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Getting Started with MASH Explorer

Version 2.1

MASH Explorer, developed by the Ying Ge research group, is a comprehensive, universal, and user-friendly, free
software environment for top-down proteomics. This tutorial provides a brief introduction to the basic functions
of MASH Explorer in both Discovery Mode (LC-MS/MS datasets) and Targeted Mode (single or targeted protein
datasets) for top-down proteomics analysis. Download the sample data and follow the instructions below to begin
using MASH Explorer. For a detailed description of the functions of MASH Explorer software, please view the
User Manual included with your software download at “C:\Program Files\Human Proteomics Program\MASH

Explorer\doc\MASH_Explorer User Manual.pdf”.

Installation:

To begin, please install MASH Explorer by referring to the installation guide, available on our webpage.
Privacy/Usage Reporting:

In MASH Explorer V2.0.1 and later, MASH Explorer may report data about your usage of the software to the
MASH team. Each time you start a new version of the software, you will be asked to review your privacy/usage
reporting settings. The GUI for this should be quite intuitive, but if you want more details please see section 3
of the User Manual. Please refer to the MASH Explorer Privacy Notice
(https://labs.wisc.edu/gelab/MASH_Explorer/doc/MASH%20Explorer%20Privacy Notice.pdf) for information

about what data may be reported and what is done with that data.
Associated Software and Configuration:

Make sure that all associated software you need (for example, deconvolution and search tools) is installed and

properly configured in the Configuration dialog (accessed via the Tools menu).


https://labs.wisc.edu/gelab/MASH_Explorer/doc/User%20Installation%20Guide.pdf
https://labs.wisc.edu/gelab/MASH_Explorer/doc/MASH%20Explorer%20Privacy_Notice.pdf
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Please note that this tutorial uses TopPIC Suite version 1.3.3. Previous versions of TopPIC Suite are also

supported.

Discovery Mode:

Discovery Mode is intended for LC-MS/MS data analysis. Please follow the instructions in User Manual Section

4 Discovery Mode: Protein Identification and Characterization from LC-MS/MS if you require further assistance

processing the data.
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This sample data shows MASH Explorer's capability for LC-MS/MS data analysis, which includes spectral

deconvolution and database search. To follow this tutorial, download these files and save them to a new local

folder called “DiscoveryModeTutorial” so that your working directory is similar to “E:\DiscoveryModeTutorial”

as seen below:

Bm-

Picture Tools DiscoveryModeTutorial
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« v > ThisPC » Data(E:) » DiscoveryModeTutorial

-~
Mame

3 Quick access .
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Sample Files: Download these files available on the Google Drive.

e Sample Thermo raw data: [EX-FR 3 18mg_1x des HCD-luL.raw.

O

X
o

Search DiscoveryModeTutorial @
Type Size
MZXML File 57,144 KB
RAW File 321,858 KB
FASTA File 39,201 KB

e Sample 32-bit mzXML file: IEX-FR 3 18mg 1x des HCD-luL.mzXML

e FASTA file: uniprot-human 20150616.fasta.

Step 1: Import Data

Use the Import Data function in the Discovery Mode to import the sample Thermo raw data file.
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I { Import Data » |I Thermo Finnigan Raw Data...
Process Data... Bruker Baf Data File...
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Import Data » MGF Data File...

Y
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Cancel

Step 2: Spectral deconvolution and Database Search


https://drive.google.com/open?id=1WLhHQhNlV5aWn_ccWC64_5sE1k-o2W7D
https://drive.google.com/open?id=1vUjJNU03bAXC5qfEvkDvq8cJEy1SosRK
https://drive.google.com/open?id=145gYwtIDWe5QFZpFlx6USxYXm451sJrD
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Click the Process Data menu item in the Discovery Mode section to open up the Process Wizard dialog. The
Process Wizard will setup the series of tasks for selecting, configuring, and running the deconvolution and
database search algorithms. Select the MSDeconv deconvolution method and the TopPIC database search
algorithm. Next, click on the Browse button and select the sample FASTA file to load into MASH. To set
advanced parameters, open the Advanced tab; however, it is not necessary to set these parameters to begin your

workflow. Click on the Start button to begin your search.

85 Process Wizard _ O W

Basic  Advanced
Deconvolution Methaod

() TopFD (®) MsDeconv () eTHRASH (") pParseTD () PraMEX,

Do Database Search
Database Search Algorthm

() MS-Align+ (® TopPIC

Fasta Data File |D:'-.I"-"I;'-'-.SHtesting'-uniprot-human_ED'l5[:'515.fasta | | Browse. ..

Reset to Defaults Save Maormal

Start Cancel

Starting your search will open the Workflow Manager window and the terminal window. The terminal window
is where MSDeconv and TopPIC are running. You can minimize this window, but closing this window will stop
your workflow. You can close and open the Workflow Manager window as you wish, and you can use the
Workflow Manager to check on the status of your run. When your run is completed, you will see the workflow
in the Completed Workflows tab of the Workflow Manager and the line “Workflow Finished” in the Log Book,

as shown below.



MASH Explorer App November 20, 2020

Log Bock

WorkflowTask:Search: TopPIC Out:Deleting temporary files - started.
WorkflowTask:Search: TopPIC Out:Deleting temporary files - finished.
WorkflowTask:Search: TopPIC Out:TopPIC finished.

Tetal running time {min): 133,166934535

WorkflowTask:5earch: TopPIC Done TopPIC Search

Done with task:WorkflowTask: Search: TopPIC in 0.02:33:09 days.hoursminutes:seconds
Workflow Finished in 0.02:35:02 days.hoursminutes:seconds

Experiment List [RIvl=tatals

Step 3: Import Results

Your deconvolution and search results will be automatically imported into MASH Explorer if the run was
successful. You can find your deconvolution results in the Mass List and your search results in the Protein Search

Results List.

Follow the following steps if you wish to manually import your results. To import the deconvolution mass list for
detailed analysis of the data set, select the Validate Data function in the Discover Mode panel, and click on Import

Mass List.

i B, | bcan#® || |l = Quick Decon. t 00 New Match
Discovery Mode . | |—l l o Aeddh
mport Data » FTMS + p ESI Full ms2 836.00@E
. Process Data... . ED_l
EEs i D} Import Mass List... » MsDeconv or TopFD Mass List
Import Database Search Results... 4 pParseTD Mass List
( Taraeted Mode R L i

Your saved deconvolution results will be in your working directory under MASH Workflows. The folder
containing the results should look something like “MASH_Workflows\[EX-
FR 3 18mg 1x des HCDluL MsDeconv TopPIC 1 1734 4112019 11 5. Double click on the folder and
select the file IEX-FR 3 18mg 1x des HCD-luLmsdeconv to topfd.msalign as seen below. The loaded results

will populate the Mass List. You may wish to select “Overwrite” in order to avoid viewing duplicated results.
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85 Import processed data file
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cancel

To import the database search results for detailed analysis of the data set, select the Validate Data function in the

Discovery Mode panel, and click on Import Database Search Results, and select TopPIC Search Results.

i | Scan® |1 |@l; = Quick Decon. (00 New Match
Discovery Mode : | . . o W& | &
rar e v FTMS + p ESI Full ms2 B8E.00E
Process Data... G0 .l
{ Validate Data b Import Mass List... 2
Import Database Search Results... 4 Ms-Align+ Search Results
Targeted Mode S
TopPIC Search Results
mport Data 3
40 MSPathFinderT Search Results
Deconvolution...
pTOP Search Results
Natahaze Search... =

Navigate to your working directory and select the following file to import: IEX-FR 3 18mg 1x des HCD-
luLmsdeconv_to topfd toppic_proteoform.csv. You may wish to select “Overwrite” in order to avoid viewing

duplicated results. Search results will be loaded into the Protein Search Results Table.
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Step 4: Annotate Results

MASH Explorer allows you to view and annotate your imported results with the Mass List and Protein Search

Results List, the Results View, and the Sequence Table. For more details on these functions, refer to the User
Manual.

In the Mass List, click on some of the loaded masses to view the fragment ions of a selected scan in the dataset.
Change the scan number in the Chromatogram or at the top of the Results View to view the mass fragments of a
different scan. Use the arrows in the results view to alter the theoretical fit, and click the Apply Changes button

to save your adjustments.

You can click on different entries in the Protein Search Results List. Notice that clicking on each scan updates

the sequence in the Sequence Table, as seen below.
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Targeted Mode:

Targeted Mode is intended for MS/MS data analysis. Detailed instructions on using this mode can be found in

the User Manual at Section 4 Targeted Mode: Protein ldentification and Characterization from MS/MS Data.

The following sample data demonstrates the MASH Explorer's functionality for single protein characterization.

Download the following sample data and save the files to a similar local directory “E:\TargetedModeTutorial” as

seen below:
| [ = | Picture Tools  TargetedModeT utorial — O *
g
Home Share View Manage e
€« v A » ThisPC » Data(E) » TargetedModeTutorial w Search TargetedModeTutorial @
Name Date modified Type Size
#F Quick access .
_ | Data_Set_1-MSMS 1/8/201812:29 PM RAW File 5,300 KB
@& OneDrive | Data_Set_1-MSM5_out_101818_NOR1DAL 191229PM XML Docurment 763 KB
o [ This PC Mj protein_pig_2013 1/9/201912:29 PM FASTA, File 13,938 KB
¥ Metwerk
3 iterms =

Sample Files: These data are downloaded via Google Drive.

e Sample Thermo raw data: Data_Set 1-MSMS.raw.
e Sample 32-bit mzXML file: Data_Set 1-MSMS.mzXML.

e FASTA file: protein_pig_2013.fasta.

e Saved xml file: Data_Set 1-MSMS_output.xml.

Step 1: Import Data

Use the Import Data function in Targeted Mode to import the sample Thermo data file.


https://drive.google.com/open?id=1gquOvW7fwGmKT9ZNaM9kImbtefLUb5Ic
https://drive.google.com/open?id=1GcBrlTmuy9cXTLgAJl3ODp2eLX52Ydmw
https://drive.google.com/open?id=1F0pY5lNoRXEzDZZQuEp5_qDXoJm3hkS2
https://drive.google.com/open?id=1pVi5FcX_bLZx8Ocpc_yOeBwTF6QJp4iC
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Step 2: Deconvolution

Under the Targeted Mode, Process Wizard will guide users through the deconvolution step. Select the TopFD
deconvolution method and click the Start button. You have the option to set more advanced parameters in the
Advanced tab, but this is not necessary to start your run. The Workflow Manager and terminal window will
open. You can close the Workflow Manager if you wish, but do NOT close the terminal because this is where
your computer is running TopFD. When the deconvolution is finished, the Mass List will automatically

populate for fragment ion validation, shown in the image below.

10
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Step 3: Database Search

When the fragment ions are verified, users can use the selected ion list for database search via the Process Wizard.
In the Targeted Mode panel, select the Database Search function, which will open the Process Wizard. Select the
MsAlign+ database search to run on the selected ion list shown in the Mass List. Click on the Browse button to

load the sample FASTA file.

11
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o5 Process Wizard — O pd
Basic  Advanced

| Do Database Search
Database Search Algorthm
(@) MS-Align+ () TopPIC plop MSFathFinderT

Fasta Data File |D:\MP|.5H testing“.Single Scan testing'. Themmo Single Scan\pmteinjig_2-| | Browse...

Reset to Defaults | | Save Normal

|51an ||{:ame||

This file requires Advanced Parameters to be set. Please click on the Advanced Parameters tab. Change the charge
from 0 to 14 and hit Enter, so that the parameters in the list are exactly as shown below. The monoisotopic mass
will automatically be calculated. Ensure that the Activation is set at ETD/ECD. Navigate back to the basic tab

and click on the start button to begin your search.

o) Process Wizard - O *
Basic  Advanced
General  Search
Scan Range |1 E" |-I li||| Al Scans || Current Scan |
Working Directory |E:\TMTEST\Data_Set_1-MSMS_search_1_1_1112019_16_32 | | Browse.. |
. ) RT
Scan  M/Z Charge Monoisctopic {min) File
O 886 14 12389.89813068 | 70.957... |Data_Set_1-MSMS raw
O

Activation Method |ETD/ECD ~ | | Generate Parameter File

As before, the Workflow Manager and the terminal window will open. You can close the Workflow Manager if
you wish, but do NOT close the terminal because this is where your computer is running MS-Align+. When the

search is finished, the terminal window will automatically close, the LogBook will show the line “Workflow

12
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Finished”, as seen below, and the Workflow Manager will move the workflow into the “Completed Workflows”

Tab.

Leg Book

Done with task:WorkflowTask:Search:M3&lignPlus in 0.00:03:48 days.hours:minutes:seconds
Workflow Finished in 0.00:03:48 days.hoursminutes:seconds

Experiment List JEalsf=latals

Your search results will be automatically imported into MASH Explorer. Look under the Protein Search Results
list to view your results. If you would like to manually import your search results, please read Step 3: Import
Results from the Discovery Mode and import your search results file with the Targeted Mode Characterization

button.

Step 4: Annotate Results

MASH Explorer allows you to view and annotate your imported results with the Mass List and Protein Search
Results List, the Results View, and the Sequence Table. For more details on these functions, refer to the User

Manual.

13
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2 [])22024.6316 8.0816 882.5158 7339%  |22037.7256

3 [1|12338.3846 14.4024 950.6531 13 98.79% 12345.4025

4 [1]3387.3817 11.3484 £78.7836 5 96.13% 3388.2846
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< >

Your MSAlign+ search results contain the protein sequence of the identified protein, which will be

automatically import. Go to the Protein Search Result list and click on the first result. The Sequence Table will
display this sequence. The protein sequence may need to be modified to remove some of MSAlign+’s notation.

To do this, please click on the Modify Sequence button under the Sequence Table.

Modifications Fragment lon Types Tolerance Information

Position: Error 1.1 =
PTM: | Custom w —‘ b—‘ ‘\‘
Oa= | O e @Da O PPM

: | DKLD}fLDzL

Clear Selected Modification

Modify Sequence

Clear All Modifications Show Assignments

Copy Table Image

In the Modify Sequence Dialog, remove the following characters so that the sequence matches the image below:

“M.”, “[48.68]”, and final . Click OK to display these notation changes in the Sequence Table.

14
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You can also manually type in the following sequence:
PFFDVQKRLGLDLDRWMTIQSAEQPHKIPGRCHAFEKEWIECAHGIGGIRAEKECKIEFDDFVECLLRQ
KTMKRLSAIKRQRDKLIKEGKYTPPPHHLGKEDPRP

a5 Modify Sequence — O it

FFFDVQKRLGLDLDRWMTIQSAEQPHKIPGRCHAFEKEWIECAHGIGGIRAEKECKIEFDDFVECL
LRGKTMKRLSAIKRQRDKLIKEGKYTPPPHHLGKEDPRP

oK Reset Cancel
Sequence Table |
1F’FFDVQKRLGLDLDRW|M|T|Q35
# SAEQPHKI PGRCHAFEIKEW s
# ECAHGI GGI RAEKECK I EFD =
## DFVECLLRQKTMKRLSAI KR =
# QRDKLIKEGKYTPPPHHLGK =
m EDPRP 1

[1-105] Mono : 12341.3904746 Average : 12349.37178 Mostabundant : 12348.4069246
Total#

For manually pasting protein sequence, click on Paste Your Sequence and the Paste Sequence Information
window will be opened. Paste the target sequence and click OK and the pasted sequence will be displayed in

Sequence Table.

15
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’© Targeted Mode

Import Data

40 —

y =
Deconvolution... E
L)
Database Search... =

i Characterization Import Mass List »

- Import Database Search Results L&
ru Data Reporting @ Paste Your Sequence... |

In the Sequence Table, check the ¢ and z ion types and click on the Show Assignments button to view the

fragmentation for that peptide sequence. Users can click on each entry in the Mass List to see the profile data.

Results View o [ SequenceTable £ > |
e e 0 e 6000 o PR ERERE R
(0] i 9 oo 12590350 s 1200 ' P|F FDVQKRILGILIDLIDR WT Hal s
7 e TAlelg pl gl 1
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Lan ]
154 o b 4 ECAHGI GGI RAEKECK I EFD 4
Q b 160 s« DFVECLLRQK TLM KLR L SLALILKLRLZG
104
o o o 8 Q RLDLKLL | KLELGLKLY TLF’ P P H HLL G K s
. 101 ELD P R F’] 1
o =20
HA
HA N4 o s [1-105] Mono : 123413904746 Average : 12349.37178 Mostabundant - 12348 4069246
0 Total# c:20 z:18
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miz
|| Spectrum | Chromatogram  Distribution x
Mass List Peak List Frotein Search Resuit
" Monoisotopic Abundance miz Charge  Scom  MostAbundant  lon Theoretical (Da)  Eror *
O 123383940 1591 10297911 12 9779% 12454123 NA [ [
Oz 220246916 208 8825158 2 7343 22037.7256 NA ] ]
O3 123383846 1440 9506531 13 9879% 123454028 NA 0 0
O 3387.8817 1135 678.7836 5 96.13%  338B.8846 29 3387.8765106 000 Modifications Fragment lon Types T s e
Os 7055.5896 996 8834567 8 6246% 70536001 NA 0 0 Position: Error [1.1
Os 7082.3111 932 2842969 8 6332% 70663216 NA 0 ] PTM: | Custom v Da—| Dbj [\l
Oz 1317.7574 861 6598854 2 9846% 13177574 et 1317.755708 0.001 ®0a OPPM
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Mo 42190 200 ran 4179 annn 1 ngeas amaar ane Zanc 4anan snracn non ¥ o [ Oy LMz .
< > Clear Selected Modification Modify Sequence
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Step 5: Save Results

Saving annotated results is only available for Targeted Mode. In the Data Reporting panel click Save Files and
then Save Results As. Your Mass List and Protein Search Results list will be saved as an XML file. Save this

XML file in the same directory as your raw data file.
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To load a saved XML file into MASH Explorer, in the top left hand corner go to File and click Open Saved
Results.

FI Edit View Tools Help

1 Mew Experiment... Ctrl+M

[ Open Sequence... Ctrl+C
Open Saved Results... Ctrl+5hift+O
Import Results 3
Close Experiment Ctrl+W

[al SaveResults As... Ctrl+5
Exit
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