
ADAP

User Manual

Version 4.0.0

Du-Lab Team

Department of Bioinformatics and Genomics

University of North Carolina at Charlotte

xiuxia.du@uncc.edu

http://www.du-lab.org

April 15, 2019

1



Contents

1 Introduction 3

2 Download and Installation 3

3 ADAP-LC 3

3.1 Detection of Masses from Mass Spectra . . . . . . . . . . . . . . . . . . . . . . . . . 3

3.2 Construction of Extracted Ion Chromatograms . . . . . . . . . . . . . . . . . . . . . 6

3.3 Detection of Peaks from EICs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.4 Annotation of EIC Peaks Using CAMERA . . . . . . . . . . . . . . . . . . . . . . . 12

3.5 Results Export . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4 ADAP-GC 18

4.1 Detection of Masses and Construction of EICs . . . . . . . . . . . . . . . . . . . . . . 18

4.2 Detection of Peaks from EICs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

4.3 Spectral Deconvolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

4.3.1 Spectral Deconvolution / Hierarchical Clustering . . . . . . . . . . . . . . . . 21

4.3.2 Spectral Deconvolution / Multivariate Curve Resolution . . . . . . . . . . . . 25

4.4 Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

4.5 Student’s T-test and Fold change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

4.6 Spectra Export . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

5 Batch Processing 36

6 List of Additions and Changes Du-lab Team Made to MZmine 2 37

2



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.
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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.

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.
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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.

Figure 5: Mass detection by continuous wavelet transform.
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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.

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 Ion 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.

Figure 8: Example of ADAP chromatogram building parameters.

Description of parameters:

• 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.
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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.

• Group intensity threshold : See above.

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

• 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.

• Suffix : The resulting chromatogram will be named file name + suffix.

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.

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.

8



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.

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.

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.

Figure 13: EIC peak detection parameters.

Description of parameters:

• 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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• 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;

– Wavelet 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.

Figure 14: Export results from chromatographic peak detection.
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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 → CAMERA search
(Figure 16).

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.

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.
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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.

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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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).

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 →
Export/Import → Export to CSV file as shown in Figure 22.
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Figure 22: Export results.

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

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)”.

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 5.17 min) and Propanoic Acid (at 5.34 min) were prepared at concentra-
tions 0.2, 0.4, 0.6, 0.8, 1.0, 2.0 and 5.0 µg/mL. For demonstration purposes, the data files were
trimmed to the retention time range 5.12—5.49 min and split into two groups: high concentra-
tion (1.0, 2.0 and 5.0 µg/mL) and low concentration (0.2, 0.4, 0.6 and 0.8 µg/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.

Figure 25: Mass detection of centroid data.
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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 × 106 (see Figure 27
(left)) by the dynamic range 104. As a result, parameters Group intensity threshold and Min
highest intensity are set to 200. Finally, parameter m/z tolerance is set to 0.02. The result of
chromatogram construction can be observed in the (m/z, ret time) plane, using Visualization
→ 2D visualizer, where the colored dots represent raw data points and the green lines represent
constructed chromatograms (Figure 27 (right)).

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 visualizer.
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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 Wavelets algorithm as shown in
Figure 28.

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
bell-like

Model peaks can have arbitrary shape

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 [4, 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.

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.

Figure 30: Specify parameters for decomposition of chromatographic peaks.

• 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.

• 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 (ii) 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.

• 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.

• 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.

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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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.

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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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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Figure 35: Deconvolution of chromatographic peaks.

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

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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Figure 37: Choosing chromatograms for Spectral Deconvolution.

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

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

• 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

• 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.

• 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).

• 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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Figure 39: Alignment of components.

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

Figure 40: Specify parameters for alignment of components.

• 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.

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

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

Score(c1, c2) = wStime(c1, c2) + (1− w)Sspec(c1, c2),

where Stime is the relative retention time difference between two compounds and Sspec 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.

• Score weight takes values between 0.0 and 1.0. This parameter is the value w that is used
in the similarity score Score(c1, c2). If w = 0.0, then only the spectrum similarity is used
for calculating Score(c1, c2). If w = 1.0, then only the retention time difference is used
for calculating Score(c1, 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.

• Retention time similarity Users can choose on of two options for calculating retention time
similarity Stime: 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

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.

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 → Export/Import
→ Export to CSV file as shown in Figure 43.

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 Export quantitation results and other information to output the significance results.
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Figure 44: Export into CSV file.

The exported csv file is shown in Figure 45.

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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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).

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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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.

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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Figure 50: Export mass spectra to a MGF file.

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

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 → Export / 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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