Identification of compounds in a metabolomics dataset acquired in AIF mode using LC-MS-

method-specific AMRT+MS2 library in MS-DIAL
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1. Overview

Here we provide a short step-by-step MS-DIAL tutorial for processing all ion fragmentation
(AIF) data, focusing on the compound identification using accurate mass, retention time, and MS
spectral library (AMRT+MS2). A flowchart of the workflow is shown in Figure 1.

Compound library and
spectra management

AlIF LC-MS MS-FINDER
Spectra of chemical Deconvolution of MS2 Compound
standards spectra and annotation annotation

Spectra of authentic
samples

Figure 1. Flowchart of the workflow for annotating AIF metabolomics dataset using method-
specific AMRT+MS?2 library

More detailed and in-depth information on how to use MS-DIAL and related software is
available on RIKEN PRIME webpage (http://prime.psc.riken.jp/Metabolomics_Software/MS-
DIAL/), detailed tutorial for MS-DIAL is also available (https://mtbinfo-
team.github.io/mtbinfo.github.io/MS-DIAL/tutorial).

2. Dataset, software, and setting files

Metabolomics dataset acquired in AIF mode
Metabolights MTBLS816: https://www .ebi.ac.uk/metabolights/MTBLS816

Samples: Urine samples (n = 224, from an asthma study (PMID: 29518425) and quality control
(QC) sample pooled from all study samples were first normalized to a same specific gravity value
of 1.0025 by the addition of water. Then, samples were diluted 10-fold with acetonitrile containing
technical internal standards (tIS), see Step 6 in the data processing section. Samples were measured
in four analytical batches, each batch consisting of 49-63 samples, with QC sample injections every
five samples, and a water blank at the end of the batch sequence.

Data acquisition: LC-MS measurements in AIF mode were performed as described previously
(PMID: 28641411, PMID: 29363064). Briefly, metabolite separation was performed on Agilent 1290
Infinity II system using HILIC SeQuant ZIC-HILIC (Merck, Darmstadt, Germany) column 100 A°
(100 x 2.1 mm, 3.5 um particle size) coupled to a guard column (2.1 x 2 mm, 3.5 um particle size).
Sample analysis was performed using water with 0.1% formic acid (pH 2.63; solvent A) and
acetonitrile with 0.1% formic acid (solvent B). The elution gradient used was as follows: isocratic
step at 95% B for 1.5 min, 95% to 40% B in 12 min, maintained at 40% B for 2 min, then decreasing to
25% B at 14.2 min, maintained for 2.8 min, then returned to initial conditions over 1 min, and a
column re-equilibration phase of 7 min. The flow rate was 0.3 mL/min, the injection volume 2 uL,
and the column oven temperature 25 °C. Data was acquired in positive ionization mode on an
Agilent 6550 Q-TOF-MS system in centroid mode. Nitrogen was used as sheath gas and drying gas
at a flow of 8 and 15 L/min, respectively. The drying and sheath gas temperature was set at 250 °C,
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with the nebulizer pressure at 35 psig, and voltage 3000 V. Data was obtained with a mass range of
40-1200 m/z in AIF mode, including three sequential experiments at alternating collision energies:
one full scan at 0 eV, followed by one MS/ MS scan at 10 eV, and then followed by one MS/MS scan
at 30 eV. The data acquisition rate was 6 scans/s.

Software

Abf Converter: https://www.reifycs.com/AbfConverter/_
conversion of the LC-MS vendor file formats into binary Abf format used by MS-DIAL.

(optional) ProteoWizard: http://proteowizard.sourceforge.net/_
conversion and cropping of the various LC-MS file formats

MS-DIAL: http://prime.psc.riken.jp/Metabolomics_Software/MS-DIAL/

Universal program for metabolomics data processing. Version 3.22 and above have two
methods for deconvoluting MS spectra from AIF data: MS2Dec (original MS-DIAL method,
works on single files/samples) and CorrDec (publication in preparation, requires multiple files
for MS spectra deconvolution, applicable for multisample/cohort studies).

Setting files
All the settings files (except the AMRT+MS2 library) can be downloaded as a zipped file from

the RIKEN PRIMe website (http://prime.psc.riken.jp/Metabolomics_Software/MS-
DIAL/aiftutorial.zip or http://prime.psc.riken.jp/)

AIF experiment file
A tab separated text file describing the MS spectra contained in the LC-MS files (see Step 3 in
the data processing section).

(Optional) sample information

A spreadsheet with the information on the dataset samples (see Step 4 in the data processing
section). Not directly needed for compound identification using AMRT+MS?2 library, but
specifying at least sample type (QC, sample or blank) can provide useful information on the
compound to annotate. Values can be entered manually, however using a spreadsheet is time-
saving when processing hundreds of samples.

(Optional) MS-DIAL settings

A single file containing all the data processing settings, except the RT correction (Step 5 in the
data processing section). Settings files should be used with the same version of the MS-DIAL in
which it was created (otherwise MS-DIAL may crash, file following the link above is for MS-
DIAL version 3.98). Alternatively, the parameter values can be entered manually.

(Optional) peaks for RT correction

A spreadsheet or tab separated text file containing the peaks to be used for RT drift assessment
and corrections (see Step 6 in the data processing section). Alternatively, the parameter values
can be entered manually.

AMRT+MS2 library file
(http://prime.psc.riken.jp/Metabolomics_Software/MS-DIAL/KI-GIAR_zic-
HILIC_Pos_v0.90.msp)

MSP file containing 140 compounds (814 spectra) with RT for LC-MS AIF method used for the
urinary metabolomics dataset acquisition. See publication for details on the creation of the
library for AIF data.

3. Processing dataset (AIF mode)
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e Step 1. File conversion

Data files should be converted to Abf format using Abf Converter (Figure 2) for processing
in MS-DIAL.

(3 Reifycs Analysis Base File Converter - O >

Save Comverted Files into Same Folder as Raw Files [l Display Only File Name (Settings)

Clear All
© 2011-2016 Reifycs Inc.
Figure 2. Drag and drop the files into Abf Converter window

NOTE: (1) MS-DIAL can also use mzML format, however data processing will be faster
using Abf files (binary format—smaller files, faster access), (2) if cropping of the files is needed
before conversion to Abf format, msconvert program provided in the ProteoWizard package can
be used (keep all MS levels—no filtering).

e Step 2. Prepare the files and information needed for the MS-DIAL project.

Copy all Abf files into a study folder (files created by MS-DIAL will be later placed in the
same folder). Furthermore, you will need AIF experimental file, (optional) sample information
file, (optional) MS-DIAL settings file, peaks for RT correction information (optional), and
AMRT+MS2 library file.

NOTE: We recommend to create inside the study another folder where the MS-DIAL
program version used for creating the project as well as setting files are stored (Figure 3).

(F) » ETYPE tutosial

Programs and settings (F) » ETYPEtutorial » Programs and settings
170516_51_ZHP_ETYPE_B1_021_QC1.abf
] 170516_51_ZHP_ETVPE_B1_ 022 QC2.abf
170516_51_ZHP_ETYPE_B1_023_ETID_007.abf
| 170516_51_ZHP_ETYPE_B1_024_ETID_014.abf
| 170516_51_ZHP_ETYPE_B1_025_ETID_001.abi
170516_51_ZHP_ETYPE_B1_026_ETID_012.abf
| 170516_51_ZHP_ETYPE_B1_027_ETID_006.abf
| 170516_51_ZHP_ETYPE_B1_028_QC3.abf
170516_51_IHP_ETYPE_B1_029_ETID_015.abf

Name Type Size
MSDIAL ver 3.98

1) KI GIAR zic-HILIC Pos v0.53
MSDIAL AIF project settings 1030 eV Text

1 MTBLS316 study sample details

! RT correction peaks Microsoft Excel W

Total 286 abf files (224 samples, 58 QC samples, 4 Blank samples)
Figure 3. Prepared files and folders for MS-DIAL project

e Step 3. Start MS-DIAL project.

Set the parameters in the initial MS-DIAL start up window as described in Figure 4 and
press “Next”.
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A

& Start up a project - [m] x ‘
Project file path: | FAETYPE tutoriah2019_10_7_12_18_23.mtd Browse ||| e B'_—;_I“;ﬁe tobtfh:'; folder
Wi e al les
®) Soft ionization (LC/MS, LC/MS/MS, or precursor-oriented GC/MS/MS) « Select Sth iOniZaﬁOn
) Hard ionization (GC/MS)
Method type
_) Conventional LC/MS or data dependent MS/MS Select all-ions with
) SWATH-MS or conventional All-icns metrl ®) All-ions with multiple CEs (cycled like 0V-10V-40V) « multlple CES
Experiment fle: | FAETYPE tutorial\Programs and setting\SDIAL AIF project settings 10 30 0cVitxt || Browse | — Browse to the
Data type (MS1) Data type (MS/Ms) experiment file
| Profile data o Profle desa Select centroid (tutorial
®) Centroid data (@ Centroid data ‘_ data)
| lon mode Tarﬁal omics Select positive
®) Positive ion mode (@ Metabolomics ‘_ . . t d
_) Megative ion mode O Lipidomics Irzzéi(;?gn:gs (tutorial
@ Advanced: add further meta data data)

B

Experiment MS Type Min m/z Max m/z Display Name Collision Energy Deconvolution Target
1JALL 40 1200|10eV 10 1
2/ALL 40 1200|30eV 30 1
0/SCAN 40 1200|0eV 0 1

Figure 4. Starting MS-DIAL AIF project. (A) Initial settings window and (B) experiment file
contents for the tutorial data (formatted as tab-delimited text file). In the “experiment” column, the
experiment ID is listed (by order of acquisition, usually vendor-specific), “MS Type” defines
whether the spectrum is all ion fragmentation (ALL) or MS1 (SCAN), “Min m/z” and “Max m/z”
define the m/z range of the data to be used in the project, “Display Name” and “Collision energy”
provide the description of the spectra in MS-DIAL and when exporting as MSP file (e.g., for
annotation in MS-FINDER), “Deconvolution target” if set to “1” will perform the MS2Dec
deconvolution on the experiment (if set “0”, no MS2Dec deconvolution will be performed).

o Step 4. Select Abf files and input sample information.

After setting the initial parameters, select the Abf files for processing, add sample
information to the MS-DIAL as shown in Figure 5, and press “Next”.
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A

& New project window - o x| B t
rowse 1o
[Aﬂah«s-sf-lem!hs | Brovse <= the folder
File path File name Type Class ID Batch Analytical order  Inject. volume (i Incluc ]

[FAETYPE tutorian 170516 51_ZHP_ETYPE_B1_021_ Q1. A T T T T A and select

FAETYPE tutorial\170516_51_ZHP_ETYPE_B1_022_0Cat] ac 1 1 2 2 %] abf files

FAETYPE tutoria\170516_S1_ZHP_ETYPE_B1_023_ETIt] 0d Sample |1 1 3 2 5]

FAETYPE tutonial\170516_S1_ZHP_ETYPE_B1_024 ETI(R 0] 170516_51_ZHP_ETYF|Sample 1 1 4 2 W

FAETYPE tutorial170516_51_ZHP_ETYPE_B1_025_ETIf 0 170516_51_ZHP_ETVP[sampte |1 1 5 2 VI

FAETYPE tutorial170516_51_ZHP_ETYPE_B1_026_ETI] 0] 170516_51_ZHP_ETVR|sample |1 1 6 2 v

FAETYPE tutoria\170516_51_ZHP_ETYPE_B1_027_ETI] 0 170516_51_zHP_ETVR|Sampte |1 1 7 2 7 I

FAETYPE tutoria\170516_51_ZHP_ETYPE_B1_028_ QCFat] 170516_51_2mp_ETve|ac 1 1 B 2 i |

FAETYPE tutorial\170516_51_ZHP_ETYPE_B1_029_ETICAD] 170516_51_ZHP_ETYP[Sampte |1 1 9 2 VI

Next
File name Type Class ID Batch Analytical order Inject. volume (uL)  Included
ﬁ16_Sl_ZHP_ETYPE_Bl_DZI_QCI ac 1 1 1 2 TRUE

170516_51_ZHP_ETYPE_B1_022_QC2 Qc 1 1 2 2 TRUE
170516_S1_ZHP_ETYPE_B1_023_ETID_007  Sample 1 1 3 2 TRUE
170516_S1_ZHP_ETYPE_B1_024_ETID_014  Sample 1 1 4 2 TRUE
170516_S1_7HP_ETYPE_B1_025_ETID_001  Sample 1 1 5 2 TRUE
170516_S1_7ZHP_ETYPE_B1_026_ETID_012  Sample 1 1 6 2 TRUE
170516_S1_ZHP_ETYPE_B1_027_ETID_006  Sample 1 1 7 2 TRUE
170516_51_ZHP_ETYPE_B1_028 QC3 Qc 1 1 8 2 TRUE
170516_S1_ZHP_ETYPE_B1_029_ETID_015  Sample 1 1 9 2 TRUE

\Properties of all 286 abf files

Figure 5. Selecting the files for MS-DIAL project. (A) Selecting the files and (B) copying the
information of the hundreds of samples from a prepared spreadsheet (simple copy paste is possible
into some of the MS-DIAL dialog windows).

e Step 5. Parameter settings in MS-DIAL

A file containing parameter settings can be loaded from a previously saved file by clicking
“Load” (Figure 6-9). Parameter values for the tutorial data are shown with brief comments in
Figures 6 to 9. More detailed descriptions for each of the parameters can be found in the MS-
DIAL tutorial _(https://mtbinfo-team.github.io/mtbinfo.github.io/MS-DIAL/tutorial).
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| 5 Analysis parameter setting
Data collection | Peak detection | MS2Dec | Identification | Adduct | Alignment . Mobility

Mass occuracy

M51 tolerance: 0.01

MS2 tolerance: 0.01

@ Advanced

Data collection parameters

- m] X

Isotope tracking

QTOF instrument used for the tutorial
data is usually more accurate,
however saturated peaks in biological
samples have lower mass accuracy
(>10-100 of ppm’s). Therefore, loose
settings (0.01 Da) are chosen.

Retention time begin: 0.5
Retention time end: 15
Mass range begin: 40
Mass range end: 1200
Isotope recognition
Maximum charged number: 2
Consider Cl and Br elements: 0
Multithreading
Number of threads: 20
Execute retention time corrections [+ «

Select to execute the retention time correction
and evaluate the RT drifts

Load [V Together with Alignment

Figure 6. Settings for the Data Collection tab of the MS-DIAL project.

< Analysis parameter setting

Peak detection parameters
Minimum peak height:
Mass slice width:

@ Advanced
Smoothing method: Linear weighted moving average
Smoothing level:

Minimum peak width:

Exclusion mass list: Accurate mass [Da]

Data collection | Peak detection | MS2Dec | Identification | Adduct | Alignment | Mability

Mass tolerance [Da]

- [m] X

Isotope tracking

[ The lower the setting

B0 ampinse «@uum | the longer the data
0.1 pa L processing time
3 scan
5 scan

Lock masses used during

the acquisition of the

121.051 0.0
922.0098 0.01
923.0129 0.01

tutorial data

Together with Alignment

Figure 7. Settings for the Peak Detection tab of the MS-DIAL project.
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< Analysis parameter setting - o X
Data collection | Peak detection | MS2Dec | Identification | Adduct | Alignment | Mobility | Isotope tracking

Deconvolution parameters

Sigma window value: 0.5
MS/MS abundance cut off: 1000 amplitude
(~) Advanced
Exclude after precursor ion: (| < * If SeleCtedn then the )
S _ - deconvoluted spectra will be
e the rsotopic fons untl | ba similar to DDA spectra — better
Keep the isotopic ions w/o M52Dec: O when using DDA libraries for

annotation.

« If not selected, then spectra will
possibly include adducts (e.g.
Na+, K+), complexes with
coeluting compounds etc. —
more complex spectra,
matching scores with DDA
libraries lower. Note:

considerably increases data
Qrocessing time /

[iomd ] @ Togetherwith Aignmen

Figure 8. Settings for the MS2Dec tab of the MS-DIAL project.

|  Analysis parameter setting - m] x|

Data collection | Peak detection | MS2Dec | Identification | Adduct | Alignment | Mobility | Isotope tracking

MSP file and MS/MS identification setting

MSP file: | FAETYPE tutorial\Programs and settings\Kl GIAR zic-HILIC Pos v0.93.msp Select « Select the AMRT+MS2 |ibrary file
Retention time tol : . 11 i . . . .
Fren e R " —— ﬂfusmg non-matrix specific Ilbrary\
Accurate mass tolerance (M51): 001 pa and!or nOt erformin RT
Accurate mass tolerance (M52): 001 pa Correctionspto matchgthe
Identificati ut off: 80 % . .
U’" e s_m: o Y compound library (msp file) better
se retention time for scoring:
o " v to use a larger RT tolerance and
retention tim r filtering: & . . .
o fme fer e O \eview the identifications )

@ Advanced

Text file and post identification (retention time and accurate mass bosed) setting

Text file: Select

Retention time tolerance: 0.1 min

Accurate mass tolerance: 001 pa

Identification score cut off: 85| %
Spectrum cut off and report option

Relative abundance cut off: 0 o

Only report the top hit: [

[/] Together with Alignment Cancel

Figure 9. Settings for the Identification tab of the MS-DIAL project.
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H Analysis parameter setting - a x
| Data collection | Peak detection | MS2Dec | Identification | Adduct | Alignment | Mobility | Isotope tracking |
Adduet ion setting User-defined adduct
Molecular species Charge Accurate mass [Da] Included

e [ 1078250320 2
[M+NH4]+ 1 18.03437413 [H]
[M+Na]+ 1 229897692809
[M+CH30H+H]+ 1 33.03403978207 [H]
M+K]+ 1 38.96370668 [l
[M+Lij+ 1 7.01600455 [l
[M+ACN+H]« 1 4203437413207 O
[M+H-H20]+ 1 -17.00273964793
[M+H-2H20]+ 1 -35.01330432793 [l
[M+2Na-H]+ 1 4497171352073 ]
[M+lsoProp+H]+ 1 61.06533991207 [H]
[M+ACH+Na)+ 1 64.0163183809 []
[M+2K-H]+ 1 76.91958832793 [
[M+DMSO+H]+ 1 79.02176103207 0
[M+2ACN+H]+ 1 83.06092323207 O
[M+IsoProp+Na+H]+ 1 84.05510019297 ]
[M-C6H1004+H]+ 1 -145.05008376687 [
[M-CEH1005+H]+ 1 -161.04400838643 O
[M-CHHE06+H]+ 1 -175.02426294185 J
[2M=+H]+ 1 100782503207
[2M+NH4]+ 1 18.03437413 0
[2M+Na]+ 1 22,9897692809 O
[2M+3H20+2H]+ 1 5604734410414 [l
[2M+K]+ 1 38.96370668 []
[2M+ACN+H]+ 1 42.03437413207 O »

Tegether with Alignment

[ Fosn |

!

Figure 10. Settings for the Adduct tab of the MS-DIAL project.

& Analysis parameter setting

Alignment parameters setting

Result name:
Reference file:
Retention time tolerance:
MS1 tolerance:

@ Advanced
Retention time factor:
MS1 factor:
Peak count filter:

N% detected in at least one group:

Sample max / blank average:

Keep ‘identified’ metabolite features:

Keep removable features and assign the

Gap filling by compulsion:

Together with Alignment

Remove features based on blank information:

-

Keep ‘annotated (wo M52)' metabolite features:

tag:

_- Data collection 1 Peak detection ] MS2Dec I Identification [ Adduct Alignment Mobility 1 Isotope tracking

alignmentResult_2019_10_7_13_23 33

[ 170516_51_zHP_ETYPE_B1_021.QC1 ~ |

05|

0.01|

05

05

20|

20/
v

5
O
O
O

5| (0-)

m] X

min

| o

fold change

Figure 11. Settings for the Alignment tab of the MS-DIAL project.
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Mobility and Isotope tracking tabs are not used in the tutorial. After setting the parameters,
click “Finish” to proceed to the retention time correction (if selected, Figure 6) or start data
processing straight away.

e Step 6. Retention time correction.

In the first step of data processing, the retention time correction window will open to set the
reference compounds (Figure 12) to correct for RT drifts between the cohort samples and also try
to match the RT with the AMRT+MS?2 library. In the dataset used for the present tutorial, four
technical internal standards (tIS) were used: CHES, MES, PIPES, and HEPES, and only three of
them (CHES, PIPES, and HEPES) overlap with the tIS used for the construction of the
AMRT+MS2 library used for annotation (please note that the tutorial dataset was acquired
during the early phase of tIS development, hence the discrepancy).

As shown in Figure 12, for the calculation of the RT difference, select “Sample-Reference”,
paste the information and select the peaks to be used for the RT correction, and press “RT
correction” button. Usually after a minute(s), an RT correction overview will appear. In the case
of the tutorial data, the deviations are <0.5 min. The RT tolerance of 1 min for the identification
of the AMRT+MBS2 library (Figure 9) is reasonable as it also takes into consideration possible RT
shifts due to matrix effects.

& Retention time correction - a X
Retention time correction settings Overview RT shift  RT shift for each  Abundance plots - Chromatograms Labet: Nlmcl
Ingemolvion sgthuik Linear = Overview: Retention time correction
Extrapolation method to RT begin: Fixed value >
Intercepts at O min (sample - reference): 0 min
Extrapolation method to RT end: Use the RT difference of last STD ~
Cakulation method of RT difference: Sample - Reference
Smoothing (simple moving average, 50 datapoints):
Do not confirm the RT correction result:
! Browse Ref file ] I RT correction :
Refereng nd information | Result table
2 = RT tol. miz  m/ztol  Minimum
2 Hame RT(me) i) | O 8 heght T
0 Pyrantel STO [M-H]+ | 230 05 207005 | 0o 1000 | [
1 CHES STD [M+H)~ 5.00 05 208100 | 001 10000 |
2 S-Fluorocytosine STD | 6.10 05 130044 | 001 10000 ]
3 MES [M<H]+ 640 05 196064 | 001 10000 v
4 PIPES STD [M<H]+ 9.10 05 303068 | 0o 10000 v 3
5 HEPES STD [MH]+ 10.70 05 239106 | 001 10000 v S
T
6 0.00 005 0000 001 1000 ] ¥
H
7 000 005 0.000 001 1000 ] 3
8 0.00 005 0,000 001 1000 ] @
9 0.00 005 0.000 001 1000 ] 1
10 0.00 005 0.000 001 1000 m] ;
1 0.00 005 0000 001 1000 2
12 0.00 005 0000 001 1000 [ 3 ES STO [M+H]+
13 0.00 005 0000 001 1000 (] =
14 000 005 0.000 001 1000 0
15 0.00 005 0,000 001 1000 B
16 0.00 005 0000 001 1000
17 0.00 005 0.000 001 1000 O
18 000 005 0.000 001 1000 C
19 0.00 005 0.000 001 1000 O
20 000 005 0.000 001 1000 O
21 0.00 005 0.000 001 1000 ]
2 000 005 0000 001 1000 ]
23 0.00 005 0000 001 1000 []
24 0.00 005 0000 001 1000 ]
25 000 005 0.000 001 1000 o]
26 0.00 005 0.000 001 1000 ]
27 0.00 005 0000 001 1000 ]
2 0.00 005 0000 001 1000
2 0.00 005 0000 001 1000 ]
30 0.00 005 0000 001 1000 []
31 000 005 0.000 001 1000 ]
32 0.00 005 0.000 001 1000 (] . . v . . v
= r 20 40 60 80 100 120 140
| [ Run the processing with RT corrections Run ]
| = Retention time {min)

Figure 12. RT correction setting and overview. (1) set the values, (2) paste and confirm the
information on the peaks for RT correction, (3) press “RT correction” to obtain, and (4) overview of
the RT shifts.
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Further information on the RT corrections can be obtained the “RT shift for each file”,
“Abundance plots”, and “Chromatograms” tabs of the RT correction window (Figure 12). After
deciding on the RT correction results, press the “Run” button (Figure 12) to proceed with data
processing.

NOTE: Selection of values for data processing and RT correction parameters can require
multiple trials until acceptable results are obtained. Depending on parameters, number of files
and computer speed, the MS-DIAL data processing (peak detection, MS2Dec deconvolution,
identification, alignment) can take several days or more for larger datasets.

A B C

~ 0 o - ) - o X

ot bl
U NN
" "‘..nq\‘ >

Figure 13. Details of the RT correction results: (A) RT shift for each file, (B) abundance plots, and
(C) chromatograms.

4. Reviewing compound annotations

In MS-DIAL, the alignment and identification results depend on multiple parameters.
Furthermore, thresholds and scoring of the compound identification matches are contentious
topics. Therefore, in this tutorial we focus on the usage of AMRT+MS?2 library for AIF data and
provide several metabolite identification examples. Namely, early eluting pantothenic acid
(Figure 14), relatively late eluting acetyl-histidine (Figure 15), closely eluting N2- and Ne-acetyl-
lysines (Figure 16 and 17), low-abundant tryptophan betaine (Figure 18), variable and highly
abundant trigonelline (Figure 19), as well as late-eluting HEPES (Figure 20). The identification
results of these compounds are summarized in Table 1.
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Figure 14. Identification of pantothenic acid. (A) Peak intensity is high (>1.2E6) and elution time
early (2.13 min). (B) AMRT match in the library —pantothenic acid (RT shift -0.18 min (raw) or —0.17
min (RT corrected)). MS spectra deconvoluted by MS2Dec (C) and CorrDec (D) have high match
scores at 10 eV, 930 and 924 respectively. In MS2Dec spectra, peaks above the precursor mass are
matching.
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Figure 15. Identification of acetyl-histidine. (A) Peak intensity is medium (>3E5), elution time
late and a bit fluctuating (8.66 min). (B) AMRT match in the library —N,N-acetyl-histidine acid (RT
shift 0.50 min (raw) or 0.73 min (RT corrected)). Among MS spectra deconvoluted by MS2Dec (C)
and CorrDec (D), MS2Dec spectra are rather noisy, but CorrDec spectra at 10 eV has high score
(932) with five matching fragments.
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Figure 16. Identification of Ne-acetyl-lysine. (A) Peak intensity is medium (>6E5), two isobaric
peaks eluting at 8.36 and 8.96 min. (B) AMRT matches in the library —acetyl-lysines, first eluting
peak is Ns-acetyl-lysine (RT shift 0.77 min (raw) or 0.97 min (RT corrected)). Among MS spectra

deconvoluted by MS2Dec (C) and CorrDec (D), CorrDec spectra at 10 eV has high score (921) with
five matching peaks.
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Figure 17. Identification of N2-acetyl-lysine. (A) Peak intensity is medium high (>8E5), two
isobaric peaks eluting at 8.36 and 8.96 min. (B) AMRT matches in the library —acetyl-lysines, second
eluting peak is N2-acetyl-lysine (RT shift 0.54 min (raw) or 0.75 min (RT corrected)). Among MS
spectra deconvoluted by MS2Dec (C) and CorrDec (D), CorrDec spectra at 10 eV has high score
(884) with five matching peaks.
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Figure 18. Identification of trigonelline. (A) Peak intensity is very high (>3E6), eluting at 7.5 min.

(B) AMRT matches in the library —trigonelline (RT shift 0.25 min (raw) or 0.40 (RT corrected)).
Among MS spectra deconvoluted by MS2Dec (C) and CorrDec (D), MS2Dec spectra at 30 eV has
high score (888) with several matching peaks.
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Figure 19. Identification of tryptophan betaine. (A) Peak intensity is low (>8E4), eluting at 5.82
min. (B) AMRT match in the library —tryptophan betaine (RT shift 0.17 min (raw) or 0.20 (RT
corrected)). Among MS spectra deconvoluted by MS2Dec (C) and CorrDec (D), MS2Dec spectra are
noisy, while CorrDec at 10eV has high score (897) with several matching peaks.
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Figure 20. Identification of HEPES (tIS spiked during sample preparation in all samples). (A)
Peak intensity is medium (>4E5), eluting at 11.05 min. (B) AMRT matched in the library —HEPES
(RT shift 0.38 min (raw) or 0.03 (RT corrected)). Among MS spectra deconvoluted by MS2Dec (C)
and CorrDec (D), MS2Dec spectra shows good matches (915 at 10 eV), while CorrDec spectra are
noisy due to very similar levels of HEPES in the samples. In M52Dec and CorrDec spectra, peaks
above the precursor mass are matching.
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Table 1. Summary of compound identification parameters

RT RTraw/  RT shift
m/z m/z ppm MaxMS1 | MS2 spectrum/
Compound . . . library RT raw/ Comment
library  detected error intensity . score
(min)  corrected corrected
L 1.2E6 2.13/ -0.18/ . . L .
Pantothenicacid ~ 220.1180 220.1200 9.1 2.31 MS2Dec 10 eV/ 930 higher mass ppm possibly due to high intensity
(high) 2.14 -0.17
o 3E5 8.66/ 0.50/ o . L .

Acetyl-histidine 198.0873  198.0879 3.0 . 8.16 CorrDec 10 eV/ 932 similar RT shift as other compounds eluting in the region

(medium) 8.89 0.73
. 3E5 8.36/ 0.77/ L . . .

Ne-acetyl-lysine 189.1234  189.1239 2.6 . 7.59 CorrDec 10 eV/ 921 two closely eluting isobaric peaks, high RT shift

(medium) 8.57 0.97
. 8E5 8.96/ 0.54/ L .

Nz-acetyl-lysine 189.1234  189.1241 3.7 . 8.42 CorrDec 10 eV/ 884 two closely eluting isobaric peaks

(medium) 9.17 0.75
3E6 7.51/ 0.25/ .
Trigonelline 138.0550 138.0661  80.4 7.26 MS2Dec 30 eV/ 888 very high mass ppm due to high intensity
(high) 7.66 0.40
) 5.82/ 0.17/ .
Tryptophan betaine  247.1441 247.1448 2.8 8E4 (low) 5.65 585 0.20 CorrDec 10 eV/ 897 low abundant, MS2Dec spectra noisy
4E5 11.05/ 0.38/ . . .
HEPES 239.1060 239.1067 29 10.67 MS2Dec 10 eV/ 915 IS, CorrDec deconvolution poor due to similar levels in the samples

(medium) 10.70 0.03




The summary of compound identification values in Table 1 shows that each parameter used in
compound identification can be affected depending on specific compound characteristics in the
samples. AM can drift as much as 80 ppm due to the high abundances, as in the case of trigonelline.
RT shifts are complex due to multiple factors (e.g., column batches, matrix effects etc.). From the
provided examples, it can be seen that RT corrections do not always work. Especially around 8-9
min, the corrected RT shift of the tIS PIPES seems to be opposite to that of the example metabolites.
It should be noted that the library is not matrix-specific, and around 8 min is the elution time of
creatinine, a very high abundant urinary metabolite that can create RT interferences. Finally, while
all of the example compounds have at least one good spectral match, it is clear from Figures 14 to 20
that results can very much differ between deconvolution method and collision energy. For example,
CorrDec deconvolution works relatively well for low-abundant variable compounds (tryptophan
betaine), while MS2Dec works better if the compound is less variable among the samples and not
low-abundant (HEPES). However, while each parameter can be affected, the combination of
multiple parameters provides a higher level on confidence in metabolite identification. Therefore, it
is import to understand what are the limitations and properties of the instrumentation/method
(e.g., AM and RT shifts) as well as MS spectra (e.g., deconvolution method) to provide reliable and

transparent identifications for the AIF datasets.

5. Notes

¢ Distinction of structurally similar co-eluting metabolites (e.g., dimethylxanthines in current
method) requires a different approach, as detailed here. Specific fragment for each co-
eluting metabolite needs to be identified (e.g., Chaleckis et al 2018, PMID: 29363064).
However, such fragment might not exist or in too low intensities/abundances in the study

samples. Metabolite name and identification level should be adapted accordingly.

e A matrix-specific AMRT+MS2 library constructed from AIF data might provide better
spectral matches as it will include eventual matrix-specific RT shifts as well as matrix-

specific adducts.

® Including more and different peaks for RT correction might reduce the RT drifts, however,
especially in HILIC chromatography, the shifts are complex, with groups of compounds
drifting into opposite directions. While the tIS are often essential to manage RT drifts, the
importance of RT accuracy also depends on the LC method and metabolites of interest (e.g.,
hydrophilic metabolites or lipids), composition and complexity of the sample
(plasma/serum, urine, cellular extract etc.), and “peak purity” of metabolites in extracted
ion chromatogram (EIC). For example, in conventional untargeted lipidomics, multiple
closely eluting isobaric peaks can only be confidently annotated (e.g., acyl chain
compositions and positions snl/sn2/sn3 positional isomers) if confirmed by internal
standards analyzed in the same analytical batch. On the other hand, if only a single peak is
detected in the entire EIC of the metabolite of interest, then the accurate RT is less critical.
Also, the composition of the sample (e.g., cellular extract vs. urine) plays a role in the RT

shifts due to the matrix effects.



