundance_Mm_fDrSMART_nDSDD.cm

|G:/SMART2/Results/Drug

[NA

Units of Concentration: |ppb

Cancel |

N

Continue | ’
- [m]

Py .
&t Column Information

Column index of peak index:
Column index of name:
Column index of mass:

Column index of retention time:

Column index of first sample:

Please provide column information:

TTTT

Import |

X

# Data Impaort

& Data import is done.

/.' 0 out of 10 non-informative replicate sample(s) are excluded.
" 0out of 12 non-informative peakis) are excluded.

@ Calibration Curve Construction

Stepl: Import Data  -» Step2: Quality Control

Input file: G;/SMARTZ2/Results/Drug/Concentration

Calibration/511_peak_abundance_MS1_forSMART_no500.csv

Output folder: G;/SMART2/Results/Drug

Sample Selection:

Sample

B

. sl

Retention time (RT) and m/z: & ¥Yes W RT:From |

=

— | >

-» Step3: Parameter Setting

Sample Selection

D1_50_M51
D10_900_M51

D2_100_MS1
D3_200_MS1
D4_300_MS1
D5_400_MS1
D7_600_MS1
e D8_700_MS1
D9Y_B00_MS1

-

Kl

=]

D11_1000_M51

NE

to | (sec) and

M mi= Fru::um|
Mo
Mext

tu::-|
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Post analysis (Concentration calibration)

e Calibration curve construction
— Input: Peak abundance table

% Calibration Curve Construction — O >
Stepl: Import Data  -= Step2: Quality Contral  -> Step3: Parameter Setting
Input file: G;/SMART 2/Results/Drug/Concentration
Calibration/S10_P12_202405122033/Peak_abundance S10_P12.csv
Cutput folder: G;/SMART2/Results/Dru
. / 2/ /Drug t? Concentration Calibration - Calibration Curve Construction >

# of sample: 10
#of peak 12

:] Concentration Calibration - Calibration Curve Construction is done.
Parameter setting:
Maodel: W Linear ¥ Quadratic

Weighting: ¥ unweighted ¥ 1/x ¥ 1/x2

Outlier Dectection: ¢ Mo
* Yes [ ¥ Coolk'sDistance, W Confidence Interval|0.95 ([0~1), W Deviation|20 % (0~100))

Run «
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Calibration curve construction

* Qutput file :
e Calibration curve
 Summarized files
e Calibration-curve_info.csv
* Peak_abundance_S10 P12.csv

model_fit RData Peak_abundanc

e 510 _F12.cav

Calibration-cury
e_info.csw

PID1_Heroin_mz PID1_Heroin_mz
3701642727 Im 3701642727 _q
tiff m.tiff

PID4 Thebaine_ PIDS_delta-g PIDS_delta-g PID&_Ampheta PID&_Ampheta
mz312.1587545 THC _mz315.230 THC_m=z315.230 mine_mz136.08 mine_mz136.08
_gm.tiff 2273 |m tiff 2273 _gm.tiff 03727 _|m.tiff 03727_gm.tiff
FIDS _Love FID10_Ketamine FID10_Ketamine PID11_FM2_mz3 PID11_FM2_mz3
Drug_mz180.08 _mz238.098845 _mz238.098845 140930182 Imt  14.0930182_gm
BaT27_qm.tiff 5_|m.tiff 5_gm.tiff iff iff

PID2_Morphine_
mz286.1431455
_Im.tiff

PID7_MA_mz15
0.1020727_|m.tif
.I:

FID12_Mimetaz
epam_mz296.1
024182 _|m.tiff

PID2_Morphine_
mz286.1431455
_qm.tiff

PID7_MA_mz15
0.1020727_gm.t
iff

FID12_Mimetaz
epam_mz296.1
024182_gm.tiff

Calibration Curve for Heroin m/z = 370.1643

5e+08 —

4e+08 —

3e+08 —

2e+08 —

1e+08 —

0e+00

—— unweighted (RA2 =0.9534 )
— weighted 1/x (R2=0.9528)
weighted 1/xA2 (RA2 =0.9407 )

PID3_Cocaine_
mz304. 1538273
Im.tff

PIDE&_MDMA_m
z194.1172545 |
. tiff

FID3_Cocaine_
mz304. 1538273
_qm.tiff

PIDE_MDMA_m
z194.1172545_q
. tiff

1000

PID4 Thebaine_
mz312.1587545
_Im.tiff

FIDS Love
Drug_mz180.08
65727 _|m.tiff



Calibration curve construction

Output file :
e Calibration curve

Linear

e PID1 _Heroin_mz370.1642727 Im.tiff
 PID1 Heroin_mz370.1642727 qm.tiff

Peak Index 1, Herein, m/z = 370.1642727

* Standard
* Qutlier

Cook's distance Confidence Interval Bias
Intansity unwaighted Intonsity unweighted Intansity unweighted Intonsity unwaighted
¥ _ 45512081 » 544752 X ¥ _ 48512061 + 544752 X ¥ -33641750 » 5443581 X ¥ _ -50B2E125 + 5683695 X .
Se408 R’ adj - 0.8529 - 5e+05 R’ adj_0.9529 - 5e+08 R*ad) 0881 . Se+08 R adj— 09747 -
4o408 4e+05 - 20408 2e+08
30408 30408 3e+08 30+08
20+08 2e+08 2e+08 2e+08
1e+08 1e+08 1e+08 1e+08
De+00 T T T T T 0e+00 T T T T T Oe+00 T T T T T De+00 T T T T T
200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000
Concentraticn Concentration Concentration Concentration
Cook's distance Confidence Interval Bias
Intensity weights=x Intensity weights=x Intensity weights=x Intensity weights=x
Y- -15404494 + 470300.9 X ¥ --12101047 + 4539024 X - ¥ --6503120 +448098.5 X Y- 21356772 + 476246.5 X .
Se+08 R adj -0.9499 . 50408 R adj - 0.9437 - 5e+08 R adj -0.9791 . 5e+08 R adj-0.9873 -
de+08 de+08 - . 4e+08 . de+08
3e408 3e+05 | 3e+08 Je+08
2e+08 . Ze+03 | * 2e+03 ° Ze+08 *
1e+08 . 1e+08 . 1408 hd 1e+08 °
0e+00 T T T T T Oe+00 T T T T T Oe+00 T T T T T 0e+00 T T T T T
200 400 600 800 1000 200 400 600 80D 1000 200 400 600 800 1000 200 400 600 8O0 1000
Concentration Gongentration Concentration Goncentration
Cook's distance Confidence Interval Bias
Intansity weights=1/x2 Intensity weights=1/x2 Intansity weights=1/x2 Intansity weights=1/x2
¥=-3576061 + 423549.2 X Y= 10008114 +404133.5 X - ¥ =-1437068 + 4053841 X . 1437068 + 4053841 X .
Ses08 R’ adj 06331 - Se+05 | R’ adj= 09457 . Se+08 R adj =0 9881 . Se+0B R’ adj=0.9881 -
4o408 . 40+08 - . 4a+08 40408
3e+08 3e+08 . 3e+08 3e+08
26408 * 2¢+08 2e+08 2¢+08
1e+03 - 1e+05 . 1es08 1e+0§
00400 Do+00 Oa+00 T Oo+00

T T T T T
200 400 600 g0 1000
Concentration

T T T T T
200 400 600 g0 1000
Concentration

T T T T
200 a00 600 g0 1000

Concentration

T T T T T
200 400 600 g0 1000
Concentration

Quadratic

Heroin

Peak Index 1, Heroin, miz = 370.1642727

* Standard
* Outlier

Cock's distance Confidence Interval Bias
Intansity unwaighted X Intansity unwaightad , Intansity unwaighted X Intonsity unweighted .
Y- 18931528,# 101178 4 X+ 431 87 X Y- 19831526 # 101175.4 X + 43187 X ¥ 18150330,# 95052.81 X + 430.01 X Y - 28463259 4 7674202 X + 451.04 X
Se+08 R”adj - 0.9823 Se+08 - R’ ad) - 08923 Se+08 R”adj - 0.985 . 5e+05 | R adj-08
40408 46+08 - Ae+08 Ae+03
30408 3e+08 3e+08 30+08 |
2e+08 2e+08 o 2e+08 2e+08 o
1e+08 1e+08 1e+08 1408
De+00 T T T T T Oe+00 T T T T T 0e+00 T T T T T Oe+00 T T T T T
200 400 800 &00 1000 200 400 600 800 1000 200 400 €00 800 1000 200 400 600 200 1000
Concentration Concentration Concentration Concentration
Coek’s distance Confidence Interval Bias
Intensity weights=x , Intensity weights=x . Intensity weights=x X Intensity weights=x .
Y- 14796763 + 134450 1 X + 300.47 X Y- 14706763 + 1344501 X + 300.47 X ¥ - 6862241 + 200844.6 X + 336.27 X° Y - 22570084 + 9721928 X + 432,33 X
Se+0B R” adj - 0.9%: », 5e+08 R adj - 09921 P 5e+08 R* adj - 099 Se+08 R"adj-09913
de+08 4e+08 de+08 de+08 o
Je+08 Je+08 Je+08 3e+08
2e+03 Ze#03 Zer03 2e+05 o
1e408 1e+08 - 1e+08 1e+08 o
De+00 T T T T T Oe+00 T T T T T 0e+00 T T T T T Oe+00 T T T T T
200 400 800 800 1000 200 400 600 800 1000 200 400 800 800 1000 200 400 600 800 1000
Concentration Concentration Concentratian Cencentration
Cook's distance Confidence Intarval Bias
Intansity weights=1/x2 ) Intensity weights=1/x2 ) Intansity weights=1/x2 i Intansity weights=1/x2 ;
¥= 11317205+ 174084.5 X + 353,57 X ¥="11317205 + 174084.5 X + 353.57 X’ ¥ =B300824 4 225274.2 X + 310.38 X ¥ =16712272 + 139366.1 X + 388,44 X’
Se+08 R’ adj=0.0893 5e+03 R’ adj = .08 5e+03 R adj=0.9883 Ge+038 R adj =0.9874
4o+0B 4e+08 o de+08 4e+08 o
3e+08 3e+08 o 3e+08 3e+08 o
20+08 2¢+08 2¢+08 2e+08 -
1e+03 1e+08 o 1le+08 1e+08
De+00 T T T T T De+00 T T T T T Oe+00 T T T T T De+00 T T T T T
200 a0 600 800 1000 200 400 600 g0 1000 200 a0 600 800 1000 200 400 600 %00 1000

Concentration

Concentration

Concentration

Concentration
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Calibration curve construction

e Qutput file :

 Perdrug:PID1 Heroin_mz370.1642727 Im.tiff
* Summarized files

e (Calibration-curve_info.csv
 Peak _abundance S10 P12.csv

Peak_| Ret_ti concent concent concent concent
— Name mz — model weightsOriginal _ . thetal theta2 theta3 R2 adj.R2 Distanc __ . thetal theta2 theta3 R2 adj.R2 nce thetal theta2 theta3 R2 j- i i j.
ndex me.sec g ginal _ion j ration dj ration eta eta eta3 adj.R2 Bias  Bias_na ration thetal theta2 theta3 R2 adj.R2
Interval
50;100;200; 50;100;200;
) ) . 300,400;600 300,400,600 50;100,200; 200;300;700
1 Heroin 370.1643685.3724linear  unweighted ey “A4.9E+07 544792 0.9581360.952903 e ~4.9E+07 544792 0.9581360.952903 300,700,800 -3.4E+07 544358.1 0.98374 0.98103 1000 200790 6 1E+07 568369.8 0.981002 0.974669
L ;900;1000 i
0;1000 0;1000 e
50;100;200; 50;100;200;
1 Heroin ~ 370.1643685.3724linear  1/x s ~1.5E+07 479390.9 0.9554330.949862 g ~1.2E+07 453902.4 0.9507240.943685 206700800 8593120 4489985 0.9832580.979073 900;1000 222 -2.1E407 476246.5 0.9904420.987257
0;1000 0
) ) ggi)l-ggi)z-ggi) - 100;200;300 50;100;300; - 50;100;300; -
1 Heroin 370.1643685.3724linear  1/x2 70050630 3676081 423549.2 0.9405290.933096 40080070 1407 404133.5 0.9547510.945701 506700800 1437060 2053841 0.9745060.968132 900;10005550°5% | 137060 2053841 0.9745060.968132
50;100;200; 50;100;200; 100;200;300
. uadrati . 400,600 1993152 400,600 1993152 50;100;200; 1400;600;
1 Heroin  370.1643 685.37242 unweighted 0080090 & 101178.4431.8703 0.994044 0.992342 To0500%0 101178.4431.8703 0.994044 0.992342 aono0;700 512038 5055 914300097 0.997018 0.995826 50 Adpedts ;646328 76742.02 451.0403 0.993256 0.991008
700,800, 8001000 /800,900,
0;1000 0;1000 e 000
50;100;200; 50;100;200; 100;200;300
) uadrati 400,600 1479676 400,600 147! 50:100;200; 1400;600;
1 Heroin  370.1643 685.37242 1/x To0s0050 3 134459.1399.4706 0.994369 0.99276 000050 3 9578 134459.1399.4706 0994369099276 700800,900 9862241 200644.6 336.26980.9988  0.9982 50 el §257008 97219.26 432.33270.9934670.991289
o L annn ;1000 PN
0;1000 0;1000 ! 000
50;100;200; 50;100;200; 100;200;300
. uadrati 400,600 1131720 00,600 1131720 50;100;200; 1400600;
1 Heroin 370.1643 685.37242 1/x2 705090 174094.5 353.5682 0.991672 0.989293 Ta0000 174094.5 353.5682 0.991672 0.989293 300,700,800 8300824 225274.2310.381 0.9987580.998261 50 AoTo ;671227 139366.1388.4399 0.990517 0.987355
g o ;900;1000 T
0;1000 0;1000 e 000
. 50;100;200; 50;100;200;
Morphin ) ) 300;400;600 300;400;600 50,100:200; 200,300,600
2 286.1431146.26% linear  unweighted oo 2.2E+07 614982.2 0.9802220.97775 ooy 2.2E+07 614982.2 0.9802220.97775 300;700800 612829.3 0.9958130.995116 1000 ;7008009 -2.9E+07 620594.2 0.9847020.980877
€ 0;1000 0:1000 00,1000 8656085 0
Morphin ) :g;ggéggs 100;200;300 _ 50;100;200; 100;200;300 _
2 286.1431146.26% linear 1/ e 2718972 565511.4 0.9787510.976095 AO0S0070 oo 5744393 0.9761380.972161 300,700,800 3511241 588795 0.99382 0.99279 1000 500700380 583750.9 0.9917520.990102
e 1000 0,800,900 ;900;1000 0;900 6890489
Morphin ) 23&235230 1214566 100;200;300 50,200;300; 1492057 50;100,200; 1343784
2 . 286.1431146.2696 linear  1/x2 70080090 3 520932.9 0.96943 0.965609 0060070 2524560 522646.5 0.9742530.969104 600,700,800 § 514716.7 0.992002 0.990002 900;1000300,600;700 508416.2 0.9823050.978766
1700;800; 800 ;7005 ;800
0;1000 ’
Morphin quadrati ey 2750941 e 2750941 e 2431203 B 2948451
u 1 . 300;400;600 300;400;600 300;600;700 ;,400;600;70
2 . 286.1431146.2696 | unweighted To0800%0 292379.9.314.0624.0.995468 0.994173 To0800%0 292379.9314.06240.995468 0.994173 S0090010 1 346814.2257.3256 0.998147 0.99753 50 68005001 1 284990.8 319.85910.994575 0.992767
0;1000 0;1000 00 000
Morphin drati ooomeoh 2562434 ooceon 2562434 om0y 2149989 e 2710902
quaarati 300,400;600 300;400;600 300;600;700 ;400,600;70
2 . 286.1431146.2696 | 1/x 0030050 3 304597.9302.16780.9951510.993766 000050 304597.9.302.16780.9951510.993766 0050010 4 366836.4237.63490.99833 0.997773 50 55009001 297485.2308.4444.0.993657 0.991542
0;1000 0;1000 00 000
Morphin drati Somonson 2411484 Sonomson 2411484 Somgonon 2158084 Sonongon 2411484
quadrati 300;400;600 300;400;600 300;600;700 300;400;600
2 . 286.1431146.2696 1/x2 700,800,905 321792.5282.25450.991638 0.989249 Tons00%0 321792.5282.2545 0.991638 0.989249 0000010 g 365864.8 238.7356 0.996388 0.995184 700,800,905 321792.5282.25450.9916380.989249
0;1000 0;1000 00 0;1000
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Calibration curve construction

Output file :
Per drug : PID1_Heroin_mz370.1642727 Im.tiff

Summarized files

e (Calibration-curve_info.csv

 Peak _abundance _S10 P12.csv

Peak_Index Name mz

1 Heroin 370.1643
2 Morphine 286.1431
3 Cocaine 304.1538
4 Thebaine 312.1588
5 delta-9 THC  315.2302
6 Amphetamine 136.0804
7 MA 150.1021
8 MDMA 194.1173
9 Love Drug 180.0866
10 Ketamine 238.0988
11 FM?2 314.093
12 Nimetazepam 296.1024

Ret_time.sec

685.3724
146.2696
701.136

678.8176
1513.319
419.1944
496.8365
538.9991
505.6407
599.9313
1044.274

1040.522

D1_50_MS1

20454233
41215408
67391965
13918057
584689
28233349
88366857
57005641
2977060
65361457
23235201

27111684

D10_900_MS1 D11_1000_MS1 D2_100_MS1 D3_200_MS1

4.85E+08

5.53E+08

1.91E+09

6.54E+08

12324894

38237498

4.84E+08

1.36E+09

32927321

1.9E+09

4.47E+08

5.03E+08

5.37E+08

6.23E+08

2.16E+09

7.9E+08

10750614

37707935

5.19E+08

1.61E+09

40623589

2.12E+09

5.37E+08

5.88E+08

33246830

55632394

1.09E+08

22156818

1040859

30552141

1.14E+08

77917415

3508615

1.1E+08

37148568

41037216

65461545

1.11E+08

2.8E+08

57057964

3017275

36745807

1.84E+08

1.73E+08

5215888

3.04E+08

83573478

91247724

D4_300_MS1

1.08E+08
1.59E+08
4.54E+08
1.12E+08
4419165
37802678
2.48E+08
3.32E+08
7552811
5.13E+08
1.28E+08

1.44E+08

D5_400_MS1

1.12E+08
1.66E+08
4.79E+08
1.14E+08
4255491
38425018
2.57E+08
3.11E+08
8060482
5.38E+08
1.31E+08

1.48E+08

D7_600_MS1

2.18E+08
3.05E+08
9.95E+08
3.04E+08
8052278
39861533
3.78E+08
7.22E+08
15982588
1.13E+09
2.43E+08

2.67E+08

D8_700_MS1

3.07E+08
4.01E+08
1.32E+09
4.41E+08
9572914
37695091
4.43E+08
9.57E+08
21387478
1.41E+09
3.1E+08

3.45E+08

D9_800_MS1

3.79E+08
4.69E+08
1.57E+09
5.71E+08
11385840
38418264
4.61E+08
1.14E+09
24410233
1.64E+09
3.84E+08

4.14E+08
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Concentration calculation
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Concentration calculation

* Input: peak abundance data of test samples
* Compound name and peak abundance
* Test sample name: T1 500 MS1
* Rule: sampledID_MSx

* Input: Model Info. of Calibration curve construction
» Regression (linear or quadratic)
* Weight (1, 1/x, 1/x?)
e Qutlier detection
* Cook’s D, 95% Cl, Deviation
e Rdata from Calibration curve construction

* Output file:
e perdrug: Conc.Calculation _PID1_S1 P12.tiff
* Summarized files
* Conc.Calculation_S1 P12.csv
e Conc.Calculation_CI_S1 P12.csv
* best_model.csv

Input file: peak abundance data of test samples
Model info: model_fit.RData

Peak_Index Name mz_est Ret_Time_est.sec T1_500_MS1
1 Heroin 370.1643 685.3724 2.2E+08
2 Morphine 286.1431 146.2696 2.97E+08
3 Cocaine 304.1538 701.136 9.74E+08
4 Thebaine 312.1588 678.8176 2.89E+08
5 delta9-THC 315.2302 1513.319 6385888
6 Amphetamine 136.0804 419.1944 38130787
7 MA 150.1021 496.8365 3.68E+08
8 MDMA 194.1173 538.9991 6.96E+08
9 Love Drug 180.0866 505.6407 14862760
10 Ketamine 238.0988 599.9313 1.07E+09
11 FM2 314.093 1044.274 2.39E+08
12 Nimetazepam 296.1024 1040.522 2.57E+08
OUtpUt flle Peak Inde:Name mz Ret time.s¢T1 500 M

1 Heroin ~ 370.1643 685.3724 507.4039 Peak Index 1, Heroin, miz = 370.1642727

2 Morphine  286.1431 146.2696 499.5544 wethtemx

i%)cgif}e i(l)‘z‘géz 6;218-32 igéiggé Intensity Y- 21356772 + 476245 5 X

eobamne . . . et08 * ? St

5 delta9-THC 315.2302 1513.319 467.1095 2022 4

6 Amphetam 136.0804 419.1944 773.8217  zses0s

7 MA 150.1021 496.8365 595.2049 ~ 2%® ]

§ MDMA 1941173 538.9991 5207164 roover ] :

9 Love Drug 180.0866 505.6407 492.0814  soesor

10 Ketamine = 238.0988 599.9313 547.7417 LI L L B A L B

11 FM2 314.093 1044.274 512.0763 100 200 300 400 500 600 700 800

12 Nimetazep: 296.1024 1040.522 537.2955

Concentration
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— Input:

Post analysis (Concentration calibration)

 Concentration calculation

* Peak abundance table of test samples

* Model Info. of calibration curve construction

Post Analysis

1 Peak ldentification

Concentration Calibration

Calibration Curve Construction

Concentration Calculation

T1 500 MS1

tii Concentration Calibration - Concentration Calculation

— O X

Stepl: Import Peak Abundance Table -= Step2: Import Model Infomation

Input file: ||ts,.-‘Drug,f'CDr1cer1tratiDn Calibratinnf511Jaeak_abundance_MS1_fDrSMART_DnlySDD.cwJ

IMissing data: MA
Continuel ’ Cancel |

i Concentration Calibration - Concentration Calculation

Stepl: Import Peak Abundance Table -> Step2: Import Model Infomation

Data type: % SMART2.0format User

Input folder: |G:,.-’SMARTE,.-’RESU|ts,ﬁ"DrungDncer1tratiDr1 Calibration/S10_P12_202405122033

preferred Model Setting:
Madel: W Linear [T Quadratic
Weighting: W unweighted W 1/« W  1/x"2

Cutlier Dectection: ¥ Cook's Distance ¥ Confidence Interval ¥ Deviation

Run Cancel |

N -
il Column Information —
Please provide column information:

Column index of peak index:
Column index of name:
Column index of mass:

Column index of retention time:

TTTT

Column index of first sample:

Import |

@ Data Import

. Data import is done.

,.' 0 cut of 1 non-informative replicate sample(s) are excluded.
" 0out of 12 non-infarmative peak(s) are excluded.

# Concentration Calibration - Concentration Calculation =

| Concentration Calibration - Concentration Calculation is done.

EE
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Concentration calculation

The best mode| Peak Inde:Name

Figures

Output file :
e Concentration of test samples and figures

e Conc.Calculation_S1 P12.csv
e Conc.Calculation_CI_S1 P12.csv
* best_model.csv

1 Heroin
2 Morphine
3 Cocaine
4 Thebaine
5 delta9-THC
6 Amphetam
7 MA
8 MDMA
9 Love Drug
10 Ketamine
11 FM2
12 Nimetazep:

best_model.csv  Conc.Calculatio

n_CI_51_P12.csw

Conc.Calculatic  Conc.Calculatio

n_PID&_S1_P12t

iff iff

n_PID7Y_S1_ P12t

mz

370.1643
286.1431
304.1538
312.1588
315.2302
136.0804
150.1021
194.1173
180.0866
238.0988

314.093
296.1024

n =l

Conc.
n_S1_P12.csv

Conc.Calculatio
n_PIDE S1 P12t

Ret_time.s¢model
685.3724 linear
146.2696 linear

701.136 linear
678.8176 linear
1513.319 linear
419.1944 linear
496.8365 linear
538.9991 linear
505.6407 linear
599.9313 linear
1044.274 linear
1040.522 linear

Calculatio

iff

Conc.Calculatio
n_PID1_S1_Pi2t

Conc.Calculatio
n_PIDS9 S1_ P12t

weights  outlier_det(thetal

weights=x Bias -2.1E+07
unweightec Confidence -8656085
unweightec Confidence -1.4E+08
weights=x Bias -5.5E+07
weights=1/ Confidence -111095
weights=x Confidence 28228757
weights=1/ Confidence 62618904

weights=x Bias -8.6E+07
weights=1/ Bias 1629805
weights=x Bias -1.2E+08

unweightec Confidence -1.2E+07
weights=1/ Confidence 3150656

Conc.Calculatio
n_FIDZ2_S1_Pidt

iff iff

Conc.Calculatio
n_PID10_S1_P12

iff tiff

n_PID3_S1_P12t
iff

n_PID4_51 P12t
iff

Conc.Calculatio
n PID12 51 P12
tiff

Conc.Calculatia
n_PID11_S1_P12
tiff

Peak Inde:Name mz

1 Heroin 370.1643

2 Morphine = 286.1431

3 Cocaine  304.1538

4 Thebaine = 312.1588

5 delta9-THC 315.2302

theta2 6 Amphetam 136.0804

476246.5 7 MA 150.1021

612829.3 8 MDMA 194.1173

2212685 9 Love Drug 180.0866

763859.4 10 Ketamine = 238.0988

13908.91 11 FM2 314.093

12796.27 12 Nimetazep: 296.1024
513772.2
1500882
26891.8
2183668
491873
472114.2

Conc.Calculatic  Conc.Calculatic Conc.Calculatio

n_PID5_S1_P12t

iff

95% Cl of Concentration

Ret time.scmodel

685.3724 linear
146.2696 linear

701.136 linear
678.8176 linear
1513.319 linear
419.1944 linear
496.8365 linear
538.9991 linear
505.6407 linear
599.9313 linear
1044.274 linear
1040.522 linear

T1 500 MS1

weights

weights=x Bias
unweightec Confidence
unweightec Confidence
weights=x Bias
weights=1/ Confidence

Concentration

Peak Inde:Name

507.4039
499.5544
501.2351
450.4228
467.1095

lower

453.1017
429.5806
407.8891
388.4139
450.9682
577.1688
562.0866

471.562
401.8802
530.4445
435.9247

494.561

outlier_detT1_500_MT1_500_MT1_500 M

estimate upper

579.853
569.4717

594.506
524.2525
484.5766
1208.008
632.9944
571.1082
643.4005
566.2845
589.2633
589.2658

Ret time.s¢T1 500 M

weights=x Confidence 773.8217
weights=1/ Confidence 595.2049
weights=x Bias 520.7164
weights=1/ Bias 492.0814
weights=x Bias 547.7417
unweightec Confidence 512.0763
weights=1/ Confidence 537.2955
mz
1 Heroin 370.1643
2 Morphine = 286.1431
3 Cocaine  304.1538
4 Thebaine = 312.1588
5 delta9-THC 315.2302
6 Amphetam 136.0804
T MA 150.1021
8 MDMA 194.1173
9 Love Drug 180.0866
10 Ketamine = 238.0988
11 FM2 314.093

12 Nimetazep:

296.1024

085.3724
146.2696

701.136
678.8176
1513.319
419.1944
496.8365
538.9991
505.6407
599.9313
1044.274
1040.522

507.4039
499.5544
501.2351
450.4228
467.1095
773.8217
595.2049
520.7164
492.0814
547.7417
512.0763
537.2955
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Concentration calculation

e OQOutput file :
* Figures (per drug)
* Conc.Calculation_PID1_S1 P12.tiff
* Files
e Conc.Calculation_S1 P12.csv
e Conc.Calculation_Cl_S1 P12.csv
* best_model.csv

Intensity

3.5e+08
3.0e+08
2.5e+08
2.0e+08
1.5e+08
1.0e+08
5.0e+07

Peak Index 1, Heroin, m/z = 370.1642727
Bias
weights=x

Y =-21356772 + 476246.5 X

e Standard
® Test

100 200 300 400 500 600 700 800

Concentration




Concentration calculation

Output file :
Figures (per drug)
Conc.Calculation_PID1_S1 P12.tiff

Files

Conc.Calculation_S1 P12.csv
Conc.Calculation_Cl_S1 P12.csv

best_model.csv

Peak_Index

Name
1Heroin
2 Morphine
3 Cocaine
4 Thebaine
5 delta9-THC

6 Amphetamine

7MA

8 MDMA

9 Love Drug
10 Ketamine
11FM2

12 Nimetazepam

370.1642727
286.1431455
304.1538273
312.1587545
315.2302273
136.0803727
150.1020727
194.1172545
180.0865727
238.0988455
314.0930182
296.1024182

Ret_time.sec

685.3723636
146.2696364

701.136
678.8176364
1513.319455
419.1943636
496.8365455
538.9990909
505.6407273
599.9312727
1044.273818
1040.522182

T1_500_MS1

507.4039481
499.5543803
501.2351081
450.4228135
467.1095339
773.8216709
595.2048664
520.7163928
492.0814322
547.7417022
512.0763418
537.2955304



Concentration calculation

e OQOutput file :
* Figures (per drug)

e Conc.Calculation_PID1_S1 P12.tiff

* Files

e Conc.Calculation_S1 P12.csv

* Conc.Calculation_Cl_S1 P12.csv

* best_model.csv

Peak_Index Name
1Heroin
2 Morphine
3 Cocaine
4 Thebaine
5 delta9-THC
6 Amphetamine
7MA
8 MDMA
9 Love Drug
10 Ketamine
11FM2

12 Nimetazepam

mz

370.1642727
286.1431455
304.1538273
312.1587545
315.2302273
136.0803727
150.1020727
194.1172545
180.0865727
238.0988455
314.0930182
296.1024182

Ret_time.sec

model

685.3723636 linear
146.2696364 linear

701.136 linear
678.8176364 linear
1513.319455 linear
419.1943636 linear
496.8365455 linear
538.99909009 linear
505.6407273 linear
599.9312727 linear
1044.273818 linear
1040.522182 linear

weights

weights=x
unweighted
unweighted
weights=x
weights=1/x2
weights=x
weights=1/x2
weights=x
weights=1/x2
weights=x
unweighted

weights=1/x2

outlier_detection

Bias
Confidence Interval
Confidence Interval
Bias
Confidence Interval
Confidence Interval
Confidence Interval
Bias
Bias
Bias
Confidence Interval

Confidence Interval

T1_500_MS1

estimate
507.4039481
499.5543803
501.2351081
450.4228135
467.1095339
773.8216709
595.2048664
520.7163928
492.0814322
547.7417022
512.0763418
537.2955304

T1_500_MS1

lower
453.1017284
429.5806458
407.8890646
388.4139437
450.9681808
577.1687899
562.0866302
477.5620114
401.8801958
530.4445343
435.9246784
494.5609818

T1_500_MS1
upper
579.852959
569.471698
594.5059527
524.2524615
484.5765898
1208.00774
632.9944493
571.1081788
643.4004515
566.2844961
589.2633238
589.2657992
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Concentration calculation

e OQOutput file :
* Figures (per drug)
e Conc.Calculation_PID1_S1 P12.tiff
* Files
e Conc.Calculation_S1 P12.csv
e Conc.Calculation_Cl_S1 P12.csv

* best _model.csv

Peak_Index Name mz Ret_time.sec model weights outlier_detection thetal theta2
1 Heroin 370.1642727 685.3723636linear  weights=x Bias -21356771.92 476246.4938
2 Morphine 286.1431455 146.2696364 linear  unweighted Confidence Interval -8656085.301 612829.2678
3 Cocaine 304.1538273 701.136linear  unweighted Confidence Interval -135236596.4 2212685.355
4 Thebaine 312.1587545 678.8176364 linear  weights=x Bias -55368926.41 763859.4158
5delta9-THC 315.2302273 1513.319455linear  weights=1/x2 Confidence Interval -111095.1716 13908.90747
6 Amphetamine 136.0803727 419.1943636linear  weights=x Confidence Interval 28228756.57 12796.26888
7MA 150.1020727 496.8365455 linear  weights=1/x2 Confidence Interval 62618903.73 513772.2091
8 MDMA 194.1172545 538.9990909 linear  weights=x Bias -86018352.72 1500881.862
9 Love Drug 180.0865727 505.6407273linear  weights=1/x2 Bias 1629804.848 26891.79976
10 Ketamine 238.0988455 599.9312727 linear  weights=x Bias -121254060.5 2183668.181
11 FM2 314.0930182 1044.273818 linear unweighted Confidence Interval -12436531.12 491872.9913

12 Nimetazepam

296.1024182

1040.522182 linear

weights=1/x2

Confidence Interval

3150656.25

472114.1824
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Conclusion and Discussion

RBESBAAEFENRBRERS - LFTREP—LEXEZEEH .

« BRAEBMER: RN ERNEEHSHESBNERTERK - BEAWWNE - 77 - RIIRIEE
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- REEMRERNES: CHESBMEFTEERIMEEAENNHEY) - BukEFEERERSR - %
MEIRES PR EN - SRIRMINEHENZ —EHkE - BRNHYNGEBIEHEIEEIFS
%1% - BFEERFZSARAMINEY) -

- FREEMSN ASHEEENREBEERRIFEX - FEEMIATHETERREEM DT - &
BRERERAENEE  SREME LERENEE ETZEBENTS -

- EYEHRE ENHHEBERBEPESEYE LERENERE—EHhE - NHESMREEFTEEH
B EE (WERER - EREHEE ) £5 - UEHNERAHRENENBEE -

- BRARBM: EVREANNHEEM IS SRCHHESHTAEEZIEM - flu - ARHES - ARE
R ZBRCHYKFOBEFEER - EREEMRKRET MO PRIUZE -

BEIRER - NHABMATESENNGES - 211162 - £YE - BN ERRES - DIBHEL
HETNSAEERNER
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Other info.

e Database
— HMDB
* https://hmdb.ca/
— MassBank
* https://massbank.eu/MassBank/

— Metabolomics Workbench
* https://www.metabolomicsworkbench.org/
— Metabolights
* https://www.ebi.ac.uk/metabolights
— LIPID MAPS
* https://www.lipidmaps.org/
— METLIN
* https://metlin.scripps.edu/landing_page.php?pgcontent=mainPage

* Tools

— MetaboAnalyst 6.0
* https://www.metaboanalyst.ca/
— MetDNA?2
* http://metdna.zhulab.cn/
— MetaCore
* https://portal.genego.com/
— Ingenuity Pathway Analysis (IPA)
* https://digitalinsights.giagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/giagen-ipa/
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