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1 Introduction

ADAP (Automated Data Analysis Pipeline) was developed for pre-processing untargeted mass
spectrometry-based metabolomics data. It consists of two components: ADAP-GC and ADAP-LC
for pre-processing GC-MS and LC-MS data, respectively. Figure 1 depicts the workflows of the two
pipelines. The two pipelines share modules 1, 2, 3, and 5. The differences between the two pipelines
lie in modules 4 and 6. Deconvolution is unique to ADAP-GC while peak annotation is unique
to ADAP-LC. Compound identification in ADAP-GC is achieved by comparing spectral similarity
while compound identification in ADAP-LC is achieved by comparing experimental masses and
isotopic distributions against exact masses and theoretical isotopic distributions.

The computing modules for construction of EICs, detecting peaks, and deconvolution have been
developed by Du-lab team, implemented in Java, and incorporated into the framework of MZmine
2. Next we describe how to use ADAP-GC and ADAP-LC. For other capabilities of MZmine 2,
please refer to the MZmine 2 website [1].
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Figure 1: Workflows for pre-processing GC- and LC-MS data.

2 Download and Installation

ADAP computational modules have been part of MZmine 2 since version MZmine 2.24. No instal-
lation of extra packages is required. For description on how to download and install MZmine 2,
please refer to the MZmine 2 manual [1].

3 ADAP-LC

We will illustrate how to use the ADAP-LC workflow using three data files. The data is in profile
mode and so we will start with detecting masses from the mass spectra, i.e. centroiding.

3.1 Detection of Masses from Mass Spectra

Click on Raw data methods — Raw data import, shown in Figure 2.



e0e® MZmine 0.0: New project

project [l Peak list methods Visualization Windows Help
[EYER  Raw data import____| Peak lists

Order raw «This module imports ram data into the project.
Filtering
Peak detection b

Tasks in progress...
% done

Item Priority Status
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Welcome to MZmine 2!

Figure 2: Import the raw data file.

This will open a window from which the desired data files may be chosen. The imported data files
will appear in the left hand window of the GUI, labeled Raw data files, as shown in Figure 3.

e0e MzZmine 0.0: New project

Project Raw data methods Peak list methods  Visualization Windows Help

Raw data files Peak lists

> QS_120111_002.cdf
> YP_111212_02.cdf
> YP_120131_002.cdf

Tasks in progress...
Item

Priority Status % done

©9793MB free

[3:42:13 PM]: Processing of task Opening file /Volumes/Seagate Expansion Drive/NIST/c18/Mitochondria Metabolism/YP_120131_002.cdf done, status FINISHED

Figure 3: Imported data files.

To detect masses from the profile mass spectra, select the files that have been imported and then
click Raw data methods — Peak detection — Mass detection as shown in Fig. 4.



MZmine 2 Project Peak list methods  Visualization Windows Help
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Order raw data files
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Figure 4: Mass detection from profile mass spectra

This will open a window with several options. From this window click on the Mass detector drop
down box and choose Wavelet transform, then click on the ellipsis box directly to the right of
the drop down box. The ellipsis button opens up a parameter selection window for the wavelet
transform parameters. Both of these windows and the good parameters for these data files are
shown in Figure 5.

MZmine 2

LA Raw data files |4t Peak lists

Raw data files 3 selected As selected in main window $

Scans MS level: 1 Set filters Clear filters

Mass detector Wavelet transform < o0 Please set the parameters
Mass list name  masses Noise level 1.0E2
Filename Scale level 5

Wavelet window size (%) 30.0 %

OK Cancel Help
Show preview
+
[Tasks in progress... OK Cancel Help I
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Figure 5: Mass detection by continuous wavelet transform.



Click OK in both windows in Figure 5 and start the mass detection process. The process status
will be shown in the bottom panel. After the process is finished, click on the triangle immediately
to the left of each data file and you will see the list of the profile spectra. Then click on the triangle
to the left of each profile spectrum and you will find that the centroid spectrum labelled as masses
is shown immediately below the corresponding profile spectrum. Double click on the masses brings
up a window displaying the profile spectra in blue and centroid masses that have been detected in
green as shown in Figure 6. By stacking together the centroid spectrum and the profile spectrum,
you can check how well the mass detection works.

MZmine2 Windows
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Figure 6: Mass detection result.

You can also use a third party software package, for example msConvert, for detecting masses and
then import the centroid data into MZmine 2.

3.2 Construction of Extracted Ton Chromatograms

Chromatogram building builds extracted ion chromatograms (EIC) for masses that have been
detected by the mass spectrometry continuously over a certain duration of time. To perform
chromatogram building using the ADAP method, click Raw data methods — Peak detection —
ADAP chromatogram builder as shown in Figure 7.
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Figure 7: Selecting the ADAP chromatogram building.

This will pull up a window to set the parameters for the ADAP chromatogram building. The
window and an example of the good parameters for the example file are shown in Figure 8.

|4t Peak lists

eCe Please set the parameters

Raw data files 3 selected  As selected in main window B
Scans MSlevel: 1 | Set filters Clear fillters

Mass list masses Choose...

Min group size in # of scans 5.0
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ADAP Module Disclaimer:
If you use the ADAP Chromatogram Builder Module, please cite the MZmine2 paper and the following article:
Myers OD. Sumner SL. Li S. Barnes S. Du X: One Step Forward for Reducing False Positive and False Negative

Compound from Mass S Data: New Alorithms for C Extructed
fon C1 and Detecting C1 Peaks. Anal Chem 2017 DOL: 10.102 /nes analchem.7b00947
Tasks in progress...
e | oK Cancel Help E
[9:34:15 AM]: Processing of task Opening project /Users/xdu4/Dropbox (UNC Charlotte)/ Duxiuxia/Ocean/Research/Software /ADAP_tutorial/test. ADAP-LC_01-25-2018.m... 9OMB free

Figure 8: Example of ADAP chromatogram building parameters.

Description of parameters:

o Min group size in # of scans: In the entire chromatogram there must be at least this num-
ber of sequential scans having points above the Group intensity threshold set by the user.



The optimal value depends on the chromatography system setup. The best way to set this
parameter is by studying the raw data and determining what is the typical time span of
chromatographic peaks.

e Group intensity threshold: See above.

o Min highest intensity: There must be at least one point in the chromatogram that has an
intensity greater than or equal to this value.

e m/z tolerance: Maximum m/z difference of data points in consecutive scans in order to
be connected to the same chromatogram. Twice the m/z tolerance set by the user is the
maximum width of a mass trace. We strongly recommend setting the m/z value and not the
ppm value. Whichever value is set to 0.0 will not be used.

e Suffix: The resulting chromatogram will be named file name + suffiz.

Click OK starts the chromatogram building process. After the process is complete, a list of chro-

matograms will appear in the right hand window of the GUI labeled Peak Lists as shown in
Figure 9.
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Figure 9: Results of chromatogram building.

Click the triangle to the left of each data file expands the list of EICs as shown in Figure 10.
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Figure 10: List of EICs that have been constructed.
3.3 Detection of Peaks from EICs

Each EIC that has been constructed spans the entire duration of the chromatography. To detect
the peaks from all of the EICs, select the EICs and click Peak list methods — Peak detection —
Chromatogram deconvolution as shown in Figure 11.

MZmine2 Project Raw data methods WZEEIJIERUEULLEN Visualization Windows  Help
Order peak lists J
Peak detection » Smoothing
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B4 YP_111212_02.cdf Export/import S [YP_120131_002.cdf chromatograms
B4 YP_120131_002.cdf [E] P 111212 _02.cdf chromatograms
[Tasks in progress...
Item Priority Status % done
[3:17:42 PM]: Processing of task Detecting chromatograms in YP_111212_02.cdf done, status FINISHED ©23739MBfree ||

Figure 11: Detect peaks from EICs.
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This will open a window with a drop down box for selecting the peak detection method. From the
drop down box choose the Wavelets (ADAP) option as shown in Fig. 12.

|4l Peak lists
e s 12

eCe Please set the parameters

Peak lists 3 selected  As selected in main window <]
Suffix deconvoluted

Algorithm Wavelets (ADAP) o

mj/z range for MS2 scan pairing (Da)

RT range for MS2 scan pairing (min)

Remove original peak list

e —— | oK Cancel Help
Tasks in progress...

Item

[9:56:21 AM]: Processing of task Detecting chromatograms in YP_111212_02.cdf done, status FINISHED

21669MB free

Figure 12: Select ADAP peak detection.

Click on the ellipsis box/button next to the drop down box. The ellipsis button will open a window
for setting the peak detection parameters. Both windows are shown in Fig. 13.

[ ey ] Please set the parameters
S/N threshold 10

S/N estimator Intensity window SN d

min feature height 1,000

coefficient/area threshold 100
Peak duration range 0.02 - 10

RT wavelet range 0.001 - 0.05

Show preview

ADAP Module Disclaimer:

If you use the ADAP Chromatogram Deconvolution Module, please cite the MZmine2 paper and the following article:
Myers OD. Summner S1 Li 5. Barnes S. Du X: One Step Forward for Reducing False Positive and False Negative

Compound Identifications from Mass Spectrometry Metabolomics Data: New Algorithms for Constructing Extracted
lon Chromatograms and Detecting Chromatographic Peaks. Anal Chem 2017, DOIL: 10,102 1/acs.analchem . 7b00947

0K Cancel Help

Figure 13: EIC peak detection parameters.

Description of parameters:

e S/N threshold: The minimum signal to noise ratio a peak must have to be considered a real

feature. Values greater than or equal to 7 will work well and will only detect a very small
number of false positive peaks.
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e S/N estimator: User can choose one of two estimators of the signal-to-noise ratio

— Intensity window SN (tested on LC-MS datasets) uses the peak height as the signal level
and the standard deviation of intensities around the peak as the noise level,

— Wawvelet Coeff. SN (tested on GC-MS datasets) uses the continuous wavelet transform
coefficients to estimate the signal and noise levels. Analogous approach is implemented
in R-package wmtsa.

min feature height: The smallest intensity a peak can have and be considered a real feature.

coefficient/area threshold: This number must be chosen by looking at examples using the show
preview button at the bottom of the window. This is the best coefficient found by taking the
inner product of the wavelet at the best scale and the peak, and then dividing by the area
under the peak. Values around 100 work well for most data.

Peak duration range: Minimum and maximum widths allowed for a peak.

RT wavelet range: Minimum and maximum widths of the wavelets used for detecting peaks.

After the detection of chromatographic peaks is complete, a list of chromatographic peaks will
appear below the list of chromatograms in the Peak lists window for each data file. Each list of
peaks can be exported, separately, by selecting the peaks detected from one data file and clicking
on Peak list methods, mousing over the Export/Import option and then selecting the desired export
method (Figure 14). Figure 15 shows a sample export of the chromatographic peak detection
results.

MZmineCore
o0 e MZmine 0.0: New project

Project Raw data methods Peak [B¥NEGLEEN Visualization Windows  Help

Raw data files Order peak lists Peak lists
Peak detection b QS_120111_002.cdf chromatograms
Gap filling YP_120131_002.cdf chromatograms
Isotopes YP_111212_02.cdf chromatograms
Filtering QS_120111_002.cdf chromatograms deconvoluted
Alignment
Normalization »
Identification  »
Data analysis  » |
Export to MetaboAnalyst file
Export to mzTab file This method exports the peak list contents into a CSV (comma-separated values) file.
Export to SQL database
Export to XML file

v

Bl vP_120131_002.cdf

vvvyy

[YP_120131_002.cdf chromatograms deconvoluted

vYyvvy

[YP_111212_02.cdf chromatograms deconvoluted

Import CASMI challenge task
Import mzTab file
Import from XML file

[rasks in progress...
Item Priority Status % done

[10:40:29 AM]: Processing of task Peak recognition on YP_111212_02.cdf chromatograms done, status FINISHED «5991MB free

Figure 14: Export results from chromatographic peak detection.
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A B C D E F G H | J K L

18 99.5306015 0.73311833
19 99.5306015 5.58725667
20 100.028282 0.70448833
21 100.057961 0.67550333
22 100.111687 0.18226333
23 10N.111AR7 2.293991A7

DETECTED  99.5306015 0.73311833 0.64588 0.77578 0.
DETECTED  99.5306015 5.59725667  5.582525 5.64120333 0.0586:
DETECTED  100.028282 0.70448833 0.67550333 0.73311833  0.05]
DETECTED  100.057961 0.67550333 0.64588 0.76158333 0.1157(
DETECTED  100.111687 0.18226333  0.096375 0.28156  0.18¢
DFTFCTFD  100.1116R7 2.293991A7 2.26317833 2.33R3RII3 n.07¢

Irow 1D .lrow m/z row retentio row commer row number All identity e YP_120131_(YP_120131_(YP_120131_IYP_120131_IYP_120131_I YP_120:
1 86.0957031 0.50133833 1 DETECTED  86.0957031 0.90133833 0.84557 1.12000333 0.2744:
2 50.0542068 0.50133833 1 DETECTED  90.0542068 0.90133833 0.87351833  0.957405 0.0838!
3 50.5253%06  0.718745 1 DETECTED  90.5253906  0.718745 0.63083 0.78577167 0.158%«
4 50.5760208 0.81773667 1 DETECTED  590.5760208 0.81773667 0.73311833 0.51526833 0.1¢
5 91.0270233 0.73311833 1 DETECTED  91.0270233 0.73311833 0.66087167 0.74731167 0.0¢
6 91.0270233 6.80784 1 DETECTED  91.0270233 6.80784 6.77885 6.80784 0.0
7 91.0534515 0.52924667 1 DETECTED  91.0534515 0.92524667 0.91526833 1.02967 0.1144(
8 91.795227 0.83164833 1 DETECTED  91.8795227 0.83164833 0.74731167 0.87351833 0.1262(
9 92.5217133 0.73311833 1 DETECTED  92.5217133 0.73311833 0.65002333 0.74731167 0.0572¢
10 54.0445557 0.73311833 1 DETECTED  94.0445557 0.73311833 0.67550333 0.76158333 0.0¢
11 94.0445557 4.37849833 1 DETECTED  94.0445557 4.37849833 4.37849833 4.40693167 0.0284:
12 96.9212341 0.87351833 1 DETECTED  96.9212341 0.87351833 0.84557 1.04465 0.1¢
13 97.5137787 4.37849833 1 DETECTED  97.5137787 4.37849833 4.33529167  4.435335 0.1000¢
14 97.9508905  0.718745 1 DETECTED  97.5508905  0.718745 0.66087167 0.77578 0.1149(
15 98.9181213 0.85954667 1 DETECTED  98.9181213 0.85554667 0.83164833 1.00039167 0.1687:
16 99.0545044  0.957405 1 DETECTED  99.0545044  0.957405 0.84557 1.00039167 0.1548:
17 99.0545044 0.18226333 1 DETECTED  99.0545044 0.18226333  0.096375 0.31042833 0.2140!

1
1
1
1
1
1

Figure 15: Sample export of results from chromatographic peak detection.

3.4 Annotation of EIC Peaks Using CAMERA

CAMERA is an R package that provides a strategy for compound spectra extraction and annotation
of LC-MS datasets. It has been implemented by the MZmine 2 team into MZmine 2. The Du-lab
team modified the CAMERA process slightly for extracting experimental isotopic patterns. The
isotopic patterns will be used for identifying the analytes. For details about CAMERA, refer to

[2, 3].

To do the annotation using CAMERA, click Peak list methods — Identification — CAMFERA search
(Figure 16).

MZmineCore
00 MZmine 0.0: New project
Project Raw data methods QZEUSISEUEGLLEN Visualization Windows Help
Raw data files Order peak lists Peak lists
Peak detection » » Q5_120111_002.cdf chromatograms
Gap filling > » YP_120131_002.cdf chromatograms
Isotopes > > YP_111212_02.cdf chromatograms
Filtering > >
Alignment > >
Normalization _» . ?12_02.cdf chromatograms deconvoluted
Identification  » Custom database search
Data analysis > Fragment search
Export/Import  » Adduct search
Complex search
Online database search
Glycerophospholipid prediction
CAMERA search
NIST MS Se This method searches for pseudo-spectra using the CAMERA algorithm.
Formula prediction T
ADAP GC-MS Search
ADAP LC-MS Search
T
[Tasks in progress...
Item Priority Status % done
[8:31:54 AM]: Processing of task Exporting peak list(s) [YP_120131_002.cdf chromatograms deconvoluted] to CSV file(s) done, status FINISHED «P474MB free

Figure 16: Use CAMERA for annotation of EIC peaks.
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A window will pull up as shown in Figure 17 allowing users to specify parameters.

‘a0 e Please set the parameters
Peak lists 3 selected | As selected in main window a
FWHM sigma 0.2
FWHM percentage 1.0 %
Isotopes max. charge 3
Isotopes max. per cluster |4
Isotopes mass tolerance 0.01 mfz or 0.0 ppm
Correlation threshold 0.7
Correlation p-value 0.05
lonization Polarity positive o
Do not split isotopes
Order Perform Shape correlation before Isotope search d
Create new list
Group peaks by Isotope ID d
Include singletons
Suffix CAMERA
0K Cancel lelp

Figure 17: Specify parameters for CAMERA.

With the slight modification by the Du-lab team, an option (item Order in Figure 17) is provided to
perform shape correlation before isotope search for stricter requirement of determining an isotopic
pattern. With this stricter requirement, the mass peaks that form an isotopic pattern will have to
meet not only the m/z requirement, but peak shape similarity as well. You can use the original
CAMERA too by selecting Perform Isotope search before Shape correlation. Be aware that it could
take a while for a CAMERA search to finish.

After CAMERA does finish the search, the results are displayed as shown in Figure 18.

13



MZmineCore
|ece® MZmine 0.0: New project
Project Raw data methods Peak list methods Visualization Windows Help

Raw data files Peak lists

Q5_120111_002.cdf chromatograms
YP_120131_002.cdf chromatograms
YP_111212_02.cdf chromatograms
Q5_120111_002.cdf chromatograms deconvoluted
YP_120131_002.cdf chromatograms deconvoluted

[ vP_120131_002.cdf

YP_111212_02.cdf chromatograms deconvoluted

[YP_111212_02.cdf chromatograms deconvoluted CAMERA
YP_120131_002.cdf chromatograms deconvoluted CAMERA
Q5_120111_002.cdf chromatograms deconvoluted CAMERA

vYvVVYVYVYVYVYY

[Tasks in progress...
Item Priority Status % done

[9:33:33 AM]: Processing of task Identification of pseudo-spectra in QS_120111_002.cdf chromatograms deconvoluted done, status FINISHED =8992MB free

Figure 18: CAMERA finishes searches and results are displayed.

Click on the triangle immediately to the left of YP_111212_02.cdf chromatograms deconvoluted
CAMERA will display the CAMERA search results (Figure 19) for data file YP_111212_02.cdf.

MZmineCore
[ ] [ ] MZmine 0.0: New project |
Project Raw data methods Peak list methods Visualization Windows Help

Raw data files Peak lists

Q5 120111 _002.cdf Q5_120111_002.cdf chromatograms

[l vP_111212_02.cdf YP_120131_002.cdf chromatograms.

P 120131 _002.cdf YP_111212_02.cdf chromatograms

QS_120111_002.cdf chromatograms deconvoluted

YP_120131_002.cdf chromatograms deconvoluted

YP_111212_02.cdf chromatograms deconvoluted

YP_111212_02.cdf chromatograms deconvoluted CAMERA
#1102 281.1939 m/, seudo-spectrum #112

«vVvVvVVYVYYy

seudo-spectrum #112

27.1530 m/z @0.08 Pseudo-spectru
259.15
#1694 369.2464 m/z @0.08 Pseudo-spectrum #1

00 m/z @0.08 Pseudo-spectru

#1830 386, n/. 8 Pseudo-spectrum

2 @0.13 Pseudo-spectrun |
Z @0.14 Pseudo-spectru

z @0.15 Pseud

Tasks in progress...
Item Priority Status % done

[9:40:01 AM]: Processing of task Updating TIC visualizer of YP_111212_02.cdf done, status FINISHED @P832MB free

Figure 19: List of pseudo-spectra are displayed.

Each pseudo-spectrum can be displayed in the context of the raw spectrum. For example, to display
pseudo-spectrum #029 in data file YP_111212_02.cdf, double click the pseudo-spectrum. A window
will pull up as shown in Figure 20
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o0 e #773 195.9921 m/z @0.144 Pseudo-spectrum #089
Windows

Pseudo-spectrum #089
#773 195.9921 m/z @0.144

File Name Mass RT Height Area Mass spectrum d
[esssar T oass ]
Show
Change

Figure 20: First step of visualizing a pseudo spectrum.

Select Mass spectrum in the bottom-right corner and then click on Show will pull up a window
displaying the pseudo spectrum (green sticks) in the context of the raw spectrum (Figure 21).

eo0e Spectrum: [YP_111212_02.cdf; scan #18]
Windows

YP_111212_02.cdf scan#18 @0.14 MS1 p 7, base peak: 118.1220 m/z (8.0ES)

3.064
2.8E4
2.6E4
2.4E4
2.264
2.0E4
1.8E4 2019892
1.6E4
1.4E4
1.2E4
1.084
8.0E3
6.0E3 195.0860

| e e P s

198.0959

195.9921

Intensity

2.0E3
0.0E0 I
2.0E3
4.0E3
6.0E3
-8.0E3
1.0E4
1.264
1.4E4
1.6E4
1.8E4
2.0E4
2.2E4
2.4E4

193.0000 194.0000 195.0000 196.0000 197.0000 198.0000 199.0000 200.0000 201.0000 202.0000

m/z

— Scan #18 W Peaks in YP_111212_02.cdf chromatograms deconvoluted CAMERA W Isotopes (2) Spectrum

- Peak list:  YP_111212_02.cdf chromatograms deconvoluted CAMERA B -

Figure 21: Second step of visualizing a pseudo spectrum.

3.5 Results Export

The final results after detection of EIC peak detection can be exported. Click Peak list methods —
Ezport/Import — Export to CSV file as shown in Figure 22.
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MZmine 0.0: test_ADAP-LC

Raw data methods QZEUSINENEN Bl Visualization Windows Help

Raw data files Order peak lists Peak lists |
> Q5_120111_002.cdf Peak detection b » QS_120111_002.cdf chromatograms |
> YP_111212_02.cdf Gap filling > » YP_120131_002.cdf chromatograms |
> YP_120131_002.cdf Isotopes 4 » YP_111212_02.cdf chromatograms

Filtering > » QS_120111_002.cdf chromatograms deconvoluted

Alignment > » YP_120131_002.cdf chromatograms deconvoluted

Normalization  » » YP_111212_02.cdf chromatograms deconvoluted

Identification  » » YP_111212_02.cdf chromatograms deconvoluted CAMERA

Data analysis > » YP_120131_002.cdf chromatograms deconvoluted CAMERA

> Q5_120111_002.cdf chromatograms deconvoluted CAMERA

|

|

|

Export to MetaboAnalyst file | e—— |

This method exports the peak list contents into a CSV (comma-separated values) file |

Export to SQL database | |
Export to XML file

Export to MSP file

Import CASMI challenge task |
Import mzTab file
Import from XML file

Tasks in progress...
Item Priority Status % done

[2:50:05 PM]: Processing of task Opening project /Users/xdu4 /Dropbox (UNC Charlotte)/Duxiuxia/Ocean/Research/Software /ADAP_tutorial/Figures/LC/test_ ADAP-LC.mz... | =P047MB free

Figure 22: Export results.

A window pulls up as shown in Figure 23 allowing to select what to export.

© Please set the parameters
Peak lists 3 selected As selected in main window |T]
Filename »/ADAP-LC_final_export.csv.

Field separator

Export row ID All

Exportrowm/z
i / Clear

Export row retention time

Export common elements Export row identity (main ID)

Export row identity (all IDs)

Export row identity (main ID + details)

(<< NN NN

Export row comment

Peak status All
Peak m/z

/ Clear
Peak RT
Export data file elements Peak RT start
Peak RT end

Peak duration time

(<< NN NN

Peak height

Export quantitation results and other information

Identification separator

OK Cancel Help

Figure 23: Select what to be exported to a CSV file.
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Figure 24 shows part of the exported results. The CAMERA results can be found in the column
“row identity (main ID + details)”.

row ID row m/z row retention time row identity (main ID)  row identity (all IDs)  row identity (main ID + details) Trow 1 YP_111212_0YP_111212_02.(
1314 303.1749268 007006 Pseud #131 d #131  Name: Pseudo-spe [44][M]+;Adduct: [M+Na]+ 280.186;Identification method: Bioconductor CAMERA 1 DETECTED 303.1749268
1632 347.2019653 0.07006 #131 #131 Name: (6114 [M+Na]+ 324 ification method: Bioconductor CAMERA 1DETECTED  347.2019653
1593 342.2467957 0.078593333 Pseudo-sp #150 do-sp #150  Name: Pseudo-spe 5 32021 ification method: CAMERA 1DETECTED  342.2467957
1780 369.2464294 0,078593333 Pseudo-sp #150 do-sp #150  Name: Pseudo-spe [68]M]+; [M+H]+ 368. methodt CAMERA 1DETECTED 3692464294
1930 386.2721252 0.078593333 #150 #150  Name: Pseud [79][MH+;Adduct: [ ]+ 36: ification method: Bioconductor CAMERA 1 DETECTED 3862721252
1970 391.2273865 0.078593333 Pseud #150  Pseud #150  Name: Pseud [BUM]+ [M+Nal+ 368. ification method: Bi MES 1DETECTED 3912273865
3162 5183513794 0.103911667 Pseudo-sp 316 do-sp 4316 Name: Pseudo-spe [163](M] method MERA 1DETECTED 5183513794
938 259.1500244 0.160346667 Pseud 35 d #135 Name: Pseudo-spet [23][M]+:Adduct: [M+Na]+ 236.161;Identification method: Bioconductor CAMERA 1DETECTED 2591500244
2783 488.341217 0.168388333 Pseud #147  Pseud #147  Name: Pseud [138]M]+Adduct: [M+HNH3]+- i method: MERA 1 DETECTED 488.341217
2826 493.2962036 0.168388333 Pseudo-sp #147 do-sp #147  Name: Pseudo-spe [ ;Adduct: [M+Nal+ 470. ification method: CAMERA 1DETECTED 4932962036
1417 317.1924744 0.168388333 Pseudo-sp #1757 Pseudo-sp: #1757 Name: Pseudo-spectrum #1757;lsotope: [47][M] method MERA 1DETECTED 3171924744
1731 361216217 0.168388333 #147 #147  Name: z : (63)[M]+ [M+Nal+ 33 ification method: Bioconductor CAMERA 1 DETECTED 361.216217
3347 532.3635864 0.168388333 Pseud #147  Pseud #147  Name: Pseud [175][M]+;Adduct: ]+ 514, i method: MERA 1DETECTED 5323635864
4324 664.4437865 0.176581667 Pseudo-sp 366 do-sp 4366 Name: Pseudo-spe [223]M] method MERA 1DETECTED 6644437866
4011661107025 0.209265 Pseud #024 d #024 Name: Pseud [M+2H]2+ 330. method: Bioconductor CAMERA 1 DETECTED 1661107025
1514 3312145081 0.209265 Pseud #024 Pseud #024  Name: Pseud (5414 [M+H]+ 330. ication method: Bioconductor CAMERA 1DETECTED 3312145081
1301 3011683655 0.21757 Pseudo-spx 024 do-sp #024  Name: Pseudo-spe 5 [M+Nal+ i method: Bi CAMERA 1DETECTED 3011683655
2148 414.295929 0.292796667 Pseudo-sp #2027 Pseudo-sp #2027 Name: Pseudo-spe: 027 [92)[m}- method ERA 1DETECTED 414295929
1418 317.1924744 0301091667 #2026 #2026 Name: [481[m1 method: Bioconductor CAMERA 1 DETECTED 317.1924744
1840 375.2325439 0.301091667 Pseud #2024 Pseud #2024 Name: Pseudo-spet [72][M]+;Adduct: [M+Nal+ 352. i method: CAMERA 1DETECTED 3752325439
94 265134613 0.309498333 Pseudo-sp #110 do-sp 110 Name: Pseudo-spectrum #110;lsotope: [25][M]- method: CAMERA 1 DETECTED 265.134613
1040 273.1654358 0309498333 Pseud #110 d #110  Name: Pseud #110;lsotope: [29)[M method: Bioconductor CAMERA 1 DETECTED 273.1654358
2949 502.3528137 0.428845 Pseud #353 Pseud #353 Name: Pseud [149](M] ication method: Bioconductor CAMERA 1DETECTED 5023528137
2545 458.3284302 0.446018333 Pseudo-sp #2208 Pseudo-sp: do-spe I ification method: Bi CAMERA 1DETECTED 4583284302
1149 285.1659241 0454478333 Pseudo-sp #254 do-sp ido-spe [36][M}+ [M+Na]+ 262.1 method: Bioconductor CAMERA 1DETECTED 2851659241
2988 504.3412476 046305, #2209 [152)[Mm] ification method: Bioconductor CAMERA 1 DETECTED 504.3412476
1839 375.2325439 0.471685 P #306  Pseud ido-spe 1M+ [M+Nal+ 352. ification method: CAMERA 1DETECTED 3752325439
506 1829840851 0,602906667 P 045 do-sp do-spe [12][M)+; [M+Na+NaCOOH]+ 92.0052;identification method: Bioconductor CAMERA 1 DETECTED  182.9840851
3979 614.3139038 0645143333 #049 d d [ method: Bioconductor CAMERA 1DETECTED 6143139038
7173 1106.085693 0645143333 Pseud #049 Pseud #049 Name: Pseud i i CAMERA 1DETECTED  1106.085693
4585 714.5251465 0645143333 Pseudo-sp 049 do-sp 4049 Name: Pseudo-spe I : CAMERA 1DETECTED 7145251465
4618 717.0214844 0645143333 Pseudo-sp #049 do-spe #049 Name: Pseudo-spe : [ : Bioconductor CAVERA 1DETECTED  717.02148%4
4661 722.1855469 0645143333 #049 #049 Name: [ 1032 ication method: Bioconductor CAMERA 1 DETECTED 7221855469
3294 527.1071777 0645143333 Pseudo-sp #049 d #049 Name: Pseudo-spe I method: Bi CAMERA 1DETECTED 5271071777
4113 6303443604 0653176667 Pseudo-sp 049 do-sp 4049 Name: Pseudo-spe [ method: CAMERA 1DETECTED 6303443604
4431 682.0994263 0653176667 #049 d #049  Name: Pseud [225][M]+Adduct: [M+H]+ 681.096;Identification method: Bioconductor CAMERA 1DETECTED 6820994263
4617 716.8546753 0653176667 Pseud #049 Pseud #049  Name: Pseud I [ 13+ 103; ication method: Bioconductor CAMERA 1 DETECTED  716.8546753

Figure 24: Exported results.
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4 ADAP-GC

Data: We use the standard mixture GC-MS data provided by Dr. Wei Jia. The data have
been produced by Agilent 6890N GC System (Santa Clara, CA, USA) coupled with Pegasus
HT TOF-MS (LECO Corporation, St. Joseph, MI, USA). Seven samples with each contain-
ing Piruvic Acid (at 5.17min) and Propanoic Acid (at 5.34min) were prepared at concentra-
tions 0.2, 0.4, 0.6, 0.8, 1.0, 2.0 and 5.0 pg/mL. For demonstration purposes, the data files were
trimmed to the retention time range 5.12—5.49min and split into two groups: high concentra-
tion (1.0, 2.0 and 5.0 pg/mL) and low concentration (0.2, 0.4, 0.6 and 0.8 pg/mL). These data
files and an MZmine 2 project file can be found at https://drive.google.com/drive/folders/
1hDS1u7LeA5aF4Rg89yY351m9cHMrq_sy?usp=sharing.

The first three steps of pre-processing GC-MS data are the same as those for LC-MS data. The
major difference between the two pipelines lies in performing the deconvolution. Therefore, we
will only describe in detail the deconvolution step. For a detailed description of the chromatogram
construction and peak detection steps, see the corresponding sections of pre-processing LC-MS
data.

4.1 Detection of Masses and Construction of EICs

The seven data files are in the centroid mode already, so the Centroid method in MZmine 2 will
be used for mass detection. The mass detection window is invoked by Raw data methods — Peak
detection — Mass detection and shown in Figure 25.

Raw data files |4l Peak lists
cdf

L&
»
»
»
»
»
»
»

Raw data files 7 selected  As selected in main window <
Scans MS level: 1 Set filters Clear filters

Mass detector Centroid < ®  ®  Please set the parameters

Mass list name masses Noise level |1.0E1

CDF Filename (optional) Show preview

OK Cancel Help
OK Cancel Help

Tasks in progress...
Item Priority Status % done

[12:16:32 PM]: Processing of task Opening file /Users/aleksandrsmirnov,Data /GC_Standards /ADAP_Tutorial/Raw Data Trimmed 5.12-5.49/52_high....| =176MBfree

Figure 25: Mass detection of centroid data.
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L. Raw data files

Raw data files

Scans

Mass list

Min group size in # of scans
Group intensity threshold
Min highest intensity

m/z tolerance

Suffix
ADAP Module Disclaimer:

[t Peak lists

Please set the parameters

7 selected | As selected in main window

MS level: 1 Set filters Clear filters
masses Choose...
5.00

2.0E2

2.0E2

0.02 miz or 0.0 ppm
chromatograms

If you use the ADAP Chromatogram Builder Module, please cite the MZmine2 paper and the following article:

Myers OD. Sumner SJ. Li S, Barnes 8. Du X: One Step Forward for Reducing False Positive and False Negative
Compound ications from Mass Data: New Algorithms for Cc ing BExtracted
lon Cl and Detecting Cl Peaks. Anal Chem 2017. DOL: 10.1021/acs.analchem. 7b00947

Tasks in progress...

Item b | oK Cancel Help

[12:50:49 PM]: Processing of task Detecting masses in 50.6_low.cdf done, status FINISHED

constructed chromatograms (Figure 27 (right)).

2D view: [S5_high.cdf]

217MB free

Figure 26: Example parameters for constructing EICs from GC-Orbitrap data.

The next step, construction of extracted ion chromatograms (EICs), is performed by Raw data
methods — Peak detection — ADAP Chromatogram builder. Parameters for constructing EICs
are shown in Figure 26. For parameter Min group size in # of scans, the value 5 is typically
produces appropriate results. The next two parameters Group intensity threshold and Min highest
intensity are chosen as follows: because the dynamic range of current mass spectrometry equipment
is 4-5 orders of magnitude, we divide the maximum intensity of the signal 2 x 10° (see Figure 27
(left)) by the dynamic range 10%. As a result, parameters Group intensity threshold and Min
highest intensity are set to 200. Finally, parameter m/z tolerance is
chromatogram construction can be observed in the (m/z, ret time)
— 2D wisualizer, where the colored dots represent raw data points and the green lines represent

set to 0.02. The result of
plane, using Visualization

[55_high.cdf: 2D view

s EE [ E

£

[ XoX ]
Base peak chromatogram, m/z: 40.0000 - 600.0000 il
7T 238.0000
sass Ll o
I\ 7] 232.0000
8.0E5 [ 232.0000
7.065 [ I—»] 230.0000 |

%‘ |4 ] 228.0000
§ 6.0E5 [ 226.0000
£ [ ]| 224.0000
% 5.0E5 [ 2 2220000
[, 2200000

-4 73.0000
S0 | | 218.0000
216.0000

& 3.0E5 - { {
/z/nsnn | \ 2140000

\
2085 /\ | | 720000 212.0000
[\ / \ ~ 2100000
1051/ ) N ‘\// ) 2080000
. AR S~ 75,0000 2060000

5.15 5.20 525 530 535 540 545 2040000
Retention time i
— 50.2_low.cdf — 50.8_low.cdf — 50.4_low.cdf — 55_high.cdf — 50.6_low.cdf Nk
S1_high.cdf — 52_high.cdf Show: peals

520

525 535

Retention time

540 545

[ value: ~ from peak list: _SS.high.cdt

Figure 27: Total ion chromatograms (left) plotted using Visualization — TIC/XIC visualizer; and ex-
tracted ion chromatograms (right) plotted as green lines, using Visualization — 2D wvisualizer.
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4.2 Detection of Peaks from EICs

Detection of chromatographic peaks is invoked by clicking Peak list methods — Peak detection —
Chromatogram deconvolution. A window will open. Select the Wauvelets algorithm as shown in
Figure 28.

LA Raw data files
> & 502 lowcdf

b & S1_high.cdf
b & S2_high.cdf

e e Please set the parameters

Peak lists. 7 selected  As selected in main window

| S/N threshold 10
Suffix deconvoluted —
S/N estimator Wavelet Coeff. SN u
Algorithm Wavelets (ADAP) <

| min feature height 500
m/z center calculation MEDIAN &

coefficient/area threshold 500

m/z range for MS2 scan pairing (Da) et At e 0.02 - 1.00

0.00 - .05
RT range for MS2 scan pairing (min) (e e

Remove original peak list Show preview

ADAP Module Disclaimer:

1 you use the ADAP Chromatogram Deconyolution Module. please cite the MZmine paper and the following article
Myers OD. Sumner SJ. Li S. Barnes S. Du X: One Step Forward for Reducing False Positive and False Negative
‘Compounc
Ion CI

oK Cancel Help

rom, ata: New Algorithms for Constructing Extracted
and Detecting CI Peaks. Anal Chem 2017, DOL: 10.1021 facs.analchem.7h00947

=y

- oK Cancel Help
[1:45:40 PM]: Processing of task Updating 2D visualizer of S5_high.d|

Figure 28: Select Wavelet (ADAP) for detecting peaks from EICs for GC-MS data.

Click the ellipse to open the parameter window. Figure 28 shows example parameters. Parameter
S/N threshold is typically set to 10. Parameter min feature height is similar to parameters Group
intensity threshold and Min highest intensity of ADAP Chromatogram builder, and should be
chosen accordingly. Parameter Peak duration range defines the minimum and maximum peak
width and can be estimated by looking at individual peaks (Figure 27 (left)). Finally, parameter
RT wavelet range is somewhat challenging to estimate and is chosen by trying several different
values and looking at peak-detection results in the preview pane.

The peak-detection is currently one of the most time-consuming steps in the ADAP-GC workflow.
If the duration of chromatography is long, this step could take a while.

4.3 Spectral Deconvolution

In the ADAP-GC workflow, there are two spectral deconvolution algorithms available for users:
Hierarchical Clustering and Multivariate Curve Resolution. Each method has certain
advantages and disadvantages that are summarized in Table 1. Users may choose either one of
these algorithms to perform spectral deconvolution.
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Hierarchical Clustering Multivariate Curve Resolution

Fast Can be slow, depending on the size of
deconvolution windows

Large number of user parameters Small number of user parameters

The shape of model peaks is typically Model peaks can have arbitrary shape
bell-like

Table 1: Comparison of two spectral deconvolution methods.
4.3.1 Spectral Deconvolution / Hierarchical Clustering

Spectral Deconvolution detects analytes by combining similar peaks into clusters and using their
intensities to construct fragmentation mass spectra. Detection of analytes is performed by two
clustering steps and one filtering step in between. The first clustering combines peaks based on
proximity of their retention times, while the second clustering refines the clusters by calculating
the similarity of peaks’ shapes.

After analytes are detected, a model peak in each cluster is chosen to represent the elution profile
of the analyte. Choice of the model peak may affect the quality of the constructed fragmentation
spectra. For details about the underlying algorithm, please refer to [1, 5, 6].

To perform deconvolution, select all of the chromatographic peaks detected from one or more data
files, then click Peak list methods — Spectral Deconvolution — Hierarchical clustering as shown in
Figure 29. To see preview of the deconvolution results, select Show preview option at the bottom
of the parameter window.

® [ ] MZmine 0.0: project-3

Project Raw data methods Peaklislmelhuds Visualization Tools Windows Help

Raw data files Order peak lists Peak lists
50.2_1.cdf Peak detection » 502 1.cdfchromatograms

50.8_Lcdf |_Spectral deconvolution b Hierarchical Clustering _____JEEWOUN

50.4_1.cdf Gap filling ivariate Curve a

50.6_1.cdf Isotopes This method combines peaks into analytes and consiructs fragmentation spectrum for each analyte
S1Lcdf Filtering
$5_1.cdf Alignment
Normalization
Identification
Data analysis
Export/Import

v

M

> 51_lcdf chromatograms
52_1.cdf chromatograms
df chromatograms

YYVYYY

52_Ledf

YYVYYVYVYVYY

vYYYTYYVYTYVYY

Tasks in progress...
Item Priority Status % done

[4:00:34 PM]: Processing of task Opening project /Users faleksandrsmirmov/Data/GC_Standards/ADAP 3.3.v3 Results/Raw Data Results/final/project... | =SsomBiree

Figure 29: Deconvolution of chromatographic peaks.
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A window as shown in Figure 30 pulls up allowing you to specify parameters for deconvolution.

zzzzzzzzzzzz

200

Figure 30: Specify parameters for decomposition of chromatographic peaks.

e First clustering parameters. The preview of the first clustering is displayed on the top right
figure if the option Show preview is selected.

— Min cluster distance: Minimum allowed time gap between any two clusters determined
by the retention-time clustering.

— Min cluster size: Minimum allowed size of a cluster determined by the retention-time
clustering.

— Min cluster intensity: Minimum allowed intensity of the highest peak in a cluster deter-
mined by the retention-time clustering.

e Filtering parameters. Peaks that passed the filter are displayed on the bottom right figure if
the option Show preview is selected.

— Find shared peaks: If selected, the algorithm makes an attempt to determine if a peak
is shared, i.e. produced by more than one analyte. All shared peaks are filtered out. A
peak is considered to be shared if (i) its chromatogram contains multiple local maxima,
or (i) the start and end intensities are sufficiently high relative to its apex intensity (see
the next two parameters).

— Min edge-to-height ratio. Peak is considered to be shared if the ratio of the start or end
intensity to the apex intensity exceeds this value.

— Min delta-to-height ratio. Peak is considered to be shared if the ratio of the difference
between the start and end intensities to the apex intensity exceeds this value.

— Min sharpness. All peaks with sharpness below this value are filtered out.
— Exclude m/z values. Peaks with m/z from this list are filtered out. This list can be

empty or contain both singular m/z values and ranges. Example: 1 — 73,147, 221.

e Second clustering parameters. The preview of the second clustering is displayed on the bottom
right figure if the option Show preview is selected.
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— Shape-similarity tolerance (0..90). Threshold used in the second clustering. It represents
the inverse cosine of the normalized dot-product of two elution profiles. Large values
produce a few large clusters, while small values produce many small clusters.

e Choice of Model Peak based on. For each cluster, a representative model peak is chosen based
on either Sharpness or M/z value. In both cases, a peak that has passed the filter and has
the highest sharpness or m/z value respectively, will be chosen as the model peak for the
cluster. In practice, Shaprness gives better quantitation results, while M/z value gives better
identification results.

After spectral deconvolution is finished, the results are displayed as shown in Figure 31.

[ XeX ] MZmine 2.39: project
LA Raw data files [4}+ Peak lists
> & 50.2_low.cdf » [£] S1_high.cdf chromatograms

» & 50.8_low.cdf
» & 50.4_low.cdf
» & 55_high.cdf
» & 506 _low.cdf
» & S1_high.cdf
» & 52_high.cdf

= 50.2_low.cdf chromatograms
| 50.6_low.cdf chromatograms
=] 50.4_low.cdf chromatograms
= 50.5_low.cdf chromatograms
| 55_high.cdf chromatograms
=] 52_high.cdf chromatograms

=] 50.2_low.cdf chromatograms decenvoluted
| 50.4_low.cdf chromatograms deconvoluted
=] 50.6_low.cdf chromatograms decenvaluted
=] 50.5_low.cdf chromatograms decenvoluted
| 51_high.cdf chromatograms deconvoluted
| 52_high.cdf chromatograms decenvaluted
igh.cdf chromatograms decenvoluted

YYYYVYYYVYYYVYVYYVYYYVYVYYY

[ 5 [0 [ ) [ ) =)

Tasks in progress...
Item Priority Status % done

[1:52:25 PM]: Processing of task ADAP Peak decomposition on S5_high.cdf chromatograms deconvoluted done, status FINISHED =3B free

Figure 31: Decomposition results.

Expand the results for each data file by clicking on the left triangle, you will see a list of mass
spectra that have been constructed by the deconvolution algorithm (Figure 32). The m/z for each
entry is the m/z of the model peak for this spectrum.
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o0 e MZmine 2.39: project
| A Raw data files 4 j ”"f:”“"‘:: ‘h

50.6_low.cdf chromatograms
> & S0.2_low.cdf
> @2 50.8_low.cdf
> & 50.4_low.cdf
» & 55_high.cdf
» & S0.6_low.cdf
> 2 51_high.cdf
» & 52_high.cdf

| 50.4_low.cdf chromatograms
= | 50.6_low.cdf chromatograms
| 55_high.cdf chromatograms
| 52_high.cdf chromatograms
= | 50.2_low.cdf chromatograms deconvoluted
| S0.4_low.cdf chromatograms deconvoluted
6_low.cdf chromatograms deconvoluted

&_low.cdf chromatograms decenvoluted
| S1_high.cdf chromatograms deconvoluted
=| 52_high.cdf chromatograms deconvoluted
= | 55_high.cdf chromatograms deconvoluted
| 50.4_low.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
| 50.6_low.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
| 50.2_low.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
| 51_high.cdf ADAP-GC 3 Peak

A #1225.0000 m/z @5.14

L #273.0000 mjz @5.17

A #341.0000 mjz @5.17

_A #4155.0000 m/z @5.24

L #5 207.0000 mjz @5.33

AvYvYYVYYYYYVYYYYVY
(]

W5 730000 m/z @534

_A #773.0000 m/z @5.41
3 50.8_low.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
» [£] s2_nigh.caf o ADAP-GC 3 Peak Decomposition
¥ [&] 55_high.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition

Tasks in progress...
Item [ Priority |Status |% done

| [1:52:25 PM): P ing of task ADAP Peak ition on S5_high.cdf chromatograms deconvoluted done, status FINISHED | =osmBree

Figure 32: List of mass spectra constructed by the decomposition algorithm.

Double click on a particular mass spectrum will pull up a window as shown in Figure 33.

eoe #6 73.0000 m/z @5.34
#6 73.0000 m/z @5.34

File Name |Mass [RT [Height |Area | chromatogram
S1_high.cdf 73.0000 5.34 1.7E5 3.3E5
Show

Change

Figure 33: Peak information window.

Click on the data file name and then select Mass spectrum in the drop-down menu on the right. The
spectrum that has been constructed (green) in the context of the raw spectrum (blue) is displayed
(Figure 34).
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[ ] ® Spectrum: [S1_high.cdf; scan #265]
S1_high.cdf scan#265 @5.34 MS1 c 7, base peak: 73.0000 m /z (L.7ES)
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Figure 34: Mass spectra constructed by the decomposition algorithm.
4.3.2 Spectral Deconvolution / Multivariate Curve Resolution

The term Spectral Deconvolution refers to detecting analytes by combining similar peaks into clus-
ters and using their intensities to construct fragmentation mass spectra. Detection of analytes is
performed by two clustering steps and one filtering step in between. Correspondingly, first all peak
are combined into clusters based on their retention times. Then, model peaks are determined, that
best describe the peaks in a cluster. Finally, all peaks in a cluster are decomposed into linear
combination of the model peaks and their fragmentation mass spectra are constructed. Choice of
the model peaks may affect the quality of the constructed fragmentation spectra.

To perform deconvolution, click Peak list methods — Spectral Deconvolution — Blind Source Sep-
aration as shown in Figure 35. To see preview of the deconvolution results, select Show preview
option at the bottom of the parameter window.
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@ MZImine2 Project Rawdatamethods & Peaklist methods Visualization Tools Windows Help
e0e

Order peak lists

LA Raw data files Peak detection >

b & 50.2_low.cdf Spectral deconvolution > Hierarchical Clustering

b & S0.8_low.cdf Gap filling > Multivariate Curve Resolution

b 50.4_low.cdf Isotopes L0 6_low.cdf chromatograms.

» & 55_high.cdf Filtering L0 4_low.cdf chromatograms

b & 50.6_low.cdf Alignment L0 5_low.cdf chromatograms

b & S1_high.cdf Normalization {5 high.cdf chromatograms

» & 52_high.cdf Identification (> high.cdf chromatograms

Data analysis Lgi50.2_low.cdf chromatograms deconvoluted
Export/import L 0.4_low.cdf chromatograms deconvoluted
» £ 50.6_low.cdf chromatograms deconvoluted
» £ 50.8_low.cdf chromatograms deconvoluted
» [ s51_high.cdf chromatograms deconvoluted
» [ s2_high.cdf chromatograms deconvoluted
» [£] 55_high.cdf chromatograms deconvoluted
b [£] 50.4_low.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
b [£] 50.6_low.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
» [£] 50.2_low.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
» [£] 51_high.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
» [£] 50.8_low.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
» [£] 52_high.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
» [£] S5_high.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
[Tasks in progress...
Item Priority Status % done

[2:48:07 PM]: NLS is completed after 6350 iterations

Figure 35: Deconvolution of chromatographic peaks.

A window as shown in Figure 36 pulls up allowing you to specify parameters for deconvolution.

ece Please set the parameters
Chromatograms 7 selected  Specific peak lists B
Peak: 7 selected | Specific peak list: B o
eaks selected _Specific peak lists
peciew 250
. 250
Deconvolution window width (min) 0.2
200
20 S S
Retention time tolerance (min) 0.02
20
)
Minimum Number of Peaks 1 E
180
Adjust Apex Ret Times. 10
120 —_—
Suffix ADAP-GC 4 Spectral Deconvolution 00 ——
———
R &
emove original peak lists - ———
. = —
)
Rheapreacs] s1s 5w sz s 53 se s
Retention time
Peak Lists | S2_high.cdf chromatograms / 52_high.cdf chromatograms decomvoluted Bz
Clusters | Cluster:size = 56, et time = 5.17 B 80,000
75000
7000
65000
60000
55,000
s0000
Z 45,000
£ ano00
£ 35000
30000
25000
20000
15000
10000
5,000 e = N
ok =
sl sl si s s2 s s 528
oK Cancel Help Retention Time

Figure 36: Specify parameters for decomposition of chromatographic peaks.

The spectral deconvolution uses both constructed chromatograms and detected peaks. The list
of constructed chromatograms is specified by selecting Specific peak lists for parameter Chro-
matograms, clicking on the ellipsis button, and choosing one or more lists with chromatograms
in the popup window (Figure 37). The list of detected peaks is specified by selecting Specific
peak lists for parameter Peaks, clicking on the ellipsis button, and choosing one or more lists with
detected peaks in the popup window (Figure 38).
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[ ] [ ] Please set the parameters

50.2_1.cdf chromatograms All

50.4_1.cdf chromatograms
Clear

50.8_1.cdf chromatograms
50.6_Ll.cdf chromatograms
51_1.cdf chramatograms
§2_1.cdf chromatograms
55_1.cdf chramatograms

Select peak lists | —
50.2_l.cdf chromatograms deconvoluted
| 50.4_1.cdf chromatograms deconvoluted

50.6_l.cdf chromatograms deconvoluted
| s0.8_L.cdf chromatograms deconvoluted

51_1.cdf chromatograms deconvoluted

52_1l.cdf chromatograms deconvoluted

55_l.cdf chromatograms deconvoluted

OK Cancel Help

Figure 37: Choosing chromatograms for Spectral Deconvolution.

[ ] [ ] Please set the parameters

50.2_1.cdf chromatograms All
50.4_1l.cdf chromatograms Clear
50.8_1l.cdf chromatograms
| S0.6_1.cdf chromatograms
| 51_1.cdf chromatograms
| 52_1.cdf chromatograms
: | §5_1.cdf chromatograms
Skl lEe 50.2_1l.cdf chromatograms deconvoluted
50.4_l.cdf chromatograms deconvoluted
50.6_1.cdf chromatograms deconvoluted

50.8_1.cdf chromatograms deconvoluted

51_1.cdf chromatograms deconvoluted

ooocoOB®

52_1.cdf chromatograms deconvoluted
Select peak lists

55_1.cdf chromatograms deconvoluted

OK Cancel Help

Figure 38: Choosing peaks for Spectral Deconvolution.

The Spectral Deconvolution consists of two steps:

1. Entire retention time interval is split into deconvolution windows so that

e Peaks produced by the same component or by coeluting components belong to the same
deconvolution window,

e Number of peaks in deconvolution window is significantly smaller than the total number
of peaks.

The deconvolution windows are displayed in the top plot of the preview (see Figure 36),
where lines denote peaks in the (retention time, m/z)-plane, and peaks located in the same
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deconvolution window have the same color. The vertical sequences of peaks usually mark
the presence of one or several compounds, so it is important that those peaks are assigned
to the same deconvolution window, i.e. they have the same color on the plot. On the other
hand, if deconvolution windows contain too many peaks, it will significantly slow down the
spectral deconvolution computations, so the deconvolution windows should be as short (in
the retention time domain) as possible.

Parameter Deconvolution window width (min) controls the window selection by specifying a
window width in minutes. This window width can be chosen based on the width of peaks in
a dataset. For GC/MS data, we use value 0.2 min in most cases.

2. The algorithm estimates the number of components in each deconvolution window and con-
struct their model peaks and fragmentation spectra. The estimated number of components
is controlled by parameters

e Retention time tolerance (min), which is the smallest time-gap between any two compo-
nents. The value of this parameter should be a fraction of the average peak width. In
our tests, we use 0.02 min.

o Minimum Number of Peaks, which is the smallest number of peaks in a single component.
This parameter depends on a dataset and on how many peaks were detected by the
chromatogram deconvolution algorithm. Typically, its value would range from 1 (if only
a few peaks are detected for some compounds) to 10 or more (if the number of detected
peaks is large for all compounds).

o Adjust Apex Ret Times. For a unit-mass-resolution data, where co-eluting compounds
may be present, and a peak typically consists of tens and hundreds of points, this pa-
rameter should be off. For high-mass-resolution data, where co-eluting compounds are
rare and a peak consists of a few points, this parameter should be on.

See section 4.3.1 for instructions on how to view the spectral deconvolution results.

4.4 Alignment

In ADAP-GC workflow, the alignment step uses similarity between fragmentation mass spectra
to find similar components in several files. For that reason, the alignment is performed after the
spectral deconvolution step.

For performing alignment, select the peak lists that need to be aligned, and then click Peak list
methods — Alignment — ADAP aligner (Figure 39)
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@ MzZmine2 Project Raw data methods | Peak list methods Visualization Tools Windows Help

e0e Order peak lists

LA Raw data files Peak detection | 350.6_low.cdf chromatograms.

» 2 S0.2_low.cdf Spectral deconvolution | 50.4_low.cdf chromatograms.

» i S0.8_low.cdf Gap filling | 50.8_low.cdf chromatograms

b 50.4_low.cdf Isotopes | 5 _high.cdf chromatograms

» & 55_high.cdf Filtering | 52 high.cdf chromatograms

b o S0.6_lowcdf Alignment > Join aligner

» & 51_high.cdf Normalization » Hierachical aligner (GC)

» & 52_high.cdf Identification » RANSAC aligner oluted | |
Data analysis » ADAP Aligner ) This module calculates pairwise convolution

integral for each pair of unaligned peaks in

Exportfimport »

p1_high.cdf chromatograms deconve order to find the best alignment i
52_high.cdf chromatagrams deconvoluted

= | 55_high.cdf chromatograms deconvoluted

| 50.4_low.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
= | 50.6_low.cdf chramatograms deconvoluted ADAP-GC 3 Peak Decomposition
| 50.2_low.cdf chromatagrams deconvoluted ADAP-GC 3 Peak Decomposition
| 51_high.cdf chromarograms deconvoluted ADAP-GC 3 Peak Decomposition
- | 50.8_low.cdf chromatograms deconvolured ADAP-GC 3 Peak Decomposition
| 52_high.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
| 55_high.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition

YYYYYVYVYYYYVYYYYY

[Tasks in progress...
Item

Priority Status % done

[ [2:03:10 PM]: Processing of task Opening project /U

Y irnov/Data/GC_ ADAP_Tutorial{project. mzmine (User do... |

Figure 39: Alignment of components.

A window as shown in 40 pulls up allowing you to specify the alignment parameters.

[ ] [ ] Please set the parameters

Peak lists 7 selected  As selected in main window B
Min confidence (between O and 1) 0.7

Retention time tolerance 0.5 absolute (min) B

m/z tolerance 0.01 mjz or 0o | ppm

Score threshold (between 0 and 1) 0.75

Score weight (between 0 and 1) 0.1

Retention time similarity Retention Time Difference (fast) B
Aligned Peak List Name Aligned peak list
oK Cancel Help

Figure 40: Specify parameters for alignment of components.

e Min confidence takes values between 0.0 and 1.0 and defines the minimum fraction of samples
where aligned components must be present. For instance, if a dataset contains 10 samples,

and the Min confidence is set to 0.7 (default value), then an aligned component must present
in at least 7 samples.

e Retention time tolerance is the maximum time-gap between aligned compounds in different
samples.
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e M/z tolerance is used for comparing peaks in spectra of aligned compounds and choosing a
quantitative mass.

e Score threshold takes values between 0.0 and 1.0. Similarity score between compounds in
different samples is determined as follows:

Score(cy, c2) = WStime(Cc1,¢2) + (1 — w)Sspec(c1, c2),

where Siime is the relative retention time difference between two compounds and Sgpec is
the spectrum similarity between two compounds. The score threshold defines the minimum
similarity score between aligned compounds from different samples. The default value is 0.75.

e Score weight takes values between 0.0 and 1.0. This parameter is the value w that is used
in the similarity score Score(ci,ce). If w = 0.0, then only the spectrum similarity is used
for calculating Score(cy,c2). If w = 1.0, then only the retention time difference is used
for calculating Score(ci,c2). If w € (0.0,1.0), then a weighted combination of the spectral
similarity and the retention time difference is used. The default value of this parameter is
0.1.

e Retention time similarity Users can choose on of two options for calculating retention time
similarity Syime: retention time difference and cross-correlation. As the second option is still
in development, users are strongly advices to use the first option for now.

4.5 Student’s T-test and Fold change

After alignment is complete, it is possible to calculate the significance of each component by per-
forming Student’s T-test and by calculating the logarithmic fold change. To calculate the sig-
nificance, select peak list Aligned peak list and then click Peak list methods — Data analysis —
Student’s t-test and fold change as shown in Figure 41

@ MZmine2 Project Raw datamethods | Peak list methods Visualization Tools Windows Help
ece Order peak lists

LA Raw data files Peak detection | B .4_low.cdf chromatograms
b & 50.2_low.cdf Spectral deconvolution {0 5_low.cdf chromatograms
b & 50.8_low.cdf Gap filling | _high.cdf chromatograms
b S0.4_low.cdf Isotopes {3 _high.cdf chromatograms
» & S5_high.cdf Filtering | ) 2_low.cdf chromatograms deconvoluted
b & 50.6_low.cdf Alignment | 3.4_|ow.cdf chromatograms deconveluted
» & S1_high.cdf Normalization |0 6_low.cdf chromatograms deconvaluted
» & S2_high.cdf Identification | 5_low.cdf chromatograms deconvoluted
Data analysis > CV plot
Export/import » Logratio analysis

Principal component analysis (PCA)

Curvilinear distance analysis (CDA) 3 Peak Decomposition
Sammon's projection 3 Peak Decomposition
Clustering 3 Peak Decomposition
Heat map plot 3 Peak Decomposition

Student's t-test and fold-change Calculates Student's t-test an
change of aligned peaks.

©n

_high.cdf chromatograms deconvoluted ADAP-CC 5 reak vecomposimion
= | 55_high.cdf chromatograms deconvoluted ADAP-GC 3 Peak Decomposition
- | 50.4_low.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution
- | 52_high.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution
= | 50.8_low.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution
| 50.2_low.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution
= | S1_high.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution
- | 55_high.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution

- | 50.6_low.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution

[EfAligned peak list

[Tasks in progress...
Item Priority Status % done

[9:32:06 AM]: Processing of task Saving project done, status FINISHED “SamBtree

Figure 41: Student’s T-test and Fold change.
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A window as shown in Figure 42 will pull up. You will need to specify group IDs, so that the files
from an experimental group would contain the experimental group ID in their names. Similarly,
the files from a control group should contain the control group ID in their name.

Peak lists

Experimental Group ID  high

Aligned peak list As selected in main window

Please set the parameters

Control Group ID

low|

OK

Cancel

Help

Figure 42: Student’s T-test and Fold change.

Although, it is currently not possible to display the results of the significance calculation within
MZmine 2, you can export a peak list into CSV format, and the csv file will contain columns
STUDENT_P_VALUE, STUDENT_T_VALUE, and LOG2_FOLD_CHANGE with the correspond-

ing significance values for each component.

To export results, select peak list Aligned peak list and then click Peak list methods — Ezxport/Import

— FEzxport to CSV file as shown in Figure 43.

@ MzZmine2 Project
e0e

L\ Raw data files

¥ S0.2_low.cdf

b S0.8_low.cdf

b & S0.4_lowedf

» & S5_high.cdf

b & S0.6_low.cdf

» & SL_high.cdf

» o S2_high.cdf

Raw data methods = Peak list methods

Order peak lists
Peak detection
Spectral deconvolution
Gap filling
Isotopes
Filtering
Alignment
Normalization
Identification
Data analysis
Export/import

Visualization

Tools Windows Help

0.4_low.cdf chromatograms
h.5_low.cdf chromatograms
5_high.cdf chromatograms
_high.cdf chromatograms
h.2_low.cdf chromatograms deconvoluted
b.4_low.cdf chromatograms deconvoluted
b.6_low.cdf chromatograms deconvoluted
b.8_low.cdf chromatograms deconvoluted
h

YYYYYYYYYY

igh.cdf chromatograms deconvoluted
Export to CSV file

Export to MetaboAnalyst file
Export to mzTab file

Export to SQL database
Export to XML file

Export to MSP file

Export to MGF file

Export for/Submit to GNPS
Export for SIRIUS

ADAP-GC 3 Peak Decampasition
ADAP-GC 3 Peak Decompasition
ADAP-GC 3 Peak Decampasition
DAP-GC 3 Peak Decomposition
ADAP-GC 3 Peak Decampasition
DAP-GC 3 Peak Decomposition
DAP-GC 3 Peak Decomposition
ADAP-GC 4 Spectral Deconvolution

Import CASMI challenge task KRNI p o

Import mzTab file

» ADAP-GC 4 Spectral Deconvolution
Import from XML file

ADAP-GC 4 Spectral Deconvolution
| 51_high.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution
5_high.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution

w.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution
gned peak list

Tasks in progress...

Item Priority

Status. % done

| [9:59:18 AM]: Processing of task Exporting peak list(s) [Aligned peak list] to CSV file(s) done, status FINISHED

| =vosmprree

Figure 43: Export into CSV file.

A window as shown in Figure 44 will pull up. In addition to other options, make sure that you
select Ezport quantitation results and other information to output the significance results.
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eC e Please set the parameters

Peak lists Aligned peak list As selected in main window E

Filename temp.csv

Field separator N

Export row 1D All
Export rowmjz
P "’ Clear
Export row retention time
Export common elements Export row identity (main 1D}
Export row identity (all IDs)

Export row identity (main ID + details)

EXport row comment

Peak status All
Peak m/z
Peak RT
Export data file elements Peak RT start

Clear

Peak RT end
Peak duration time

Peak height

Export quantitation results and other information

Identification separator
Filter rows ALL a

oK Cancel Help

Figure 44: Export into CSV file.

The exported csv file is shown in Figure 45.

rowID STUDENT P _VALUE STUDENT T VALUE LOG2 FOLD_CHANGE QUANTITATION INTEN QUANTITATION INTE QUANTITATION MASS

1| 0.205645283746572 -1.84199063760559 1.15378259573839 6068.97675494103  16228.5631140642 73
2 0.24980691920291 -1.59756561321939 2.74028724071167 10127.3316653744  76895.6650501529 73
3| 0.310443577297517 1.16721076016859  -0.135521200733597 2999.08751123155  2995.68786023116 75
4 1.00372036745727 18547.2773761625  39424.6504491954 73
5| 0.227373446903107 -1.71566694736762 2.55217539662221 65895.5981651826  338331.129759904 73
6| 0.141372138585872 -2.14443638837416 2.41530782116744 6016.59195323062  91343.4772104649 73
7 -0.483733580524133 1913.20869439238  901.792619346485 75

Figure 45: Export into CSV file.

4.6 Spectra Export

The mass spectra that have been constructed can be exported in .msp format and then imported
to NIST MS Search for identification. To export the spectra, select the Aligned peak list and then
click Peak list methods — Export/Import — Export to MSP file as shown in Figure 46.
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ece Order peak lists
|l Raw data files Peak detection
» 2 50.2_low.cdf Spectral deconvolution

b o S0.8_low.cdf Gap filling

» o S0.4_low.cdf Isotopes

» 2 S5_high.cdf Filtering

» 2 S0.6_low.cdf Alignment

» 2 S1_high.cdf Normalization
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Data analysis
Export/import

@ MZmine2 Project Rawdata methods & Peaklist methods Visualization Tools Windows Help

b.4_low.cdf chromatograms

b.5_low.cdf chromatograms

5_high.cdf chromatograms

»_high.cdf chromatograms
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0.4_low.cdf chromatograms deconvoluted
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0.8_low.cdf chromatograms deconvoluted
high.cdf chromatograms deconvoluted

Export to CSV file

Export to MetaboAnalyst file

Export to mzTab file ADAP-GC 3 Peak Decomposition

Export to SQL database ADAP-GC 3 Peak Decomposition

Export to XML file ADAP-GC 3 Peak Decomposition

Export to MSP file DAP-GC 3 Peak Decomposition

Export to MGF file ADAP-GC 3 Peak Decomposition

Export for/Submit to GNPS DAP-GC 3 Peak Decomposition

Export for SIRIUS DAP-GC 3 Peak Decomposition

ADAP-GC 4 Spectral Deconvolution

DAP-GC 4 Spectral Deconvolution

ADAP-GC 4 Spectral Deconvolution

ADAP-GC 4 Spectral Deconvalution

= | 51_high.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution

| 55_high.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution

| 50.6_low.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Deconvolution

YYYYYYYYYY

Import CASMI challenge task
Import mzTab file
Import from XML file

Tasks in progress...

Item Priority

Status % done

| [9:59:18 AMJ: Processing of task Exporting peak list(s) [Aligned peak list] to CSV file(s) done, status FINISHED: | anmg free

Figure 46: Export mass spectra to a MSP file.

A window as shown in Figure 47 will pull up. You will need to choose a location and file name
for the .msp file, check whether or not to round the m/z values for searching against unit-mass
spectral libraries, and the merging mode when rounding is selected (i.e. two or more peaks exist

within a 1 dalton window).

[ ] [ ] Please set the parameters

Filename

Fractional m/z values

Merging Mode Maximum

OK Cancel

Peak lists Aligned peak list As selected in main window

Help

Figure 47: Export mass spectra to a MSP file.

Open the exported .msp file in a text editor. You will see that the mass spectra after alignment
have been exported. Figure 48 shows a small portion of the .msp file.
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o0 e temp.msp
Name: #1 73.0000 m/z @5.15 (Alignment Score = 0.9743052970403836)
DB#: 1

Num Peaks: 112

40.0 708.6644533640068

1500.124388825203

1977.7186968748642
3203,4886239621774
1789.669202337192

6429.,349012473284

510.76658436825016
882,4651597774982

198.8598616982357

230,52125623175948
392,0732877212872

177.71287147059638
226.41575111226865
536,7885642975303

552,4634218515877

365.2014140577594
1538.4140403784404
4751.880542760958
730.2214483671692

501.38779532156536
62.0 44.13488038098098
66.0 50.1222261175455

4
sosocscosocsssoossses

67.0 20.072497239236966
92

68.0 66.528069214195¢
69.0 356.1999963437321
70.0 273.2877743487552
71.0 266.6284129268778

Figure 48: Example .msp file exported by ADAP-GC.

The constructed mass spectra can also be exported in .mgf format. To do so, select the Aligned
peak list and then click Peak list methods — Export/Import — Export to MGF file as shown in

Figure 49.

@ MZmine2 Project Raw datamethods = Peak listmethods Visualization Tools Windows Help

e0e Order peak lists
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» 2 S5_high.cdf Filtering 0.2_low.cdf chromatograms deconvoluted
» i S0.6_low.cdf Alignment _low.cdf chromatograms deconvoluted
» & S1_high.cdf Normalization _low.cdf chromatograms deconvoluted
» o S2_high.cdf Identification

Data analysis

Export/import

Export to MetaboAnalyst file

Export to mzTab file ADAP-GC 3 Peak Decomposition
> Export to SQL database ADAP-GC 3 Peak Decomposition
» Export to XML file ADAP-GC 3 Peak Decomposition

> Export to MSP file DAP-GC 3 Peak Decomposition | |

» Export to MGF file This methad exports the peak list spec
> MGF file.

> Export for/Submit to GNPS UAP-UL 3 Peak Uecomposion

. Export for SIRIUS DAP-GC 3 Peak Decomposition
ADAP-GC 4 Spectral Deconvolution
Import CASMI challenge task (NS RSN SISO,
Import mzTab file ADAP-GC 4 Spectral Deconvolution
Import from XML file ADAP-GC 4 Spectral Deconvolution
51_high.cdf chromatograms deconvoluted ADAP-GC 4 Spectral Decanvalution
55_high.cdf chremategrams decenvoluted ADAP-GC 4 Spectral Deconvelution
ow.cdf chromatograms deconveluted ADAP-CC 4 Spectral Deconvelution

3 Aligned peak

Tasks in progress...
Item

Priority Status % done

| [10:51:39 AMI: Processing of task Exporting peak list(s) [Aligned peak list] o MSP file(s) done, status FINISHED | =oometree |

Figure 49: Export mass spectra to a MGF file.

A window as shown in Figure 50 is open allowing you to name the export file.
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[ NeN ] Please set the parameters

Peak lists Aligned peak list  As selected in main window

Filename temp.mgf

Fractional m/z values | |

Merging Mode Maximum B

0K Cancel Help

Figure 50: Export mass spectra to a MGF file.

Figure 51 shows part of a .mgf file exported from MZmine 2.

[ XoX ] | temp.mgf ¥
BEGIN IONS
1

RTINSECONDS=308.7928571428571
SCANS=

CHARGE=1+

40.0 708.6644533640068
41.0 1500.,124388825203
42.0 1977.7186968748642
43,0 3293,4886239621774
44.0 1789.669202337192
45.0 6429.349012473284
46.0 510.76658436825016
47.0 882,4651597774982
49.0 198.8598616982357
50.0 230.52125623175948
52.0 392,0732877212872
53.0 177,71287147059638
54.0 226.41575111226865
55.0 536.7885642975303
56.0 552.4634218515877
57.0 365.2014140577594
58.0 1538.4140403784404
59.0 4751.880542760958
60.0 730.2214483671692
61.0 501.38779532156536
62.0 44.13488038098098
66.0 50.1222261175455
67.0 20.072497239236966

Figure 51: Example .mgf file exported by ADAP.
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5 Batch Processing

Create the parameter file for batch processing.

On Mac, run . /startMZmine MacOSX.command ‘‘path to and name of the batch processing
file’’ in the terminal.
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6 List of Additions and Changes Du-lab Team Made to MZmine 2

For details about the following changes and addition, please refer to the main text of the tutorial.

Category: Raw data methods — Peak detection

— Mass detection: added Filename for choosing the directory and filename to output
detected masses to. The checkbox allows the user to choose if they would like to output
this file or not.

— ADAP Chromatogram builder: a new method of chromatogram building.

Category: Peak list methods — Peak Detection

— Chromatogram Deconvolution: Wavelets (ADAP).

— Spectral deconvolution: a new method for pre-processing GC-MS data by detecting
analytes and constructing their fragmentation spectra.

Category: Peak list methods — Identification
— CAMERA search: Modified CAMERA search.

Category: Peak list methods — Ezport / Import

— Export to MSP file: exporting constructed spectra to a file in MSP format
— Export to MGF file: exporting constructed spectra to a file in MGF format

Category: Visualization

— Point 2D visualizer: Heat map visualization of intensities in RT and m/z domain.
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