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Chapter 1. Overview

Welcometo PEAKS.

PEAKS

1. How to Use This Manual

This chapter provides an overview of PEAKS distinctive features and describes atypical data analysis workflow in
PEAKS. It isstrongly 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 and so it does not need to be read from cover to cover.
Many contents of this manual can be read from the software'sinline help. The electronic (and most up-to-date) version
of this manual can be found at ht t p: // bi oi nf or. con doc/ peaks7/ ht m manual /i ndex. htm .

Theinstallation of the software is covered in a separate chapter : Chapter 2, Installation and Activation.

2. What Is PEAKS?

PEAKS is a complete software package for proteomic mass spectrometry data analysis. Starting from the raw mass
spectrometry data, PEAKS takes care of every step of data conversion; peptide and protein identification; PTM and
mutation characterization; as well as result validation, visualization and reporting.
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PEAKS helps in every step of the proteomics data analysis.

Thefollowing isapartial list of the distinctive features of PEAK S software:

Complete Analysis

PEAKS is a complete software package for de novo sequencing, database search, characterizing unspecific PTMs,
and detection of peptide mutations. The combined use of four algorithms maximizes the number of identifications.

Built-in Result Validation

The "decoy-fusion" method is used to validate the peptide identifications automatically. The"decoy-fusion" method
is an enhanced result validation method that avoids several pitfalls existing in the commonly used target-decoy
method. With an informative result summary view, the results can be easily filtered by false discovery rate (FDR).

Protein Coverage View

All the identified peptides are mapped to the identified proteins and displayed in a consolidated protein coverage
view. All the PTMs and mutations on the protein sequence are highlighted. The interactive graphical user interface
(GUI) allows the in-depth and effortless examination of every amino acid in the identification results and every
peak in the data.

Accuracy and Sensitivity

The superiority of PEAKS algorithms has been demonstrated by publications and third-party evaluations. By com-
bining four complementary algorithms together, the sensitivity is further improved.

M ultiple-enzyme Pr oj ect

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

Label Free Quantification

An Expectation-Maximization (EM) based algorithm is used for feature detection, deconvolution and refinement.
PEAKS uses an optimization model for simultaneous feature matching and retention time alignment. The efficient
and accurate algorithms used for Label Free Quantification can even handle significant time shifts and distortions.
The quantification ratios can be normalized using TIC or selected protein(s).

Multiple Instrument Vendor Support
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PEAK S supports most major instruments' raw file formats, which savesthetroublefor file format conversion. More
importantly, the algorithms have been tuned for different instrument type, to ensure optimal accuracy and sensitivity.

Result Exporting

The analysis result can be exported to avariety of text formats. The HTML format makesit easy to share the results
onawebsite; whereas other text formats such as.csv makeit easy to view theresult in spreadsheets and post-analyze
with the in-house script or other third-party software. PEAKS also supports exporting to standard result formats
such as pepXML and mzldentML.

inChorus

PEAKS can import the results from other database search engines (already acquired by the lab) and combine al
the results together. PEAK'S can estimate FDR for the combined result and can allow for result filtration. For each
identified peptide, PEAKS aso displays all the engines that identified the peptide, as well as each engine's identi-
fication score.

3. What Is New in PEAKS 7 ?

Hereisalist of the noteworthy new featuresin PEAKS 7.

Highlights.

New L abel Free Quantification module

A new EM based algorithm for feature detection; anew optimization model based solution for feature matching and
RT alignment; -10lgP significance score on peptide features and proteins; and normalization using TIC or selected
protein(s).

Project Wizard for project creation and easy workflow setup

New project wizard to facilitate the creation of acomplex project with alarge number of samples and fractions, and
set up an easy workflow for Identification, or quantification.

LC/MSview for data 2D/3D heat map visualization and navigation

New LC/MS view provides much improved data 2D/3D heat map visualization and navigation. Visually analyse
the LC/M S data with great details and ease and verify the feature detection and identification results.

Complementary fragmentations support in de novo sequencing

PEAKS alows de novo sequencing on spectral pairs or triplets that are generated using CID/HCD/ETD comple-
mentary fragmentations.

Automatic de novo result validation

New statistical charts allow for accurate filtration of de novo sequencing results.

Algorithm Improvements.

Improved de novo residue local confidence score.
Improved speed for de novo sequencing, especially on high charge spectra.

Improved speed for PEAKS DB, PEAKS PTM and SPIDER.
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» Reduced false discovery on PEAKS PTM algorithm.
Better Community Support.
* Better support for Thermo and Agilent raw files on 64bit OS.

« Collaborate with Skyline group. The identification results from PEAKS exported as pepXML can be imported into
Skyline.

 Proteome Discoverer 1.4 support

Now PEAKS can load the pepXML result file generated from Thermo's Proteome Discoverer software versions
1.3and 1.4.

 Supports mzldentML result format

Now PEAKS can export results to mzldentML formats version 1.0.0 and version 1.1.0 for downstream analysis
such as Scaffold PTM.

4. Quick Walkthrough

This section presents a quick walkthrough of atypical data analysis. PEAKS user interfaceis introduced by using the
sample project included in PEAKS installation, filtration and visualization of the analysis result are showcased. This
will help understand what can be accomplished with PEAKS. After that, a PEAKS project creation from raw data and
data analysis on the project is demonstrated.

4.1. Opening an Existing Project

The installation instructions for PEAKS can be found at Chapter 2, Installation and Activation. After launching
PEAKS, the sample project can be opened by one of the following two ways (see screenshot below):

1. If thisisafreshinstallation, click the "Sample Project” in the "Recent Projects’ list of the Start Page.

2. Click the open project button, and browse to the directory where PEAKS 7 was installed, select " SampleProject”
and click the Open button in the file browser.
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4.2. PEAKS Main GUI

The main graphical user interface (GUI) of PEAK S s divided into the following areas (see screenshot below):

1. The project view shows all the opened projects. Each project may include multiple samples and each sample may
include multiple fractions (LC-MS runs). The analysis results are also displayed as result nodes under the project.

2. The menu and toolbar. Selecting a node (project, sample, fraction, or result) in an opened project will highlight the
analysistool icons available to the selected node.

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

4. Each opened result node provides several different "views' asdifferent tabs. In particular, the summary view shows
the result statistics. The summary view is also the central place to filter and export the results.

5. 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 opening aresult node by double clicking it, i.e. the PEAKS DB node in the sample project, the summary view
is shown by default. The summary view provides mainly three functions:

1. Specify score thresholdsto filter the results.
2. Examine the result statistics.
3. Export results.

Thetop region of the summary view isacontrol pane and the bottom region is a statistics report page. Theresult filters
are controlled at the top control pane (see screenshot below):

» The peptide identification is filtered by the peptide-spectrum match's -10IgP score. Or, by the desired FDR (false-
discovery rate) specified by clicking the FDR button.

» The protein identification is filtered by the protein's -10lgP score and the number of unique peptides the protein
contains.

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

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

After thefiltering conditions are changed, the Apply Filters will change to red. Click it to apply the new criteria.
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Start Page X EPEAKS44[2EII3-ID-DE 13:47] x

Peptides -10lgF = 15 FDR. Proteins -10lgP = | 20  |and = 0 . | unigue peptides

Summary

De novo only ALC (%%) = 50 + | and -10igF = ___ 15 Apply Filters Export Motes

The top control pane has two additional buttons: Export and Notes. The result can be exported by clicking the Export
button. The Notes button allowsthe user to add atext note about the project that will be displayed in theresult summary
report.

After applying filters, the statistics report page at the bottom of the summary view will be updated accordingly. We
only explain two statistical charts here (see screenshot below).

Figure 2 (a) showsthe PSM score distribution in a stacked histogram. If the search result and the peptide -10IgP score
threshold is of high confidence, then very few decoy matches (brown) in the high score region should be observed .
Additionally, if the FDR estimation method (decoy fusion) worked properly, then asimilar or larger number of decoy
(brown) matches than target (blue) matches in the low score region should be observed.

Figure 2 (b) plots the precursor mass error in ppm v.s. -10IgP peptide score for al the PSMs. This figure is the most
useful for high resolution instruments. Generally, the high-scoring points should be centered around the mass error 0.
Notice that the data points start to scatter to larger mass errors when they are below 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

Besides the summary view, there are four other views for visualizing the data and the results: “Protein”, “ Peptide”,
“Denovo only”, and “LC/MS.”

» TheProtein view containsalist of proteins passing thefilters. The proteinsidentified with the same set (or asubset )
of peptides are grouped together.

» The Peptide view shows all the peptide identifications passing the filters. The multiple spectra that identified the
same peptide sequence are grouped together.

» The De novo only view shows all the peptides identified exclusively by de novo sequencing.
» The LC/MS view displaysthe LC-MS data as a heat map with highlighted MS/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 will be displayed at the bottom of the Protein view. The protein coverage view maps
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all 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 most commonly used operations on the protein coverage view
are listed (see screenshot below):

1. Each blue bar indicates an identified peptide sequence. A gray bar indicates a de novo only tag match.

Peptide identifications with the same amino acid sequence and the same PTMss are grouped together and displayed
asasingle bar.

2. PTMs and mutations are highlighted with colored icons and white |etter boxes. Highly confident PTMs and muta-
tions are displayed on top of the protein sequence.

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

3. Click apeptide to show the spectrum annotation.
4. Mouse over an amino acid to show the supporting fragment ion peaks.
5. Optionsto control the coverage view display.

» The"coverage/outline" choice turns on/off the peptide bars.

» The"denovo tags sharing" specifiesthe 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" checkbox allows a de novo peptide to be displayed if the sequence, re-
gardless of itslength, is fully matched in the protein.

e The"minimumionintensity" specifiesthe minimum fragment ion relative intensity in one of the MS/M S spectra
before aPTM location is regarded as confident and displayed on top of the protein sequence.

e Thecheckboxesinthe PTM list specifieswhich PTMs are "interesting”. Click the color boxesto change acolor.
Double click aPTM name to see the PTM detail.

6. The full screen button and tool box button.

Full screen provides a larger view of the coverage. The tool box provides common tools, such as exporting the
coverage pane as a high-resolution image file.
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4.5. Creating a PEAKS Project

To create anew PEAKS project from raw data files, do the following steps (see screenshot bel ow):

ol
%

L Select New Project ... from the file menu or click the new project icon &3 on the toolbar. The * Project Wizard”

will appear.

2. Use the Add Data button to the files you wish to load and click Open. All the selected data files will be listed on
the left side.

L]
Place the selected data from the list into samples: use 4 0 place al filesin anew sample; use ) put

o
them an existing sample, or place them in individual samplesfor each file using "‘#‘_

Click the ¥ Addsample ... o 0 *+ Adddatafiles ... 1 00510 add asampleto the project or datafilesto asample,
respectively.

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

Note

Each sample can use adifferent proteolysis enzyme. Using multiple enzymesto analyze the same proteins
can produce overlapping peptides and therefore increase the protein coverage.

Note

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

File Toocls Window Help

1E@E]l«unmoow| | RO

Create Project

Create Project:
ProjectName:  |BSA - 3 Enzyme |
Project Location: |D:‘|,hest‘|PeaksSthio?Tesﬁng | | Browse... |
Proj tructure

iy
4 Add Data |)sea.rd: Q|

e

—
Sample Enzyme Instrument Fragment
/;\\ EA Digest 1 Trypsin 5 w Orbitrap (Orbi-Trap) + CID w
L I\ . (L, BSA_Trypsin.RAW

‘. 4 Add data fles ...
Digest 2 LysC w Orbitrap {Orbi-Trap)  CID W

% - (B
3 = - A% Add data fles ;>

& Add sample ...

>4
N S
—
-
Y]
Select All | | Remave | Collapse || Select All | | Copy to Whale Project |
6N
i -~ 1
Data Refinement = Finish Cancel

4.6. Conducting an Analysis

To conduct an analysis: 1) select aproject, sample, or result node in the project view. 2) Click the desired analysistool

button. Here, PEAKS Search is shown as an example. PEAKS Search is a database search workflow for a complete
identification analysis.
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File Tools Window Help
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=+ JL Sample 1
=, FL:BSA-GILC-1.RAW
t.. @ DATA REFINE 1 [2013-10-04 09:26]
=+ JL Sample 2
=4 F2:E3A LysC-1RAW
‘.. 4 DATA REFINE 2 [2013-10-04 09:26]
=+ JL Sample 3
= F3:BSA-Trypsin-1.RAW
‘.. 4 DATA REFINE 3 [2013-10-04 09:26]

A search parameter pane will pop up. Most search options for PEAKS DB are standard and straightforward. More
details are provided in the following (see screenshot below):

1. If the proteolysis enzyme was specified for each sample at the project creation step, one can choose to use the
enzyme specified in each sample. This makes it possible to use multiple enzymesin a single project and a single
search.

2. Specify the fixed PTMs and afew common variable PTMs expected in the sample.
3. Select aprotein sequence database or copy and paste the protein sequences for the database search.

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 adecoy se-
guenceto each protein asthe"negative control” for the search. See BSI'swebtutorial (ht t p: / / www. bi oi nf or . cont
peaks/tutorial s/fdr.htn) for more details.

6. Enable PEAKS PTM and SPIDER a gorithms after PEAKS DB database search.

By default, PEAKS PTM performs ablind search for additional PTMsin the data. Users can limit the PEAKS PTM
search on alarge number of PTMs by clicking the "Advanced Setting" button.

SPIDER performs homology search based on de novo sequencing tags. If selected, the SPIDER agorithm will
be conducted on every confident de novo tag (ALC>15%) whose spectrum is not identified by PEAKS DB with
high confidence (-101gP<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 will be used as
the identified peptide. SPIDER is good for cross-species searches and for finding point mutations of the protein.
It makes no difference whether SPIDER isinvoked through this workflow or by clicking the SPIDER icon on the
toolbar.
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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:
* Thismanua
* PEAKS Software

» Quick reference sheet for mass spectrometry

2. System Requirements

PEAKS 7 isavailablein both 64 bit and 32 bit versions. Installation of the 64 bit version, which is the default version
that BSI distributes, is highly recommended for most of the users. For users with a 32 bit operating system, the 32 bit
version can be downloaded upon request. PEAK S 7 supports Windows Operation System (Windows XP, Windows 7,
and Windows 8). PEAK'S program files will only use ~200MB disk space. It requires some extra disk space to 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 PEAK S performance are CPU and RAM.

For the default 64 bit version of PEAKS 7, the recommended and ideal requirements are :

* Recommended: Intel Core processor and 8GB RAM.

* Ideal: Intel Corei7 or Xeon processors and 16GB RAM or more (or 2GB per core).

For the 32 hit version of PEAKS 7, 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.

I mportant

Avoid installing PEAK S in any directory that contains awhite space, for example the Pr ogr am Fi | es direc-
tory as some features 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.

| mportant

To open aninstrument'sraw datausing PEAKS, it is necessary to install PEAK S on the same computer where
the instrument vendors' own software is installed. Refer to Section 8, “Vendor-Specific Requirements” for
the vendor-specific requirements for raw data loading.

13



Installation and Activation

1. Closeall programsthat are currently running.

2. Insert the PEAK S installation disc into the DVD drive. If an instalation file was obtained € sewhere, double click
on the PEAK S installation file and move ahead to step 4.

3. Theinstallation window should automatically appear after the DVD isinserted. If it does not, find the DVD drive
and open it to access the disc. Double-click on PEAKS_St udi o_I nst al | ati on. exe.

4. A menu screen will appear. Select the top item “PEAKS Installer”. Theinstallation utility will launch theinstaller.
When the PEAK S installation dialogue appears, click the Next button.

PEAKS

Complete Proteomic Software

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

4. Activation

All usersare required to go through a software activation processin order to use PEAKS. A license wizard will appear
to guide users through the activation process the first time PEAKS is launched.
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Installation and Activation

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.

’Q"\ Register to get a free 30-day trial license key

\?'J_,,) By completing the online registration form, a 30 day 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
advanced user interface provided in PEAKS to share results with colleagues and
colaborators,

() Activate PEAKS manually

I mportant
Keepthelicensekey safe. After acomputer hardware upgrade, it might be required to re-activate the software.

4.1. Activate PEAKS with a trial or purchased license key

The software activation processis very simple. If the computer is connected to the Internet, PEAKS can be activated
by clicking on the first option in the wizard. In the 'Enter the License Key' dialog, paste or type in the license key and
click the Activate button. If the activation is successful, PEAKS will start normally. Manual activation is necessary
when the activation failed with the message 'An error occurred while communicating with BSI licensing server ...".
Refer to Section 4.4, “ Activate PEAKS manually” for manual activation.

Enter the License Key

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

Your License Key

Activate Cancel
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Installation and Activation

4.2. Register to get a free 30-day 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, ingtitution, email address and phone number in the form. After the form is submitted, an email from
<support @i oi nf or. con> 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 one free trial. Requesting a trial license repetitively will not extend the trial
period automatically. Please contact <suppor t @i oi nf or . con to discuss atrial license extension.

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, all non-analytical features, such as read/
display raw data, open/navigate through existing PEAK S 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 a firewall that blocks the
activation), the activation process requires the assistance of another computer with an Internet connection (or outside
thefirewall). Manual activation can be accessed viathelink on the bottom-right corner of thewizard. Manual activation
consists of the following steps.

1. Provide the license key and user information required to the license wizard on the computer that will be running
PEAKS. The option “I have already received the license file” should be check when the license file from BSI is
already at hand. Click Next and go to step 5.
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Gather Your Name |Yuur Mame |
Information

Email Address |ynuremail@ynurmmpany.mm |
Sawve License
Request File Email (confirm) |yuuremail [@yourcompany. com |

License Key |‘mur License Key |

Upload License

Request File Important: You will receive your license file via email

Import
License

Activation

C te
omple [ 11 have already received the license file

< Back Mext = | | Cancel

2. Save agenerated request file to aremovable storage device (e.g. aUSB memory key).

Gather Click the button below to save the License Reguest File to
Information directory, e.g. an USE drive, so that it can be later transfered to
a computer that has internet access.
Save License | Save License RequestFile |
Request File
Ipload License
Request File
Import
License
Activation
Complete
<Back | | MNext> | | Cancel

3. From another computer with an Internet connection, upload the license request file to BSI's license server as de-
scribed in the following screen.
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Gather The following steps should be done on the computer
Information which has Internet connections.

e Licemse Go to http:/ fwww.bicinfor.com/lcs20 findex.jsp.

Request File Select the option 'T have the license request file. I want
to register the software.’ and dick next.

Upload License

Reguest File Click 'Brawse' 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 Mow 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 | | Mext = | | Cancel

6 & www.bioinfor.com/lcs20/indexjsp 77 v & ' Google P EH~ ¥ ®#®

BSI Products Online Registration
Fequest file: Mo file selected.

Visual venification: Input the characters shown below (case sensitive)

1 request another image
| |

4. If the license request is sent successfully, an automated BSI service will generate the license file (1 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 license file 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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Gather (®) Paste the license Paste from Clipboard
Information

Save License
Request File

Ipload License
Reguest File

() Import the license file {the email attachment)

Import Browse
License

Activation
Complete

< Back | Mextx | Cancel

4.5. Re-registering PEAKS

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

PEAKS Studio 7.0 build 20120921
Copyright © 2000-2013 Bininformatics Solutions Inc. Al rights reserved.

Bicinformatics Solutions Inc. ({BSI) acknowledges that ERonald a
Beavisz 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. BSI 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 Platform

B PEAKS Q
PEAKS CLI

View end user license agreement

§ Warning: This computer program is protected by copyright law 0K

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 laws.

Tech support

Click the License Wizard button to continue then follow the instructions in Section 4.1, “ Activate PEAKS with atrial
or purchased license key” or Section 4.4, “Activate PEAKS manually” to re-register PEAKS.

4.6. Common Errors during Registration

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

2. The user 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 isbehind afirewall or has other Internet connection problems, the activation may fail. Pleasefollow
the on-screen instructions or refer to Section 4.4, “ Activate PEAK S manually”.

5. PEAKS Performance Configuration

The PEAKS Performance Configuration tool can be accessed from the Windows Start Menu. 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
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Manually Configure PEAK S Performance option will come in handy in situations where advanced users want to
adjust PEAK S memory alocation and threading.

(@) Automatically Configure PEAKS Performance (recommended}

() Manually Configure PEAKS Performance

Main Program JVM Heap Size (MB): 14076
Mumber of Computing Modes to Start: |8
Start Client Separately
Client JRE Einary Folder: | fire/hin Browse
Client VM Heap Size (MB): |1024
Start Compute Mode Separately
Computing Mode JRE Binary Folder: |, fire/bin Browse

Computing Node VM Heap Size (ME): | 1024

cares

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 PEAKS run faster if the computer still has extra processing power.
The maximum number of computing nodes PEAKS may start with is determined by the license; a Desktop License
allows up to 8 nodes and a Workstation License allows up to 16 nodes.

The configuration is very different between the 64 bit version and 32 hit version due to the amount of memory Java
can access. |n 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 PEAKS can access a large amount of memory, therefore, it is highly recommended to deselect
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 recommended 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
lessthan X / 2000. As shown in thefigure, the system has 16000M B RAM, therefore 16000* 80%=12800M B memory
is configured to the main program JV M. 12800/2000=6.4, therefore 6 computing nodes is configured.
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() Automatically Configure PEAKS Performance {recommended)

(@) Manually Configure PEAKS Performance

Main Program VM Heap Size (MB): 12300
Mumber of Computing Modes to Start: |6
[ ] start Client Separately

Client JRE Einary Folder: |, fire/bin

m
o
w
(1]

Client JVM Heap Size (MB): | 1024

[ ] start Compute Node Separately

m

=]
=]
1]

Computing Mode JRE Binary Folder: |, fire/bin

Computing Mode JVM Heap Size (MB): | 1024

Apply Cancel

5.2. PEAKS 32-bit Version

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

() Automatically Configure PEAKS Performance {recommended)

(@) Manually Configure PEAKS Performance

Main Program JYM Heap Size (ME): 1024
Mumber of Computing Nodes to Start: |1
[ ] start Client Separately

m
o
I
m

Client JRE Binary Folder: | fire/bin

Client 1¥M Heap Size (ME): | 1024
Start Compute Mode Separately

Computing Mode JRE Binary Folder: | fjre/bin Browse

Computing Mode VM Heap Size (MEB): | 1024

Apply Cancel

Thetotal amount of memory used by PEAKSis Computing Node JVM Heap Size (M B) multiplied by the Number
of Computing Nodesto Start plustheMain Program JVM Heap Size (MB). Inthiscase, 1024* 1+1024 = 2048 MB.
In some systems, PEAKS may not start with 1024MB assigned to the main program due to other programs running
on the system. Lowering the Main Program JVM Heap Size (M B) 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:

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

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

If you are eager to try PEAKS now, leave these two configuration steps aside for a while, and try out the 15-minute
walkthrough to get familiar with PEAKS GUI and basic operations. See Section 4, “ Quick Walkthrough”.
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Chapter 3. Configuration Wizard -
Configure Instruments and Public
Databases

1. Overview

The configuration wizard guides you through some easy-to-follow steps to configure PEAK S for instrument raw data
support and database searching. The configuration wizard can be invoked from the menu Window | Config Wizard.

PEAK S supports different instrument vendors raw dataformats. A list of supported formats can befound in Section 7,
“Supported Data Formats’. Some vendors' formats may require the vendors' specific software to be installed on the
same computer that PEAKS s running on. The configuration wizard hel ps you select the proper instrument and install
the appropriate vendor software.

A sequence database must be configured in PEAKS to identify peptides and proteins with the MS/M S spectra by
database searching. The configuration wizard also helps you select the appropriate databases from a list of public
sequence databases, download and configure them automatically. Thelist of public databases can befoundin Section 3,
“Database Selection”.

2. Instrument Selection

When you select Window | Config Wizard from the menu, the configuration wizard will run and display a welcome
message. Clicking the Next button shows the following instrument selection panel.
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Select Instruments

Thermo Scientific
Thermo LTQ, Orbitrap, FT Instruments

Thermo data can be loaded using Thermo MSFileReader library.
The config wizard will download and install the MSFileReader automatically.

AB SCIEX
[ ] AB 5600 Instruments

[ ] AB 4700/4800 Instruments
[] AB SCIEX QTRAP Instruments
[ ] AB SCIEX QSTAR Instruments

Agilent Technologies
[] Agilent Ion Trap Instruments

[] Agilent Q-TOF Instruments

Bruker Daltonics
[ ] Bruker APEX, micrOTOF, HCT Ion Trap, TOF-TOF Instruments

Shimadzu Corporation
[ ] shimadzu AXIMA-CFR Instruments

Waters Corporation
[ ] waters/Micromass Q-TOF Instruments

Varian Incorporation
[ ] Varian Mass Spectrometry Instruments

<< Back Mext == Cancel Help

Theinstrument selection panel listsall the supported instruments and their vendor-specific software. Select the instru-
ments as necessary. A small description about the instrument and possible action to be taken by the configuration
wizard is displayed once it is selected. Click Next to proceed.

3. Database Selection

The database selection panel lists the public databases available for automatic download. The automatically down-
loadabl e databases are NCBI nr, SwissProt, TTEMBL, and IPI 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
isaready configured using this wizard then “[configured]” text in green will appear beside its namein the list. It can
be selected again to overwrite the configuration.
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Instruments and Public Databases

Select Databases

MCBI nr

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 - [configured]
[ ] UniProtkB/ TrEMBEL
[ ]1rI

Database Path
D:\FastaDB Browse

<< Back | Mext == Cancel Help

The “Database Path” displays the location where the configured database will be stored. Click the Browse button to
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 displaysall the requested instrument software and database downloadsin two tables:
“Downloads’ and “ Selected Instrument Software”.
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Instruments and Public Databases

Download Information

Downloads
Mame Size Progress Action
Thermo M5FileReader 30.3MB Installed Reinstall
ABT mzWiff 281.9kB Downloaded Install
IFI 25.6 MB Downloading (63%:) Cancel

Selected Instrument Software

Mame Status
ABI Analyst Display Information
AB SCIEX M5 Data Converter Display Information
<< Back Mext == Help

Downloads - The“Downloads’ table shows all the downloadable requests, their status and available actions on them.
The status of an ongoing download is displayed in the “Progress’ column. To cancel an ongoing download, click the
Cancel button in the “Action” column. The databases will be configured automatically after the download finishes.
Once completely downloaded, the Install button appears in the “Action” column for the instrument 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. Previoudly installed instrument software can be reinstalled by clicking the Reinstall
button that appearsin the “Action” column once the corresponding item isinstalled.

Selected Instrument Softwar e - The configuration wizard cannot download some vendor-specific software; the cor-
responding vendor needs to be contacted to get that software. If any of those software packages were selected in the
instrument selection panel, then their information appears in the “ Selected Instrument Software” table. Clicking the
Display Information button shows information on how to get the software from the vendor in a popup dialog.

Click Back to go back to instrument sel ection or the database sel ection panel to change the selected items. Click Cancel
to cancel the wizard 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
isnot installed.
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5. Vendor Instrument Software Options

Thispanel alowsusersto set the raw file converter preferences of some vendor specific software. Refer to Section 1.2,
“Raw File Converter Preferences’ for details on raw file converter preferences. After making appropriate changes to
the raw file converter preferences, click the Next button to finalize the changes.

Vendor Instrument Software Options

Bruker {.yeap [/ .baf [ fid )
Mo further configuration of PEAKS s needed.
But you must ensure that Bruker CompassXtract Runtime is installed on this computer.
Download Compasskiract Runtime from Bruker website.

Raw File Convertor Options
Bruker file reader will export (@) Raw data () Line spectra

Bruker .fid file may contain several files, do you want to merge them? () yes (8 no

Shimadzu AXIMA (.run)
Shimadzu MS data (.run) can be converted to mzXML format using Shimadzu Launchpad.

The mzXML data can be loaded into PEAKS readily.

Please contact your Shimadzu representative to obtain Shimadzu Launchpad.

Shimadzu run2xml.exe File Location

C:\Program Files (x88) \Programs'run2xml.exe Browse

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 readiy.
Please contact your Varian representative to obtain VarianMs tool.

Default xmirai.exe File Location
Browse

<< Back | || Mext>> | Cancel Help

6. Commit the Changes

After configuring the necessary downloaded vendor-specific software and public databases, click the Next button to
get to the finalize panel.
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Configuring Instruments and Databases

The following FASTA databases and/or Instrument software are installed successfully:
Thermo MSFileReader
IPI

The following FASTA databases and/or Instrument software are downloaded but not installed:
ABT mzWiff

A database or an instrument software will be configured for use with PEAKS only if vou do so

explicifly by clicking the Tnstall' button in the Download Information' panel.

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

ABT Analyst

AB SCIEX MS Data Converter
Please contact the Manufacturer representatives to obtain the required vendor softwares.

Press the 'Back' button to return to downloads and selection panels where vou can change vour
selection of databases or instrument sofiware for configuration.

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

Cancel Help

A summary about the changes that the wizard is going to make will be displayed. Click the Finish button to commit
to the changes to the configuration file. The changes will be immediately available to PEAKS.
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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. On the computer's file
system, a project is saved as a directory that contains multiple files including the compressed spectral data and the
analysisresults. To share a PEAKS project, you can copy the whole project directory. The project can be opened with
the same version of PEAKS Studio or the free PEAKS Viewer.

The “Project Wizard” guides you through easy-to-follow steps to create a Peaks project; set up the project structure;
load data into the project; and set up the workflow for data refinement, identification, and quantification. To run the

Project Wizard, simply click the new project button &2 on the toolbar or select the File | New Project ... command.
The rest of this chapter discusses the details of project wizard, project creation, data loading and setting up a simple
workflow.

Create Project:
Project Name: Mew Praoject 1
Project Location: | C:'Users'\zrahman'PeaksProjects Browse...
Project Structure
Add Data seardh Q
BSA_LysC.RAW Sample Enzyme Instrument Fragment
il !
[a2] BSA_Trypsin. RAW /|, sample 1 Glu C {phosphate « Orbitrap {Orbi-Trap) + HCD v
-)“ A P BSA_GILUC.RAW
i ede Add data files ...
“oode Add sample ...
o
E R v
W
Select all Remove Up Diowini Collapse Select All Copy to Whole Project
Data Refinement = Finish Cancel
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2. Create New Project

1

" Use the

To create anew project, select New Project ... from the file menu or click the new project icon &4/ on the toolbar.
The “Project Wizard” will appear.

. Usethe“Project Name” field to name your project. Click “Browse” to select adirectory 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.

. Usethe Add Data button to browse to the directory of the datafiles; select thefilesyou wish to load and click Open.

All the selected datafiles will be listed on the | eft side.

. The selected data from the list on the left can be placed into appropriate samples in the project structure. There

are several options to place the selected data files into the project structure. All of the selected files can be placed

W
inanew sample ( > A
*ﬂ.?
each file ( ‘&).

To add asample to the project structure, click on the " button. Select the “Instrument” type, “Frag-
mentation” method and “Enzyme”’ name that was used to generate the experimental 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.

), in an existing sample ( > A v), or they can be placed in individual samples for

+ Add sample ..

Note

Select "Mixed" as fragmentation mode if more than one fragmentation mode is used and the information
about the fragmentation mode of each spectrumisencoded in the datafile. PEAK Sloadsthe fragmentation
mode for each spectrum during analysis. If the data file does not provide such information, these spectra
will beignored during analysis.

+ Adddata files ... ton to add data files to the corresponding sample. Browse to the directory of the
files, select the files you wish to load and click Open.

. Toremove asample or datafile, select the appropriate node (sample or datafile) in the project structure and press

P

button. To delete the file entries from the list on the |eft, select the files and click Remove.

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

. Click the Finish button to exit the Project Wizard without specifying parameters for further analysis; otherwise,

click the Data Refinement button to proceed to set up parameters for data refinement step. See Section 3, “Data
Refinement - Setting Parameters’ for more details on data refinement parameters.

Upon clicking the Finish button, the project will appear inthe“Project View” panel. Theoutlined “~ symbol indicates

that the fileis still loading. The solid symbol indicates that the file has finished loading.
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PEAKS Project, Load Da-

taand Set up a Workflow
PEAKS supports a variety of instrument vendors' raw data formats. A list of supported formats can be found in Sec-
tion 7, “Supported Data Formats’. Some vendors formats may require the vendors' specific software to be installed
on the same computer that PEAKS is running on. Before creating a project with your own data, ensure that the ven-
dor-specific requirements discussed in Section 8, “Vendor-Specific Requirements’ are met. Once the data is |oaded
it becomes a part of that project so that the original data files can be manipulated or deleted without affecting the
analysisin PEAKS.

To close an open project, select the project node in the Project view and choose the Close Current Project command

from the file menu or use the close project icon &) from the tool bar or right-click and choose the Close Project
command from the pop-up menu. It is recommended to close the unused projects to preserve computer memory.

3. Data Refinement - Setting Parameters

To run adatarefinement on the fractoinsimmediately after creating aproject, click the Data Refinement button on the
project wizard to open the “Data Refinement” panel. See Section 2, “Data Refinement Parameters’ for more details
on data refinement parameters.

Data Refinement Predefined parameters | default W

[] Merge Scans
Retention time window (for raw files only): min
Precurser m/z error tolerance: ® Da ppm
Merge CID and HCD scans together
Correct Precursor
(®) Mass anly {recommended)
(") Mass and Charge states
Min charge: | 1 | Maxcharge: | 3 =
[] Filter Scans

Only keep scans satisfying:

Precursor mass between and Da
Retention time between and min
Quality value greater than (suggest 0.65)

< Back Finish Cancel

Click the Finish button to exit the Project Wizard without specifying parameters for further analysis. Upon clicking
the Finish button, PEAKS will create the project and run the data refinement on the fractions. See Chapter 7, Data
Refinement to learn more about data refinement. Alternately, click the Identification button to proceed to set up para-
meters for database search.
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4. DB Search - Setting Parameters

To run de novo sequencing and database search on the project immediately after the project creation and data refine-
ment, click the Identification button on the Project Wizard. See Section 2, “ Setting PEAKS Search Parameters’ for
more details on database search parameters.

PEAKS Search Predefined parameters (%]

Error Tolerance

Precursor mass: 10.0 ppm % | using |monocisotopic mass w Fragment ion: 0.5 Da
Enzyme
Specified by each sample W Mew

Allow non-specific deavage at jone  w | end of the peptide.

-

Maximum missed deavages per peptide: 3

PTM

|F| carbamidomethylation
\Tj Oxidation (M)

\Tj Deamidation (NQ) Remove

Switch type

Maximurm allowed variable PTM per peptide | 315

Database
(@) Select database Database: | [UniProt_SwissProt] W View

() Paste sequence Taxa: \Homo sapiens (human) SetfView taxa...

General Options
Estimate FOR with decoy-fusion. @

[] Find unspedified PTMs and common mutations with PEAKS FTM Advanced Setting

["] Find more mutations with SPIDER

Skip Identification < Back Quantification > Finish 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
denovo sequencing and database searching on the data at project level. See Chapter 8, Peptide De Novo Sequencing
and Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) for more details
on denovo sequencing and database searching with PEAKS. Alternately, click the Quantification button to set up
parameters for quantification.

5. Quantification - Setting Parameters

To run quantification tools on the project immediately after the project creation, data refinement, and identification,
click the Quantification button to open the “ Quantification” panel. The optional PEAKS Q module of PEAKS Studio
supports Label Free quantification, Reporter ion quantification with isotope labelsat MS/M S level, and Precursor ion
guantification withisotopelabelsat theM S-level. See Section 2, “ Setting Parameters’, Section 2, “ Setting Parameters’,
and Section 2, “ Setting Parameters’ for more details on quantification parameters.
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Tools

(@) Label Free

) Reporter Ion
() Quantification

eg. MRAQ/TMT

Precursor Ion
() Quantification
eq, SILAC

Label Free Quantification Predefined parameters W
Basic Options
Mass Error Tolerance: | 10,0 PPM W Retention Time Shift Tolerance: |6.0 miin
Sample Groups Attach Identification
seardh sample fist Q Select All Collapse Attach... Remove
Sample 1 Group Color
Sample 2 [+
{11
-, v
Advanced Move Up Move Down
<Back ext Cancel

Upon clicking the Finish button, PEAK Swill create the project, load the data, run the data refinement on the fractions,
and then conduct de novo sequencing, database searching, and quantification on the data at project level. See Chap-
ter 13, PEAKSQ - Label Free, Chapter 12, PEAKSQ - MSMSLevel and Chapter 11, PEAKS Q - MSLevel for more
details on the quantification tools available in PEAKS.

6. Adding Data to an Existing Project

1. To open a saved project, select File | Open Project command or select from the File | Open Recent Project list, or

click “— button from the toolbar.

2. Toadd datato an open project, choose the project from the “ Project View” panel and select the Add Data command

from the file menu or use the add data button Es'l from the toolbar. The “Project Wizard” window will open.
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Create Project:

Project Name: Mew Project 1

Project Location:  [:/test

m
H
@
m

Project Structure
FESd Q
Sample Enzyme Instrument Fragment

=-J\ sample 2 Trypsin w Orbitrap (Orbi-Trap) « CID w M

.)“A ¢\ ol spike4_040306_3.RA
- 4 Add data files ...
o
-4
]
Select all remave Up Down Collapse Selectal Copy to Whole Project

Next> Finish Cancel

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

. The selected data from the list on the left can be placed into an appropriate sample in the project structure. There
are severa options to place the selected data files into the project structure. All of the selected files can be placed

>4

in anew sample ( ), in an existing sample(* A w), or they can be placed in individual samples for

4
eechfile(-’k&).

. Morefiles can be added to an existing sample by clicking the + Add data files ... button. Additional samples can
be created by clicking the + Add sample ... button.

. Select the “Instrument” type, “Fragmentation” method and “Enzyme” name that was used to generate the experi-
mental data from the drop-down lists. 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", "Instrument”, or "Fragmentation" setting for an existing Sample.
It may cause errors during further analysis or inconsistencies in the analysis result.

7. Supported Data Formats

Thefollowing isalist of supported dataformatsin PEAKS. PEAKS supports these formats at three different levels:
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» Native Support - PEAKS can read the following files directly without any additional tools:

mzXML

mzData

mzML

.DTA fileor adirectory of .DTA files
.MGF

.PKL

PEAKS 6 projects. See Section 8.8, “PEAKS 6 Projects’.

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

.RAW file (Thermo Fisher Scientific instruments). See Section 8.1, “Thermo Data’.
.D directory (Agilent instruments). See Section 8.3, “Agilent Data’.
.LIFT or .D directory (Bruker instruments). See Section 8.5, “Bruker Data’.

.RAW directory (Waters QT OF instruments). See Section 8.2, “Waters’'Micromass (MassLynx) Data”.

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

.RAW directory (Waters QT OF instruments). See Section 8.2, “Waters’'Micromass (MassLynx) Data”.
\WIFF file (AB/Sciex QSTAR and QTRAP instruments). See Section 8.4.1, “QSTAR or QTRAP".
.T2D file (AB 4700/4800 series). See Section 8.4.3, “ABI 4700/4800".

.RUN folders from Shimadzu instruments. See Section 8.6, “ Shimadzu Data”.

XMSfilesfrom Varian instruments. See Section 8.7, “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 pre-processing tools built into the software designed to maximize
identification results. Listed below are the requirementsto load raw data from each supported vendor.

8.1. Thermo Data

RAW datafrom Thermo Fisher Scientific mass spectrometers can beloaded, provided that the X Calibur software or the
Thermo M SFileReader package isinstalled on the same computer as PEAKS. The PEAK'S Configuration Wizard can
download and install M SFileReader automatically (see Section 2, “Instrument Selection”). M SFileReader is publicly
available and can be found at the following link:

http://sjsupport thernofinnigan com peg/file/NSFileReader zip
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Note
Install 64-bit M SFileReader with 64-bit PeaksStudio, and 32-bit M SFileReader with 32-bit PeaksStudio.

8.2. Waters/Micromass (MassLynx) Data

Two ways can be used to load Waters's . r aw data.

Library Level Support -- wol . exe.

RAW data from Waters instruments can be imported provided that MassLynx 4.1 software isinstalled on the same
computer as PEAKS. MassLynx 4.0 users can download a different version of wol f . exe. Command line can be
used to convert raw filesto mzXML with wol f . exe. Thefile[ Peaks installation directory]/wol f.exe can
be replaced with the program compatible with MassLynx 4.0. For links to different versions of Wolf visit the link
below:

htt p: //ww. bi oi nfor. com peaks/ support/formats/ peaks-wat ersm cronass- massl ynx-dat a. ht m

Converter Level Support - massWl f . exe

Note

If you want to use massWolf in PEAKS, please make sure massWolf isinstalled correctly and works from
command line on your computer.

If you have massWolf installed on your computer and prefer to use massWl f . exe to convert the.. r aw data, define

-
the converter in the Preferences dialog. Click the “Preferences’ toolbar icon Q or select Preferences from the
Window menu to open the “ Preferences’ dialog. Clicking the “ Waters(.raw)” option under the“ Raw file convertor”
section on the left will show the preferencesfor masswolf. Point to thelocation of masswl f . exe on your computer
and enableit.

Waters{.raw)

Enable the MassLynx Converter (Mass\Waolf)

Location
D:'\MassLynx ConverterymassWolf. exe | Browse
Options
centroid
nolockspray

8.3. Agilent Data
Agilent Q-TOF data can be loaded provided that MassHunter software isinstalled on the same computer as PEAKS.

Adgilent lon Trap data can be loaded provided that CompassXtract is installed on the same computer as PEAKS. The
spectral data will be contained in the . yep, . baf, orfid file. Select the . D folder (containing . yep and . baf file)
and the . LI FT folder (containing fi d file) during the data loading step. To load all fid files at once, select the top
level folder to load them.

CompassXtract 3.1 isreadily available on the Bruker Daltonics web site. Y ou may need to contact your Bruker repre-
sentative to obtain CompassXtract 3.1. See Section 8.5, “Bruker Data”.
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8.4. Applied Biosystems/Sciex Data

8.4.1. QSTAR or QTRAP

ABI data can beloaded into PEAK S provided the required convertersareinstalled. Analyst QSisrequired for QSTAR
data; Analyst 1.4 is required for QTRAP data; and AB SCIEX MS Data Converter is required for ABI 5600 data.
PEAKS Configuration Wizard can download and install mzWiff automatically. AB SCIEX MS Data Converter can
convert MS data from any AB SCIEX instruments to neM. or MGF format that PEAKS can load readily. AB SCIEX
MS Data Converter can be downloaded from the following link. Please see the specified software package to find out
the requirements for it.

http://ww. absci ex. conf downl oads/ sof t war e- downl oads

8.4.2. Converters for WIFF

Three Wiff converters are supported by PEAKS: AB SCIEX MS Data Converter, mzWiff, and MSX

Note

Before defining the converters in PEAKS, please make sure these software packages are installed correctly
on your computer and that they convert successfully from command line on your computer.

To set WIFF related preferencesin PEAKS, open the “ Preferences” window by clicking the “ Preferences’ toolbar icon

-
Q or selecting Preferences from the Window menu to open the “Preferences’ window. Select “ABI (.wiff)” from

the “Raw file convertor” section on the |eft side to display the preferences for ABI instruments.
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ABI{. wiff)

@ AB SCIEX MS Data Converter

Location
D:VWAB SCIEX\MS Data Converter\ABE_SCIEX_MS_Conwverter.exe Browse
Options

Centroid /@) Profile

mzWIFF

mzWiff Location

Browse

Options
Survey Spectrum Centroiding Product Spectrum Centroiding
Product Spectrum Deisotope Precursor Charge Determine
MSX conwverter
Location
0 \MSK\msx . exe Browse
Options
ABI raw filed may contain serveral samples, do you want to merge all the samples into one data set?
Yes @ Mo
| Survey Spectrum Centroid | Product Spectrum Centroid

Select one of the converters as the default converter for WIFF file loading.

AB SCIEX MS Data Converter. Click Browse to tell PEAKS the location of the raw file converter. Select the
preferred mode of raw datato load. Thisisauseful option for ABI 5600 instruments.

mzWiff. Click Browseto tell PEAKSthelocation of the raw file converter. Select “ Survey Spectrum Centroiding”
and/or “Product Spectrum Centroiding”, if centroiding has been performed on the survey spectrum and the product
spectrum, respectively, before loading it into PEAKS. Thisisimportant to ensure PEAKS' optimal performance.

MSX. Click Browseto tell PEAKS the location of the raw file converter. Select “ Survey Spectrum Centroid” and/
or “Product Spectrum Centroid” if centroiding has been performed on the survey spectrum or the product spectrum,
respectively, before loading it into PEAKS.

8.4.3. ABI 4700/4800

T2D files can be extracted and imported into PEAKS with a free tool created by BSI. The PEAKS Configuration
Wizard can download and install the AB 4X00 Extractor automatically (see 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 another machine that has direct network access to the 4700 SERVER. There cannot be afirewall
or proxy between the computers. Windows 7 or Windows XP is recommended for use of thistool.
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Configuration. Start the ABI 4700 converter tool. Choose Settings from the File menu. Configuration requires the
following:

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

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

» Usernameto access the Oracle database: most likely does not need to changed (the default is “tsquared”).
» Password to accessthe 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 this viamenu File | Load 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
aspot set, click OK to open it. The job run information of the spot set will be shown.

3. Select ajob torun: Thereisabutton 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 a filename to save: After clicking the Convert button, the user needs to input a file name and the peak
lists of the selected job run will be exported.

8.5. Bruker Data

.Dand. LI FT directories from Bruker mass spectrometers can be imported provided that the CompassXtract Runtime
library isinstalled on the same computer as PEAKS. The spectral data will be contained in the . yep, . baf, or fid
file. Select the . D folder (containing . yep and . baf file) and the . LI FT folder (containing fi d file) during the data
loading step. To load al fid files at once, select atop level folder.

CompassXtract 3.1 can be downloaded from Bruker Daltonics web site. Y ou may need to contact your Bruker repre-
sentative to obtain CompassXtract 3.1.

Note

PEAKS 7 supports CompassXtract 32 bit version only. Please contact <suppor t @i oi nf or . con for support
on Bruker data loading.

Instrument Preferences for Bruker Data.  To set Bruker data related preferences in PEAKS, open the “Prefer-

-
ences’ window by clicking the “Preferences’ toolbar icon O or by selecting Preferences from the Window menu.
Click on “Instrument” and then “Bruker (.yep/baf, fid)” on the left hand side. This will show the Bruker instrument
preferences on the right hand side.

Bruker({.yep/baf, fid)
Raw File Convertor Options
Bruker file reader will export @ Raw data Line spectra

Bruker .fid file may contain several files, do you want to merge them? (@) yes no
CompassXtract by default will export raw data. If the attempt to load raw data resultsin no spectra, then choose “Line

spectra’. A Bruker . fi d file may contain several samples. By default, these samples are not merged into one data set.
Select “Yes’ to merge all the samplesinto one data set.
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8.6. Shimadzu Data

RUN files from Shimadzu mass spectrometers can be loaded provided that the Shimadzu software isinstalled on the
same computer as PEAKS.

Instrument Preferencesfor Shimadzu Data.  To set Shimadzu datarelated preferencesin PEAKS, open the “ Pref-

e
erences’ window by clicking the “ Preferences’ toolbar icon O or by selecting Preferences from the Window menu .
Click “Instrument” and then “ Shimadzu AXIMA (.run)” in the menu on the left. Thiswill show the Shimadzu instru-
ment preferences on the right side. Click Browse to tell PEAKS the location of the Shimadzu r un2xni . exe file.

Shimadzu AXIMA(.run)

Shimadzu run2xml.exe File Location

| Browse |

Note

Shimadzu r un2xni . exe can not read datafiles containing spaces or non-english charactersin its path.

8.7. Varian

A conversion tool is embedded into Varian's data acquisition software which allows the conversion of Varian raw
datainto . pkl filesthat can beimmediately read by PEAKS.

The. t rans datafilesare converted in Varian programs by clicking File | Save Asand selecting the . pk! fileformat or
by clicking File, right clicking Export and selecting .pkl. If you are viewing a chromatogram with the Varian software,
al 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 data that has not been preprocessed will produce better results when using the preprocessing options
native to PEAKS.

Instrument Preferencesfor Varian Data.  Toset Variandatarelated preferencesin PEAKS, openthe* Preferences’

L
window by clicking the “Preferences’ toolbar icon $ or by selecting Preferences from the Window menu. Click
“Instrument” and then “Varian (.xms)” on the left. This will display the Varian instrument preferences on the right
side. Click Browseto tell PEAKS the location of the xni r ai . exe file.

Varian{.xms)

Default xmirai.exe Location

Browse

Note

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

8.8. PEAKS 6 Projects

Projects created in PEAKS 6 software can be opened in PEAKS 7. To convert the project to aPEAKS 7 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 dialog box will pop up.
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i h This project was created by an older version of PEAKS. Do you want to convert it now?

Mo, thanks

Choose Y es to convert the project and proceed. The following “Project Converter” dialog will appear.

Converted Projects EampleProject_uersiun?_ﬂ

Project Location D:\test\ConvertedProjects

0%

Browse

Start

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

For PEAKS 5.x projects, you need PEAKS 6 to convert these projectsinto PEAKS 6 projects first, then use
PEAKS 7 to convert the PEAKS 6 projects to PEAKS 7 projects.

Note

The project converter is designed to convert PEAKS 6 projects so that they can be viewed in PEAKS 7, but
further analysis on the converted projects are strongly discouraged.

9. Changing the Default Project Location

If many projects are to be created, it is convenient to change the default project location to the directory where all the

projects are stored. Please make sure this folder is readable/writable by PEAKS.

1
Click @ from the toolbar. The following "Preference” dialog pops up.

T Gernera

Display Options
Default Input File Directory
RMI Connections

Ditest
Derby Database
Default Project Folder
& Raw file convertor
Di'test

ABI(.wiff)

2. Select "Genera" in the in the "Preference” dialog and click the Browse button below "Default Project Folder” to

specify the default project location.

Browse

Browse
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Chapter 5. Data Visualization

1. Overview

After the project is created, the spectral data can be visually examined. For atypical LC-MS/MS fraction, three views
are provided:

* MS - this view shows the TIC (total ion chromatogram) plot and all the MS scans. For each M S scan, the corre-
sponding MS/M S scans are al so displayed.

* MS/IMS- thisview listsall the MS/IM S scans. For each MS/M S scan, the corresponding M S scan is also displayed.

e LC/MS - this 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 adatafile by double clicking the data node on the project tree, the choice of different views can be made
by choosing different tabs at the upper-left corner of the data view window.

IDHG " & 1% PdQwW

ect View art Page X OrbiSample. RAW X
D: ftest/OtherProjects/Mew Project 12

M TIC . Intensit:
£ Sample 1 ) -

- DATA REFINE 1 [2013-09-04 12:19]
- by DENOVO 2 [2013-09-04 12:27]
----E PEAES 3 [2013-09-04 12:27]

----“‘a PEAKS PTM 4 [2013-09-04 12:22]
-3 SPIDER. 5 [2013-09-04 12:27]

- X1 ¥TAMDEM 10 [2013-09-04 17:28] —

s . - ———

2. MS View

The MS View containsthe TIC and all the scans. The total ion chromatogram (TIC) is displayed on the left of the MS
view. The navigation buttons are circled in the figure. To collapse the TIC chart, click the left navigation button. To
navigate the survey scans, use the up and down navigation buttons. The survey scans can also be navigated by using
the up and down arrow of the keyboard. Clicking on a specific position in TIC will display the corresponding survey
scan. The tandem scans associated with the current survey scan are shown in the bottom right panel.
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StartPage X
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The survey scans and tandem scans provide a few convenient ways to zoom and navigate the spectrum:
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Zoom to an m/z region - click the desired start m/z and drag horizontally to the desired end m/z, rel ease 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.

I ncrease/decr ease the peak intensity - place the mouse pointer on the spectrum, scroll the mouse wheel button.

See the whole 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. For each MS/MS scan, the list of identification results,
the spectrum, the LC/MS view zoomed in to the area pointing to the spectrum, ion match table and its survey scans
are shown on the right. Zoom options are the same as described in the “MS View” section.
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The LC/MS view shows the distribution of LC-M S signal S/features as a heat map. Placing the cursor on the heat map
will show the m/z value and retention time of that point.
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The LC/MS view provides various convenient ways to zoom and navigate the LC-M S features in the data:

Move to 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, release 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, release the mouse button.

Moveto a specific Heat Map area from Thumbnail: current view range of the heat map is shown as a rectangle
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, release the mouse button.

Jump to a specific Heat Map area: provide approximate m/z and RT values separated by a space in the Locate:
m/z RT box and hit the Enter key to zoom in to an area centered at the specified m/z and RT value.

Zoom in/out from Thumbnail: place the cursor on Thumbnail, scroll the mouse wheel button.

Zoom infout smoothly: place the mouse pointer at a particular (m/z value, RT) position, scroll the mouse wheel
button.

Moveto a specific RT range: click the mouse cursor on TIC or RT axis, hold and drag the cursor until the desired
rangeis reached.
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e Zoom to a specific RT range: place the mouse cursor on TIC or RT axis, scroll the mouse wheel button.

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

e Zoom to a specific m/z range: place the mouse cursor on m/z axis, scroll the mouse wheel button.

e Change contrast of the Heat Map: place the mouse pointer on the heat map, press and hold Ctrl key, and scroll
the mouse wheel button.

e Change peak height in the 3D intensity mode: place the mouse pointer on the heat map, press and hold Ctrlkey,
and scroll the mouse wheel button.

» View thewhole Heat Map: click the 1:1 button in the control.

* Move Back/Forward to previously specified Heat Map area: use the Back and Forward buttons in the control
to navigate the previously specified heat map areas.

The Heat Map view offers various controls to study the LC-MS 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. Once selected, the Heat Map view will reflect the changes.

1E3 1E7
1E7

1E6

1ES

1E4

1E3

100

10

0

4.2. Show/Hide Features

To view the detected LC/MS features, mark the Features checkbox in the control. The features detected during the
data refinement steps will be highlighted by small red diamond-shaped points on the heat map. Placing the cursor on
such afeature point will show the boundary of the feature using a red polygon and display the information regarding
the monoisotopic m/z, mean RT, charge state of the feature, and the total area under the XIC curves of the feature
in apop up window.
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4.3. Locate M/Z and Retention Time

Input M/Z and retention time such as "618.88 50.5" in the following text box |
Z retention time) position in the LC/MS view.

to locate a (M/

4.4. Synchronize LC/MS View between LC Runs

Use the & button to synchronize LC/MS view between different different LC runs. When the LC/MS views are
synchronized, the (M/Z, retention time) 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 highlight the scans with associated tandem scans by marking them with tiny
blue squares on the heat map. Place the cursor on an MS/MS spectra indicator to view the precursor m/z, RT and
precursor charge state information in a pop up window. Click an MS/M S spectra indicator to view the spectrumin a
pop up window. Theindicator for that selected spectrawill turn into asmall red square.
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4.6. Intensity View

In addition to the heat map view, PEAKS aso 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 zoom and navigate easily.
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4.7. Export LC/MS

Click < button on the LC/MSS control options to export the LC/MS heat map or intensity view in PNG format.

Scale: (@ 1% (2 (o4 (ax

Save to: |D:‘|,test1|.lcn'|s.png

|| Browse |

| Export || Cancel |




Chapter 6. Adding a Sequence
Database

1. Configuring Sequence Databases

PEAKS has the ability to search through a database to identify proteins using the PEAKS DB function. In order to
use this function, PEAKS must have access to a protein or EST database in FASTA format (the standard format for
popular public sequence databases). PEAKS can be configured to use existing databases on the system or download
them from public servers. Additionally, taxonomy options may be specified for certain databases.

To add a sequence database, click the ™ % icon in the main toolbar and select “ Database” from the left-hand side. This
will open the database configuration dialog. 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.
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Enzyme Database List

[UniPrat_SwissProt]

FTM™

Labeled Q Method

Instrument

Database Details

FASTA format database: :NCEI nr - Validate Database ] [ Export Decoy DB ]
Basic Options
Database name: Validated
Path: [ Browse ] ar [ Download ]
[T] EST database

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

Wai\[\d ™)
Rule to parse description from FASTA title:

s+

Accessionfid URL:

http: /fwwew.ncbi.nlm. nih, gov fentrezfviewer, frgi?db=proteinfval= | <Accession/ID=
Delimiter: s+ =Y

Taxonomy Options

taxonid [ Browse ] [ Download ]
taxdmp [ Browse ] [ Download ]
{ Mew |[ Add/Update H Delete H Help ]

Close

Follow these steps to configure a database:

1. Select the database format from the “FASTA Format Database” drop-down list, or select “Other” if the desired
format is not present. If “Other” is selected you must enter custom parse rules.

2. Inthe “Basic Options’ section, enter a name for the database. If the database FASTA file is aready on the local
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.

3. 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 pressed, click OK on the dialog detailing the copy to the clipboard.
Next, open abrowser and paste the URL into the address bar. When the file download window opens, click Save.

4. Once the database has been downloaded, check to see if it is compressed. If so, extract the file using a program
such as WinZip, or WinRar. The desired resultisa FASTA format text file (. f as or . f ast a fil€).
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Move the database file into a directory that PEAKS can access.
Click Browse in 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’. If not, ensure that it is left
unchecked.

Based on the selected format from the “FASTA Format Database” list in Step 2, the accession number information
and parsing rules for the database headers are automatically entered in the textboxes in the “ Advanced Options-
Fasta Title Format” section below.

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

. Click the Add/Update button to save the configured database. The database namewill appear inthe“ 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.

To be ableto run PEAKS DB using a specific taxonomy, corresponding files must be downloaded and then referenced
by 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 which has been identified as the location of the desired taxonomy file. To invoke the default FTP client
software and download the file automatically, click OK. Click Cancel to copy the URL to the system clipboard. If
Cancel was selected, click OK on the dialog detailing the copy to the clipboard. Next, open abrowser 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 a location that is accessible by PEAKS. Please note that it is not
necessary to decompress the taxonomy files.

Now that the taxonomy files have been 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 the files.

2. Databases to be Used in PEAKS' inChorus Function

The database configured here will also be used in the PEAKS' inChorus function to 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!Tandem - At the time of writing, X! Tandem has difficulty in searching through large databases and may crash.
It is therefore suggested that X! Tandem only be used with small databases. If used with a large database, a taxon
should be specified. When using NCBInr or SwissProt databases with X! Tandem it is best to use a sub-taxonomy.

OM SSA - At thetime of writing, OMSSA cannot be used with databases that are not in NCBI or SwissProt format
in away that is available to inChorus. Also, abug in OMSSA prevents easy use of databases with OMSSA when
they are stored in a folder that contains a space or non-english characters in its path. This creates problems when
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PEAKS creates temporary 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 databasefile asncbi nr. f as, or ncbi _nr. f as rather
thanncbi nr.fas.

M ascot - The database used by Mascot hasto beidentical to the database configured in PEAK Sin order for inChorus
to parse Mascot results correctly.




Chapter 7. Data Refinement

1. Overview

Raw LC-MS/MS data often contains noise, redundancy, as well as errors due to sample preparation and instrument
approximation. The PEAK S Data Refinement tool can be used to improve the overall quality of the data. All or some
of the following functions can be applied to the data in a project according to the user's requirements. Correct data
refinement, especially the precursor m/z correction, can often result in significant improvement in the final analysis
result.

* Merging scans: MS/MS scans from the same precursor m/z and at asimilar retention timewill be merged together.

» Precursor m/z correction : the precursor m/z values given by some instruments are often not of the monoisotopic
ion. This creates problemsin downstream analysis. By examining theisotope shapesin the corresponding M S scans,
this function can accurately adjust the precursor m/z to be equal to the monoisotopic ion m/z.

» Precursor charge correction : occasionally the data provides wrong or no charge information for the precursor
ions. This function attempts to correct the charge information.

» Low quality spectrum removal : thisfunction attempts to remove the "junk" spectra. Thiswill save some analysis
time. Use this function with caution as it may also remove a small portion of identifiable spectra.

» Centroiding, charge deconvolution, and isotope deconvolution : centroiding the peaks and deconvolution of
multiple charge ions to singly charged ionsin the MS/M S scans.

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

1 :
Select a project, sample or afraction node. Click the data refinement button on the tool bar.

IO S LY LT

2. Specify the data refinement parametersin the popup dialog and click OK. Most of the parameters are self-explana
tory and the default parameters provide a good starting point for the analysis.

3. Wait for the analysis to complete. A new Data Refinement node will appear in the project tree. Later analysis on
this fraction will be based on the refined data.
n Project View
= -l D:ftest/OtherProjects Mew Project 12
= J1 sample 1

2. Data Refinement Parameters

After selecting a data node in the project tree, click the data refinement toolbar icon . The “Data Refinement
Parameters’ dialogue window will appear:
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Data Refinement Predefined parameters | default W
[[]31erge Scans
Retention time windaw (for raw files only): min
Precursor mfz error tolerance: @ Da pprm

Merge CID and HCD scans together
Correct Precursor
(®) Mass only {recommended)
() Mass and Charge states
Min charge: | 15| Maxcharge: | 3 3
[ ] Filter Scans

Only keep scans satisfying:

Precursor mass between and Da
Retention time between and miir

Quality value greater than (suggest 0.65

Ok Cancel Help

* Merge Scans
Retention Time Window: The maximum retention time difference between two spectrato be merged.
Precursor m/z Error Tolerance: The maximum difference in m/z between two spectrato be merged.

Merge CID and HCD scans together: When merging scans, the scans of different fragment type will not be
merged. If users want to enforce merging CID and HCD scans, please check this check box.

» Correct Precursor
Mass only: Correct the precursor's mass.

Mass and Char ge states: Correct the precursor's mass and charge. It is suggested to use this option only when the
precursor charge information is missing in datafiles.

Min Charge: The minimum charge a precursor ion can be corrected to.
Max Charge: The maximum charge a precursor ion can be corrected to.
* Filter Scans
Precursor Mass Range: The precursor mass region to select scans for further analysis.
Retention Time Range: The retention time region in minutes to select scans for further analysis.

Quality Threshold: The spectrum quality threshold to select scans for further analysis. The recommended value
is0.65. Thisis a percentage.
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Note

Data pre-processing (centroiding, deisotope, 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, you can save them for future use. Click the drop-down list at the top-right of
the window, select "Save as..." and define a name for these preferences for future use/reference when prompted. Any
parameters that are saved will be available in the drop-down list at the top of the window. To examine the contents,
select a saved parameters file and the parameter values will be automatically displayed.
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Chapter 8. Peptide De Novo
Sequencing

1. Overview

De novo sequencing derives the peptide sequence from the tandem mass spectrum without the need of a sequence
database. It is the 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 amoderate PC and even faster on servers.
» Easy-to-use user interface

PEAKS generates a comprehensive result summary and provides interactive views of annotated spectra.
e Support of all major instrument types

PEAK S supports de novo sequencing of spectra generated by all instrument types (Orbitrap/FTMS/lon Trap/Time-
of-Flight/Quadrupole) in common fragmentation modes (CID/HCD/ETD). PEAKS can aso perform de novo se-
guencing on complementary CID/HCD/ETD spectral pairs or triplets.

* Automated result validation

PEAK Sassignsalocal confidence scorefor each amino acidin de novo sequences. Thelocal confidence scoreranges
from 0% to 99%, indicating how confident the algorithm considers a particular amino acid is correctly sequenced.
Moreover, the peptide sequenceis evaluated by 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 PEAK S de novo sequencing algorithm, please refer to the initial 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 amanual de novo sequencing tool to assist in the
manual interpretation of individual spectrum.

Note

Refer to Section 8, “Manual De Novo Sequencing”

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

Note

Refer to Section 1, “Overview”
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The use of automated de novo sequencing is outlined below. For detailed information, please refer to later sections.

=

@U@ f@iﬁ%ﬁwow
£+ JL Sample 1
'_' Sample 3

1. Selectadatanodein"Project View". The selected node can be afraction, asample, or aproject. PEAKSwill analyze
I Project View
=y FLESA-GIUC-1.RAW
=4, F2:BSA-LysC-1.RAW
LAY
=4 F3ESA-Trypsin-1. AW

all fractions under the selected node. Launch PEAK S de novo by clicking the "Auto De Novo" button in thetoolbar.
& i
‘. @ DATAREFINE 1 [2013-10-22 11:06]
‘. @ DATA REFINE 2 [2013-10-22 11:06]
‘. @ DATA REFINE 3 [2013-10-22 11:06]

Note

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

2. Specify the de novo sequencing parameters in the pop-up dialog. 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 the analysisto finish. A new result node will appear in "Project View". Double click the node to examine
the de novo sequencing result.

I Project View L DEMOVO 4 [2013-10-22 11:14] X
E|$_ D:/ESA . :
AFYDENCVO 4 [2013-10-22 11:14] [ = 4u1-10000f1706 - B |EBo%
5 L T —— : _
. B4, FLBSA-GUC-LRAW A Sean RIS
‘.. @ DATA REFINE 1[2013-10-22 11:06] o L1 LLKHKPKATE
E}& Sample 2 z 2 F3:893 C{+57.02)C{+57. 02 TESLYMR
{ Bl F2:BSA-LysC-1LRAW E 3 F1:1490 KKFWEKYLYE
_ i @ DATA REFINE 2 [2013-10-22 11:06] = & F1:336 FVTEC(+57.02)C{+57.02TE
E}J_k Sample 3 5 Fl:441 LTEVHEKE
Bl F3:BSA-Trypsin-1.RAW g B F1:574 LLKHKPKATEE
i @ DATA REFINE 3 [2013-10-22 11:06] 7 F1:2142 VSVLLRLAKE

2. De Novo Sequencing Parameters

After selecting a data node in the "Project View", click the PEAKS de novo toolbar icon Eﬁ The PEAKS de novo
parameters dialog will appear:
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De Movo

Error Tolerance

Precursar mass: 15.0

Enzyme
.Speciﬁed by each sample

PTHM

Predefined parameters |

0.05

PPm Fragment ion: Da

-

|F| carbamidomethylation
") Oxidation (M)
m Deamidation (MQ)

Set PFTM

Switch type

General Options

Report up to

Maximum allowed variable PTM per peptide | 315

5 -+ | candidates per spectrum

Ok

H Cancel I I Help I

2.1. Error Tolerance

Precursor masstolerance: PEAKS de novo generates peptides within the precursor mass tolerance. Precursor mass

tolerance can be specified in either Daltons or ppm.

Fragment ion m/z tolerance : 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 tolerance.

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

Note

When the selected data node is a project of multiple samples generated by different instruments, default
parameters of the first sample is 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 list. PEAKS de novo respects the enzyme specificity

at both ends when generating peptides.

Note

When the selected data node is a project of multiple samples, " Specified by each sample” allows samples to
be analyzed separately using their respective enzyme specified during project creation.
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Note

"None" is a special enzyme allowing non-specific cleavage at both ends of the peptide. It is recommended
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” dialog.
Mame ‘ Mono mass Residue site Selected !'_D{BII PTM_
F | Carbamidome thylation
4-hydroxynonenal (HNE) 156,1150 [CHK] ) -
Acetylation (K) 42.0106 [K]
Acetylation (N-term) 42,0106 [¥]aEn
Acetylation (Protein N-term)  |42.0108 [X]am
Amidation -0.9540 []@C
Ammonialoss (C@N-term)  |-17.0285 [clan =z
Ammonia-oss (Protein M-term) [-17.0265 [T5]@m
Beta-methylthiolation 45,9877 [C]
Biotinylation 2260776 K], [¥]@M
Carbamidomethylation 57.0215 [c]
Carbamylation 43,0053 K], [¥]@M
Carboeylation (E) 43,9858 [E]
Carboxymethyl 58.0055 [c] Selected Variable PTH
Citrullination 0.5840 EY] V) Ouidation (M)
Deamidation {NQ) 0.9840 MNG] ) Deamidation (NGQ)
Dehydration -18.0106 [OvTs], [NQl@C
Dimethylation 28.0313 [KRN], [X]@EN
Dioxidation (M) 31,9898 M1
FAD 7831415 [CHY] =>
Farnesylation 204, 1878 [C]
Formylation 27,9943 [K], [¥]@M
Formylation (Protein N-term) (27,9944 [X]@n
Geranyl-geranyl 272.2504 [€]
Guanidination 42.0218 [K]
HexMAcylation (M) 203.0754 ] W
Recent | Common | Uncommeon | Artifidal | Customized View New Remave Remove Al Switch Type

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 post-trandational
maodifications, modifications induced in standard sample preparation, and common artifacts.

e Uncommon

The "Uncommon" list contains less commonly observed modifications including rare post-translational modifica-
tions, residue substitutions, and rare artifacts.

» Artificial

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

In this dialog, there are two other lists of modifications:
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¢ 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
anaysis.

e 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:

« A fixed modification forces al instances of applicable residues to be modified. For example, when car-
bamidomethylation (C+57.02) is selected asafixed modification, all cysteineresiduesin 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 residues in the result will be modified.

Note

For aspecific residue, only one fixed modification is allowed. If more than one fixed modification is selected
for the same residue, PEAK S will warn about conflicting fixed modifications. The warning message can be
ignored, and only the first 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 se-
guencing algorithm. It is recommend not to select too many variable modificationsin PEAKS de novo.

Note

Leucine (L) and Isoleucine (1) cannot be directly distinguished in mass spectrometry since the two residues
have exactly the same mass. For that reason, PEAK S usesL in de novo sequencing to represent both | and L. If
auser-defined modification modifies|, it should be defined on L instead. When | is defined as amodification
site, the modification site will be ignored by the de novo sequencing algorithm.

FTM name: Carbamidomethylation
FTM abbreviation: Carbamidomethyl
Mass (Monoisotopic): 57.021465
Residues that can be madified: |C Anywhere
® peptide protein M-term
C-term
Formula: H(3) C(2) N(1) O(1)
Rule:
Help

Double clicking any of the PTMswill display the PTM detailsin the“PTM Info” popup dialog. The same information
can be viewed by selecting a PTM from alist and clicking the View button. If a desired modification is not listed or
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is different to the listed modification, it can be defined as a customized modification. Click the New button to show
the “New PTM” dialog 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 sequences PEAKS will
report per spectrum.

Implicit Parameters.  Instrument Typeand 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 list,
select "Save as ...", and enter a name for the current set of parameters to save it. Saved parameters are available for
future analysis. Y ou can load a set of saved parameters by selecting from the " Predefined parameters' drop-down list.

3. Understanding PEAKS De Novo Sequencing Results

When de novo sequencing is done, PEAK S attaches aresult node to the analyzed datain "Project View". Double click
the node to load the analysis report. The analysis report is presented in three pages:

» Summary: Outline of PEAKS de novo sequencing result with key statistics. It also provides functions to filter and
export de novo sequences.

» De novo: De novo peptide sequences listed in the table. Spectrum annotation and other detailed information are
provided.

* LC-MS: De novo peptide sequences visualized in an interactive LC-M S heat map.

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
be filtered out by specifying aminimal 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 to 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: 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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ENOVO 4 [2013-10-22 11:14] X ]
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2. Result Statistics

Figure 1. (a) Scanerplot of peptide ALC score versus precursor mass error; (b) Distribution of residus local confidence in filtered result. @
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Table 1. Statistics of data and result. Table 2. Result filtration parameters.
% of MS Scans 4751 ALC score =50%
# of MS/MS Scans 5152
Peptides after filteration 1706
3. Other Information
Table 3. Search parameters. Table 4. Instrument parameters.
Parent Mass Error Tolerance: 15.0 ppm Fractions: BSA-GluC-1 RAW BSA-LvsC-1 RAW BSA-Trypsm-1 RAW
Fragment Mass Emror Tolerance: 0.05 Da Ton Source: ESI(nano-spray)
Enzyme: Specified by each sample Fragmentation Mode: CID, CAD(y and b ions)
Fixed Modifications: MS Scan Mode: FT-ICR/Orbitrap
Carbamidomethylation: 57.02 MS/MS Scan Mode: FT-ICR/Orbitrap

Wariable Modifications:
Omidation (M): 15.99
Deamidation (NQ): 0.98

Max wvariable PTM per peptide: 3

Report # peptides: 5

Data Refine dependencies: 12 3

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

The de novo view displaysthe de novo sequencing resultsin greater detail, as shown in the next figure. The table on the

top displays de novo sequences, and the bottom section provides additional information about the peptide-spectrum
match.
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3.2.1. Peptide Table

The peptide table shows the filtered de novo sequencing result. For each scan, the best candidate is displayed. The
result can be sorted by any column. For example, 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:
» Scan: Scan number. The scan humber is a unique index for tandem mass spectrain the data.

* Peptide: Amino acid sequence of the peptide as determined by de novo sequencing. A modified residueisfollowed
by a pair of parentheses enclosing the modification mass.

» Tag Length: 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 (%): Average local confidence. ALC is calculated as the total of the residue local confidence scores in the
peptide divided by the peptide length.

e m/z: Precursor mass-to-charge ratio.

 z: Precursor charge.

* RT: Retention time (elution time) for the spectrum as recorded in the data

» Mass: Monoisotopic mass of the peptide

* ppm: Precursor mass error, calculated as 10° x (precursor mass - peptide mass) / peptide mass.
» PTM: Types and numbers of modifications present in the peptide shown as color-coded icons.

* Mode: Fragmentation mode in which de novo sequencing is performed by the algorithm.
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Confidence Scores.  Amino acids in de novo sequences are color-coded according to their local confidence scores.
Red represents a very high confidence (greater than 90%); purple 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 mouse
cursor over the sequence to view local confidence scores of each individual amino acid.

F3:1921 GHPEYAVSVLLR
F1:1559 FKDDAAC(+57.02)C{+57.02)KDVFARGE
E::ﬁ_i ;;‘; GHPEYAVSVLLER

: =iy
F3:1717 LSH 535198999998 9896 95937 3495(%)
F3:2254 LGB TIRLCC VTS

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

threshold using the button o . If thescoreisset a O, al of the amino acidsin the peptide sequenceswill 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.

| ah 71%

shaow mass tag for confidence less than: Peptide

i U W[125. 1
| 0 10 20 30 40 50 &0 70 S0 90 (%) -

—|{ Color code: »202% 50-20%: 60-80% <60% |

8 |[HSTVFDNLNP[497.2]
10 | [1141. 5]LAMVPSCGV[374. 1]

Moadifications.  In the Peptide column, modifications are shown as brackets in peptide sequences. Consider the
example, SHV +15. 99) TNLNGNPEDR, ( +15. 99) showsthe methionine (M) residueis modified with delta mass of 15.99
Da. In the PTM column, modifications in a sequence are shown as icons. Hover the mouse 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, subsegquence, 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.

w scan = | search (O @9 @D noresults
P scan= ppm

seq contains [N -
-3.7 )

myz = =7

RT = -3.8

PTM Am = -L5
-1 8

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).
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3.2.2. Spectrum Annotation

The spectrum annotation displays a graphical representation of the peptide-spectrum match.
Sequence =LLKHKPKATE, Tag Length=10, ALC=99%, ppm=-3.6 | All candidates

ITtDnla:ln_sit':-f {e) L E‘ﬁﬁﬁﬁﬁﬁﬁJ E

Y7
310,45
S0 Y5
545,29 Ve
673.39 va
b4-Hzo 938.54

> Y7-H20 ba

Y2-H20 474320 bS 1 onaa| be 1017.65
620,42
231.12 Va 20.42 916.61
448,24 ‘
: ||.|| ol JI | . | I_.“ . r | !h .! ]l I.I. | r ITI,IIE
200 400 G000 oo 1000 1200
% .'.n | 1:1 | % | 2y | ErrTal: 0.05 Da Preprocess low intens. label

The title bar shows the information of the peptide sequence that is being displayed in the spectrum. Press the “All
candidates’ button to open a pop-up window that displays all alternative peptides. Click on a peptide sequence in the
pop-up window to select and display the annotation.

Sequence =LLKHKPKATE, Tag Length=10, ALC=99%, ppm=-3.5
A

Y7
i 5 peptide sequences x
Peptide Tag Lenath ALC (%5) ppm  Mode ¥
LLEHKPKATE 10 e -3.6 CID
LLEHKKPATE 10 Q0 -3.6 CID
LLEHKPAKTE 10 83 -3.6 CID
50 LKLHKPKATE 10 82 -3.5 CID
LLEHKAPKTE 10 71 -3.6 CID
D0/3.39 Ve
b4-Hz0 938.54
> Y7-H20 bo
Y2-H20 474.32 6?%543 792,44 | bB 1017.65
231,12 W i 916,61
448,24 ‘
: I||I| .quul JI L '| | —- ||| ||I | !h .! ]I I.L | |TI||I2
200 400 &0 ana 1000 1200
% .'_- | 1:1 | 2% | ¥ | ErrTol: 0.05Da Preprocess low intens. label

Moving the mouse cursor over the peptide sequence in the spectrum will show the mass transitions for a particular

amino acid residue.
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Moving the mouse cursor over a peak in the spectrum will show the annotation and the peak's m/z ratio and relative
intensity. Them/z ratio and therelativeintensity can also befound on theright bottom corner of the spectrum annotation
panel.

The spectrum annotation panel provides convenient ways to zoom and navigate within the spectrum:

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

» Zoom infout smoothly: Place the mouse 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 wheel.
» Seethewhole spectrum: Double click in the spectrum or click the 1.1 button.

The“ErrTol” isused to adjust the error tolerance to view the display of matched ions.

You can use the profile [#//'1| and peak I: buttons to switch the Spectrum View between the profile mode and the
peak mode.

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

To change the "Spectrum Annotation Preferences’, click the @\@ button to open the dialog. Refer to Section 1.4,
“ Spectrum Annotation Preferences’ for more details.

"o [ e
- H20 MNHI 2+
| p p
b 7l ] [
c ] [
x (55 ] ! ) [ [
v 1 I I N
[
z |
cH ]
internal 1]
inmoeium ]
Show Decmal Places: 25
|| miz on fragmenation
[7] m/z on unannotated
[¥] ssquence fragmentation
[¥]in place jon info
Intersity: () Low @ Medium High
[ tide | Reset defauit |

3.2.3. lon Table

The “lon Match” tab at the bottom panel of the de novo view contains the “lon Table” that shows the calculated
mass of possible fragment ions. If a fragment ion is found 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
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matching peak within the mass error tolerance, as defined in the de novo sequencing parameters, and relative intensity
of the matching peak is at least 2%. The ion types displayed in the table can be configured in " Spectrum Annotation
Preferences’ (Section 3.2.2, “ Spectrum Annotation”).

Fragment ions can be selected by clicking the headers. Selected fragment ions are highlighted in the spectrum anno-
tation and error map.

# b bH20 b#H3  Seq ¥ y-HZO | yPdHI  #
1| 116.03 | s8.02 | 99.01 o 14
2 | 230,08 | 212.07 | 213.05 M 1489.76 | 147177 | 1472.74 | 13
3 | 327.17 | 309.15 | 310.14 F 1375,71 | 1357.71 | 1358.71 | 12
4 | 455,19 | 437.18 | 438.15 Q 1278,60 | 1260.56 | 1261.66 | 11
5 | 556.24 | 538.23 | 535.20 T 1150,64 | 113262 | 1133.60 | 10
6 | 693.30 | 5675.28 | 676.27 H 1049,60 | 1031,4% | 1032.55 | 9
7 | 836.36 | 838.35 | 839.33 ' 912,52 | 89451 | 809549 | B
8 | 1015.43 | 100143 | 1002.40 Y 749.46 | 73145 | 732.43 | 7
Q| 109047 | 107247 | 1073.43 A CEG.44 | 5ol 20 | 522,32 | 6

10 | 1189.53 | 117151 | 1172.50 Y 515.35 | 497.3%4 | 498.33 | 5

11 | 1260.55 | 1242.55 | 1243.54 ) 416,70 | 398,28 | 399.26 | 4

12 | 1359.66 | 134162 | 134262 v 34524 | 32717 | 328,22 | 3

13 | 1458.70 | 1440.20 | 144167 v 246.13 | 228.17 | 229.15 | 2
14 K 147,11 | 129,10 | 130.09 1

3.2.4. Error Map

The “Error Map” 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. The ion types displayed
can be configured in " Spectrum Annotation Preferences" (Section 3.2.2, “ Spectrum Annotation”).
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3.2.5. Spectrum Alignment

The “Spectrum Alignment” displays 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.
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3.2.6. 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.
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Lo Malch | Survey
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3.2.7. LC-MS Snapshot

LC-MS Snapshot displays a zoomed-in snapshot of the peptide-spectrum match in LC-MS view. It has three modes
of viewing that can be toggled using the selection bar in the top right corner. In the 2D/3D mode, the view focuses
on the peptide feature containing the peptide-spectrum match, showing the area around the spectrum's precursor m/z
and retention time. In the All mode, the view shows an overview of the LC-MS run. The spectrum is shown as ared
square in the view at its precursor m/z and retention time.
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3.3. LC-MS View

LC-MS View visualizes de novo sequences in an interactive LC-MS heat map. Check the option "De novo tags' to
show the locations of MS/M S spectrawith de novo sequences. Those MS/M S 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 interactionsin the LC-MS heat map.
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4. Filtering De Novo Sequencing Results

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

Denovo ALC(%) = 50 - | [ Apply Fiters |[ Export ][ Notes ]

B 0000

Surnmary

Note

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

The purpose of filtering isto remove poor sequencesin which residues areincorrectly sequenced. 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 AL C threshold:

Peptide AL C Score Scatter Plot.  Figure 1(a) is a scatter plot showing de novo sequences AL C score versus pre-
cursor mass error in ppm. In atypical de novo sequencing analysis, peptides with higher ALC scores are more likely
to have a small mass error, indicating a higher chance for the peptide to be correctly sequenced. This figure provides
arule-of-thumb for setting the ALC score threshold. The threshold can be set at the score where the precursor mass

error startsto converge.
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0 10 20 30 40 &S0 G0 70 8O0 90 100
ALC score

Residue Local Confidence Distribution.  Figure 1(b) shows the local confidence score distribution of residuesin
filtered de novo sequences. It is essentially a mixed 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 AL C threshold, the number of incorrect residues will decrease because poor sequences are filtered out
first. Itisrecommended to gradually raise the AL C threshold until the number of correct residues startsto significantly

decrease.

Note

In some cases, the local confidence score may not be able to distinguishably separate incorrect 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 information 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 sequencing using spectral pairs or triples that are generated using different fragmentations.
Mass spectrometerslikethe LTQ Orbitrap Vel osis capable of generating multiple tandem mass spectrausing different
fragmentations for 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.

PEAKS automatically detects spectral pairs and 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, PEAK S |oads the fragmentation type for each tandem spectrum from the meta information encoded in the data
file. A spectral pair or triplet is detected if the following conditions are satisfied:
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e Thepair or triplet of spectra are 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 spectral pairs, CID/
HCD/ETD for spectral triplets.

[
[
|
| Create Project: |
|
|
I Project Name: ETD_HCD_Project
| Project Location:  C:'\PeaksProjects Browse...
|
| Project Structure

fo

Sample Enzyme Instrument
=~ AL Sample 1 Trypsin » Orbitrap (Orbi-Orbi

""“h + Add data fies ...
+ Add sample ... |
[+
e

e "

| Select Al Remove [ w | [ pown Colapse | | selectAl | | Copy towholeProject |

‘ | DataRefinement > ] | Fnsh | | Cancel J

For spectral pairs and triplets, PEAKS de novo sequencing algorithm analyzes each individual spectrum and then
constructsabetter sequence with ahigher AL C score. Inthe Peptide Table, ade novo sequencing result of aspectral pair
or triplet is presented in asinglerow. When viewing the sequence, PEAK S shows all spectraannotated by the sequence.
Clicking the All candidates button will show the other de novo sequences generated for the individual spectrum.
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7. De Novo Sequencing on Single Spectrum

To run PEAK'S de novo sequencing on asingle spectrum, select the spectrum in the MS/M S view of the sample, click
the right button of the mouse, and select the PEAKS Auto Denovo command from the pop-up menu.

Note

Residue local confidence scores are NOT calculated for de novo sequences generated in this mode.
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mE OrhiSample, mzxML ,_;n DENCOVO 7 [08-Mar-11 11:00]
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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 does NOT support ETD spectra.

8.1. Manual De Novo Graphical User Interface

To create anew 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.

m s OrbiSample. mzXML % |

5 OrbiSample.mzxM | © 802.0n=A%=
0 ﬂ B 802.90607 (1 [ 38 S Mew Candidate for Manual De Move
W L. : |+ ¥ O - .
= q -l Remowve the selected Candidate
- » 695.34015 (| © 75 0
§ [l = 507.30252 (F o Config Error Telerance in Manual De Move
=
_ E - > 547.53247 (F Cenfig PTM in Manual De Move
G- » B20,8349 (R
- » 798,0384 (R’ Lizs
& - 582,81005 (F Redo L
| tneensity
- > 537.2991 (R| | "y Add new sequence (Can't Save)
- > 733,2819 (R] ]

Select New Candidate for Manual De Novo from the pop-up menu. A new candidate will be created under the ‘Man-
ual De Novo' heading. The new candidate is initiated as unsequenced, so it is represented by the total mass of the
residues(see an example below).

mE OrhiSample, mzX 802,90607 2

2 ] E--Manual De Movo
2 | Tenaoro || SN

Note

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

The figure below shows the main panels related to manual de novo sequencing. The five main panels are indicated
in the figure below:
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The panels are briefly described below:

Result Panel: The “Result Panel” shows all sequencing results. The results of manual de novo are listed under
“Manual De Novo”.

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

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

Spectrum Alignment and Error Map Panel: The “ Spectrum Alignment” shows how the proposed ions assigned
in manual de novo align with the spectrum. By default, the “ Spectrum Alignment” displays b-ions and y-ions. The
b-ions are shown right to left in blue, while the y-ions are shown left to right in red. The “Error Map” displaysthe
confidence assigned to each ion.

Tag Panel: The “Tag Panel” will appear when you search tags or ions in the spectrum. Y ou can select the tags in
the list using the “ Select” button. Clicking “Apply” will add the selected tags to the sequence candidate.

8.2. Manual De Novo Operations
When the mouse cursor is placed in the “ Spectrum Annotation” panel, agreen (by default) triangle follows the move-

ment of the mouse. Thisisthe Position Bar and it is used as a cursor for all 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.
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Selecting apeak. To select a peak, simply click on it. 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 in the lon Table.

Tnkensity ()

[1585.79] 1375.71

.56
a2 570

S04 10
912.52

1604.81
148576

226,12 246,18 103149

L l . ull ||||| I
200 400 500 o 1400
. " AP CrbiSample,m2ML: meS¥mz=B02.90607
¥ ol | 1] x| 2r | EnTol 0.5Da Fintensity theeshald TSR o ey 1150.642 | |56.84%

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 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).
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Deselect apeak. The Freeze Bar cab be deselected by holding Ctrl and clicking anywhere in the spectrum.

Zoom in on part of the spectrum.  In the “ Spectrum Annotation” panel, click and drag the mouse horizontaly.
The selected area will be enhanced and shown in the “ Spectrum Annotation” panel. Click the 1:1 button to return to
the default view.

Setting/removingionsto/from apeak. Select apeak and right-click anywherein the” Spectrum Annotation” panel.
Select Set y-ion from the pop-up menu to designate the peak asay-ion, or Set b-ion from the pop-up menu to designate
the peak as a b-ion. Click on Removeion to remove the ion that you have previously set.
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Set y-ion
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Rernowe ion
Set ather ions ]_34;!.@35055\5,63%]
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i - . T Orbisample. mziML: ms=2 mz=B02.90607 T
¥ o | 11| 2] 2 |EnTol:0.50a [J]intensity threshold - o TR e T o

Select Set other ions from the pop-up menu to view the “lon Editor” dialog box. The “lon Editor” dialogue alows
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 anion from theion list and press the Add button to add it to the selected ion
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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.
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After setting an ion, the “ Spectrum Annotation” panel, the “ Spectrum Alignment and Error Map” panel and the “lon
Table” panel 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 aso change to reflect the mass remaining to be sequenced on
either side of theion.

In the example below, the selected peak at 1260.5649 m/z was designated as a y-ion.
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Note

The manual de novo candidateinformation isupdated in the“ Result” panel, “lon Table” panel and “ 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 S will estimate the residue found between them (if a residue 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 panels will aso reflect the changes.
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Searching the left or right side of the spectrum for thefirst/last y or b ion (Search a sequencetag). Selecta
peak and right-click anywhere in the Spectrum View to trigger the pop-up menu. From the menu, select either Left
tags or Right tags . PEAKS will select the appropriate terminal tags and show them in the “Tag” panel (see below).

To test the suitability of a tag, 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.
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Undoing an edit.  Errors during 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.

= Manual De Novo
.. [344.25]A[1170.51]

MNew Candidate for Manual De Novo
Rermowve the selected Candidate
Trtensky (%) Config Error Tolerance in Manual De Move

100 Config PTM in Manual De Novo
[34:

Undo
Redo

Add new sequence (Can't Save)

Redoing an edit.  An undone edit during the manua de novo sequencing can be reapplied easily. Right-click and
select 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 stages in the edit.

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

PTM Configuration. To identify post-trandational modifications (PTM) 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
Manua 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”.
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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 of modifications and mutations. PEAKS supports multiple enzyme digestion by which
almost full sequence coverage can be achieved for single protein studies. PEAK S database search tools have 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 isadatabase search tool assisted by PEAK 'S de hovo 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 isadedicated search tool for peptides with unspecified modifications and mutations. It can search with
unlimited number of modifications, allowing search with all 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 Segquence Tags
Containing De Novo Sequencing Error." J Bioinform Comput Biol. 2005 Jun;3(3):697-716.

PEAKS DB, PEAKS PTM, and SPIDER can be launched together as a workflow in a PEAKS search. An analysis
report is generated to show the combined database search result. The stepsto run a PEAKS search are:

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




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

B6BHE" (7KK0QwW

b F1:BSA-GluC-1.RAW
= L BSA-LysC
b F2:BSA-LysC-1.RAW
=- J1, BSA-Trypsin

b F3:BSA-Trypsin-1.RAW

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 parametersin the pop-up dialog. Most of the parameters are self-explanatory and the default
parameters provide a good starting point for the analysis. PEAKS PTM and SPIDER can be enabled in the dialog
to automatically run after PEAKS DB search. Click OK to start 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 the analysis to finish. Search times range from minutes to hours, depending on several factors including
the dataset size and 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.

H Project View StartPage X | S SPIDER 7 [30-May-12 18:50] X

EI"-H D:/Peaksworkspace fderbyServer fserverDB/In depth Protein Analysis
- by DENOVO 4 [30-May-12 18:50]

Show ito|:| vi proteins in each group

B
—_ m
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E}"E ryp:Ill BSA-TI in-1. AW E 4 P02769)] _HOVIN
‘BSA-Trypsin-1.
; P14639|ALBU_SHEEP 375.17
.- 44 DATA REFIME 1 [30-May-12 18:50] 2 I =
=- JL LysC = P08335]ALBU_PIG 288.09
db o
=4y FZ:BSA-LysC-1.RAW o P45064]ALBU_FELCA 280.71
‘.. ¢ DATA REFINE 3 [30-May-12 18:50) < G- A2V9Z4|ALBU_MACFA 258.86
= L Gluc § - PO2788|ALBU_HUMAN 245.45
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P49065|AaLBU_RABIT 252,12
QSXLE4|ALBU_EQUAS 221.40
‘ Coverage | Peptides | Denovo Tagsl

2. Setting PEAKS Search Parameters

After selecting a project node, a sample node or afraction nodein "Project View" and clicking the PEAKS DB Search

toolbar icon W the PEAKS DB parameters dialog will appear:
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PEAKS Search Predefined parameters [defau]t vJ.

Error Tolerance

Precursar mass: 15.0 ppm v:using :munuisutopicmass v: Fragmention: | 0.05 | D

1]

Enzyme

:Spe::iﬁed by each sample

Allow non-specific deavage at one | endof the peptide.

-

Maximum missed deavages per peptide: 35

Set FTM

m Deamidation (NGQ)
m Oxidation (M) Remove

III |

Switch type

Maximum allowed variable PTM per peptide | 3 -

Database
i@ Select database Database: Swiss-Prot -
(7) Paste sequence Taxa: |Bos taurus (cow)

De Novo Tag Options
Available de novo tags: | de novo with current parameter -

General Options
Estimate FOR with decoy-fusion. &

Find unspecified FTMs and commaon mutations with PEAKS FTM [ Advanced Setting ]

Find maore mutations with SPIDER.

Prev ][ Ok ” Cancel ] [ Help ]

Error Tolerance. Precursor mass Precursor mass tolerance. PEAKS Search identifies peptides within the precur-
sor mass tolerance. Precursor mass tolerance can be specified in either Daltons or ppm.

Fragment ion Fragment ion m/z tolerance. PEAKS Search uses this value when scoring peptide-spectrum matches.
PEAKS considers that a fragment ion is matched if the calculated m/z iswithin the tolerance.

Error tolerance parameters need to be set consistently with the mass accuracy of theinstrument. 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 Pre-
defined parameters drop-down list, the default parameters of the first sample are loaded. However, it is rec-
ommended to set the tol erance parameters according to the least accurate instrument.
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Enzyme. PEAKSsearch digeststhe searched protein databasein silico to generate peptide candidates. It isnecessary
to specify the enzyme for protein digestion, whether or not non-specific cleavages are allowed, and the number of
missed cleavage sites allowed in a peptide.

Enzyme Selection Select the enzyme used for protein digestion from adrop-down list. If the enzyme used for protein
digestion is not in the list, a new enzyme can be added. Please refer to Section 2.2, “Enzyme” for further details.

Non-specific Cleavages Specify whether or not non-specific cleavages are allowed at a peptide terminus. If "None"
is selected, the specificity of the selected enzyme is strictly enforced at both termini of a peptide. "One" allows one
terminus to disobey the enzyme specificity. "Both" allows both peptide termini to disobey the enzyme specificity.

Missed Cleavages Specify 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 enzyme specified during project creation.

Note

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

PTM. To sdlect PTMs for PEAKS DB search, click the Set PTM... button to open the “PTM Options’ dialog.
PEAKS DB search supports alimited number of variable PTMs. Refer to Section 2.3, “PTM” for details.

Note

To prevent long search times, select only the most frequent PTMs in the sample for PEAKS DB, and check
the PEAKS PTM option to search with unspecified modifications.

Database. Select a protein sequence database for the search. Select one from the list of databases that have been
configured in PEAKSS 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

Selectdatabase |>P62258|1433E HUMAN 14-3-3 protein -
MODREDLVY QAR LAFRQARRYDEMVE SMEEVAGMIVELTVEE
BENLILSVAYENVIGLAERASHET TSSTENERENERREDELEMT

@ Paste sequence

Note

The pasted protein sequences should follow the FASTA format. Each sequence follows a description line
which startswith '>'. PEAKS omitsinvalid characters, white space and numbers in a sequence. A maximum
of 1000 protein sequences can be pasted.

Denovo Tag Options. PEAKS Search requires a de novo sequencing result to improve its search speed, sensitivity,
and accuracy. By default, de novo sequencing runs on the fly with the current parameter settings. It is also 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 en-
hanced 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
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discovery rate (FDR) in the analysis report. It isNOT recommended to de-select this option unless manual validation
of the result using another approach is preferred.

Find unspecified PTM s and common mutationswith PEAKS PTM.  Select this option to enable PEAKS PTM
search after PEAKS DB search finishes. PEAKS PTM analyzes spectra with good de novo sequences that remain
unidentified by PEAKS DB. The default setting for PEAKS PTM isto search with all the built-in modificationsin the
"Common" and "Uncommon" lists, which include all the natural modifications and mutationsin the Unimod database.

Alternatively, PEAKS PTM can search with alist of preferred modifications. In "Advanced Settings', preferred mod-
ifications from the "PTM Options" dialog can be chosen. PEAKS PTM allows an unlimited number of variable mod-
ifications to be searched, However, limiting the number can improve search accuracy.

Additionally, the maximum number of variable PTMs per peptide can be specified and avalue of lessthan 4 isrecom-
mended. A threshold on the de novo AL C score can be specified so that only the spectrawith good de hovo sequences
are analyzed by PEAKS PTM.

When PEAKS PTM search is enabled, a PEAKS PTM result node will be automatically generated after the search. In
the PEAKS PTM report, search result 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 modifications
can be added.

PTM
@ Search with 485 built4n modifications

Search with preferred modifications:

)
m
=]
m

]

Maximum allowed variable PTM per peptide | 3%

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

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

(o]

Find more mutations with SPIDER.  Select this option to enable a SPIDER search. SPIDER performs homolo-
gy search on spectra with good de novo sequences that remain unidentified by either PEAKS DB or PEAKS PTM.
SPIDER identifies novel peptides that are homologous to peptidesin the searched protein database. When SPIDER is
enabled, a SPIDER result node will be automatically generated after the search. In the 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
list, select Save as ... command and enter aname for the current set of parameters. Saved parameters are available for
futureanalyses. A set of saved parameters can beloaded by selecting from the " Predefined parameters’ drop-down list.
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Note

“Advanced Settings’ for PEAKS PTM are not saved.

3. Understanding PEAKS Search Results

After PEAKS Search is complete, several result nodes are generated. One is the de novo sequencing result (assuming
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 is enabled,
the results from previous search tools are automatically merged. Double click the node to examine the analysis report.
The analysisreport is presented in five pages:

* Summary: shows an outline of the PEAKS 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.

» Protein: showsalist of protein identifications. This view a so visualizes protein sequence coverage and helps with
protein characterization.

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

» Denovo only: shows alist of quality peptide sequences detected by de novo sequencing that remain unidentified
by the PEAK S database search.

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

3.1. Peptide and Protein Scores

PEAK SPeptideScore(-10lgP). The PEAK S peptide score (-10IgP) iscal cul ated for every peptide-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-spectrum match. A peptide may be matched to many spectra, resulting in
multiple PSMs. In that case, the peptide's scoreis cal culated as the maximum of all the PSMs. 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.

PEAKSProtein Score(-10lgP). The PEAKS protein score (-10lgP) is calcul ated as the weighted sum of the -10IgP
scores of the protein's supporting peptides. After removing any redundant peptides, the supporting peptides are sorted
by -10IgP scoresin 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 iden-
tifications can befiltered by -10IgP score. Peptide sequencesidentified 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’.

Inthereport, several statistical charts can be examined to assessresult quality. Thereport is composed of four sections:
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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 of
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
is calibrated. A table shows the statistics of missed cleavages in peptides, revealing enzyme digestion efficiency
of the protein sample.

4. Other Information: Search parameters and M S instrument information are shown.

Statistical figures and tablesin the report are discussed in the rest of this section.

3.2.1. False Discovery Rate (FDR) Curve

Figure 1 shows the FDR curve with respect to the number of PSMs being kept after filtering PSMs by peptide -10IgP
score. By lowering the score threshold, more PSMs are kept in the filtered result. In the meantime the FDR increases,
because more fal se positives are being kept aswell. Inthisfigure, the vertical lineindicatesthe current score threshold.
The number of PSMs and the corresponding FDR by the current score threshold are shown in the top-left corner.
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The FDR curve is available when FDR estimation is enabled in the PEAKS Search parameters. PEAKS Search esti-
mates FDR using the "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, "PEAKS
DB: De Novo sequencing assisted database search for sensitive and accurate peptide identification" Mol Cell Pro-
teomics. 2011 Dec 20.

It is commonly recommended to set FDR to be <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

When counting the number of PSMs, PEAK S keeps one peptide per spectrum at most. Thus, the number of
PSMsis actually the number of spectrawith assigned peptides.

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 page show the peptide score distribution of PSMs. When FDR estimation is
enabled inthe PEAK S Search parameters, the target and decoy matches are respectively shown in two different colors.
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Figure 2(a) isastacked histogram showing the number of target and decoy matchesin 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 scatterplot showing the peptide score versus the precursor mass error in ppm for all PSMs. Thisfigure
is the 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. De Novo Result Validation

Figures 3(a) and 3(b) in the Summary page help determine a proper score threshold to filter "de novo only" sequences.

After the database search, de novo sequences can be categorized as:

1. Verifiable de novo sequences: A de novo sequenceis verifiable if the associated MS/M'S spectrum is confidently
matched to adatabase peptide. Residuesin averifiable de novo sequence can be validated using the database peptide
as areference.

2. "De novo only" sequences:. A de novo sequence is "de novo only" if the associated MS/MS spectrum is not

confidently matched to any database peptide. "De novo only" sequences may suggest novel peptides, peptides with
unknown modifications, or other interesting research subjects.
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Note

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

"De novo only" sequences are crucial for a complete proteomic analysis. However, it is often necessary to remove
the low quality sequences. "De novo only" peptides can be filtered by de novo ALC score, which is the average local
confidence score of residuesin the de novo sequence.

Figures 3(a) and 3(b) provide aguidelinefor determining aproper AL C scorethreshold. Thetwo figures show thelocal
confidence score distribution of residues in de novo sequences that are filtered by the current AL C score threshold.

Figure 3(a) shows the score distribution of residues in verifiable de novo sequences. 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 residue is considered incorrect. The figure shows the score distributions of correct
residues and incorrect residuesin two different colors.

Figure 3(b) shows the score distribution of residuesin "de novo only" sequences. As these residues cannot be directly
validated using database peptides, their ratios of correctnessis statistically estimated using the distributionsin Figure
3(a). The figure shows the estimated score distributions of correct residues and incorrect residues in two different
colors.

As a guideline, the ALC score threshold should be increased gradually until the score distributions of correct and
incorrect residues are similar, asin figures 3(a) and 3(b). In the following example, the ALC threshold is gradually
increased to 80. This ensures that the filtered "de novo only" sequences are generated from MS/M S spectra that have
the same spectral quality as the MS/MS spectra confidently matched in the database search. Figure 3(b) also allows
estimation of the proportion of incorrect residues in the filtered "de novo only" sequences.
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3.2.4. 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.

# of M5 Scans

# of MS/MS Scans 5132

Table 2. Result filtration parameters.

Peptide -101gP
Protein -101gP

Proteins unique peptides

De novo ALC Score

=152

0

20

=

—

=350%

Table 3. Statistics of filtered result.

Peptide-Spectrum Matches 2008

Peptide Sequences

Protein Groups

Proteins

Proteins (FUnique Peptides)

FDR (Peptide-Spectrum Matches) 1.0%

FDE (Peptide Sequences)

FDE (Protein)

De Novo Onlv Spectra

2.4%
58.8%

163

6 (>2); 5 (=2). 6 (=1}

Table 4. PTM Profile.

Name
Carbamidomethyl
Carbamidomethyl
Deamidation
Dehydration
Dethiomethyl
Carbamylation
Oxidation
Sodium
Ammonia loss
Pyro-glu from Q
Acetylation
Ubiguitin

Hex

Dihvdroxy
Acetylation
Carboxymethyl
Formylation
Methyl ester
Phosphorvlation
Glu

Pyro-ghy from E

Carboxvlation

AMass #PSM

57.02

57.02

98

-18.01

-48.00

43.01

21.08

-17.03

-17.03

114.04

162.05

31.09

42.01

58.01

27.09

14.02

79.97

128.04

-18.01

43.99

Most entries in these tables are self-explanatory. The following entries are explained:

Position

M
E N-term
M

DE . C-term

N-term
N-term
5T
KT N-term

EPW

N-term
E N-term
DE.C-term

SY

N-term

DE

» Peptide Sequences (Table 3): Thisisthe number of distinct peptides in the filtered result. Peptides with the same
primary sequence but different PTMs are counted separately. However, if several peptides differentiated only by
leucine(L) and isoleucine(l), they are counted as one. Since the same peptide may beidentified from multiple spectra
due to dataredundancy and differing charge states, this number is usually smaller than the number of Peptide-Spec-

trum Matches.

e Protein Groups (Table 3): PEAKS groups proteins identified by a common set of peptides. This number shows

the number of protein groups in the filtered result.
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» Proteins (#Unique Peptides) (Table 3): This entry counts the number of proteins identified with unique peptides.
A unique peptide is a peptide with its -10lgP score above the peptide filtering threshold that can be mapped to only
one protein group.

 PTM Profile (Table 4): The table shows modifications identified in the filtered result and the number of PSMs
containing each modification.

3.2.5. Experiment Control

Figures 4(a) and 4(b) in the Summary page show the precursor mass errors of PSMs in filtered results. Figure 4(a)
shows the distribution of the precursor mass errorsin a histogram. Figure 4(b) shows precursor m/z versus precursor
mass error in a scatter plot. The precursor mass error is calculated in ppm as 10° x (precursor mass - peptide mass) /
peptide mass. Figure 4(a) and 4(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.
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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

Mizsed Cleavages 0 1 2 3 4=
Sample 1 78 56 23 16 0
Sample 2 62 38 15 4 0
Sample 3 107 55 15 & 0

3.3. Protein View

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

» Protein table: Lists protein identifications that have been filtered by the current settings in Summary view

» Coverage: Visualizes the protein sequence coverage of the selected protein, showing the mapping of supporting
peptides and de novo tags to the protein sequence.

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

e Denovo Tags: Lists"de novo only" peptides mapped to the selected protein.
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Show |top » | proteins in each group w accession contains | ssarch O | @ @ no results
Accession -10lgP Coverage #Peptides #Unigue PTM Avg. Mass Description Mark
-4 Proteins -
i P02753|ALBU_BOVIN a9% 6! Serum albumin OS=Bos taurus GN=ALB PE=15V=4 =
- Q35ZR3]A1AG_BOVIN 176.05 [ 11 [ W TS 8 8 [ ] 23182 \Alpha-1-acid glycoprotein O5=Bos taurus GN=ORM1PE=2...| [¥]
PO0750[TRY1_BOVIN 157.56 [ T W] 0N 37 6 5 Edeas 25785 |Cationic trypsin O5=Bos taurus PE=15V=3 [F]
- QSXQNS|K2C5_BOVIN 152.90 [INTTN 113 E] 6 EmdERER 62937 [Keratin, type II cytoskeletal 5 OS=Bos taurus GN=KRTSP... | [¥]
- Q3MHNS|VTDB_BOVIN 128.14 1 [ ] N 109, 5 5 [=]=]=] 53342 \Vitamin D-binding protein O5=Bos taurus GN=GC PE=25V=1| [¥]
Q03D91K2C75_BOVIN 105.47 1 [ I | 1l 8% 4 2 dild P 59036 Keratin, type II cytoskeletal 75 OS=Bos taurus GN=KRT75... | [¥]
- Q29521[K2C7_BOVIN 100.69 1 [ 6% 3 2 [F]2 51578  |Keratin, type II cytoskeletal 7 0S=Bos taurus GN=KRT7P... | [¥]
ADITN1ISPARS ROVIN 9,65 1 11 2 3 3 =M 46397 ernin A3-5 05 =Bos taurus GN=SERPINA3-5 PE=3 SV=1 @ |7
Coverage | Peptides | Denove Only Tags
>sp|PO2769|ALEU_BOVIN Serum albumin O5=Bos taurus GN=ALE PE=15V=4 |:: #. | D outine @ coverage
25 3 313 3 a7 41 58 # 6839 73 TEEW 80 : S0[S|[AAper ke IOM &y
[ ] BEEEE | | | HEE B ‘j Show de novo only sequences
1 MKWVIFISLL LLFSSAYSRG VFRRDTHKSE IAHRFKDLGE EHFKGLVLIA FSQYLQQCPF DEHVKLVNEL TEFAKTICVAD 3
I T E———————— [ = [#] de novo tags sharing | 515 AAs
= _— & [] de nova peptides fully matched
& . d @ Show modifications
& & E [¥] minimal ion intensity | 55 %
& B
n aM  PTM £
l._._. © [¥]| B +57.02 | Carbamidom... [ 1584 -
B V]| +57.02| Carbamidom... | 581 |7
- & V] @] +0.98 [Deamidation... [ 88
u—— l [V]|@| -18.01|Dehydration | 56
I — = [v][d| -48.00 [Dethiomethyl 30
:I E= [¥]&l| +43.01 | Carbamylation | 29 |=
— e []|El[ +21.98 | Sodium adduct | 21
——— V| B[ -17.03| Ammonia-os... | 21
E————————
. V]| @l| +15.99 | Oxidation (M) | 19
[ E—— VI B| -17.03[Pyroglufro... | 14 ||
— (V] @ | 114.04|Ubiquitin ]
e— e— .—E L V]| 162.05 |Hexose 5
— [E—_ ] e[ +31.99 | Dihydroxy 7
I_.—_: e V]| | +58.01 | Carboxymet... | 5
— [7|& | +42.01 | Acetylaton .. | 5
V|B| -18.01|Pyroguifro... | 4
- i []|B| +43.99 | Carboxylati... | 4
81 33 88 88 31 B sss o 1w B uaser 125 140 144 147 155 [V]|E| +27.93 |Formylation 4
EE © B & d Ed & E d EERE ] -] d @ ] /]| 129.04 | Monoglutamyl | 4
21 ESHAGCEKSL HTLFGDELCK VASLRETYGD MADCCEKQEP ERNECFLSHK DDSPDLPKLK PDPNTLCDEF KADEKKFWGK ~ [V 156. 12 | #hydroxyn... | 3
< — — 0 — - ] v |[v|@|+37.35 Replacemen... | 3 |~

3.3.1. 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. The Show
drop-down list, located above the protein table, specifies the way the proteinsin each group are displayed: "al" shows
every protein in the group; "top" shows the top proteins in the group determined by the number of high-confidence
supporting peptides; "first" shows only the first of the top proteinsin the group.

Note

A supporting peptide is considered as of high-confidence if it has a peptide -10lgP score above the filtering
threshold.

The columns in the protein table are:
» Accession: The accession number of the protein asin FASTA database.
» -10IgP: The protein confidence score.

» Coverage: The percentage of the protein sequence covered by supporting peptides. The coverage is visuaized by
a color 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.

» #Peptides: The number of high-confidence supporting peptides.

» #Unique: Thenumber of high-confidence supporting peptidesthat are uniquely mapped to theprotein 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. Protein mass calculated using average mass.
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» Description: Protein's header information asin FASTA database.

» Mark: Allowsthe selection of specific proteins. The marked proteins are exported when using the exporting func-
tionsin the summary view.

Note

For #Peptides and #Unique, two peptides with the same starting and ending positionsin the protein are count-
ed as one, regardless of their PTM forms. This is to follow the MCP (Molecular & Cellular Proteomics)
guidelines.

3.3.2. Protein Coverage

The protein coverage visualizes the mapping of supporting peptides and de novo tags to the protein selected in the
protein table. The coverage view also shows all identified sites with modifications or mutations to assist with protein
characterization at the amino acid level. The coverage view has three major components.

» Protein sequence cover age. 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 mutations identified in supporting peptides are displayed as icons above
the protein sequence. Modifications are represented by colored iconswith theinitial letter of its modification name.
If aresidueis modified by more than one modification in the same supporting peptide, "*" is used instead of aletter.
Mutations are represented by framed white icons with aletter 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.

>ep|PO2755]ALBU_BOVIN Serum albumin OS5 =Bos taurus GM=ALE PE=15V=4
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» Control panel. This panel controls what to display in the protein sequence coverage.
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(7 outline (@) coverage

80 = AAs per line 1044 gap
Show de novo only sequences
de novo tags sharing | 515 AAs
de novo peptides fully matched

Show modifications

[] minimal ion intensity | 55 Y%

aM PTM #

+57.02 | Carbamidom... | 15384
+57.02 | Carbamidom... | 581
+0.98 | Deamidation... | 83
-18.01 | Dehydration 56
-48.00 | Dethiomethyl 30
+43.01 | Carbamylation | 29
+21.98 | Sodium adduct | 21
-17.03 | Ammonia-os... | 21
+15.99 | Oxidation (M) | 19
-17.03 | Pyro-glu fro...
114,04 | Ubiquitin
162.05 |Hexose
+31.99 | Dihydroxy
+53.01 | Carboxymet...
+42.01 | Acetylation ...
-18.01 | Pyro-glu fro...
+43.99 | Carboxylati...
+27.99 | Formylation
129.04 | Monoglutamyl
158,12 | 4-hydroxyn. ..
+37.95 | Replacemen. ..
162.05 |Hexose (MNSY)
860, 33 [Hex1HexMA. ..
-1.03 | Lysine oxida...
+42.01 | Acetylation (K)
-2.02 | 2-amino-3-a...
1| +14.02 | Methyl ester
+43.99 | Carboxylati...

L3

=
a
m

P I I I T T I Y Y A T T N - R

==l

« Mode control. The protein sequence can be displayed in either "outline" or "coverage" mode.

« Outlinemode: 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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AAs per line and 10AA gap. Specify the number of amino acids per line and whether to show a gap for every

10 amino acids.

denovotagssharing X AAs. Show de novo tags with at least X consecutive amino acids matched in the protein

sequence.

denovo peptidesfully matched. Show de novo tagswith itsfull sequence matched in the protein sequence. This

control is especialy useful for showing short but fully matched de novo peptides.

modification 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 confi-

dent modifications and mutations are displayed as icons above the protein sequence
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« modification table. The modification table shows the modifications identified in supporting peptides on the
protein. For each modification, the number of supporting PSMs with this particular modification is shown. The
checkbox on theleft 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.

» Toolsbar. Thetoolsbar is at the upper-right corner of the protein sequence coverage. It has two icons:

outine (@) coverage

80 = AAs per line 10AA gap

8835
dg E Ec@ @&
LVNEL TEFAKTCVAD

75
72 @ = ‘
e ;

= || Show de novo only sequences
de novo tags sharing | 515 AAs
de novo peptides fully matched

Show medifications
[¥] minimal ion intensity | 55| %

AM  PTM =
[7]| 8| +57.02 | Carbamidom. .. | 1584 «

» Full screen ::. Left clicking thisicon shows the protein coverage in full screen mode. Click :: to return from full
screen mode.

e Tool box

&

The tool box contains the following tools:

Copy template protein. Copies the original database protein into the system clipboard

Copy mutated protein. Copies the protein with detected mutations into the system clipboard
Save protein coverage asimage

Coverage statistics

NCBI BLAST search

NCBI Entrez search

Multiple sequence alignment. Performs multiple sequence alignment for the selected proteins

3.3.3. Supporting Peptides

The “Peptides’ tab shows atable of supporting peptides for the protein. Thistableis similar to the peptide table in the
Peptide View, except that three additional columns are added:

» Start: Shows the peptide's starting position in the protein.

» End: Shows the peptide's ending position (inclusive) in the protein.

* (Checkbox): Controls whether a peptide is shown in the protein coverage as a blue bar.

» Unique: Shows whether the peptide is a unique supporting peptide to the protein group.
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The supporting peptides with peptide -10lgP score bel ow the peptide filtering threshold are listed in the table as well.
By default, they are shown in grey color and are not displayed in the protein coverage.

3.3.4. 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 filters in the control panel.

3.4. Peptide View

The Peptide view displays peptideidentificationsthat have been filtered by the current settingsin Summary View. 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 in the table.

3.4.1. Peptide Table

Peptide Table shows the filtered peptide identification result. Each row in the table is a peptide identification repre-
sented by its highest-scoring PSM. 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.

Note

If there are multiple PSMs matched to a peptide, the table di splays the information about the top scoring PSM.
Peptides with the same sequence but different modifications are considered different and shown in different
rows. The#Spec column shows the number of PSM s matched the peptide. Other PSMs can be examined after
selecting a peptide in the table. See Section 3.4.2, “ Peptide-Spectrum Matches’ for details.

4= [1- 1000 of 1263 = 2 w scan = | s=arch O @8 @ no results

Peptide -10lgk ¥ Mass ppm mfz RT Scan #Spec Accession PTM Found By

1 . .| Ee 3350.4714 -1.9 11178291 F1:2158 PO2763|ALBU_BOVIM -

2 |C{+57.02)C(+57.02HGDLLEC(+57.0... | 89.03 |3312.7385| -2.7 | 783.5529 | 34.60 |F3:1944 1 PO2753|ALBU_BOVIN | BB PEAKSDB |—

3 |EC(+57.02)C(+57.02)H(+57.02)GDLL... | 84.53 | 1805.6768 | -1.8 | 903.8441 | 23.12 |F1:1160 1 PO2769|ALBU_BOVIN | BB PEAKS PTM

4 |C(+57.02)FLSHKDDSPDLPKLKPDPNTL. .. §1.23 | 2940.3633 -1.2 951.1271 | 28.83 |F3:1552 g PO2753|ALBU_BOVIM [ 1] PEAKS DB

5 |C(+57.02)ADDRADLAKYIC(+57.02)D... 79.77 | 292B8.3594 -2.3 9771248 | 31.18 |F3:11708 9 PO2763|ALBU_BOVIN [ ] PEAKS DB

& |C(+57.02)C(+57.02)AADDKEAC(+57.... | 79.48 | 1926.7910 | -2.3 | 964.4005 | 24.21 |F1:1245 10 |PO2759]ALBU_BOVIN | BEE PEAKS DB

7 |DYLSLILMRLC(+57.0Z)VLHEKTPVSE 78.76 | 2498.3203 -1.5 833.7794 | 45,55 |F3:2611 1 PO2763|ALBU_BOVIM B PEAKS DB
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3 |VGTRC(+57.02)C(+57.02)TKPESERMP... | 75.31 | 4164.0043 | -3.2 | 695.0058 | 42.61 | F2:2321 8 PO2753|ALBU_BOVIN | BB PEAKS DB

10 |GLVLIAFSQYLQQC(+57.02)PFDE(+57. ... 74.86 | 2548.2733 -1.4 350.4322 | 45.27 |F2:2471 1 PO2753|ALBU_BOVIM [ ] ] PEAKS PTM

11 |VHKEC(+57.02)C(+57.020HGD(+57.0... | 74.35 |2668.1792 | -1.2 | 890.3393 | 23.78 | FL:1212 2 PO2759|ALBU_BOVIN | BB EE PEAKS PTM

12 |GLWLIAFSQYLQQC(+57.0Z)PFDEHVE 74.23 | 2491.2568 -1.0 | 1246.6345 | 45.49 |F1:2624 51 PO2763|ALBU_BOVIM B PEAKSDE | _
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Tip

Right click on a peptide to show a pop-up menu, and select "Show original spectrum". This would 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 in PEAKS Search. A modified residue is followed
by apair of parentheses enclosing the modification mass.

» -10IgP: Peptide -10IgP score. The score indicates the scoring significance of a peptide-spectrum match.
» Mass: Monoisotopic mass of the peptide
* ppm: Precursor mass error, calculated as 10° x (precursor mass - peptide mass) / peptide mass.

* m/z: Precursor mass-to-charge ratio.
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» RT: Retention time (elution time) of the spectrum as recorded in the data.

 Scan: Scan number.

» #Spec: Number of spectra assigned to the peptide.

» Accession: Accession number of the highest-scoring protein containing this peptide.

» PTM: Types and numbers of modifications present in the peptide shown in color-coded icons.

* Found by: The name of PEAKS search tool that identifies the peptide; can be either PEAKS DB, PEAKS PTM,
or SPIDER.

3.4.2. Peptide-Spectrum Matches

This section displays the spectrum annotation and other information about the peptide selected in the Peptide table.
When multiple spectra are matched to the peptide, the information about the top-scoring PSM is shown by default.
Other PSM's can be viewed by choosing from the pop-up list shown after clicking the All matches button. The list of
proteins that contain the selected peptide can be examined by clicking the Protein button. Jump to the protein in the
Proteinview by clicking aproteininthe pop-up list. Theinterface of thissectionisidentical to the Spectrum Annotation
in the PEAKS de novo result. For detailed instructions, please refer to Section 3.2, “De Novo Peptide View”.

Stan F2:1249, mfr=631.7892, 7=4, RT=25.19, -10igP=199.36, ppm=-2.2 | All matches | | Protein
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3.5. De Novo Only View

The De novo Only View displays the filtered "de novo only" sequences. A de novo sequence is "de novo only" if itis
from an MS/MS spectrum that is not confidently assigned to any database peptide. The table shows the filtered "de
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. Theinterface isidentical to the
Peptide View in a de novo sequencing result node. For detailed instructions, please refer to Section 3.2, “De Novo
Peptide View”.

3.6. LC-MS View

The LC-MS View visualizes identified peptides and "de novo only" sequences in an interactive LC-MS heat map.
Check the option "ldentified peptides’ to show the locations of MS/M S spectrawith peptide identifications, which are
indicated by blue squares. Check the option "De novo only tags' to show the locations of MS/MS spectra with "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 interactionsin the LC-MS 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
options in the control panel are described in the rest of this section.

3¢ SPIDER 8 [2013-10-28 12:08] X |
E Peptides -10lgF = 15.2 » FDR. Proteins -10lgF = 0 « and = 0 « unigue peptides
E De nove only ALC (%) = |50 - |and -10gP = " [i5.2 [ Apply Filters ][ Export ][ Notes ]
[ el
Note

Whenever afiltering parameter is changed, the Apply Filters button will be highlighted in red as a reminder
that the changes have NOT taken effect yet.

Peptides.  Peptide-spectrum matches are filtered by peptide -10IgP score. The peptide -10IgP threshold affects the
results shown in Peptide and Protein views. Only the peptides with PSMs above the -10lgP score threshold arelisted in
the Peptide View. These filtered peptides are used as supporting peptides to infer protein identifications, and therefore
affect the proteins shown in Protein View.

If the "Estimate FDR with decoy-fusion” option is selected in the PEAKS search parameters, the peptide -10lgP score
threshold can be easily set using the estimated FDR. Clicking the FDR button shows aninteractive FDR curve. Moving
the cursor along the curve will show the estimated FDR at a specific score threshold. At a desired FDR, the corre-
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sponding peptide -10IgP score threshold can be set by right-clicking and selecting Copy scorethreshold. FDR selection
from alist of predefined FDR valuesis also possible which will also set the score threshold.

F .
Score selection lﬁj

L —
Right click to set -10IgP threshaold.

Select FDR

4.5%
4.0%
1 5 [
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L 25 [
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T T

[ T

0.0%
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number of peptide-spectrum matches

If the “Estimate FDR with decoy-fusion” option is not selected, the peptide -10lgP score threshold needs to be set
empirically. A score threshold set at 20 is a good choice to start with - the equivalent p-value will be 0.01 with a
-10IgP score of 20.

Note

The concepts of P-value and FDR are different. In PEAKS Search, p-value is defined as the probability that
afalseidentification in the current search achieves the same or better matching score. A 1% p-value does not
automatically correspond to a 1% FDR. For more details, please see ht t p: / / ww. bi oi nf or . cont peaks/
tutorial s/ peaksdbscore. ht i

Proteins.  Proteinidentifications arefiltered by protein -10IgP score and the number of unique peptides. It isimpor-
tant to empirically set a protein -10IgP score threshold. A protein score threshold of 20 or higher is recommended.
Unique peptides are supporting peptides that are unique to a group of proteins (not found in other protein groups). A
confident protein identification normally requires at least two unique peptides. These protein filtering options affect
only the Protein View.

DenovoOnly. "Denovo only" peptidesarefiltered by ALC score. The ALC scoreisthe average of local confidence
score of all the residues in a de novo sequence. When the highest peptide -10IgP score of all PSMs matched to a
spectrum falls below the peptide threshold, the de novo sequencing result on that spectrum is considered a "de novo
only" peptide. By default, the threshold is automatically set, and it is locked as the same value as the -10IgP score
threshold for filtering peptides.

The ALC score threshold can be determined using Figures 3(a) and 3(b) in the Summary View. For details, please
refer to Section 3.2.3, “De Novo Result Vaidation”.

5. Exporting PEAKS Search Results

The "Export" button in the title bar of Summary View alows exporting of the filtered results into various formats.
It provides the opportunity to share the report in HTML, use the result as a supplemental in a publication, or further
validate and analyze the result in a third party software. Please refer to Section 4.1, “Exporting Summary, Proteins,
and Peptides’ for details.

Note

Projects can be shared by copying the PEAKS project directory. It can then be opened in the free PEAKS
Viewer (htt p: / / ww. bi oi nf or. contf peaks/ vi ewer / i ndex. php) that hasthe same GUI as PEAK S Studio.
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6. Running PEAKS PTM and SPIDER Separately

PEAKSPTM and SPIDER can be launched independently from a PEAK S DB result by selecting a PEAKS DB result

node and clicking the N button or the% button on the toolbar respectively.

Note

SPIDER can aso be launched from a PEAKS PTM result. In this case, select aPEAKS PTM result node and
click the * button on the toolbar.

6.1. Running PEAKS PTM on a PEAKS DB Result

Launch PEAKSPTM by selecting aPEAK S DB result and clicking the PEAKS PTM icon on the tool bar ?%. Running
PEAKS PTM on a PEAKS DB result is functionally equivaent to running both searches together in an integrated
search.

The parameters used in aPEAKS PTM search are similar to a PEAKS DB search. Selecting a protein database is not
necessary as PEAKS PTM automatically uses the database searched in PEAKS DB.

PEAKS PTM Predefined parameters -
Error Tolerance
Precursor mass: | 15.0 ppm | using monoisotopic mass - Fragment ion: 0.5 Da
Enzyme

:Speciﬁed by each sample hd

Allow non-spedific deavage at one v | end of the peptide,

Maximum missed deavages per peptide: IFE

PTHM
i@ Search with 485 builtdn modifications

(71 Search with preferred modifications:

F Carbamidomethylation Set PTH

@ Oxidation (M)

i@ D=amidation (NQ) Remove
Switch type

Maximum allowed variable PTM per peptide | 315

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

De novo ALC (3%) score greater than: 15 recommend 15%

QK H Cancel ] [ Help ]
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6.2. Running SPIDER on a PEAKS DB or PEAKS PTM Result

Launch SPIDER by selecting a PEAKS DB or a PEAKS PTM result and clicking the SPIDER icon on the toolbar

*. Running SPIDER on a PEAKS DB or a PEAKS PTM result is functionally equivalent to running both searches
together in an integrated search. However, the parameters panel in this case appears as follows and allows for a few
additional options:

SPIDER. Search Predefined parameters =
PTH
[F] carbamidomethylation Set FTM
") Oxid (M)
) Deamidation (NQ) Remove

Switch type

Filter
Perform SPIDER search on spectra satisfying the following condition:

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

[ QK. ][ Cancel ] [ Help ]

Note

For users of previous versions of PEAKS, SPIDER in the current version runs in the mode previously called
Homology Match.

PTM. Clicking the Set PTM button will bring up a separate window for choosing modifications. The PTM config-
uration isthe same asit isin de novo sequencing. Refer to Section 2.3, “PTM” for details.

Filter. Thefiltering option asksfor the minimum de novo tag score (AL C) for aspectrum to be analyzed in SPIDER.
If the ALC score of a spectrum is too 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, press Ctrl to select two or
three result nodes, right-click, and choose Compare Results from the pop-up menu. PEAK S will then start to compare
the results.
=i D:ftemp/LFQ_Heatmap_Blank
& LABEL FREE 13 [27-Apr-11 21:25]

= /L Sample 1
=4, PanTumorSCX LRAW

- @ DATA REFINE 2 [27-Apr-11 15:50:27]

4 DENOVO 6 [27-Apr-11 17:05] [
T lPEAKS 10 [27-Apr-11 19:14
= J1 Sample 2 Compare Results
-4, PanTumorSCX2.RAW
- @ DATA REFINE 1 [27-Apr-11 Delete Result

Ly DENOVO 5 [27-8pr-11 16:30]
S EAllFEAKS 9 [27-Apr-11 19:00]

106



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

7.1. Comparison Result

When comparison is completed, a comparison result node is added to the project as shown in the screenshot. The
comparison result is opened automatically. The result consists of three parts: peptide comparison, protein comparison
and statistical charts.
=g D:ftemp/LFQ_Heatmap_Blank
: Compare run:9,10,12 [20-May-11 16:4¢

t-(C) LABEL FREE 13 [27-Apr-11 21:25]
—& Sample 1
=4 & PanTumor3Cx 1. RAW
- 4 DATA REFIME 2 [27-Apr-11 15:¢
- &, DENOVO & [27-Apr-11 17:05]
E’ PEAKS 10 [27-Apr-11 19:14]
|, Sample 2

PanTumorSCx2, RAW
- 4 DATA REFIME 1 [27-Apr-11 15:¢
- &, DENOVO 5 [27-Apr-11 16:30]
E’ PEAKS 9 [27-Apr-11 19:00]
=t~ L4, Sample 3
=|-4  PanTumor3Cx3. RAW

:.. # DATA REFINE 4 [27-Apr-11 15:°

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 Section 7.5,
“Exporting Comparison Result”.

7.2. Peptide Comparison

Peptides 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 which results the peptide is identified from. A solid icon indicates the peptide is identified.

Using thecontrol panel inthe bottom, each result can befiltered separately by setting the peptide-10lgP score threshold.
It is possible to to show only the common peptides shared by all results or the unique peptide in one result.

The following screenshot is the peptide table in atypical comparison result:
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PEAKS 9 [27-4p¢-11 15:00) | PEAKS 10 [27-4pr-11 19:14] I PEAKS 12 [27:Apr-11 19:54]
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|SLGEISALTS S53.3054  |30.595 £5.37 2 true 553. 2064  |20.5446 5331 2 [rue SE3.3069 89516 |55.37 2 [rue
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7.3. Protein Comparison

The top protein identifications from the compared search results are displayed in the table. The layout of the protein
table and control panel at the bottom is similar to the Peptide Comparison pane. The following information is also
displayed for each protein:

» Score: PEAKS protein -10IgP score

» #Spec: the number of PSMs 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

* % Spec: the number of peptides detected for the protein over the number of peptides in theoretical digestion.

» 9% Cov: the sequence coverage of the protein

The following screenshot is the protein table showing atypical comparison result:
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PEAKS 9 [27-Apr-11 15:00] PEAKS 10 [27-Apr-11 19:14] PEAKS 12 [27-Apr-11 19:54]
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7.4. Statistical Charts

PEAK S providesanumber of statistical chartswhich can beeasily exported for usagein publications. The peptide score
distribution, protein score distribution, peptide number Venn diagram, and 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.

_ Peptlde ScoreDISIbutton - Peptide Number Venn Diagram

100

PEAKS @ [27-Apr-11 19:00]  PEAIS 10 [27-Apr-11 19:14]

Score
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Rank PEAIS 12 [27-Apr-11 19:54]
[ PEAKS 9 [27-Apr11 19:00] #-FEAKS 10 [27-Api-11 19:14] -+ PEAKS 12 [27-Api-11 10:54]
Protein Score Distribution Protein Number Venn Diagram

PEAKS 9 [27-Apr-11 19:00]  PEAKS 10 [27-Apr-11 19:14]
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7.5. Exporting Comparison Result

The peptidetable, protein table, and statistical chartsin the comparison result can be exported into asingle spreadsheet.
Right-click on the comparison result node and choose Export Excel. Choose theitemsto be exported and set the image
quality for statistical charts.

Export Options
Export peptide result

Export protein result

Export statistics graph

Image Options
Scale: 1004 %
File Format: PN w|  Width: 80015  Height: 600 %

Save As: compare result Browse ...

Ok ] [ Cancel Help
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Chapter 10. Combining Multiple
Database Search Engines with PEAKS
INnChorus

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 result with search results from other engines.
PEAKS inChorus can either launch a database search or import a search result. The other supported search engines
are SEQUEST (Proteome Discoverer versions 1.3 and 1.4), Mascot (v2.4), X! Tandem (v2010.12.01.1) and OMSSA
(v2.1.8). A uniform FDR, aso known asinChorus FDR, is estimated to assist the filtering of the combined result.

Inthischapter, it isassumed that you are already familiar with PEAK S database search tools (Chapter 9, Peptide, PTM,
and Mutation Identification (PEAKS DB, PEAKSPTM, and SPIDER)). The usage of PEAKS inChorusis outlined in
the overview. For details of each step, please refer to later sections in this chapter.

1
Select a project, asample, or afraction node. Click the PEAKS inChorus button @ on the tool bar.

Y peaks swdio

File Tools Window Help

Od L HE a2%x@Qw

2. In the inChorus parameter dialog, there are drop-down lists for each supported database search engine. Using the
drop-down lists, you can choose the search results to be combined. Y ou can either:

» Choose an existing result

The list shows search results that aready exist in the PEAKS project. Simply choose an existing result from
thelist.

e Import aresult from afile

If the result by the search engine is exported to afile, that file can imported by choosing Import from the list.
Specify the file and the searched database used from the pop-up dial og.

* 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 a pop-up dialog similar to the search engine's nativeinterface. Pleaserefer to the
particular search engine's user manual for instructions. For the PEAK S database search, pleaserefer to Section 2,
“Setting PEAK S Search Parameters”.
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PEAKS ;Please select w | Mascot :Please select - Seqguest :Please select -
XiTandem Please select « OMSSA  |Please select  «
Mew Run ... L ! L ]
Summary |PEAES 3
Engine Precursor Error Fragment Error Enzyme Database Missed Cleavages FTM

/i, PEAKS is not selected, inchorus combination will not be performed.

oK ] l Cancel

Note

A PEAKS result must be selected for combining results in inChorus.

Note

When launching a new search, if the datain the PEAKS project is not yet refined, data refinement will
be performed first with default parameters.

I mportant

To enablethe calculation of theinChorus FDR, the same target-decoy database needsto be searched by all
the engines. For PEAKS, X! Tandem, and OM SSA, this target-decoy database is generated automatically.
For SEQUEST and Mascot, atarget-decoy database needs to be exported from PEAK S and added to their
database list. Use the tool from Configuration->Database to export the target-decoy database.
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Enzyme
FTM
Labeled Q Method

Instrument

Database List

Database Details

FASTA format datsbase: [UniProﬂCBISwiss—Prot v][ Validate Database W] ExportDecoy DB []

Basic Options

Database name: |SampleDE| | [] validated
Path: |D:‘lPeaksStudioE.S‘I,Dam‘l,'iampleDB.fasb |[ Browse ]or[ Download ]
[T] EST database

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

>(sp\D (S |
Rule to parse description from FASTA title:

s+ |
Accessionid URL:

|htiq:l:,.*',."l.r\.ll.r\.um.L.|r1i|:lmt.c:rg,."unn:u't:t,.r | <Accession/ID = I:l
Delimiter: |‘lp+‘|,{. =0 |

Taxonomy Options

Exnnid| |[ Browse H Download ]

Exdmp| |[ Browse H Download ]

| New || Addpdate || Delete || Hep |

Close

Then, check the " Search decoy database from PEAKS" checkbox for each third-party enginein their para-
meter settings or importing dialogs (for PEAKS check the "Estimate FDR with decoy-fusion" checkbox).
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Mascot Predefined parameters | - |
Database
Mascot Database lEampIeWiH‘nDemy - | Taxa
Local Database | SampleCB - SetfView Taxa
Enzyme
Enzyme | Trypsin » | Allowupto |0 « | missed deavages
PTH

Fixed |Carboxymethyl (C)
Modification

Acetyl (K) -
Acetyl (M-term)

Acetyl (Protein N-term)
Amidated (C-term)
Amidated (Protein C-term)
Ammonia-oss (M-term C)
Biotin (K)

Biotin (M-term)
Carbamidomethvl {C)

[ ] Display all modifications

[

E

Variable | Deamidated (MQ)
Modification| o yidation (M)

[

E

Error Tolerance

Peptide Tol |20 pom | #YC|0 ¥ MS/Ms Tol |0.8 Da =
Peptide Charge |2+, 3+and 4+ - | @) Monoisotopic () Average
Misc
Instrument |ESI-TRAP = | Reporttop AUTO - hits [ becoy I'Ch decoy database from PEAKS, >

I oK H Cancel I

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 presentationissimilar to aPEAKS Search result, with additional columnsin the peptide table tablewhich
show the search engine(s) that identified the peptide and their corresponding scores.

2. Understanding PEAKS inChorus Results

A inChorusresult isdisplayed 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 score is calculated in accordance with the empirical calculation used in PeptideProphetT'VI
(Keller et al. Anal. Chem. 2002, 74:5383-92).

1. The method of PeptideProphet™ is applied to each engine's result to estimate the probability of correctness for
each peptide identification.

2. If a peptide-spectrum match is identified by multiple engines, the scores for all those engines are added up to a
weighted sum.

etTM

3. Theweighted sum scores of al peptidesare converted to aprobability by using the PeptideProph method again.

114



Combining Multiple Database Search
Engines with PEAK S inChorus

Protein Score. Theprotein scoreisalso apercentage score. It iscal culated using the following approach. The scores
of the peptides from a protein are added up to a weighted sum. The PeptideProphetT'vI method is then applied to the
weighted sum scores of all proteinsto convert to a probability score.

Engineslcon. For each peptide in 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:

P: PEAKS Search (PEAKS DB, PEAKS PTM and SPIDER)

 M: Mascot

S: SEQUEST

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 threshold.
See Section 3, “Filtering PEAK S inChorus Results”).

» Whitebackground Theengineidentified the peptide with low confidence (bel ow the engine's own score threshol d).

» Dash The engine did not identify the peptide.

E 4 (1-280f23 v |Wp wsan=|search Q@ @ noresul
E Peptide Scan mjz RT Mass ppm #5pec Score (%) 4 Engines @ PEAKSEE]l  SequestfE]l  Mascotfll  xiTandemBd  Omssa[E] PTM
—1| | EECOTEDR .96
g 2 |ASEALKPDSQK 154 391.8754 | 18.59 | 1172.6038 0.5 8 99.95 [O] 56.42 2.43 39.99 - SE-4
[ 3 |SEVAHRFK 414 437.2645 | 22.28 972.5142 1.1 2 99.92 [E]EI - 45.42 1.33 42.05 - -
L 4 |LVAETEDRK 465 354.1932 | 23.07 | 1059.5559 1.7 3 99.92 [E]EI 23.04 2.27 45.01 - 1.01E-2
":.’_ 5 |QGVTEAAEK 167 466.7378 | 18.14 93145611 -0.1 3 99.92 27.83 111 40.80 - 5.2E-3
o 5 |IGYGSN(+.98)KK 220 434.2328 | 18.96 866,438 1.4 2 99.91 .77 - 37.32 - - =]
%‘ 7 |Q(-17.03)AKHEEIDTK 568 394.5337 | 24.46 | 1180.5725 57 1 99.66 40.05 - 24.58 P
g & |EAHEIVSK 17 456.7428 | 15.30 9114713 0.2 1 99.54 - 24.01 - 30.76 -
g || ¢ [PeeGQVEVK 561 435.7363 | 24.38 | 869.4607 | 3.0 1 99.38  \|EEME - [f 29.06 0.90 2L.06 T.IE2
2 10 |NPTAFKK 142 403.2322 | 17.77 804.4494 0.5 1 99.25 \El -4 2028 0.91 35.37 -
11 |AALEAARDSK 405 516.2780 | 22,17 | 1030.5408 0.6 2 99.16 (S0 - i 20,95 0.83 32.96
12 |VISQDTQPHQQK 557 7048610 | 24.33 | 1407.7107 -3 1 97.93 — - 3471 - -

Individual Engine's Score.  In the Peptide View, each engine's own score is displayed. A dash symbol indicates
that the peptide is not found by the engine.

FDR curves. TheFDR curvesfor all selected search engines are placed together in asingle figure in the Summary
View. Theblack * marks on the search engines' FDR curvesindicate the score threshol ds of the corresponding engines.
The red * mark indicates the inChorus FDR threshold.

FDR

1000 1500 2000 2500 3000
number of peptide-spectrum matches

= PEAKS === Mascot == OMSSA Sequest ¥ Inchorus ¥ Engine Threshold
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Note

Since there are overlaps in the peptides identified by different engines, the FDR threshold for the inChorus
result is higher than the respective FDR threshold for each individual engine.

Venn Diagram. A Venn diagram showsthe number of identified PSMs by the three enginesthat identified the most
PSM s under the current FDR threshold setting.

PEAKS Mascot

1612(18) 109(10)

1.1% target(decoy)

FDR%

1291(0)

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.

Peptides Target Inchorus FDR: 1%

Proteins Score (%) =| 50  |and =| 0 « | unigue peptides

Summary

De novo only ALC (%) = 50 - [ Apply Filters H Export H MNotes I

Filtering peptidesin the inChorus result is different to that in the PEAKS Search result. Click the Edit filters button in
the Summary View to specify the peptide filtering rules. Peptides can be filtered by either inChorus FDR or by each
individual engine's score. If filtering by inChorus FDR, PEAKS cal cul ates the score threshold for each search engine
to automatically to reach the target inChorus FDR. If filtering by each individual engine's score, a peptide is kept as
long as at least one engine's score is above the specified threshold.

116



Combining Multiple Database Search
Engines with PEAK S inChorus

") Set target inchorus FDR: 1%

@ Setindividual engine Threshold

At least one of the following conditions is true:

PEAKS -10lgP = 114 o
Sequest ¥carr = 37 - FOR.
Mascat Score = 335 - FOR.
¥ITandem evalue = 2.46-2 »
Omssa e-value = |9.89E-1 « FDR.

[ K ] [ Cancel

4. Exporting inChorus Results

TheinChorus exporting function contai ns the same exporting options as PEAKS DB. Unlike PEAK S 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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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 PEAK S 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/M S experiment.
The same peptide from different samplesis recognized by a set of precursor ion peaks with similar retention time and
mass differences within the retention time window and mass error tolerance set by the user. The ratio is calculated
from the intensities of those peaks. PEAKS Q supports both user-defined labels and commercial quantification labels.

The quantification analysisis based on aPEAK S DB result (See Chapter 9, Peptide, PTM, and Mutation Identification

(PEAKS DB, PEAKS PTM, and SPIDER)). Ensure that the specified isotopes are labeled as PTMs when performing
the database search. After database search is complete, follow these steps:

1
Select a PEAKS DB result node in the Project view. Click the PEAKS Quantification toolbar icon Q

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 workflow.

2. Select the quantification protocol “ Precursor lon Quantification”; specify the PEAKS quantification parametersin
the diaog; and click OK.

=
3 Wait for the analysis to finish. A new quantification result node 2! will appear in the Project view. Double click

the node to open the result.

The quantification result display is similar to that of the PEAKS DB result. However, the ratio and standard deviation
columns are added to each quantifiable peptide and protein.

2. Setting Parameters

Thefollowing parameter dialogue pops up when the quantification tool bar icon Q isclicked or Tools| Quantification
command from the menu is clicked. Select “Precursor lon Quantification eg. SILAC” from the left hand side.

118



PEAKSQ - MSLevel

Quantifications Precursor Ion Quantification

Basic Options
Mass Error Tolerance:

Retention Time Range:

() Label Free

Select Method:

SILAC-3plex (R10,K... w

—, Reporter Ion Quantification
" eq, TRAQ/TM

New

Predefined parameters

20.0 | ppm s Upper Bound of Precursor Charge: 3

1.0 |min. s Peptide Score Thresheld (-10logP): i

Quantification Method Detail

Mame |SILAC-3plex (R10,K8|RE,K4) Method Type Precursor Ion Quantification

Label Options

Sample Name Modification Modification Detail
Heawy 13C(8) 15M(2) Silac label 10.020909@[R]
Heavy 13C(B) 15M(2) Silac label 8.014199@[K]
Medium 13C(g) Silac label 6.020129@[R]
Medium 4,4,5,5-D4 Lysine 4.025107@[K]
Light [Mane |

oK Cancel

The following parameters are available in the “Basic Options’ section of the quantification window:

Help

e MassError Tolerance: Thisparameter isused to locate the precursor ion peak group of an identified peptideinthe
survey scan. InaSILAC or ICAT experiment, we are usually dealing with non-centroided survey scans; therefore,
the mass error tolerance should be set alittle wider than the parent ion error tolerance used in the PEAK S DB search.

» Upper Bound Precursor Charge: The precursor ion of an identified peptide may produce sibling ions of different
charge states. Only those sibling ions with a charge less than the upper bound precursor charge will be considered

for quantification of the identified peptide.

» Retention Time Range: The retention time range is the maximum elution time range that is considered for the

quantification of an identified peptide.

» Peptide Score Threshold (-10IgP): Only peptides with a score above this threshold are used to quantify the iden-

tified proteins.

Choose the appropriate quantification method used in experiment from the “ Select Method” drop-down list that con-
tains predefined quantification methods. The details of the selected quantification method will appear in the “ Quan-
tification Method Detail” panel. To create a new quantification method, click the New button to display the “New/
Edit Quantification Method” dialog. Refer to Section 2.3, “Labeled Q Method Configuration” for how to create or

edit a quantification method.

Selecting the Save as... command from the “ Predefined parameters’ drop-down list allows the users save parameters
for the ease of use when regularly performing quantification with the same parameters.
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3. Understanding the Results

o
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/MSview. The “Summary” view tab will appear by default.

3.1. Summary View

The MSlevel quantification result summary is presented in the " Summary" view. The quantified proteins are clustered
into atree structure in the Heatmap. Proteins are clustered according to their exhibition of a similar expression trend
across samples. Move the cursor to the tree to select a cluster and left click to show the variation trend chart for that
cluster. Other information displayed on the summary page is self-explanatory.

1. Heatmap View

T 4] Q5 A,
P12124[AL7_AUMAN
F13837|AT 1A3_HUMAN
tr{B4DNO0|B4DH00_HUMAN
FO1E17|KV202_HUTAAN
HUMAN
262 A AN

BAT_HUMAN
| @BIUKT|QEIUKT_AUMAN
|COJWES|COIWES_HUMAN

Q7L0J3|SVZA_HURAN
tr|B4E254|BAER54_HUMAN
t|DSRBUS|DSRBUS._HUMAN

Cell colour represents the log, ratio to the Control Sample (Control Sample is marked with (*))
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=
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=

=

log2{ratic)

50
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Default group 1

2. Notes

3. Result Statistics

Table 1. Statistics of data and unfiltered result. Table 2. Result filtration parameters.

# of MS Scans 3591 Protein fold change =3

# of MS/MS Scans 12443

4. Other Information

Table 4. Search parameters. Table 5. Instrument parameters.

Quantification Type: ICAT/SILAC Fractions: VPS4B1T RAW

Quantification Mass Tolerance: 0.1Da Ton Source: ESI (nano-spray)

Quantification RT Range: 1 0min. Fragmentation Mode: CID, CAD, IRMPD (v and b ions)
Upper Bound Charge: 4 MS Scan Mode: FT-ICR/Orbitrap

Peptide Score Threshold:15.0 MS/MS Scan Mede: Linear Ion Trap

No Label: K (100.0%) R (100.0%)
Light: K(+4.03) (100.0%) R(+6.02) (100.0%)
Heavy: K(+8.01) (100.0%) R(+10.01) (100.0%)

3.2. Protein View

The“Protein” view showsalist of proteinsthat areidentified in the database search, together with the protein coverage
of their identified peptides in the window below. The relative intensity of those quantifiable proteins are displayed
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in the ratio columns with label names incorporated into the header. (e.g. "Light", “Medium”, or “Heavy”) The ratio
is calculated from the unique peptides of the protein. Proteins with no unique peptides will not be assigned a ratio.
SD represents the standard deviation of the peptide ratios in the protein. The sample on which the ratio is based on
can be changed in the Show ratio to drop-down menu in the “ Summary” view. Normalization factors can be selected
in the “Normalization factor” drop-down list in the "Summary" view. The coverage of the selected protein and the
peptides of the selected protein, together with their ratios, are displayed at the bottom half of the Protein view. Refer
to Section 3.3.2, “Protein Coverage’ for details on protein coverage pane.

StartPage X | o QUANTITATION 11 [2013-10-25 10:40] X

£ show [top v | proteinsin each group ~ accession contains | searct O @) @ no results
13
E
A Accession -10igP Coverage #Peptides #Unique Avg, Mass Description Light Medum Heavy SDLight SDMedium SDHeavy Mark
£ |E @ Proteins ~
£ W QO7955|SRSFL HUMAN 10882 [ lyg% 6 6 Serine/arginine~ich splicing factor 1 0S=Homo sapie...
= @ P10412]H14_HUMAN 8474 mu M [ 9% 7 7 21865 |Histone H1.4 OS=Homo sapiens GN=HISTIHIEPE=1...| 1 0974 | 0.076 | 0.00 0.51 0.3 | [V
-] P15880 |RS2_HUMAN 8426 W [ B T 5 5 31324 405 ribosomal protein 52 O5=Homo sapiens GN=RPS... 1 1.38 0.073 0.00 0.65 0.19 vl
‘? P61247|RS3A_HUMAN 76,13 (1] Hnn 1% 7 7 29945  [405 ribosomal protein 53a O5=Homo sapiens GM=RP... 1 0.857 | 0.101 0,00 0.53 0,00 vl
P22626[ROA2_HUMAN | 70.90 [ | 13% 4 3 37430 |Heterogeneous nudlear riborucleoproteins A2/B10S... | 1 2805 | 0.181 | 0.00 0.00 000 | [
2 PG2424RL7A_HUMAN | 66.25 | Il [ TS 4 4 29995  |60S ribosomal protein L7a O5=Homo sapiens GN=RP... | 1 0623 | 0.332 | 0.00 0.50 02 | [V
= @ Q13733|AT1A4 HUMAN | 65.93 1 I s 4 4 114166 [Sodium/potassium-transporting ATPase subunit apha...| 1 0.137 | 0.061 | 0.00 0.00 000 | ¥
P35612|ADDB_HUMAN | 85.20 (] 5% H 2 80854 |Beta-adducin OS=Homo sapiens GN=ADD2PE=15V=3| 0 0 0 0.00 0.00 000 | ¥
Q13642|FHL1_HUMAN | 60.65 [} 1o 3 3 36263 |Four and a half LM domains protein 1 0S=Homo sapi...| 1 1591 | 0.16 0.00 0.00 0.00 | [
Limaan cc17 | mma = < < E? b Locnts P r—oo: o o o non non non e Y
Coverage | Peptides
>sp|Q07255]SRSF1_HUMAN Serine/arginine-rich splicing factor 1 0S=Homo sapiens GN=SRSF1PE=15¥=2 2 @ |Ooutine @ coverage
-:':3 803 Aas per line 10AA gap
1 MSGGGVIRGP AGNNDCRIYV GNLPPDIRTK DIEDVEFYKYG ATRDIDLENR RGGPPFAFVE FEDPRDAEDA VYGRDGYDYD Show de novo only sequences
=g ddl — =
—c =l de novo tags sharing | 65 AAs
21 GYRLRVEFPR SGRGTGRGGG GGGGGGAPRG RYGPPSRRSE NRVVVSGLPP SGSWQDLKDH MREAGDVCYA DVYRDGTGVV IR TOEEE L i
—=8 " | show mocifications
165 170 173 -
c o =] minimum ion intensity | 55 %
161 EFVRKEDMTY AVRKLDNTKF RSHEGETAYI RVEVDGPRSP SYGRSRSRSR SRSRSRSRSN SRSRSYSPRR SRGSPRYSPR
—d=Eic o e el AM  PTM #
d d| +4.03]4,4,55D4Lysine 27|
241 HSRSRSRT +8.01| 13¢(6) 15N(2) Sia... |17
|8 +6.02] 13C(8) Siac label

3.3. Peptide View

The Peptide view displays all the identified peptides and their intensities. The interface is similar to the Peptide view
in a PEAKS DB result. Refer to Section 3.4, “Peptide View” for details. The relative intensities of the quantifiable
peptides are displayed in theintensity columnswith label namesincorporated into the header (e.g. “Light”, “Medium”,
or "Heavy"). The reference sample can be changed from the “ Show ratio to” drop-down menuin the* Summary” view.
Themodefor the normalization factor can also be selected from the“Normalization factor” list inthe " Summary" view.

StartPage % & QUANTITATION 11 [2013-10-25 10:40] X

E 45 1-10000f1893 » Bp w scan = | search O | @9 @) noresults
lﬁ Peptide -10lgP 4 Mass ppm mjz RT Scan #5pec Accession Light Medium Heavy PT™
S| GC(+57.02)TATLGNF{+4.03)AK(+4.03) 1146.5942 3. P15880 |RS2_HUMAN
ﬁ 2 |SAGPQSQLLASYI(+6.02)AEK 65.20 1603.8876 0.2 802.9512 | 98.57 13921 2 P35612]ADDE_HUMAN - - - [ ]
E 3 | AIVAGDQNVEY({+4.03)K(+4.03) 60.66 1313.7067 7.8 657.8657 42.11 5087 1 Q13642|FHL1_HUMAN 1 1.591 0.16 dd
4 |LIIVEGC(+57.02)QR 55.96 1086.5856 -3.5 544.2982 43.10 6033 2 Q13733|AT 1A4_HUMAN 1 0.137 0.061 =
§ 5 | KVVNPLFEK 54.68 1072.6281 -7.5 537.3173 | 45.42 6300 1 P52424|RL7A_HUMAN 1 0.216 0,181
§ 6 |SGVSLAALK({+4.03) 53.67 48,5269 32 425.2721 55.14 7216 1 P10412|H14_HUMAN 1 0.551 0,645 o
7 | TK{+8.01)DIEDVFY(+4.03)K(+4.03) 52.68 1272.6932 6.3 637.3579 91.59 12840 14 QO7355|SRSF1_HUMAN - - - cdd
% 2 |GGGGMFGPGPGSNF(+4.03)R(+6.02) 50.96 1386.6674 9.3 694.3474 48.16 6103 1 P22625|ROAZ_HUMAN - - - dig
§ 2 |SHEGETAY(+4.03)IR(+6.02) 50,49 11715867 -7.7 586.7961 | 2440 2433 3 QO7955|SRSF1_HUMAN 1 1.074 0,123 dig
10 |[DGYDYDGY(+4.03)R(+6.02) 43.23 11324706 -3.6 367.2405 | #4478 Elaal 3 Q07355|5RSF 1_HUMAN - - - dig

3.4. LC/MS View

The LC-MS view shows the distribution of LC-MS signals/features and identified peptides in an interactive LC-MS
heat map. Check the option “Identified peptides’ to show the locations of the MS/M S spectra with peptide identifica-
tions as indicated by blue squares. Refer to Section 4, “LC/MS View” for alist of supported interactions in the LC-
MS heat map.

3.5. Filtering Quantification Results

Quantification results can be filtered based on the number of fold changes between samples. To do this, use the with
fold changett drop-down list in the title bar of the “Summary” view panel. To change the reference sample, select
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the appropriate sample (eg. “ratio to light”) from the Show drop-down list. To change the normalization factor of the
proteinratio, select “auto”, “manual”, or “no” fromthe Normalization factor drop-down list. For manual normalization,
enter the normalization factorsin the textbox to theright. Click the Apply Filters button to filter the results. Theresults
will be updated in the “ Summary” view, the “Protein” view and the “ Peptide” view accordingly.

StartPage X | & QUANTITATION 4[2013-10-10 15:01] X

Proteins with fold change= | 1

Summary

Show |ratio to Light  « [ Mormalization factor | no W 1=1:1 Apply Filters Export Motes

log2{ratia)

4. Exporting Quantification Results

PEAK S Qresultscan be exported to other supported formats. All export functionsare availablethrough the* Summary”
view panel. To export the quantification results, click the Export button in the title bar of the “ Summary” view panel.
Refer to Section 5.1, “Exporting Labeled Quantification Results’ for details.

Pratein

QTLBRA|CHM
——— QEPFW1[VIP1L
QENIOE|NCOAT _HUMAN
QTEMSE|CCDBA_HUMAN
L| [ P09E51|ROAT_AUMAN

ptide
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Chapter 12. Reporter lon Quantification
(e.g. ITRAQ and TMT)

1. Overview

Reporter ion quantification with isotope labels at MS/MS level is one of the three quantification modes that are sup-
ported by the optional PEAK'S Q module of PEAKS Studio. Thisisbased on the relative intensities of fragment peaks
at fixed m/z values within an MS/MS spectrum. In this mode, isotope labels with the same mass are introduced to
several samples. The samples are then analyzed together in an LC-MS/M S experiment. The same peptides from dif-
ferent samples will have the same precursor m/z and are fragmented together. In the MS/M S scans, |abels from differ-
ent samples will produce different reporter ions; which can then be used to calculate the quantification ratio between
samples. User-defined labels are supported in PEAKS Q as well as commercial labels such asiTRAQ and TMT.

The quantification analysisis based on aPEAK S DB result (See Chapter 9, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKSPTM, and SPIDER)). Ensure that you have specified the isotope labels as PTMsin the database
search. After database search is complete, follow these steps:

1
Select a PEAKS DB result node in the Project view. Click the Quantification toolbar icon Q .

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 workflow.

2. Select the quantification protocol as “Reporter lon Quantification™; specify the PEAKS quantification parameters
in the dialog box on the right; and click OK.

[
3 Wait for the analysis to finish. A new quantification result node = will appear at the Project view. Double click
the node to open the result file.

The quantification results with labels are displayed in aformat that is similar to the PEAKS DB result, A ratio isadded
to each quantifiable peptide and protein along with standard deviations for protein ratios.

2. Setting Parameters

The following parameter dialogue pops up when clicking the quantification tool bar iconQ. Select “Reporter lon
Quantification eg. iTRAQ" from the left side under the “Quantification” heading in the quantification window. Enter
the relevant MS/M S level |abeling quantification parameters on the right side of the window.
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Quantifications Reporter Ion Quantification Predefined parameters W

Basic Options

Mass Error Tolerance: 20,0 | |ppm W Peptide Score Threshold (-10logP): 20

() Label Free

Select Method: Quantification Method Detail

TRAQ-4plex - Mame |TRAQ-4plex Method Type Reporter Ion Quantification

Modification Target
MNew
| N-Terminal Modification C-Terminal Modification

~ Precursor Ion Quantification
 eg. Slac Side Chain Modification at Modification Mass | 144, 10207

Label Options

MName Reporter Ion Mass (Da)
114 114.1107
115 115.1077
116 116.1111
117 117.1144
oK Cancel Help

The following parameters are available in the “Basic Options’ section of the quantification window:

» MassError Tolerance: This parameter is used to locate the reporter ion peaks in the MS/MS spectrum. A little
wider tolerance than the fragment ion error tolerance set in PEAKS DB is recommended.

» Peptide Score Threshold (-10IgP): Peptides with a score above this threshold are used to quantify the identified
proteins. Peptide level quantification results are still shown for peptides with a score below this threshold.

Choose the appropriate quantification method used in the experiment from the “ Select Method” drop-down list that
contains predefined quantification methods. The details of the selected quantification method will appear in “Quan-
tification Method Detail” panel. To create a new quantification method, click the New button to display the “New/
Edit Quantification Method” dialog. Refer to Section 2.3, “Labeled Q Method Configuration” for how to create or
edit a quantification method.

Selecting the Save as... command from the “ Predefined parameters’ drop-down list allows the users save parameters
for ease of use when regularly performing quantification with the same parameters.

3. Understanding the Results

#
Once completed, the protein quantification result will be displayed in a quantification node = in the “Project View”
panel. Double click on this node to open the result that contains three views: Summary view, Protein view and Peptide
view. The " Summary” view tab will appear by default.

3.1. Summary View

The MS/MS level quantification result summary is presented in the "Summary" view. The quantified proteins are
clusteredinto atree structureinthe Heatmap. Proteinsare clustered according to their exhibition of asimilar expression
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trend across samples. Move the cursor to the tree to select a cluster and left click to show the variation trend chart for
that cluster. Other information displayed on the summary page is self explanatory.

1. Heatmap View

Q4FDEE|CCPRZ_USTMA
FO0488|FYGM_RABIT
QOESOE[YL201_YEAST
FO0321|ADHZ_VEAST
FOO320|ADHT_YEAST
QBOWC2|TNCTE_MOUSE|
Q 8|END_FLRGI
F23254|TKT1_YEAST
FOOS24[ENCT_YEAST
QEDEVI|FDXH_ERWCT
FOOTE1|[TRYF_FIG
QBKIV1[HGBE_HAEIN
FO2788|ALEU_BOVIN
Q25ZAZ|AIAG_BOVIN
F12782(FETUA_BOVIN
Q28443|TRFE_BOVIN
P48085|ALBU_RABIT
QEIMHNE|VTDE_BOVIN

Cell colour represents the log, ratio to the Control Sample (Control Sample is marked with (%))

“
2

log2{ratic)

5.0
0.0
-5.0

Default group 1

2. Notes

3. Result Statistics

Table 1. Statistics of data and unfiltered result.
# of MS Scans 119082
# of MS/MS Scans 22175

Table 2. Result filtration parameters.
Protein fold change =2

4. Other Information

Table 4. Search parameters.
Quantification Type: ITRAQ
Quantification Mass Tolerance: 0.2Da
Quantification RT Range: 0.0min.
Upper Bound Charge: 0

Peptide Score Threshold:20.0

Table 5. Instrument parameters.

Fractions: injl RAW inj2 RAW inj3 RAW.inj4 RAW inj5 RAW
Ton Source: ESI(nano-spray)

Fragmentation Mode: CID, CAD, IRMPD (v and b ions)

MS Scan Mode: FT-ICR/Orbitrap

MS/MS Scan Mode: Linear Ton Trap

Label 0: 114.11 (100.0%3)
Label 1: 115.11 (100.0%3)
Label 2: 116.11 (100.0%3)
Label 3: 117.11 (100.0%3)

3.2. Protein View

The “Protein” view shows alist of proteins that are identified in the database search along with protein coverage of
their identified peptides in the window below. The quantification ratios of the quantifiable proteins are displayed in
theratio columnswith their label names asthe header (eg. "114"). A proteinis considered quantifiable when identified
by a unique peptide above the peptide score threshold set in the parameters. The ratio is calculated from the unique
peptides of the protein. Proteins with no unique peptides are not considered to be assigned a ratio. The denominator
sample can be changed from the “Show” drop-down menu in the “Summary” view. The normalization mode can
aso be selected in the “ Summary” view (see Section 3.5, “Filtering Quantification Results’). The SD is the standard
deviation of the peptide ratiosin the protein. The peptides of the selected protein, along with their ratios, are displayed
at the bottom half of the Protein view.
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E Show |top w  proteins in each group ~ accession contains | sesrcs Q)| @ @ noresults
§ Accession -10igP Coverage #Peptides  #Unique  Avg. Mass Description 114 115 118 117 sD114 SD115 SD116 SD117 Mark
£ |=-@ Proteins ~
£ i P43311|PPO_VITVI o Polyphenol oxidase, chloroplastic OS=Vitis vinifera P...
& P56648|RBL_VITVI 313.07 | ma I 1 I35% 18 2 52519 |Ribulose bisphosphate carboxylase large chain 05=... 1 0.716 | 0.206 (0.073 | 0.00 0.00 0.00 0.00 [+
| -@ QIPMQS|PSBE_SOVEN | 286.00 [0 1 1 | [N} 24% 13 1 56035  |Photosystem II CP47 chlorophyll apoprotein OS=Gly. .. 1 0.747 | 0.702 | 0.927 | 0.00 0.00 0.00 0.00 ]
2 QO8655|ASR1_SOLLC | 285.39 T 0% 19 19 13130 |Abscisic stress-fipening protein 1 0S=Solanum lycop...| 1 | 0.921 | 4277 [3.579| 0.00 | 0.22 | 18.14 | 1327 | [¥]
1 P28460|RBL_VITAE 283650 W Im N LOIW 0036 17 1 51600  |Ribulose bisphosphate carboxylase large chain (Fra... 0 1] 0 1] 000 | 0,00 | 000 0.00 [+
- - ATPRIGIMETK4_VITVI [ 278.72 | mEEEE EEI 0 | W4p,| 14 [ 42931 |S-adenosylmethionine synthase 4 OS=Vitis vinifera... | 1 | 1316 | 0.218 |0.155 | 0.71 | 69.34 | 0.15 | 0.11 G
g P53492|ACT7_ARATH 27096 | NI EEE NI g 19 0 41736  |Actin-7 Q5=Arabidopsis thaliana GN=ACT7 PE=15V... 0 ] 0 ] 0.00 0.00 0.00 0.00 [+
- P296385|ATPBM_HEVBR | 26541 | H N NI l1lmIR 48% 20 2 60259 |ATP synthase subunit beta, mitochondrial OS=Heve... 0 0 0 0 0.00 0.00 0.00 0.00 ]
QO6GN4|PSBE_PIPCE 26492 (1 1 1 maul 23% 13 1 56150 |Photosystem IT CP47 chlorophyll apoprotein OS=Fip... 1 0.781 | 0.643 [0.415 | 0.00 0.00 0.00 0.00 [+]
- P43643|EF1A_TOBAC | 264.32 | 1 IR0 DEE gy 17 0 49282  [Elongation factor 1-alpha OS=Nicotiana tabacum PE... 0 ] 0 ] 0.00 0.00 0.00 0.00 [+
- @ P24453|ATPAM_PHAVL | 263.17 (ML I WD 00 W N 38% 20 5 55345  |ATP synthase subunit alpha, mitochondrial 05 =Phas... 1 1.031 | 0.685 0.693 | 0.00 0.64 0.13 0.17 v
Q6483|ACT2 SOLLC | 262.55 |INI BN BN 1SN M0 gy, 16 0 37175 |Actin-51 (Fragment) O5=5Solanum lycopersicum PE=...| 0 [ 0 o | 000 | 000 [ 000 | 0.00 & |~
Coverage | Peptides
>5p|P43311|PPO_VITVI Polyphenol axidase, chloroplastic OS=Vitis vinifera PE=1SV=1 3 % |Ooutine (@ coverage

1 MASLPWSLTT STAIANTTNI SAFPESPLEFQ RASHVEPVARN RSRRFAPSKV SCNSANGDPN SDSTSDVRET SSGKLDRRNV — * || 8013 Adsperine  [4] 10AAgap

13 128 Show de novo anly sequences
51 LLGIGGLYGA AGGLGATKPL AFGAPIQAPD ISKCGTATVP DGVTPTNCCE PVTTKIIDFQ LPSSGSPMRT RPAAHLVSKE [¥]de novo tags sharing | 613 AAs
L o=iit W de nove peptides fully matched
|ﬁz iz Show modifications
161 YLAKYKKATE LQEALPDDDP RSFEQQANVH CTYCQGAYDQ VGYTDLELQV HASWLFLPFH RYYLYFNERIT LAKLIDDPTF b minimum fon intensity | 55 %
| ] a | P -

144,10 |TRAQ 4plex (K, ...

152 1 A e 0

+15.55 | Oxidation (M) E

318

241 ALPYWAWDNP DGMYMPTIYA SSPSSLYDEK RNAKHLPPTV IDLDYDGTEP TIPDDELKTD NLAIMYKQIV SGATTPKLEL

o

3.3. Peptide View

The "Peptide” view displays all the identifiable peptides and their relative intensities. The interface is similar to the
peptide table in a PEAKS DB result (see Section 3.4.1, “Peptide Table"). The relative intensities of the quantifiable
peptides are displayed in the intensity columns with label names as the headers (eg. "114").

Z| 4m | 1-1000 of 10581 v |5 w scan=|s=acn Q| @ @ noresults
E
5 Peptide -10igP 4 Mass ppm mfz RT Scan #Spec Accession 114 115 116 17 PM
PO 1(-+1:44. 10)EEEIAAAAAVGAGGFAFHEHHEK(+144, 10) E 927.1393 F23:3748 Q08655|ASR 1_SOLLC - - - -
|| 2 [v{+1#3.10)LVNIEQQSPDIAQGVHGHLTK(+144. 10) 129,70 26704656 L5 8911638 | 47.96 F7:3051 E) ATPRIGMETK4_VITVI 1 2555 0 o [HE
2 || 75 [A(+1%4, 10)LVWHELEDDLGK(+144. 10)GGHELSLTTGNAGGR. 136.92 3132.6365 18 10452213 | 5298 | Fam:3468 ] 065133|S0DCP_VITVI 1 1267 0 1656 | WM
4 |L(+144. 10)SGEDHIHAGTVVGK(+144. 10) 122,31 1734.9579 27 579.3281 | 38.55 | F38:1909 25 P56648|REL_VITVI 1 123 0.125 | 0111 |HE
2 [ 5 |F(+13% 10)DVYINDEDYSVSRPK(+144. 10) 120.28 2234.1057 2.0 7457106 | 46.55 F1:2333 102 F43311[PPO_VITVI 1 122 1832 | 169 WM
§ | 5 [6(+144. 10)PLQISWNY (194, 10JNYGPAGR 118,95 2080.0693 3.3 6943660 | 48.52 F2:2881 18 P29023|CHIB_MAIZE 1 2.805 5.0 | 12614 W
7 [1(+144. 10)WFGIATAHDFESHDDITEER 118,35 2632.2255 12 8734182 | 54.65 | F1L3578 4 QUEFW4IPSAB_PELHO 1 0.821 0.158 | 0.162 |W
2 |[ 5 [1(+19% 10)INEPTAAATAYGLDK(+144. 10)K(+144. 10) 117.58 2219.2830 14 7407693 | 50.78 | F12:2965 2 P22953|MD37E_ARATH 1 2,66 0 0.891 |HEE
G [ 5 [1(+144 10)LNEPTAAALAYGLDK(+ 144, 10)K(+ 144, 10) 117.58 2219.2830 14 7407693 | 50.78 | F12:2965 0 QIXCB 1|DNAK_RHOMR. 1 2.66 0 0.851 |HEE
10 | 1(+ 144, 10)INEPTAAALAYGLDK(+144. 10)K(+ 144, 10) 117.58 2219.2830 14 7407693 | 50.78 | F12:2965 0 QOVSTS|DNAK_ALCES 1 266 0 0.851 |HEE
11 |G(+144. 10)PAPLSLALAHADIDDGK(+144. 10) 117.18 2048.1104 28 683.7125 | 50.73 F2:3107 4 Q69GY7|UCRIA_SOLTU 1 1612 1091 | 1337 |HE | v

Note

Select a peptide and zoom in to the reporter ion region of the MS/IM S to examine the reporter ions.

3.4. LC/MS View

The LC-MS view shows the distribution of LC-MS signals/features and identified peptides in an interactive LC-MS
heat map. Check the option “Identified peptides’ to show the locations of the MS/M S spectra with peptide identifica-
tions as indicated by blue squares. Refer to Section 4, “LC/MS View” for alist of supported interactionsin the LC-
MS heat map.

3.5. Filtering Quantification Results

The Quantification result can be filtered based on the number of fold changesin the proteins. Y ou can set the appro-
priate values for the filters by changing the filtration parameter values from the drop-down listsin the title bar of the
“Summary” view panel and clicking on the Apply Filters button. The result will be updated in the “ Summary” view,
the “Protein” view and the “Peptide” view accordingly. The intensity columns of the “Protein” and “Peptide” views
display the absolute intensity or relative intensity of the quantifiable proteins and peptides. To change the reference
sample, select the appropriate sample (eg. “ratio to 114”) from the dropdown list beside “ Show” in the “ Summary”
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view. PEAKS also supports changing the normalization factor of the protein ratio. Select “auto”, “manua”, or “no”

from the dropdown list. For manual normalization, provide the normalization factorsin the textbox to the right.

Proteins with fold changez= | 1

Summary

Show ratio to 114 « | Mormalization factor |auto  « | 1:1.6:0.96:0.99 Apply Filters Export Motes

Note
When filtration parameters are changed, the Apply Filters button changes color as a reminder to apply the

filter by clicking it.

4. Exporting Quantification Results

PEAK S Q results can be exported to other supported formats. All export functionsare available through the“ Summary
view panel. To export the quantification results, click the Export button in the title bar of the “ Summary” view panel.

Refer to Section 5.1, “Exporting Labeled Quantification Results’ for details.
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Chapter 13. Label Free Quantification
(LFQ)

1. Overview

Label free quantification is one of the three quantification methods supported by the PEAKS Q module. It usually
serves as a fast profiling tool for differential studies of large scale proteomics. This quantification method is based
on the relative intensities of peptide features detected in multiple samples. Feature detection is performed separately
on each sample. By using the EM (expectation-maximization) agorithm, more overlapped features can be detected.
The features of the same peptide from different samples are reliably aligned together using a high-performance re-
tention time alignment algorithm. The label free quantification of PEAKS Q module can be performed without any
identification result. But you can aso choose to attach an existing identification result as the last step of the label
free quantification.

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 thisfunction is outlined in the following overview.

1 sdecta project node in the “ Project View” frame. Click the PEAK S Quantification tool bar icon 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
project creation, dataloading, PEAKS DB search, and quantification in a single workflow.

2. Select the quantification method as "Label Free" and specify the PEAKS Label Free quantification parametersin
the right panel of the window.

3. Arrange the samples into 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 @ will appear at the project tree. Double click the node
to open the result file.

2. Setting Parameters

Select “Label Free” from the left side under the “ Quantifications’ heading in the quantification window to view the
label free quantification parameters on the right side.
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Quantifications Label Free Quantification
Basic Options
Mass Error Tolerance: | 10.0 ppm Retention Time Shift Tolerance: (6.0 min
(@) Label Free sample Groups Attach Identification
search sample list Q Select Al Collapse Remove
Reporter Ion Quantification N Treatmenti? 1 ¥ PEAKS 10
eq. TRAQ/TMT - Group Color i
JL Treatment12_2 ’ [+ - = P Groun 1 - [# PEAKS 23
J\ Treatment24_1 Bfl| 50RO | [ PEAKS 27
- JL Treatment24_2 e Control_1 [# PEAKS 31
Pr E,LECI, Ton Quantification Q Control1_2 3; PEAKS 35
eg. SILAC ..=-A Group 2 [ ]
- v J_k Control2_1
e JL Control2_2
Advanced Move Up Maove Down
Ok Cancel Help

The following parameters are available in the “Basic Options” section of the quantification window:

* MassError Tolerance: 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: The retention time shift between different runs. Initially this should be set as
the highest possible shift between runs. Later, by checking the RT shift distribution figure in the result, you can
narrow the tolerance.

The“ Sample Groups” section allows you to arrange the samples into groups according to different experiment condi-
tions. All available samples are listed on the left side of the panel. All of the selected samplesin theleft sidelist can be

added to anew group in the group table by clicking ™ | i , or can be added to an existing group by clicking! = */and
selecting the group from the drop-down list. Selected groups or selected samplesin the group table can be removed by

clicking. *  for rearrangement of the samples. The groups are color-coded by the color column in the group table.

These colors will be used in the heat map of the Summary view to distinguish the groups.

Click the Advanced button to open the advanced settings dialog where the reference sample and training samples can
be selected manually. The reference sample will be used as the center to do the retention time alignment. The training
samples are used to calculate the feature vector quality. For training samples, biological replicates are preferred. In
both cases, auto detection should fit most cases.
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Reference Sample: |Auto detect | w

{Reference samole wil be used as the cenfer fo do refetion fime alignment.
Auto-detfecton showd it most c3ses,)

Training Samples: Auto detect W Auto detect W

(Feature vector quality = calnuibted based on 3 pair of fraining samoles.,
Binrenlicates are preferred o be wsed a5 fraining samoles. Aufo-
defection should it mos§ cases.)

Ok Cancel

To attach the identification results to the label free quantification result, click on Attach ... button in the Attach Iden-
tification section. The “ Attach identification results’ dialog lists all available identification results. Select the identi-
fication 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 the first 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 FOR validation:
1] PEAKS 4 (@ ALL
# PEAKS &
rat .
] PEAKS & (") PEAKS DB
() PEAKS PTM
(") SPIDER
FDR. Threshald: | 1.0 % Attach Cancel

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: Outline of PEAKS LFQ search results with statistics. This is the place to examine the overall perfor-
mance of the experiment and adjust filters.

e LC/MS: Theoverall masssignal view for each M S run, marked with detected features and MS/M S spectra. SeeSec-
tion 4, “LC/MS View” for detailson LC/MS view.

 Features: Thequantified peptidefeaturevectorslisted in atable. Onefeature vector isalist of featuresfrom different
samples aligned together for one peptide. Extracted ion chromatogram (XIC), 2D/3D LC/MS view and retention
time alignment are also displayed for each feature vector.

130



PEAKSQ - Label Free

» Proteins: The quantified proteins with alist of supporting peptide features for each protein.

3.1. Summary View

The summary view provides three main functions:

1. Result Filtration: Thisis achieved by specifying the filtration rules in the area at the top of the Summary View.
The filtration function is discussed in Section 3.1.1, “Result Filtration”.

2. Summary Report: Several 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 isthe focus of this section.

3. Result Exporting: Thisisachieved by clicking the "Export" button at the top of the summary view. The exporting
function is discussed in Section 3.1.3, “Exporting Quantification Results’.

The summary report includes an expression profile with candidate proteins assorted in a heat map, result statistics
tables, and alist of filtration parameters. To add a summary note, click on the Notes button to open a“Notes Entry”
editor where you can edit the notes to be displayed on summary page.

RT Range 0 +|=RT=[184 4| BaseSample Sample3 - [ Apply Filters ][ Export ][ Notes ]

Peptide feature  Significance = 0, Fold change = 1, Quality = 0, Avg. Area =0, 1 =Charge= 10, detectedin atleast 1 of 6 samples, and with peptide ID

Protein Significance = 30, Fold change = 2, has at least 1 unigue peptide Edit... ][ Mormalization Factor ][ Heatmap ][ Sample Correlation ]

1. Notes

|Featul'es | Praoteins | LC/MS | Summary

2. Result Statistics

Figure 1: Protein profile heatmap (Cell colour represents the log2(ratio) to the average area across different samples) @

L) L) oy L) o o

5 5 I 5 & 5

3 3 3 3 3 3

2 2 = = = =

T = = = & =

- "~ bl - s - log2(ratio)
P33775|PMT1_YEAST a0

P2ETET [PANE_YEAST
POT267 [CARF_YEAST
PA0345[RFC2 YEAST
PE1626 ups| LTS C_HUMAN_UPS
PE270ups|UBCO_HUMAN_UPS oa
P15550 ups|NQOT_HUMAN_UPS

PO134d4ups||GFZ_AUMAN_DPS

PE2037 ups|PPLA_HUMAN_UPS

PA0B36-Bups| TAD_HUMAN_UPS

FO1031 upz|CO5_AUMAN_TFS -4.0
POZ7S7 ups| TRFE_HUMAN_UFS

PO4040 ups|CATA_HUMAN_UPS I Group 1
POE211ups|CAT &_HUMAN_UPS

PO1127 ups|PDGFE_HUMAN_UPS Group 2
POO7 00 ups|LALEA_HUMAN_UPS

PO7330ups|CATD_AUMAN_TIPS

P12021ups|STYHC_HUMAN_UPS

POZ753ups|RETBF_HUMAN_LPS

POSO00 ups|CYC_HOMAN_UFS

PA0145ups|ILE_HAUMAN_TPS

PO 15 ups|CAR1_HUMAN_LPS

PO2144ups|r & _HUMAN_UPS

POCE 15 ups| CAHZ_HUMAN_LIPS

POCME7 ups|CYBS_HUMAN_UPS

POE263ups|GETAT_HUMAN_UPS

QOGE30ups|PRDA1_HUMAN_UPS

P5557 ups|BID_HUMAN_UFS

P02 11ups| G STF1_HUMAN_UPS

PO1375ups| TNFA_AUMAN_TPS

POG7 32 ups|KCRM_HUMAN_UPS
PE2165ups|SUMOT_HUMAN_UPS
PE1760ups|B2M G_HUMAN_TPS

3.1.1. Result Filtration

PEAKS provides an extensive set of tools to filter LFQ results according to the users' requirements.
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E RT Range 0 | =RT= 140 Base Sample Controli_1 v Apply Filters Export Notes
£

e Peptide feature  Significance = 0, Fold change = 1, Quality =0, Avg. Area =0, 1 =Charge= 10, detectedin atleast 1 of 8 samples, and with peptide ID Edit...
w

% Protein Significance = 20, Fold change = 2, has at least 1 unique peptide Edit... Normalization Factor Heatmap Sample Correlation

=

Use the Edit... button to pop up the corresponding filter dialogs to configure filters:

Feature filters

Significance = 0

Fold change = 1

Quality = 0w

Avg. Area = 0ED W

With peptide ID

Charge between 1 | and | 10

Have at least 1 | confident samples

Ok Cancel

Protein filkers

Significance = 20 W

Fold change = 2w

Unigue peptide = 1

oK Cancel

Usually three steps of filtration need to be performed to obtain meaningful results:

» Step 1. The measured intensity of a quantifiable peptide does not change (random variations may be present) when
its abundance remains unchanged across the samples. Several filters are designed to effectively locate quantifiable
peptide feature vectors:

« RT range filter: Feature vectors within the retention time range will be included in the results and everything
else will be removed. Thisfilter can be used to remove useless head and tail in an MS runs.

¢ Quality filter: The higher quality of a peptide indicates that the peptide is more quantifiable. A proper cutoff
value for quality can be selected by checking the ratio-quality figure. The rule of thumb is to set the quality
threshold around afold change of 8 as shown in the figure.
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Ratio

112 4

114 4

178 1

116G -

e Avg. Area filter: Thisfilter is applied directly to the MS signal intensity. Using the Quality filter is preferred
over thisfilter. However, under some circumstances, it is desirable to apply this filter directly to the MS signal.
Therule of thumb is to choose the average area around a fold change of 8 as shown in the figure:

16 1

Hatio

142

14 4

12

116 -

10" 10 10" 102 10° 10* 10% 10% 107 10® 10® 10" 1M
Avg. Area

« Charge filter: Some low charge states such as charge 1 or high charges like 8 or 9 are more prone to error in
feature detection. They can be removed using the charge filter.

» Confidently detected samplefilter: A peptide is more quantifiable when it is detected in more samples. The
rule of thumb is to set thisfilter to the half the number of total samples.

« With peptide ID filter: Set thisfilter to show only the feature vectors with peptide identification. It is recom-
mended to set this filter for quantification results with attached identification results unless it is desirable to in-
vestigate the feature vectors having significant fold changes with no peptide identification attached to them.

» Step 2A. The following filters can be used to focus on the peptides with significant changes. These filters are of
most use when the purpose is to study the peptide changes.

« Peptide feature significance filter: The significance of a peptide is denoted by its -10LogP score. The rule of
thumb is to set the cutoff value at 20 which is equivalent to a P-value of 0.01.
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» Peptide feature fold change: Thisfilter is highly dependent on the data set. Usually, a 2-fold change is used
as aconvention.

» Use volcano plot to choose proper cutoff: The volcano plot can be used to choose proper cutoff values for
significance and fold change filters. The basic principle is to choose the cutoff values to make sure that only the
outliers stay above the threshold in the top left or the top right corner of the volcano plot.

Note

These two filters do not influence protein significance and ratio calculation.

Step 2B. The following filters can be used to focus on the quantifiable proteins. These filters are of most use when
the purposeis to study protein changes or differential gene expression.

e Protein unique peptidefilter: A protein can be quantified more confidently when it has more unique peptides.
The convention is to set thisfilter to 2.

Step 3. Thefollowing filters can be used to pick up the proteins (groups) with significant changes.

« Protein significance filter: The rule of thumb is to set the cutoff value to 20 as in the case of the peptide sig-
nificance filter.

« Protein fold changefilter: Usually a2-fold change is often used as convention.

» Usevolcano plot to choose proper cutoff: Volcano plot can be used to choose proper cutoff values for signifi-
cance and fold changefilters. The basic principleisto choose the cutoff values to make sure that only the outliers
stay above the threshold in the top Ieft or the top right corner of the volcano plot as shown in the figure.
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Whenever afilter valueis changed, the Apply Filters button changesits color asareminder. Click it to apply thefilters.

3.1.2. Summary Report

3.1.2.1. Heat Map

Only those protein groups which passed the filters are displayed in the heat map. The relative protein abundance
is represented as a heat map of the representative proteins of each protein group. The representative proteins are
clustered if they exhibit a similar expression trend across the samples. The hierarchical clustering is generated using
neighbor-joining algorithm with a Euclidean distance similarity measurement of the log2 ratios of the abundance of
each sample réelative to the average abundance. An interactive protein profile heat map pops up in awindow when the

Heat Map button is clicked. Right click on the heat map to save a copy of it.
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@15843ups|MEDDE_HUMAN_UFS

Intheinteractive heat map, move the mouse to the tree to select acluster and | eft click to show the variation trend chart
for that cluster. Place the cursor on any point on the variation trend chart to show the protein accession, sample name
and the corresponding ratio information in a pop-up window. Click the Export Data button to export the variation trend
in a comma separated text file. "Origina" option exports the original abundance of proteins. Choosing "Displayed”

exports the log2 ratio of the sample average.
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Variation Trend Chart
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3.1.2.2. Sample Correlation

Toview theintensity correlation plot for the detected features of the two sel ected samples, click the Sample Correlation
button from the Summary view title bar. The correlation plot will be displayed in a pop-up window. Select the samples
from the drop down lists beside “ Sample correlation” to plot the intensity correlation graph of different sample pairs.
The Pearson's correlation score indicates the reproducibility of the experiment based on a selected pair of samples.
Click the Save As... button to export the correlation plot to an imagefile.
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3.1.2.3. Volcano Plot

A volcano plot combinesastatistical test with the magnitude of the change, enabling quick visual identification of those
data-pointsthat display large-magnitude changesthat are al so statistically significant. The volcano plotsin Figures 2(a)
and (b) plot significance versus fold-change for proteins and peptides, respectively. These plots help quickly identify
the most meaningful changes. There are one horizontal and two vertical threshold which divide the plot areainto six
guadrants. Plotting points in thisway resultsin two regions of interest in the plot: those points that are found towards
the top of the plot that either to the far-left or the far-right. These represent values that display large magnitude fold
changes (hence being left- or right- of center), as well as high statistical significance (hence being towards the top).
In both figures, the ratio is the group ratio to the base group. If more than two groups are present, then the maximum
ratio is used in the figures.
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Figure 2. The volcano plots: (a) For proteins. (b) For peptides. @
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3.1.2.4. Feature Vector Ratio Distribution

Figures 3(a) and 3(b) plot the distribution of feature vector ratios by quality and average area, respectively. In both
figures, theratio isthe group ratio to the base group. If more than two groups are present, then each ratio value depicts

a data point in the figures. These plots help to determine the threshold values for the quality and intensity filters to
obtain reliable information for the analysis results.

Figure 3. The distribution of feature vector ratio: (a) By qualitv. (b) By intensity. @
(@)
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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. The distribution of the m/z shift (in ppm) of

the data with respect to the base sampleis plotted in Figure 4(b). These two figures can be used to refine the parameter
settings for label free quantification.
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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 filtration parameters and the |

WIZ Shift (ppm)
B M/Z Shift

abdl free quantification analysis parameters, respectively. Table

2 contains statistics regarding the feature vectors and protein groupsin the filtered result.

Table 1. Result filtration parameters.

Retention time =0
Retention time <140
Feature fold change =1
Quality 20
Intensity =0E0
Charge =1
Charge =10
Confident sample number =1
With peptide ID true
Normlization Use TIC
Protemn significance =0
Protein fold change =1
Confident unique supports =1
Top protein groups 50

Table 2. Statistics of filtered result.

Features 7184
Features with ID 2714
Feature vectors 1025
Feature vector with ID 1025
Protein groups 50

Table 3. Search Parameters

CQuantification type: Label free quantification

Mass Error Tolerance: 20.0 ppm

Retention Time Shift Tolerance: 6.0 min

Dependent on PID: 10, FDE = 1%

Samples: Controll_1, Controll_2. Control2_1. Control2
entl2 1, Treatmentl2 2, Treatment?4 1, Treatment24
Reference Sample: Auto detect

2, Treatm
A

3.1.3. Exporting Quantification Results

PEAKS label-free quantification results can be exported to various supported formats. The summary page and the
images from various views can also be exported to various supported formats. Refer to Section 5.2, “Exporting La-

bel-Free Quantification Results’ for details.
3.1.4. Additional Functions

3.1.4.1. Base Sample Selection

Use the drop down box to choose the base sample. The base sample will be used as the base when calculating sample
ratios. The group in which the base sample belongs to will be used as the base for group ratio calculations. The base
sample will also influence the retention time shift and M/Z shift distribution figures.
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RT Range 0 +|=RT= 134 < Base Sample  |Sample 8 v>

Peptide feature  Significance = 20, Fold change = 2, Quality = 2, Avg. Area =0, 1 =Charge= 10, detectedin atleast 1 of & samples, and with peptide ID

[ Apply Filters

H Export H Motes ]

Protein Significance = 20, Fold change = 2, has at least 2 unique peptides [ Edit... ] [ Mormalization Factor ] [ Heatmap ] [ Sample Correlation ]

3.1.4.2. Normalization

PEAKS offers several options to define the normalization factors. When calculating sample or group ratios, the area
of each feature will multiply its corresponding normalization factor. By default, PEAKS uses total ion current (TI1C)
of the samplesto calculate the normalization factors. To change the normalization factors, click on the Normalization
Factor button on the summary page title bar. The table shows the normalization factor that will be used to display the
LFQ results. To set the normalization factors manually, select the “Manual input” option and enter the factor valuesin
thetable. To usethe original feature areas without normalization, select the “No normalization” option. To useinternal
standard proteinlist to cal culate normalization factors, select the Useinternal standard proteins’ option and then select
a set of proteins by checking the check box from thelist. Right click to check all selected protein or clear selections.

Mormalization Protein List
(™) Use TIC @ Use internal standard proteing smarch Q
(71 Manual input (71 Mo normalization [ Previous ] [ Next ]
Sample Factor Protein
Sample 7 1.0 PO0549|KPYK1_YEAST
Sample 8 1.0 P52439|KPYK2_YEAST
Sample 9 1.0 P 10592 |HSP72_YEAST
Sample 10 1.0 P10591|HSP71_YEAST
Sample 11 1.0 PO0359|G3P3_YEAST
Sample 12 1.0 PO0S25|ENC2_YEAST

F165521|EF3A_YEAST
P53973|EF3B_YEAST
P27456|KCC1_YEAST
PO0353|G3P2_YEAST
PO7259|PYR1_YEAST
POOSE0|PGE_YEAST
P15103|HSC82_YEAST
PO2829|HSPE2_YEAST

0 protein selected.

{Right click fo show pooup menw)

[ oK ] [ Cancel ]

3.2. LC/MS View

Thisview displaysthedistribution of LC-MSsignals/featuresin thefractions. SeeSection 4, “LC/MSView” for details

on LC/MSview.

3.3. Feature View

The Feature view lists detailed information about all the quantified feature vectors. It has four components:

e FeatureTable: Listsall the quantified feature vectors present in the samples
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Features | Proteins | LC/MS | Summary

3

Feature Details: Provides detailed information about the selected feature vector.
Sample Features: Displays detected featuresin each sample at the LC/M S level.

RT Alignment: Shows retention time alignment among the samples highlighting the RT range of the selected
feature.

4= | 1-1000 of 1002 w * w seq contains | search Q € @) noresults
Peptide Quality &  Significance mfz RT range z Avg. Area Sample Profle Group Profile RT mean Accession
9 P&1438|CH50_LEPIC [P
2 | ALEGDESEIGMPAILK 20,00 60,00 836.9352 | 65.75- 70, 2 Q9XD 38 |EFTU_LEPIN
3 |LENTTLQMLGR 19.31 60.00 638.3441 | 33.13-38.87 | 2 1.3E7 36.24 P51438|CHE0_LEPIC
4 |LLDQAEAGDMIGALLR 19.01 60.00 834.9579 | 67.87-72.91 2 3.3E7 (mm) 70.17 Q9XD38 |EFTU_LEPIN
5 |ILEVPVGPELLGR. 17.33 60.00 696,4226 | 75,69 -81.01 2 SEG (mm | 78.35 Q725Y1|ATPA_LEPIC
5 | VIAEGGSPAESVPILLGLTK 17.18 60.00 975.0753 | 94.70 - 100... 2 2.7E6 [mm | 97.44 QBFOS3|RPOC_LEPIN
7 | AGDDASGLAVSEK 17.08 60,00 510,2968 5.76 - 6.86 2 1,3E7 (mm) .20 P21989|FLA2_TREPH
3 | VPTPN(+.98)VSVVDLTVR 16.88 45.76 748.9266 | 61.76 - 66.10 2 BEG (mm_| 63.57 B7LQ20]G3P1_ESCF3
9 |GITIATSHQEYETAMR 16.22 60.00 895.9464 742-10.27 | 2 1E7 (| 8.63 Q9X¥D38 |EFTU_LEPIN
10 [QVGVPYIVVFLNK 15.59 60.00 7384409 | 88.60-93.62 | 2 GED [ 90.88 Q5L379 |[EFTU_GEOKA
11 |LTLVEAADLVE 15.55 60.00 586.3547 | 65.95-71.04 | 2 4ES () 67.72 Q8F051|RL7_LEPIN W
Feature Details | Sample Features | RT Alignment
Sample Area Ratio AIC Intensity Contrall 1 .
7] Contolt_1 3.0%7 100 — %Ue”;trﬂgﬁllz_l
[ Control1_2 3.08E7 102  Tredtmentz4 1
V|  Contolz_1 2.91E7 0.96 el -
[] Control2_2 2.91E7 0.96
[v] Treatment12 1 4,58E7 1.51
: Treatment12_2 4.53E7 1.50
2 Treatment24_1 3.65E7 1.21
[] Treatment24 2 3.7E7 1.22

73.5 ' ' ' ' 74 ‘ ' ' ' 745 RT

.3.1. Feature Table

The quantified features are listed in the features table. This table contains the following columns:

Peptide: The amino acid sequence of the peptide. If thereisany PTM on an amino acid, the amino acid is followed
by apair of parentheses enclosing the delta mass of the PTM.

Quality: This defines how well the peptide can be quantified. If a peptide's abundance does not change across the
samples, then the measured intensity should not change too much, even though it may have some random variation.
Small variation means the peptide can be well quantified. Let ; to be the estimated intensity fold change of the

1

peptide across the samples when the peptide abundance does not change. The quality iscalculated as logzo . Thus,
if a peptide has an expected 2-fold change then its quality will be 1; if a peptide has an expected 4-fold change then
its quality will be 0.5. A high quality value implies that the peptide can be well quantified.

Significance: It is assumes that for all the peptides with the same quality, their ratios follow alog-normal distribu-
tion. Different qualities may have log-normal distributions with different variances. The 2-tail P-valueis calculated
asthe significance of the feature vector using the log-normal distribution corresponding to its quality and its maxi-

—10log, P — value

mum group ratio. isfinally displayed as the significance in the column.

m/z; Each feature in the feature vector has its own precursor mass to chargeratio. This column displaysthe average
precursor mass to charge ratio of all the featuresin the feature vector.
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* RT range: Theretention time range of the feature vector.
 z: Precursor charge.

» Avg. Area: Each featurein the feature vector hasits own intensity area under the XIC curve. This column displays
the average area of all the features in the feature vector.

» Sample Profile: The relative abundance is color coded as a heat map. The tooltip displays the ratio to the base
sample. Press Ctrl to fix the tool tip window in case the sample list istoo long and scrolling is needed.

» Group Profile: Therelative abundanceis color codes as a heat map. Thetooltip displaysthe ratio to the base group.

* RT mean: Each feature in the feature vector has its own retention time center. This column displays the average
retention time center of the feature vector.

» Accession: The accession of the protein from which the peptide comes. If the peptide has more than one protein
associated with it, only one will be displayed.

* PTM: The post-translational modifications appear in the peptide.

3.3.2. Feature Details

The“Feature Detail s’ tab contains the eXtracted |on Chromatogram (X1C) chart that displays the shape of the selected
peptide feature vector over the retention time range where they wereidentified. Thetable at the top-left corner displays
the area and 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 plotsin the “ Sample Features” and “RT Alignment” tabs. The Ii 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.

3.3.3. Sample Features

This tab displays a close up LC/MS view of the detected features from the selected samples. The feature boundary
is shown by a bounding polygon. The center of the feature is denoted by a solid red dot on the mono-isotopic peak
cluster. Placing the mouse cursor on this center of afeature pops up atool tip that showsthe m/z value, mean retention

time, charge state, and intensity. The centers of the features are used to calculate the retention time alignment. The &
button at the top-right corner of the tab can be used to toggle between the 2D LC/MS view and the 3D LC/M S view.

Feature Details | Sample Features | RT Alignment

RT F1:B03-09045.RAW x| RT F3:B08-09043.RAW x| RT FR:EOS-0S058.RAW | -y 812,47, 73.97 ¥

75.0

75.04
74.04
l 74.0] |
74.04 |
73.0] mfz2=812.4778

RT mean=74.00
3.0 z=2

5z 813 a4 iS5 mfz iz Intensity=2.757 [ 514 iS5 mfz iz 813 al4 815 mjz

RT F7:B08-09062.RAW x

74.0

3.0 Show |Controll_2 W

Fa.0

81z 813 814 815 mjz v
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3.3.4. 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 a pop-up window. Select the sample pair from the
drop-down list to view the desired pairwise RT alignment.

Feature Details | Sample Features | RT Alignment

4k [ 2
x

Control1_1 0.0 0.0 20.0 30.0 40.0 s0.0 &0.0 738 800 .0 Pairwize RT alignment
Control1_1 w | vs |Control2_1 Y]
W Controll_1
Contral2_1

737
Treatment12_1 736

Treatment24_1

3.6
JMMMMW\J\J\NMAM ’
. 1]

3.4. 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 three components:

100

ControlZi

» Protein table: Listsall the quantified proteins present in the sample.

» Coverage: Characterizesthe protein sequence at the amino acid level. All the PTMs and mutations occurred on the
protein sequence will be displayed together with the MS/IM S data supporting the inference.

» Features: Liststhe peptide features identified from the selected protein in the protein table.

E Show [top v | proteins in each group ~ accession contains | search Q| @ @ noresults
2 Accession Significance © Coverage #Peptides #Unique  PTM  SampleProfle  GroupProfle  Avg. Mass Description Mark
| 5@ Proteins ~
g ¥ Q72NH3[RLS_LEPIC 8 206: 505 ribosomal protein L5 O5=Leptospira interrogans ser...
= - P61442|DNAK_LEPIC 112.39 [T | 18% 0 5 59099  |Chaperone protein Dnak OS=Leptospira interrogans ser...| [¥]
£ Q72v72|RL25_LEPIC 106.57 EE Al o 7 7 ] Sample Ratio 505 ribosomal protein L25 OS=Leptospira interrogans se...| [7]
g - QU4PTFIRS10_LEFB) 103.26 T ] . 55o, 3 3 Controll 1 | oo |F_ |35 ribosomal proten 510 OS=Leptospira borgpetersen... | [¥]
QIXD19IRS5_LEPIN 102.88 m A g, 5 5 Conwoll 2 | 095 | [ |305 ribosomal protein S5 OS—Leptospira interrogans GN... | [+
ﬁ - P61437|CH10_LEPIN 102.65 - - o 503 3 3 Control2_1 | 0.82 |2 |10 kDa chaperonin O5=Leptospira interrogans GN=gros...| [+]
E P52277|RECA_LEPIN 99,27 u H EIE 1 W3y 10 3 Control2_2 | 0.76 | |Protein RecA OS=Leptospira interrogans GN=recA PE=... | [/]
L Q72VMS|EFG_LEPIC 96,03 [ ] 1 1 m I o4e, 11 11 ol Treatment12 1| 177 | |Elongation factor G OS=Leptospira interrogans serogra.., | [+
- Q7UAS|RST_LEPIC 95.56 1] ] [ 32% 5 5 Treatment12 2| 183 |5 |30 ribesomal protein 57 OS=Leptospira interrogans ser... [ [#] |,
i |Treatment24_1| 119
Coverage | Features Treatment24 2| 132

»5p|Q72NH3RL5_LEPIC 505 ribosomal protein L5 OS=Leptospira interrogans serogroup Icterohaemarrhagiae serovar copenhageni GN=rplE PE=35V=1 ‘ b |-:‘oumne (@) coverage
1 MAARLRTKYK KEIVPELNKK FKESSIMQVP RLEKIVLNVG MGEAHTNPKA LEAAVEELAL ITGQRPVKTK AKKSIAGFKI *| 803 Asperine [/ 10AAgap

Show de novo only sequences

21 REGMSLGCMV TLRGDYMYEF LDRLVNVALP RVRDFKGVSE KGFDGRGNYN MSIKEQIIFP EIKVDKINTL YGINMTEVTN (9] de novo tago sharng | 5 ks
—
161 SKSNEEAYSL LAAFGMPYRN QK [¥] de nove peptides flly matched

Show modifications
minimum ion intensity

55| %

3.4.1. Protein Table

The quantified proteins are listed in the protein table with homologous proteins clustered together. This protein table
is same as other protein tables found in the PEAKS DB, PEAKS PTM, and SPIDER results except the following
columns as mentioned bel ow:
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 Significance: The protein significance is inferred directly from its supporting peptides significance weighted by
two factors: the intensity rank and the correlation between the relative abundance of the protein and the relative
abundance of its supporting peptides.

» SampleProfile: Therelative protein abundance among the samplesis depicted as a heat map. Place the cursor on a
profile to view the abundance ratios in the tool tip window. Press Ctrl to fix the tool tip window in case the sample
list istoo long and scrolling is needed.

» Group Profile: Similar to the sample profile, the group profile depicts the relative protein abundance between the
groups.

See Section 3.3.1, “Protein Table” for more details on other entries of the protein table.
3.4.2. Coverage Tab

The coverage tab characterizes the selected protein sequences at the amino acid level. Refer to Section 3.3.2, “Protein
Coverage” for details.

3.4.3. Features Tab

The supporting peptide features assigned to the protein are shown under the “ Features® tab.

Coverage | Features

Peptide Unigue Quality Significance mfz RT range z  Ava Aread Sample Profile Group Profile RT mean Start End Used

[]| R IINEPTAAALAYGFDK.K 11.14 50,00 847.4564 | 65.39-69.41 2 4. 4E6 =) 87.02 168 183

[]| K.FETSAGEFTPQEISAR.V . 6.67 60.00 885.4336 | 40.05-45.68 2 3.8E6 [ 43.11 103 118 -
3 [W]|K.NQAITNAYNTIR.S 11.88 50,00 657.8050 | 19.87-25.86 2 2.7EG ) 23.21 58 [E]
4 [W]|K.NELDTLTYSLEK.T . 9.50 60.00 713.3655 | 57.26-61.82 2 2.4E6 [ 59.51 533 544 -
5 [[W]|K.AVITYPAYFNDEQR.Q . 9.47 50,00 8119212 | 54.10-60.31 2 1.6E6 =) 56.66 138 151 .
& |[W]|K.HDMTLTR. & 7.89 60.00 493.7610 8.54-1126 2 8.2E5 @) 9.66 291 298
7 |[w]|R.IPAVQELVK.Q 6.37 50,00 498.8108 | 30.12-37.13 2 6. 7E5 ) 33.85 342 350
5 |[]|R.FOLIGIPPAPR.G . 6.55 59.23 598.3488 | 64.29-71.27 2 GES ) 67.53 453 463
9 |[w]|K.GETLIGQFAK.N . 5.06 50.00 532.2953 | 32.36-38.39 2 3ESm 35.78 43 57
10 [#]| R.TTPSIVAFTAK.G 2.83 1142 568.3251 | 30.94-40.80 2 2.9E5 @ 35.63 37 47

Thistable is similar to the feature table in the feature view. The extra columns are:
* (Checkbox): Select the peptides to appear within the Coverage Tab as blue bars.

» Unique: whether this peptide is unique to the current protein group.

Start: the start position of the peptide in the protein.

End: the end position (inclusive) of the peptide in the protein.
» Used: whether this peptide is used to calculate the protein profile.

To view the actual abundance of the peptide features among the samples or groups, move the cursor on the corre-
sponding profile. A tool tip will display the actual peptide feature intensity along with the ratio. Double click on the
peptide feature to jump to the feature view. Right click on the peptide feature to show the pop-up menu similar to the
one in the PEAKS DB supporting peptides tab.
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Chapter 14. Creating a High-
Throughput Workflow

PEAKS provides a simple mechanism to define an easy workflow while creating a new project using the Project
Wizard. The workflow will be applied on the whol e project and the resultswill be generated at the project level. Refer
to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for details on setting up
an easy workflow.

For convenience, PEAK S a so provides another mechanism to define workflows for protein identification, quantifica-
tion and inChorus search (multi-engine protein ID). This workflow can be applied on multiple projects that can per-
form PEAK S analyses at the fraction level, or sample level or project level. Thistool is specialy helpful for analyses
on multiple projects using the same parameters.

@ QW

Identification

el Quantification
r InChorus

Once a specific workflow is selected, a dialog pops up to specify the analysis steps and the parametersto use in each
step.

1. Identification Workflow

Click the workflow icon W on the toolbar and select Identification. The identification workflow setup window will
appear:

1. \j * Select Data unfinished
2 Refine Data
= &l C=

4, el ) %:E—"E

| QK || Cancel | | Help |

Click the Select Data button to navigate and locate files to be used for identification analysis. Only projects that are
openinthe“Project View” panel can be selected for analysis. To select the files/samples to be analyzed, either select
theindividual file/sasmple or click the All Samplesor the All Fractions buttons. Then, click the Add to Right to transfer
the samples/files to the “ Selected Data’ list on the right hand side. 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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J All Data
E'H D ftest/Peakssl PeaksProjects fSample Project - inChorus
= L Sample 1
Lo D100930_yeast_SCX105_rak_ft8E_pc_01.RAW
- D ftestPeaksa0 PeaksProjects fSample Project - Identification
= L, Protein Standard HCD

=i D:ftest/PeakssD PeaksProjects/Sample Project - FTM
=-/Jl iPRG_2012

Lo iPRG2012_mzML.mzML
=i D: ftest/Peaks60/PeaksProjects/Sample Project - Labeling Q
E\‘A TRAQ

o TRAQSample. RAW

=L Pro

=8 Jl, iPRG2011ETD
‘ F3:0100930_yeast_SCX105_rak_ftBE_pc 01.RAW

K Selected Data
EIH D ftest/PeaksalPeaksProjects /Sample Project - Identification

tein Standard HCD

F 1l:identification. RAW

All Samples ” All Fractions ]| Add to Right |

[ Remove ” Clear ]

[

Ok ” Cancel ]

Note

All files loaded in a single workflow will be processed in exactly the same way, using the exact same para-
meters. If you want to run some differently than others, then you must set up separate workflows.

Once the data is selected, you can specify parameters for the identification analysis steps one by one by clicking the
other buttons in the workflow dialogue. Please refer to the chapters on each individual function for details on setting

up the function-specific parameters.

Note

PEAKS DB, PEAKS PTM, and SPIDER are now combined together (see Chapter 9, Peptide, PTM, and Mu-
tation Identification (PEAKS DB, PEAKS PTM, and SPIDER)) and are optional in the Identification \Work-
flow. Y ou can uncheck them if you do not want to perform those functions.

2. Quantification Workflow

The quantification workflow is similar to the identification workflow with an additional step for quantification 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.

146



Workflow

1. \/} Select Data unfinished

EY
y
X

[ QK H Cancel ] [ Help ]

Note

Only Reporter lon Quantification (eg. iTRAQ) or Precursor lon Quantification (eg. SILAC) workflows can
be set in the quantification workflow. For Label Free workflow, use the Project Wizard.

3. inChorus Workflow

The inChorus workflow is similar to the identification workflow, but offers the ability to specify inChorus parameters
and invoke multiple search engines. Refer to Chapter 10, Combining Multiple Database Search Engines with PEAKS
inChorus for details on inChorus parameters.

1. \\)‘ Select Data unfinished

™ Refine Data

3. ,%: nChaorus

[ K H Cancel ] [ Help ]
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Chapter 15. Exporting Data/Reports
and Printing

PEAKS offers arich collection of exporting functions to allow users to create reports and share the analysis results
with collaborators, colleagues, and clients. The supported formats include HTML, Comma Separated Values (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 analysisworkflow. The exported resultsin HTML can be viewed with aweb 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 formatsincluding mzXML, DTA, MGF, and PKL. To do so, right
click on the sample node or the data file that is to be exported and select the desired exporting format.

I Project View

EILP D: ftest/PeaksAl/PeaksProjects /test1

= L Sample 1
- # DATARE Data Refine
& DENOVO Ce novo
L [# PEAKS 10

Peaks Database Search
Spider Search

inChorus Search

Export DTA file
Export PEL file
Export MGF file

Export MzXML file
Expo to Excel
Export Result to Htrml

Delete fraction(s)

Selecting the Export DTA file command will open a dialog prompting for the folder name and location to which the
DTA fileswill be exported. For MGF and PKL exports, the dialog will ask for a name and alocation for thefile.

Selecting Export MzXML File command will open the “ Export mzXML File” dialog.

™Y Export mzXML File S
StartRT: |0 End RT: 120

Save as:  |Ditest\Celegans_FT_6ITDDODT_01.mzxml

L9 -
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Enter the starting and ending retention times in the appropriate boxes. Then, click the Browse button to select a des-
tination 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 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

D st P ek P e ication |
= L, Protein Standard Data Refine
-4y FLidentificat Replicate Analysis
% DATARE De noveo
- {is, DENOVO
[ PEAKS 3 Peaks Database Search
8%, PEAKS P Spider Search
-2 SPIDER. ¢ ,
& Il iPRG2011ETD inChorus Search
Y
=4, F3:0100930, . AW
- @ DATARE Export DTA file
- &, DENOVO Export PEL file
CIPEAKS 1 ot MGE file
-8, PEAKS P
Export Result to Excel

-2 SPIDER. |

[+-id D:/test/Peakss0/Pea Export Result to Htm

= D:/ftest/Peaksc0/Pea g Q
= L TRAQ Save A Copy As
=4, MRAQSample )
.. # DATARE Close Project
:.IL DEMNOVO Heat Map Compare

E’ PEAKS 3 [16-May-12 10:45]

More function specific export options are available from the “ Summary” view of the respective results. The following
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 and Peptides

To export results, press the Export button in the title bar of the “ Summary” view panel. The following export dialog
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.
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HTML Report | Text Formats HTML Report | Text Formats
Result summary (summary.html) De novo peptides (de novo peptides.cav)
[[] De novo peptides - pepxml {de novo peptides. xml)

[] All de novo candidates (all de novo candidates.csv)

Save into: | D:\test\PeaksExportsisample project DEMCVO_S Browse Save into: |D:\test\PeaksExports\sample project_ DENOVO_3 Browse

Export Cancel Export Cancel

The export options are grouped into “HTML Report” and “ Text Formats’ based on the output format.

HTML Report. Thiswill generate a summary 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 pagewill be saved assunmary. ht i filein 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 file
in Comma Separated Values (CSV) format in the specified folder.

» Denovo peptides - pepxml : In addition to CSV format, the peptides can be saved in pepXML format.

» All denovo candidates: All de novo candidates for each spectrumwill besavedtoal | de novo candi dat es. csv
filein CSV format.

3.2. Exporting Images

The annotated Spectrum, lon Match table, Error Map, and Spectrum Alignment can be exported to image files. To do
S0, position the cursor on any of those items in the result panel and click the right mouse button to view the pop-up
menu and select the Export |mage command from the menu.
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Intensity (%) s[e[afc[x[s|r[v[F[D[k

Export image
Print image
Copy Yob2
Set As Anchor Peak
5 Remove Anchor Peak

Annctation Settings

YI-H20, 1 b2-H20 ¥2
Y 1-NH3 | b3 Ya-H2
: o |I .|J|I|||| - - Lol
100 200 300 4
% i | i-1 | 2 | 2y | ErrTol: 0.5Da | preprocess low intens. label

Thiswill bring up the “Export Images’ dialog for selecting the result items to export.

Image Types

(") Error Map

(") Inn Table and Error Map

(@) Current Spectrum View

() Spectrum Alignment View

() Annotated Spectrum with Alignment

Image Options
Basic Options | Advanced Options

(@) Web (Smallest images, suitable for viewing online)
() Print {Oversampled images, suitable for printing)

Save As; D:'gtest'nFeaksExpu:urﬂn,images'n,ElG.ng?_l.png Browse ...

Ok Cancel Help

Select the desired result elements from the “Image Types® list. The“Basic Options’ tab offers choicesfor the location
to save and the image size: “Web (Smallest images, suitable for viewing online)” or “Print (Oversampled images,
suitable for printing)”.
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| Basic Options | Advanced Cptions

Scale: 100 5| %
Owersample: |1 - X
File Format: | png ~ | Width: 1,398 5| Height: 394 =

The “Advanced Options’ panel offers choices for editing the scaling factor, file format, resolution, and oversample
factor. PEAKS supports BMP, GIF, JPEG, PNG, and SVG 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 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, pressthe Export button in thetitle bar of the* Summary” view panel. The following export dialog
will appear.

152



Exporting Data/Reports and Printing

HTML Report | Text Formats | For Third Party HTML Report | TextFormats | For Third Party

Report proteins in HTML with: Proteins (proteins.csv)

SLMMArY VIEW Supporting peptides (protein-peptides. csv)

TIEIEEEE DB search peptide-spectrum matches (0B search psm.csv)

supporting peptides De novo only peptides (de novo only peptides.cav)

[] best unique PSM [] Proteins - fasta (proteins. fasta)
Collect all the above details in a single html [] Peptides - mzidentml (1.0.0) (peptides_1_0_0.mzid)
["] Peptides - mzidentml (1.1.0) {peptides_1_1_0.mzid)
["] Peptides - pepxml {peptides.pep.xml)
["] De novo only peptides - pepxml (de nove only peptides.xml)
Save into: |D:\test\PeaksExports\Sample project_DBSEARCH_10 Browse Save into: |D:\test\PeaksExports\Sample project_ DBSEARCH_10 Browse

Export Cancel Export Cancel

HTML Report | Text Formats | For Third Party

For Scaffold

PEAKS exports Identification results in mzIdentML format along with the
Spectra data in MGF format for use with Scaffold.

[] peptides - mzIdentML (peptides_1_0_0.mzid)
[] peptides - mzldentML (peptides_1_1_0.mzid)
For Skyline

PEAKS exports results in pepXML format along with the Spectra data in mzXML
format for use with Skyline.

[] peptides - pepXML (peptides.pep.xml)

Save into: |D:\test\PeaksExports\Sample projecthSEARCH_lD 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. Thiswill generate single or multiple HTML reportsin the specified location. After the completion
of result exporting, the index file for the reports, pr ot ei n. ht m , will be opened in the default browser automatically.
The following exporting options are available:

e Summary view: The“Summary” view pagewill be saved asasummary. ht ni filein HTML format in the specified
location.

» Protein coverage: The coverage pane will be saved for each protein.
» 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.

An individual protein will have its own HTML output file where the corresponding protein coverage, supporting
peptides, and the best unique PSM are gathered. Select “ Collect all the above details in a single html” to collect all
the protein reportsin asingleprot ei n. ht m file.
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Text Formats. The following exporting options are available for various text formats.

Proteins: The list of protein identifications, filtered by the protein filters (in the Summary page) and the “ Show”
filter (in the Protein view above the protein table), will be saved to prot ei ns. csv in Comma Separated Values
(CsV) format.

Supporting peptides: A list of supporting peptides of each protein identification, filtered by the peptide filters and
protein filters (in the Summary page) and the “Show” filter (in the Protein view above the protein table), will be
exported to pr ot ei n- pept i des. csv. Thisusually contains more entries than the Peptide table as a peptide can be
identified in several proteins and hence can be reported multiple timesin thisfile.

DB search peptide-spectrum matches: The selected peptide-spectrum matches (PSM), filtered by the peptide
filtersin the Summary page, will be exportedto DB search psm csv. Peptides differentiated with only I/L isoform
are represented by separate entries. As a result, the number of entriesin this file might be bigger than the number
of PSMs mentioned in the Summary page.

De novo 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.

Proteins - fasta: A list of protein identifications will be saved to pr ot ei ns. f ast a.

Peptides- mzidentml (version 1.0.0): A list of peptide-spectrum matcheswill be saved to pept i des_1_0_0. nzi d
in mzldentML format version 1.0.0.

Peptides- mzidentml (version 1.1.0): A list of peptide-spectrum matcheswill be saved to peptides_1_1_0.nzid
in mzldentML format version 1.1.0.

Peptides - pepxml: A list of peptide-spectrum matches, filtered by the peptide filtersin the Summary page, will be
saved to pepti des. pep. xm in pepXML format. The number of the “ spectrum_query” elements will be the same
as the number of PSM's mentioned in the Summary page. And the number of the “search_hit” elements will be the
same as the number of PSMs counted from peptide table ( summing up #Spec column).

De novo only peptides - pepxml: A list of good de novo sequences with no good database matches or no matches
at al will besavedinde novo only peptides.xnl inpepXML format.

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, some third party software packages also require spectrum
data files in some specified format. The “For Third Party” pane provides the following exporting options to support
such usage of PEAKS results.

e For Scaffold: peptides - mzldentML: In addition to exported results in supported mzldentML formats version
1.0.0 and 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 like PTM verification, for example.

Note

Peptidesidentified by SPIDER may contain residue substitution, insertion, and deletion. The pepXML for-
mat does not specify the encoding for substitution, insertion, and deletion, and the mzldentML format only
specifies the encoding for substitution. Therefore, when exporting from a SPIDER 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 data in mzXML format. The exported pepXML file and mzXML files can be
loaded into Skyline for spectrum library generation.
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4.2. Exporting Images

From the “Peptide” view and the “De novo only” view, the Annotated Spectrum, lon Match table, Error Map, or
Spectrum Alignment can be exported to an image file. To do so, position the cursor on any of thoseitemsin the result
panel, right click and 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 of 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
2 M (e indude PTM legends
Save to: |D:\test\Skyline\coverage.png Browse
Export Cancel

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 Labeled Quantification Results

PEAKS Q results can be exported to other supported formats. To export the quantification results, press the Export
button in the title bar of the “ Summary” view panel. The following export dialog will appear.

HTML Repart | Text Formats HTML Report | TextFormats

Report proteins in HTML with: Proteins (proteins.csv)

Smmary View Supporting peptides (protein-peptides. csv)

TR EIEETE [] Proteins - fasta (proteins. fasta)
supporting peptides
[] best unique PSM

Collect all the above details in a single hitml

Save into: |D:\test\PeaksExports\Sample project_QUANTITATION_7 Browse Save into: |D:\test\PeaksExporis\Sample project QUANTITATION_7 Browse

Cancel Cancel

HTML Report: The options are the same as those for PEAKS DB. For PEAKS Q, except that only the quantified
proteins are used in the exporting. See Section 4.1, “ Exporting Summary, Proteins, and Peptides’ for details.

Text Formats: Thetext format exporting options are similar to those available for PEAKS DB. For PEAKS Q, except
that only the quantified proteins and peptides are used in the exporting. See Section 4.1, “ Exporting Summary, Proteins,
and Peptides’ for details of other options.

Select the output location and click the Export button to save the selected result components to the specified location.
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Export Images. The Annotated Spectrum, lon Match table, Error Map, Spectrum Alignment, and the protein cov-
erage can be exported to an image file. Refer to Section 3.2, “Exporting Images” for details.

5.2. 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 the title bar of the “Summary” view panel. The following export dialog will appear.

HTML Report | Text Formats HTML Report | Text Formats

Report proteins in HTML with: Proteins (proteins. csv)

summary view Supporting peptides (protein-peptides.csv)

TS T ST [] Proteins - fasta {proteins.fasta)

supporting peptides [] Feature list (feature.csv)

[] best unique PSM [] Normalization factor (normalization_factor. csv)

Collect all the above details in a single html

Save into: |D:\test\PeaksExport'LFQ sample project_LABELFREE_3% Browse Save into: |D:\test\PeaksExport\L.FQ sample project | ABELFREE_39 Browse

Export Cancel Export Cancel

HTML Report: The options are the same as those for labeled quantification. See Section 5.1, “Exporting Labeled
Quantification Results’ for details.

Text Formats: The detected features will be saved as thefile f eat ure. csv filein CSV format. The normalization
factor used to calculate the quantification ratios can be exported to the file nor mal i zati on_f act or. csv filein CSV
format. The other options are the same as for Labeled Quantification. See Section 4.1, “ Exporting Summary, Proteins,
and Peptides’ for details.

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, LC/MS view of the sample features, and 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 the file.

6. Export inChorus Result

TheinChorus exporting function contai ns the same exporting options as PEAK S DB. Unlike PEAK S 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 16. 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 Window | Preferences command from the menubar to open
the “Preferences’ dialog. Select the preferences category from left to view the options available for that category.

r hl

Preferences [ £

* General General

Display Options
Default Input File Directory
RMI Connections

Derby Database C:Wserspeaks
+ Raw file convertor Default Project Folder

ABI(,wiff) C:\Users\peaks\PeaksProjects

Bruker(.yep/baf, fid) Temporary File Directory

Shimadzu AXIMA(run) Jtemp

Varian(,xms)
Default Log File Location

Waters(.raw
aters(.raw) SERVER_LOG.log, CLIENT LOG.log, COMPUTENODE_LOG.log

+ Search Engine
Mascot Settings
¥Tandem Settings
Omsza Settings

#* Spectrum Annotation

Ok H Cancel ] [ Help ]

L. )

1.1. General Preferences

Default Input File Directory: Select the Browse button to change the directory that will appear when adding data
to a project.
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Default Project Folder: PEAKS uses [ USER_HOME] / PeaksPr oj ect s as the 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 di-
rectory, where PEAKS_HOME DI RECTCRY isthe location where PEAK Sisinstalled. Select the Browse button to change
this location. Please make sure this directory is readable/writable by PEAKS.

Default Log File Location: Thelog files for PEAKS can be found at [ PEAKS_HOVE_DI RECTORY] by default. These
files locations cannot be changed.

1.1.1. Display Options

Click “Display Options’ from the menu on the left side to display interface preferences on the right side.

Display Options

Show Decoy Hits
Showe Percentage Score

Show inChorus Scaore

Show PTM with frequency greater than | 3= in PTM profile table

Show Decoy Hits: Check thisto display protein and peptide hits from the decoy database in PEAKS DB results.

Show Per centage Score: PEAK S uses-10lgP to display itsresults by default. Check thisto view the percentage score
along with the -10lgP score in peptide and protein view. These changes are applied to the exported files of PEAKS
DB results.

Show inChor us Scor e: Check thisto display the percentage scorein the peptide and protein views of inChorus results.

Set the PTM display threshold by selecting the minimum PTM frequency in the PTM profile table. If there are fewer
instances of a PTM identification in a protein identification than the minimum, it will not be displayed in the PTM
profile table.

1.1.2. RMI Connections

Click “RMI Connections’ from the menu in the left side to show the RMI (Java Remote Method invocation) connec-
tions preferences on the right side.

RMI Connections

Server Host: |localhost
Server Port: | 33003
Client Port: |31003

Warker Port: |35003

The default port numbers for the Server, Client and Worker will appear. The port numbers can be changed if conflicts
arise. Contact technical support at BS| <support @i oi nf or . com» for more information.

1.1.3. Derby Database

Click “Derby Database” from the menu on the left side to show the derby database preferences on the right side.
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Derby Database

Derby Host: |localhost Port: | 15270

Derby Server Start Memory: 512

Derby Jar Location
ib

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 isavailable; however, it isnot recommended to change thisfrom the default setting. To
increase performance, usethe performance configuration utility (see Section 5, “ PEAK S Performance Configuration”).

Derby Jar Location: The “Derby Jar Location” panel will list the location of the derby jar file by default. Thisis
displayed to find its location. This location cannot be changed.

1.2. Raw File Converter Preferences

Thissection allowsusersto changethe preferencesfor theraw file converters of thefollowing instruments: AB SCIEX,
Bruker, Shimadzu, Varian, and Waters.

1.2.1. ABI (.wiff)

Click the“ABI SCIEX (.wiff)” option under the “Raw file converter” section from the menu on the left side to show
the preferences for the AB SCIEX instrument raw file converter.

Note
Refer to Section 8.4.1, “QSTAR or QTRAP” for detailson AB SCIEX (.wiff) preferences.

1.2.2. Bruker (.yep/baf, fid)

Click the “Bruker (.yep/baf, 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 8.5, “Bruker Data’ for details on Bruker instrument preferences.

1.2.3. 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 8.6, “ Shimadzu Data’ for details on Shimadzu instrument preferences.

1.2.4. 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.
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Note
Refer to Section 8.7, “Varian” for details on Varian instrument preferences.

1.2.5. 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 8.2, “Waters/Micromass (MassLynx) Data” for details on Waters instrument preferences.
1.3. Search Engine Preferences
This section allows usersto configure preferences for the following search engines. Mascot, X! Tandem, and OMSSA.

1.3.1. Mascot Settings

Click “Mascot Settings” on the left side to display the Mascot preferences.

Mascot Settings

Hostname (or IP address): |myMascot.mySite.com
Port: |80

Virtual Directory: |/mascot/

Version: |Mascot Server 2,3, P

User name: | myMascotAccount
Password: ssssss

Email: |test@bicinfor.com

| Test Connection |

These parameters specify how PEAKS accesses the Mascot server (if applicable). Enter the hostname (or an IP ad-
dress), port, virtual directory, and Mascot server version. As well, enter the username, password and email address.
To make sure that everything is entered correctly and that the server isworking, click the Test Connection button. The
port and virtual directory match the above settings for most servers.

1.3.2. X!Tandem Settings

Click “X!Tandem Settings’ on the left side to display the X! Tandem preferences.
XTandem Settings

X! Tandem Local Path

Sutandem Browse

As PEAKS provides a loca 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 PEAK S whereto find the search
engine.
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1.3.3. OMSSA Settings

Click “OMSSA Settings’ on the left side to display the OMSSA preferences.
Omssa Settings

Default Omssa Path

omssa Browse

As PEAKS provides a local copy of OMSSA upon installation, a default path will appear here. To use another li-
cense/location for OMSSA, click the Browse button to tell PEAKS where to find the desired search engine.

1.4. Spectrum Annotation Preferences

Click “ Spectrum Annotation” from the left side to open the spectrum annotation preferences:
Spectrum Annotation

H20 MH3 2+
a B B B E
b
c (] O ] o
X B B B E
¥
z (] O ] o
4 E B B E
cH 0
immanium [
internal [
precursor

Show Decimal Places: 25

[] m/z on fragmentation
[] mfz on unannotated
sequence fragmentation
in place ion info
Intensity: (7) Low @ Medium () High

Reset default

The spectrain PEAK Sresults can be annotated by selecting ion types from the thorough collection of ionsthat PEAKS
offers. The selected ion typeswill be displayed in the“lon Match” table aswell. It is possible to annotate the spectrum
with various ions for both CID and ETD. By default, y-ion, y-H20, y-NH3, y(2+), b-ion, b-H20, b-NH3, and b(2+)
are selected.
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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 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 “ Spectrum
Annotation” view.

In Place lon Info: lon information, m/z value and relative intensity are displayed in a pop-up in the “ Spectrum An-
notation” view when this option is checked and the cursor is placed on a peak.

I ntensity - Set theintensity threshold for spectrum annotation to low (2%), medium (5%), or high (10%). To apply this
intensity 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 s~ or select “Configuration” from the “Window” menu.

2.1. Enzyme Configuration

PEAKS can use amost any enzyme or combination of enzymes in your analysis. Select built-in enzymes from 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.

Enzyme List

«Built-In= Pepsin (pH 1.3) -
«<Built-In= Pepsin (pH = 2)

«Built-In > Proteinase K

e twer
«<Built-In = Trypsin with [0|F]

«Built-In > Mone

1 [.m

Enzyme Details
Enzyme Name: |Trypsin
Cleave Sites (X = all amino acds)

_aﬂ:er ~ | RK and :nutbefore v: F
ar :af'ter v: and :before v:
ar :aﬁ:er v: and :before v:
ar :aﬁ:er v: and :before v:
[ Mew ] [ Add/Update ] [ Delete ] [ Help ]
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Built-in Enzymes.  All of the built-in enzymeswithin 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.

Create a New Enzyme.  Provide the name of the new enzyme in the “Enzyme Name” field and specify how the
custom enzyme will cleave the protein between two amino acids to create peptides in the “Enzyme Details’ panel.
Theletter X denotes any amino acid at this position, while amino acidswithin the{ and } bracketsindicate 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” whereit can
be accessed later. To delete a customized enzyme, select the appropriate enzyme and click the Delete button.

Note

For information on defining new enzymes*“on thefly” for PEAK S denovo or PEAKSDB, refer to Section 2.2,
“Enzyme”.

2.2. PTM Configuration

From the “ Configuration” window, select “PTM” from the left side menu to change the PTM configuration.
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Es

Mame Mano mass Residue site
4-hydroxynonenal (HME) 156,1150 [CHK] -
Acetylation (K) 42,0106 ¥l
Acetylation (M-term) 42,0106 [X]am
Acetylation (Protein M-term) 42,0106 [X]am
Amidation -0.9840 [X]@C
Ammoniadoss (C@M-term) -17.0265 [Clam
AmmoniaHoss (Protein N-term)  |-17.0265 [Ts]@m
Beta-methylthiolation 45,9877 [c]
Biotinylation 226.0776 K1, (]
Carbamidomethylation 57.0215 [c]
Carbamylation 43,0053 K1, (]
Carboxylation (E) 43,9593 [E]
Carboxymethyl 58,0055 [c]
Citrullination 10,9540 [R]
Deamidation (NQ) 10,9540 [Mg]
Dehydration -13.0106 [CYTs], [NQlEC
Dimethylation 28.0313 [KRM], [x]am
Dioxidation (M) 31,9898 [M]

FAD 733.1415 [CHY]
Farnesylation 204,1378 [c]
Formylation 27.9949 K], [¥]am
Formylation (Protein M-term) 27.9949 [x]am
Geranyl-geranyl 272.2504 [c]
Guanidination 42,0218 A
HexMacylation (M) 203.0794 [M]
Hexose (M5Y) 162.0528 [MNSY]
Homaserine -29,9923 [M]&C
Homaserine lactone -43,0034 [M]&C
Hydroxylation 15,9945 [PKDMRY]
Lipoyl 188.0330 K
Methylation 14,0158 [TSCKRHDE], [¥]@m b

Recent | Common | Uncommon | Artifical | Customized Vicw New

Built-in PTMs.  Thebuilt-in standard PTMswithin PEAK S are listed in three separate PTM lists under “Common”,
“Uncommon”, and “Artificial” tabs. The "Common" list contains the most commonly used PTMs, the "Uncommon™
list containslessfrequently used PTMs, and the“Artificial” list containsthe PTMsthat can beinduced only artificially.
The most recently used PTMs are listed in the “Recent” tab and the “ Customized” tab lists all the user-defined PTMs.
Double clicking on any of these PTMs will display the PTM details in the “PTM Info” popup dialog. The same
information can be viewed by selecting a PTM from alist and clicking the View button. For details on PTMs, refer
to Section 2.3, “PTM".
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PTM niame: Carbamidomethylation|
FTM abbreviation: Carbamidomethyl
Mass (Manoisotopic): 57.021465
Residues that can be modified: |C Anywhere
@ peptide () protein M-term
[ C-term
| Formuia: H(3) C(2) N(1) O(1)
|| Rule:
| I Close I I Help I

Createanew PTM. Click on the New button to display the “New PTM” dialog. Provide the information about the
PTM. The required information about the PTM are listed below:

FTM name:
PTM abbreviation:
Mass (Monoisotopic):
Residues that can be modified: Anywhere
@ peptide () protein M-term
C-term
Farmula:
Rule:
K I I Cancel I l Help J

* PTM Name: This name will appear inthe PTM list for future use after it is saved.
» PTM abbreviation: PTM expressed in shortened form.
» Mass (Monoisotopic): The mass that the residue gains or loses as a result of the PTM.

» Residuesthat can bemodified: Enter residuesthat can be modified anywhere, or residuesthat can only be modified
if they are at the N- or C-terminus.

» Formula: The chemical formulaof the PTM. This should correspond to the mass listed above.
* Rule: Thisfield can be used to enter acomment about the PTM, to be used for your own reference.

Click the OK button to save the changes. The new PTM will now appear in the “ Customized” PTM list, whereit 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 PTMs “on the fly” for PEAKS de novo or PEAKS DB, refer to the section
Section 2.3, “PTM”.

165



Configuration and Preferences

2.3. Labeled Q Method Configuration

Fromthe " Configuration” window, select “ Labeled Q Method” from the | eft side menu to change the labeled Q method
configuration.

Quantification Method Detail
Mame TRAQ-4plex Method Type Reporter Ton Quantification
Modification Target
M-Terminal Modification C-Terminal Modification
Side Chain Modification at Modification Mass | 144, 10207

Label Options

Mame Reporter Ion Mass (Da)
114 114.1107
115 115.1077
116 1156.1111
117 117.1144

Thebuilt-in labeled Q methods are listed in the methodslist. Select amethod from thelist to view detailed information
in the “Quantification Method Detail” panel. Methods with the R icon beside the name are reporter level methods.
Methods 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”.

Modification Target: The modification target and mass of the unfragmented modification for “Reporter lon Quan-
tification”. The modification targets can be N-terminal, C-terminal or Side Chain.

Label Options: List of quantifiable labels. For reporter ion quantification methods, the label options panewill contain
the name and reporter ion mass. For precursor ion quantification methods, the label options pane will contain the
sample name, modification, and modification details.

Createa New Method. To create a new labeled Q method, click the New button to open the “ New/Edit Quantifi-
cation Method” dialog where the quantification method details can be specified.
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Quantification Method Detail Quantification Method Detail
Mame My RIQ Method Method Type | Reporter Jon Quantification  w Mame My PIQ Method Method Type Precursor Ton Quantification +

Modification Target Label Options

M-Terminal Modification [[] c-Terminal Modification Sample Name Modification e

Heavy EILAC [ W |e.0201@[K]

[] Side Chain Modification at Modification Mass | 144, 10207
Label Options

Mame Reporter Ion Mass (Da)

114 114.1107 Add Label
Delete Current Line
Add Row Delete Row
OK Cancel OK Cancel

Specify the modification target, modification mass, and label optionsfor a“Reporter lon Quantification” method. Use
Add Label and Delete Current Line to add or remove alabel. Each label is defined by the sample name and reporter
ion mass.

Use Add row and Delete Row to add or remove a label for a “Precursor lon Quantification” method. Each label is
defined by the sample name, added mass, target residue, and labeling efficiency. If one sample has multiple labelswith
different mass shifts, a user can add multiple labels with the same sample name. These labels will 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 search through a database to identify proteins, PEAKS must have access to a
protein or EST database in FASTA format (the standard format for popular public sequence databases). PEAKS can
be configured to use existing databases on the system or download them from public servers. 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

[UniPrat_SwissProt]

FTM™

Labeled Q Method

Instrument

Database Details

FASTA format database: :NCEI nr - Validate Database ] [ Export Decoy DB ]
Basic Options
Database name: Validated
Path: [ Browse ] ar [ Download ]
[T] EST database

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

Wai\[\d ™)
Rule to parse description from FASTA title:

s+

Accessionfid URL:

http: /fwwew.ncbi.nlm. nih, gov fentrezfviewer, frgi?db=proteinfval= | <Accession/ID=
Delimiter: s+ =Y

Taxonomy Options

taxonid [ Browse ] [ Download ]
taxdmp [ Browse ] [ Download ]
{ Mew |[ Add/Update H Delete H Help ]

Close

Createanew database. 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. Refer to Chapter 6, Adding a Sequence Database for details on adding a new database.

Delete a previoudy 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 isinvalid, 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 | atest database file and overwriting the old database file), PEAK Swill show the database information
inlight gray. A light gray color could also mean that the database does not have header information.
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Configuredatabasesfor usewith other search enginesin PEAKSinChorus. The databases configured here will
alsobeused in PEAKS 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.
It is therefore suggested that X! Tandem only be used with small databases. If used with a large database, a taxon
should be specified. For example, NCBI-nr and SwissProt databases should be used with sub-taxa 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 is available to inChorus. Also, abug in OMSSA results in a database, stored in a folder that
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 the databases should be put in afolder with no spaces, such
as C. / peaksdat abases. Note that the folder C: / My Docunent s/ dat abases does not work as it contains a space
between 'My' and 'Documents’. Using spaces in the database file name causes the same problem. For example, once
the NCBI-nr database been downloaded and extracted, save the database as ncbi nr. f as, or nchi _nr. f as rather
thanncbi nr.fas.

» Mascot : The database used by Mascot will have to be identical to the database configured in PEAKS in order for
inChorus to parse Mascot results correctly.

2.5. Instrument Configuration

Fromthe“ Configuration” window, select “Instrument” from the left side menu to change the instrument configuration.
Instrument List
<Built-In> Orbitrap (Crbi-Trap)

«Built-In > Orbitrap (Orbi-Orbi)

«Built-In > Triple-TOF

«<Built-In> Q-TOF

«<Built-In > TOF-TOF

«<Built-In> Ion Trap W

Instrument Details
Instrument Mame: |Crbitrap (Orbi-Trap)

Basic Options
Ion Source: | ESI{nano-spray) v
M5 Precursor Scan: |FT-ICR/Qrhitrap v
MSMS Product Scan: | Linear Ion Trap W
Advanced Options
Precursor mass search type: (@) Moncisotopic () Average

Parent mass error tolerance: 15.0 ppm W

Fragment mass error tolerance: 0.5 Da w

Built-in Instruments.  The names of the built-in instruments are provided in the “ Instrument List”. Select an instru-
ment to view the detailed instrument information in the “Instrument details” panel below.

Note

The details of abuilt-in instrument cannot be deleted or edited.
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Create a new instrument.

. Click the New button and provide a name for the instrument in the “Instrument Details’ panel.

. Use the “lon Source” drop-down list to select the ion source that was used: MALDI/SELDI or ESI (nano-spray).
Thiswill help the PEAKS Data Refine tool determine the charge of the ions.

. Usethe“MS Precursor Scan” drop-down list to select the type of MS scan that was performed. This selection will
tell the PEAK S Data Refine tool whether the survey scan is of sufficient resolution to determine the charge and the
monoi sotopic peak from the examination of the survey scan.

. Usethe“MS/MSProduct Scan” drop-down list 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
PEAK S auto de novo sequencing and PEAKS DB search. Select LIT/FT if alternating high-res/low-res modeswere
used. Thiswill allow the agorithm to determine the mass analyzer from the scan header.

. Usethe“Advanced Options’ to specify additional parameters.

. Select “Monoisotopic” or “Average” as " Precursor Mass Search Type”. For ion-trap instruments, it isusually ben-
eficial to allow PEAKS DB search to use an average mass.

. Specify the valuesfor “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 in the “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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