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This technical note demonstrates the importance of parameter
settings in MS-DIAL version 4.92 to process untargeted metabolomic
data acquired using the ZenoTOF 7600 system. Previous technical
notes!-2 have shown the importance of instrumental settings for data
acquisition and best practices for data processing using SCIEX OS
software to produce the highest quality data with broad
metabolome coverage. However, different software programs have
different algorithms that process data with uniquely defined
parameters and settings (Figure 1). Furthermore, parameter
settings can be instrument-dependent, which requires
comprehensive testing to determine the best parameter settings for
a particular data set. Herein, MS-DIAL 4.92 software3, a widely used
processing tool for metabolomics and lipidomics data analysis, was
used to interpret untargeted metabolomics data. Parameter settings
were sequentially adjusted through iterative data processing to
reveal how setting changes affect metabolomics results. Optimal
MS-DIAL software parameter setting values are presented for data
acquired using the ZenoTOF 7600 system.
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parameters for processing metabolomics data
acquired using the ZenoTof 7600 system

MS-DIAL software rapidly processes untargeted
metabolomics data acquired on the ZenoTOF 7600 system

The high sensitivity of the ZenoTOF 7600 system enables
low threshold settings within MS-DIAL software that
improves the overall coverage of the metabolomics

experiment

MS-DIAL software is compatible with most metabolomic

compound libraries

Figure 1. A major bottleneck for
untargeted metabolomics workflows is time
spent data processing. Understanding the
software-specific parameter settings and
how they should be adjusted to
accommodate specific instrument data is
essential to maximize coverage while
maintaining high confidence in a timely
manner. Herein optimal parameter settings
for MS-DIAL 4.92 software are described for
untargeted metabolomics data acquired on
the ZenoTOF 7600 system.



Introduction

Untargeted metabolomics aims to detect and quantify all observable
small biomolecules within a sample to define the metabolic state of
an organism and potentially identify biomarkers of disease*. High-
resolution mass spectrometry (HRMS) analysis using a data-
dependent acquisition (DDA) mode is the primary tool for
untargeted metabolomics experiments. To increase compound
detection and identification (i.e., coverage), experiments are
typically run in both positive and negative ion modes. Acquired data
are generally processed using software that matches MS/MS spectra
to small molecule databases for compound identification.

The breadth of coverage of metabolic compounds by mass
spectrometry depends on several factors. First, instrument
performance and hardware parameter settings affect metabolomics
data quality. Optimal parameter settings for the ZenoTOF 7600
system have been previously reported! that leverage the speed and
sensitivity of the instrument to maximize coverage from a DDA
experiment. Second, data processing parameters significantly
impact the identification of metabolites. These parameters can be
related to library match score, minimum intensity threshold, etc.
Incorrect parameter settings may result in misidentification or
missing a compound altogether. Software parameter settings for
SCIEX OS software for untargeted metabolomics data acquired using
the ZenoTOF 7600 system have been previously determined2. MS
DIAL software can also process these data; however, its parameter
settings are unique from SCIEX OS software. Systematic adjustment
of parameter settings and data review are required to find the
optimal software parameter settings.

In this technical note, untargeted metabolomics data were acquired
from NIST SRM plasma samples using the ZenoTOF 7600 system.
Data were processed by MS DIAL 4.92 software using iterative
permutations of different parameter settings for minimum threshold,
mass slice width, and identification cut-off tabs in the processing
workflow. From these processed data, optimal software processing
parameters were identified and are reported herein.

Sample preparation: NIST SRM 1950 samples were extracted by a
one-phase liquid extraction. Four volumes of ice-cold ethanol were
added to 1 sample volume and vortexed for 30 seconds. Extraction
mixtures were centrifuged to separate the precipitated protein
debris, and the supernatant was used directly for metabolomics
analysis. The supernatant can be stored at -20 °C for future analysis.

Chromatography: Extracted metabolites were resolved using an
Exion UHPLC instrument equipped with a Kinetex F5 column (2.1 x
150 mm, 2.6 um; Phenomenex). The column oven temperature was

40°C with a constant flow rate of 0.2 mL/min. Gradient details are
shown in Table 1.

Table 1: Chromatographic gradient (flow rate = 0.20 mL/min)

Time (min) Mobile phase A Mobile Phase B
(%) (%)
0.0 100 0
2.1 100 0
14 5 95
16 5 95
16.1 0 0
20 0 0

Mass spectrometry: Extracted samples were analyzed using a
ZenoTOF 7600 system with an OptiFlow Turbo Vion source. A top-
40 DDA method with dynamic background subtraction (DBS) and
exclusion for 6 s after 3 occurrences was employed for both positive
and negative ion modes. Electrospray ionization voltages were set
to 5500 V and -4500 V for positive and negative ion modes,
respectively. The collision energy (CE) was set to 30 V for positive
and -25 V for negative ion mode, and the accumulation time was set
to 5ms. The automated calibrant delivery system (CDS) performed
automated calibration every 9 samples. A summary of the MS
instrument parameters is presented in Table 2.

Table 2: ZenoTOF 7600 system source and gas parameters

Parameter Setting (Pos) Setting (Neg)
Curtain gas (CUR) 35 35
Ion source gas 1 (GS1) 50 50
Ion source gas 2 (GS2) 70 70
CAD Gas (CAD) 7 7
Source temperature (TEM) 500°C 500°C
Ion spray voltage (IS) 5500V -4500V
TOF MS mass range 60-1000 Da 60-1000 Da
Declustering Potential
(Dg) 40 -40
Time bins to sum 6 6
Accumulation time 5ms 5ms

IDA max candidate ions 40 40
Dynamic background

subtraction (DBS) Yes Yes

Collision energy (CE) 30 -25

Zeno pulsing Yes Yes
Zeno threshold 20000 20000

Data processing: All data were processed using MS-DIAL 4.92
open-source software. For identification, two different libraries
(ExpBiolnsilico_NEG_VS17.msp and ExpBiolnsilico_Pos_VS17.msp)
were employed. These libraries can be downloaded from

(http://prime.psc.riken.jp/compms/msdial/main.html) and can

easily be selected in the “Identification” tab of the software.


http://prime.psc.riken.jp/compms/msdial/main.html

Project creation and analysis of parameter

settings

Project creation

Initial “new project” creation is illustrated in Figure 2. Selecting the
project file path where the raw files are stored is critical. WIFF and
WIFF2 files can be submitted to MS-DIAL without conversion. Click
“Soft ionization,” “Chromatography,” and “Conventional LC/MS or
dependent MS/MS” for the first three tabs. Other noteworthy
options to consider are “Data type” (MS1 and MS2). Choose
“Centroid data” for both sections. Lastly, select “Metabolomics” for
the target omics and “negative” or “positive” for the ion mode.

¥ Start up a project - [} X

Browse

Project file path: C:\Users\cagakan.ozbalchOneDrive - Danaher\Desktop\IDA data\2023_6_29 14 37 _0.mtd

lonization type
® Soft ionization (LC/MS, LC/MS/MS, or precursor-oriented GC/MS/MS)
() Hard ionization [GC/MS)
Separation type
® Chromatography (GC, LC, CE, or SFC)
) lon mobility (now coupled with liquid chromatagraphy)
MS method type

@®) Conventional LC/MS or data dependent MS/MS

() SWATH-MS or conventional All-ions method () All-ions with multiple CEs (cycled like 0V-10V-40V)

Experiment file Browse
Data type (M51) Data type (M5/MS)
O Profile data ) Profile data

(®) Centroid data (®) Centroid data

lon maode Target omics

@ Positive ion mode ® Metabolomics
() Negative ion mode O Lipidomics

%) Advanced: add further meta data

Figure 2. New project creation page

Analysis parameter settings
Data collection tab:

In this section, MS-DIAL software parameter settings critically affect
coverage and the time needed to process the data files. Significantly,
these settings also affect the number of false positive results. In the
“Mass accuracy” settings, the default values are recommended. Next,
click the “advanced” button, as shown in Figure 3. To limit the data
processing mass range and potentially reduce the time required for
processing, enter the appropriate MS1 and MS2 mass ranges. It is
also recommended to define when retention time starts and ends to
remove unnecessary data points, such as the washing step, from the
analysis. The other settings can be kept as default values. If a
powerful workstation computer is used, the “Number of threads”
setting can be set to more than 2.

L]
Data collection | Peak MS20ec Adduct | Alig ty | Isotope tracking
Mass accuracy (centroid parometer)
MS1 tolesance: 001 pg
M52 tolerance 0025 py
@ Advanced
Doto collection parameters
Retention tme begin: 1 min
Retention time end 16] min
MS1 mass range begin 0 pa
MS51 mass range end 90 e
MS/MS mass range begin %0 D
MS/MS mass range end: 900 py
Isotope recognition
Macmum charged number: 2
Consider Cl and Br elements:
Multithreoding
Number of threads: 2
Execute retention time corrections
Load | Together with Algament [ Fnsh || Cancet

Figure 3. Data collection tab with advanced settings

Peak detection tab:

Under the “Peak detection” tab, there are two parameters to be
adjusted for optimal peak detection: “Minimum peak height” and
“Mass slice width” (Figure 4). One of the goals of this technical note
was to investigate how varying these parameters affects the data
quality and the overall processing time. For “minimum peak height,”
50, 250, 500, and 1000 amplitude were sequentially selected, and
the mass slice was set to 0.05 or 0.1 Da. If the smoothing method
needs to be changed, click Advanced in this section for detailed

smoothing settings.

% Analysis parameter setting - [} X
Data collection | Peak detection | MS2Dec | Identification | Adduct | Alignment | Mobility | Isotope tracking

Peak detection parameters

250

Minimum peak height: amplitude

Mass slice width: 005 pa

@ Advanced

Smoothing method: Linear weighted moving average M

3

Smoothing level: scan

5

Minimum peak width: scan

Exclusion mass list: Accurate mass [Da] Mass tolerance [Da]

Load Together with Alignment Finish Cancel

Figure 4. Peak detection settings tab with smoothing method details




Identification tab:

In the identification section, an MSP file, which can be downloaded
from MS-DIAL's website, should be selected, and the identification
cut-off value should be set. The default value for this parameter is
80%, but in this study, values of 70% and 60% were also used to
observe the effect on the final results. The remaining parameter
settings can be set as shown in Figure 5. If a custom library is to be
used, click on the advanced button and select the library. (The
library should be stored as a *.txt file.)

% Analysis parameter setting - a hos
Data collection | Peak detection | MS2Dec  Identification | Adduct | Alignment | Mobility | Isotope tracking

MSP file and MS/MS identification seiting

MSP file;  CA\Users\cagakan.ozbalci\Downloads\MSMS_Public_ExpBicInsilico_Pos_VS17.msp
Retention time tolerance: 100 min
Accurate mass tolerance (MS1): 0.01 pa
Accurate mass tolerance (MS2): 0.05 pa
Identification score cut off; ‘ o«
Use retention time for scoring: O
Use retention time for filtering: O
(A) Advanced
Text file and post identification (retention time and accurate mass based) setting
Text file:
Retention time tolerance: 011 min
Accurate mass tolerance: 001| pa
Identification score cut off: 25 %

Spectrum cut off and report option
Relative abundance cut off 0 =%

Only report the top hit: O

Together with Alignment

Figure 5. Identification tab

Adducts tab:

Metabolite adducts can vary depending on the modifiers added to
solvents. For example, in the positive ion mode, a compound can
appear as a protonated ion or as a sodium, potassium, or ammonium
adduct. The recommended adducts to be selected in both positive
and negative ion modes are presented in Figure 6.

Adduct ion setting User-defined adduct
Molecular species Charge Accurate mass [Dal Included
[M<+H]+ 1 1.007276 [
[M+NH4]+ 1 18033823 ]
M+ Naj+ 1 22989218 ¥
[M+CH30H-H]= 1 33.033489 0
M+K]+ 1 38.963158 i)
Adduct ion setting [ User-defined adduct
Molecular species Charge Accurate mass [Da) Included
[M-H]- 1 -1.007276 ¥
[M-H20-H]- 1 -19.01839 [m]
[M+Na-2H]- 1 20.974656 O
M+Cl)- 1 34969402 v
[M+K-2H]- 1 36948606 [m]
[M+FA-H]- 1 44998201 v
[M+Hac-H)- 1 59013851 ¥

Figure 6. Adduct ion setting tab

Alignment tab:

This is the final section to be completed before processing a sample
or a sample batch (Figure 7). A reference sample file should be
chosen from a pooled QC sample or from the sample with the highest
metabolite concentration. The remaining parameters (and those
under the Advanced tab) were set to the default values since they are
compatible with the ZenoTOF 7600 system data acquisition. Once all
parameters have been set, click “Finish” and wait until the results
screen appears.

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

Result name: Positive_Metabolomics_1

Reference file: 230222 IDA top 40 Pos NIST 1950 0.4 -

Retention time tolerance: 005 min
MS1 tolerance: 0015 ps
(%) Advanced

Retention time factor: 05 (0-1)

Ms1 factor: 03 -

Peak count filter: 0 5

W% detected in at least one group: 0 %

Remove features based on blank information: O

Sample max / blank average: - 5 fold change

Keep 'reference matched’ metabolite features: o/

Keep 'suggested (wfo MS2)' metabalite features:
Keep removable features and assign the tag: 7

Gap filling by compulsicn:

Together with Alignment

Figure 7. Alignment tab
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Results and discussion

Metabolites extracted from NIST SRM 1950 plasma samples were
analyzed in positive and negative ion modes, with two different
injection volumes for each polarity. For the positive ion mode, 0.4 pL
and 2 pL of the extract were analyzed, whereas 1 pL and 5 pL were
injected in the negative ion mode. Tables 3 and 4 show how
adjusting the different parameter settings affects the numbers of
identified metabolites in the positive and negative ion modes. Only
the higher volume injection results are displayed in these tables. For
both polarities, the higher injection volume resulted in
approximately 1.4 more annotated metabolites than the lower
volume injections (data not shown).



Polarity

Volume

Min

Threshold

widh

Mass slice Identification Number

cut off of hits

Time for
analysis

Positive 2L 50 01 0% 257 Very long
Positive 2l 50 0.05 0% 278 Very long
Positive 2L 250 01 70% 237 Long
Positive 2puL 250 0.05 0% 258 Long
Positive 2l 500 o1 0% 213 Normal
Positive 2uL 500 0.05 0% 224 Normal
Positive 2l 1000 0.05 0% 176 Shart
Positive 2L 1000 01 70% 173 Short
Positive 2l 50 01 B0% 135 Very long
Positive 2l 50 0.05 80% 141 Very long
Positive 2uL 250 01 80% 129 Long
Positive 2l 250 0.05 80% 134 Long
Positive 2uL 500 01 80% 119 Normal
Positive 2l 500 0.05 80% 119 Normal
Positive 2l 1000 01 80% 100 Short
Positive 2uL 1000 0.05 80% 100 Short
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Table 3. Coverage, time for analysis, and confidence under different
parameter settings in the positive ion mode.

Each row in Tables 3 and 4 is color-coded according to their
identification confidence. Dark orange and light orange coded rows
denote high confidence, while blue coded rows denote lower
confidence and may contain more false positive results. Grey-coded
rows represent little increase in the number of hits but indicate
significantly increased analysis time. For context, the time for
analysis of a single sample is presented in Table 5. Changes in the
“Min Threshold” parameter can dramatically affect the analysis time
but have less affect the number of hits. The identification cut-off
percentage has a significant impact on the number of hits. And the
“mass slice width” affects the number of hits only for data with low
confidence.

Table 5. Typical times for analysis of 1 sample at different threshold
values

Analysis time

Threshold . Descriptor
(min)
50 12 Very long
250 1.7 Long
500 1.4 Normal
1000 1.2 Short

Table 4. Coverage, time for analysis, and confidence under different
parameter settings in the negative ion mode

As shown in Tables 3 and 4, a balance must be struck
between the analysis time, coverage, and confidence. In the
positive ion mode, a minimum threshold of >50 and <250
appears to give the best coverage. Due to the high sensitivity
and the high signal-to-noise ratio of the data acquired on the
ZenoTOF 7600 system, a value of 250 cps was chosen to give
the best coverage using an “identification cutoff” value of
70%. As seen in the tables, however, small changes can
significantly affect the overall data, so it is recommended that

230222 IDA top 40 Pos NI
230222 1DA top 40 Pos NI

Label: | Mone w
Peak spots: 100% Mum. 139

Display filter

[of] Ref matehed [ ] Suggested
€CS matched [ Unknown

[+ M52 sequired [ Molecular ion

[ Blank fiker ] Unique ions

Figure 8. Peak spot navigator. MS2 acquired and Ref. matched are

selected to filter the metabolites with the most confident annotation.



these software processing parameters be a starting point
from which adjustments can be made to generate the best
data for a given data set. For example, for data processed
from a large cohort study. In that case, increasing the
“minimum threshold” to 500-1000 cps may be reasonable to
decrease the time needed for analysis. As expected, the data
also indicate that a higher sample load (i.e., higher analyte
concentration) generates higher-quality data.

The confidence level in the processed data can be adjusted in
the “Peak spot navigator” Clicking on the “Ref. matched”
display option will only show compounds with a matching
MS/MS reference spectrum in the compound library (Figure
8).

Although MS-DIAL’s MS/MS fragment library algorithm
matches acquired data with a high degree of confidence, it is
recommended to manually validate the metabolite

annotations from the right bottom panel (Identification) and
change the annotation, if necessary, as shown in Figure 9.

® Compound search — O X |©posRer Ms2Chrom | Rawws Purfied fiep.us.Rel
5 i
oo (S| [ [ seeaeorrom ame B @ 5 a
T simiary score: h spectra Precursor: 152.071  Measurement
R tol i, [100 MstioL ok (001 Ms2tol[Dsk 005 Accurase mass similariy score: 1100604
100
Dot product similarity score:
File information i
Reverse dat product similarity scord
FlelD  Filename  RT[min] Accurate mass Molecularspe Identiied et score
i 230222 0n [sneems|152071 s | aceromiopne @

MS2 spediiedimement

bravy information | g 43.0187
Library informaion 100 el §
£ 152071
H - S
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[ dceromoprenct e [s0[1s:0s 08 [10]1c o
IMeH]+ 8.0[15:(08 (08 ]10]LC.[D8
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* 502 92056

55282 cis-1 23, +__|80[1s:[0s[0a]10]ic|pe
3593z, i J paracetamol |[M+Hl+ _|8.6]15:{0.7 |08|10[LC-| D&
Paracetomol Wit J22[1si[o7 07 10)ic o8
2257¢ | Paracetamal MeH-  |22[15:]07]07]10 lC-lE 1007 100 A
B hcetamidophenol Wa-H:[80[15:]07 |07 [10]iC]De -
5455 | Acetaminophen wisrJso[wslor]or[10]ic o8 W B0 120 160 I 40 60 60 108 120 140 160
M eReference iz Reference

Figure 9. Identification panel. Annotated metabolites can be reviewed
from this panel. If the annotation is not correct, it can be easily changed
using the MS/MS look-up button (red arrow)




. 4.
Conclusions

The speed and sensitivity of the ZenoTOF 7600 system
enable the generation of reproducible and high-quality data

for untargeted metabolomic analysis

In MS-DIAL 4.92 software, the “Minimum threshold” value
of 250 cps and the “Identification cut off” value of 70% are
good initial settings for untargeted metabolomics data
acquired on the ZenoTOF 7600 system

For extensive cohort studies, or in situations where it is
necessary to minimize the overall analysis time, the
“Minimum threshold” parameter setting value can be

increased up to 1000 cps

The number of analytes identified in a sample is
proportional to the concentration of the sample; higher

sample volume and concentration are recommended
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