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Chapter 1. Overview

Welcome to PEAKS.

PEAKS 6

1. How to Use This Manual

This chapter of the manual provides an overview of PEAKS distinctive features and describes atypical dataanal-
ysisworkflow in PEAKS. Usersare strongly recommended to read this chapter to get abig picture of what PEAKS
provides and how PEAKSisused. Other parts of this manual areintended for reference and do not need to be read
from cover to cover. Many contents of this manual can be read from the software'sinline help. An electronic (and
most up-to-date) version of this manua can be found at http://bi oinfor.com/doc/peaks6/htmlmanual /index.html.

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 proteomics 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.

/ data analysis \

de novo sequencing result
raw data » database search » visualization, ‘ reporting
— validation and
PTMfinding filtration

homology search

\ quantification /

PEAKS helps in every step of the proteomics data analysis.
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Thefollowing is apartial list of the distinctive features of PEAKS software:

e Complete Analysis

PEAKS combines four complementary algorithms for de novo sequencing, database search, characterizing un-
specific PTMs, and detection of peptide mutations. The combined use of the four algorithms maximizes the
number of identifications.

Built-in Result Validation

A decoy fusion method is used to validate the peptide identifications automatically. The decoy fusion method
isan 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 cover-
age 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 each identification algorithm used by PEAKS has been demonstrated by publications and/
or third-party evaluations. By combining four complementary algorithms together, the sensitivity is further
improved.

Multiple-enzyme Project

To maximize a protein's sequence coverage, it is advantageous to use different proteolysis enzymes to digest
the protein sample. PEAKSS 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' resultstogether.
Multiple Instrument Vendor Support

PEAKS supports most major instruments raw file formats, which saves the trouble for file format conversion
by the users. More importantly, the algorithms parameters are optimized for each different instrument type,
respectively, to ensure the accuracy and sensitivity.

Result Exporting

The analysis result can be exported to a variety of text files. The website format makes it easy to share the
results on a website as html pages; whereas other text formats such as .csv make it easy to post-anayze the
results with Excel or users' in-house software. Additionally, PEAKS can export to standard result formats such
as pepxml and mzldentML.

inChorus

If your lab already acquired other database search engines, PEAKS can import the other engines' results and
combine al the results together. The inChorus function supports the result filtering of all engines' results with

aunique FDR. For each identified peptide, PEAKS also displays al the engines that identified the peptide, as
well as each engine's identification score.

3. What Is New in PEAKS 6

Hereisalist of the noteworthy new featuresin PEAKS 6.

Highlights.




Overview

* Interactive protein coverage view
In this beautiful graphical display, all peptidesidentified for a protein are mapped to the protein sequence. The
PTMsand mutations are highlighted. Individual peptide-spectrum matches can be examined with simple mouse
clicks.

» Easy workflow for complete analysis

With a single mouse click, the PEAKS PTM (blind search for PTMs) or the SPIDER (mutation detection)
agorithm can be included in the analysis workflow.

» Multiple enzyme support

One project can include multiple samples, each with a different proteolysis enzyme. The overlapping peptides
from different enzyme digests maximize the protein coverage.

» Blind search of PTMs

Users can turn on all of the more than 600 variable PTMs in the Unimod database, and let the software find
what PTMs are present.

Algorithm Improvements.
* New nonspecific enzyme digestion support

Now one can allow nonspecific enzyme digestion at 0, 1, or both ends of a peptide. Having more nonspecific
digestion ends will increase the search sensitivity at a reduced search speed.

» Neutral loss of phosphorylation and sulfation PTMs are considered in the scoring functions of PEAKS DB and
PEAKS PTM

» New support for protein N-term PTMs
* New -10lgP score and FDR control for PTM and SPIDER results.
* FDR control of the inChorus result
Different search engines results can now be combined according to a unified FDR for each search engine.
 Improved precursor mass correction

The mass correction function in the "data refine” step recognizes the real monoisotopic mass even if the
instrument's raw data reported the isotope mass. The algorithm isimproved in the new version.

GUI Improvements.
» Easier PTM selection interface

The PTMs are separated in three "common”, "uncommon™, "customized" to make it easy to specify the PTMs
to search for. Additionaly, a"Recent" list includes all the PTMs recently used by the user.

» Denovo only view added to the inChorus result

The de novo only view reports peptides found exclusively by de novo sequencing. This useful view is now
available to the inChorus result too.

 Improved spectrum annotation view

Mouse over an amino acid in the spectrum annotation will highlight the supporting fragment ions. Setting an
anchor peak will show the mass different between the current peak and the anchor peak.

3
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 Improved project creation interface

The selection of instrument type and fragmentation mode is easier. Users can specify a proteolysis enzyme for
each sample at the project creation interface.

» More searching functions to locate a specific de novo sequence result.
Now de novo sequencing results can be sorted and searched with the amino acid sequence.
» Display absolute intensity in PEAKS Q

Users now can choose to display absolute intensities or ratios in PEAKS Q results. For the ratio display, users
can choose which sample the ratio is based on.

* More statistics in the summary view

The PTM profile tableisimproved. A protein FDR valueis added.

One-click specification of common FDR values (e.g. 1%) in the FDR selection pane.
Better Community Support.

» A new configuration wizard to assist the download and installation of public protein databases and raw file
readers/convertors.

» Major accuracy and sensitivity improvement on the analysis of AB SCIEX TripleT OF data.
 Proteome Discover support

Now PEAKS can load the pepXML result file generated from Thermo's Proteome Discover software.
 Support mzldentML result format

Now PEAKS can export mzldentML file for downstream analysis such as Scaffold PTM.
 Export high resolution images of the spectrum annotation and protein coverage view.

» Export to website or single webpage format for easy sharing of results.

4. Quick Walkthrough

In this section we present a quick walkthrough of atypical dataanalysis and result visualization process. By using
the sample project included in PEAK S installation, wefirst introduce the main GUI of PEAKS and showcase how
to filter and visualize the analysis result (Sections 4.1 - 4.4). Thiswill help understand what can be accomplished
with PEAKS. After that we demonstrate how to create a PEAKS project from raw data and conduct data analysis
(Sections 4.5 - 4.6).

4.1. Open an Existing Project

The installation of PEAKS can be found at Chapter 2, Installation and Activation. After installation and running
PEAKS, you can open the sample project 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 PEAK S6 wasinstalled, select " SampleProject"
and click the open button in the file browser.
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™Y PEAKS Studio —— . -

File Tools Window Help
gﬁé@lﬁll‘ hEXROQW |38
I Project View Start Page X ‘

PEAKS 6

1 &

=»= Click to open a sample project <<=

4.2. PEAKS Main GUI

The main graphical user interface (GUI) of PEAKS is divided into several areas (see screenshot below):

1. The project tree 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. Themenu and toolbar. Selecting anode (project, sample, fraction, or result) in an opened project will highlight
the common analysistool icons available to the selected node.

3. A result nodein a project can be opened by double clicking the node. All opened result nodes are shown here
as different tabs.

4. Each opened result node provides several different "views' as different 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. The information pane shows useful information such as the node properties and the progress of running tasks.
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4.3. Result Summary and Filtration

After opening aresult node by double clicking it, i.e. the "SPIDER" node in the sample project, the default view
of the opened result node is the summary view. The summary view provides mainly three functions:

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

The top region of the summary view is a control pane and the bottom region is a statistics report page. The result
filtration is controlled at the top control pane (see screenshot below):

* The peptide identification isfiltered by the peptide-spectrum match's -10lgP score. Or, one can simply specify
the desired FDR (fal se-discovery rate) by clicking the FDR button.

» Theproteinidentification isfiltered by the protein's-10IgP score and the number of unique peptides the protein
contains.

* The de novo only peptides are those with confident de novo sequence tags but cannot be identified by other
agorithms used for database search. To report a de novo only peptide, the TLC (total local confidence) and
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.

TL C measures the approximate number of correct amino acidsin the de novo sequence, and ALC measuresthe
approximate percentage of correct amino acids in the de novo sequence.

By default, the -10logP 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 thefiltration criteria are changed, the "Apply Filters' will change to red. Click it to apply the new criteria.
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# PEAKS 5 [09-May-12 13:57] X | % PEAKS FTM 6 [09-May-12 13:57] X |

Peptides -10lgP = [16.4 + FDR Proteins -10lgF = 20 w and = 3 W | unigue peptides

DenovoOnly TLC=| 3 |and ALC (%) =| 50 | and peptide -10lgP = [ [16.4 [ apply Filters H Export ][ Notes ]

The top control pane has two additional buttons. "Export" and "Notes'. The result can be exported by clicking
the "Export" button. The Notes button allows you to type in atext note about the project, which will be displayed
in the result 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. If the search result and the peptide -10IgP score threshold is of high
confidence, then you should observe very few decoy matches (brown) in the high score region. Additionally, if
the FDR estimation method (decoy fusion) worked properly, then you should observe a similar or larger number
of decoy (brown) matches than target (blue) matchesin the low score region.

Figure 2 (b) plots the precursor mass error v.s. score for all the PSMs above the -10IgP score threshold. This
figure is the most useful for high resolution instruments. Generally you should see that the high-scoring points
are centered around the mass error 0. And only below a certain score threshold the data points start to scatter to
have bigger mass error.

Figure 2: The distribution of PEAKS peptide score (-101gP): (a) histogram of score; (b) The plot of precursor mass error vs. score. @
(a)
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4.4. Result Visualization

Besides the summary view, there are three other views, "protein”, "peptide”, and "de novo only", for visualizing
theresultsin different ways:

» The protein view contains alist of proteins passing the filtration. The proteins identified with the same set (or
asubset ) of peptides are grouped together.

» The peptide shows al the peptide identifications passing the filtration. The multiple spectra that identified the
same peptide sequence are grouped together.

» Thedenovo only view shows all the peptides identified exclusively by de novo sequencing.

Here we only focus our attention on the new protein coverage view in PEAKS 6. Click the protein view tab,
and select one protein. The following protein coverage will show at the bottom of the protein view. The protein
coverage view maps 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
this protein coverage view are listed in the following (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 "interesting” PTMs are grouped to-
gether and displayed asasingle bar. A PTM is"interesting” if it's checked in the display option (seeitem 5).
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2. PTMs and mutations are highlighted with colored icons and white letter boxes. Highly confident PTM and

mutations 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.
. Mouse over an amino acid to show the supporting fragment ion peaks.
. Optionsto control the coverage view display.

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

» The "de novo only tag" specifies the minimum number of consecutive amino acid matches between a de
novo only sequence and the protein before it can be displayed as the gray bar.

e The "confident PTM" specifies the minimum fragment ion relative intensity in one of the MS/IMS spectra
beforea PTM location is regarded as confident, and displayed on top of the protein sequence.

» The checkboxes in the PTM list specifies which PTMs are "interesting". Click the color boxes to change a

color. Double click aPTM nameto see the PTM detail.

6. The full screen button and tool box button.

Full screen providesalarger view of the coverage. Thetool box provides some common tools, such asexporting

the coverage pane as a high-resolution imagefile.
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To create anew PEAKS project from raw datafiles, follow the following steps (see screenshot below):

1. Click the new project button at the tool bar.

2. Click the"Add sample" and "Add datafile"

buttons to add samplesto the project and data filesto each sample.
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3. For each sample, specify the sample details.

In particular, each sample can use adifferent proteolysis enzyme. Using multiple enzymes to analyze the same
proteins can produce overlapping peptides and therefore increase the protein coverage.
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4.6. Conduct an ldentification Analysis

To conduct an identification analysis: 1) select a project, sample, or result node from the project tree. 2) Click the
desired analysistool button. Here we show the PEAK S complete identification analysis workflow.

Y peas studio e I
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A search parameter pane will pop up. Most search options 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 enzymes in a single project and
asingle search.

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

. Conduct de novo sequencing using the same parameters, or base the search on an existing de novo sequencing

result node.

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

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

. Including PEAKS PTM and SPIDER agorithms for the search.

By default, PEAKS PTM performs a blind search for additional PTMs in the data. Users can also 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 algorithm will
be conducted on every confident de novo tag (ALC>30%) whose spectrum is not identified by PEAKS DB
with high confidence (-10IgP<30). SPIDER will construct new peptide sequences by altering amino acids of
database peptides. For each spectrum, the better sequence constructed by SPIDER or found by PEAKS DB 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 to invoke SPIDER through this workflow or by clicking the SPIDER
icon in the toolbar.
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Chapter 2. Installation and Activation

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

1. Package Contents

The PEAK S package contains:

e Thismanua

* PEAKS Software

* Quick reference guide for PEAKS

*» Quick reference sheet for mass spectrometry

2. System Requirements

PEAK Srunsand has been tested on Windows XP, Vista, and 7. The computer on which PEAK Sisinstalled should
meet the following hardware requirements:

Minimum: A dua core processor, 2GB RAM and 100GB free hard drive space (this suggestion is mainly for
viewing purposes only; for data analysis we strongly suggest following the recommended requirements bel ow).

Recommended: A quad core processor, 8GB RAM, 500GB free hard drive space and 64-bit OS.

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 PEAKS in any directory that contains a white space, for example the Program Fi | es
directory 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.

I mportant

To open an instrument's raw data using PEAKS, it is necessary to install PEAKS on the same computer
where the instrument vendors own software isinstalled. Refer to Section 3, “Vendor Specific Require-
ments’ for the vendor-specific requirements for raw data loading.

1. Close all programs that are currently running.

2. Insert the PEAKS disc into the CD-ROM drive. Or double click on the downloaded PEAKS installation file
and move ahead to step 4.

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

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

12



Installation and Activation

B#) Peaks Studio 6 o] ® |z

Introduction

L

"% Introduction Installanywhere will guide yau thraugh the installation of PEAKS
" Studio 6.

Itiz strongly recammended that vou quit all programs hefore
continuing with this installation.

Click the et buttan to proceed to the nest screen. fyau want to
change something on a previous screen, click the 'Preavious' huttan.

“au may cancel this installation at amy time by clicking the 'Cancel’
huttan.

Cancel

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

4. Activation

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

r“ Welcome to PEAKS I. = | (5] |ﬁ1

Welcome to PEAKS

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

Activate PEAKS with a trial or purchased license key

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

’\‘ Register to get a free 30-day trial license key
\},g) 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
T advanced user interface provided in PEAKS to share results with colleagues and
collaborators,

() Activate PEAKS manually

LS

I mportant

Keep your license key safe. After a computer 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 processisvery smple. If your computer connectsto the internet, you can activate PEAKS
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 'Activate' button. If the activation is successful, PEAKS will then start. In the situations where the
activation failed with the message 'An error occurred while communicating with BSI licensing server ...', refer to
Section 4.4, “ Activate PEAKS manually”.

Enter the License Key @

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

YOUR. LICENSE KEY

| Activate |[ Cancel ]

4.2. Register to get a free 30-day trial license key

This option alows 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 humber in the form. After the form is submitted by clicking the
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'Register' button, an email from support@bioinfor.com will be sent to you with thetrial license key. Thiskey can
then be used to fully activate PEAK S for evaluation purposes.

I mportant

Each computer can only have one free trial. Request trial license repetitively will not extend your trial
automatically. Please contact support@bioinfor.com to discuss atria 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 viewer mode. Researchers around the world are now able to take advantage of
PEAKS most advanced user interface to share PEAKS resullts. In the viewer mode, all non-analytical features,
such as read/display raw data, open/navigate through existing PEAKS results, exporting etc, work the same way
asthefull PEAKS Studio version.

4.4. Activate PEAKS manually

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

1. Providethelicense key and user information required to the license wizard on the computer that will be running
PEAKS.

Manual Activation @

Gather Your Name Your Mame
Information

Email Address  |youremail @yourcompany.com
Save License

Request File Email {confirm) | youremail @yourcompany.com
Upload License License Key | YOUR LICENSE KEY
Request File
Important: You will receive your license file via email
Import
License
Activation
Complete

| Next> | | Cancel |

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

15
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Manual Activation @
Gather Click the button below to save the License Request 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

Request File [ Save License RequestFile |

Upload License
Request File

Import
License

Activation
Complete

[ < Back ] [ Mext = ] [ Cancel ]

3. From another computer with an Internet connection, upload the license request file to BSI's license server as
described in the following screen.

Manual Activation @
Gather ] The following steps should be done on the computer
Information which has Internet connections.

Save License Go to http:/ fwww.bicinfor.com/lcs20/index.jsp.

Request File
" Select the option 'T have the license reguest file. I want

to register the software." and dick next.

Upload License

Request File Click 'Browse' button to select the license.request file that
has been copied to this computer, type in the visual
verification code and dick next.

Import

License Mow the software is being registered. If you get a 'Operation
completed successfully.’ message, please check your email.

Activation

Complete

< Back ] [ MNext= f [ Cancel
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-J B3I Product Licensing Center

= C (O www bicinfor.com o 20/index. jsp o7 N

BSI Products Online Registration

Eequest file: Choose File | license request

Wisual verfication: Input the characters shown below (case sensitive)

iy

| request another image

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

5. Transfer the license file to the computer running PEAKS, and import the license file into the license wizard.
Manual Activation [=23e]

Gather (@ Paste the license Paste from Clipboard ]
Information )

Save License
Request File

Upload License

Request File
() Import the license file (the email attachment)
IT“"‘“t Browse
License
Activation
Complete
< Back ] [ Mext> | [ Cancel

4.5. Re-registering PEAKS

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

License for all X! software,
responsible for the performance of X!Tandem,

About BSI PEAKS Studio (223w
PEAKS Studio 6.0 build 20120529
Copyright @ 2000-2012 Bicinformatics Solutions Inc. All rights reserved.
Bioinformatics Solutions Inc. (BSI) acknowledges that Ronald =«

Beavis 13 the author of the X!'Tandem program. BSI is grateful te Dr. =
Beavis for allowing us to share X!Tandem with our users. BSI
" |distributes X!Tandem in accordance with the following Artistic
binaries and documentation. BSI is not

and makes no warranty

License to
License key
License start [ expire
SPS expire
Thread #

Module License status
PEAKS DB Expire on
PEAKS Platform Expire on
PEAKS De nova Expire on

| |SPIDER. Expire on
- |PEAKS Q Expire on

= View end user license agreement

,‘ Warning: This computer program is protected by copyright law

* and international treaties. Unautherized reproduction or

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

= severe civiland criminal penalties, and will be prosecuted to the
- maximum extent possible under the law.

[ oK ]

[ License Wizard l

[ Tech support l

Click the“License Wizard” button to continue. Then follow theinstructionsin Section 4.1, “ Activate PEAKSwith
atrial or purchased license key” or Section 4.4, “Activate PEAKS manually” for re-registering 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. Theuser information can only contain English characters (letters, digits and symbols). Characters from a non-
English encoding may cause the activation to fail.

3. If the computer is behind a firewall or has other internet connection problems, the activation may fail. Please
follow the on screen instructions or refer to Section 4.4, “ Activate PEAKS manually”.

5. PEAKS Performance Configuration

The PEAKSS Performance Configuration tool can be accessed from the Windows Start Menu. By default, PEAKS
automatically determines its performance parameters, to take full advantage of the processors and memory avail-
able on the computer. In most situations, the '‘Automatically Configure PEAKS Performance’ option should be
used. For advanced users, the ‘Manually Configure PEAK S Performance' option will come in handy in situations
where users want to start PEAKS using different JVMs, or to change the size of VM heap to their preferred

configuration.
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o Performance Configuration @

() dutomatically Configure PEAES Performance (recommendedy

() Manwally Configure PEAKS Perfarmance

[ Apply ][ Cancel ]

1. Main Program JVM Heap Size (MB). Thisisthe amount of memory assigned to the main PEAKS program. In
some computers, more often on 32 bit systems, if PEAK Sfailsto start, lower this number, e.g. 800, may help.

2. Number of Computing Nodes to Start. This option determines the number of concurrent processes PEAKS
will use. One PEAKS license will alow up to four computing nodes to be used. The more nodes started the
more memory PEAKS requires. It is important not to start more nodes than the computer can handle. On 32
bit systems, this number should always be set to one. On 64 hit systems, a safe estimation on the number of
nodes can be calculated as: min(4,[RAM in GB]/2). For example, on the Windows 7 64 bit computer with 6GB
RAM, the maximum number of nodes that can be used is min(4,6/2) = 3.

3. Start Client Separately. This option provides the raw file reading abilities of a 32 bit JRE and the processing
power of 64 bit system together. Use the 'Browse' button to point to the 'bin' directory of aninstalled 32 bit Java
Runtime. Specify the 'Client VM Heap Size (MB)' to assign memory to PEAKS Client components. Usually
1024 worksfine.

4. Start Compute Node Separately. This option should be used on 64 hit systems when the 'Number of Computing
Nodes to Start' is greater than 1. Use the 'Browse' button to point to the 'bin' directory of an installed 64 bit
Java Runtime. Specify the 'Computing Node VM Heap Size (MB)' to assign memory to each node. Usually
anumber greater than 1500 should be used.

I mportant

Thetotal amount of memory used by all the nodes computing nodes are '‘Computing Node VM Heap
Size (MB)' multiplied by the 'Number of Computing Nodesto Start'.

6. What's Next

You are amost done. Depending on the data formats and the type of analysis needed, there may still be two
additional configuration steps before data analysis can be conducted.

» To read the instrument's raw data formats, it might be required to install specific software libraries to support
the instrument. See Section 3, “Vendor Specific Requirements’ for this requirement.

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

If you are eager to try PEAK S now, leave these two configuration steps aside for awhile, 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 PEAKS for instrument raw
data support and database searching. The configuration wizard can also be invoked from the menu: Window --
> Config Wizard.

PEAKS supports different instrument vendors raw data formats. A list of supported formats can be found in
Section 2, “Supported Data Formats’. Some vendors' formats may require the vendors' specific software to be
installed on the same computer that PEAK S is running on. The configuration wizard helps you to select the proper
instrument and install the appropriate vendor software.

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

2. Instrument Selection

When you select "Window --> Config Wizard", the configuration wizard will run and display awelcome message.
Clicking the“Next” button shows the following instrument selection panel.
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Configuration Wizard - Configure
Instruments and Public Databases

Configuration Wizard I&

Select Instruments

Thermo Scientific
[¥]Thermo LTQ, Obritrap, FT Instruments

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

AB SCIEX
[T] AB 5600 Instruments

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

[T] AB SCIEX QSTAR Instruments
Agilent Technologies

[7] Agilent Ton Trap Instruments

[7] Agilent Q-TOF Instruments
Bruker Daltonics

[7] Bruker APEX, micrQTOF, HCT Ion Trap, TOF-TOF Instruments
Shimadzu Corporation

[7] shimadzu AXIMA-CFR Instruments
Waters Corporation

[T] wiaters/Micromass Q-TOF Instruments
Varian Incorporation

[] warian Mass Spectrometry Instruments

=< Back ][ Mext == ] [ Cancel ] [ Help ]

The instrument selection panel lists al the supporting instruments and their vendor specific softwares. Select the
instruments as necessary. A small description about the instrument is displayed once it is selected. Click “Next”
to proceed.

3. Database Selection

The database selection panel liststhe standard databases. The automatically downloadable databases are NCBI nr,
SwissProt, TrEMBL, and IPl human. Select the databases to be configured. A small description of the database is
displayed once selected. If a standard database is already configured using this wizard then “[configured]” text in
green will appear beside its name in the list. It can be selected again to overwrite the configuration.
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Configuration Wizard - Configure
Instruments and Public Databases

Configuration Wizard I&

Select Databases

-

[] NCBI nr - [configured]

[] UniProtkB/Swiss-Prot - [configured]
[] UniProtkB/ TrEMBL

IPI

IPI provides a top level guide to UniProt, Vega, Ensembl, RefSeq and TAIR databases.
IPI human database provides rminimally redundant yet maximaly complete sets of human proteins.
The Configuration Wizard will download, extract and configure the database.

Database Path

D:\PeaksStudio6 \FastaDB

=< Back ][ Mext == ] [ Cancel ] [ Help ]

The" Database Path” displaysthelocation wherethe 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 displays all the requested instrument software and database downloads in two
tables - “Downloads’ and “ Selected Instrument Software”.
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Instruments and Public Databases

Configuration Wizard ﬁ

Download Information

Downloads
Mame Size Progress Action
Thermo M5FileR.eader 30.3 MB| Installed | Feinstall
ABL mzWiff 281.9 kB Downloaded
[P 5 MB Downloading % Cance

Selected Instrument Software

Mame Status
ABI Analyst Display Information
AB SCIEX M5 Data Converter Display Information

Mext == Cancel ] [ Help ]

L

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” buttoninthe*Action” column. Once completely downloaded, the“Install” button appearsinthe
“Action” column. The corresponding software can be installed or the corresponding database can be configured
by clicking the “Install” button. The “Next” button remains disabled until all the downloads and the installations
are completed. An already installed item can be reinstalled by clicking the “Reinstall” button that appearsin the
“Action” column once the corresponding item isinstalled.

Selected I nstrument Softwar e - The configuration wizard cannot download some vendor specific software asthe
corresponding vendor needsto be contacted to get that software. If any of those software packageswere selected in
theinstrument selection panel then their information appearsin the“ Sel ected Instrument Software” table. Clicking
the“ Display Information” button showsinformation on how to get the software from the vendor in apopup dialog.

Click “Back” to go back to instrument selection or the database selection panel to change the selection. Click
“Cancel” to cancel the wizard anytime. All ongoing downloads will be cancelled if the wizard is cancelled. Click
“Next” to finalize the configuration. A warning message box will pop up in case any downloaded item is not
installed.

5. Commit the Changes

After configuring the necessary downloaded vendor specific software and standard databases, click the “Next”
button to get to finalize the panel.
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Instruments and Public Databases

Configuration Wizard ﬁ

Configuring Instruments and Databases

The following FASTA databaszes and/or Instrument software are inzfalled successfully:
Thermo MSFileReader
IPT

The following FASTA databases and/or Instrument sofiwware are downloaded but not nstalled:
ABI mzWiff

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

explicitly by clicking the 'Tnstall' button m the Download Information' panel.

The Configuration Wizard could not proceed with configuring the following items as it required to
download some files that can be available only from the Manufacturer representatives.

ART Analyst

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

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

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

<< Back ]| Finish [ Cancel ] [ Help ]

L

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 beimmediately available to PEAKS.
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Chapter 4. Loading Data to a PEAKS
Project

1. Overview

Mass spectrometry data needs to be loaded into a PEAKS project before any analysis can be done. After creation,
aPEAKS 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 that contain the compressed spectral data
and the analysisresults. It is possible to transfer the whole project directory to another user to open with PEAKS
Studio or the free PEAKS Viewer.

To create a new project simply click the new project button %4 on the toolbar. The following “New Project”
dialog will appear. This is where new samples and data files (a.k.a. fractions of samples) can be added. Users
also get the chance to specify important properties of the data files, such as the name, replicate number, enzyme,
fragmentation method and instrument type. Clicking the " Copy to whole project” button will let the whole project
share the same settings of enzyme, instrument and fragmentation.

"N New Project ﬁ

Project Hame My PEAKS & project
Project Location  D:itemp Browse...
Data Files Sample Details
B "T;’ PEAKS & project Sample Name  |Sample 1 Replicate |1
=1L\ Sample 1
Enzyme Spedfy later... - New
[ Add data files... l—l
Instrument FTMS (FT-Trap) - || View
Add sample... I—I
Fragmentation |CID i
Data File:
D:\DataOrbiSample, RAW
| Delete | | Up | | Down | | Copy to whole project | | 0K | | Cancel |

PEAKS supports different instrument vendors' raw data formats. A list of supported formats can be found in
Section 2, “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 vendor-specific requirements discussed in Section 3, “Vendor Specific Requirements’ are met.

Upon clicking the OK button in the "New Project" dialog, PEAKS will make an effort to import the vendors' raw
MS datainto the PEAKS project. Once the datais loaded it becomes a part of that project so that the original data
files can be manipulated or deleted without affecting the analysisin PEAKS.
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To close an open project, select the project and choose “ Close Project” command from the file menu or use the

close project icon & trom the tool bar. It is recommended to close the unused projects to preserve computer
memory.

Therest of this chapter discusses the details of dataloading and project creation.

2. Supported Data Formats

Thefollowingisalist of supported dataformatsin PEAKS. PEAK S supportstheseformatsat threedifferent levels:
» Native Support - PEAKS can read the following files directly without any additional tools:

e mzXML

* mzData

e mzML

L]

.DTA file or adirectory of .DTA files
« .MGF

« PKL

L]

PEAKS 5.3 projects. See Section 3.8, “PEAKS 5.3 Projects”.

 Library Level Support - Theinstrument vendor's softwarelibrary isrequired to beinstalled 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 3.1, “ Thermo Data”.

¢ .D directory (Agilent instruments). See Section 3.3, “Agilent Data’.

e LIFT or .D directory (Bruker instruments). See Section 3.5, “Bruker Data’.

¢ .RAW directory (Waters QTOF instruments). See Section 3.2, “Waters/Micromass (MassLynx) Data’.

» Convertor Level Support - Third party convertors are required. Users need to install the required convertors
correctly and let PEAKS know their locations. Thisonly needsto be set up once. PEAKSwill call the convertor
to convert the data to another supported format before loading. The actual convertion process is invisible to
the user.
¢ .RAW directory (Waters QTOF instruments). See Section 3.2, “Waters/Micromass (MassLynx) Data’.

* WIFFfile (AB/Sciex QSTAR and QTRAP instruments). See Section 3.4.1, “QSTAR or QTRAP".
« .T2D file (AB 4700/4800 series). See Section 3.4.3, “ABI 4700/4800".

¢ .RUN folders from Shimadzu instruments. See Section 3.6, “ Shimadzu Data’.

¢ XMSfilesfrom Varian instruments. See Section 3.7, “Varian”.

3. Vendor Specific Requirements

Most vendors provide tools for MS analysis software to read their raw data format. PEAKS works best with raw
data becauseit is unprocessed. Thisallowsit to use the data pre-processing tools built in to the software designed
to maximize identification results. Listed below are the requirementsto |oad raw datafrom each supported vendor.
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3.1. Thermo Data

RAW data from Thermo Fisher Scientific mass spectrometers can be loaded, provided that the X Calibur software
or the Thermo M SFileReader package isinstalled on the same computer as PEAKS. The PEAKS Config 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. conl peg/fil e/ MSFil eReader. zi p

Converting with M SFileReader will only work if there are English only charactersin the file path.

3.2. Waters/Micromass (MassLynx) Data

Two ways can be used to load Waters's .raw data.
 Library Level Support -- wolf.exe.

RAW data from Waters instruments can be imported provided that MassLynx 4.1 software is installed on the
same computer as PEAKS. MassLynx 4.0 users, can download a different version of wolf.exe. Command line
can be used to convert raw filesto mzXML with wolf.exe. The file [Peaks installation directory]/wolf.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 nf or. com peaks/ support/formats/ peaks-wat er sm cr onass- massl ynx-dat a. ht m

» Converter Level Support - massWolf.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 massWolf.exe to convert the .raw data,

define the convertor in preferences. Click the “ Preferences’ toolbar icon @ or select “Preferences’ from the
“Window” menu to open the “ Preferences’ window. Clicking on “Waters(.raw)” under the“ Raw file convertor”
section on the menu on the left hand side will show the preferences for masswolf. Point to the location of
massWolf.exe on your computer and enableit.

Waters(.raw)

Enable the MassLynx Converter (MassWolf)

Location
D \MassLynx Converter ymassWolf exe Browse
Qptions
centroid
nolockspray

3.3. Agilent Data

Agilent Q-TOF data can be loaded provided that MassHunter software is installed 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, or fid file. If loading fid files, select the top level folder to
load them all at once.
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CompassXtract 3.1 is readily available on the Bruker Daltonics web site. You may need to contact your Bruker
representative to obtain CompassXtract 3.1.

Instrument Preferences for Bruker Data. This type of Agilent data uses a Bruker converter. To set Bruker data

.
related preferencesin PEAKS, click the“ Preferences’ toolbar icon Qor select “ Preferences’ from the “ Window”
menu to open the “Preferences’ window. Click on “Instrument” and then “Bruker (.yep/baf, fid)” in the menu on
the left hand side. Thiswill show the Bruker instrument preferences on the right hand side.

Bruker(.yep/baf, fid)
Raw File Convertar 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 results in no spectra, then choose
“Line spectra’. A Bruker .fid file may contain several samples. By default, these samples are not merged into one
data set. Select “Yes’ to merge all the samples into one data set.

3.4. Applied Biosystems/Sciex Data

3.4.1. QSTAR or QTRAP

ABI data can be loaded into PEAKS provided the following converters are installed. Analyst QS is required for
QSTAR data. Analyst 1.4 isrequired for QTRAP data. AB SCIEX MS Data Converter is required for ABI 5600
data. PEAK S Config Wizard can download and install mzWiff automatically. A link isalso provided inthe PEAKS
Config Wizardto the AB SCIEX M S Data Converter download site (see Section 2, “ Instrument Selection”). Please
see the specified software package to find out the requirements for it.

3.4.2. Convertors for WIFF

Three Wiff convertors are supported by PEAKS. They are 1. AB SCIEX's MS Data Converter. 2. mzWiff and
3. MSX

Note

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

-
To set WIFF related preferencesin PEAKS, click the “ Preferences’ toolbar icon O or select “Preferences’ from
the “Window” menu to open the “Preferences’ window. Select the “Raw file convertor” section in the menu on
the left hand side then "ABI (.wiff)". Thiswill show the preferences for ABI instruments.
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ABI{.wiff)

@ AB SCIEX M5 Data Conwverter

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

Centroid @) Profile

mzWIFF
mzWiff Location
Browse
Options
Survey Spectrum Centroiding Product Spectrum Centroiding
Product Spectrum Deisotope Precursor Charge Determine

MSX converter

Location
D 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 convertors as the default convertor for WIFF file loading.

AB SCIEX MSData Converter. Click “Browse’ to tell PEAKS the location of the raw file converter. Select
the preferred mode of raw datato load. Thisis a useful option for ABI 5600 instruments.

mzWiff. Click “Browse” to tell PEAKS the location of the raw file converter. Select “Survey Spectrum Cen-
troiding” if centroiding has been performed before loading the datainto PEAKS. Select “Product Spectrum Cen-
troiding” if centroiding has been performed on the product spectrum before loading it into PEAKS. Thisisimpor-
tant to insure PEAK'S performs optimally.

M SX. Click “Browse” to tell PEAK S the location of the raw file converter. Select the preferred options to load
the raw data.

3.4.3. ABI 4700/4800

T2D files can be extracted and imported into PEAKS with afreetool created by BSI. The PEAK S Config 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 a
firewall or proxy between the computers. Windows 7 or Windows XP is recommended for use of this tool.

Configuration.  Start the ABI 4700 converter tool. Choose “Settings’ from the “File” menu. Configuration
requires the following:
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4700 SERVER Name or IP Address: input “localhost” if the Extractor is running on the same computer as
ABI 4700 Explorer (thisis the default value), otherwise enter the | P address of the 4700 SERVER.

The socket used by the 4700 SERVER: thisisthe port that the Oracle database listens to (the default is 1521).
» Usernameto accessthe Oracle database: most likely we do not need to change this (the default is* tsquared”).
» Password to accessthe Oracle database: mostly likely you do not need to change this either.

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 to choose a spot set. After
selecting a spot set, click 'OK' to open it. The job run information of a spot set will be shown.

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

4. Choose afilenameto save: After clicking the '‘Convert' button, the user needs to input afile name and the peak
lists of the selected job run will be exported.

3.5. Bruker Data

.D and .LIFT directories from Bruker mass spectrometers can be imported provided that the CompassXtract Run-
timelibrary isinstalled on the same computer as PEAKS. The spectral datawill be contained in the .yep, .baf, or
fid file. If loading fid files, select the top level folder to load them all at once.

CompassXtract 3.1 is readily available on the Bruker Daltonics web site. You may need to contact your Bruker
representative to obtain CompassXtract 3.1.

Instrument Preferencesfor Bruker Data.  To set Bruker data related preferencesin PEAKS, click the “ Pref-

L
erences’ toolbar icon é or select “Preferences’ from the “Window” menu to open the “Preferences” window.
Click on “Instrument” and then “Bruker (.yep/baf, fid)” in the menu on the left hand side. This will show the
Bruker instrument preferences on the right hand side.

Bruker(.yep/baf, fid)
Raw File Convertar 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 results in no spectra, then choose
“Line spectra’. A Bruker . fid 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.

3.6. Shimadzu Data

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

Instrument Preferences for Shimadzu Data.  To set Shimadzu data related preferences in PEAKS, click the

“Preferences’ toolbar icon@ or select “Preferences’ from the “Window” menu to open the “Preferences’ win-
dow. Click on “Instrument” and then “ Shimadzu AXIMA (.run)” in the menu on the left hand side. Thiswill show
the Shimadzu instrument preferences on the right hand side. Click “Browse” to tell PEAKS the location of the
Shimadzu r un2xni . exe file.
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Shimadzu AXIMA(.run)

Shimadzu run2xml.exe File Location

Browse

3.7. Varian

A conversion tool is embedded into Varian’ s data acquisition software which allows the conversion of Varian raw
datainto .pkl fileswhich can be immediately read by PEAKS.

The .trans data files are converted in Varian programs by clicking "File", "Save As' and selecting the .pkl file
format or by clicking "File", right clicking "Export" and selecting ".pkl". If you are viewing a chromatogram with
the Varian software, all the spectral data in the viewed chromatogram is converted to the .pkl format. If you are
viewing a single spectrum and choose to convert the data, only the viewed spectrawill be converted.

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

Instrument Preferencesfor Varian Data. To set Varian datarelated preferencesin PEAKS, click the “ Pref-

erences’ toolbar icon @ or select “Preferences’ from the “Window” menu to open the “Preferences” window.
Click on “Instrument” and then “Varian (.xms)” in the menu on the left hand side. This will display the Varian
instrument preferences on the right hand side. Click “Browse” to tell PEAK Sthelocation of the xm r ai . exe file.

Varian{.xms)

Default xmirai.exe Location

Browse

3.8. PEAKS 5.3 Projects

Projects created in any PEAK S 5.3 series software can be opened in PEAKS 6. To convert the project to aPEAKS
6 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 popup.

Version Check [

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

| Yes i | No,thanks

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

-

LA Project Convertor

Converted Projects  |My PEAKSS3 project_1_versiong_0

£R
Project Location C:'\PeaksStudios\serverDB

0% Start
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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 is not altered.

Note

For PEAKS 5.x projects early than 5.3, you need PEAK S 5.3 to convert these projectsinto PEAKS 5.3
projectsfirst, then use PEAKS 6 to convert the 5.3 projects to PEAKS 6 projects.

4. Creating a New Project

1
To create a new project, select “New Project” from the file menu or using the new project icon &4/ on the

toolbar. The “New Project” dialog will appear.

" New Project @
Project Name My PEAKS 6 project
Project Location D:\temp
Data Files Sample Details
¥ r";hl’“ FEAKS 6 project Sample Name  Sample 1 [] Replicate |1
=l Sample 1
Enzyme Spedfy later... -
Instrument FTMS (FT-Trap) hd -View
i) ad ple... | L d -
Fragmentation |CID i
Data File:
D:\Data\OrbiSample, AW
[ Delete J [ Up I I Down I [ Copy to whole project I [ oK I [ Cancel I

2. Use the “Project Name” field to name your job. Click “Browse” to select where to save the project. This will
appear in the “Project Location” text box.

Note

Refer to Section 6, “Changing the Default Project Location” for changing the default save location
for projects.

3. Usethe“Add datafiles...” button to browseto the location of the filesyou wish to load. Select thefilesyouwish
to load and click “Open”. Once the data file appears, select the “Instrument” type, “Fragmentation” method
and “Enzyme” name that was used to generate the experimenta data from the drop-down lists. To apply the
same instrument configuration to the whole project, click on the “ Copy to whole project” button.

4. To add another sample, click onthe*Add Sample’ button. To add adatafileto Sample 2 click onthe“ Add data
files...” button. Select the instrument vendor and type from the drop-down menus unless you had previously
applied the instrument configuration to the whole project in step 3. These separate samples can be used to
get batch results for multiple filesin the samples. They can also be used to batch export dta, mgf, or pkl files
containing al the data in the sample. Separating into samples is also necessary for label free quantification
(refer to Chapter 13, Label Free Quantification (LFQ)).
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5. Todeclareasample asareplicate, click onthe sample node and sel ect the replicate check box and set areplicate
number using thereplicate drop down menu. Y ou can set up to 3 samplesto bereplicates of the same experiment.
Setting replicates allows you to use the “Replicate Analysis’ tools (refer to Section 6, “Replicate Analysisin
LFQ").

6. To delete asample or datafile, select the appropriate node (sample or datafile) and click the “ Delete” button.

7. To change the order of the samples within a project or data files within a sample using the “Up” and “Down”
buttons.

8. Click the “OK" button once al data files and samples are added to the project.

The project will appear in the “Project View” panel. The outlined
loading. The solid

symbol indicates that the file is till
symbol indicates that the file has finished loading.

5. Adding Data to an Existing Project

1. f
To open asaved project, select “Open Project” or “Open Recent Project” command from the file menu or “—
from the toolbar.

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

command from the file menu or use the add dataicon ﬁ;l from the toolbar. The origina project window will
open.

" Add Data to the Existing Project

S5

Project Name D: ftemp/My PEAKS 6 project

Project Location |D:/temp

m
a
il

m

Data Files

4 D:ftemp/My PEAKS & project

= J1
ih

OrbiSample. mzXML

-4 DATA REFIME 1 [06-Jun-12 14:09]
-, DENOVO 2 [05-Jun-12 14:09]

[ PEAKS 3 [08-Jun-12 14:09]

-

Sample Details

Sample Name Sample 1

Enzyme Trypsin

Instrument FTMS (FT-Trap)

[] Replicate

1

- View

i

- View

i

PEAKS PTM 4 [06-Jun-12 14:09]
SPIDER 5 [06-Jun-12 14:09]

i..[_Add data files...

Fragmentation |HCD adl

clete Up Down [ Copy to whole project I [ oK H Cancel I

h

3. You can add more files to an existing sample using the “ Add datafiles...” button or create additional samples
using the “Add Sample” button.

4. You will need to select the instrument vendor type. For more information on adding files/samples or setting up
the instrument configuration refer to Section 4, “Creating a New Project”.

6. 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.
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1
Click @ from the toolbar. The following "Preference” dialog pops up.

-
Preferences

. DEawc

T cenera

Display Options
RMI Connections
Derby Database

+« Raw file convertor

BBI{,wiff)

Default Input File Directory

e

Default Project Folder

D:\test\Peaksa0\PeaksProjects

2. Select "Generd" intheinthe"Preference” dialog and click the "Browse" button bel ow "Default Project Folder"

to specify the default location.




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 MS scan, the
corresponding MS/M S scans are also displayed.

e MS/IMS - thisview lists al the MS/MS scans. For each MS/M S scan, the corresponding MS scan is also dis-
played.

» Heatmap - this provides a bird's eye view of the whole LC-M S dataset.

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.
|

1elp

al*. & 1%% QW

a[tPage X | [ PEAKS 3 [16-May-11 -
{PeaksProjects Mew Pro| 7 —

E TIC Inkensity
e mzXML : | -

=

W

=

(=1

15}

=

o

L]

504

2. MS View

The MS View containsthe TIC and all the scans. Thetotal ion chromatogram (TIC) is displayed on theleft of the
MSview. The navigation buttonsarecircledinthefigure. To collapsethe TIC chart, click theleft navigation button.
To navigate the survey scans, use the up and down navigation buttons. The survey scans can aso be navigated by
using the up and down arrow of the keyboard. Clicking on aspecific positionin 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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The survey scans and tandem scans provide a few convenient way to zoom and navigate in the spectrum:

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

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

* Increasethe peak intensity - place the mouse pointer in the spectrum, scroll the mouse wheel button.

» Seethewhole spectrum - double click in the spectrum, or click the 1:1 button.

3. MS/MS View

The MS/IMS View shows the list of tandem scans on the left. For each MS/MS scan, the list of identification
results, the spectrum and its survey scans are shown on the right. Zoom options are the same as described in the
“MSView” section.

36



Data Visudization

StartPage X | (I, TEST6_221106_CT_OTnew_HCD_DZRAW X | [# PEAKS 4 [04-Apr-1114:07] x | (b DATAREFINE 1 X ‘
1000.9505 (RT=24.2213 ¢ ~ C+58.01)AAN(+. 98)DKQ(+. 98)AC(+58. 01) FAVEGFK 0.7 -
535.60583 {RT=24.2678 ¢ 55, 01) AADDKQ(+. 98)AC(+5 8. D1)FAVQ(+. 98)GPK 0.7
5267623 (RT=24,2933 5¢ L C(+5E.04)C(+58. 01)AAN(+. 9BIN(+. 9B)KQ(+. 98IAC (+58. 01) FAVEGPK 0.7
' ‘ E-{M} MASCOT 2 [04-Apr-11 14:01] e ji
532.2498 (RT=24.32715¢ || | " (458,01)C(+58.0 ))AADDKEAC(+58.0 )FAVEGPK 107.3 Identification Results
802,90607 (RT=24.3729 ¢ DGKEVGC(+58.01)C(+58.01)SIESMN(+.38)DAR 27.5 3
634,9555 { RT=24,3856 S EAKS 4 [04-Apr-11 14:07]
608.8044  RT=24,4126 5¢ . C(+58.01)C(+58.01)AADDKEAC(+58.0 1)FAVEGPK 53.3 B
X! XITANDEM 5 [04-Apr-11 15:50 -
476,46844 (RT=24,4568 ¢ Xt . .
644,25494 (RT=24,4739 { £ ITEED"SitV %)
rsmss s ||| co[A[RTB[RIR &AL F [A[R[E[E PX
£ Spectrum
75,3408 ( RT=24,6086 5¢
670,3275 ( RT=24,6473 5¢ g
495,72058 (RT=24.6828 ¢ 0 Y10
584,8758 ( RT=24,7176 5¢
6197251 (RT=24,7624 5¢ Y3 Y1z
705.86425 (RT=24.7963 ¢ va ¥11 - V13
72985693 (RT=24.8299 ¢ V14
608.80493 (RT=24.8736 ¢ va PP 6" ys V6 ¥ be ¥is
) 8735 ¢ varzo2 I |‘|b4 ‘ | be[ Fl b b1z [b”
532.2504 { RT=24.88815¢ I W dll Lot At i bl iy N . T I al . . iz
778.32184 (RT=24.9109 ¢ 200 400 00 800 1000 1200 1400 1600 1800 2000
549,2551 ( RT=24.95135¢ A o | t:1] 2| 2 [ EnTal: 0.50a (7] intensity threshold ;Eisl_pz_égos_cr_o‘rnew_m_oz.RAw: ms=2mz=965.8784 2=2RT=24.5746
797.8719 (RT=24,9726 5¢
Info | Ton Match | Survey
519,2165 ( RT=24,9859 5¢
. ||[Selected Ms/Ms [TEST6_221106_CT_OTnew_HCD_02.RAW, 965.8784 (RT=24.5746 Scan=1243) 2] =
653.36176 (RT=25.0268* |5 ctention Time: 24.575 -
523,23615 (RT=25.0419 ¢ || TIC: 1.25€6
o || mumber of peaks: 202
69583325 (RT=25.0661 || £ oetation Type: CID, CAD, IRMPD {y and b ions)
875.8321 (RT=25.1029 5 Information and Survey Scans 2
- 56179193 (RT=25.1375 ¢ | | Number of Results: 5 3
INCHORUS & [04-Apr-11 15:50] has 1 matches
s RATRIEE, i3 || onovo 3 mapr-tt 14:01] has Smaiches
SIS RREEA LIST, || mascom 2 [oa-apr-11 1401] has 2 matches
_ ||| PEAKS 4 [04-Apr-11 14:07] has 1 matches L4
8723772 (RT=25.2368 S¢ XITANDEM 5 [04-Apr-11 15:50] has 1matches il
“ m v
4. Heat Map
Heat Map view shows the distribution of LC-M S signal S/features.
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Placing the cursor on the heat map will show the m/z value, retention time and intensity of that point in a pop-
up window.
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The Heat Map view provides afew convenient ways to zoom and navigate the LC-M S features in the data:

» Zoom to a specific Heat Map area - click the desired start (m/z value, RT) position and drag the cursor to the
desired end (m/z value, RT) position, release the mouse button.

« Zoom in/out smoothly - place the mouse pointer at aparticular (m/z value, RT) position, scroll the mouse wheel
button.

» Seethewhole Heat Map - click the “1:1" button.

4.1. Blur / Unblur Heat Map

The Heat Map view offers various controls to study the LC-M S data features.

1:1 [ UnBlur ] .Fﬁd:Ftut.rt ) Mark Feature Show M52 Show PID of: :{nnn:}l v: Shaw 3D View MNoise Level: 1

For a smoother view of the Heat Map choose “Blur” and for a sharp contrasted view choose “Unblur”.

4.2. Highlight Feature / Hide Feature

“Highlight Feature” highlights the identified M S features by painting them with a chosen colour.
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To changethe default highlight colour, click on the colour icon of the highlight feature button @i;hight Feature

to display the color palette. Select the preferred color from the colour palette.
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4.3. Mark Feature / Unmark Feature

“Mark Feature” marks the identified features by ci rcIing around them using a selected colour.
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To change the default mark colour, click on the colour icon of the “Mark Feature / unMark Feature” button to
display the colour palette. Select the preferred colour from the colour palette.
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4.4. Show MS2 / Hide MS2

“Show MS2" highlights scans with associated tandem scan by marking them with the selected colour.
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To change the default colour, click on the colour icon of the“ Show MS2 / Hide MS2” button to display the colour
palette. Select the preferred colour from the colour palette.

4.5. Show PID

“Show PID” displays the positions of peptide identifications from a PEAKS DB search. Select the PEAKS DB
search result from the drop down list.

Show PID of: |PEAKS 1

The peptide identifications are marked with the selected colour. Placing the cursor on a marked peptide displays
more information on the identified peptide in a pop-up window.
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To change the default colour, click on the colour icon of the “Show PID” button to display the colour palette.
Select the preferred colour from the color palette.
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To view the peptide detail s of a peptide, place the cursor on a marked peptide, right click to display apop-up menu
and select the command “Go to peptide detail panel.”. Thiswill show the peptide detailsin the “MS/MS View”
panel. (see Section 3, “MS/MS View").

4.6. Noise Level

Select the appropriate threshold for noise filtering. Once selected the Heat Map view will reflect the changes.
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Chapter 6. Adding a Sequence
Database

1. Configuring Sequence Databases

PEAKS hasthe ability to search through a database to identify proteins using the PEAKS DB function. In order to
use this function, PEAK S 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 from servers. Additionally, taxonomy may be specified with certain databases.

To add a sequence database, click the %% jcon in the main toolbar and select “Database’ from the left-hand
side. Thiswill open the database configuration dialog. Click the “New” button to create a new sequence database
entry or select a database from the “Database List” and click “Add/Update” button to edit. The database can be
configured in the area below the “Database Details’.

F ——
Lk Configuration w

Database List

Enzyme

[UniProt_SwissProt]

PTM

Labeled Q Method

Instrument

Database Details

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

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

Waih =y
Rule to parse description from FASTA title:

s+

Accessionid URL:

http: ffwww. ncbi.nim. nih.gov fentrezfviewer. fogi?db=proteinéval= | <Accession/ID>
Delimiter: s+ *Y

Taxonomy Oplions

taxonid [ Browse ] [ Download ]
taxdmp [ Browse ] [ Download ]
i MNew |[ Add/Update ][ Delete ][ Help ]

Close

Follow these steps to configure a database:
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. 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.

. Inthe“Basic Options’ section, enter anamefor the database. If the database FASTA fileisaready on thelocal

system, skip to step 6. Otherwise, select “Download”. A window will appear confirming the database chosen
to be downloaded from the appropriate FTP or website.

. Click “OK” toinvokethe default FTP client software and download the database automatically. Click “ Cancel”

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

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

such asWinZip, or WinRar. The desired result isa FASTA format text file (.fas or .fastafile).

. Move the database file into a directory that PEAKS can access.
. Click “Browse” to inform PEAKS of the location of the database file.
. If the selected database isan EST database, check the box labeled “ EST database”. If not, ensurethat it is blank.

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

mation and parsing rules for the database headers are automatically entered in the 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 add the configured database. The database name will 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, PEAK S uses Java Regular Expressions to define how the accession
string and the description text should be parsed from the FASTA title line.

To be able to 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 which has been identified as the location of the desired database. 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
a browser and paste the URL into the address bar. When the file download window opens, click “Save’. Use
the same way to download the "taxdmp" file. Be sureto save thefileto alocation 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” button and selecting the file.

Note

Please don't rename the taxonomy files; otherwise PEAKS cannot recognize the files.

2. Databases to bhe Used in PEAKS' inChorus Function

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




Adding a Sequence Database

e X!ITandem - At the time of writing, X! Tandem has difficulty in searching through large databases and may
crash. It istherefore suggested that X! Tandem only be used with small databases. If used with alarge database,
ataxon should be specified. When using NCBInr or SwissProt databases with X! Tandem it is best to use a sub-
taxonomy.

* OMSSA - At the time of writing, OMSSA cannot be used with databases that are not in NCBI or SwissProt
format in a way that is available to inChorus. Also, a bug in OMSSA prevents easy use of databases with
OMSSA when they are stored in afolder that contains a space in its path. This creates problems when PEAKS
creates temporary databases on your behalf. To avoid this, best practices suggest that all our databases are putin
afolder C. / peaksdat abases. Notethat thefolder C: / My Docunent s/ dat abases wouldn’t work asit contains
a space between 'My' and 'Documents’. Using spaces in the database file name causes the same problem. Once
databases have been downloaded and extracted, save the database file as ncbi nr. f as, or ncbi _nr. f as rather
thanncbi nr.fas.

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

1. Overview

Raw LC-M S/M S data often contains noise, redundancy, aswell as errors due to sample preparation and instrument
approximation. The PEAKS 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 datain 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 - the redundant MS/M S scans from the same precursor m/z and similar retention time will be
merged together.

 Precursor m/z correction - the precursor m/z value given by some instruments is often not of the monoisotopic
ion. This creates problems in downstream analysis. By examining the isotope shapes in the corresponding MS
scans, this function can accurately correct the precursor m/z to be monoisotopic.

* 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 attemptsto removethe"junk" spectra. Thiswill save someanalysis
time. Use this function with caution as it may also remove a small portion of identifiable spectra.

» Centroiding and charge deconvol ution, and isotope deconvolution - centroiding the peaks and deconvol ution of
the multiple charge ions to singly charged in the MS/M S scans.

If the dataiis not refined within PEAKS, most analysis functions (such as de novo sequencing or PEAK S DB) will
ask you to input the refinement parameters before the analysis is done. Y ou can run the data refinement 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.

FEIEE ORI

2. Specify the Data Refinement parameters in the popup dialog and click “OK”. Most of the parameters are self-
explanatory 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 at the project tree. Later analysis
on this fraction will be based on the refined data.

I Project View
= L Ci/Users/bshan PeaksProjects Mew Project 3

= 1l Sampls 1
: data0109172008 TP10_25fm_BSA_0LRAW
- o DEMOVO 2 [30-Mar-11 11:14)
L @) DATA REFINE 1 [30-Mar-11 11:13:26]
T PEAKS 3 [30-Mar-11 11:17]

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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|"l

Y Data Refinement 2

Data Refinement Predefined parameters :default -

[ ] Merge Scans
Retention time windowe (for raw files only): min
Precursor myfz error tolerance: i@ Da ppm
Merge CID and HCD scans together
Correct Precursor
i@ Mass only

i) Mass and Charge states

L

Min charge: 1| Max charge:
[ Filter Scans

Only keep scans satisfying:

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

QK ] [ Cancel ] [ Help ]

R ——————

* Merge Scans
Retention TimeWindow: It definesthe 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 only.
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: It defines the spectrum quality threshold to select scans for further analysis. The recom-
mended value is 0.65. Thisis a percentage.

Note

Data pre-process (centroiding, deisotope, deconvolution) option is removed. Now data pre-process is
enforced for all the data sets.
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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 thewindow, select "Save as..." and define anamefor 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 is not only the preferred method for identifying peptide sequences yet to be included in
databases, but also is a proven method to measure alongside database findings. PEAKS is the most utilized tool
for de novo sequencing in mass spectrometry labs. PEAKS automated de novo segquencing can process over 10
spectra per second on a moderate desktop PC. Moreover, users can use the manua de novo sequencing tool to
assist the manual interpretation of an individual spectrum. Most importantly, the automated de novo sequencing
results assist other PEAK S search tools, including PEAKS DB for database search, PEAKS PTM for unspecified
PTM search, and SPIDER for homology search, to achieve in-depth protein analysis.

PEAKSassignsalocal confidence scorefor each amino acid in the de novo sequence. Thislocal confidence ranges
from 0% to 99%, indicating how confident the algorithm is about the particular amino acid. The whole peptideis
evaluated by two measures: the AL C (Average of Local Confidence) and TLC (Total of Local Confidence) scores.
Roughly speaking, ALC reflects the average local confidence for amino acid assignments in the sequence, and
TLC reflects the expected total number of correct amino acidsin the sequence.

The use of automated de novo sequencing is outlined below. Details of each step can be found in later sections
of this chapter.

1

Select a project, a sample, or a fraction on the project tree. Click the automatic de novo toolbar icon Eﬂ or
select “De novo” from the “Tools” menu.

File Tools Window Help

s UH@{(ayxadaw RO

Note

Refer to Chapter 4, Loading Data to a PEAKS Project for how to create a project.

2. Specify the PEAKS de novo parameters in the de novo parameters dialog and click “OK”. If your datais not
refined yet, you also need to specify the data refinement parametersfirst and click next. Most of the parameters
are self-explanatory and the default parameters provide a good starting point for the analysis.

Note

Refer to Chapter 7, Data Refinement for PEAKS.

3. Wait for the analysisto finish. A new de novo result node will appear in the project tree. Double click the node
to open the result file.
I Project View
= -l D ftest/Peaks/Peaks Projects /denovoProject3

4. The result contains two different views: Summary and De novo. The Summary view alows you to specify
rulesto filter the results, and provides statistics of the results. The de novo view shows the de novo sequencing
resultsin greater details.
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5. You can optionally export the results to other formats by using the Summary view.

2. De Novo Sequencing Parameters

In the “Project Tree”, select the data file(s) or project containing the spectra that you wish to have auto de novo
sequenced. Note that users can run de novo sequencing on afraction or sample level by selecting the fraction node

or sample node respectively.

Click the automatic de novo toolbar icon Eﬁ or select “De novo” from the “Tools” menu. The auto de novo

parameters dialogue window will appear.

S

r" De Novo 8 S -
De Movo Predefined parameters
Error Tolerance
Parention: | 50.0 pprn - Fragment ion:
Enzyme

:Speciﬁed by each sample

0.1

Da

Maximum allowed variable FTM per peptide B =

General Options

Report up to 5 -+ | candidates per spectrum

Switch

PTH

|F | carbamidomethylation Set PTM
m Oxidation (M)

") Deamidation (NQ) Eenae

type

Ok

H Cancel ] [ Help ]

The meaning of each parameter is discussed in the following sections.

2.1. Error Tolerance

The acceptable levels of mass variance for the parent (precursor) and fragment ions in the respective fields. The

parent ion error tolerance can be specified in either Daltons or ppm.
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2.2. Enzyme Specificity

Thisinforms PEAKS asto what type of enzyme was used to digest the sample. Utilize the drop-down list to select
an enzyme.

Note

It is also possible to use the selection "Use Sample Enzyme", which allows the search to use enzymes
that were chosen for the samples during their project's creation.

Note

"Semi" versions of common enzymes can be created by allowing non-specific cleavage at one or both
ends of the peptide. These semi versions are recommended since digestion enzymes often exhibit some
degree of non-specificity.

If your enzyme (or combination of enzymes) is not in the list, click the “New Enzymes...” button to define the
enzyme used in the experiment in the “ Enzyme Editor” window.
ok =)

Enryme Name: T

Cleave Sites (8 = al asna acidi]

Y ou can provide the name of the new enzyme and define the custom cleavage rules/sites.

2.3. Fixed and Variable PTMs

To select the PTMs for de novo sequencing, click the*Set PTM...” button to open the “PTM Options’ window.
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-
"X PTM Options [

MName Maong mass Residue site L

Acetylation (K) 42.0106 K {F | Carbamidomethylation

Acetylation (N-term}) 42,0106 [x]an

Amidation -0,9340 Mac

Ammonia-oss (C@MN-term) -17.0265 [Clam

Beta-methylthiolation 45,9877 [c]

Carbamidome thylation 57.0215 [c] =

Carboxymethyl 58.0055 [c]

Deamidation (NQ) 0.9840 mal

Dimethylation 28.0313 [CKRHDENQ], [X] &M I

Dioxidation (M) 31.9898 ]

Formylation 27.9949 [K], (x]@nN
I TRAQ 8plex (K) 304.2 [K] : I

TTRAQ 8plex (K, N-term) 304.2 K1, DI@n Selected Variable PTM

TRAQ 8plex (N-term) 304.2 [¥]@n A7) Oxidation (M)

TRAQ 8plex (protein n-term)  |304.2 ]an @ Deamidation (NQ)

TRAQ 8plex () 3042 ]

Methylation 14.0156 [TSLICKRHDENG], [X]@N

Onidation (M) 15.9949 ]

Oxidation to nitro 44,9851 ] =x

Phosphorylation (5TY) 79,9663 [sTY]

Propionamide 71.0371 [c1

Pyro-glu from Q -17.0265 [QlEn

Sodium adduct 21,9819 [DE], [X]@C

Sulfation 79,9568 [YsST]

Trimethylation 42,0470 [CKRHDENG], [PAFYILM] @N

Recent | oo I sttt || emtine ’ Mew ] [ Remove ] [ Remove Al ] ’ Switch Type ]
[ OK ] [ Cancel ]

| % -

The “PTM Options” list displays recently selected PTMs by default. To view PTMs built into PEAKS, select the
“Common” or the “Uncommon” tab. UNIMOD modifications are included in PEAKS, and categorized under the
“Common” or the “Uncommon” tab. To select aPTM as Fixed or Variable, click the PTM from the list and click
the arrow beside the “Selected Fixed PTM” box or the “Selected Variable PTM” box respectively. To remove
a selected PTM, click the PTM from the “ Selected Fixed PTM” or “Selected Variable PTM” lists and press the
“Remove’ button. The "Switch Type" button can adjust a selected PTM between fixed and variable.

If adesired PTM does not appear on the list or is different than what is listed, select the “New” button and the
“New PTM” window will open, allowing you the ability to enter the information pertaining to your particular
PTM. The newly edited PTM will be displayed in the “ Customized” list.

Y New PTM ﬁ1
FTM name:
PTM abbreviation:
Mass (Monoisotopic):
Residues that can be modified: Anywhere
@ peptide () protein M-term
C-term
Farmula:
Fule:
QK ] [ Cancel ] [ Help ]
h i

Maximum Number of Variable PTMsper Peptide.  This parameter limits the quantity of variable PTMsin a
peptide sequence. In the de novo sequencing result, peptides with more variable PTMs are removed.
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2.4. Other Parameters

Report up to (#peptides) Set how many peptide sequences PEAKS will report per spectrum in the de novo
sequencing analysis.

2.5. 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 provide a name for the current set of parameters. Saved parameters
are available within this drop-down list. There are also options to delete the current set of parameters or to save
current changes. To examine the contents of another set of saved parameters, select a predefined parameters set
and the values will be displayed.

3. Understanding PEAKS De Novo Sequencing Results

Once de novo sequencing is completed, a new de novo result node will appear at the Project Tree. Double click
the node to open the result file. The following results will be viewable:

3.1. Summary View
The Summary view performs three main functions:

1. Result filtration: Thisis achieved by specifying the filtration rulesin the area at the top of the summary view.
Thefiltration function is discussed in Section 4, “Filtering De Novo Sequencing Results’.

2. Result exporting: Thisisachieved by clicking the"Export" button at thetop of the summary view. The exporting
function is discussed in Section 3, “Export De Novo Result”.

3. Summary report: Several statistical charts assist in obtaining an overall picture of the results and assessment
of theresult quality. Thisis the main purpose of this section.

The chartsin the report are divided into three sections:

1. Notes: A user can enter aspecial text note regarding the experiment. Click the "Notes" button at the upper right
corner of the Summary View to edit the note.

2. Result Statistics: The figures and tables summarize the data and results.
3. Other Information: The search parameters and M S instrument information are given here.

In the rest of this section we discuss the charts in the summary report are discussed.
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Denovo TLC=| 3 o and ALC(%)=| 30 o [ Apply Fiters ][ Export ][ Notes ]

1. Notes

It is the test project for user manual

2. Result Statistics

Figure 1: The distribution of de nova ALC score: (a) histogram of score (b) The plot of error vs. score @
(@)
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Table 1. Statistics of data and result. Table 2. Result filtration parameters.
# of MS Scans 4233 De Novo ALC =30%
# of MS/MS Scans 0236 De Novo TLC =3
Peptides after filter 9208
3. Other Information

Table 3. Search parameters. Table 4. Instrument parameters.
Parent Mass Error Tolerance: 0.1 Da Fractions: For_ASMS_Poster_CID_37_16_trypsin. RAW
Fragment Mass Error Tolerance: 0.8 Da Ton Source: ESI(nano-spray)
Enzyme: Semi Trypsin Fragmentation Mode: CID, CAD, IRMPD (v and b ions)
Fixed Modifications: MS Scan Mode: FT-ICR/Orbitrap

Carbamidomethylation: 37.02 MS/MS Scan Mode: Linear Ion Trap

Max variable PTM per peptide: 3

Histogram of Score (ALC). The histogram of ALC scoresis agraphical representation showing avisual im-
pression of the distribution of ALC scores of the identified peptides. The peptides are binned in 5% interval of
SCOres.

MassError Distribution. Masserrors (in ppm) of the identified peptides are plotted against their ALC scores.
The mass error is calculated as a ratio of observed mass error (difference between observed mass and theoretical
mass) and the theoretical mass and is expressed in ppm.

3.2. De Novo Peptide View

The de novo view displays the de novo sequencing resultsin greater detail, as shown in the next figure. Thetable
at the top section displays all the de novo sequences, and the bottom section provides additional information about
the peptide-spectrum match.
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3.2.1. Peptide Table

PEAKS displays the peptide sequence candidates at the top of the screen. The results can be sorted by clicking
any of the column'stitles. For example, to sort the peptide sequence candidates by the scan number click on the
title bar of the“ Scan” column.

The following list describes the contents of the columns in the “Peptide Candidates Frame’. The first column is
aunigue index for the peptidesin thelist.

e Scan: Scan number.

» Peptide: The amino acid sequence of the peptide as determined by de novo sequencing. If thereisany PTM on
an amino acid, the amino acid is followed by a pair of parentheses enclosing the delta mass of the PTM.

e TLC: Total loca confidence. It is calculated by adding the local confidence for each amino acid in the peptide
sequence. TLC reflects the expected total number of correct amino acidsin the sequence.

* ALC(%): Averagelocal confidence (TLC divided by the peptide length).

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

 z: The precursor charge.

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

» Mass: The calculated mass for the peptide

* ppm: The precursor mass error, calculated as 10° x (observed mass - theoretical mass) / theoretical mass.
* PTM: Indicates the types and numbers of PTMs present in the peptide with color-coded icons.

Confidence Scores.  Next to the proposed sequence candidates, the auto de novo “Total Local Confidence
(TLC) and “Average Local Confidence” (AL C) confidence scoresare shown. Thelocal confidence scoresfor each
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amino acid (that is, confidence that the correct residue in each position has been identified) are represented by
color coding. Red represents avery high confidence (greater than 90%), purpl e represents ahigh confidence (80 to
90%), blue represents amedium confidence (60 to 80%), and black represents low confidence (lessthan 60%). For
amore detailed positional confidence, place the cursor over the sequence of interest and a “ Position Confidence
Table” will appear, showing the confidence that each amino acid/pair of amino acids are correctly identified.
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Mass Tags. Thelow confidence residues can be displayed as mass tags by adjusting the scoring threshold using

the button &R in the title bar of the “ Peptide Candidates Frame”. If the scoreis set at 0.0, all of the amino acids
in the peptide sequences will be displayed. Increasing the threshold will display a mass in square brackets if the
residues do not satisfy the threshold.

| if 71%

show mass tag for confidence less than: Peptide

l G Wy [128. 1)

| 0 10 20 30 40 50 60 70 80 90 (%) oo
—| Color code: >20%: 80-90% 60-80% <60% |

8 [HSTVFDNLNP[437.7]

10 | [1141. 5]LAMVPSCGV[374. 1]

Modifications. Consider the following sequence, SHV +15. 99) TNLNGNPEDR. The (+15. 99) in brackets refers
to a position where a modification may have occurred. If you forgot the PTMs you specified before running de
novo, check Table 3 in the summary view.

Search for a Peptide.  Peptide candidates can be searched by entering the value in the search bar located in the
top right corner of the title bar of the “Peptide Candidates Frame”. Peptide candidates can be searched by scan
number, subsequence, m/z value, retention time (RT value), and PTMs (by mass difference). The reported peptide
candidates can be iterated by clicking the circled up and down arrow buttons in the search tool.

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

seq contains  [INNEC I -

-3.7

MYz = =7

RT = 3.8

PTM Am = 1.5

-1a

Note

To search with an approximate mass value, type only the necessary number of digits after the decimal
point. For example, 130.3 will match any value from 130.25 to 130.35 (exclusive). And 130 will match
from 129.5 to 130.5 (exclusive).

3.2.2. Spectrum Annotation

The spectrum annotation displays a graphical representation of the peptide spectrum.
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Thetitle bar shows the peptide sequence of the spectrum that is being displayed. Pressthe“ All candidates’ button
in the title bar to open a pop-up window, which displays all alternative peptides. Click on a peptide sequencein
the pop-up window to select and display the annotation.
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Moving the cursor over the spectrum will display a“tooltip” to show the annotation, the m/z ratio and the relative
height/intensity (as a percentage of 100) of that particular peak. Both the m/z ratio and the height of the peak can
be found on the right hand side of the bottom bar of the spectrum annotation panel.

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

» Zoom to a m/z region: Click the desired start m/z and drag horizontally to the desired end m/z, release the
mouse button.

» Zoom in/out smoothly: Place the cursor on aparticular m/z value (right below the x-axisline), scroll the mouse
wheel button.

* Increase/Decrease peak intensity: Place the cursor in the spectrum and scrolling the mouse whesl.

* Seethe whole spectrum: Double click in the spectrum, or click the 1:1 button.
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The“ErrTol” isused to adjust the error tolerance to view the display of matched ions.

|
Y ou can use the profilel! A | and peak II buttons to switch the Spectrum View from profile mode to peak mode
and vice versa.

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 * Spectrum Annotation Pref-
erences’ window. Refer to Section 1.4, “ Spectrum Annotation Preferences’ for more details.
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3.2.3. lon Table

The“lon Match” tab at the bottom panel of the de novo view containsthe“lon Table” that showsthe proposed ions
with their corresponding masses. If anion is found in the corresponding spectrum, it must first pass two criteria
before being displayed in a specific color (blue for N-terminal ions and red for C-terminal ions). It must be found
within the mass error tolerance, as defined in the de novo sequencing parameters, and the intensity of the ion must
be at least 2% of the most intenseion. Theion typesdisplayed inthetable are controlled by the same configuration
as the spectrum annotation (Section 3.2.2, “ Spectrum Annotation”).

# b bH20  b-NH3 Seq ¥ y-HZO  y-NH3 #

1 | 116.03 | 98.02 99.01 D 14
2 | 230.08 | 212.07 [ 213.03 M 1438, 76 | 147177 | 147274 | 13
3 | 327.17 | 305.15 | 310.14 P 1375.71 | 1357.71 | 1358.71 | 12
4 | 455.19 | 437.18 | 438.16 Q 1278.69 | 1260.56 | 1261.66 | 11
5 | 556.24 | 538.23 | 535.20 T 1150,64 | 1132.62 | 1133.60 | 10
6 | 693.30 | 675.28 | 67/6.27 H 1049.60 | 1031.49 | 1032.55 | 9

7 | 835.36 | 838.35 | 839.33 T 212,52 | 89451 | #9542 | @
B | 1019.43 | 1001.43 | 1002.40 b 749,45 | 731.45 | 73243 | 7
9 | 1000.47 | 107247 | 1073.43 A SBe.4q | 56829 | 58932 | 6

10 | 1189.53 | 117151 | 117250 1) 51535 [ 497.3%4 | ¥98.33 | §
11 | 1260.55 | 1242,56 | 1243.54 A, 416,29 | 393,28 | 39920 | 4
12 | 1339.60 | 134162 | 1342.62 b 35,24 | 32717 | 328.22 | 3
13 | 1458.70 | 1440.20 | 1441.67 W 246,18 | 228.1F | 229.15 | 2
14 K 147,11 | 129,10 | 130,09 | 1

Clicking the header of a column in the lon Table highlights the corresponding points on the error map and peaks
in the spectrum annotation.

58



Peptide De Novo Sequencing

3.2.4. Error Map

The “Error Map” shows the mass errors of the annotated ions and is displayed on the right hand side of the “lon
Table’. Them/zratio is displayed on the x-axis and the error islisted on the y-axisin Daltons. The most confident
results lie on the centerline.
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3.2.5. Spectrum Alignment

The " Spectrum Alignment” is displayed under the “Error Map”, presenting the entire spectrum. It isused as atool
to help navigate the “ Spectrum Annotation”. The blue bar along the horizontal m/z axis of the alignment indicates
the range of the spectrum in the “Spectrum Annotation”. This alignment displays how the proposed ions 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.
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3.2.6. Parent Scan

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

| Info | Ton Match | Survey |
Intensity (%)

1004

535.61
80291
S04
T T T ’."."".l et T - T T T T T ™ mjz
200 00 Eno 00 1000 1200 1400 1600
% Wl | 1:1| 2 | ¥ | ErrTo ntensity threshold OrbiSample. mzXML: ms=1 RT=0.0106 scan=1TIC=1.27E8 1507.9911

4. Filtering De Novo Sequencing Results

PEAKS De Novo sequencing results can be filtered based on TLC (Tota Loca Confidence) and ALC (Average
L ocal Confidence) scorefilters. Set the appropriate valuesfor thefiltersby changing thefiltration parameter values
from the drop-down listsin thetitle bar of the “ Summary” view panel and clicking the “Apply” button. The result
will be updated in the “ Summary” view and the “De novo” view accordingly.

StartPage ® | i DEMOVO 3 [13-Jun-12 10:33] X

Denovo TLC= | 3 + |and ALC (%)= 30 [ Apply Filters ][ Export ][ Notes ]

summary
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Note

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

5. Export De Novo Results

The "Export" button at the top of the Summary View allows exporting of the filtered resultsinto alist of top de
novo peptides, a pepXML file, and al de novo peptides. This provides the opportunity to supplement the results
in apublication, or put up the results on awebsite. To export the filtered results:

1. Click the "Export" button at the top of the Summary View. Different file outputs can be chosen from the
resulting dialog.

2. Click Browse and afile chooser will appear.
3. Choose the location and directory name to put the exported files. Click OK.

Thiswill createacollection of filesin thetarget directory which are al so indexed by an html file. Refer to Section 3,
“Export De Novo Result” for details.

6. Run Auto De Novo Sequencing on a Single Spec-
trum

To perform auto de novo sequencing on a single spectrum, select the spectrum in the MS/IM S view of the sample
and click the right button of the mouse to display a pop-up menu. Select the “PEAKS Auto DeNovo” command

from the pop-up menu.
OrbiSample. mzxML +-- (s DENOVO 7 [08-Mar-11 11:00]
H : B = A== T =T ¥ P I R T
5 ]

PEAKS Auto Denovo

Heat Map|MS/MS E

+- » 695,340

+ =07, 307 Correct Precursor Mass and Charge !
+ 547,597 Export As DTA

H- » 820,884 Export As PKL ]

7. Manual De Novo Sequencing

PEAKS 6 provides a set of tools to help manually sequence a peptide using graphic cues from the spectrum.
Note
Manual de novo sequencing does NOT support ETD spectra.

7.1. Manual De Novo Graphical User Interface

To create a new peptide candidate for manual de novo sequencing, select the m/z value in the “ Result Panel” and
right click to bring up a pop-up menu.
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Select “New Candidate for Manual De Novo” from the pop-up menu. A new candidate will be created under the
'‘Manual De Novo' heading. The new candidate will not have been sequenced, so it will be represented by the mass
of the peptide less the mass of water (see an example below).

mE OrbiSample.mzX - 802.90607 2

g =-Manual De Mova
2 | Teoaoro || EEESESL

Note

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

Thefigure below shows the main panels related to manual de novo sequencing. The five main panelsareindicated
in the figure below:
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The panels are briefly described below:
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» Result Panel: The “Result Panel” shows all sequencing results. The results of manual de novo are listed in the
sub-tree with root “Manua De Novo™.

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

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

e Spectrum Alignment and Error Map Panel: The “Spectrum Alignment” shows how the proposed ions as-
signed 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” displays the confidence assigned to each ion.

e 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.

7.2. Manual De Novo Operations

When the mouse cursor is placed in the “ Spectrum Annotation” panel, a green (by default) triangle follows the
movement 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 itsrelative intensity are shown in apop-up window ontop of the Position Bar.

Intensty (%)
1004
[1585.79] 137571
1260.5649
62.7%
1260.56
1150.64
S04 1045.6
912.52
226.12 246.18 743.96 031,40 1604.81
1439.75
J ||l | Hl IIIJ‘ ||I l - |‘|| I| ‘ " : IT.t
Z00 +00 600 =} 1000 1200 1400 1500
. . f - COrbiSample. mziML: ms=2 mz=802.90607 -
% 1) 2 | 2 | ErrTol: 0.50a [V intensity threshold 2= RT=0.0735 TIC=1.79E7 1250, 3649 82 T

Selectingapeak. Toselect apeak, simply click onit. A blue (by default) arrow, called the Freeze Bar, indicates
the selected peak. Alternatively an ion peak can be selected by clicking on its corresponding cell inthe lon Table.
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M easurethe m/z differ ence 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).

Tnkensity ()
1004
[1585.79] 1375.71
1ﬂ9.9229?|
1260.56
1150 %0 44z, 570
0. 10496 -
Q13252
226,12 246.18 748.96 031,40 1604.81
1489.76
| 1I||.. HJ_I,I‘ 1l U|I.]‘ L. |‘ . ull ‘"|. .
1200

200 400 a0n anon 000 200 1400 »
U o, | 22| 20| 2 | EnTol: 0.508 7] intensity theeshold ?Ei’;“f:gfg;;é"fﬁ;":;mz'gmw 12605649 | bz7%

Deselect apeak. Double click anywhere in the “ Spectrum Annotation” panel to deselect a peak.

Zoom in on part of thespectrum.  Inthe* Spectrum Annotation” panel, click and drag the mouse horizontally.
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 then right click the mouse anywherein the” Spectrum
Annotation” panel. Select “Set y-ion” from the pop-up menu to designate the peak as a y-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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Select “ Set other ions” from the pop-up menu to view the “lon Editor” dialog box. The “lon Editor” dialogue
allows you to add or remove ion designations to/from a peak. Select either “C Term lon” or “N Term lon” to see
the C and N terminal ions respectively. Then select an ion from the ion list and press the “Add” button to add it
to the selected ion list. Remove an ion from the selected ion list by selecting it and pressing the “Remove” button.
Click “Apply” to apply the changes to the selected peak.

(™% 1on Editor It |

Please choose ion type: Selected peak information
@ £ Tem Ton
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| M Term Ion intensity: 3245352.0
X -
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¥
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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 also change to reflect the mass remaining to be
seguenced on either side of theion.

In the example below, the selected peak at 1260.5649 m/z was designated as ay-ion.
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Themanual de novo candidateinformation isupdated in the* Result” panel, “lon Table” panel and “ Spec-
trum Alignment and Error Map” panel. The selected ions are al so annotated and color coded in the* Spec-
trum Annotation” panel.

After setting two ions, PEAK Swill estimate the residue found between them (if aresidue corresponds closely to the
mass difference). The peptide sequence candidate name will change to show the residue and the mass remaining
to be sequenced on either side of the residue. All other panelswill also reflect the changes.

65



Peptide De Novo Sequencing

S02.90507 2
=I-Manual De Novo

Tnkensky (%)
10

[344.251[A|[1170.51] 1375.71
¥2
1150.64 y1
50 1496 1189.531
39.5%
1252 o047 | W1
226,12 246,18 160481
135065 148976
; ‘ J || L . I.|I| 1L ‘ | . iz
1a0 Z00 300 400 S0 &0 700 B0 i) {lani] o 1200 L300 1400 1200 1600 1700
% 1:1| 2}{' 2f | ErrTol: 0.5Da o] intensity threshold OrbiSample.meML: ms=2 mz=802.90607 z=2 AT=0.0729 TIC=1.79E7 118595351 39.45%
Info | Jon Match | survey|
£ b bH2O  bHHI  Seq ¥ yHIO  ydHE = w05 05
1 | 345.24 | 327.17 | 328.23 | [344,25] 3 ?
2 | 416,25 l395.23 | 399,27 | A 1260,56 | 124256 | 1243.54 ( 2 gﬂ-ﬂ =
3] | | | [1170.51] | 1189.53 | 117151 [ 117250 | 1
05 . T 0.5
o0 Laog 1500
¢ m—Eq_ B al |
§|i—;3-1=.._51 ‘:.ﬁ I STES [L170.5L]1 . pe— =:14.:51—H§5&133
; i H ‘ H
H: P || ‘ i
2 SNV DI BRI V0T 711 Y EOVINTS | R
SO0 1000 1500
Searching theleft or right side of the spectrum for thefirst/last y or b ion (Search a sequencetag). Select

apeak, and then right click the mouse anywherein the Spectrum View Frameto trigger the popup menu. From the
menu, select either “Left tags’ or “Right tags’. PEAKS will select the appropriate terminal tags and show them

inthe“Tag” panel (see below).

To test the suitability of atag by highlighting 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. Pressthe “Cancel” button at any time to
exit the search and discard any changes.

Undoing an edit.

Searched Tags

)

Selected Tags

If an error has occurred during sequencing it is possible to undo the change. With the peptide

candidate still selected in the “ Result” panel, right click the mouse and select the “ Undo” command from the pop-
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up menu to return to the previous peptide sequence. This button can be used multiple timesto return to previously
made edits.

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

Mew Candidate for Manual De NMovo
Remove 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.  When correcting an error made during sequencing, if the “Undo” button is sel ected too many
times, right click the mouse and select the “Redo” command from the pop-up menu with the peptide candidate
till selected in the “Result” panel. This button can be clicked multiple timesto return to later stagesin the edit.

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

PTM Configuration. To identify post-translational modifications (PTM) while manually de novo sequencing
a spectrum, start by selecting the peptide candidate in the “Result” panel. Right click the mouse and select the
“Config PTM in Manual De Novo” command from the pop-up menu to open the “PTM Setup” window. To know
more about the PTM configuration using the “PTM Setup” window, refer to Section 2.3, “Fixed and Variable
PTMs".
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Chapter 9. Peptide, PTM and Mutation
Identification (PEAKS DB, PEAKS
PTM, SPIDER)

1. Overview

The PEAKS software package provides a complete set of database search tools to do in depth protein analysis.
With the help of powerful tools such asPEAKS DB, PEAKS PTM and SPIDER, users can identify all the proteins
which are present in the sample with high sensitivity, while aso finding al the possible PTMs and mutations
located on the protein of interest. With the embedded support for multiple enzyme digestion, users can achieve
almost full coverage for single protein study. An automatic validation mechanismisalso included in each PEAKS
database search tool to ensure only valid results are reported.

PEAKS DB isadatabase search tool uniquely assisted by PEAKS de novo sequencing technology to achieve high
sensitivity and accuracy.

Note

For more details check paper: "PEAKS DB: De Novo sequencing assisted database search for sensitive
and accurate peptide identification” Mol Cell Proteomics. 2011 Dec 20.

PEAKS PTM is adedicated tool for searching unspecified PTMs and mutations. It can identify all the PTMsand
mutations compiled in the Unimod library, as well as custom PTMs

Note

For more details check paper: "PeaksPTM: Mass Spectrometry Based |dentification of Peptides with
Unspecified Modifications" Journal of Proteomics Research, 2011, 10(7): 2930-2936.

SPIDER is a homology search tool dedicated to finding novel peptide sequences which are not present in the
protein database.

Note

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

The entire PEAK S software follows the design concept of "easy of use". Itisjust afew clicks away from the raw
data to the complete analysis report combining all of the search tools:

1. Select aproject node or a sample node. Click the PEAKS DB button on the tool bar.

LU a(@xadQw

{ - F1:BSA-Trypsin-1.RAW
= JL LysC
- F2:BSA-LysC-1.HAW
= JL Gluc

- F3:BSA-GIUC-1.RLAW
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Note

Refer to Chapter 4, Loading Data to a PEAKS Project for how to create a project.

2. Specify the PEAKS DB parameters in the pop-up dialog. PEAKS PTM and SPIDER can also be enabled from
this dialog box. Most of the parameters are self-explanatory and the default parameters provide a good starting
point for the analysis. Click OK when ready.

Note

If datais not yet refined, you also need to specify the data refinement parametersfirst, then click next.
Refer to Chapter 7, Data Refinement

3. Wait for the analysis to finish. A new result node will appear in the Project Tree (or several result nodes if
PEAKS PTM or SPIDER are enabled). Double click the last node to examine the analysis report.

" Project View Start Page X * SPIDER 7 [30-May-12 18:50] X

E-Id D:/Peaksworkspace derbyServer fserverDB/In depth Protein Analysis
- iy DEMOVO 4 [30-May-12 18:50]

Show -to|:| - | proteins in each group

=
mn
? PEAKS 5 [30-May-12 18:50] E
e VR VR ELE 3 7 Accession -10lgP
< B SPIDER 7 [30-May-12 13:50] W £ | =-@ Proteins
T E ryl:lFS:Il'BS.ﬂ. Trypsin-1.RAW E LRI R
‘@ DATAREFINE 1 [30-May-12 18:50) z P14639ALBU_SHEEP 37517
B JL LysC = PO8835|ALBU_PIG 238.09
= F2:BSA-LysC-1.RAW o P43064|ALBU_FELCA 230.71
‘. 4 DATA REFINE 3 [30-May-12 18:50] = -4 A2V9Z4]ALBU_MACFA 258.36
= [\ Gluc 5 -4 PO2763|ALBU_HUMAN 245,45
=y FHBSA-GIUC-LRAW g -1 P49522ALBU_CANFA 260,53
‘. ¢ DATA REFINE 2 [30-May-12 18:50] z P35747|ALBL_HORSE 245,53
P49065|ALBU_RABIT 252,12
QEXLE4|ALBU_EQUAS 221.40

| Coverage | Peptides I Denovo Tags|

2. Set PEAKS Parameters

After selecting adatanodein the Project Tree, click the PEAKS DB toolbar icon Rﬁ The PEAKS DB parameters
dialog will appear:
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PEAKS Search Predefined parameters _default -

Error Tolerance

Parent ion: 15.0 ppm - | USINg | monoisotopic mass - Fragment ion: 0.5 Da
Enzyme
_Spe-:iﬁed by each sample w || Mew

Allow non-specific deavage at |one  « | end of the peptide.

-

Maximum missed deavages per peptide: =

PTHM

Set FTM

Remove

i

Switch type

Maximum allowed variable PTM per peptide | 35

Database
@ Select database Database: |SampleDB P
") Paste sequence Taxa: |all spedes SetfView taxa

De Novo Tag Options

Available de novo tags: _de nova with current parameter |

General Options

Estimate FOR with decoy-fusion. &

Find unspecified FTMs and common mutations with PEAKS FTM I Advanced Setting I

Find more mutations with SPIDER

l QK H Cancel I l Help I

Note

If your dataisnot refined in PEAK S yet, you will be prompted to specify the datarefinement parameters.
Refer to Chapter 7, Data Refinement for data refinement parameters.

Error Tolerance. The mass error tolerance of the parent (precursor) and fragment ions. The parent ion error
tolerance can be specified in either Daltons or ppm, and using monoi sotopic or average mass.

Enzyme. Select enzyme used to digest the proteins. Enzymes built into PEAK S can be chosen and new enzymes
can be created. Pleaserefer to Section 2.2, “Enzyme Specificity” for further details. If enzymes are specified when
creating the project, the option " Specified by each sample" can be selected, which allowsthe search to use enzymes
that were chosen for the samples during project creation. Nonspecific cleavages specifies how many (0,1,or 2)
ends of the searched peptides can violate the enzyme's cleavage rules.

Note

'‘None" enzyme search is implemented as a enzyme that can cut at every position, allows non-specific
cleavage at both ends, and by default allows resulting peptides with lengths up to 65 amino acids.
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PTM. Click the “Set PTM...” button to select from alist of PTMs to be used during the search. Refer to Sec-
tion 2.3, “Fixed and Variable PTMs’ for details. The PEAKS DB tool only supports alimited number of variable
PTMs. This number should not exceed 7.

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

if you haveonly afew protein sequences, you can chooseto paste the protein sequencesfrom aWindows clipboard.

Database
Select database |»P62258|1433E HUMAN 14-3-3 protein -
MODREDLVYORKLAFRQAFRYDEMVE SMEEVAGMDVELTVEE
@ Paste sequence _ - _ — -
EMILLISVAYENVIGARRASHETTSSTEOEEENEGGEDET.EMT

Note

The pasted protein sequences should follow FASTA format. Each sequence follows a description line
which starts with '>'. PEAKS omitsinvalid characters, white space and numbersin a sequence. A maxi-
mum of 1000 protein sequences can be pasted.

Denovotagoptions. PEAKSDB requiresthedenovo sequencing resultsto improveits search speed, sensitivity
and accuracy. Y ou can choose to perform afresh new de novo sequencing with current parameter setting, or select
from the existing de novo sequencing results, if there are any.

Estimate FDR with decoy-fusion.  Select this option to enable PEAKS database search tools to validate the
search results with an enhanced target-decoy method. A few important statistical chartsin the analysis report will
depend on this. Uncheck this only if you want to do your own result validation.

Find unspecified PTMs and common mutationswith PEAKSPTM.  Select this option to enable a PEAKS
PTM search after PEAKS DB. PEAKS PTM searches those spectra with good de novo hits but not identified by
PEAKS DB. The default setting for PEAKS PTM isto search for all PTMsand mutationsin the Unimod database.
"Advanced Settings" allows users to only search for alist of preferred PTMs from the Unimod database or their
own customized PTMs. Although PEAKS PTM allows any number of variable PTMsto be searched, limiting the
number of PTMs does improve the searching speed and accuracy. In advanced settings, users can also specify the
maximum number of variables per peptide, which is recommended to be less than 4, and define the threshold for
what is a good de novo hit by specifying the de novo ALC. If PEAKS PTM search is enabled, a PEAKS PTM
result node will automatically be generated after the search. Inthe PEAKS PTM report, both resultsfrom PEAKS
DB and PEAKS PTM will be displayed.

Note

PTMsselected for the PEAK S DB are automatically added as preferred PTMsto the PEAKS PTM search
and cannot be removed. However, you may add as many additional preferred modifications as desired.
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PTH

Set FTM |
Rermowve |
Switch type |

Maximum allowed variable PTM per peptide | 315

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

De novo ALC (%) score greater than: 30 recommend 30%

(o]

Find more mutationswith SPIDER.  Select this option to enable a SPIDER search. SPIDER performs a ho-
mology search on those spectra with good de novo hits but not identified by previous search tools. SPIDER also
searches against the FASTA database specified for the previous tools. If SPIDER is enabled, a SPIDER result
node will be automatically generated after the search. In the report, both results from SPIDER and previous search
toolswill be displayed.

3. Understanding PEAKS Database Search Result

After PEAKS DB is complete, severa result nodes will be generated. One is from the sub-routine - de novo
seguencing (when not using an existing de novo tag), the others are all results from database search tools. If more
than one database search tool is enabled, the results from previous search tools will automatically be merged into
the last one. Double click the last node to examine the analysis report. The final analysis report consists of four

pages:

* Summary: Outline of PEAKS database search results with statistics. This is the place to examine the overal
performance of the experiment and adjust filters.

* Protein: Protein sequence characterization at amino acid levels.
» Peptide: List identified peptides.

» Denovo only: list of quality de novo sequences without a good assignment from database search.

3.1. The Peptide and Protein Scores

Peptide score (-10lgP).  The scoring schema of peptide identification involves matched peaks and their inten-
sities, precursor mass error, enzyme specificity, de novo sequence, and peptide length, etc. A statistical evaluation,
-10lgP, is given for each peptide-spectrum match. Here Ig() is the common logarithm with base 10, and P is the
probability that a false identification of the current search has the same or better significance. All the PEAKS
database search tools use this -10lgP score. They are comparabl e through different search tools.

Proteinscore(-10lgP). Theprotein-10lgP scorein PEAK Sistheweighted sum of -10lgP score of all supporting
peptides. After removing redundancies, those peptides from the same protein are sorted according to their -10IgP
scores. |n the weighted sum, the k-th ranked peptide gets aweight 1/k.

3.2. Summary View

The summary view provides three main functions:
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1. Result filtration; Thisis achieved by specifying the filtration rules in the area at the top of the Summary View.
Thefiltration function is discussed in Section 4, “Filter PEAKS Result”.

2. Result exporting: Thisisachieved by clicking the"Export" button at thetop of the summary view. The exporting
function is discussed in Section 5, “ Export PEAK S Results for Publication”.

3. Summary report: Several statistical charts assist the user to get an overall picture of the results, assessthe result
quality, and examine the reliability of the mass spectrometer. This function is the focus of this section.

The chartsin the report are divided into four sections:
1. Notes

A user can enter aspecia text note regarding the experiment. Click the "Notes' button at the upper right corner
of the Summary View to edit the note.

2. Result Statistics

Thefirst three figures provide important information for validating the database search result. Given the large
volume of M S data, we cannot over-emphasize the importance of statistical result validation. Without it, the
analysis result is simply not trustworthy.

Four tables summarize the data and results, such as the number of confidently identified peptides and how
many contain a particular PTM.

3. Instrument Control

Two figures plot the precursor ion mass error distribution, revealing how well the instrument is calibrated. A
table concerning enzyme digestion efficiency for each sampleis also displayed in this section.

4. Other Information
The search parameters and M S instrument information are given here.
In the rest of this section we discuss the most important chartsin the Summary View.

False Discovery Rate (FDR) Curve.  Figure 1 in the Summary View isthe FDR curve for the identified pep-
tide-spectrum matches (PSM). PEAKS keeps at most one peptide for each spectrum (peptides with only I/L iso-
form difference are counted as one). Thus, the number of PSMsis the same asthe number of spectrawith assigned
peptides. The PSMs are sorted according to their -10IgP scores. The curve shows the FDR with respect to the
number of PSMsto be kept in thefinal result. If ascore threshold has been provided in theresult filtering, avertical
dashed line indicates the score threshold.
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number of peptide-spectrum matches

Normally a <1% FDR is recommended for score filtering. If you notice a rapid growth of FDR around the 1%
FDR threshold, you may decide to sacrifice several PSMsto significantly reduce the FDR.

The FDR curve is estimated with the decoy fusion method (an enhanced target-decoy method that is more con-
servative in keeping results) performed together with the PEAK S database search tools. The "Estimate FDR with
decoy-fusion” checkbox must be checked in the search parameters to enable this function.
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Note

The decoy hitsare removed from the counting of the number of PSMsinthe FDR curve. Similarly, unless
otherwise specified, al the counts in the Summary View have excluded the decoy hits. By default, the
false hits are also excluded from the Peptide and Protein views, as well as the exported results.

PSM Score Distribution.  Figure 2 () and (b) help assess the quality of the results and the effectiveness of
the enhanced target-decoy method (decoy fusion). It is strongly recommended to turn on the "Estimate FDR with
decoy-fusion”" checkbox in the search parameters, so that both the target and decoy PSMs are shown in the same
figure with different colors.

Figure 2(a) shows the number of PSMs at each score interval. If the target-decoy method worked as promised,
then you should observe a similar number of the target (blue) and decoy matches (brown) in the low score region.
If the search result is of high confidence, then you should observe very few decoy matches (brown) in the high
score region. The vertical dashed line indicates the user-specified score threshold.
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EDD. NN | |
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PEAKS peptide score (-101gF)
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Figure 2(b) plots the precursor mass error verses score for all the PSMs. This figure is the most useful for high
mass resolution instruments. Generally you should see that the high-scoring points are centered around the mass
error 0. And only below a certain score threshold the data points start to scatter to have bigger mass error. The
vertical dashed line indicates the user-specified score threshold.

ppm

0 10 20 30 40 50 &0 70 8O 80 100 110
PEAKS peptide score (-101gF)
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Statistics of Data and Results.  Tables 1-4 shows the statistical numbers of the data and results.
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Table 1. Statistics of data. Table 4. PTM Profile.
# of MS Scans 3113 Name AlMass #PSM Position
# of MS/MS Scans 3592 Carbamidomethyl ~ 57.02 804 C

Carbamidomethyl 5702 319 DEHE N-term

Table 2. Result filtration parameters. Deamidation 08 48 NQ
Peptide -101gP =15 DeNovoe TLC =3 Dehydration -18.01 43 DSTY
Protein -101gP =20 De Novo ALC =30% Methvl ester 14.02 31§ DE.C-term
Proteins Unique Peptides =2 Catbamylaion 4301 27 KN-term

Dethiomethyl -48.00 20 M

Table 3. Stafistics of filtered result. Acetviation 42.01 17 N-term
Peptide-Spectrum Matches 1793 Hydroxylation 15.00 11 DEPRY
Peptide Sequences 833 Hexose 16205 11  TN-term
Protein Groups 16

) Oxidation 15.99 8 M

Proteins 18
Proteins (¥Unique Peptides) 11 (>2): 7 (=2): 0 (=1): Sodium 2158 8 DEC-term
FDR (Peptide-Spectrum Matches) 0.5% Acetylation 42.01 8 K
FDE (Peptide Sequences) 1.1% Ammonia loss -17.03 7 N
FDR (Protein) 0.0% Label:15N(1) 1.00 6 EIL
De Novo Only 304

Pyro-glu from Q@  -17.03 6 N-term

Most entries in these tables are self-explanatory. A few worth-mentioning are:
» Peptide Sequences (Table 3)

This is the number of distinct peptides in the filtered result. Peptides with the same primary sequence but dif-
ferent PTMs are counted separately. But several peptides differentiated with only I/L isoform are counted as
one. Since the same peptides may be identified by multiple spectra (due to dataredundancy and different charge
states), this number is usually smaller than the number of Peptide-Spectrum Matches.

* Protein Groups (Table 3)

PEAKS DB groups the proteinsidentified by the same set of peptides (or a subset) into the same group, asthere
is not enough information to determine which of them contribute to the identified peptides in the sample. This
number in the table shows the number of protein groups in the filtered result.

* Proteins (#Unique Peptides) (Table 3)

These show the number of identified proteins with the specific number of unique peptides. A unique peptideis
a peptide that passes the user's peptide filtration score threshold and appearsin only one protein group.

* PTM Profile (Table 4)

For each type of PTM, delta mass, number of PSMs containing this PTM and PTM locations presented in the
sample are listed.

Experiment Control. Figures3(a) and 3(b) plot the precursor m/z error of theidentified PSMs. These plots can
help determine whether the M Sinstrument functioned properly. Figure 3(@) is the histogram of the mass errors. If
the instrument worked properly, then the histogram should be concentrated around O ppm. Figure 3(b) plots each
PSM using its m/z (x-axis) and mass error (y-axis). For a well-calibrated instrument, the data points should be
distributed within a narrow horizontal band centered at the O ppm horizontal line. Table 5 shows the number of
peptides by number of missed cleavages for each sample which indicates the efficiency of the enzyme digestion.
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3.3. Protein View

TheProtein View list all the proteins presented in the sample and characterize each protein at the amino acid level.
It has four components:;

» Proteintable: List al the proteins presented in the sample

» Coverage: Characterize the protein sequence at the amino acid level. All the PTMs and mutations happen on
the protein sequence will be displayed together with the MS/M S data supporting the inference.

» Peptides: The peptidesidentified from this protein.

» Denovo Tags: A subset of de novo tags from the De novo only tab that can be matched to the selected protein

E Show [top | protens in each group = accession containg | s Ql @ @ roresuts
@ k

[

Accession -10igP Coverage #Peptdes #Unique PTH Avg, Mass Description M,

69294 Serum albumin OS=Bes taurus GN=ALB PE=15V=4

<]

il PO2765|ALBU_BOVIN 469.20

g P14633|ALBU_SHEEP 371.63 69188 Serum albumin OS=Qwvis aries GN=ALE PE 1 | =

® POBE35|ALBU_PIG 287.37 69692 Serum albumin OS=5us scrofa GN=ALB PE= =2 ]

[ P49064|ALBU_FELCA 279.6% 4 68660 Serum albumin OS=Felis sivestris catus GN=ALBPE... | V| | —

Ai:' (- Q28522|ALBU_MACMU 258.48 0 67881 Serum albumin (Fragment) OS=Macaca mulatta GN... 5]

o (3@ QSVHS |ALBU_PONAB 245.03 (NN NN N 4 69367  [Serum albumin OS=Pongo abeli GN=ALB PE=25V=1 | [¥]

g P49822|ALBU_CANFA 259.28 1 [ I T 4 68605 Serum albumin OS=Canis famikaris GN=ALE PE=15... [ [¥]

& P35747|ALBU_HORSE 245.88 (1] 1 68599 Serum albumin OS=Equus caballus GN=ALE PE=15... | [¥]
P43055|ALBU_RASTT 251.56 1 2 58910 Serum albumin OS=0ryctolagus cuniculus GM=ALB ... 7]
QSXLE4|ALBU_EQUAS 22140 [N 25 2 EddmER 68539 Serum albumin O5=Eouus asinus GN=ALG PE=28v=1| [¥] | =

Coverage | peptides | Denavo Tags|
>ep[P02768 |ALBU_BOVIN Serum albumin OS=Bos taurus GN=ALE PE=15V=4 | 1 # |©@outine ) coverage
a8 75 |7 de novo orly tags sharing | [+ Ads

d -] . <
1 MEWVTFISLL LLFSSAYSRG VFRRDTHKSE IAHRFKDLGE EHFKGLVLIA FSQYLQQCPF DEHVKLVNEL TEFAKTCY ¥l confdent?H (mn.ion ntens. | 31%]%
w 805 Msperine (7] 10AA gap

E 0 11 144 i
d d

=1 ESHAGCEKSL HTLFGDELCK VASLRETYGD MADCCEKQEP ERNECFLSHK DDSPDLPKLK PDPNTLCDEF KADEKKEY G £

p 25703 Cabr 71
5 22 +57. r

1?(3 E 5 ‘.‘dx E T E +0.98 | Deamidation (NQ) 3

11 Y¥YLYEIARRHP YFYAPELLYY ANKYNGVFQE CCQAEDKGAC LLPKIETMRE KVLASSARQR LRCASIQKFG ERALKAWS -18.01 | Dehydration 61

,. = 39 +43.01 | Carbamylation 32

o ] -48.00 | Dethiomethyl 32

247 RLSQKFPKAE FVEVTKLVTD LTKVHKECCH GDLLECADDR ADLAKYICDN QDTISSKLKE CCDKPLLEKS HCIAEVEN H|+21.58 Sodum adduct 25

321 IPENLPPLTA DFAEDKDVCK NYQEAKDAFL GSFLYEYSRR HPEYAVSVLL RLAKEYEATL EECCAKDDPH ACYSTVEL . Ll lows fecwe(lient. |
42 [7]81[+15.93 | Gxidation (M) 7
E i B § LBE  |[wE s s 3
401 KHLVDEPQNL IKQNCDOFEK LGEYGEQNAL IVRYTRKVE(Q VSTBTLVEVS RSLEKVGTRC CTKPESERMP CTEDYLEI Prosfong | 2
Eﬁs Dinydroxy
c Acetylation (K)
Pyro-glu from £
Carboxymethyl (...

m

08
- ]
421 NRLCVLHEHEKT PVSERKVTKCC TESLVNRRPC FSALTPDETY VPKAFDEKLF TFHADICTLF DTERQIKKQT ALVELLKE

M
57273 &2

d idl
521 KATEEQLKTV MENFVAFVDK CCAADDKEAC FAVEGPKLVV STQTALRA
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3.3.1. Protein Table

Each row of the tableisagroup of proteinsthat share the same set (or asubset) of identified peptides. A dark blue
node at the beginning of the row indicates that the group has multiple proteins. To expand the group, click the "+"
button at the left. The drop down list above the protein table controls which proteins are shown for each protein
group: "all" shows al the protein in the group; "top" shows only the top proteins which have the most significant
peptides in this group; "first" shows only one protein for each group, this protein is one of the top proteins for
this group. The table's columns are:

» Accession: The accession number of the protein entry in the database.

 -10IgP: Protein confidence score.

» Coverage: The number of amino acids spanned by the assigned peptides divided by the protein length x 100.
The blue blocks indicate assigned peptides at particular positions in the protein. Darker blocks indicate high-
confidence (passing the user's filtration score threshold) peptides. If SPIDER has been run, SPIDER peptides
will be represented as blocks coloured in various shades of red.

» #Peptides: The number of high-confidence peptides assigned to the protein.

» #Unique: The number of high-confidence peptides that are unique to the group of proteins (not found in other
protein groups).

e PTM: All the PTMsthat occurred on the protein (displayed in color-coded icons).
* Avg. Mass. The average mass of this protein.
 Description: The part of the protein’s header information as parsed from the database.

» Mark: Allowsthe selection of specific proteins. Thisallowsthe selection of proteinsfor multiple sequence
alignment aswell as selecting which proteins are exported from the export featurein the summary view.

Note

For the counting of #Peptides and #Unique, two peptides with the same starting and ending positionsin
the protein are counted as one, regardless of their PTM forms. This seemingly counter-intuitive counting
ruleisto follow the MCP (Molecular & Cellular Proteomics) guideline.

3.3.2. Coverage Tab
The coverage tab characterizes the protein sequence at the amino acid level. It has three major components:

» Protein sequence display area. This area displays protein header information and protein sequence. If one
region of the protein sequenceiscovered, it will bedisplayed inbold font and grey background. All the confident
PTMs and mutations are displayed above the protein sequence on their occurred positions. PTMs are displayed
assmall color-coded iconswith thefirst character of the PTM (astar isdisplayed if the PTM isacombination of
the other two PTMs). Mutations are displayed as white framed icons with the amino acid the position mutated.
Mouse over theseiconsto show the names of the PTMs and mutations. The number above the PTM or mutation
isthe index of the position in the protein sequence.
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Control area. This area controls what to display in the protein sequence display area. These are the following
controls:
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i@ outline (7 coverage
de novo only tags sharing | 65| AAs
confident FTM {min. ion intens. | 35| %)

805 AAs per line 10AA gap

AM  FTM #

[]|| +57.02 | Carbamidomethyla... | 1671
[ 1|l8l| +57.02 | Carbamidomethyla... | 722

| ]

d| +0.98 |Deamidation (NG 85
d| -18.01|Dehydration 51
o | +43.01 | Carbamylation 32
d| -43.00 | Dethiomethyl 32
[ Bl| +21.98 | Sodium adduct 25
[V]|[| 162.05 |Hexose (T, X@N-t... | 24
a| -17.03 | AmmoniaHoss (M) 19 (=
o | +15.99 | Oxidation (M) 17
2| +1.00(5ILAS 15M(1) 13
F| -17.03|Pyro-glu from Q 12
& | +42.01| Acetylation (N-term) | &
+31.99 | Dihydroxy 7
| +42.01| Acetylation (K) 5
| -13.01|Pyro-glu from E g
C | +53.01 | Carboxymethyl (K... 5 [
m| 129,04 | Monoglutamyl g
f | +27.99 | Formylation 4
+14.02 | Methyl ester 4
e | 430,17 |EDT-odoacetylPE... | 4
[V]|[E| +43.99 | Carboxylation (DKW) | 4
. +37.95 |Replacementof 2... | 4
[]|M| 114.04 |Ubiquitin 3
[V]|[@| 152.05|Hexose 3
fil| -46.01 (15D a-series 3
[W]B| -0.98|Amidation 2
C | +53.01 | Carboxymethyl 2
k| +15.99 | Hydroxylation 2 |-

|

* Mode control. The protein sequence display has two modes.

« Outline mode. The outline mode only displays protein sequences, and confident PTMs and mutations. To
show the MS/MS data evidence for a specific position, left click on the amino acid at the position (or
the PTM and mutation above the position). All the identified peptides which cover this position will be
shown as blue bars under the protein sequence. Cursor over these blue bars, some details of the identified
peptide will be shown (confident PTMs and mutations are shown in bold font). Left click on the blue bar,
a window will pop-up to show the spectrum matching information for that peptide. Right click on the
blue bar to show the pop-up menu for some quick operations. "Remove peptide" operation will hide the
selected peptide (to restore it, check the corresponding checkbox in the peptide tab). Sometimes there are
also some grey bars shown below. These grey bars are matched de novo only tags. Left click these grey
barsto check matching details.
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» Coverage mode. Under the coverage mode, all the supporting peptides and matched de novo tags will be
shown.
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« Denovo only tags sharing X AAs. This controls whether to show the grey bars for the de novo only tags.
Only when the de novo only tag has at least X consecutive amino acids matching the protein sequence, it
will be shown as agrey bar.

Confident PTM. A PTM location is confident only when at least one pair of ions which fragment on both
sides of the PTM location exists. The peak intensity of this pair of ions must be greater than the threshold
set in this control.

¢ AA per lineand 10AA gap. This controls how many amino acids to show per line and whether to show a
gap for each group of ten amino acids.

PTM table. The PTM table shows al the PTMs that occurred on this protein. For each PTM, the delta mass
and the number of PSMs containing this PTM are listed. The checkbox on the left controls whether to show
thisPTM or not. Double clicking on the PTM name will show the detailed information about the PTM. Right
clicking on the PTM, a pop-up menu will show up to alow some quick operations.

» Toolsbar. Tools bar is at the upper-right corner of the protein sequence display area. It hastwo icons on it:
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0 . | - o
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e Full screen =z Left click on this icon enlarges the coverage tab to full screen mode. Click :: to exit the full
screen mode.

e Tool box

&
Tool box contains the following tools:

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

« Copy mutated protein. Copy the protein with detected mutations into the system clipboard
» Save coverage tab asimage

» Coverage statistics

« NCBI BLAST search

* NCBI Entrez search

» Multiple sequence alignment. Multiple sequence alignment for selected proteins

3.3.3. Peptides Tab

The “Peptides’ tab displays the supporting peptides assigned to the protein. The table is almost the same as the
peptide table in the Peptide View, except that three additional columns are added:

» Start: the start position of the peptide in the protein.

» End: the end position (inclusive) of the peptide in the protein.

» (Checkbox): thisalows you to control which peptides appear within the Coverage Tab as blue bars.
» Unique: whether this peptide is unique to the current protein group.

Additionally, the peptides from the protein and bel ow the user-specified score threshold are also displayed in the
table, but inagrey color. Although their correctnessis questionable, they are worth-examining once an interesting
protein is confidently identified by other high-confidence peptides.

3.3.4. De novo Tags Tab

The "De novo Tags' tab displays de novo tags from the De novo only View that can be loosely matched to the
selected protein via five amino acid seed matches. i.e. this displays de novo peptides that pass the confidence
thresholds set in the filter pane yet are not confidently matched to peptides identified via any PEAKS database
search tools for the protein in question.
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3.4. Peptide View

The “Peptide View” shows identified peptides. The interface contains a peptide table that supports sorting and
the search for a peptide. Selecting any peptide in the table will display the peptide-spectrum matching details at
the bottom half of the peptide view.

3.4.1. Peptide Table

All peptides above the user-specified peptide score threshold are listed in the table. If there are more than 1000
peptides, the list is broken into multiple pages.

- :1— 1000 of 1263 v: =3 w scan = | search O @ @ noresults

Peptide -10lgP ¥ Mass ppm mfz RT Scan #Spec Accession FTM Found By

1 .| .| = F1:2158 P02769|ALBU_BOVIN -

7 |C(+57.02)C(+57.02)HGDLLEC(+57.0... | 89.03 |3912.7385| -7 | 783.5529 | 34.60 |F3: 1944 1 POZ759|ALBU_BOVIN | EEEE PEAKSDB |—
3 |EC(+57.02)C{+57.02H{+57.02)G0LL... | 8453 | 1805.6768 | -1.8 | 903.8441 | 23.12 |FL:1160 1 POZ769|ALBU_BOVIN | EEEE PEAKS PTM
4 |C(+57.02)FLSHKDDSPOLPKLKPOPNTL. .. 81,23 | 2940.3633 -1.2 981.1271 | 28,83 |F3:1552 8 PO2753|ALBU_BOVIN HE PEAKS DB
5 |C{+57.02)ADDRADLAKYIC{+57.02)D... 79.77 | 2928.3594 -2.3 977.1243 | 31.18 |F3:1708 9 PO2759|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 |P0Z769JALBUBOVIN | @Eg PEAKS DB
7 | DYLSLILNRLC{+57.02)VLHEKTPVSE 78.76 | 2498.3203 -1.5 833.7794 | 45.55 |F3:2611 1 PO2759|ALBU_BOVIN [ ] PEAKS DB
3 |VHKEC(+57.02)C(+57.02)HGD(+57.0... | 76.58 | 2159.8989 | -1.3 | 724.3053 | 20.78 | F1:1000 2 POZ759]ALBU_BOVIN | E@EEE PEAKS PTM
o |VGTRC(+57.02)C(+57.02)TKPESERMP... | 75.31 | 4164.0049 | -3.2 | 695.0058 | 4261 |FZ:2321 3 POZ769|ALBU_BOVIN | EEEE PEAKS DB
10 |GLVLIAFSQYLOQQC(+57.02)PFDE(+57....| 74.86 | 2548.2783 | -1.4 | 850.4322 | 45.27 |FZ:2471 1 POZ759|ALBU_BOVIN | BB PEAKS PTM
11 |VHKEC(+57.02)C(+57.02)HGD{+57.0... | 74.35 | 2668.1792 | -2 | 890.3993 | 23.78 |FL:1212 z POZ769|ALBU_BOVIN | EEEE PEAKS PTM

12 | GLVLIAFSQYLQQC(+57.02)PFDEHVK 74.28 | 2491.2563 -1.0 | 1246.6345 | 45.49 |F1:2624 51 PO2765|ALBU_BOVIN [ ] PEAKSDE | _
B === r= oo r7 ANl a Arrer —a 4 EW-FEP 4 AA mudoy Ao as lraiary 4 Ao o AL P L PSR = e ~o

The table provides the following controls:
 Sorting by column: Table can be sorted by clicking the headers.
» Goingtoadifferent page: Usethe combo box or theleft/right arrowslocated at the left upper corner of thetable.

 Searchingfor a specific peptide; First select the search criterion by clicking the triangl e beside the search box,
and then type in the value in the search box. Search criteria include scan ID, partial sequence, m/z, retention
time (RT), and PTM delta mass. Once a search is done, click the circled up and down arrows to navigate in
the matched peptides.

» Jumping to the spectrum in the data view: Right click on one row to show the pop-up menu. Select " Show
original spectrum" to jump to the spectrum in the data view to check other results for this spectrum.

For each peptide sequence in the table, several columns are given:

» Peptide: The amino acid sequence of the peptide. If there is any PTM on an amino acid, the amino acid is
followed by a pair of parentheses enclosing the delta mass of the PTM.

Note

If multiple PSMs have the same sequence, then only the top scoring one is displayed. The #Spec
column shows how many spectra are assigned to the same peptide. The other PSMs can be examined
by selecting the peptide. See Section 3.4.2, “ Peptide Spectrum Match” for details.

» -10lgP: The peptide matching score.

» Mass: Thetheoretical mass of the peptide (including the H20 but not the extra proton for the positive charge).
» ppm: The precursor mass error, calculated as 10° x (observed mass - theoretical mass) / theoretical mass.

e m/z: The precursor mass to chargeratio.

* RT: Retention time.

 Scan: Scan number.

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

» Accession: The accession number of the highest-scoring protein containing this peptide.
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e PTM: PTMsareindicated by colour-coded icons.

» Found by: the peptide is found by which PEAKS DB.

3.4.2. Peptide Spectrum Match

For each peptide, the “ Peptide Spectrum Match” shows the peptide-spectrum matching details.
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The default display is divided into four areas:

1. The spectrum information.
When multiple spectra match the same peptide, the top-scoring spectrum is chosen by default. The spectrum
information, including the peptide-spectrum matching score and mass error, are displayed in this area. The
other spectra can be examined by clicking the “All matches’ button. Clicking the "Protein” button shows a
drop down list of all the proteins which contain this peptide. Left click one protein, it jumps to the protein in
the protein table.

2. The spectrum annotation. The annotation providesafew convenient waysto zoom and navigatein the spectrum.

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

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

* Increase the peak intensity - place the mouse pointer in the spectrum, scroll the mouse wheel button.
* See the whole spectrum - double click in the spectrum or click the “1:1" button.
* Cursor over an amino acid to see the fragment ion peaks for this amino acid

3. The controls for the spectrum annotation.

83



Peptide, PTM and Muta-
tion Identification (PEAKS
DB, PEAKSPTM, SPIDER)

Click the % button to decide the fragment ion types to be annotated in the spectrum.

Click the "ErroTol" to set the mass error tolerance to annotate fragment ions.

» Check the "preprocess’ checkbox to switch between pre-processed spectrum and original raw spectrum.

Deselect the "low intens." checkbox to turn on the low intensity peak annotation.
4. Theion match table, error plot, and peptide-spectrum alignment.

* Clicking the header of an ion type column in the ion table will let the spectrum annotation and the error plot
only display only that particular ion type.

» Theerror plot shows the mass error and m/z of each annotated peak. A good peptide spectrum match should
have these dots centered at error=0 line.

3.5. De Novo Only View

The de novo only view displays high-confidence de novo sequences whose corresponding spectra only have low
confidence database matches. High-confidence de novo sequences mean the TLC and AL C score of the sequence
passes the corresponding user-specified score threshold. A low confidence database match means the peptide
-10lgP score is below the user-specified score threshold. The table is identical to the peptide table in a de novo
sequencing result node. Refer to Section 3.2, “De Novo Peptide View” for on how to useit.

4. Filter PEAKS Result

Through the summary view, users can effectively filter the database search results to ensure the result quality by
specifying score thresholds for peptides, proteins, and de novo sequences.

Note

Whenever you change a score threshold, the "Apply" button changes color to remind you to apply the
filter by clicking it.

Start Page X * SPIDER. 7 [30-May-12 18:50] X

Peptides -10IgF = 10.2 FDR Proteins -10lgF = 20 + and =| 0 + | unigue peptides

tein | Summary

DenovoOnly TLC = | 3 & and ALC(%:) =| 50 « and peptide -10igP = ___ 10.2 | Apply Filters || Export || Motes |

Peptides.  The threshold here will affect both Peptide and Protein Views and therefore has to be chosen with
caution (for the peptide view, only peptideswith -10lgP score above the threshold will be kept in thetable). For the
protein view, the number of supporting and unique peptidesisbased on thefiltered peptideresults). If the"Estimate
FDR with decoy-fusion" option was turned on in the search parameters, the score threshold for peptides can be
easily chosen by clicking the FDR button. An FDR curve will pop up. Move the cursor along the curve. When the
desired FDR is reached, right click and select "Copy score threshold”, or simply select a predefined FDR value.
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If the"FDR estimation” isturned off, then an empirical threshold is needed. Usually a score of 20 isagood choice.
At -10IgP=20, the equivalent P value is 0.01.

Note

P-valueand FDR aretwo very different concepts. In PEAKS DB, P-valueisdefined asthe probability that
afaseidentification 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 m

Proteins. Empirica thresholds for protein -10lgP score and the number of unique peptides are needed here.
A protein score of 20 or higher is recommended. The unique peptides are the high-confidence peptides that are
uniqueto the group of proteins (not found in other protein groups). To achieve confident results, at | east one unique
peptide is needed for a protein group. The thresholds here do not affect the peptide and de novo only views.

DenovoOnly. Theminimum TLC and AL C de novo sequencing scores and the maximum peptide -10IgP score
for a peptide to possibly appear in the de novo only view. De novo sequences with TLC and AL C scores above
the threshold and whose corresponding spectra only have database matches with -10IgP score below the threshold
will be shown in the De novo Only view. The thresholds here do not affect the Peptide and Protein views. Again,
empirical thresholds are needed. A peptide -10lgP score of 8 is recommended. This peptide -10IgP value for de
novo only can be locked the same as the threshold for filtering peptides on the first line. Or users can unlock this
field to set adifferent value. Recall that roughly TLC is the estimated number of correct amino acidsand ALC is
the estimated percentage of correct amino acids in the de novo sequence. Check Section 1, “Overview” for more
explanation about TLC and ALC.

5. Export PEAKS Results for Publication

The "Export" button at the top of the Summary View allows exporting of the filtered resultsinto multiple formats.
This provides the opportunity to supplement the results in a publication, or put up the results on your website.
To export the filtered results:

1. Click the"Export" button at thetop of the summary view. Different file outputs can be chosen from theresulting
diaog. They are divided into two categories:

» HTML Report. Export al the figures together with peptides and protein in web page format. It includes:
e Summary view: statistical data summary page including figures
« Protein coverage: the protein coverage figure with PTM legends
« Supporting peptides: the list of supporting peptides grouped by protein

» Best unigue PSMs; the unique peptide-spectrum match with the highest score for each protein
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« Put al protein details in a single html: collecting all the above information into one single html report,
otherwise one reported html for each protein

» Text Formats. Export all theresultsin .csv or XML format for further processing.
* Proteins: the .csv listing of selected proteins details

» Supporting peptides: the .csv listing of supporting peptides (peptides that support the identification of
selected proteins)

« DB search peptide-spectrum matches: the .csv listing of all peptide-spectrum matches
¢ Denovo only peptides: the .csv listing of de novo tags from the de novo only view
» Proteins - fasta: the FASTA file of selected proteins
 Peptides - mzidentml: the mzldentML file with all information for both proteins and supporting peptides
 Peptides - pepxml: the pepXML file with all information for peptides
« Denovo only peptides - pepxml: the pepXML file of de novo tags from the de novo only view
2. Click Browse and afile chooser will appear.

3. Choose the location and directory name where you want to put the exported files. Click OK.

Note

A better way to shareresultsisto sharethewhole PEAK S project directory. It can be openedin our free
PEAKS Viewer (htt p: // www. bi oi nf or . coml peaks/ vi ewer / i ndex. php) that has the same GUI as
PEAKS Studio.

Note

Labs with in-house software can easily make use of the csv filesin their own analysis work flow.

Thiswill createacollection of filesin thetarget directory which are al so indexed by an html file. Refer to Section 4,
“Export Database Search Result” for details.

6. Running PEAKS PTM and SPIDER Separately

PEAKS PTM and SPIDER can aso be run independently based on PEAKS DB results. In both cases, the search
isinvoked by selecting a PEAKS DB result and clicking the appropriate icon on the toolbar.

Note

SPIDER can also be run based on PEAKS PTM result. Under this case, select aPEAKS PTM result node
then click the SPIDER button on the toolbar.

6.1. Run PEAKS PTM on PEAKS DB Result

Invoke PEAKS PTM by selecting a PEAKS DB result and clicking the PEAKS PTM icon on the toolbar *“%
or choosing PEAKS PTM from the Tools menu. Running PEAKS PTM on a PEAKS DB result is functionally
equivalent to running the two together in an integrated search.

The parameters used in aPEAKS PTM search are very similar to aPEAKS DB search. The only difference isthat
no protein database needs to be selected and some parameters previoudly in the " Advanced Setting" need to be set.
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PEAKS FTM Predefined parameters -
Mass Oplions
Parent Mass Error Tolerance: 20 .ppm - - Precursor Mass Search Type:
Fragment Mass Error Tolerance: | 0.8 Da (@) Monoisotopic () Average
Enzyme

:Speciﬁed by each sample b

Allow non-spedific deavage at :une - end of the peptide.

Maximum missed deavages per peptide: | 3=

PTM
(@) Search with all 679 builtin medifications

(") Search with preferred modifications:

ﬁ Dioxidation (M) p—
m Deamidation (MQ)
m Oxidation (M) Remove

m Carbamidomethylation

Maximum allowed variable FTM per peptide | 3

4k

Filter Options
Filter the spectra which satisfy the following conditions for use in the PTM search:
De novo ALC (3%) score greater than: 30 recommend 303

[ QK H Cancel ] [ Help ]

6.2. Run SPIDER on PEAKS DB or PEAKS PTM Result

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

* or choosing SPIDER Search from the Tools menu. Running SPIDER on aPEAKS DB or aPEAKSPTM result
can be functionally equivalent to running the two together in an integrated search. However, the configuration
panel in this case appears as follows and allows for a few additional options:
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SPIDER Search Predefined parameters -
PTH
: = Carbamidomethylation Sat PTM
m Deamidation (NQ)
W) Ouddation (M)
Switch type
Filter
IIse the spectra which satisfy the following conditions for use in the SPIDER search:
De novo (ALC %%) score greater than: 30 3% recommend 30%
oK ] [ Cancel ] [ Help ]

Note

For usersof previousversionsof PEAKS, SPIDER now defaultsto what waspreviously called Homology
Match.

PTM. Clicking the "Set PTM" button will bring up a separate window for PTM configuration. The PTM con-
figuration is the same as it is in de novo sequencing (Section 2.3, “Fixed and Variable PTMS").

Filter. Thefilter option asks for the minimum de novo tag score (ALC) for a spectrum to be used. If the ALC
istoo small, then the spectrum is unlikely to provide a significant hit.

7. Comparison of PEAKS Results

In PEAKS 6, we support comparisons of up to three PEAK S DB results (including filtered results) in one project.
To do such a comparison, select those PEAKS DB nodes and right click. Click on “Compare Results’ and the
comparison will be done automatically.

=g D:ftemp/LFQ_Heatmap_Blank

t-() LABEL FREE 13 [27-Apr-11 21:25]

= /L Sample 1
=14, PanTumorSCx 1LRAW
- @ DATA REFINE 2 [27-Apr-11 15:50:22]
- iy DEMNOVO 6 [27-Apr-11 17:05] [
-
J1x sample 2 Compare Results
=4 PanTumarSCx2.RAW
-- 4 DATA REFIME 1 [27-Apr-11 Delete Result
- i DEMOVO 5 [27-Apr-11 16:30]
SEflPEAKS 5 [27-Apr-11 15:00] ‘ ”

=

7.1. Comparison Result

After comparison is finished, a comparison node will be added to the project as shown in the following picture.
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L DENOVO 6 [27-Apr-11 17:05]
- [# PEAKS 10 [27-Apr-11 19:14]
=l Sample 2
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Theresult panel will be opened automatically after compl eting the comparison. Since the comparison run is done
on the fly it will not be saved, and therefore, it is suggested to export the results before closing the result panel.
The details of exporting will be given in the next subsection.

Theresult consistsof three parts: peptide comparison, protein comparison and statistical charts. Below isan outline
of each.

7.2. Peptide Comparison

All the peptides identified in up to three PEAKS DB searches are displayed in the table. We show m/z, retention
time, peptide score, charge and whether there are multiple hits for each peptide. The ‘ coverage map’ is a quick
graphical illustration of the presence of the given peptidein one or both PEAKS DB results. A solid icon indicates
a successful detection of the peptide.

Y ou can also select to show only the common peptides of those PEAK S DB results, or the unique peptides of each
PEAKS DB result by changing the display settings at the bottom of the panel.

PEAKS provides filters on the peptide comparison results. After inputting the PEAKS score threshold on each
PEAKS DB result and clicking the “ Apply Threshold” button, those peptides below the threshold will be filtered
out.

The following screenshot is atypical peptide comparison resullt:
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7.3. Protein Comparison

Thetop proteinsidentified in the PEAKS DB results are displayed in the table. The display setting, scorefilter and
coverage map function the same asin the peptide comparison frame. The following information is also displayed
for each protein:

Score: PEAKS protein score

#Spec: the number of spectrum on which this protein has been detected.

#Pep: the number of supporting peptides of the protein

#Unig: the number of unique peptides of the protein

%Spec: the ratio of detected peptides to the theoretical numbers

%Cov: the peptide coverage of the protein

The following screenshot is atypical results tab for protein comparisons:
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Q5494|PSMEL PIC | mmm |24 4 4 10 a8 1077 @ 3 3 7.5 1526  |137.5 16 5 5 12,5 (23,89
PL3491IL0HA_RASIT I=CL] | | EEET 1 1 283 2,71 4313 2 H H 5.2 |5.42
PE311ZIHEA_PAPCY | mEm  [se |2 1 1 5.25 3.45 5237 2 1 1 6.25 545 8595 7 H H 125 147
QBUIEZIC05AZ_MOUSE =G | | | | Be0z 3 H 2 L& 274
POO738HPTR_HUMAN | mEm @7 3 1 1 285 3.45 T20E 5 z z 571 718 jg3e & H H 5.71 832
P3E14|PTIS_BOVIN | mmm |51 |5 1 1 568 0.7 Bese |7 1 1 5.88 0.7 [5L35 3 1 1 5.53 |10.7
(QSABETIILE_PONAS | Oom | | | | 57.08 3 1 1 4 615
Q4QQUSISPE30_RAT I l 1 28 4z | | | |
43103 [SID2_USTMA | moo P 1 1 1 0% n.52
ASYUIS|ATPA_LACHS | mOoo [maz u 1 1 Ls2 Lm
(QTVIBZIRPOEC_HELHP | om0 0 [t 1 1 0.2 0,31 =

7.4. Statistical Charts

PEAKS provides a number of statistical charts which are easily exported for use in publications. The peptide
score distribution, protein score distribution, peptide number Venn diagram and protein number Venn diagram
help usersto validate their results.
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tion Identification (PEAKS
DB, PEAKSPTM, SPIDER)

Peptide Score Distribution Peptide Number Venn Diagram

g
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0 200 400 80O 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
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PEAKS 12 [27-Apr-11 19:54]
[ PEAKS 5 [27-Api-11 19:00] #-PEAKS 10 [27-Api-11 19:14] -+ PEAKS 12 [27-Ap-11 19:5¢]]

Protein Score Distribution Protein Number Venn Diagram
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[ PEAKS @ [27-Apr-11 19:00] - PEAKS 10 [27-Api-11 10:14] & PEAKS 12 [27-Api-11 18:54]]

7.5. Exporting Comparison Results

To export the comparison results of PEAKS DB searches, please right click on the comparison run node and
choose to export to Excel file. Choose the image quality and filter the content desired for export.
o)

Export Options

Export peptide result
Export protein result
| Export statistics graph

Image Options
Scale: 9%
o 0v] it - '

Save As: |::ornpare result | [ Browse ... l

| i
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Chapter 10. Combining Multiple
Database Search Engines with
PEAKS inChorus

1. PEAKS inChorus Overview

It is well-recognized that properly combining the results from different database search engines can enhance the
accuracy and sensitivity of peptide identifications. PEAK S inChorusis such atool to invoke or import the results
of the database search engines SEQUEST (Proteome Discover 1.3), Mascot (v2.4), X!Tandem (v2010.12.01.1)
and OMSSA (v2.1.8). PEAKS inChorus uses uniform FDR to combine multiple engines' results.

For this step, familiarity with PEAKS database search tools (Chapter 9, Peptide, PTM and Mutation I dentification
(PEAKS DB, PEAKS PTM, SPIDER)) is recommended before reading this chapter. The use of this function is
outlined in the following overview. Details of each step can be found in later sections of this chapter.

1
Select a project node or a sample node. Click the PEAK S inChorus button @ on the tool bar.

"N peaks swdio s

.File Tools Window Help

U HE " a2xe@aw

2. If asearch engine's result exists in the current project, select it from the dropdown list of that search engine.
If the result is in a separate file, select “Import” from the dropdown list. Otherwise, select “New Run” from
the dropdown list of each engine to be used. Specify the search parameters for each engine in the parameter
diaogsthat will pop up automatically. Each engine's parameter setting interface in PEAK Siskept very similar
to their native interface. Please refer to third party softwares' user manuals for how to use them. For PEAKS
database search tools, refer to Section 2, “ Set PEAKS Parameters’.

I mportant
The results of the other search engines should be based on the same refined data node in order to do
inChorus.
"N inChorus Search — E— ﬁ
PEAKS ;Please select - | Mascot :Please select - Sequest :Please select -
XTandem Please select OMSSA  Please select -
Mew Run ... L ] | J
Summary [PEAKS 3
Engine Precursor Error Fragment Error Enzyme Database Missed Cleavages FTM

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

OK ] ’ Cancel

Note

If the datais not refined by PEAKS, a data refinement with default parameter will be performed first.
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I mportant

To get the inChorus FDR, the same target-decoy database needs to be searched by all the engines.
For PEAKS, X!Tandem and OMSSA, this target-decoy database is generated automatically. For SE-
QUEST and Mascot, a target-decoy database needs to be exported from PEAKS and added to their
database list. Use the tool from Configuration->Database to export the target-decoy database.

Enzyme
FTM
Labeled Q Method

Instrument

Database List

-

Database Details

FASTA format database: .UniProﬂCBfSwiss-Prot - | [ validate Database Export Decoy DB []

Basic Options

Database name: |SampleDB Validated
Path: D:‘\PeaksStudios, 3\Data\SampleDB. fasta l Browse ]or [ Download ]
[T] EST database

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

>\l
Rule to parse description from FASTA title:

e+
Accessionfid URL:

http: ffwww. uniprot.argjuniprot/ <Accession/TD =
Delimiter: s+\(.*0

Taxonomy Options

taxonid [ Browse H Download ]

tandmp [ Browse H Download ]

[ Mew ” Add/Update ” Delete H Help ]

Close

Then check the "Search decoy database from PEAKS' checkbox for each third-party engine in their
parameter setting or importing dialog (for PEAK S check the " Estimate FDR with decoy-fusion check-

box).
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Mascot Predefined parameters -
Database
Mascot Database | SampleWithDecoy iw | Taxa
Local Database | SampleDB - SetfView Taxa
Enzyme
Enzyme |Trypsin w | Allowupto |0 w | missed deavages
PTHM
Fixed |Carboxymethyl (C) Acetyl (K) -
Modification = tcetyl (N-term)
Acetyl (Protein N-term)
= Amidated (C-term)
Variabl dated (1)) Amidated (Protein C-term)
ariable Deamidate Q A iad ¥
P = - mmonia-oss (M-term C)
Medification|nyidation () Biotin (K)
< Biotin {N-term)
Carbamidomethvl (C) =

Display all modifications

Error Tolerance

Peptide Tol |20 ppm »| #8C [0 - MS/MS Tol |0.8 Da
Peptide Charge | 2+, 3+and 4+ - @ Monaisotopic Average
Misc
Instrument | ESI-TRAP - Report top |AUTO | hits Decoy < | Search decoy database from PEAKS, >

| Ok || Cancel |

3. Wait for the analysis to complete. A new result node will appear in the Project Tree. Double click the node
to open the result file.

4. Theresult presentation is similar to the PEAKS DB result, with additional information to show which peptide
isidentified by which engine(s).

2. Understanding PEAKS inChorus Result

The inChorus result is displayed in a very similar format of the PEAKS DB result (Section 3, “Understanding
PEAKS Database Search Result”). This section only highlights the differences.

Peptide Score.  The first noticeable difference is that the inChorus peptide score is not the -10lgP score used
in PEAKS DB. Instead, a percentage confidence score is used to reflect the probability that this peptide-spectrum
match is correct. The percentage scoreis calculated in accordance with the empirical calculation used in Peptide-
Prophet™ (Keller et al. Anal. Chem. 2002, 74:5383-92).

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

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

3. The weighted sum scores of all peptides are converted to a probability by using the PeptideProphetT'vI method
again.

Protein Score.  The protein scoreisalso apercentage score. It's calculated asfollows. The scores of the peptides
from a protein are added up by a weighted sum. Then the PeptideProphetT'VI method is applied to the weighted
sum scores of all proteins to convert to a probability score.

Engineslcon. For each peptide in the peptide view, an "engines" icon is displayed to show the engine(s) that
identified the peptide. Each engineis represented by a letter code and the block background color.
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> = | soarch
E 41 (1-280f28 ~ |[Hp w scan = | searo Q@ @ noresu
E Peptide Scan mjz RT Mass ppm #5pec Score (%) 4 Engines @' PEAKSEEl  SequestE]l Mascotfl  XTandemBd  Omssafs] PTM
eIl Avaravni(+.98)TTiC 33 . .6 .96 d .73
B |[72 | AsEALKPDSQK 194 | 3918754 | 18.59 | 1172.6038 0.5 8 99.95 56.42 2.43 39.98 - SE-4
& || 3 [SEvAHRFK 414 | 487.2648 | 22.28 | 9725142 11 2 99.92 45.42 1.33 42.05 - -
5 [ 4 [LVAETEDRK 465 | 354.1932 | 23.07 | 1059.5559 17 3 99.92 28.04 227 45.01 - 101E2
2[5 |QeviEAsEK 167 | 466.7378 | 18.14 | 93L4611 | -0.1 3 99.92 27.83 111 40.80 - 5.263
o [ [IGYGsN(+.98)KK 220 | 434.2328 | 18.95 | B65.4498 1.4 2 99.91 .77 - 37.32 - - []
2 |[ 7 [QC17.03)AKHEFIDTK 568 | 394.5337 | 244 | 1180.5725 5.7 1 99.66 40.05 - 24.58 - - R
S |[ 5 [eanEmvsK 17 | 456.7428 | 15.30 | 9114713 | 0.2 1 99.54 - [f 2201 - 30.76 - -
§ 9 |PGGGQUEVK 561 435.7363 | 24.38 | 869.4607 -3.0 1 93.38  \|BEME - [} 29.08 0.90 21.06 7.1E-2 -
& |[ 0 [weTaARKK 142 | 403.2322 | 17.77 | 804.4494 0.5 1 se25  WEEM- - f 2029 0.91 35.37 - -
11 [AALEAARDSK 405 515.2780 | 22.17 | 1030.5408 0.6 2 93.16 ‘g@— FAREES 0.83 32.96 - -
12 [VISQDTQPHQQK 557 | 704.8610 | 24.33 | 1407.7107 | 2.3 1 97.93 —"— | 3471 - - - -

» The blue background means the engine identified the peptide with high-confidence (above the engine's own
filtration score threshold. See Section 3, “Filtering PEAK S inChorus Result”).

» The white background means the engine identified the peptide with low-confidence (below the engine's own
filtration score threshold).

A dash symbol means the engine did not identify the peptide.
Different engines are coded by different letters, as follows:

» P. PEAKSDB, PEAKSPTM and SPIDER

* M: Mascot

* S Sequest

e X: X!Tandem

O: OMSSA

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

FDR curves. The FDR curves for al selected search engines are placed together in asingle figure in the sum-
mary view. The black * marks on the search engines' FDR curves denote the thresholds of the corresponding
engines. Thered * mark denotes the inChorus FDR threshold.

5.0%

4.0%

1000 2000 2500

number of peptide-spectrum matches

3000

1500

==PEAKS ==Mascot == OMSSA Sequest ¥ Inchorus 3 Engine Threshold

Note

Since overlap exists between 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 shows the combination result for the three engines which identified most
PSMs under the current FDR threshold setting.
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PEAKS Mascot

1612(18) 109(10)

L 1% 9 29, target(decoy)

FDR%

1291(0)

OM55A

3. Filtering PEAKS inChorus Result

Thefiltration differsfrom the PEAK S DB filtration mostly by the peptidefilters. The peptides can befiltered by the
target inChorus FDR or each individual engine's score. If the target inChorus FDR is used, PEAKS will calculate
the score threshold for each search engine automatically to reach the target inChorus FDR. Slight differences may
exist between the final inChorus FDR and the target inChorus FDR.

Peptides TargetInchorus FDR: 1% Proteins Score (36) = 50 . and = | 0 « |unique peptides

DenovoOnly TLC=| 3 - |and ALC(%) =] 50 [ Apply Filters ][ Export ][ MNates ]

ein | Summary

Click the "Edit filters" button in the Summary View to specify the peptide filtration rules. A peptide is kept as
long as one of the specified rules are satisfied.

Edit filters [

(") Set target inchorus FDR: 1%

@ Set individual engine Threshold

At least one of the following conditions is true:

PEAKS -10igP = 114 « FDR

Sequest Xcorr = 37 - FDR

Mascot Score = 335 »
i ¥ITandem evalue = | 2.4E-2 » FDR

Omssa e-value = |9.89E-1 » FDR

[ OK ] [ Cancel
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4. Exporting inChorus Result

The inChorus result exports contain the same export options as PEAKS DB. Unlike PEAKS DB, the exported
results will contain the inChorus score and the search engine scores for the supporting peptides of the protein
identifications. Refer to Section 4, “ Export Database Search Result” for details.
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Chapter 11. Precursor lon
Quantification (e.g. SILAC and ICAT)

1. Overview

Precursor ion quantification with isotope labels at the MS-level is one of the three quantification modes that are
supported by the optional PEAKS Q module of PEAKS Studio. In this mode, the isotope labels with different
mass values are introduced to two or more samples. The samples are then analyzed together in an LC-MS/MS
experiment. The same peptide from different samples is recognized by a set of precursor ion peaks with similar
retention time and mass differences within the retention time window and error tolerance set by the user. The
ratio is calculated from the intensities of those peaks. PEAKS Q supports user-defined labels and commercial
quantification labels.

The quantification analysis is based on a PEAKS DB result (See Chapter 9, Peptide, PTM and Mutation Identi-
fication (PEAKS DB, PEAKS PTM, SPIDER)). Ensure that you specified the isotope labels as PTMs when you
performed the database search. After database search is complete, follow these steps:

1
Select a PEAKS DB result nodein the project tree. Click the PEAKS Quantification tool bar icon Q

Note

Refer to Section 2, “Quantification Workflow” for how to conduct PEAKS DB and quantification in
asingle workflow.

2. Select the quantification protocol “Precursor |on Quantification” and specify the PEAK S quantification param-
etersin the dialog and click “OK”.

e
3 Wait for the analysisto finish. A new quantification result node = will appear in the project tree. Double click
the node to open the result file.

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

2. Setting Parameters

The following parameter dialogue pops up when clicking the quantification tool bar icon Q Select “ Precursor
lon Quantification eg. SILAC” from the left hand side.
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-
Quantification 25 m
Tools Precursor Ion Quantification default - SEVE E5..e
Basic Options
Mass Error Tolerance: 0.2| Da = Upper Bound of Precursor Charge: 3
Reporter lon Quantification
eg., TRAQ,/TMT Retention Time Range: 1.0 [min, - Peptide Score Threshold {-10logP): 20
Precursor Ion Quantification L .
Il 9 eq. s1aC Select Method: Quantification Method Detai |
[ ||
SILAC-C(8E) - Name |SILAC-C(g) Method Type Precursor Ion Quantification
Label Free
New Label Options
Sample Name Modification Modification Detail
Heavy SILAC K& 6.0201@([K]
lght
L
oK Help

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

e MassError Tolerance: This parameter is used to locate the precursor ion peak group of an identified peptide
inthe survey scans. InaSILAC or ICAT experiment, we are usually dealing with non-centroided survey scans;
therefore, the mass error tolerance should be set a little wider than the parent ion error tolerance used in the
PEAKS DB search.

e 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
identified proteins.

Choose the appropriate quantification method used in experiment from the “Select Method” drop-down list that
contains predefined quantification methods. The details of the selected quantification method will appear in the
“Quantification 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.

Clicking the “ Save As’ button at the top right allows the user to save parameters for ease of use when regularly
performing quantification with the same parameters.

3. Understanding the Result

o
Once completed, the protein quantification result will be displayed in the quantification node = in the project
tree. 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.
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3.1. Summary View

The MS level quantification results are summarized in one pagein the "Summary" view. In the heatmap, proteins
are clustered into atree structure. Proteins are clustered if they exhibit a similar expression trend across samples.
Move the mouse to the tree to select a cluster and left click to show the variation trend chart for that cluster.

1. Heatmap View

WEn
Aneay

(12087 oy

log2iratic)

B0
00
-5.0

Default group 1

PA3E3T|AT1AZ_HUMAN
1r|B4DN00|B4DNO0_HUMAN

PO1817[KV204_HUMAN

tr|QBM255|QEN2E

tr|[B2HNZ4|BIKMZS_|
1232|CTNAZ_HU

tr|B4E354|B4E354_HUMAN
tr| DERBUS|DERBUS_HUMAN

> .

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

2. Notes

3. Result Statistics

Table 1. Statistics of data and unfiltered result. Table 2. Result filtration parameters.
# of MS Scans 5301 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: (.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/Otbitrap

Peptide Score Threshold:15.0 MS/MS Scan Mode: 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 shows a list of proteins that are identified in the database search, together with the protein
coverage of their identified peptidesin the window below. The quantification ratios of those quantifiable proteins
aredisplayed in theratio columns with label namesincorporated into the header. (e.g. "Ratio Heavy") Theratio is
calculated from the unique peptides of the protein. Proteins with no unique peptides will not be assigned aratio.
The sample on which the ratio is based on can be changed from the “ratio based on” drop-down menu at the top.
The normalization mode can also be selected in the "Summary" view. SD represented the standard deviation of
the peptide ratios in the protein. The peptides of the selected protein, together with their ratios, are displayed at
the bottom half of the protein view.
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2 | Show top w | proteinsin each aroup, ratio based on |Light = |, |no normalization = w accession contains | search QU @ @ noresults
= L L J J
3
5 Accession Score (%) -10igP Coverage #Peptides  #Unique Mass Description Ratio Light Ratio Heavy SD Light SD Heavy Mark
i £ || 5@ Proteins
E W P21333[FLNA_HUMAN 5 5 280736.562 Filamin-A OS=Homo sapiens GN=FLNA PE=15V=4
- @ Q69ZN7IMYOF_MOUSE | 613 | 42.25 0% 1 1 233321.766 Myoferlin O5=Mus musculus GN=Myof PE=15V=2 1.00 1.09 0.00 0.00 ]
Q1IHAS|PANB_ACIBL 10.2 0.00 1 2%, 1 1 32172795 |3-methyl-2-oxobutanoate hydroxymethyltransferase OS... - - 0.00 0.00 ]
Q7VKRA|SYFE_BORER 9.4 0.00 | 1% 1 1 87934.452 |Phenylalanyl-tRNA synthetase beta chain O5=Bordetella... - 0.00 0.00 ]
B6YR21JACP_AZOPC 9.3 0.00 1 g% 1 1 9311.368 |Acyl carrier protein 05 =Azobacteroides pseudotrichony.... - 0.00 0.00 ]
QBWZ4Z[TITIN_HUMAN| 8.9 0.00 0% 1 1 381608 1, 250(Titin OS=Home sapiens GN=TTN PE=15v=2 - 0.00 0.00 ]
Coverage | Peptides | Tool Box|
>sp|P21333|FLNA_HUMAN Filamin-A CS=Homo sapiens GN=FLNA PE=1 SV=4 =@ show position
801 QGDVSIGIKC APGVVGPAEA DIDFDIIRND NDTFTVKYTP RGAGSYTIMV LFADQATPTS PIRVKVEPSH DASKVKAE " show peptides
221 a0 - show de novo tags
P L] show 10AA gap
281 GLSRTGVELG KPTHFTVNAK AAGKGELDVQ FSGLTKGDAV RDVDIIDHHD NTYTVKYTPV QQGPVGVNVT YGGDPIFEF
o s s I——] 8012 AA per ine
—
%6l FSVAVSPSLD LSKIKVSGLG EKVDVGKDQE FTVESKGAGG QGKVASKIVG PSGRAVPCEV EPGLGADNSV VRFLPREE PTM
I —— &|snacks
1041 YEVEVTYDGV PVPGSPFPLE AVAPTKPSKV KAFGPGLQGG SAGSPARFTI DTKGAGTGGL GLTVEGPCEZ QLECLDNC
1121 TCSVSYVPTE PGDYNINILF ADTHIPGSPF KAHVVPCFDA SKVKCSGPGL ERATAGEVGQ FQVDCSSAGS AELTIEIC
1248
1201 AGLPAEVYIQ DHGDGTHTIT YIPLCPGAYT VTIKYGGQPV PNFPSKLQVE PAVDTSGVQC YGPGIEGQGV FREATTEE
I——]
1281 DARALTQTGG PHVKARVANP SGNLTETYVQ DRGDGMYKVE YTPYEEGLHS VDVTYDGSPV PSSPFQVEVT EGCDPSRY

3.3. Peptide View

The peptide view displays al the identified peptides and their intensities. The interface is similar to the peptide
table in a PEAKS DB result. The intensities of the quantifiable peptides are displayed in the intensity columns
with sample names incorporated into the header (e.g. "Heavy"). The peptide quantification ratios can be displayed
instead of peptide intensity by selecting the proper option from the “ Display sample as’ drop-down list at the top.

Z | 4 [1-120f 12 - | ®p Display sample as [ntensity] ~ | ¥ saan = search Q@) @ noresults
£
; Peptide Score (%) -10igP + Mass ppm mfz RT Sean #Spec Accession Light Heavy FTM
ol EY v QD 00.0 65.8 52,848 5 8824400 0 3 FLNA A 844 805.933
.12 2 |TGVELGK(+6.02)PTHFTVNAK(+6.02) 100.0 62.55 1709.9502 8.8 855.9900 0.391 38 1 P21333|FLNA_HUMAN 480824.062 622911675 |SE
& 3 |VEPGLGADNSVVR 99.9 45.91 1311.6782 3.3 1312.6899 1.225 102 1 P21333|FLNA_HUMAN - -
& | 4 |WGTSGLVGR 99.9 42.26 931.4875 2.2 466.7500 0.893 72 1 QE9ZN7|MYOF_MOUSE 152362.000 166322.641
:_.% 5 |YGGQPVPNFPSK(+6.02) 99.5 37.52 1295.6805 3.9 548.8400 0.289 27 1 P21333|FLNA_HUMAN 1537743.500 1733465.000 [E
o & |DVDIIDHHDNTYTVK(+6.02) 847 22.22 1789.8578 4.3 895.9400 0.286 28 1 P21333|FLNA_HUMAN 294539.750 353419.406  |E

7 | DVDIIDHHDNTYTVK 84.0 20.96 1783.8376 0.3 585.6200 0.886 71 1 P21333]FLNA_HUMAN 967378.812 1157391.250

& |DATALDR 36.5 11.37 760.3715 67.3 751.4300 0.961 7 1 QIIHAS|PANB_ACIBL 474806, 469 65544.938

S |EAATK(+6.02) 354 9.76 5242501 -14.1 525.2300 0.956 78 1 BGYR21|ACP_AZOPC 116141,000 1673340.375  [E

10 | EEEMSR 35.4 9.68 779.3120 39.4 780.3500 0.194 19 1 QBS535[Y4A0_ENCCU 60051.859 54727.203

11| VADCIAR(+10.02)IK 34.2 7.94 997.5744 818 998.5000 0.044 4 1 Q7WKR4]SYFB_BORER 940.808 2470.38¢ | &

| 1Z | DVVSATVAR M2 7.83 916.4973 8.4 459.2600 0.123 12 1 QBWZ42[TTTIN_HUMAN 347738.094 54600.363

3.4. Filtering Quantification Result

The Quantification result can be filtered based on the number of fold changes between samples. Y ou can set the
appropriate values of the filter by changing the filtration parameter values from the drop-down lists in 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 sampl e, select the appropriate sample (eg. “ratio to light”) from the dropdown list beside
“Show” in the“ Summary” view. To change the normalization factor of the protein ratio, select “auto”, “manual”,
or “no” normalization factor from the dropdown list. For manual normalization, provide the normalization factors
in the textbox to the right.

4. Export Quantification Results

PEAKS Q results can be exported to other supported formats. All export functions are available through the
“Summary” view panel. To export the quantification results, press the “Export” button in the title bar of the
“Summary” view panel. Refer to Section 5.1, “Export Labeled Quantification Results’ for details.

101



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
supported by the optional PEAKS Q module of PEAKS Studio. This is based on the relative intensities of frag-
ment peaks at fixed m/z values within an MS/M S 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/MS experiment. The same
peptides from different samples will have the same precursor m/z and are fragmented together. In the MS/IMS
scans, labels from the different 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 analysis is based on a PEAKS DB result (See Chapter 9, Peptide, PTM and Mutation I dentifi-

cation (PEAKS DB, PEAKS PTM, SPIDER)). Ensure that you have specified the isotope labels as PTMs in the
database search. After database search is complete, follow these steps:

1
Select a PEAKS DB result nodein the project tree. Click the PEAKS Quantification tool bar icon Q

Note

Refer to Section 2, “Quantification Workflow” for how to conduct PEAKS DB and quantification in
asingle workflow.

2. Select the quantification protocol as “Reporter lon Quantification” and specify the PEAKS quantification pa-
rameters in the dialog box on the right and click “OK”.

e
3 Wait for the analysisto finish. A new quantification result node = will appear at the project tree. 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 ratiois
added 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 hand side under the “Tools” heading in the quantification window.
Enter the relevant MS/M S level labeling quantification parameters on the right hand side of the window.
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The following parameters are available in the “Basic Options’ section of the quantification window:

* MassError Tolerance: Thisparameter isused to locate the reporter ion peaksin the MS/M S spectrum. A little
wider tolerance than the fragment ion error tolerance set in PEAKS DB is recommended.

» Peptide Score Threshold (-10IgP): Peptideswith ascore abovethisthreshold are used to quantify theidentified
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
“Quantification 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.

Clicking the “Save As” button at the top right allows the user to save parameters for ease of use when regularly
performing quantification with the same parameters.

3. Understanding the Result

o
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 labeled quantification results are summarized in one page in the "Summary" view. In the heatmap,
proteins are clustered into atree structure. Proteins are clustered if they exhibit a similar expression trend across
samples. Move the mouse onto the tree in order to select a cluster and left click to show the variation trend chart
for that cluster.
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1. Heatmap View
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2. Notes

3. Result Statistics

Table 1. Statistics of data and unfiltered result. Table 2. Result filtration parameters.
# of M5 Scans 11982 Protein fold change =2

2 of M8/MS Scans 22175

4. Other Information

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

Quantification Type: ITRAQ Fractions: injl RAW inj2 RAW inj3 RAW inj4 RAW inj5 RAW
Quantification Mass Tolerance: 0.2Da Ton Source: ESI(nano-spray)

Quantification RT Range: 0.0min. Fragmentation Mode: CID, CAD, IRMPD (v and b ions)
Upper Bound Charge: 0 MS Scan Mode: FT-ICR/Orbitrap

Peptide Score Threshold:20.0 MS/MS Scan Mode: Linear Ton Trap

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

3.2. Protein View

The“Protein” view showsalist of proteinsthat areidentified in the database search; together with protein coverage
of their identified peptidesin thewindow below. The quantification ratios of the quantifiable proteinsare displayed
in the ratio columns with label name as the header (eg. "114"). A protein is considered quantifiable if it was
identified by a unique peptide above the peptide score threshold set in the parameters. Theratio is calculated from
the unique peptides of the protein. Proteins with no unique peptides are not be assigned aratio. The denominator
sample can be changed from the “ Show” drop-down menu in the “Summary” view. The normalization mode can
also be selectedinthe” Summary” view (see Section 3.4, “ Filtering Quantification Result”). The SD isthe standard
deviation of the peptide ratios in the protein. The peptides of the selected protein, together with their ratios, are
displayed at the bottom half of the protein view.
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3.3. Peptide View
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The"Peptide" view displaysall theidentifiable peptidesand their intensities. Theinterfaceissimilar to the peptide
table in a PEAKS DB result. The intensities of the quantifiable peptides are displayed in the intensity columns
with label name as the header (eg. "114").

L |1-5820f582 ~ » wsan=|search Q@ @ noresul
Peptide -10lgP 4 Mass ppm mjz RT Scan  #Spec Accession 114 115 116 17 PTM
I D(+144. 10)FNVGGYIQAVLDR 5 P00483|PYGM_RABIT 1 -
2 |5(+144. 10)GETEDTFIADLYVGLR 92,00 |1955.0156 4.5 | 983.5195 | 69.43 | 4939 20 |P00924|ENO1_YEAST 1 1.845 | 0981 1.833 |l
3 |I{+144.10)EEELGDNAVFAGENFHHGDK(+144. 10)L 85.91 |2728.3293 3.1 | 910.4532 | 49.56 | 2981 9 P00924|ENO1_YEAST 1 1.473 0.65 162 |HE
4 |¥(+144. 10)NGVFQEC(+57.02)C(+57. 02)QAEDK(... 85.88 |2034.8977| 4.7 |1018.4509|40.43 | 1913 35 |P02759|ALBU_BOVIN 1 7.231 | 2429 3.047 |Hcicll
5 |A(+144, 10)TDGGAHGVINVSYSEAAIEASTR 85,35 |2455.2405 2.5 | B19.4223 | 47.95 | 2790 [ P00330|ADH1_YEAST 1 1.619 a 1] [ ]
6 |M{+144. 10)PC(4+57.02)TEDYLSLILMR 84.46 | 1867.9274 2.6 | 934.9734 | 60.14 | 4103 13 |P0O2769|ALBU_BOVIN 1 5.993 1671 5928 |Hle
7 [L(+144. 10)ITAIGDVVNHDPVVGDR 83.96 |2033.1006 2.4 | 673.7091 | 54.11 | 3483 24 |PO0433|PYGM_RABIT 1 0.553 | 0.813 0.616 |[l
& |S(+144. 10)IVPSGASTGVHEALEMR 83.89 |1984.014% 3.6 | 662.3480 | 45.44 | 2481 2 PO0S24|ENO1_YEAST 1 1.526 | 0.532 1.363 |l
2 |W(+144, 10)PQVSTPTLVEVSR 83.58 |1654.9355 3.2 | B28.4777|45.51 | 2491 ] P027559|ALBU_BOVIN 1 5.942 | 1602 5356 |l

Note

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

3.4. Filtering Quantification Result

The Quantification result can be filtered based on the number of fold changes in proteins. You can set the ap-
propriate values for the filters by changing the filtration parameter values from the drop-down lists in 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” view. PEAKS also supports changing the normalization factor of the protein ratio.
Select “auto”, “manual”, or “no” normalization factor from the dropdown list. For manual normalization, provide
the normalization factors in the textbox to the right.

ﬂ Summary

Proteins with fold change=

2

- Apply Filters

][ Export ][ Notes ]

Show ratio to 114 » | Normalization factor |auto | |1.0:0.9826375:C

105



PEAKS Q- MS/MS Level

Note

Whenever you changed a filtration parameter, the "Apply Filters" button changes color to remind you
to apply thefilter by clicking it.

4. Export Quantification Results

PEAKS Q Summary view and results can be exported to various supported formats. Refer to Section 5.1, “ Export
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 modes supported by the PEAKS Q module. This quan-
tification type is based on the relative intensities of extracted ion chromatograms (XICs) for precursor ions of
identified peptides in multiple data sets. No chemical |abel isrequired. Different samples are measured separately
in the same instrument. The same peptides from different samples are correlated by their m/z and elution time.
Label free quantification relies on the assumption that the changes in analyte signal s reflect their concentrationsin
one sample relative to another. This technology employs overall spectral intensity normalization by interpreting
signals of molecules that do not change concentration from sample to sample. PEAK S Q uses the overall protein
concentration in each sample for the normalization, this makes spiking unnecessary.

Label free quantification is based on the PEAKS DB results (See Chapter 9, Peptide, PTM and Mutation Identi-
fication (PEAKS DB, PEAKS PTM, SPIDER)). The use of thisfunction is outlined in the following overview.

1. [
Select a \ﬁ PEAKS DB, fraction, sample or project node in the “Project View” frame. Click the PEAKS

Quantification toolbar icon Q or select “Quantification” from the “Tools” menu.
I mportant

In order to use the label free quantification analysis of PEAKS Q, the survey scans in the data have
to bein profile (un-centroided) mode.

Note

Refer to Section 2, “Quantification Workflow” for how to conduct PEAKS DB and quantification in
asingle workflow.

2. Select the quantification protocol as label free, specify the PEAKS Q parameters in the right panel of the
window, and click “OK”,

3. Wait for the analysisto finish. A new quantification 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 hand side under the “Tools” heading in the quantification window to view the
label free quantification parameters on the right hand side.
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r = 5
Quantification [ﬁ
Tools Label Free default v
Basic Options
Mass Error Tolerance: (0.2 ba | Peptide Score Threshold (-10logP): |20
Retention Time Range: 3.0 :min. - Protein Score Threshold (-10logP): |20
: Upper Bound of Precursor Charge: 3l ST R I
I I
Parameter Table
Project Name Sample Name e File Name Protein ID Add to
Mumber quantification
IfgProjecti
Bample 1
1 070828_01_02-0... PEAKS 7 [07Feb-...
Sample 2
I 1 070825_01_03-0... PEAKS 5 [07-Feb-...
Sample 3
1 070825_01_04-0... PEAKS 11 [07-Feb...
Bample 4
1 070829_01_02-0... PEAKS 13 [07-Feb...
Sample 5
1 070829_01_03-0... PEAKS 16 [07-Feb...
Sample &
1 070829_01_04-0... PEAKS 18 [07-Feb...
up Assign replicates

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

MassError Tolerance: Used to locate the precursor ion peak group of anidentified peptidein the survey scans.
PEAKS analyses with non-centroided survey scansin LFQ experiments. So, set the mass error tolerance alittle
wider than the parent ion error tolerancein PEAKS DB.

Retention Time Range: The maximum elution time range that is considered for the quantification of an iden-
tified peptide. This also defines the search range for peptide feature pairing across samples.

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

Peptide Score Threshold: Only identified peptides with a score above this threshold will be used in quantifi-
cation.

Protein Score Threshold: Only identified proteins with a score above this threshold will be used in quantifi-
cation.

Do Normalization: If selected, normalization of protein ratios based on total ion intensity will be done auto-
matically.

The “Parameter Table” includes the following information:

Project Name: name of the project selected for quantification.

Sample Name: names of samplesin the project.

Note

Y ou need to have at least 2 samples with at least 1 file/fraction in each sample.
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* Fraction Number: the number of the fractions in the sample.
» File Name: name of the datafile.

e Protein ID: PEAKS DB result that will be used in quantification. Select the PEAKS DB result to be used from
the drop down list containing all available results.

» Add to quantification: Check/uncheck to add the sample to the quantification. There must be at least two
samplesin label free quantification and the number of fractions within each sample must be the same.

Clicking the “ Save As” button at the top right allows the user to save parameters for ease of use when regularly
performing quantification with the same parameters. All the parameters in quantification will be saved except the
“Parameter Table” which will change from one project to another.

The “Assign replicates’” button helps to assign the samples a replicate number. This enables PEAKS to perform
replicate analysis. Refer to Section 6, “Replicate Analysis in LFQ” for details on how to assign replicates and
perform replicate analysis.

3. Understanding the LFQ Result

Once completed, the label free quantification result will be displayed in the quantification node Q in the project
tree. Double click on this node and the “ Summary” view tab will appear by default. Right click on the result node
to find more operations supported for a label free quantification result.

PEAKS supports export of the label free quantification results to Excel or HTML file by right clicking the result
node and choose the corresponding function. Please refer to Section 5.2, “Export Label-Free Quantification Re-
sults” for details.

PEAKS also supports changing the normalization factor of the protein ratio. Right click on the result node and
select “Normalization Settings’, the “Normalization Settings” dialog will pop up:

"1 Normalization Settings li_F-J

Linormalze Pepbde Ratios

@ Hutomatically Hormalize Pepiide Ratiod !
Manualy Mormalze Peptide Ratios

10:0.7

ok | [ cancal |

If you select “Unormalize Peptide Ratios’, the protein ratio will be calculated from peptide ratios without nor-
malization. PEAKS will normalize the result when “Automatically Normalize Peptide Ratios’ is selected. The
normalization factor will be displayed in the text field. You can aso set the normalization factor manually by
clicking the “Manually Normalize Peptide Ratios” and by inputting the ratios into the text field. The format of
ratios should be numbers separated by colons and the number of ratios should be the same as the number of sam-
plesin the quantification result.

3.1. Summary View

The label free quantification results are summarized in a one page summary as shown in the next figure.
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1. Heatmap View
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2. Notes
3. Result Statistics
Table 1. Statistics of data Table 2. Result filtration parameters Table 3. Sample Selection
# of M5 Scans 24874 Protein fold change =2 Default group 1:
# of MS/MS Seans 65632 Sample 10
Sample 11
Sample 12
Sample 13
Sample 14
Sample 15
Sample 16
Sample 17
Sample 13
4. Other Information
Table 4. Ssarch paramsters. Table 5. Instrument paramseters.
Quant type: Label free quantification Fractions: Spike3_040806_2 RAW Spike0 040806_2 RAW, Spikel_04080
MMass error tolerance: 0.2 Da 6_2b RAW Spike? (40806_2 AW Spike3 (40805_2 RAW Spiked 04080
Retention time Range: 3.0 min 6_2 RAW Spike§ 040806_2.RAW SpikeT 040806_2 RAW SpikeB 040806
Upper bound charge: 3 _2RAW Spiked 040806_1 RAW Spike0 040806_1 RAW Spikel 040806
Minimum peptide score: 20.0 1.RAW Spike 040806 1.RAW Spike3 040806 1.RAW Spiked 040806 1

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

The summary page can be exported to other formats by clicking the “Export” button. For more details, refer to
Section 5.2.2, “Export Summary and Detected Features’.

Heat map. The hierarchical clustering of proteinsis represented as a heat map depicting relative protein abun-
dance (normalized SC values logged to base 2) of the protein list with filters. The hierarchical clustering is mea-

sured with a Euclidean distance similarity measurement of the log2 ratios of the samples relative to a canonical
sample.

3.2. Protein View

Click the“Protein View” tab. The quantified proteins, supporting peptides of each protein, and peptide featuresin
the survey spectra from each sample will be displayed in the result panel. The quantified proteins will appear in
the top panel with homologous proteins clustered together. Theratio (eg: ratio of Sample 1 and Sample 2) appears

in the “Ratio” column and the standard deviation (eg: standard deviation of Sample 1 and Sample 2) appearsin
the*SD” column.
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The supporting peptide is shown under the “Peptides’ tab. The retention time is shown for the specific peptide as
well as the peptide ratio from the samples (eg: Sample 1: Sample 2).

Click on the“+" beside the “Outlier” folder to see the peptides that were not included in the protein ratio.

To see which peptides were used to identify the protein during the PEAKS DB search, select the “Coverage” tab.
The entire sequence of the protein is shown and the matching peptides are highlighted in blue. In this example the
total matched part accounts for 3.37% of the protein. This information can be found in the “Coverage” column
above.

3.2.1. Extracted lon Chromatogram

The reconstructed “ Extracted |on Chromatogram™ chart will appear by default in the bottom panel. This displays
the shape of the peptide features over the retention time range where they were identified.

| Heat Map | XIC | MS2 Annotation | Isotope |
Extracted Ion Chromatograph
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0.0ED
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Retention Time (mins)

& Sample 1 - Sample 2|

3.2.2. Heat Map

Select the “Heat Map” tab to view the 2D heat map. When viewing the heat map in colour, red represents high
intensity and yellow represents low intensity. The grayscale heat map displays high intensity in black and repre-
sents low intensity in white. If the peptideisidentified in PEAKS DB, there will be a star after the sample name.
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3.2.3. MS2 Annotation

Select the “MS2 Annotation” tab to view a graphical representation of the spectrum annotation. Thisissimilar to
the de novo results and PEAKS DB search results spectrum annotation. Please refer to Section 3.2.2, “ Spectrum
Annotation” for more details.

Heat Map MS2 Annotation | Isotope

Intensity (%)
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50
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R ol [m1[ 2] 2v [EnToli0.50a | [Wllowintens. label 70 o AT 20,06 scan< 4646 score=20.25
3.2.4. Isotope

Select “Isotope” tab to view the isotope distribution detected in the samples.
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4. Filter LFQ Result

PEAKS Q results can befiltered to show all peptides with acertain fold change. Y ou can set the appropriate value
for the filter by changing the filtration parameter from the drop-down list in the title bar of the “Summary” view
panel. Click the“ Apply” button to refresh the results. The results will be updated in all views accordingly.

() LABEL FREE 15 [22-¥ar-110%:45] X

Peptides with fold changez | 2 » 1'.El.|:|1:||1||'| Export | Edit Motes || Select Samples

Summary

5. Export Quantification Result

PEAKS label-free quantification results can be exported to Excel (.xIs) or HTML (.html) format. The summary
page and the detected features can also be exported in various supported formats. Refer to Section 5.2, “Export
L abel-Free Quantification Results’ for details.

6. Replicate Analysis in LFQ

In liquid chromatography mass spectrometry (LC-MS) based proteomics, multiple samples from different groups
areoftenanalyzedin parallel. Toolsthat validate the quality of proteomics databased on sound statistical principles
are needed in thisfield. In PEAKS, comparison functions are provided at three levels:

* Assessthe reproducibility of MS data from technical replicates

* Perform comparative analysis of peptides and proteins

» Assessthe reproducibility of protein quantification from biological/technical replicates

This section is organized to first introduce how to assign replicate numbersto samplesin the project. The replicate

analysis of MS data comparisons and label free quantification are done together and so each function will be
introduced together in one section.

6.1. Assign Replicate Number to a Sample

A sample can be assigned a replicate number in two ways: in the “New Project” window when adding a sample
to a project, and in the quantification window when setting the label free quantification parameters.
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Project Name [fgProject2

Project Location

Data Files

g [fgProject?
=l R151: Sample 1
(L, 070828_01_02-070824_DMSO_ch_1,
‘..[ Add data files... |
-l R152: Sample 2
-1, 070829_01_02-070827_drug_Oh_1.R
I ‘[ _Add data files... |

= L R251: Sample 3
-1, 070828_01_03-070824_DMS0_oh_2,
.| _Add data files... |
a4

-, 070829_01_03-070827_drug_Oh_2.R
i..[ Add data files... |

' i | b

D\test\Peaks 54\PeaksProjects

i ™
DT

Browse...

Sample Details

Replicate 2 -

2>
1]

Sample Name Sample 4

[y

ZSpeciﬁ-' later... -
=

cID -

Enzyme

Instrument  FTMS (FT-Trap)

Fragmentation

[ Copy to whole project

[ Delete H Up H Diown H Add Sample l [ Sort by Replicate ]

[ 0K ][ Cancel ]

To assign the replicate number in the “New Project” window, select the sample from the project view on the left
hand side, select the “Replicate” check box and click the drop-down list beside the check box to select a number.
Once assigned, the name of the sample will be changed to indicate its replicate number and the sample number in

the replicate. The sample node icon colour also will be changed to display the replicates.

To assign thereplicate number in the quantification parameterswindow, click the“ Assignreplicates’ button bel ow
the “Parameter Table” on the right hand side. Thiswill open the “Assign Replicate” dialogue where the replicates

can be defined.
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"V Assign Replicate

h

Nl 1)

1

Number of Repicates (2 « | | Cearan |

I replicatednalysis2 || Ll Replicate 1 needs 1 samples
L, Sample 4 oz ][ AL sample [ w |

- [|, Sample 5 I\, Samgle 3

[, sample & - [ Down |

1§ Replicate? needs 7 samples
e (&)

<m

Ok

| Cancel |

6.2. Run Replicate Analysis

n Project View
- i (e T e =
[ : REPLIC Data Refine
QLA Replicate Analysis >
L) LABEL
=0 Las=L De novo
- L RSy Peaks Database Search
IE_ L RS2 Spider search
- Ll R251; !
W L pzsa inChomus Search
- )L R3s L
- JL r3sz Expoit DTA file
Expoit PEL file
Expoit MGF file
Show Reports r
Save A Copy As
Close Project

Select the number of replicatesfromthe” Number of Replicates’ drop-down list ontop of thewindow. All available
samples are listed in the unassigned samples list on the left hand side. The list of samples in each replicates are
displayed on the right hand side. To assign a sample to areplicate, select a sample from the unassigned sample
list and click on the “=>" button beside the desired replicate.

To remove asample from areplicate, select the sample and click the “<=" button beside that replicate. To remove
all assignments click on “Clear All” button.

The relative order of a sample in a replicate can be controlled by the “Up” and “Down” buttons, located beside
the corresponding replicate.

Select the project from the “Project View” and right click on the project node. Select “Replicate Analysis’ from
the pop-up menu. Thiswill bring up the “ Replicate Analysis’ window.
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Replicate Data Comparison: Select the replicate and samples on which you want to perform data comparison
analysis. Only two replicates can be selected for data comparison analysis.

Replicate Result Comparison: Select the label-free quantification results and samples on which you want to per-
form replicate result comparison analysis. Y ou need to select one label-free quantification result for each replicate
and two samples you want to compare. Once a sample is selected, all the samples with the same index in other
replicates will be selected.

™Y Replicate Analysis [

Tools

[7] Replicate Data Comparision
[7] Repicate 1 : 070828_01_02-070824_DMSO_0h_LRAW [7) Repicate 2 : 070428_01_03-070824_DMS0_h_2RAW [ Replcate 3: 070

. Data Refament

@ 070823_01_02-070824_DMSO_Oh_1.RAW @ 070828_01_03-070824_DMS0_Oh_2 RAW @ 070828_01_4
7 Renlicate Analysis ") 070829 01_02-070827_drug_Oh_L1RAW ) 070829_01 03070827 _drug_Oh_2.RAW 070829 01 4
- D Mewo
. PEAKE Search
- SPIDER Search
. FTM Fnder

[¥] Replicate Result Comparision

[¥] Replicate 1: LABEL FREE 20 | [J] Replicate 2 : LABEL FREE 19 -
Selecked = Sample 1 [ Samplz 2 Selacted : Sample 3 [ Sample 4 selected
| Sample 1 /| Sample 3 Sample 5
(] Sample 2 (] Sample 4 Sample &
i I »
[ o Cancel | Help

6.3. Understand the Replicate Analysis Results

Once the replicate analysis is completed, a new replicate analysis result node will appear in the project view.
Double click on the result node to view the result.

I Project View

= [ D:/test/Peaks/Peaks Projects/replicateAnalysis
: : REPLICATE AMALYSIS [25Mar-11 17:40]
=
() LABEL FREE 19 [24-Mar-11 19:20]
i) LABEL FREE 20 [24-Mar-11 19:23]
+-() LABEL FREE 21 [24-Mar-11 19:33]

Theresults consist of afew chartsto compare the data and results of the two samples. If you selected both the data
and result comparisons when setting up replicate analysis, the following charts will appear:

Feature Comparison. Thefeature comparison scatter plot represents each feature vector which consists of two
features detected in the two data files you want to analyze and aligned in label free quantification. The x-axisis
thelog intensity of the feature detected in thefirst datafile and the y-axisisthelog intensity of the feature detected
in the second data file. The Pearson Correlation Coefficient is calculated and listed under the chart. The standard
box plot is shown on the right side of the scatter plot.
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Eraction A: O70825_01_02-070824_DMSC_oh_L
Fraction B: 070625_01_03-070824_DM50_0h_2
Azis is Logarithmic scale (base 2)

FeatureVenn Diagram. ThefeatureVenndiagramisastandard V enn diagram showing the number of common
peptide features and unique peptide features of the two datafiles.

Peptide Scatter Plot.  The peptide scatter plot compares the peptides quantified in two label free quantification
results. The x-axisis the ratios of the peptide of label free quantification result A and the y-axisisthe ratio of the
same peptide relative intensity ratios in corresponding samples of label free quantification result B.

16

-
O =

S B B A
TITRET- I TRy ob 7

Ratio LABEL FREE: 19, sample 2isample 1

118 —

116

Ratio LAEEL FREE: 20, sample 2fsample 1

Peptide Venn Diagram.  The peptide Venn diagram is a standard Venn diagram comparing the number of
quantified common peptides and unique peptides of the label free quantification results.

Protein Q-Q Plot. The protein Q-Q plot is a standard quantile plot comparing the protein ratios from selected
samples of label free quantification results. The ratios of the proteins in the first sample is plotted against the
ratios of the proteins in the second sample, both in ascending order of size, and scaled from 0 to 100. In the ideal
case, both replicates should result in the same protein ratios, and thus the expected result is represented by the
diagonal linein red.
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6.4. Export Replicate Analysis Result

The replicate analysis plots and diagrams can be exported as image files. To export to an image file, position the
cursor on any of the plots or diagram in the result panel and click the right mouse button to view the pop-up menu
and select the “ Export Image” command from the menu. Refer to Section 3.2, “Export Images” for details.
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Chapter 14. Creating a High-
Throughput Workflow

For your convenience, PEAK S software providesworkflowsfor proteinidentification, quantification and inChorus

search (multi-engine protein ID).
@ QW

Identification

St Quantification
r InChorus

Once aspecific workflow is selected, adialog pops up to allow you to specify the analysis steps and the parameters
to usein each step.

1. Identification Workflow

Click theworkflow icon W on thetoolbar and select “ Identification” . The identification workflow setup window

will appear:
[ " Identification Work Flow [—L?—f
L, \\/,'J Select Data unfinished
2 Refine Data
3 &8 D= Movo

Ju
S
=]
m
I
I\;

l QK H Cancel I I Help I

L &

Click “Select Data” to open the “Workflow Configuration” dialogue where you can select the data you wish
to perform identification analysis. Only projects that are open in the “Project View” panel can be selected for
analysis. To select which files/samples you would like to analyze, either select the individual file/sample, click
the“All Samples’ or the“All Fractions” buttons and then click the* Add to Right” to transfer the samples/filesto
the “ Selected Data’ list on the right hand side. Use the “Remove”’ and “Clear” buttons to remove selected files/
samples or al files/samples respectively from the “ Selected Data” list. Click “OK” to proceed to the next step.
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Workflow

r Bl
®Y Sclect Data ﬁ
1

) Al Data ) Selected Data
EQ 0 ftest/Peaksa0/PeaksProjects/Sample Project - inChorus Bu D: ftest/Peaksal PeaksProjects/Sample Project - Identification
=t [l Sample 1 = [l Protein Standard HCD
"4l D100930_yeast 5Cx105_rak_ftsE_pc O1.RAW
=i D:ftest/Peaks60 PeaksProjects/Sample Project - Identification E}& iPRG2011ETD

EI‘J_R, Protein Standard HCD = ™ 3:0100930_yeast_SCX105_rak_ft8E_pc_01.RAW

=i D: ftest/Peaks&0/PeaksProjects/Sample Project - FTM
= JL iPRG_2012

o iPRG2012_mzML.mzML
=i D: ftest/Peaksa0/PeaksProjects/Sample Project - Labelling Q
= JL TRAQ

b TRAQSample RAW

[ Al Samples ][ All Fractions ]| Add toRight | [ Remove H Clear ]

[ Ok H Cancel ]

Note

All files loaded in a single workflow will be processed in exactly the same way, using exactly the same
parameters. If you want to run some differently than others, then you must set up separate workflows.

Once the datais 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 if you require
more details on setting up the parameters.

Note
PEAKS DB, PEAKS PTM and SPIDER are now combined together (see Chapter 9, Peptide, PTM and

Mutation Identification (PEAKS DB, PEAKS PTM, SPIDER)) and are optional in 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 or label free quantification can be defined.
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o h
LA Quantification Work Flow ﬁ
1 '\::Zj«“ Select Data unfinished
2 K Refine Data

«
Y
X

[ QK H Cancel ] [ Help ]

W -

3. inChorus Workflow

The inChorus workflow is similar to the identification workflow, but offers the ability to specify inChorus param-
eters and invoke multiple search engines.

[ ™Y Inchorus Work Flow . =)
1 [ select Data unfinished
2 %, Refine Data
3. @ rcrorus
[ oK ][ Cancel ] [ Help ]
L — —
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Chapter 15. Exporting Data/Reports
and Printing

PEAKS offers a rich collection of exporting functions to allow users to create reports and share the anaysis
resultswith collaborators, colleaguesand clients. The supported formatsinclude HTML, Comma Separated V alues
(CSV), pepXML, mzindentML, and various image formats for image exporting. Labs with in-house software can
easily make use of the CSV filesin their own analysis workflow. 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. Export Data

Spectrum data can be exported in a number of file formats including .mzxml, .mgf, DTA, MGF and PKL. To do
50, right click on the sample node or the data file that is to be exported and select the desired export format.
I Project View
= ~ i D:/test/Peakse0/PeaksProjects testl
—Lk Sample 1

=

‘.4 DATARE Data Refine

De novo

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 Html

Delete fraction(s)

Clicking “Export DTA file” will open a dialog prompting for the folder name and location to which DTA files
will be exported. For MGF and PKL, the dialog will ask for a name and alocation for the file.

Clicking “Export MzXML File” will open the “Export mzXML File” dialog.

™Y Export mzXML File S |
StartRT: |0 End RT: 120
Save as:  |Di\test\Celegans_FT_6ITDDOT_01.mzxml
I Ok I I Cancel I
h -

Enter the starting and ending retention times in the appropriate boxes. Then click the “Browse” button to select
adestination to save your file.
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2. Export 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 list of peptide identifications of the selected fractions.

n Project View

D et ks P e Sication

= L, Protein Standard Data Refine
&=y Flidentificat Replicate Analysis
- # DATARE S
to A, DENOVO
- [# PEAKS 3 Peaks Database Search
&‘l‘- PEAKS P Spider Search
-3 SPIDER °© .
= J1 iPRG2011ETD inChorus Search
i
=y F3:D100930 . A
- L, DENOVO Export PKL file
CPEAKS U0 gt MGE file
- PEAKS

Export Result to Excel
Export Result to Htm

.38 SPIDER |
-l D ftest/Peakss0Pea

=-i D: ftest/Peaksc0/Pea aQ
= L TRAQ Save A Copy As
=4, ITRAGSample -
. DATARE Close Project
:.Ih CEMOVO Heat Map Compare

- [# PEAKS 3 [16-May-12 10:45]

More function specific export options are available from the “ Summary” view of the respective results. The fol-
lowing sections describe in details about the function specific exporting options available in various formats.

3. Export De Novo Result

The PEAKS de novo sequencing result can be exported to csv, html, and pepxml formats. All export functions
are available through the “ Summary” view panel.

3.1. Export 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.

~ ~
Bport tsl)  [Epor S
HTML Report | Text Farmats HTML Report | Text Formats
Result summary (summary.html} De nove peptides (de novo peptides.csv)

[”] De novo peptides - pepxml (de novo peptides. xml)

[”] All de novo candidates (all de novo candidates. csv)

Sawe into: D:\,tesﬂnPeaksExports\Sample Project - Identification_DEMC Save into: D:\,tesﬁPeaksExports\Sample Project - Identification_DENC

-— 4 -— 4

The export options are grouped into “HTML Report” and “ Text Formats’ based on the output format.

HTML Report. Thiswill generateasummary report in the specified location. After the completion of exporting,
it will be opened in the default browser automatically. The following exporting options are available:
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e Result summary : The “Summary” view page will be saved as summary. ht mi file in HTML format in the
specified location.

Text Formats. The following exporting options are available in various text formats:

» Denovo peptides : The peptides identified by de novo sequencing will be saved in de novo pepti des. csv
filein 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 de novo candidates : All de novo candidates for each spectrum will be saved to all de novo
candi dat es. csv filein CSV format.

3.2. Export Images

The annotated Spectrum, lon Match table, Error Map, and Spectrum Alignment all can be exported to imagefiles.
To do so, position the cursor on any of those itemsin the result panel and click the right mouse button to view the
pop-up menu and select the “ Export Image” command from the menu.

Intensity (%) s[efafefy[s[r[v[F D[k

Export image
Print image
Copy Fob2
Set As Anchor Peak
5 Remove Anchor Peak

Annoctation Settings

YI-H20 L | bo-H2O '2
Y1-NH3 | b3 Va-Hot
: | | .|J|I|||| . Il Lo
100 200 300 40
% | | 1:1| ) | 2 | ErrTol: 0.5 Da | | preprocess || low intens. label

Thiswill bring up the “Export Images’ dialog for selecting the result items to export.
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A Export Images ﬁ

Image Types

(7 Error Map

(7 Ton Table and Error Map

(@) Current Spectrum View

(7 Spectrum Alignment View

(71 Annotated Spectrum with Alignment

Image Options

Basic Options | Advanced Options

i@ Web (Smallest images, suitable for viewing online)

(7 Print {Oversampled images, suitable for printing)

Save As: |D:htest\peaksal 'n,PeaksExpl:urtsrn,images 663.2941_2.png

QK H Cancel H Help ]

L

Select the desired result elements from the “Image Types’ list. The “Basic Options’ panel offers choices for the
location to save the images and the image size: “Web (Smallest images, suitable for viewing online)” or “Print
(Oversampled images, suitable for printing)”.

Basic Options | Advanced Options |

Scale: 100 5| %
COwversample: |1 v K
File Format: | png v | Width: 1,398 = Height: 3442

The “Advanced Options’ panel offers choices for 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. Export Database Search Result

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 export options. All exporting functions are available
through the “ Summary” view panel.

4.1. Export Summary, Proteins and Peptides

To export theresult, pressthe “Export” button in thetitle bar of the “Summary” view panel. The following export
dialog will appear.
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Export =5

S —

HTML Report | Text Formats

Export summary view

Export =5a=)

e —

HTML Report | Text Formats

Proteins {proteins. csv)

ST TR Supporting peptides (protein-peptides.csv)

Export supporting peptides DB search peptide-spectrum matches (DB search psm.csv)

[] Export best unique PSM De novo only peptides (de novo only peptides.cav)

[] Proteins - fasta (proteins. fasta)
[ Put all protein details in a single html
[] Peptides - mzidentml (version 1.0.0) (peptides_1_0_0.mzid)

[] Peptides - pepxml (peptides. xml)

[”] De novo only peptides - pepxml (de novo only peptides.xml)

Save into: D: \test\Peaksa0\PeaksExports'\Sample Project - Identificat Browse

Export Cancel

Save into: D: \test\Peaks50\PeaksExports\Sample Project - Identificat Browse

Export Cancel

The export options are grouped into “HTML Report” and “Text Formats’ 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 reports in the specified location. After the com-
pletion of result exporting, the index file for the reports prot ei n. ht M will be opened in the default browser
automatically. The following exporting options are available:

* Export summary view: The “Summary” view page will be saved as a“summary.html” filein HTML format
in the specified location.

» Export protein coverage: The coverage pane will be saved for each protein.
» Export supporting peptides: A list of supporting peptides will be saved for each protein.
» Export best unique PSM: The best unique PSM will be saved for each protein.

Anindividua protein will have its own HTML output file where the corresponding protein coverage, supporting
peptides and the best unique PSM are gathered. Select “ Put all protein detailsin asingle html” to collect all protein
reportsinasingleprotei n. htni file.

Text Formats. The following exporting options are available for various text formats:

» Proteins: Thelist of protein identificationswill be saved to pr ot ei ns. csv in Comma Separated Vaues (CSV)
format.

» Supporting peptides: A list of supporting peptides of each protein identification will be exported to pr o-
tei n-peptides. csv.

» DB search peptide-spectrum matches: The peptide-spectrum matches (PSM) with scores greater than the
threshold will be exported to DB search psm csv.

» Denovo only peptides: A list of good de novo sequences that do not have good or no database matches will
besavedinde novo only peptides. csv.

» Proteins- fasta: A list of protein identifications will be saved in pr ot ei ns. f ast a.

* Peptides - mzidentml (version 1.0.0): A list of peptide-spectrum matches will be saved in
peptides_1_0_0.neidinmzldentML format version 1.0.0.

» Peptides- pepxml: A list of peptide-spectrum matches will be saved in pept i des. xm in pepXML format.

» De novo only peptides - pepxml: A list of good de novo sequences that do not have good or no database
matches will be saved in “de novo only peptides.xml” in pepXML format.
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4.2. Export 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 those itemsin the
result pandl, right click and select the “Export Image” command from the menu. Refer to Section 3.2, “Export
Images’ for details.

5. Export Quantification Results

PEAKS Q (labeled and label free quantification) exporting function is also similar to that of de novo or PEAKS
DB. All export functions are available through the “ Summary” view panel.

5.1. Export Labeled Quantification Results

PEAKS Q results can be exported to other supported formats. To export the quantification results, press the “Ex-
port” button in the title bar of the “ Summary” view panel. The following export dialog will appear.

( Export [&r [ Export L&r

{HTML Report || Text Formats| | HTML Report|§TE><t Formats |

| Export summary view V] Proteins (proteins.csv)

V| Export protein coverage V| Supporting peptides (protein-peptides.csv)

7] Export supporting peptides V| DB search peptide-spectrum matches (DE search psm.csv)

Export best unique PSM Proteins - fasta (proteins.fasta)

Peptides - mzidentml (version 1.0.0) (peptides_1_0_0.mzid)
Put all protein details in a single html
Peptides - mzidentml (version 1.1.0) (peptides_1_1_0.mzid)

Peptides - pepxml (peptides. xml)

Reagent intensity (reagent intensity.csv)

Sawve into: |D:\test\Peaks60\PeaksExports'Sample Praject - Labelling € Browse Save into: |D:\test\Peakst0\PeaksExports\Sample Project - Labelling C Browse
Export Cancel Export Cancel
h — J

HTML Report: The options are the same as those for PEAKS DB. For PEAKS Q, only quantifiable proteins are
used in result exports. See Section 4.1, “Export Summary, Proteins and Peptides’ for details.

Text Formats: The text format export options are the similar to those for PEAKS DB. For PEAKS Q, only
quantifiable proteins and peptides are used in result exports. Unlike PEAKS DB exports, the PEAKS Q export
includes a “ Reagent intensity” option and excludes “de novo only peptides’ options. The reagent intensities will
be saved to reagent intensity. csv. See Section 4.1, “Export 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.

Export Images. From the “Peptide” view, the Annotated Spectrum, lon Match table, Error Map, or Spectrum
Alignment can be exported to an imagefile. To do so, position the cursor on any of those itemsin the result panel,

right click and select the “Export Image” command from the menu. Refer to Section 3.2, “Export Images’ for
details.

5.2. Export Label-Free Quantification Results

5.2.1. Export Result in Excel or HTML

To export the label free quantification resultsin Excel (.xIs) or HTML (.html) format, right click on a label-free
result node and choose “ Export HTML” or “Export Excel” command from the pop-up menu.
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I Project View
=i Diftest/Peaks Peaks Projects denovaProject

-Q S
.;..( | Sample 1 letd-= gn Setting
- [l Sample 2 Export Excel
Export Html
The following dialog appears.
Export Quantification result to Excel File lﬁ

Select the Type of Results to Expaort
() Complete Protein List (Peptide Details Omitted)

@ MCP compliant output

[] Export only Marked Protein(s) and Corresponding Peptide(s)

Select the Export Destination

Excel File: Browse. ..

o) [

PEAKS provides two types of exporting functions: “complete protein list” without peptide details, or “MCP com-
pliant output”. When you select MCP compliant output, you can check the “Export only Marked Protein(s) and
Corresponding Peptides(s)” if you are only interested in some proteins and previously marked them in the result
table.

The output of “Complete Protein List” consists of two major sections; one is the representations table which
displays a representative protein for each cluster; the other is the whole protein table, which lists all the clustered
proteins.

The MCP compliant output contains the two tables described above; however, it also provides more information
than the protein table in the software. These additions include all of the supporting peptides and their coverage
within the protein. False discovery rate (FDR) estimation is also displayed if PEAKS DB was run with a decoy
database. The results also include the “ Single-Peptide Based Protein” table which contains all the proteins with
only one supporting peptide detected.

5.2.2. Export Summary and Detected Features
The “Summary” view can be exported in HTML format. The detected features in the selected samples can be

saved inf eat ur es. csv filein Comma Separated Values (CSV) format. To export summary of detected features,
press the “Export” button in the title bar of the “Summary” view panel. The following export dialog will appear.

[ Export @ Export I&
m Text Formats
Result summary (summary.html) [7] Detected features (features.csv)
Saveinto: |D:\test\PeaksExports\LABEL_FREE 7 Saveinto: |D:\testiPeaksExports\LABEL_FREE 7
L

Select the output location and click the “Export” button to save the selected result components to the specified
location.
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6. Export inChorus Result

The inChorus exporting function contains the same exporting options as PEAKS DB. Unlike PEAKS DB, the
exported results will contain inChorus scores and individual search engine scores for the supporting peptides of
the protein identifications. See Section 4, “Export Database Search Result” 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 including general, raw file converter, search
engine and spectrum annotation configurations.

To begin, click the “Preferences’ toolbar icon @ or select “Preferences’ from the “Window” menu to open the
“Preferences’ dialog. Select the preferences category from left to view the options available for that category.

r | 23 I'\

Preferences

* General General

Display Options
Default Input File Directory

C:\Users'peaks

RMI Connections
Browse
Derby Database

* Raw file convertor
ABI{.wiff)
Bruker{.yep/baf, fid)
Shimadzu AXIMA{run)

Varian(.xms)

Default Project Folder
C:\Users'peaks\PeaksProjects

Temporary File Directory
ftemp

Default Log File Location

Browse

Browse

Waters(.raw) SERVER_LOG.log, CLIENT LOG.log, COMPUTENODE_LOG.log

# Search Engine
Mascot Settings
¥Tandem Settings
Omssa Settings

& Spectrum Annotation

0K ” Cancel ] [ Help ]

L. 4

1.1. General Preferences

Default Input File Directory: Select the “Browse” button to change the directory that will appear when adding
datato a project.

Default Project Folder: PEAKS uses[ USER_HOVE] / PeaksPr oj ect s asthe default folder for project files, where
USER_HOME is the user home directory in your system. Select the “Browse” button to change this location. Please
make sure this directory is readable/writable by PEAKS.
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Temporary File Directory: PEAKS uses [ PEAKS_HOVE_DI RECTORY] / t enp as the default temporary file output
directory, where PEAKS_HOVE_DI RECTCRY is the location where PEAKS isinstalled. Select the “Browse” button
to change this location. Please make sure this directory is readable/writable by PEAKS.

Default Log File Location: Log filesfor PEAKS can be found at [ PEAKS_HOME DI RECTCORY] by default. These
files locations cannot be changed.

1.1.1. Display Options

Clicking on “Display Options’ on the menu on the left hand side will display interface preferences on the right
hand side.

Display Options
Show Decoy Hits
Show Percentage Score

Show inChorus Score

Show PTM with frequency greater than | 3 ==/ in FTM profile table

Show Decoy Hits: Check thisto display protein and peptide hits from the decoy database in PEAKS DB results.

Show Per centage Score: PEAKS uses -10lgP to display its results by default. Check this to view the percentage
score along with -10lgP in peptide and protein view as well as the exporting files of PEAKS DB resullts.

Show inChor us Scor e: Check thisto display the percentage scorein peptide and protein view 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 that the minimum it will not be displayed in
the PTM profile table.

1.1.2. RMI Connections

Clicking on “RMI Connections’ on the menu in the left hand side will show the RMI (Java Remote Method
invocation) connections preferences on the right hand 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 BSI <suppor t @i oi nf or . com> for more information.

1.1.3. Derby Database

Clicking on “Derby Database” in the menu on the left hand side will show the derby database preferences on the
right hand side.

131



Configuration and Preferences

Derby Database

Derby Host: |localhost Port: | 15270

Derby Server Start Memory: 512

Derby Jar Location

Sib
Derby Host: The name of the “Derby Host” as well as the “Port” number will come up by default. The port
number can be changed.
Derby Server Start Memory: The amount of memory used to start the derby server will also come up by default
but can be changed if more memory is available; however, it is not recommended to change this from the default
setting. To increase performance, use the performance configuration utility (see Section 5, “PEAKS Performance

Configuration”).

Derby Jar Location: The “Derby Jar Location” panel will list the location of the derby jar file by default. This
isdisplayed to find its location. This location cannot be changed.

1.2. Raw File Converter Preferences

This section allows users to change preferences for the raw file converters of the following instruments: AB
SCIEX, Bruker, Shimadzu and Varian.

1.2.1. ABI (.wiff)

Clicking on the “ABI SCIEX (.wiff)” option under the “Raw file converter” section in the menu on the left hand
side will show the preferences for the AB SCIEX instrument raw file converter.

Note
Refer to Section 3.4.1, “QSTAR or QTRAP” for detailson AB SCIEX (.wiff) preferences.
1.2.2. Bruker (.yep/baf, fid)

Clicking on the“Bruker (.yep/baf, fid)” option under the “ Raw file converter” section in the menu on the left hand
side will display the Bruker instrument raw file converter preferences.

Note
Refer to Section 3.5, “Bruker Data’ for details on Bruker instrument preferences.

1.2.3. Shimadzu AXIMA (.run)

Clicking on the “ Shimadzu AXIMA (.run)” option under the “Raw file converter” section in the menu on the left
hand side will show the Shimadzu instrument raw file converter preferences.

Note
Refer to Section 3.6, “ Shimadzu Data’ for details on Shimadzu instrument preferences.

1.2.4. Varian (.xms)

Clicking on the “Varian (.xms)” option under the “Raw file converter” section in the menu on the left hand side
will display the Varian instrument preferences.
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Note
Refer to Section 3.7, “Varian” for details on Varian instrument preferences.

1.2.5. Waters (.raw)

Clicking on the "Waters (.raw)" option under the "Raw file converter" section in the menu on the left hand side
will display the Waters instrument preferences.

Note
Refer to Section 3.2, “Waters/Micromass (MassLynx) Data” for detailson Watersinstrument preferences.

1.3. Search Engine Preferences

This section allows usersto configure preferences for the following search engines:. Mascot, X! Tandem, OMSSA,
and Sequest.

1.3.1. Mascot Settings

Clicking on “Mascot Settings’ on the left-hand side will display the Mascot preferences.

Mascot Settings

Hostname (or IP address): |myMascot.mySite.com
Part: |80

Virtual Directory: | fmascot/

Version: |Mascot Server 2,3, [

User name: myMascotAccount
Password: esssss

Email: |test@bioinfor.com

| Test Connection |

These parameters specify how PEAKS accesses the Mascot server (if applicable). Enter the hostname (or an IP
address), port, virtual directory, Mascot server version as well as your 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

Clicking on “X!Tandem Settings’ on the left-hand will display the X! Tandem preferences.
XTandem Settings

Launch Server (@) Local Search

¥!Tandem Server Settings

Hostname (or IP address):

Port:

| Test Connection |

X!Tandem Local Settings

.futandem Browse
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For the server version, enter the hostname or |P address aswell asthe port. To make sure that everything is entered
correctly and that the server isworking, click the “Test Connection” button.

AsPEAKS provides alocal copy of X!Tandem, upon installation, a default path will appear in the Local Settings
section. To use another license/location for X! Tandem, click the “Browse” button to tell PEAKS where to find
the search engine.

1.3.3. OMSSA Settings

Clicking on “OMSSA Settings’ on the left hand side will display the OMSSA preferences.
Omssa Settings

Default Omssa Path

omssa Browse

AsPEAKSprovidesalocal copy, uponinstallation, adefault path will appear here. To use another license/location
for OMSSA, click the “Browse” button to tell PEAKS where to find the desired search engine.

1.4. Spectrum Annotation Preferences

Clicking on * Spectrum Annotation” on the left-hand side will open the following window:
Spectrum Annotation

H20 MH3 2+
a O O & O
b
c b0 O B
X [ O ] B
¥
z O O = =
z O B @ =
cH ]
immarium [
internal [
precursor [

Show Decimal Places: 2=

[] mfz on fragmentation
[] mfz on unannotated
seguence fragmentation
in place ion info
Intensity: (7) Low @) Medium () High

Reset default

The annotated spectrums in PEAKS results can be annotated by the selected ion types from a big collection of
ions that PEAKS offers. The selected ion types will be displayed in the “lon Match” table as well. It is possible
to annotate the spectrum with various ions for both CID and ETD. By default, y-ion, y-H20, y-NHS3, y(2+), b-
ion, b-H20, b-NH3, b(2+) are selected.
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Note

If you are upgrading from an earlier version of PEAKS, or simply wish to reset the settings, usethe “ Reset
default” button to update to the PEAK S defaullts.

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 ions.

sequence fragmentation: Select this to display the sequence fragmentation on 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
Annotation” view when this option is checked and the cursor is placed on a peak.

Intensity - Set the intensity threshold for spectrum annotation to low (2%), medium (5%), or high (10%). To
apply thisintensity threshold, select the “intensity threshold” checkbox in the “ Spectrum Annotation” view (see
Section 3.2.2, “ Spectrum Annotation”).

2. PEAKS Configuration

This section describes the configuration of enzymes, PTMs, databases, instruments, and parameters. To begin

click the Configuration toolbar icon %% or select * Configuration” from the “Window” menu.

2.1. Enzyme Configuration

PEAKS can use almost any enzyme or combination of enzymesin your analysis. Select built-in enzymes from the
extensive list provided in PEAKS or define anew one. From the “ Configuration” window select “Enzyme” from
the left-hand side menu to change the enzyme configuration.

Enzyme List

<Built-In= Pepsin (pH 1.3) -
<Built-In= Pepsin (pH = 2)

<Built-In = Proteinase K

<Built-In = Trypsin with [O|F]

+<Built-In = Mone

4 |.m

Enzyme Details
Enzyme Name: |Trypsin
Cleave Sites (¥ = all amino acdds)

_aﬂ:er - | RK and :nutbefore v: =
ar :aﬂ:er v: and :before v:
ar :aﬂ:er v: and :before v:
ar :aﬂ:er v: and :before v:
[ Mew ] [ Add/Update ] [ Delete ] [ Help ]

Built-in Enzymes.  All of the built-in enzymes within PEAKS are listed in the “Enzyme List”. Clicking on one
of these built-in enzymes will display the information about that enzyme in the “ Enzyme Details’ panel.
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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. The letter X denotes any amino acid in this position, while { set brackets} indicate any amino acid except
the one in the brackets. Choose where the cleave 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 enzymewill now appear inthe“EnzymeList” where

it 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 the fly” for PEAKS de novo or PEAKS DB, refer to
sections Section 2.2, “ Enzyme Specificity”.

2.2. PTM Configuration

From the “Configuration” window select “PTM” from the left-hand side menu to change the PTM configuration.
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Mame Mono mass Residue site
4-hydroxynonenal (HME) 156,1150 [CHE] -
Acetylation (k) 42,0106 K] il
Acetylation (M-term) 42,0106 [x]am
Acetylation (Protein M-term) 42,0106 [x]am
Amnidation -0.9840 [X]@C
Ammoniadoss (C@M-term) -17.0265 [Clam
Ammoniadoss (Protein M-term)  |-17.0265 [Ts]@m
Applied Biosystems ariginal ICA. .. 442,225 [c]
Applied Biosystems ariginal ICA. .. |450,2752 [c]
Beta-methylthiolation 45,9877 [c] £
Biotinylation 226.0776 K], ¥]an
C-Mannosylation 162.0528 w1
Carbamidomethylation 57.0215 [C]
Carbamylation 43,0053 K], ¥]an
Carboxylation (E) 43,9893 [E]
Carboxymethyl 58,0055 [c]
Citrullination 0.9840 [R]
Deamidation (NOQ) 0.9840 MG
Dehydration -18.0108 [OYTs], [NQ]@C |
Dimethylation 23.0313 [CKRHDENG], [X] @M
Dioxidation (M) 31.9398 [M]
FAD 733.1415 [CHY]
Farnesylation 204. 1878 [C]
Formylation 27.9949 K], [¥] @M
Formylation (Protein M-term) 27.9949 [K]amM
Geranyl-geranyl 272.2504 [C]
Guanidination 42.0218 [K]
HexMAcylation (ST) 203.0794 [5T]
Hexose (T, X@MN-term) 162.0528 [T], [¥]@n
Homoserine -29.9923 [M]@C
Homoserine lactone -43.0034 [M]@C
Hydroxylation 15.9949 [PEDMRY]
ICAT heavy 235.1572 [C]
ICAT light 227.1270 [c]
ICPL heavy 111.0416 K], [X]@N
ICPL light 105.0215 K], [X]@N -
Recent | Common | Uncommean I Customized| [ View ] [ New ]

Built-in PTMs. The built-in standard PTMs within PEAKS are listed in two separate PTM lists under “Com-
mon” and “Uncommon” tabs. The "Common" list contains the most commonly used PTMs and the "Uncommon"
list containslessfrequently used PTMs. Most recently used PTMsarelistedin “ Recent” tabsand the Customized”
tab lists al the user defined PTMs. Double clicking on any of these PTMswill display the information about that
PTMsinthe “PTM Info” popup diaog. The same information can be viewed by selecting aPTM from alist and
by clicking the “View” button.
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(™Y oM Info _— [
PTM name: Carbamidomethylation|
FTM abbreviation: Carbamidomethyl
Mass (Monoisotopic): 57.021465
Residues that can be modified: |C Anywhere
i@ peptide () protein M-term 1
C-term :
Formula: H(3) C(2) N(1) O(1) :
Rule: 1
]
[ Close ] [ Help ] 1
]

Createa new PTM. Click on the “New” button to display the “New PTM” dialog. Provide the information

about your PTM.
r ™
™Y New PTM ‘, ﬁ

FTM name:

FTM abbreviation:

Mass (Monoisotopic):

|
Residues that can be modified: Anywhere
@ peptide () protein MN-term

C-term

QK H Cancel ] [ Help

e PTM Name: This name will appear inthe PTM list for future use after it is saved.
e PTM abbreviation: PTM expressed in shortened form.
» Mass (Monoisotopic): The massthat the residue gains or losses as a result of the PTM.

» Residuesthat can be modified: Enter residues that can be modified anywhere, residues that can only be mod-
ified if they are at the N-or C-terminus or in the middle only.

» 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 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 acustomized PTM, select the appropriate PTM from thelist and click the“ Delete”
button.

Note

For information on defining new PTMs “on the fly” for PEAKS de novo or PEAK S DB, refer to section
Section 2.3, “Fixed and Variable PTMsS’.
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2.3. Labeled Q Method Configuration

From the“ Configuration” window select “Labeled Q Method” from the left-hand side menu to change the labeled
Q method configuration.

»
]
1]
]
1]

3
=y
]
e
k=)
&
[

Quantification Method Detail

Mame |TRAQ-dplex Method Type Reporter Ion 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
116 115.1111
117 117.1144

The built-in labeled Q methods are listed in the methods list. Select a method from the list to view the detail
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: Name and the type of quantification method. The method type can be “ Reporter 1on
Quantification” or “Precursor lon Quantification”.

M odification Target: The modification target and mass of the unfragmented modification for “Reporter lon
Quantification”. The modification targets can be N-terminal, C-termina or Side Chain.

L abel Options: List of quantifiablelabels. For reporter ion quantification methods label options contain name and
reporter ion mass and for precursor ion quantification methods label options contain sample name, modification
and modification details.

CreateaNew Method. Tocreateanew labeled Q method click “New” buttonto open“ New/Edit Quantification
Method” dialog where the quantification method details can be specified.

Specify the modification target, modification mass and label options for a*“Reporter lon Quantification” method.
Use “Add Label” and “Delete Current Line” to add or remove a label. 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 sample name, added mass, target residue, and labeling efficiency. If one sample has multiple
labels with different mass shifts, a user can add multiple labels with the same sample name. These labels will
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contribute to the same number in 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 accessto 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 from servers. Additionally, taxonomy may
be specified with certain databases.

From the “ Configuration” window select “ Database” from the | eft-hand side menu to change the database config-
uration. The “Database List” on top lists al 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.

Createanew database. The database configuration parameters appear as follows:

FASTA format database: |[NCEInr - Validate Database | | Export Decoy DB

Basic Options

Database name; Validated

Path: | Browse ||:|r| Download |

EST database

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

Wai\l\d™=Y)

Rule to parse description from FASTA title:

BHLHY

Accession,id URL:

http:/ fwwewe.nchi.nlm.nih.gov fentrez fviewer ., fcgi?db =protein&wval= < Accession/ID =
Delimiter: [\s+4.*Y

Taxonomy Options

taxonid | Browse || Download |

taxdmp | Browse || Download |

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 and a custom oneis to be defined.

2. If the database FASTA fileisaready on the local system, skip to step 6. In the “Basic Options’ panel, enter a
name for the database and select “Download Database”. A window will appear confirming the database chosen
to be downloaded from the appropriate FTP or website.

3. Click “OK” toinvokethe default FTP client software and download the database automatically. Click “ Cancel”
to copy the URL to the system clipboard. If “Cancel” was selected, click “OK” on the dialog detailing the
copy to the clipboard. Next, open a browser and paste the URL into the address bar. When the file download
window opens, click “Save’.

4. Once the database has been downloaded, check to seeif it is compressed. If so, extract thefile using a program
such asWinZip, or WinRar. The desired result isa FASTA format text file (a.fas or a .fastafile).

5. Move the database file into a directory that PEAKS can access.
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6. Click “Browse’ to inform PEAKS about the location of the database file.
7. If the selected databaseis an EST database, check the box |abeled “ EST database”. If not, ensurethat it isblank.

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

If “Other” was selected in Step 2, enter the parsing parametersinto 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.

9. If the configuration dialog was invoked from the toolbar, click the "Add/Update" button and then “ OK”. If the
configuration was invoked when specifying DB search parameters, simply click "OK".

Note

Apart from starting with a “greater than” symbol, the precise syntax of the FASTA titleline varies from
database to database. For this reason, PEAK S uses Java Regular Expressions to define how the accession
string and the description text should be parsed from the FASTA titleline.

To be able to perform PEAKS DB using a specific taxonomy, corresponding files must be downloaded and
then referenced by PEAKS in the “Taxonomy Options’ panel. (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 which has been identified as the location of the desired database. 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 a
browser and paste the URL into the address bar. When the file download window opens, click “Save’. Be sure
to save the file to alocation that is accessible by PEAKS. Please note that it is not necessary to decompress
the taxonomy files.

2. Now that the taxonomy files have been downloaded, PEAKS must be given access to them by clicking the
“Browse” button and selecting the file.

Note
Please do not rename the taxonomy files, otherwise PEAK S cannot recognize the files.

Deletea previously configured database. To delete adatabase 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 then 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 and any protein identification using that database will fail. If an update is
made to the database file (perhaps by downloading the latest database file and overwriting the old database file),
PEAKS will show the database information in light gray. A light gray color could also mean that the database
does not have header information.

Configuredatabasesfor usewith other search enginesin PEAKSinChorus. The databases configured here
will also beused in 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!Tandem: At the time of writing, X!Tandem has difficulty in searching through large databases and may
crash. Itistherefore suggested that X! Tandem only be used with small databases. If used with alarge database, a
taxon should be specified. For example, NCBI-nr and SwissProt databases should be used with sub-taxa sel ected
when using X! Tandem.
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* OMSSA: At the time of writing, OMSSA cannot be used with databases that are not in NCBI-nr, or SwissProt
format, in a way that is available to inChorus. Also, a bug in OMSSA prevents database use when stored in
afolder that contains a space in its path. This creates problems when PEAKS creates temporary databases on
your behalf. To avoid this, best practices suggest that all our databases are put in afolder C. / peaksdat abases.
Note that the folder C:/ M/ Docurent 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. Once the databases have been
downloaded and extracted, save the database asncbi nr. f as, or ncbi _nr. f as rather thanncbi nr. fas.

e 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

From the “Configuration” window select “Instrument” from the left-hand side menu to change the instrument
configuration.

Instrument List

«Built-In= Orbitrap (Orbi-Trap)
<Built-In> Orbitrap (Orbi-Orbi)
<Built-In> Triple-TOF
<Built-In>= Q-TOF

<Built-In> TOF-TOF

m

<Built-In> Ion Trap -

Instrument Details
Instrument Mame: |Orbitrap (Orbi-Trap)

Basic Options

Ton Source; :ESI{nann—spray} -
MS Precursor Scan: :FI'—ICF‘.;"Drbitrap -
M5n Product Scan: -Linear Ion Trap - .

Advanced Cptions

Precursor mass search type: (@ Monoiostopic () Average

Parent mass error tolerance: 15.0 'ppm v'.

Fragment mass error tolerance: 0.5 Da -

Built-in Instruments.  The names of the built-in instruments are provided in the “Instrument List”. Select an
instrument to view the detailed instrument information in the “Instrument details” panel below.

Note

The details of a built-in instrument cannot be deleted or edited.
Create a new instrument.
1. Click the “New” button and provide a name for the instrument in the “ Instrument Details’ panel.
2. Next, fill in the detailsin the “Basic Options’ panel.

3. Use the “lon Source” drop-down list to select the ion source that was used: MALDI/SELDI or ESI (nano-
spray). Thiswill help the PEAK S Data Refine tool to decide the charge of theions.

4. Usethe“MS Precursor Scan” drop-down list to select the type of MS scan that was performed. This selection
will tell the PEAKS Data Refine tool whether the survey scan is of sufficient resolution to determine the charge
and the monoisotopic peak from the examination of the survey scan.
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. Usethe “MSn Product Scan” drop-down list to select the type of M Sn scan that was performed. This selection
will help PEAK S decide which internal parameters (for weighing fragments and amount of noise) to use during
PEAKS auto de novo sequencing and PEAKS DB search. Select LIT/FT if alternating high-res/low-res modes
were used. Thiswill allow the algorithm to determine the mass analyzer from the scan header.

. Use the“Advanced Options’ to specify additional parameters.

. Select “Monoisotopic” or “Average” as“Precursor Mass Search Type”. For ion-trap instruments, it is usually
beneficial to allow PEAKS DB search to use an average mass.

. Specify the values for “ Parent mass error tolerance” and “Fragment mass error tolerance” in Daltons or ppm.
These will appear on the PEAK S de novo and PEAKS DB options 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 an instrument that was created, select the
appropriate instrument from the “Instrument List” and click the “Delete” button.
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