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Introduction

Introduction to PEAKS 4.5
PEAKS nuakes the interpretation of MS/MS data easier and faster

EAKS is an innovative software system designed to derive amino acid

sequences and identify proteins from tandem mass spectrometry data. After

running MS/MS on a protein sample, PEAKS petforms de novo sequencing

and database search identification of the protein(s) and peptides using raw
experimental data.

PEAKS 4.5 provides peptide sequence and protein identification results via an intuitive
interface, allowing for rapid visual interpretation. PEAKS provides both auto and
manual de 7ov0 sequencing tools for detailed examination of MS/MS spectra, providing
the flexibility to manually modify auto de novo results when searching for additional
sequence possibilities.

How to use this manual

There’s no need to read this manual cover to cover. To get familiar with the
software, just read the walkthrough in Chapter 3. Otherwise, it’s best to just keep it as a
reference.

This user’s manual is intended to help us get started using PEAKS 4.5, acquaint us
with its functionality, show us how to customize PEAKS to our application, allow us
to work efficiently with the interface, provide a task based reference, and help us with
troubleshooting. As such, this manual is organized into chapters based on these
categories. Use the table of contents at the front of this manual to access the relevant
section.

S marks a section applicable to PEAKS Studio, C for PEAKS client and V for PEAKS
Viewer



Since PEAKS Studio, PEAKS Viewer and PEAKS Client share the same uset’s
interface, this manual covers all three software programs. Where a section is
applicable to PEAKS Studio, an ‘S’ is noted, ‘C’ denotes PEAKS Client, and VvV’
denotes PEAKS Viewer. Some sections apply to all three, so ‘SCV’ is noted.

Scope

PEAKS users are assumed to be familiar with computer usage, and the operating
system environment. As such, it is beyond the scope of this manual to instruct the user
on the use of windows, dialogue boxes, menus, file storage etc. Please refer to the
operating system’s manual, or computer help books for such information. Similatly,
PEAKS users are expected to be familiar with mass spectrometry, standard operating
practices and data.

Terminology and Abbreviations Glossary
a-ions: an N-terminal fragment holding at least one charge; similar to b-ions and c-
ions. This is a prefix fragment of the peptide. The a-ion’s mass will be the sum of
the masses of the N terminal group, plus the intervening neutral amino acid
residues, subtract the mass of Carbon Monoxide.

b-ions: an N-terminal fragment holding at least one charge; similar to a-ions and c-
ions. This is a prefix fragment of the peptide. The b-ion’s mass will be the sum of
the masses of the N terminal group, plus the intervening neutral amino acid
residues.

BSI (Bioinformatics Solutions Inc.): The makers of PEAKS and other fine
bioinformatics software.

c-ions: an N-terminal fragment holding at least one charge; similar to a-ions and b-
ions. This is a prefix fragment of the peptide. The c-ion’s mass will be the sum of
the masses of the N terminal group, plus the intervening neutral amino acid
residues, plus the mass of ammonia.

Deconvolution: rearrangement of the spectrum to show each monoisotopic peak
as if it were singly charged. Thus, to reposition them on the scale, PEAKS
multiplies the m/z of ion’s that were doubly charged by two. Note that the
deconvoluted scale PEAKS shows is ‘at +1.

Fixed modification: selecting a post-translational modification as a fixed
modification tells PEAKS that this modification is applied to all occurrences of the
residue(s) that the PTM can act on.

Enzyme: The residues PEAKS can find in different positions in the sequence. This
is based on information about the enzyme used to digest our protein sample.




ESI (Electrospray lonization): A method for ionizing a sample into the mass
spectrometer.

m/z: mass to charge ratio.

MALDI (Matrix-Assisted Laser Desorption/lonization): A method for ionizing a
sample into the mass spectrometer. This has a characteristic effect of only
producing singly charged ions.

Mass accuracy: this refers to the accuracy of the spectrometer and its resulting
data. On a spectrum, this is reflected by how close the PEAKS are to the actual
masses of the ions they represent.

PTM (Post Translational Modification): A protein, just translated and hence
newly formed, may differ from its final form as a result of interaction with the
cellular environment (or the experimental environment). As they interact
chemically with the environment, residues may gain or lose molecules. This change
is referred to as a post-translational modification. Since PTM changes the mass of
residues, it must be accounted for when sequencing peptides by mass
spectrometry.

e Built-in PTM: PEAKS comes equipped with a library of possible post-
translational modifications. These can be incorporated into a de novo
analysis at the click of a button.

® Customized PTM: If the post-translational modification we are looking for
is not in the PEAKS PTM set, we may create our own entry, or modify an
existing one. This will appear as a customized PTM in the set.

e PTM library: A listing of all possible (built-in and custom entered) post-
translational modifications that PEAKS can use as a part of its analysis.

Residue: as used in this manual, a residue refers to what remains of an amino acid
once it has become part of a peptide, or peptide fragment. In this manual, residues
are referred to by their original amino acid names.

Resolution: refers to the precision of an instrument. On a spectrum, this is
reflected by how close together can two PEAKS be and still be told apart.

Variable modification: selecting a post-translational modification as a variable
modification tells PEAKS that this modification may or may not be applied to any
given occurrence of the residue(s) that the PTM can act on.

x-ions: a C terminal fragment holding at least one charge; similar to y-ions and z-
ions. This is a suffix fragment of the peptide. The x-ion’s mass will be the sum of




the masses of the C terminal group, plus the intervening neutral amino acid
residues, plus the mass of Carbon Monoxide.

y-ions: a C terminal fragment holding at least one charge; similar to x-ions and z-
ions. This is a suffix fragment of the peptide The y-ion’s mass will be the sum of
the masses of the C terminal group, plus the intervening neutral amino acid
residues, plus the mass of H,.

z-ions: a C terminal fragment holding at least one charge; similar to x-ions and y-
ions. This is a suffix fragment of the peptide. The z-ion’s mass will be the sum of
the masses of the N terminal group, plus the intervening neutral amino acid
residues, subtract the mass of ammonia.




SCV

Getting started with PEAKS 4.5

Everything we need o kenow from the beginning and step by step.

his section of the manual will guide us through the process of installation and
configuration of PEAKS 4.5. If problems persist, contact technical support.

What we will need

Package contents
The PEAKS 4.5 package should contain:

=  This manual

= PEAKS 45

System requirements
PEAKS 4.5 will run on most platforms with the following requirements:

= Equivalent or supetior processing power to a Pentium III at 800 MHz.

= At least 1 GB of memory (RAM). 1.5GB is recommended. For PEAKS
Studio / PEAKS Client. PEAKS Viewer requites only 500MB.

* JAVA Virtual Machine 1.6 or better (provided on installation).

Instrumentation
PEAKS 4.5 will work with data from any type of tandem mass spectrometer designed
for proteomics work.

PEAKS will accept data in the following formats:




mzXML is a
standard data
format from the
Sashimi Project. It
is an XML based
format.

mzData is a
standard data
format from the
Human Proteome
Organization

SCV

Agilent instrument’s data in .d format provided that PEAKS and Agilent’s software,
including BaseCommon.dll, BaseDataAccess.dll, and MassSpecDataReader.dll. are
installed on the same computer.

Applied Biosystems instrument's data in .wiff format provided that PEAKS, the

Infochromics converter plug-in and Analyst are installed on the same computer.
PEAKS has the ability to read directly from the 4700/4800 Oracle database.

Bruker instrument’s data in .yep, .baf and .fid formats.

Thermo Electron instrument’s data in RAW format provided that PEAKS and
XCalibur are installed on the same computer, or dta format (and concatenated dta
formats), with the ability to load an entire folder full of dta’s.

Waters/Micromass instrument’'s data in .RAW format, provided that PEAKS and
MassLynx are installed on the same computer, or pkl files.

All instrument’s data as can be converted into mzXML, mzData, .pkl, dta, or .mgf.

Installation

To make sure we only use the latest information available to PEAKS, if we
already have PEAKS installed on our system, we must uninstall it before
proceeding. For those users running Windows Vista, please refer to the Vista
Installation section.

1. Close all programs that are currently running and end all non-system tasks.
2. Insert the PEAKS 4.5 disc into the CD-ROM drive.

3. Auto-run should automatically load the installation software. If it does not,
find the CD-ROM drive and open it to access the disc. Click on the exe
file.

4. A menu screen will appear . Select the top item “Install”.

5. The installation utility will begin the install. Wait while it does so. Choose
‘English” as the language for installation instructions. When the “PEAKS
4.5” installation dialogue appears, click the “Next” button.

6. Read the license agreement. If we agree to it, we change the radio button
at the bottom to select “I accept the terms of the License Agreement” and
click “Next”.

10



SCV

7. Next we choose the folder/directory in which we’d like to install PEAKS
4.5. Press the “Choose...” button to browse our system and make a
selection, or type a folder name in the textbox. Click “Next”.

8. Choose where we’d like to place icons for PEAKS 4.5. The default will put
these icons in the programs section of our start menu. Click “Next”.

9. Review the choices we have made. We can click ‘“Previous” if we’d like to
make any changes or click “Next” if those choices are correct.

10. PEAKS 4.5 will now install on our system. We may cancel at any time by
pressing the “Cancel” button in the lower left corner.

11. When installation is complete, click “Done”. The “PEAKS 4.5” menu
screen should still be open. One may view movies and materials from
here. To access this menu again, we simply insert the disc in our CD-ROM

drive.

Vista Installation

PEAKS is written in Java, and is therefore platform independent. It runs on Windows
Vista, but certain 3" party programs, including BioWorks, and some of the data
conversion utilities, do not wotk on Windows Vista. X!Tandem, OMSSA, and the
Muscle (Multiple Sequence Alignment) have been demonstrated to work within

PEAKS on Windows
Vista.

However, the installation
utllity, “InstallAnywhere”
by Macrovision, is not
capable of completing the
PEAKS installaion on
Windows  Vista. Two
components fail:

(1) creation of shortcuts
(2) allocation of memory

To complete the installation:

!m Peaks Studio 4.5

'
‘@) Introduction

(= NACR X

Install Complete

The installation of Peaks Studio 4.5 s finished, but some setious
etrors occurred during the install. Please see the installation log for
details

1) Follow the on-screen instructions. The final screen, shown above, notes

the errors.
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2) Go to the PEAKS program folder (the place where you installed PEAKS,
usually c:\program files\peaks studio\) and find the file called run.bat.
This is the file used to launch PEAKS.

3) Edit run.bat in notepad. It contains a command to start peaks, which
looks like:
start jre\bin\javaw -Xmx1024m -jar peaks.jar
the 1024m tells PEAKS to run with 1024MB of memory. This is a default
setting, and since installAnywhere was unable to check how much memory
is on our system, we should edit this manually. If we don’t have 1GB of
memory on our system, we should reduce this number (or preferably,
increase the amount of physical RAM available). If we have 1.5GB we can
increase it to 1500m. Save the file.

4) Right click on the file and choose ‘Create Shortcut’ from the pop-up
menu. A shortcut called ‘Shortcut to run.bat’ will be placed in the same
folder. Rename it to ‘PEAKS’ or something familiar, and drag it onto the
Desktop, or into the Start menu.

5) To run PEAKS, now we just double click this icon.

Connecting to a PEAKS Online Server

PEAKS Client sends all its intensive computation jobs, like PEAKS auto de novo, and
PEAKS Protein 1D, to a PEAKS Online servert, installed somewhere in the lab or
computing facility. PEAKS Studio can optionally do this too.

In the Search Engines Details tab of the Environment preferences dialogue, change
the “Default PEAKS Invocation” to “PEAKS Online. Then specify the IP address or
URL of the PEAKS Online server, the port number to use, and a username and email
address. Press Ok. The email is used to notify us that a job has been completed, in the
event that we close PEAKS 4.5 before finishing.

It’s important to monitor the task queue when running jobs on the PEAKS Online
server. Hold the mouse over a job that’s in the queue to see it’s status.

= Task Queue
= ChProgram Files\Peaks Stu
Eamp[gljata.pkl

Task 15_WAITIMNG

q| li | | »
Feaks Online : SampleData.pkl
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Registering

PEAKS File Edit Tools Windows | Help | /
- sl ®[@] [0]%]] | usermanuar +
The first time we run _f
PEAKS, we will be told Feptide Data Yisit BSl !
that the product is not Register Peaks {
registered. Press the Ok T %\'
Button and a dialogue will o K
appear. Enter the LS » _..-JI e — 7

registration key that came

with the product — whether it be a key for the full version or time limited trial version.
We must also enter our name, the name of our organization, and the MAC (Media
Access Control) address of the machine we are going to use PEAKS on. If we are
connected to the internet, registration will be completed automatically. If all is well, a
dialogue will show “Registration Successful” and PEAKS will load. If not connected

to the internet, onscreen instructions show how to register offline, manually.

The software uses your computer’s MAC address as a unique identifier for the
computer. As such, if you have more than one MAC address for your computer, you
may experience problems in registering PEAKS. The display will be something like
this:

£ PEAKS Studio 4.0 Registration

Flease input registration information:
Registration Key,  |PE04k3Iak32LD - "your key' |
User Name: [vour Marme |

Qrganization: |The Company |
fachine IF Address: 00-27-3G-FF-FF-17 00-12-3H-0G-BE-99 11-12-GH-G7-BB-20
MNOTE: 2 MAC addresses { First MAC Y { Second MaC & { Third MaC

| Previous || Hext || Register || Cancel

If this occurs, try disabling your wireless network card, restarting windows and plug
into an Ethernet cable only. Then register with PEAKS. If problems still occur, please
contact BSI technical support.

Re-registering PEAKS may be necessary if our license has expired or if we wish to
update the license. We will need to obtain a new registration key from BSI. Once we
have obtained this new key, select “Register PEAKS” from the Help menu. The
“License Upgrade” dialogue box will appear, cautioning us that we are about to update
the license. Press the “Ok” button to continue. Follow the on-screen instructions.
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Microsoft Internet
Explorer, for
example, is an FTP
client. We may use
Internet explorer
and the provided
URL to download a
database.

The next section
provides a
walkthrough of
PEAKS 4.5’s main
functionality using
the SwissProt
database.

Database Configuration

In addition to de novo sequencing of peptides, PEAKS 4.5 also has the ability to search
through a database search to identify proteins. But in order to use this function,
PEAKS must have access to a protein or EST database in FASTA format or an EST
database of DNA sequences. We can point PEAKS to an existing database on our
system, or download one. Additionally, we can associate taxonomy with certain
databases. This is database configuration.

We can use PEAKS without the database search; PEAKS can perform e
novo sequencing,

WARNING: Downloading a database can take a long time (8+ hours), depending
on connection speed. Most only take 20 - 30 minutes.

To configure a database:

¥ PEAKS Studio
1. Load PEAKS 4.5. If we have | file |Edit| view Tools Help
not yet configured a database, |=
the  wizard  will  appear |Er
automatically. Otherwise...

w
(m"]

P SR

Configuration » = pEAKS Properties

2. In the ‘editt menu, select
“Configuration”, then “Import
Database Wizard”

BZ Environment Preferences

5 Import Database Wizard V
T il @ rﬂ““ -
3. The Import Database Wizard

will load and ask us to select a database to download — from the dropdown
list. If we already have a database we wish to use, we can select
“Other database” from the dropdown list and skip to step6. Click
“Next”

4. Having selected a database, the Import Database Wizard will provide us
with some information about that database. If this is, in fact, the database
we wish to use, click the provided link to begin downloading. A dialogue
box will appear with instructions on downloading using file transfer
protocol (FTP). It does not matter where we put the download file, but we
must remember where it is.

14



A note on downloading databases

The links in the Wizard may be outdated because the owners of those
download locations may change their URL periodically. If this is the case,
remove all but the domain name and browse from there.

ftp://ftp.ebi.ac.uk/pub/databases/MassSpecDB/msdb. fasta.z
becomes:

ftp://ftp.ebi.ac.uk/

Best practices: configuring databases for use with X!Tandem

At the time of this writing, X!Tandem had trouble searching through large
databases, and would crash. It is therefore suggested that X!Tandem only be
used with small databases; or if used with a large database, a taxon should be
specified. The NCBI nr and Swiss Prot databases are ideal for this purpose.

Best practices: configuring databases for use with OMSSA

At the time of this writing, we could not use OMSSA with databases that were
not in NCBI format, ot Swiss-Prot format, and have those results available to
inChorus.

Also, a bug in OMSSA prevents us from easily using databases with OMSSA
when they are stored in a folder that contains a space in its path. This creates
problems when PEAKS creates temporary databases on our behalf. To avoid
this, best practices suggest we put all our databases in a folder
“c:\PEAKSdatabases”. The folder “c:\my documents\databases” wouldn’t
work because it contains a space between ‘my’ and ‘documents’. Using spaces
in the database file name causes the same problem. So after we download and
extract our database we should call the database file “ncbinr.fas”, or
“ncbi_nr.fas” rather than “ncbi nr.fas”.

5. 'The database we downloaded may be in a compressed file, perhaps a .zip or a
.gz file. We must find the file and use a decompression utility, such as WinZip,
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The taxonomy
options are only
available if the
NCBI nr or Swiss-
Prot database is
selected and the
Apply button has
been pressed, or
either database
was selected on a
previous screen.

6.

or WinRar to extract its contents. The file inside the compressed file will be a
FASTA format text file (a .fas or a .fasta file).

Import database wizard El

PEAKS Studio can do protein identification with any FASTA format sequence database

Thig wizard will help you download database and configure it.

Ifthe database youwant to download is in the following list, please select it, and click Mext buttan.
Ifvou already have FASTA format database in local harddisk, or the database is notin the list,
please choose "Other databhase" from the list and click Mext button

NGBl nr -|

UniProt (Humman Mouse and Rat)
IPl {Human, Mouse and Rat)

| Previous || Hext || 1 || Cancel |

Return to the Import Database Wizard and click the “Next” button. This
screen will allow us to configure the database. Click on the hyperlink next to
each field for more information.

Import database wizard

Datahase Nickname: |

Path: | | Browse

[C] EST datahase

~Advanced Options - Fasta header format set up

Use buit in database format: |UniProt ¥ || apply |

Rule to parse accessionid string from FASTA title:

[~asm |

Rule to parse description string from FASTA title:

hsrcmy |

URL to get detailed information with accession/id:

|htlp:IIer.ebi.ac.uk.fsrsbin.fcgi—binMgeiz?-e+[UNIF'ROT:' | #Accession/ICq |]
Delimiter: | |
r Taxonomy Options
—_—
i _taxid | | Browse

taxdmp |

| Previous || Next || Finish || Cancel |

e PEAKS will ask us to enter the database nickname. This is a nickname that
we chose to represent the database we are configuring. It doesn’t matter
what name we enter, but we must enter at least one charactet.
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Database header
format is important
for protein ID result
reports. If parsed
correctly, accession
numbers and protein
names will be shown
in full.

The Path textbox shows where the database is located. It will be blank, so
we must tell PEAKS where the database is. Type the location of the file
into the textbox, or we can browse to find the file on our system We must
be sure to select the FASTA database, not the compressed file of the
same name (see step 5).

If we chose one of the public standard databases (in step: 3) its format
style will be displayed in the advanced options box. The selected database
format is shown in the dropdown list. Accession number information and
the way PEAKS parses the database headers — i.e. the parsing rules —are
shown in the textboxes below.

If our database is an EST database containing DNA sequences, check the
‘EST database’ checkbox.

If we chose an “other database” (in step: 3) we must enter parsing
parameters ourselves by typing in the textboxes. Alternatively, if our
database format is the same as one of the public databases, we can choose
to apply that database’s format when PEAKS reads our database. Select
the database that is similar to ours from the dropdown list and press the
apply button to fill the textboxes with the appropriate parsing rules.

The delimiter is the character used to separate multiple headers.

If we are configuring the NCBI nr database or the Swiss-Prot database, we
may choose to point PEAKS 4.5 to the location of the taxonomy files
associated with that database. Under “Taxonomy Options” we must type
the location of the taxonomy files, or click browse to find the file on our
system. If we do not specify these taxonomy files, we will not be able to
limit our database search to a specific taxon. We can use the compressed
(.zip or .gz) files; no decompression is required for the taxon files.

A note on choosing the taxonomy files for NCBI nr

At the time of printing, the gi_taxid file was called: g zaxid_prot.dmp gz
and the taxdmp file was called: zaxdmp.zip. Select these files.

A note on choosing the taxonomy files for Swiss Prot
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At the time of printing, the gi taxid file was called: speclsz.ixt and the
taxdmp file was called: Zaxdmp.35p — the same one as used by NCBI.

7. Press the “Finish” button to complete the database configuration.

We can repeat this process to configure a number of other databases. Once
configured, a database need not be configured again unless we update the database
itself.

Trouble shooting

Some problems with a database may not appear until we run a search.
While PEAKS is quite tolerant of format errors in databases, other
search engines called from the inChorus tool may not be. If there is an
error in the search, it will be reported in a summary screen after the work
has finished. If there is a problem, check the best practices outlined in
this section. If the problem persists, it is possible that the database
download was corrupted; try downloading again. Please contact technical
support for help.

INChorus (Search Engine) Configuration

To configure a search engine for inChorus, select from the main window toolbar, Edit
-> Configuration -> Environment Preferences and go to the Search Engine Details
tab. Once there, you just have to type in the location of your server or search engine.
The only difficult part is knowing where this is. We recommend asking your I'T person,
ot the person who set up the server/software. Note that you usually don't have to
worty about preceding or trailing slashes. You can use your regular user account for
the username and password. It doesn't necessarily have to be an administrator account.
However, some of the built in user acconnts like "daemon’ have some special properties that cause
problems here. Don't use the daenon account, but you can use an account in the daemon group. The
email is not used by PEAKS but can be requested by the Search Engine server.

(For further explanation, refer to Chapter 5, PEAKS Configuration > Search Engine
Details).
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Features Walkthrough

L ets fansitharize onrselves with PELAKS

his section of the manual will walk us through most of the basic functionality
of PEAKS 4.5. After completing this section we will have seen how easy it is
to load and view a data file, perform de novo sequencing, and database search
protein identification.

Begin the walkthrough

Run PEAKS 4.5, then download and configure the SwissProt database. The
procedures for doing so are outlined in the previous section.

The demo sample data should load automatically on startup under the heading

OrbiSample.anz. If it is not loaded, open the data file by clicking the @ icon on the
toolbar in the upper left corner of the PEAKS window, or selecting “Open” from the
“File” menu. Sample data is located in the PEAKS program folder — for example
“C:\Program Files\PEAKS Studio\data\”. Load the file “OrbiSample.anz” by
clicking on it, then clicking “Open.”.

The data file will appear in the left-hand frame. Make sure “OrbiSample.anz” (i.e. the
data file) is selected.

In the “Tools” menu, select “PEAKS Protein ID”. The protein identification options
dialogue will appear.
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Enter the settings
as shown. Settings
can be changed by
clicking on the
drop down list and
selecting one of
the options.

4 PEAKS Studio

File Edit View |Tools| Help

|@|ﬂ||@ [ ¥ Enable Tasks Running @E@ 1
=l Peptide Data | = Work Flow 4
E S leDat
arﬁ 28; }-b Merge Spectra ’
® 5541 B auto De Novo f
® 539
@634 y
®67s. & inChorus protein ID I
® 718 — | N
Database Search Options
Protein ldentification Parameters Saved parameters
|OrbiSampIe |v| 1
Precursor mass search type
Inst nt i FTMS
2 = | Edt | | | vl (® Monoisotopic (' Average
Parent Mass Error Taolerance |1D | |pp|‘r‘| |v| Dt - 5
abase to searc
Fragment Mass Error Tolerance |EI.02 | |da |v| |Swisstt |v|
Enzyme |Semi Trypsin | vl | New database ‘ ‘ Edit database ‘
max missed cleavages Irkonamy seleclion

rMammalia
PTM selected for search

Fixed lodoacetic acid derivative
Var  Oxidation on Methionine

Pasie fasta sequences %

Preprocess this data 'on the fly' (deconvalute, filter noise, centroid)

max variable PTM per peptide | AddRemove PTM |

Advanced Options

o

PEAKS uses a hybrid search technigue that requires some seguence tags to help in the search

) Ihave already run de novo, don't run it again

i) Run dle novo using different parameters than the above | | - |

(®) Run de novo using the same parameters as above(default)

| Save As | ‘ Ok

After entering the settings, as shown, click the “Save As” button to save these
parameters for future use (PEAKS Studio only). When prompted, type OrbiSample
and press enter. Click “OK” to commence analysis. Analysis will be initialized (most of
this time is spent creating a partial database, which only has to be done once) this takes
one or two minutes.

After this, de novo sequencing will commence. For this sample it takes just over a
minute, after which PEAKS database search will proceed. In total, the process takes
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less than a minute for this sample (depending on the system’s processing speed and
memoty). The PEAKS auto de novo algorithm derives sequence candidates for each of
the 14 spectra in our example data file. These sequence candidates are then used for
the database search component of PEAKS 4.5. PEAKS uses a unique sequence tag
plus peptide fragment fingerprinting approach to protein identification.

SVC Viewing Results

e — After the search is finished, the protein
Report identification results will appear on
screen. The ‘Peptide View’ is displayed

w_mk Hlow Report _ by default. Thlz display showsp eZch
Filename: OrbiSample.anz spectrum for which PEAKS found a
PEAKS ProteinID - done matching peptide. The spectra atre
Summary generation: done grouped/sorted by index number.
Since a spectrum may match to more

OK than one peptide, there may be more

than one entry per spectrum. The list is
sort-able; click the heading on each column to experiment with sorting by score, by
mass, etc.

Click the ‘Protein View’ tab. PEAKS 4.5 presents a list of proteins that it believes to be
the best match for the sample. The top section is an index, listing them by accession
number, ranked in descending order from highest score on downward.

ﬂ 05-Jul-07 11:49:50_SwissProt [inChorus protein ID results] : n’ = X
fDeru\ﬂew rPepti(IeView rProtein\ﬂew rSearch parameters rFiIter Pane |
_ Accession | Mass| Display |score..|Covera...| Query m../Mark..| Description Juc sc..
=| PEAKS DB Se:
B2 PD2769IAL 69,2 7T 1 1 (TN} 99 11 7 [ Serum albumin precursor (Allergen Bos d 6) (BSA) .. 99
B Q20443[TR77.7..° 11 [ | 99 7 6 [ Serotransferrin precursor (Transferrin) (Sideraphili... 99
The numbers The correct proteins, Serum Albumin and Serotransferrin, are shown at the top of the
under the “Mass” list and with high score. Since one cannot distinguish between the different forms of
heading represent Albumin, PEAKS 4.5 groups them all together, thus avoiding cluttering the report.
the mass of the Click the plus sign next to the top entry for a listing of other possible Albumin. The
protein displayed. peptides matching these homologues will be the same set or a subset. Collapse this list
The “Coverage” of homologues by clicking the minus sign.
numbers represent
the percentage of The listing, as shown above, is simply an index. We will find this useful, in the future,

the proteins
sequence covered
by the matching
peptides.

when dealing with complex mixtures. Clicking on any protein will display the peptides
matched to that protein in the bottom pane.
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Protein Pane | MSA Pane |
AccessionD Description =
PO2769|ALBU BOVIN  Serum albumin precursor (Allergen Bos d 6) (BSA) - Bos taurus (Bovine)
Peptides List ||
SpecID n/z zPeptide RSD Delta(Mass) Score (%) HitID
2 518.23 ZNE (Carboxymethyl()FLSHE a -0.0037 &8 2
4 537.25 2 SH{CarboxymethylC ) TAEVEE 1} -0.0004 79 4
& 570.7 2 (CarboxymethylC) (CarboxymethylC) TESLVIE ] 0.0087 @98 &
7 825.3 Z FEDLGEEHFE a -0.0083 g9 7
g 700.8 ZHADI {CarboxymethylC)TLEDTEE a -0.0034 gg 8
11 733.2 2T (Carboxymethyl()VADESHAG (CarboxymethylC)EE 1} -0.0043 99 10
13 871.41 Z (0xM)P (CarboxynethylC)TEDYLSLILNE 0.1428% -0.001 g9 12
Matched peptides shown in blug, red for SPIDER H 871.41 2 [Main processing window]

1 MEWVTFISLL LLEFSSAYSRG VFRRDTHESE IA| G ; -

51 FSOYLOQCPF DEHVKLVNEL TEFAKTCUAD ES) I—"—“@' @@lﬂ

101  VASLRETYGD MADCCEKQEF ERVECFLSHE FPeptide Candidates

151  KADEXKFWGK YLYEIARRHP YFPYAPELLyY Anfl = PEAKS Auto De Movo (10.0 0.02 QrbiSample)

201 LLPKIETMEE KVLASSAEQR LECASIQKFG EP (0xMIP (Carboxymethy TCITERYMSLLLNR E0. 8%

B ) o e ’ (0xM )P (Carboxymethy TC)TEP (OxM)IFSLLLNR §.3%

251  FVEVTKLVTD LTEVHKECCH GDLLECADDE AD (0xMIP (Carboxymethy 1CITEPF (OxMISLLLNE 4.3%

301  CCDKPLLEKS HCIAEVEEDA IPENLEELTA DF (OxM)P (Carboxymethy TC)TEPMYSLLLNE 4.3%
(0xMIF (Carboxymethy TCIDDMFLSLLLNE <1%

=-PEAKS DB Search (SwissProt10.0 0.02 CrhiSample)

401  KHLVDEPQNL IKQNCDQFEK LGEYGFONAL IV (OxM) P (Carboxymethy 1C)TEDYLSLILNR 95%

451  RSLGKVGTRC CTKPESERMP CTEDYLELIL R

351 GSFLYETSEE HPEYAVEVLL PLAKEYEATL EE

501 TESLVNERFC F3ALTFDETY VPFKAFDEFLFE TF
551 ALVELLEHFP FATEECLETV MENFVAFVDE CC
601 STOTALA
] I
Color Code: >=75% ==50%

Color Code: =90% 90-20% 20-60% <60%

Above, 7 of the original 14 spectra indicated a peptide sequence matching with Bovine
Serum Albumin. Most peptide matches show a high confidence — strong evidence for
having found the correct protein. We can also see exactly where the peptide fits into
the protein sequence; with the matching sequences highlighted in red at the bottom.

As mentioned above, the peptide sequence results are based on a database search
guided by an initial e 7ovo sequencing analysis. The RSD number listed here measures
how well the de novo sequence agreed with the peptide returned from the database. In
most cases it is zero! so we can have that much more confidence in the answers. The
last peptide didn’t quite agree. Let’s see how where the difference lies. Click on the last
entry (number 13); this will bring up the main processing window for that spectrum
871.41 2. Look in the top left frame to see the de 7or0 and database results.

The RSD measure was proposed by Sergey Pevtsov, Irina Fedulova, Hanrid Mirzaei, Charles Buck, and
Xiang Zhang, . Proteome Res., 5 (11), 3018 -3028, 2006

Color coding shows positional confidence scores. We can see that the PEAKS auto de
novo analysis returned, with >99% confidence, the partial peptide sequence
(OxM)P(CarboxymethylC)TExYXSLILILNR, but was not as sure of the middle
residues. The PEAKS DB Search was able to confirm this result, returning the
peptide: (OxM)P(CarboxymethylC)TEDYLSLILNR. Clicking on either sequence will
highlight supporting ions on the original profile data.
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Selecting another spectrum from the Peptide Data frame (left), e.g. 537.25 2, will allow
us to view the results from that spectrum without having to return to the protein
identification result. Click on the time and date stamp beneath the filename to return to
the report. Now try clicking on the Peptide View tab to see the same data, but simply
listed by peptide.

Manipulating Results

We already know that the sample was a simple digest of Albumin and Serotransferrin;
but let’s pretend we’re only interested in Serotransferrin. Click on the Filter Pane tab.
Here we can add a filter that shows only proteins with mass greater than 70000 or any
other value we choose. Scroll down the Possible Filters list and select the Protein Filter
called Mass Filter. In the [Edit Filter] frame, remember to select "Greater than" and
type 70000, then press the Add Filter button. The filter now appears in the list of
Selected Filters. The filter can be edited while in either listing and can be added multiple times (in
case, you only wanted proteins with a mass greater than 700000 but less than 90000). Hit the
Apply Filters button and let's examine the results. Click the Protein View’ tab.

De Novo View I’ Peptide View I’ Protein View r Search parameters r/ Filter Pane | I

- Accession | IMass | Display |Scnre ICDvera IQuery |Mark I Description |UC sC
=] PEAKS DB Se: |
B Q29443|TF 7753701 [} 93 7 6 [] Serotransferrin precursor (Transferrin) (Sider... 94

Ok, so we removed the other proteins, and we’re left with Serotransferrin and a few
variants (click the + sign to see them).

= B% Q29443[TH 77753711 11 99 7 6 [] Serotransferrin precursor (Transferrin) (Sider... 99
B¢ PO95T1 769687 1 1 99 3 3 [] Seratransferrin (Transferrin) (Siderophilin) (B... 99
B P19134 76670 1 58 1 1 [ Serofransferrin precursar (Transferrin) (Sider... 54
B OTTEN 75991 1 1] 1 1 [] Lactotransferrin precursor (EC 3.4.21-) (Lact.. 59
Bt PO27E7 77050 1 59 1 1 [] Serotransferrin precursor (Transferrin (Sider. .. 59
B P14632 77626 1 59 1 1 [] Lactotransferrin precursor (EC 3.4.21-) (Lact.. 59
BE P2742¢ 78,095 1 59 1 1 [] Serotransferrin precursor (Transferrin) (Sider. .. 59
BE P24627 78056 1 59 1 1 [] Lactotransferrin precursor (EC 3.4.21-) (Lact.. 59
B OTT69E 77730 1 58 1 1 [ Lactotransferrin precursor (EC 3.4.21.5) (Lact... 54
B QOTUM 721 1 1] 1 1 [] Lactotransferrin precursor (EC 3.4.21 -) (Lact 59
B 020477 77358 1 50 1 1 [] Lactotransferrin precursor (EC 3.4.21-) (Lact.. 59
B PO278E 78182 1 59 1 1 [] Lactotransferrin precursor (EC 3.4.21-) (Lact.. 59

Remember, all proteins in this group contain the same set or a subset of the same
peptides. We'll see that there are still some hits down there that aren’t very relevant.
Yes, they contain a good peptide, but only one. Let’s see if we can remove these one
hit wonders. Go back to the Filter Pane tab. The Selected Filters list still shows our
Protein Mass Filter > 70000. Let’s add one to it. Scroll down the list of Possible filters
and select the protein filter called Query filter. In [Edit Filter], select the ‘Greater than’
option and type ‘1’ in the box, then press the Add Filter button.
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Possible Filters: Selected Filters:

D UniguelD filter D De Movo Filters
[ Index fiter | [ Peptide Filters

D FPeptide filter | Remove filter | =3 Protein Filters

D Rank filter D Mass filter: = 70000
D Engine score filter | | D Cluery filter: = 1.0
[ Pratein Filters

D Score filter

D Query filter

D Desc filter

D Mass filter

D Coverage filter
D Acc filter

[y selectad filter =

[ ¥

| Add filter

Apply filters

Options Edit Filter:

) De novoview shows cuery:

peptides that could notbe Filter proteins based on the number
explained by peptides from of peptide matches they contain

the Peptide View | |:|
1=
@ De novoview shows all ]
peptides that are not filtered Options:

Ll Remove de novo peptides {1 Equal to
with no database hits @® Greaterthan

) Lesserthan
{_ Mot equal to

Now both filters appear in the list. Press the Apply Filters button to use them. Going
back to the Protein View tab, and expanding the plus sign reveals that we are only left
with variants of Serotransferrin.

iINChorus Searching

Let’s try another kind of search. This time we’ll use inChorus database searching — this
technology, unique to PEAKS, allows us to launch other search engines that will help
improve the results. The best confirmation of results comes from using two or more
methods to confirm the peptide matches.

Select ‘OrbiSample.anz’ from the Peptide Data frame (left) and choose ‘inChorus
protein 1D’ from the Tools menu. The inChorus Database search dialogue appears:
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InChorus Database Search le Make sure that ccPEAI(S

[SETEUETEE Protein ID”” and “X!Tandem
Choose which search engines to use. You can set specific options for each search engine 5y .
when launching inChorus. Or, if you have old search results, you can usually import them. Search are selected. NOUCC
[v] PEAKS Protein ID [Z¢ Option... | Import... that thCI'C are SiX ‘Opu'ons’
[[] SPIDER 4 option... | Import... : .

\ _ icons on the right. They
[¥] XITandem Option... | Import...
correspond to each search
] omssa (%) option... |  Import... .
[] Mascat 4} option... | Import... englne.
[] sequest S option... |  Import... . .
Click the PEAKS Protein 1D
D Ot . .
- Options button. The options
Define a common database forimporting search results . A .
Database to search  [Swss v [ Wewbamaase ||| pane is similar to the one
Taxonomy selections  |Mammalia we've  seen already. The
settings that we used before
| - should still be there. If not,
Launch inChorus || Cancel | » . o
select  “OrbiSample”  from

the drop down list in the top right corner. Before pressing the “OK” button, we can
make one change. Since we already have de novo sequencing results, we don’t need to do
de novo sequencing again. Click the option ‘I have already run de novo, don’t do it
again’, then press the OK button.

Click the X!Tandem search options button (top). This window allows us to set options
for the X!Tandem search tool. This window is set up to behave almost exactly the
same as the X!Tandem interface, so it may look familiar. In section 2, set the fragment
error to 0.02. In section 3, choose ‘Carboxymethyl (C)” as a complete mod, and
“Oxidation (M) as a potential mod. Under “7. Predefined methods” choose FTICR.
To learn more about X!Tandem settings, double-click any of the question marks. Press
the OK button.

Now that we've set everything up for the inChorus search, press the “Launch
inChorus” button on the bottom of the search dialogue pane. inChorus will call on
each search engine, wait until they are finished, then compile their results together,
ensuring the integrity of the data-results relationship. It will do a final pass through a
common database to reconstruct the protein identities.

Watch the task queue (bottom-left of PEAKS). After everything is finished, new
search results will appear in the Peptide Data frame (left), stamped with the date and
time. The task queue will be empty, and the results will display. There’s also a nice little

report to tell us if there were any errors.
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De Novo View [ Pepfide View | Protein View | Search parameters | Filter Pane |

SpeclD| _miz | z Peptide RSD |Delta(Ma..|Score(...| Accession Mo. | HitlD | Peaks|Peaks Sco..| XTand...[xTandem E-..
0 468.75| 2|GPNHAVVSR 0 | -0.0082] 100|029443[TR...| 0 | [v] 51 [v] 1.7E-07]
1 496.71] 2[TSHMD (Carboxymethy IC)IK 0 | -0.0048] 100029443 |TR...| 1 | [v] as[ |[v] 1.3E-08
B 518.23| 2|NE (Carboxymethy IC)FLSHK 0 | -0.0037 93(P02769 [AL...| 2 | [v] 56| |v] 8.8E-03
3 535.61] 3|DNPQTHYYAVAVVK 0.1425] 0.0088] 100029443 [TR...| 3 v] EElE 1.6E-05
4 537.25| 2|SH(Carboxymethy TC)TAEVEK 0 | -0.0004 99(P02769 [AL...| 4 | [V] 73] v 2. BE-04)
5 549,26) 2|YYGYTGAFR 0.2222] 0.0077| 100|Q29443|TR...| 5 V] 83 |v] 5.6E-02
& 570.74| 2|(Carboxymethy1C) 0 0.0067| 100|PO2765|AL...| 6 | [¥] 98 |v] 1.7E-04
7 625.31] 2|FKDLGEEHFK 0 | -0.0083 100[P02769AL... | 7 | [¥] EEE 4.2E-04
[ 700.82| 2|HADI (Carboxymethy]C)TLPDTEK | O | -0.0034|  100|PO2765|AL...| B | [¥] Bz 1.5E-05
10 724.82| 2|GTGKE (Carboxymethy1C) 0 | -0.0107| 100|Q29443|[TR...| 9 | [v] EEE= 1.6E-08
11 733.28] 2[T(Carboxymethy 1C)VADESHAG 0 | -0.0043 100[P02765[AL. .. | 10 | [v] EEE 3.3E-05
12 802.91] 2|DNPOTHYYAVAVVK 0 0.0061]  100[029443|TR...| 11 | [v] as[ |[v] 1.8E-11]
13 871.41] 2| (OxM)F (Carboxymethy1C) 0.1423] -0.001] 100|PO2783[AL...| 12 | |v] EEE= 1.2E-08

PEAKS displays the same ‘Peptide View’ as before. Now, X!Tandem search results are
considered as well. Where X!Tandem agrees with a PEAKS assignment, there’s a
checkmark in the PEAKS column and a checkmark in the X!Tandem column. The
search engine’s individual score is presented, and a meta-score is calculated by
examining the two — in this way we increase confidence in the assighment. Since the
two tools take different approaches, we may discover that PEAKS finds some peptides
that X!Tandem misses, and vice-versa. Where this is the case, only one checkmark will
be displayed and the score is penalized slightly in some cases. Sometimes we can find a
good hit that the other search engine would have missed. In this way we increase
coverage. On this remarkably clean data, it’s not surprising that both search engines

found everything,

SPIDER searching for homologues

But wait! We missed a peptide — spectrum number 8. In a larger sample, this would be
hard to spot, but fortunately we can filter for it. Go to the Filter Pane Tab, and remove
all the filters we had selected. Then choose the option  gpions

shown on the right. Basically, this makes the De Novo @& 1. ovoview shows

View tab show spectra that could not be explained. peptides that could not be
explained by peptides from

Click the Apply Filters Button, then hop over to the De ihe Peplide View

Novo tab. There’s our peptide! The de novo sequence
seems to be a good one, and matches the spectrum QU [ 2omove de nove peptides
well, but we couldn’t match it to the database because it is with no database hits

a mutated peptide from Serotransferrin.

) De novo view shows all
peptides that are not filtered

To identify it, we’ll use SPIDER. But first we have to

create a little database for SPIDER to search through. Go

back to the Protein View tab for a second. Mark all the proteins, and right click on
either of them. In the popup window that appears, choose Export DB.

f De Novo View r Peptide View r Protein \View r Search parameters r Filter Pane |

| Accession |Mass| Display |Score ..]Covera...|@uery m...|Mark...| Description
=] PEAKS DB 5e:
B PO2769IAL 69,2 T 0 1 ] 11 ] a9 11 7 g ExportReport oo (ajicrgen Bos d 6) (B5A) -
B Q29443TF77.7..7 11 [ I} e[| 7 6 3 Export DB sor (Transferrin) (Siderophilin...
Export PepXML
Toggle Column »
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& Protein DB Export Save this new database as temp.fasta and press the
File Options Ok button. It is a miniature database containing only
Export selected proteins to a the protein sequences we’ve marked — only Albumin
new database d S tr f . N SPIDER ¢
Fiename: [Cemplfast o | and Serotransterrin. Now we can use )
help consolidate the mutant with the known
sequence of the protein we’ve already identified.

Select the spectrum of interest, 680.3 2, by clicking in the Peptide Data Tree (left), or

by selecting it’s entry on the De Novo View tab. Now we’ll run SPIDER; click the
icon on the toolbar, or choose Tools -> SPIDER Search. The SPIDER Parameters

window will appear:

Spider Parameter

Query Types:

Mass Tolerance:
Leucine eguals Isoleucing:
Lysing eguals Glutamine:

Repart top:

) Segment Match

(O] Gapped Homology Match

TR
|

matches { Max. 200)

] Mon-gapped Homology Match

]

PTMs selected for search:

Fixed lodoacetic acid derivative

Add/Remove PTMs

Database to search Taxonomy selection

|Temp |v all species

|| Edtdatabase |

| Mew Database

‘ Ok H Cancel ‘

Enter the settings as shown. For the “Database to search:” we’ll have to add our
database by clicking the New Database Button.

Press the Ok button. After a few seconds, SPIDER retutns a match, to Serotransferrin.
Click the Peptide View Tab to see how the mutated peptide aligns with the known
peptide in the database.

Merging reports

Adding this SPIDER hit back together with our PEAKS Protein ID and X!Tandem
search results will give us a complete picture of the protein. To do so, we just run the
inChorus feature again. The difference is that now, we’ll be using existing results. Select

the filename again (OrbiSample.anz), and click the inChorus icon on the toolbar &,
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Check PEAKS and SPIDER. For PEAKS, press the Import... Button, and choose
the existing PEAKS result that contains PEAKS and X!Tandem. For SPIDER choose
the SPIDER results we just finished.

Bl

-Search Engines

Choose which search engines 1o use. You can set specific options far each search engine
when launching inChorus. Or, ifyou have old search results, you can usually impaort them.

PEAKE Protein ID 05-Jul-07_12-42-20-_SwissProt_reportxml =# Option... | Import...
[v] SPIDER 05-Jul-07_13-21-02-_Temp_reportxml S option... | Import...
[[] ¥Tandem - =
PEAKS Import
[ oMssA
Select existing database result...
[] mascot _
05-Jul-07_12-42-23-_SwissProt_reportxml |V‘
[] sequest
Select engine result
D Opti [¥] PEAKS Protein ID

Define a common database for importing search| | 2] XITandem

Database to ssarch  |Temp

Taxonomy selections |l species

Launchi
OK Cancel

Press Launch inChorus on the inChorus window. PEAKS will display the results in a
few seconds. Now, importantly, the new SPIDER peptide is shown in red on the
Serotransferrin sequence:

Peptides List
SpecID HitID Peptide Peaks Spider  XTandem
0 0  GFNHAVVSE |
1 TSHMD (CarboxymethylC) IK |
3 3 DNPQTHYYAVAVVE |
5 5  YYGYTGAFR |
3 8  W{CarboxymethylC)TISTHEANE | |
10 10 GTGEE (CarboxymethylC)VPNSNER ||
12 12 DNPQTHYYAVAVVE l
Matched peptides shown in blue, red for SPIDER:
1 MEPAVEALLA CAVLGLCLAD PERTVEWCTI STHEANKCAS FREENVLEILE
51 SGPFVSCVEK TSHMDCIFAI SNNEADAVTL DGGLVYEAGL KPNNLKPVVA
101 EFHGTEDNED THYTAVAVVE EDTDFELNEL RGEKSCHTGL GRSAGWNIEM
151 A¥LYFKELEDE QOESIQRAAAN FFSASCVECA DOSSFPELCO LCAGKEGTDED
a0 ACSNHEPYFG YSGAFKCLME GAGDVAFVEH STVFDNLENEP EDEENYELLC

Thus concludes our walkthrough of PEAKS 4.5’ basic features.
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Graphical User Interface
A reference section to belp s find our way aromnd.

his chapter deals with interface elements. It isn’t meant to be read from start

to finish; it is to be used as a reference so we can look up certain interface

elements when we get stuck. For instructions on how to use PEAKS to

perform certain tasks, the Chapter entitled “Analyzing data with PEAKS 4.5”
will be more instructive.

The first part of this chapter describes windows, dialogues, frames and reports. This
tells us what certain dialogue boxes, windows and frames do and how to read them.

The second part of this chapter deals with toolbars. Toolbars are a very useful way to
quickly get at the functions we use most.
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Windows, Dialogues, Frames and Reports
PEAKS 4.5 main window

¥4 PEAKS Studio
File Edit Yiew Tools Help

Nelv#E s B8 a

=l Peptide Data | =
= *OrhiCrhi pkl
21-Mov-06 11:22:04_NR | _
G *452.28407 2
4 *458.73856 2
OB *4B7.2729 2
OB *533.2925 2
4B *545.02804 3
4 *561.7268 2
0B *597 3386 2
0 23,2947 2 —

4| | | [ ]

Task Queue

Comprises:

* Peptide data frame (left): This displays a listing of parent ions by
m/z and charge. Clicking on one will bring up its MS/MS spectrum.
The colored dot by each spectrum appears dark green for
unprocessed, or light green for sequenced (or partially sequenced). An
asterisk (*) next to a spectrum shows that it contains unsaved
information.

Spectra are grouped by data files, or by nodes (which act like data
files). Select a data file or node by clicking on its name (i.e. click on
CytC-ESlLanz in the above example), or a spectrum within a data file
by clicking on it. Use the ‘ + ” and ‘ —’ boxes to expand and collapse
the view.

* Task Queue frame (bottom left): Shows running tasks, sorted by
priority.

S marks a section applicable to PEAKS Studio, C for PEAKS client and V for PEAKS
Viewer



Working area (right): This is where the Protein Identification Result
Window and the Main Processing windows appeat.

Menu bar: access file, edit, view, tools, windows, and help commands.

Main window toolbar: quick access to many commands. See
“Toolbars” section below

SC Auto de Novo Parameters Dialogue
De Movo Sequencing Parameters Saved parameters
|Orbi Sample | - |
nstrument | Eat | |FTMS [~]
Parert Mass Error Tolerance |5 | [ppm [+ ]
Fragment Mass Error Tolerance [0.01 |[ta [~]
Enzyme [semi Trypsin [~

Report up to (# peptides) Edit Enzymes

PTM selected for search

ar  Acetylation

“War  Ouxication

max variable PTM per peptide AddRemove PTM

Preprocess this data 'onthe fly' (deconvalute, fiter noise, centraid)

(o [ ]

Instrument: choose the type of spectrometer that produced our data.
Choose from a dropdown list. To edit or add a new instrument to the
list, press the Edit Button adjacent to the dropdown list.

Parent mass error tolerance: determines how much random and
systematic expetimental error on the parent/precursor ion PEAKS
will account for in its analysis. Type a number in the textbox. Select
the units (PPM or Daltons) from the dropdown list.

Fragment mass error tolerance: determines how much random and
systematic expetimental etror on the fragment/daughter ion PEAKS
will account for in its analysis. Type a number in the textbox. Daltons
are the units here.
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Enzyme: choose from a dropdown list of enzymes that we used to
digest our protein sample. Click the “Edit Enzymes” button to edit the
enzymes defined in this list, or to add to it.

Report up to: set how many de novo sequence candidates PEAKS
will report. Choose from a dropdown list.

PTM selected for search: this box displays the modifications
currently selected for analysis, these will be considered during auto de
novo sequencing. To change this, click the Add/Remove PTM
button.

Max variable PTM per peptide: this allows us to restrict the number
of variable PTM that will appear on any given peptide.

Protein Identification Parameters Dialogue

PTM selected for search

Protein Identification Parameters Saved parameters
Samplet :
Precursor mass search type
Instrument ‘ Edit ‘ |Quad linear-trap |V‘ & o g
Monaisotopi
Parent Mass Error Tolerance  [200 | [pom [+] — .
abase to searc]
Fragment Mass Error Tolerance |D.S | |da |v‘ ‘NFI |v|
Enzyme |Sam| Trypsin |v‘ ‘ Mew database ‘ ‘ Edit database |
max missed cleavages Eciit Enzymes P e
Mammalia

‘ar  Deamidation
\ar  Methylation

Fixed lodoacetic acid derivative

Paste fasta sequences ¥
max variable PTM per peptice AddiRemove PTM
|:| Preprocess this data 'on the fly' (deconvolute, fiter noise, centroid)
Advanced Options 2

PEAKS uses & hybrid search techniqus that requires some sequance tags to help in the search

) I have already run de novo, don't run it again
) Run de novo using different parameters than the above

® Run de novo using the same parameters as above(default)

|0m| Sample

Instrument: choose the type of spectrometer that produced our data.
Choose from a dropdown list. To edit or add a new instrument to the
list, press the Edit Button adjacent to the dropdown list.

Parent mass error tolerance: determines how much random and
systematic expetimental etror on the parent/precursor ion PEAKS
will account for in its analysis. Type a number in the textbox. Select
the units (PPM or Daltons) from the dropdown list.
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Fragment mass error tolerance: determines how much random and
systematic experimental error on the fragment/daughter ion PEAKS
will account for in its analysis. Type a number in the textbox. Daltons
are the units here.

Enzyme: choose from a dropdown list of enzymes that we used to
digest our protein sample. Click the “Edit Enzymes” button to edit the
enzymes defined in this list, or to add to it.

PTM selected for search: this box displays the modifications

currently selected for analysis, these will be considered during database
searching. To change this, click the Add/Remove PTM button.

Database to search: This dropdown allows us to choose which
FASTA format database to search

Taxonomy selection: if the ‘Database to search’ has been configured
for taxon based searching, this list will allow us to select limit which
taxa are searched.

Paste fasta sequences: Paste a few sequences in this box and
PEAKS 4.5 will search through those sequences as opposed to the
database selected.

Preprocess this data ‘on the fly’ PEAKS has its own built-in
preprocessor for removing noise, centroiding, and peak charge
recognition from MS/MS data. Check this box to turn preprocessing

on.

Advanced options (de novo sequencing): The PEAKS approach
to protein identification uses de novo sequences to help out in the
search. This section allows you to decide how to obtain the de novo
sequences required for the search.

PEAKS Properties Dialogue

| & PEAKS Properties

[(Enzymelist | PTMLibrary | Database | Instrumentlist |

List of Enzymes

<Built-In> Nane

=Built-In= Pepsin (pH 1.3)

=Built-In> Pepsin (pH = 2]

<Built-In= Proteinase K

=Built-In> Semi Arg C

=Built-In= Semi Asp N

<Built-In= Semi Asp N + M-terminal Glu
<Built-In= Semi Chymatrypsin

1 | 3

New

Remove

Edit

Import _‘ Export |

| Cancel |
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* Enzyme list tab: Displays a list of built-in and user-defined enzymes.
We may edit and create enzymes from here.

* PTM library tab: Displays a list of built-in and user-defined PTMs.
We may edit and create PTM from here.

= Database tab: Displays a list of databases available to PEAKS. We
may make new databases available to PEAKS from here.

* Instrument list tab: Displays a list of instrument types and
acquisition modes available to PEAKS. New instruments/modes can

be defined from here.

Enzyme Editor Dialogue

Enzyme

Enzyme Definition

Digestion Rules:

..residues at the end of a peptide | FLAMWY
AndiDr | residues at the end of a peptide
Ay residues at the end of a peptide

AndiOr L regidues st the end of a peptide

cleavage
site

Py

start of & new peptide. .
start of a new peptide.
start of a heww peptide.

start of a hew peptide...

3

Saved enzymes

|Chym0'tr\,fpsin | v |

Hse set brackets [} arouna
2 residye to denote “any
amino acld except the
ones enciosed in these
bracket” Use Xio
denote’any residue”.

Specificity Parameters:

Find peptides that satizfy the above at hoth ends

Find peptides that satizfy the ahove only at C-terminus

Shaorthand notation for the above
-digest"([F LMW ]{P R -semi 0

Eﬁ Save Enzyme
S

example of what peptides can be returned

andfor peptides that satisty the above only at M-terminus

‘ Ok

‘ ‘ Cancel ‘

Digestion Rules: This is how we specify where our enzyme will cleave the

protein between two amino acids to create peptides. Use set brackets {}
around a residue to denote “any amino acid except the ones enclosed in these
brackets”. Use X to denote “any residue”. Listing several amino acids in one
box means “any one of these residues”.

Specificity Parameters: Peptides can break down such that only one end is a

cleavage site. Check the boxes to tell PEAKS to search for only for peptides
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that have proper cleavage sites on both ends, or to require that only one end
be a proper cleavage site.

® Shorthand notation: Advanced users may specify their enzyme cleavage in
shorthand notation, but it is not required.

* Saving/Loading Enzymes: After setting up an enzyme, we can save it for
future use. Click the "Save Parameters" button, and choose a name for future
reference if prompted. Don't worty, we can't accidently overwrite the defaults.
Any enzyme we save will be available in the drop-down list at the top of the
window. To see what's inside, just select one, and the enzymes digest rules
boxes will be populated.

SC PTM Selector Dialogue

This dialogue i
FThis that can be selected Selected Fixed PThs
allows us to create -BuilkIn> 4-hydroynonenal (HNE) Carbamidomethylation
H =Built-In= Acrylarmide adduct
or edlt a PTM =Built-In= Applied Biosystems cleavable ICATTM
=Built-In= Applied Biosystems cleavatble ICAT{TH
=Built-In= Applied Biosysterms ITRAG(TM) multipl
=Built-In= Applied Biosystermns original ICATTM)
=Builk-In= Applied Biosystems ariginal ICAT{TM)
=Built-In= Eeta-methylthiolation
=Built-In= Biotinyl-iodoacetamidyl-3 B-dioxaoctan
=Built-In= Biotinylation Select As Variable=>
=Builk-In= C-Mannosylation =
=Built-In= Carbamidomethylation
=Built-In= Carbarmylation Edit PTH Selected Variable PThs
=Built-In= Citrullination idati
=Built-In= Deamidation - New PTM
=Built-In= Dimethylation
=Built-In= Farnesylation
=Built-In= Flavin adenine dinucleatide
=Built-In= Formylation
=Builk-In= Gamma-carboxyglutamic acid
=Built-In= Geranyl-geranyl
=Built-In= Glucosylation Glycation
=Built-In= Guanidination
=Built-In= Hormogerine
[l I

5

| »

Select As Fixed=>

<=Unselect

Remove PTM

[

| Ok || Cancel |

Here we can form a list of available post-translational modifications. We can choose
any PTM as Fixed PTM or Varied PTM (to tell PEAKS that it may or may not occur).
To make this selection, click on a PTM in the list at left, and then click the “Select As
Fixed=>"" or the “Select As Varied=>" Button. If a PTM is already selected as a fixed
PTM, it cannot be selected as varied PTM, and vise versa.

If we change our mind about a PTM after having selected it, it is still possible to
unselect it. Click the erroneous PTM from the list of ‘Selected Fixed PTM’ or ‘Selected
Varied PTM’, and then click the “<=Unselect” Button to remove it from either list of
Selected PTM.
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This dialogue
allows us to create
or edita PTM

PEAKS software ships with some pre-defined PTMs. These are listed as
<Built-In>. If we want to create a new PTM, we can click New PTM’ to
create a2 new one. The Editing a PTM and Creating a New PTM sections
below describes how this is done.

PTM Editing Dialogue

@ PTM Editing
MName |Acetylati-)n| | Abbreviation |A|:etyl |
Mass (Monoisotopic) |52 010567 | Neutral Loss Mass (Manoisatopic): 0.0
Formula; |
Residues that can be modified: o o
Mon-location specific K | M-terminus|ADCEQGILMPSTV | C-terminus| | Middle only |
Rule: Iall kingdom |

0K Cancel

* Name: This will appear in the PTM list
= Abbreviation: This will appear in the auto de novo results, if it is found.

* Mass (monoisotopic): The mass that the residue gains or loses as a
result of the PTM. Enter this numerically here, or enter the chemical
formula below.

= Neutral Loss Mass: The mass that the modified residue loses as a
result of fragmentation. E.g. 28 would signify a loss of 28 Daltons.

®*  Formula: The chemical formula of the PTM. This will automatically
enter the mass.

= Residues that can be modified: Enter residues that can be modified
anywhere, residues that can only be modified if they are at the N-
terminus and residues that can only be modified at the C-terminus,
and residues that can only be modified if they are not on either
terminus.

= Rule: user entered, a comment for our reference.

Instrument Definition Window

This window allows us to define new instrument configurations for use by PEAKS
algorithms. Users are free to set any ionization mode, fragmentation method and mass
analyzer. Also, we can set suggested default error tolerances, and make notes for all our
instruments.
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Dropdown-List of Saved Instruments: Select from this list of built
in and user defined instruments to display it’s properties.

Ion Source: define an instrument with a MALDI/SELDI source to
tell PEAKS Data Refine tools that this data will always have parent
charge of +1.

MS - Precursor Scan: This selection will tell PEAKS Data Refine
tools if the survey scan is of sufficient resolution to determine charge
and monoisotopic peak from examination of the survey scan.

Fragmentation Type:. This selection will tell PEAKS what type of
ion-series to expect for PEAKS auto de novo sequencing and PEAKS
protein ID  database search. Select CID/ECD if alternating
fragmentation is wused, allowing the algorithm to determine
fragmentation from each scan header.

MS" or MS/MS - Fragment Scan:. This selection will help PEAKS
decide which internal parameters (for weighting fragments and
amount of noise) to use duting PEAKS auto de novo sequencing and
PEAKS protein ID database seatch. Select LIT/FT if alternating hi-
tes/low-res mode is used, allowing the algorithm to determine mass
analyzer from the scan header.

| Imxmmom %]

Cuad-TOF -

Nickname: A name, for our reference only. We'll select the
instrument, using this nickname, for the various PEAKS tools.

Precursor Mass Search Type: For ion-trap instruments, it is
sometimes beneficial to allow the PEAKS Profern ID database search

to use an average mass.
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The ‘Basic’ and
‘Advanced’ lon
tables differ only in
the number of ions
they can display.
The ‘Basic’ table
displays up to six
ions.

SCvV

* Default Error Tolerances: The values set here will be suggested on
the PEAKS Protein ID and PEAKS auto de novo options screens when
the instrument is selected.

* Notes: For our reference only.

Environment Preferences Window

This window controls the basic, user configurable environment. Colours, displays, file
handling and default settings can all be changed from here. The window contains 8
tabs:

P

Environment Preferences @

| Parameters i'Basic lon Table Editor | Advanced lon Table Editor
[r Environment I' Colour [ Display |’ Manual De Novo [ Search Engines Details |

Parameters tab: Our saved parameters for de novo sequencing and protein ID are
shown and can be deleted from here.

Basic Ion Table Editor tab: allows configuration of the basic ion table
Advanced Ion Table Editor tab: allows configuration of the advanced ion table

Environment tab: Allows us to set default file locations, default file handling
functions, and miscellaneous behaviour defaults.

Colour tab: from here we can set the colours to use for vatious spectrum annotations.

Display tab: from here we can set the type-face to use across the PEAKS 4.5 user
interface. The width of spectrum PEAKS can also be set from here.

Manual De Novo tab: default options for manual de novo sequencing can be set
from here.

Search engines details: allows us to define where the search engines are located on
our system, and/or whete the servers are located.

Protein Identification Result Window

The protein identification result window contains the results from one protein
identification run on one data set. It is organized into three tabs: peptide view, protein
view and search parameters.
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Peptide View
showing peptides
grouped by
spectrum

De Novo View

The De Novo View summarizes the de novo sequencing results for each spectrum in the
data file. The exact contents of the list are determined by filters set on the Filter Pane.
By default the peptides are grouped by spectrum, but the list is sort-able by any of the
columns in the table. Highlighting one or more (click and drag, or use shift+click)
items in this list selects those spectra in the peptide data tree (found on the left hand
side).

Peptide View

The Peptide View summatizes the results for each MS/MS spectrum. All peptides that
match to each spectrum are displayed. The exact contents of the list are determined by
filters set on the Filter Pane. By default the peptides are grouped by spectrum, but the
list is sort-able by any of the columns in the table. Highlighting one or more (click and
drag, or use shift+click) items in this list selects those spectra in the peptide data tree
(found on the left hand side). The bottom panel of this view shows more details about
the peptide identification that is highlighted in the top section. In this view, we can see
the protein that the peptide came from, and a simple alighment between the original de
novo sequence for this spectrum (if available) and the peptide found in the database.

I ﬂ 29-Jun-07 09:44:53_Swiss [inChorus protein ID results] - : o @ [
Peptide View |/ Protein View r Search parameters r Filter Pane |

SpeciD miz z Feptide RSD [Defta(Ma... |Accession .. HitlD | Peaks |Score(%)

De Novo View

0 452.284..|  2|TKIPAVFK 0.375 -0.0035/LACB_BQ..| O v g1~
1 458.738.. 2|IDALMNENK 0 -0.0035/LACB_BO...[ 1 ] 58
2 467.2729)  2|LLLLANNY 0.75 -0.0018 T251_8T...| 2 [v] 2
3 533.2925) 2(VLVLDTDYK 0 -0.0048|LACE_BO...| 3 v 96
4 545.928.| 3|TPEVDDEALEKFDK O -0.005|LACB_BO...| 4 ] 89
] 597.3386) 2[VIINCFKGATHK 0.8182 -0.0011|TP38_DR...| & v 10

g8 673.385.. 1|LGDIQK 0 -0.0028|HIS4_PSE...| 7 ] 36—
g8 673.385.. [ 1|IGDIQK 0 -0.0028|CHLI_CYA...| 8 ]
2 673.385.| 1|LGDLQK 0 -0.0028/TOP1_AE..| 9 [v]
a8 673.385.. 1|IGDLQK 0 -0.0028|YBT1_YEA...[ 10 ]
g 674.4233]  1[IPAVFK 0 -0.0002(LACB_BQ..| 11 ]
g 674.4233] 1|LPAVFK 0 -0.0002|RL4_DRO..[ 12 ]
A4 RAT T1ART AOAL MEREW W OTOY R nA 0002?21 AcR RO 13 (]

Peptide Details

Links to retrieve spectrum information:
623.2947 2

TPEVDDEALEE
INNNNNNNNEN
Database: TPEVDDEALEE
RSD (h=0,1,2,3):
ooo0oao

De HNowvo:

= ACBE_BOVIN (P02754) Beta-lactoglobulin precursor (Beta-LG) (Allergen B;

Protein View

The protein view is most useful as a summary of what proteins were present in a
sample, and the peptides matched to them. It has two sections:
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Protein View
showing two
proteins in the
index, and
beginning the full
report

* Index (top section): PEAKS presents a list of proteins that it
believes to be the best match for the sample. This index lists them
by accession number, ranked in descending order by score. [ery
Sipilar proteins (i.e. ones that contain most of or all of the sequences identified
by PEAKS) are grouped together — only the first entry in this group is shown
here. Show the whole group by clicking the + sign. In the example below,
lactoglobulin beta is the top ranked protein candidate.

* Peptide Match Reports (bottom section): PEAKS presents
each protein candidate with a peptide match list beneath it. Each
peptide that matched the protein sequence is shown, in order, by
spectrum. The confidence that the correct peptide sequence was
found is displayed next to each peptide sequence. At the bottom
of this list, the complete protein sequence is shown with matching
peptides highlighted in red.

= MSA Pane (bottom section): This panel displays a multiple
sequence alignment between any protein that is ‘marked’ in the
Index (top section). The MSA is only displayed when the button is
pressed.

21-Hov-06 11:22:04_HR [inChorus protein ID results]

r De Novo Yiew r Peptide View r Protein Yiew r Search parameters r Filter Pane |

Accession |Mass| Display |Score ...|Coverag..] Gyerny m...|ru1ark...| Descriptian |
= PEAKS DB £ [l =
B % gil22946 18,3 0 DI . | 99 a7 41% 18 [] lactoglobulin beta =

B4 ogil43 18,2, T - [ ] 099 57.41% 18 [ Chain , Bovine Beta-Lactoglobulin Corn. [ |
B ogil72 18,2, 0 - [ ] 99 A7.41% 18 [] heta-lactoglobulin - water buffalo
B4 gil21 18,3 T - [ ] 93 57.41% 18 [] ChainA, Bovine Eeta-Lactoglobulin, Latt...
B%gil43 18,3, - [ ] 99 A7.41% 18 [] Chain , Structural Basis Of The Tanford ...
B gil4m 18,2 W —— [ ] 09 A7.41% 18 [ Chain, The Cys121ser Mutant Of Beta- .
B ooil1E 17,1, (] 95 A364% 156 [] heta-lactoglobulin
# g7z 18,3, e . . 09 A3.09% 16 [] Chain A, Structural Changes Accompan... (]
Protein Pane rMSA Pane

7 497 3386 2VLVLDTODY R 1,192.6702 ee] 92 101 - |
g B23.2947 2 TPEVDDEALEK 1,244.5771 49 125 135
9 673.38513 1 GLDIGK 6723807 19 9 14
10 6744233 1 IPAVFI B73.4163 a5 78 a3
12 6977167 3 LDAINEMNENMLYLDTDY KK 2,080.1260 99 g4 101
13 T71.75635 IWVYWEELKPTPEGDLEILLGK, 23122517 49 41 60
14 818.3876 2 TPEVDDEALEKFDK 1,634 7673 99 125 138
16 9031304 IVAGTAWYSLAMAASDISLLDAQSAPLR 2, 7063687 62 18 40 Ll
17 903.5675 1 THIPAYFE 9024589 3 76 a3
18 9335426 1 LIWVTQTMIE 932.5366 41 1 g
20 1065.586 1 VLYLDTDY K 1,064.487452 a 92 100
21 114871289 2VYWEELKPTPEGDLEILLGK 2,312.2517 ee] 41 [<1n]
22 1354.1898 2VAGTWY SLAMAASDISLLDAQSAPLR 2,T0B.3687 91 15 40

Matched peptides shown in Red T
1 LIVTQTME VAGTWY SLAMAASDIS LLDAQSAPLE VIVEELKPTE
a1 EGDLEILLOK WENDECAQKE IIAEKTKIFA VFFLDAINEN KVLVLDTDYE

101 EYLLFCMENS AEPEQSLVCQ CLVRTPEVDD EALEKFDEAL KALPMHIRLS
181 FNPTLQEEQC HI

4]

Color Code: =»=80% ==60% ==40%
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Search parameters

This tab displays the protein identification parameters that were used to guide the
search that generated these results. For inChorus searching, all parameters used for
each search engine are exposed here.

Filter Pane

The Filter Pane allows us to control what to display on the other tabs of the multi-part
protein ID report by setting up customizable filters. The various parts of this screen are
described as follows:

= Possible Filters list: a list of the filters, currently available, that can be used to
build a particular filter set.

= Active Filters list: a list of the filters, currently selected, that will be used to
filter your results.

* Add Filter Button: clone the currently selected filter in the Possible Filters
listing to the Active Filters.

= Apply Filter Button: Apply your filters; any/all selected filters will not be
used until this button is actually pressed.

= Edit Filter Frame: Edit the settings for the currently selected filter. Filters in
the Possible Filters list and the Active Filters list can be edited.

“ De Novo View rPepIiile View r Protein View r Search parameters rFiNer Pane ‘

Default Parameters Saved Paramatars 1
Filter Parameters
Possible Filters: Selected Filters:
[ UniquelD filter - [ D Mawo Fitters
D Index fitter =] Peptide Filtars
[ Peptide filter D Length filter: = 4
D Rank filter [ Protein Filters
[ Engine score filter Apphfitecs [} Mass fiiter- = 10000
[=7 Protein Filters D Queryfiter: = 1.0
[ score fiter
[ query fiter L
D Desc filter
D Mass filter
D Coverage filter r
D Acc filter
[ selected filter =
Options Edit Filter:
) De novo view shows Mass:

peptides that could not be
explained by peptides from
the Peptide View

Filter proteins based on their
mass

® De novo view shows all T
peptides that are not filterad Options:
[ Remove de novo peptidas (2 Equalto
with no database hits ® Greater than
(2 Lesserthan
O Mot equal to

Set saved as default
Clear default

4]




See the section
“Post analysis of
results - preparing
for publication” for
help on using
filters

Options frame: The options listed here fundamentally change what is listed in
the De Novo View, regardless of the specific filters selected.

= Option 1: De Novo View shows peptides that could not be exiplained by peptides from
the Peptide 1'iew — In this mode, the De Novo View only shows peptides
for spectra that could not be satisfactorally explained by searching the
database. As such, removing a peptide/specttum from the database search
results — the Peptide View list — will cause the de novo sequence for that
spectrum to appear on the De Novo View. The de novo peptides still
have to pass the filters defined for the De Novo View.

»  Option 2: De Novo View shows all peptides that are not filtered — In this mode,
the De Novo View shows de novo sequences for all spectra that have not
been removed by filtering out database peptides or proteins. As such,
removing a peptide/specttum from the database search results — the
Peptide View list — will cause the de novo sequence for that spectrum to
be removed from the De Novo View. The de novo peptides still have to
pass the filters defined for the De Novo View.

»  Checkbox: remove de novo peptides with no database hits — This option
removes all peptides that have no corresponding database peptide hits.
Selecting Option 2 (above) and this checkbox shows essentially the
"reverse" of Option 1.

Save As Button— Save and re-use your filters between different sessions of
PEAKS. All active filters and selections from the Options Frame are saved.

Delete Set Button — Remove the selected filter from the list of saved
parameters.

Set Saved as Default Button— Select a saved filter to be automatically applied
to every report we load.
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SCV Main Processing Window

P 589.3 1
processing Feptide Candidates # | b | a limm.] seqlpHzofennz v | 2
: : E-PEAKS Auto De Movo (0.1 Trypsinwithe] 1 100, |72.08 b 5
window is used to VDVEE 29% 2 218, 187...|88.04| D (472473490 4
perform manuf';\l de DVVEE <l% 3 (314,286, Yoo |38F. 358375 | 3
novo sequencing, VLTER <15% 4 4430415102 E |258..258..[276.. 2
and to examine VDPME <1% g Mo120..130..147...| 1
the results of auto LTVEE «<1% e 010
de novo = PEAKS DB Search (sprot 0.1 Trypsin
sequencing VDVEE 23%
i I U S-S R .
oA oo S -0.40
color Code: =60% BO-50% <B0% DOD 0000 20000 30000 40000 500.00
| | ¥
2?313 31413
7208 10002 14?11 25814 b 3?522 44315 400,25 503.28
o al | b1 ﬂ ﬂ b4y L.—Jsguzg
ok . - - I._ - I._J._l. ._._._. e e T R h
Y
a 100 200 200 400 00 50327
| o | o | o | | . |
N ] L L o Lo
I e A A
-1 1 1 1 1 ] 1 1 ] ]
Y T T T e 1 O O T I e

100 200 200 400 00 503227

®* Main Processing Window Toolbar: quick access to many
processing functions. See “Toolbars” in the next section.

* Peptide Candidates Frame (top left): PEAKS shows peptide
sequence candidates, ranked by score for the selected spectrum.
Peptide sequences are grouped by the headings: “Auto de novo”,
“Manual de novo”, “user defined result type” and “database search
results” depending on how they were derived. For de novo results,
positional confidence is color coded on each residue. More specific
positional confidence appears when the mouse is held over a sequence
— this shows the confidence in each of its parts.

*  Under the “Manual de 7ovs” heading, the masses of the residues are
displayed. That is to say, the mass of the whole peptide minus
water.
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The ions displayed
in both modes can
be edited. See the
section in Chapter
5

To switch views,
choose ‘Alignment
by’ from the ‘View
menu’

Ion Table Frame (top right): The Ion Table shows the proposed
ions with their corresponding masses -- i.e. the mass of the bl ion is
shown in the top right corner. The default Ion Table will display b, a,
immonium, yH20, yNH3 and y ions in basic mode; it will display b,
b-H20, a, ¢, immonium, y, y-H2O, z, 2’ and y(2+) ions in advanced
mode. To switch from basic mode to advanced mode, choose ‘Show
ion table’ from the “View’ menu.

The Ion Table Frame also contains an error plot (i may be necessary
to serol] down to see the error plot). The etror plot shows the confidence
each ion is assigned. The most confident results lie on the
centetline. Clicking a cell or column in the Ion Table highlights the
corresponding points on the etror plot and corresponding
PEAKS on the spectrum.

Spectrum View Frame (middle): Shows a graphical representation
of the spectrum. Peak masses are labeled, as are the PEAKS associated
with identified ions. We can zoom in on the spectrum by clicking and
dragging over an area.

Spectrum Alignment Frame (bottom): Shows a graphical
representation of the spectrum. This view always shows the whole
spectrum and is used as a tool to help us navigate the spectrum view
frame. A blue bar along the horizontal axis of the alignhment view
indicates the range of the spectrum view in the Spectrum View Frame.

The Spectrum Alignment Frame can also show the positions of
major ions that delimit the proposed sequence. By default, the
Spectrum Alignhment Frame displays b-ion and y-ion PEAKS and
the derived peptide sequence between them. The Spectrum
Alignment Frame can also show the position of c-ion and z-ion
PEAKS.
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Scv

The lon Editor is
used when
performing manual
de novo
sequencing.

lon Editor

fonkditor x|
Please choose ion type: Selected peak infarmation:
® C Term lons mz 136.0682
intensity; 4.0323
2 N Term lons current ion:
1
v
w-H20
W-NH3
Comments:
| Apphy | | Cancel ‘

* Selected peak information: displays information about the currently
selected peak.

* Under “Please choose ion type”, the radio buttons set whether the
ions in the “ion choice list” are C terminal ions or N terminal ions.

* Ion choice list: (left): lists the ions we can apply to the selected peak

= Selected ion list (right): lists the ions we have selected add or
remove them using the “Add” and “Remove” buttons.

= Apply button: applies the ions in the “selected ion list” to the selected
peak.
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Scv

Export Image Dialogue

Image Export le

Image Options
Width: Height:

File format: ‘bmp |v| 711 E 2115.

Filename: |F'EAKS".TutDriaI Data‘.623.294?.bmp| =

Resolution

Upscale to 100 % resolution

Image Types
) lon Table and Errar Map
@ Current Spectrum View
) Spectrum Alignment Frame
i) Peptide Candidate Tree
i Error Map
) Annotated Spectrum with Alignment

‘ OK H Cancel |

* File Format: select an image file format from the drop down list.
Bitmap, JPEG, PNG, GIF and SVG are supported.

* Width and Height: together these determine the size of the output

image (measured in pixels).

= Filename: type in the textbox, or browse to a file @, to enter the file

name of the image that will be created.

* Resolution: in most cases the image resolution can be upscaled for
printing large pictures. More resolution (i.e. more pixels) means a
higher quality picture when blown up or printed.

* Image types: Select one of these options to choose the image that
will be output. The ‘annotated spectrum with alignment’ will suit most

purposes.
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SCV

SVC
scv

Print Image Dialogue

— Paper
Size: ILetter j
Source; IAutDmaticaIIy Select j
— Drientation Marginz (inches)
" Portrait Left: |1 Eiight: I'I
" Landscape Top: I‘I Bottam: I'I

Cancel |

Printer.... |

The default print output is the full spectrum as shown in the spectrum alighment
frame. If we wish to print something else, we must use the export image functions and
then print the image from another application.

Toolbars
Main window toolbar

Orientation: paper orientation
is shown in the picture at the
top. Change this by clicking the
“Portrait” or “Landscape”
radio buttons.

Paper: Set the paper size and
source by selecting from the
appropriate dropdown list.

“Printer” button: pressing this
will bring up another dialogue
where we can select from a list
of printers installed on our
machine.

“OK” button: this will
commence printing,

@ "Open data file" button: This allows us to open a raw data file built by our

mass spectrometer, or a PEAKS data file (in ANZ format) that also contains
peptide analysis data. The file should be in PKL, DTA, MGF or ANZ

format.

L)
g "Close data file" button: Close the selected data file. Press this after

selecting a data file in the Peptide Data Frame.

Data Frame.

""Save data file" button: Save any changes made to the file (a *’ will appear
next to any file that has been changed and not yet saved). The file will be
saved in the ANZ format. Press this after selecting a data file in the Peptide
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SC

SC

SC

&

""Save all files" button: Save all files. Any changes to files will be saved in
the ANZ format.

=)

“Copy” button: Copy selected spectrum data.

E

“Cut” button: Cut selected spectrum data.

=

“Paste” button: Paste spectrum data into the selected data file.

XIK

""Manual merge spectra' button: After selecting more than one spectrum
in the peptide data tree, this button becomes enabled. Right click it to merge
these spectra into a single MS/MS spectrum, and remove the old ones.

| "Data Refinement" button: Merge scans of the same peptide, remove
noise spectra, preprocess within each MS/MS spectrum and recover peptide
charge state. The data refinement options dialogue will allow us to choose
and to set parameters for each of these refinement tools.

@ "Auto De Novo" button: perform auto de novo for a selected data file,
spectrum or list of data files. Press this after selecting one or more data files
(or spectra) in the Peptide Data Frame. An auto de novo options dialogue will
allow us to set parameters before we begin.

"PEAKS Protein ID" button: perform protein identification a selected data
file. Press this after selecting one or more data files (or spectra) in the Peptide
Data Frame. A protein identification options dialogue will allow us to set
parameters before we begin..

& “inChorus Protein Identification" button: perform protein identification
on a selected data file using multiple search engines. Press this after selecting
a data file in the Peptide Data Frame. A protein identification options
dialogue will allow us to set parameters before we begin.

ir

H7] "Environment Preference Configuration" button: configure the
environment, spectrum color-coding, and manual de novo parameters.

B

“PEAKS Properties Configuration” button: define PTM, Enzymes, and
add FASTA protein or EST databases.

@ “Import Database Wizard” button: help user download and configure
database.
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SCV Main Processing Window Toolbar

D “y ion Alignment” button: toggle (show/hide) the location of PEAKS
corresponding to y-ions and the corresponding proposed peptides between
them.

i i

m| “b jon Alignment” button: button: toggle (show/hide) the location of
PEAKS corresponding to b-ions and the corresponding proposed peptides
between them.

@ “Deconvolute” button: toggle (on/off) deconvolution of the mass spectrum
scale.

ﬂ “1:1 zoom” button: return spectrum to original 1:1 zoom.
% “Undo Zoom” button: return to previous zoom ratio.

ﬂ “Edit Ion” button: set or edit the type of ion associated with a peak in
manual e novo. Press this button after having selected a peak in the spectrum
view frame.

@ “Next Peptide” button: redo changes to the peptide in manual de novo.
@ “Previous Peptide” button: undo changes to the peptide in manual de novo.

@ “Export Results” button: export the spectrum view, ion table, or to a
picture (bmp, gif, or jpg format) with ions, masses, PEAKS and peptides
marked.

@ “Print Results” button: print the spectrum view with ions, masses, PEAKS
and peptides marked.

@ “View Results” button: show, in HTML format: the spectrum view with
ions, masses, PEAKS and peptides marked; peptides and confidence scores;
the ion table; and the error plot.
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PEAKS Configuration

How to set up PEEAKS just the nay e bke i

his chapter deals with configuration. PEAKS 4.5 is a versatile and flexible
tool. But in order to use the software to its full extent, we must learn how to
configure it to make it do what we want it to. Additionally, PEAKS 4.5 allows
us to set up many defaults and presets to help us be quick and precise.

We can use PEAKS 4.5 without the need to configure; default settings will be used.
However, to increase efficiency we should set environmental preferences, and PEAKS
properties. This will enable us to customize the tool to our requirements. It is
recommended that we configure PEAKS 4.5 before processing data files.

S marks a section applicable to PEAKS Studio, C for PEAKS client and V for PEAKS
Viewer



SCV

SV

PEAKS Properties Configuration

One of PEAKS 4.5 preferences, PEAKS Properties configuration sets the parameters
that the algorithm will use while processing our data files. PEAKS properties include:
enzyme, PTM and database. When using PEAKS Client, all PEAKS properties are
controlled by the server, please contact your administrator. PEAKS Studio
provides tools to edit PEAKS properties for convenient use in de #ovo sequencing and
protein identification in PEAKS Studio. To edit PEAKS Properties:

= Click the #= icon in the main window toolbar;

®  Ortfrom the “Edit” menu, select “Configuration” then “PEAKS Properties”

The PEAKS Properties dialogue will then appear. This dialogue box has three tabs:
“Enzyme list”, “PTM Library” and “Database”. Clicking a tab will allow us to edit
the PEAKS Properties corresponding to that tab. We can also import or export our
preferences to/from a file.

Creating and Defining Enzymes

PEAKS allows us to use almost any enzyme, or combination of enzymes in our
analysis. Identified/sequenced peptides will be limited to those conforming to the
enzyme’s cleavage rules. Users can select from any of the built in enzymes, or define
their own. PEAKS Client uses the enzyme list defined on the server, editing here
will have no effect on the list available during analysis.

I PEAKS Properties &
pel
[ Enzyme list | PTMLibrary | Database | Instrument list

List of Enzymes

<Built-In= None

<Built-In= Pepsin (pH 1.3)

<Built-In= Pepsin (pH = 2)

<Built-In= Proteinase k.

<Built-In= Semi Arg C

=Built-In> Semi Asp N

=Built-ln> Semi Asp N + N-terminal Glu
=Built-ln= Semi Chymotrypsin

Import | Export | Cancel |

New

Remove

Edit

[ | v

All enzymes are listed here including <built-in> and user defined. From here, we can
create a new enzyme, edit an existing enzyme or remove an enzyme from the list. See
the sections below for help with these operations. Built-in PIM cannot be removed from the
list, but can be edited.

Creating/Editing an Enzyme

To define an enzyme, we open the PEAKS Properties dialogue, ensure that the
‘enzyme’ tab is selected and click the New button, or select one from the list and press
the Edit button. To define an engyme ‘on the fly’ while setting up PEAKS auto de novo or
PEAKS' Protein 1D,  click the Edit Engymes button. The Enzyme Definition dialogue will

appear .

S marks a section applicable to PEAKS Studio, C for PEAKS client and V for PEAKS
Viewer
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PTM Post
Translational
Modifications
affect the mass of
modified proteins
and residues

Enzyme

Enzyme Definition

— Now simply type/edit the
pwz=me [~ digestion rules for our
seavase enzyme or set of enzymes by
specifying what residues can
appear at the end of a peptide
and what can appear at the
beginning. The example here
shows a combination of
Trypsin and Asp-N. The
letter X denotes ‘any amino
acid in this position’, while
{set brackets} indicate ‘any
amino acid except the one in
the brackets’. Furthermore, on this window, we can set specificity rules. For example,
a peptide may degrade after digestion, and so would no longer conform to the rules.
The specificity allows us to set ‘semi-specific’ cleavage, denoting that the peptide
should conform to the rules at one end and/or the other, not necessatily both. Click
the checkboxes to specify.

Digestion Rules

residues atthe end of a peptide |KR P} start of a new pepide use set brackets (7} arouna
a residue to deaote *any
amino acid except the
ones eaciosed in these
bracket” Use Xto

cienote“any residue”.

AndiOr . residues at the end of a peptide |

=

D start of a new peptide..
AndiOr . residues at the end of a peptide start of a new peptide..

AndiOr . residues atthe end of 3 peptice start of a new peptice.

Specificity Parameaters:
example of what peptides can be refurned
Find peptides that satisfy the above at hoth ends

[Nt pepices hat satisfy the bove anly &t Cterminus
andlor pepticies that satisfy the above only at N-terminus

Shorthand notation for the above
~digest"([KR]|[P}+(XID)" -semi 0

Save Enzyme

Ok Cancel

After defining the digestion and specificity rules, press the Save Enzyme Button to save
it. We will be prompted for a name. This name will appear in the enzyme list, and will
be available so we can use it later.

Creating and defining PTM

If we know that our sample protein may have been modified since translation, we need
to apply this information to our analysis. To edit the list of PTM available to PEAKS
we open the PEAKS Properties dialogue and select the PTM Library tab. PEAKS

Client uses the PTM library defined on the server, editing here will have no effect
on the list available during analysis.

PTMLibrary | Database | Instrument list —|

T R T S e |
Enzyme list
List of PTMs

<BuiltIn= Acetylation B Edit
=Built-In= Acrylamide adduct =

=Built-In= Amidation — New
=Built-In= Applied Biosystemns cleavable ICAT(TM) heavy Delete fro...
=Built-In= Applied Biosystems cleavable ICAT(TM) light

=Built-In= Applied Biosystemns iTRAQ{TM) multiplexed quantitation chemistry
=Built-In= Applied Biosystems ariginal ICAT{TM) d0
=Built-In= Applied Biosystemns ariginal ICAT(TM) d2

4

| Import || Export | ‘ OK H Cancel |

All PTM are listed here including <built-in> PTM and user defined PTM. From here,
we can create a new PTM, edit an existing PTM or remove a PTM from the list. See
the sections below for help with these operations. Buzlt-in PTM cannot be removed from: the
list, but can be edited.
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Editing a Built in PTM

It is possible to modify a built in PTM. PEAKS will save the
modification and treat this PTM as a customized PTM. It will
temporarily overwrite the built-in PTM - we will not be able to see the
original, built-in, PTM until we remove the customized one. We can
remove this customized PTM at any time and the built-in PTM will
reappeat.

Creating a New PTM

To create a new PTM, we open the PEAKS Properties dialogue, ensure that the ‘PTM’
tab is selected and click the ‘new’ button. To create a new PTM ‘on the fly’ while setting up
PEAKS anto de novo or PEAKS' Protein 1D, click the “new PTM” button. The PTM Editing

dialogue will appear:

F% PTM Editing
Mame: [testPT | mbbreviation: [tst |
Mass (Monoisotopic). |57.992904 Meutral Loss Mass (Monaisotopic):
Formula:|CN02 |
Residues that can be modified:
Mon-location specific|AC M-terminus |DEF C-terminus |GHI Middle Only|L
Rule: |This is nat a real modification. It's for demonstration purposes only. \
| OK | | Cancel |

Figure 1 Create new PTM

Now we type information pertaining to our PTM in the appropriate boxes (see above
section on Interface for a more in depth explanation of these fields). At a minimum,
we must enter a name, a mass and one residue that may be modified.

Enter the mass of the modification either by typing in its monoisotopic mass
difference directly, or by entering its empirical formula. It is unnecessary to do both;
each will override the other.

Click the “OK” button to save changes and create our new PTM, or click the “Cancel”
button to exit, discarding changes.

After clicking the “OK” button we return to the PEAKS Properties dialogue to find
that our new PTM is listed at the top of the PTM list.

Editing a PTM
To edit a PTM, we open the PEAKS Properties dialogue, ensure that the PTM’ tab is
selected, and select a PTM from the list by clicking on it and click the ‘Edit’ button. To
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edit a PTM ‘on-thefly’ while setting up PEAKS auto de novo or PEAKS' Protein 1D, dlick the
“add)/ remove PTM” button, to bring up the Modification window for that search, then click the “new
PTM” button. The PTM Editing dialogue will appear. Now we follow the same
procedure (see above) as we would if creating a new PTM.

Removing a PTM

To remove a PTM, we open the PEAKS Properties dialogue, ensure that the ‘PTM’
tab is selected, select a PTM from the list by clicking on it, and click the ‘Remove’
button. Any built-in PTM cannot be removed.

Database Manager

PEAKS 4.5 needs a protein or EST database (in FASTA format) to identify protein
candidates. Since databases are being constantly updated, PEAKS does not ship with a
protein or EST database. Thus, we need to download it from the Internet and tell
PEAKS where the database is located. PEAKS provides the Database Manager as a
tool to help us do this. To see a list of databases available to PEAKS 4.5, load the
PEAKS Properties dialogue and click the ‘Database’ tab. From here we can edit a
database’s properties, load a new database, or remove an existing database.

PEAKS Client uses the databases configured on the PEAKS Online server.

& PEAKS Properties
[ Enzymelist | PTMLibrary | Database | Instrument list |

List of databases
MCEl nr 30apr'd7 (D\databasesinrfas) New
* SwissProt 30apr'07 (D:\databasesiuniprot_sprotfasta)

Remove

Edit

Set as default

‘ Import H Export ‘ ‘ 0K H Cancel |

Load/Configure a new database
For an in depth look at confignring a database, see the Database Configuration section in Chapter 2.

To configure a new database, we open the PEAKS Properties dialogue, ensure that the
‘Database’ tab is selected and press the “New” button. Now we open up our web
browser to find a database to download. Find one, download it, and unpack it. If
taxonomy is available for this database, download those files too. Return to PEAKS
4.5 and find the file on our system where we unpacked it. Name the database and
select the header format to use (or we can define our own). If taxonomy is available for
the database, find those files too. Click “OK”. The new database will now appeatr,
listed by our chosen name, in the list of databases.
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We can’t edit the
database itself
from within PEAKS
4.5.

Remove a Database

To remove a database, we open the PEAKS Properties dialogue, ensure that the
‘Database’ tab is selected, select a database from the list of databases, and press the
“Remove” button. This will not permanently remove it from our system, it may be
reloaded (follow the procedure for configuring a new database) at any time.

Edit a Database

This tool allows us to change the name that PEAKS 4.5 associates with a database,
taxonomy files and the header parsing rules for that database. To edit a database, we
open the PEAKS Properties dialogue, ensure that the ‘Database’ tab is selected, select a
database from the list of databases, and press the “Edit” button.

Moving/Updating a Database

If we choose to move a database to another directory, or delete it entirely, we should
tell PEAKS. We must remove the database from the list and re-load it. Until we do so,
the database name will appear in red in the list of databases and any protein
identification using that database will fail.

& PEAKS Properties &
[ Enzymelist | PTMLibrary | Database | Instrument list

List of databases
NGBl nr 30apr'o7 (D\databasesinrfas) New
* BwissProt 30apro7? (D\databases\uniprot_sprotfasta)

Remowve

Edit

Set as default

‘ Import H Export ‘ ‘ 0K H Cancel |

If we choose to update the database (perhaps by downloading the latest database file
and overwriting the old database file), PEAKS will show the database information in
light gray. .4 light grey colour could also mean that the database does not have header information.

I PEAKS Properties
[ Enzymelist | PTMLibrary | Database | Instrument list |
List of databases

MCBI nr 30apr'd7 (D\databasesinrfas) New
* SwissProt 30apr'07 (Didatabasesiuniprot_sprot fasta)

customers_KBRsample? (D\databasesicustomers\KimBrown_A_oryzae_seqs fas) Remove

Edit
Set as default
‘ Import H Export ‘ OK H Cancel
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See the section
‘Instrument
Definition Window’
in chapter 4 for
more help

Instrument List

PEAKS 4.5 is optimized for many different types of instruments. Weighting the
analysis according to the specific fragmentation patterns, resolution, accuracy and
charges generated by different types of instruments allows us better precision in
analysis. To avoid having to set all these options on every search parameters dialogue,
we wrap up commonly re-used parameters that are instrument specific.

For example, when using the data refine tool, and correcting charge, it’s important to notice that an
instrument has a MALDI sonrce, as all peptides will have charge 1. Or, when de novo sequencing, it’s
essential to note if a spectrum was produced using ETD fragmentation, so that ¢ and 3 ions are most

wmportant.

[ PEAKS Properties

List of Instruments

]| Enzyme list | PTM Library | Database | Instrument list

=Built-In= lon Trap {etd)
<Built-In= Linear Trap
=Built-In= Linear Trap (etd)
=Built-In= Quad linear-trap
=Built-In= FTMS

=Built-In= FTMS (2cd)
=Built-In= FT-frap
=Built-In= FT-trap{etd)

| Import || Export |

The instrument list shows the <built-in> and user defined instruments available to all
PEAKS tools. From here we can create new instruments or edit existing ones.

Creating/Editing Instrument Settings

To define an instrument, we
open the PEAKS Properties
dialogue, ensure that the
TInstrument list tab is
selected and click the New
button, or select one from
the list and press the Edit
button. To define an instrument
on the fly’ while setting wup
PEAKS  auto  de
PEAKS Protein 1D, dick the
Edit  button  next to  the
Instrument dropdown list on the
options screen for any PEAKS
tool. 'The Enzyme Definition
dialogue will appeatr.

novo  or

From here we can define the

Instrument
Instrument Definition Saved instruments
lon Trap M|

lon Source
{ MALDUSELD!
@ ESl(nano-spray)

MS - Precursor Scan

3D Ion Trep
Lingar Jon Trap
Quadrapole

Time of Flight (TOF)
FT-ICRIOsitrap

+

Fragmentation Type

@ CID, CAD, IRMPD {y and b ions)
2 high energy CID (y and b ions)
) ECD, ETD (¢ and zions)

O CIDIECD

Give this instrument a nickname

|\nﬂ Trap |

mass search type

@ Monoisotopic ) Average

Default error

ParentMass Error Tolerance |El§ | ‘da |V|

Fragment Mass Error Tolerance |D£ | ‘da |V|

These walues will be suggested on the ssarch fom whenever this instrimant is selectad
They can be changed at any time

Motes

L

MS" orMSMS Fragment Scan

3D lon Trp
Linezz [on Trap
Quadrupols

Time of Flight (TOF)
FT-ICROzbitrap
LITFT

[Therma LCQ, Bruker Esquire and HCT, Agilent

Save Instrument

ion source, fragmentation, and mass analyzers used to generate the data.
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Importing and Exporting PEAKS Properties

We may wish to use PEAKS 4.5 on another system. However, if we have a large
number of user defined PTM, enzymes and saved parameters it could take a great deal
of our time to re-input those. This is where importing and exporting of PEAKS
properties is useful.

The export function will save PEAKS Properties information in a XML file. The
import function can read a PEAKS properties XML file and overwrite local PEAKS
Properties with the information from XML file. If we wish to use our PEAKS
properties on a colleague’s system, we must remember to export our colleague’s
properties to a separate file so that it will not be lost and can be imported later.

A note on sharing sequences with PTM

Sequence data and protein identification results for a given spectrum atre
stored in an .ANZ file. Any modifications that were found in the
sequence are also included. As such, user-defined modifications will still
show up if the file is viewed on another machine. It is not necessaty to
import all PEAKS properties to view these modifications. Also, uset-
defined modifications can be extracted from an .ANZ file and added to
the local PEAKS properties.

To export PEAKS properties to a file, open the PEAKS Properties dialogue and
press the “Export” button. Type in a file name and press the “Save” button.

To import PEAKS properties from a file, open the PEAKS Properties dialogue and
press the “Import” button. Select a file or type in a file name and press the “Open”
button. This must be a PEAKS configuration file in XML format.

To import a user defined PTM from another user’'s .ANZ file, we open the .ANZ file
and find a sequence containing the user defined modification. Right click on that

sequence to bring up the popup [mgssess
1 < 1 i il
menu.  Click  the  “View | [i#] sl [{[ole] [alale]
Modifications” menu item. This TTTER =T , b
. . EPEAKS Auta De Mava (0.2 Unknown enzyme with L2cust0rr?
brings up a dialogue box named {12eustond)
. . Copy sequence to clippoard Ctil-C
“Modifications”. Select the PTM of {LZcustonk]
. . . [LZcustonl) | Copyfor manual de novo 3
interest from the dropdown list (in {LzcustonL) {
. View Sequence parameter
this example: Tab 2 custom PTM) {12custont) P
: . A . = PEAKS DE Search Original View
and click the ln’lport modification VDVSAV 53.8 — /
button GAKEELG 41% View Modifications M
’ EROTO00E Remove i Delete f
il Modifications

Lab 2 custom PTHM W

| Show Modification | | Import Mud'rﬁcatiun[\é

ALAS-
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PEAKS Environment Preference Configuration

One of PEAKS 4.5 preferences, PEAKS Environmental Preference allows us to
customize PEAKS 4.5 to our needs. PEAKS Environmental Preferences include:
Environment, Color, Manual de¢ novo, and Parameters. To edit PEAKS 4.5
Environment Preferences:

= (lick the @ icon in the toolbat;

* Op from the “Edit” menu, select “Configuration” then “Environment
Preference”

The Environment Preferences dialogue will then appear. This dialogue box has seven
tabs: ‘Parameters’, ‘Basic lon Table Editor’, ‘Advanced lon Table Editor’
‘Environment’, ‘Color’, ‘Display’, ‘Manual De Novo and ‘Parameters’. Clicking a tab
will allow us to edit the Environmental Preferences corresponding to that tab.

Environment Preferences

Parameters | Basic lon Table Editor | Advanced lon Table Editor
Envir it r Colour rDispIay r Manual De Novo Search Engines Details |

~Default Data Input Directory:
CADocuments and SettingsibsiiDesktop\PEAKS Tutorial Data
® Previous directory ) User directory| Browse

~Default Data Output Directory:
CADocuments and SettingsibsiiDesktop\PEAKS Tutorial Data
® Previous directory ) User directory

~Default Configuration File Directory:
CADocuments and Settings\bsiipeaks

~Shimadzu Application Location:
Shimadzu Location: |

Close the main processing window hefore loading a new one for a different spectrum.
Load file with high priority

Load denovo results when loading .anzfile (for large data sef).

[] Load sample files at start up.
Show file options when loading a new one (for ABIBrukeriShimadzu files)

[[] Show GMU Public License.

Removing Saved Parameters

After months of use, our list of parameters saved for use with PEAKS Protein ID or
PEAKS auto de novo may become cluttered with infrequently used parameter sets. It
makes sense to clear them out from time to time. To do so, open the Environment
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Preferences dialogue and ensure that the ‘Parameters’ tab is selected. A list is shown
for each tool that has savable parameter sets. Select one or more (using shift+click and
ctrl+click) and click the adjacent “Remove” button to remove it from the list.

Configuring the ion table

The ion table, displayed in the top right of the main processing window, displays all the
ions that were found as evidence for the selected sequence. There are two presets: the
Basic Table and the Advanced Table. Select which one to display by choosing “Show
Ion Table »” from the “View” menu.

ﬂ 467.2729 2 [Main processing window]
[ % &9
Peptide Candidates # b b-HZO a  |Immoniurn Seq y wH20 | gz | #
EFFEAKS Auta De Movo (0.01 0.01 {1 L o
LLVTOTME 45. 2% 2 22718 20916 [199.13 L 92046 7
LLWVGTTME 49, 2%
LLVASATME 1% 3 [326.24 707.38 |E89.37 1
LLVSAATME c1% 4 [427.29 |409.28 T B08.31  |590.30 5
LLWYAASTME 1% 5 |555.35 |537.34 |527.35 Q 50726 |489.25 4
El PEAKS DB Search (MR 0.01 0.01[6_|556.40 T 378.20 3
LIVTQTME 42.4% T [FaT.44 |TE9.43 h 27815 26013 2
IIVTOTME 42.4% a K 14711 [12a10 1
__________________________________________________ 001
Ion Table
|[Color Code: =80% 50-90% B0-80% ¢} oo | _______. e r_____r_____'r ___________ e ol
N M I [» 0.00 180.00 360,00 540,00 720.00 900,00
r

The Basic Table will display a maximum of 6 ions. The Advanced Table can be
configured to display as many as are available. To configure the ion table, we choose
“Edit menu” > “Configuration” = “Environment Preferences” and then choose
either the ‘Basic Ion Table Editor’ tab, or the ‘Advanced Ion Table Editor’ tab. Both
tabs look and work the same way:

lon Types lon Table Columns
Immonium |~ Immonium
a | Add with charge | | | | a
a-H20 b
a-NH3 T Remove b-H20
b v
b-H20 — y-H20
b-NH3 v (2+)
C
c-H20
c-NH3
% |

The ions types that will be displayed in the ion table are shown on the right. The
complete list of ion types available is shown on the left. To add an ion type to the ion
table (i.e. add a column to the ion table):
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1. Select one or more ions from the list on the left. Use shift+click and
ctrl+click to select multiple list items.

2. Select a charge (from 1-4) from the drop down list in the middle.

3. Click the ‘Add with charge’ button

For example, configure the ion table to display y°* ions by selecting ‘y’ from the list on
the left, and 2’ from the dropdown charge list.

Remove ion types from the ion table (i.e. remove columns from the table) by selecting
one or more items in the list on the right, and clicking the ‘Remove’ button.

Environment - Changing default file handling settings

To change the working environment, we open the Environment Preferences dialogue
and ensure that the “Environment” tab is selected.

We can change the environment settings so that when we are browsing our system to
find or save data files, PEAKS always starts looking in the folder we specify. The
current working folders for data input and data output are shown. PEAKS 4.5 can use
the last folder we loaded from (saved to) as the current working folder or by toggling
the appropriate radio button to “User directory” we can set it ourselves so that it will
be the same each time. The directory where PEAKS stores its preference information
cannot be changed.

The option to load a new spectrum view window for each spectrum or open one at a
time is available. We can choose to show the sample data at startup. Further,
adjustments can be made so that the GNU (General Public) license displays whenever
GNU governed software/libraries are called. Click the appropriate checkbox at the
bottom of the window.

Once we've chosen from these options, pressing the “OK” button will exit, saving
changes. The “Cancel” button will exit discarding changes.

Environment - PEAKS Client to PEAKS Online

In the Search Engines Details tab of the Environment preferences dialogue, change
the “Default PEAKS Invocation” to “PEAKS Online”. Then specify the IP address or
URL of the PEAKS Online server, the port number to use, and a username and email
address. Press ok. Now we can use PEAKS 4.5 in the same way we normally would,
except that processing will occur on the PEAKS Online server. Email is used to notify
us that a job has been completed, in the event that we close PEAKS 4.5 before
finishing.
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SCV Changing Colours

For ease of viewing, we can choose which colours we would like to represent which
items on the spectrum view. To change the colour of an object on the spectrum, we

open the Environment Preferences dialogue and ensure that the ‘Colour’ tab is
selected.

Environment Preferences El

Parameters | Basic Ion Table Editor | Advanced lon Table Editor |
Environment Colour r’ Display r Manual De Hovo \

Flease chonse color for Swatches | HSB | RGB |

Spectrum_Peak
Freezed_Peak
Current_Peak
Y_Algnment
B_Alignment
¥Y_lon

Recent:

Choose the object whose color we’d like to change from the list at the left. Then we
select a swatch to choose the colour. After we’ve chosen colors we may click the
“OK” button to exit and save changes.

SCV Display - Changing typefaces and peak width
We can customize the various typefaces to use on certain parts of the PEAKS 4.5
interface. To do so, open the Display tab on the Environment Preferences window.
Select the typeface from the dropdown list and/or change the font size, then press ok.
The width of PEAKS on the spectrum display can be adjusted from here as well.
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Environment Preferences

Parameters Basic lon Table Editor Advanced lon Table Editor |

£

230

Environment r Colour r Display r Manual De Novo |

~Font settings:

Main processing window: Graphic Fanttype Eock Anfiqua w |Font size| 10—
labels -
De novo and Peptide view Font type Lucida Console w [Fontsize| 12—
Protein view: Peptide list Fonttype Lucida Console w |Font size| 12—
rMisc settings:

Peakwidth 15 Display Colour code
[ — - kT —¥ —— cumentoolr B
1

Changing Manual de novo defaults

We may wish to sequence a peptide manually, using spectrum data. PEAKS 4.5
provides us with a set of tools to help us do so. We may need to tweak these tools to
adjust for error tolerance and to customize the working environment. This can be
done on an individual basis, by right clicking on the sequence we’re working on, but we

can set defaults.

To adjust Manual de novo options, open the Environment Preferences dialogue and

ensure that the ‘Manual de novo’ tab is selected.

G

Environment Preferences

B

Parameters | Basic lon Table Editor | Advanced lon Table Editor

Emvironment r Colour r Display | Manual De Novo

Tag search parameter:

Search Engines Details

Maximum taag lenath Maximum return

Default random machine error:

Default machine errar: [0.1

| Ok H Cancel
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When sequencing a peptide using the manual de 7ovo tools, we can get PEAKS to help
us by searching to the left or right of a selected peak and returning a set of possible
sequence tags (see the Manual de novo section in the next chapter). We can choose how
many search results we’d like to see and choose how the maximum (number of amino
acid residues) length. To choose how long tags will be, we click on the “Maximum tag
length” dropdown list box, and making a selection. To choose the number of search
results displayed, click on the “Maximum return” dropdown list and make a selection.

Changing the default machine error sets the amount of error PEAKS will tolerate
when tagging a residue. For example: we have a mass difference of 113.19 between two y-ions that
we have labeled. We are fairly confident that this should be tagged L. (Lencine, with actual mass of
113.08), but PEAKS is not labeling it for us. This may be becanse 113.19 is too far out of PEAKS
ervor tolerance for the mass of 1. We can tweak the settings until we get the desired result.
To do so, type a value for error (larger numbers indicate greater tolerance) into the
“Default machine error” textbox.

After having made all desired changes, click the “OK” button to save changes and exit
the dialogue box. Click the “Cancel” button to exit, discarding changes.

Search Engine Details (inChorus)

PEAKS Studio not only performs de novo sequencing and identifies proteins, but
compares its tesults with those of such MS/MS databases as Mascot, OMSSA,
SEQUEST, X!Tandem and sequence tag search tool SPIDER with no extra work to

you! Simply configure any/all of these search engines, which you may already use for
PEAKS.

For each of these options, navigate to the Search Engine Details tab (Edit ->
Configuration -> Environment Preferences).

Mascot Server Configuration
In “Default Mascot Information”, type in the location of your Mascot server (We
recommend asking your I'T person, or the person who set up the server).

Host Name or IP Address — name of the machine on which Mascot search engine is
installed;

Port — port number for the Mascot search engine, by default: 80;
Virtual Ditectory — ditectory of Mascot MS/MS Ions Search, by default: /mascot.

You can use your regular user account for the username and password. It doesn't
necessarily have to be an administrator account. However, some of the built in user accounts
like "daemon’ have some special properties that cause problems here. Don't use the daemon acconnt, but
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you can use an acconnt in the daemon gromp. The email is not used by PEAKS but is
requested by the Mascot server.

Then press OK!

OMSSA Server
Configuration

OMSSA  is  configured
automatically in PEAKS
Studio, therefore, users

already have access to this
search engine.

Sequest Server
Configuration

For Sequest, we simply
enter in the location of
various important parts of
BioWorks.  Click  the
Browse button next to
each box to find them.
They will automatically
look for the default
location. It's most
important to find the
sequest.exe, but it doesn't
matter quite as much
which .params file is

Environment Preferences

Parameters | Basic lon Table Editor | Advanced lon Table Editor

Ermvir: r Colour r Display r Manual De Novo IT Search Engines Details

rDefault Peaks Invoc

® PEAKS Studio

) PEAKS Online Host Mame (or IP Address) e bioinfor com Fort|8080 |

Login EI’TIEi|| | Passwurd| |

Select a group

[] 5ave Password

rDefault S

it Information

|::‘0(ca|iburlsyste m‘tprogramslBiuworksBrowsensequest.exe| Browse

| Browse

" Browse |

Sequest Location

Default BequestF‘aram:|C:l)(ca\ibunparams\equine.params

Sequest Result Folder: |C:1><ca|ibur’tsequ95t

rDefault Mascot Information

Host Marme {or IF Address)|1 216813 | F'Dr1|BD |

Wirtual Directonr|J‘mascm |

| Passward jeess sese

| Save Password

User Mame | aPerson

Email | a.person@hioinfor.com

rDefault XTandem Information

Host Mame (or IP Address) sample | Pm‘l|9999 |

3

chosen as the default as changes will likely be made to it. Finally select your desired
output directory for the results.

Then press OK!

X!Tandem Server Configuration
In “Default XTandem Information”, type in the location of your XTandem server
(We recommend asking your I'T person, or the person who set up the server).

Host Name or IP Address — name of the machine on which XTandem search engine

is installed;

Port — port number for the XTandem search engine.

Then press OK!
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Loading and preparing data
A task based g 1o getting onr data info PEAKS 4.5.

he following chapters deal with usage. They are broken up into tasks that a

typical user might perform. It assumes we can identify parts of the Graphical

User Interface and that we are familiar with how PEAKS 4.5 can be

configured. The preceding two chapters provide in depth help on these
subjects and should be used as a reference. Such detail has occasionally been omitted
from this chapter in the interest of succinctness.
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PEAKS demo data
can be found in the
DATA sub-
directory, located
in the PEAKS
directory.

Loading data into PEAKS 4.5

PEAKS 4.5 can be used to process data from any MS/MS instrument, provided the
data is accessible, or can be converted to an accessible format. PEAKS handles data
files in the following formats:

®  PKIL: The file format associated with MassLynx software.

= DTA: The file format associated with SEQUEST software

= MGF: The file format associated with Mascot software.

= ANZ — the zip compressed XML based file format associated with
PEAKS

= XML format files using the mzXML schema

= XML format files using the mzData schema

= RAW files from Thermo Electron instruments

= WIFF files from ABI QSTAR and QTRAP instruments

= RAW files from Waters QTOF instruments

BAF, .YEP and folders of .FID files from Bruker instruments

D files from Agilent QTOF instruments

DAT files created by BSI’s ABI converter software

In order to do any data processing we must first load our spectrum data into PEAKS

4.5. To open a data file, click the 5l icon on the toolbar in the upper left corner of the
PEAKS window. Alternatively, to help us find a file more quickly, we can choose from
one of the several options in the File Menu.

It is often best to import RAW data directly, so that PEAKS has access to all the rich
data, including the MS survey scan and retention time information, and that our
analysis does not suffer from poor preprocessing.

S marks a section applicable to PEAKS Studio, C for PEAKS client and V for PEAKS
Viewer
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% PEAKS Studio
File | Edit View Tools Help

Open PEAKS (.anz) ctl-F |§| IE"F"E‘

ImportRaw ¥ ABI (.wiff) Ctri+ Shift-A
ImportPeakList »  Agilent (.d folder) Ctrl+Shift-6
ImportXML ¥ Bruker (.yep/baf, fid files) ctil+Zhifi-B
Load 4700 Data .. Shimadzu AXIMA (run)  Cirl+ShiftU
Close Waters (.raw folder) Ctil+Shift-W

Save il S Thermo (.raw) Ctri+ Shift-T

Save As

& Save Al CHri+Shift S

Export »

@ Exit

F* Open

LookIn |@ Data ‘v| !ﬁ”;}lﬁ"ﬁ

| Ll
- L) multiple spectra
f -‘} I phosphonated

aret IC5 single spectra

2] OrbiOrhi.pkl

@ SampleData.pkl

File Mame |SampIeData.ka |
My Hetwork

Places Files of Type: | ann .anz.dta mof .mzeml mzData pkl xml raw bdiSpectrum Data File) ‘V| | Cancel |

Select a file. Click the Open button.

The data file we just opened appears in the Peptide Data Frame on the left. It is
represented by its file name. Fach spectrum contained in the data file is represented by
its precursor ion information (m/z value followed by the charge of the precursor ion
that generated the spectrum).

Loading Thermo RAW data

PEAKS 4.5 can load RAW data from our Thermo Electron mass spectrometer;
provided that the XCalibur software is installed on the same computer as is PEAKS
4.5. To load Thermo RAW data, simply choose File — Import RAW — Thermo
(.raw), and browse to the file.

Loading Agilent .D data
PEAKS 4.5 can load native data from our Thermo Agilent QTOF, provided that the
MassHunter software is installed on the same computer as is PEAKS 4.5. To load
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Some versions of
MassLynx may
differ.

Agilent .d data, simply choose File — Import RAW — Agilent (.d folder), and browse
to the file.

Loading Bruker data

PEAKS 4.5 can load data from our Bruker mass spectrometer; provided that the
CompassXport software is installed on the same computer as is PEAKS 4.5. To load
Bruker data, simply choose File — Import RAW — Bruker(.yep/.baf,.fid files), and
browse to the file. If loading .fid files, which are stored in a network of folders, we can
select the top level folder to load them all at once.

Loading Shimadzu data

PEAKS 4.5 can load data from our Shimadzu mass spectrometer; provided that the
Shimadzu software is installed on the same computer as is PEAKS 4.5. To load
Shimadzu data, simply choose File — Import RAW — Shimadzu AXIMA (.run), and
browse to the file.

Importing Applied Biosystems WIFF data

PEAKS 4.5 can load WIFF data from our Applied Biosystems QSTAR (or QTRAP)
mass spectrometer; provided that the Analyst QS (Analyst 1.4.1 for QTRAP) software
and the MSX plug-in are installed on the same computer as is PEAKS 4.5. The MSX
tool is produced and sold by Infochromics Itd., and is available (at cost) from
Bioinformatics Solutions Inc. Please contact a BSI sales representative to obtain a
license. To load QSTAR WIFF data, simply choose File — Import wiff raw data, and
browse to the file.

Importing MassLynx RAW data

PEAKS 4.5 can import RAW data from our Waters/MicroMass QTOF instrument.
To do so, we choose “Import RAW data” from the File menu. As above, the file
browser appears. Choose the .RAW data, and click the Open button. PEAKS uses a
utility called wolf.exe (originally created as part of the Sashimi Project) to access
MassLynx libraries and convert the data. PEAKS ships with a version of wolf.exe
designed to work with MassLynx 4.1. If we need a different wolf, we can check:

www.bioinfor.com/products/PEAKS /support/watersmicromass.php

Additionally, we must make sure that the following MassLynx libraries are installed on
the same computer as PEAKS and wolf.exe:

= DACSetrver.dll

= Genutldl
= MetaGD32.dll
= rawdll

= securityAccess.dll
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*  securitySettings.dll
= securitySignature.dll

They should be stored in the folder C:\MassLynx\ as part of the MassLynx software.
If they are not stored here, or MassLynx is installed on another computer, the
automatic loading will not work. If the automatic loading is not working for either
reason try this:

1. We should be able to find the listed files on our computer, or another
computer in our lab. If you can copy them, do so.

2. We can then create a folder called “C:\MassLynx\”” on our computer, and
place the files we copied here. But we’re not finished, we must also register
these files with Windows.

3. We can find a file on our system called regsvr32.exe using the Find’ or
Search’ tool in our windows start menu. It is probably in
“C:\WINDOWS\System32\”. If it’s not there, substitute the cotrect
location in step 4.

4. Open a command prompt or the Run tool from the start menu and type
the following:

C:\WINDOWS\System32\regsvr32 C:\MassLynx\DACServer.dll

All on one line, with one space in the middle as shown. Press the enter key.
If successful, windows will pop up a success message.

Please check the license

The libraries mentioned in this section are part of the MassLynx
software, distributed by Waters Corp. Please check the MassLynx license
agreement, or contact a Waters representative to make sure it is okay to
copy and use the libraries in this way.

Importing Data from the ABI 4700 or ABI 4800

BSI has created a converter to extract the data from an ABI-Oracle database. If we
require this separate, free tool, we must ask a BSI representative. Once installed, we can
start up the ABI 4700 Data Extractor from the Start menu.

System Requirements
This extractor can be installed on the same machine as ABI 4700 Explorer and the
Oracle database (we will call this machine the 4700 SERVER in the following

instructions) or another machine that has direct network access (no firewall, no proxy
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required) to the 4700 SERVER. Windows 2000 or Windows XP is recommended for
use with this tool.

Configuration:
Before using the ABI 4700 Data Extractor, we should configure it. To do so, we can
choose “Settings” from the “File” menu. Configuration needs the following:

® 4700 SERVER Name or IP Address: input “localhost” if the Extractor is
running on the 4700 SERVER (this is the default value), otherwise enter the
IP address of the 4700 SERVER.

" The socket used by the 4700 SERVER: this is the port that the Oracle
database listens to (the defaultis 1521).

® Username to access the Oracle database: most likely we do not need to

change this (the default is “tsquared”).

® Password to access the Oracle database: mostly likely we do not need to
change this one either.

Data extraction procedure:
1. Load Spot Set List from the database: (Do it via menu 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 a job run: There is a radio button before each job run, only the
MS/MS job run can be selected for export, because we need the
precursor information. Select a job run and click 'Convert' to do the
extraction.

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

Tracking data properties

PEAKS reads and tracks information about the experiment and data for use in the
analysis and for our future reference. This information is displayed automatically after a
file loads. If any information cannot be found in the file, PEAKS will prompt us with a
warning; since some information is used to suggest parameters in PEAKS analysis, it
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makes sense to complete the information before proceeding. Additionally, we can
enter notes about the data or experiment that will be saved along with the results.

rinstrument Definition
Manufacturer ThermoFinnigan
lan Source ESlinano-spray)

MS - Precursor Scan [FT-ICRIOrbitrap

Fragmentation Type (CID, CAD, IRMPD {y and b ions)
MS/MS Fragment 5... |FT-ICRiOrhitrap

Centroid Mot defined

rData Information

File Source C\Documents and Settings\bsiiDe...
Parent Scan

Product Scan 2430

Start Time

End Time

rData Process Information

Merge false
Charge Correction  |false
Remove Low Quality false
Deconvaolution false
After Preprocessing... 2430

Warning: *Centroid not defined!

rNotes

Save Properties

Refining data before analysis

Since mass spectrometry data often contains noise and redundant data, it makes sense
to purify the data before analysis. This will increase the quality of the results, while
saving time spent on database searching and/or de novo sequencing. MS/MS spectra
that are purely noise can be removed from the data:

" peptide charge information can be verified and recovered

* multiple low quality scans of the same peptide can be merged into one scan

with intense signal PEAKS

= the MS/MS scans themselves can be centroided, filtered for noise, and

deconvoluted.

When PEAKS is connected to a PEAKS Online server, we'll also save time by
uploading smaller, preprocessed data. Data refinement is done locally, before

uploading to the server.

To begin the refinement of data from a whole MS/MS run:

1. In the Peptide Data Frame, select the data file(s) containing the data that we

wish to refine.
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2. Click the Data Refine toolbar icon
Or
Select “Data Refine” from the “Tools” menu.
Or

Right click on the selected data file and select “Data Refine” from the popup

menu

The Data refinement options dialogue appears:

Data refinement options

Instrument type: Edit Instrument FTMS-2 -

Merge scans of the same peptide: @ yes O no
Retention time window:{for raw files only) 1 min.
miz tolerance: 0.01 da

Correct precursor charges: ® yes ) no
Minimum charge |1 Maximum charge |4

Filter MS/MS scans: ® yes ) no
Frecursor mass between |350 | and |6:DDD |
Retention time between |10 | and |200min] |
Quality value greaterthan |0.65 suggest 0.65

Preprocess MSIMs scans ) no, already dong ) yes (J no

‘ OK ‘ ‘ Cancel ‘

3. Choose the data refinement tools we wish to use by clicking the “yes” radio
button next to each one.

* Instrument Type: choose the type of spectrometer that produced the data to
be analyzed. This setting is important as MS resolution and ion source are
important for peptide charge calculation.

" Merge Scans of the same peptide: in DDA mode, a mass spectrometer will
often produce several tandem ms (i.e. ms/ms) scans of the same peptide. To
increase the intensity of real sighal PEAKS within these scans and to reduce
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the size of the whole data set, it makes sense to merge ms/ms scans of the
same peptide together. To avoid improper merging (of ms/ms scans of
different peptides) we make sure that the measured parent ion masses of these
peptides are very close and that they have similar retention times in the LC
column. The units here are m/z values in Daltons. For retention time, we use
whatever units are recorded in the data file (usually minutes or seconds).

" Correct precursor charges: Since a mass spectrometer measures mass-to-
charge ratios, we must know the charge on a peptide before we can determine

To see how your its mass. The standard method of finding the charge is to look at the spacing

data is changed, of the isotope ladder in the survey scan. However many Ion-Trap instruments
refer to the data don't have enough resolution for this. So PEAKS will look at the MS/MS data
properties window to determine if it's charge 1+, 2+ or 3+. For data where the survey scan is
(above section). available, PEAKS will examine the precursor ion’s isotope distribution to

confirm or correct the charge assignment.

= Remove low quality MS/MS scans: Scans of contaminants and electrical noise
should not be included in analysis. Removing them from the data set will save
time, and reduce the risk of random matches to the database. PEAKS presents
an effective tool for temoving these low quality ms/ms scans. Type in the
boxes to set ranges of retention time and m/z — PEAKS between these values
will be considered for analysis. Additionally, PEAKS examines the MS/MS
spectrum to determine it’s quality (using various characteristics including total
intensity, n-term + c-term pairing, sequence tag calling, etc.), so you can
choose a threshold of quality score (a value from 0 to 1) for accepting a scan.
Set to 0.01 to disable this filtering.

" Preprocess MS/MS scans: Deconvolution (de-isotoping), centroiding and
noise filtering within the MS/MS data. Data is always saved in the ANZ file along
with the PEAKS' results. Preprocessing can save hard disk space or upload time. But matke
sure to have the original data available in case we need to refer to it later.

A note on preserving data-results integrity

Protein ID and de novo sequencing results obtained for a given dataset
prior to use of this tool may become invalid, since some spectra are
removed/merged/corrected and the data-results relationship may be
broken. PEAKS 4.5 will warn us when this may occur and prompt us to
save a separate Copy.

Parameters used to refine the data before analysis are saved in the .ANZ file. These
and the reduction in the number of MS/MS scans are summarized on the data
properties window.
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Manually Manipulating Data Files

Editing Precursor information

It is possible that the precursor information, as listed in the Peptide Data Frame, is
incotrect. If the charge listed is wrong or if the m/z listed is even slightly incotrect
(more than the selected error tolerance) it could really affect the quality of the results.

In this case it is imperative that we change the precursor information. The change will
only affect the .ANZ file we are working on.

To edit precursor information, select a spectrum by clicking on its name, then right
click the mouse while holding it in position over the name. A small menu will appear;
click on “Edit Precursor”.

In the dialogue that follows, type the new precursor information into the appropriate
textboxes. Click the “Apply” button when finished to apply the changes. Click the
“Cancel” button to exit, discarding changes.

The precursor information will be updated, reflected by a change in the name of the
spectrum in the Peptide Data Frame. A * will also appear in front of that name,

il PEAKS Studio

File Edit Tools Windows Help

EEEENEREONEREE

£ =
= *Apo-rmyaglobin.ann W "I||Precursnr _I
:*409-2 2 |: Mass BTa.5
FA479.21
Pept .
i BEZ.3 1 oy Intensitiy 1
i 67 =
i BE Edit Precursor Charge 2
:?4 Copy
g0
@ g] Cut | Apphy | | Cancel |
4 808 peaks Autd De Novo

.94rn7—|'||—‘

indicating that there is unsaved information pertaining to that spectrum.

Manually merging MS/MS scans of the same peptide

If we’ve done several MS/MS scans of the same peptide, we may want to reduce the
amount of data to process and at the same time, improve the data quality by merging
all of a peptide’s MS/MS scans together. Often, we choose to automatically merge
appropriate spectra from the whole data file using the Data Refine tool (see above).
But this can also be done manually.

To manually merge spectra after opening a data file:

1. Select those spectra we wish to merge together from the Peptide Data Tree
(left) using shift+click and cttl+click.
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2. Next, right click in the Peptide Data panel, and choose Merge Spectra from

the popup window that appears, OR click the > ‘Manual Merge Spectra’
toolbar button.

3. A dialogue will appear, asking what should be the correct value for the
precursor mass and charge. After reviewing and/or correcting the value, press

“OK”. The spectra will be merged.

Cutting and Copying Spectrum Data

If we wish to move spectrum data from one data file to another we may do so by
copying and pasting it (see below for pasting instructions). Also, we may wish to make
a copy of the spectrum in the same data file in order to re-sequence an individual
spectrum using different preferences. Cutting spectrum data will remove it completely
until pasted. Copying spectrum data will duplicate the spectra when pasted. To
cut/copy spectrum data:

Select a spectrum by clicking on its name (select multiple spectra by holding
down the ‘control” key and clicking on any number of spectrum) in the Peptide
Data Frame.

Right click on one of the selected spectra. A small pop-menu will appear.
Select “Cut” or “Copy”

Or click the “Copy” button E ot “Cut” button % in the main toolbar.

Copied/Cut items will remain on the clipboard until replaced by another copied/cut
item. Warning: Unless pasted, a cut item will be lost, as subsequent cut/copied
items will displace it from the clipboard.

Pasting Spectrum Data
After having copied or cut spectrum data, we would like to paste it into another data
file, or the same data file. To paste spectrum data:

1. Select the data file into which we wish to paste the spectrum (or spectra)
by clicking on its name in the Peptide Data Frame. We may only choose to
paste into one data file at a time.

2. Right click on one of the selected spectra. A small popup menu will
appear. Select “Paste” from the popup menu.

Or click the “Paste” button @ in the main toolbat.

The pasted spectra will appear in the Peptide Data, under the data file into which we
pasted.
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Analyzing data with PEAKS 4.5

A task based guide 1o processing onr data with PEAKS 4.5.

his chapter will step us through the analytical techniques available to PEAKS

4.5 users. It is broken up into tasks that a typical user might perform. It

assumes we can identify parts of the Graphical User Interface and that we are

familiar with how PEAKS 4.5 can be configured. Such detail has occasionally
been omitted from this chapter in the interest of succinctness.
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For PEAKS Client,
the PTM library is
stored on the
server. Changes
must be done on
the server. Ask
your administrator
for help.

Using PEAKS with modifications (PTM)

PEAKS 4.5 provides the most flexible handing of post-translational modifications of
any software built for de novo sequencing and protein ID. Users are free to create their
own modifications (see the Creating a New PTM section in Chapter 5), and search for
any combination and any number of modifications. Modifications can be considered as
part of auto de nove sequencing or protein identification. The search is set up the same
way for both tools. The options screen for each tool has an area titled “PTM selected
for search”. Any modifications to be considered during the search will be shown here
(and labeled as Tixed’ or ‘Var’). When we first run PEAKS, the box will be blank,
meaning no PTM are selected.

PTM zelected for search

Fixed Carbamidomethylation
War  Dearmidstion

War  Oxidation

Var  Phosphorylstion

‘ AddRemaoyve PT |

To add modifications to this list, click the Add/Remove PTM button. The
Modification dialogue appears. The entite PTM library — ze. the list of all <built in> and
user defined modifications that are available to PEAKS — is displayed in the list on the left.
We'll choose the modifications we need from this list. To add a new modification to
the PTM library, click the New PTM’ button. To edit a modification in the PTM
library, select it from the list on the left and press the ‘Edit PTM’ button. To remove a
modification from the PTM library, select it from the list on the left and press the
‘Remove PTM’ library.

If you remove/edit a PTM, it will be removed or changed from/in any
saved parameter set that refers to it.

The lists on the right show what PTM will be enabled for the search. Use the ‘Select as
Fixed=>’, ‘Select as Vatiable=>" and ‘<=Unselect’ buttons to move them in and out
of these lists. Press the ‘OK’ button when finished and the changes we made will be
reflected on the protein ID options dialogue.
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X

Modification
PTMs that can be selected Selected Fixed PTMs
Deamidation hnd
Methylation
Phospharylation
Testptm
=Built-In= 4-hydroxynonenal (HMNE)
=Built-In= Acetylation
=Built-In= Acrylamide adduct
<BuiltIn= Amidation
<Built-In> Applied Biosystems cleavable ICAT(]
=Built-In= Applied Biosystems cleavahle ICAT(] Select As Variable=>
<BuiltIn= Applied Biosystams iTRAQ{TM) multi_|
=<Built-In= Applied Biosystems ariginal ICAT(T
=Built-In= Applied Biosystems original ICAT(TI Edit PTM
=Built-In= Beta-methylthiclation
=Built-In= Biotinyl-indoacetamidyl-3, G-dioxaoct: New PTM
=Built-In= Biotinylation
=Built-In= C-Mannosylation
=Built-In> Carbamidomethylation
=Built-In= Carbamylation
=Built-In= Citrullination
=Built-In= Dimethylation
=Built-In= Farnesylation
<Built-In= Flavin adenine dinuclectide
=Built-In= Formylation
] i [ [»]

Select As Fixed=>

<=Unselect

Selected Variable PTMs
Deamidation

Remove PTM from Library

[4]

[ o ][ cmen ]

Remember, when doing auto de novo sequencing or PEAKS Protein ID on a
complex mixture, we will get best results if we choose the correct fixed PTM and a
few variable PTM. When using PEAKS Protein ID to characterize a protein, it is
best to search against a small database that contains only a few proteins and turn
on all modifications. Furthermore, to limit spurious hits, we can assume that it is
less likely that a tryptic length peptide will not be modified more than a few times
and as such, limit the number of vatriable modifications that can occur on each

peptide.

Auto de novo Seguencing

To begin auto de novo sequence derivation:

1. In the Peptide Data Frame, select the data file(s) containing the spectra that we
wish to sequence by Auto de nove. We can also select an individual spectrum,
or a few spectra within a data file; auto de novo will proceed on only the spectra
selected.

2. Click the |@ Automatic de novo toolbar icon
Or
Select “Auto de nove” from the “Tools” menu.

Or
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Right click on the selected spectra or data files and select “Auto de novo” from
the popup menu.

The Auto de novo Parameters dialogue window will appear:

Repaort up to (# peptides) Edit Enzymes

PTM selected for search

De Novo Options E|
De Movo Sequencing Parameters Saved parameters
{Bivalrucina B4
Instrument | Ecit |  |Quad-TOF v
Parent Mass Error Tolerance 015 |[da ||
Fragmert Mass Error Tolerance [0.1 ||lda [~]
Enzyme none [~]

“War  Deamidation

max variable PTM per peptide | AddRemove PTM

|:| Preprocess this data 'on the fly' (deconvolute, fitter noise, centraoid)

Save As Ok Cancel

3. If we wish to change any of these parameters, we do so now.

Instrument Type: Choose the type of spectrometer that produced the data to
be analyzed. To define a new instrument, press the Edit Button.

Parent mass error tolerance: Determine how much random and systematic
expetimental error on the parent/precursor ion PEAKS will allow for in its
analysis. Type a tolerance in the textbox and choose units from the dropdown
list. Using PPM allows for larger etrors at larger m/z values. PEAKS will be
very stringent concerning this value, so new PEAKS users should try setting
this a little higher than past experience may suggest, if sensitivity is a concern.

Fragment mass error tolerance: Determine how much random and
systematic expetimental etror on the fragment/daughter ion PEAKS will allow
for in its analysis. Type a tolerance in the textbox. Again, new PEAKS users
should try setting this a little higher than past experience may suggest.
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Enzyme: Tell PEAKS what kind of enzyme was used to digest the sample.
Choose from a dropdown list of enzymes, or if our enzyme (or combination
of enzymes) is not in the list, click the "Edit Enzymes" button.

Report top: Set how many peptide sequences PEAKS will report from its de
novo sequencing analysis.

PTM selected for search: This list tells PEAKS what kind of post-
translational modifications to include in its analysis. Each is marked Fixed or
Variable. To edit this list, click the "Add/Remove PTM" button.

Max variable PTM per peptide: To reduce uncertainty, we can limit PEAKS'
de novo sequencing 'vocabulary', by restricting the number of variable PTM
we can find on a peptide. Specify a number by typing it into the box. To lift
such restrictions, type a very large number (longer than the length of the
peptide).

Saving/Loading Parameters: After setting up parameters, we can save them
for future use. Click the "Save Parameters" button, and choose a name for
future reference when prompted. Don't worty, we can't accidently overwrite
the defaults. Any parameters we save will be available in the drop-down list at
the top of the window. To see what's inside, select one and the parameters

boxes will be populated.

Preprocess before auto de novo: PEAKS has its own built-in preprocessor
for removing noise, centroiding and peak charge recognition from MS/MS
data. Check this box to turn preprocessing on.

Notes on pre-processing

BSI highly recommends using PEAKS to preprocess all data, as opposed
to using instrument vendor software, if the data is to be used by PEAKS.
PEAKS preprocessor should not be used on data that has already been
pre-processed as this will have adverse effects on the results (unless it is
ion-trap data).

4. Press the “OK” button to commence Auto de novo sequencing.

Once a job is submitted to PEAKS 4.5, it is added to the Task Queue for
processing. After processing, the job is removed from the task queue list and

the dark green ® icons beside the spectra (in the Peptide Data Frame) change
to light green ® and/or an asterisk (*) appeats.
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are probability
based, on a scale
of 0 to 100%

Viewing Auto de novo Results

After performing auto de novo on a spectrum, we may wish to see what the algorithm
determined the peptide sequence to be and review the results for ourselves. To do so,
we click on the spectrum of interest in the Peptide Data Frame. This brings up the
Main Processing Window for that spectrum.

The most likely peptide sequence candidate, as determined by PEAKS auto e novo, will
be automatically selected. This is found in the Peptide Candidates Frame as the top
listed candidate under ‘PEAKS Auto de nove’. In this example, the highlighted sequence
is VDVEK. Any modifications that have been found will be shown abbreviated and in
sequence before the amino acid residue they are associated with. If zhe PTM was
defined) created by another PEAKS user, the PTM would still be shown and it can be ingported into
the local PEAKS confignration as desired.

Right next to the proposed sequence, the auto de novo confidence score is shown.
Positional confidences (that is, confidence that the correct residue in each position has
been identified) are readily available by color coding. Red represents a very high
confidence (greater than 90%), purple represents a high confidence (80 to 90%) blue
represents a medium confidence (60 to 80%) and black represents a low confidence
(less than 60%). For more detailed positional confidence, we can place our mouse over
the sequence of interest. A Position Confidence Table will appear, showing the
confidence that each tag/subsequence is cortect.
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In the Ion Table frame, select a cell from the Ion Table — each cell represents an ion.
This will highlight its position on an error plot (scroll the Ion Table frame down if the
error plot is not visible). A point close to the centerline indicates a more confident

» o
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result. We can also notice that the peak corresponding to the Ion we selected is
highlighted on the Spectrum View. Select a whole column to highlight all the points for
that type of ion. The types of ions displayed in the ion table can be configured, choose
Configuration = Edit Ion Table from the Edit menu. Users might find this
particularly useful when sequencing data acquired using ECD or ETD.

By looking at the Spectrum View Frame, we can see the strength of the MS/MS
PEAKS that PEAKS 4.5 has set as ions. The view also displays the mass of the ions at
that peak and the type of ion. Click on a peak to mark it and display its information at
the top left corner of the Spectrum View Frame.

Zoom in by clicking and dragging horizontally on an area of the Spectrum View. The
area over which we dragged will now take up the whole spectrum view. To un-zoom,
press the ] undo zoom icon or press the 111:1 icon to return to the full spectrum
view.

We may also zoom in on the spectrum using the Spectrum Alignment Frame. Again,
click and drag horizontally on an area of the Spectrum View. The area over which we
dragged will now take up the whole spectrum view. The blue bar beneath the
Spectrum Alignment view shows where we are zoomed in. The white portion of the
bar represents the area that we are zoomed in on.

We can toggle whether or not we’d like to see the positions of the y-ions and b-ions
(and the proposed residues in sequence between them) on the alighment view by
pressing the y-ion alignment Lyl (yellow and red) and b-ion alignment Ll (yellow and
purple) icons in the main processing window toolbar.

To view another peptide candidate, as determined by auto e novo, click on another
peptide in the Peptide Candidates Frame and under PEAKS Auto de novs’. The
information in the Ion Table will change, as will the tags on the spectrum, to reflect the
selected peptide candidate’s sequence.

Editing sequencing results (preparation)

We cannot change the results provided by PEAKS auto do novo or PEAKS database
search. However, we can make a copy of any sequence and edit it using manual e novo
techniques. To copy a sequence for editing:

1. Select a peptide sequence candidate from within the Peptide Candidates
Frame. We can only select one peptide sequence candidate at a time.

2. Right click the mouse button while holding the mouse over that sequence.
A pop-up menu will appear.
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3. We can select the pop-up menu item “Copy for manual de #ovo”. In this
case, the sequence will be automatically placed under the ‘Manual de nov’
heading. A ‘Manual e novo’ heading will be created if there wasn’t one
there already.

4. Now we select our newly copied sequence, under the ‘Manual de novo’
heading, to display this sequence in the Ion Table Frame, Spectrum View

Frame, and Spectrum Alignment Frame.

Now we are ready to edit the sequence, using manual de 7ovo techniques.
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Manual De Novo Sequencing

We can use manual de 7ovo sequencing to fine tune the results of an auto de 7ovo analysis
or to perform our own sequencing analysis from scratch. PEAKS 4.5 provides a set of
tools to help us sequence a peptide, using graphic cues from the spectrum.

Creating a fresh spectrum for sequencing

We cannot change the results provided by PEAKS auto do novo or PEAKS database
search. Thus, to begin manual e novo sequencing, we must either copy a sequenced
peptide (see above section: Preparing to edit sequence results) or create a new peptide
candidate for sequencing.

To create a new peptide candidate for sequencing:

1. Right click on the ‘Peptide Candidates’ heading, the ‘Manual de novo’, or any
‘user defined type’ heading. This will bring up a pop-up menu.

2. Select “New candidate for manual de #ov0” from the pop-up menu

A new candidate will be created under the ‘Manual e 7ovs’” heading, or under the ‘user
defined type’ heading if we selected a user defined type. The new candidate will not
have been sequenced, so it will be represented by the mass of the peptide less the mass
of water (e.g. [945.15] ).

Manual de novo Operations
All operations occur in the Spectrum View Frame of the Main Processing Window.

When the mouse is placed in the Spectrum View Frame, a blue (by default) bar follows
the movement of the mouse. This is the Position Bar and it is used as a cursor for all
manual de novo operations. The cursot’s position on the m/z scale is enumerated on the
top of the Position Bar.

Selecting a peak
To select a peak, click on it. An orange (by default) bar, called Freeze Bar, indicates the
selected peak.

Alternatively an ion peak can be selected by clicking on its corresponding cell in the
Ion Table.

Measuring distance along the m/z scale

Once a peak is selected with the Freeze Bar, moving the mouse left or right will display
the Position Bar along with a value that represents the m/z difference (as an absolute
value) between the selected peak (orange) and the Position Bar (blue). In the example
below, the distance between the selected peak and the position bar is 51.02 Daltons.

S marks a section applicable to PEAKS Studio, C for PEAKS client and V for PEAKS
Viewer
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Measure the m/z difference between two PEAKS

Select a peak (orange line by default) with the Freeze Bar and move the mouse to the
left or right. Hold the Position Bar above another peak. The number above the Position
Baris the difference between the two PEAKS.

Deselect a peak
Double click anywhere in the Spectrum View Frame

Zoom in on part of the spectrum
In the Spectrum View Frame or the Spectrum Alignment Frame, click and drag the
mouse horizontally. The selected area will be shown in the Spectrum View Frame.

Add (remove) ions to (from) a peak

Select a peak, then right click the mouse anywhere in the Spectrum View Frame. Select
“Set Y Ion” from the pop-up menu to designate the peak as a y ion, “Set B Ion” from
the pop-up menu to designate the peak as a b ion, Select “Ion Edit” from the pop-up
menu to view the Ion Editor dialog box and designate the peak as another ion.
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See PEAKS
Environment
Preference
Configuration in
Chapter 5 to find
out how to change
the sensitivity of
the residue
estimate.

Two short cut keys
can be used: 'F6'
for searching the
left side and 'F7"
for searching the
right side.

The Ion Editor dialogue allows us to add ot remove ion designations to/from a peak.
Select an ion from the ion choice 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. We can type any comments we wish to make about the
ion/peak, then press the “Apply” button to apply the changes to the selected peak.

Two short-cut keys may also be used to label a peak. Select a peak, then hit the 'y key
to add a y-ion and or the 'b' to add a b-ion to the peak on your keyboard.

After setting an ion, both the alighment view and the peptide sequence candidate name
(as displayed in the peptide candidate frame) will change to reflect the mass remaining
to be sequenced on either side of the ion. After setting two ions, PEAKS 4.5 will
estimate the residue found between them (if a residue corresponds closely to the mass
difference). The peptide sequence candidate name (as displayed in the peptide
candidate frame) will change to show the residue and the mass remaining to be
sequenced on cither side of the residue.

Using sequence tags

Searching the left or right side of the spectrum for the first/last y or b ion: right
click anywhere in the Spectrum View Frame to trigger the popup menu. From the
menu, select the search of interest. PEAKS will select the appropriate terminal tags and
show them in the Ion Table Frame. We may test the suitability of a tag by clicking on
its radio button; the tag will be shown, in position, on the Spectrum View. We may
insert one or more tags by clicking on their checkboxes, then clicking the “Apply”
button. Press the “Cancel” button at any time to exit the search discarding changes.

Search a sequence tag: select a peak with a defined ion (i.e. an ion that has been
labeled with a peptide). Right click to trigger the popup menu, then select “Search
Right” or “Search Left” to search peptide tags cither to the right or left of the selected
peak. PEAKS will select the appropriate tags and show them in the Ion Table Frame.
We may test the suitability of a tag by clicking on its radio button; the tag will be shown
in position on the Spectrum View. We may insert one or more tags by clicking on their
checkboxes, then clicking the “Apply” button. Press the “Cancel” button at any time
to exit the search discarding changes.

Undoing an edit

If we have made an error in our sequencing it is possible to undo the change. With the
Peptide candidate still selected in the Peptide Candidates Frame, click the%l previous
peptide button to return to the previous peptide sequence. We can click this button
multiple times to return to successively earlier stages in our edit.

Redoing an edit

If we have undone one too many changes, we can redo that change by clicking the €]
next peptide button. We can click this button multiple times to proceed to successively
later stages in our edit.
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Suggesting a sequence to see how it fits the data

If the data is ambiguous, PEAKS 4.5 may not have displayed a particular candidate
that we wish to evaluate, after auto de novo, or protein ID. We may enter this
sequence and have PEAKS 4.5 find if there is any evidence for it in the data.

For instance, PEAKS may give the sequence RMYNVHGC(phosphorylationS)K for a
particular spectrum, and we may wish to see if there’s any evidence for the
phosphorylation being on the Tyrosine. As such, we may type in our own version of
the sequence and have PEAKS find ions that might support our hypothesis.

To do so, open the spectra in the main processing window, and right click on “Peptide
Candidates” (in the Peptide Candidates Frame). Then, from the pop-up menu that
appears, choose “New Candidate for Manual De Novo”.

FPEAKS Studio

File Edit View Tools Windows Help )
EEEEN BN ENEEE *

=l Peptide Data ﬂ T '
= *SampleData.anz A £ :

Protein ID Result mm@ 1®) |i|2|e |&]|2]9] Jumptors®
: 543842;22 Peptide Candidatoe y
W 59.3 1 = PEAKS Auto | New type )
G ETE.3 1 DELLAYL 1)
b ?23'3 2 ERFMLAYLE <1% LE 7
.TT9'41 LEDLAYLE <1%
] ?92'9 2 FPLLAYLE <1% ;
8173 B PEAKS DB Search (SwissProt 0.1 0.1 Trypsin with Cam)
11054 2 EDLIAYLE 99% /

— L > B S ;—'-‘-'r_.f,

A new node will appear with the heading “Manual De Novo” and beneath it will be
the mass of the residues yet to be sequenced (in square brackets). Right-click on this
heading. In the pop-up menu that appears, choose “New Candidate with user input
sequence”, and the Sequence Input dialogue box will appeatr.
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OK Cancel

We can now enter our proposed sequence. The total mass of the residues,
modifications, and un-sequenced masses should equal the total mass of the peptide

(minus water). We might find the mass calculator tool (Tools menu), useful in this
regard.

Enter sequences in the format:

Short forms for the

MPELAYLK
modifications may
also be used. [228.09]ELAYLK
DE[226.168]AYLK
EDLLA (phosphorylationY) LK

DE[226.168]A(phosphorylationY)LK

Then press the OK button. The sequence we just entered will appear under the
“Manual De Novo” heading and when selected, the ions that PEAKS has found to

match the proposed sequence will appear on the spectrum, spectrum alignment view,
and ion table.
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Protein Identification

The PEAKS protein identification method is unique — an improvement on and the
ideal compliment to existing tools. The unique approach is a combination of sequence
tag searching and fragment ion mass matching,.

PEAKS also introduces an amalgamative approach to protein identification called
inChorus. With inChorus protein identification technology, we can use PEAKS
together with several other protein identification software programs. This will deliver
more protein coverage and more confidence in results than any one method on its
own.

The following two sections deal with usage of PEAKS protein identification on its
own and usage of inChorus protein identification.

PEAKS Protein Identification

The PEAKS Protein ID search engine takes a hybrid approach that uses sequence tag
information to filter the protein or EST database before fragment ion fingerprinting.
Thus to get useful protein identification results, we must first perform de novo
sequencing on the spectrum data.

If we already have sequence information for this data, we may use this existing
sequence information (manual or auto de 7ovo sequences) to filter the database. If we do
not have existing sequence information, or if we wish to refine our database search by
providing brand new sequence information, we can ask PEAKS to perform auto de
nove before searching the database. Brand new results will not overwrite any existing
sequence data that we have.

1. In the Peptide Data Frame, we select the data file(s) that we wish PEAKS to

use to identify our protein(s). This can be done by clicking on a data file’s
name in, the peptide data frame.

2. Click the "Protein identification" toolbar icon @
Or
Select “PEAKS Protein ID” from the tools menu.
The Protein Identification Parameters dialogue window will appear

3. If we wish to change any of the protein identification search parameters, we
do so now.

S marks a section applicable to PEAKS Studio, C for PEAKS client and V for PEAKS
Viewer



Instrument Type: choose the type of spectrometer that produced the data to
be analyzed. To define a new instrument, press the Edit Button.

Parent mass error tolerance: Determine how much random and systematic
experimental error on the parent/precursor ion PEAKS will allow for in its
analysis. Type a tolerance in the textbox and choose units from the dropdown
list. Using PPM allows for larger etrors at larger m/z values. PEAKS will be
very stringent concerning this value, so new PEAKS users should try setting
this a little higher than past experience may suggest, if sensitivity is a concern.

Fragment mass error tolerance: Determine how much random and
systematic expetimental etror on the fragment/daughter ion PEAKS will allow
for in its analysis. Type a tolerance in the textbox. Again, new PEAKS users
should try setting this a little higher than past experience may suggest.

Enzyme: Tell PEAKS what kind of enzyme was used to digest the sample.
Choose from a dropdown list of enzymes, or if our enzyme (or combination
of enzymes) is not in the list, click the "Edit Enzymes" button.

Max missed cleavages: determine the most missed cleavages to allow,
internal to the peptide, in a de novo sequence. For instance, if we set this to 2,
and Trypsin is the enzyme, then PEAKS will return de novo sequences with
up to 2 R's or K's internally.

PTM selected for search: this list tells PEAKS what kind of post-translational
modifications to include in it's analysis. Each is marked Fixed or Variable. To
edit this list, click the "Add/Remove PTM" button.

Max variable PTM per peptide: To reduce uncertainty, we can limit PEAKS'
de novo sequencing 'vocabulary', by restricting the number of variable PTM
we can find on a peptide. Specify a number by typing it into the box. To lift
such restrictions, type a very large number (longer than the length of the
peptide).

Best practices for setting modifications (PTM)

The developers have discovered that database searching often returns
better results if the auto de novo analysis is run with no variable PTM
(perhaps one or two if necessaty), but with the correct enzyme and fixed
PTM. Modifications should be then turned on for the database search
function. m/z tolerance can also be adjusted separately for each phase to
allow us to tweak the results.
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Database to search: Select from this dropdown list, one of the FASTA
databases that we’ve set up in PEAKS. If the database we'd like to search is
not in this list, click the "T.oad new database" button.

Taxonomy selection: This list displays the taxa we've chosen for our search. If
the database selected has taxon information available, we can click the aptly
labeled "Add/Remove Taxa" button. Otherwise, the whole database will be
searched. The selections correspond to established hierarchy -- ie. selecting
"Mamalia' will search all of 'horse, cow, rat, mouse, human, etc.'

Paste FASTA sequences: If we already know the sequence of the protein(s)
we are studying, we can paste it here (must be FASTA format) and run a
search against it. Alternatively, if we search the same sequence regularly, it is
recommended to simply create a small text file and configure it as a database
for PEAKS.

Preprocess before auto de novo: PEAKS has its own built-in preprocessor
for removing noise, centroiding and peak charge recognition from MS/MS
data. Check this box to turn preprocessing on.

Notes on pre-processing

BSI highly recommends using PEAKS to preprocess all data, as opposed
to using instrument vendor software, if the data is to be used by PEAKS.
The PEAKS preprocessor should not be used on data that has already
been deconvoluted by PEAKS, or if a peak list was loaded into PEAKS
software as this will have adverse effects on the results (unless it is ion-
trap data).

If we choose to do pre-processing ‘on the fly’ during protein ID (as
opposed to using the Data Refine tool beforehand) PEAKS preserves
the original data, and does not save the results of its preprocessing.

Advanced Options - d¢ novo: We must have some de novo sequences before
database searching since PEAKS sequence tags to help in database searching.
As such the option of doing de novo prior to protein ID is presented here. In
most cases, the same values for instrument, error, enzyme and PTM can be
used in de novo and in protein ID, but we have the option of using one of our
saved de novo parameter sets for the de novo portion. Select one from the drop
down list.

Saving/Loading Parameters: After setting up parameters, we can save them
for future use. Click the "Save Parameters" button, and choose a name for
future reference when prompted. Don't worty, we can't accidently overwrite
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the defaults. Any parameters we save will be available in the drop-down list at
the top of the window. To see what's inside, just select one, and the parameters
boxes will be populated. Note: the Advanced Options selections will not be
saved.

4. Press the “OK” button to commence Auto de novo (if we have so chosen)
and subsequent protein identification.

If we have chosen to perform auto de novo prior to our database search, the auto de novo
process will appear first in the task queue. Once this is finished the database search will
begin. If PEAKS finds protein candidates after searching the database, a Protein
Identification Results window will appear:

inChorus Protein Identification

inChorus Protein Identification will call upon several search engines for protein
identification. Once we load our data into PEAKS, we can invoke (start searches
running on) several search engines. When all the results are returned, PEAKS 4.5 will
compare the answers and summarize everything in one simple report.

1. In the Peptide Data Frame, we select the data file(s) that we wish PEAKS to
use to identify our protein(s). This can be done by clicking on a data file’s
name in the peptide data frame.

2. Click the "Protein Identification" toolbar icon E
Or
Select “inChorus Protein ID” from the tools menu

The inChorus database search launch window will appear:
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InChorus Database Search

rSearch Engines

Choose which search engines to use. You can set specific options for each search engine
when launching inCharus. Or, if you have old search results, you can usually impaort them.
PEAKS Protein ID [%# option... | Import...
[] SPIDER 4 option... | Import...
¥Tandem Option... |  Import...
] oMSSA (%) option... | Import...
[ ] Mascot M option... | Import...
Sequest &> Option... |  Import...
rDatabase Options

Define a comman database for importing search results.

Database to search |NR |v| | New Database
Taxonomy selections |Bacteria

‘ Launch inChorus H Cancel |

3. First select each of the protein identification tools we would like to use by
putting a checkmark in their respective checkboxes. Search parameters for
each program can be set by clicking the corresponding Options icon.

4. To tell inChorus to launch a search engine, click the Options Button for
that search engine. To import existing results, click the Import Button for
that search engine.

5. Select a database to consolidate all the results, in the Database Options
frame at the bottom. Since we’ll have more peptide information than any
one search engine could have had, we’ll get a more complete protein
identification by going back to the database to rebuild the peptide hits.
OId search results can also be improved with new databases in this way.
PEAKS will suggest a database and taxon to use (based on our selection
for one of the search engines). If we wish to use a different database,
select on of the databases configured for use with PEAKS from the
dropdown.

6. Press the Launch inChorus Button

Options for search engines inChorus

Option screens for each of the programs available to inChorus are designed to work in
the same way as options screens for the original programs. For help in setting search
parameters for each program, please refer to that program’s user manual. For help
with PEAKS Protein ID, please refer to the above section.
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For the Sequest search engine it is preferable to index the database prior to searching.
The parameters (e.g. peptide mass, enzyme and static PTM settings) for database
indexing must be the same as those used for searching. As such PEAKS will index the
selected database, then search said database with the parameters as selected on the
Sequest Options Screen.

Importing results for inChorus

PEAKS inChorus reads X!Tandem and OMSSA results in their respective XML
formats, Mascot results in .dat format and Sequest results in .stf format. inChorus may
not be able to import older results files, if the format varies significantly.

It is up to the user to make sure the imported results were generated from the correct
data. PEAKS inChorus will attempt to match the results back to the dataset we have
open — but the data results relationship may not be preserved in all cases. PEAKS and
SPIDER results are selected from the file we currently have open, so this is not an
issue.

Selecting unmatched de novo results

When working with unknown organisms we are interested in finding novel peptides,
but abundant, uninteresting proteins (like keratin) can get in the way. Even when
working with human samples, we may have some interesting mutated peptides that
couldn’t be matched to the database. Having identified proteins using PEAKS Protein
ID or inChorus, we can focus on the new, interesting peptides.

Open a Protein ID report and click on the Filter tab to make sure that Option 1 (de
novo view shows peptides that could not be explained ...) is selected. Then, if desired,
add some filtering criteria, then press the Apply Filters button.

Click on the De Novo View tab. This now displays de novo sequences for spectra that
could not be explained by the identified proteins (as listed in Protein View). Select
some sequences using click and drag, shift+click or ctrl+click. ..

= Peptide Data 21-Nov-06 11:22:04_NR [inChorus protein ID resufts] - o B
= *OrhiCrbipk

21-Nov-D6 11:32:04_ De Novo View r Peptide View r Protein View r Search parameters r Filter Pane | “

W *452.28407 2
i *458.73856 2
W 467 2729 2
W *533.2025 2
i *545.02804 2
i *561.7268 2
W *597 3386 2
G *B23.2047 2

W 673385131 22 [1354.1898 |2 [|2706.365 WL EWEDM Y ASDLSLLDADSAPLR
B *674.4237 1 9 |A73.38513 |1 |672.377E7 LGOLGAK 9.26
' 9 |e73.38513 |1 |672.37787 LGEDLAGE 9.26
*GFEATIES 3
. 9 |e73.38513 [L |672.37787 LEDLOK 79.79
1 z [

W *BA7 7167 3

452, 28407 902.5554 KTLAVPFE Far-F
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After pasting, we
must save Datal
to continue

SC

... they appear highlighted in the peptide data tree on the left. A good next step is to
run SPIDER on these data to see if we can find homologous peptides.

Running protein identification on select spectra

When searching, PEAKS may not have found a hit for certain spectra. If these are
good data, we may wish to try searching them against a more general database. Before
we do so, we must create a new data set with these “good spectra that did not
match”. This is essential so that we can organize our data well, and because PEAKS
will only run Protein ID on all the spectra in a data node. To create a new data node:

1. Make a new data node by 2. Select the relevant spectra 3. Click the new node and press
right dlicking on the peptide data  using shift+dlick and ctri+click. — the paste button. Pressing the +
node. The new node appears as — Then press the cut button. next to Datal will expand it
“Datal”. and reveal the pasted spectra.

File Edit Tools Windows ¥ File Edit Tools Windows

File Edit Tools Windows '
[osle® wx[al @ === = EAIO

A EEE RN =
=l PeptideDat = Peptide Data "6 _
= *Cy New % = pkl } = *Cytachrome-C.pkl - E F'Epllde Data
Open ° E i 4827 2 * = *Cytochrome-C.pkl (
B L LT ) W *5848 2 b W 4827 2 [
5003 1 @ 589,31 ( Cmmpo v
W 3441 W 634,41 4 +589.3 1 :
W *678.31 W 67831 B
G 7288 2 f’ 72882 6783 1 2
G *T7e.41 Y W +779.41 ey !
G *79292 W +7928 2 \ ® 77941
73z % 81732 4 T
11054 2 W *1105.4 2 ’; G *Taz2.02 /
IS S 112502 W 7817.32 4
Data f G 11054 2 (
Wi *1125.0 2
v *Datat .
[V e r’

Now we’ve essentially removed the already matched peptides from our dataset. We can
now run protein identification on Datal or on the remaining spectra in our original
dataset. We can save that dataset in a new file or any of the other functions that apply
to regular nodes. Make sure the new node is saved before running protein ID (or any
other function) on it.

SPIDER search for sequence homology

After having obtained de novo sequences for peptides that are not in the database, it’s
a good idea to look for a homologous peptide in the database. This will help us learn
more about the proteins in our sample. To search with SPIDER we must first have
some good de novo sequences.
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1. Select some spectra (either directly from the Peptide Data Tree (left) or from a
Protein ID report). SPIDER will use the best de novo sequence candidate from
each selected spectrum.

2. Click the SPIDER icon on the toolbar — OR — choose SPIDER Search from
the Tools menu. The SPIDER Options Window appears.

Spider Parameter [g|
Query Types: o Segment Match o Mon-gapped Homaology Match
(® Gapped Homology Match
Mass Tolerance: =
Leucine equals Isaleucine:

Lysine equals Glutamine; |:|
Repart top: 10 matches ( Max. 200)

PTMs selected for search:

Fixed Carbamidomethylation

AddRemove PTMs

Database to search Taxonomy selection
|NR |v| ammalia
| MNew Database | | Edit database |
‘ Ok | | Cancel ‘

3. Choose a Query Type. They are, in order of increasingly rigorous analysis:

a. Segment Match: this is not a true mutation search, it will insist that
the mass of the peptide returned is the same as that of the de novo
sequence.

b. Non-gapped Homology Match: this search will allow for
transpositions, and single point mutations but not insertions or
deletions.

c. Gapped Homology Match: this search is the most rigorous, will find
all types of mutations, but it is the slowest of the three search modes.

4. Choose if Leucine should match to Isoleucine without penalty, and/or if
Lysine should be allowed to match Glutamine without penalty.

5. Choose how many of the best homologous peptides should be displayed after
searching. For “Report top:”, 10 is the default, 200 is the maximum.
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6. Choose PTM for consideration in analysis. Due to the ambiguity involved in
mass sensitive homology searching, only fixed PTM are allowed for this type
of analysis.

7. Choose a database to search. For this type of analysis it makes sense to
rigorously search a small database that is known to contain homologous
proteins.

8. Press the Ok Button.

SPIDER will search the database for homologous peptides, and attempt to consolidate
these into protein hits as well. The result report will look much like the results for
PEAKS Protein ID or inChorus searching.

After finding a homologous peptide in the database, SPIDER will decide what is likely
a mutation and what is more likely a simple de novo sequencing error [resulting from
certain combinations of amino acids having exactly the same mass — L/I, N/GG,
AG/G, etc. As such it reconstructs the ‘real” sequence from a de novo sequence and
it’s homologue. This is highlighted on the Peptide Details frame of Peptide View.

The ‘real’ sequence takes some time to compute, so to save time, it is not
constructed as soon as we load the report, only when we click on each
peptide. Instead the peptide returned from the database is displayed in
the Peptide View report. To display the constructed ‘real’ peptide, right
click anywhere in the report and choose “Toggle Reconstruction” from
the pop-up menu.

Merging SPIDER and Protein ID reports

Mapping homologous peptides returned by SPIDER back to previously identified
proteins can help us gain coverage. For this reason it’s advantageous to display the
results from these two different types of analysis into one report. It’s easy to do using
the inChorus search tool. Just click the inChorus button on the toolbar, or choose
Tools -> inChorus Protein ID. Then check both SPIDER and PEAKS Protein 1D
checkboxes. Click the Import Button for each of these and choose the SPIDER and
PEAKS Protein ID (or previous inChorus Protein ID) results that we want to
combine. In the resulting report, SPIDER peptides will be in red, and all other
peptides will be in blue.
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PEAKS DB Search

B¢ 0i|26341396 65,003 ] u m 32 24.33% 16
Peptides List
SpecID mfz zPeptide Delta(Mass) HitID Peaks Spider
27 571.88014 2 KQTALAELVE 42,1058 124 |:|
28 532.33563 2 LVQEVIDFAK 14,0481 132 ||
30 582Z.81&8le 2 LTVDETYVPE 0.0104 141 |:|
45 £93.84314 2 YMCENJATISSKE 12.07&83 205 ||
50 740. 42017 2 LGEYGFINAILVE 0.0377 233
51 746.9792 2 FAEITKLATDLTE 42,138 23& ||
2 756. 4882 2 APQVSTPTLVEAAR 72.148 240 |:|
54 7&7.7442 3 NYAEAKDVFLGTFLYEYSE 15.1104 249 ||
& 784.38764 2 DVFLGTFLYEYSE -42.0015 257 |:|
52 §24,77954 3 THCDLYEELGEYGFINAILVE 26,1172 288 ||
Matched peptides shown in blue, red for SPIDER:
1 NRYNDLGEQH FEGLVLIAFS CYLQKCSYDE HAKLVOEVTD FAKTCVADES
51 AANCDESLHT LFGDFLCAIP NLEENYGELA DCCTEQEPEFR NECFLOHEDD

101 NPSLPPFERF EAEAMCTSFE ENPTTFMGHY LHEVARRHPY FYAPELLYYA
151 ECYNEILTOC CAEADKESCL TPFLDGVEEK ALVISVEOPM KCSSMOFFGE
2Mm PAFFAWAVAF LISQTFPNADF AEITFLATDL TEVNEECCHG DLLECADDERA
251 ELAFYMCENQ ATISSFLOTC CDEPLLEFAH CLSEVEHDTM PADLPAIAAD
im FVEDQEVCEN TAEAFDVFLG TFLTETZFRH PDYSVSLLLE LAKKYEATLE
35 KCCAEANPPA CIGTVLAEFQ PLVEEPENLV EKTNCDLTEFL GEYGFONAIL

401 VEITQFAPOV STPTLVEAAFR NLGEVGTKCC TLPEDOPRLFC VEDYLSAILN
451 BEVCLLHEKTF VSEHVTECCS GSLVEREFPCE SA EFFAETFT

501 FHSDICTLPE KFEEQIKFKQTA LAELVFHEFE ATAEQLETVM DDFAQFLDTC
551 CHAADFDTCF STEGPNLVTE CEDALA

Creating a high-throughput workflow

In some situations, we may have many data sets that we wish to process all at once,
and in the same way. PEAKS 4.5 allows us to do this kind of work, and with minimal
effort on our part. By setting up a workflow, we can start a batch process of several
data files and not worry about it until it is finished.

o8



Work Flow
~Step 1: File Options

I=1

5
< |

[] Close file after saving

~Step 2: Data Refine
[] Data Refine &% Options

~Step 3: Auto De Novo by PEAKS
L] Auto De Movo & options

~Step 4: InChorus Database Search

~Search Engines
Choose which search engines to use. You can set specific options for each search engine
when launching inChorus. Or, if you have old search results, you can usually import them.
[ ] PEAKS Protein ID ¢ Option... | Import...
[ ] SPIDER S option... | Import...
[ ] Tandem Option... | Import...
] oMsSA (4 option... | Import...
[] Mascot M} Option... |  Import...
[]8equest Q> Option... |  Import...
~Database Options
Define a common database for importing search results.
Database to search |Swiss |v| | New Database
Taxonomy selections  |all species

OK Cancel

1t is important to note that all the files we load will be processed in exactly the same way, using exactly
the same parameters. If we want to do some differently than others, we must set up another workflow.

* File Options — Click the browse button (Folder Icon) to open a file chooser.
From the chooser, select several files using shift+click or ctrl+click, and
pressing the “OK” button. The list on the left will then show the selected files,
the list on the right will show the names of the files that will be saved after

analysis. LLoad more files by pressing browse again or remove them from the

99



SCV

When using the
mass calculator,
remember to start
with water.

We can click any
of these buttons
multiple times to
repeatedly add
that mass.

list by right clicking on them. If these files comprise a large analysis, we should
choose to ‘Close file after saving’ to save system resources.

® Data Refine — Choose how to filter and correct data for maximum utility.

®  Auto de novo — Choose whether or not to do auto de novo sequencing. Note
that PEAKS database search requires some de novo sequencing results.

*  inChorus Database Search — Choose which protein identification programs to

run the data.

Using the Mass Calculator

The Mass Calculator is a simple tool to help
us determine the molecular weight of a
peptide. To access the Mass Calculator, open
the “Tools” menu and click “Mass
Calculator”. The Mass Calculator will appear.

We can also load the mass calculator outside
of PEAKS. To access the mass calculator
without having to load PEAKS, click on the
Mass Calculator’s icon in the start menu. It

File

4 PEAKS Studio

Edit Tuulsl Windows Help

\.

@ ¥ Enable Tasks Running

[

i

will appear in the same program group as PEAKS.

[*™ Mass Calculator

=l *BS

Bl Pepticd & Auto De Hovo

B Praotein Identification

g8 Mass Calculator
LIE 2=1- |

G *1479.7 1
4 *1639.8 1

. TR me-Conkh-

Edit Help

I4WEICLEK=H20><H+>=Acetyl=

Mono Mass:1104.5759 lmwerage Mass:1105.3322

| Clear | Water | Proton | PTM | Num Back

| A H G || ¥ H E |4-hvdrownnnenal(HNE)

Lot im [N

Acetylation
| T H v || W H ¥ |Acwlamideadduct

Applied Biosystems ariginal I1CATTM) d0
| 3 | ‘ & || 4 ‘ | : | pplied Biosysterns original ICAT(TM) d3
Applied Biosystems cleavable ICATTM) light
Applied Biosystems cleavable ICATTWM) heawy
| p H a || R H S | Mpplied Biosystems iTRARITM) multiplexed guantitation chemistry

[T »

[4]

{
{\

* Amino acids are represented by their single letter symbols. Clicking on an
amino acid’s button will add it to the ‘sequence’ above, and add its mass to the
mass of the peptide. Note that the peptide’s monoisotopic and average masses

are both computed.
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* Add a proton by clicking the “Proton” button. It will be represented by an
<H+> in the ‘peptide’ above.

* To compute the mass of the peptide as if it had been modified, select a PTM
from the list, and press the “PTM” button to apply them to the peptide.

= If the PTM we wish to add does not appear in the list, we may wish to enter
it’s mass manually. To add a mass numerically, click the “Num” button and
enter a numeric value in the dialogue box that appears. Press the “OK” button
on the dialogue and the mass will be added to the sequence.

* To remove a mass that we’ve just added to the peptide, press “Undo”.

Predicting Retention Time

We can use PEAKS to predict the retention time of a peptide. Comparing the
predicted retention time against the measured retention time can help us to evaluate
correctness. The chemical properties of an amino acid sequence are used to predict its
retention time. The prediction is adjusted using the actual retention time, as listed in the
training data.

Training the RT prediction algorithm

Since retention time varies between columns, and depends on experimental procedures
(like flow rate), it is recommended that we keep a different training set for each
column/procedure. The more data we have, the bettet, so keep adding to the training
data, but only use peptides that are trustworthy. To train parameters for the prediction
algorithm:

1. Select some trustworthy peptides from the Peptide View Tab to help with the
training.

2. Right click, and from the pop-up menu that appears, select "Predict Retention
Time" -or- Choose "Predict Retention Time" from the tools menu.

-

3. The Retentjon Tlme [ Retention Time Prediction Training
Prediction window | TemePee
Training File |RTtra\mng.bd | | Browse ‘
appears' Add selected sequences to the training data file

o [_] Overwrite the training data file
4. Select a training file from

somewhere on our system

Training Process

Save Param |Jg|am Files\Peaks Studio 4 5\RTCalc_test |’JC-II| | Browse ‘

or define a new one. If | .
't ddin t thi =
were a g O S [ || stop training |

training set, we should -
Training Result
make sute that the data Gorrelation |0.38572568

we're adding is for the
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same type of column, and same procedure. Put a checkmark in the 'Add
selected sequences to the training data file' checkbox. Otherwise, we can
overwrite the training data file. If we check neither box, the training will
proceed using the existing data in the training file.

Choose the type of column we used (both for the training data and the current
analysis). 100 or 300 Angstrom column.

Choose a file to save the training results. These will be used as parameters for
predicting RT on the peptides in our current analysis. Type in the Save Param
textbox, or press the Browse Button and select or define a file.

Press the Start Training Button to begin the training. If we've chosen to add-to
or overwrite the training data file, this will be done just before training begins.
Training can take some time depending on the size of the training data. Press
the Stop Training Button at any time to abort.

The training results in a parameters file being saved for future use. To judge how good
our retention time predictions will be, based on this training, a Correlation value is
given. This measures the quality of the trained prediction against the actual retention
time. A correlation of 1 means a perfect match, above .9 is an excellent correlation, and
above .85 is good. If the training is good, we can use it to predict retention time for our
current analysis.

Predicting RT after training

If the training is good enough, we can use the retention time prediction algorithm on
our current analysis. It’s likely that we’ll use the RT prediction algorithm immediately
after training. If this is the case, skip to step 3.

1.

Open an ANZ file containing peptide sequences, and ensure the filename is
selected.

Choose “Predict Retention Time” from the tools menu

Choose a Saved Parameters file by typing in the Save Param textbox, or
clicking the Browse Button, and choosing an existing .par file.

Press the Ok Button. Retention time prediction will commence. It takes only a
few seconds, and predicts retention time for all peptides in all reports saved in
the file.

To view the predicted retention time, we’ll have to toggle that column on the
De Novo View tab and/or Peptide View tab in any reportt. If there’s already a
report gpen, we'll have to close and open it again, or untoggle and retoggle the colummn. Right
click on any row in the report and mouse down to “Toggle Column’. Here is
presented a list of available columns. Click Predicted RT and DeltaRT.
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Working with Results

Viewing, Post-Anabisis, Eixporting and Saving of resulls

present them simply, effectively and allow you to get them out of PEAKS

casily. This chapter covers how to interpret the results, how to get the most

out of them with minimal effort, how to present them to others, and how to
save data and results together for future reference.

Results are what count. So the PEAKS 4.5 developers have made sure to

This chapter assumes that the user is familiar with all preceding chapters.
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The walkthrough
in Chapter 3 gives
a good summary of
this topic.

Viewing Protein identification results

To view Protein Identification results for a data file, we must have performed PEAKS
protein identification or inChorus protein identification on that data file. The result
from each protein identification search is represented by the time stamp and database
searched (found just under a data file’s “Protein ID Result”). Click on one to display
the results report. We can view results by peptide or by protein and check on the
search parameters we used to generate these results. We can manipulate the contents
of this multi-part report by filtering out what we don’t want to keep. Finally we can
export the report and sub reports in a number of ways.

Search Parameters

Search parameters that we used when generating this report are preserved for future
reference and are available by clicking on the search parameters tab.

Peptide View
Peptide View is available by clicking on the Peptide View tab. In tabular format, it
displays relevant information about each peptide found. Since two peptides may match

to one MS/MS spectrum, they are visually grouped together (using colour) by the
MS/MS scan.

When we first load the reportt, it is sorted by MS/MS index number. This is analogous
to the scan number or DTA file name (unless spectra have been merged). In the
example above, there was one match returned for MS/MS spectrum #1. For spectrum
#2 there were two; LDAINENK and IDALNENK. For spectrum #3, there were
also two, and so on. Each peptide is given a score and the protein it matches is
displayed for reference under “Accession No.” If the report was generated after
inChorus protein 1D, each peptide that had a search program agree (identify the
peptide) is given a checkmark under its column.

The columns themselves are customizable. Right click anywhere in the report and
choose Toggle Column from the pop-up menu. The sub-menu that appears shows a
checkmark in each of the columns that are currently showing. Click any one of them to
show or hide a column. These settings will apply to all our reports.

The peptide view list is sort-able. Click on a column header to sort the list using that
column’s values. For example, sort by score. Clicking again on the same column header
will toggle ascending/descending sort. Use cttl+click to set a second sort — one can
sort by Accession, then by scote in this way. When sorting, the grouping by MS/MS scan
nuntber will be retained except when sorting by Accession No.
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Scores associated

with each peptide
represent the
quality of the
match and the
number of
programs in
agreement on the
peptide.

I ﬂ 22-Jun-07 11:05:11_nchi nr [inChorus protein ID results]
De Novo View | Peptide View |/ Protein View r Search parameters |/ Filter Pane |

SpeclD miz z Peptide Score(%)| RSD | DeltaiMass)|Accession Mo,
461.76114| 2[AEFVEVTE 95 0.027| gi|162648

464,27112
465.80664
484.71564
501.32513
507.24713
507.83163
515.82043
526.23566

536.2767

540.2342
547.31683

YIYEIAR 89 0.0416|g1 | 76656727
LEAWSVAR 0.0541| gi|162648 |_
SLLHLMWVE c -0.1389|g1 | 76672276
ALKAWSWVAR 0.054| gi|162648
TVGGLEPGRE c .0867| g1 |24625979
QTALVELLE L0367| gi|162648
YTREVPQVSTPTLVEVSE .1101| gi|162648
EARSTOWNF . L0525|g1 | 76652953
EEIRGGGLLE c .0696(g1 | 76612976
DEWVEFQWVEE. .1121|gi | 76616370
KVPOWSTPTLVEVSE .0015| gi|162648

o | e | | | s ra | pd | rafea | raf e

Peptide Details

Links to retrieve spectrum infarmation:
464.27112 2
De Nowo: TLYELAR

[ERRRRR
Database:YLYEIAR
RSD (h=0,1,2,3):
0.142¢ 00 0

gi[162648]|ablAAAST 411 1] albumin [Bos taurus]Zgil1 351807 |sp|PO2769|ALBU_BOVIM Serurn albumin |

Matched peptides shown in blue, red for SPIDER:
MEWVTFISLL LLF33AYSRG VFRRDTHESE IAHPFEDLGE EHFEGLVLIA
FSOYLOQOQCPF DEHVFLVNEL TEFAKTCVAD ESHAGCEKSL HTLFGDELCE
VASLERETY=D MADCCEFQEP ERENECFLSHE DDSPDLPFLE PDPNTLCDEF

FADEFEEFWZE TLYEIAPPHP TFYAPELLYY ANEYNGVFOE CCOAEDEGAC
Il I

Clicking on this report will highlight the spectrum in the Peptide Data tree on the left.
Select multiple spectra by clicking and dragging, using shift+click or ctrl+click. In this
way, the highest scoring peptides may be selected and isolated for further analysis.

Peptide Details and SPIDER Powered Alignment

Whenever we click on a peptide in Peptide View, it’s details are shown in the panel
below — the Peptide Details. The peptide details shows an alignment between the
original de novo sequence for the selected spectrum, and the proposed peptide
identified from the database. We can visually confirm a good match, strong evidence
for having identified the peptide correctly. SPIDER is very good at mass-aware
alignment of peptide sequences. The alignment is displayed in the following way:
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If SPIDER searching is used to find homologous peptides, the alignment will
account for differences between the de novo sequence and the homologue in the
database, deciding what is a real mutation, and what is more likely a de novo
sequencing error — thus constructing the ‘Real” sequence.

Letters on a green background, and with De Nowo: FNGREVGGISVA<GV-LE
vertical bars, indicate agreement. Letters on ULy FE I
a red background indicate sequencing error. Real: FHGEVGGSSVACGV-LE
Colour codes on the de novo sequence FUnE 1l I
letters still indicate positional confidence. Database: RSARVGGMSVA<CV>LE
Letters on a blue background indicate De Nowo: LAFAWSVAR
uncertainty or mutation. + signs represent NN
more likely mutations. Peal: LAKATISVAE

1+

Database: AFFAWAVAE

[brackets]  indicate an equal mass De Novo: ET[AL]L[AP]PGE
substitution, common non-ctitical de novo I I |
errors. <these brackets> indicate an equal Eeal: ET[LAJL[PA]PGE

mass substitution and a mutation. NI I
Database:ET[LA]L[PA]ESK

When simply identifying exact peptides from the database, using PEAKS Protein ID,
or inChorus, there’s no need to reconstruct the ‘real” sequence.

Letters on a green background indicate De Novo: [BAJPEVSTETLVEVSE
agreement. Letters on a red background indicate WNENEENENEY
sequencing error — an equal mass substitution. Database: [KV]PQVSTPTLVEVSE

Letters on a blue background indicate that it’s
uncertain why the sequences don’t match.

SPIDER powered alignment also generates an RSD - a measure of the
similarity between the two sequences. A lower value indicates better
agreement between the two; an RSD of 1 indicates no agreement.

BRSD (h=0,1,2,3):
0.2 0.1333 0 0

The h value is the tolerance for equal mass errors of length 0, 1, 2, or 3. Thus, in the
example above, when we allow equal mass errors of length 2, the sequences agree
exactly.
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The ‘real’ sequence takes some time to compute, so to save time, it is not
constructed as soon as we load the report, only when we click on each
peptide. Instead the peptide returned from the database is displayed in
the Peptide View report. To display the constructed ‘real’ peptide, right
click anywhere in the report and choose “Toggle Reconstruction” from
the pop-up menu.

Protein View

Protein View is accessed by clicking on the Protein View tab. It collects all the peptide
identifications together, summarizes which proteins were present in the sample, and
groups homologous proteins together. The same information is displayed in the
Peptide View as in this Protein View; however, the results are organized to best enable
us to evaluate at the protein level.

I H 03-Jul-07 14:13:39_m:bi nr [in(:horus prmein ID results:
De Novo View r Peptide View r Protein View r Search parameters r Filter Pane ‘
Accession | mMass | Display |Score (9)|Coverage..|Query .| Marked | Description |
E| FEAKS DB Search [m] |=|
=% gil162648 69,204 T 1 Wi 0 m Il 39 28.67% 28 albumin [Bos taurus]
B gil30794230 693247111 1 I m 1l 99 2867% 28 [albumin [Bos taurus]
B9 gi|229552 11064814711 | ® mI0 1l 99 2461% 25 [] albumin L
3% gilT4267962 69,2367 101 | W1 N IN | g3 2356% 25 [  ALB protein [Bos taurus]
B gilTABEET2T 41,8697 1 30 1.62% 1 [ PREDICTED: similar to Alpha-fetoprotein precursor (Alpha-f.
B2 gi|77735479 68,588 1 90 0.98% 1 [  hypothetical protein LOC506011 [Bos taurus) —
3% 0il29994073 1714770 12 4.01% 1 [ Histidine triad nucleotide binding protein 2 [Bos taurus]
BY gilTAA20423 101,6387 ] 1.01% 1 [ PREDICTED: similar to diacylglyceral kinass, theta isoform .
B2 gilTEBEETRT 38,2730 2 562% 1 [ PREDICTED: similar to zinc finger protein 533 [Bos taurus]
BE gil81674264 1 59 2.20% 1 [  Unknown (protein for MGC:133744) [Bos taurus]
B2 gilTEE105T1 | 28 1.18% 2 [[] PREDICTED: similar to LKB1 interacting protein [Bos taurus]
#3582 0i|233405430 27 3.33% 2 Unknown (protein for MGC:134494) [Bos taurus)

The top section of this view (shown above) behaves like an index, listing each protein
found in the sample. Very similar proteins, containing the same set or a subset of
the matched peptides, are clustered together. To see the full list of proteins within
each cluster click the ‘+” sign. In the example above, the Bovine Serum Albumin
cluster has been expanded to reveal several similar proteins. “gi| 162648 albumin [Bos
Taurus]” is listed at the top, having the most high scoring unique peptides — reflected
in a high UP (Uniqueness of Protein) score. Clicking in the same place (how a “—’
sign) will collapse the cluster. Not all similar proteins can be clustered, not necessarily
having the exact same set of peptides — maybe they have an extra peptide hit
associated. So we have to decide which cluster is best; fortunately, the ‘extra peptide’ is
usually low scoring, so we can reject it. This will be reflected in a low UC (Uniqueness
of Cluster) score.

This view is helpful when building a summary that can be sent to a
customer/collaborator. Simply right click to export to a MS Excel file. We can export
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interesting parts of the report or a whole summary. Mark proteins of interest by
clicking their checkboxes and export protein and peptide information for those.

*  Or highlight a homologue group and export proteins and peptides in that
group.

®  Or just export the whole report.

The columns themselves are customizable. Right click anywhere in the report and
choose Toggle Column from the pop-up menu. The sub-menu that appears shows a
checkmark in each of the columns that are currently showing. Click any one of them to
show or hide a column. These settings will apply to all our reports.

Whenever we click on a protein, the Matched Peptides panel (bottom) changes to
display the spectra (and peptides) that were found to be supporting evidence for that
protein. The columns in this list are the same as the ones we choose for ‘Peptide View’.
It may be necessary to scroll this panel down to see the complete list. Clicking a
peptide in this list brings up the Main Processing Window for the corresponding
spectrum, and displays the ions that were found in support of this peptide (shown
below).

l/ Protein Pane r MSA Pane |

MCBI BLAST search of gil229552
Links to retrieve entries containing this sequence from MCBI Entrez:
AccessioniD Description
0i|229552 albumin
Peptides List
SpecID m/z z Peptide Delta(Mass) HitID Peaks
a 417.2302 3 FFDLGEEHFE 0.0551 a
3 438.5227 4 LSJEFPEAEFVEVTE 0.0855 2
é 450.78813 Z PTLVEVSE. 0.0501 5
7 451.76114 Z AEFVEVTE 0.0z7 &8
g 454,27112 Z YLYEIAFR 0.0418 7
9 485.80884 Z LEAWSVAFR. 0.0541 =]
14 501.32513 2 ALEAWSVAR 0.054 11
1& 507.831&3 Z JTALVELLE 0.03&7 13
17 515.82043 4 YTTEEVPIVSTFTLVEVSE 0.1101 14
23 547.31883 3 EVPQVSTPTLVEVSE. -0.0015 18
27 571.85014 Z EQTALVELLE 0.0587 21
28 58Z.33583 Z LVNELTEFAE 0.0334 22
31 584. 3825 3 LSJEFPEAEFVEVTE 0.0224 24
37 &831.14887 4 LSJEFPEAEFVEVTELV. 0.1377 28
38 842, 39588 Z HPETAVSVLLE 0.0814 28
Matched peptides shown in blue, red for SPIDER:
1 DTHESEIAHR FEDLGEEHFE GLVLIAFSCY LOOQCPFDEHV FLVNELTEFA
[l FTCVADESHA GCEKSLHTLF GDELCFVASL RETYGDMADC CEKEQFPERNE
101 CFLSHEDDSP DLPFLFPDFN TLCDEFFADE KEFWGEYLYE IARPHEPYFYA
151 PELLYANKYN SVFQECCOAA DEGACLLPEI ETMREEVLTS SAPQRLECAS
201 IQFFGERALE AWSVAPLSQK FPFAEFVEVT FLVTDLTEVH EECCHGDLLE
251 CADDPADLAFK YICEEZETIS SFLEECKDPC LLEKSHCIAE VEKDAIPEDL
Color Code: »=75%

Scrolling down the Matched Peptides panel reveals the complete sequence of the
highlighted protein with the matched peptides highlighted in red. The strength of the
red colour is a visual indication of the confidence in that portion of the protein. Where
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an EST database was used, the translated sequence is shown (with all six reading
frames concatenated).

De Novo View usually shows de novo sequences for spectra that could not be
explained by matching to the identified proteins (as listed in Protein View), but the
exact behaviour is customizable. See below for a discussion of filters and how they
relate to the De Novo View. The list of peptides in the De Novo View behaves quite
like the list of peptides in Peptide View. Differences are as follows:

* Note that since PEAKS 4.5 uses de novo sequences to help out in the
database search, it is sometimes useful to see which de novo sequences were
use to help in the search. Each sequence that is used in this way has a
checkmark in it’s PID column.

® The parameters used to generate a de novo sequence may be slightly different
from the database search parameters. As such, PEAKS 4.5 records how each
de novo sequence was generated — this information is in the [Source program]
column.

= Positional confidence information is available in de novo sequencing results.
Colour codes show the strength of confidence in an individual amino acid.
The colour codes are the same as those used in the main processing window
(red is the best, then purple, then blue, then black). Positional confidence can
also be seen by holding the mouse over a sequence.

Result filters are accessed by clicking on the ‘Filter Pane’ tab. These allow us to
manipulate the contents of the whole multi-part report. For instance, one may choose
to discard any protein hit that was not supported by at least two high scoring peptides.
The filters are very flexible, allowing you to create filters on any of the fields (score,
mass, search engine, etc) and any number of fields. The filters are also cascading such
that removing a protein from the results removes all peptides associated with only that
protein and vise verse. But all this can be a bit complicated, so please read on to the
section “Post analysis of results — preparing for publication”.

Comparing proteins - multiple sequence alignment

After having identified some proteins, it may be useful to see how their sequences
compare. This is particularly useful when trying to identify specific isoforms of proteins
or antibodies. To display a multiple sequence alighment between two proteins, click on
the time and date stamp underneath a filename in the peptide data tree (left). This
brings up a multi-part protein ID report. Click on the Protein View tab to see a list of
identified proteins. Mark a few proteins by clicking on their checkboxes in the
‘Marked’ column. Then, in the bottom panel of this view, click the MSA tab. It will be
blank to start with, but click one of the two buttons on this panel to:
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@

generate the MSA and display in the default web browser

_ generate the MSA and display it on the MSA panel.

|f De Novo View r Peptide View r Protein View r Search parameters r Filter Pane |

L Accession | Mass \ Displar |Bcnre |Cnveraqe(%)|@uemmatc Marked | Description \
=] FEAKS DB Sez [m] [~
E-B% gil220460 153677 D s - a3 A0.00% 12 lactaglobulin beta
B gi[2164 18303 7 — - -. a8 A0.00% 12 O Chain B, Bovine Beta-Lactoglabulin, Latti
Q4925 18351 7 Do . . ag 50.00% 12 ] Chain ¥, The Cys121ser Mutant Of Bata-L
i|7207 18267 IS e . ag 50.00% 12 [m] beta-lactoglobulin - water buffala L
I|7T576 18367 I - . ag 50.00% 12 [m] Chain D, The Structure Of Bovine B-Lacta_ [
2173 18251 T . . - ag A0.00% 12 O Chain A Bovine Beta-Lactoglobulin Cam
i1627 17 167 T - | ag 53.64% 12 [m] heta-lactoglobulin
iI7245 16375 I - ag 50.00% 12 [m] Chain &, Structural Changes Accompanyi...| |
i[1259 19,893 [ ] 99 45.51% 12 [m] Beta-lactoglobulin precursor (Beta-LG) (A
B gil2780 19,921 [N e | ag 45.51% 12 [m] lactoglobuling beta [Bos taurus]
B% gil3e08 20,023 [ B ] ag 45.00% 12 O heta-lactoglobulin [Bubalus bubalis]
B2 Qi[2237 18177 T - am 99 20.26% 7 lactoglobulin beta L
B2 gi[4949 19,976 ] nm 99 27.22% 7 (] heta-lactoglobulin [Capra hircus] ~
Protein Pane r MSA Pane
° L 1
gi|229460 LIVTQTMEGLD IQKVAGTHYSLAMAASDISLLDAQSAPLRVYVEELKE TPEGDLEILL QK
gil223780 IIVTOTMEGLD IQKVAGTHY SLAMARSD ISLLDAQSAPLEVIVEELKP TPEGNLEILLOK
gi|229460 WENAECAQKKITAEKTKIP AVFKLDAIHENKVL VLD TDYKKYLLFCMENSAEPEQSLvCQ
gil223780 WENgECAQKKITAEKTK TP AVFKTDALHENKVL VLD TDYEKYLL FCMENSAEFEQSTac
gi|229460 CLVRTPEVDDEALFKFDKALFALPMHIRLSFNPTLqEeQCHT
gil223780 CLVRTPEVDNEALEKFDEALKALPMHIRLAFNP Tl EqQCHY
Color Code: »=80% ==60% ==40%

The mnltiple sequence alignment is generated by the Muscle algorithm. Edgar, Robert C. (2004),
MUSCLE: muitiple sequence alignment with high accnracy and high throughput, Nucleic Acids Research

32(5), 179297,

The table of values

PEAKS 4.5 tracks all kinds of useful information about our experiments, the results
associated with them, and calculated measures of fit between them.

What do the columns mean?

Value Description

Accession The GI, Accession or other unique identifier for this protein as recorded in
the database that was searched.

Mass The calculated mass of this protein

Display A graphical coverage map. Blue areas represent parts of the sequence that
have been explained by the identified peptides.

Score(%0) A value from 1 to 99 representing the confidence we have in this protein
identification — calculated from the confidence on the ten best peptide hits
for this protein, and normalized against the other identified proteins.

Coverage(%o) The number of amino acids in the protein sequence that have been explained
by the identified peptides. Expressed as a percentage of the total protein’s
sequence length.

Query Matched ~ The number of spectra explained by matching to a peptide from this protein.
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The bottom panel
in protein view
shows the
columns selected
for peptide view

Marked A multi-function checkbox. By default unchecked, but we can use this to
select proteins for export or multiple sequence alignment.

Description The part of the protein’s header information as parsed from the database,
usually it contains the name of the protein.

UniquelDs The number of peptides that uniquely match to this protein.

UC Score A measure of uniqueness, calculated from the confidence on the ten best
peptide hits that are unique to this cluster of proteins. Remember, PEAKS
groups similar proteins together. So UC measures how unique the cluster is.

UP Score A measure of uniqueness, calculated from the confidence on the ten best

Peptide View

peptide hits that are unique to this protein. Usually we use this only when deciding
which is the best protein within a cluster.

Value Description

SpecID A unique identifier for the MS/MS spectrum. This differs from a scan number
since we may have merged several scans together.

Scan The scan number.

RT Retention time (elution time) for the peptide as recorded in the scan header.

File If using DTA files, the file name can be displayed here

m/z The measured mass/charge value, in Daltons, for the peptide.

z The calculated charge value for the peptide.

Mass Calculated using the measured m/z and calculated z, we use this as the
experimental mass of the peptide.

Peptide The sequence of the peptide (including modifications if present) as identified
from the database.

Mzt(Calc) The sum of the theoretical mass of the residues that form the identified
peptide sequence from the database.

*RSD A measure of the similarity of the identified peptide’s sequence and the
original de novo sequence obtained for the same spectrum. This is a value
from O to 1, with zero being perfect agreement. Useful for finding false
negatives and false positives.

Con. Peptide For peptides returned by SPIDER, we must decide what is a true mutation

and what is just a de novo sequencing error. The Constructed peptide does
just this. Because of the complexity of the calculation, this can take a while to
compute.

Delta (Mass)

The difference between Mr(Calc) and Mass, in Daltons.

Spectrum A value from 0 to 1 estimated from the spectrum to refer to spectrum quality.

Quality Attributes like signal to noise, total intensity, and spectrum tagging are used.

Score(%o) The confidence we have in the identified peptide, represented as a percentage
value (1 to 99). 50% and greater represents a good match. If only one search
engine is used, that search engine’s score will be displayed here. If inChorus
searching is used, a meta-score will be displayed here.

Start The start position of this peptide in the protein sequence.

End The end position of this peptide in the protein sequence.

Accession No.

The accession, or unique identifier of the best protein this peptide matches
to.

HitID A unique identifier for the peptide match. This differs from SpeclD since the same
spectrum may have several likely matches in the database.

Predicted RT The retention time as predicted from the peptide sequence.

Delta RT The difference between the measured RT and the Predicted RT. If our

peptide identification is good, and the prediction is accurate, the Delta RT
should be low.

Search engines

For inChorus searching, we list a checkmark in this column to indicate which
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search engines reported this peptide. Where two search engines agree, there will be
two checkmarks — good evidence for having found the right match!

Search engine
scores

For inChorus searching, we expose the original score from each search
engine.

*The RSD measure was proposed by Sergey Pevtsou, Irina Fedulova, Hamid Mirzaer, Charles Buck,
and Xiang Zhang, J. Proteome Res., 5 (11), 3018 -3028, 2006

Value Description

Scan The scan number.

RT Retention time (elution time) for the peptide as recorded in the scan header.

File If using DTA files, the file name can be displayed here

m/z The measured mass/charge value, in Daltons, for the peptide.

z The calculated charge value for the peptide.

Mass Calculated using the measured m/z and calculated z, we use this as the
experimental mass of the peptide.

Peptide The sequence of the peptide (including modifications if present) as
determined by de novo sequencing.

Score(%o) The confidence we have in the peptide sequence, represented as a percentage

value (1 to 99). Calculated by statistical analysis of all possible peptide
matches to a spectrum.

Source Program

Since we may have done de novo sequencing several times on any given
spectrum, this column records which parameters were used to get a given de
novo sequence.

Predicted RT The retention time as predicted from the peptide sequence.

Delta RT The difference between the measured RT and the Predicted RT. If our
peptide identification is good, and the prediction is accurate, the Delta RT
should be low.

Rank Starting from 0, this simply counts the best de novo sequences for a given
spectrum and parameter set, in order of score.

Data Quality A value from 0 to 1 estimated from the spectrum to refer to spectrum quality.

Attributes like signal to noise, total intensity, and spectrum tagging are used.

Toggling Columns

Still, the information in the report might be too intensive. Some users might not care to
see the start and end position of the peptide in the protein, while some users may wish
to see even more information. PEAKS 4.5 allows us to customize which columns are
shown. Right-click anywhere in De Novo View or the top section of Peptide View or
Protein View. In the pop-up menu that appears, hold the mouse over Toggle Column.
A sub-menu will appear showing a checkmark in each of the columns that are
currently showing. Click any one of them to show/hide a column. PEAKS will
remember which columns we select, and present us with these columns each time we
load a report.
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Filtering results

PEAKS 4.5 provides us with an exhaustive list of all proteins and peptides that can be
found in the sample. But since everyone has their own criteria of what information is
required in the report and what is an acceptable result, a good hit, we must have a way
of filtering out the less critical information to leave us with the essentials.

ﬂ 29-May-07 14:42:56_swissprot [inChorus protein ID results o = H

r De Novo View r Peptide View r Protein View r Search parameters r Filter Pane

Default Parameters Saved Parameters
Filter Parameters PeaksGeneral PeaksGeneral =
Possible Filters: Selected Filters:

[] D& Movo Filters il D De Movo Filters
[} charge filter o ier =7 Peptide Filters
D Mass filter L D Scorefilter: = 60.0
[ miz fitter [J Protein Filters
[y scare fiter Apply fiiters [ Desc filter: (2L*([KKleratin|[Tt

D Index filter D Queryfilter: = 1.0
[ Length filter
D Source filter
[} Rank fitter
=3 Peptide Filters
D Charge filter
[ score fitter
D Support filter

4]

<] 1l I D

Options Edit Filter:

) De novoview shows
peptides that could not be
explained by peptides from
the Peptide View

® De novo view shows all
peptides that are not filtered

[[] Remove de novo peptides
with no database hits

Set saved as default
Save As | ‘ Delete set | |
Clear default

In order to manipulate results, we must, of course, have done some protein
identification using PEAKS Protein ID or inChorus searching. Click on the time and
date stamp associated with this result under its file name in the peptide data panel on
the left. Once the report loads, click on the “Filter Pane” tab to bring up the filtering
options.

Choose a filter from the ‘Possible Filters’ list on the left by clicking on it. Options for
this filter will appear below, in the [Edit filter:] frame. Once we’ve set these options, we
press ‘Add filter’ to bring it to the list of ‘Selected Filters’. If we’d like to add another
filter, we can repeat the process, continuing to add as many filters as necessary. In this
way it is also possible to have two filters on the same property; we can set a range of
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protein mass, for instance, by applying one filter on the upper bound of the mass and
adding another filter to be the lower bound of the mass. We can also have more
complex filters that involve multiple properties. The example above shows filters that
allow only proteins with more than one high scoring (greater than 60% score) peptide,
a standard requirement for publication.

Filters are grouped into three basic types to reflect what they act on: De Novo filters
act to remove proposed de novo sequences, Peptide Filters act to remove peptides
found in the database from the report and Protein filters act to remove proteins from
the report. All columns, as described above, can be filtered upon.

The filters cascade through each view in the multi-part report. For instance, filtering
out a protein (by mass perhaps) will remove it from the Protein View and remove all
peptides associated with that protein from the Peptide View list. The manner in which
the De Novo View is linked can be specified by the user (illustrated on the next page).

Filter sets can be saved and re-used between sessions, but remember to hit Apply
Filters to use them.

Once all the filters we need are set up and showing in the Selected Filters list, we must
press the Apply Filters button to use them on our results. For larger reports this can
take a few seconds, during which time the tabs of the multi-part report will be grayed
out. After completion, we can click on any of the tabs to see how the results have been
affected.
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How filters act on de novo sequences
PEAKS 4.5 automatically relates de novo sequencing results to protein ID results. This
makes it easy to see which de novo sequences correspond to known contaminants and
which are truly new peptides. The relationship is always drawn back to the data, not
necessarily the sequence, which helps highlight important sequence variations. PEAKS
4.5 users can set what is displayed on the list of de novo sequences, according to the

following diagrams:

Option Selected

Options

8 De novoview shows
peplides that could not be
explained by peptides from
the Peptide View

-~ De novoview shows all
peptides that are not filtered

| Remove de novo peptides
with no database hits

Options

! De novo view shows
peptides that could not be
explained by peptides from
the Peptide Yiew

® De novoview shows all
pepltides that are not filtered

[] Remove de novo peptides
with no database hits

Options

_ De novo view shows
peptides that could not be
explained by peplides from
the Peptide View

& (e novoview shows all
neptides that are not filtered

] Remave de novo peptides
with no dalabase hils

What De Novo View Displays

Spectray
explainad by
database

SRCCIra
explained by
de novo

Spering 1
explained by
database

Spectra
explained by
de novo

Spectra
eupiained by
database

Spectra
explained by
de vy

How Filters are linked

Filtering out {remaving)
a de nove result does mot
affect what is displayed
in the Protein View tab or
Peptide View tab.

Filtering out {removing)
a de novo result also
removes that spectrum
from consideration in
the Peptide View tab and
Pratein View tab.

Again, filtering out
fremoving) & de novo
result also removes that
spectrum from consider-
ation in the Peptide View
tab and Protein View tab.
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The Regex must
match the whole
description, you
can't just type
“human”.

Filter examples

Any column of information in any part of the Protein ID report can be filtered. Filters
cascade throughout the report — ie removing a protein removes all its associated
unique peptides, and removing all peptides from a protein removes that protein too.
Each filter can be applied several times over. So it can get a little complex. To illustrate,
here are a few examples:

Publication
Show proteins that have two high-scoring hits:

* Add the Protein Filter called Query and in the [Edit Filter] section choose
‘greater than’ and type ‘1’ in the box (without the quotes).

* Then add the Peptide Filter called ‘Score’ and in the [Edit Filter] section
choose ‘greater than’ and type 50’ in the box (without the quotes).

®  Press the ‘Apply Filters’ button.

Digging for a protein by name
To illustrate this process, let us find a protein that contains the word ‘human’ or ‘rat’ in
the database entry’s description, but not Keratin or Trypsin.

= Add the Protein Filters called ‘Desc’

* In the [Edit filter] section, we’re required to type in a regular expression
(regex). This allows us to use wildcards.

Wildcard Meaning Example
.* “Anything of any length”  *human* Wil find anything that contains the
word ‘human’, with anything before and anything
after.
“Or” (use brackets) #(human |rat| RAT).* Wil find anything that

contains the word ‘human’, or the word ‘rat’ or the
word ‘RAT’, with anything before and anything

after.

?! “Not” (use brackets) (P! *(Keratin | Trypsin).*).*(human | rat).*  will
find anything containing human or rat but not
Keratin or Trypsin

[] “Any of these characters” ~ *([HhJuman|[Rr]at).*  will find anything

containing the words Human, human, Rat or rat.
g bl ol

* So type in the regex: (?!.*¥(Keratin | Trypsin).*).*(human |rat).* and press
the Enter key. If PEAKS confirms that this is a valid regular expression, it will
put a check in the “Valid Java Regex’ box. You may then press the Add Filter
button.
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= Press the ‘Apply Filters’ button.

Setting a protein mass range
If we know the approximate mass of the proteins we’re interested in, we should
eliminate all proteins that are not close in mass.

=  Add two filters: “Protein Filters: Mass >12000" and “Protein Filters: Mass <
320007

= Press the ‘Apply Filters’ button.

Saving/Loading Filter sets

We're sure to use some common filters repeatedly. To save a Filter Set, press the ‘Save
As’ button on the filter pane. This saves all filters that we’ve added to the ‘Selected
Filters’ list. To recall a saved Filter Set, select it from the drop down list in the top right
corner of the filter pane. This will simply populate the ‘Selected Filters’ list with our
saved filters. Don’t forget to press the ‘Apply Filters’ button to apply them.

Using a default filter

We may prepare our results the same way each time; in which case it makes sense to
set up a filter that will be automatically applied each time we load a report. Select a filter
from the list of saved filters in the top right corner of the Filter Pane. Press the Set
Saved as Default Button at the bottom of the Filter Pane. This filter will be displayed in
the Default Filters box at the top of the Filter Pane, and will be applied automatically
just after a report is loaded. Be careful, if your default filter is very stringent, it can
sometimes remove everything! To remove a default filter, press the Clear Default
Button at the bottom of the Filter Pane. At any time you can choose or create
another filter which will override the default.

Exporting Results
WYSIWYG reports

PEAKS 4.5 allows us to create interactive reports to share with collaborators,
colleagues and clients. The reports are available in HTML or Microsoft Excell (.xls)
formats and follow a “What you see is what you get’ (WYSIWYG) philosophy. All the
information you see on screen in PEAKS 4.5 will appear in the exported report. For
this reason, it is important that we complete results filtering and toggling columns
before exporting a report.
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In order to export a report, first choose the view to export by clicking on the De Novo
View, the Peptide View tab or the Protein View tab. Next, right-click anywhere in the
top section of the selected view and choose ‘Export Report’ from the pop-up window
that appears.

Export Peptide Report % Protein Report Export
File Options File Options
Farmat: n Export peptide details Format =
Spider-powered alignments Filename: |c;-.,tgst_mm| =
D Export data properties Export protein sequence

[l Export search parameters SRR FIOEETES

Export search parameters

Filename: | \test htrnl | | = | Report Types

Report Scope ) Protein and peptide report for currently highlighted homolog aroup
@ Exportselected peptides 22 Complete protein list (peptide details omitted)

B B 21 pEETRES ® Current marked proteins and corresponding peptides

() Full pratein and peptide repart (homologous proteins grouped)

The report export dialogue will appear. One must choose either HTML or XIS format
and specify a file name. PEAKS 4.5 will load the report after it has been created, but it
makes sense to always place the report in a place we can find it later on. By default the
filename of the report will include the time and date the report was created. To change
the location/filename one can either type it in to the Filename box or click the folder
icon to browse to a new location.

The bottom part of the Report Export dialogue asks us what we would like to include
in the exported report. When exporting from Peptide View or De Novo View we have
the choice of exporting the whole list or the selected ones. When exporting from
Protein View we have some more options, allowing us to include peptide details, the
complete protein sequence, a listing of proteins containing the same set or a subset of
the same peptides, or to include only marked proteins. Press the OK button to
complete the export.

Exporting peak lists

To export data to a PKL file, we select the data file (not an individual spectrum) to
export. Then, from the “File” menu, select “Export”, then “Export PKL File”. The
spectrum data will be saved in PKL format, but all sequencing and protein data will not
be preserved.

Exporting Sequences by spectrum

For most users, the WYSIWYG reports exporting will be enough, but PEAKS 4.5 also
provides other ways to export. To export peptide sequencing results to a FASTA
format file, select the data file (not an individual spectrum) to export. Then, from the
“File” menu, select “Export”, then “Export Peptide Sequence”. The peptide
sequencing data will be saved in FASTA format, one entry for each spectrum, but will
not retain any spectrum data.
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Exporting Peptide Sequences

To export peptide sequencing results to an HTML table, select the data file (not an
individual spectrum) to export. Then, from the “File” menu, select “Export”, then
“Export HTML File”. PEAKS will then ask us which results we would like to export.
We can choose from any de novo sequencing or Protein ID run we have done. Each will
be listed with the parameter set we used. The difference here is only that the results are
organized by spectrum rather than by peptide as in the WYSIWYG exporting.

Exporting Exclusion Lists

If we are repeating an experiment, it can be useful to exclude the peptides we have
already scanned and analyzed. In this way, we can focus on some potentially interesting
but lower intensity PEAKS. To tell the instrument to do this we must create an
exclusion list. PEAKS 4.5 has the ability to create an exclusion list that will be
compatible at least with Waters/Micromass instruments. To create the exclusion list,
simply select a few spectra from the peptide data tree on the left, then right click and
choose “Export to Exclusion list” from the pop-up menu that appears. The selection
of spectra can also be done using by clicking in the Peptide View or De Novo View of
a Protein ID report.

Exporting high-resolution spectral images

It is often useful to provide visual aids in reports, posters and papers. As such, PEAKS
4.5 provides the facility to export high quality images of a spectrum or part of a
spectrum zoomed in. In any case, PEAKS allows us to export exactly what’s shown on
the screen. So to export an image:

1. Bring up the main processing window for an MS/MS spectrum by
double-clicking on its precursor ion mz, or by double clicking a
peptide in any of the reports. The main processing window shows us
the spectrum of interest, along with any peptides matched to it.

2. Set up the colour, typeface and size of labels and PEAKS on the
specttum. To do so, choose Edit menu = Configuraton =
Environment Preferences. Within the Environment preferences
dialogue, choose the ‘Colour’ or ‘Display’ tab to get at the relevant
settings.

3. (optional) If we want to export a pucture of the lon Table, we should confignre what
columms are shown in the ion table before the export. To do so, select one of the Ion
Table Editor tabs from the Environment Preferences dialogue.

4. (optional) If we want to export a zoomed in region of the spectrum, we must do so
now by dlicking and dragging horizontally over the area of interest.
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5. Click the ] export results button on the main processing window
toolbar, or right-click on any frame within the main processing
window and choose “Export Image” from the pop-up menu.

6. 'The Image Export Options Dialogue appears. On this window you

can export:
What the current spectrum Image Export
view (middle) frame is mage Options
displaying, Widh:  Height:
Fiefomat: (SR - | el IEI
What the alignment (bottom) Filename: [c1414.24142.50g
frame is displaying R
Upscale to 1[I[IE % resolution

All the proposed peptides as

listed in the top left frame Imade Types
() lan Table and Error Map
Current Spectrum Yiew

Spectrum Alignment Frame

. . Peptide Candidate Tree
A combination of the O Error Map

. \
ahgnment and specixurn &) Annotated Spectrum with Alignment

annotations.

a. Choose what you want to export.

b. Select a file type. Four popular formats are supported., but
either GIF or PNG formats are recommended.

SVG is a vector graphics format

Vector graphics means the information is stored as math representing
lines and shapes, not pixels. Essentially, this means that your spectrum
will be easier to edit, and won’t be affected by resizing. Several SVG
editors are available (Adobe Illustrator, or freeware like InkScape), or you
can convert the SVG into an EMF file for MS Word.

c.  Choose a file name. We can browse by clicking the folder icon
of just type a file name in the box.

d. (optional) Specity width and height dimensions in pixels. In
some cases the size is predetermined by the size of the frame
on our screen. Otherwise we can increase these numbers to
make the picture bigger.
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e. To export high resolution images, increase the resolution by a
few hundred percent.

. Press ok and you’re done.

Saving Results

Saving results will preserve our work for later use. Saving files in PEAKS’s .ANZ
format will preserve spectrum data, manual de 7ove sequence information, automatic de
nove sequence information, protein identification results, and information about any
PTM that were found in sequence.

To save the results of our analysis, we first select the data file we wish to save in the
Peptide Data Frame.

To save, click the | save icon in the main window toolbat, select “Save” from the
“File” menu or right click on the data file and select “save” from the popup menu.
This will save the processed spectra in .ANZ format and of the same name as the data
file we opened.

To change the name of the ANZ file, choose “Save as” from the “File” menu, or right
click on the data file and select “Save as” from the pop-up menu. We may then change
the file name.

To save all currently opened data files, select “Save all” from the “File” menu.
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About Bioinformatics
Solutions Inc.

BSI providks achanaed softviare tools for analss of biskgieal dta

Bioinformatics Solutions Inc. develops advanced algorithms based on innovative ideas
and research, providing solutions to fundamental bioinformatics problems. This small,
adaptable group is committed to serving the needs of pharmaceutical, biotechnological
and academic scientists and to the progression of drug discovery research. The
company, founded in 2000 in Waterloo, Canada, comprises a select group of talented,
award-winning developers, scientists and sales people.

At BSI, groundbreaking research and customer focus go hand in hand on our journey
towards excellent software solutions. We value an intellectual space that fosters
learning and an understanding of current scientific knowledge. With an understanding
of theory, we can focus our talents on providing solutions to difficult, otherwise
unsolved problems that have resulted in research bottlenecks. At BSI, we are not
satisfied with a solution that goes only partway to solving these problems; our solutions
must offer something more than existing software.

The BSI team recognizes that real people will use our software tools. As such, we hold
in principle that it is not enough to develop solely on theory; we must develop with
customer needs in mind. We believe the only solution is one that incorporates quality
and timely results, a satisfying product experience, customer support and two-way
communication. So then, we value market research, development flexibility and
company-wide collaboration, evolving our offerings to match the market/uset’s needs.

Efficient and concentrated research, development, customer focus and market analysis
have produced: PEAKS software for protein and peptide identification from tandem
mass spectrometry data, RAPTOR and PROSPECT Pro software for threading based
3D protein structure prediction and PatternHunter software for all types of homology
search sequence compatison.
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PEAKS Software License

s as the sarme agreesent presented on installation. 11 is provied bere for

If we are evaluating a time limited trial version of PEAKS and we wish to update the
software to the full version, we must purchase PEAKS and obtain a full version
registration key.

1. License. Subject to the terms and conditions of this Agreement, Bioinformatics
Solutions (BSI) grants to you (Licensee) a non-exclusive, perpetual, non-transferable,
personal license to install, execute and use one copy of PEAKS (Software) on one
single CPU at any one time. Licensee may use the Software for its internal business
purposes only.

2. Ownership. The Software is a proprietary product of BSI and is protected by
copyright laws and international copyright treaties, as well as other intellectual property
laws and treaties. BSI shall at all times own all right, title and interest in and to the
Software, including all intellectual property rights therein. You shall not remove any
copyright notice or other proprietary or restrictive notice or legend contained or
included in the Software and you shall reproduce and copy all such information on all
copies made hereunder, including such copies as may be necessary for archival or
backup purposes.

3. Restrictions. Licensee may not use, reproduce, transmit, modify, adapt or translate
the Software, in whole or in part, to others, except as otherwise permitted by this
Agreement. Licensee may not reverse engineer, decompile, disassemble, or create
derivative works based on the Software. Licensee may not use the Software in any
manner whatsoever with the result that access to the Software may be obtained
through the Internet including, without limitation, any web page. Licensee may not
rent, lease, license, transfer, assign, sell or otherwise provide access to the Software, in
whole or in part, on a temporary or permanent basis, except as otherwise permitted by
this Agreement. Licensee may not alter, remove or cover proprietary notices in or on
the Licensed Software, or storage media or use the Licensed Software in any unlawful
manner whatsoever.
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4. Limitation of Warranty. THE LICENSED SOFTWARE IS PROVIDED AS IS
WITHOUT ANY WARRANTIES OR CONDITIONS OF ANY KIND,
INCLUDING BUT NOT LIMITED TO WARRANTIES OR CONDITIONS OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
LICENSEE ASSUMES THE ENTIRE RISK AS TO THE RESULTS AND
PERFORMANCE OF THE LICENSED SOFTWARE.

5. Limitation of Liability. IN NO EVENT WILL LICENSOR OR ITS SUPPLIERS
BE LIABLE TO LICENSEE FOR ANY INDIRECT, INCIDENTAL, SPECIAL,
OR CONSEQUENTIAL DAMAGES WHATSOEVER, EVEN IF THE
LICENSOR OR ITS SUPPLIERS HAVE BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE OR CLAIM, OR IT IS FORESEEABLE.
LICENSOR'S MAXIMUM AGGREGATE LIABILITY TO LICENSEE SHALL
NOT EXCEED THE AMOUNT PAID BY LICENSEE FOR THE SOFTWARE.
THE LIMITATIONS OF THIS SECTION SHALL APPLY WHETHER OR NOT
THE ALLEGED BREACH OR DEFAULT IS A BREACH OF A
FUNDAMENTAL CONDITION OR TERM.

6. Termination. This Agreement is effective until terminated. This Agreement will
terminate immediately without notice if you fail to comply with any provision of this
Agreement. Upon termination, you must destroy all copies of the Software. Provisions
2,5,6,7 and 10 shall survive any termination of this Agreement.

7. Export Controls. The Software is subject at all times to all applicable export control
laws and regulations in force from time to time. You agree to comply strictly with all
such laws and regulations and acknowledge that you have the responsibility to obtain
all necessary licenses to export, re-export or import as may be required.

8. Assignment. Customer may assign Customer's rights under this Agreement to
another party if the other party agrees to accept the terms of this Agreement, and
Customer either transfer all copies of the Program and the Documentation, whether in
printed or machine-readable form (including the original), to the other party, or
Customer destroy any copies not transferred. Before such a transfer, Customer must
deliver a hard copy of this Agreement to the recipient.

9. Maintenance and Support. BSI will provide technical support for a period of thirty
(30) days from the date the Software is shipped to Licensee. Further maintenance and
support is available to subsctibers of BSI's Maintenance plan at BSI's then current
rates. Technical support is available by phone, fax and email between the hours of 9
am and 5 pm, Eastern Time, excluding statutory holidays.

10. Governing Law. This Agreement shall be governed by and construed in
accordance with the laws in force in the Province of Ontario and the laws of Canada
applicable therein, without giving effect to conflict of law provisions and without
giving effect to United Nations Convention on contracts for the International Sale of
Goods.
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Reference: PEAKS Paper

Phease use the following references when publishing a study that imwled the nse of
PEAKS.

Bin Ma, Kaizhong Zhang, Christopher Hendrie, Chengzhi Liang, Ming i, Amanda
Doherty-Kirby, and Gilles Lajoie. PEAKS: Powerful Software for Peptide De Novo
Sequencing by Tandem Mass Spectrometry. Rapid Communication in Mass Spectrometry
17(20): 2337-2342. 2003
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