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Supplementary Figure 1. RANSAC-based isotopologue filtering. Peaks that deviate 

significantly from the deuteration model fit can be automatically unselected and not used for 

deuteration calculation. This is performed in both MS1 and MS2 data space to improve 

deuteration calculation. Examples are extracted from the Phosphorylase B kinetics dataset used 

in Fig. 6 (main text).Red arrows indicate spurious peaks that the algorithm avoids selecting.  



  



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Supplementary Figure 2. Comparison of MS1-derived and AutoHX-derived deuteration 

values for individual peptides. Kinetics plots from Phosphorylase B kinetics experiment 

showcasing manual MS1-derived (Blue lines) and AutoHX-derived (Red lines) deuteration values. 

These values were used in the form of heatmap for Fig. 6, showing all 380 peptides. Data generated 

from n=3 biologically independent samples and the error bars represent +/- two standard 

deviations. 



 

 

Supplementary Figure 3. Full naïve processing of Pol ϴ. This Woods Plot shows typical HX-

MS result before manual validation.  

 

  



Tutorial -AutoHX for HX-DIA data analysis 

A program is being established for early release and evaluation of the software. Interested 

individuals are encouraged to contact the corresponding author.  In anticipate of release, we 

make the following tutorial available:   

Installation: 

1. Install .NET Framework 3.5 SP1. For detailed instructions, visit this link. 

2. [Optional] Install the latest version of Java 64-bit. This is required for some external tools 

(MS-GF+ and Percolator) used in HX-PIPE. 

3. Run setup.exe. If you run the .msi directly, it will skip the check for additional system 

requirements. See below for more info. 

4. During installation, you may be prompted to also install multiple "Visual C++ 

Redistributable 20XX" versions (2008, 2010, 2012, 2013, 2015+), if they are not already 

on your system. These pre-requisites are needed to make vendor software and other 

dependencies work. If you wish to install them manually, visit this link. 

System requirements: 

• Windows 7+ x64 with .NET 4.7.2 or higher. 

• Multi-core CPU. 

• 8GB+ RAM. 

• 50GB+ of free disk space. 

 

Create Project 

Presently, AutoHX is a sub-module under the standard HX-DEAL workflow. Therefore, project 

creation for AutoHX in Mass Spec Studio follows the same overall wizard-based flow as regular 

HX-DEAL. The major difference is that DIA files are required to use the new HX-DIA 

processing routine and DIA bins need to be supplied for all the runs. Please follow these steps to 

get started: 

 

1. “New Project”: Create a new HX-DEAL project by selecting “New Project” and selecting 

“HX-DEAL”. The default location for new projects will be inside your home directory. You can 

select a different location by clicking “Browse” and selecting a new directory. 

https://www.microsoft.com/en-us/download/details.aspx?id=22
https://docs.microsoft.com/en-us/dotnet/framework/install/dotnet-35-windows-10
https://www.java.com/en/download/windows-64bit.jsp
https://support.microsoft.com/en-us/help/2977003/the-latest-supported-visual-c-downloads


 

 

2. “Add Proteins”: If you have more than a single protein or wish to use sequence 

visualizations, you can add your protein sequences either manually (“New”), via a FASTA file 

(“Select FASTA”), via a PDB file (“Select PDB(s)”), or via a 4-letter PDB code (“Fetch 

PDB(s)”, example: “1jff”). Each protein will be listed as a separate row. If you have both PDB 

and FASTA, you can add the FASTA file first and then use the “Browse” button to link the PDB 

file. If you add both the PDB file and the FASTA file spearately, you may end up with duplicate 

proteins in the table. Important: For the sequence visualizations to work, the names of the 

proteins must match those found in the Peptide .csv file (explained later). 

The “Merge polymers” option can be used to remove duplicate sequences from multimeric 

protein complexes which may appear as separate chains inside a PDB file. Example PDB-code: 

“1fu1”. 



 

 

3. “Add Protein States”: For simple analysis, at least 1 protein state is required. For the 

additional comparative analysis tools and visualizations to become available, you must supply at 

least 2 proteins states. 



 

4. “Add Labeling”: At least 1 labeling condition is required (both time and %D2O). For kinetics 

visualizations to become available, you must supply at least 2 labeling conditions. 



 

 

5. “Add Runs”: Follow these steps to add your data: 

a. Click “Browse” and select the root folder which contains your raw data files. In cases where 

the data files themselves are directories (example: Waters, Bruker), please make sure the 

containing folder is selected not the top-level .raw or .d directory itself. Note: Not all files have 

to be located under the same root folder from the start. After you add some files, you can still 

“Browse” to a different root directory and select additional files from the new location. 

b. For most raw vendor files, we strongly recommend to use “ProteoWizard Data Provider”. If 

you already have Mass Spec Studio converted files (.mssdata, .mssmeta), select “Mass Spec 

Studio Data Provider”. 

c. We recommend you enable the “Convert to mssdata” checkbox. When ON, raw vendor files 

will be converted to the .mssdata format which enables super-fast searching at the cost of 

additional disk space for the .mssdata files. You can still proceed without converting the files, 

but the processing will be very slow. The “Noise filter” value is a multiplier of the minimum 



signal in each spectrum. A noise filter of “2” will remove any intensities smaller than 2 * 

mininum. A value of “0” will not remove any data. 

d. Select your replicates (shift+click or ctrl+click for multi-select), select the appropriate Protein 

State/Labeling node and click the “>” button. If you make mistakes, you can remove runs using 

the “<” button. 

 

 

6. “Configure Runs”: For DIA files, select the “MSMS Data Independent Acquisition (DIA)” 

option. This will unlock a new column in the runs table for adding fragmentation bins (isolation 

window) for each run. The bins should be in “.csv” format with “Start” and “End” columns 

which represent the boundaries of each DIA isolation window. If all runs have the same isolation 

windows, the file can be supplied once under the first row representing “All” runs. 



 

 

7. “Provide a pre-identified peptide list (.csv)”: Click “Browse” and select a peptide list. Note: 

To avoid duplicates, it’s recommended that your peptide identifications are grouped by sequence 

and charge such that each peptide (sequence/charge pair) has only one "RT". If you start with 

multiple separate peptide-spectrum matches (PSMs) for the same peptide, you can group them by 

sequence/charge and average their RTs to get the final peptide "RT". If you expect high 

discrepancies between the mapping runs and the DIA runs, you can define a larger “RT 

Variance” column in your peptides file. HX-DIA does not need a pre-selected transitions file 

because it will check all possible fragments for each peptide. However, if you wish to constrain 

the deuteration calculations to a pre-selected list of fragments, please supply them in the pre-

selected transitions file. 

A sample peptide list: https://s3.us-west-2.amazonaws.com/www.msstudio.ca/assets/tutorials/hx-

deal/sample_peptides.csv 

A sample transitions list (optional): https://s3.us-west-

2.amazonaws.com/www.msstudio.ca/assets/tutorials/hx-deal/sample_transitions.tsv 

https://s3.us-west-2.amazonaws.com/www.msstudio.ca/assets/tutorials/hx-deal/sample_peptides.csv
https://s3.us-west-2.amazonaws.com/www.msstudio.ca/assets/tutorials/hx-deal/sample_peptides.csv
https://s3.us-west-2.amazonaws.com/www.msstudio.ca/assets/tutorials/hx-deal/sample_transitions.tsv
https://s3.us-west-2.amazonaws.com/www.msstudio.ca/assets/tutorials/hx-deal/sample_transitions.tsv


 

 

 

Processing 

In order to use the HX-DIA processing routine (core of AutoHX), you must first enable “Beta 

Features” from the Tool -> Performance Manager window. A password is required to enable the 

AutoHX features – please contact us to obtain one.  

To get started with processing, you can open the processing window from the Process menu and 

select the “Peptide HX-DIA” routine. The most important parameters to set correct are the mass 

accuracy and the peptide elution time parameters. The rest of the parameters are already set to 

the default values we found most useful during our internal testing. For advanced users, the 

advanced parameters to fine-tune the search can be enabled via the top-right “Advanced 

Parameters” checkbox. If you wish to know more about the parameters, you can click on the help 

tooltip buttons (“?”) next to each processing step/subsection. 



 

Once everything is set correctly, click “Process”. The total processing time can span from 

minutes to hours, depending on the number of runs and the number of peptides. 

 

Results 

After processing is finished, the result will be saved to disk inside the “Results” folder of the 

project and will be auto-selected in the left-hand-side project tree. AutoHX calculates the 

“Rescued” deuteration in addition to the standard MS1-based deuteration using the MS2 DIA 

fragments. The “Final” deuteration for each peptide is based on a decision whether to use the 

MS1 or MS2 (rescued) deuteration, depending on the quality of the MS1 and MS2 data. For the 

most part, MS2 deuteration is used for the “Final” deuteration because of its measurement 

redundancy -- multiple fragments representing the same peptide deuteration during full 

scrambling, even if the precursor is overlapped in MS1. All of the deuteration values for each 

peptide are displayed in the right-hand-side Properties tab (per replicate). 

The “Manual Validation Tab” in AutoHX is mainly used to inspect the results. We generally 

don’t recommend any manual intervention after the results are generated because peptides have 



already gone through multiple stages of strict filtering. To view the decisions for the full set of 

peptides, including ones which don’t pass the final filters, you can disable the hide fragged 

peptides options in the Processed Peptides list (Major and Critical).  

The visualization from HX-DEAL have been updated to show the final AutoHX results. Most 

notably, the Woods plot now displays certainty bars for each peptide which are determined by 

the degree of consensus on the peptide deuteration after sampling different sets of fragments. 

Additionally, the Sequence Coverage view provides a way to map the peptide deuteration or 

differences onto a 3D structure via the “Export Pymol” button. This button generated a script that 

can be loaded in PyMOL to colorize the 3D structure based on the data displayed in the 

Sequence Coverage view. 

 

 



 

 

 

 



 

 

Export 

To export the results, click on File -> Export and follow the export wizard. This follows the 

standard HX-DEAL export wizard which allows you to select and configure everything from 

peptide-level .csv exports to snapshots of the commonly used visualizations (Sequence 

Coverage, Peptide Map, Kinetics, Woods Plot, Volcano Plot). Note that if you wish to export the 

visualizations, they will need to be configured once before the export. The “Configuration” 

column will display all the selected exports that require manual configuration before the final 

export bundle is created. Configuration usually involves setting a template for how the visual 

should look in the final export bundle (size, DPI, fonts, etc.).  



 



 

 

 


