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Chapter 1. Overview

Welcome to PEAKS.

PEAKS®

Complete SGIutlon for Prcthql}]cs

2018 Bioinformatics Solutions Inc. All Rights Reserved

1. How to Use This Manual

This chapter provides an overview of the distinctive featuresin PEAKS and describes atypical dataanalysiswork
flow within. It is strongly recommended to read this chapter to get a big picture of what PEAKS provides and
how PEAKS is used. Other parts of this manual are intended for reference purposes only and does not need to be
read from cover to cover. The eectronic (and most up-to-date) version of this manual can be found at htt p: //
www. bi oi nf or. com user-manual /.

The installation of the software is covered in the next chapter : Chapter 2, Installation and Activation.

2. What Is PEAKS?

PEAKS is a complete software package for both data dependent (DDA) and data independent (DIA) acquisition
shotgun proteomics data analysis. It is a vendor neutral software capable of reading in raw mass spectrometry
data and public data formats. De novo sequencing, PEAKS DB (database searching)-based protein identification,
PEAKSPTM (post trand ational modification) analysis, and SPIDER homol ogy search arethen used to identify the
most likely peptide sequence that match the given spectra. Relative quantification by label free, isobaric labeling
(e.g. TMT or iTRAQ), or metabolic labeling (e.g. SILAC) can aso be performed. Intuitive result visualization
tools are provided at every stage of analysis and analysis results can be exported.

Data analysis

| De novo Sequencing ‘

. [ Database Searching | »
[ PTM finding \

[ Homology Searching |

Mass Spectrometry Data Results Visualization

’| Result Exporting

[ Quantification ‘

- /

Thefollowing is abrief overview of the distinctive features included in the PEAKS software:

e Complete Analysis
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PEAK Sisacomplete software package for both data dependent (DDA) and dataindependent (DIA) acquisition
shotgun proteomics data analysis. It is a vendor neutral software capable of reading in raw mass spectrometry
data and public data formats. De novo sequencing, PEAKS DB (database searching)-based protein identifica-
tion, PEAKS PTM (post trandational modification) analysis, and SPIDER homology search are then used to
identify the most likely peptide sequence that match the given spectra. Relative quantification by label-free
quantification (LFQ), isobaric labeling (e.g. TMT or iTRAQ), or metabolic labeling (e.g. SILAC) can also be
performed. Intuitive result visualization tools are provided at every stage of analysis and analysis results can
be exported.

Built-in Result Validation

Statistical tools are provided at every stage of analysis. De novo peptide sequencing results are confirmed by
local confidence scores at the amino acid level. The "decoy-fusion” method is used to validate the peptide
identifications automatically and afalse discovery rate (FDR) is estimated and provided. Quantification results
can aso be analyzed by significant tests such as ANOVA or PEAKS Q.

Result Visualization

LC-MS/MS heat maps allow for full visualization of peptide features, MS/M S spectra acquisition, and identifi-
cation position relative to mass over charge (m/z), retention time (RT), ion mobility (1/ko), and signal intensity.
Peptides are mapped to the identified proteins using an interactive protein coverage view. Clicking on peptides
will bring up the peptide spectrum match that best explains the identification. Modification and mutations can
be visualized and filtered based on certain thresholds. PTM profiling isincluded to quantify differencesin mod-
ified and unmodified peptide abundance at different modification sites. Quantification results can be visualized
using heat maps, correlation profiles, and extracted ion chromatograms (XICs).

Accuracy and Sensitivity

The superiority of the PEAKS agorithms has been demonstrated by publications and third-party evaluations.
By combining four complementary agorithms, including de novo sequencing, PEAKS DB, PEAKS PTM and
SPIDER, the sensitivity is further improved.

Multiple-Enzyme Proj ect

To maximize a protein's sequence coverage, it is advantageous to use different proteolytic enzymes to digest
the protein sample. PEAKS supports the use of different enzymes in different samples of a single project.
The software will automatically use the enzyme specified in each sample and then combine all sample results
together.

Label Free Quantification

Proteins are quantified based on peptide features detected from LC-MS/M S data by integrating the area under
the curve (AUC) or maximum featureintensity. An Expectation-Maximization (EM) based algorithm isused for
feature detection, deconvolution and refinement. PEAK S uses an optimization model for simultaneous feature
matching and retention time alignment. This approach allows PEAK Sto quantify peptide features independent
of MS/MS identification.

L abel Based Quantification

PEAKS can analyze data generated from label-based methods. For isobaric labelling data such asiTRAQ and
TMT, the intensity of peptides from individual samples are determined from reporter ion signals in MS2 or
M S3 scans. For M S1-based labeling data such as SILAC, labeled and unlabeled features are paired and their
abundance ratios are calcul ated.

Multiple Instrument Vendor Support
PEAKS supports the raw file formats of most major instruments, which saves the trouble for file format con-

version. More importantly, the algorithms have been tuned for different instrument types to ensure optimal
accuracy and sensitivity.
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* Result Exporting

The analysis result can be exported to a variety of text formats. The HTML format makes it easy to share the
results on awebsite or to save asa.PDF, while other text formats such as.csv makeit easy to view theresultsin
spreadsheets and to post-analyze with either in-house scripts or other third-party software. PEAK S al so supports
the ability to export data to standard result formats such as pepXML and mzldentML.

e inChorus

PEAKS can import results from other database search engines (already acquired by the lab) and combine all
the results together. PEAKS can estimate FDR for the combined result and can allow for result filtration. For
each identified peptide, PEAK S also displaysall the enginesthat identified that peptide, aswell aseach engine's
identification score.

3. What Is New in PEAKS X?

PEAKS X introduces afeature-based identification method to its unique de novo-assisted identification work flow
to increase sensitivity and maximize peptide identification efficiency for in-depth shotgun analysis of complex
proteomes and peptidomes. This approach provides three main benefits:

1. Support both DDA and DIA technology to improve reproducibility;
2. Integrate database search and de novo sequencing to extend in-depth analysis; and

3. Resolve chimeric spectrato increase efficiency of peptide ID.

MS1 Feature-based Identification PEAKS de novo-assisted search engine
| o
-
DDA or DIA PEAKS de novo
LC-MS/MS sequencing
Data

DB Search
Peptide ¢——

Matches 1
PEAKS
Good Scoring
de novo Tags
ﬁ'—‘ PEAKS
I Ms1 Ms2 PTM / \
Feature Detection Data Refinement 0 %

' |
Peptide Feature Spectrum Match PTMis Mutations

SPIDER

MS1 feature based identification increases de novo-assisted database search

sensitivity and peptide ID efficiency maximizes peptide identification
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Hereisalist of the noteworthy new featuresin PEAKS X.

Highlights.

Resolve Chimeric Spectra

Using the new M S1 feature-based identification approach, one M S2 scan can be associated with multiple peptide
features within its acquisition window, enabling multiple peptide identifications per chimeric M S2 spectrum.

Spectral-Library-Free DIA Support

PEAKS X’ s new feature-based identification approach enables full DIA analysis support without the need of a
spectral library. DIA spectraare anayzed directly to determine the peptide sequences of peptide featuresin their
acquisition window, allowing peptide identifications beyond the information from a specific spectral library.
With the combined de novo and feature-based technique, PEAKS removes biases found in commonly utilized
approaches.

De Novo Sequencing for DIA Data
PEAKS X introduces the first de novo sequencing solution for DIA data to provide non-biased results.
Improved | dentification of Endogenous and L ow Abundant Peptides

PEAKS X improves analysis for endogenous peptide identifications by allowing variability at the C-terminus of
peptides in no enzyme searching. This combined with feature-based peptide identification increases sensitivity
when analyzing endogenous peptide datasets.

lon-Mobility Spectrometry (IMS-MS) support

IMS-M S datacan be analyzed with PEAK S de novo, identification and quantification work flowsand interactive
data visualization tools allow data view projected on m/z-rt or m/z-1/k0 dimensions.

Additional Improvements.

Feature-based analysis for timsTOF data.

Support for Thermo Fisher Scientific's Advanced Peak Determination (APD).
Purity correction for TMT/iTRAQ.

Support for TMT11-plex as a built-in method.

Support for "No Digestion" samples using "Digest Mode" option in DB search.

Protein group FDR in identification result.

4. Quick Walkthrough

This section presents a quick walkthrough of a typical data analysis work flow. The PEAKS user interface is
introduced by using the sample project included in PEAKS installation, filtration and visualization of the analysis
result are showcased, which will help users to understand what can be accomplished with PEAKS. After that, a
PEAKS project created from the analysis of a sample of raw data is demonstrated.

4.1. Opening an Existing Project

The installation instructions for PEAKS can be found in Chapter 2, Installation and Activation. After launching
PEAKS, the sample project can be opened using one of the following two methods (see screenshot bel ow):

1. For fresh installations, click the "Sample Project” in the "Recent Projects’ list on the Start Page.

2. For all installations, click the Open Project icon, browse to the directory where PEAKS X was installed, select

"SampleProject”, and click the Open button in the file browser.
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"3 PEAKS Studio - 64 bit
File Aools Window Help

Luﬁl‘iﬁ!%&g@()w AO Y

Y Project View ‘s

1

>>> Click to open a sample project <<<

4.2. PEAKS Main GUI

Themain graphical user interface (GUI) of PEAKS is divided into the following areas (see screenshot below):

1

The Project View pane shows al of the opened projects. Each project may include multiple samples and each
sample may include multiple fractions (LC-M S runs). The analysis results are displayed as result nodes under
the project.

. The menu and tool bar contain all of the analysis tool icons. Selecting a hode (project, sample, fraction, or

result) in an opened project will highlight the analysistool icons that are available to the selected node.

. A result node in a project can be opened by double-clicking the node. Opened result nodes are shown in tabs.

. Each opened result node provides several different "views' asdifferent tabs. In particular, the"Summary View"

shows the result statistics and is also the central tab in which to filter and export PEAKS results.

. Theinformation pane shows useful information such as the node properties and the progress of running tasks.
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4.3. Result Summary and Filtering

After double-clicking to open aresult node (eg. the PEAKS DB node in the sample project) the " Summary View"
is shown by default and provides three main functions:
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1. Specify score thresholds to filter the results.
2. Examine the result statistics.
3. Export the results.

The top region of the "Summary" view is a control pane in which the result filters are controlled (see screenshot
below), and the bottom region is a statistics report page:

 Low scoring peptideidentifications arefiltered out by setting adesired peptide-spectrum match -10lgP threshold
or adesired FDR (false-discovery rate), which can be specified by clicking the FDR button.

» Low scoring protein identifications are filtered by setting a desired protein -10lgP score and a desired unique
peptide count.

* The de novo only peptides are the confident de novo sequence tags that remain unidentified by the database
search algorithms. To report ade novo only peptide, the ALC (averagelocal confidence) scores must be equal to
or better than the specified threshold. Meanwhile, the score of the spectrum's best database search result should
be no greater than the specified -10IgP threshold.

By default, the -10IgP threshold used for de novo only peptidesislocked to be the same as the -10IgP threshold
used for filtering peptides. To specify adifferent value, smply click the lock icon to unlock the filter.

After the filtering conditions are changed, the Apply Filters button will change to red. Click it to apply the new
criteria.

StartPage X |# PEAKS 3 [2018-10-18 13:57] X
Peptides -10igP = 12.7 ., FDR PTM |Ascore v 220 o Proteins -10lgP = | 20 . and 2| 2 . unique peptides

Denovoonly ALC(%) = 80 . and -10igP< . 12.7 Apply Export Notes

B Summary

The top control pane has two additional buttons: Export and Notes. Clicking Export displays several options and
fileformatsin which auser can export analysis results. Clicking Notes allows the user to add a text note about the
project which will be displayed at the top of the “ Summary” view page and in the HTML export.

After applying thefilters, the statistics report page at the bottom of the " Summary" view will be updated accord-
ingly. Only two statistical charts are explained here (see screenshot below).

Figure 2(a) shows the PSM score distribution in a stacked histogram. If both the search result and the peptide
-10lgP score threshold are of high confidence, very few decoy matches (brown) in the high score region should be
observed. Additionally, if the FDR estimation method (decoy fusion) worked properly, then a similar or greater
number of decoy (brown) matches should be observed in the low score region relative to the target (blue) matches.

Figure 2(b) plotsthe precursor mass error in ppmv.s. -10IgP peptide scorefor all the PSMs. Thisfigureisthe most
useful for high resolution instruments. Generally, the high-scoring points should be centered around the mass error
of 0. Noticethat the data points start to scatter to larger mass errors when they are bel ow a certain score threshold.

Figure 2. PSM score distribution. (a) Distribution of PEAKS peptide score; (b) Scatterplot of PEAKS peptide score versus precursor mass error. @
@ ®)
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4.4. Result Visualization

In addition to the "Summary View", PEAKS organizes its results into four other sections. “Feature”, “Protein”,

“Peptide”, “De novo only”, and “LC/MS.”

» The"Feature View" contains alist of al detectable features that passed the filters. Each feature will list all the

MS/MS scans associated with it.

» The"Protein View" contains alist of proteins that passed the filters. The proteins identified with the same set

(or asubset) of peptides are grouped together.

e The"Peptide View" shows all the peptide identifications passing the filters. The multiple spectrathat identified

the same peptide sequence are grouped together.

» The"DeNovo Only View" shows all of the peptidesidentified exclusively by de novo sequencing.

» The"LC/MS' view displaysthe L C-M S dataasaheat map with highlighted M S'M S scans and detected features.

Here, the focus will be on the protein coverage view only. Click the "Protein” view tab and select one protein. The
corresponding protein coverage map will be displayed at the bottom of the "Protein” view. The protein coverage
view maps al peptide identifications of the selected protein onto the protein sequence. It enables the effortless
examination of every PTM and mutation on each amino acid. Some of the most commonly used operationsin the

protein coverage view are listed (see screenshot below):
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1. Each blue bar indicates an identified peptide sequence. Each gray bar indicates a de novo only tag match.

Peptide identifications with the same amino acid sequence and the same PTMs are grouped together and dis-

played asasingle bar.

2. PTMs and mutations are highlighted with colored icons and white letter boxes. Highly confident PTMs and

mutations are displayed on top of the protein sequence.

A PTM or mutation is considered confident if the two fragment ions on both sides of the modified residue have
ahigher relative intensity values than the user-specified threshold in the display option (seeitem 5).

3. Click apeptide to show the spectrum annotation.
4. Hold the mouse over an amino acid to show the supporting fragment ion peaks.

5. Optionsto control the coverage view display.
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» The"coverage/outline" choice enables the display or the removal of the peptide bars.

» The "sequence display option" highlights the coverage map based on either a fasta display or an enzyme
display from one of the enzyme options selected during the project setup.

e The"denovo tags sharing" specifies the minimum number of consecutive amino acid matches between ade
novo only sequence and the protein before it can be displayed as agray bar.

» The"de novo peptides fully matched" check box allows a de novo peptide to be displayed if the sequence,
regardless of itslength, is fully matched to a sequence in the protein.

e The "minimum ion intensity" specifies the minimum fragment ion relative intensity in one of the MS/MS
spectrabefore aPTM location is regarded as confident and displayed on top of the protein sequence.

e The check boxesin the PTM list allow users to view peptides with specific PTMs in the results. Click the
colored boxes to change a color. Double-click a PTM name to see the PTM detail.

. Thefull screen button, the PTM profile button, the peptide mapping button, and the tool box button.

Thefull screen button enables expansion of the protein coverage view. The PTM profileicon showsthe position
of and the modification ratio of a confidently modified peptide. The peptide mapping icon shows Annotated
Chromatogram and Peptide Comparison displays between different fractions. The tool box icon provides com-
mon tools, such as exporting the coverage pane as a high-resolution imagefile.

4.5. Creating a PEAKS Project

To create anew PEAKS project from raw data files, perform the following steps (see screenshot below):

1.

Select New Project ... from the file menu or click the New Projecticon | 5 on thetool bar. The “Project Wizard”
will appear.

. Use the Add Data button to add the desired files to be loaded, and then click Open. All of the selected data

fileswill be listed on the left side.

- Place the selected data from the list into samples: use #“[i to place all filesin a new sample; use = A v to

put them in an existing sample; or put them in individual samples for each file using »‘jgd.

" Click the ¥ Addsample ... o o + Adddata files ... 1 onq 10 add a sample to the project or data filesto a

sample, respectively.

. For each sample, specify the sample details: “Instrument” type, “Fragmentation” method, “Enzyme’ name,

and Data“Acquisition”.
Note

Users can specify a different proteolytic enzyme per sample. Using multiple enzymes to analyze the
same proteins can produce overlapping peptides, which will increase the protein coverage.

Note

To apply the same sample details to the whole project, select the sample with the correct settings and
click on the Copy to Whole Project button.

6. Click the Finish button to create the project.
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By default, the peptide feature area is used for peptide and protein abundance calculation. Users can also select
to use feature intensity as a calculation method. Set this parameter before creating a project. More details can
be found in Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow Section 2,
“Create New Project”.

4.6. Conducting an Analysis

To conduct an analysis. 1) Select a project, a sample, or a result node in the Project View; 2) Click the desired
analysis tool button. In the following example, the completed de novo result is selected from the Project View
pane, and a PEAKS DB search will be employed using those results. The PEAKS Search is a database DB work
flow will perform a database identification search.

™Y PEAKS Studio - 64 bit
File Tools Window Help 2

BeEHB%a7xaR0Q

FPY Project view PEAKS DB Search
=i H:[PEAKS [Demo Projects/PEAKS XjDemo Projec
= J| Sample 1

SixProteinMixture RAW
@ DATA REFINE 1 [2018-10-18 13:57]

1 JJDENOVO 2 [2018-10-18 13:57]

# PEAKS 3[2018-10-18 13:57]

A window will appear to allow usersto specify the desired search parameters for the analysis. Most search options
for PEAKS DB are standard and straightforward. More details are provided in the following:

1. If the proteolytic enzyme was specified for each sample at the project creation step, users can choose to use the
enzyme already specified in each sample. This makes it possible to use multiple enzymes in a single project
and asingle search.

2. Specify the fixed PTMs and afew common variable PTMs expected in the sample.

3. Select a protein sequence database or copy and paste the protein sequences for the database search. Users can
also select a contaminant database to be included in the database search. (optional)
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4. Conduct de novo sequencing using the same parameters or base the search on an existing de novo sequencing
result node.

5. Estimate the false discovery rate (FDR) with the decoy fusion method.

Decoy fusion is an enhanced target-decoy method for result validation with FDR. Decoy fusion appends a
decoy sequence to each protein as the "negative control" for the search. See BSl's web tutorial (http://
www. bi oi nf or. conf fdr-tutorial/)for more details.

6. Enable PEAKS PTM and SPIDER al gorithms after the PEAK S DB database search compl etes.

By default, PEAKS PTM will perform an additional PTM search which considers al 313 naturally occurring
modifications from Unimod. Users can instead specify a custom list of PTMs they wish to be used for the
additional PEAKS PTM search by clicking the "Advanced Setting" button.

SPIDER performs a homology search based on de novo sequencing tags. If selected, the SPIDER algorithm
will be conducted on every confident de novo tag (AL C>15%) whose spectrum is not identified by PEAKS DB
with high confidence (-10IgP<30). SPIDER will construct new peptide sequences by altering amino acids of
database peptides. For each spectrum, the better sequence constructed by SPIDER or found by PEAKS DB wiill
be used as the identified peptide. SPIDER is good for cross-species searches and for finding point mutations
of the protein. SPIDER can either be invoked through this work flow or by clicking the SPIDER icon on the
tool bar.

PEAKS Search *
PEAKS Search Predefined parameters v
Error Tolerance

Precursor mass: | 15.0 ppm ~ | using monocisotopic mass Fragmention: | 0.05 |Da

1 | [Enzyme
Specified by each sample ~ || New
Allow non-spedific ceavage at |one | end of the peptide.
Maximum missed deavages per peptide: 3t
2 PTM
|F | carboxymethyl Set PTM
\T) Deamidation (NQ)
) Oxidation (M) Remove
Switch type
Mandmum allowed variable FTM per peptide | 315
3 Database
(@) Select datab Database: |UniProtkB/Swiss-Prot_20180710 || View
O Paste sequence Taxa: al species Set/View taxa...
Contaminant database cRAP 2017/7/13 || View
4 De Novo Tag Options
Available de novo tags: de novo with current parameter
General Options
5 | Estimate FDR with decoy-fusion. @
6 | | [JFind unspecified PTMs with PEAKSPTM | Advanced Settings
[ Find mare mutations with SPIDER
OK Cancel Help
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Chapter 2. Installation and Activation

This section of the manual will guide users through the installation and activation of PEAKS.

1. Package Contents

The PEAKS package contains:

* Quick Start Manual

* PEAKS Software USB Stick

* PEAKSPen

» PEAKS Sticky Notes Pad

* License Certificate

* Quick reference sheet for mass spectrometry

* Printed Matter

2. System Requirements

PEAKS X isavailable in both 64-bit and 32-bit versions. By default, BSI distributes the 64-bit version for instal-
lation. For users with a 32-bit operating system, the 32-bit version can be downloaded only upon request. PEAKS
X supports Windows operating systems. Although users are recommended to use Windows 10, previous versions
of Windows are supported as well (Windows XP, Windows 7, and Windows 8). PEAKS program files will use
~700MB disk space, but it will require some extra disk spaceto store temporary files and intermediate results. The
amount of disk space required for this purpose depends on the size of the user's datasets.

The two main factors affecting PEAKS' performance are CPU and RAM.

The following are the requirements for the default 64-bit version of PEAKS X, the recommended and idea re-
quirements are :

* Recommended: Quad-core processors and 16 GB of RAM.
* |deal: Intel Corei7/i9 or Xeon processors with total 16 threads or more, and 32 GB of RAM or more.

For the 32-bit version of PEAKS X, 4GB RAM isrequired.
3. Installation on a Windows Computer

I mportant

Please uninstall any older version of PEAKS currently installed on the system before proceeding to pre-
vent any licensing issues. Older versions of PEAKS can be used as a Viewer instead. Please contact
<support @i oi nf or . con» for additional assistance.

I mportant

Avoid installing PEAKS in any directory that contains a white space (for example, the Program Fi | es
directory). PEAKS has some features that may not function correctly in such situations. Please make sure
that the user account has full access permissions (read/write/execute) on the selected directory.

11



Installation and Activation

I mportant

To open an instrument's raw data using PEAKS, it is necessary to install PEAK S on the same computer
where the instrument vendors own software isinstalled. Refer to Section 8, “Vendor-Specific Require-
ments’ for the vendor-specific requirements load data.

1. Close all programs that are currently running.

2. Insert the PEAKS USB stick into a USB port. If an installation file was obtained elsewhere, double-click on
the PEAK S installation file and move ahead to step 4.

3. Theinstallation window should automatically appear after the USB isinserted. If it does not, find the drive the
USB was connected to and open it to access the contents. Double-click on PEAKS_St udi o. exe.

4. A menu screen will appear. Select the top item, “PEAKS Installer”. The installation utility will launch the
installer. When the PEAK S installation dial ogue appears, click the Next button.

¥ Setup - PEAKS Studio X = (] X

Complete Proteomic Software

A=
2

* | .
//_‘g’o ,“ =5

5. Follow the on-screen instructions to finish the installation.

Note
Microsoft's Visual C++ Redistributables 2013 and 2017 are required to load Thermo and Bruker data.

Please make sure these two versions areinstalled if it is expected that Thermo and/or Bruker datawill be
used. Refer to Section 8, “Vendor-Specific Requirements’ for details.

4. Activation

All users are required to go through a software activation process in order to use PEAKS. A License Wizard will
appear to guide users through the activation process the first time PEAK S is launched.
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| Welcome to PEAKS X

Welcome to PEAKS

Thank you for using PEAKS, The most accurate, sensitive, easy-to-use software package for
complete proteomics analysis.

Activate PEAKS with a trial or purchased license key

By entering the license key, the features of PEAKS will be activated and the
software will be ready for use.

™. Register to get a free trial license key

By completing the online registration form, a trial license key will be sent to you
via email. You will also gain access to free email and phone supports during the
trial period.

/67 Use PEAKS as a viewer

Viewer PEAKS can be used as a viewer without activation. Take advantage of the
o advanced user interface provided in PEAKS to share results with colleagues and
collaborators.

(%) Activate PEAKS manually

| mportant

Keep the license key safe. After a computer hardware upgrade, it might be required to reactivate the
software.

4.1. Activate PEAKS with a Trial or Purchased License Key

The software activation process is very simple. If the computer is connected to the Internet, PEAKS can be acti-
vated by clicking on the first option in the wizard. In the 'Enter the License Key' dialogue, paste or type in the
license key and click the Activate button. If the activation is successful, PEAKS will start normally. Manual acti-
vation is necessary when the activation fails with the message 'An error occurred while communicating with BS|
licensing server ...". Refer to Section 4.4, “ Activate PEAKS Manually” for manual activation.

Enter the License Key X

The license key is & 20 character long, case insensitive
alphanumeric string. You may find the key in the
software package or from your BSI sales representative,

Activate Cancel

4.2. Register to Get a Free Trial License Key

This option allows new PEAKS users to evaluate the software before purchase. If the computer is connected to
the Internet, clicking on this option will bring up a web form in the default web browser. Please provide your
full name, institution, email address and phone number in the form. After the form is submitted, an email from

<support @i oi nfor. com> Will be sent with the trial license key. This key can then be used to fully activate
PEAKS for evaluation purposes.

I mportant

Each computer can only have onefreetrial. Requesting atrial license repeatedly will not extend the trial
period automatically. Please contact <suppor t @i oi nf or . cone if you have any questions.
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4.3. Use PEAKS as a Viewer

BSI has consolidated the PEAKS product line. PEAKS Studio and Viewer are now one product. Unlicensed
PEAKS Studio can be used in the viewer mode. Researchers around the world are now able to take advantage of
PEAKS most advanced user interface to share PEAKS results. In the viewer mode, al non-analytical features,
such as read/display raw data, open/navigate through existing PEAKS results, exporting, etc..., work the same
way asthe full PEAKS Studio version.

4.4. Activate PEAKS Manually

In certain situations, when the computer does not have an Internet connection (or is behind afirewall that blocks
the activation), the activation process requires the assistance of another computer with an Internet connection (or
outside the firewall). Manual activation can be accessed via the link on the bottom-right corner of the wizard.
Manual activation consists of the following steps.

1. Providethelicense key and user information required to the license wizard on the computer that will be running
PEAKS. The option “1 have already received the license file” should be check when the license file from BSI
isalready at hand. Click Next and go to step 5.

Manual Activation x
Gather Your Name |
Information
Email Address
Save License
Request File Email (confirm)
License Ke
Upload License y
Request Fie Important: You wil receive your license file via email
Import
License
Activation
Complete

[]1 have already received the license file

Next > Cancel

2. Save agenerated request file to a removabl e storage device (e.g. a USB memory key).

Manual Activation X
Gather Click the button below to save the License RequestFle to a
Information directory, e.g. an USB drive, so that it can be later transferred

to a computer that has internet access.
Save License Save License Request File
Request File

Upload License
Reguest File

Import
License

Activation
Complets

< Back
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3. From another computer with an Internet connection, upload the license request file to BSI's license server as

described in the following screen.

Request file:

Visual venfication:

Reqister

Manual Activation
Gather The following steps should be done on the computer
Information which has Internet connections.
Save License Go to http:/ /www.bioinfor.com[lcs20/index.jsp.
Request File Select the option 'I have the license request file. I want
to register the software.’ and dick next.
Upload License
Request File Click 'Browse" button to select the license.request file that
has been copied to this computer, type in the visual verification
code and dick next.
Import
License Maow the software is being registered. If you get a 'Operation
completed successfully. message, please check your email. The
license file will be sent to you shortly.
Activation
Complete
< Back Cancel
[ BSI Product Licensing Center X +
& C (@ Notsecure | www.bioinfor.com/lcs20/index.jsp

BSI Products Online Registration

Choose File | Mo file chosen

Input the characters shown below (case sensitive)

clepME

.| request another 1mage

4. If thelicenserequest is sent successfully, an automated BSI servicewill generatethelicensefile(l i cense. | cs)
and send an email (from <support @i oi nf or. cone) to the email address provided to the License Wizard.
Either save the attached licensefile or copy the content between '===>' and '<==="in the email to the Windows

clipboard.

5. Transfer the license file to the computer running PEAK S and import the license file into the License Wizard.
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Manual Activation X

Gather (®) Paste the bcense Paste from Clipboard
Information )

Save License
Request File

Upload License
Request File
(O Import the license file (the emal attachment)
Import
License

Activation
Complete

< Back Next > Cancel

4.5. Re-Registering PEAKS

Re-registering PEAK S may be necessary when an additional software module was purchased or SPSwas renewed.
BSI will modify the license information accordingly on the server side. A new license file is required to make
the changes effective. Select About PEAKS from the Help menu. The “About BSI PEAK S Studio” dialogue box
will appear:

About BSI PEAKS Studic X

PEAKS Studio 10.0 build 20181011
ey Copyright @ 2000-20 18 Bioinformatics Solutions Inc. All rights reserved.

Bioinformatics Solutions Inc. (BSI) acknowledges that Ronald A
Beavis is the author of the X!Tandem program. BSI is grateful to Dr.
Beavis for allowing us to share X!Tandem with our users. BSI
distributes X!Tandem in accordance with the following Artistic
License for all X! software, binaries and documentation. BS5SI is not
responsible for the performance of X!Tandem, and makes no warranty

or guarantee for it.

License to

License key

License start [ expire
SPS expire

[Thread #

Module License status

PEAKS IM A
PEAKS Protein ID

PEAKS Platform

PEAKS De novo

SPIDER o

s ino o L S

View end user license agreement

Warning: This computer program is protected by copyright law oK

and international treaties. Unauthorized reproduction or

distribution of this program, or any portion of it, may result in

severe civil and criminal penalties, and will be prosecuted to the License Wizard
maximum extent possible under the law.

Tech support

Click the License Wizard button to continue then follow the instructionsin Section 4.1, “Activate PEAKS with a
Tria or Purchased License Key” or Section 4.4, “Activate PEAKS Manually” to re-register PEAKS.
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4.6. Common Errors During Registration

1. The license key contains only English letters and numbers. It is recommended to copy (Ctrl-C) / paste (Ctrl-
V) the license key whenever possible.

2. Theuser information can only contain English characters (letters, digits and symbols). Characters from a non-
English encoding may cause the activation to fail.

3. If the computer is behind afirewall or has other Internet connection problems, the activation may fail. Please
follow the on-screen instructions or refer to Section 4.4, “ Activate PEAKS Manually”.

5. PEAKS Performance Configuration

The PEAKSS Performance Configuration tool can be accessed from the Windows Start Menu in the PEAK S Studio
menu item. By default, PEAKS automatically determines its performance parameters to take full advantage of
the processors and memory available on the computer. In most situations, the Automatically Configure PEAK S
Perfor mance option should be used. The Manually Configure PEAK S Per for mance option will comein handy
in situations where advanced users want to adjust PEAK'S memory allocation and threading.

™Y Performance Ceonfiguration X

(@) Automatically Configure PEAKS Performance (recommended}

() Manually Configure PEAKS Performance

conce

The Number of Computing Nodes to Start determines the number of parallel processing threads/processes that
will be used by PEAKS. A higher number usually lets PEAK S run faster if the computer still has extra processing
power. The maximum number of computing nodes PEAK S may start with is determined by the license; a Desktop
License allows up to 16 nodes and a Workstation License allows up to 32 nodes.

The configuration is very different between the 64-bit version and 32-bit version due to the amount of memory
Java can access. In both scenarios, if out-of-memory problems are experienced, the number of nodesin PEAKS
should be reduced and the amount of memory per node should be increased.

5.1. PEAKS 64-bit Version

The 64-bit version of PEAK'S can access alarge amount of memory; therefore, it is highly recommended to des-
elect the options Start Client Separately and Start Compute Node Separately. The Main Program JVM Heap
Size (MB) is the maximum amount of memory PEAKS can use. Although a higher number is better, it is recom-
mended to use no more than 80% of the system memory. The Number of Computing Nodes to Start can now
be calculated. For example, let X MB memory be assigned to the main program, the number of computing node
N is the largest integer less than X / 2000. As shown in the figure, the system has 16000MB RAM, therefore
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16000* 80%=12800M B memory is configured to the main program JV M. 12800/2000=6.4, therefore 6 computing
nodes is configured.

"N Peformance Configuration X

() Automatically Configure PEAKS Performance (recommended)

(@) Manually Configure PEAKS Performance]

Main Program JVM Heap Size (ME): 12000
Number of Computing Nodes to Start: |6
[[] Start Client Separately

Client JRE Binary Folder: . [jre/bin
Client JVM Heap Size (MB): | 1024
[[] Start Compute Node Separately
Computing Node JRE Binary Folder: . fire/bin

Computing Node JVM Heap Size (MB): | 1024

Coce

5.2. PEAKS 32-bit Version

PEAKS 32-bit version is produced only for compatibility on older 32-bit operating system. It is strongly recom-
mended to use PEAKS 64-bit version on 64-bit operating systems. Due to the memory limitation for 32-bit Java,
atypical configuration for a computer with 4GB of RAM looks like the following.

" Performance Configuration X

O Automatically Configure PEAKS Performance (recommended)

(®) Manually Configure PEAKS Performance

Main Program JVM Heap Size (MB): 1024
Number of Computing Nodes to Start: |1
[] Start Client Separately
Client JRE Binary Folder: |, fire/bin Browse
Client JVM Heap Size (MB): | 1024
Start Compute Node Separately
Computing Node JRE Binary Folder: . fire/bin Browse

Computing Mode JVM Heap Size (MB): | 1024

Cares

Thetotal amount of memory used by PEAKSis Computing Node JVM Heap Size (M B) multiplied by the Num-
ber of Computing Nodesto Start plusthe Main Program JVM Heap Size (MB). In this case, 1024* 1+1024 =
2048 MB. In some systems, PEAK S may not start with 1024M B assigned to the main program if there are other

programs running on the system. Lowering the Main Program JVM Heap Size (MB) to 800 may help solve
theissue.
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6. What's Next

Depending on the data formats and the type of analysis needed, two additional configuration steps may still be
needed before data analysis can be conducted:

» To read the instrument's raw data formats, installation of specific software libraries to support the instrument
may be required. See Chapter 4, Section 8, “Vendor-Specific Requirements’ for this requirement.

» Toconduct adatabase search for protein identification, aprotein (or EST) sequence database must be configured.
See Chapter 6, Adding a Sequence Database.

19



Chapter 3. Configuration Wizard -
Configure Instruments and Public
Databases

1. Overview

The Configuration Wizard guides users through easy-to-follow steps to configure PEAKS for instrument raw
data support and database searching. The configuration wizard can be initiated from the menu Window > Config
Wizard.

PEAKS supports different instrument vendors raw data formats. A list of supported formats can be found in
Chapter 4, Section 7, “ Supported Data Formats’. Some raw data file formats require the vendors' software to be
installed on the same computer that PEAKS is running on. The Configuration Wizard helps to select the proper
instrument and install the appropriate vendor software.

A sequence database must be configured in PEAK S to identify peptides and proteins with the MS/M S spectra by
database searching. The Configuration Wizard also helps to select the appropriate databases from alist of public
seguence databases, and also downloads and configures them automatically. The list of public databases can be
found in Section 3, “Database Selection”.

2. Instrument Selection

The Configuration wizard can be run by selecting Window > Config Wizard from the menu. The Configuration
Wizard displays awelcome message and clicking the Next button shows the following instrument selection panel.

Configuration Wizard *

Select Instruments
Thermo Scientific
[] Thermo LTQ, Orbitrap, FT Instruments
SCIEX
[[] Triple-TOF 5600 Instruments
[J TOF-TOF 4700/4800 Instruments
[] SCIEX QTRAP Instruments
[] SCIEX QSTAR Instruments
Agilent Technologies
[ Agilent Ion Trap Instruments
[J Agilent Q-TOF Instruments
Bruker Daltonics
[ Bruker APEX, micrOTOF, HCT Ion Trap, TOF-TOF Instruments
[ Bruker TimsTOF PASEF Instruments

Shimadzu Corporation
[ shimadzu AXIMA-CFR Instruments

Waters Corporation
[J waters/Micromass Q-TOF Instruments

Varian Incorporation
[] varian Mass Spectrometry Instruments

<< Back Cancel Help

The instrument selection panel lists al the supported instruments and their vendor-specific software. Select the
instruments as necessary. A small description about the instrument and possibl e action to be taken by the Config-
uration Wizard is displayed onceit is selected. Click Next to proceed.
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Instruments and Public Databases

3. Database Selection

The database sel ection panel liststhe public databases available for automatic download. The automatically down-
loadable databases are NCBI nr, Swiss-Prot, TTEMBL, and |PI human. Select the databases to be configured. A
small description of the database and the action to be taken by the Wizard is displayed once selected. If a public
database is aready configured using this wizard then “[configured]” text in green will appear beside its namein

thelist. It can be selected again to overwrite the configuration.

Confjguration Wizard

Select Databases

The nr database is compiled by the NCBI that contains non-identical sequences
from GenBank CDS translations, PDB, Swiss-Prot, PIR, and PRF.
The Configuration Wizard will download, extract and configure the database.

] UniProtKB/ Swiss-Prot
] uniProtke/ TEEMBL
w1

Database Path
C:\sers\Demo\PEAKS _10.0'FastaDB

<< Back Next >> Cancel

Browse

X

The*" Database Path” displaysthelocation wherethe configured database will be stored. Click the Browse buttonto
change the default database path. Click Back to go back to the "Instrument Selection panel. Click Next to proceed

to the "Download Information" panel.

4. Download Information

The download information panel displays all the requested instrument software and database downloads in two

tables: “Downloads’ and “ Selected Instrument Software”.
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Configuration Wizard x

Download Information

Downloads
MName Size Progress Action
(Thermo MSFileReader 15.9 MB Downloaded Install
UniProtkB /Swiss-Prot 136.4 MB| Installed |
UniProtiB/TrEMBL 29.8 GB| Downloading (0%) ' Cancel
IP1 _ 25.6 M| Installed '

Selected Instrument Software

MName Status
SCIEX MS Data Converter Display Information
Bruker CompassXtract | Display Information
Shimadzu Launchpad | Display Information
Varian | Display Information
\Waters MassLynx | Display Information

<< Back Help

Downloads- The“Downloads’ table showsall of the downloadable requests, their status, and the avail able actions
on them. The status of an ongoing download is displayed in the “Progress’ column. To cancel an ongoing down-
load, click the Cancel button in the “Action” column. The databases will be configured automaticaly after the
download finishes. Once completely downloaded, the Install button appearsin the“Action” column for theinstru-
ment software. The software can be installed by clicking the Install button. The Next button remains disabled until
all the downloads and the installations are completed. Previously installed instrument software can be reinstalled
by clicking the Reinstall button that appearsin the “Action” column once the corresponding item isinstalled.

Selected I nstrument Softwar e - The Configuration Wizard cannot download some vendor-specific software; the
corresponding vendor needsto be contacted to get that software. If any of those software packageswere selected in
theinstrument sel ection panel, then their information appearsin the“ Selected Instrument Software” table. Clicking
the Display | nformati on button showsinformation on how to get the software from the vendor in apop-up dialogue.

Click Back to go back to the instrument selection or the database selection panels to change the selected items.
Click Cancel to cancel the Wizard at anytime. All ongoing downloads will be cancelled if the Wizard is cancelled.
Click Next to set preferences for some vendor instrument software. A warning message box will pop up in case
any downloaded item is not installed.

5. Vendor Instrument Software Options

This panel allows usersto set the raw file converter preferences of some vendor specific software. Refer to Sec-
tion 1.2, “Raw File Converter Preferences’ for detailson raw file converter preferences. After making appropriate
changesto the raw file converter preferences, click the Next button to finalize the changes.
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Configuration Wizard

Vendor Instrument Software Preferences
SCIEX (.wiff)
() None

PEAKS won't be able to load Sdex (. wiff) raw
Please select a converter for raw file conversion to a standard format that PEAKS can load.

(O ProteoWizard - MSConvert

Location - msconvert.exe

(®) SCIEX M5 Data Converter
Location - AB_SCIEX_MS_Converter.exe
C:\Program Files (x85)\AB SCIEXMS Data Converter\AB_SCIEX_MS_Converter,exe Browse
<< Back Cancel Help

Configuration Wizard

Vendor Instrument Software Preferences

Bruker (yep/baf/fid)
(®) PEAKS Built-in Loader

Options
Bruker (.fid) data may contain several files. Do you want to merge them? (Oyes (@no

(O Proteo\Wizard - MSConvert

Location - msconvert.exe
Shimadzu (.run)
(@) None

PEAKS won't be able to load Shimadzu (.run) raw files.
Please select a converter for raw file conversion to a standard format that PEAKS can load.

(0) Shimadzu Converter

Location - run2xml.exe

<< Back
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Configuration Wizard 4

Vendor Instrument Software Options

Waters (.raw)

(®) PEAKS Built-in Loader
Options:
[] Use lockmass calibration

(O ProteoWizard - MSConvert

Location - msconvert.exe

Varian (.xms)
Varian MS data (.xms or .sms) can be converted to PKL format using VarianMS tool.
The PKL data can be loaded into PEAKS readily.
Please contact your Varian representative to obtain VaranMSs tool.

Default xmirai.exe File Location
Browse

<< Back

Cancel Help

6. Apply Changes

After configuring the necessary downloaded vendor-specific software and public databases, click the Next button
to get to the last step.
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Configuration Wizard X
Configuring Instruments and Databases

The following FASTA databases and/or Instrument software are installed successfully:
UmiProtKB/Swiss-Prot
IPI

No further configuration of PEAKS is required for the following items. But you must ensure that the
relevant vendor software are installed on this computer.

SCIEX MS Data Converter

Bruker CompassXtract

Shimadzu Launchpad

Varian

Waters MassLynx
Please contact the Manufacturer representatives to obtain the required vendor softwares.

Press the 'Back’ button to return to downloads and selection panels where you can change your
selection of databases or instrument software for configuration.

Click 'Finish' button to commit the changes to configuration file.

<< Back

A summary of the actions performed by the Config Wizard will be displayed in the final screen. Click the Finish
button to accept all changes and to complete the Config Wizard.
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Chapter 4. Project Wizard - Create a
PEAKS Project, Load Data and Set up
a Workflow

1. Overview

Mass spectrometry data needs to be loaded into a PEAKS project before any analysis can be done. After creation,
a PEAKS project is shown as a project node in the top-left corner of the PEAKS user interface in the Project
View pane. Inthe computer'sfile directory, aproject is saved as afolder that contains multiple files, including the
compressed spectral data and the analysis results. To share a PEAKS project, send the whole project folder to the
shared location. The project can be opened in another copy of PEAKS Studio or the free PEAKS Viewer, given
that it is the same version the project was created with.

The“Project Wizard” guidesusersthrough easy-to-follow stepsto create aPEAK S project; set up project structure;
load datainto project; and set up the dataanalysiswork flow for datarefinement, identification, and quantification.
To initiate the Project Wizard, simply click the New Project icon | ¢; on the tool bar or select File > New Project
from the menu. The rest of this chapter discusses the details of the Project Wizard including: project creation, data
loading and setting up a simple work flow.

Note

The Project Wizard analyzes the data on a project level. Therefore, the work flow setup by the Project
Wizard will be executed for all fractions of all samplesin the project and included in asingle result (ex.
one result node for each de novo, PEAKS DB, PEAKS PTM, and SPIDER). To analyze the samples
or fractions individually so that each will have their own result, click Finish after setting up the project
structure and locating the source of the data files instead of moving onto the Data Refinement step. To
automatically perform batch analysis on a multiple samples or fractions on an individual basis, please
refer to Chapter 18, Chapter 18, Workflow

Create Project:
Project Name: PEAKS Project
Project Location: | C:\Users\PeaksProjects Browse. ..
Project Structure
Add Data ]
Sample Enzyme Instrument Fragment Acquisition
=1~ J\, Digest 1 Trypsin + Orbitrap {Orbi-Or ., HCD . DDA VRS
>4 Ms
+ Add data files ...
- J\, Digest 2 Trypsin + Orbitrap (Orbi-Or ., HCD -~ DDA ~
& M52
o Jil g
) + Add data files
- J, Digest 3 Trypsin ~ Orbitrap {Orbi-Or .. HCD .~ DDA ~
- bl M54
a9 + Add data files ...
+ Add sample
v
Select All Remove Up Down Collapse Select All Copy o Whole Project
Data Refinement > Finish Cancel

26



Project Wizard - Create a
PEAKS Project, Load Da-
taand Set up a Workflow

2. Create New Project

1. To create anew project, select File > New Project from the menu or click the New Project icon | on the tool
bar. The “Project Wizard” window will appear.

2. Use the “Project Name” field to name your project. Click “Browse” to change the directory for saving the
project. The selected directory will appear in the “ Project Location” text box.

Note

Refer to Section 9, “Changing the Default Project Location” for changing the default save location
for projects.

3. Usethe Add Data button to browse to the directory of the datafiles, select the files you wish to load, and click
Open. All of the selected datafiles will be listed on the left side.

4. This selected data can be placed into appropriate samples of the project structure using one of the following
several options. All of the selected files can be placed in anew sample ( %71 ), in an existing sample (= 4 ),

or inindividual samples for each file (#7*).

5. To add asampleto the project structure, click onthe + add sample ... button. From the drop-down menus, select
the “Instrument” type, the “Fragmentation” method, and the “Enzyme” that was used to generate the experi-
mental data from the drop-down lists. To apply the same sample details to the whole project, select the sample
with the correct settings and click the Copy to whole project button.

Note

Select "Mixed" as the fragmentation method if more than one fragmentation method was used to
acquire the data and if each spectrum'’s fragmentation method is encoded in the data file. PEAKS
loads the fragmentation mode for each spectrum during analysis. If the data file does not provide such
information, these spectrawill be ignored during analysis.

* Usethe * Adddatafiles .. htton to add data files to the corresponding sample. Browse to the directory of the
files, select the files to be loaded, and click Open.

7. To remove a sample or datafile, select the appropriate node (sample or data file) in the project structure and
press 4= button. To delete the file entries from the list on the left, select the files and click Remove.

8. To change the order of the samples within a project or the data files within a sample, use the Up and Down
buttons.

9. Click the Finish button to exit the Project Wizard without specifying parametersfor further analysis. Otherwise,
click the Data Refinement button to proceed to the data refinement step. See Section 3, “Data Refinement -
Setting Parameters’ for details on data refinement parameters.

Upon clicking the Finish button, the project will appear in the “Project View” panel. The outlined symbol
indicates that the fileis still loading. The solid .. symbol indicates that the file has finished loading.

PEAKS supports all major raw data formats from vendor instruments. A list of supported formats can be found
in Section 7, “ Supported Data Formats’. Some formats may require that a specific software from the vendor be
installed on the same computer on which PEAK Sisrunning. Before creating a project, ensure that the vendor-spe-
cific requirements discussed in Section 8, “Vendor-Specific Regquirements’ are met. Once the data is loaded, it
becomes part of the PEAKS project, and the original data files can be manipulated or deleted without affecting
the analysisin PEAKS.

By default, the peptide feature areais used for peptide and protein abundance calculation. Users can also select to
usefeature intensity asthe abundance cal culation method. For intensity method, the highest signal intensitiesfrom
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the feature's carbon isotopes are summed and used to calculate peptide and protein abundance. The abundance
calculation method is set before creating a new project. One project can only be analyzed by one abundance
calculation method. This information is shown in project properties when clicking the project name and looking
for Abundance Calculation Method in the Properties tab. In the results, either Area or Intensity are displayed in
the corresponding abundance columns.

Before creating a new project, go to C:\Users\[user nane] \ PEAKS 10.0 folder and open
Peaksl nternal . properties file in Notepad. use_i ntensity_for_abundance_cal cul ati on=f al se means
that Areaisused for calculating abundance. To switch to use intensity instead, change false to true.

To close an opened project, select the project node in the Project View pane and perform any of the following
options: from the menu bar, select File > Close Current Project, click the Close Project icon |g from the tool

bar, or right-click and choose Close Project from the pop-up menu. It is recommended to close unused projects
to preserve computer memory.

3. Data Refinement - Setting Parameters

To run datarefinement on each of theraw datafilesimmediately after creating aproject, click the Data Refinement
buttonin the Project Wizard to move onto the “ Data Refinement” step. See Chapter 7, Section 2, “ Data Refinement
Parameters’ for more details on data refinement parameters.

™Y Project Wizard *x

Data Refinement Predefined parameters -

[[] Merge Scans [DDA]

[] Correct Precursor [DDA]

[[] Associate feature with chimera scan [DDA]

[[] Filter Features

Finish Cancel

Click the Finish button to exit the Project Wizard without specifying parametersfor further analysis. Upon clicking
the Finish button, PEAK S will create the project and run the data refinement on the fractions. See Chapter 7, Data
Refinement to learn more about data refinement. Alternatively, click the Identification button to proceed and to
set up parameters for a database search.

4. DB Search - Setting Parameters

To perform de hovo sequencing and to run a database search on the project immediately after setting data refine-
ment parameters, click the Identification button on the Project Wizard. See Chapter 9, Section 2, “ Setting PEAKS
Search Parameters’ for more details on database search parameters.
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™Y Project Wizard X
PEAKS Search Predefined parameters v
Error Tolerance

Precursor mass: | 10.0 ppm + Using monoisotopic mass Fragmention: | 0.05 Da

Enzyme
Spedified by each sample v || New

Digest mode: | Semispecific
Maximum missed cleavages per peptide: 25

PTM

F | Carbamidomethylation Set PTM
i) Deamidation (NQ)

) Oxidation (M) Remave

Switch type

Masimum allowed variable PTM per peptide | 3|5

Database
(@) Select database Database: | UniProtkB/Swiss-Prot_20180710 v View
() Paste sequence Taxa: Homo sapiens (human) Set/View taxa...

[[] Eontaminant database cRAP 2017/7/13

General Options
Estimate FDR with decoy-fusion. @

[] Find unspecified PTMs with PEAKS PTM Advanced Settings

[[] Find more mutations with SPIDER

Skip Identification <Back Quantification > Finich Cancel

Click the Finish button to exit the Project Wizard without specifying parametersfor further analysis. Upon clicking
the Finish button, PEAKS will create the project, load the data, run a data refinement on the fractions, and then
conduct de novo sequencing and database searching on the data at the project level. See Chapter 8, Chapter 8,
Peptide De Novo Sequencing and see Chapter 9, Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS
DB, PEAKS PTM, and SPIDER) for more details on de novo sequencing and database searching. Alternatively,
click the Quantification button to set up parameters for quantification.

5. Quantification - Setting Parameters

To run quantification tools on the project immediately after setting database search parameters, click the Quan-
tification button to open the “Quantification” panel. The optiona add-on PEAKS Q module of PEAKS Studio
supports both labeled and |abel -free quantification. With label ed quantification, PEAK S pre-configures commonly
used reporter ion quantification (MS/MS-level) and precursor ion quantification (MS-level) methods. See Chap-
ter 15, Section 2, “ Setting Parameters’, Chapter 14, Section 2, “ Setting Parameters’, and Chapter 13, Section 2,
“Setting Parameters’ for more details on quantification parameters.

Tools Label Free Quantification

Basic Options

®) Label Fres Mass Error Tolerance:  20.0 pom v Retention Time Shift Tolerance: 6.0 min
Sample Groups Attach Identification
Reparter Ion cearch samalke
. Qu:mﬁcanon search sample Q Remove Al Collapse Attach... Remove
T | (T
LY ; Grow Color
\, Digest 2 [+
T Digest 3 = 5
Precursor Ion L\ Digest 3 (L
™) Quantification
eg. SILAC =
- T
(=18
- v
+
Advanced Mave Up Move Down

The identification result from the previous step wil be automaticaly attached.

<ok [ e
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Upon clicking the Finish button, PEAK Swill createthe project, load the data, run datarefinement, and then conduct
de novo sequencing, database searching, and quantification at the project level. See Chapter 15, Chapter 15, PEAKS
Q - Label Free, Chapter 14, Chapter 14, PEAKS Q - MSMS Level and Chapter 13, Chapter 13, PEAKSQ - MS
Level for more details on the quantification tools available in PEAKS.

6. Adding Data to an Existing Project

1. To open asaved project, select File > Open Project from the menu, the File > Open Recent Project list, or click
the Open Project icon || from the tool bar.

2. To add data to an open project, click on the project from the “Project View” pane and select File > Add Data
from the menu, or use the Add Dataicon [¢5 from the tool bar. The “Project Wizard” window will open.

Create Project:
Project Name:
Project Location: | H: PEAKS Demo Projects/PEAKS X
Project Structure
Add Data Q
samoie Eyme  Instument Fragment  Acquiston
= Jl, Sample 1 Trypsin + Orbitrap (Orbs-Or . HCD ~ DDA . A
*u‘-__. SiProteinMincture
+ Add data files ...
+ Add sample ...
&l
-b‘_!'f‘
>4
w1 Newsample
v
Select All Remaove Up Down Collapse Select All Copy to Whale Project
Finish Cancel

3. Usethe Add Dataicon [¢j to browse to the location of the data files. Select the filesto be loaded and then click
Open. All of the selected data files will be listed on the left side.

4. The selected data from the list on the left can be placed into an appropriate sample within the project structure.
There are several options to enable this placement. All of the selected files can be placed in a new sample

(=¥4 ), inanexisting sample (= 4 +), or inindividual samplesfor eachfile(-;‘fgs).

3. More files can be added to an existing sample by clicking the Add Data icon |¢§. Additional samples can be
created by clicking the Add Sample # Add sample ... button.

6. From the drop-down menus, select the “Enzyme”, "Instrument” type, and the “Fragmentation” method that
was used to generate the experimental data. For more information on adding files/samples or setting up the
instrument configuration refer to Section 2, “ Create New Project”.

Note

It isdiscouraged to changethe"Enzyme", the"Instrument" type, or the " Fragmentation" method for an
existing sample. It may cause errors during further analysis or inconsistenciesin the analysis results.

7. Supported Data Formats

Thefollowingisalist of supported dataformatsin PEAKS. PEAK Ssupportstheseformatsat three different levels:
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» Native Support - PEAKS can read the following files directly without any additional tools:

* mzXML

e mzData

e mzML

.DTA fileor adirectory of .DTA files
« MGF

« PKL

PEAKS 8.5, PEAKS 8 and PEAKS 7.5 projects. See Section 8.8, “Older PEAKS Projects’.

 Library Level Support - The instrument vendor's software library must be installed on the same computer as
PEAKS. PEAK S will call the software library to read the data directly.

« .Ddirectory (Agilent instruments). See Section 8.1, “Agilent Data’.

* .RAW file (Thermo Fisher Scientific instruments). See Section 8.2, “Thermo Data’.

e .LIFT or .D directory (Bruker instruments). See Section 8.4, “Bruker Data’.

* .RAW directory (Waters QTOF instruments). See Section 8.7, “Waters/Micromass (MassLynx) Data’.

» Converter Level Support - Third party converters are required. Users need to install the required converters
correctly and and configure their locations in PEAKS. This only needs to be set up once. PEAKS will call the
converter to convert the data to a native supported format before loading it. The actual conversion processis
invisible to the user.

* .RAW directory (Waters QTOF instruments). See Section 8.7, “Waters/Micromass (MassLynx) Data’.
* \WIFFfile (Sciex QSTAR and QTRAP instruments). See Section 8.3.1, “TripleTOF, QSTAR, or QTRAP”.
» .T2D file (AB 4700/4800 series). See Section 8.3.2, “TOF-TOF 4700/4800".

* .RUN folders from Shimadzu instruments. See Section 8.5, “ Shimadzu Data”.

* XMSfilesfrom Varian instruments. See Section 8.6, “Varian”.

8. Vendor-Specific Requirements

Most vendors provide tools for MS analysis software to read their raw data format. PEAKS works best with the
unprocessed raw data as PEAKS uses the data preprocessing tools built into the software that are designed to
maximize identification results. Listed below are the requirements to load raw data from each supported vendor.

8.1. Agilent Data

Agilent data can be loaded, provided that you have the Mass Hunter Data Access Component installed (MHDAC).
Users can do so either by selecting the Agilent check box when first installing the software,
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Choose Third Party Libraries (» E! /
Select third party libraries for your instrument raw files -
!

[ Instal Thermo MSFile Reader (54 bit) View BLLA

[ instail Agilent Raw Ee Convertor (84 bit] View EULA

By dicking the Next button below, the user agrees to the EULA of selected libraries.

The installation might take several minutes. Please wait for it to finish,

Next > Cancel

or through the PEAKS installation folder using the following steps:

1. Locate the PEAKS Studio installation directory. (default: C:\\PEAK SStudioX\)

2. Accessthefolder,'MHDAC x86 for 32-bit systems, or 'MHDAC_x64' for 64-bit systems

3. Right-click on the Windows batch file 'RegisterM assHunterDataA ccess and click on "Run as administrator.”

4. If this process was successful, Agilent datawill load into PEAKS automatically.

8.2. Thermo Data

RAW data from Thermo Fisher Scientific mass spectrometers can be loaded, provided that the Thermo M SFil-
eReader package isinstalled on the same computer as PEAKS. The PEAKS Configuration Wizard can download
and install M SFileReader automatically (see Chapter 3, Section 2, “Instrument Selection”). M SFileReader is pub-
licly available and can be found at the following link:

https://therno. fl exnetoperations. conf control/thno/ downl oad?el ement =6306677
Thermo's acquisition software can perform monoi sotopic precursor mass correction during dataacquisition. Select

"Yes' to load the corrected monoisotopic precursor mass from raw data. In such cases, users may skip precursor
mass correction step in Data Refinement.

Note

For raw data acquired using Advanced Peak Determination (APD) method, it is strongly suggested to
select Yesfor this option to load data accurately and get better identification results.
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Preferences .
» General Thermo (.raw)
Display Cptions
. Options:
RMI Connections Thermo's acquisition software performs mass correction for monoisotopic m/z.

Derby Database PEAKS can read the corrected monoisotopic mz or the original precursor m/fz.

o Raw file convertor Use instrument corrected moncisotopicmfz (O Yes (@) No

SCIEX(. wiff)
Bruker (. yep/bafjtdf, fid)
Shimadzu AXIMA(.run)
Varian(,xms)
Waters(.raw)

+ Search Engine
Mascot Settings
XTandem Settings
Omssa Settings

* Spectrum Annotation

8.3. Sciex Data

8.3.1. TripleTOF, QSTAR, or QTRAP
Sciex data can be loaded into PEAKS, provided one of the two optionsis setup.

» Sciex MS Data Converter can be used to load .wiff filesinto PEAKS directly. It can be downloaded from the
following link, https://sciex.com/software-support/software-downloads. Once installed, use the browse button
within the Sciex Data Converter option to find AB_SCIEX_MS_Converter.exe. By default, itisinstalled in C:
\Program Files (x86)\AB SCIEX\MS Data Converte\AB_SCIEX_MS_Converter.exe

» ProteoWizard - MSConvert is the recommended method for loading .wiff files. It can be downloaded from
http://proteowizard.sourceforge.net/. Once installed, select the ProteoWizard -M SConvert button and use the
corresponding browse button to fine msconvert.exe.
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Preferences =
& General SCIEX(.wiff)
Display Options
() Mone

RMI Connections
PEAKS won't be able to load Sdex (.wiff) raw files.

Derby Database Please select a converter for raw file conversion to a standard format that PEAKS can load.

« Raw file convertor

Thermo (.raw) () ProteolWizard - MSConvert
Location - msconvert. exe
Bruker(, yep,/bafftdf, fid)

Shimadzu AXIMA(.run)

Varian{, xms) (®) SCIEX MS Data Converter
Waters(.raw) Location - AB_SCIEX_MS_Converter.exe
 Search Engine C:'\Program Files (x&8) \AB SCIEX\MS Data Converter\AB_SCIEX_MS_Converts Browse
Mascot Settings
¥Tandem Settings

Omssa Settings
#+ Spectrum Annotation

oK Cancel Help

8.3.2. TOF-TOF 4700/4800

T2D files can be extracted and imported into PEAKS with afreetool created by BSI. The PEAKS Configuration
Wizard can download and install the AB 4X00 Extractor automatically (see Chapter 3, Section 2, “Instrument
Selection”).

System Requirements.  This extractor can be installed on the same machine as the ABI 4700 Explorer and the
Oracle database or on another machine that has direct network access to the 4700 SERVER. There cannot be a
firewall or proxy between the computers. Windows 7 or Windows XP is recommended for the use of thistool.

Configuration.  Start the ABI 4700 converter tool. Choose Settings from the File menu. Configuration requires
the following:

* 4700 SERVER Nameor IP Address: input “localhost” if the Extractor is running on the same computer as
ABI 4700 Explorer (thisis the default value). Otherwise, enter the IP address of the 4700 SERVER.

e The socket used by the 4700 SERVER: the port that the Oracle database listens to (the default is 1521).

» Usernameto accessthe Oracle database: most likely does not need to changed (the default is“tsquared”).
» Password to access the Oracle database: most likely does not need to changed.

Data Extraction Procedure. The data extraction requires

1. Load Spot Set List from the database: (Do thisviamenu File > L oad Spot Set List). The extractor will export
the peak list of a spot set into a PKL file.

2. Open a Spot Set: (menu File > Open Spot Set) Spot Set Chooser will help the user choose a spot set. After
selecting a spot set, click OK to open it. The job run information of the spot set will be shown.

3. Select ajob to run: Thereis a button to select before each run. Only the MS/M S job run can be selected for
export, as the precursor information is needed. Select ajob run and click Convert to do the extraction.

4. Choose afilenameto save: After clicking the Convert button, the user needsto input afile name and the peak
lists of the selected job run that will be exported.
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8.4. Bruker Data

.Dand . LI FT directories from Bruker mass spectrometers can be imported provided that the CompassXtract
Runtime library is installed on the same computer as PEAKS. The spectral data will be contained in the . yep,
.baf, .tdf (for tinmsTOF data) orfid file. Select the . D folder [containing . yep,. baf, and .tdf (if
ti msTOF dat a) file] and the. LI FT folder (containing fi d file) during the dataloading step. To load all .fid files
at once, select atop level folder.

CompassXtract 3.2 is readily available on the Bruker Daltonics website at the following link: http:/
www.bruker.com/service/support-upgrades/software-downl oads/mass-spectrometry.html. Once you reach the
website, Bruker may request a username and a password

Note

Install the 64-bit versionif you are running PEAK S on a 64-bit operating system. Install the 32-bit version
if you are running PEAKS on a 32-hit operating system.

Instrument Preferencesfor Bruker Data.  To set Bruker datarelated preferencesin PEAKS, open the“ Prefer-

ences’” window by clicking the “ Preferences’ tool bar icon Oor by selecting Preferences from the Window menu.
Click on “Instrument” and then “Bruker (.yep/baf/tdf, fid)” on the left side. Thiswill show the Bruker instrument
preferences on the right side. Select the PEAKS Built-in Loader to use CompassXtract to load Bruker files.

» Select profile or line data for peak list. Bruker raw data may contain peak lists in profile mode or line mode
(centroided). Select the desired mode for peak list loading.

 Bruker (.fid) data may contain several files. Do you want to merge them? When loading .fid, select 'yes to
merge all the spectra contained in the file into one datafile.

Alternatively, ProteoWizard - MSConvert can be used instead of the built-in data loader. It can be downloaded
from http://proteowizard.sourceforge.net/. Onceinstalled, select the ProteoWizard -M SConvert button and usethe
associated browse button to find msconvert.exe. By default, it islocated in:

Preferences 4

* General Bruker{.yep/baf/tdf, fid)
Display Options

RMI Conmections (@) PEAKS Built-in Loader

Opti
Derby Database pions
select profile or line data for peak list. O profile (@ line
+ Raw file convertor
Therma (.raw) Bruker (.fid) data may contain several files. Do you want to merge them? (0 yes ®no
SCIEX(.wiff)
Bruker (. yep/baf/tdf, fid) () Protec\Wizard - MSCaonvert
Shimadzu AXIMA(.run) Location - msconvert.exe

C:\Program Files\ProteoWizardProteoWizard 3.0, 10702\msconvert. ex
Varian{.sms) C:\Program Files\Proteo\Wizard \Protec\Wizard 10702 \msconvert. exe

Waters(.raw)

+ Search Engine
Mascot Settings
¥Tandem Settings
Omssa Settings

#+ Spectrum Annotation

0K Cancel Help
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8.5. Shimadzu Data

RUN files from Shimadzu mass spectrometers can be |oaded provided that the Shimadzu Software isinstalled on
the same computer as PEAKS.

Instrument Preferencesfor Shimadzu Data.  To set Shimadzu data related preferences in PEAKS, open the
“Preferences’ window by clicking the “Preferences” tool bar icon €> or by selecting Preferences from the Win-
dow menu. Click “Instrument” and then “ Shimadzu AXIMA (.run)” in the menu on the left. This will show the
Shimadzu instrument preferences on the right side. Select the Shimadzu Converter button and click Browseto tell
PEAKS the location of the Shimadzu r un2xni . exe file.

Select None to disable Shimadzu data loading

Preferences =

* General Shimadzu AXIMA(.run)
Display Options

(®) None

PEAKS won't be able to load Shimadzu (.run) raw files.
Please select a converter for raw file conversion to a standard format that PEAKS can load.

RMI Connections
Derby Database

# Raw file convertor
Thermo (raw) () Shimadzu Converter
SCIEX(. wiff) Location - run2xml.exe
Bruker(.yep/bafftdf, fid)
Varian{. xms)
Waters(.raw)

& Search Engine
Mascot Settings
XTandem Settings
Omssa Settings

+ Spectrum Annotation

oK Cancel Help

Note

Shimadzu r un2xn . exe can not read data files containing spaces or non-English characters in its path.

8.6. Varian

A conversion tool is embedded into Varian's data acquisition software that allows for conversion of Varian raw
datainto. pkl filesthat can be immediately read by PEAKS.

The . trans data files can be converted in Varian programs by clicking File > Save As and selecting either the
. pkl fileformat or by performing the following steps: clicking File, right-clicking Export, and then selecting .pkI.
If you are viewing achromatogram with the Varian Software, all the spectral datain the viewed chromatogram are
converted to . pkl format. If you are viewing a single spectrum and choose to convert the data, only the viewed
spectrawill be converted.

Importing raw datathat has not been preprocessed will produce better results when using the preprocessing options
native to PEAKS.

Instrument Preferencesfor Varian Data. To set Varian data-related preferences in PEAKS, open the “ Pref-
erences’ window by clicking the “Preferences’ tool bar icon > or by selecting Preferences from the Window
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menu. Click “Instrument” and then “Varian (.xms)” ontheleft. Thiswill display the Varian instrument preferences
on theright side. Click Browse to tell PEAKS the location of the xni r ai . exe file.

Preferences x

» General Varian(.xms)

Display Options
Default xmlirai,exe Location
RMI Connections

Browse
Derby Database

* Raw file convertor
Thermo (.raw)
SCIEX(. wiff)
Bruker{.yep/bafftdf, fid)
Shimadzu AXIMA(.run)
Waters{.raw)

# Search Engine
Mascot Settings
XTandem Settings
Omssa Settings

= Spectrum Annotation

oK Cancel Help

Note

Varian xni r ai . exe can not read data files containing spaces or non-English charactersin its path.

8.7. Waters/Micromass (MassLynx) Data
Two methods can be used to load Waters' . r aw data.
» PEAKSBuilt-in Loader

PEAKS isinstalled with the libraries needed to read Waters .raw files automatically. So, .raw files should be
loaded into PEAK S without any additional configuration.

With the PEAK S Built-In Loader, users also have the option to specify whether or not PEAKS should consider
lockmass calibration for their Waters .raw datafiles.

* ProteoWizard - MSConvert

Select thisoption if the built-in loader is unable to load some .raw files as an aternative. Browse to the location
of msconvert.exe, which islocated by default in:

C:\Program Files\ProteoWizard\ProteoWizard\msconvert.exe

ProteoWizard can be downloaded form: http://proteowizard.sourceforge.net/
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Preferences 4

* General Waters(.raw)
Display Options

R Conneclions (@) PEAKS Built-in Loader

Options
[J use lockmass calibration

Derby Database
« Raw file convertor

Thermo (.raw)

SCIEX(.wiff)
Bruker (. yep/baf/tdf, fid)

(") ProteoWizard - MSConvert
Shimadzu AXIMA(.run)

Varian{,xms)

+ Search Engine
Mascot Settings
¥Tandem Settings
Omssa Settings

# Spectrum Annotation

OK Cancel Help

8.8. Older PEAKS Projects

Projects created in PEAKS 8.5, PEAKS 8, and PEAKS 7.5 software can be opened in PEAKS X. To convert the
project to a PEAKS X project, open the project in the same way you would open any existing PEAKS project.
The project will be recognized as a PEAKS project from an older version. The following confirmation dialogue
box will pop up for PEAKS 7.5 projects (PEAKS 8 and PEAKS 8.5 projects will load automatically).

Version Check X

I This project was created by an older version of PEAKS. Do you want to convert it now?

Mo, thanks

Choose Y esto convert the project and proceed. The following “Project Converter” dialogue will appear.

" Project Comvertor b4

Conmerbed Projects | PERES 7.5 - Proben Sequendng_verson 10_0

Project Location HzWPEANS {Demo Projects \PEAKS 7.5 Browse

| 0% Seart

Choose the converted project name and location. Click Start to begin the conversion process. A new version of
the project will be created at the new location. The old project will not be modified.

Note
The project converter isdesigned to convert PEAK S 7.5 projects so that they can be viewed in PEAKS X,

but some new features may not be available for display from older PEAKS projects (including PEAKS
8 and PEAKS 8.5). Further analysis on the converted projects are strongly discouraged.
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9. Changing the Default Project Location

If many projectsareto be created, it is convenient to reconfigure the default project location to the directory where
al the projects are stored. Please make sure this folder is readable/writable by PEAKS.

1. Click the Preferencesicon <> from the tool bar. The "Preferences” dialogue pops up.

Preferences X
BT
Display Options
) Default Input File Directory
RAI Connections C:\PEAKSStudiod. 5 Browse
Derby Database
Default Project Director
» Raw file convertor . U
C:\Users'\Demo'\PeaksProjects Browse
SCIEX(. wiff)
8 (.yep/baf/tdf, fid) Temporary File Directory
C:Wsers'\Demo'\PEAKS_10.0\temp Browse
Shimadzu AXIMA({.run)
Varian(.xms) Defauilt Log File Directory
Waters{.ram) C:\sers\Demo'\PEAKS_10.0_LOGS Browse
+ Search Engine Default Log Files
Mascot Settings SERVER_LOG.log, CLIENT_LOG.log, COMPUTENODE_LOG.log
XTandem Settings
Omssa Settings
+ Spectrum Annotation
CK Cancel Help

2. Select "Generd" intheinthe"Preference" dialogue and click the Browse button below "Default Project Fol der”
to specify the default project location.
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Chapter 5. Data Visualization

1. Overview

After aproject is created, the spectral data can be visually examined. The information of atypical DDA LC-MS/
MS raw datafileis organized into 3 sections:

* MS- Thissection showsthe TIC (total ion chromatogram) plot and all of the MS scans. For each M S scan, the
corresponding MS/M S scans are also displayed.

* MS/MS - This section lists al the MS/MS scans. For each MS/M S scan, the corresponding features are listed
below and associated number of featuresis displayed next to the MS/M S scan information header.

e LC/MS- This section provides a bird's eye view of the whole LC-MS dataset with detected features and MS/
MS scans marked on refined data.

After opening a data file by double-clicking the data node from the Project View pane, the choice of different
views can be made by choosing different tabs at the upper-left corner of the data view window.

Y = el | . & B a @
o o ) H el [N KR ®@Qw N
P Project View StartPage X DATA REFINE 1 X
=l H:[PEAKS [Dema Projects/PEAKS X/ Demo Project ;
= J\, Sample 1 g TIC - ITtUeUIjSIt\; (%)
= SixProteinMixture, RAW -
PWDATA REFINE 1 [2018-10-18 13:57] E
s DENOVO 2 [2018-10-18 13:57) g
¥ PEAKS 3 [2018-10-18 13:57] -
=
9
5_

Note

Please refer to Chapter 16, Data Independent Acquisition (DIA) Data Analysis and Chapter 17, lon Mo-
bility Data Analysis for data visualization details for DIA and IMS data respectfully.

2. MS View

TheMSView containsthe TIC and all of the scans. Thetotal ion chromatogram (T1C) isdisplayed on theleft of the
MS view. The navigation buttons are highlighted in the figure. To collapse the TIC chart, click the left navigation
button. Clicking on a specific position in TIC will display the corresponding survey (MS) scan. To navigate the
MS scans, use the up and down navigation buttons. The M S scans can also be navigated through using the up and
down arrows of the keyboard. The tandem (MS2) scans associated with the selected M S scan are shown in the
panel below, where each can be viewed by selecting the different tabs identified by their "m/z z" information.
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The survey scans and tandem scans provide a few convenient ways to zoom and navigate the spectrum:

e Zoom to an m/z region - Click the desired start m/z and drag horizontally to the desired end m/z, release the
mouse button.

» Zoom in/out smoothly - Place the mouse pointer at a particular m/z value (right below the x-axis line), scroll
the mouse wheel button.

* Increase/decreasethepeak intensity - Place the mouse pointer on the spectrum, scroll the mouse wheel button.

» Seethewhole spectrum - Double-click on the spectrum or click the 1:1 button.

3. MS/MS View

The MS/MS View shows the list of tandem scans on the left. If data refinement has been performed on the data
file, each tandem scan in the list will indicate the total number of associated features at the end of the spectrum
header [ex. "695.8360 (RT=26.95 Scan=1348) 2" from the image below indicates that there are 2 peptide features
associated with the selected tandem scan]. In addition, when data refinement has been performed, a tandem scan
header can be expanded and the associated features and their details (e.g. m/z, RT, charge) are listed below. When
atandem scan is selected from the list, the following information is provided to the right of the list: a summary
of the spectral results, the MS/MS spectrum, the zoomed in LC/MS view, the lon Match Table, and its Survey
Scan. Similarly, when an individual peptide feature isinstead selected from thelist, the results for that feature are
displayed. Zoom options are the same as described in the “MS View” section.

» Summary of Spectral Results: A table with a summary of the spectral results are displayed here, including
the associated feature information, de novo sequence (if de novo sequencing has already been performed), and
database ID sequence (if a PEAKS search has been performed).

* MS/MS Spectrum: A view of the tandem scan will be displayed here. If de novo sequencing and/or a PEAKS
search has been performed for the data file, the scan will be annotated. By clicking the sequence results from
the Spectral Result table, the corresponding annotation will be displayed. Users will also have the ability to
turn on the alignment and error map for the spectrum view when de novo sequencing and/or a PEAKS search
is performed.

e LC-MS Snapshot: The LC-MS Snapshot displays a zoomed-in view of the precursor scan in the LC-MS heat
map 2-D view. The MS/M S scan isindicated by ared framed square and the span of the yellow line designates
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the isolation window. If data refinement has been completed, purple circles will also be displayed on the heat

map, and selecting an individual feature from the list on the left will highlight the feature in purple.

» Parent Scan: The “Survey” tab displays the precursor scan with the best signal within the isolation window.

The buttons that appear in this section are identical to those explained in Section 2, “MS View”.

» lon Table: If de novo sequencing and/or a PEAK'S search has been performed, an "lon Match" tab will appear
when one of the sequence results from the Spectral Resultstableis selected. The“lon Match” tab in the bottom
pane contains the displays a table with possible fragment ions for the selected MS/MS scan. Each ion in the
table showsthe calculated mass, whereif the fragment ion is present in the spectrum, its mass valueis displayed
in color. N-terminal ions are shown in blue and C-terminal ions are shown in red. A fragment ion is found
when there isamatching peak within the mass error tolerance, as defined in the de novo sequencing parameters,
and when relative intensity of the matching peak is at least 2%. The ion types displayed in the table can be

configured in " Spectrum Annotation Settings' (Section 3.2.2, “ Spectrum Annotation”).
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4. LC/MS View

The LC/MS view shows the distribution of LC-MS signal s/features as a heat map. Placing the cursor on the heat

map will show the m/z value and the retention time of that point.

StartPage % |l DATAREFINE 1 X

) RF'-lﬁ'c'.r-nMah.rf Raw | RT:D-64mn RT. SoPrateinncture, RAW - L
;’ I mfz 1 $86.91 E3
3 AT:26.33 O
¥ .
ey FE 270 | i
£ ClFeatres
iz, 1 i [ M55 Spectra
13 18
& 1E7 1E7
1£5 1E5
= = =
“Ho | | s I ey
= [ | 1£3 1£3
100 100
| it} it}
[ | o
R I | Pesk  Featre
= = o
= |
& ' | '
2 240
= 500 550 & &30 0 750 miz

The LC/MS view provides various convenient ways to zoom and navigate the LC-M S features in the data:
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Data Visudization

* Moveto a specific heat map area: Click on the heat map, hold and drag the cursor until the desired area of
the heat map is reached and then rel ease the mouse button.

» Zoom to a specific heat map area: Right-click on the heat map, hold and drag the cursor to select the desired
area of the heat map and then rel ease the mouse button.

» Moveto aspecific heat pap areafrom thumbnail: Current view range of the heat map is shown asarectangle
in the Thumbnail. Click on the thumbnail view range rectangle, hold and drag the cursor until the desired area
of the heat map is reached and then release the mouse button.

» Jump to a specific heat map area: Provide approximate m/z and RT values separated by aspacein the L ocate:
m/z RT box and then hit the Enter key to zoom in to an area centered at the specified m/z and RT value.

» Zoom infout from thumbnail: Place the cursor on the Thumbnail and then scroll the mouse wheel button.

» Zoom in/out smoothly: Place the cursor at a particular (m/z value, RT) position and then scroll the mouse
wheel button.

* Moveto a specific RT range: Click the cursor on the TIC or the RT axis, and then hold and drag the cursor
until the desired range is reached.

» Zoom to a specific RT range: Place the cursor on the TIC or the RT axis, and then scroll the mouse wheel
button.

* Moveto a specific m/z range: When the m/z axisis zoomed in, click the mouse on the m/z axis, and then hold
and drag the cursor until the desired range is reached.

e Zoom to a specific m/z range: Place the cursor on m/z axis and then scroll the mouse wheel button.

» Change contrast of the heat map: Place the cursor on the heat map, press and hold the Ctrl key, and then
scroll the mouse wheel button.

» Change peak height in the 3D intensity mode: Place the cursor on the heat map, press and hold the Ctrl key,
and then scroll the mouse wheel button.

» View the whole heat map: Click the 1:1 button in the control.

» Moveback/forward to previously specified heat map area: Use the Back and Forward buttonsin the control
to navigate the previously specified heat map areas.

The heat map view offers various controls to study the LC-M S data features. The following sections describe the
control options and their uses in detail.

4.1. Noise Level

Select the appropriate threshold for noise filtering by peak and/or feature intensities. Once selected, the heat map
view will reflect the changes dynamically.

1E8 1E8
1E7 1E7
1E6 1E6

D iS5 1ES
s I 54
1E3 1E3
100 100
10 10
0 0

|__Peak Feature |

4.2. Show/Hide Features

To view the detected L C/M Sfeatures, mark the Features checkbox in the control. The features detected during the
data refinement stepswill be highlighted by small, red, diamond-shaped points on the heat map. Placing the cursor
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over such afeature point will show the boundary of the feature using ared polygon and display a pop-up window
that includes the following information: the monoisotopic m/z, the mean RT, the charge state of the feature, and
the total area under the X1C curves of the feature.

RT
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90,54
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Note

Multiple features can be selected and represented by different colors by holding Ctrl and selecting the
feature points.

4.3. Locate M/Z and Retention Time

Typeanm/z and an RT value, such as"618.88 50.5" inthe"Locate" text box (oczi=:mz a7 to pinpoint aspecific
(m/z, RT) position in the LC/MS view.

4.4. Synchronize LC/MS View Between LC Runs

Usethe ® button to synchronize LC/MS view between different LC/MS runs from identification results. When
the LC/MS views are synchronized, the (m/z, RT) position and noise level are locked as the same in each run.

4.5. Show/Hide MS/MS Spectra

Select the MS/M S Spectra checkbox to indicate where atandem scan has been taken. The location will be marked
with blue-outlined squares on the heat map. Place the cursor over a square to view the precursor m/z, the RT, the
precursor charge state, and the scan number of that spectrum. Click on the square to view the acquisition window
(indicated by the yellow line), and the spectrum in a pop-up window. Once selected, the square will become red-
outlined.
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4.6. Intensity View

In addition to the heat map view, PEAKS also provides a 3D intensity view for visual inspection of the LC/MS
data. To switch between the heat map view and the intensity view, click the A, button in the top-right LC/MS
control options. The intensity view has the same set of controls to easily zoom and navigate.
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4.7. Export LC/MS

Export lcms image

Click the % icon ontheLC/MS control optionsto export the LC/MS heat map or intensity view in PNG format.

Scale: @ O O (Osx

Save to; Cil\Users 'ﬂemn‘PeaksExpnrts"-,lms.mg

x
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Chapter 6. Adding a Sequence
Database

1. Configuring Sequence Databases

PEAKS has the ability to search through a database to identify proteins using PEAKS DB to identify proteins of
interest from a target database, or to filter out identifications from a contaminant database. PEAKS must have
access to either a protein or an EST database in FASTA format to do so. PEAKS can be configured to use a
publicly available sequence database or a custom database. Additionally, taxonomy options may be specified for
certain databases so that users can focus their search using a specific species or group of species.

To add a sequence database, click the,;/\' icon in the main toolbar and select “ Database” from the | eft tabs. This
will open the database configuration dialogue. Click the New button to create a new sequence database entry or
select a database from the “ Database List” . The database can be configured in the “ Database Details’ area below.
Click the Add/Update button to save any changes.

Database List
[UniProt_SwissProt]

Database Details

FASTA format database: NCBInr - [ Validate Database ] I Export Decoy DB ]

Basic Options

Database name:

Path: Browse |orl Download

|| EST database

Advanced Options - Fasta Title Format
Rule to parse accessionfid from FASTA title:

Wai\\d™Y)
Rule to parse description from FASTA title:
s+ *Y
Accession/fid URL:
http: f e ncbi.nim. nib. gov fentrez fviewer. fogi?db =protein8val= | <Accession/ID>
Delimiter: s+ =\
Taxonomy Options
taxonid [ Browse ] [ Download |

taxdmp [ Browse J[ Download J

D New || AddUpdate || Delete || Hebp

Close _

Follow these steps to configure a database:

1. Select the database format from the “FASTA Format Database” drop-down menu, or select “Other” if the
desired format is not present. If “Other” is selected, you must enter custom parserules. If you don't know what
parse rules to use, the MSDB parse rules generally work with most databases.
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. Inthe“Basic Options’ section, enter anamefor the database. If the database FASTA fileisalready onthelocal

system, skip to step 6. Otherwise, click Download. A window will appear confirming the database chosen to
be downloaded along with the corresponding FTP or website.

. Click OK toinvoke the default FTP client software and download the database automatically. Click Cancel to

copy the URL to the system clipboard. If Cancel was selected, click OK on the dialogue detailing the copy to
the clipboard. Next, open a browser and paste the URL into the address bar. When the file download window
opens, click Save.

. Once the database has been downloaded, check to seeif it is compressed. If so, extract thefile using a program

such as WinZip, or 7zip. The decompressed file should be a FASTA format text file (. f as or . f ast a file).

. Move the database file into a directory that PEAKS can access.
. Click Browsein the “Basic Options” to inform PEAKS of the location of the database file.

. If the selected database is an EST database, check the box labeled “EST database’. Otherwise, leave this

unchecked.

. To make sure PEAKS can read the database correctly, click the Validate Database button. The program will

check for duplicates, extremely long sequences, and other irregularities. The number of proteinsin the database
will be listed along with example accessions, descriptions, and any errors encountered.

. Based on the selected format from the “FASTA Format Database” list in Step 2, the accession number infor-

mation and parsing rules for the database headers are automatically entered in the text boxesin the “ Advanced
Options- Fasta Title Format” section below.

If “Other” was selected in Step 2, enter the parsing parametersinto the corresponding text boxes. Alternatively,
if the database format is similar to one of the public databases such as NCBI-nr, the parsing rules can be filled
by selecting a similar database from the drop-down list and edited to set the desired parsing rules.

10.Click the Add/Update button to save the configured database. The database name will appear in the “ Database

List”.
Note

Apart from starting with a“ greater than (>)” symbol, the precise syntax of the FASTA title line varies
from database to database. For this reason, PEAKS uses Java Regular Expressions to define how the
accession string and the description text should be parsed from the FASTA title line. One deviation from
Java Regular Expressions isthat /( indicates the beginning of the text to be included and /) indicates the
end of the text to be included.

To run PEAKS DB using a specific taxonomy, the corresponding taxon files must be downloaded and then
directed to within PEAKS in the “Taxonomy Options’ section. (Taxonomy files for NCBI nr database are:
gi_taxid_prot.dmp.gz and taxdmp.zip; for UniProt/Swiss-Prot, they are speclist.txt and taxdmp.zip.)

1

To download the “taxonid” file, click the Download button. A window will appear confirming the FTP or
website URL that was identified as the location of the desired taxonomy file. To invoke the default FTP client
software and downl oad the file automatically, click OK. Click Cancel to copy the URL to the system clipboard.
If Cancel was selected, click OK on the dialogue detailing the copy to the clipboard. Next, open a browser and
paste the URL into the address bar. When the file download window opens, click Save. Use the same procedure
to download the "taxdmp" file. Be sure to save the file to alocation that is accessible by PEAKS. Please note
that it is not necessary to decompress the taxonomy files.

. Now that the taxonomy files are downloaded, PEAKS must be given access to them by clicking the Browse

buttons and selecting the files.

Note

Please do not rename the taxonomy files; otherwise PEAKS cannot recognize them. Also compressed
files (for example, in .gz and .zip format) should be kept in their downloaded format.
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2. Databases to be Used in PEAKS' inChorus Function

The database configured herewill also be used inthe PEAK S inChorusfunctionto call the X! Tandem and OM SSA
search engines. However, Mascot search depends on Mascot's databases only. When using these third-party soft-
ware tools, note the following with care:

» X!Tandem - At the time of writing, X! Tandem has difficulty searching through large databases and may crash
during asearch. Therefore, it's suggested that X! Tandem only be used with small databases. If used with alarge
database, a taxon should be specified. When using NCBInr or SwissProt databases with X! Tandem it is best
to use a subtaxon.

* OMSSA - At the time of writing, OMSSA cannot be used with databases that are not in NCBI or SwissProt
format inaway that isavailableto inChorus. Also, abugin OM SSA preventseasy use of databaseswith OM SSA
when they are stored in afolder that contains spaces or non-English charactersin its path. This creates problems
when PEAK S createstemporary databases on your behalf. To avoid this, best practices suggest that all databases
are put in afolder named C: / peaksdat abases. Note that the folder C:/ My Docunent s/ dat abases wouldn't
work as it contains a space between 'My' and 'Documents’. Using spaces in the database file name causes the
same problem. Once databases have been downloaded and extracted, save the database file asncbi nr . f as, or
ncbi _nr.fas rather thanncbi nr.fas.

» Mascot - The database used by Mascot has to be identical to the database configured in PEAKS in order for
inChorus to parse Mascot results correctly.
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Chapter 7. Data Refinement

1. Overview

Data refinement optimizes spectra for de novo peptide sequencing and database search algorithms resulting in
improved identification and quantification results. All or some of the following functions can be applied to the
datain a project according to the user's requirements.

* Merging scans. MS/MS scans from the same precursor m/z and at a similar retention time will be merged
together.

e Precursor m/z correction: The precursor m/z values given by some instruments are often not of the monoiso-
topicion. This creates problems in downstream analysis. By examining the isotope shapes in the corresponding
MS scans, this function can accurately adjust the precursor m/z to be equal to the monoisotopic ion m/z.

» Precursor chargecorrection: Occasionally the data provideswrong or no chargeinformation for the precursor
ions. This function attempts to correct the charge information.

» Feature association for chimera scans: In some cases, multiple peptides may elute from the column at the
same time so that they appear to be overlapped in the MS1 scan. As a result, the MS/MS scan may acquire
multiple ionized peptides in the acquisition window. To solve this issue, the peptide features associated with
the chimera scan will be differentiated and the MS/MS spectrum will store each feature's precursor mass for
following de novo sequencing and identification steps.

» Low quality peptide feature removal: This function attempts to remove any false positive peptide features.
Use this function with caution as it may aso remove a small portion of identifiable features.

» Background Refinement Processes:

i. Centroiding: If the MS/MS scans are read in profile mode, each fragment ion area will be integrated and
summed to the highest intensity in the distribution.

ii. Charge Deconvolution: The charge of fragment ions are predicted and fragment ions greater than charge
+1 are relocated to their expected charge +1 m/z.

iii.1sotope Deconvolution: The isotopic distribution of fragment ions are determined and relocated to the
monoisotopic mass of the fragment ion.

iv. Peptide Featur e Detection: Signal from the LC-M Sdatais searched for featuresthat resembl e the expected
retention time and m/z pattern of an ionized peptide. Peptide features that follow a Gaussian distribution
across the retention time dimension and an expected carbon isotope distribution across the m/z dimension
will be stored for quantification.

If the data is not refined within PEAKS, most analysis functions (such as de novo sequencing or PEAKS DB)
will ask you to input the refinement parameters before the analysis is initiated. Y ou can run the data refinement
function separately by selecting a fraction, a sample, or a project on the project tree. All fraction(s) under the
selected node will be refined. The use of this function is outlined in the following:

1. Select aproject, asample, or afraction node. Click the Data Refinement icon . on the tool bar.

o@D b MT% BEPQW

2. Specify the data refinement parameters in the pop-up dialogue and click OK. Most of the parameters are self-
explanatory and the default parameters provide a good starting point for the analysis.
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Note

Default parameters are preconfigured in the Data Refinement parameters window. To use default
parameters, select "Default" from the drop-down in the upper right-hand corner of the window,

3. Wait for theanalysisto complete. A new Data Refinement nodewill appear inthe Project View pane. Additional
downstream analyses using this fraction will be based on the refined data.

n Project View
Elm H:/PEAKS [Demo Projects/PEAKS ¥/Demo Project
= Jl, sample 1
=4\, SixProteinMixture, RAW
’ ' WOATA REFIME 1 [2018-10-18 13:57]
- 3, DENOVO 2 [2018-10-18 13:57]
- [# PEAKS 3 [2018-10-18 13:57]

2. Data Refinement Parameters

After selecting adatanodein the project tree, click the Data Refinement tool bar icon "\ . The“DataRefinement”
dialogue window will appear:

Data Refinement X
Data Refinement Predefined parameters v
[[] Merge Scans [DDA]

[[] Correct Precursor [DDA]

[T] Associate feature with chimera scan [DDA]

[] Filter Features

oK Cancel Help

* Merge Scans (DDA)
» Correct Precursor (DDA)
Mass only: Correct the precursor's mass.

Massand Charge states: Correct the precursor's mass and charge. It is suggested to use this option only when
the precursor charge information is missing from the data files.

Min Charge: The minimum charge to which a precursor ion can be corrected.
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Max Charge: The maximum charge to which a precursor ion can be corrected.

» Associate Feature with Chimera Scan (DDA): PEAK Swill consider atandem scan can contain two peptidesand
when selected, PEAK Swill search for chimeraspectrato enable correct inference of co-eluted i sobaric peptides.

* Filter Features
Precursor m/z Range: The mass-to-charge range a feature must appear within to perform additional analysis.
Retention Time Range: The retention time region, in minutes, for features to be selected for further analysis.
Charge Range: The range of peptide charge a feature must exhibit to be selected for further analysis.

AbundanceThreshold: Theminimumintensity threshold afeature must haveto be selected for further analysis.

Note

Data preprocessing (centroiding, deisotoping, deconvolution) is performed on al the data sets.

Once all parameters are set, press the OK button to initiate the data refinement process.

2.1. Saving the Parameters for Future Use

After setting up the desired parameters, users can save thisinformation for future use. Click the drop-down menu
at the top-right of the window, select "Save as..." and type aname, when prompted, for these preferencesfor future
use/reference when prompted. Any parameters that are saved will be available in the drop-down menu at the top
of the window. To examine the contents, select a saved Data Refinement setup from the drop-down menu and the
parameters will be automatically displayed.
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Chapter 8. Peptide De Novo
Sequencing

1. Overview

De novo sequencing derives a peptide sequence directly from the tandem mass spectrum without the need of ase-
guence database. It isthe preferred method for identifying novel peptides and the study of unsequenced organisms.

PEAKS provides areliable and comprehensive solution for automated peptide de novo sequencing. It features:
» Accurate de novo sequencing

The PEAKS de novo sequencing algorithm and scoring functions are constantly tuned for each instrument type
to ensure optimal accuracy.

» Fast sequencing speed

PEAKS can perform de novo sequencing on over 10 spectra per second on a moderate PC, and even faster on
servers.

» Easy-to-useuser interface
PEAKS generates a comprehensive result summary and provides interactive views of annotated spectra.
» Support of all major instrument types

PEAKS supports de novo sequencing of spectra generated by al instrument types (Ex. Orbitrap/FTMS/Ion
Trap/Time-of-Flight/Quadrupole) in common fragmentation modes (Ex. CID/HCD/ETD). PEAKS can aso
perform de novo sequencing on complementary CID/HCD/ETD spectral pairs or triplets, and mixed fragmen-
tation methods (Ex. EThcD).

» Automated result validation

PEAKSassignsalocal confidence score for each amino acid in a de novo sequence. The local confidence score
ranges from 0% to 99%, indicating how confident the algorithm considers a particular amino acid asthe correct
assignment. Moreover, the peptide sequence is evaluated by an ALC (Average of Local Confidence) score.
ALC isthe average of the local confidence score of all the amino acids in the sequence .

Note

For details about the PEAKS de novo sequencing algorithm, please refer to the initia publication:
"PEAKS Powerful Software for Peptide De Novo Sequencing by Tandem Mass Spectrometry” Rapid
Communication in Mass Spectrometry 17(20): 2337-2342 (2003).

In addition to automated de novo sequencing, PEAKS also provides a manual de novo sequencing tool to assist
in the manual interpretation of individual spectra.

Note
Refer to Section 8, “Manual De Novo Sequencing”

Other PEAKS toals, including PEAKS DB for database search; PEAKS PTM for unspecified PTM search; and
SPIDER for homol ogy search depend on the de novo sequencing result to achieve superior sensitivity and accuracy.

Note

Refer to Section 1, “Overview”
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Peptide De Novo Sequencing

The use of automated de novo sequencing is outlined below. For detailed information, pleaserefer to later sections.

1. Select afraction, asample, or aproject nodeinthe"Project View" pane. Depending on what is selected, PEAKS
will analyze all fractions contained within sel ected node in the project tree. Launch PEAK S de novo sequencing
by clicking the "Auto De Novo" button in the tool bar.

™Y PEAKS Studio - 64 bit
File Tools Window Help

beoBHL (a1 %A BPQ
" oject View
= zjc:gmsmdiOXﬁamm

=1 /1, Sample 1
B Wi ProteinMicture RAW
® DATAREFINE 1 [2018-10-18 13:57)
{5, DENOVO 2 [2018-10-18 13:57]
|# PEAKS 3 [2018-10-18 13:57]

Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
how to create a project.

2. Specify the de novo sequencing parametersin the pop-up dialogue. Most of the parameters are self-explanatory
and the default parameters provide a good starting point. Click OK to start automated de novo sequencing.

Note

If datais not yet refined, you will be prompted to specify the data refinement parameters first. Refer
to Chapter 7, Data Refinement.

3. Wait for theanalysisto finish. A new result node will appear inthe "Project View" pane. Double-click the node
to examine the de novo sequencing result.

" Project View StartPage X (i DENOVO 2 [2018-10-30 11:47] X
=) i@l C:/Users/PeaksProjects/GBM HLA PXD008127 _
=} J1 Sample 1 Z 4 1-10000f 14189 v B | EBo%
=1y Seq47934_QE2.raw £ _
® DATAREFINE 1[2018-10-30 11:47] | & Feature ID Peptide

[ & DENOVO2[2018-10-3011:47) | | o |1 66798 DYLEKYYKF
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= 66280 KYQEEFEHF

= 67316 VYM(+15.99)DWYEKF
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2. De Novo Sequencing Parameters

After selecting afraction, a sample, or a project node in the "Project View" pane, click the PEAKS de novo icon

.(:Iﬁ. from the tool bar. The PEAKS de novo parameters dialogue will appear:
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De Novo Predefined parameters -

Error Tolerance
Precursor mass: | 15.0 | |ppm w | Fragmention: | 0.05 Da
Enzyme

Spedified by each sample v | New
PTHM

F| carbamidomethylation SetPTM

) Oxdation (M)

) Deamidation (NQ) Remove

Switch type

Maximum allowed variable PTM per peptide | 3%
General Options

Report up to 5% candidates per spectrum

ok | [ cancel Help

2.1. Error Tolerance

Precursor mass. PEAKS de novo generates peptides within the precursor mass error tolerance. Precursor mass
error tolerance can be specified in either Daltons or ppm.

Fragment ion m/z: PEAKS de novo uses this value when scoring de novo peptide sequences. PEAKS considers
afragment ion to be matched if the calculated m/z is within the specified error tolerance.

Error tolerance parameters need to be set consistently with the mass accuracy of theinstrument. Default parameters

for the instrument generating the data can be chosen by selecting " Default” from the " Predefined parameters' drop-
down menu in the upper right-hand corner of the dialogue.

Note
When the selected data node is a project of multiple samples generated by different instruments, the

default parameters of the first sample are loaded when choosing "default”. It is recommended to set the
tolerance parameters according to the least accurate instrument.

2.2. Enzyme

Select the enzyme used for protein digestion from a drop-down menu. PEAKS de novo respects the enzyme
specificity at both ends when generating peptides.

Note

When the sel ected data node is aproject of multiple samples, " Specified by each sample" allows samples
to be analyzed separately, using their respective specified enzymes during project creation.

Note

"None" is a specia enzyme allowing non-specific cleavage at both ends of the peptide. It is the recom-
mended option when the digestion enzyme exhibits a high degree of non-specificity.

If the enzyme used for protein digestion is not in the list, a new enzyme can be added by clicking the New button.
Refer to Section 2.1, “Enzyme Configuration” for details on creating new enzymes.

2.3. PTM

To select PTMsfor de novo sequencing, click the Set PTM button to open the “PTM Options” dialogue.
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-, Selected Fixed PTM
Name Mono mass Residue site TF] Carbami domethylation
4-hydroxynonenal (HNE) [156.1150 [CHK] - o
Acetylation (K) |42.0106 [K]
Acetylation (N-term) [42.0106 [(X]@N
Acetylation (Protein N-t... [42.0106 [X]@n
Amidation -0.9840 X]@c —
Ammonia-loss (C@N-te...|-17.0265 [Cl@M
Ammonia-loss (Protein ...|-17.0265 (TS]@N
Beta-methylthiolation |45.9877 [C]
Biotinylation 226.0776 [K], [X]@N
Carbamidomethylation 57.0215 [C]
Carbamylation |43.0058 (K], [X]@N
Carboxylation (E) |43.9898 [E] =
Carboxymethyl 58.0055 [c] e
Citrullination 0.9840 [R] {Y) Deamidation (NQ)
Deamidation (NQ) |0.9840 [NQ] ) Oxidation (M)
Dehydration |-18.0106 [DYTS], [NQ]@C
Dimethylation(KR) |28.0313 [KR]
Dimethylation(NP) 28.0313 [N], [Pl@N
Dioxidation (M) 31.9898 [M] ==
FAD |783.1415 [CHY]
Farnesylation |204.1878 [€]
Formylation 27.9949 [K], [X]@&N
Formylation (Protein N-...[27.9949 [X]@m
Geranyl-geranyl |272.2504 [C] |
Guanidination |42.0218 [K] -
Recent| Comman | Uncommon | Glycosylation [ Ar‘tlﬂciar] Customized [ pre— ] l Frem— | rr— l [ Switch Type ]
I oK ] [ Cancel |

PEAKS includes modifications in the Unimod database. Unimod modifications are categorized into three lists:

Common

The "Common" list contains commonly observed modifications, including naturally occurring PTMs, modifi-
cations induced in standard sample preparation, and common artifacts.

Uncommon

The "Uncommon” list contains less commonly observed modifications, including rare PTMs, residue substitu-
tions, and artifacts.

Glycosylation
The "Glycosylation” list contains commonly observed glycosylation.
Artificial

The"Artificial" list contains modificationsthat can only be artificially induced for a specific purpose, including
various chemical and isotopic tags for quantification or other experiments.

In this dialogue, there are two other lists of modifications:

Recent

The "Recent” list keeps track of previously selected modifications. By default, modifications are sorted by the
last time they were selected. Y ou can conveniently select the modifications that are most frequently used for
your analysis.

Customized

The "Customized" list shows all the user-defined modifications. User-defined modifications can be modified
or deleted.

Modifications can be selected as either fixed or variable modifications:
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» A fixed modification forces all instances of applicable residues to be modified. For example, when car-
bamidomethylation (C+57.02) is selected as a fixed modification, all cysteine residues in the result will be
modified.

» A variable modification gives the option for the residues to be modified. If carbamidomethylation (C+57.02)
is selected as a variable modification, only some of cysteine residuesin the result will be modified.

Note

For a specific residue, only one fixed modification is alowed. If more than one fixed modification is
selected for the same residue, PEAKS will warn about conflicting fixed modifications. The warning
message can beignored, and only thefirst fixed modification on that residue will be used in the program.

Note

The use of variable modifications increases the size of the computational search space for the de novo
sequencing algorithm. It is recommend not to select too many variable modificationsin PEAKS de novo.

Note

Leucine (L) and Isoleucine (I) cannot be directly distinguished in traditional mass spectrometry since
the two residues are isobaric, meaning they have exactly the same mass. For that reason, PEAKS uses
L in de novo sequencing to represent both | and L. If a user-defined modification modifies |, it should
be defined on L instead. When | is defined as a modification site, the modification site will be ignored
by the de novo sequencing agorithm.

PTM name:
PTM abbreviation:

Mass (Monoisatopic):

Residues that can be modified: |C Anywhere
®) pephae proterr N-term
C-term
Formula:
Rule:

Help

Double-clicking any of the PTMs will display the PTM details in the “PTM Info” pop-up dialogue. The same
information can be viewed by selecting a PTM from alist and clicking the View button. If a desired modification
isnot listed or is different than the listed modification, it can be defined as a customized modification. Click the
New button to show the“New PTM” dialogue and enter the information of the particular modification. The newly
defined modification will be added to the* Customized” list. Refer to Section 2.2, “PTM Configuration” for details
on creating new PTMs and viewing PTM information.

2.4. Other Parameters

Report up to (#peptides) candidates per spectrum Displays how many peptide de novo sequence candidates
PEAKS will report per spectrum.

Implicit Parameters.  Instrument Type and Fragmentation M ode were specified for each analyzed sample
during project creation.

2.5. Saving the Parameters for Future Use

After setting up the parameters, you can save them for future use. Click the "Predefined parameters' drop-down
menu, select "Save as ...", and enter a name for the current set of parameters to save it. Saved parameters are
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availablefor future analysis. Y ou can load a set of saved parameters by selecting from the " Predefined parameters’
drop-down menu.

3. Understanding PEAKS De Novo Sequencing Results

When de novo sequencingisdone, anew result nodelabeled DENOV O will appear inthe project treein the"Project
View" pane. Double-click the node to load the analysis report. The analysis report is presented in three pages:

* Summary: The outline of PEAKS de novo sequencing result, which includes key statistics. It also provides
functionsto filter and export de novo sequences.

* Denovo: De novo peptide sequences listed in atable. Spectrum annotation and other detailed information are
provided.

» Feature: All featureslisted in atable. Spectrum annotation and other detailed information are provided.

* LC/MS: Interactive LC-M S heat map to visualize de novo sequenced peptides.

3.1. Summary View

The "Summary View" reports key statistics as an overview of the result. It also provides functions to filter and
export de novo sequences:

1. Result filtering: Filtering rules can be set up at the top of the Summary View. Low quality de novo sequences
can befiltered out by specifying a minimal threshold of the ALC score. More detail about how to properly set
the ALC threshold is discussed in Section 4, “Filtering De Novo Sequencing Results’.

2. Result exporting: De novo sequencing results can be exported into various formats by clicking the Export
button at the top of the Summary View. More detail is discussed in Section 5, “Exporting De Novo Results’.

The report is composed of three sections:

1. Notes: The header of the report. Experiment description or other information can be added to this section. The
notes can be edited by clicking the Notes button.

2. Result Statistics: Key statistics shown in figures and tables.

3. Other Information: Search parameters and M S instrument information.
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StartPage X LG DEMOWO 2 [2013-10-18 13:57] X
g Denovoe ALC (%) 2 50 . Agply Export Notes
1. Notes A
-1
: 2. Result Statistics
frd
g Figure 1. (a) Scatterplot of peptide ALC score versus precurser mass evror; (b) Distribution of residue local confidence in filtered result, ©
= {a) ®
3 . 250§
7558 2 " o1l
5.0 o e 36 e B g 201
] 2542 : & Elf.-r.'-
E o0l tpalE o e : e 5
EPIEY- A o Z 100
«5.0 gl b Gy oy E
& o 504
400 e @ p AR B D 0! ._.II LU AL | Ill"l.
o 10 20 30 40 S0 60 T BD 90 10D 10 25 5D 75 90 95 G5B 95 5O7 509
ALC score rasidug local confidencs (%)
Table 1. Statstics of data and result. Table 2. Result filiration parameters.
# of MS scans 1076 ALC score =50%
& of MSMS scans 00
Peptides after filteration 443
3. Other Information
Table 3, Search parameters Table 4. Instrusment parameters
Parent Mass Error Tolerance: 10.0 ppm Fractions: SxProtemMovnre RAW
Fragment Mass Error Tolerance: 0,02 Da loa Source: ESI(nano-sprav)
Enzyme: Trypsin Fragmentation Mode: high energy CID (y and b tons)
Fed Modifications M5 Scan Mode: FT-ICR/ Orbitrap
Carboxymethyl 5801 MEAMS Sean Mode: FT-ICR/ Orbitrap
Variable Modsfications:
Deamndation (NQ): 0.98
Oidation (M) 1599
Max Variable PTM Per Peptide: 3
Report # Pepiides: 3
Data Refine Dependencies: 1 ~|

Statistical figuresin thisreport are discussed in alater section Section 4, “Filtering De Novo Sequencing Results”.
3.2. De Novo Peptide View

The "De Novo View" displays the de novo sequencing results in greater detail, as shown in the next figure. The
table on the top displays de novo sequences, while the bottom section provides additional information about the
peptide-spectrum match.
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StartPage X (i DENOVO 2 [2018-10-30 11:47] X
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= 67816 VYM(+15.99)DWYEKF | e | 9 99 9 | em7| | 2 | 13777 | 86%7 | 1955532 27 @ HCD
54888 VYKVPPETF | 5138 s E3 B 549.3042 2 146.59 1.88€7 1096.5957 17 HD | v
AT Seqd7934_QEZraw FHE)
Scan 43446, mfz=634,8146, =2, RT=128.56, Length=9, ALC=99, ppm=0.8 | FrevScan /1 MextScan showl.CMS Al Candidates
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0.0 003 Pracursor Profile
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TonMatch  Survey
£ b bH20 bNHI a2 Seq ¥ yH20  ydH3 & tn
1] 11603 | 98.02 | 9901 | 8804 | D | | 9
2 | 27%.10 | %61.09 | 26207 | 2510 | ¥ 1153.59 | 1135.58 | 1136.57 | 8 2.19E7
3 [ 352.18 | 374.17 | 375.16 | 364.18 L §73.50 | 7
4 | 521.22 | 503.21 504.20 | 493.23 | E 3 | 860.42 6 ‘;:
5 |6%.31 | 63131 | 63229 | 62132 | K [EERE H
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Note

Please refer to Chapter 16, Data Independent Acquisition (DIA) Data Analysis and Chapter 17, lon Mo-
bility Data Analysis for de novo peptide view detailsfor DIA and IMS data.

3.2.1. Peptide Table

The peptide table shows thefiltered de novo sequencing result. For each scan, the best candidate is displayed. The
result can be sorted by any column. For exampl e, to sort the peptide sequence candidates by the scan number, just
click on the title of the “ Scan” column.

The following list describes the contents in each column:
» Feature: An arbitrary number provided by PEAKS during data refinement used as a unique identifier.

» Peptide: The amino acid sequence of the peptide as determined by de novo sequencing. A modified residue is
followed by a pair of parentheses enclosing the mass of that modification.

» Scan: The scan humber. The scan number is a unique index for tandem mass spectrain the data.

» Tag Length: The length of the longest sequence tag in the peptide. When low confidence residues are reduced
to mass tags, the remaining residues become sequence tags. The length of the longest tag is reported in this
column. Refer to Mass Tags.

* ALC (%): The average local confidence. ALC is calculated as thetotal of the residue local confidence scores
in the peptide divided by the peptide length.

e Length: The number of amino acids in the de novo sequence.
* m/z: The precursor mass-to-charge ratio.

 z: The precursor charge.
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e RT: Theretention time (elution time) for the spectrum as recorded in the data.

» Area: The area under the curve of the peptide feature found at the same m/z and retention time asthe MSIMS
scan. This can be used as an indicator of the abundance of the peptide.

» Mass: The monoisotopic mass of the peptide.

» ppm: The precursor mass error, calculated as 10° x (precursor mass - peptide mass) / peptide mass.

* PTM: Thetypes and the numbers of the modifications present in the peptide shown as color-coded icons.
* Mode: The fragmentation mode in which de novo sequencing is performed by the algorithm.

Confidence Scores.  Amino acids in de novo segquences are color-coded according to their local confidence
scores. Red represents avery high confidence (greater than 90%); purpl e represents a high confidence (80 to 90%);
blue represents a medium confidence (60 to 80%); and black represents low confidence (less than 60%). Hover
the cursor over the sequence to view local confidence scores of each individual amino acid.

Feature ID Peptide

55545 | VQNGKHFKF

91 | 5434 [AGSHLLQRM(+15.99)

g 43772 [y

995 | 56756 I e
67828 tyapd N A LKV
et L L LT LTLT M
33433 ipLp | 738899999999999999(%)

Mass Tags.

The low confidence residues can be displayed as mass tags by adjusting the local confidence score

threshold using the button " . If the scoreis set at O, al of the amino acids in the peptide sequences will be
displayed. Increasing the threshold will reduce residues bel ow the threshold to mass tags. The Tag Length column

in the peptide table is automatically updated when the threshold is adjusted.

4= | 1- 1000 of 14189 v B | 6 75%
. Feature ID . show mass tag for confidence less than:
1990 | 55545 | VQNGKHFKF | '
—AGQHIL“K 0 10 20 30 40 50 60 70 50 0 (%) |
: 56756 ‘;"1"-.-'YG'-.'DRF { Color code: >90% 80-90% 60-§O% <60% .

Modifications.  In the Peptide column, modifications are shown as brackets in peptide sequences. Consider the
example, SHM +15. 99) TNLNGNPEDR, ( +15. 99) shows that the methionine (M) residueis modified with deltamass
of 15.99 Da. Inthe PTM column, modificationsin a sequence are shown asicons. Hover the cursor over the icons
to show the modification names.

Note

N-term modifications are shown after the first residue in the sequence, and C-term modifications are
shown after the last residue.

Peptide Search.  The peptide table can be searched by entering the value in the search bar located in the top-
right corner. The peptides can be searched by scan number, sub-sequence, precursor m/z, retention time, and
modification mass. The matched peptides are highlighted in the table, and can be iterated by clicking the up and
down buttons in the search bar.

N

w scan = L 80 8D noresults

b scan= ppm

seq contains IR -
37

2.7

38

-1.5
18

miz =
RT =
PTM &m =
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Note

Precursor m/z, retention time, and modification mass are searched approximately. For example, 130.3 will
match any value from 130.25 to 130.35 (exclusive). And 130 will match from 129.5 to 130.5 (exclusive).

3.2.2. Spectrum Annotation

The spectrum annotation displays a graphical representation of the peptide-spectrum match. Moving the cursor
over the peptide sequence in the spectrum will show the mass transitions for a particular amino acid residue.

Scan 1245, m/z=644.5888, z=3, RT=24,47, Length=17, ALC=09, ppm=-1.0 = PrevScan | 1f1  MextScan ShowSpec showlLCMS all Candidates
Intensiy (%) CIIIIIIIIIIFBWFEFGER
———— ¥ E——t—a—t e ol blax
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Y i 5 ‘ o
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5 ! [ ' : |
i b YILO-NH3 VT H : '
; 4 Y10-H20 ; yiz ; s
H : b2 - 3 i3 Y
1 H"C : + ' bad |
vel K || bz ;
v | | L | baiHzo | | K VE-HZ0| b boiHzo y12-H20 vie
JIL Ihl \‘I kol |.|| i H. ol L Lk | ||‘l L dlll l ol . - L i i
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Brror W3 v T P PP PR
0.0 - —-tn
0.0 0.02
Qo | # | 11| 2| 2¢ | EnTol: 0.02Da A preprocess [ low intens. label [ alignment [4] error map

The title bar shows the information of the peptide sequence that is being displayed in the spectrum. Press the
"Show Spec" button to open theraw MS/M S scan in the Data Refinement MS/MS View. Pressthe " Show LCMS"
button to automatically view the location of the MS/M S scan and isolation window in the LC-MS heat map for
the current peptide under analysis. Press the “All candidates’ button to open a pop-up window that displays all
alternative peptides. Click on a peptide sequence in the All Candidates pop-up window to select and display the

annotation for that peptide spectrum.

Scan 1245, m/z—644.5888, 73, RT—24.47, Length—17, ALC-99, ppm—-1.0 | Prevcan | 1/1 | et Scan Showspec showl CMS Al Candidstes
meensivie) ¢ e [A[a[D D[R [E[A[c[F[a[v[E[e |El [x 5 peptide sequences %
b — ——t —'—%—'— — —E——+—a— Peptide Taglength  ALC(%) Length  ppm  Moded
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The spectrum annotation panel provides convenient ways to zoom and navigate within the spectrum:

e Zoom to am/zregion; Drag horizontally from the start m/z and to the end m/z with left mouse button.

» Zoom in/out smoothly: Place the cursor at a particular m/z value (right below the x-axis), zoom in/out by

scrolling the mouse wheel.

* Increase/Decrease peak intensity: Place the cursor in the spectrum and scroll the mouse whesl.
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» Seethewhole spectrum: Double click in the spectrum or click the 1.1 button.

To change the " Spectrum Annotation Settings”, click the % button to open the dialogue. Refer to Section 1.4,
“ Spectrum Annotation Preferences’ for more details.

CID | ETD
H20 NH3 2+

immonium
internal
precursor

Show Dedmal Places: 2=
m/z on fragmentation
m/z on unannotated
V| sequence fragmentation
V| in place ion info

Intensity: Low (@ Medium High

| Hide | | Reset default |

You can use the profile[ |, | and peak [, buttons to switch the Spectrum View between the profile mode and
the peak mode.

The # icon will switch the y-axis to absolute intensity. Once selected, scrolling over peaks will display the
absolute intensity instead of the relative intensity. Spectrum exports will also display absolute intensity on the
y-axis.

The“ErrTol” slider is used to adjust the error tolerance to view the display of matched ions.

The pre-process check box alows for transition between the spectrum after centroiding and deconvolution and
the original spectrum.

The “intensity threshold” check box provides an option to annotate lower intensity peaks.

The "alignment" check box allows user to display/hide how the fragment ions generated from the peptide align
with the spectrum. N-terminal ions are shown in blue and C-terminal ions are shown in red.

The "error map" check box shows the mass errors of matched fragment ions. The m/z ratio is displayed on the x-
axis and the error is listed on the y-axis in Daltons. Each matched fragment ion is represented by a dot. Theion
types displayed can be configured in " Spectrum Annotation Preferences’ (Section 3.2.2, “ Spectrum Annotation”).

Moving the cursor over apeak in the spectrum will show the annotation, aswell asthe peak'sm/z, relativeintensity,
and ppm mass error. The m/z ratio and the relative intensity can also be found on the bottom-right corner of the
spectrum annotation panel.

Note

When the # isselected, scrolling over peaks will display the absolute intensity of the peak. When the
U is selected, scrolling over peaks will display the relative intensity of the peak.

3.2.3. lon Table

The“lon Match” tab in the bottom pane contains atable with possible fragment ions for the selected MS/M S scan.
Each ion in the table shows the calculated mass, where if the fragment ion is present in the spectrum, its mass
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valueis displayed in color. N-terminal ions are shown in blue and C-terminal ions are shown in red. A fragment
ion is found when there is a matching peak within the mass error tolerance, as defined in the de novo sequencing
parameters, and when relative intensity of the matching peak is at least 2%. The ion types displayed in the table
can be configured in " Spectrum Annotation Settings" (Section 3.2.2, “ Spectrum Annotation”).

# b bH2D  b-HI  Seq y yHIO  yhH3  #
1 115.03 '98.02 99.01 D 14
2 [ 230.08 | 212.07 | 213.05 148976 | 147177 | 1472.74 | 13
3 327.17 309.15 310,14 P 1375.71 | 1357.71 | 1358.71 | 12
4 | 455.19 437.18 433. 16 Q 1278.69 | 1260.56 | 1261.66 | i1
5 | 5%.24 | 536.23 | 539.20 T 1150.64 | 1152.62 | 1133.60 | 10
[ l 593.30 675.28 676.27 H 1049.60 | 1031.49 | 1032.55 [ 9
7 | 8%.36 | 836.35 | 639.33 ¥ 912,52 | 894.51 | 895.49 | B
8 | 1019.43 | 100143 | 1002.490 Y 745,46 | 73145 | 732.43 | 7
9 | 1090.47 | 107247 | 107343 A C86.44 558,29 £59,32 | [
10 | 1189.53 | 1171.51 | 1172.50 v 515,35 497.34 | 498.33 5
11 | 1260.56 | 1242.55 | 1243.54 I 416,29 393.28 399,26 | 4
12 | 1356.66 | 134162 | 1342.62 345,24 | 327,17 | 328.22 | 3
13 [ 1458.70 | 1440.20 | 1441.67 W 246,18 228,17 | 229.15 [ 2
1% K 14711 | 129,10 | 130.08 | 1

To view the fragment ions from the table highlighted in the spectrum annotation view and/or error map, select the
column heading of the ion type of interest.

Note

Uncheck the alignment checkbox in the spectrum annotation view to see the highlighted fragment ions
more easily.

3.2.4. Parent Scan

The " Survey” tab displays the precursor ion spectrum. The buttons that appear in this section are identical to those
explained above in the " Spectrum Annotation” section.

Ton Match | Survey

Intensity (%)

100

784,37
862.92
50
T T - u + y I I T T T T mfz
200 400 600 800 1000 1200 1400 1600 1800 2000

% # |1 z><| 2y ||.. o b BSA_Trypsin.mzxml: ms=1 RT=42.4074 scan=2455 TIC=2.8E8

3.2.5. LC-MS Snapshot

The LC-MS Snapshot displays a zoomed-in view of the precursor scan in the LC-MS heat map 2-D view. The
peptide feature is highlighted in purple and the de novo sequenced MS/MS scan is indicated by a yellow square.
The span of the yellow line in the LC-M S Snapshot designates the isolation window. Users can change the view

from the 2-D heat map to a 3-D intensity view by clicking the intensity view button, A in the upper right-
hand corner of the LC-M S Snapshot, and enlarge the LC-MS view to cover the full screen by clicking the expand

button , ‘s , in the upper right-hand corner of the LC-MS Snapshot. In addition, users can export the LC-MS heat

map by clicking the export image button, “ inthe upper right-hand corner of the LC-M S Snapshot. See Chapter
19, Section 4.2.2. Section 4.2.2, “Exporting LC-MS, IM-MS, and LC-IM-MS".
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3.2.6. Precursor Profile

The Precursor Profile, or eXtracted lon Chromatogram (XIC) of the precursor ion, graphs the elution profile of
the selected peptide feature vector over the retention time range where it was identified. The graph is plotted with
the retention time along the x-axis and the intensity along the y-axis. Hovering over the XIC curve will display
the RT and intensity coordinates.

Precursor Profile
1.13E7 4

7.52E6 A

Intensity

3.76E6

OE0 -

RT

3.3. Feature View

The "Feature View" displays all the feature information in greater detail, as shown in the next figure. The table
on the top displays features, while the bottom section provides additional information about the feature, precursor
profile, and if available peptide-spectrum match.
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Note

Please refer to Chapter 16, Data Independent Acquisition (DIA) Data Analysis and Chapter 17, lon Mo-
bility Data Analysis for feature view detailsfor DIA and IMS data.

3.3.1. Feature Table

The feature table shows the identified feature result. For each feature, the feature information is displayed and if
available the de novo peptide sequence candidate. The result can be sorted by any column. For example, to sort
the identified feature by the quality scorer, just click on thetitle of the “Quality” column.

The following list describes the contents in each column:

 Fraction ID: The scan number. The scan number is a unique index for tandem mass spectrain the data.

e FeaturelD: Anarbitrary number provided by PEAKS during data refinement for each identifiable feature.
» m/z: The precursor mass-to-charge ratio.

 z: The precursor charge

» RT: Theretention time (elution time) for the spectrum as recorded in the data.

* RT Begin: The beginning retention time (elution time) for the feature as recorded in the data.

* RT End: The ending retention time (elution time) for the feature as recorded in the data.

» Area:The area under the curve of the peptide feature found at the same m/z and retention time as the MSIMS
scan. This can be used as an indicator of the abundance of the peptide.

e Quality: The quality score for the peptide feature.Factors that affect the quality score include m/z difference,
RT difference, XIC shape similarity, and the feature intensities.
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» Denovo Peptide: The amino acid sequence of the peptide associated with the feature, as determined by de novo
sequencing. A modified residueis followed by apair of parentheses enclosing the mass of that modification. If
multiple M S2 are associated with the feature, al de novo peptide results are listed.

* ALC (%): The maximum average local confidence of the de novo peptides. ALC is calculated as the total of
the residue local confidence scoresin the peptide divided by the peptide length.

» ppm: the mass error in ppm of the de novo peptide with the highest AL C score
Modifications.  Inthe Denovo Peptide column, modifications are shown as bracketsin peptide sequences. Con-

sider the example, SHM (+15.99)TNLNGNPEDR, (+15.99)shows that the methionine (M) residue is modified
with delta mass of 15.99 Da. In the PTM column, modifications in a sequence are shown asicons.

Note

N-term modifications are shown after the first residue in the sequence, and C-term modifications are
shown after the last residue.

Feature Search.  The feature table can be searched by entering the value in the search bar located in the top-

right corner. The features can be searched by sequence, and precursor m/z. The matched features are highlighted
in the table, and can be iterated by clicking the up and down buttonsin the search bar.

Note

Precursor m/z are searched approximately. For example, 430.3 will match any value from 430.25 to
430.35 (exclusive). And 430 will match from 429.5 to 430.5 (exclusive).

3.3.2. Spectrum Annotation

The spectrum annotation displays a graphical representation of the peptide feature spectrum match. If viewing
features without an identification, there will be no PSM present to show Spectrum Annotation.
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The title bar shows the information of the peptide sequence that is being displayed in the spectrum. If one feature
contains two tandem scans, pressthe “Next Scan” button to view the Spectrum Annotation of the second PSM and
“Prev Scan” toreturnto thefirst PSM. Based on the PSM sel ected, the LC-M S Snapshot will change dynamically to
highlight PSM inthe LC-M Sview. Pressthe " Show Spec" button to open the M S/M S Scan in the Data Refinement
MS/MSView. Pressthe" Show LCMS" button to automatically view the location of the MS/M S scan and isolation
window in the LC-MS heatmap for the current peptide under analysis.

Spectrum annotation tool options are the same as described above in Section 3.2.2, “ Spectrum Annotation”.
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3.3.3. lon Table

The “lon Match” tab at the bottom panel of the feature view contains the “lon Table” that shows the calculated
mass of possible fragment ions. For more details, see Section 3.2.2, “ Spectrum Annotation”.

3.3.4. Parent Scan

The " Survey” tab displays the precursor ion spectrum. The buttons that appear in this section areidentical to those
explained above in Section 3.2.2, “ Spectrum Annotation”.

3.3.5. LC-MS Snapshot

LC-MS Snapshot displays a zoomed-in snapshot of the peptide precursor spectrum in the LC-MS heat map 2-
D view. The peptide feature is highlighted in purple and the associated MS/M S scan(s) is indicated by a yellow
square. If multiple MS/M S scans are taken for the same feature, they will all be displayed.

RTH SixProteinMixture, RAW A7 3
& |

| 654.73 30.07 ¥

33.04

32,0 [

31.0 l ‘ ’ I
Ll

30,04 'y

| i

655 660 BES 670 miz

LC-MS Snapshot tool options are the same as described above in Section 3.2.2, “ Spectrum Annotation”.
3.3.6. Precursor Profile

The Precursor Profile, or eXtracted lon Chromatogram (X1C) graphs the elution profile of the selected peptide
feature vector over the retention timerangewhereit wasidentified. Refer to Section 3.2.2, “ Spectrum Annotation”.

3.4. LC-MS View

LC-MS View visualizes de novo sequences in an interactive LC-M S heat map. Check the option "De novo tags'
to show the locations of MS/MS spectra with de novo sequences. These MS/MS spectra are indicated by amber
squares. Only the filtered de novo sequences are shown in the heat map.

Refer to Section 4, “LC/MS View” for alist of supported interactions in the LC-M S heat map.
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4. Filtering De Novo Sequencing Results

PEAKS de novo sequencing result can befiltered by ALC (Average Local Confidence) score. The ALC filtering
threshold can be specified in the top panel of the " Summary" view. Click the Apply button to filter the results. The
result in the " Summary" view, "De Novo" view, and "LC/MS" view will be updated accordingly.

Denovo ALC (%) = 50 « Apply | [ Export |[ Notes ‘

Note

Whenever the score threshold is changed, the "Apply" button will be highlighted in red to remind you
that the change has NOT taken effect yet.

The purpose of filtering isto remove poor sequences in which residues are incorrectly identified. By default, the
ALC threshold is set to 50%. Statistical figures are shown to help evaluate the overall quality of the sequencing
result. They also provide guidelines for determining a proper ALC threshold:

Peptide AL C Score Scatter Plot.  Figure 1(a) is a scatter plot showing AL C score versus precursor mass error
(in ppm) of the de novo sequences. In a typical de novo sequencing analysis, peptides with higher ALC scores
are more likely to have a small mass error, indicating a higher chance that a peptide is correctly sequenced. This

figure provides a rule-of-thumb for setting the AL C score threshold. The threshold can be set at the score where
the precursor mass error starts to converge.
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Residue L ocal Confidence Distribution.  Figure 1(b) showsthelocal confidence score distribution of residues
infiltered de novo sequences. It isessentially amixed score distribution of both correct and incorrect residues. This
figure allows you to examine the proportion of correct and incorrect residues when adjusting the ALC threshold.
By increasing the ALC threshold, the number of incorrect residues will decrease because poor sequences are
filtered out first. It isrecommended to gradually raisethe AL C threshold until the number of correct residues starts

to significantly decrease.

Note

In some cases, thelocal confidence score may not be ableto distinguishably separateincorrect and correct
residues as shown in the user manual.
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5. Exporting De Novo Results

The Export button in the title bar of the "Summary" view allows exporting of the filtered results into various
formats. It provides the opportunity to share the report in HTML and to also use the result as supplemental infor-
mation in a publication. Please refer to Section 3, “Exporting De Novo Results” for details.

6. De Novo Sequencing using Spectral Pairs or
Triplets

PEAKS supports de novo segquencing using spectral pairs or triplets that are generated using different fragmenta-
tions. Mass spectrometers, like the LTQ Orbitrap Velos, are capable of generating multiple tandem mass spectra
using different fragmentation typesfor the same precursor ion. Using complementary fragmentations such as CID/
HCD and ETD, the accuracy and confidence of automated de novo sequencing can be significantly improved.

PEAK Sautomatically detects spectral pairsand triplets when doing de novo sequencing. The fragmentation type of
data fractions containing spectral pairs or triplets has to be set to “Mixed” during the project creation. In “Mixed”
mode, PEAKS loads the fragmentation type for each tandem spectrum from the meta information encoded in the
datafile. A spectral pair or triplet is detected if the following conditions are satisfied:

» Thepair or triplet of spectraare under the same precursor scan and are fragmented from the same precursor ion.

e The pair or triplet of spectra have different fragmentation types. For example, HCD/ETD for spectra pairs,
CID/HCD/ETD for spectral triplets.
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For spectral pairs and triplets, PEAK S de novo sequencing algorithm analyzes each individual spectrum and then
constructsabetter sequencewith ahigher AL C score. Inthe Peptide Table, ade novo sequencing result of aspectral
pair or triplet is presented in asingle row. When viewing the sequence, PEAKS shows all spectra annotated by the
sequence. Clicking the All candidates button will show the other de novo sequences generated for the individual
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7. De Novo Sequencing on Single Spectrum

To run PEAKS de novo sequencing on a single spectrum, select the spectrum in the MS/M S view of the sample,

click the right button of the mouse, and select the PEAK S Auto Denovo command from the pop-up menul.

Note

Residue local confidence scores are NOT calculated for de novo sequences generated in this mode.
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8. Manual De Novo Sequencing

PEAKS provides a set of tools to help manually sequence a peptide from the spectrum.

Note

Manual de novo sequencing only supports b- and y- ions.

8.1. Manual De Novo Graphical User Interface

To create a new peptide candidate for manual de novo sequencing, select the m/z value in the “Result Panel” and

right-click to display up a pop-up menu.
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Select New Candidate for Manual De Novo from the pop-up menu. A new candidate will be created under the
'‘Manual De Novo' heading. The new candidate is initiated as unsequenced; so, it is represented by the total mass

of the residues (as seen in the example below).
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Note

The pop-up menu will not be accessible if you have highlighted any of the results in the “ Result Panel”.

Thefigure bel ow showsthe main panelsrelated to manual de novo sequencing. The three main panelsareindicated
in the figure below:
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The panels are briefly described below:

» Result Panel: The“Result Panel” shows all sequencing results of the selected peptide feature scan. The results
of manual de novo are listed under “Manua De Novo™.

e Spectrum Annotation Panel: The “ Spectrum Annotation” shows a graphical representation of the spectrum,
the peaks in the spectrum, the user-selected peaks, and the assigned ions. Pick a peak on the panel with the
cursor and assign ions or tagsto it in manual de novo.

e lon Table Panel: The“lon Table” shows the proposed ions with their corresponding masses. The default lon
Table will display immonium, b, b-H20, b-NH3, y, y-H20, and y-NH3 ions.

8.2. Manual De Novo Operations

When the cursor is placed in the “ Spectrum Annotation” panel, agreen (by default) triangle follows the movement
of the mouse. This is the Position Bar and it is used as a cursor for al manual de novo operations. The cursor's
position on the m/z scale and its relative intensity are shown in a pop-up window on top of the Position Bar.

74



Peptide De Novo Sequencing

Intensity (%
ften ¥ (%)
22
2510 964.42
504 129.10
240,13 798.34
190.46 396.11 711.13 5.63E3
2 o
262.14 504.76 699.28 L 927.57
i Illll “I ||| L il "
100 200 300 400 500 600 700 800 900 1000 1100 1200
. . ———— SixProteinMixture RAW: ms=2mz=594.7624 z=2RT=19.81 TIC=1.11E5
* | # | 1:1| 2| 2r | EnTol [ preprocess ] low intens. labe e T 798.3408 19.18%

Selectingapeak. Toselectapeak, simply click onit. A blue (by default) arrow, called the Freeze Bar, indicates
the selected peak. Alternatively, an ion peak can be selected by clicking on its corresponding cell inthe lon Table.

Irkensity (%)
100;
[
22510 964,43
S 129,10
240,13
190.46 386,11 711.13
262.14 594,76 699.28 21 742,21%)
i OF
! m H T 1 R Y
100 200 300 400 500 600 700 800 90 1000 1100 1200
| | — m—— SixProteinMixture.RAW: ms=2 mz=594.7624 z=2 RT=19.81 TIC=1.11E5
X | # | 1:1] 2| 2v | EnTol [ preprocess [ low intens. label i | 9728.3978 | |13.65%

Measure the m/z difference between two peaks.  Select a peak (blue arrow) with the Freeze Bar and move
the mouse to the left or to the right. Hold the Position Bar (green triangle) above another peak. A pop-up window
displays the difference between the two peaks (in the example below the difference is 109.92297).

Inkensity (%)
100+
EE.
225.10 964.43
798.34
50 129.10 19.2%
M/Z difference = -129.03
240,13 E
190.46 386.11 711.13
262,14 594.76 6099.28 592 L3T42,21%)
262, v 937
L I ||\I|I “I 1 | L] . | |
100 200 300 400 500 600 o0 &0 900 1000 1100 1200
B ol | # || 2| 2¢ | Emol [ preprocess bty [ ﬂx?riz:.lewmm.lre.uw:T-!mz-su.?su 7=2RT=19.81 TIC=1.11ES 298.3908 19.18%
lax intens. =1.14E4 scan=1066

Deselect apeak. The Freeze Bar can be deselected by holding Ctrl and clicking anywhere in the spectrum.
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Zoom in on part of the spectrum.

In the “ Spectrum Annotation” panel, click and drag the mouse horizontally.

The selected areawill be enhanced and shown in the “ Spectrum Annotation” panel. Click the 1:1 button to return

to the default view.

Setting/removing ionsto/from apeak. Select apeak and right-click anywhere in the “ Spectrum Annotation”
panel. Select Set y-ion from the pop-up menu to designate the peak as ay-ion, or Set b-ion from the pop-up menu
to designate the peak as a b-ion. Click on Remove ion to remove the ion that you have previousdly set.

Intensity (%) [1169.51]
| 11€%,.51 {bMase
mgr[]lgccd[ ---------------------------------------------------------------- -t
225.10 064,43 H
Set y-ion
. Set b-ion
50 129,10 Remove ion
: Set otherions
240,13 24
‘ 386.11 pre(2+] 1 o4 3742 219
190.46 262,14 S94.76  699.28 Left tags - _rg?_ .3742,21%)
‘ ‘ | ‘ Right tags I
1 I‘I|I_1I|II_, L L L L . Ny |r| — iz
100 200 300 400 500 600 700 EEfiioee! ylen i 1000 1100 1200
Brror () 1yt e e Leftmosty-ion ), 401t g gy
Leftmost b-ion
0.0 Rightmost b-ion
-0.02 -0.02
% I | # L1 x| 2v | ErrTol: 0.02Da [ preprocess [ low intens. label ] alignment [ error map 'Im'IzC=-519‘11.1?1652::x=i:lTr:191‘8114{4 1228.3386

Select Set other ions from the pop-up menu to view the “lon Editor” dialogue box. The “lon Editor” dialogue
allows addition or removal of ion designations to/from a peak. Select either “C Term lon” or “N Term lon” to see
the C- and N- terminal ions, respectively. Then select an ion from the ion list and press the Add button to add it
to the selected ion list. Remove an ion from the selected ion list by selecting it and pressing the Remove button.
Click the Apply button to apply the changes to the selected peak.

" lon Editor

@ ETerm Tod
() NTermIon

X
x-H20
X-NH3
Y
y-H20
y-NH3
z
zH20
z-NH3
2
ZH20

Please choose ion type:

Apply

Selected peak information

mfz:

intensity: 6175.528

Cancel

927.3742

After setting an ion, the “ Spectrum Annotation” panel, the “ Spectrum Alignment and Error Map” panel, and the
“lon Table” pand will reflect the changes. The peptide sequence candidate name (as displayed in the “ Result”
panel and on the top of the “Spectrum Annotation” panel) will also change to reflect the mass remaining to be

sequenced on either sid

e of theion.

In the example below, the selected peak at 1260.5649 m/z was designated as ay-ion.
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Foa.7624
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IonMatch  survey
£ b b-H20 bMNH3 b(24) Seq ¥ yH20  yNH3  y(24) = G
1 | 225.10 | 207.09 | 208.07 | 113.05 | [224.09] | | | | | 2|
2 [945.41] | 964.43 | 946.42 | 947.40 | 482.72 | 1

Note

The manual de novo candidate information is updated in the “Result” panel, the “lon Table’ panel, and

the “ Spectrum Alignment and Error Map” panel. The selected ions are also annotated and color coded
in the “ Spectrum Annotation” panel.

After setting two ions, PEAK Swill estimate the residue found between them (if aresidue corresponds closely to the
mass difference). The peptide sequence candidate name will change to show the residue and the mass remaining
to be sequenced on either side of the residue. All other panelswill also reflect the changes.
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Searchingtheleft or right side of the spectrum for thefirst/last y or b ion (Search asequencetag). Selecta
peak and right-click anywhere in the Spectrum View to trigger the pop-up menu. From the menu, select either L eft
tags or Right tags. PEAK S will select the appropriate terminal tags and show themin the“Tag” panel (see below).

To test the suitability of atag, highlight it in the “ Searched Tags’ list. The corresponding information for the tag
will be shown in the “ Spectrum Annotation” panel, the“lon Table” panel, and the“ Spectrum Alignment and Error
Map” panel. One or more tags can be inserted by highlighting the desired tags, clicking Select to move them into

the “ Selected Tags’ list, and then clicking the Apply button. Press the Cancel button at any time to exit the search
and discard any changes.

Searched Tags Selected Tags
[L N select ' - Apply
P
A
o
D v deselect Cancel

Undoingan edit.  Errorsduring the manual de novo sequencing can be undone easily. With the peptide candidate
still selected in the “Result” panel, right-click and select the Undo command from the pop-up menu to return to
the previous peptide sequence. This button can be used multiple times to return to previous edits.
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Add new sequence (Can't Save)

Redoing an edit.  An undone edit during the manual de novo sequencing can be reagpplied easily. Right-click
and sel ect the Redo command from the pop-up menu with the peptide candidate still selected in the“ Result” panel.
This button can be clicked multiple times to return to later stagesin the edit.

Error Tolerance. To setthemasserror tolerancein the manual de novo sequencing, select the peptide candidate
in the “Result” panel, and then right-click and select the Config Error Tolerance in Manual De Novo command
from the pop-up menu. Thiswill open a dialogue where the error tolerance can be set.

PTM Configuration. To identify post-translational modifications (PTMs) while manually de novo sequencing
a spectrum, start by selecting the peptide candidate in the “Result” panel. Right-click and select the Config PTM

in Manual De Novo command from the pop-up menu to open the “PTM Setup” window. To know more about
the PTM configuration, refer to Section 2.3, “PTM”.

79



Chapter 9. Peptide, PTM, and
Mutation Identification (PEAKS DB,
PEAKS PTM, and SPIDER)

1. Overview

PEAKS software provides a complete set of database search tools for in-depth protein analysis. With PEAKS
DB, PEAKS PTM, and SPIDER, proteins in the sample can be identified with high sensitivity and accuracy. It is
also possible to find potential sites for modification and mutation. PEAK S supports multiple enzyme digestion by
which almost full sequence coverage can be achieved for single protein studies. PEAK S database search toolshave
built-in result validation using an enhanced target-decoy approach. The false discovery rate (FDR) is estimated
to ensure that only valid results are reported.

PEAKS DB is a database search tool assisted by PEAKS de novo sequencing to achieve high sensitivity and
accuracy.

Note

For more details, refer to the paper: "PEAKS DB: De Novo sequencing assisted database search for
sensitive and accurate peptide identification™ Mol Cell Proteomics. 2011 Dec 20.

PEAKS PTM is a dedicated search tool for peptides with unspecified modifications and mutations. It can search
with unlimited number of modifications, allowing searches with al modifications and mutations in the Unimod
database.

Note

For more details, refer to the paper: "PeaksPTM: Mass Spectrometry Based Identification of Peptides
with Unspecified Modifications' Journal of Proteomics Research, 2011, 10(7): 2930-2936.

SPIDER is a dedicated search tool for finding novel peptides that are homologous to peptides in a given protein
database.

Note

For more details, refer to the paper: "SPIDER: Software for Protein Identification from Sequence Tags
Containing De Novo Sequencing Error." J Bioinform Comput Biol. 2005 Jun;3(3):697-716.

PEAKSDB, PEAKSPTM, and SPIDER can be launched together asaworkflow in aPEAKS search. An analysis
report is generated to show the combined database search result. The stepsto run a PEAKS search are:

1. Select adatanodein "Project View". The selected node can be a fraction, a sample, or a project. PEAKS will
analyze al fractions under the selected node. Launch a PEAKS search by clicking the "PEAKS DB Search"
button on the tool bar.

oeDHE > & Mm@ d QW
PPN Priogect View Start Page
= fH: PEAKS /Demo Projects/PEAKS X/Demo Project
=~ 1. Sample 1
S SixnProteinMixture. LAW
- @ DATA REFINE 1 [2018-10-18 13:57]
- (i DENOVO 2 [2018-10-18 13:57]
“[# PEAKS 3 [2018-10-18 13:57]

80



Peptide, PTM, and Mutation
Identification (PEAKS DB,
PEAKS PTM, and SPIDER)

Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
details on creating a PEAKS project.

2. Specify the PEAKS DB parameters in the pop-up dialogue. Most of the parameters are self-explanatory and
the default parameters provide agood starting point for the analysis. PEAKS PTM and SPIDER can be enabled
in the dialogue to automatically run after PEAKS DB search. Click OK to start a PEAKS search.

Note

If datais not yet refined, a prompt to specify data refinement parameters appears. Refer to Chapter 7,
Data Refinement for details on refinement.

3. Wait for theanalysisto finish. Search timesrange from minutesto hours depending on several factors, including

the dataset size and the computer speed. New result nodes for PEAKS DB, PEAKS PTM, and SPIDER will
appear in "Project View". Double-click the result nodes to examine analysis reports.
™Y PEAKS Studio - 64 bit

File Tools Window Help

— == - P ',\|;
HeoRHE*" AMXZ2OQW AC| @
Y Project View StartPage X 9%, PEAKS PTM 6 [2018-10-13 12:38] X
[=-{gd H:/PEAKS Demo Projects/PEAKS X /Demo Project
2.
- L, Sample 1 Peptides -10lgp =/ 15 .|| FDOR PTM | Ascore +|z[ 0 ] Proteins -10
=4 SixProteinMixture RAW
- ® DATAREFINE 1 [2018-10-18 13:57) Denovoonly ALC (%) =| 50 + |and -l0igp = & [ 15 Apply
- (i DENOVO 2 [2018-10-18 13:57] -

R TN R B L LT BE T AE TR L e
S MPEAKS PTM & [2018-10-19 12:35]

L e = e e

1. Notes

de Protein  Feature  Summary

2. Setting PEAKS Search Parameters

After selecting a project node, a sample node, or a fraction node in "Project View" and clicking the PEAKS DB

Search tool bar icon Rﬁ the PEAKS DB parameters dialogue will appear:

81



Peptide, PTM, and Mutation
Identification (PEAKS DB,
PEAKS PTM, and SPIDER)
PEAKS Search b4

PEAKS Search Predefined parameters i

Error Tolerance

Precursor mass: 10.0 ppm < | USiNg  monoisotopic mass .- Fragmention: | 0.05 |Da

Enzyme
Specified by each sample w MNew

Digest mode: | Semispedific «

Maximum missed deavages per peptide: 25

PTM

|F| carbamidomethylation Set PTM
\7) Deamidation (NQ)

\T) Oxidation (M) Remove

Switch type

Maximum allowed variable PTM per peptide | 3 -5

Database

(®) Select database Database: |uniprot_sprot Y View

() Paste sequence Taxa: |Homo sapiens (human) SetView taxa...

[] Contaminant database Crap_v201304 View
De Novo Tag Options

Awvailable de novo tags: | de novo with current parameter -
General Options

Estimate FOR with decoy-fusion. &

[[] Find unspedified PTMs with PEAKS FTM Advanced Settings

[] Find mare mutations with SPIDER

OK Cancel Help

Error Tolerance. Precursor mass. This enables the selection of a precursor mass error tolerance. PEAKS
Search identifies peptides within the precursor mass tolerance. Precursor mass tolerance can be specified in either
Daor ppm.

Fragment ion: This enables the selection of afragment ion m/z tolerance. PEAKS Search uses this value when

scoring peptide-spectrum matches. PEAK S considersthat afragment ion ismatched if the calculated m/z iswithin
the tolerance.

Error tolerance parameters need to be set consistently with the mass accuracy of the instrument. The default
parameters for the instrument generating the data can be loaded by choosing "default” in " Predefined parameters”.

Note

When the samples in a project are generated by different instruments and “default” is chosen from the
Predefined parameters drop-down menu, the default parameters of the first sample are loaded. However,
it is recommended to set the tolerance parameters according to the least accurate instrument.

Enzyme. PEAKS search digests the searched protein database in silico to generate peptide candidates. It is

necessary to specify the enzyme for protein digestion, whether or not non-specific cleavages are allowed, as well
as the number of missed cleavage sites allowed in a peptide.

Note

When the selected data node is a project of multiple samples, "Use Sample Enzyme" alows samples to
be analyzed separately using their respective enzymes specified during project creation.
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Enzyme Selection: Thisallowsfor the selection of the enzyme used for protein digestion from adrop-down menu.
If the enzyme used for protein digestion is not in the list, a new enzyme can be added. Please refer to Chapter 8,
Peptide De Novo SequencingSection 2.2, “Enzyme” for further details.

Note

"None" is a special enzyme allowing non-specific cleavage at both ends of the peptide. The "None"
enzyme can cut at every residue, generating peptides with lengths up to 65 amino acids. Its usage is
recommended when the digestion enzyme exhibits a high degree of non-specificity.

Digest mode: Thisspecifiesthetype of in silico cleavages allowed at a peptide terminus based on the method used
for protein digestion. If “Specific” is selected, the specificity of the selected enzyme is strictly enforced at both
termini of a peptide. "Semispecific" allows one terminus to disobey the enzyme specificity. "Unspecific' allows
both peptide termini to disobey the enzyme specificity. “No digestion” specifies that no in silico cleavages will
be applied to the peptide candidates. “No digestion” should only be used when searching a database containing
peptide sequences, not intact protein sequences.

Missed Cleavages. This specifies the number of missed cleavage sites allowed in a peptide.

PTM. Tosdect PTMsforaPEAKSDB search, click the Set PTM button to open the“PTM Options” dialogue.
PEAK S DB search supports alimited number of variable PTMs. Refer to Chapter 8, Peptide De Novo Sequencing
Section 2.3, “PTM” for details.

Note

To prevent long search times, select only the most frequent PTMsin the sample for PEAKS DB, and run
aPEAKS PTM search to check for unspecified modifications.

Database. Select a protein sequence database for the search. Select one from the list of databases that have
been configured in PEAKS and set the taxonomy, if applicable. To configure a new sequence database, refer to
Chapter 6, Adding a Sequence Database.

For searching only afew proteins, choose “Paste sequence” and then paste in the protein sequences.
Database

Select database |»PE2258|143 SE_HUMAN 14-3-3 protein -
MDDREDLVYQAKLAFQAERYDEMVE SMEKVAGHMDVELTVEE

Q) Paste sequence | o 1 SVAYRNVTGARRASHRT TSSTENKEENRGAENRLEMT

Note

The pasted protein sequences should follow the FASTA format. Each sequence follows a description
line which starts with '>'. PEAK S omits invalid characters, white spaces, and numbers in a sequence. A
maximum of 1000 protein sequences can be pasted.

Select a contaminant database for the search from the list of databases that have been configured in PEAKS.

Denovo Tag Options. PEAKS Search requires a de novo sequencing result to improve its search speed, sensi-
tivity, and accuracy. By default, de novo sequencing runs on the fly with the current parameter settings. It isalso
possible to select an existing de novo sequencing result.

Estimate FDR with decoy-fusion.  Select this option to enable search result validation with decoy-fusion, an
enhanced target-decoy approach. When this option is selected, decoy sequences are automatically generated from
the target database and are searched by PEAKS DB, PEAKS PTM, and SPIDER. This enables the estimation
of the false discovery rate (FDR) in the analysis report. It is NOT recommended to de-select this option unless
manual validation of the result using another approach is preferred.

Find unspecified modificationswith PEAKSPTM. Select thisoption to enable aPEAKS PTM search after a
PEAKS DB search finishes. PEAKS PTM analyzes spectrawith good de novo sequences that remain unidentified
by PEAKS DB. The default setting for PEAKS PTM isto search with al the built-in modificationsin the "Com-
mon" and "Uncommon" lists, which include all of the naturally occurring modifications in the Unimod database.
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Alternatively, PEAKS PTM can search with alist of preferred modifications. In "Advanced Settings"', preferred
modifications from the "PTM Options" dialogue can be chosen. PEAKS PTM allows an unlimited number of
variable modifications to be searched, However, limiting the number can improve search accuracy.

Advanced Settings X

PTM
(®) Bearch with 313 builtin modifications

(O) Search with preferred modifications:
@ Dea on |
@) Oxidation (M)

Maximum allowed variable PTM per peptide | 35

Filter Options
Perform PTM search on spectra satisfying the following condition:

De novo ALC (%) score greater than: | 15 | recommend 15%

OK

Additionally, the maximum number of variable PTMs per peptide can be specified and a value of lessthan 4 is
recommended for best search speeds. A threshold on the de novo ALC score can be specified so that only the
spectrawith good de novo sequences are analyzed by PEAKS PTM.

When PEAKS PTM search isenabled, aPEAKS PTM result node will be automatically generated after the search.
In the PEAKS PTM report, search results from PEAKS DB and PEAKS PTM are merged.

Note

Modifications selected for the PEAKS DB search are automatically added as preferred modifications to
the PEAKS PTM search and cannot be removed. However, any number of additional preferred modifi-
cations can be added.

Find sequencevariantsand mutationswith SPIDER.  Select this option to enable a SPIDER search. SPIDER
performs homology searches on spectra with good de novo segquences that remain unidentified by either PEAKS
DB or PEAKS PTM. SPIDER identifies novel peptides that are homologous to peptides in the searched protein
database. When SPIDER is enabled, a SPIDER result node will be automatically generated after the search. Inthe
SPIDER report, search results from PEAKS DB, PEAKS PTM, and SPIDER are merged.

2.1. Saving the Parameters for Future Use

After setting up the search parameters, they can be saved for future use. Click the "Predefined parameters' drop-
down menu, select the Save as ... command, and enter a name for the current set of parameters. Saved parameters
are available for future analyses. A set of saved parameters can be loaded by selecting from the "Predefined
parameters’ drop-down menu.

Note

“Advanced Settings’ for PEAKS PTM are not saved.

3. Understanding PEAKS Search Results

After PEAKS Search is complete, severa result nodes are generated. One is the de novo sequencing result (as-
suming the default option for on-the-fly de novo sequencing is enabled). The other result nodes are identification
results from the database search tools: PEAKS DB, PEAKS PTM, and SPIDER. If more than one database search
tool isenabled, the results from previous search tool s are automatically merged. Double-click the node to examine
the analysis report. The analysis report is presented in five pages:

e Summary: This shows an outline of the PEAK S database search results with key statistics. The overall quality
of the experiment can be examined and the filters for peptide and protein identifications can be adjusted.

84



Peptide, PTM, and Mutation
Identification (PEAKS DB,
PEAKS PTM, and SPIDER)
e Feature: Thisshowsalist of all feature identifications. This view also provides spectrum annotation and other
detailed information for peptide precursor spectrum matches.

» Protein: This shows alist of protein identifications. This view also visualizes protein sequence coverage and
helps with protein characterization.

» Peptide: This shows a list of peptide identifications. This view also provides spectrum annotation and other
detailed information for peptide precursor spectrum matches.

» De novo only: This shows a list of quality peptide sequences detected by de novo sequencing that remain
unidentified by the PEAK S database search.

» LC-MS: This shows peptide-spectrum matches visualized in an interactive LC-M S heat map.

3.1. Peptide and Protein Scores

PEAK S Peptide Score (-10IgP).  The PEAKS peptide score (-10IgP) is calculated for every peptide precursor
spectrum match (PSM) reported by PEAKS DB, PEAKS PTM, and SPIDER. The score is derived from the p-
value that indicates the statistical significance of the peptide-precursor spectrum match. When a peptide-feature
is associated with multiple spectra, the peptide score is the maximum among all PSM scores. For details of the
scoring algorithm, please refer to the publication, "PEAKS DB: De Novo sequencing assisted database search for
sensitive and accurate peptide identification™ Mol Cell Proteomics. 2011 Dec 20.

PEAKS Protein Score (-10IgP). The PEAKS protein score (-10IgP) is calculated as the weighted sum of the
-10lgP scores of the protein's supporting peptides. After removing any redundant peptides, the supporting peptides
are sorted by -10lgP scores in descending order, and the k-th ranked peptide contributes to the weighted sum with
aweight of 1/k.

3.2. Summary View

The "Summary View" reports key statistics as an overview of the result. It also provides functions to filter and
export identified proteins and peptides:

1. Result filtering: Filtering rules are located at the top of the "Summary" view. Low quality peptide and protein
identifications can be filtered by -10IgP score. Peptide sequences identified only by de novo sequencing can be
filtered by ALC score. More details about how to properly set the filters are discussed in Section 4, “Filtering
PEAKS Search Results’.

2. Result exporting: Identified proteins and peptides can be exported to various formats by clicking the Export
button at the top of the "Summary" view. More details are discussed in Section 5, “Exporting PEAKS Search
Results’.

In the report, several statistical charts can be examined to assess result quality. The report is composed of four
sections:

1. Notes: In the header of the report, information such as a description of the experiment can be entered. The
notes can be edited by clicking the Notes button.

2. Result Statistics: Key statistics are shown in the figures and tables. The figures provide important information
about target-decoy result validation, which can be used to filter the results appropriately.

3. Experiment Control: Figures show the distribution of precursor mass error, revealing how well the instrument
iscalibrated. A table showsthe statistics of missed cleavagesin peptides, revealing enzyme digestion efficiency
of the protein sample.

4. Other Information: Search parameters and M S instrument information are shown.
Statistical figures and tables in the report are discussed in the rest of this section.
3.2.1. False Discovery Rate (FDR) Curve

Figure 1 showsthe FDR curve with respect to the number of PSMs being kept after filtration by the peptide -10IgP
score. By lowering the score threshold, more PSMs are kept in the filtered result. On the other hand, the FDR
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increases because more false positives are kept. In thisfigure, the vertical lineindicates the current score threshold.
The number of PSMs and the corresponding FDR by the current score threshold are shown in the top-left corner.

:2:: S Pemmespedrummmmes T
40% FDR: 1.0%
3.5%
3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
0.0%

FOR

0 200 400 600 200 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
number of peptide-spectrum matches

The FDR curve is available when FDR estimation is enabled in the PEAKS Search parameters. PEAKS Search
estimates FDR using a "decoy-fusion" approach. Decoy-fusion is an enhanced target-decoy approach that makes
more conservative FDR estimations. For details of the "decoy-fusion" approach, please refer to the publication,
"PEAKSDB: De Novo sequencing assisted database search for sensitive and accurate peptide identification” Mol
Cell Proteomics. 2011 Dec 20.

It is commonly recommended to set FDR at <1% by adjusting the score threshold. If arapid growth of the FDR
around the 1% FDR threshold is noticed, some PSMs may be sacrificed to significantly reduce the FDR.

Note

In a chimeric spectrum, multiple peptide features are co-fragmented in DDA mode, and therefore may
result in multiple PSMs.

Note

Decoy matches are not counted in the number of PSMs. Unless otherwise specified, decoy matches are
also excluded from the other statistical numbers shown in the Summary View.

3.2.2. PSM Score Distribution

Figures 2(a) and 2(b) in the " Summary" view show the peptide score distribution of PSMs. When FDR estimation
isenabled in the PEAKS Search parameters, the target and decoy matches are respectively shown in two different
colors.

Figure 2(a) is a stacked histogram showing the number of target and decoy matches in each scoreinterval. There
should be a similar number of target and decoy matches with low scores, but very few decoy matches with high
scores. The vertical line indicates the current score threshold.
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Figure 2(b) is a scatter plot showing the peptide score versus the precursor mass error in ppm for all PSMs. This
figure is most useful for high resolution instruments. The PSMs with high scores should be centered near the
mass error of 0, and the PSMs with low scores are usually scattered to larger mass error. The vertical dotted line
indicates the current score threshold.
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3.2.3. Distribution of Peptide Feature Detection
Figures 3(a), 3(b), and 4(a) in the "Summary" view show the distribution of peptide feature detection.

Figure 3(a) in the "Summary" view provides al detectable features distributed over the m/z range. This stacked
histogram shows the number of detectable features in each m/z interval. In addition, the number of detectable
features with database results are highlighted in orange and the number of detectable features with de novo results
in addition to the database results are highlighted in light blue. In atypical dataset, it is often observed that a higher
number of detectable features occur in the lower m/z range, which is reflected within the identification results.
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Figure 3(b) in the "Summary" view provides all detectable features distributed over the total retention time. This
stacked histogram shows the number of detectable features in each RT interval. In addition, the number of de-
tectable features with database results are highlighted in orange and the number of detectable features with data-
base and de novo results are highlighted in light blue. In atypical dataset, it is often observed that a higher number
of detectable features occur in the middle of the RT window, which aligns well with the identification results.
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Figure 4(a) in the "Summary" view provides all detectable features distributed over the feature abundance mea-
sured as the area under the XIC curve. This stacked histogram shows the number of detectable features measured
with a certain total area. In addition, the number of detectable features with database results are highlighted in
orange and the number of detectabl e features with de novo resultsin addition to the database results are highlighted
in light blue. In atypical dataset, it is often observed that more peptide features will be assigned a database ID
when they exhibit a stronger LC-MS signal.
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3.2.4. De Novo Result Validation

Figure 4(b) in the "Summary" view provides a means to estimate the expected accuracy of “de novo only” se-
guences for a given amino acid local confidence.
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After the database search, de novo sequences can be categorized as:

1. Verifiable de novo sequences: A de novo sequence is verifiable if the associated MS/M S spectrum is confi-
dently matched to a database peptide. Residues in a verifiable de novo sequence can be validated using the
database peptide as a reference.

2. "Denovoonly" sequences: A de novo sequence is considered "De novo only" if the associated MS/M S spec-
trumisnot confidently matched to any database peptide. "De novo only" sequences may suggest novel peptides,
peptides with unknown modifications, or other interesting research subjects.

Note

An MS/MS spectrum is considered to be confidently matched to a database peptide if there are PSMs to
the spectrum with peptide -10lgP scores above the current peptide filtering threshold.

As these residues cannot be directly validated using database peptides, their ratios of correctness are statistically
estimated. By comparing the de novo results and the database results for all detectable tandem scans, PEAK S will
statically calculate the expected accuracy. These residues are validated by aligning the de novo sequence with
the database peptide. A residue is considered correct if it is consistent with the database peptide. Otherwise, the
residueis considered incorrect. By drawing this comparison, for agiven amino acid local confidence, the expected
accuracy of all “De novo only” segquences can be estimated.

3.2.5. Statistics of Data and Results

Tables 1-4 show the statistical numbers of the data and results.
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Table 1. Statistics of data. Table 4. PTM profile.
# of MS scans 4830 Name AMass Position ~ #PSM -10IgP Abundance AScore
# of MS/MS scans 13690 Carbamidomethyl ~ 57.02 C 582 5148 1.47E6 1000.00
# of Features 1373 Oxidation 15.99 M 165 5123 2.22E7 1000.00
# of Chimera scans 0

Acetylation 4201 ProteinN-term 108 4435 7.86E6 1000.00

Table 2. Result filtration parameters.

Peptide -101gP =117
PTM Ascore =0
Protein -101gP =20

Proteins unique peptides =0

De novo ALC Score =50%

Table 3. Statistics of filtered result.

Peptide-Spectrum Matches 8121
Peptide sequences 6221
Protein groups 1286
Proteins 2030
Proteins (#Unique Peptides) 843 (=2); 283 (=2); 563 (=1);
FDR (Peptide-Spectrum Matches) 1.0%
FDR (Peptide Sequences) 1.3%
FDR (Protein Group) 4.6%
De Novo Only Spectra 2367
# of identified Features 8497
# of identified MS/MS scans 8121

» Tablel. Statistics of data: Table 1 displays the total number of MS and MS/M S scans obtained from the raw
data. Thistable also provides details for the total number of features detected and the total number of chimera
scans, if "Associate feature with chimera scan (DDA)" was sel ected during Data Refinement.

» Table?2. Result filtration parameters: Table 2 summarizes the result filtration parameters set at the top of the
"Summary" view page. Thisinformation provides a helpful reference for exported data.

» Table 3. Statistics of filtered results: Table 3 presents the statistics based on the data analysis results after
setting the desired filters. See below for further explanation:

* Peptide-Precursor Spectrum Match: The number of peptidefeaturesthat had an associated spectrum which
matched to a database sequence.

» Peptide Sequences: This represents the number of distinct peptides in the filtered result. Peptides with the
same primary sequence but different PTM sare counted separately. However, if several peptidesdifferentiated
only by leucine (L) and isoleucine (1), they are counted as one peptide. Since the same peptide may be
identified from multiple spectra due to data redundancy and differing charge states, this number is usualy
smaller than the number of peptide-spectrum matches.

* Protein Groups: In Table 3, PEAKS groups proteins identified by a common set of peptides. This number
shows the number of protein groups in the filtered result.

* Proteins: Provides the number of proteins given the parameters set for PEAKS Protein Score (-101gP) and
number of unique peptides.

* Proteins (#Unique Peptides): This entry counts the number of proteins identified with unique peptides. A
unique peptide is a peptide with a -10lgP score above the peptide filtering threshold that can be mapped to
only one protein group.
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FDR (Peptide-Spectrum Matches): The total number of decoy database assignments to spectrarelative to
the total number of target database assignments to spectra represented as a percentage.

FDR (Peptide Sequences): The total number of decoy database assignments to unique peptide sequences
relative to the total number of target database assignments to unique peptide sequences represented as a
percentage.

FDR (Protein Group): The total number of decoy protein groups where the top hit in the protein group is
a decoy database protein relative to the total number of target database protein groups where the top hit is
from the target database.

Denovo only Spectra: Corresponds to the number of existing de novo sequencing results without a positive
protein identification, given the filters set for the search results.

# of I dentified Features. The total number of peptide features which have an associating scan that matches
to the database, given the filters set for the search results.

# of Identified MS/MS scans: The total number of MS/MS scans that matches to the database, given the
filters set for the search results.

e Table4. PTM Profile: shows modificationsidentified in thefiltered result and the number of PSMs containing
each modification

3.2.

6. Experiment Control

Figures 5(a) and 5(b) in the "Summary" view show the precursor mass errors of PSMs in filtered results. Figure
5(a) shows the distribution of the precursor mass errors in a histogram with and without software calibration. Fig-
ure 5(b) shows precursor m/z versus precursor mass error in ascatter plot after software calibration. The precursor
mass error is calculated in ppm as 1076 x (precursor mass -peptide mass) / peptide mass. Calibration isfor display
purposes only and PEAKSS corrects m/z value for each PSM to correct systematic biases and instrument measure-
ment drift. Figures 5(a) and 5(b) help examine whether or not the mass spectrometer is properly calibrated. For a

well

-calibrated instrument, precursor mass errors should center at 0 ppm across the range of m/z.

Figure 5. Precursor mass error of peptide-spectrum matches (PSM) in filtered result. (a) Distribution of precursor mass error in ppm; (b) Scatterplot of precursor m/z versus
PIECUISOr Mass error in ppm.
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Table 5 shows the number of identified peptides in each sample with the number of missed cleavages, indicating
the enzyme digestion efficiency.

Table 5. Number of peptides by number of missed cleavages

Missed Cleavages 0 1 2 3 4+
Sample 1 78 36 23 16 0
Sample 2 62 38 15 4 0
Sample 3 107 35 15 6 0
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3.2.7. Other Information

Table 6 summarizes the parameters defined by the user to analyze the data. This information includes error mass
tolerances, missed cleavages, database(s) used, etc.

Table 7 summarizes the instrument parameters defined by the user during project creation. This information in-
cludes ion source, fragmentation method, MS scan mode, MS/MS scan mode, etc.

Table 6. Search parameters. Table 7. Instrument parameters.

Search Engine Name: PEAKS Fractions: SixProteinMixture RAW

Parent Mass Error Tolerance: 15.0 ppm Ton Source: ESI(nano-spray)

Fragment Mass Error Tolerance: 0.05 Da Fragmentation Mode: high energy CID (v and b ions)
Precursor Mass Search Type: monoisotopic MS Scan Mode: FT-ICR/Orbitrap

Enzyme: Specified by each sample MS/MS Scan Mode: FT-ICR/Orbitrap

Max Missed Cleavages: 3
Non-specific Cleavage: one
Fixed Modifications:
Carboxvmethyl: 58.01
Variable Modifications:
Deamidation (NQ): 0.98
Onmidation (M): 15.99
Max Variable PTM Per Peptide: 3
Database: UniProtKB/Swiss-Prot_20180710
Taxon: All
Contaminant Database: cRAP 2017/7/13
Searched Entry: 557829
FDR Estimation: Enabled
Merge Options: no merge
Precursor Options: corrected
Charge Options: no correction
Filter Charge: 2 - §
Process: frue
Associate chimera: yes

3.3. Feature View
The "Feature View" lists all detectable features resulting from thefilters set by the current settingsin " Summary"

view and "Feature" view filters. For each feature, the feature information is displayed and the database or de novo
peptide result. The result can be sorted by any column.

Note

Please refer to Chapter 16, Data Independent Acquisition (DIA) Data Analysis and Chapter 17, lon Mo-
bility Data Analysis for de novo peptide view details for DIA and IMS data.
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Thisview is composed of six main components:

» FeatureTable: Thefeaturetablelists al features with a database and/or de novo assignment that have passed
the filters set in the Summary View and the Feature View Filters found at the top of the feature table..

e Spectrum Annotation: The spectrum annotation displays a graphical representation of the peptide-precursor
spectrum match. If viewing featureswithout anidentification, which can be specified inthe Feature View Filters,
there will be no PSM present to show Spectrum Annotation.

e lon Table: The “lon Match” tab at the bottom panel of the feature view contains the “lon Table’ that shows
the calculated mass of possible fragment ions.

e Parent Scan: The“Survey” tab displays the precursor ion spectrum.

e LC-MS Snapshot: The LC-MS Snapshot shows a zoomed-in display of the peptide feature-spectrum match
from the LC-MS view.

e Precursor Profile: The Precursor Profile, or eXtracted lon Chromatogram (X1C) of the precursor ion graphs
the elution profile of the selected peptide feature vector over the retention time.

3.3.1. Feature View Filters:

By selecting the “Feature View Filters’ button, the peptide features displayed can be filtered with the following
options:

93



Peptide, PTM, and Mutation
Identification (PEAKS DB,
PEAKS PTM, and SPIDER)

"N Feature View Filters *
With identification
Feature intensity = |0EQ w
Feature guality = 0 v
Show features O Al (®) Only from Chimera (O Only original precursor
Reset
=] | s

» With identification: By selecting this check box, only featureswith a positive database result or aconfident de
novo result will be displayed in the feature table, given the threshol dsfilters set on the " Summary" view. If this
check box is unselected, all detectable features will be presented in the feature table, including those without
any peptide sequence assignment.

» Featureintensity: Set avaue for the minimum intensity a peptide feature must exhibit.
» Featurequality: Set avalue for the minimum quality score a peptide feature must have.

» Show features: If “All” is selected, all detectable features will be presented in the feature table. If “Only from
Chimera’ is selected, all detectable features associated with chimera spectrawill be displayed. If “Only original
precursor” is selected, only the original peptide feature is displayed, omitting all features which are associated
with chimeric scans.

3.3.2. Feature Table

The Feature Table shows the detectabl e feature results. Each row in the table represents a peptide feature detected
in the LC-MS. The table can be sorted by any column. A search function is also provided. When there are more
than 1000 peptides, the table is split into multiple pages.

» Page Drop-down and Scroll Arrows: 1000 entries are listed per page. Click the drop down menu to quickly
scroll through the table. Use the scroll arrows to move forward or back in the list.

e Table Search Bar: Search the table by sequence or m/z. If hits are found the total nhumber of hits will be
displayed beside the bar with blue arrows allowing you to scroll through the table. Hits will be highlighted in
light blue.
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The following list describes the contents in each column:
* Fraction ID: The fraction number of the samplefile.
e FeaturelD: An arbitrary number provided by PEAKS during data refinement used as a unique identifier.

» m/z: The precursor mass-to-charge ratio.
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 z: The precursor charge.

e RT: Theretention time (elution time) for the spectrum as recorded in the data.

« RT Begin: The beginning retention time (elution time) for the feature as recorded in the data.
* RT End: The ending retention time (elution time) for the feature as recorded in the data.

 Intensity: The intensity of the peptide feature found at the same m/z and retention time as the MS/M S scan.
This can be used as an indicator of the abundance of the peptide.

» Quality: The quality score for the peptide feature. Factors that affect the quality score include m/z difference,
RT difference, XIC shape similarity, and the feature intensities.

» DB Peptide: The amino acid sequence of the peptide, as determined in PEAKS Search. A modified residue is
followed by a pair of parentheses enclosing the modification mass.

» DB Peptide: The amino acid sequence of the peptide, as determined in PEAKS Search. A modified residue is
followed by a pair of parentheses enclosing the modification mass.

» Denovo Peptide: The amino acid sequence of the peptide associated with the feature, as determined by de novo
sequencing. A modified residue is followed by apair of parentheses enclosing the mass of that modification.

e ALC (%): The average local confidence. ALC is calculated as the total of the residue local confidence scores
in the peptide divided by the peptide length.

e PPM: The precursor mass error, calculated as 10"6 x (precursor mass - peptide mass) / peptide mass.

 Accession: Theaccession number of the highest-scoring protein containing this peptide. If ade novo only results
surpasses the ALC% threshold set on the summary page.

Tip
Right-click on afeature to copy the peptide sequence.
If afeature was able to match to a database sequence, the database peptide will be referenced in the "DB Peptide"

column. However, if no database sequence was matched to the peptide feature, the de novo sequencing results will
be displayed instead. Click the ALC column heading to sort by the ALC score.

FractonID FeatrelD mfz  z RT RTBegn RTEnd Intensity Quality DB Peptide -10lgP Denovo Peptide AC..%  ppm Accession
2 i A
1 4044 |768.4042| 2 [31..| 3166 | 3232 | 2396 | 68.08 LGEYGFON 57 0.1 |P02763|ALBU_BOVIN
1 3583  |732.8%05| 2 |27..| 27.13 | 28.17 | 7026 | 50.98 KLLQ(+.98 C(+58.0)VK 57 -1.9 | Q29443[TRFE_BOVIN:POSS71[T. ..
1 3584 |732.8%05| 2 |26... | 26,17 | 27.13 | 2627 | 53.23 LLESGKLGDDYV % 3.1 |Q29443[TRFE_BOVIN
L 3055 [690.3191| 2 |34.. | 3443 | 3565 | 4826 | 35.15 EEEEGAGN(+. i 95 -1.2 | Q29443[TRFE_BOVIN:PO9STLIT. ..
L 450 4993001 2 |37..| 3715 | 38.07 | 6676 | 6440 DPALVELLK 93 0.2 |P02763|ALBU_BOVIN
1 2598 |659.3616| 2 |26.. | 26.08 | 26.73 | 251E7 | 7412 YWVDEPQNLLK 91 8.4 |P02769|ALBU_BOVIN:B LI0TSEG...
L 1510 |573.9226| 3 |19..| 19.22 | 20.75 | L&SE7 | 17.99 TPQPPDSSKDEC(+58.0 MVK 90 -1.8 | Q259443[TRFE_BOVIN:POS571[T. ..
L 2761 |671.3469| 2 |35.. | 3554 | 36.34 | 4026 | 7L34 VTMQ(+ 98)NFVAFVGK 39 -0.5 |P02763|ALBU_BOVIN
1 2747 |670.3270| 2 |24.. | 2426 | 24.86 | 2636 | 53.66 [ELPDPGEDLGR 3 -1.6 | Q29443[TRFE_BOVIN
1 5040 |860.3806| 2 |19.. | 18.90 | 20.85 3.866 | 1157 | QPTPPDSSKDEC(+55.0IMVK 38 -1.4 | Q29443[TRFE_BOVIN:POSS71[T... | v

3.3.3. Peptide Precursor Spectrum Matches

The spectrum annotation displays a graphical representation of the peptide precursor spectrum match. If afeature
without an identification is selected from the feature table above, which can be specified in the Feature View
Filters, there will be no PSM present to show within the Spectrum Annotation window.
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The title bar shows the information of the peptide sequence that is being displayed in the spectrum. If a feature
is associated to more than one tandem scan, click the “Prev Scan” or “Next Scan” button to view the Spectrum
Annotation of the other PSMsin the LC-MS view. Press the " ShowSpec" button to open the MS/MS Scan in the
Data Refinement MS/MS View. Pressthe"ShowL CM S button to automatically view theMS/MS and M Sfeature
Scaninthe LC-MS View of the current PEAKS Search result being viewed.

Note

If a peptide feature spectrum match is associated to more than one protein as listed in the Accession
column, clicking the “Protein” button will show alist of all the Accession namesto select from.

For detailed instructions, please refer to Section 3.2.2, “ Spectrum Annotation”.
3.3.4. lon Table

The “lon Match” tab at the bottom panel of the feature view contains the “lon Table” that shows the calculated
mass of possible fragment ions. 1on table options are the same as described in Section 3.2.3, “lon Table".

3.3.5. Parent Scan

The*“ Survey” tab displays the precursor ion spectrum. The buttons that appear in this section areidentical to those
explained above in Section 3.2.4, “Parent Scan”.

3.3.6. LC-MS Snapshot

LC-MS Snapshot displays a zoomed-in snapshot of the peptide precursor spectrum in the LC-MS heat map 2-D
view. The peptide feature is highlighted in purple and the database matched MS/MS scan is indicated by a blue
square, whereas a de novo sequenced MS/M S scan isindicated by ayellow square, and no square if no MS/MSis
taken for the peptide feature. The span of theyellow linein the LC-M S Snapshot designates the isol ation window.
Users can change the view from the 2-D heat map to a 3-D intensity view by clicking the intensity view button

A inthe upper right-hand corner of the LC-M S Snapshot, and enlarge the LC-MS view to cover the full screen
by clicking the expand button “% inthe upper right-hand corner of the LC-M S Snapshot. In addition, users can

export the LC-MS heat map by clicking the export image button ™ in the upper right-hand corner of the LC-MS
Snapshot. See Section 4.2.2, “Exporting LC-MS, IM-MS, and LC-IM-MS".
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3.3.7. Precursor Profile

The Precursor Profile, or eXtracted lon Chromatogram (X1C) of the precursor ion graphsthe elution profile of the
selected peptide feature vector over the retention time. The graph is plotted with the retention time along the x-
axisand theintensity along they-axis. Hovering over the X1C curve will display the RT and intensity coordinates.

Precursor Profile
3.02E6 4

2,02E6 1

Intensity

1,01E6 4

QEQ - . .
19.5 20

RT

3.4. Protein View

The"Protein View" lists protein identifications that have been filtered by the current settingsin " Summary" view.
It also visualizes the protein sequence coverage for identified proteins. The view has four main components:

» Protein table: Thislists protein identifications that have been filtered by the current settings in the Summary
View and the “Protein View Filters’.

» Coverage: Thisvisualizesthe protein sequence coverage of the selected protein, showing the mapping of sup-
port peptides and de novo tags to the protein sequence.

» Peptides: Thislists supporting peptides mapped to the selected protein.

» Denovo Tags: Thislists"de novo only" peptides mapped to the selected protein.
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StartPage X [ PEAKS 4[2018-01-0409:56] %

E Show [top | proteins in each group Protein View Fiters ‘ [£H 264 protein groups, total 301 proteins + accession contains | s=aor QL @ @ noresults
E
£ Accession -10/gP Coverage Coverage ... Coverage.. #Peptides #Unique FTM  Avg. Mass Description Mar
= 1 i Q9EZF1|0SBL8_HUMAN 82.48 84% % 233 2 EEER 5 3. N
= 2 P52732|KIF 11_HUMAN 364.43 58% 4% a7 87 [ [] 119159 [Kinesin-ike protein KIF 11 O5=Homo sapiens GN=KIF11P...| [
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3.4.1. Protein View Filters

» Show Top, All, or First proteinsin each group: Adjust the protein list based on Protein grouping, top is
selected by default. Proteins are grouped based on parsimony.

Show |top - | proteins in each group Protein View Filters | @ 264 protein groups, total 301 proteins

Top: Show only the top proteins in each group. These proteins are supported by the most unique peptidesin
the group. Proteins in the group that share a subset of the unique peptides that support the top protein (sub-
proteins) will not be displayed.

All: Show all proteins in each group. Proteins are grouped together if they are supported by the same set or a
sub-set of the top protein in the group. If a protein is supported by a peptide not supporting the top protein it
will be added to a new group.

First: If there are more than one 'top' protein in a group, only show thefirst one.

» Protein View Filters: The following pop-up will appear when the "Protein View Filters' button is selected:
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™Y Protein View Filters b4

Protein accession/name contains |

Protein description contains

Protein sample intensity = 0ED w
Spider mutations ™
FTM contains @ seardh Q

Arg insertion

Acetylation (K)

Acetylation (N-term)
Acetylation (Protein M-term)
Acetylation (TSCYH)
Amidation

>

Mote: Multiple protein accessions/description can be separated by a semi-colon. Reset

Care

* Protein accession/name contains: Restrict the protein table to only display protein IDs which contain the
entered text in its accession/name.

e Protein description contains: Only proteins with descriptions that contain the entered text will be included
in the protein tableif text is entered in thisfield.

« Protein sample area: Filter proteins based on total protein area found in each sample. Sample areas are
calculated using the total of all peptide features from unique supporting peptides. If aproteinisidentified and
has areas from multiple samples, only one of the samples must pass thisfilter to be included.

e Spider Mutations: Only show proteins that have mutated peptides identified with SPIDER.

« PTM contains: Filter protein results by the presence of selected PTMs. Proteins that are supported by pep-
tides containing modifications that match the selected PTMs will be included. If multiple PTMs match the
modification name, they will all beincluded in the table.

Note
In all filters, multiple entries can be separated by a semi-colon.

» Show/Hide Columns: Please refer to Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB,
PEAKSPTM, and SPIDER) Section 3.4.3, “Global Protein Comparative View” for details.

3.4.2. Protein Table

Each row in the table represents a group of proteins that are supported by a common set of peptides. A dark blue
node indicates that the group has multiple proteins. To expand the group, click the "+" button at the left.

Note

A supporting peptideisconsidered highly confident if it has apeptide-10lgP score abovethe set threshol d.

Accession -106P Coverage Coverage Sample 1 Intensity Sample 1 #Peptides sUnique  SSpecSamplel PTM  Avg, Mass Description Mark

i P02763| ALBU_BOVIN 71% Serum albumin OS=Bos taurus GN=ALB PE=15V=4
1 Q9443[TRFE_BOVIN 33.82 C 11 W 111 655 | 68% 3.47E9 59 | 2 | 134 gdo 77753 _[serotransferrin OS =Bos taurus GN=TF PE=25V=1
=
&4
&
%)

© @BLOTSEGAL ECOLC | 323.07 |1 INMALIN Wil | 0% 60% 1.0E8 43 B 69 Bdo 116512 [Beta-galactosidase OS=Escherichia col (strain ATCC 8739...
P00330|ADH1_YEAST 2483% |11l W S4% 54% 3.5668 16 12 2 Bdo 36345 |Alcohol dehydrogenase 105=Saccha

PO0B9BILYSC_CHICK 187.15 M .., 61% 3.21E8 8 S 14 gd 16239 Lysozyme C OS=Gallus gallus GN=LYZ PE=15V=1
- @ P62895|CYC_PIG 173.03 1 — |7 54% 5.1E8 9 9 % 11704 Cytochrome ¢ OS=Sus scrofa GN=CYCS PE=15V=2

The columnsin the "Protein” table are:
» Accession: The accession number of the protein as seen in the FASTA database.

» -10IgP: The protein confidence score.
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» Coverage: The percentage of the protein sequence that is covered by supporting peptides. The coverage is
visualized by a colored bar. Light blue blocks indicate the parts of the sequence covered by low-confidence
peptides. Dark blue blocks indicate the parts covered by high-confidence peptides. This is the total coverage
including results from all samples.

» #Peptides: The number of high-confidence supporting peptides.

» #Unique: The number of high-confidence supporting peptides that are mapped to only one protein group.
Unique peptides with same sequence but different modifications are only counted once in this number.

» PTM: Theidentified modifications displayed with color-coded icons.
* Avg. Mass: The protein mass calculated using the average mass.
» Description: The protein's header information as seen in the FASTA database.

» Mark: Thisallowsthe selection of specific proteins. The marked proteins are exported when using the exporting
functionsin the " Summary" view.

Note

For #Peptides and #Unique, two peptides with the same starting and ending positions in the protein
are counted as one, regardless of their PTM forms. This is to follow the MCP (Molecular & Cellular
Proteomics) guidelines.

3.4.3. Global Protein Comparative View

The "Global Protein Comparative View" provides detailed information for users to draw semi-quantitative com-
parisons for each protein among different samplesin the whole project. To Show/Hide the " Protein Comparative"

view, click the £ button to add and remove protein coverage, MS1 arealintensity, and spectral count columns.
All samplesincluded in the search will be displayed and named according to the user defined name.

Show / Hide Columns

| Sample Coverage

----- /| Coverage Sample 1
----- /| Coverage Sample 2
| Sample Spectra Counts
----- | #5pec Sample 1

----- /| #5pec Sample 2

| Sample Area

----- | Area Sample 1

----- /| Area Sample 2

Note

PEAKS provides users the option to cal cul ate peptide abundance using the M S1 feature area cal culation
or using the MS1 feature intensity. By default, areais used.

In the "Protein” table, one or more columns listed below will be displayed for the corresponding columns if
checked.

» Coverage by Sample: The protein coverage as a percentage will be displayed for the individual sample when
selected. Only peptidesthat passthefiltersset inthe " Summary" view areincluded in the percentage cal cul ation.

» #Spec by Sample: The total number of spectra identified that support the given protein. Totals are given for
each sample included in the search.
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» Areal/Intensity by Sample: The total area or intensity of peptide features from unique supporting peptidesin
each sample will be displayed. Peptides must pass the filters set in the "Summary" view to be included in the
calculation.

Accession Coverage T Coverage Sample 1 Coverage Sample 2 Area Sample 1 Area Sample 2 #Spec Sample 1 #Spec Sample 2
=@ Proteins
P04406|G3P_HUMAN | I N0 I I N .l 570 87% 82% 2.73E10 2.93E10 156 168
P30086|PEBP1_HU... IEENEE NEN HE [1ENE 579 83% 87% 4.81E9 5.73E9 50 43
P23528|COF1_HUM... BN BUNS0 . N T so0; 83% 83% 9.37E9 9.94E9 42 46
P80349|FUC3_RAT e ——— 85% 85% 85% 2.5E8 3.25E8 16 16
P04075|ALDOA_HU... NI NN NENEE N N 39 82% 73% 1.71E10 1.78E10 101 91
+-@ Q0ZQL2|PPIA_PANPA | EEEEN 1NN INEEENIE W 539 79% 83% 1.7E10 1.85E10 60 62
Q01469|FABP5_HU... H HEEN INNEEENE BN 3509 69% 65% 2.48E9 3.2989 18 20
P06733|ENOA_HUM... NN |NN EEDE HENE BN 709 77% 78% 1.06E10 1.22E10 149 173
+@ P61604|CHLO_HUM..., HENN HNN HEEE 799% 79% 79% 1.17E10 1.28E10 34 28
P09936|UCHL1_HU... | NN NIENENIE B 789 56% 72% 7.65E9 8.78E9 38 38
@ P60175|TPIS_PANTR | 1N NEEEE NI NN DN 739% 73% 77% 7.52E9 8.29E9 48 49
QO06830|PRDX1_HU..., HEE  |NEEEN NINEEI 75% 63% 69% 6.9E8 8.03E8 57 63
+ @ Q4R561|ACTB_MA... | INIIEEE NIl INEEEI B 739% 78% 78% 2.78E9 2.77E9 221 245

3.4.4. Protein Coverage

The"Protein Coverage" view visually maps the supporting peptides and de novo tagsto the protein selected in the
Proteintable. It also showsall identified siteswith modifications or mutationsto assist with protein characterization
at the amino acid level. The "Protein Coverage” view is composed of three major components - Protein Sequence
Coverage, Coverage Control Panel, and Protein Tools.

3.4.4.1. Protein Sequence Coverage
This area visualizes the coverage of the protein sequence.

Regions in the protein sequence that are covered by supporting peptides are displayed in bold font with a grey
background. Confident modifications and mutationsidentified in supporting peptides are displayed asicons above
the protein sequence. Modifications are represented by colored iconswith thefirst letter of its modification name.
If aresidue is modified by more than one modification in the same supporting peptide, "*" is used instead of
a letter. Mutations are represented by framed white icons with a letter indicating the post-modification residue.
Placing the cursor over a mutation icon shows the full name of the modification/mutation. The number above a
mutation icon indicates the position in the protein sequence. The header information of the protein is shown on
the top of the protein sequence.

The supporting peptides and matched de novo tags can be shown as colored bars under the protein sequence.
Placing the cursor over abar shows detailed information of the peptide. Left clicking on abar shows the annotated
spectrum from which the supporting peptide or de novo tag is identified. Right clicking on a bar shows a pop-up
menu for quick operations, including "Remove peptide” which hides the peptide from the protein coverage view.
Hidden peptides can be restored by re-selecting them in the supporting peptide table or the de novo tag table.

Coverage Ppeptides Denovo Only Tags
>sp|P02769|ALBU_BOVIN Serum albumin O5=Bos taurus GN=ALB PE=15V=4
[ o Ee & |
)
ESHAGCEKSL HTLFGDELCK VASLRETYGD MADCCEKQEP ERNECFLSHK DDSPDLPKLK PDPNTLCDEF KADEKKFWGK

-

200

[ (]
16l YLYEIARRHP YFYAPELLYY ANKYNGVFQE CCQAEDKGAC LLPKIETMRE KVLASSARQR LRCASIQKFG ERALKAWSVA

—

3.4.4.2. Coverage Control Panel

This panel controls what to display in the protein sequence coverage view.
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(Toutline (@) coverage

80 5| AAs per line 10AA gap
Sequence Display Option Fasta

Show de novo only sequences
de novo tags sharing | 55 AAs
de novo peptides fully matched

show confident modification site

(®) minimal ion intensity 5 %
() minimal Ascore (20,0«

aAM PTM #
[] [El| +58.01 | Carboxymethyl a6
[]iel| +0.93 | Deamidation (NQ)

[]/l8l| +15.99 | Oxidation (M) 5

Sequence Display M ode: The protein sequence can be displayed in either "outline" or "coverage" mode.

Outline mode: In outline mode, the protein sequenceis displayed without supporting peptides and matched de
novo tags. However, the sequence coverage at a specific position can be examined by left-clicking aresidue.
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Coverage mode: In coverage mode, all the supporting peptides and matched de novo tags are shown.
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e AAsper lineand 10AA gap: Specify the number of amino acids per line and whether to show agap for every
10 amino acids in the protein sequence.

» Sequence Display Option: Select whether to view the protein sequence as Fasta or a specific enzyme used
in the project. When a particular enzyme is selected, the protein sequence will be highlighted to emphasize
expected peptides generated by the selected enzyme's cleavage specificity.

» De novo tags sharing X AAs: Show de novo tags with at least X consecutive amino acids matched to the
protein sequence.

» Denovo peptidesfully matched: Show de novo tagswith their full sequences matched to the protein sequence.
This control is especially useful for showing short but fully matched de novo peptides.

* Maodification minimal ion intensity: A modification or mutation is considered confident if there are fragment
ions supporting the modified residue with the minimal peak intensity above the specified threshold. Only con-
fident modifications and mutations are displayed as icons above the protein sequence

* Maodification table: The modification table shows the modifications identified in supporting peptides on the
protein. For each modification, the number of supporting PSMswith this particular modification is shown. The
checkbox on the left controls whether to indicate the modification in the protein coverage. Double-clicking on
the name of a modification shows detailed information about the modification. Right clicking a modification
shows a pop-up menu for quick operations.

3.4.4.3. Protein Tools

The"Protein View" tool bar is at the upper-right corner of the protein sequence coverage tab and contains hel pful
protein tools.

11 [E | 56231 [Glycerol kinase O5=Escherichia coli 08:K15:H31
aa Lt e T - Fao s

>

| el [} #. | poutine @) coverage

W ol lgnls| Assperine [ 108Ag
LCDEF KADEKKFWGE

=]
=]

Sequence Display Option |Fasta

= Show de novo only sequences
le =
o de novo tags sharing | 55 AA
de novo peptides fully matched

[QEFG ERALEAWSVA show confident modification site

* Full screen .. When selected, the protein coverage window expandsin full screen mode. Click : to return from
full screen mode.

Tool box &. The tool box contains the following tools:

« Copy template protein. This copiesthe original database protein into the system clipboard.

« Copy mutated protein. This copies the protein with detected mutations into the system clipboard.

e Save protein coverage asimage. Refer to Section 4.2.1, “Exporting Protein Coverage”’ for more details.
e Coverage statistics.

« NCBI BLAST search.

* NCBI Entrez search.

< Multiple sequence alignment. Performs multiple sequence alignment for the selected proteins.
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* PTM Profiling !l Calculates the difference in abundance between peptides with confidently identified PTMs
versus unmodified peptides. Peptide feature areas are used for this comparison. For adetailed walk through, see
Chapter 11, PTM Profiling Section 2, “PTM Profiling for DB/PTM/SPIDER Results’.

* Peptide Mapping " Select this button to examine the detailed ion signal information generated for peptides
between compared samples. See Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS
PTM, and SPIDER) Section 3.4.5, “Peptide Mapping” for more details.

3.4.5. Peptide Mapping

A peptidemap isoftenreferred to asa*“fingerprint” of aprotein. Itisapowerful tool that provides acomprehensive
understanding of the protein being analyzed. It gives a detailed picture of theion signal of all peptides associated
with the protein. In addition to generating the peptide map, PEAKS has integrated an annotated tool-tip which
allows for easy identification of the peptide shown at any point on the map. If multiple data files are searched
together in the analysis, then multiple peptide maps may be compared to one another. This allows usersto easily
determine the consistency of the protein between samples.

Follow the steps mentioned below to generate the peptide map:

1. Select aprotein of interest from the Protein table. By default, the first entry in the Protein table is selected.

Accession -10IgP Cc
@ prote | |
(R —|
= A9 TRFE_BUVIN J30.0
@ B110T5|BGAL_ECOLC 323.17 |H NINENI W

[ PO0722|BGAL_ECOLI 323.17 W NINENIm

AAnIInlanudy vEAcT 748 I8 R L]

2. Select and set the desired de novo only peptide selection filters. Refer to relevant section of Section 3.4.4,

“Protein Coverage” for details.
‘:: Illl . | Ooutine @ Foverage

& 80 5| AAs per line 10AA gap

KEWGE ) )
Sequence Display Option |Fasta -

Show de novo only sequences
de novo tags sharing | 5= AAs
de novo peptides fully matched

RWSVA show confident modification site

(®) minimal ion intensity 5| %
() minimal Ascore (20,0~

AM FTM
+58.01 | Carboxymethyl
d| +0.98 |Deamidation (NQ)
+15.99 | Oxidation (M)

(n]

[ =

LI

(u]

3 Click the ** button on the coverage pane tools bar. Once selected, a new dialogue will appear to display the
peptide mapping.
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Annotated Chromatogram | Peptide Comparison
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PEAKS provides two different approaches to analyze peptide mapping of a protein.

« Annotated Chromatogram: The annotated chromatogram of the selected protein is displayed in profile mode.
Theintensity of each peptide feature associated to the proteinis mapped to itsretention time (RT). The annotated

chromatogram has its own input selection, result display, and result exporting options.

» Fraction Choices. The data source used for peptide mapping. The “F#’ represents the fraction to which the
protein belongs, where # refers to the ID of the fraction, as indicated in the fraction node of the project tree

Note

When the search result involves multiple fractions, a comparison of annotated chromatograms for
the selected protein among (amaximum of three) fractions, can be done by selecting the second and
third fraction from the corresponding drop down menu.

« Minimal lon Intensity: A filter used to set an intensity threshold, where peptide features below this value

will not be included in the display.

e Type-TIC or BPI: Configuresthedisplay to view the Total lon Chromatogram (T1C) or Base Peak Intensity

(BPI).

« Display Mode: PEAKS offers two modes to view multiple chromatograms for better comparison.

e Compare: In compare mode, the protein chromatograms for the specified data samples will appear on
opposite sides of the x-axis. This allows the user to directly compare the protein chromatograms between

two samples.

 Side by Side: In Side-by-Side mode, the chromatograms are displayed individually; each with their own

set of x- and y-axes. This display mode allows for the comparison of up to three samples.

* PEAKS DB: Peptide features associated with peptides identified by database searching are highlighted in

the annotated chromatogram.
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« De novo only: This highlights the peptide features associated with de novo only peptides (see Chapter 9,
Peptide, PTM, and Mutation I dentification (PEAKSDB, PEAKSPTM, and SPIDER) Section 3.2.4, “DeNovo
Result Validation™).

Note

De novo only peptides displayed in the peptide map may be filtered using the de novo only peptide
selection filters in the control panel of the coverage pane.

« Annotation: When selected, the retention time of major peptide features are displayed on the peptide map.

e Tool Tip: When selected, a pop-up will appear when the cursor hovers over any peptide within the peptide
map. The pop-up contains the retention time, the intensity (TIC or base peak), and the peptide sequences

found at that particular retention time.

3361
47.55

]

Intensity : 1.95E7

37,02 RT: 39.54

AQDAFLPKSNYE 691.8314
T(+42.01)LADFLGSFLYE 709.3514

2R

¢ Annotated Chromatogram Chart: This chart givesavisualization of the peptide map for the selected data.
It provides a few convenient ways to zoom-in and navigate the chromatogram

e Zoom to an RT region - Click the desired starting retention time, drag horizontally to the desired final
retention time, and then rel ease the mouse button.

« Zoom in/out smoothly - Place the cursor at a particular RT value (right below the x-axis line), scroll the
mouse wheel button.

* Increase/decrease the ion intensity - Place the cursor on the chromatogram.
* See the whole chromatogram - Double-click on the chromatogram.

» Pan to an RT region: Place the cursor on the chromatogram, right-click, and then hold and drag to pan
to an RT region.

* Result Export: The annotated chromatogram chart can be exported as an image in PNG format. Click the
Save to Image... button to save the displayed chart.

» Peptide Comparison: Another option PEAK S offersits usersto analyze the peptide map isin terms of apeptide
comparison view. In thisview, the total area of the features associated with a peptide is mapped to the mass of
the peptide. The peptide comparison has its own input selection, result display, and result exporting options.
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Annotated Chromatogram Peptide Comparison
Fraction Choices [F1 | [F2 =~ Apply Save to Image ... Save to Text Format ...
Minimal Feature Abundance |0EQ - Annotation  [»/] Tooltip
Peptide Comparison of Protein Q13541 |4EBP1_HUMAN
Area F1l
1E8]
SE7]
4028.79 5571.46
1560.68
0
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5571.46
1E8
1560.68
4028.79
T T T T T T T T T T T T Mass
1000 2000 3000 4000 5000 6000
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Inputs: The inputs for the peptide comparison can be set using the drop-down menus at the top-left corner
of the dialogue.

 Fraction Choices: The datasource used for peptide mapping. The " F#" representsthe fraction from which

the protein originated, where # refers to the ID of the fraction, as indicated in the fraction node of the
project tree. After making choices for the fraction selection, click the Apply button to update the chart.

Note

Peptide comparison alows a maximum of two fractions as the source.

« Minimal Feature Abundance: A filter used to set afeature area threshold, where peptide features below
this value will not be included in the display.

* Annotation: When selected, the masses of the major peptides are displayed on the comparison chart.

» Tool Tip: When selected, apop-up will appear when the cursor hovers over any peptide within the compar-
ison chart. The pop-up contains the peptide mass, the total areafor that peptide, and the peptide sequence.

2911.42

1.26
Y

4097.91 4525.99

Peptide Comparison Chart: Thischart givesavisualization of the peptide comparison for the selected data.
The chart is displayed in Peak Mode, where each peptide is represented as a bar and the height of that bar
represents the total area of the associated peptide featuresin the specified fraction. The chart provides similar
convenient ways to zoom-in and navigate the comparison chart.
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» Result Export: The peptide comparison of aprotein can be exported as an image, aswell as in text format.

» Image export: Click the Save to Image... button to save the displayed graph as a PNG file.

e Text format export: Click the Save to Text Format... button to export the peptide comparison data to a
text filein CSV format. The exported file contains all of the necessary information to construct the peptide
comparison chart. The data are grouped together by peptide sequence and mass. The information for the
same peptide are combined together if they belong to the same group, as mentioned earlier. The headers
of the CSV column are self-explanatory. The following items are explained for clarity:

* Unique: This specifies that the peptide is unique (Y) or not unique (N).

» -10IgP or ALC: The significance score of the peptide identified by database searching or by de novo
sequencing for de novo only peptides.

» Mass: The mass of the peptide.
e ppm: The error tolerance of the peptide.

» Feature Abundance: Thislist of areas of the features associated with the corresponding peptide. The
format of the feature areasis (area[space] +charge[semi-colon])*. For example, 500 +2; 800 +2; 700 +3

e Total Abundance: The sum of the areas of the features associated with the corresponding peptide in
the specified fraction.

* Ratio: When the data sources contain two fractions, the ratio of the total areas of the corresponding
peptide between two fractionsis calculated.

Note

The data is arranged in separate -10IgP, ALC(%), Mass, ppm, Feature Area, and Total Area
columns for each fractions.

Note

-10lgP, ALC(%), and ppm values are from the best PSM of the corresponding peptide.

3.4.6. Supporting Peptides

The "Peptides’ tab displays a table of supporting peptides for the protein of interest. This table is similar to the
peptidetablein the " Peptide" view, except that "Accession"” is excluded and the columns " (Checkbox)", "Unique",
"Start", and "End" are included. Descriptions of extra columns are given below. See Section 3.5, “Peptide View”
for al descriptions.

» (Checkbox): This controls whether a peptide is shown in the protein coverage as a blue bar.
» Unique: This shows whether the peptide is a unique supporting peptide to the protein group.
» Start: This shows the peptide's starting position in the protein.

» End: This shows the peptide's ending position (inclusive) in the protein.

The supporting peptides with peptide -10lgP score below the peptide filtering threshold are listed in the table as
well. By default, they are shown in grey and are not displayed in the protein coverage.

3.4.7. De novo Tags

The"Denovo Only Tags' tab shows atable of "de novo only" peptides with sequence tags matched to the protein.
The "de novo only" peptides shown in the table are controlled by the de novo tags sharing X AAs and de novo
peptides fully matched filtersin the Coverage Control Panel (see Section 3.4.4.2, “Coverage Control Panel”).

108



Peptide, PTM, and Mutation
Identification (PEAKS DB,
PEAKS PTM, and SPIDER)

3.5. Peptide View

The "Peptide View" displays the resulting peptide identifications that have been filtered by the current settingsin
Summary View and “Peptide View Filters’. The table on the top shows the details of each peptide identification.

The bottom section provides additional information about the peptide-spectrum matches for the peptide selected
inthe table.

StartPage X ¥ PEAKS 4[2018-01-0408:56] X
z 48 [1-10000f2305  «|Bp | Peptide View Fiters |@ wstan=| search O @ @ noresults
E
£ Peptide -10lgP 4 Mass Length ppm RT #Feature PTM AScore Found By
S8 G5 (+79.97)5(+79.97)PEPDIQ 8 -13 QIBZF 8. 314,02, 541 PEAKSDE [P
£ | 5 |ETTYTEQSHEELGEAGEASQTETVSEENK 106.34 | 3212.3752 29 14 | 10718005 | 3480 | Fsedl 15 QUBZF 1|058L8_HUMAN PEAKS DB
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Byl | # | 11| 2| 2¥ | EnTo: 0.02Ds (A preprocess A low intens. label | alignment [ error map
TonMatch | Survey
£ b b+H20 bH3 b2 Seq ¥ yH20 yhHE ¥(29) # 2
1| ss.o292e | 40.01873 | 4100229 | 2951464 G 25 8.89E6
2 | 22109219 | 203.08205 | 204.08560 | 11104630 ¥ 2712.10718 | 2694.09668 | 2695.08008 | 1356.55359 | 24 =
3 | 388.09094 | 370.08038 | 371.083%6 | 194.54547 |5(+79.97) | 2542.04395 | 2531,03345 | 2532.01685 | 1275.02197 | 23 a
2 | 555.08923 | 537.07674 | 538.05232 | 275.04465 |5(+73.57) | 2362.04365 | 2364.03516 | 236501855 | 1181.52283 | 22 =
5 | 65214203 | 63413153 | 635.11511 | 325.57104 P 2215.03582 | 2137.03662 | 2196.02002 | 1108.03670 | 21
€ | 781,18463 | 763.17407 | 784.15765 | 391.09232 E 211799194 | 2095.95625 | 210096729 | 1059.49985 | 20 449E0
7 | 878.23743 | 950.22687 | 861.21045 | 432.61871 P 1988.94549 | 1970.92517 | 197192493 | 994.97815 | 19
8 | 993.26434 | 975.25378 | 976.23737 | 497.13217 ] 1891,89917 | 1873.88867 | 1874.87218 | 946.4%630 | 18
3 | 1106.34833 | 1086.3378% | 1089.32141 | 553.57418 T 177656816 | 1758.86169 | 1755.84521 | 888.93610 | 17
10 | 1234.90635 | 1216.33648 | 121736000 | 617.70343 Q 1563.78357 | 1645.77759 | 16%6.76111 | 832.33404 | 16 -
11 | 1349.43396 | 133142346 | 1332,40898 | 675.21698 ] 1535.74500 | 1517.71899 | 1518.70251 | 768.38475 | 15 DED -
12 | 1436.46594 | 1418.45544 | 141943896 | 718.73297 s 1420.70520 | 1402.69214 | 1403.67566 | 710.85132 | 14 B .
13 | 1523.45792 | 1505.48743 | 150647085 | 762.243%6 s 1333.55931 | 1315.56003 | 1316.64355 | 667.33527 | 13 v RT

Note

Please refer to Chapter 16, Data Independent Acquisition (DIA) Data Analysis and Chapter 17, lon Mo-
bility Data Analysis for feature view detailsfor DIA and IMS data.

3.5.1. Peptide View Search and Filter Options

The menu above the peptide table provides options to scroll through the table of peptides, filter, and search for
specific entries.

4 1- 1000 of 12607

- B ’ Peptide View Filters H HH

w scan =
P scan=

seq contains

myz =

RT =

PTM Am =

Q| & @ noresults

» Page Drop-down and Scroll Arrows: 1000 entries are listed per page. Click the drop down menu to quickly
scroll through the table. Use the scroll arrows to move forward or back in thelist.

» Peptide View Filters: Select the "Peptide View Filters' button to bring up the following pop-up to filter the
peptide table.
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™Y Peptide View Filters *

Peptide sequence contains |

Peptide sample intensity = | 0ED i

Spider mutations O

PTM contains @ search Q
Arg insertion ~
Acetylation (K)

Acetylation (M-term)
Acetylation (Protein N-term)
Acetylation (TSCYH)

A_mil.:latlion. o
Show peptides (@ Al () only from Chimera () Only ariginal precursor
Mote: Multiple sequences can be separated by 8 semi-colon. Reset

« Peptide sequence contains: Enter an amino acid sequence, only peptides that contain that sequence will be
displayed in the peptide table.

* Peptide sample area/intensity: Filters based on total peptide area found in each sample. Sample areas or
intensities are calculated using the total of all peptide featuresfrom all spectrathat identified the peptide. The
peptide spectrum match's -10lgP score must passthefilters set in the summary view to beincluded in the area.
If the peptideisfound in multiple samples, only one sample must passthisfilter for the peptideto beincluded.

e Spider Mutations: This option is available for SPIDER result only. When checked, proteins that have mu-
tated peptides identified with SPIDER are shown.

* PTM contains: Type the names of PTMsyou would like to include. Proteins that are supported by peptides
containing PTMsthat match thetext will beincluded. If multiple PTMsmatch thetext they will all beincluded
in the table.

Note

In all filters, multiple entries can be separated by a semi-colon.

» Table Search Bar: Several options for searching the table. If hits are found the total number of hits will be
displayed beside the bar with blue arrows allowing you to scroll through the table. Hits will be highlighted in
light blue. Optionsinclude:

Scan: Enter aspecific scan number tofind it in thetable. If multiple datafilesareincludedin the project, include
F#: before the scan number to specify

3.5.2. Peptide Table

The Peptide Table shows the filtered peptide identification results. Each row in the tableis a peptide identification
represented by its highest-scoring PSM. Thetable can be sorted by any column. A search functionisalso provided.
When there are more than 1000 peptides, the tableis split into multiple pages.

Note

If there are multiple PSMs matched to a peptide, the table displays the information for the top-scoring
PSM. Peptides with the same sequence but different modifications are considered different and shown
in different rows. The #Feature column shows the number of PSMs matched to the peptide. Other PSMs
can be examined after selecting a peptide in the table. See Section 3.5.4, “Peptide-PrecursorSpectrum
Matches’ for details.

110



Peptide, PTM, and Mutation
Identification (PEAKS DB,
PEAKS PTM, and SPIDER)

Peptide -10igP 4 Mass Length ppm mjz RT Intensity Sample 1 Scan #Feature #Feature Sampl... Accession PTM AScore Found By
3512.6326 P02769|ALBU_BOVIN
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Tip
Right-click on a peptide to show a pop-up menu, and select " Show original spectrum”. Thiswould jump
to the spectrum in the data view.

The following list describes the contents in each column:

» Peptide: The amino acid sequence of the peptide, as determined by the PEAKS search workflow. A modified
residue isfollowed by a pair of parentheses enclosing the modification mass.

 -10IgP: The peptide -10IgP score. The score indicates the scoring significance of a peptide-precursor spectrum
match.

» Mass: The monoisotopic mass of the peptide.

e Length: The number of amino acids in the peptide sequence.

» ppm: The precursor mass error, calculated as 10° x (precursor mass - peptide mass) / peptide mass.

» m/z: The precursor mass-to-charge ratio.

» RT: Theretention time (elution time) of the spectrum as recorded in the data.

» Scan: The scan humber of the spectrum that matches the peptide sequence with the highest -10IgP.

» #Feature: The number of features assigned to the peptide sequence.

» Accession: The accession number of the highest-scoring protein containing this peptide.

» PTM: Thetypes and the numbers of modifications present in the peptide shown in color-coded icons.

» AScore: Localization score assigned to modifications on the peptide. It isthe -10 log of ap-value. In this case,
the p-value is the probability that the modification occurs at the reported position compared to other possible
positions. A -10IgP of 20 is equal to a p-value of 0.01. Scores are listed in the format AminoAcid, peptide
position, modification, Ascore. For example, serine at amino acid 3 is phosphorylated with an AScore of 54.01

will be reported as: S3P54.01.

* Found by: The name of the PEAK S search workflow that identifies the peptide; this can be either PEAKS DB,
PEAKSPTM, or SPIDER.

3.5.3. Peptide Global Comparative View

"Peptide Global Comparative View" provides detailed information for users to draw semi-quantitative compar-
isons for each peptide among different samplesin the whole project. To Show/Hide the "Peptide Global Compar-

ative" view, click the@ button to add and remove peptide area/intensity, and spectral count columns. All samples
included in the search will be displayed and named according to the user defined name.

Note

PEAKS provides users the option to cal culate peptide abundance using the M S1 feature area cal culation
or using the MS1 feature intensity. By default, areais used.
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Show / Hide Columns
sample Intensities
Intensity Sample 1
ample Features Counts
e #Feature Sample 1

In the peptide table, one or more columnslisted bel ow will be displayed if the corresponding columns are checked.

» Areal/Intensity by sample: The total arealintensity of all peptide features matched to spectra that identified
the peptide. Areallntensity calculations are separated into multiple columns if multiple samples were included
in the run.

 #Feature by sample: The number of MS/M S features associated with each peptide displayed on an individual

sample basis.
Peptide -10ilgP § Mass Length ppm mfz RT Area Sample 1 Area Sample 2 Scan #Feature #Feature Sample 1 #Feature Sample 2
S8l DTHEDHDT(+79.97)5(+79.97)TEN. .. I 4092.6423 [} 1
2 |MESEGGADDS(+79.97)AEEGDLLDD... 100.45 4292.7041 3 3.4 14319135 93.28 7.7267 F2:36223 3 0 2
3 |FEEESK(+8.01)EPVADEEEEDS(+79... 99.05 4082.7175 3#4 0.6 1021.6873 106.91 9.367 F2:41689 4 0 2
4 |MESEGGADDS(+79.97)AEEGDLLDD... 97.62 3789.4844 34 1.1 1264.1702 111.32 0 1.57E9 F2:43521 23 0 10
5 | QRLFENLRMLPHAPGVQMQAIPEDA. .. 96.59 4565.0264 40 0.6 1142.2645 223.85 3.48E7 1.9268 F1:80732 3 1 1
& |DSTLIMQLLRDNLTLWTS(+79.97)D... 95.97 5708.5874 50 2.6 1428.1504 260.27 0 F1:94643 0 0 0
7 |M(+15.99)ES{+79.97)EGGADDS(+... 94.73 3885.4456 34 1.3 1296.1575 108.73 3.3%€7 3.5268 F2:42837 2 1 1
8 | C(+57.02)GSGPVHISGQHLVAVEED... 94.30 3459.4297 31 0.7 1154.1514 157.08 5.1388 2.06E8 F1:55046 14 7 3
9 | RNPELTRGEYYNQDNNDGLEEDES(+... 93.85 4136.6523 34 1.6 1035.1720 68.44 2.0569 1.8267 F2:26213 8 7 1
10 | M{+15.99)ESEGGADDS(+79.97)AE... 93.56 3813.4934 34 1.4 1272.1736 103.56 6.1E5 3.65€7 F2:40385 5 1 4
11 |GEAEQS(+79.97)EEEADEEDK(+4.0... 93.41 3357.3291 28 0.7 1120.1178 49.55 9.49E6 F2:18464 2 0 1

3.5.4. Peptide-PrecursorSpectrum Matches

The title bar shows the information of the peptide sequence that is being displayed in the spectrum. If a feature
contains two tandem scans, click the Prev Scan” or “Next Scan” button to view the Spectrum Annotation of the
other PSMs. Based on the PSM selected, the LC-M S Snapshot will change dynamically to highlight PSM in the
LC-MSview. Pressthe “Protein” button to look at the protein view associated with the peptide feature spectrum
match. Press the " Show Spec" button to open the MS/MS Scan in the "Data Refinement MS/IMS" view. Pressthe
"Show LCMS' button to automatically view the MS/MS and M S feature Scan in the LC-MS View of the current
PEAKS Search result being viewed.

Note

If a peptide feature spectrum match is associated to more than one protein as listed in the Accession
column, clicking the “Protein” button will show a list of al the Accession names to select from. For
detailed instructions, please refer to Chapter 8, Section 3.2, “De Novo Peptide View”.
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4| #9520 | 48119 | 48217 | 250.10 | 1 | 3123.53 | 3110.52 | 311151 | 1564.77 | 28 z
5 | 57.23 | 55222 | 59321 | 28562 | A | 301545 | 2997.44 | 2698.42 | 1508.23 | 77 £
6 | 698.27 | 68126 | 692.25 | 350.34 | € | 294441 | 2026.40 | 2920.39 | 47271 | £
7| 798.34 | 780.33 | /8132 | 39967 | V| 281537 | 2797.3 | 2798.34 | 1408.19 | 25 )
8 62733 | 609,37 | 910.35 | %415 | E | 2716.30 | 2696.23 | 2699.27 | 1358.65 | 4 24366
9 | 1055.47 | 1037,47 | 1038.46 | 528.25 | K | 2587.26 | 2969.25 | 2570.23 | 1294.13 | 23
10| 117051 | 1152.50 | 1153.98 | 595.75 | D | 2459.16 | 244115 | 294214 | 1230.08 | 22
1] 129155 | 1223.55 | 1224.52 | 62127 | A | 234414 | 2326.13 | 2327.11 | 1172.57 | 21
12| 135463 | 1336.63 | 1337.60 | 67782 | 1 | 3273.10 | 2255.08 | 2256.07 | 1137.05 | 2
13| 195168 | 1430.67 | 143466 | 726.34 | P | 2160.02 | 2192.01 | 214299 | 1080.51 | 19
14 [ 158073 | 1562.72 | 1563.70 | 79087 | E | 2062.86 | 204,95 | 2045.94 | 103198 | 18 00 o =
15[ 169477 | 1676.7 | 1677.74 | 84789 | N | 193392 | 1915.91 | 191689 | 967.46 | 17 . S
16 | 1807.85 | 1769.84 | 1790.83 | 904.43 | L | 1819.89 | 180187 | 180285 | 910.44 | 16 v T

3.6. De Novo Only View

The"Denovo Only View" displaysthe filtered de novo only sequences. A de novo sequenceisdenovoonly if itis
from an MS/M S spectrum that is not confidently assigned to any database peptide. The table shows thefiltered de
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novo only sequences by the current settings in the Summary View. "De novo only sequences may suggest novel
peptides, peptides with unknown modifications, or other interesting research subjects. The interface is identical
to the Peptide View in a de novo sequencing result node. For detailed instructions, please refer to Section 3.2,
“De Novo Peptide View”.

3.7. LC-MS View

The"LC-MSView" visualizesidentified peptides and de novo only sequencesin an interactive LC-M S heat map.
Check the option "Identified peptides” to show the locations of M S/M S spectrawith peptideidentifications, which
areindicated by blue squares. Check the option "De novo only tags' to show the locations of MS/M S spectrawith
de novo only sequences, which are indicated by amber squares. Only the filtered peptide identifications and de
novo only sequences are shown on the heat map.

Refer to Section 4, “LC/MS View” for alist of supported interactions in the LC-M S heat map.
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4. Filtering PEAKS Search Results

PEAKS Search results can be filtered to keep only the high quality peptides, proteins, and de novo only peptides.
Filtering parameters can be specified using the control panel in the Summary View. Click the Apply Filters button
to filter the results that will be updated accordingly in the Summary, Protein, Peptide, and LC/MS views. The
filtering optionsin the control panel are described in the rest of this section.

Peptides -10lgP =|15.7 . FDR PTM | Ascore ~(2( 0 o Proteins -10lgP = | 20 .. land = | 1 .. |unigue peptides and [/] with significant peptides
De novo only ALC (%) = 50 .. |and -10lgP = ____ 15.7 Apply Export Notes

Whenever afiltering parameter is changed, the Apply Filters button will be highlighted in red as a re-
minder that the changes have NOT yet taken effect.

Peptides.  Peptide-spectrum matches are filtered by peptide -10IgP scores. The peptide -10IgP threshold affects
the results shown in both the "Peptide" and the "Protein” views. Only the peptides with PSMs above the -10IgP
score threshold are listed in the "Peptide” view. These filtered peptides are used as supporting peptides to infer
protein identifications; therefore, affect the proteins shown in "Protein” view.
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If the "Estimate FDR with decoy-fusion" option is selected in the PEAKS search parameters, the peptide -10IgP
score threshold can be easily set using the estimated FDR. Clicking the FDR button shows an interactive FDR
curve. Moving the cursor along the curve will show the estimated FDR at a specific score threshold. At adesired
FDR, the corresponding peptide -10IgP score threshold can be set by right-clicking and selecting Copy score
threshold. FDR selection from a list of predefined FDR values is aso possible, which will also set the score
threshold.

[Score selection <
5.0%
4.5%
4.0%
35%
3.0%

Select FOR

Right click to set -10igP threshold,

FDR
#

2.0%
1.5%
1.0%

0.5% FDR. = 0.05%
10lgP =14

0.0% = : : : - - = ; ; = :
0 50 100 150 200 250 300 350 400 450 500 850 600
number of peptide-spectrum matches

If the“ Estimate FDR with decoy-fusion” option is not selected, the peptide -10IgP score threshold will need to be
set empirically. A score threshold set at 20 is a good choice to start with asits equivalent p-value will be 0.01.

Note

The concepts of P-value and FDR are different. In PEAKS Search, p-value is defined as the proba-
bility that a false identification in the current search achieves the same or better matching score. A
1% p-vaue does not automatically correspond to a 1% FDR. For more details, please see http://
www. bi oi nf or. conl peaks/tutorial s/peaksdbscore. htnl

PTM. Usethe drop down menu to select AScore or | on intensity, only modified peptides that include a mod-
ification that above this threshold will be included.

» AScore: Localization score assigned to modifications on the peptide. It isthe -10 log of ap-value. In this case,
the p-value is the probability that the modification occurs at the reported position compared to other possible
positions. A -10lgP of 20 is equal to a p-value of 0.01. Scores are listed in the format AminoAcid, peptide
position, modification, Ascore. For example, serine at amino acid 3 is phosphorylated with an AScore of 54.01
will be reported as: S3P54.01. AScores are reported in the peptide table (Section 3.5, “Peptide View™).

* lon intensity: Minimum relative fragment ion intensity required for accurate localization. A pair of major
fragment ions must be found showing fragmentation before and after the modified amino acid with at least the
given minimum intensity. For HCD and CID fragmentation b and y ions are considered. For ETD fragmentation
cand z' ions are considered. For example, if 5% is chosen and CID fragmentation is used, apair of b or y ions
must be found with at least 5% relative intensity showing fragmentation before and after the modified amino
acid.

Mutation. lon intensity: Minimum relative fragment ion intensity required for accurate localization. A pair of
major fragment ions must be found showing fragmentation before and after the modified amino acid with at least
thegiven minimum intensity. For HCD and CI D fragmentation b and y ionsare considered. For ETD fragmentation
c and Z' ions are considered. For example, if 5% is chosen and CID fragmentation is used, a pair of b or y ions
must be found with at least 5% relative intensity showing fragmentation before and after the modified amino acid.

Proteins.  Protein identifications are filtered by protein -10IgP scores and by the number of unique peptides.
These protein filtering options affect only the Protein View.

e -10IgP: It isimportant to empirically set a protein -10lgP score threshold. A protein score threshold of 20 or
higher is recommended.
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» Uniquepeptides. Unique peptides are supporting peptidesthat are only linked to one protein group. A confident
protein identification normally requires at least two unique peptides.

 Significant peptides: Significant peptides are supporting peptidesthat have scores above or equal to the peptide
-10lgP threshold. If selected this option, proteins with at least one significant support peptide will be listed in
the protein table.

Denovo Only. "De novo only peptides are filtered by ALC score. The ALC score is the average of local con-
fidence score of al of the residues in a de novo sequence. When the highest peptide -10lgP score of all PSMs
matched to a spectrum falls below the peptide threshold, the de novo sequencing result on that spectrum is con-
sidered a de novo only peptide. By default, the threshold is automatically set, and is locked as the same value as
the -10lgP score threshold for filtering peptides.

The AL C score threshold can be determined using Figures 3(a) and 3(b) in the Summary View. For details, please
refer to Section 3.2.4, “De Novo Result Vaidation”.

5. Exporting PEAKS Search Results

The"Export" button in thetitle bar of the "Summary" view alowsfor the exporting of filtered resultsinto various
formats. It provides the opportunity to share the report in HTML, use the result as a supplemental figure/tablein a
publication, or further validate and analyze the result in athird party software platform. Pleaserefer to Section 4.1,
“Exporting Summary, Proteins, and Peptides’ for details.

Note

Projects can be shared by copying the PEAK S project directory. It can then be opened in the free PEAKS
Viewer that has the same GUI as PEAKS Studio. Contact <support @i oi nf or . cone for additional de-
tails.

6. Running PEAKS PTM and SPIDER Separately

PEAKSPTM and SPIDER can be launched independently from a PEAK S DB result by selecting a PEAKS search
result node and clicking the * button or the ™ button on the tool bar, respectively.

6.1. Running PEAKS PTM on a PEAKS DB Result

Launch PEAKS PTM by selecting a PEAKS DB result and clicking the PEAKS PTM icon “\ on the tool bar .
Running PEAKS PTM on a PEAK S DB result is functionally equivalent to running both searches together in an
integrated search.

The parameters used in a PEAKS PTM search are similar to a PEAKS DB search. Selecting a protein databaseis
not necessary as PEAKS PTM automatically uses the database defined in PEAKS DB.
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PEAKS PTM X

PEAKS PTM Predefined parameters v

Error Tolerance
Precursor mass: | 15.0 PEM - USING  MONOISOLOPIC MAss - Fragmention: = 0.02 | Da

Enzyme
Specified by each sample

Allow non-specific deavage at |one - | end of the peptide.

Maximum missed cleavages per peptide: 3%

PTM

() Search with preferred modifications:
=
@
®°

axy

Maximum allowed variable PTM per peptide | 35

Filter Options
Perform PTM search on spectra satisfying the following condition:

De novo ALC (%) score greater than: 15 recommend 15%

OK Cancel Help

6.2. Running SPIDER on a PEAKS DB or PEAKS PTM Result

Launch SPIDER by selecting aPEAKS DB or aPEAKS PTM result and clicking the SPIDER icon on the tool bar

* . Running SPIDER onaPEAKSDB or aPEAKSPTM result isfunctionally equivalent to running both searches

together in an integrated search. However, the parameters panel, in this case, appears as follows and allows for
afew additional options:

SPIDER Search w

SPIDER Search Predefined parameters “

PTHM

||| Carboxymethy
AY) Deamidation (NQ

F’:,...:.:.. M Remove

Set PTM

Switch type

Filter
Perform SPIDER search on spectra satisfying the following condition:

De novo (ALC 9%) score greater than: 15 % recommend 15%

Ok Cancel Help

Note

For users of previous versions of PEAKS, SPIDER refers to the function previously called Homology
Match.

PTM. Clicking the Set PTM button will bring up a separate window for choosing modifications. The PTM
configuration isthe same asit isin de novo sequencing. Refer to Section 2.3, “PTM” for details.
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Filter. The filtering option asks for the minimum de novo tag score (ALC) for a spectrum to be analyzed in
SPIDER. If the ALC score of a spectrum istoo low, the spectrum is unlikely to provide a significant hit.

7. Comparison of PEAKS Results

It is possible to compare up to three search results in the same project. To compare results, hold the Ctrl key to
select multiple result nodes and right-click. A popup menu will appear with the options to either Compare Results
or Delete Result. Select Compare Results and PEAK S will start comparing the results.

I D:ftemp/LFQ_Heatmap_Blank
() LABEL FREE 13 [27-Apr-11 21:25]
= [l Sample 1
=I-{lp PanTumorSCX 1.RAW
~- @ DATAREFINE 2 [27-Apr-11 15:50:22]
- i, DENOVO 6 [27-Apr-11 17:05]
L[ BT
= J Sample 2
=I-#ly PanTumorSCX2.RAW
- # DATAREFINE 1 [27-Apr

Compare Results

Delete Result

i (s DENOVO 5 [27-Apr-11 167307

Bedrois 5 (r-ior-11 9:00)

7.1. Comparison Result

When the comparison analysis is completed, a comparison result node indicated as "Compare run:[project num-
bers]" is added to the project tree, as shown in the following screen shot.

aeemn B0 sestwan Pane
I - Compare run:9,10,12 [20-May-11 16:44
—{J CABECPREE IS {27 Apr-IT 21725
- J\ Sample 1
=4\ PanTumorSCX1.RAW
#® DATAREFINE 2 [27-Apr-11 15:§
(s DENOVO 6 [27-Apr-11 17:05]
- # PEAKS 10 [27-Apr-11 19:14]
= J\ Sample 2
=14\ PanTumorSCX2.RAW
@ DATA REFINE 1 [27-Apr-11 15:3
- 43 DENOVO 5 [27-Apr-11 16:30]
- & PEAKS 9 [27-Apr-11 19:00]
=}~ J\ Sample 3
= PanTumorSCX3.RAW

The comparison result is opened automatically when the analysis completes. The result view consists of three
main sections: peptide comparison, protein comparison, and statistical charts.

Note

The comparison is done on the fly and the result is not saved with the PEAKS project. It is suggested
to export the comparison result before closing the project. For details on exporting, please refer to Sec-
tion 7.5, “Exporting Comparison Result”.

7.2. Peptide Comparison

Peptide identifications from the compared search results are displayed in the table. For each peptide, the table
shows m/z, retention time, peptide -10IgP score, charge, and whether there are multiple PSM hits. The Coverage
Map column graphically illustrates from which results the peptide is identified. A solid icon indicates the peptide
isidentified.
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Using the control panel in the bottom, each result can be filtered separately by setting the peptide -10IgP score
threshold. It is possible to show only the common peptides shared by all results or the unique peptide in one result.

The following screen shot is the peptide table in atypical comparison result:

PEAKS 28 [2017-04-07 13:39 PEAKS 29 [2017-04-07 13:39] PEAKS 30 [2017-04-07 13:39]
Peptide Sequence Cover Map
M/Z RT -10logP - Z | MULTI-HIT M/Z RT -10logP | Z | MULTT-... M/Z RT -10logP | Z MULTI-HIT

SVFPIQSYSGNSELQYVSYR EMEN  |1162.5893 [77.2056 |74.93 2 [false 1162.5612|76.8857  |83.18 2 true 1162.5656 |76.9528  |66.54 2 |false -~
TALNVH(+.98)GSMAAGTITS QLMK NN |1005.01 77.9901  |74.68 2 |false 1005.0038/79.3657  |86.09 2 false 1005.0092 |77.7151  |66.96 2 [false =
APVIVQFSN(+.98)GGAAFIAGK MEN 87447577 |78.6667 |74.38 2 |true 874.47644/81.0035  |88.28 2 true 874.47626 |80.1806  |67.11 2 |true =l
LPSC(+57.02)GFSAQAVQALSAC( +... 1055.0002 |67.956 74.01 2 |false 1055.0004/69.6893  |83.34 2 true 1054.999 |67.3428 |67.31 2 [false
VGDYTVAIGNPYGLGETATSGIVSALGR 1369.70290 [99.185 73.67 2 true 1369.7054 199.0933  |66.76 2 [false
GDVLADGPSTDLGELALGQNMR. 1115.0481 [81.5754 |73.58 2 |false 1115.046 |83.3083  |B9.06 2 true 1115.0477 |81.1737  |66.32 2 |true
VGDFAVAVGNPFGLGQTATSGISALGR 1338.2137 [104.2897 |73.51 2 [false 1338.2131 |104.1433 |63.7 2 |true
YEE\J’TANC(+57.DZ]SCQ5?.D2]GN... 881.3677 [30.1482 73.16 2 true 881.3686 |28.9744 82.63 2 true 881.3655 |29.4327 |68.13 2 |true
WTSQSSLDLGEPLSLITESVFAR 1268.6521 (106.3125 |72.59 2 true 1268.6447 |106.1687 |63.63 2 |true
GPIEN(+.98)DGFSPVEAIAPGVIER 1084.5527 |85.1375 72.56 2 true 1084.5474/86.4413 84.74 2 false 1084.5515 |84.6505  |65.89 2 |true
AGTHDVHGAALGAAEVAATR 037.978 31.5578 |72.32 2 true 037.985 |30.1532  |90.09 2 true 937.98 31.2476  |65.61 2 |true
LPQVEGTGGDVQPSHELVR 1009.52313(43.7807  |72.29 2 true 1009.5223/43.222 87.31 2 true 673.34985 |42.7703  |52.36 3 false

7.3. Protein Comparison

Thetop proteinidentificationsfrom the compared search resultsare displayed in thistable. Thelayout of the protein
table and the control panel at the bottom is similar to the Peptide Comparison pane. The following information
isalso displayed for each protein:

e Score: PEAKS protein -10IgP score

» #Spec: The number of PSM's matched to supporting peptides for the protein.

» #Pep: The number of supporting peptides for the protein

« #Uniq: The number of unique supporting peptides for the protein

» 9% Spec: The number of peptides detected for the protein over the number of peptidesin theoretical digestion.

* 9% Cov: The sequence coverage of the protein

The following screen shot shows the protein table displaying atypical comparison result:

Protein 1 Cover Ma PEAKS 28 [2017-04-07 13:39] PEAKS 29 [2017-04-07 13:39] PEAKS 30 [2017-04-07 13:39]

- b Score #Spec #Pep #Unig | %Spec | %Cov ~ | Score #Spec | #Pep #Unig | %Spec | %Cov | Score | #Spec | #Pep #Unig | %Spec| %Cov
ADALCOF2L5|AOALCOF2L5_SERMA L1 28.79 1 1 1 1.06 0.8 61.87 1 1 1 1.06 1.71 143.65 2 2 2 2.13 1.94 -
ADALICOCIRI|AOAICOCIRI_SERMA WO 24.36 1 1 1 1.28 1.25 =
AOATCOFIHI | A0A1ICOFIHI_SERMA [ [m] | 33.27 1 1 1 2.04 1.26 51.86 |2 2 2 4.08  |3.61 =]
ADALCODTAS|ADALCODTAS_SERMA [ [m] | 26.26 1 1 1 1.43 1.27 21.12 |1 1 1 143 1.27
ADALCOCA44| ADALCOCA44_SERMA [ |u[m] 21.01 1 1 1 1.28 1.34
ADATCONS42| ADATICONS42_SERMA (1 1] 36.80 1 1 1 1.15 1.42 64.18 2 2 2 2.3 3.28 '2_5.19 1 1 1 1.15 142
ADAICOFUMI|AOAICOFUMI_SERMA| mEM 24.74 1 1 1 1.09 1.42 41.1 2 2 2 217 3.41 23.93 |1 1 1 1.09 213
AOALCOKFAB|ADALCOKFAB_SERMA EEE 4442 2 2 2 1.96 1.44 59.08 3 3 3 2.94 2.55 62.76 |5 4 4 3.92  |3.48
AOATCOKUD4 | ADA1COKUO4_SERMA L In] ] 36.53 1 1 1 1.52 1.48 37.73 1 1 1 1.52 1.48
ADATICOGXO1|ADAICOGX91_SERMA (1 1] 23.55 1 1 1 0.79 1.64 |69.91 2 2 2 1.57 2.24 4536 |2 2 2 1.57 [2.24
ADATICOGSF2|ADALCOGSF2_SERMA (1 1] 23.51 1 1 1 2.22 1.65 25.42 1 1 1 2.22 1.65 27.06 |1 1 1 2.22  |1.65

7.4. Statistical Charts

PEAKS provides a number of statistical charts that can be easily exported for usage in publications. The peptide
score distribution, the protein score distribution, the peptide number Venn diagram, and the protein number Venn
diagram can help validate the results. The charts can be exported from the pop-up menu after right-clicking the
comparison result node.
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Peptide Score Distribution

Peptide Number Venn Diagram
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7.5. Exporting Comparison Result

The Peptide table, the Protein table, and the statistical chartsin the comparison result can be exported into asingle
spreadsheet. Right-click on the comparison result node and choose Export Excel. Choose the items to be exported

and set the image quality for statistical charts.

Export protein resul
Export statistics graph

Image Options
Scale: %
Fie Format: [Png = | Width:

Height:

Save As: |corr|pare result

| [[mowe. |

[ o | [ conel |
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Chapter 10. Multi-Round Search

1. Multi-Round Search Overview

The Multi-Round Search is an additional search function that follows a completed search result to examine the
remaining “de novo only” spectra. Thisadditional search allows usersto perform PEAKS DB, PTM and SPIDER
searches using different parameters and/or to integrate a different database.

Note

In a poster presented by Bioinformatics Solutions Inc. and Delft University of Technology, the Mul-
ti-Round Search tool allowed a direct analysis of endogenous peptides in complex secretomes without
physical removal of abundant proteins. For more details, refer to the poster: Quantitative analysis of en-
dogenous peptides.

Follow these steps to perform a multi-round search:

1. Select aPEAKS DB, PTM or SPIDER result node in the "Project View". Open the result and set filters. The
de novo results found in the "de novo only" tab will be carried forward to the Multi-Round Search.

2. To open the search parameters window, select a PEAKS DB, PEAKS PTM or SPIDER result node in the

|
"Project View". Launch the multi-round search by clicking the _ﬁ icon on the tool bar.

™Y PEAKS Studic - 64 bit
File Tools Window Help

UU._[IL.Q qu?ﬁ‘f\\lﬁlaw
Y Project View IMuIti-RUund Search with De Novo Only Spectral
- C: /PEAKSStudio X /SampleProject
=+ J\ Sample 1
= SixProteinMixture RAW
@ DATA REFINE 1 [2018-10-18 13:57]
L DENOVO 2 [2018-10-18 13:57]

RlPEAKS 3 [2018-10-18 13:57]

3. Specify the search parameters in the pop-up dialogue. The parameter selection dialogue is similar to the para-
meter selection dialogue in Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM,
and SPIDER) Section 2, “Setting PEAK S Search Parameters’.

4. Wait for the analysisto finish. New result nodes for multi-round PEAKS DB, PEAKS PTM, and SPIDER will
appear in "Project View". Double-click the result nodes to examine the associated results.
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Chapter 11. PTM Profiling

1. Overview

The PTM Profile tool provides a direct visualization and summary of the quantitative information such as the
abundance of modified and unmodified forms containing the detected modification sites on proteins. The PTM
Profile tool can compare the changesin the expression level of the modification sites by comparing the area under
the XIC curve of the modified peptide features from the LC-MS data across the MS samples in the experiment
with the peptide feature area of the unmodified peptides.

Follow the steps mentioned below to run the PTM profiling tool.

1. Select aprotein of interest from the protein table. By default, the first entry in the protein table is selected.

Arcession -10lgP Cr
-4 Proteing | |
il P0O2759|ALBU_BOVIM 37277 1T T |
- QSRS TRFE_BUIVIN 330,04
=@ B11OTS|BGAL_FCOLC 32317 B N1 ENI N
- PO0722|BGAL_ECOLI 323.17 H HiEn.
mamaIn AL vEACT 748 IS IR Eu |

2. Set minimal ion intensity or minimal AScore parameter threshold for confident modification site determina-
tion. Refer to Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER)
Section 3.4.4, “Protein Coverage” for details.

| EJ I A # | Ooutine @ coverages
2 80 5| AAs per line 10AA gap
KFWGE . i
- Sequence Display Option |Fasta  «
Show de nove only sequences
de novo tags sharing | 55| AAs
de novo peptides fully matched
AWSVA show confident modification site
(®) minimal ion intensity 515 %
() minimal Ascore |20.0
AM FTM #
VEKDA [B| +55.01 | Carboxymethyl 95
o d| +0.98|Deamidation (NQ)
— ol | +15.99 | Qxidation (M) 5
[——

3 Click the i} button on the coverage pane tools bar. Once selected, a new dialog will appear to display the
PTM profiling. The input selection, result display and result exporting options are combined together in the
PTM profile dialog.

2. PTM Profiling for DB/PTM/SPIDER Results

For the Identification results (DB/PTM/SPIDER), the PTM Profiling tool provides quantitative information of
modified peptides compared with unmodified peptides for the modification sites of the protein across all MS

samples.
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PTM Profiling
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Theinputs for the profiling can be set using the drop-down lists at the top-left corner of the dialog.

|£: | PTM Profile of P13541|MYH3_MOUSE

Modification |Oxidation (M) | Peptides Al v

» Proteins. The accession ID of the selected protein to be analyzed for PTM profiling is shown in the title of
the dialog.

Note

The selected protein can not be changed within thedial og. To run profiling on another protein, closethe

dialog, select the protein of interest from the protein table and run the profiling by clicking I putton.

» Maodification. The drop-down list contains the detected and sel ected confident PTMsfor the protein. Select the
type of modification to study a specific PTM or choose All the PTM s to visualize the profiling information
of al PTM sites at together.

Note

The fixed PTMs are not used for profiling.

» Peptides. Data source used for the analysis. All considersall the peptides for this protein. When Fully digested
is selected, only the full enzyme digested peptides will be used to cal culate the modification abundance.

2.2. PTM Profile Table

PTM Profile Table shows the detailed quantitative information for the modification sites. Each row in the table
shows the modified and unmodified area for each sample of the selected PTM at each detected modification site.
The table can be sorted by any column. The following list describes the contents in each column:

* (Check box): Allow the selection of each table row. Only the marked rows are used for the PTM Profile Chart.
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» Protein Position: The detected modification sitesin the protein. The modified amino acid symbol together with
the position in the protein sequence is shown.

e PTM: Thetype of PTM being profiled.
 -10logP: The best -10logP identification score for the corresponding modified peptides.

e AScore: The best PTM AScore associated with the corresponding PTM at the specified site of the modified
peptides.

» Sample Modified: Total area of the features associated with the corresponding modified peptides for each
sample.

» Sample Unmodified: Total areaof the features associated with the corresponding unmodified peptidesfor each
sample.

FTM Profile Table

Protein Position PTM -10logP AScore  Sample 1 Modified Sample 1 Unmodifi... Sample 2 Modifi
z M166 Oxidation (M) 47.78 1000.00 1.35E6 7.71E6 1.22E6
[l M358 Oxidation (M) 60.72 1000.00 3.75E5 1.1E6 2.98E6
| M389 Oxidation (M) 34.83 1000.00 8.06E4 3.14E5 2.3E5

v Ma40 Oxidation (M) 41.05 1000.00 5.18E5 3.19E5 4.24E5
| M494 Oxidation (M) 43.65 1000.00 7.81E5 0 0

| Ma31 Oxidation (M) 18.48 1000.00 0 0 8.29E5
| M853 Oxidation (M) 39.42 1000.00 8.47E5 6.17E6 8.5E5
] M1598 Oxidation (M) 66.62 1000.00 5.69E5 1.24E6 6.13E5
] M1766 Oxidation (M) 39.48 1000.00 2.42E5 7.07ED 5.33E5

4 | 1 | r

When Fully digested is selected, there are two more columns shown in the PTM Profile Table:
» Peptide: The fully digested peptide sequence.

» Peptide Position: Position of the modified amino acid in the peptide sequence.

2.3. PTM Profile Chart

The PTM Profile Chart islocated at the bottom left corner in the dialog. It gives avisualization of the intensity or
ratio between unmodified and modified amino peptides at each detected modification sites.

* LoglOintensity. When L oglOintensity isselected, the chart showstheintensitiesfor modified and unmodified
peptides at the modification sitesin all MS samples. The x-axisindicatesthe Log10 intensity whereasthe y-axis
indicates the position in the protein sequence where a modification was identified for each individual sample.
Blue bar represents the unmodified area and red bar represents the modified area.
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» Percentage modified. When Per centage modified is selected, the chart shows the ratio between modified and
unmodified peptides at each modification site for all MS samples. The x-axis indicates the percentage (%) of
modified or unmodified peptide feature areas relative to the total abundance whereas the y-axis indicates the
position in the protein sequence where a modification was identified for each individual sample.

Note

Since the percentage is calculated over the sum of the modified and unmodified areas, the modified
and unmodified portion always sum up to 100%.

Note

For samples with the specific PTM not detected, the corresponding bars are left as blank.

2.4. Spectrum Annotation View

The Spectrum Annotation View provides a graphical representation for the best modified peptide and the best
unmodified peptide when All is selected from the Peptides drop-down list. The top spectrum corresponds to the
best modified peptide, whereas the bottom spectrum shows the best unmodified peptide.

When Fully digested is considered, the best modified peptide and the best unmodified peptide are displayed in
acompare view for quick visualization and validation.
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2.5. Result Export

The PTM profile can be exported as an image as well asin text format.

» Imageexport. To savetheprofile chart, right click and choose Saveto | mage... menuitem to save the displayed

graph asaPNG file.

» Text format export. Click Saveto Text Format... button at the top-right corner to export the calculated PTM
Profile datato atext filein CSV format. The same export function is available from the profile chart by right
clicking and selecting Saveto Text Format... menu item. The PTM Profile of the selected maodification on the
selected protein will be exported by default. In addition, profileson all proteinsfor the selected modification may
also be exported, if Export ptm profile for all proteins are checked. The exported file contains al necessary
information to construct the PTM profile graph. The PTM profile data are grouped together by protein, then by
maodification type, and then by the the modification site on the protein sequence. The headers of the CSV column
are similar to the PTM Profile Table and also self-explanatory. The following items are explained for clarity:

* Modified Peptide Sequence Window: protein sequence containing 10 AA ahead of the modification site
and 10 AA after the modification site with padding as necessary.

* Sample Best AScore: best AScore for each sample.

Note

When "Export PTM profile for all proteins' is not checked, only the profiling data that is marked in

the PTM Profile Table will be exported.
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3. PTM Profiling for Label Free Quantification and Re-
porter lon Quantification Results

This section describes the PTM Profiling for Label Free Quantification (LFQ) and Reporter lon Quantification
(e.g. TMT/ITRAQ) results. PTM Profiling for these two types of Quantification results have similar interfaces.
PTM Profilng for aTMT quantification analysis is used as an example to demonstrate the functionality.

Wodication | Fhospharylation (STY) v Paptides |l =[] Apply protein-lavel nommaiization Save to Text Format .
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3.1. Input Selection

Theinput selection is similar to the input section of the PTM profiling on DB result, except the additional option
Apply protein-level normalization. By default, the protein-level normalization is not applied. If checked, the
displayed modified/unmodified areais obtained by dividing the true modified/unmodified area by the correspond-
ing ratio of the selected protein.

Note
In addition to the fixed PTMs, the labeling modifications are not considered for profiling.

3.2. PTM Profile Table

PTM Profile Table shows the peptide feature areas for modified and unmodified peptides for the selected PTM in
all groups. The group areaiis the sum of the sample/channel areasin that group. If no grouping is defined, sample
areas for modified and unmodified peptides are displayed.

Note

For TMT results, the peptide area in each channel is calculated by distributing the associated peptide
feature area to each channel based on channel intensities.

3.3. PTM Profile Heat Map

The relative abundance of modified peptides in all groups for the selected modification sites as a heat map. The
color schemeisdetermined by thelog?2 ratios of the modified area of each group relative to the average abundance.
For more details about the heat map, please refer to Chapter 15, PEAKS Q - Label Free Section 3.2.2, “Protein
Volcano Plot”.
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3.4. Detail Pane

Theright panel in the dialog provides detailed information for the selected profile datain the PTM Profile Table.

Spectrum View. The Spectrum View provides a graphical representation of the best modified peptide.

Peptides Table. Peptides table lists the modified peptides that contain the selected PTM at the specified mod-
ification site.

All Matches Table. The supporting PSMs of the selected peptidein Peptides Table arelisted inthe All Match-
es Table. The headers are self-explanatory. The last column Area is the area of the feature that is associated
with the corresponding PSM.

XICs. It showsthe XICsfigure for the selected modified match in the All Matches Table.

3.5. Result Export

Similar to DB PTM Profiling, the result can be exported as an image as well asin the text format. In the exported
CSV file, the following items are explained for clarity:

Group M odified: total areaof the features associated with the corresponding modified peptides for each group.

Group unmodified: total area of the features associated with the corresponding unmodified peptides for each
group.

Group modified (nor malized): total area of the features associated with the corresponding modified peptides
for each group, after applying the protein level normalization.

Group unmodified (nor malized): total area of the features associated with the corresponding unmodified pep-
tides for each group, after applying the protein level normalization.

Ratio Group modified: the ratio of the group modified area with respect to the average of the modified area
for all groups.

Ratio Group modified (normalized): the ratio of the group modified area with respect to the average of the
modified areafor all groups, after applying the protein level normalization.

4. PTM Profiling for Precursor lon Quantification Re-
sults

Thissection describesthe PTM Profiling for Precurson lon Quantification (e.g. SILAC/ICAT) Results. TheSILAC
PTM Profiling focuses on the changes in abundance of the modified peptides among different conditions for each
group. If no groups are set, the PTM abundance is compared among different conditions for each sample. The
interface is similar to the TMT/Label Free Quantification PTM Profiling.
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4.1. PTM Profile Table

The PTM Profile Table displays the profiling results for the selected modification. For Super SILAC result, the
PTM profiling studies the changes in ratio of abundance of modified peptides for each condition with respect to
the reference condition in each group. The ratio of the abundance for all condition with respect to the reference
condition in each sampleis calcul ated first. Then the median of the condition ratios of samplesin agroup istaken
as the condition ratio of that group.

4.2. PTM Profile HeatMap

The relative abundance of the modified peptides that contain the selected PTM at the selected modification sites
isrepresented as a heat map at condition level for each group. The color schemeis determined by the log?2 ratio of
each condition with respect to the reference condition for each group. Thereference condition ratio isnot shown for
simplicity. For more details about the heat map, please refer to Chapter 15, PEAKSQ - Label Free Section 3.2.2,
“Protein Volcano Plot”.

4.3. Detail Pane
The detail pane provides detailed peptide information of the selected PTM site.
» Spectrum View. The Spectrum View provides a graphical representation of the best modified peptide.

» Peptides Table. Peptides Tablelists the modified peptidesthat contain the selected PTM at specified modifica-
tion site. The ratios of modified peptide abundance in each condition compared with that in reference condition
are shown in the table.

» FeatureVectorsTable. The supporting feature vectors of the selected peptide in the Peptides Table are listed
in the Feature Vectors Table.

» XICs. It shows the XICs figure for the selected feature vector in the Feature Vectors Table.

4.4. Result Export

Similar to PTM Profiling for DB result, the SILAC profiling result can be exported as an image as well asin the
text format. In the exported CSV file, the following items are explained for clarity:

» Condition: Sample modified area: total area of the features associated with the corresponding modified pep-
tides in this condition for a certain sample.
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Condition: Sample unmodified ar ea: total area of the features associated with the corresponding unmodified
peptides in this condition for a certain sample.

Condition: Sample modified(normalized): total area of the features associated with the corresponding modi-
fied peptides in this condition for a certain sample, after applying the protein level normalization,

Condition: Sample unmodified (normalized): total area of the features associated with the corresponding
unmodified peptides in this condition for a certain sample, after applying the protein level normalization,

Condition: Group Ratio: the modification abundance ratio of each condition with respect to the reference
condition for each group.

Condition: Group Ratio (nor malized): the modification abundance ratio of each condition with respect to the
reference condition for each group, after applying the protein level normalization.
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Chapter 12. Combining Multiple
Database Search Engines with
PEAKS inChorus

1. PEAKS inChorus Overview

Properly combining the results from different database search engines can enhance the accuracy and sensitivity
of peptide identifications. PEAKSinChorusisatool for combining PEAKS results with search results from other
engines. PEAK SinChoruscan either launch adatabase search or import asearch result. The other supported search
engines are SEQUEST (Proteome Discoverer versions 1.3 and 1.4), Mascot (v2.5), X! Tandem (v2010.12.01.1),
and OMSSA (v2.1.8). A uniform FDR, also known as inChorus FDR, is estimated to assist the filtering of the
combined result.

In this chapter, it is assumed that you are already familiar with PEAK S database search tools (Chapter 9, Peptide,
PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER)). The usage of PEAKS inChorusis
outlined in the overview. For details of each step, please refer to later sectionsin this chapter.

1 )
Select a project, asample, or afraction node. Click the PEAKS inChorus button ":ﬁ’ on the tool bar.

"Y PEAKS Studio - 64 bit
File Tools Window Help

HdBHB " & 91K I_I|$bv\7

2. In the inChorus parameter dialogue, there are drop-down menus for each supported database search engine.
Using the drop-down menus, you can choose the search results to be combined. Y ou can either:

* Choose an existing result

The list shows search results that already exist in the PEAKS project. Simply choose an existing result from
thelist.

* Import aresult from afile

If the result by the search engineis exported to afile, that file can imported by choosing Import from thelist.
Specify the file and the searched database used from the pop-up dialogue.

* Launch anew search

A new database search can be launched using the particular search engine by choosing New Run... from the
list. Specify the search parametersin apop-up dialogue similar to the search engine's native interface. Please
refer to the particular search engine's user manual for instructions. For the PEAKS database search, please
refer to Section 2, “ Setting PEAK'S Search Parameters’.
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PEAKS ;Please select - | Mascot :Please select - Sequest :Please select -
X'Tandem FPlease select « OMSSA |Please select
Mew Run ... L : L .

Summary [PEAKS 3

Engine Precursor Error Fragment Error Enzyme Database Missed Cleavages FTM

Ay PEAKS is not selected, inchorus combination will not be performed.

OK ] [ Cancel

Note

A PEAKS result must be selected to combine results using inChorus.

Note

When launching anew search, if the datain the PEAK S project is not yet refined, data refinement will
be performed first with default parameters.

I mportant

To enable the calculation of the inChorus FDR, the same target-decoy database needs to be searched
by all of the engines. For PEAKS, X!Tandem, and OMSSA, this target-decoy database is generated
automatically. For SEQUEST and Mascot, atarget-decoy database needsto be exported from PEAKS
and added to their database list. To export the target-decoy database, open the Configuration tool and
select Database from the left-hand menu. The Export Decoy DB button is located just under the list
of configured databases.
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| Enzyme Database List
— [UniProt_SwissProt]
Labeled Q Method
Instrument
Database Details
FASTA format database: | NCBI e + | validate Database ExportDecoy D8 |
Basic Options
Database name: Validated
Path: Browse l ar [ Download
[T EST database

Advanced Options - Fasta Title Format
Rule to parse accessionfid from FASTA title:

Wi\ |\d=Y)

Rule to parse description from FASTA title:

s+
Accession/fid URL:

http: /. nchi.nim. nib. gov fentrez fviewer . fegi?db =proteinfval= | <Accession/ID>
Delimiter: s+ =\

Taxonomy Options
taxonid | Browse || Download |
taxdmp [ Browse H Download |

__New || Addpdate || Delete || Hep
=N

Then, check the "Search decoy database from PEAKS" checkbox for each third-party enginein their
parameter settings or importing dialogues (for PEAKS check the "Estimate FDR with decoy-fusion”
checkbox).
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Mascot

Predefined parameters

Database
Mascot Database |SampleWithDecoy i w | Taxa
Local Database | SampleDB - SetfView Taxa
Enzyme
Enzyme |Trypsin » | Allowupto [0 «  missed cleavages
PTM
Fixed |Carboxymethyl (C) Acetyl (K) -
Modification B acetyl (N-term)
Acetyl (Protein N-term)
=2 Amidated (C-term)
Varichh dated (NQ) Amidated (Protein C-term)
ariable Deamidate o] A " ¥
S = - mmoniaHoss (M-term C)
Modification |5yidation ™M) Biotin (K)
< Biotin (M-term)
Carbamidomethvl {C) o

Display all modifications

Error Tolerance

Peptide Tol |20 pom ~ #Y%C0 + MS/MS Tol (0.8 Da
Peptide Charge |2+, 3+and 4+ - @ Monoisotopic Average
Misc
Instrument  ESI-TRAP - Report top | AUTO - | hits Decoy | [W]Search decoy database from PEAKS.

| O || Cancel |

3. Wait for PEAKS inChorus to complete the analysis. A new inChorus result node will appear in the Project
View. Double-click the node to open the result.

4. Theresult presentation issimilar to aPEAKS Search result, with additional columnsin the Peptidetable, which
show the search engine(s) that identified the peptide and their corresponding scores.

2. Understanding PEAKS inChorus Results

An inChorus result is displayed in avery similar format of a PEAKS Search results (Section 3, “Understanding
PEAKS Search Results’). This section only highlights the differences.

Peptide Score.  The first noticeable difference is that the inChorus peptide score is not the -10lgP score used
in PEAKS DB. Instead, a percentage confidence score is used to reflect the probability that this peptide-spectrum
match is correct. The percentage scoreis calculated in accordance with the empirical calculation used in Peptide-
Prophet™ (Keller et al. Anal. Chem. 2002, 74:5383-92).

1. The method of PeptideProphetTM is applied to each engine's result to estimate the probability of correctness
for each peptide identification.

2. If apeptide-spectrum match is identified by multiple engines, the scores for all those engines are added up to
aweighted sum.

3. The weighted sum scores of all peptides are converted to a probability by using the PeptideProphetT’VI method
again.

Protein Score.  The protein scoreis also a percentage score. It is calculated using the following approach. The
scores of the peptidesfrom aprotein are added up to aweighted sum. The PeptideProphetT'\’I method isthen applied
to the weighted sum scores of al proteins to convert to a probability score.

Engineslcon. For each peptidein the "Peptide” view, the "Engines' column shows the engine(s) that identified
the peptide. Each engineis represented by aicon showing the initial letter of the engine's name:
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P: PEAKS Search (PEAKS DB, PEAKS PTM, and SPIDER)

 M: Mascot

S: SEQUEST

e X: X!Tandem

O: OMSSA

Also, the following appearances of theicon indicates:

 Bluebackground The engineidentified the peptide with high confidence (above the engine's own score thresh-
old. See Section 3, “Filtering PEAK S inChorus Results”).

» Whitebackground Theengineidentified the peptide with low confidence (bel ow the engine'sown scorethresh-
old).

» Dash The engine did not identify the peptide.

El @ (1-280f28 ~ | B w saan = | search Q| @ @ noresul
E I
E Peptide Scan mfz RT Mass ppm #Spec Score (%) 4 Engines @ PEAKSEE]  SequestlE]l  Mascotifi  XiTandemBEd  OmssalS] FTM
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%‘ 7 | Q(-17.03)AKHEEIDTK 568 394.5337 | 24.46 | 1180.5725 5.7 1 99.66 40.05 24.58 =]
: 8 |EAHEIVSK 17 456.7428 15.30 911.4713 0.2 1 99.54 24.01 - 30.76 -
E 9 |PGGGQVEVK 561 435.7363 | 24.38 869.4607 -3.0 1 99.38 ) 29.06 0.90 21.06 7.1E-2
C 10 |NPTAFKK 142 403.2322 | 17.77 804.4494 0.5 1 99.25 ) 20.29 0.91 35.37 -
11 | AALEAARDSK 405 516.2780 | 22.17 | 1030.5408 0.6 2 99.16 ) 20.95 0.83 32.96
12 |VISQDTQPHQQK 557 704.8610 | 24.33 | 1407.7107 -2.3 1 97.93 34.71 - -

Individual Engine's Score. Inthe "Peptide" view, each engine's own score is displayed. A dash symbol indi-
cates that the peptide is not found by the engine.

FDR curves. TheFDR curvesfor all selected search engines are placed together in asingle figurein the " Sum-
mary" view. The black * marks on the search engines' FDR curves indicate the score thresholds of the correspond-
ing engines. The red * mark indicates the inChorus FDR threshold.

FOR

1000 1500 2000 2500 3000
number of peptide-spectrum matches

== PEAKS ==Mascot == OMSSA Seguest ¥ Inchorus ¥ Engine Threshold

Note

Sincethere are overlapsin the peptidesidentified by different engines, the FDR threshold for theinChorus
result is higher than the respective FDR threshold for each individual engine.

Venn Diagram. A Venn diagram shows the number of identified PSMs by the three engines that identified the
most PSM's under the current FDR threshold setting.
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Combining Multiple Data-
base Search Engines
with PEAKS inChorus

PEAKS Mascot

XITandem

3. Filtering PEAKS inChorus Results

The filtration parameters can be specified using the control panel in "Summary" view. Click the Apply Filters
button after changing the parameter values.

(%3]

Peptides TargetinChorus FDR: 1% Proteins Score (%) = 0 + and =| 0  unigue peptides

De novoonly ALC (%) = 50 Export Notes

Filtering peptidesin theinChorusresult isdifferent to that in the PEAK S Search result. Click the Edit filters button
in the "Summary" view to specify the peptide filtering rules. Peptides can be filtered by either the inChorus FDR
or by each individual engine's score. If filtering by the inChorus FDR, PEAKS cal cul ates the score threshold for
each search engine to automatically reach the target inChorus FDR. If filtering by each individual engine's score,
apeptideis kept aslong as at least one engine's score is above the specified threshold.

Set target inchorus FDR: 1%

At least one of the following conditions is true:

V| PEAKS -10lgP =z 114 « FCR

V| Sequest Xcorr = 37 FDR

| Mascot Score =z 335 w FDR.

Y| XiTandem e-value =| 2.96-2 FDR
V| Omssa e-value = 9.89E-1 FDR
CK Cancel

4. Exporting inChorus Results

The inChorus exporting function contains the same exporting options as PEAKS DB. Unlike PEAKS DB, the
exported results will contain inChorus scores and individual search engine scores for the supporting peptides of
the protein identifications. See Section 4, “ Exporting Database Search Results” for details.
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Chapter 13. Precursor lon
Quantification (e.g. SILAC)

1. Overview

Precursor ion quantification with isotope labels at the MS level is one of the three quantification modes that are
supported by the optional PEAKS Q module for PEAKS Studio. In this mode, the isotope labels with different
mass values are introduced as two or more samples. The samples are then analyzed together in an LC-MS/MS
experiment. The same peptide from different samples is recognized by a set of precursor ion peaks with similar
retention time and mass differenceswithin the retention timewindow. Theratio iscalculated from theintensities of
those peaks. PEAKS Q supports both user-defined labels and commercial quantification labels. PEAKS supports
the analysis of Super-SILAC experiments that uses a mixture of SILAC-labeled cells as a spike-in standard for
accurate quantification of other unlabeled or labeled samples.

Precursor 1on Quantification can be launched from either the Project Wizard work flow, or on an existing PEAKS
DB result. When running quantification on an existing result, ensure that the specified isotopes are as variable
PTMs when performing the database search. After the database search is complete, follow these steps:

L Select a PEAKS DB result node in the "Project View" frame. Click the PEAKS Q icon, Q from the tool bar

or select the Tools > Quantification command from the menu.

Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
how to perform PEAKS DB and quantification in a single easy work flow.

2. Select the quantification protocol, “Precursor lon Quantification eg. SILAC” and specify the PEAK S quantifi-
cation parameters in the dialogue box on the right; and click OK.

[
Wait for the analysisto finish. A new quantification result node, =, will appear in the "Project View". Double
click the node to open the result.

2. Setting Parameters

The following parameter dialogue appears when the quantification tool bar icon, Q , is clicked or the Tools >
Quantification command from the menu is clicked. Select "Precursor lon Quantification eg. SILAC" under the
“Quantifications’ options.
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L4l Quantification %
Quantifications Precursor Ton Quantification Predefined parameters | default v | A
Select Methods: View ] R-to-P correction
Basic Options
Retention Time Range: | 1.0 miif, s () -10logP Threshold

() Label Free
(®) FDR Threshold(%) | 1.0

~ Reporter Ion Quantification Experiment Groups (Optional)
- eg. TRAQ/ Samples
LT — il Colopee
. Precursor Ion Quantification o Group Condition
eg. SILAC * A + Add group ...
-
[ =iy
Used Condition List
Condition 1
Condition 2 - -
double-click on a condition to rename
Reference Condition Condition 1 v
v
0K Cancel Help

From the Select Methods drop-down menu, choose the appropriate quantification method used in experiment. To
examine the details of a selected quantification method, click on the View button. To create a new quantification
method, select Add New Method from the Select Methods drop-down menu. Refer to Chapter 13, PEAKS Q -
MS Level Section 2.3, “Labeled Q Method Configuration” for how to create or edit a quantification method.

R-to-P correction: Thiswill tell PEAKSto consider the possibility that free heavy Ar gi ni ne(R) residues meta-
bolically converted to Prol i ne( P) residues before insertion into the peptide. The areas of both the normal heavy-
labeled Ar gi ni ne peptide feature and the heavy-labeled Pr ol i ne feature will be summed to cal cul ate the compl ete
area of the heavy-labeled peptide feature.

Note

If a quantification experiment is set separately from the complete work flow, select "R to
P(13C5- 15N1) " from the PTM options window in an Identification work flow and set it as a variable
modification. This step is unnecessary if acomplete work flow isrun from the new project wizard or the
quantification work flow as the modification will automatically be included.

The following parameters are available in the “Basic Options” section:

» Retention Time Range: The retention time range is the maximum retention time difference between paired
peptide features.

» -10logP Threshold: Only peptides with an identification score above thisthreshold are used for quantification.

* FDR Threshold(%): Only peptideswith an identification score above thisthreshold are used for quantification.
Note

Either -10logP or FDR threshold can be selected

Quantification alows for the option of sample grouping. The samples can be grouped into one or more groups
according to the quantification experiment design.
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» Samples: The MS samples are listed for selection. After selecting a sample, it can be added to a new group by
clicking the ™ U button or to an existing group by clicking the = ™ ™ button and selecting that option from

<
the drop-down menu. To add multiple samplesinto their own separate groups, click the ¥ & button.

» Conditions: The number of conditions depends on the quantification method selected. For example,
SI LAG 2pl ex(R10, K8) has 2 conditions and SI LAG 3pl ex( RL0, K8| R6, K4) has 3 conditions to study. Each
label in a sample represent one unique condition. To remove alabel from analysis, uncheck the corresponding
condition. Double-click on a condition name to rename.

Note

At least 2 conditions must be selected for quantitative analysis.

» Groups: The samples can be arranged into one or more groups. A group represents a state of the experiment
where quantitative ratios between conditions are investigated. Replicate MS samples should be put together
in one group. Double-click on the group node to rename the group. Display all samples in each group or just
the individual groups by selecting the Expand/Collapse buttons, respectively. Samples can be removed either

-

individually or all at once by clicking the button or the Remove All button, respectively.

Remove All Collapse
Group Condition
—jl‘ Group 1 ~
=1l Sample 1
. ..... J Light Condition 1 w
- ----- AL Medium Condition 2 w
i J1 Heavy Condition 3 w
1Al Sample 2
. ..... J Light Condition 1 w
- ----- AL Medium Condition 3 w
i J1 Heavy Condition 2 w
- o Add experiment ...
—jl‘ Group 2
=1 [l Sample 3
. ..... J Light Condition 1 w
- ----- AL Medium Condition 2 w W

Note

Same condition can not be assigned to more than one label of a Sample.

Note

If no group is defined, then all samples are considered as replicates which is equivalent to put all
samples in one group.

» Reference Condition: Relative abundance ratios at feature, peptide and protein level for each condition are
calculated using the corresponding reference condition area as denominator of the ratio calculations. The refer-
ence condition can be chosen from the selected conditions only.

Predefined parameters: This drop-down menu enables the saving, as well as the access to previously saved
parameters, for the ease to perform quantification regularly with the same parameters.
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3. Understanding the Results

“
Once completed, the protein quantification result will be displayed in the quantification node = in the Project
View. Double-click on this node to open the result that contains four views. "Summary View", "Protein View",
"Peptide View", and "LC/MS View". The Summary View will appear by default when the results are opened.

3.1. Summary View

The “Summary View" provides three main functions:

1. Result Filtration: Thisisachieved by specifying thefiltration rulesin the areaat the top of the Summary View.
Thefiltration function is discussed in Section 3.1.1, “Result Filtration™.

2. Summary Report: Severa statistical charts assist the user to get an overall picture of the results, assess the
result quality, and examine the reliability and reproducibility of the experiment. This function is the focus of
this section and is discussed in Section 3.1.2, “ Summary Report”.

3. Result Exporting: This is achieved by clicking the “Export” button at the top of the Summary View. The
exporting function is discussed in Section 3.1.3, “Result Exporting”.

The Summary View includes an expression profile with candidate proteins assorted in a heat map, result statistics
in both figures and tables, and alist of filtration parameters. To add a summary note, click on the Notes button at
the top-right of the Summary View to open a “Notes Entry” editor in which you can edit the notes. These notes
will be displayed in the Summary View.

3.1.1. Result Filtration
PEAKS provides an extensive set of tools to filter Precursor lon Quantification results according to the users

requirements. There are three categories of optionsin the“ Summary” view: Experiment, Feature Vector Filter,
and Protein Filter.

Experiment All experiments, No groups, No normalization Experiment Settings Normalization Apply Export Notes
Feature Vector Filter  -10LgP = 16.9, Quality =0, Avg. Area = 0EO, 1 < Charge < 10, Peptide HitId Count = 1, detected in at least 1 feature label Edit...
Protein Filter Significance = 0, Fold change = 1, Protein quantified in = 0 sample, has at least 1 unigue peptide Edit... Heat Map Fold Changes

3.1.1.1. Experiment

There are two buttons under this heading — Experiment Settings and Nor malization — which allow for control
over the analysis.

The following settings dial ogue appears when the Experiment Settings button is selected. The MS samples can
be arranged in groups according to experiment design. For details on grouping, please refer to Section 2, “ Setting
Parameters’.
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Experiment Settings X

Experiment Groups {Optional)
mples

0 Sampie 1] Remave A1 colspee

[\ Sample 3 Group Condition

L+ ]
-» i‘ + Add group ...

|
=

- G
=
Used Condition List
Condition 1
Condition 2 - -
.

double-click en a condition fo rename

Reference Condition Condition 1 v

oK Cancel

The following normalization dial ogue appears when the Nor malization button is selected.

Mormalization *

Normalization Mode
(O) No normalization ® h
(O Manual input (O Normalize to spike
Normalization Factors
Experiment |Sample 1 ~
Channel Name Factor Expgcted

| Ratio
Light .Col'ltr0| | 1.000 | 1.000
Heavy [Treated |0.823027 |1.000

conc

Note

No normalization is chosen as the default option.

» Autonormalization: Thisoptionwill calculate aglobal ratio from thetotal intensity of all labels. Factor values
and Expected Ratios between these |abels will be presented. It is assumed that the total protein content is same
in different labels as depicted by 1sin the ‘ Expected ratio’ columns. Another sample can be selected from the
Experiment drop-down menu to display the results of another sample. Normalized abundance is calculated
from the raw abundance divided by the normalization factor.

e Manual input: This option performs the same default calculation as Auto normalization but also allows for
the manual change of each label's Expected Ratios. After changing aratio and hitting Enter on the keyboard,
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PEAKS will recalculate the Factor for the non-referenced label(s). The Experiment drop-down menu can be
opened to display the expected ratio and normalization factors for that sample.

* Normalizeto spike: Thisoption displays alist of identified proteins, which can be selected for normalization
factor calculation. A search bar is included to enable the quick location of selected proteins. Right-clicking
in the Protein screen will open a context menu that will allow for selection of the highlighted proteins or the
removal of all check-marked proteins. The expected ratios can be manually modified. It isassumed that the total
protein content of the selected proteinsin different labels have the ratios entered in the * Expected ratio’ column.

Mormalization x
Normalization Mode Protein List
(O) No normalization (O) Auto normakization
Prev MNext
(O Manual input (®) Mormalize to spke
Protein
Normalization Factors PO6733|ENOA_HUMAN - A
Q9BVA 1[TBB28_HUMAN 1
Experiment 1 W ! ==
Sample £13639|EF2_HUMAN %
Expected L
Channel Mame Factor Ratio RS TRR 24 I VAN | |
ight Control 1.000 1.000 | PO Mark all the selected rows | |
Heavy Treated 0.848605 1.000 P Clear all [m
POL_. i
60709 |ACTE_HUMAN |
P11142HSP7C_HUMAN |
P10809]CHE0_HUMAN |
P08233]H5908_HUMAN (|
P13010[XRCCS_HUMAN Ll
P63261|ACTG_HUMAN d
P55060 PPO2_HUMAN [
P49321|NASP_HUMAN O v
3 proteins selected
(Right clck to show popup meny)
[oc || cance

Select Apply within the filtration window of the “ Summary” view to include all Experiment Settings and Nor-
malization choicesin the analysis.

3.1.1.2. Feature Vector Filter

The following parameter dialogue appears when the Edit... button is selected.

Feature Vector Filters X
Feature Vector Filters
-10LgP = j11.7 " FDR
Quality = Q v
Ave, area = 0EO
Charge between 1 ~ | and 10 ~
Reference label present O
Number of Labels with Id Present = 0 ~
Number of labels with feature present 2 1 ~
Cancel

e -10LgP: Only peptides with an identification score above this threshold are used for quantification. PEAKS Q
will not allow the user to set a value less than the value selected when setting up the search. Click the FDR
button to set a-10LgP value equivalent to a selected FDR.

e Quality: A higher quality peptide indicates that the peptide is more quantifiable. Factors that affect the quality
score include m/z difference, RT difference, XIC shape similarity, and the feature intensities. An appropriate
threshold value can be selected by checking the ratio-quality figure.
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(a) Feature vector ratio distribution by quality

Ratio

1z |-

144 -

g |-
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25 30 35 40 45 50 55 60 &5 FO VS 80 85 00 95

Quality

» Avg. area: Thisfilter isdirectly applied to the MS signal intensity. Higher intensity peptide features have been
shown to be more reproducible across replicates. The rule of thumb is to choose the average area near a fold
change of 8, as shown in thislabeled version of Figure 3(b) of the Summary View. Only peptides with at least
one label above thisthreshold will be used in protein quantification.

» Charge between: Only peptides with feature vectors that all fall within this range will be used in protein
quantification.

» Reference label present: Only quantifiable peptides in which the reference label is present will be used in
protein quantification.

* Number of labelswith Id present: The quantifiable peptidesthat contain at |east the number of |abels selected
with an Id attached will be used in protein quantification.

Note

Feature vectors are aligned across different samples to find the missing features in a sample even if
there is no peptide Id attached to the feature vector in that sample. To see the aligned feature vectors
with no Id attached, set thisfilter threshold to '0'.

* Number of labels with feature present: The quantifiable peptides that contain at least the specified number
of labels with detected feature will be used in protein quantification.

Select Apply within the filtration window of the Summary View to include all selected filtersin the analysis.
3.1.1.3. Protein Filter

The following filter dialogue appears when the Edit... button is selected. These filters determine what will be
included in a protein group significance calculation, as well as what significance score thresholds will be set. For

aprotein group to have a significance score, it must have been identified in a sample/label that has already been
placed into agroup (in either the Tools > Quantification window or in Experiment Settings).
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Protein Filters X
Protein Filters
(@) Significance 2 0 v

FDR (adjusted p-value) %
(O FDR (adj

I
[N
<

Fold Change

Protein quantified in

v
o
<

I
3

v | samples

Unique Peptides

I
pus
<

Modified Form Exdusion O

OK Cancel

Significance: Only protein groups with a significance above this threshold will be listed in the “Protein” view.
The significance score is calculated as the -10l0g10 of the significance testing p-value. Paired T-test is used for
significance calculation when all samplesare put inasingle group. The ANOV A method isused for significance
cal culation when there are more than one group in the experiment settings. A significance score threshold of 20
isrecommended, which equalsto asignificance testing p value of 0.01. Either thisor “FDR (adjusted p-value)”
can be selected to set asignificance threshold. Scoreswill only be calculated for protein groups identified from
samples that are in groups.

Note

If no group is defined, then all samples are considered replicates which is equivalent to put all samples
in one group.

Note

For statistical significance calculation, at least two samples must be included in each group.

Note

For more detailson ANOVA, refer to thefollowing paper: “ On the comparison of several mean values:
an alternative approach” Biometrika. 1951, 38(3/4): 330-336.

FDR: Adopt Benjamin—Hochberg method to adjust the p-value to the fal se discovery ratefor all protein groups
that have already passed the other filters. Only protein groups with significance scores passing the calculated
FDR will be listed in the “Protein” view. Either this or “Significance” can be selected to set a significance
threshold.

Fold Change: For analysis with only one group, the fold change refers to the protein group ratio between any
two conditions. For multiple group analysis, the fold change refers to the protein group ratios between any two
groups. Only protein groups at or above this fold change threshold will be listed in the “Protein” view.

Protein quantified in # of samples: when one group or no group isused, thisfilter will be shown and it requires
that the protein must be quantified in at least # of samplesto be included in the “ Protein” view.

Unique Peptides: Only protein groups with at least this many unique peptides will be listed in the “Protein”
view.

M odified Form Exclusion: Peptidesthat are modified with a variable PTM will not be included in the signif-
icance calculation for a protein group. This does not apply to the quantification labels. The expression level of
modified peptides might be different than the overall expression level of a protein. Therefore, including modi-
fied peptidesin the protein ratio cal cul ation might lead to incorrect results. By checking thisbox, if apeptide has
modified and unmodified forms, both will not be used as candidates, if a peptide only has one modified form,
itisstill acandidate, but if a peptide has more than one modified form, all formswill not be used as candidates.

Select Apply within the filtration window of the Summary View to include all selected filtersin the analysis.
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Note

Toview al quantifiable proteins, i.e. Do not use significance and fold changefilters, choose Significance
and set its threshold at 0, and set fold change at 1.

3.1.2. Summary Report

3.1.2.1. Heat Map

The heat map displays the relative protein abundance in different conditions for the protein groups that passed
the filters. The relative protein abundance in each condition with respect to the abundance in reference condition
is represented as a heat map of the representative proteins of each protein group. These representative proteins
are clustered if they exhibit asimilar expression trend across the samples. The hierarchical clustering is generated
using a neighbour-joining algorithm with a Euclidean distance similarity measurement of the log2 of the protein
ratios of each sample (for one group) or each group (for multiple groups) relative to the average ratio. Similarly,
the conditionsin different samplesare clustered if they exhibit asimilar expression trend across the protein groups.
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2p|FOT200-1|HSB0A_HUMAN
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QEHY54|Q5HY54_HUMAN
B4DE21[B4DE31_HUMAN

sp|P04075|ALDOA_HUMAN
sp|P38648|GRPTS_HUMAN

An interactive protein profile heat map is opened in a new window when the Heat Map button that is located
in the filtration options. Right-click on the heat map in this window to save a copy of it.. In the interactive heat
map (by clicking the Heat Map button), move the cursor over any point to highlight the protein accession name
and the sample/label to which it matches. Right-click on the heat map and click Save as... to export a PNG file
of the heat map.

3.1.2.2. Interactive Expression Wide Fold Change Graph

Thefollowing bar graph displaysrelativelog?2 ratio between two selected conditionsin sampleswith respect to the
rank of each protein. Thelog2 function appliesto the selected primary group condition with respect to the selected
secondary group condition. Hold the cursor over any bar in thisfigureto display the associated fold change of each
protein within the rank. Select the drop-down menus to change the primary and secondary groups. Click Apply
to set the new log2 ratio. Click Save as... to export a PNG file of the bar graph.
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Groups: Greup 1 vs Group 2

Lag2 Fold Changes
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3.1.2.3. Volcano Plot

A volcano plot combines a statistical test with the magnitude of the change enabling quick visual identification of
those data-pointsthat display large-magnitude changes and that are al so statistically significant. For each condition
defined in the experiment settings, avolcano plotin Figure 2 plots significance versusfold-change of the quantified
proteins for that condition compared to the reference condition.

» Horizontal broken grey line: The selected significance threshold

» Vertical broken grey lines: The selected fold change thresholds

Note

No volcano plot is generated if the samples are arranged in more than one group.

Plotting pointsin this way resultsin two regions of interest in the plot: those points that are found towards the top
of the plot that are far to either the left or the right side. These represent values that display large magnitude fold
changes (hence being left or right of center) aswell as high statistical significance (hence being towards the top).
In thisfigure, theratio is the condition ratio set with respect to the reference condition.
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The“Protein View" contains an interactive volcano plot that can be hidden or displayed. Markers for the proteins
that are above the set significance threshold will be displayed in color. Scrolling the cursor over a marker will
highlight it and, subsequently, clicking on this marker will highlight the protein in the interface.

3.1.2.4. Feature Vector Ratio Distribution

Figures 3(a) and 3(b) plot the distribution of feature vector ratios by quality and by average area, respectively.
These plots help to determine the threshold values for the quality and intensity filters to obtain a reliable section
of the analysis results.

Figure 3. Quality control statistics. (a) Feature vector ratio distribution by quality. (b) Feature vector ratio distribution by intensity. @
(a) Feature vector ratio distribution by quality (b) Feature vector ratio distribution by intensity

18 5 —

Ratio
Ratio
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3.1.2.5. Summary Tables

Tables 1 and 3 list the data and the filtered results, respectively. Table 2 lists the feature vector and protein result
filtration parameters.
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Tahle 1. Statistics of data. Tahle 2. Result filtration parameters.
#of M3 Scans 31468 -10LgP =15
#of M3MS Scans 106231 Average area =1E4

Charge [1, 3]
Chality z1
Feference label present  true
Mumber of labels present 1
Protein significance =0
Protein fold change =1
Undque peptides 23

Modified From Exclusion false
Significance method FEAKS(Q)
Table 3. Statistics of filtered result,

Feature wector groups 3533

Feature vectors 699

Features 23021

Peptide Sequences 7153

Protein Groups 3T

Tables 4 and 5 list the quantification and instrument parameters, respectively.

Tahle 4. Cuantification parameters, Table 5. Instrument parameters

Cruantification Type: ICAT/SILAC Fractions: 20120812_Shér QEI_ARL MX4_mix_sample 1 raw, 20120812
Cuantification Mass Tolerance: 15 0ppm _Shér QEI_ARL MX4 fix sarnple 1raw, 20120817 _Shar QEI_ARL _MX4
Craantification BT Range: 0. 5min _mae_samnple 3 REP_3raw

-10LogP Threshold: 15.0 lon Source: ESI{nana-spray)

Reporter lon Type: M52 Fragmentation Mode: CID, CAD(y and b ions)

E to P Convert enabled: trie IS Scan Mode FT-ICR/Orhatrap

Light: (100, 0%%) B (100.05%6) MEMS Scan Mode: Linear [on Trap

Hezwy: R(+10.01) (100, 0%) K{+3.01) (100.0%)
Group Setings i Paramelers:
Group 1. Samgple 1 - Heavy
Group 1: Sample 2 : Hevry
Group 1. Sample 3 - Heavy
Group 2 Sample 1 : Light
Group 2 Sample 2 - Light
Group 2. Sample 3 - Light
DB Dependency; 5

Current Group Information:
Group 1. Sample 1 - Heavy
Group 1: Sample 3 : Heavy
Groug 1 Sample 3 © Heavy
Group 2: Sample 1 - Light
Group X Sample 2 : Light
Group 2. Sample 3 : Light

3.1.3. Result Exporting

PEAKS precursor ion quantification results can be exported to various HTML and text formats by clicking the
Export button within thefiltration optionsin the Summary View. The Summary View and theimagesfrom various
views can also be exported to various HTML and text formats. Refer to ???, for details.
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3.2. Protein View

The "Protein View" lists all the quantified proteins present in the sample, characterizes each protein at the amino
acid level, and lists the supporting peptide features of each protein. It has four components:

e Protein Table: Thislistsall the quantified proteins present in the sample.

» Volcano Plot: The Volcano Plot plots significance versus fold-change of the quantified proteins for that con-
dition compared to the reference condition.

» Coverage: This characterizesthe protein sequence at the amino acid level. All the PTMs and mutations occur-
ring on the protein sequence will be displayed together with the MS/M S data supporting the inference.

» Peptides: Thisliststhe peptidesidentified from the selected protein in the Protein table.

4
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3.2.1. Protein Table

The quantified proteins are listed in the protein table with homologous proteins grouped together. This protein
table is the same as the other Protein tables found in the PEAKS DB, PEAKS PTM, and SPIDER results, but
includes the following additions:

 Significance: The protein significance is set according to the rules set in the Summary View. Refer to Sec-
tion 3.1.1.3, “Protein Filter”.

» Condition Profile: The relative protein abundance in each condition among the samples are depicted as heat
maps. Hold the cursor on a profile to view the samples, and ratios with respect to the reference condition
specified in Experiment Settings of the Summary View.

» Condition Ratio: For a protein, the relative support peptide abundance in each condition is compared to the
reference condition to obtain the peptide condition ratio in each sample separately. In each sample, the median
of the support peptide condition ratiosisthe protein condition ratio in that sample. Finally, the protein condition
ratio in agroup is computed by calculating the median from the protein condition ratios in the samples in that

group.
» #Unique: The number of quantifiable unique peptides of the protein.

» Unique Coverage: The protein coverage by the unique peptides only.
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See Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) Section 3.4,
“Protein View”, “Protein Table” for more details on other entries of the Protein table.

3.2.2. Protein Table View Filter

The quantifiable protein list can be further filtered by protein view filters. These filters change the protein list by
adding or removing proteins based on the filter parameters and does not change the contents of other tabs or the
protein information such asratio. For details, please refer to Chapter 9, Peptide, PTM, and Mutation I dentification
(PEAKSDB, PEAKSPTM, and SPIDER) Section 3.4.1, “Protein View Filters’.

3.2.3. Volcano Plot

he Volcano Plot plots significance versus fold-change of the quantified proteins for that condition compared to
the reference condition. When viewed in the Protein View, the selected protein from the Protein Table will be
highlighted as blue solid square in the volcano plot. Users can easily select protein markers from the volcano plot
to jump to that protein's information in the Protein Table. Refer to Section 3.1.2.3, “Volcano Plot” for details.

3.2.4. Protein Coverage

The Coverage tab characterizes the selected protein sequences at the amino acid level. See Chapter 9, Peptide,
PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) Section 3.4.4, “Protein Coverage” ,
“Protein Coverage” for details.

3.2.5. PTM Profile

SILAC PTM Profile studies the changes in abundances of peptides with confidently identified PTMs in each
condition with respect to the reference condition. Peptide feature areas of the modified peptides are used for this

comparison. Click on J-m to open PTM Profiledialog. Pleaserefer to Chapter 11, PTM Profiling Section 4, “PTM
Profiling for Precursor 1on Quantification Results’ for details.

3.2.6. Supporting Peptides

The supporting peptides assigned to the protein are shown under the “Peptides’ tab.

Coverage Peptides
Peptide Used Unique -10igP  Quality Score 4 Condition 2 : Ratio Profile Condition 1_Rato Condition 2_Ratio  #Vector AScore Start End
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2 | [] | K.IGPLGLSPK(®).K [~ . 2.7 | 2.51 dLan g 448 3 32 0
3 __K.ElLGFAQS\JGC(45?.02):1\DGR{'J.H e | 8183 [ 2 sampie  Condifon 1°  Condton2  Rato |6 3 131 146
2 | [¥]|R.QAQIEVVPSASALIIK(™).A . 74.18 | 1.91 7] 3 63 83
1 ! - { S 1 2.71E8 2.40268 0.89 t
E R.ELSGTIK(™).E . 3337 | 149 arrple - t 1 3 124 130
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5 | B | KK()VGDDIAK(=).A [] e | sH | 106 1.00 | 1.08 1 41 48
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10 | [ | K. HSGNITFDEIVMIAR(™).Q =] . 7.7 | 0.96 | 1.00 0.40 2 100 114

Thistable is similar to the peptide table in the Peptide View.
» (Checkbox): Select the peptides to appear within the Coverage Tab as blue bars.

» Used: Select whether thispeptideisused to calculatethe protein profile. Select one and right click onthe column
to show the pop-up menu. Use "Reset the used selection” to reset the used setting for all proteins.

» Unique: This shows which peptides are only assigned to the current protein group.

e Quality Score: The quality score of the peptide based on m/z difference, RT difference, X1C shape similarity
and feature intensities. The higher the quality of a peptide, the more quantifiableitis.

» Condition Profile: The relative peptide abundance for each condition compared to the reference condition
among the samples is depicted as a heat map. Hold the cursor on a profile to view the samples, the areas, and
the ratios with respect to the reference condition.

 Condition Ratio: Theratio columns showsthe relative peptide abundance for each condition with respect to the
reference condition for all groups. A peptide’s abundance in each condition is the sum of its feature vector(s)’
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abundance. Then the peptide abundance in each condition is compared to the reference condition to obtain
the peptide condition ratio in each sample separately. The peptide condition ratio of a group is computed by
calculating the median from the peptide condition ratios in the samplesin that group.

» #Vector: The number of quantifiable feature vectorsincluded in the peptide ratio calculation. A vector is con-
sidered to be a group of mapped peptide features across the labels in the same MSrun.

» AScore: Confidence score for amodified residue in the peptide.
» Start: The position of the first residue of the peptide that covers the protein.
» End: The position of the last residue (inclusive) of the peptide that covers the protein.

To view the actual abundance of the peptide features among the samples or groups, move the cursor over the
corresponding profile. A tool-tip will display the peptide feature intensity along with the ratio. Double-click on
the peptide feature to jump to the Peptide View. Right-click on the peptide feature to show a pop-up menu similar
to the one in the PEAK S DB supporting peptides tab.

3.3. Peptide View

The "Peptide View" displays the quantified peptides and their detailed PSM matching and feature information.
The interface is similar to the Peptide View in a PEAKS DB result, with the addition of an isotopic distribution
heat map to the left of the XIC curve. By hovering over the different labels in the heat map, a popup will appear
with the percent abundance. See Section 3.5, “ Peptide View”, for the remainder of the “ Peptide View” details.
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3.3.1. Peptide Table

Peptide Table: The peptide table contains the important details and statistics associated with each quantified
peptide that passes the filtersin the Summary View.

Note

Right-click on apeptidein the table to 'copy the peptide sequence’, 'show spectrumin LC/MS, and 'show
original spectrum'.
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|13 | ELISNASDAIDK(*)

2

== 1 1 1 2
14 | AVFPSIVGR(™ 32.03 8.35 - 0.65 0.67 2

1 AvFPSchr;({% 32.03 B35 Show feature vector in LC/MS 0.65 I 0.67 2

16| STGGAPTFNVTVTK(®) 50.31 B.21 Show original spectrum 0.75 | 0.81 2

7| VIPELNGK(*) 25.00 7.99 sy v 0.77 0.77 2

» -10IgP: Identification -10IgP score that indicatesthe likelihood of atrueidentification. The score correspondsto
the -10LgP score of the best PSM associated with afeature from all quantifiable feature vectors of this peptide.

» Quality Score: The higher the quality of a peptide indicates that the peptide is more quantifiable. Factors that
affect the quality score include the m/z difference, RT difference, X1C shape similarity, and feature intensities.

» Condition Profile: The relative peptide abundances in each condition with respect to reference condition for
all groups are depicted as heat map. Hold the cursor on a profile to view the samples, groups, the areas, and
the ratios with respect to the reference condition.

» Condition Ratio: The ratio columns show the peptide abundance in each condition for all groups. A peptide’s
abundance in each condition is the sum of itsfeature vector(s)’ abundance. Then the peptide abundance in each
condition is compared to the reference condition to obtain the peptide condition ratio in each sample separately.
The peptide condition ratio of agroup is computed by calculating the median from the peptide condition ratios
in the samplesin that group.

» #Vector: The number of quantifiable vectors included in the peptide ratio calculation. A vector is considered
to be agroup of peptide features across labelsin the same MS sample.

» Accession: The proteins supported by the peptide, separated by ;' if the peptide supports multiple proteins. If
none of the proteins that the peptide supports pass the protein filters, the accession field will be empty.

3.3.2. Peptide View Filters

The quantifiable peptide list can be further filtered by the peptide view filters. These filters change the peptide list
by adding or removing peptides based on the filter parameters and does not change the contents of other tabs or the
peptide quantification information such asratio. For details, pleaserefer to Chapter 9, Peptide, PTM, and Mutation
Identification (PEAKS DB, PEAKSPTM, and SPIDER) Section 3.5.1, “Peptide View Search and Filter Options’.

3.3.3. All Vectors Table

Select All Vectorsto open awindow to display the feature vectors that correspond to the selected peptide above
the Peptide table. The peptide -10IgP score is the the highest among the -10IgP scores of its feature vectors. The
peptide quality score corresponds to the average of the quality scores of all feature vectors. The Id count of a
feature vector is the number of features attached with a peptide Id.

& feature vectors F
Sample Fracton =10gP  Quality Score 4 Confrol_Area Treated_Area Id Count myfz z pom RT  AScore

1 3 5959917 3

2 |BioPRep2_1 F2 63.08 .24 1.2388 10563 1 5933220 | 3 18 |101.54

3 |BioRep 1 F1i 63.08 201 1.07E3 4.B5ET 1] 593,320 | 3 1.8 |10L&%

4 |BioRep 2_2 F3 J0.81 1.30 1.75E7 1.5E7 1 B9, 4355 | 2 0.7 102,96

5 |Bio Rep 1 F1 63.19 | 1.23 7.56E6 7.96E6 2 §93.4318 | 2 | 7.8 |10LEZ

& |BioRep 21 F2 ga.78 | 105 115E7 L1ET 2 8254300 | 2 | 2.5 |10L4%

Select the Protein button to go to the Protein tab. The protein to which this peptide correspondswill be highlighted
inthetab. If this peptide identifies more than one protein, anew window will open and show all of the correspond-
ing proteins. Select the desired protein to go to the Protein tab.

3.3.4. Peptide Details

The bottom screen of the Peptide View contains four interactive windows that are organized into the following
sections:

e MS/MS View: The tandem scan that corresponds to the selected label set at the Current PSM Label drop-
down menu. Click the drop-down window to change the PSM Label. This change will be reflected in the LC/
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MS View, the XIC, and the MS View. See Chapter 5, Data Visualization Section 3, “MS/MS View”, “MS/
MSView” for details.

» LC/MSView: ThisLC/MSscreeniszoomed into thefeaturesthat correspond to theisotopiclabels, e.g. “Light”
or “Heavy”. The m/z between the markers for these features should equate to the mass difference of the two
labelsin this sample. If R-to-P correction is applied (See Chapter 13, PEAKSQ - MSLevel Section 2, “ Setting
Parameters’ for details), peptideswith heavy Pr ol i ne labelswill be highlighted to theright of the normal heavy
label in this view. See Chapter 5, Data Visualization Section 4, “LC/MS View”, “LC/MS View”, for details.

* MSView: The survey scan represents the scan at a selected retention time on the LC/MS View. By default,
the parent scan of the tandem scan (in the MS/IMS view) is displayed. View other neighbouring survey scans
by clicking on the horizontal arrows to move aong the retention time axis. The retention time position will
be adjusted in the LC/MS view and the XIC. Click the curved arrow to return to the default survey scan. See
Chapter 5, Data Visualization Section 2, “MS View” for details.

« XIC: Thismap presents the changesin feature intensity over the retention time range of the peaksfor all labels
of the selected peptide. Additionally, the coloured isotopic distribution plot — M0, M+1, M+2, and REST — of
each label isincluded, which shows the relative composition of each label.

3.4. LC/MS View

This view displays the distribution of LC-M S signalS/features in the fractions. See Chapter 5, Data Visualization
Section 4, “LC/MS View” for detailson LC/MS View.
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Chapter 14. Reporter lon
Quantification (e.g. ITRAQ and TMT)

1. Overview

Reporter ion quantification with chemical labels at the MS2 (MS3) level is one of the three quantification modes
that are supported by the optional PEAKS Q module of PEAKS Studio. It is based on the relative intensities of
the fragment peaks at fixed m/z values within an MS2 (M S3) spectrum. In this mode, isobaric chemical labels are
introduced to several samples. The samples are then analyzed together in an LC-MS/MS experiment. The same
peptides from different samples will have the same precursor m/z and retention time, and are fragmented together.
Inthe MS/IM S (M S3) scans, labels from different samples will produce different reporter ions, which can then be
used to calculate the quantification ratio between samples. Both user-defined and commercial labels (i.e. iTRAQ
and TMT) are supported by PEAKS Q.

Reporter 1on Quantification can be launched from either the Project Wizard (see Chapter 4, Project Wizard -
Create a PEAKS Project, Load Data and Set up a Workflow), by selecting an existing PEAKS DB result node
(see Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKSPTM, and SPIDER)) or by using
the PEAKS Workflow (see Chapter 18, Workflow. When running quantification on an existing result, ensure that
the specified labels are listed as fixed PTMs on the database search result against which its referencing. After the
database search is compl ete, follow these steps:

1. SelectaPEAKSDB (PEAKSPTM or SPIDER) result nodeinthe"Project View" pane. Click the Quantification

icon from the toolbar, Q or select Tools > Quantification command from the menu..

Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
how to perform PEAKS DB and quantification in asingle easy workflow.

2. Select the quantification protocol, “ Reporter lon Quantification” ; specify the PEAK S quantification parameters
in the dialogue box on the right; and click OK.

e
" Wait for the analysis to finish. A new quantification result node, =, will appear in the "Project View". Dou-
ble-click the node to open this result node.

The quantification results with labels are displayed in aformat that is similar to the PEAKS DB result. A ratiois
added to each quantifiable peptide and protein.

2. Setting Parameters

Select the Quantification toolbar icon, Q or the Tools > Quantification command from the menu to create a
quantification analysis workflow and to set up the corresponding parameters to perform the analysis. For labeled
reporter ion quantification, select “ Reporter lon Quantification eg. iTRAQ” under the “ Quantifications’ options.
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From the Select Methods drop-down menu, choose the appropriate quantification method used in the experiment.
Toexaminethedetails of aselected quantification method, click onthe View button. To create anew quantification
method, select Add New Method from the Select Methods drop-down menu. Refer to Chapter 20, Section 2.3,
Section 2.3, “Labeled Q Method Configuration” for how to create or edit a quantification method.

* MassError Tolerance: This parameter is used to locate the reporter ion peaks in the MS/M S scan. Either Da
or ppm can be selected as the mass unit.

* Reporter 1on Type: This parameter alows for the selection of MS2 or M S3 as the reporter ion type for quan-
tification.

» -10IgP Threshold: Only peptides with a score above this threshold are used to quantify the identified proteins.
Either this option or the FDR Threshold can be selected.

* FDR Threshold(%): Only peptideswith ascore abovethisthreshold are used to quantify theidentified proteins.
Either this option or the -10logP Threshold can be selected.

» Quantification allows for the option of sample grouping. For experiments with multiple samples, the search bar
can be used to look for a specific sample. After selecting a sample, it can be added to a new group by clicking

L]
the ™ %4 button or to an existi ng group by clicking the ** putton and selecti ng that option from the
drop-down menu. Display all samplesin each group or just the individual groups by selecting the Expand and
Collapse buttons, respectively. Samples can be removed individually or removed al at once by clicking the

button or the Remove All button, respectively.

» Perform Purity Correction: Select the checkbox to edit correction factorsfor chemical labels. Once the check-
box is selected, click the "Edit Factors..." button where a new dialogue will appear to alow users to setup the
purity correction. The dialogue is setup to mimic a Certificate of Analysis, where each factor within the table
can be modified by double-clicking the particular cell of interest.

» Predefined parameters. This drop-down menu enablesthe saving, aswell asthe previously saved parameters,
for the ease to perform quantification regularly with the same parameters.
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3. Understanding the Results

Once completed, the protein quantification result will be displayed in the "Project View" paneasa"QUANTIFI-

“
CATION" result node, = . Double-click on this node to open the result which have been divided into four cate-
gories. “Summary” view, “Protein” view, “Peptide” View, and “LC/MS’ view. The“ Summary” view will appear
by default.

3.1. Summary View
The Summary View provides three main functions:

» Result Filtration: Thisisachieved by specifying thefiltration rulesin the areaat the top of the Summary View.
Thefiltration function is discussed in Section 3.1.1, “Result Filtration”.

* Summary Report: Severa statistical charts are displayed to provide an overal picture of the results, assess
the result quality, and examine the reliability and reproducibility of the experiment. This function is discussed
in Section 3.1.2, “ Summary Report”.

* Result Exporting: This is achieved by clicking the “Export” button at the top of the Summary View. The
exporting function is discussed in Section 3.1, “Summary View”.

The Summary View includes an expression profile with candidate proteins assorted in a heat map, result statistics
in both figures and tables, and a list of filtration parameters. To add a summary note, click on the Notes button
at the top-right of the Summary View filters to open a“Notes Entry” editor. These notes will be displayed in the
Summary View and Summary View export.

3.1.1. Result Filtration
PEAK S providesan extensive set of toolsto filter reporter ion labelled quantification results according to the users

requirements. These options are divided into three groups on the Summary View toolbar: Experiment, Spectrum
Filter, and Protein Filter.

Experiment Sample 1, 3 groups, Auto normalization Experiment Settings Normalization Apply Export MNotes
Spectrum Filter  -10LgP = 15.2, Quality = 0, Reporter Ionintensity = OE0, detected in at least 1 channel Edit...
Protein Filter Significance =2 0, Fold change = 1, Significance method:PEAKSQ, has at least 1 unique peptide Edit... Heat Map Fold Changes Box Plot

3.1.1.1. Experiment

The experiment group provides additional tools to setup the project accordingly for data analysis. There are two
buttons in this group: Experiment Settings and Normalization.

The following parameter dialogue appears when the Experiment Settings button is selected.
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I\ Sample 2 : TMTS-127M

JL Sample 2 : TMTE-127C

M\ Sample 2 : TMTE-128
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L Sample 2 0 TMTE-129¢C < .

=R EE)
+
4

[

Reference Label  Sample 1 : TMTE-126 -

[ ok | [ cancel |

» Sdlect Experiment: When running quantification on an identification node that searched data within multiple
samples (i.e. replicate experiments within different treatments), this drop-down menu alows for the selection
of asingle sample or every sample (All Experiments) for analysis. Every label of the sample(s) selected will
appear in the screen located below the search bar.

» Experiment Groups (Optional): This section enables sample grouping, which can be facilitated by typing a
sample name (i.e. Sample 1) or a sample label (i.e. TMT-126) into the search bar. All samples/labels that are
identified in the search will be listed together at the top of the screen for easy subsequent grouping into the

L]
screen on the right. After selecting the sample(s) to be grouped, add to a new group by clicking the all Tl
button or to an existing group by clicking the ™~ button and selecting that existing group from the drop-
down menu. All grouped samples can be displayed or hidden by selecting the Expand and Collapse buttons,

respectively. Samples can be removed individually or al at once by clicking the < Iputton or by clicking
Remove All, respectively.

» Reference Label: Use this drop-down menu to select areference label. The peptide area corresponding to this
reference label will be the denominator in all feature arearatio calculations. Only alabel that is already listed
in the Experiment Groups screen can be selected as a reference. Furthermore, if the samples/labels have been
grouped together onto the right-hand side in the Group/Color window, the text "Base Group" will appear at
the bottom-right of the experiment window and state the reference group, which is the group that contains the
reference label.

» Experiment Setting: Changes in this section can only be made when “All Experiments’ is selected from the
above drop-down menu. These options dictate which samples/label s the normalization options apply.

e Perform Inter Experiment Nor malization: Check thisbox if aspikelabel was used in the experiment. This
is used to enable quantification between experiments.

» Spike Channel Drop-down Menus: Select the channel in each sample that will be used for normalization.
The software assumes that similar peptide features containing this label across experiments will approach
a 1:1 ratio. Differences are assumed to be due to systematic error and all labeled channels are normalized
to this spike label.
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» Exclude Spike Label for Significance: Since the spike label is assumed to be in a 1:1 ratio between exper-
iments, it should not be included in the significance calculation.

The following parameter dialogue appears when the Normalization button is selected.

Mormalization X

Normalization Mode

{C) No normalization @ Au

(7 Manual input (_) Normalize to spike

Normalization Factors

Experiment | Sample 1

Channel Name Factor EXD.ECtEd
Ratio
TMT 10-126 TMT 10-126 1.000 1,000
TMT10-127M  [TMT10-127M 1.042183 1,000
TMT10-127C  [TMT10-127C 1.027791 1,000
TMT10-128N  [TMT10-128N  |0.98514 1,000
TMT10-128C  [TMT10-128C 1.095157 1,000
TMT10-129N  [TMT10-129M 1.027627 1,000
TMT10-123C  [TMT10-129C 1.112901 1,000
TMT10-130N  [TMT10-130M  [0.971478 1,000
TMT10-130C  [TMT10-130C  |0.850701 1,000
TMT10-131 TMT10-131 0.952734 1,000
TMT11-131C  [TMT11-131C  [0.578411 1,000
Cancel

Note

If there are multiple samples in the quantification run and all samples are selected, No Normalization
is chosen as the default option and will be the only normalization option available for selection unless
"Perform Inter Experiment Normalization” is check-marked in Experiment Settings.

Note

» Auto normalization: This option will calculate a global ratio from the total intensity of all labelsin al quan-
tifiable peptides. Factor values and Expected Ratios between these channels (the labels) will be presented. The
Experiment drop-down menu can be opened to display the results of another sample.

e Manual input: This option performs the same default calculation as Auto normalization but also allows for
the manual change of each label's Expected Ratios. After changing aratio and hitting “Enter” on the keyboard.
PEAKS will recalculate the Factor for the non-referenced label(s). The Experiment drop-down menu can be
opened to display the results of another sample.

» Normalizeto spike: Thisoption displaysalist of identified proteins, which can be selected to create a normal-
ization ratio. Use the search bar to quickly locate specific proteins. Right-clicking in the Protein list will open
apopup menu to select al highlighted rows or remove all selected proteins instead. The expected ratios can be
manually modified. It is assumed that the total protein content of the selected proteinsin different labels have
the ratios entered in the * Expected ratio’ column. If desired, sample names can be changed by double-clicking
the chosen channel below the “Name” column and typing the new name.
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Mormalization 4
Mormalization Mode Protein List
search Q
~) No normalization Auta normalization —
Prev | | Mext
~) Manual input @ Mormalize to spike
Protein
Mormalization Fachors P31327|CPSM_HUMAN V] »
8 P31327-3|CPSM_HUMARN FE
Experiment | Sample 1 = = =
T | lo7s5389|FLNB_HUMAN W
Channel Mame Farctor Exp.ected
Ratio
G-126 Sample 1:7... 1.000 1.000 ES QIR L
TMTE-127M |Sample 1:T... [3.712786 1.000 PDS| bdark all the selected rowws
TMT8-127C  (Sample 1 : T... |0.075996 1.000 Qoo Clear all &
TMTS-126 |Sample 1: T... [3.288936 1.000 (7T A | &
TMTE-129N [Sample 1:T... [272.566437 1.000 O7S369-5|FLME_HUMAMN
TMTE-129C [Sample 1:T... [258.64624 1.000 P14618|KPYM_HUMARN
TMTE-130 Sample 1:7T... |406.862335 1.000 O7S369-3|FLME_HUMAMN
TMTE-131 Sample 1:7T... 5212.58?28 1.000 P22314|UBA1_HUMARN

075369-6|FLNE_HUMAN
QO0610[CLHI_HUMAN |
075369-2|FLNE_HUMAN ol ~

3 proteins selected
[Right click ko show popup menu)

ok ] [ concel ]

Once changes have been made to the Experiment Settings or Normalization options, the Apply button from the
Summary View toolbar will becomered in text to indicate that the changes have not yet been applied to the project.
Select Apply to make these changes come into effect.

3.1.1.2. Spectrum Filter

The following parameter dialogue appears when the Edit... button is selected.

Spectrum Filters X
-10LgP z 15.4.. | FOR
Quality 0~
Reporter Ton Intensity > 060
Reference Channel Present D
Number of Channels Present = 1

OK Cancel

e -10LgP: Only peptides with a score above this threshold are used to quantify the identified proteins. PEAKS
Q will not allow the user to set a value less than the value selected during the quantification setup (refer to
Section 2, “ Setting Parameters”). Click the FDR button to set a-10LgP value equivalent to the selected FDR.

e Quality: A higher quality peptide indicates that the peptide is more quantifiable. Factors that affect the quality
score include the identification -10LgP score, the noise around the reporter ions, and the mass error of reporter
ions. An appropriate threshold value can be selected by checking Figure 3(b): Accumulation curve for quality
in the "Summary" view. The rule of thumb is to set the quality threshold near the region of the quality score
axis at which the curves begin to significantly drop.
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» Charge between: Only peptides with feature vectors that all fall within this range will be used in protein
quantification.

» Reference label present: Only quantifiable peptides in which the reference label is present will be used in
protein quantification. The reference label is set in the experiment settings pop-up.

* Number of labels present: Only quantifiable peptides that contain at least the number of labels selected will
be used in protein quantification.

Select Apply within the filtration window of the "Summary" view to include all selected filtersin the analysis.
3.1.1.3. Protein Filter

The following parameter dialogue appears when the Edit... button is selected. These filters determine what will
be included in a protein group significance calculation, as well as what significance score thresholds will be set.

For a protein group to have a significance score, it must have been identified in a sample/label that has aready
been placed into a group (in either the Tools > Quantification window or in Experiment Settings).

Protein Filters X
Protein Filters

OF

[
(=]
<

() FOR (adjusted p-value) = 1 v %

Fold Change

Unigue Peptides
Modified Form Exclusion O

Significance Method (O ANOVA (@ PEAKS Q

OK Cancel

 Significance: Only protein groups with a significance above this threshold will be listed in the “Protein” view.
Either thisor “FDR” can be selected to set a significance threshold. The significance score is the -10lg of the
p-value calculated using either ANOV A or PEAKS Q significance. The p-value calculates the likelihood that
the observed change is caused by random chance. A significance score threshold of 20 is recommended.

» FDR: Adopt the Benjamini—Hochberg method to adjust the p-value to the false discovery rate for al protein
groups that have already passed the other filters. Only protein groups with significance scores passing the cal-
culated FDR will be listed in the “Protein” view. Either this or “ Significance” can be selected to set a signifi-
cance threshold.
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Note

For more details on the Benjamini-Hochberg FDR method, refer to the following paper: "Controlling
the false discovery rate: a practical and powerful approach to multiple testing." J. R. Statist. Soc.
1995, B57, 289-300.

» Fold Change: Only protein groups at or above this fold change threshold will be listed in the “ Protein” view.

» Unique Peptides: Only protein groups with at least this many unique peptides will be listed in the “Protein”
view.

» Modified Form Exclusion: Peptides that are modified with a variable PTM will not be included in the signif-
icance calculation for a protein group. This does not apply to the quantification labels. If a peptide is present
as an unmodified and modified form, both the unmodified and modified form will be excluded from protein
ratio calculation.

 Significance M ethod: One of two significance cal culations can be applied to the list of protein groups: PEAKS
Q or ANOVA. Scores will only be calculated for protein groups identified from samples that are in groups.
PEAKS Q is similar to the Significance B method employed by the paper referenced below. Additionally,
support for peptide similarity is considered. ANOVA requires that at least two samples be included in each
particular group. The ANOV A method employed is also referenced below.

Note

For more details on PEAKS Q, refer to the following paper: “ MaxQuant enables high peptide identifi-
cation rates, individualized p.p.b.-range mass accuracies and proteome-wide protein quantification."”
Nat Biotechnol. 2008, 26(12): 1367-1372.

Note

For moredetailson ANOVA, refer to thefollowing paper: “ On the comparison of several mean values:
an alternative approach” Biometrika. 1951, 38(3/4): 330-336.

3.1.2. Summary Report

3.1.2.1. Heat Map

The heat map displays the protein groups that passed the filters. The relative protein abundance is represented
as a heat map of the representative proteins of each protein group. These representative proteins are clustered
if they exhibit a similar expression trend across the samples. The hierarchical clustering is generated using a
neighbour-joining algorithm with a Euclidean distance similarity measurement of the log2 ratios of the abundance
of each sample relative to the average abundance. An interactive protein profile heat map is opened in a new
window when the Heat Map button is selected. Right-click on the heat map in this window to save a copy of it.
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Intheinteractive heat map (displayed by clicking the Heat M ap button), movethe cursor over any point to highlight
the protein accession name and the sample/label to which it matches. Right-click on the heat map and click Save
as... to export a PNG file of the heat map.

3.1.2.2. Interactive Expression Wide Fold Change Graph

Thefollowing bar graph displaysthe relative log2 ratio between two selected groups with respect the rank of each
protein. Thelog2 function appliesto the selected primary group with respect to the sel ected secondary group. Hold
the cursor over any bar in this figure to display the associated fold change of each protein within the rank. Click
the drop-down menus to change the primary and secondary groups. Click Apply to set the new log2 ratio. Click
Save as... to export a .PNG file of the bar graph.
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Experiment Wide Fold Changes X

Primary [ITRAQ4-115 v | Secondary |TRAQ4-116 v | [ Apply | | saveas... |
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3.1.2.3. Box Plot

An interactive box plot (by clicking the Box Plot button) displays a distribution of the intensity values for each
label in the experiment. A plot displaying the average distribution for al labelsis also included.
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3.1.2.4. Volcano Plot

A volcano plot combines a statistical test with the magnitude of the change enabling quick visual identification of
those data-points that display large-magnitude changes and those that are al so statistically significant. The volcano
plot in Figure 2(a) plots significance versus fold-change of the quantified proteins.

« Horizontal broken grey line: The selected significance threshold.
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» Vertical broken grey lines. The selected fold change thresholds

Plotting pointsin thisway resultsin two regions of interest in the plot: those points that are found towards the top
of the plot that are far to either the left or the right side. These represent values that display large magnitude fold
changes (hence being l€eft or right of center), aswell as high statistical significance (hence being towards the top).
In this figure, the ratio is the group ratio set with respect to the base group. If more than two groups are present,
the max ratio is used instead.
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The“Protein” view contains an interactive volcano plot that be hidden or displayed. Markers for the proteins that
are above the set significance threshold will be displayed in color. Scrolling the cursor over amarker will highlight
it and, subsequently, clicking on this marker will highlight the protein in the interface.

3.1.2.5. Quality Control Statistics

Figure 3 displays the box plot and the accumulation quality curve described in Sections 3.1.2.3 and 3.1.1.2, re-
spectively.

Figure 3. Quality control statistics. {a) Box plot far each channel (b) Acournulation curve for quality. @
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3.1.2.6. Summary Tables

Tables 1 and 3 list the data and the filtered results, respectively. Table 2 lists the feature vector and protein result
filtration parameters.
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Table 1. Statistics of data.
# of M5 Scans 120931

#of ME/DE Scans 410708

Table 3. Statistice of filtered result.
Peptide-Spectrum Matches 67565

Peptide Sequences 8650

Protein Groups 23

Table 2. Result filtration pararmeters.

Peptide significance =0
Peptide fold change =1
Feport ion intensity =1E4
Quality =35

Feference channel present  falze
Murmber of channels present 1

Protein significance =10
Protein fold change =15
Unigue peptides =1
significance method PEAKZQ

Tables 4 and 5 list the quantification and instrument parameters, respectively.

Table 4. Quantification parameters.
Quantification Type: iITRAQ-4plex
Quantification Mass Tolerance: 0.2Da
FDR Threshold%sy: 1.0
Reporter Ion Type: M3S2
iTRAQ4-114: 114.1107
iTRAQ4-115 1151077
iTRAQ4-116: 116.1111
iTRAQ4-117: 117.1144
Group Settings in Paramneters:
Group 1: Sample 1 - iTRAQ4-114
Group 1: Samnple 1 - iTRAQ4-115
Group 2: Sample 1 - iTRAQ4-116
Group 2: Samnple 1 0 iTRAQ4-117
DB Dependency: 24
Current Group Information:
Group 1:iTRAQ4-114
Group 1:iTRAQ4-115
Group 2:iTRAQ4-116
Group 2:iTRAQ4-117

3.1.3. Result Exporting

PEAKS reporter ion labeled quantification results can be exported to various HTML and text formats by clicking
the Export button within the filtration options in the Summary View. The Summary View page and the images
from the various Summary View toolbar functions can also be exported to various HTML and text formats. Refer

Table 5. Instrument parameters.

Fractions: 100702V1IR31_Kaja samplel frac 1.raw, 100709%1R31 g
a_sarnplel frac 2raw, 100712VIRS]_Kaja_samplel _frac 3.raw, 10
0714VIRS1_Kaja_samplel frac 4. raw, 100715V1IES]_Kaja_ samplel f
rac_5raw, 100716VIRS1_Kaja_samplel frac_é.raw, 100719VIRS1_K
aja_samplel frac 7. raw, 100723V1ES1 Kaja samplel frac 8.raw,
100726%1RS1_Kaja samplel frac 9 raw, 100702V1ES1_Kaja_ samplel
_frac_10.raw, 100708W1ES1_Kaja samplel frac 11.raw, 100709%1E
51 _Kaja_samplel frac 12 raw, 100712VIES] Kaja samplel frac 13
raw, 100714V1IES1 Kaja samplel frac 14 raw, 100715VIRS] Kajm
samplel frac 15 raw, 100716V1R51 Kaja samplel frac 16 raw, 10
O0719WIRS] Kaja samplel frac 17 raw, 100723VIRS] Kaja samplel
frac_18.raw, 100726VIRS1 Kaja samplel frac 19.raw, 100702VIES
| Kaja samplel frac 20raw, 100708WV1IES1 Kaja samplel frac 21
raw, 100709%IR3] Haja samplel frac 22 raw

[on Source: ESI nano-spray)

Fragmentation Mode CIDVECD

M3 Scan Mode: FT-ICR/Orbitrap

MEMIS Scan Mode: Linear [on Trap

to Section 5.2, “Exporting Reporter lon Labelling Quantification Results’ for details.

3.2. Protein View

The Protein View lists al the quantified proteins present in the sample, characterizes each protein at the amino

acid level, and lists the supporting peptide features of each protein. It has six components:

e Protein Table: Thislistsall the quantified proteins present in the sample.

164



PEAKS Q- MS/MS Level

e Protein View Filtering: Allowsfor filtering the proteins. For moreinformation refer to Section 3.4.1, “Protein
View Filters’

e Protein Volcano Plot: Click on amarker that is above the significance threshold that was set in the “ Summary”
view. Upon selection, the corresponding protein in the protein table will be highlighted. Right click and drag is
also supported in the volcano plot to zoom in on an area. Double click to return to the default scale.

» Coverage: This characterizesthe protein sequence at the amino acid level. All the PTMs and mutations occur-
ring on the protein sequence will be displayed together with the MS/M S data supporting the inference.

PTM Profiling: Click on the to lm open PTM Profiling. For more information refer to Chapter 11, PTM
Profiling.

» Peptides: Thelist of peptides identified from the selected protein in the Protein table.
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3.2.1. Protein Table

The quantified proteins are listed in the protein table with homologous proteins grouped together. This Protein
table is similar to the tables displayed in the PEAKS DB, PEAKS PTM, and SPIDER results, but includes the
following additions:

 Significance: The protein significance is set according to the rules set in the Summary View, refer to Sec-
tion 3.1.1.3, “Protein Filter”.

» Sample Profile: The protein abundance in each samplerelative to the averageislog?2 transformed and depicted
as a heat map. Hold the cursor on a profile to view the sample channels (1abels), the areas, and the ratios with
respect to the reference label selected in Experiment Settings of the Summary View.

e Group Profile: The protein abundance in each group relative to the average is log2 transformed and depicted
as aheat map. Hold the cursor on a profile to view the group channels (Iabels), areas, and ratios with respect to
the group which contains the reference label selected in Experiment Settings of the Summary View.

See Section 3.4, “Protein View” for more details on the other entries of the Protein table.
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3.2.2. Protein Volcano Plot

This interactive volcano plot enables the selection of a protein in the table. Protein markers that are above the
significance threshold can be selected. Upon selection, the corresponding protein in the Protein Table will be
highlighted. Proteins located in the top-right and top-left sections of this plot (above the significance threshold
and to the right and left of the fold change thresholds) are considered statistically significant. The volcano plot
facilitates identification of these significant proteins. Proteins filtered out using the "Protein View Filter" will be
grayed along with those described in Section 3.1.2.4, “Volcano Plot”.

3.2.3. Coverage Tab

The Coverage tab characterizes the selected protein sequences at the amino acid level. See Section 3.4.4, “Protein
Coverage” for details.

3.2.4. Peptides Tab

The supporting peptides assigned to the protein are shown below the “ Peptides’ tab.
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Thistable includes the following columns:

» (Checkbox): Select the peptides to appear within the Coverage Tab as blue bars.

» Used: Select whether this peptide is used to calculate the protein profile.

» Unique: This shows which peptides are only assigned to the current protein group.

» Quality Score: The higher quality of apeptideindicatesthat the peptide is more quantifiable. Factorsthat affect
the quality score include the identification -10LgP score, the noise around the reporter ions, and the mass error
of reporter ions. An appropriate threshold value can be selected by checking Figure 3(b): Accumulation curve
for quality inthe" Summary" view. Therule of thumbisto set the quality threshold near the region of the quality
score axis at which the curves begin to significantly drop.

» Sample Profile: The peptide abundance in each samplerelative to the averageislog? transformed and depicted
as a heat map. Hold the cursor on a profile to view the sample channels (Iabels), the areas, and the ratios with
respect to the reference label selected in Experiment Settings of the “ Summary” view.

» Group Profile: The peptide abundance in each group relative to the average is log2 transformed and depicted
as a heat map. Hold the cursor on a profile to view the group channels (labels), the areas, and the ratios with
respect to the group that contains the reference label selected in Experiment Settings of the “ Summary” view.

» #Spec: The number of quantification spectraincluded in the peptide ratio calculation. A vector is considered to
be agroup of peptide features across samples and replicates used to create a peptide ratio. For example, if there
are three replicates in your experiment, you will have a maximum of three vectors.

 Start: This showsthe position of the first residue of the peptide that covers the protein.

» End: This showsthe position of the last residue of the peptide that covers the protein.

3.3. Peptide View

The*" Peptide” view displaysall the quantified peptidesand their intensities. Theinterfaceissimilar to the” Peptide”
view in a PEAK S DB result. See Section 3.5.1, “Peptide View Search and Filter Options” for details. The Peptide
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table may be filtered by clicking on the "Peptide View Filters' button, for more information refer to Chapter 9,
Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER). The average quality score
of the top quantified spectra of a quantifiable peptide is listed in the spreadsheet. The Sample Profile displays
a heatmap of the peptide abundance in each sample relative to the average after log2 transformation. Hold the
cursor on aprofile to view the sample channel s (1abels), the areas, and the ratios with respect to the reference label
selected in Experiment Settings of the “ Summary” view.
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3.3.1. lon Match Table

For details on the lon Match Table, see Section 3.2.3, “lon Table”.
3.3.2. Survey Scan

For details on the survey scan, see Section 3, “MS/MS View”.
3.3.3. Reporter lon

Thisview provides details on characteristics of the reporter ions used in the experiment. The table providesinfor-
mation on the intensity, the raw intensity, and the ratio of each channel with respect to the set reference channel.
Additionally, an associated MS2 or M S3 spectrum is included of the reporter ions in the experiment, determined
by the selection made in the Quantification parameter settings, see Section 2, “ Setting Parameters’. Thisis an
interactive spectrum, enabling zooming in and out using the scroll wheel of the mouse. Double-clicking will zoom
out and reveal the entire M S3 spectrum.

lonMatch Survey Reporter Ion
Channel  Intensity  Normalized intensity ~ Ratio  Intensity
TMT10-126 | 2.486E4 2.486E4 1.00 129.1378
- 127.1250 -

TMT10-127N | 2.656E4 2.549E4 1.03 e 1o 1281345 130.1351 131.1384
TMT10-127C|  2.415E4 2.35%4 0.95 | 2.5E4] 126.1279
TMT10-128N | 2.461E4 2.458E4 1.01
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TMT10-131 | 2.56%4 2.691E4 1.08 1E4]
TMT11-131C|  2.29E4 2.341E4 0.94

SE3

129,0660
mz
126 127 128 129 130 131

Total MS3 generated: 1 1 } Processed sample=Sample 1 scan=F1:15213 RT=34.5675 raw precursor m/z=487.22552 mslevel=3
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3.4. LC/MS View

This view displays the distribution of LC-MS signals/features in the fractions. See Section 4, “LC/MS View".
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Chapter 15. Label Free Quantification
(LFQ)

1. Overview

L abel-free quantification is one of the three quantification methods supported by the PEAKS Q module. It serves
asafast profiling tool for differential studies of large scale proteomics. This quantification method is based on the
relative abundance of peptide features detected in multiple samples. Feature detection is performed separately on
each sample. By using the EM (expectation-maximization) algorithm, more overlapped features can be detected.
The features of the same peptide from different samples are reliably aligned together using a high-performance
retention time alignment algorithm.

Thelabel-free quantification of PEAKS Q modul e does not have to be based on an identification result aslabel-free
quantification is based on detected features. However, you can choose to attach an existing identification result
asthe last step of the label-free quantification set-up.

Note

For details of the retention alignment algorithm, refer to the paper "A Combinatorial Approach to the
Peptide Feature Matching Problem for Label-Free Quantification™, Bioinformatics, 2013, 10.1093.

The usage of this function is outlined in the following overview.

L Select a project node in the “ Project View” frame. Click the PEAKS Quantification tool bar icon Q or select
the Tools > Quantification command from the menu.

Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
project creation, dataloading, PEAKS DB search, and quantification in a single work flow.

2. Select the quantification method as "L abel Free" and specify the PEAKS Label Free quantification parameters
in the right panel of the window.

3. Arrange the samplesinto groups, attach Identification results to the analysis, and click OK.

Note

LFQ requires at least 2 groups with at least 1 samplein each group.

Note

Currently, only identification results from PEAKS are supported in quantification. inChorus and all
other third party engine results are not supported.

4. Wait for the analysis to finish. A new LFQ result node entitled "LABEL FREE #" will appear at the project
tree. Double-click the node to open the resullt file.

2. Setting Parameters

The following parameter dialogue appears when the quantification tool bar icon, Q ,isclicked or Tools> Quan-
tification command from the menu to create a quantification analysis work flow and to set up the corresponding
parameters to perform the analysis. Select "Label Free" under the “ Quantifications’ options.
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™Y Quantification X
Quantifications Label Free Quantification
Basic Options
Mass Error Tolerance: |15.0 ppm Retention Time Shift Tolerance: | 3.0 min
(@) Label Free Sample Groups Attach Identification
Q = = T
Group Color ¥ PEAKS 8
-5 - J\ - h Group 1 |
= J| Disease1
2\ Disease2
=il | Disease3
» = L=
=-L[\ Group 2 |
I\ wra
o L wrs
L\ wre
Advanced Move Up Move Down
OK Cancel Help

The following parameters are available in the “Basic Options’ section of the quantification window:

* MassError Tolerance: The mass shift between different runs. Initially this should be set as twice as the mass
error tolerance in database search. Later, by checking the M/Z shift distribution figure in the result, you can
narrow the tolerance.

» Retention Time Shift Tolerance: Theretentiontimerangeisthemaximum elution timerangethat isconsidered
for the quantification of an identified peptide. Initially, this should be set as the highest possible shift between
runs. This tolerance can be later narrowed by checking the RT shift distribution figure in the result.

» LFQ requires sample grouping to generate a result node. The “ Sample Groups® section allows for this group
selection. All available samplesarelisted on theleft window. For experimentswith multiple samples, the search
bar can be used to look for aspecific sample. After selecting asample, it can be added to anew group by clicking

the ™ ¥4 button or to an existi ng group by clicking the = * button and selecting that option from the drop-

down menu. If you select multiple files, you can add each one to a new sample by clicking the = % button.
Display al samplesin each group or just the individual groups by selecting the Expand and Collapse buttons,

=

respectively. Samples can be removed individually or removed al at once by clicking the button or the

Remove All button, respectively.

» The Advanced option opens another window that enables the manual selection of areference sample and train-
ing samples. The reference sample will be used as the center to do the retention time alignment. The training
samples are used to cal cul ate the feature vector quality. For training samples, biological replicates are preferred.
Auto detection should fit most cases of both reference and training samples.
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Reference Sample:  [Auto detect | »

(Reference sampie wil be used as the center to do retetion time alignment.
Auto-detecton should it most cases. )

Training Samples: Auto detect v Auto detect W

(Feature vector qualty i caloulated based on 3 pair of training samples.
Bip-replcates are preferred fo be used as training samples. Auto-
detection should fit most cases. )

OK Cancel

 To attach the identification results to the label free quantification result, click the Attach ... button in the Attach
I dentification section. The* Attach identification results’ dialoguelistsall availableidentification results. Select
the identification results to be attached and the FDR threshold to be used, then click the Attach button. All
selected results will be listed in the Attach Identification section. If multiple identification results for the same
fraction are selected, then only thefirst identification result in the list will be used. Use the Move Up and Move
Down buttons to set the order in which the identifications will be attached.

Results with FDR validation:
[# PEaks 4 orm
# PEAKS 6
&
FEAS S (_) PEAKS DB
() PEAKS FTM
() SPIDER
FOR Thrasheld: 1.0 % Attach Cancel

Note

If identification results from multiple samples are attached for LFQ, PEAKS can combine the ID results
and re-do the protein grouping and generate L FQ results.

3. Understanding the LFQ Results

Once completed, alabel free quantification result node @ will be added to the project tree. Double-click on this
node to open the LFQ result that contains multiple tabs as described below:

» Summary: Theoutline of the PEAKS LFQ search resultswith statistics. Thisisthe place to examinethe overall
performance of the experiment and adjust filters.

* LC/MS: Theoveral masssignal view for each M S run, marked with detected features and MS/M S spectra. See
Chapter 5, Data Visualization Section 4, “LC/MS View” for details on LC/MS view.

 Features: The quantified peptide feature vectors listed in a table. One feature vector is alist of features from
different samples aligned together for one peptide. Extracted ion chromatogram (X1C), 2D/3D LC/MS view
and retention time alignment are also displayed for each feature vector.

» Proteins: The quantified proteins with alist of supporting peptide features for each protein.

* Peptides: The quantified peptides listed in a table. Extracted ion chromatogram (X1C), sample features and
retention time alignment also displayed for each peptide.

3.1. Summary View

The"Summary" view provides three main functions:
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1. Result Filtration: Thisisachieved by specifying thefiltration rulesinthe areaat the top of the Summary View.
Thefiltration function is discussed in Section 3.2.1, “Protein Table”.

2. Summary Report: Several statistical charts assist the user to get an overal picture of the results, assess the
result quality, and examine the reliability and reproducibility of the experiment. This function is the focus of
this section.

3. Result Exporting: This is achieved by clicking the "Export" button at the top of the summary view. The
exporting function is discussed in Chapter 19, Exporting Data/Reports and Printing Section 5.3, “Exporting
L abel-Free Quantification Results’.

The"Summary" view includes an expression profile with candidate proteins assorted in aheat map, result statistics
tables, and alist of filtration parameters. To add asummary note, click on the Notes button to open a“ Notes Entry”
editor in which you can edit the notes. These notes will be displayed in the “ Summary” view.

StartPage % (O LABEL FREE 6 [2018-10-27 15:58] X
RT Range 0 . |<RT<[180 .| BaseSample |Sample2 o Export Notes
Peptide feature  Quality 2 0, Avg. Area =0, 1 <Charge =10, Peptide Id Countper group = 1, and detected in at least 1 samples per group Edit...

Protein FOR = 1%, Fold change = 2, Significance method:PEAKSQ, has at least 1 unique peptide Edit... Normalization Factor Heat Map Sample Correlation

1. Notes

LC/MS Features Peplides Proteins Summary

2. Result Statistics

Figure 1: Protein profile heatmap (Cell colour represents the log2(ratio) to the average area across different samples) @
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3.1.1. Result Filtration

PEAKS provides an extensive set of toolsto filter Label Free Quantification results according to the user'srequire-
ments. There are four categories of optionsin the “ Summary” view: RT Range, Base Sample, Peptide feature,
and Protein.

RT Range 0 . =RT= 180 .. Base Sample Sample 2 v Apply Export Notes
Peptide feature  Quality 20, Avg. Area =0, 1 =Charge <10, Peptide Id Count per group = 1, and detected in at least 1 samples per group Edit...

Protein FDR = 1%, Fold change = 2, Significance method:ANOVA, has at least 1 unique peptide i Normalization Factor Heat Map Sample Correlation
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3.1.1.1. RT Range

Feature vectors within the selected retention time range will be included in the results while everything else will
be removed. Select Apply within the filtration window of the “ Summary” view to include the selected RT range
in the analysis.

3.1.1.2. Base Sample
Select the sample that will act as the reference. The peptide area corresponding to this reference label will be
the denominator in all of the feature area ratio calculations. Select Apply within the filtration window of the

“Summary” view to include the selected base sample in the analysis.

3.1.1.3. Peptide Feature

The following parameter dialogue appears when the Edit... button is selected.

Peptide filters X

Feature filters

"
o
£

Quality
Avg. Intensity = 0E0 -
Peptide ID Count = 1
Charge between 1 «| and | 10 o

Have at least 1 .| confident samples

Cancel

» Quality: The higher quality of a peptide indicates that the peptide is more quantifiable. Factors that affect
the quality score include m/z difference, RT difference, XIC shape similarity, isotope distribution and shape
similarity, signal-to-noise ratios, frequencies and feature intensities. An appropriate threshold value can be
selected by checking the ratio-quality figure. The rule of thumb is to set the quality threshold around a fold
change of 8, as shown in thislabelled version of Figure 3a) of the “ Summary” view. Only feature vectors with
aquality score above this threshold are used to calculate the quality score of a peptide.

84 -

32 {§
 :

18 -

Ratio

142 1
104 1
143 1
ILGERL
132 1
154 | =

» Ave. Area: Thisfilter isdirectly applied to the MS signal intensity. Higher intensity peptide features have been
shown to be more reproducible across replicates. The rule of thumb is to choose the average area near afold
change of 8, as shown in this labelled version of Figure 3b) of the “Summary” view. Only peptides with an
average area above this threshold will be used in protein quantification.
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» Peptide ID Count: This filter allows the selection of peptides identified in the given number of samples or
more in each group.

» Charge between: Only peptides with feature vectors that all fall within this range will be used in protein
quantification.

» Confidently detected sample: A peptide is more quantifiable when it is detected in more samples. This filter
sets the minimum number of sample(s) per group that the peptide has an abundance value. The rule of thumb
isto set this value to half the number of samples per group.

Select Apply within the filtration window of the “ Summary” view to include all selected filtersin the analysis.
3.1.1.4. Protein Filter

The following parameter dialogue appears when the Edit... button is selected. These filters determine what will
be included in a protein group significance calculation, as well as what significance score thresholds will be set.
For a protein group to have a significance score, it must have been identified in a sample/label that has aready
been placed into a group (in either the Tools > Quantification window or in Experiment Settings).

Protein Filters X
Protein Filters

(O) FOR (adjusted p-value) = 1 v %

Fold Change
Unique Peptides
Modified Form Exdusion ]

[
(%)
<

Significance Method (®) ANOVA QO PEAKS Q

 Significance: Only protein groups with a significance above this threshold will be listed in the “Protein” view.
The significance score is calculated as the -1010g10 of the significance testing p-value. PEAKS provides two
significance testing methods: PEAKS Q and ANOVA. A significance score threshold of 20 is recommended,
which equals to a significance testing p value of 0.01. Either this or “FDR (adjusted p-value)” can be selected
to set a significance threshold.

* FDR: Adopt the Benjamin—Hochberg method to adjust the p-value to the false discovery rate for all protein
groups that have already passed the other filters. Only protein groups with significance scores passing the cal-
culated FDR will be listed in the “Protein” view. Either this or “ Significance” can be selected to set a signifi-
cance threshold.

» Fold Change: Only protein groups at or above this fold change threshold will be listed in the “ Protein” view.
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» Unique Peptides: Only protein groups with at least this many unique peptides will be listed in the “Protein”
view.

* Modified Form Exclusion: The expression level of modified peptides might be different than the overall ex-
pression level of aprotein. In such cases, including modified peptide in the protein ratio cal culation might lead
toincorrect results. By checking thisbox, if a peptide has modified and unmodified forms, both will not be used
as candidates, if a peptide only has one modified form, it is still a candidate, but if a peptide has more than one
modified form, all formswill not be used as candidates.

 Significance M ethod: One of two significance cal culations can be applied to the list of protein groups: PEAKS
Q or ANOVA. Scores will only be calculated for protein groups identified from samples that are in groups.
PEAKS Q is similar to the Significance B method employed by the paper referenced below. Additionally,
support peptide similarity isconsidered. When thereis only one samplein each group, PEAKS Q issuggested to
be used for significance testing. ANOV A requiresthat at | east two samples beincluded in each particular group.
The ANOVA method employed is also referenced below. When there are replicates in each group, ANOVA
is suggested to be used for significance testing. Log10 (protein abundance) is used for the significance testing
calculation.

Note

For more detailson PEAK S Q, refer to the following paper: “ MaxQuant enables high peptide identi-
fication rates, individualized p.p.b.-range mass accuracies and proteome-wide protein quantification.
Nat Biotechnol. 2008, 26(12): 1367-1372.

For more details on ANOVA, refer to the following paper: “ On the comparison of several mean
values. an alternative approach” Biometrika. 1951, 38(3/4): 330-336.

The following parameter dialogue appears when the Nor malization Factor button is selected.
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0 protein selected.

(Right dick fo show popup meny)

oK Cancel

» Use TIC: By default, PEAKS uses the total ion current (TIC) of the samples to calculate the normalization
factors. Normalized abundance is cal culated from the raw abundance divided by the normalization factor.

» Useinternal standard proteins. This option displays a list of identified proteins, which can be selected to
create a normalization ratio. A search bar is included to enable the quick location of select proteins. Right-
clicking in the Protein screen will open awindow that will allow for the selection of multiple highlighted rows
or the removal of al check-marked proteins. The Experiment drop-down menu can be opened to display the
results of another sample. If this option is chosen but no proteins are selected, no Factors will be listed for any
of the samples,
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e Manual input: This option performs the same default calculation as auto normalization ('Use TIC') but also
alows for the manual change of each label's expected ratios. After changing aratio and hitting Enter on the
keyboard, PEAK Swill recalcul ate the Factor for the non-referenced label (s). The Experiment drop-down menu
can be opened to display the results of another sample.

* No Normalization: All samples are automatically assigned Factors of 1.0.

Select Apply within the filtration window of the “ Summary” view to include all selected filters and Normalization
choicesin the analysis.

3.1.2. Summary Report

3.1.2.1. Heat Map

The heat map displays the protein groups that passed the filters. The relative protein abundance is represented
as a heat map of the representative proteins of each protein group. These representative proteins are clustered
if they exhibit a similar expression trend across the samples. The hierarchical clustering is generated using a
neighbour-joining algorithm with a Euclidean distance similarity measurement of the log2 ratios of the abundance
of each sample relative to the average abundance. Similarly, the conditions in different samples are clustered if
they exhibit asimilar expression trend acrossthe protein groups. An interactive protein profile heat map is opened
in anew window when the Heat M ap button that is located in the filtration options. Right-click on the heat map
in this window to save a copy of it.
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In the interactive heat map (by clicking the Heat Map button), move the cursor over any point to highlight the
protein accession name and the sample/label to which it matches. Right-click on the heat map and click Save as...
to export a PNG file of the heat map.

Movethe cursor over anodeinthe protein cluster tree, to select aset of proteinsand left click to opentheVariation
Trend chart that displaysthe expression level of the selected proteinsin the samples. Right-click on the chart and
select Save as... to export the chart asimage. Click Export Data to save the expression variation asa CSV file.
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Variation Trend Chart
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3.1.2.2. Sample Correlation

To view the abundance correlation plot for the detected features and proteins of the two selected samples, click the
Sample Correlation button from the “ Summary” view title bar. Sample correlation plotswill be displayed in apop-
up window. Correlation plots between all possible samples are shown. The Pearson’s correlation score indicates
the reproducibility of the experiment based on a selected pair of samples. To export the image right click on pop-
up window and select Save as...
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3.1.2.3. Volcano Plot

A volcano plot combines astatistical test with the magnitude of the change enabling quick visual identification of
those data-points that display large-magnitude changes and that are also statistically significant. The volcano plot
in Figure 2(a) plots significance versus fold-change of the quantified proteins.

» Horizontal broken grey line: The selected significance threshold
» Vertical broken grey lines: The selected fold change thresholds

Plotting pointsin this way resultsin two regions of interest in the plot: those points that are found towards the top
of the plot that are far to either the left or the right side. These represent values that display large magnitude fold
changes (hence being left or right of center) aswell as high statistical significance (hence being towards the top).
In this figure, the ratio is the group ratio set with respect to the base group. If more than two groups are present,
the max ratio is used instead.
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751

5.0 -

Significance

25

The“Protein” view contains an interactive volcano plot that can be hidden or displayed. Markers for the proteins
that are above the set significance threshold will be displayed in colour. Scrolling the cursor over a marker will
highlight it and, subsequently, clicking on this marker will highlight the protein in the interface.

3.1.2.4. Feature Vector Ratio Distribution

Figures 3(a) and 3(b) plot the distribution of feature vector ratios by quality and by average area, respectively.
These plots help to determine the threshold values for the quality and intensity filters to obtain a reliable section
of the analysis results. The rule of thumb is to set the quality threshold around an 8-fold change, as shown below
in Figure 3(a). The quality filter is usually the better filter to use but under some circumstances, it may be better
to apply thefilter to the MS signal directly. The rule of thumb is still to choose the average area around an 8-fold
change. In both figures, the ratio is the group ratio with respect to the base group. If more than two groups are
present, each ratio value depicts a data point in the figures.

Figure 3. The distribution of feature vector ratio: (a) By quality. (b) By intensity. @
(a)

Ratio
Ratio

B B .. FY =7 W P — T —
D M 20 3 4 S0 B0 70 80 80 100 10° 10" 102 10® 10* 10® 10 107 10® 10°
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3.1.2.5. RT and m/z Shift Distribution

Figure 4(a) plots the retention time shift distribution to the base sample. Figure(b) plots the distribution of the m/
z shift (in ppm) of the data with respect to the base sample. These two figures can be used to refine the parameter
settings for label free quantification

Figure 4. (a) RT shift distribution; (b) M/Z shift distribution. @
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3.1.2.6. Summary Tables

Tables 1 and 3 list the data and the filtered results, respectively. Table 2 lists the feature vector and protein result
filtration parameters.

Table 1. Result filtration parameters. Table 2. Statistics of filtered result.
Retention time =0 Features 7184
Retention time =140 Features with ID 2714
Feature fold change =1 Feature vectors 1023
Quality =0 Feature vector with ID 1023
Intensity =0E0 Protein groups 50
Charge =1
Charge =10

Confident sample number =1
Table 3. Search Parameters

With peptide ID true

Normlization Use TIC Quantification type: Label free quantification
N Mass Error Tolerance: 20.0 ppm

Protein significance =0

Retention Time Shift Tolerance: 6.0 min

Protein fold change =1 Dependent on PID: 10, FDR = 1%

Samples: Controll 1, Controll 2, Control2 1, Control2 2, Treatm
entl2 1, Treatmentl2 2, Treatment?4 1, Treatment24 2,

Top protein groups 50 Reference Sample: Auto detect

Confident unique supports =1

Tables 4 and 5 list the quantification and instrument parameters, respectively.
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Tahle 4. Quantification parameters

Cruantification Type: ICAT/SILAC
CQuantification Mass Tolerance: 15.0ppm
Cruantification BT Range: 0 Srm
=10LogP Threshold: 15.0
Reporter lon Type: MS2

E to P Convert enabled: trie
Light: F. (100.0%) B (100.0%%)
Hezwy: Ri(+10.013 (100, 0% K(+8.01) (100.0%5)
Group Settings in Parameters:
Group 1: Sample 1 : Heavy
Group 1: Sample 1 : Heawy

Group 1: Sample 3 : Heavy

Group 2: Sample 1 : Light

Group 2. Sample 2 : Light

Group 2: Sample 3 : Light

DB Dependency: 5

Current Group Information
Group 1: Sample 1 : Heavy
Group | Sample 2 : Heawy

Group 1: Sample 3 : Heavy

Group 2 Samgple 1 : Light

Group 2 Sample 2 - Light

Group 2: Sample 3 : Light

3.1.3. Result Exporting

PEAK S label free quantification results can be exported to various HTML and text formats by clicking the Export
button within the filtration optionsin the Summary View. The Summary View and theimages from various views
can also be exported to variousHTML and text formats. Refer to Chapter 19, Exporting Data/Reportsand Printing

Table 5. Instrument parameters

Fractions: 20120212_Shér QE1_ARL M4 mix sample 1 raw, 20020812
_Shér QEI_ARL MX4_mix_sample 2 raw, 20120817_Shér QEI_ARL _MX4
_mix_sample_2 FEF_3raw

lon Source: ESImano-spray)

Fragmentation Mode: CID, CAD{(y and b ions)

ME Scan Mode FT-ICR/QOrbitrap

MEMS Scan Mode: Linear [on Trap

Section 5.3, “Exporting Label-Free Quantification Results’ for details.

3.2. Protein View

The"Protein View" lists al the quantified proteins present in the sample, characterizes each protein at the amino

acid level, and lists the supporting peptide features of each protein. It has six components:

Protein Table: Listsall the quantified proteins present in the sample.

Protein View Filters: Allowsfiltering the protein table to select specific proteins. For moreinformation refer to
Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKSPTM, and SPIDER) Section 3.4.1,

“Protein View Filters’

Protein Volcano Plot: Click on a marker that is above the significance threshold (the horizontal dashed lin€)
set in the Summar View. Upon selection, the corresponding protein in the Protein Table will be highlighted.

PTM Profiling: Click on il to open ptm profiling. For more information refer to Chapter 11, PTM Profiling

Section 3, “PTM Profiling for Label Free Quantification and Reporter lon Quantification Results’.

Coverage: Characterizes the protein sequence at the amino acid level. All the PTMs and mutations occurred

on the protein sequence will be displayed together with the MS/M S data supporting the inference.

Features: Liststhe features identified from the selected proteins in the protein table.
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3.2.1. Protein Table

The quantified proteins are listed in the protein table with homologous proteins grouped together. This protein
table is the same as the other protein tables found in the PEAKS DB, PEAKS PTM, and SPIDER results except
the following columns mentioned bel ow:

 Significance: The protein significance is set according to the rules set in the Summary View, refer to Sec-
tion 3.1.1.4, “Protein Filter”.

» Sample Profile: The protein abundance in each samplerelative to the averageislog?2 transformed and depicted
as a heat map. Hold the cursor on a profile to view the sample channels (1abels), areas, and ratios with respect
to the base label selected in the Summary View.

» Group Profile: The protein abundance in each group relative to the average is log2 transformed and depicted
as a heat map. The Group Profile is calculated by summing up the group areas of its used supporting peptides.
Hold the cursor on aprofileto view the group channels (Iabels), areas, and ratios with respect to the group which
contains the base label selected in the Summary View.

See Chapter 9, Peptide, PTM, and Mutation I dentification (PEAKSDB, PEAKSPTM, and SPIDER) Section 3.4.2,
“Protein Table” for more details on other entries of the protein table

3.2.2. Protein Volcano Plot

This interactive volcano plot enables the selection of a protein in the table. Protein markers that are above the
significance threshold can be selected. Upon selection, the corresponding protein in the Protein Table will be
highlighted. Proteinslocated in the top-right and top-left sections of this plot (above the significance threshold and
to the right and left of the fold change thresholds) are considered statistically significant. Green points are down-
regulated while red points are up-regulated. Grayed points are filtered out as described in Section 3.2.2, “Protein
Volcano Plot” and from the protein view filter. The volcano plot facilitates identification of these significant
proteins.

4
Use the ¥ button to expand or collapse the volcano plot.

3.2.3. Protein Coverage

The coverage tab characterizes the selected protein sequences at the amino acid level. See Chapter 9, Peptide,
PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) Section 3.4.4, “Protein Coverage”
for details.

3.2.4. Support Peptides

The supporting peptides assigned to the protein are shown under the “Peptides’ tab.
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Coverage Peptides
Peptide Used Candidates Quality Significance Avg. ppm  Avg. Aread  Sample Frofile  Group Profile  SMA_Area  Wild_Type_Area MaxRatio  #Vector Start End PTM

1 ||k LDKENALDRAEQAEADK... | ® 2.37 50.00 18 1.263 ) | NN | 1715 7.79E7 219 2 13 30
2 ||k YSQKEDKYEEEIK.Y 2.06 54.81 13 6.1E7 [ E7 4.98E7 1.46 3 214 | 22
3 |;MA[R KrEEVAR K 2.98 29.66 L0 5.5E7 ) sample  Area  Ratio |7 6.37E7 1.31 1 161 167
% [id[K.LOKENALDR.A 0.98 9.12 1.7 4,367 == Sample 1| 178 | 100 |2 4.58E7 126 4 13 21
5 |[FA[R.RIQLVEEELDR.A 121 60.00 2.1 4.267 mm) Sampk 2 | LoaE8 | 0.95 | 2 5.41E7 1.77 2 91 101
& [e|K LKGTEDELDKYSEALKDA. . L3l 23.45 16 3,467 =) sample 3 | Lyes | 103 | EL 3.01E7 1.26 2 50 70

A K EDKYEEEIK.V 174 0.23 1.8 3E7 ) Sample 4 [ 8.4567 | 0.50 | 2 3.04E7 1.01 2 218 | 22

| K. KATDAEADVASLNR.R 162 +.48 0.8 2.7E7 ) Sempie 5 [6.8967 | 041 | £ 2.26E7 1.43 2 77 90

[A|R.KLVIIESDLER. A . L31 6.22 11 2567 =) Samples [8.0227 | 047 | EZ 2,47 110 2 168 178
0 || . HIAEDADR K . 211 60.00 1.3 2.267 =) : : E7 3.06E7 2.24 1 153 160
1 [k]|R.IQLVEEELDR. A 137 9.80 4.0 =70 [N -t 1.73E7 136 1 92 101
2 [[R.LaTALQKL 2.27 60.00 1.2 =7 (I 257 1.39E7 1.83 1 106 112

This table contains the following information on the quantifiable support peptides for the selected protein in the
protein table.

» (Checkbox): Select the peptides to appear within the Coverage Tab as blue bars.

» Peptide: The amino acid sequence of the peptide, as determined in PEAKS Search. A modified residue is
followed by apair of parentheses enclosing the modification mass. All non-unique peptides and ones not passing
the filter will be excluded automatically.

» Used: Shows whether this peptide is used to calculate the protein profile.

» Candidates: Select which peptides will be used as candidates to quantify the protein. The top three peptides
from the selected candidates will be involved in quantification. Click Apply button in the Summary View to
make the change of selection effective. Select one row and right-click to show the pop-up menu, use Reset the
candidate selection command to reset the candidate selection for all proteins.

e Quality: This defines how well the feature vector can be quantified. More details are explained in the Sec-
tion 3.1.1.3, “Peptide Feature’.

» Significance: It assumes that for all the peptides with the same quality, their ratios follow alog-normal distri-
bution. Different qualities may have log-normal distributions with different variances. The two-tail p-valueis
calculated asthe significance of the feature vector using the log-normal distribution corresponding to its quality
and its maximum group ratio. The -10IgP value is calculated from this and displayed as the significance in the
column.

» Avg. ppm: A peptide can have one or more feature vectors. Each feature vector has its own ppm calculated
from the mass error of each feature. The average mass error of a peptide is the average of mass errors of al the
feature vectors. This column displays the average mass error in ppm.

» Avg. Area: Each featurein the feature vector hasits own intensity area under the XIC curve. The average area
of afeature vector isthe the average area of al thefeaturesin the feature vector. This column showsthe average
area of a peptide by summing up the average areas of its feature vectors.

» Sample Profile: The peptide abundancein each samplerelativeto the averageislog? transformed and depicted
as a heat map. Hold the cursor on a profile to view the samples, the peptide areas in samples, and the corre-
sponding ratios with respect to the base sample (or average) selected in the Summary View.

e Group Profile: The peptide abundance in each group relative to the average is log2 transformed and depicted
asaheat map. Hold the cursor on aprofileto view the groups, the peptide areasin groups, and the corresponding
ratios with respect to the group which contains the base sample selected in the Summary View.

» Group Area: This column shows the peptide areain agroup that is calculated by summing up the group areas
of its feature vectors.

* Max Ratio: This shows the maximum of the fold changes between a pair of groups.
» #Vector: This shows the number of quantifiable feature vectors of a peptide.

 Start: This showsthe position of the first residue of the peptide that covers the protein.
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» End: This shows the position of the last residue (inclusive) of the peptide that covers the protein.
* PTM: Thetypes and the numbers of modifications present in the peptide shown in color-coded icons.

Right-click on the peptide feature to show the pop-up menu similar to the one in the PEAKS DB supporting
peptides tab.

3.3. Peptide View

The quantifiabl e feature vectors with the same sequence are grouped together to get thelist of quantifiable peptides
and are displayed in the Peptide View along with their intensities.
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3.3.1. Peptide Table

The peptide table contains the list of quantifiable peptides along with relevant information including the protein
accession. The view is similar to the support peptide table described in Section 3.2.4, “Support Peptides’. The
Peptide table entries may be filtered by using the Peptide View Filters button, for more information refer to
Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) Section 3.5.1,
“Peptide View Search and Filter Options’.

3.3.2. All Vectors Table
All quantifiable feature vectors on a selected peptide can be viewed by selecting the peptide from peptide table
and then clicking the All Vectors button. A pop up table shows the details of the feature vectors that contains

the following columns:

* Quality: This defines how well the feature vector can be quantified. More details are explained in the Section
3.1.1.3 Section 3.1.1.3, “Peptide Feature’.

* ppm: The mass error of afeature vector is calculated from the mass error of each feature in that vector.

» m/z: Each feature in the feature vector has its own precursor mass-to-charge ratio. This column displays the
average precursor mass-to-charge ratio of all of the features in the feature vector.
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* RT range: Theretention time range of the featuresin the feature vector.
» z: The precursor charge of the feature vector.

* Avg. Area: Each feature in the feature vector has its own intensity area under the XI1C curve. This column
displays the average area of all the featuresin the feature vector.

» SampleProfile: The peptide abundancein each samplerelative to the averageislog2 transformed and depicted
as a heat map.

» Group Profile: The peptide abundance in each group relative to the average is log2 transformed and depicted
as a heat map.

» RT mean: Each featurein the feature vector hasits own retention time center. This column displaysthe average
retention time center of the feature vector.

* Id Count: The total number of identification found for the peptide in fractions.

Selecting a feature vector from the table updates the Feature Details, Sample Features, and RT Alignment
views accordingly.

3.3.3. Feature Details

The Feature Details tab contains the eXtracted lon Chromatogram (XIC) chart that displays the shape of the
selected peptide feature vector over the retention time range where they were identified. The table at the top-left
corner displays both the area and the ratio of the features in the feature vector. This table also works as a control
to select the features that will be used to draw the XIC plot and other plots in the “ Sample Features’ and “RT

Alignment” tabs. The “p button at the top-right corner of the tab can be used to toggle the plot data between,
before, and after RT alignment.

Note

By default, the first features from each group are selected to be displayed in the plots. To display other
features, select the corresponding sample using the check box in the table.

Feature Details | Sample Features | RT Alignment

Sample Area Ratio AIC Intensity Controll_1 <‘”’ i
|  control1t 3.0%7 100 —— Gorkbroled

[ Controll_2 3.08E7 1.02  Treatmentza 1

V| Controlz_t 2.91E7 0.96 g7 -

] Control2_2 2.91E7 0.96

[v] Treatment12_1 4.58E7 1.51

[] Treatment12_2 4,537 1.50

[V] Treatment24_1 3.65E7 121

[]| Treatment24 2 3.7E7 1.22

73.5 j j ‘ j 74 j j ) ‘ 745 RT

3.3.4. Sample Features

Thistab displaysaclose up LC/MSview of the detected features from the sel ected samples. The feature boundary
isshown by the bounding polygon. The center of the featureis denoted by asolid red dot on the monoi sotopic peak
cluster. Placing the cursor on thisfeature center displaysatool tip that showsthe m/z value, the mean retention time,
the charge state, and the intensity. The centers of the features are used to calculate the retention time alignment.

The A button at the top-right corner of the tab can be used to toggle between the 2D and the 3D LC/MSviews.
To open a closed sample select the sample using the drop down found on the right hand side.
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3.3.5. RT Alignment

This tab displays the aligned TIC curves of the selected samples with the highlighted retention time range of the
selected feature. Use the toggle switch in the top-right corner to switch between the before and after RT alignment

view. Click the @ button to view the pairwise RT alignment in the pop-up window. Select the sample pair from
the drop-down menu to view the desired pairwise RT alignment.

Feature Details | Sample Features | RT Alignment

[ &
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3.4. Features View

The Features View displays al of the quantifiable feature vectors and their intensities. The interface issimilar to
the Peptide View described earlier. See Section 3.3, “Peptide View” for details.

3.5. LC/MS View

This view displays the distribution of LC-M S signalS/features in the fractions. See Chapter 5, Data Visualization
Section 4, “LC/MS View” for detailson LC/MS View.
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Chapter 16. Data Independent
Acquisition (DIA) Data Analysis

1. Overview

Data Independent Acquisition (DIA) isarelatively new method for generating MS/IM S data. In recent years, DIA
has become increasingly popular due to its parallel nature of acquiring fragment ions for all precursors within a
selected m/z range. Thisuntargeted extraction approach allows DIA to to collect more information about fragment
ions thus have better reproducibility comparing to the traditional data dependent acquisition.

With a feature-based identification approach, PEAKS X enables full DIA data analysis without the need of a
spectral library. By analysing correlated precursor and fragment ion signals together from DIA scans, the peptide
seguences are determined directly and this overcomes the limitations imposed by using aspectral library. PEAKS
X supports the full work flow for DIA data, including de novo sequencing, database search, PTM and sequence
variants identification, and quantification.

To create anew PEAKS project using DIA data, perform the following steps:

1
To create a new project, click the "New Project” button, &2/, or select File > New Project from the general

command menu to open the Project Wizard. Click the “Add Data’ button and browse to the location of DIA
data (Refer to Section 7, “ Supported Data Formats” for configuration details to successfully load various raw
datafiletypes). The selected datafrom thelist on the left pane can be setup into the PEAK S project when added
to the right pane using the appropriate option. Ex. All of the selected files can be placed in a new sample using
the "Create a new sample for selected files' button. For more details, refer to Section 6, “Adding Data to an
Existing Project”. Using the drop-down menus provided in each column, setup the parameters for each data
file accordingly. For DIA data, select "DIA" from the Acquisition drop-down menu.

[™Y Project Wizard %
Create Project:
Project Name: DIA_Demo_Project
Project Location:  C:\Users\Demo'PeaksProjects Browse...
Project Structure
Add Data search Q
Sample Enzyme Instrument Fragment Acquisition
=-J4 Sample 1 Trypsin + Orbitrap (Orbi-Or .. HCD « DIA v A
-}U g1y DIA_dema.raw
+ Add data files ... |
# Add sample ...
O
e
‘ P
L
Select Al Remove Up Dawn Collapse Select Al Copy to Whole Project
Data Refinement > Finish Cancel
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Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
details on creating a PEAKS project.

2. Click the"DataRefinement” buttonin the Project Wizard to continue with the datarefinement step after loading
the data; or select "Finish" to only load the data at this stage. Select the appropriate options based on the project.
For details on data refinement, refer to Chapter 7, Data Refinement.

Note

To perform data refinement on an existing project, click the Data Refinement icon, “., from the tool
bar after selecting araw data node in the Project View pane.

3. Once the data refinement parameters have been set, click the "ldentification™ button in the Project Wizard to
continue with a Database Search after the |oaded data has been refined; or select "Finish" to only load the data
and perform data refinement at this stage. For details on database searching, refer to Chapter 9, Peptide, PTM,
and Mutation Identification (PEAKS DB, PEAKSPTM, and SPIDER).

Note

To run database search on an existing project, selecting either a project node, a sample node, or a

|
de novo result node from the Project View pane and then click the PEAKS DB icon, a , from the
tool bar.

4. Once the identification parameter have been set, click the “Quantification” button in the Project Wizard to
continue with a quantification analysis on the data after the identification search completes; or select "Finish"
to perform all the steps up to the identification step. For details on the different quantification analyses, refer
to Chapters 13, 14, and 15 for Chapter 13, PEAKS Q - MS Level, Chapter 14, PEAKS Q - MS'MS Level and
Chapter 15, PEAKS Q - Label Free respectively.

Note

To run quantification on an existing project, click the Quantification icon, Q, from the tool bar after
selecting a project node, or a PEAKS search result node.

2. Data Visualization

After the project is created, the DIA data can be visually examined. To do so, double click the raw data file node
or corresponding DATA REFINE node from the Project View pane. Like DDA data, PEAKS allows raw DIA
data to be analyzed from three perspectives:

* MS- Thissection showsthe TIC (total ion chromatogram) plot and all of the MS scans. For each M S scan, the
corresponding MS/M S scans are also displayed.

* MS/MS - This section lists al the MS/MS scans. For each MS/M S scan, the corresponding features are listed
below and associated number of featuresis displayed next to the MS/M S scan information header.

* LC/MS - This section provides a bird's eye view of the whole LC-M S dataset with detected features and MS/
MS scans marked on refined data.

2.1. MS

TheMSView containsthe TIC and all of the scans. Thetotal ion chromatogram (T1C) isdisplayed on theleft of the
MS view. The navigation buttons are highlighted in the figure. To collapse the TIC chart, click the left navigation
button. Clicking on a specific position in TIC will display the corresponding survey (MS) scan. To navigate the
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MS scans, use the up and down navigation buttons. The M S scans can also be navigated through using the up and
down arrows of the keyboard. The tandem (MS/MS) scans associated with the selected M S scan are shown in the
panel below, where each can be viewed by selecting the different tabs identified by their "m/z z" information.
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Note

The navigation options within the MS and MS/MS view are the same as with the options to view DDA
data. Refer to Chapter 5, Section 2 Section 2, “MS View” for details.

2.2. MS/MS

The MS/IMS View showsthelist of MS/M S spectra on the left. If data refinement has been performed on the data
file, the number of associated features within the isolation window will be indicated at the end of the spectrum
header [ex. "543.3571 (RT=37.05 Scan=18671) 38" from the image below indicates that there are 38 peptide
features associated with the selected tandem scan]. In addition, when data refinement has been performed, an MS/
MS isolation window header can be expanded and the associated features are listed below. When an MS/MS is
selected from the list, the following information is provided to the right of the list: a summary of the spectral
results, the MS/M S spectrum, the LC/M S snapshot, the lon Match Table, and its Survey Scan. Similarly, when an
individual peptide featureisinstead selected from the list, the results for that feature are displayed. Zoom options
are the same as described in the “MS View” section.

e Summary of Spectral Results: A table with a summary of the spectral results are displayed here, including
the associated feature information, de novo sequence (if de novo sequencing has already been performed), and
database ID sequence (if a PEAKS search has been performed).

* MS/MS Spectrum: A view of the tandem scan will be displayed here. If de novo sequencing and/or a PEAKS
search has been performed for the data file, the scan will be annotated. By clicking the sequence results from
the Spectral Result table, the corresponding annotation will be displayed. Users will also have the ability to
turn on the alignment and error map for the spectrum view when de novo sequencing and/or a PEAKS search

is performed.

e LC-MS Snapshot: The LC-MS Snapshot displays a zoomed-in view of the precursor scan in the LC-MS heat
map 2-D view. The MS/MS scan isindicated by ared framed square and the span of the yellow line designates

188



Data Independent Acquisi-
tion (DIA) Data Analysis

the isolation window. If data refinement has been completed, purple circles will also be displayed on the heat
map, and selecting an individual feature from the list on the left will highlight the feature in purple.

Parent Scan: The “Survey” tab displays the precursor scan with the best signal within the isolation window.
The buttons that appear in this section are identical to those explained in Section 2, “MS View”.

lon Table: If de novo sequencing and/or a PEAKS search has been performed, an "lon Match" tab will appear
when one of the sequence results from the Spectral Resultstableis selected. The“lon Match” tab in the bottom
pane displays a table with possible fragment ions for the selected MS/M S scan. Each ion in the table shows the
calculated mass, where if the fragment ion is present in the spectrum, its mass value is displayed in color. N-
terminal ions are shown in blue and C-terminal ions are shown in red. A fragment ion is found when there is
a matching peak within the mass error tolerance, as defined in the de novo sequencing parameters, and when
relative intensity of the matching peak is at least 2%. The ion types displayed in the table can be configured in
" Spectrum Annotation Settings" (Section 3.2.2, “ Spectrum Annotation”).
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2.3. LC-MS

The LC/MS view shows the distribution of LC-MS signal s/features as a heat map. Placing the cursor on the heat
map will show the m/z value and the retention time of that point.
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3. Understanding PEAKS Results

After analysisis complete, PEAK S will attached result nodes accordingly in the Project View pane. Double-click
aresult node to load the analysis.

3.1. Data Refine

Data refinement can perform peptide precursor association for the MS/M S isolation windows . Once data refine-
ment is complete, a“Data Refine” node will be generated in the project tree. Double click the data refine node to
view the refined data. For details on data refinement, refer to Chapter 7, Data Refinement.

I Project View
(=i H:/PEAKS /Demo ProjectsPEAKS X/DIA Demo Project
= J1, sample 1
-y DIA_demo.raw
[ WDATA REFINE 1 [2018-10-29 00:01]

The data refinement analysis report uses the same views as the data visualization. The detected features can be
pointed out in the views by selecting “Features’ checkbox in the views. The feature centers are marked as purple
circles. Placing the cursor over afeature center shows the feature details in a popup.

Note

Multiple features can be selected by holding the Ctrl key and left click on the feature center.

3.2. De Novo

De novo sequencing derives the peptide sequence from the tandem mass spectrum without the need of a sequence
database. It isthe preferred method for identifying novel peptidesand the study of unsequenced organisms. PEAKS
provides a reliable and comprehensive solution for automated peptide de novo sequencing from DIA data. For
details on denovo sequencing, please refer to Chapter 8, Peptide De Novo Sequencing.

The de novo analysisresultsis organized into four sections:
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3.2.1. Summary View

The"Summary View" reports key statistics as an overview of the result. For detail s on the de novo node Summary
View, refer to Section 3.1, “Summary View”

3.2.2. De Novo Peptide View

The "De Novo View" displays the de novo sequencing results in greater detail, as shown in the next figure. The
table on the top displays de novo sequences, while the bottom section provides additional information about the
peptide-spectrum match. In comparison to a DDA de novo sequencing analysis result, there is one additional
component to the De Novo Peptide View. For DIA data, a Fragment lon Profile is displayed under the Precursor
Profile and the LC-M S Snapshot is moved to the left and spans from the top to bottom under the de novo peptide
table.
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» Fragment lon Profile: The Fragment lon Profile, or eXtracted lon Chromatogram (XIC) of the fragment ions,
graphs the elution profile of the top 20 fragment ion signals over the retention time. Like the Precursor Profile,
the graph is plotted with the retention time along the x-axis and the intensity along the y-axis. Hovering over
the X1C curve will display the RT and intensity coordinates.
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For theremainder of the detail s about the De Novo Peptide View, pleaserefer to Chapter 8, Section 3.2 Section 3.2,
“De Novo Peptide View”.

3.2.3. Feature View

The "Feature View" displays all the feature information in greater detail, as shown in the next figure. The table
on the top displays features, while the bottom section provides additional information about the feature, precursor
profile, and if available peptide-spectrum match.
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Note

Please refer to Section 3.3, “ Feature View” for details about the Feature View.

3.24. LC-MS

The view is same as in the data visualizations. For details, please refer to Section 2.3, “LC-MS’.
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3.3. PEAKS DB

PEAKS DB node provides acomplete set of database search toolsfor in-depth protein analysis. In this section, we
present the differencesin the DB result onion mobility datafrom thetraditional LC-M Sdata. To know more about
PEAKS DB Searches and results, please refer to Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS

DB, PEAKS PTM, and SPIDER).

The PEAKS DB analysisreport is presented in five pages:

3.3.1. Summary View

The "Summary View" reports key statistics as an overview of the result. It also provides functions to filter and
export identified proteins and peptides. Please refer to Section 3.2, “ Summary View” for details.

3.3.2. Feature View

The "Feature View" lists al detectable features resulting from the filters set by the current settings in Summary
View and Feature View Filters. For each feature, the feature information is displayed and the database or de novo

peptide result. The result can be sorted by any column.

3.3.3. Protein View

The "Protein View" presents the list of proteins identified in the project. For each protein, further information is
displayed including protein sequence coverage and supporting peptide information. Please refer to Section 3.4,
“Protein View” for details.

3.3.4. Peptides View

Peptidestable displaysalist of peptideidentifications. In comparisonto aDDA database search result, thereis one
additional component to the Peptides View. For DIA data, a Fragment lon Profileis displayed under the Precursor
Profile and the LC-M S Snapshot is moved to the left and spans from the top to bottom under the peptides table.
By default, the table is sorted by the -10lgP score from highest to lowest.
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If afeature was able to match to a database sequence, the database peptide will be referenced in the "DB Peptide”
column. However, if no database sequence was matched to the peptide feature, the de novo sequencing results
will be displayed instead.
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Fragment lon Profile: The Fragment lon Profile, or eXtracted 1on Chromatogram (XIC) of the fragment ions,

graphs the elution profile of the top 20 fragment ion signals over the retention time. Like the Precursor Profile,
the graph is plotted with the retention time along the x-axis and the intensity along the y-axis. Hovering over
the X1C curve will display the RT and intensity coordinates.
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Note
For the remainder of the details about the Peptides View, please refer to Section 3.5, “Peptide View”

3.3.5. De Novo Only View

This shows a list of quality peptide sequences detected by de novo sequencing that remain unidentified by the
PEAKS database search. Please refer to Section 3.6, “De Novo Only View” for details.

3.3.6. LC-MS View

The view is same asin the data visualization. For details, please refer to Section 2.3, “LC-MS’.

4. Label Free Quantification (LFQ)

PEAKS supports the Label Free Quantification (LFQ) analysis of DIA data. For details on LFQ analysis, please
refer to Chapter 15, PEAKSQ - Label Free.

To perform an LFQ analysis, select a PEAKS project or data file node in the “Project View” pane. Click the

PEAKSQicon, Q, from the tool bar or select the Tools> Quantification command from the menu. Select “Label
Free” check box to perform aLFQ analysis.

5. Precursor lon Quantification (e.g. SILAC and iCAT)

PEAKS can perform precursor ion quantification analysisfor DIA datawith the optional PEAKS Q module. Both
user-defined and commercia labels (eg. SILAC and iCAT) are supported by PEAKS Q. For details on precursor
ion quantification setup and data analysis, please refer to Chapter 13, PEAKS Q - MS Leve, as the setup and
functions are similar to any other type of MS data.

To perform a precursor ion quantification analysis, select a PEAKS project in the “Project View” pane. Then,

click the PEAKS Q icon, Q, from the tool bar or select the Tools > Quantification command from the menu.
Select  Precursor lon Quantification eg. SILAC” check box to perform precursor ion quantification on the PEAKS
project.

6. Reporter lon Quantification (e.g. iITRAQ and TMT)

PEAKS can perform reporter ion quantification analysis for DIA data with the optional PEAKS Q module. Both
user-defined and commercia labels (eg. ITRAQ and TMT) are supported by PEAKS Q. For details on reporter
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ion quantification setup and data analysis, please refer to Chapter 14, PEAKS Q - MSMS Level, as the setup and
functions are similar to any other type of MS data.

To perform areporter ion quantification analysis, select a PEAKS DB/PTM/SPIDER result node in the “Project

View” pane. Then, click the PEAKS Q icon, Q, from the tool bar or select the Tools > Quantification command
from the menu. Select “Reporter 1on Quantification eg. iTRAQ/TMT” check box to perform reporter ion quan-
tification.
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Chapter 17. lon Mobility Data Analysis

1. Overview

lon Mobility Mass Spectrometry (IM-MS) analyzes complex mixtures and separates the ions according to their
mobilities. Due to the superior separation capabilities, IM-MS can resolve ions that may be indistinguishable by
traditional mass spectrometry. The PEAKS IM module of the PEAKS Studio software package has the ability to
load ion mobility data from Bruker's timsTOF Pro instrument using PASEF acquisition procedure. The data can
be analyzed using de novo sequencing, database search (PEAKS DB), unexpected modification (PEAKS PTM)
and sequence variants (SPIDER) search, and labelled and label free quantification.

To create anew PEAKS lon Mobility project and analyze the data, perform the following steps:

1. To create a new project, click the new project button ¢y toopen the project wizard. Click the “Add Data”
button, browse to the location of timsTOF data and select the .d folder(s) that contain .tdf and .tdf_bin files.
Add datato samples using one of the add buttons (Refer to Section 6, “ Adding Data to an Existing Project” for
detailsfor adding datato aproject). Make sureto select “TIMS-TOF” from the Instrument list for each sample.

Sample Enzyme Instrument Fragment
—& Sample 1 Trypsin | TIM5-TOF [ CID
i el 20170714 SN
¢ e de Add data files
i Add sample ...
Note
PEAKS IM moduleis preconfigured to load timsTOF data.
Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
details on creating a PEAKS project.

2. Click the“DataRefinement” button in the project wizard to continue with the data refinement step after loading
the data, or "Finish" to only load the data at this stage. For details on data refinement, refer to Chapter 7, Data
Refinement.

Note

To perform data refinement on an existing project, click the data refinement tool bar icon L after
selecting a data node in the Project View pane.

3. Click the"Identification" button in the project wizard to continue with a Database Search after |oading the data,
or "Finish" to only load the data and perform data refinement at this stage. For details on database searching,
refer to Chapter 9, Peptide, PTM, and Mutation |dentification (PEAKS DB, PEAKS PTM, and SPIDER).

Note

To run database search on an existing project, click the PEAKS DB icon ¥ after selecti ng either a
project node, a sample node, or a de novo result node in the Project View pane.

4. Click the “Quantification” button in the project wizard and select one of the quantification methods to perform
that quantification analysis on the data after identification, or click "Finish" to perform all the steps up to
the identification step. For details on the different quantification analyses, refer to Chapters 13, 14 and 15
Chapter 13, PEAKS Q - MS Level, Chapter 14, PEAKS Q - MSMS Levelfor Chapter 15, PEAKS Q - Label
Free respectively.
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Note

To run quantification on an existing project, click the Quantification icon Q after selecti ng aPEAKS
project, datafile, or a search result node.

2. Data Visualization

After the project is created, the ion mobility data can be visually examined. PEAKS IM module provides a view
of the data at individual IM-MS level, individual IM-MS/MS level and overall view at LC-IM/MS level. Double
click adata node to view the data.

e IM-MSview: Thisview presents the data focused at the MS1 level.
e IM-MS/MSview: Thisview presents the data focused at the MS2 level.

e LC-IM/MSview: Thisview provides abird's eye view of the whole LC-IM/M S dataset with detected features
and MS/M'S scans marked on refined data.

2.1. IM-MS

The total ion chromatogram (TIC) is displayed on the left of the IM-MS view. A red bar on TIC curve points
the current selected retention time. The top panel at right side shows the MS1 data at the selected retention time
as an MSL1 Frame - a heat map in m/z-1/k0 dimension. Individual MS1 spectrum at the selected 1/kO is shown
at the top-left panel.

The precursors associated with the selected MS1 Frame are listed at the bottom panel - one tab per percursor. The
MS2 data associated with a precursor are combined together to form a combined MS2 spectrum. Each precursor
tab shows the corresponding combined M S2 spectrum.

TIC Lko: 0533214 | LIKOA20170812_SN34_200ng_WEHIcol_100msPolyONshi ga mp 1:1 A\ & ITtD%HSity (%)
121140 134 ¥ 657.88
1.5 MS1 Frame at Hi MS1 scan at 1/k0
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il atrt
[aN)
o fil
| 504
] 1 | ihl
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; . (]
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=N ] | 1
i
|
- ] | I
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2 i 500 1000 mfz % | | # | 1;1| iy | v | ErrTal low intens, label
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=7 1281,1228 2 685.6622 3 492,54095 3 687.3889 2 568,302 2 640,326 2 603.321840 817.4108 2 585.9507 3 519,25757 3
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2.2. IM-MS/MS

The IM-MS/MS View shows the list of precursors on the left panel. The right panel shows the details data asso-
ciated with the selected precursor. The combined MS2 spectrum is shown in the right middle panel. The MS1
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Frame, to whom the precursor belongs, is displayed at the bottom-right panel zoomed in to show the precursor

and the associated feature.

1380.6414 ( RT=47.21 1jK0:1.3318-1.3058, PrelD=3481237 ) 2
930.9758 (RT=47.21 1/K0:1.2638-1.2379, PrelD=3431238 ) 2
1127.0341 (RT=47.21 1/K0:1,2238-1, 1979, PrelD=3481239 ) 2
1039.4703 ( RT=47.21 1jK0:1.1828-1. 1568, PrelD=3481240 ) 2
903.3907 ( RT=47.21 1/K0:1. 1309-1. 1049, PrelD=3451241) 2
8314153 (RT=47.21 1/K0: 1.0821-1.0562, PrelD=3481242) 2
764.8907 ( RT=47.21 1/K0:1.0215-0.9954, PrelD=3481243 ) 2
660.3345 ( RT=47.21 1/K0:0,9705-0.9445, PrelD=3481244) 2
604.8220 ( RT=47.21 1/K0:0.9206-0.8945, PrelD=3481245) 2
516.2778 ( RT=47.21 1/K0:0.8695-0.8434, PrelD=3451246 ) 1
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2.3. LC-IM/MS
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The LC-IM/MS view shows the distribution of LC-IM/MS signals/features as a heat map projected on to m/z-rt
dimensions. PEAKSIM aso provides a 3D intensity view for visual inspection of the LC-IM/MS data. To switch

between the heat map view and the intensity view, click the Al button in the top-right control options. The view
provides various convenient ways to zoom and navigate the LC-IM/MS features in the data. To learn more on
navigating LC-IM/MS view, please refer to Section 4, “LC/IMS View”.
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Thedistribution of LC-IM/M S datawithin the sel ected retention time range, can be viewed asaheat map projected
on to m/z-1/k0 dimensions. Click "IM/MS" button to view the m/z-1/k0 heat map in a pop-up window.
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LC-IM/MS view requires someindex filesthat will be generated in the background and the progress will

be reported in the LC-IM/MS view.

3. Understanding PEAKS Results

After analysisis complete, PEAKS IM module attach corresponding result nodes to the project tree. Double-click

aresult node to load the analysis report.

3.1. Data Refine

Data refinement can do precursor mass and charge correction as well as detect the MS1 4D features in the data.
Default options should be good enough in the most cases. Once data refinement is complete, a“ Data Refine” node
will be generated in the project tree. Double click the datarefine node to view the refined data. For details on data

refinement, refer to Chapter 7, Data Refinement.

" Project View
= D:/PEAKS_ion_mobility_Project/Hela_denaised

=/l sample 1

> Gl DATA REFIME 1 [2017-12-01 12001
-y DEMOVO 2 [2017-12-01 12:00]
f PEAKS 3 [2017-12-01 12:00]

The data refinement analysis report uses the same views as the data visualization. The detected features can be
pointed out in the views by selecting “Features’ checkbox in the views. The feature centers are marked as red
circles. Placing the cursor over afeature center shows the feature details in a popup.
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Note

Multiple features can be selected by holding the Ctrl key and |eft click on the feature center.

3.2. De Novo

De novo sequencing derives the peptide sequence from the tandem mass spectrum without the need of a sequence
database. It isthe preferred method for identifying novel peptidesand the study of unsequenced organisms. PEAKS
IM provides a reliable and comprehensive solution for automated peptide de novo sequencing from TimsTOF
data. For details on denovo sequencing, please refer to Chapter 8, Peptide De Novo Sequencing.

The de novo analysis report is presented in three pages.
3.2.1. Summary View

The "Summary" view reports key statistics as an overview of the result. For details on de novo node summary
view, refer to Section 3.1, “ Summary View”

3.2.2. De Novo Peptide View

The de novo peptide table displays the de novo sequencing results in greater detail. For details on de novo result
peptide view, refer to Section 3.2, “De Novo Peptide View”. Here we mention the differences in the de novo
peptide table from traditional LC-MS result.

4= | 1-1000 of 102253 v | | 0% precursor Id = | = @) no results
Precursor Id Peptide Taglength ALC (%:) 4 Length mfz z RT k0 Intensity Mass ppm FTM  Mode
1 3301045 DAPEEEDHVLVLR 3 3 751.3893 | 2 1.0323-1.0583 1520.7471 . ~
2 4992302 | C{+57.02)DDELLLLK 10 99 10 616.3306 | 2 64,98 | 0.9151-0.9412 | 5.46E3 | 1230.6528 -5.1 | & CID
3 4769667 | LGHWEEAAHDLALAC(+57.02)K 17 99 17 645.3276 | 3 62,03 | 0.9238-0.9499 2.14E4 | 1932.9517 49 |& CID
3 4937662 VESLQEELAFLK 13 99 13 757.4314 | 2 64,25 | 1.0572-1.0832 | 3.91E4 | 1532.8450 2.1 CID
5 1424025 5YC{+57.02) AELAHNYSSK 13 99 13 733.3405 | 2 22,49 | 1.0161-1.0421 | 4.65E4 | 1464.6667 0.3 |E CID
] 7455032 VAVLGASGGLGOPLSLLLE 19 99 19 897.0590 | 2 96,10 | 1.1395-1.1655 3.53E4 | 1792.0823 11.8 CID
7 5159354 | LEEC(+57.02)LSQLVLHK 13 99 13 7914473 | 2 67.20 | 1.0767-1.1027 | 3.58E3 | 1580.8596 13.0 |E CID

» Precursor 1d: This shows the Id associated with the precursor obtained from the raw data.

» 1/k0: This shows the ion mobility range associated with precursor.
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Note
The de novo peptide table can be search for a specific precursor id.

3.2.3. LC-IM/MS

The view is same as in the data visualization with additional de novo tag marks. For details, please refer to Sec-
tion 2.3, “LC-IM/MS".

3.3. PEAKS DB

PEAKS DB node provides acomplete set of database search toolsfor in-depth protein analysis. In this section, we
present the differencesin the DB result onion mobility datafrom thetraditional LC-M Sdata. To know more about
PEAKS DB Searches and results, please refer to Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS
DB, PEAKSPTM, and SPIDER).

The PEAKS DB analysis report is presented in five sections:
3.3.1. Summary View

The "Summary View" reports key statistics as an overview of the result. It also provides functions to filter and
export identified proteins and peptides. Please refer to Section 3.2, “ Summary View” for details.

3.3.2. Protein View

The "Protein View" shows a list of protein identifications along with protein sequence coverage that helps in
protein characterization. Please refer to Section 3.4, “Protein View” for details.

3.3.3. Peptides View

The "Peptide View" displays a peptides table which contains alist of peptide identifications.

4= | 1-1000 of 9121 ~ |Bp | Peptide View Filters |§]

~ precursor Id = | ssarch e noresults

Peptide -10lgP ¥ Mass Length  ppm m/z RT 1/k0 Precursor Id | #Spec Accession PTM AScore
4 |EAESC(+57.02)DC(+57.02Z)LQGF... 110,18 | 3310.5269 32 11,2 | 1104.5286 | 83.15]1.0627-1.0836 | 6402733 ] Q3ZCM7[TEBS_HU... o | M
5 |TTGIVMDSGDGVTHTVPIYEGYALPH... 108.01 | 3182.6069 30 10.1| 1051.8870 | 81.75]1.2897-1.3156| 6291915 34 |P&3261|ACTG_HUM...

6 |LNSVQSSERPLFLVHPIEGSTTVFHSL... | 105.65 | 3307.7312 30 12.2 | 827.9502 | 73.97)1.0702-1.0962| 5674425 4 [P49327|FAS_HUMAN
7 |HTGPGILSMAMAGPNTN(+98)G5Q... | 104.57 | 2791.3057 27 2.7 | 931.4450 | 75.6600.9727-0.9987| 5806867 26 |P62937|PPIA_HUMAN | |d Ni7d60.92 |
6
1

3 | VIHDNFGIVEGLMTTVHAITATQ(+.9... | 104.17 | 2595.3367 24 5.5 | 866.1243| 96.50]1.1341-1.1601| 7488943 PO4406|G3P_HUMAN Q23E332.59 ...
S |MLDSGADYLHLDVMDGHFVPNITFG. .. 102.97 | 3680.7754 33 -19.5 | 921.1832 | 95.14)1.0811-1.1071| 7375385 Q96ATY|RPE_HUMAN

For details on Peptide View, please refer to Section 3.5, “ Peptide View”. The following are the difference in the
peptide table from the traditional LC-M S resullt:

» 1/k0: This shows the ion mobility range associated with the best PSM of that peptide.

e Precursor 1d: This shows the Id of the precursor associated with the best PSM of that peptide.
Note
The peptide table can be search for a specific precursor id.

3.3.4. De Novo Only View

The"De Novo Only View" shows alist of quality peptide sequences detected by de novo sequencing that remain
unidentified by the PEAK S database search. Please refer to Section 3.6, “De Novo Only View” for details.

3.3.5. LC-IM/MS View

Theview is same as in the data visualization with additional “identified peptides’ marks. For details, please refer
to Section 2.3, “LC-IM/MS".
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4. Label Free Quantification (LFQ)

PEAKS IM module supportsthe Label Free Quantification (LFQ) analysis of theion mobility data. In this section,
we focus on the differences in LFQ analysis on ion mobility data from the LFQ on traditional LC-MS data. For
details on LFQ analysis, please refer to Chapter 15, PEAKSQ - Label Free.

Select a project node in the “Project View” frame. Click the PEAK S Quantification tool bar icon Q or select the
Tools | Quantification command from the menu. Select “Label Free” check box to perform LFQ analysis.

4.1. Setting Parameters

Pleaserefer to Section 2, “ Setting Parameters” for detailson the L FQ parameters settings. Thefollowing additional
LFQ parameter is available for ion mobility data:

 lon Mobility Tolerance: The alowable maximum shiftin mean 1/k0 of an identified peptide between different
runs.

» Perform Retention Time Alignment: Retention time alignment is optional for ion mobility data label free
analysis as it might take a significant amount of time.

Note

Retention time alignment is always performed on data with no ion mobility,

"N Project Wizard X
Tools Label Free Quantification
Basic Options
Mass Error Tolerance: | 50.0 ppm Retention Time Shift Tolerance: |3.0 min
(®) Label Free
Ion Mobility Tolerance: |0.05 Perform Retention Time Alignment
Sample Groups Attach Identification
Reparter Ion
() Quantification T
ca. TRAQ/TMT seard sample 5t Q Remave Al Collapse Attach... Remave
Color
Precursor Ion u
(0 Quantification
eqg. SILAC
= 1| Group 2 ]
- [\ sample 4
L
- -4 Sample 5
b J| Sample 6
Advanced Move Up Move Down

The identification result from the previous step wil be automaticaly attached,

< Back Next = Finish Cancel
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4.2. Result Filtration

PEAKS provides an extensive set of tools to filter Label Free Quantification results according to the user's re-
quirements. Please refer to Section 3.1.1, “Result Filtration” for details on various filter options.

4.3. Peptide Features

The quantifiabl e feature vectors with the same sequence are grouped together to get thelist of quantifiable peptides
and are displayed in “Peptide View”. Please refer to Section 3.3, “Peptide View” for details on how to interpret
LFQ peptide results. In this section, we highlight some differences for the ion mobility data.

4.3.1. Feature Details

The feature details contain the following additional column:

e 1/k0 Range: In “All Vectors® table this shows the ion mobility range associated with the feature vector. In
“Feature Details’ table, this shows the individual ion mobility range of the 4D features in the feature vector.

Start Page X DATAREFINE 1 % 4j DENOVO 2 [2017-11-09 22:06] X

[# PEAKS 3 [2017-11-09 22:06] X (O LABEL FREE 44 [2017-11-09 11:29] X

% 4= |1- 1000 of 12853 i » Peptide View Filters w seq contains | search Q £ 0 noresults
E
E Peptide Quality Significance Ava. ppm  Avg. Intensity Sample Profile  Group Profle  1_2 Intenmsity 1 1 Intem... Max... ...
133 [NWTPGAATIKFTVEDSK | 25.89 1.23 2.7 3.2E4m
.E 134 | AGNFALHPEVVR. 25.88 0.83 2.0 3.2E4m
=] ASGEIVSINQINEAHPTE | 25.14 5.18 3.7 3.2E4m )
e 5 | SEALKPDSQK 25,12 1.41 3.0 3E4m
g 7
dé : x
o 138 |5'°'PG5VILLE Avg. Intensity Sample Profile Group Profile RT mean Id Count
B All Vectors
=
T Feature Details
= -
W Sample Intensity Ratio 1/k0 Range AIC Inkensity Sample 2 ‘“‘ =
S sampez 2,454 1,00 10150 - L0677 5.62E5 - gample 2
§ [l sample 4 1.79E4 0.73 10140-1.0667 | | - nggé 1
[/l Sample & 1.93E4 0.79 1.0032 - 1.0667 Sample 3
] Sample 1 2.46E4 1.00 1.0129 - 1.0677 Sample 5
[l Sample 3 2.06E4 0.84 1.0129 - 10658
Z Sample 5 1.85E4 0.75 1.0097 - 1.0667
o T T T T T T T T T T
G1.1 gl.z2 §1.3 G51.4 §1.5 RT

4.3.2. Sample Features

The sample features shows the 4D features from different runs projected on m/z-rt dimensions.
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Feature Detals  Sample Features BT Alignment

RTAF23:20170714 SN34 UPS2_100fmol_yeast200ng_Slot...%| RTAF2:20170714 SN34 UPSZ_100fmol_yeast200ng_Slotl...%| RTAF3:20170714 SN34 UPS2_10 A mms &
- 758.54 81.26 ¥
51.54 1.5 °
51.54
o o
k-
I L]
[ N
g |
51.04 4 1.0
81.04 4
756 757 755 mjz 756 757 758 iz 756 757 755 mjz
[ » [ » [ »
RTAF24:20170714_5SN34_UPS2_200fmol_yeast200ng_Slot...%x | RTAFS5:20170714 SN34_UPS2_200fmol_yeast200ng_Slotl...% | RTAF&:20170714 SN34_UPS2_200fmol_yeast200ng_Slotl-...x
52,04 81,59
1.5
N &
Ll
4 =
81.54 51.04
& §1.0 & o
@
756 757 753 miz| 756 757 758 mfz| 756 757 753 miz
] » [ 3 ] »

Click the“IMMS’ button in the feature control panel, to view the 4D features projected on m/z-1/k0 dimensions.

Feature Detzils  Sample Features  RT Alignment

i RT: 80.92658 - 81.59405 X}east200ng_Slot... ¥ [ RT: 80.91941 — 51.586876 ¥}ast200ng_Slotl... % [ RT: 80.97002 - 81.63748 8
1/K0 AF23:20170714_SN34_UPS2_100f... /KO AF2:20170714_SN34_UPS2_100fm... 1/K0 AF3:20170714_SN34_UPS2_100fm. .. T >
. v
1.1 1.1 4 1.1
& & e
[ 1] 11 °
| N °
@ @
Lo X 1.0 | 1.0
T T T ! T T 756 757 788 iz
756 757 758 mfz 736 757 758 mfz
B (] » A =N 1 » A | EN 1 » A
I | s1.0f !
756 757 758 miz| 786 757 758 mfz| 756 757 758 miz
q » [ » q »
% RT: 81.36156 —-82.02902 ®Jeast200ng_Slot... % [ RT: 50.92405 — 81.531515 ¥|ast200ng_Slotl...* | RT: 80.852455 — 81.51992 ¥ st200ng_Slotl-..%
1/K0 AF24:20170714_SN34_UPS2_200f... L/KOAFS:20170714_SN34_UPS2_200fm... 1/K0 A F6:20170714_SN34_UPS2_200fm. ..
1.1 1.1 1.1 4
@
¢ 4 & o
) []
4
]
1.0 s 1.0 & 1.0
756 757 758 miz ! T T 1 756 757 758 iz
756 757 758 mjz
RN 1 L] L P s | P » | |EN 1 (] » 4 b
756 757 758 njz 756 757 755 miz 756 757 758 iz
[l » [l 3 [l »

5. Precursor lon Quantification (eg. SILAC)

PEAKS IM can perform precursor ion quantification analysis for ion mobility data with the optional PEAKS Q
module. Both user-defined and commercial 1abels (eg. SILAC and iCAT) are supported by PEAKS Q. For details
on precursor ion quantification setup and data analysis, please refer to Chapter 13, PEAKS Q - MSLevel, as the
setup and functions are similar to any other type of MS data.

To perform a precursor ion quantification analysis, select a PEAKS project in the “Project View” pane. Then,

click the PEAKS Q icon, Q, from the tool bar or select the Tools > Quantification command from the menu.
Select “Precursor lon Quantification eg. SILAC” check box to perform precursor ion quantification for the PEAKS

project.

6. Reporter lon Quantification (e.g. ITRAQ and TMT)

Reporter ion quantification with chemical |abels at the MS2 (MS3) level is supported by the optional PEAKS Q
module. Both user-defined and commercial labels (i.e. ITRAQ and TMT) are supported by PEAKS Q. For details
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on reporter ion quantification setup and dataanalysis, please refer to Chapter 14, PEAKSQ - MSMSLevel, asthe
setup and functions are similar to any other type of MS data.

Select a PEAKS DB/PTM/SPIDER result node in the “Project View” frame. Then, click the PEAKS Q icon, Q,
fromthetool bar or select the Tools > Quantification command from the menu. Select “ Reporter 1on Quantification
eg. ITRAQ/TMT” check box to perform reporter ion quantification for the PEAKSS search results.

6.1. Result Display

Please refer to Section 3, “Understanding the Results” for details on how to interpret Reporter 1on Quantification
results. In this section, we highlight some differences for the ion mobility data.

6.1.1. Peptide View
The peptide view contains the following additional columns:

* 1/kO Range: In*All matches’ table this shows theion mobility range associated with the corresponding PSM.
In “Peptide” table, this shows the ion mobility range of best PSM according to the -10IgP score.

» Precursor 1d: This shows the precursor id associated with the PSM.

Peptide -10lgP + Quality... Sample Profile Mass ppm mfz RT ko Precursor Id || #Spec Accession FTM AScore
IO G(+229. 16)LVIISGIVHOVSGYISEHPGGETLIK... | 107.32 | 25.22 3247.8223 | -1.7 | 812.9615| 96.84 1.0421-1.0673 2520253 P21147|ACO1 YEAST [5]]
2 | A(+229, 16)THILDFGPGGASGLGVLTHR w139 | 2450 |EENNEEE 25042542 | 0.2| 577.0709 | 6770 0.9751-1.0006 | 1805644 | 7  |PO7I43|FASLYEAST |l
3 |A(+229.16)IDC(+57.02)GFEHPSEVQGHTIF... | 10103 | 25.51 |ENINIENN #073.0505 | 8.8 | 8156102 | 63.45)] 1.0290-1.0542 | 1705652 | 4 |QO7478I5UB2_YEAST | BelclE
4 |5(+229.16)IVPSGASTGVHEALEMR 95.71 | 25.52 [N 2065.0773 | 2.7 690.7018 | 55.36 1.0593-1.0844 | 1507182 [| 44 [P00S25|ENOZ_YEA... [
5 |G(+229. IE}GSMHLYAPGFYGGNH 98)GIVGA... | 98.41 | 23.51 3964.0498 | 5.1| 992,0248 | 90,550 1.1675-1,1993 | 2361276 5 |P16387|0DPAYEAST |El@E  |nisidiss
6 |A(+229.16)IMPIIE 4 Peptidespecinum matdhes XN & |aszQiiFaa_vEa... |EE
7 |T(+225.18)TGLE  Sample z S0P 4 QuaityScore  ppm  AScore || 7 |PEOOID|ACT_YEAST |
ERIACER0DDE canple 2 2520353 812.9515 4 96.84 L0421-L0673 107.32 25.22 -L.7 25 |QI2213RL7E_YEAST | EIEl
9 |ALH229. 1EVGIOY gample 2 | 2521154 4 |95.88) 1.0431-1.0683 )] 101.%6 24.20 115 59 |P1OS31HSPFLYE. .
10 |G+229.16)ALATY gomple 2 | 2521172 4 | 95.83)|1.0552-1.0804 | 100.35 24.29 145 16 |P18097|FAS2_YEAST
11 |S5(+229, 16)TSGNT] sample 2 | 2521150 4 | 95.88) 1.0754-1.1005 ] 72.66 20.56 L7 11 |P1I484IHSP75 YE.

Precursor Id 2520253, m/z=812.9615, z=4, RT=36.84, -10lgP=107.32, ppm=-1.7 | All matches Protein

menay () 9|2 ]| 2] 2]s[c[z[v oDV [s[c[¥[1[s[E[H e [c[c[E? [L 1]k

50 ¥ig prefi+]
Y17 |bio Y22
yi yj be bs b7 bB |bg Ve b11 b1z h1q4 BIS Y15 ‘ | b
bl ) .|M|I\| [ Ll T \I| I —l )
T T T T T mz
500 1000 1500 2000 2500 3000 3500 4000 4500

% i | # ‘ 1:1‘ oy | 2 | ErrTol: 0.05Da [v] preprocess [] low intens. label
IonMatch  Survey Reporter Ion
Channel Intensity Mormalized intensity Ratio Intensity
TMTE-126 2.733E4 2.714E4 L.00 131.1312
TMT6-127 1.159E4 1.1484 0.42 3E4.]
TMTE-128 3.987E3 3.801E3 0.14 126.1195
TMTE-129 4.56E3 4,374E3 0.16
TMT6-130 | 1.293E4 1.274E4 0.47 | 2.564]
TMTE-131 3.351E4 3.332E4 1.23

2E4

1,564
130.1337
1271176
1E44
5£3] 198.1950 129.1220
T T T T T T mfz
126 127 128 129 130 131
‘ ) [] Processed sample=Sample 2 precursor id=F3:2520253 RT=96.8435 raw precursor mfz=812.9629 mslevel=8
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Chapter 18. Creating a High-
Throughput Workflow

PEAKS Workflow provides a simple setup to allow users to batch analyze multiple samples and/or fractions on
an individual level. The Workflow function can be used to setup batch identification, quantification or inChorus
(multi-engine protein I D) searches. Thistool isespecially helpful for analyses on multiple projects using the same
parameters.

To setup the PEAKS Workflow, select the Workflow icon W from the toolbar. Users will be given 3 workflows
to choose from in a pop-up menu: Identification (PEAKS DB, PEAKS PTM, SPIDER), Quantification (PEAKS
Q) or inChorus. Once a specific workflow is selected, a dialogue appears to specify the necessary parameters for
each step in the workflow.

@ Qwl

Identification

£l Quantification
InChorus

To usethe PEAK S Workflow function, a PEAK S project must already be setup and opened with the data
already loaded. See Chapter 4, Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set
up a Workflow for details on how to create a PEAKS project and load data.

Note

1. Identification Workflow

To perform a batched identification workflow with PEAKS, select the Workflow icon W from the toolbar, and
select Identification. The identification workflow setup window will appear:

L \/" Select Data unfinished
= Refine Data
i ._j De
4, o *:E-/E
| Ok || Cancel | | Help |

Click the Select Databutton to navigate and locate filesto be used for identification analysis. Only projectsthat are
openinthe“Project View” panel can be selected for analysis. Select the desired samples or fractions for analysis
from the left-hand side of the window and move them to the right-hand side using the "Add to Right" button.
Multiple samples or fractions can be selected at once by holding the Ctrl button from the keyboard. To simply
select all the samples displayed in the left-hand side of the window, select the " All Samples' button and then click
"Add to Right". If instead al fractions need to be analyzed, users can select the "All Fractions" button and then
click "Add to Right". Use the Remove and Clear buttons to remove the selected files/samples or al files/samples
from the “ Selected Data” list, respectively. Click OK to proceed to the next step.
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, Al Data y Selected Data
EI&‘. D:test/Peakss0,/PeaksProjects/Sample Project - inChorus B* D ftest/Peakse0 PeaksProjects/Sample Project - Identification
= JL, sample 1 B+ L Protein Standard HCD
‘4L, D100930_yeast_SCX105_rak_ft8E_pc_OL.RAW -
[=-id D:/test/Peakss0/PeaksProjects/Sample Project - Identification B- 'L'\, iPRG2011ETD
= L Protein Standard HCD - F3:0100930_yeast_SCX105_rak_ft8E_pc_01.RAW

F. F Lidentification, Law
= JL PRG2011ETD
H- F2:0100930 yeast S0 +
=i D: /test/Peaks60 /PeaksProjects/Sample Project - FTM
= J\ iPRG_2012
b iPRG2012_mzML.mzML
{4 D:/test/Peakse0/PeaksProjects/Sample Project - Labeling Q
= J\ TRAQ
i TRAQSample. RAW

[ All Samples ][ All Fractions ]| Add toRight | [ Remove ][ Clear ]

[ OK H Cancel ]

Note

All filesthat areloaded into asingle workflow will be processed in exactly the same way, using the exact
same parameters. To run some files differently than others, you must set up separate workflows.

Once the data is selected, users can specify parameters for the following stages of the identification workflow
one-by-one by following the order presented in the workflow dialogue (ex. Data refinement, de novo sequencing,
PEAKS identification searches). Please refer to the chapters on each individual function for details on setting up

the function-specific parameters.

Note

PEAKSDB, PEAKSPTM, and SPIDER can be setup in the same step (see Chapter 9, Peptide, PTM, and
Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER)), but are optional. Users can uncheck
these choices if they do not wish to perform these searches.

2. Quantification Workflow

The quantification workflow is similar to the identification workflow, but includes an additional step for quantifi-
cation, where the quantification parameters to perform labeled quantification can be defined. Please refer to the
chapters on each individual function for details on setting up the function-specific parameters.

1 \:}' Select Data unfinished

2, % , Refine Data
3 éh De Movo
B &, e
5 Q Quantification

[ oK ][ Cancel ] [ Help ]

Bl
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Note

Only Reporter lon Quantification (eg. iTRAQ/TMT) or Precursor lon Quantification (eg. SILAC) work-
flows can be set in the quantification workflow. For the Label Free workflow, please use the Project

Wizard or PEAKS Q button.

3. inChorus Workflow

The inChorus workflow is similar to the identification workflow, but offers the ability to specify inChorus para-
meters and invoke multiple search enginesfor all selected data. Refer to Chapter 12, Combining Multiple Database

Search Engines with PEAKSinChorus for details on inChorus parameters.

i \j Select Data unfinished
2 Refine Datz
oK H Cancel ] [ Help ]
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Chapter 19. Exporting Data/Reports
and Printing

PEAKS offers arich collection of exporting functions to allow users to create reports and share the analysis re-
sultswith collaborators, colleagues, and clients. The supported formatsinclude HTML, Comma Separated Vaues
(CSV), pepXML, mzldentML, and various image formats for image exporting. Labs with in-house software can
easily make use of the CSV filesin their own analysis workflows. The exported resultsin HTML can be viewed
with a web browser. The entire exported result directory can be zipped and emailed to colleagues, or the whole
directory can be put directly on awebsite.

1. Exporting Data

Spectrum data can be exported to a number of file formats including mzXML, DTA, MGF, and PKL. To do so,
right-click on the sample node or the data file that isto be exported and select the desired exporting format.

™ Project View
] N C:fPEAKSStudio X fSampleProject
= [\, Sample 1
= SixProteinMixt )
& DATA REF Data Refine
(i DENOVO 2 De novo
1 PEAKS 3 [

PEAKS Search
SPIDER Search

InChorus Search

Export DTA file
Export PKL file
Export MGF file
Export MzXML file
Export Result to Excel
Export Result to Html

Delete fraction(s)

Selecting the Export DTA file command will open a dialogue prompting the folder name and location to which
the DTA files will be exported. For MGF and PKL exports, select the Export MGF file and Export PKL file
respectively, and the dialogue will ask for aname and alocation for the file.

Selecting Export MzXML File command will open the “ Export mzXML File” dialogue.

™Y Export mzXML File ®
StartRT: || EndRT:
Save as: | for_PEAKS_walk_through\SixProteinMixture, mzxml Browse

OK Cancel

Enter the starting and ending retention times in the appropriate boxes. Then, click the Browse button to select a
destination to save your file.

2. Exporting Result From Project View

Fraction information and peptide identification results can be exported to Excel or HTML format from the pop-
up menu in the “Project View”. Right click on a project node, a sample node, or a fraction node, and select the
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options Export Result to Excel or Export Result to Html. The exported result contains fraction information, PTM
information, and alist of peptide identifications of the selected fractions.

™ Project View
] N C:fPEAKSStudio X fSampleProject

= [\, Sample 1
= (SixProteinMixt )
# DATA REF Data Refine
L DENOVO 2 De novo
¥ PEAKS 3[

PEAKS Search
SPIDER Search

InChorus Search

Export DTA file
Export PKL file
Export MGF file
Export MzXML file
Export Result to Excel
Export Result to Html

Delete fraction(s)

More function-specific export options are available from the “ Summary” view of the respective results. The fol-
lowing sections describe in detail the function-specific exporting options available in various formats.

3. Exporting De Novo Results

The PEAKS de novo sequencing result can be exported to CSV, HTML, and pepXML formats. All exporting
functions are available through the “ Summary” view panel.

3.1. Exporting Summary, Peptides, and Features

To export results, press the Export button in the tool bar of the “Summary” view panel. The following export
dialogue will appear. Select the items that you want to export from the available options. Select the output location
and click the Export button to save the selected result components to the specified location.

Expo‘ X Export ‘ X

HTMLReport  Text Formats HTML Report Text Fermats

De novo peptides (de novo peptides.csv)
De novo peptides - pepxml (de novo peptides. xml)

All de novo candidates (all de novo candidates.csv)

Save into: |C:\Users\Demo'\Desktop\SampleProject_DENOVO_2 Browse Save into: |C:\Users'\Demo'\DesktopSampleProject_DENOVO_2 Browse

Expaort Cancel Export Cancel

The export options are grouped into “HTML Report” and “ Text Formats’ based on the output format.

HTML Report. Thiswill generateasummary report in the specified location. After the completion of exporting,
the result will be opened in the default browser automatically. The following exporting options are available;

* Result summary : The “Summary” view page will be saved as summary. ht i file in HTML format in the
specified location.

Text Formats. The following exporting options are available in various text formats:

» Denovo peptides : The peptides identified by de novo sequencing will be saved to de novo pepti des. csv
filein Comma Separated Values (CSV) format in the specified folder.
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» Denovo peptides - pepxml : In addition to CSV format, the peptides can be saved in pepXML format to de
novo pepti des. xm

» All de novo candidates : All de novo candidates for each spectrum will be saved to all de novo
candi dat es. csv filein CSV format.

» All peptide features: All predicted peptide features found in the LC/M S information will be sorted by m/z and
saved to pept i de f eat ur es. csv. If ade novo result is associated with the peptide feature above the AL C filter
it will be displayed aswell.

3.2. Exporting Images

The lon Match Table and current spectrum view can each be exported to image files. The spectrum image will
export as displayed in the interface. For example, if the error map and spectrum alignment is enabled in the
spectrum view, then this information will be included in the exported image. To export, position the cursor on
either the spectrum or ion match table, right-click to view the pop-up menu, and select the Export Image command
from the menu.

Intensty (%) cfffffffffﬁ“ﬁ\ﬁrﬁi [ [e ﬁ{
D K A=t e
IDIJ- —F—T "_?“H_ At FI I !E Ir'u! tE ci K—+—Dp—4
' ':: R ':97}-345-v1ai !
: L
ang 43 F.IOB '6[] .
50 Export image
; Print image
Copy >
Set As Anchor Peak
200 400 &00 20 Remove Anchor Peak 14
%r,rgé qu)l sl o vl wu ity |-| AT FNE R Annotation SEttiﬂgS 1
0.0 ™ an an"gm™ n ™ - a - . L = - n -
-0,02 - . » =
Qa o | #| 11| x| 2f | EnTol: 0.02Da [ preprocess [ low intens. label [ alignment 4] error map

Thiswill bring up the “Export Images” dialogue for selecting the result items to export.

LA Export Images >
Image Types
() Ton Table

(®) Current Spectrum View
Image Options
Basic Options  Advanced Options

(®) Web (Smallest images, suitable for viewing online}

() Print (Oversampled images, suitable for printing)

Save As: |C:\Users\Demo'\PeaksExportsimages\644, 5888_3.png Browse ...

Select the desired result elementsfrom the “Image Types’ list. The“Basic Options” tab offers choicesfor location
and image size options to which can saved at either “Web (Smallest images, suitable for viewing online)” or “ Print
(Oversampled images, suitable for printing)”.

212



Exporting Data/Reports and Printing

Basic Options | Advanced Options

Scale:
Oversample: |1

File Format: Png

-

100 < %
- X

- | Width: 1,398 =

Height:

r

M=

The“ Advanced Options’ panel offers choicesfor editing the scaling factor, the file format, the resolution, and the
oversamplefactor. PEAK S supports BMP, GIF, JPEG, PNG, and SV G image formats. After setting all parameters,
click the OK button to export the selected result item to an image.

4. Exporting Database Search Results

The exporting mechanism for PEAKS DB, PEAKS PTM, and SPIDER results are the same as that of a de novo
result with the exception of the number and the type of available exporting options. All exporting functions are
available through the “ Summary” view panel.

4.1. Exporting Summary, Proteins, and Peptides

To export the result, press the Export button in the title bar of the “ Summary” view panel. The following export

dialogue will appear.

Expo
HTMLReport  Text Formats For Third Party
Report proteins in HTML with:
] summary view
protein coverage
[ supporting peptides
[ best unique PSM
[ et i e

[ Export peptide list in html

Saveinto: |C:\Users\Demo'\Desktop\SampleProject PEAKS 3 Browse

Export Cancel

Export

HTML Report  Text Formats  For Third Party

ing pep (protein des. csv)
[] DB search peptides (peptide.csv)

[4] D8 search peptide-spectrum matches (DB search psm.csv)
[] De novo only peptides (de novo only peptides.csv)

[] Filters (fiter.csv)

[[] Proteins - fasta (proteins. fasta)

[] Peptide-spectrum match ions (PSM ions.csv)

[ Peptides - pepxml (peptides.pep. xml)

[[] Peptides - mzidentml (1.1.0) (peptides_1_1_0.mzid)

[] ANl peptide features (peptide features.csv)

[[] pe novo only peptides - pepxml (de novo only peptides.xml)

[] De novo only spectra - mgf (de novo only spectra.mgf)

Save into: |C:\Users\Demo'\Desktop\SampleProject_PEAKS_3 Browse

Export Cancel

Export

HTML Report TextFormats For Third Party

For Skylne
PEAKS exports results in pepXML format along with the Spectra data in maXML
format for use with Skyline.|

[ peptides - pepXML (peptides. pep. xmi)

For Scaffold

PEAKS exports Identification results in mzldentML format along with the
Spectra data in MGF format for use with Scaffold.

[ peptides - mzidentML (peptides_1_1_0.mazid)

Save into: | C:Wsers\Demo'\Desktop\SampleProject PEAKS_3 Browse

Export Cancel

The export options are grouped into “HTML Report”, “ Text Formats’, and “For Third Party” based on the output
format. Select the items that you want to export from the available options. Select the output location and click
the Export button to save the selected result components to the specified location.

HTML Report.

This will generate single or multiple HTML reports in the specified location. After the com-

pletion of result exporting, the index file for the reports, prot ei n. ht i, will be opened in the default browser
automatically. The following exporting options are available:

e Summary view: The “Summary” view page will be saved as a sunmary. htni filein HTML format in the

specified location.

» Protein coverage: The coverage pane will be saved for each protein.

e Supporting peptides: A list of supporting peptides will be saved for each protein.

* Best unique PSM: The best unique PSM will be saved for each protein.

» Export peptidelist in html: creates a separate HTML-containing peptide identifications.
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An individual protein will have its own HTML output file, where the corresponding protein coverage, the sup-
porting peptides, and the best unique PSM are gathered. Select “Collect all the above details in asingle html” to
collect all the protein reportsinasingleprotein. ht i file.

Text Formats. Thefollowing exporting options are available for various text formats:

» Proteins: The list of protein identifications, filtered by the protein filters (in the "Summary" view) and the
“Show” filter (inthe"Protein” view abovethe Protein table), will be saved to pr ot ei ns. csv in Comma Separat-
ed Vaues (CSV) format.

» Supporting peptides: A list of supporting peptides of each protein identification, filtered by the peptide filters
and protein filters (in the "Summary" view) and the “Show” filter (in the "Protein” view above the Protein
table), will be exported to pr ot ei n- pept i des. csv. This usually contains more entries than the Peptide table
as a peptide can be identified in several proteins and, therefore, can be reported multiple timesin thisfile.

» DB Search Peptides: All of the identified peptides and details will be saved to pept i de. csv.

» DB search peptide-spectrum matches: The selected peptide-spectrum matches (PSMs), their display con-
trolled by the peptide filters in the "Summary" view, will be exported to DB search psm csv. Peptides differ-
entiated with only I/L isoform are represented by separate entries. As aresult, the number of entriesin thisfile
might be bigger than the number of PSM's mentioned in the " Summary" view.

» Denovo only peptides: A list of good de novo sequences that do not have good, or any, database matches will
be savedtode novo only peptides. csv.

* Filters: The summary filter, protein view filters, aswell as peptide view filterswill be savedtofilter. csv.
» Proteins- fasta: A list of protein identifications will be saved to pr ot ei ns. f ast a.

» Peptide-spectrum match ions: All theoretical and actual fragment ions associated with each peptide-spectrum
match, including fragment mass error will be saved to PSM i ons. csv

» Peptides - pepxml: A list of peptide-spectrum matches, their display controlled by the peptide filters in the
"Summary" view, will besavedtopept i des. pep. xn in pepXML format. The number of the* spectrum_query”
elements will be the same as the number of PSMs mentioned in the "Summary" view, and the number of the
“search_hit” elementswill be the same as the number of PSMs counted from Peptide table ( summing up #Spec
column).

e Peptides - mzidentml (version 1.1.0): A list of peptide-spectrum matches will be saved to
peptides_1_1 0. neidinmzldentML format version 1.1.0.

» All peptide features: For each datafile in the search, alist of predicted peptide features is exported and sorted
by mass and saved to pepti de features.csv. If apeptide or de novo only result is associated with it the
peptide sequence will be given aswell.

» Denovo only peptides - pepxml: A list of good de novo sequences with either poor or non-existent database
matches will be saved inde novo only peptides. xm inpepXML format.

» Denovo only spectra - mgf: All spectra missed by an identification search but with de novo results passing
the ALC filter set on the "Summary" view and will be saved to de novo only spectra. mgf

For Third Party. PEAKS analysis results can be used in other third party software packages for validation or
further analysis of the data. In addition to the result files, somethird party software packages al so require spectrum
datafilesin some specified format. The“ For Third Party” pane providesthe following exporting optionsto support
such usage of PEAKS results.

e For Scaffold: peptides - mzldentML: In addition to exported results in the supported mzldentML
format,version 1.1.0, PEAKS will export the spectrum datain MGF format. The exported mzldentML file and
MGF files can be loaded into Scaffold for further analysis, such as PTM analysis.
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Note

Peptides identified by SPIDER may contain residue substitutions, insertions, and deletions. The
pepXML format does not specify the encoding for substitution, insertion, and deletion, and the mzl-
dentML format only specifiesthe encoding for substitution. Therefore, when exporting fromaSPIDER
result, those peptides may not be correctly interpreted by third party software.

» For Skyline: peptides- pepXML: In addition to exporting the peptide-spectrum matches to pepXML format,
PEAKS will export the spectrum datain mzXML format. The exported pepXML file and mzXML files can be
loaded into Skyline for spectrum library generation.

4.2. Exporting Images

From the“ Peptide” view, "Feature" view and the“ De novo only” view, the Annotated Spectrum and/or lon Match
table can be exported to an image file. The Annotated Spectrum image will export asis displayed on theinterface.
For example, if the error map and spectrum alignment is enabled in the spectrum view, then thisinformation will be
included in the exported image. To do so, position the cursor on any of those items in the result panel, right-click,
and then select the Export Image command from the menu. Refer to Section 3.2, “ Exporting Images’ for details.

4.2.1. Exporting Protein Coverage

To export the protein coverage pane, click the tools # button in the coverage pane and select the Save image
as... command from the menu. Select the resolution of the image and the location to save. Click the Export button.
The PTM legends can be included in the exported image.

Export coverage image X

Scale: @Y O2 O« O8X  [Findude PTM legends

Save to: C:\Users\Demo'\PeaksExports\coverage.png Browse

Export Cancel

4.2.2. Exporting LC-MS, IM-MS, and LC-IM-MS

Toexport theLC-MS, IM-MSand/or the LC-IM-MS heatmaps, click the export image button &, from the tool bar

in the upper right-hand corner of the result view. Select the resolution of the image and location to save. Click
the Export button.

Export lcms image X
scale: @ O O« O

Save to: |C:\sers\DemoPeaksExportsYams.png Browse

5. Exporting Quantification Results

PEAKS Q (labeled and label free quantification) exporting functions are also similar to that of de novo or PEAKS
DB. All export functions are available through the “ Summary” view panel.

5.1. Exporting Precursor lon Labelling Quantification Results

PEAKS Q results can be exported to other supported formats. To export the quantification results, pressthe Export
button in the title bar of the “ Summary” view panel. The following export dialogue will appear.
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HTML Report

Report proteins in HTML with: Proteins (proteins.csv)
SRy Supporting peptides (protein-peptides.csv)

Collect all the selected details above in a single hitml [] Filters (fiter.csv)

[[] SILAC peptide (silac_peptide.csv)

[] Label @ feature vectors (Sexperiment name$_labelg_featurevector.csv)

[[] Mormalization factor (normalization_factor.csv)

Save into: |hman'PeaksExports\SILAC_20130918 QUANTITATION_ 4 Browse Save into: |hman'PeaksExports\SILAC_20180918_QUANTITATION_4 Browse

Export Cancel Export Cancel

HTML Report: All information found in the "Summary" view of the quantification result will be exported to
html format.

Text Formats:

» Proteins: These are quantified proteins that pass the filters set in the "Summary" view and associated details
» Supporting peptides: These are supporting peptides of quantified proteins and associated details

* Filters: The summary filter, protein view filters, aswell as peptide view filters will be saved to filter.csv.

» SILAC peptide: All details of all identified and quantified peptides passing the peptide filters are listed here.
Duplicate peptides are grouped.

» Label Q feature vectors: All details of al identified and quantified peptides passing the peptide filters are
listed here. Duplicates are not grouped. If several data files were used in the search a separate export will be
created for each file.

» Normalization factor: Details of the normalization factor set in the "Summary" view are listed here.

Select the output location and click the Export button to save the selected result components to the specified
location.

Export Images. The Annotated Spectrum, the lon Match table, the Error Map, the Spectrum Alignment, and
the Protein Coverage can be exported to an image file. Refer to Section 3.2, “Exporting Images” for details.

5.2. Exporting Reporter lon Labelling Quantification Results

PEAK S Q results can be exported to other supported formats. To export the quantification results, pressthe Export
button in the title bar of the “ Summary” view panel. The following export dialogue will appear.

- 4

HTML Report  Text Formats HTML Report Text Formats

Report proteins in HTML with: ¥ Proteins (proteins.csv)

| summary view v Supporting peptides (protein-peptides.csv)

| protein coverage Filters (filter.csv)

| supporting poptidas Label Q search peptides (peptide.cav)

beet unique FSM Label) peptide-spectrum matches ($experiment names_labelQ psm.csv)

+ | Collect all the selected details above in a single html Normalization factor (normalization_factor.csv)

+ | Export peptide list in html

Save into: C:\PeaksExports\PEASK TMT DEMO Browse Save into: C:\PeaksExports\PEASK TMT DEMO Browse

Export Cancel Export Cancel

HTML Report: The options are the same as those for PEAKS DB, except that only the quantified proteins are
used in the exporting. All information found in the " Summary", "Protein", and " Peptide" view of the quantification
result will be found in the export. See Section 4.1, “ Exporting Summary, Proteins, and Peptides” for details.
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Text Formats.

* Proteins: These are the quantified proteins that pass the filters set in the " Summary” view and their associated
details.

» Supporting peptides: These are the supporting peptides of the quantified proteins and their associated details.
 Filters: The summary filter, protein view filters, as well as peptide view filters will be saved to filter.csv.

» Label Q search peptides: All details of all identified and quantified peptides passing the peptide filters are
listed here. Duplicate peptides are grouped.

» Label Q peptide-spectrum matches: All details of all identified and quantified PSMs passing the spectrum
filters are listed here. Duplicates are not grouped. If several datafiles were used in the search, a separate export
will be created for each file.

» Normalization factor: Details of the normalization factor set in the "Summary" view are listed here.

Select the output location and click the Export button to save the selected result components to the specified
location.

Export Images. The Annotated Spectrum, the lon Match table, the Error Map, the Spectrum Alignment, and
the Protein Coverage can be exported to an image file. Refer to Section 3.2, “Exporting Images” for details.

5.3. Exporting Label-Free Quantification Results

PEAKS LFQ results can be exported to other supported formats. To export the quantification results, press the
Export button in thetitle bar of the “ Summary” view panel. The following export dialogue will appear.

2

HTML Report | Text Formats HTML Report| Text Formats

Report proteins in HTML with: ¥ Proteins (proteins.csv)

+ | summary view ¥ Supporting peptides (protein-peptides.csv)

+ | protein coverage Peptides (peptide.csv)
| supporting peptides Filters (filter.csv)

best unique PSM Proteins - fasta (proteins.fasta)

| Collect all the selected details above in a single html Feature fist (feature.csv)
| Export peptide list in html tion factor (normal _factor.csv)
Save into: | C:\PeaksExports\Peaks Demo Label Free Browse Save into: C:\PeaksExports\Peaks Demo Label Free Browse
Export Cancel Export Cancel

HTML Report: Theoptionsarethe same asthosefor label ed quantification. See Section 5.1, “ Exporting Precursor
lon Labelling Quantification Results’ for details.

Text Formats:

» Proteins: These are the quantified proteins that pass the filters set in the " Summary" view and their associated
details.

» Supporting peptides: These are the supporting peptides of the quantified proteins and their associated details.
» Peptides: A completelist of all peptides.

* Filters: The summary filter, protein view filters, aswell as peptide view filterswill be savedtofilter. csv.
» Proteins- fasta: Thisisadatabasefile of al quantified protein sequences above the "Summary" view filters.

e Feature List: All predicted peptide features and their associated quantification information. Both identified
and unidentified peptide features are included.

217




Exporting Data/Reports and Printing

» Normalization factor: Details of the normalization factor set in the "Summary" view are listed here.

Select the output location and click the Export button to save the selected result components to the specified
location.
Export Images. The XIC intensity curve, the LC/MSview of the sample features, and the RT alignment figure

of the samples can be exported to image files from the “ Features’ view. Click the * button of the corresponding
tabs on the “Features’ view. Select the resolution and the location to save thefile.

6. Export inChorus Result

TheinChorus exporting function contains the same exporting options as PEAKS DB, but unlike PEAKS DB, the
exported results will contain inChorus scores and individual search engine scores for the supporting peptides of
the protein identifications. See Section 4, “Exporting Database Search Results” for details.
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Chapter 20. Advanced Configuration
and Environment Preferences

1. PEAKS Environment Preferences

This section describes the settings of the environment preferences. These settingsinclude general preferences, raw
file converter preferences, search engine preferences, and spectrum annotation preferences.

To begin, click the “Preferences’ toolbar icon @ or select the Window > Preferences command from the menu
bar to open the “ Preferences’ dialogue. Select the preferences category from the left to view the options available
for that category.

Preferences o
[ cencral RN
Display Options
Default Input File Directory
RMIC ct
annections C:\PEAKSSHudios. 5 Browse
Derby Database

Default Project Directory
» Raw file convertor

C:\Users\Demo\PeaksProjects Browse
SCIEX(. wiff)
Bruker (. yep/bafftdf, fid) Temporary File Directory

C:\sers\Demo\PEAKS_10.0\temp Browse
Shimadzu AXIMA(.run)
Varian(.xms) Default Log File Directory
Waters(.raw) C:\sers\Demo\PEAKS_10.0_LOGS Browse

#» Search Engine Default Log Files

Mascot Settings SERVER_LOG.log, CLIENT_LOG.log, COMPUTENODE_LOG.log

XTandem Settings
Omssa Settings

= Spectrum Annotation

OK Cancel Help

1.1. General Preferences

Default Input File Directory: Select the Browse button to change the default directory, that PEAKS will locate
to, when adding data to a project.

Default Project Folder: PEAKS uses[ USER_HOVE] / PeaksPr oj ect s asthe default folder for project files, where
USER_HOME is the user home directory in your system. Select the Browse button to change this location. Please
make sure this directory is readable/writable by PEAKS.

Temporary File Directory: PEAKS uses [ PEAKS_HOVE_DI RECTORY] / t enp as the default temporary file output
directory, where PEAKS_HOME_DI RECTCRY is the location where PEAK S isinstalled. Select the Browse button to
change this location. Please make sure this directory is readable/writable by PEAKS.
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Default Log FileL ocation: Thelogfilesfor PEAKS can befound at [ USER_HOME] / PEAKS_10. 0_LOGS by default.
The locations of these files cannot be changed.

1.1.1. Display Options

Select “Display Options’ from the left-hand menu to display the interface preferences for PEAKS.

Display Options

[] Show Decoy Hits

[] show Contaminants

[] Show Percentage Score
[] show inChorus Scare

[] Show Sample Clusters in Quantification Heatmap

Quantification Profile Color

High . Medium . Low Default

Show PTM with frequency greater than | 35| in PTM profile table

Show Decoy Hits: Check thisto display protein and peptide hits from the decoy database within the PEAKS DB
results.

Show Contaminant: Check this to display contaminants that were identified during a PEAKS DB search. To
check for contaminants, ensure that a contaminant database is sel ected during the PEAK S search workflow setup.

Show Per centage Score: PEAKS uses -10IgP to display its results by default. Check this to view the percentage
score along with the -10lgP score in the "Feature”, "Peptide" and "Protein” views. These changes are applied to
the exported files of the PEAKS DB resullts.

Show inChor us Score: Check thisto display the percentage score in both the "Peptide" and the "Protein” views
of the inChorus resuilts.

Show Sample Clustersin Quantification Heatmap: Check thisto display the sample clustering in the " Summa-
ry" view protein heatmaps of the Quantification results.

Quantification Profile Color: Quantification results shows the relative abundances of peptide and protein in
samples/groups as a heatmap. Users can choose to change the colours used for the heatmap display.

PTM Frequency: This option sets the PTM display threshold by selecting the minimum number the PTM must

appear in the PTM profile table. If there are fewer instances of a PTM identification, within agiven protein, than
the minimum number set, it will not be displayed in the PTM profile table.

1.1.2. RMI Connections

Select “RMI Connections” from the the left-hand menu to display the RMI (Java Remote Method invocation)
connection preferences .
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Preferences *

* General RMI Connections
Display Options

Server Host: | localhost
RMI Connections

Derby Database Server Port: | 33003

« Raw file convertor Client Port: |31003

Thermo {.ran) Worker Port: |35003
SCIEX(.wiff)
Bruker (. yep/baftdf, fid)
Shimadzu AXIMA(.run)
Varian(. xms)
Waters{.raw)

» Search Engine
Mascot Settings
XTandem Settings

Omssa Settings

» Spectrum Annotation

oK Cancel Help

The default port humbers for the Server, Client and Worker will appear by default. If conflicts arise, the port
numbers can be changed. Contact technical support at <suppor t @i oi nf or . con for more information.

1.1.3. Derby Database

Select “Derby Database” from the left-hand menu to display the derby database preferences.
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Preferences X
* General Derby Database
Display Options
Derby Host: localhost Port: | 55270

RMI Connections
Derby Server Start Memory: | 1024
* Raw file convertor t_};rr:y Jar Locatton
Thermo (.raw)
SCIEX(.wiff)
Bruker (. yep/bafitdf, fid)
Shimadzu AXIMA(.run)
Varian(,xms)
Waters(.raw)
+ Search Engine
Mascot Settings
XTandem Settings
Omssa Settings
#* Spectrum Annotation

OK Cancel Help

Derby Host: The name of the “Derby Host”, as well as the “Port” number, will come up by default. The port
number can be changed.

Derby Server Start Memory: The amount of memory used to start the derby server will also come up by default
but can be changed if more memory is available. However, it is not recommended to change this from the default
setting. To increase performance, use the performance configuration utility (see Section 5, “PEAKS Performance
Configuration”).

Derby Jar Location: The “Derby Jar Location” panel will list the location of the derby jar file by default. This
is displayed to find its location. This location cannot be changed.

1.2. Raw File Converter Preferences

This section allows users to change the preferences for the raw file converters of the following instruments: Ther-
mo, SCIEX, Bruker, Shimadzu, Varian, and Waters.

1.2.1. Thermo (.raw)

Click the "Thermo (.raw)" option under the "Raw file converter" section from the menu on the left side to show
the Thermo instrument raw file converter preferences.

Note
Refer to Section 8.2, “Thermo Data’ for details on Thermo (.raw) preferences.

1.2.2. SCIEX (.wiff)

Click the “SCIEX (.wiff)” option under the “Raw file converter” section from the menu on the left side to show
the preferences for the SCIEX instrument raw file converter.
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Note
Refer to Section 8.3.1, “TripleTOF, QSTAR, or QTRAP” for details on SCIEX (.wiff) preferences.

1.2.3. Bruker (.yep/baf/tdf, fid)

Click the “Bruker (.yep/baf/tdf, fid)” option under the “Raw file converter” section from the menu on the left side
to display the Bruker instrument raw file converter preferences.

Note
Refer to Section 8.4, “Bruker Data’ for details on Bruker instrument preferences.

1.2.4. Shimadzu AXIMA (.run)

Click the“ Shimadzu AXIMA (.run)” option under the “ Raw file converter” section from the menu on the left side
to show the Shimadzu instrument raw file converter preferences.

Note
Refer to Section 8.5, “ Shimadzu Data’ for details on Shimadzu instrument preferences.

1.2.5. Varian (.xms)

Click the“Varian (.xms)” option under the “ Raw file converter” section from the menu on the left side to display
the Varian instrument preferences.

Note
Refer to Section 8.6, “Varian” for details on Varian instrument preferences.

1.2.6. Waters (.raw)

Click the "Waters (.raw)" option under the "Raw file converter" section from the menu on the left side to display
the Waters instrument preferences.

Note
Refer to Section 8.7, “Waters/Micromass (MassLynx) Data” for detailson Watersinstrument preferences.

1.3. Search Engine Preferences

This section alows users to configure preferences for the following search engines: Mascot, X!Tandem, and
OMSSA.

1.3.1. Mascot Settings

Select “Mascot Settings” from the left-hand menu to display the Mascot preferences.
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Preferences
* General Mascot Settings
Display Options
Hostname (or IP address): myMascot.mysite.com
RMI Connections
Port: 80
Derby Database or

+» Raw file convertor

Virtual Directory:

[mascotf

Therma (.raw) Version: |Mascot Server 2.5.x
SCIEX(.wiff) User name: myMascotAccount
Bruker (. yep/baf/tdf, fid) Password: esesssss

Shimadzu AXIMA(.run) Email: |test@bicinfor.com

Varian(.xms) Test Connection
Waters(.raw)
+» Search Engine
XTandem Settings
Omssa Settings

= Spectrum Annotation

oK Cancel Help

These parameters specify how PEAKS accesses the Mascot server (if applicable). Enter the hostname (or an IP
address), the port, the virtual directory, and the Mascot server version. In addition, users must also enter the
username, password, and email address so that PEAKS can log into the user-defined Mascot server. To make sure
that everything is entered correctly and that the server isworking, click the Test Connection button. The port and
the virtual directory match the above settings for most servers.

1.3.2. X!Tandem Settings

Select “ X! Tandem Settings’ from the left-hand menu to display the X! Tandem preferences.
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Preferences X

+ General XTandem Settings
Display Options |

]
RMIC : X!Tandem Local Path

. etandem Browse
Derby Database

+ Raw file convertor
Thermo (.raw)
SCIEX(. wiff)
Bruker(. yep/bafjtdf, fid)
Shimadzu AXIMA(.run)
Varian(.xms)
Waters(.raw)

+ Search Engine
Mascot Settings
¥Tandem Settings
Omssa Settings

+ Spectrum Annotation

oK Cancel Help

AsPEAKS provides alocal copy of X! Tandem, upon installation, a default path will appear in the Local Settings
section. To use another license/location for X! Tandem, click the Browse button to tell PEAKS where to find the
search engine.

1.3.3. OMSSA Settings

Select “OMSSA Settings’ from the left-hand menu to display the OM SSA preferences.
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Preferences bt
* General Omssa Settings
Display Options
RMIC Sons Default Omssa Path
omssa Browse
Derby Database

+ Raw file convertor
Thermo (.raw)
SCIEX(. wiff)
Bruker(. yep/baf/tdf, fid)
Shimadzu AXIMA(.run)
Varian(.xms)
Waters(.raw)

+ Search Engine
Mascot Settings
XTandem Settings

+ Spectrum Annotation

oK Cancel Help

As PEAKS provides alocal copy of OMSSA upon installation, a default path will appear here. To use another
license/location for OMSSA, click the Browse button to tell PEAKS where to find the desired search engine.

1.4. Spectrum Annotation Preferences

Select “ Spectrum Annotation” from the left-hand menu to open the spectrum annotation preferences:
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Preferences X
* General Spectrum Annotation
Display Options
RMI Connections CID ETD ETheD
Derby Database H20 NH3 2+
Row file " a o oo o
L L convertor b @ E
Thermo (.raw) ¢ El E‘ El E‘
SCIEX (. wiff) X OO 0O 0O
Bruker(.yep/baf/tdf, fid) | ¥ M M
Shimadzu AXIMA(.run) z [
Varian(,xms) z o o oo
c-H
Waters(.raw) -
immonium O
# Search Engine intarnal 0
Mascot Settings precursor & marker
XTandem Settings =
Show Decimal Places: 2%

Omssa Settings mj/z on fragmentation

* Spectrum Annotation [yey PYAPRIPNERTS

sequence fragmentation

in place ion info

Intensity: C)Low (8@ Medium () High

Reset default

oK Cancel Help

The spectrain the PEAKS results can be annotated by selecting ion types from the thorough collection of ions
that PEAKS offers. The selected ion types will be displayed in the “lon Match” table, as well. It is possible to
annotate the spectrum with variousions for both CID, ETheD and ETD. By default, y-ion, y-H20, y-NH3, y(2+),
b-ion, b-H20, b-NH3, and b(2+) are selected.

Note

To reset the settings to the PEAKS defaults, use the “ Reset default” button.

Show Decimal Places: Select the number of decimal places that will appear in the ion table and the spectrum
view. The default is set to two decimal places.

m/z on Fragmentation: Select thisto display the m/z value on top of the annotated ions.
m/z on Unannotated: Select thisto display the m/z value on top of the peaks without ion matches.

Sequence Fragmentation: Select thisto display the sequence fragmentation on the top-left corner of the “ Spec-
trum Annotation” view.

In Place lon Info: lon information, m/z value,and relative intensity are all displayed in a pop-up within the
“Spectrum Annotation” view when this option is checked and the cursor is placed on a peak.

Intensity - Set the intensity threshold for spectrum annotation to low (2%), medium (5%), or high (10%). To
apply thisintensity threshold, select the “intensity threshold” checkbox in the “ Spectrum Annotation” view (see
Section 3.2.2, “ Spectrum Annotation”).

2. PEAKS Configuration

This section describes the configuration of enzymes, PTMs, databases, instruments, and parameters. To begin,
click the Configuration toolbar icon =& or select “ Configuration” from the “Window” menu.
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2.1. Enzyme Configuration

PEAK S can useamost any single enzyme or combination of enzymesto analyze data. Select built-in enzymesfrom
the extensive list provided in PEAKS or define a new one. From the “Configuration” window select “Enzyme”
from the left side menu to change the enzyme configuration.

™Y Configuration >
e |
<Built-In> Pepsin (pH 1.3) ~
PTM <Built-In> Pepsin (pH > 2)

Labeled Q Method <Built-In > Proteinase K

Database <Built-In> Trypsin with [DJP]
Instrument <Built-In> None .
Enzyme Details

Enzyme Name: Trypsin
Cleave Sites (X = all amino acids)

after wv | |RK and 'notbefore « P
or after ~ and before v
or | after v and | before v
or after ~ and before v
MNew Add/Update Delete Help

Close

Built-in Enzymes.  All of the built-in enzymes within PEAKS are listed in the “Enzyme List”. Click on one of
these built-in enzymes to view the information about that enzyme in the “Enzyme Details’ panel.

Note

A built-in enzyme cannot be deleted or edited.

CreateaNew Enzyme. Provide the name of the new enzymein the“Enzyme Name” field and specify how the
custom enzymewill cleave the protein between two amino acidsto create peptidesin the “ Enzyme Details’ panel.
Theletter, X, denotes any amino acid at this position, while amino acids within the { and } brackets indicate any
amino acid except for the one in the brackets. Choose where the cleavage sites are by selecting after or not after
and before or not before to specify the range. Add multiple amino acids to indicate that cleavage happens before
or after any of the stated amino acids. For example, after RK means after R or K not after R and K.

Click the Add/Update button to save the changes. The new enzyme will now appear in the “Enzyme List”, where
it can be accessed later. To delete acustomized enzyme, select the appropriate enzyme and click the Del ete button.
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Note

For information on defining new enzymes in the middle of aworkflow, (ex. While setting up a PEAKS
DB search), refer to Section 2.2, “Enzyme”.

2.2. PTM Configuration

From the “Configuration” window, select “PTM” from the menu on the left-hand side to change the PTM con-

figuration.

LA Configuration
)

Enzyme Name Mono mass Residue site

PTM 4-hydroxymonenal (HME) 156.1150 [CHK]
Acetylation (K) 42.0106 K]

Labeled QMethed | 4 otiztion (N-term) 22.0106 D@

Database Acetylation (Protein N-term) 42.0106 Ml@n
Amidation -0.9840 Xj@c

Instrument Ammoniadoss (C@N-term) -17.0265 [cl@n
Ammonia-oss (Protein N-term) -17.0265 [TS]@m
Beta-methylthiolation 45,9877 [c]
Biotinylation 226.0776 K], x]@n
Carbamidomethylation 57.0215 [c]
Carbamylation 43.0058 K], x]@n
Carboxylation (E) 43,9393 [E]
Carboxymethyl 58.0055 [c]
Citrullination 0.9340 [R]
Deamidation (NQ) 0.9340 mQ1
Dehydration -18.0106 [DYTS], (NQl@EC
Dimethylation(KR) 28.0313 [KR]
Dimethylation{MF) 28.0313 ], [P1@N
Dioxidation (M) 31.9898 [M]
FAD 733.1415 [CHY]
Farnesylation 204, 1878 [c]
Formylation 27.9949 K], x]@n
Formylatiom (Protein M-term) 27.9949 D]@an
Geranyl-geranyl 272.2504 [c]
Guanidination 42.0218 K]
HexMNAcylation (N) 203.0734 ]
Hexose (N3Y) 162.0528 N5Y]
Homosering -29.9928 M]@c
Homosering lactone -43.0034 M]@c
Lipoyl 188.0330 K
Methylation{C-term) 14.0156 Xj@c

Recent Common Uncommon Glycosylation Artifidal Customized New
Close

Built-in PTMs.  The built-in standard PTMs within PEAKS are organized into four categories. “Common”,
“Uncommon”, "Glycosylation", and “Artificial”. The "Common" list contains the most commonly used PTMs,
the "Uncommon" list contains less frequently used PTMs, the "Glycosylation" list contains all the glycosylation
modifications recorded in the UniMod database, and the “Artificia” list contains the PTMs that can only be
induced artificially. In addition, users will find a "Recent" tab which contains PTMs that were used recently in
PEAKS, and a" Customized" tab which contains all the user-defined PTMs. Double-clicking on any of these PTMs
will display the PTM detailsinthe“PTM Info” pop-up dialogue. The sameinformation can be viewed by selecting

aPTM from alist and clicking the View button. For details on PTMs, refer to Section 2.3, “PTM”.

229



Configuration and Preferences

PTM name:
FTM abbreviation:

Mass (Monoisotopic):

Residues that can be modified: Anywhere
@ peptide protein M-term
C-term
Formula:
Rule:
| oK | | Cancel | | Help |

Createanew PTM. To create a new PTM, click on the New button in the bottom right-hand corner of the
PTM Configuration window to display the “New PTM” dialogue. Provide the necessary information about the
new PTM.

PTM name:
PTM abbreviation:

Mass (Monoisotopic):

Residues that can be modified: Anywhere
@ peptide protein M-term
C-term
Formula:
Rule:
| oK | | Cancel | | Help |

PTM Name: This name will appear in the PTM list for future use after it is saved.
PTM abbreviation: The PTM name expressed in a shortened form.
Mass (M onoisotopic): The mass that the residue gains or loses as a result of the PTM.

Residues that can be modified: Enter residues that can be modified anywhere, or residues that can only be
modified if they are at the N- or C-terminus. User will also need to specify if these residues can be modified
on the peptide-level or protein-level.

Formula: The chemical formula of the PTM. This should correspond to the mass listed above.

Rule: Thisfieldisused for the user'sreference only. Users can use thefield to enter acomment about the PTM.

Click the OK button to save the changes. The new PTM will now appear in the “ Customized” PTM list, where it
can be accessed later. To delete a customized PTM, select the appropriate PTM from the list and click the Delete
button.

Note

For information on defining new PTMsin the middle of aworkflow, (ex. While setting up aPEAKS DB
search), refer to the section Section 2.3, “PTM".

2.3. Labeled Q Method Configuration

From the “Configuration” window, select “Labeled Q Method” from the left-hand menu to change the labeled
Q method configuration.
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m Configuration e

e Al | New
FTM _ TRAQ-8plex -
Labeled Q Method [l T RLE- S @ T e n) Delete

[ mvT-plex (CIDmHCD) —
Database . TMT-6plex (ETD)
Instrument |3 iodo TMT-6plex (CID/HCD) v Duplicate

Quantification Method Detail
Name TRAQ-4plex Method Type  |Reporter Ion Quantification
PTM

[FmRaQ 4plex (K, N-tarm)

Label Options

Nama Reporter Ton Mass(Da)
TRAQ4-114 114,1107
iTRAQ4-115 115.1077
TRAQ4-116 116.1111
TRAQ4S-117 117.1144

Close

The built-in labeled Q methods are listed in the methods list. Select a method from the list to view detailed infor-
mation in the “Quantification Method Detail” panel. Methods with the R icon beside the name are reporter level
methods. M ethods with the P icon beside the name are precursor level methods.

Name and Method Type: The name and the type of quantification method. The method type can be “Reporter
lon Quantification” or “Precursor lon Quantification”.

PTM: The post-translational modification associated with the selected Quantification method; including the
residue site and the location on the residue at which it is attached.

Label Options: List of quantifiable labels. For reporter ion quantification methods, the Label Options pane will
contain the name and reporter ion mass. For precursor ion quantification methods, the Label Options pane will
contain the sample name, the modification, and the modification details.

CreateaNew Method. To create anew labeled Q method, click the New button to open the “ New/Edit Quan-
tification Method” dialogue, where the quantification method details can be specified.
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Quantification Method Detail

Mame Method Type Reporter Ion Quantification | w
PTHM
Set PTM
Remove
Switch type
Label Options
Add Label

MName Reporter Ion Mass(Da)

The modification target, the modification mass, and the PTMs for a “ Reporter lon Quantification” method. Use
Add Label and Delete Current Line to add or remove a label, respectively. Each label is defined by the sample
name and the reporter ion mass.

Quantification Method Detail

MName Method Type Precursor Ion Quantification w

Label Options

MName Modi Modi Detail R to P Modi
Heavy SILAC K& T |6.0201@([K]
Light one ")

Use Add row and Delete Row to respectively add or remove alabel for a*Precursor 1on Quantification” method.
Each label is defined by the sample name, the added mass, the target residue, and the labeling efficiency. If one
sample has multiple labels with different mass shifts, a user can add multiple labels with the same sample name.
These labelswill contribute to the same samplein the ratio. The modification for each label must be selected from
the PTM lists, which can be accessed by clicking the button in the “Modifications’ column.

2.4. Database Configuration

To use the PEAKS DB function to identify proteins through a database search, PEAKS must have access to a
protein or an EST databasein FASTA format (the standard format for popular public sequence databases). PEAKS
can be configured to use existing databases on the system or to use databases downloaded from a public server.
Additionally, taxonomy options may be specified with certain databases.

From the “Configuration” window, select “Database” from the left menu to change the database configuration.
The “Database List” on the top shows all the configured databases in the system. Select a database from the list
to view the detailed information about the database in the “ Database Details” panel.
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Enzyme Database List

[UniProt_SwissProt]

FTM

Labeled Q Method

Instrument

Database Details

FASTA format database: iNCBI nr vi Validate Database ] [ Export Decoy DB ]

Basic Options

Database name: Validated
Path: [ Browse ] or [ Download ]
["] EST database

Advanced Options - Fasta Title Format
Rule to parse accessionid from FASTA title:

i\

Rule to parse description from FASTA title:

s+ =0

Accession)id URL:

http: ffwww.nchi.nim.nih. gov fentrez/viewer. fcgifdb=protein&val= | <Accession/ID >
Delimiter: s+, =\

Taxonomy Oplions

taxonid [ Browse ] [ Download ]
taxdmp [ Browse ] [ Download ]
. New |[ Add/Update ][ Delete ][ Help ]

Close

Createanew database. Click the New button to create anew sequence database entry or select adatabase from
the “Database List”. The database can be configured in the “ Database Details’ area below. Click the Add/Update
button to save any changes. Refer to Chapter 6, Adding a Sequence Database for details on adding anew database.

Delete a previously configured database. To delete a database file, select the database to be deleted from the
“Database List” and click the Delete button at the bottom.

Moving/Updating a database. To move a database to another directory, the location must be updated in
PEAKS. Select the database and specify the new location using the Browse button next to the “ Path” field. Then,
click Add/Update to save the new settings. If the database location is invalid, the database name will appear in
red in the list of databases. Any protein identification using that database will fail. If an update is made to the
database file (perhaps by downloading the latest database file and overwriting the old database file), PEAKS will
show the database information in light gray. A light gray color could also mean that the database does not have
header information.

Configuredatabasesfor usewith other search enginesin PEAKSinChorus.  The databases configured here
will also beused in PEAK S inChorusto call the X! Tandem and OM SSA search engines. However, Mascot search
depends on Mascot's databases only. When using these third-party software tools, note the following with care:

» X!ITandem: At the time of writing, X!Tandem has difficulty in searching through large databases and may
crash during a search. Therefore, it is suggested that X! Tandem only be used with small databases. If used with
alarge database, a taxon should be specified. For example, NCBI-nr and SwissProt databases should be used
with subtaxa selected when using X! Tandem.

* OMSSA: At the time of writing, OMSSA cannot be used with databases that are not in NCBI-nr, or SwissProt
format in away that isavailable to inChorus. Also, abug in OMSSA resultsin adatabase, stored in afolder that
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contains a space in its path, to be unusable. This creates problems when PEAKS creates temporary databases
on your behalf. To avoid this, best practices suggest that all of the databases should be put in afolder with no
spaces, such as C: / peaksdat abases. Note that the folder C: / My Docurnent s/ dat abases does not work as it
containsaspace between'My' and 'Documents’. Using spacesin the database file name causes the same problem.
For example, once the NCBI-nr database is downloaded and extracted, save the database as ncbi nr. f as, or

ncbi _nr.fas rather thanncbi nr.fas.

e Mascot : The database used by Mascot will have to be identical to the database configured in PEAK S in order

for inChorus to parse Mascot results correctly.

2.5. Instrument Configuration

From the “ Configuration” window, select “ Instrument” from the left-hand menu to change the instrument config-

uration.

Labeled Q Method | |<Builtn>Q-TOF
<Built-In> TIMS-TOF

Database <Built-In> TOF-TOF
Instrument <Built-In>> Ion Trap
Instrument Details
Instrument Name: |Orbitrap (Orbi-Orbi)
Basic Oplions

Ton Source: | ESI{nano-spray)
M5 Precursor Scan: | FT-ICR fOrbitrap
MS/MS Product Scan: |FT-ICROrbitrap
Advanced Options
Precursor mass search type: () Monoisotopic () Average
Parent mass error tolerance: | 15.0 | [ppm -

Fragment mass error tolerance: | 0.02 Da

LA Configuration
En Instrument List -
<Built-In> Orbitrap (Orbi-Orbi) ~
PTM <Built-In> Triple-TOF

X

Built-in Instruments.  The names of the built-in instruments are provided in the “Instrument List”. Select an

instrument to view the detailed instrument information in the “Instrument details’ panel below.
Note
The details of a built-in instrument cannot be deleted or edited.

Createa new instrument.

1. Click the New button and provide a name for the instrument in the “Instrument Details’ panel.
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. Use the “lon Source” drop-down menu to select the ion source that was used: MALDI/SELDI or ESI (nano-
spray). Thiswill help the PEAK S Data Refine tool determine the charge of theions.

. Usethe“MS Precursor Scan” drop-down menu to select the type of M S scan that was performed. This selection
will tell the PEAK S Data Refine tool whether the survey scan is of sufficient resolution to determinethe charge
and the monoisotopic peak during examination of the survey scan.

. Usethe “MS/MS Product Scan” drop-down menu to select the type of MS/M S scan that was performed. This
selection will help PEAKS decide which internal parameters (for weighing fragments and amount of noise) to
use during PEAKSS auto de novo sequencing and a PEAKS DB search. Select LIT/FT if aternating high-res/
low-res modes were used. Thiswill alow the algorithm to determine the mass analyzer from the scan header.

. Use the“Advanced Options’ to specify additional parameters.

. Select “Monoisotopic” or “Average’ as “Precursor Mass Search Type”. For ion-trap instruments, it is usually
beneficia to allow PEAKS DB search to use an average mass.

. Specify the values for “Parent mass error tolerance” and “Fragment mass error tolerance” in Daltons or ppm.
These will appear on the PEAK S de novo and PEAKS DB option screens when the instrument is selected.

. Click the Add/Update button to save the changes. The new instrument will appear inthe“ Instrument List” where
it can be accessed when creating a new project file. To delete a customized instrument, select the appropriate
instrument from the “Instrument List” and click the Delete button.
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