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1 Overview

MASH Explorer, developed by the Ying Ge research group, is a comprehensive, uni-
versal, user-friendly, and freely available software environment for top-down proteomics.
MASH Explorer allows data import from various vendor data formats and accommodates
several deconvolution and database search pipelines for spectral deconvolution and pro-
tein identification. MASH Explorer provides visualization tools for complex top-down
mass spectra to validate deconvolution and protein identification results.

This tutorial provides step-by-step instructions for protein identification in discovery
mode (large-scale protein identification), targeted mode (comprehensive protein charac-
terization), and visual validation of results.

The development of MASH Explorer is supported by National Institute of Health
R0O1 GM117058, with additional support from R01 GM125085, R01 HL109810, and R0O1
HL096971. Additional funding support is provided by the Wisconsin Alumni Research

Foundation.

2 Interface Layout

The components of the MASH Explorer main window are described below (see Figure
1).
Workflow and Parameters: Users can follow the steps for LC-MS/MS and MS/MS workflow
for data processing.
Results View: The mass spectra and chromatogram are shown in this panel.
Mass List: The fragment ion information is presented in this panel.

Experiment List: This panel shows a list of the experiments that are currently loaded into
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Figure 1: Overview of MASH Explorer software Interface

“Note: The interface changed from docking panel to SplitView in version 2.

MASH Explorer, and allows you to switch which experiment is active by double-clicking
on the desired experiment. (The active experiment is highlighted in blue.)

LogBook: This panel displays processing and error messages.'

Status Bar: The progress of data processing is shown in this panel.

Sequence Table: This panel presents the protein sequence and top-down fragment ion in-

formation.

Note: File Import and LogBook are tabs in the same panel of the MASH Explorer App window.



3 Usage Reporting/Privacy

Starting in version V2.0.1, MASH Explorer optionally reports data about your usage of
MASH Explorer to the MASH Explorer team. Please refer to the MASH Explorer Privacy
Notice for information about what data may be reported and what is done with that data.
(The privacy notice is also installed with the other MASH Explorer user documentation.)
When you first run a new version of MASH Explorer (V2.0.1 or later) you will see the

Version Changed dialog (Figure 2). This asks you to review your privacy settings.

% |

The MASH Version has changed since the last time you looked at your
privacy settings. Please review.

Figure 2: Version Changed Dialog

When you click "OK" in the Version Changed dialog, you will see the Privacy Dialog
(Figure 3). This dialog allows you to set the level of data reported by MASH Explorer (note
that this setting is separate for each individual MASH Explorer user, as long as you are
logged onto a computer under different user names). You can choose reporting levels of
"None", "Minimum", "Medium", "Maximum", and "Custom". All choices except “Custom”
automatically set whether to report various types of data (except for exceptions). "Custom"
allows to you choose whether to report each type of data.

After you have selected your privacy settings, you will see the Privacy Settings Con-
tirmation dialog (Figure 4). This dialog reminds you that you can change your privacy

settings at any time by selecting the Configuration option in the Tools menu (see Section

4


https://labs.wisc.edu/gelab/MASH_Explorer/doc/MASH%20Explorer%20Privacy_Notice.pdf
https://labs.wisc.edu/gelab/MASH_Explorer/doc/MASH%20Explorer%20Privacy_Notice.pdf

o PrivacyDialog - O X
Reporting Level I »
Application Started Report

Data File Opened Report
Deconvolution Report

Search Rer

Exceptions [~] Report

See Privacy Notice
OK Cancel

Figure 3: Privacy Settings Dialog

9.4).

Your Privacy settings can be changed anytime in the Privacy tab under
Tools => Configuration

0K

Figure 4: Privacy Settings Confirmation Dialog



4 Discovery Mode: Protein Identification and Characteri-

zation from LC-MS/MS data

Our team designed the workflow termed "Discovery Mode" to handle batch LC-MS/MS
analysis. This workflow includes data import, data processing including deconvolution

and database search, and finally data validation for protein identification.

P
LLm Discovery Mode L)
Import Data »

Process Data...

v

Validate Data

Figure 5: Discovery Mode Button Layout

4.1 Import Data

In the "Discovery Mode" section under the Workflow and Parameters panel, Import Data
will direct users to load experimental data to the MASH Explorer software. Users can

follow the steps below for data import:

1. Click on Import Data in the "Discovery Mode" tab under the Workflow and Parameters

panel to add a data set (Figure 6).2

2. Click on the option that represents the raw data file format that will be uploaded
(Figure 6). The current version of MASH Explorer software supports Thermo (.raw),
Bruker (.baf), Bruker data output in ASCII format (.ascii), Waters (.raw), and univer-

sal file formats (.mzXML, .MGF, and .mzML).

2The user can also choose to drag and drop the data file to import data into the software.
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3. Select the LC-MS/MS data files to be analyzed. The Status Bar will update the data

importing progress (Figure 7).

4. The current version of MASH Explorer allows users to have multiple files open at

the same time. Users can open the data files one after another.

e N =
L. = Thermo Finnigan Raw Data... I
Process Data... Bruker Baf Data File. o !
Validate Data 4 Bruker Ascii File Import...
Waters Raw Data...
@ Targeted Mode @ MzXML Data Files...
Import Data » MGF Data File... —
Deconvelution... mzML Data File.. Coved
- T T -

Figure 6: Import Data function and file selection

Log Book  Debug Log Book

Raw data retrieved for scan &: 1

Shawing spectrum of scan number #: 1 {experiment: C:\Users\tkwenger\Documents'{estinggetting_started_samples‘discovery_mode*|EX-FR_3_18mg_1x_des_HCD-lulraw)
Mumber of data points: 35544

Shawing spectrum of scan number #: 1 {experiment: C:\Users\lowenger\Documents \testing ‘getting_started_samples‘discovery_mode |EX-FR_3_18mg_1x_des_HCD-TulLraw)
MNumber of data points: 35544

|EX-FR_3_18mg_1x_des_HCD-1ul successfully loaded (C:\Users"rkwengerDocuments'testing \getting_started_samples“discovery_mode*|EX-FR_3_18mg_1x_des_HCD-1uLraw)

Done reading metadata for C:\Users‘rkwenger\Documents \testing*getting_started_samples®discovery_mode’\|EX-FR_3_18mg_1x_des_HCD-TuLraw

Workflow Panel Parameters Panel Experiment List Log Book
IRead metadata for 1734 out of 1734 scans I

Figure 7: Status Bar panel updates for data import

Users can view the chromatogram of the imported data and navigate different scans.
The chromatogram can be visualized in the "Chromatogram" tab in the Results View panel

(Figure 8).

Users can navigate to different scans in three ways:
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m., s (mRET Scan #136 1 1 - 7.5002438
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m/z

Charge Fragmentation Time
State Method

Figure 8: Viewing chromatogram and individual scan

e By scrolling the scan list and selecting the desired scan or scans.

e By double-clicking in the chromatogram view - this will select the scan closest to the
double-click location (you probably want to zoom in first). (Note that the scan list

will be automatically scrolled to show the selected scan.)

e By entering a scan number in the Scan# text box (or typing the up or down arrow

key with input focus in the Scan# text box).

(In the first two cases, you need to select the "Spectrum" tab to see the relevant spec-
trum; in the third case, the spectrum will automatically be shown if you are viewing the
chromatogram.) (See Figure 8)

The scan list contains all the scans including MS1 and MS2 (MS/MS). Each MS2 scan
has the precursor m/z. Retrieval of charge state and activation of the precursor ions
will be dependent on the raw data file format (Figure 6). Raw data from Thermo will
likely contain information regarding the charge state and activation of the precursor ions.
However, Bruker raw data does not provide this information. The user can manually

specify the MS level of a scan by double-clicking on that scan. Doing this will show a

8



dialog in which the MS level can be entered.

When the mouse cursor hovers over either a mass spectrum or chromatogram, the
mouse location will be shown in the relevant data units (m/z and intensity for a mass
spectrum and retention time (RT) and intensity for a chromatogram) (Figure 8, Purple

box).

4.2 Process Data

Data processing in top-down proteomics mainly involves centroiding, deconvolution,
and database search. In the Discovery Mode, these data processing tasks are bundled
together in the Process Wizard. Users can click on Process Data and the Process Wizard
will be opened (Figure 9, left).? Select a deconvolution method, a database search method,
and upload a targeted database file in .FASTA format (Figure 9, left). Users can click on
the Advanced tab to change general settings and algorithm parameters for each algorithm
(Figure 9, right). Specific parameter descriptions for each algorithm can be found on
the respective algorithm websites. Most algorithms have options for users to change
the parameters such as the maximum and minimum values for fragment ion charge and
mass. Additionally, users have the option to input fixed and variable post-translational
modifications. For search optimization, some algorithms such as TopPIC allow users
to input the number of threads the algorithm can use. These parameters are accessible
under the Advanced — Search tab. Click on the Start button to begin deconvolution and
database search. MASH Explorer will attempt to detect the activation type from the data
file. If the activation type is not detected, CID will be executed by default.

If you change any of the parameters, you can click Save Normal to make the new

3Please refer to the Search Algorithm Setup Guide included in the MASH Explorer software installation
regarding the installation of each deconvolution and search software.
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values the defaults for future workflows. Reset to Defaults will revert all the changed
parameters to factory defaults.

For more information about running workflows, see section 6 below.

o5l Process Wizard - [m] X
w' Process Wizard - O X Basic Advanced
General Deconvolution Search
Basic  Advanced <l 17 S
Scan Range || S [1734 S | Al Scans Current Scan
Deconvolution Method
@ TopFD (O MsDeconv () eTHRASH (O pParseTD (O ProMEX () FLASHDeconv
Working Directory |C:\Users\ikwenger\Documents'testing\getting_started_samples \discove| Browse.
Do Detshess Samch Scan m/z Charge Monoisotopic RT File A
) » I o 15 263560517 5953819 IEX
Database Search Algorithm
134 7086735 9 6368.9957 7.3971285 IEX
O Ms-Aligne @ TopPIC 137 204547 9 6565 0264 75402432 Ex
155 1104.5757 16 17663.449 8.4950408 IEX
Fasta Data File |C:\Users\kent\Documents\Kent\uw_med_school_work ‘Jewng‘gﬁlwng}‘ Browse. 210 12085784 16 19327.5379 1486212 1EX
270 1176.91 21 246939579 14.804205 IEX
412 7136513 10 7126.4403 22722216 IEX +
Reset to Defaults Save Normal q =
Start Cancel
Activation Method | From file v Generate Parameter File Automatic Import

Clean Up Working Dir

Figure 9: Basic and Advanced settings for Process Wizard in Discovery Mode

4.3 Validate Data

Workflow results can be imported by using Validate Data — Import Mass List to import
deconvoluted mass list and Validate Data — Import Database Search to import protein search
results (Figure 10). Users can import the protein search results. By clicking on entries
in the Protein Search Results, the corresponding protein sequence will display in the
Sequence Table panel (Figure 11). A detailed description of functions in the Sequence Table
such as adding modifications and displaying fragment ions can be found in Section 7.2
Sequence Table of the user manual. Users can also import the mass list which contained
fragment ion information which will display in the Mass List panel (Figure 11). A detailed

description of functions in the Mass List such as correction of fragment ion charge state
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and monoisotopic mass is provided in Section 7.1 Mass List and Results View of the user

manual.
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Figure 11: Analysis of protein sequence and fragment ion

Automatic Import

For users’ convenience, the mass list and protein sequence after database search is auto-
matically imported. However, when users run batch analysis, the automatic import func-

tion will stack one after another. Therefore, it is recommended to turn off the automatic
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import function when running batch LC/MS-MS analysis. To disable automatic import,

users can uncheck the automatic import checkbox in the Advanced/General tab (shown

in the right half of Figure 9, checkbox at the bottom right)

5 Targeted Mode: Protein Identification and Characteriza-

tion from MS/MS data

Contrary to "Discovery Mode", our team developed "Targeted Mode" workflow for
analysis including comprehensive protein characterization. This workflow includes data
import, spectral deconvolution to identification of fragment ions, database search based
on identified ions, and finally protein characterization. This workflow aims to perform
identification of fragmentation ions that describe the protein sequence and identification

and localization of post-translational modifications of a target protein sequence.

=

@ Targeted Mode (2]
Import Data »
Deconvolution...

Database Search...

Characterization 3

Figure 12: Targeted Mode button layout

5.1 Import Data

Similar to the Import Data in "Discovery Mode", Import Data in "Targeted Mode" will

direct users to import data into the software. Users can follow these steps for data import:
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1. Click on Import Data in the "Targeted Mode" tab under the Workflow and Parameters

panel to add a data set (Figure 13).*

2. Click on the option that represents the raw data file format to be uploaded (Fig-
ure 13). The current version of MASH Explorer software supports Thermo (.raw),
Bruker (.baf), Bruker data output in ASCII format (.ascii), and universal file formats

(mzXML, .MGF, and .mzML).

Select your ®
@ Targeted Mode 2| « s + sing 5 B
rge 2] . =
{ Import Data » | Therme Finnigan Raw Data... I 0 This
¥ 30 Objects S Data_Set1-MSMSuaw 122172014 1:54 )
Bruker Baf Data File... B Desitop
Bruker Ascii File Impert...
Characterization » Waters Raw Data...
MzXML Data Files...
]
H Data Reporting (7] MGF DataFile..
) - mzML Data File... File name: | Data_Set_1-MERS 3w «|  Xealibur fites [".RAN)
1 Canc

Figure 13: Data Import for Targeted Mode

Experimental data acquired from different instruments should be handled differently.
Broadly speaking, there are two types of instruments: those that perform spectral av-
eraging/summing during acquisition and those that perform averaging/summing post-

acquisition.

1. Examples for the first category include FT-ICR type instruments including Thermo
Finnigan Ultra and Bruker SolariX. The raw data normally has one single scan and

can be processed directly by MASH Explorer software.

“The user can also choose to drag and drop the data file to import into the software.
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2. Examples for the second category include instruments that perform liquid chro-
matography (LC)-(MS/MS). For example, users inject a solution containing a single
protein, and use the LC to deliver the solution to the mass spectrometer. The result-
ing raw data has multiple scans while each scan contains fragment ion of the same
protein. This type of data requires further processing prior to data import to MASH

Explorer software.

(a) Thermo instruments: Xcalibur software can perform spectral averaging na-

tively and the resulting spectrum can be exported as RAW format.

(b) Bruker instruments: DataAnalysis can perform spectral averaging natively and

the resulting spectrum can be output as ASCII format.

(c) Other instruments and general method: ProteoWizard has a filter function
"Scan Summing" (Figure 14) for spectral averaging, and the summed spectrum
can be exported in mzXML format. Ideally, the output mzXML file has only

one scan.

5.2 Deconvolution

Spectral deconvolution is the process of identifying fragment ion peaks and calculat-
ing their charge states, monoisotopic mass, most abundant mass, intensities, and other
parameters. Our software currently offers five tools for spectral deconvolution in Tar-
geted Mode: enhanced-THRASH (eTHRASH), TopFD, MS-Deconv, FLASHDeconv, and
UniDec. Each of these algorithms can be automatically run by the MASH Explorer soft-
ware using the Process Wizard (Figure 15). Starting the deconvolution processes will

initiate the Workflow Manager. When the calculation is finished, the calculated mass

14



o) MSConvertGUI (64-bit) - [m} X

@ Listof Files (O File of file names

File: [ Browse Browse network resource... v About MSConvert

Filters

Scan Summing v

Precursor tolerance: = m/z

Scan time tolerance: + [5 ] seconds
lon mobility tolerance: + [5 ] ms of ysfom™2
Output Directory:
‘ [z Add Remove
Options
Output format: mzML ~ | Extension: l:] Filer Parameters
Binary encoding precision: @ 64bt O 32:bit <Runld>.<ScanNumber> .<S canNumber>.<ChargeState> File:"<SourcePath>", Nati..
While inds: Use 2ib compression: scanSumming precursorT ol=0.05 scanTimeT ol=5 ionMobility T ol=5
TPP compatibility: Package in gzip: []
Use numpress linear compression: [
Use numpress short logged float compression: [_]
Ise numpress positive integer compression: [
Combine ion mobility scans: []
SIM as spectra: [] SAM as spectra: [
Presets:  Generic Defaults v | SavePreset v Start

Figure 14: Scan Summing

list from each algorithm will be automatically imported and displayed in the Mass List
panel (Figure 15). Users can click on each fragment ion entry for viewing. The detailed
functions of the Mass List are described in Section 7.1 Mass List and Results View of the

user manual.

Notes on spectral deconvolution

1. The current version of MASH Explorer supports TopFD, MS-Deconv, eTHRASH,

FLASHDeconv and UniDec for spectral deconvolution in Targeted Mode.

2. eTHRASH, TopFD and MS-Deconv support MS1 deconvolution. MS-Deconv re-

quires users to input the correct charge state of the precursor ion. You can input the
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Figure 15: Basic interface of deconvolution-mode Process Wizard and populated Mass
List

ion charge state as shown in Figure 16.

3. UniDec can be run in interactive or non-interactive mode. In non-interactive mode,
UniDec works like the other deconvolution tools — you start the workflow and MASH
Explorer runs UniDec automatically. In interactive mode, MASH Explorer launches
UniDec with the relevant data already loaded. You can then manually process the
data in UniDec, and when you exit UniDec, the processed data is loaded back into

MASH Explorer.
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4. The Quick Decon. button in the Results View can be used as a quick tool for spectral
deconvolution. It supports both TopFD and eTHRASH, and the parameters can be
configured under Tools — Quick Decon. Parameters. Details can be found in Section

94.

5. The current version of MASH Explorer cannot process MS/MS scans without an MS2
designation. Users can manually edit the MS level of a scan by double-clicking on

that scan in the chromatogram view.

For more information about running workflows, see section 6 below.

85! Process Wizard - [m] X

Basic  Advanced

Deconvolution Method
(O TopFD (O MsDeconv (@ eTHRASH (O FLASHDeconv

O UniDec O UniDec Interactive

Reset to Defaults Save Normal

Start Cancel

Figure 16: Process Wizard for Deconvolution

5.3 Database Search

Our workflow has incorporated algorithms that use fragment ion (i.e. MS2) informa-
tion for protein identification. When the fragment ion selection is completed, the fragment
ions can be searched against the database for protein identification. Users can choose one
of the supported database search algorithms including MS-Align+ and TopPIC, and up-
load the target database (Figure 17). Click "Start" to begin the database search process and
similar to other processes, the Workflow Manager will be invoked to handle algorithm

execution.
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85 Process Wizard - a X
Basic  Advanced

Do Data! Search

Database Search Algorithm

O MsAlign+ @ TopPIC pTop MSPathFinderT

Fasta Data File | || Browse...

Reset to Defaults | | Save Normal

| set [ Concel |

Figure 17: Basic Interface of Process Wizard in Search mode

For the Targeted Mode, it is recommended for the users to provide as much information
as possible, as extraction of information from the MS-MS files is harder compared to
the LC/MS-MS data. In the Advanced settings, users can enter the charge state of the
precursor and the fragmentation activation method (Figure 18). This information will

help substantially in file parsing processes prior to database search.

gl Process Wizard - m] X

Basic Advanced
General Search

Scan Range |1 EHp |3 | Ascans | | CumentScan |

\warking Directary ‘E:\Thermo\Slngla scanﬁle\M.‘\SH_Woﬂ(ﬂows\Data_Sat_W-MSMS_ZDZ(‘ ‘ Browse... ‘

Scan miz Charge Monoisotopic RT Fie |
0.00

< >

Activation Method ~[From fle ~| | | GenerateFarameterFile | [ Automatic Import

Figure 18: Advanced settings for search-mode Process Wizard
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Notes on database search

1. The current version of MASH Explorer supports MS-Align+ and TopPIC for database

search in Targeted Mode.

2. It is recommended that users input the charge state of the precursor ion and the
activation method of the file in the specified locations in the Process Wizard shown
in Figure 18. This information will help substantially in successful file parsing

processes.

For more information about running workflows, see section 6 below.

5.4 Characterization

The Characterization menu includes Import Database Search Results that imports the
sequence from the database search and Paste Your Sequence which allows users to copy the
sequence to the Sequence Table (Figure 19). A detailed description of the Sequence Table

panel is in Section 7.2. For database search list import, please refer to Section 4.3.

@ Targeted Mode l&-} 40
rport Data L
=
Deconvolution... 2
L}
Database Search... =
Charactenization l‘ Import Mass List >

. Import Database Search Results 4
[H Data Reporting I&] Paste Your Sequence...

Figure 19: Menu for Characterization

For manually pasting a protein sequence, click on Paste Your Sequence and the Paste

Sequence Information window will be opened. Paste the sequence and click OK and the

19



pasted sequence will be displayed in the Sequence Table (Figure 20).

o5l Paste Sequence Information - a X

1[NASGSTRISGSERDCTDCFK =
2 KMADKPDMGEI|I ASFDKAKLK =
a K[TIETQEKNTLPTKETI EQEK s

4« RSE I S 1
[165] Mono : 72655587846 Average : 727014118 Mostabundant : 7269.5681846

Figure 20: Pasting a protein sequence

6 Workflows

Note: the information in this section applies to both Discovery Mode and Targeted
Mode workflows.

Each time you run a deconvolution and/or search workflow, MASH Explorer will
generate a workflow-specific folder containing all files related to that workflow (Figure
21). The workflow-specific folder will be within the MASH_Workflows folder (which is
in the folder containing the experimental data file). Do not open or delete any files in this
folder before the workflow has completed. The processing folder will include the name of the
data file, deconvolution algorithm, database search algorithm, and the time the workflow

started.

To save disk space, as of version 2.1, temporary files in the workflow folder (such

as the copy of the experiment file) are removed when a workflow finishes successfully.
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Calendar
MASH Explorer User Manual

MASH Weekly Testing
Muttiple scan fle

> MASH Weekly Testing » Stendardized Testing > Thermo > Multiple scan fle
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Figure 21: Folder created for data processing

(If the workflow does not finish successfully, the temporary files are left in place to aid

debugging.) The workflow folder cleanup can be disabled by unchecking the "Clean Up

Working Dir" checkbox in the Advanced/General tab of the Process Wizard (see Figure 9).

When the deconvolution/search workflow starts, the Workflow Manager will be opened

(Figure 22).

8! Workflow Manager — [m] X

Maximum Workflows |1 <
Queued Workflows  Completed Workflows
=- Running Workflow 1
RawDataFile = C:\Users\kent\Documents\Kent\uw_med_school_work \testing\getting_started_sampl¢
OutputDirectory = C:\Users\kent\Documents\Kent \uw_med_school_work \testing\getting_started_san
ScanStart = 1
ScanEnd = 1734
Autolmport = True
MSConvert
&

Maximum Charge = 30

Maximum Mass = 100000
MZ Emor = 0.02
Precursor Window = 3
MS1 SN Ratio = 3
MS2 SN Ratio = 1
Activation = file
- TopPIC
AnyMSAlign ToMassGrid
SearchResults ToMassList

< >
Stop Selected Workflow Upload Old Workflow Expand All
Edit Workflow Collapse All
Open Working Dir Open Workflow Log

Re-Run Workflow

New \Workflow with New Raw Data New \Workflow with Loaded File Deconv/Search v

Figure 22: Interface for Workflow Manager (workflow running)
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B Workflow Manager - u] b3

Maximum Workflows |1 =

Queued Workflows Completed Workflows

=)- Finished Workfiow 1
RawDataFie = C:\Users\kent\Documents\Ken \uw_med_school_work \testing\getting_started_samplk
OutputDirectory = C:\Users\kent\Documents\Kent\uw_med_school_work \testing\getting_started_san
ScanStart = 1
Scanknd = 1
Autolmport = True
MSConvert

+- TopFD

AnyMSAlignToMassGrid

= Resuits: Finished Workflow 1 WORKFLOW_DONE]
RawDataFile = C:\Users\kent\Documents\Kent \uw_med_school_work testing'getting_started_samplk
OutputDirectory = C:\Users\kent\Documents \Kent \uw_med_school_work \testing \getting_started_san
WorlflowLog = C:\Users'kent\Documents\Kent \uw_med_school_work \testing\getting_started_samp|
Parameterfiie = C:\Users\kent\Documents \Kent\uw_med_school_work testing\getting_started_sampl

MSConvent

= TopFD

C:\Users'kent\Documents\Kent\uw_med_school_work testing\getting_started_samples\targeted|
AnyMSAlignToMassGrid
< >
Upload Old Workflow Expand All

Edit Workflow Import Selected File Collapse All

Open Working Dir Open Workflow Log

Re-Run Workflow

New Workflow with New Raw Data New \Workflow with Loaded File Deconv/Search 2

Figure 23: Interface for Workflow Manager (workflow completed)

Note that not all Workflow Manager functionality is available at all times, depending
on which state various workflows are in, and which, if any, workflow is selected. The
buttons for unavailable functions are now disabled.

Available at any time:

e Upload Old Workflow will show a dialog allowing you to select the working di-
rectory of a previous workflow (folders such as those shown in Figure 21). You
can also upload an old workflow by dragging and dropping the parameter file
(Workflow_Parameters. txt) onthe MASH Explorer main window (not on the Work-

flow Manager).

o New Workflow with New Raw Data will create a workflow with experimental data that

is not currently open in MASH Explorer.
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B Workflow Manager - u] 3

Maximum Workflows |1 =

Queued Workflows Completed Workflows

=3- Finished Workflow 1 A
RawDataFile = C:\Users\kent\Documents\Kent \uw_med_school_work \testing'getting_started_sai
QuiputDirectory = C:\Users\kent\Documents \Kent\uw_med_school_work \testing'getting_started_
ScanStart = 1
ScanEnd = 1
Autoimport = True
MSConvert

= Tuu‘FD ‘
Maxmum Charge - 30
Maximum Mass = 100000
MZ Emror = 0.02
Precursor Window = 3
MS1 SN Ratio = 3
MS2 SN Ratio = 1
Activation =file

AnyMSAlign ToMassGrid
- Resutts: Finished Workflow 1 [WORKFLOW_DONE]
RawDataFile = C:\Users'kent\Documents\Kent\uw_med_school_work \testing'getting_started_sai
Output Directory = C:\Users\kent\Documents\Kent \uw_med_school_work \testing'getting_started _
WorkflowLog = C:\Users\kent\Documents'Kent \uw_med_school_work testing\getting_started_sa
ParameterFile = C:\Users\kent\Documents\Kent\uw_med_school_work \testing \getting_started_sz «,

< >
Upload Old Workflow Expand All
- DoneEditingRe-run Collzpse All
Open \working Dir Open Workflow Log
Re-Run Workflow Cancel Edit

New Workflow with New Raw Data New WWorkflow with Loaded File Deconv/Search v

Figure 24: Interface for Workflow Manager (editing workflow)

o New Workflow with Loaded File will create a new workflow with experimental data

that is currently open in MASH Explorer.

Available if any workflow is selected:

e Open Working Dir will open the working directory of the selected workflow in File

Explorer.
e Open Workflow Log will open the workflow log of the selected workflow.

o Re-Run Workflow will re-run the selected workflow without any changes (most useful

for re-running workflows that you have uploaded).

Available if a queued or completed workflow is selected:
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o Edit Workflow allows users to modify parameters for pending and completed work-
flows (editing a workflow leaves the original workflow unchanged and creates a

new workflow with the modified parameters).
— Click on the Edit Workflow button to enable editing of a workflow. Users can
edit both pending and completed (but not running) workflows.

— Double-click on a parameter to change the value (you can change multiple

parameters sequentially).
— Click Done Editing/Re-run to queue a new workflow with updated parameters.
— Click Cancel Edit if you have made changes but then deicde you do not want to

create and run a new workflow.

Available if a queued or running workflow is selected (see Figure 22):

o Stop Selected Workflow will delete the pending task in the queue (stopping it if it’s

currently running).

Available if a results file from a completed workflow is selected (see Figure 23):

o Import Selected File will import the selected deconvolution or database search results

file.

Available if a workflow is being edited (see Figure 24):

e Done Editing/Re-Run queues a new workflow with the edited parameters.

o Cancel Edit exits edit mode without creating a new workflow (discards any edits).
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Workflow progress can be monitored in both the Status Bar and LogBook. Users can
click on the Completed Workflows tab to view a finished workflow. If the Workflow Manager
is closed, it can be reopened through Tools — Workflow Manager.

Previously run deconvolution and database search results can be imported for anal-
ysis. Using the Upload Old Workflow button, select the folder containing the relevant
workflow (or drag and drop the Workflow_Parameters.txt file on the MASH Explorer
main window). The uploaded workflow will appear in the Completed Workflows tab.
After expanding the deconvolution and database search nodes, the deconvolution and
database search result files can be located. You can import these files by selecting the file

and clicking Import Selected File (Figure 25).

s Workflow Manager - [m] >

Maximum Workflows &
Queved Workflows Completed Workdlows
ScanStat = 1 ~
ScanEnd = 1734
Autolmport = True
MSConvert
Browse For Folder X - TopFD
4 TopPIC
AnyMSAlignToMassGrid
SearchResults ToMassList
= Results: Finished Workflow 1 [WORKFLOW_DONE]
RawDataFile = C:\Users\rkwenger\Documents\testing'get_start\disc\|EX-FR_3_18mg_1x_des_F
Output Directory = C:\Users\tkwenger\Documents\testing\get_start\disc \MASH_Workflows\IEX-f

v MASH_Workflows A

IEX-FR_3_18mg_1x_des_HCD-1ul_20210127_163310_TopFD_1_1
IEX-FR_3_18mg_1x_des_HCD-1ul_20210127_163432_TopFD_1_1
IEX-FR_3_18mg_1x_des_HCD-1ul_20210130_182304_pParseTD_pTOP_100_160
IEX-FR_3_18mg_1x_des_HCD-1uL_20210130_182447_pParseTD_pTOP_100_160
v IEX-FR_3_18mg_1x_des_HCD-1uL_20210209_111606_TopFD_TopPIC_1_1734
IEX-FR_3_18mg_1x_des_HCD-1uL file
|IEX-FR_3_18mg_1x_des_HCD-1ul_html
IEX-FR_3_18mg_1x_des_HCD-1ul_20210209_161556_pParseTD_1_1734
IEX-FR_3_18mg_1x_des_HCD-1ul_20210209_162030_pParseTD_1_1734
IEX-FR_3_18mg_1x_des_HCD-1ul_20210209_162937_ProMEX_1_1734

IEX-FR_3_18mg_1x_des_HCD-1uL_20210223_115915_TopFD_1_1734

< >

Make New Folder Cancel

WorkflowLog = C:\Users'tkwenger\Documents\testing\get _stant\disc\MASH_Workflows\IEX-FR
Parameterfile = C:\Users'vkwenger\Documents'testing\get_start\disc\MASH_Worflows\IEX-FR

=
C:\Users\ikewenger\Documents'\testing\get_star\disc\MASH_Workflows\IEX-FR_3_18mg_1

—TopPIC

C:\Users \rkwenger\Documents \testing'\get_start\disc\MASH_Workflows\IEX-FR_3_18mg_1

C:\Users vikewenger\Documents'testing\get_stant\disc\MASH_Workflows\EX-FR_3_18mg_1

ohassGrid
SearchResults ToMassList ]
£ >
Upload Old Workflow Expand A
Edit Workflow Collapse
Open Working Dir Open Workflow Log

Re-Run Workflow

New Workflow with New Ra | New Workflow with Loade |  Deconv/Seach

Figure 25: Uploading completed workflows and importing data



7 Data Reporting

This section of the manual introduces the functions in Data Reporting including Save
Files and Save Images. These functions allow users to save the verified fragment ion list,
enabling users to perform further processing of spectrum and sequence table images using

other professional graphic software.

]
H Data Reporting I\’A_“J
Save Files 3

save [mages 3

Figure 26: Data Reporting button layout

7.1 Save Files

Users can save their mass list and sequence table information in the xml format which
is associated with the original raw data (Figure 27). The xml file is dependent on its
original raw data. It is recommended that the users place the saved xml file in the same

folder as the raw data.

H Data Reporting I@] ‘

| Save Files b Save Results As...

Save Images » I ! -

Figure 27: Save Files

To re-open the saved data, go to File — Open Saved Results. Since the xml file needs its
raw data for reference, the users will be prompted to locate the raw data if the raw data is

not found within the same folder.
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I edit View  Tools Help

|53 Open Sequence... Ctrl+0

Open Saved Results...  Ctrl+Shift+0 |
Import Results »
Close Experiment Ctrl+W

=l SaveResults As... Ctrl+S
Exit

Figure 28: Open Saved Results

A saved results file can also be opened by dragging and dropping it onto the main

MASH Explorer window.

7.2 Save Images

A spectrum displayed in the Results View panel and sequence information shown in
Sequence Table panel can be exported as a Microsoft Office object (Figure 29). This function
enables users to further edit the images including changing the font, font size of the text
and line width and color of the fragment symbols. The copied image can be transferred to
Adobe Photoshop, Illustrator, or Microsoft PowerPoint for further processing. Elements

of the graph can be ungrouped for further modifications.

H Data Reporting @_)H

Save Files »

I Save Images "I Copy Spectrum Image
Copy Sequence Table

Figure 29: Menu to Save Images

In Save Images, Copy Spectrum Image will copy the spectrum in the Results View panel

(Figure 30).
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Figure 30: Spectrum Image

In Save Images, Copy Sequence Table will copy the spectrum in the Sequence Table panel

(Figure 31).
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Figure 31: Sequence Table Image
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8 Visual Validation of the Computational Output

This section of the manual will introduce the function in Mass List and Results View,
Sequence Table and Ion Finder. These tools are essential for the protein characterization

using MASH Explorer software.

8.1 Mass List and Results View

The Mass List provides an intuitive display combining the theoretical ion distribution
and the actual experimental spectra shown in Results View. After deconvolution, users
can click on each entry in the mass list and the spectrum will be zoomed in to the location
of the targeted ion. The red dots represent the theoretical ion distribution. Previously
examined ions will have a light-yellow background in the Mass List. The up/down keys
will change selected ion in the Mass List.

Users can change the following properties of the ion distribution to achieve better

theoretical ion fitting to the experimental data:

1. Adjust the charge state of the theoretical distribution
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Figure 32: Result View and Mass List interactive display
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Clicking Apply will save the fragment ion adjustments.
The mass list also allows user to sort the items in different orders, such as by monoiso-
topic mass, abundance, m/z, charge, score, most abundant m/z, ion designation, and so

on (Figure 33).

# Morcisctopic Mass ~ Abundance  Most Abundartm/z  Charge  Score  Most AbundantMass  lonW  TheoreticalDa)  EvoriDa)  Emorppm)  Fomuls  lonGroup  Quartitstion  Scan

Figure 33: Mass List column items

The tool bar in the Mass List panel includes buttons such as (Un)Check All, Delete, Fit
Score, Copy, Prev, and Next (Figure 34). These buttons interact with the checked item(s)
in the Mass List.

W (Un)Check Al 73 Delete [f Fit Score B2 Copy Prev Next

Figure 34: Mass List Tool Bar

e The (Un)Check All button will check or uncheck all the boxes in the Mass List.
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The Delete button will delete all items that are checked.

The Fit Score button will calculate all the Score column in the mass list. The Score

column describes the fitting between the experimental and theoretical isotopic dis-

tribution

The Copy button will copy all items that are checked. The copied content can be

pasted in processing software such as Notepad and Microsoft Excel.

Prev and Next will move the previous or next scan for which Mass List entries exit.

8.2 Sequence Table

Once the mass list is verified by the users, the mass list can be matched with the theo-
retical fragment ions list generated by the user imported sequence to show fragmentation
mapping of proteins (Figure 35). The sequence can be imported via Characterization —
Paste Your Sequence in Targeted Mode, or the Modify Sequence button in the Sequence Table
panel (Figure 35).

In the Modifications section, users can perform several tasks. To add a modification,
the user needs to click on a specific amino acid. Table 1 shows the color of different
instances.

\ Not Selected Selected
w/o PTM Black Red

w/ PTM Green Blue

Table 1: Color code for amino acid displayed in the Sequence Table

There are preset modifications with mass changes such as phosphorylation (+79.96 Da)
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Figure 35: Sequence Table panel
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and methylation (+14.01 Da). Users can also choose Custom to provide a custom molecular
weight change specific for the analysis. A modification can be removed by Clear Selected
Modification and all the modifications can be removed by Clear All Modifications.

In the Fragment Ion Types section, users can map the fragment ion in the Mass List
to the sequence in the Sequence Table by selecting fragment ion types and clicking Show
Assignments. The lines between two amino acid codes suggested fragment ion detection.
We currently support a/x, b/y and ¢/z fragment ion types (Figure 35). Additionally, the
current version supports common UVPD ions such as a+1, x+1, and y-1.

In the Tolerance Information section, the fragment ion mapping can be manipulated



by different tolerance values in both ppm and Da units.
Users can copy the image shown in Sequence Table by Copy Table Image. The copied

image can be pasted in either Photoshop or Microsoft PowerPoint for further processing.

8.3 Ion Finder

The Ion Finder tool allows users to perform targeted search for fragment ions against a
user imported sequence. In the Theoretical Data of the Sequence Table panel, the monoiso-
topic mass of different ion types is calculated based on the sequence with modifications
provided in the Sequence table. Double-clicking a selected entry will open up the Ion

Finder tool for the specific fragment number (Figure 36).

833.443.. 823382.. 861438.. 797.403.. 878.465.. 781384.. a2 Find lons - o x

8 989.544... 936466.. 1017.53.. 910487.. 103456.. 894.468..
9 1102.62.. 1073.52.. 113062.. 1047.54.. 1147.65.. 103152.. Fragment Number: 11 [ Include Selected Modifications
10 1150 £2 1210 52 1127 £4 1124 £0 1204 £7 118252 Selected lon Type
. | 1281.65... Monoisotopic Mass Monoisotopic miz
12 1387.76... 1404.68.. 1415.75.. 1378.71.. 1432.78... 1362.69.. O bion T 6513719
13 1500.84... 1501.74.. 1528.84.. 1475.76.. 154586.. 1450.74..
14 1615.87.. 160279.. 1643.86.. 1576.81.. 1660.89.. 1560.79.. @ T Sl
15 177197... 1765.85.. 1799.96.. 1739.87.. 181699.. 1723.85.. @ crion 1317.7557 659.8851
16 1958.05... 1893.94.. 1986.04.. 1867.96.. 2003.07. 1851.95.. O zion ey T
17 2089.00... 1950.96.. 2117.08.. 1924.99.. 2134.11.. 1908.97..
18 2190.14.. 2080.01.. 2218.13.. 2054.03.. 2235.16.. 2038.01.. Ozion 12727342 6373744
19 2303.22.. 2208.10.. 233121.. 2182.12.. 234824.. 2166.10.. O xion 13076370 654 8258
20 243128... 2321.19.. 2459.27.. 2295.21.. 2476.30.. 2279.19..
Sequence TEHEIWI Charge p o Keep Zoom Append to Mass List Cancel

Figure 36: Ion Finder tool

Users can select the fragment ion type for their experiment by clicking at selected
radio buttons. Users will also be able to choose to include or exclude selected modification
implemented in the sequence. The Ion Finder tool allows users to navigate different charge
states of the fragment ion to examine possible experimental fragment ions by zooming at
the targeted m/z region calculated based on the monoisotopic mass and charge state of
the fragment ion. The spectrum will change accordingly with changes to parameters such

as selected ion type, modifications, and charge state (Figure 37), with theoretical value

34



shown as red circles. Users can stay zoomed- in at the current spectral location by clicking
Keep Zoom. If the users find a real ion, clicking Append to Mass List will add the ion
information, including modification information, as a new entry at the bottom of the Mass

List (Figure 37).

Fragment Numbes: 16 D irclse Seects Modiesicrs

Fragment Number: 16 I Include Selected Modlﬁcaﬁonsl l C s e i ‘
- s
Selected lon Type = 18005
N N » | PRI
Monoistopic Mass Monoisotopic miz o - L TRTLR IR VT DAY I AT
O b-ion 1642.8679 8224412
Q y-ion 1677.7854 839.9000
Q c-ion 1659.8944 830.9545
(@ z-ion 1661.7667 831.8906 | Sl
O aien 1614.8730 808.4438 g
QO x-ion 1703.7647 852.8896
Charge 2 o | I Keep Zoom Append to Mass List Cancel v
oo | st | | Core
Charge 3
Figure 37: Functions for Ion Finder Tools

The tool bar allows users to access some of the basic functions of the software.

File Edit View Tools Help

Figure 38: Tool Bar button layout

9.1 File

Items under File include Open Sequence, Open Saved Results, Import Results, Close

Experiment, Save Results As, and Exit (Figure 39).
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ZIC Edit View Tools Help

7 Open Sequence... Ctrl+0
Open Saved Results...  Ctrl+Shift+0
Import Results »
Close Experiment Ctrl+W

i Save Results As... Ctrl+S
Exit

Figure 39: Menus for File option

Open Sequence allows users to import a .fasta sequence file. This function will be

deactivated in future versions.

The Open Saved Results function provides users a method to open saved .xml
results. This function is related to Save Results As function described below. (Note
that results files can also be opened by dragging and dropping them on the main
MASH Explorer window.)

The Import Results item has options for users to import both an ion mass list (in
.msalign format) and a protein search result (in related database search algorithm

format).
Close Experiment will close the current imported data set.

Save Results As will output an xml file that includes the information from the Mass
List and Sequence Table. The xml file cannot be opened by itself as it is dependent on
the corresponding raw data. If a raw data file is not found, the program will prompt

the user to specify the raw data for reference.

Exit will close the software application.
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9.2 Edit

Items under Edit include Copy Checked Mass(es), Copy Sequence Table, Copy Spec-
trum Image, and (Un)Check All Masses (Figure 40).

m View Tools Help

& Copy Checked Mass(es) Ctrl+Shift+C
4 Copy Sequence Table Ctrl+Alt+C
Copy Spectrum Image

(Un)Check All Masses Ctrl+A

Figure 40: Menus for Edit option

e Copy Checked Mass(es) will copy the selected items in the Mass List (i.e. items with
a checkmark in the checkbox). The copied item can be pasted in other documents

such as Notepad or Microsoft Excel for further editing.

e Copy Sequence Table will copy the image in the Sequence Table. This function is the

same as previously shown in Section 5.2 Save Images.

e Copy Spectrum Image will copy the image in the Spectrum View. This function is the

same as previously shown in Section 5.2 Save Images.

(Un)Check All Masses will select or deselect all the entries in the Mass List.

9.3 View

Items under View include Results View, MassList Toolbar, Status Bar, Sequence Table,

Fitting Curve, and Fragment Labels (Figure 41).
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Figure 41: Menu for View option

A checkmark next to each item indicates that the corresponding GUI element is visible.
For detailed information regarding the location of the Results View, MassList Toolbar,
Status Bar, Sequence Table panels, refer to Section 2. These items allow users to reopen a
specific panel if it has been closed.

Fitting Curve and Fragment Labels are not panels in the GUI Rather, they are options

to show additional information in the Results View when a Mass List item is selected.

9.4 Tools

Items under Tools include Workflow Manager, Quick Decon. Parameters, Paste Se-

quence Configuration and View Log File (Figure 42).

e The Workflow Manager is a dialog that controls the data analysis workflow for top-
down proteomics. This tool is activated when a workflow such as deconvolution
or database search is activated. If the user closes a Workflow Manager, it can be

reopened using this menu selection.

o Quick Decon. Parameters allows users to change parameters for the Quick Deconvo-
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Waorkflow Manager... b
Quick Decon. Parameters...
Paste Sequence...

Configuration...

View Log File...

Figure 42: Menu for Tools option
lution function.

e Paste Sequence changes the sequence displayed in the Sequence Table panel. The
function of the button is the same as Modify Sequence in the Sequence Table and

Paste Your Sequence under Characterization within the Targeted Mode workflow.

e The Configuration dialog allows users to configure both directory of the deconvolu-

tion and database search and protein modifications.

— File Paths tab (Figure 43). For more information regarding the deconvolution
and database search, please refer to the Search Algorithm Setup Guide in-
cluded in the MASH Explorer software installation regarding installation of
each deconvolution and algorithm. Users can use Find option to attempt to
automatically locate the relevant directory. If the file is not found, the Browse
option will permit users to manually specify the directory of the selected soft-
ware. Users can click the Download button to access the software download
page for a given software app. Green indicates that the target file can be located,

while red indicates that the target file is not found in the specified directory.
— Modifications tab (Figure 44). Users can also add new protein modifications
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Mash Explorer - Configuration X

File Paths  Modifications Privacy

Java Bin Directory ‘CI\PI’DQI’&'II Files\Javayjre1.8.0_281'bin | Find Browse... Download...
Proteowizard Directory ‘C:\Fmgram Files\ProteoWizard\ProteoWizard 3.0.20044.d75fcb4e | Find Browse... Download...
Informed-Proteomics Directory C:\Program Files\Informed-Proteomics | Find Browse.. | Download..
TopPIC Directory ‘Ci\Progm Files\toppic-windows-1.3.3 | Find Browse... Download...
MS-Deconv Jar ‘C:\ngm Files\MS-Deconv\MsDeconvConsole-0.8.0.7370 jar | Find Browse... Download...
MS-Align+ Zip [C:\Fmgram Files\MS-Align\MS-Align-0.7.1.7143.zip | Find Browse... Download..
pTop Directory [C:\Program Fies'pTop | Find | | Erowse.. | | Downlozd..
OpenMS Directory C:\Program Files\OpenMS-2 6.0pre-HEAD-2020-10-23 | Find | | Browse.. | Download..
UniDec Distribution Directory '£.\MASH_aux_sw\UniDec_Windows_210215\UniDec_Windows | Find | Browse.. | Downlosd..
MASH Explorer Installation Guide...

Cancel
Figure 43: MASH Explorer - Configuration for supporting software
or edit existing modifications (Figure 44). The name, monoisotopic mass and

average mass can be input. Press "OK" to save the modifications, and the

modifications will be added in the PTM list in the Sequence Table panel.

— Privacy tab (Figure 45). Users can view and change their privacy/data reporting
settings at any time. The options available in the Privacy tab of the Configura-
tion dialog are the same as those available in the Privacy Settings dialog (see

Section 7 for details).

e View Log File brings up a text editor window with the MASH Explorer log file.

9.5 Help

Items under Help are Getting Started, User Manual, License, and About MASH Ex-

plorer (Figure 46).
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Mash Explorer - Configuration X

File Paths Modffications  Privacy

Name MonoMass AvgMass
w 14.0157 14.0265
Hydroxylation 155945 155994
Chidation 159549 15,9554
Formylation 289945 290104
Acetylation 42.0106 420373
Carboxylation of ... |43.9858 440098
Phosphorylation 78.9663 785739
Phosphonylation x2 | 155.9326 159.9598
Sulphation 79.9568 80.0642
Cysteinylation 119.0041 119.1442
Pentoses (Ara, Ri... | 132.0423 132.1161
Deoxyhexoses (F.. | 146.0579 146.143

Figure 44: MASH Explorer - Configuration for modifications

Mash Explorer - Configuration X

Fle Paths  Modfications Privacy

- Moimam ]
Application Started /| Report
Data File Opened | Report
Deconvolution ' Report
Search Report

See Privacy Notice

[oKk ]| Cancel

Figure 45: MASH Explorer - Configuration for privacy settings

o Getting Started will open the following website webpage: http://labs.wisc.edu/
gelab/MASH_Explorer/GettingStarted_MASHExplorer.htm, which introduces the

basic functions in MASH Explorer software.

e User Manual will open the MASH Explorer user manual in your web browser.
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Getting Started
User Manual
License

About MASH Explorer...

Figure 46: Menu for Help option

e License will open the MASH Explorer license agreement in your web browser.

e About MASH Explorer provides information about the MASH Explorer software,

contact information, and references for the supporting software.

Users can also contact MASH team support at mash-support@g-groups.wisc.edu

10 Configuration and Log Files

The MASH Explorer application uses a number of configuration files, and a log file, to
store information. These files are found in the folder <user>\AppData\Local\MASH_Explorer.
For example, if your user name is johndoe, your configuration and log files would be found
in the folder C:\Users\johndoe\AppData\Local\MASH_Explorer if your home folder is

in the usual location.

10.1 Configuration Files

When you first start MASH Explorer, it will automatically create a number of config-
uration files in the MASH_Explorer folder. These configuration files are used to preserve
your user preferences across runs of the software. You can change configuration values via

the Tools — Configuration menu option. The Process Wizard also allows you to change
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the configuration for both Quick Decon and "normal" deconvolution/search processing. (If
necessary, the configuration files can also be manually edited with a tool such as Notepad;
however, this should only be done in the case of faulty configuration that prevents MASH
Explorer from running, because it is possible to produce an invalid configuration file if
you manually edit it.)

Currently MASH Explorer uses the following configuration files:
e MASH_Explorer_FilePaths.txt

e MASH_Explorer_NormalDeconSearch.txt

e MASH_Explorer_QuickDecon.txt

In the future the number of configuration files will increase as we increase the flexibility

of the MASH Explorer software.

10.2 Log File

MASH Explorer will create a log file called MASH_Explorer_LogBook.txt when it
runs. Each time you run MASH Explorer, the log file will be appended to - it will never
be overwritten. (If you are concerned about the log file getting too big, you can manually
delete or rename it.)

The MASH Explorer log file contains a record of the actions you perform each time
you run the application.

When you start MASH Explorer, the log file will contain three lines like this:
2019-05-28 11:26:03: Log file opened/created

2019-05-28 11:26:03: MASH Explorer version 1.0.0.20579
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This tells you when MASH Explorer was started, and what the version of the software
is.

The log file also contains some information about the versions of other software pack-
ages used by MASH Explorer — for example:

2019-05-28 11:27:00: ProteoWizard version: 3.0.19014

The log file contains information about all of the processing you do while running
MASH Explorer. This can be useful if you need to go back and figure out what processing
you did on a given data set.

The log file can also be useful if you run into any problems with MASH Explorer - if
you need to ask us for help with a problem, please preserve the relevant log file so that

you can send it to us if necessary.
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