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1

Chapter 1. Overview
Welcome to PEAKS Online .

1. How to Use This Manual
This chapter provides an overview of PEAKS Online’s features and describes a typical data analysis work flow
in PEAKS Online. It is strongly recommended to read this chapter to get a big picture of what PEAKS Online
provides and how to use PEAKS Online.

2. What is PEAKS Online ?
PEAKS Online is a distributed computing platform for data dependent acquisition (DDA) and data independent
acquisition (DIA) shotgun proteomic mass spectrometry data analysis. PEAKS Online users get detail-oriented
results with the advantage of using a powerful, shared resource. This solution is designed to harness the hardware
of a powerful server to analyze data using sophisticated algorithms on a high-volume of mass spectrometry data
simultaneously, all while providing an easy-to-use and easy-to-access interface without the need to install a local
client.

The following is a brief overview of the distinctive features included in PEAKS Online :

• Complete Analysis

PEAKS Online provides a complete solution for shotgun proteomics data analysis. It is a vendor neutral com-
puting platform capable of reading in raw mass spectrometry data and public data formats. De novo sequencing,
PEAKS DB (database searching)-based protein identification, PEAKS PTM (post translational modification)
analysis, and SPIDER homology search are then used to identify the most likely peptide sequence that match
the given spectra. Relative quantification by label-free quantification (LFQ) can also be performed. Intuitive
result visualization tools are provided at every stage of analysis and results can be exported.

• Built-in Result Validation

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

• Result Visualization

Peptides are mapped to the identified proteins using an interactive protein coverage view. Clicking on peptides
will bring up the peptide spectrum match that best explains the identification. Sample comparative coverage
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view visualizes the frequency of supporting peptides of a protein from selected samples. Modification and
mutations can be visualized and filtered based on certain thresholds. Quantification results can be visualized
using heat maps.

• Accuracy and Sensitivity

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

• Multiple-Enzyme Project

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

• Label Free Quantification

Proteins are quantified based on peptide features detected from LC-MS/MS data by integrating the area under
the curve (AUC) of the precursor ion or maximum feature intensity. An Expectation-Maximization (EM) based
algorithm is used for feature detection, deconvolution and refinement. PEAKS Online uses an optimization
model for simultaneous feature matching and retention time alignment. This approach allows PEAKS Online
to quantify peptide features independent of MS/MS identification.

• Reporter Ion Quantification

Reporter ion quantification with chemical labels at the MS2 (MS3) level is one of the two quantification modes
that are supported by the optional PEAKS Q module of PEAKS Online. It is based on the relative intensities of
the fragment peaks at fixed m/z values within an MS2 (MS3) spectrum. In this mode, isobaric chemical labels
are introduced to several samples. The samples are then analyzed together in an LC-MS/MS experiment.

• SILAC (Stable Isotope Labeling by/with Amino acids in Cell culture)

In SILAC, the isotope labels with different mass values are introduced as two or more samples. The samples are
then analyzed together in an LC-MS/MS experiment. The same peptide from different samples is recognized by
a set of precursor ion peaks with similar retention time and mass differences within the retention time window.
The ratio is calculated from the intensities of those peaks. PEAKS Online supports the analysis of Super-SILAC
experiments that uses a mixture of SILAC-labeled cells as a spike-in standard for accurate quantification of
other unlabeled or labeled samples.

• ID Trasnfer LFQ/SILAC (Stable Isotope Labeling by/with Amino acids in Cell culture)

Compared to the regular SILAC, ID transfer LFQ/SILAC can provide quantification workflow with high
throughput and cov- erage. The unidentified precursors/pairs can be transferred from pre-run fractions in ID
Transfer group.

• Multiple Instrument Vendor Support

PEAKS Online supports the raw file formats of most major instruments, which avoids file format conversion.
More importantly, the algorithms have been tuned for different instrument types to ensure optimal accuracy
and sensitivity.

• Exporting Results

Analysis result can be exported to a variety of formats. The .csv format make it easy to view the results in
spreadsheets and to analyze with in-house scripts or other third-party software. PEAKS Online also supports
the ability to export data to standard result formats such as pepXML and mzIdentML.

3. What is New in PEAKS Online X ?
• High throughput solution
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Allows concurrent access from multiple users to support parallelism at project and data levels. It uses a distrib-
uted database to yield higher I/O performance and better fault tolerance.

• Ready to scale

Vertically and horizontally, add new worker nodes or database nodes to the system and see performance im-
provements right away.

• Support for Spectral Library Search

We now support Spectral Library Search for Data Independent Acquisition (DIA)

• Versatile PEAKS Online Clients

PEAKS Online Clients are accessed through a Web Browser so that any user can access the PEAKS Online tools.

• Ion Mobility Data Analysis

PEAKS Online X has the ability to load ion mobility data from Bruker's timsTOF Pro instrument. The data
can be analyzed using de novo sequencing, database search (PEAKS DB), unspecified modification (PEAKS
PTM), sequence variants (SPIDER) search, and label free quantification.

• FAIMS data support

PEAKS Online now support the analysis for FAIMS data.

• SILAC support

PEAKS Online now support the SILAC analysis.

• mzML/mzXML format dataset support

PEAKS Online now support the mzML/mzXML format data.

• ensemble format database support

PEAKS Online now support the ensemble format database.

• Exclude Chimera Scan for TMT quantification

PEAKS Online now exclude Chimera Scan for TMT quantification.

• Support export pepxml and mzxml for Skyline

PEAKS Online now support export pepxml and mzxml for Skyline.

• DIA library search improvement

Provide peptide XIC display: M, M+1, M+2 for precursor and top 16 for fragment ions, show only fragment
ions used in score calculation. Improve accuracy and sensitivity. Provide more strict FDR control.

4. Supported Data Types
• mzXML :  Any instrument type converted to this format is accepted. MSConvert from ProteoWizard is sug-

gested for conversion.

• mzML :  Any instrument type converted to this format is accepted. MSConvert from ProteoWizard is suggested
for conversion.

• Thermo raw files : Thermo .raw files are accepted.
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• Waters raw folders:  The master node must be on a Windows operating system. Otherwise, conversion to
mzXML is necessary. If loading directly from your computer, compress the folder into a zip file before upload-
ing.

• Bruker .d folders:  Folders containing .baf files from Impact or Maxis instruments are accepted. If loading
directly from your computer, compress the folder into a zip file before uploading.

• Thermo DIA:  Thermo DIA files are now accepted.

• Bruker DIA:  Bruker DIA files are now accepted.

• WIFF DDA/DIA:  WIFF DDA/DIA files are now accepted.

5. Quick Walkthrough
This section presents a quick walkthrough of a typical data analysis work flow. For step-by-step instructions and
detailed explanation of the results, refer to Chapters 2-6.

5.1. PEAKS Online Main GUI

The main graphical user interface (GUI) of PEAKS Online can be accessed from a Web Browser. Upon entering
PEAKS Online, you must sign in first. There are two types of users: Administrator or User. The user manual for
Administrators is provided separately.

5.1.1. PEAKS Online User Options

PEAKS Online User accounts can only be created by the Administrator(s). After logging in, PEAKS Online users
can access their completed projects or create a new project from the home page. For convenience, Import Project,
Create New Project and Download an be accessed from the top left. Once logged in as a PEAKS Online user, the
following items can be accessed from the top menu:
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1. Project

a. New Project: Users can create a new project by clicking here to upload data and set parameters.

b. My Projects: Users can access all projects that were created and run on their user account.

c. Archived Projects: Users can archive projects that were created by their account.

d. Shared Projects: Users can access all projects that were shared to or by their account.

2. Settings

a. Databases: Users can access all databases uploaded on their user account and databases configured by the
administrator.

b. Modifications: Users can view default modifications included in PEAKS Online and can also, access all
custom modifications configured on their user account and modifications configured by the administrator.

c. Enzymes: Users can view default enzymes included in PEAKS Online and can also, access all custom en-
zymes configured on their user account and enzymes configured by the administrator.

d. Instruments: Users can view default instruments included in PEAKS Online and can also, access all custom
instruments configured on their user account and instruments configured by the administrator.

e. TMT/iTRAQ Q Methods: Users can view the default Label Q Methods included in PEAKS Online and can
also, access all custom Label Q Methods configured on their user account and Label Q Methods configured
by the administrator.

f. SILAC Q Methods: Users can view the default SILAC Q Methods included in PEAKS Online and can also,
access all custom SILAC Q Methods configured on their user account and SILAC Q Methods configured
by the administrator.

g. Workflows: Users can access all custom workflows made on their user account and workflows made by
the administrator.

h. Libraries: Users can generate or import spectral libraries.Users can access all libraries configured on their
user account and libraries configured by the administrator.

3. Account

a. My Account: Users can manage their account name, password and associated email and set priority.

4. Help

a. About: Users can view End-User PEAKS Online Software License Agreement.

b. Contact: Links to Bioinformatics Solutions Inc. contact information.

5.2. Creating a PEAKS Online Project

To create a new PEAKS Online project from raw data files, perform the following steps:

1. Select the  icon from the top left or select "New Project" from the menu. This will prompt the “New Project”

page where the project can be named and parameters set.

2. Name the new project and/or the description. Select either an existing work flow or create a project from scratch.
Click Next button.

3. Select "Local" tab and click  to bring up a browser window where files can be selected for uploading. If

the administrator has specified folders on the server that can be accessed for data uploading they will be listed
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under the "Remote" tab. Click "In Project" tab to bring in data from the existing project if this is a new analysis
for an existing project.

4. Place the selected data from the list into samples: use  to place all files in a new sample as fractions; use

 to put them in an existing sample; or put them in individual samples for each file using  .

5. For each sample, specify the name and sample details, including "Enzyme" name, "Activation Method", and
"Instrument" type, or specify the sample details on the top row if all samples have been prepared and acquired
with the same method.

6. Click the Next button to select an Analysis for the project.

7. Populate the parameters for the analysis. If desired you can save this work flow for future projects.

8. Submit Project

5.3. Conducting an Analysis

To conduct a PEAKS Online Search, a Label-free quantification (LFQ) work flow for a complete identification
plus quantification analysis is shown as an example. Refer to Chapter 8, Label Free Quantification (LFQ) for more
details about conducting an LFQ analysis. Refer to Chapter 5, Peptide De Novo Sequencing and Chapter 6, Peptide,
PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) for more details about conducting
identification analyses.
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The different options when setting up a full LFQ work flow are described below (see screenshot above):

1. Depending on the instrument used for data acquisition, set the parent and fragment error tolerance.

2. If the proteolytic enzyme was specified for each sample at the project creation step, users can select "specified
by each sample". This makes it possible to use multiple enzymes in a single project and a single search.

3. Select a protein sequence database and the taxonomy for the database search. Select a contaminant database to
be included in the database search. A decoy database will be created based on the target database by default.
Decoy-fusion is an enhanced target-decoy method for result validation with FDR. Decoy-fusion appends a
decoy sequence to each protein as the "negative control" for the search. Please see BSI's web tutorial (http://
www.bioinfor.com/fdr-tutorial/) for more details.

4. Specify the fixed PTMs and a few (no more than 5) common variable PTMs expected in the sample. To prevent
long search times, select only the most frequent PTMs in the sample for PEAKS DB, and check the PEAKS
PTM option to search for unspecified modifications.

5. De novo  sequencing and PEAKS DB search will be performed using the same parameters listed above. See
Chapter 5, Peptide De Novo Sequencing and Chapter 6, Peptide, PTM, and Mutation Identification (PEAKS
DB, PEAKS PTM, and SPIDER) for more details on parameter setting for de novo sequencing and database
searching.

6. Specify parameters and grouping for LFQ analysis. See Chapter 8, Label Free Quantification (LFQ) for more
details.

5.4. Project Summary, Monitoring and Results

When uploading data using a browser, after the submit button is clicked, the Upload Fractions page will appear.
Be sure to keep the browser open as the data loads to server.
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Once the data upload is complete, the progress page will appear, where the user can view the entire project analysis
and monitor each individual step.

• User can change the priority for each task. The highest number means the highest priority. And the task with
a high priority will finish before the task with a low priority.

When the project is processed and tasks are completed, results will populate and can be viewed.

5.5. Opening an Existing Project

After launching PEAKS Online, existing projects can be accessed in "My Projects". Alternatively, projects that
have been shared by the administrator or other users can be accessed from "Shared Projects".

From "My Projects" page, users can observe all their projects that have been completed and the projects currently

being processed. Clicking on a project shows all analyses under this project. Click  to archive the project.

Click  to share the project with others.  means that the project is shared with other users. To edit the project

name, click  . To delete a project, click  .

5.6. Batch Operation in Project listing

In the project list page, batch operations can be conducted. Multiple projects or all projects can be selected using
the check box.

• User can achieve, share, edit or delete the selected projects suing the action buttons
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When the projects are processed and tasks are completed, results will populate and can be viewed.

5.7. Analysis Properties

Open any project and click one analysis, the "Analysis Properties" will show up and display the parameters used
in the analysis.

The following tables will show up according to the different types of analysis:

• Table 1: Data samples used in the analysis

• Table 2:  Data Refinement

• Table 3 : DeNovo Parameters

• Table 4 : ID Parameters

• Table 5 : Q Parameters
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Chapter 2. Management Configuration
From the top menu, within the Settings drop-down menu, PEAKS Online users can access options to configure
databases, modifications, enzymes, and instruments for use in their PEAKS analyses. Users can only edit and
delete the ones they create.

1. Database Management and Configuration
To use the PEAKS DB, PEAKS PTM and SPIDER functionalities to identify proteins, PEAKS Online must have
access to a protein database in FASTA format. To add, edit or delete a database, users can access the "Manage
Database" page by selecting "Database" from the Settings drop-down menu. Users can also add a database from
within an analysis workflow by selecting the "Create New Database" option from the Target Database drop-down
menu on the analysis parameters page.

• Add a database

Open the "Add database" dialog by clicking the on the "Manage Databases" page, or from the "Create New

Database" option within a workflow . Give the new database a name, choose the format to match where the file
came from (e.g. UniProtKB, Ensembl, etc.) , and then click on the "Choose Database File button" to specify
the file path of the database's FASTA file. Finally, click Upload. The database will then be uploaded and added
to the list of configured databases.

Note

Once uploaded, the FASTA file can't be changed. The database must be deleted and a new one created
with the updated FASTA file

• Edit a database

From the "Manage Databases" page, click  button in the Action column of a database to open the "Edit

Database" dialog. Change the necessary parameters (e.g. name, format) and click Save.

• Delete a database

From the "Manage Databases" page, click  button in the Action column to delete a database permanently.

• View database Information
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From the "Manage Databases" page, click  button in the Action column to view database information. By

default all species are selected. But You can also select the species you want by clicking.

2. Library Management and Configuration

In order to complete a Spectral Library Search Workflow, users must first create or import a spectral library.
Configuration of spectral libraries is accessed by selecting the "Spectral Libraries" option from the Settings drop-
down menu, which will open the Manage Spectral Libraries page below. For more information on the use of
Spectral Libraries please see the Chapter: Spectral Library Search Identification Workflow.

From the Manage Spectral Libraries page, PEAKS Online Users can perform following actions:

• Create a new library

Click  next to "Manage Spectral Libraries" to open the "Create Libraries" dialog. Configure the Libraries

accordingly and click Save. See Create New Library section below for more details on choosing settings.

• Download a Library

Click  button in the Action column of a customized library to download library.

• Edit a Library

Click  button in the Action column of a customized library to open the "Edit Libraries" dialog. Change the

necessary parameters and click Save.

• Delete a Library

Click  button in the Action column of a library to delete the library permanently.
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2.1. Create a New Library

Libraries can be created using pre-existing analysis results from a PEAKS De Novo DDA, PEAKS DB DDA, or
a PEAKS DB DIA, PEAKS De Novo DIA, Peptidome and Deep Novo workflow.

In order to create a Spectral Library from an existing analysis follow these steps:

1. Select the "Spectral Libraries" option from the Settings drop-down menu.

2. Click the  button to open the "Create Library" dialog.

3. Select the workflow type from the workflow drop-down menu below the search bar. These workflow types
include DDA De Novo, DDA DB, or DIA De Novo, DIA DB, Peptidome, and DeepNovo.

4. Find the analysis you wish to create a library from in the list below. You can use the search bar to further filter
the list of analyses.

5. Click the  button to move the analysis to the right side of the pane.

6. Enter a name for the new Spectral Library. This should be a descriptive name as it will be used to identify the
library during project creation.

7. Set the parameters for library creation. These parameters will be different depending on the workflow being
used to create the library.

For DDA Denovo workflows the parameters are:

• ALC Threshold: Only denovo candidates with an average local confidence score equal to or greater than this
value will be used for library generation.

For DDA DB Search the parameters are:
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• Include DE NOVO Only: If this is checked, denovo only candidates will also be included in library gener-
ation.

• ALC Threshold: This parameter is only used if the "Include DE NOVO Only" checkbox is checked. Only
denovo candidates with an average local confidence score equal to or greater than this value will be used
for library generation.

• Retention time: The map to iRT function maps experimental retention times for peptides to an indexed RT
(iRT) to account for chromatographic differences between runs (e.g. different gradient lengths).

• Retention time: The map to iRT function maps experimental retention times for peptides to an indexed RT
(iRT) to account for chromatographic differences between runs (e.g. different gradient lengths).

8. Click the "Start" button to begin library generation.

2.2. Import a New Library

From the Manage Spectral Libraries page, click the import button  to open the "Import Library" dialog. The

following information can be configured for a new custom library:

• Name:  This name will appear in the library list for future use after it is saved.

• Spectral Library File:  The spectral library file in TSV format.

• Spectral Library File Information:  The meta information for the spectral library in the format of an INFO
file (plain text information). This information is optional but can be added to describe the contents of the library
for future reference.



Management Configuration

14

3. Modification Management and Configuration

To view PTM details for default and customized modifications, select the "Modifications" option from the Settings
drop-down menu.

From the Manage Modifications page, PEAKS Online Users can scroll through lists of default modifications using
the "All", "Common", "Custom", etc., options at the top of the page. Users can also perform the following actions:

• Create a new modification

Click  next to "Manage Modifications" to open the "Create Modification" dialog. Configure the PTM ac-

cordingly and click Save. See the Create New Modification section below for further details.

• Edit a modification

Click  button in the Action column of a customized modification to open the "Edit Modification" dialog.

Change the necessary parameters and click Save. Default modifications cannot be edited.

• Delete a modification

Click  button in the Action column of a customized modification to delete the PTM permanently. Default

modifications cannot be deleted.

• View a modification

By clicking  button in the Action column of any PTM, the parameters configured for that modification can

be viewed.

3.1. Modifications

By default, PEAKS Online includes modifications in the Unimod database as built-in modifications. Unimod
modifications are categorized into four lists:

• Artificial

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

• Common

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

• Uncommon
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The "Uncommon" list contains less commonly observed modifications, including rare PTMs and artifacts.

• Glycosylation

The "Glycosylation" list contains commonly observed glycosylations.

Additional modification categories offered are "All" and two other lists of modifications:

• Recent

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

• Customized

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

Note

Built-in modifications cannot be modified or deleted.

3.2. Create a New Modification

Click  button to open the "Create Modification" dialog.

Note: The other way is at the parameter page when submitting a new analysis, click "ADD/REMOVE MODIFI-
CATION" then click "CREATE MODIFICATION".

The following information can be configured for a new custom, user-defined modification:

• Name:  This name will appear in the modification list to specify the custom PTM for future use after it is saved.

• Abbreviation:  The shortened, abbreviated form for the custom PTM (optional).

• Formula:  The chemical formula of the modification (optional). This should correspond to the mass listed for
the modification.
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• Mass (Monoisotopic):  The monoisotopic mass that a residue will gain or lose as a result of the modification.

• Average mass : The average mass that a residue will gain or lose as a result of the modification (optional).

• Rule:  This field can be used to enter a comment about the PTM, to be used for your own reference (optional).

• Residues can be modified : This section is used to indicate which residues can be modified. Users must list
the amino acids that can be modified anywhere, at the N-terminus, or at the C-terminus, and whether the mod-
ification occurs on the peptide or protein level. Residues are added using their single letter code without spaces
or commas. See the example in the screenshot above.

• Neutral Losses : Users can define neutral loss patterns observed for the custom PTM (optional).

Note

Once a custom modification is saved, the name of that PTM cannot be changed.

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

4. Enzyme Management and Configuration
To view and configure enzymes in PEAKS Online, select "Enzymes" from the Settings drop-down menu. This will
bring you to the "Manage Enzymes" page where you will be able to view all built-in enzymes and create/modi-
fy/delete customized enzymes.

• Built-in enzymes

All of the built-in enzymes included with PEAKS Online will be visible on this page. Built-in enzymes cannot
be modified or deleted.

• Edit enzymes

Click  button in an enzyme Actions column to open the "Edit Enzyme" dialog.

• Delete enzymes

Click  button in an enzyme Actions column to delete an enzyme.

4.1. Create a New Enzyme

Click  button next to "Manage Enzymes" to open the "Create Enzyme" dialog.

Note: The other way is at the data loading page, click the drop-down window at "Enzyme", then click "Create a
new Enzyme". This will open the same "Create Enzyme" dialog.

Provide the name of the new enzyme in the "Enzyme Name" field. Specify how the custom enzyme will cleave
the protein between two amino acids to create peptides in the "Patterns" section. The letter, X, denotes any amino
acid at this position. Add multiple amino acids to indicate that cleavage happens before or after any of the stated
amino acids. For example, RK means after R or K, not R and K.

Choose where the cleavage sites are by specifying amino acids in the "cut set" and restricting the locations with
the "restrict set". Set the side of the cut with the "cut side", which must be C or N. For example, "Cut Set: RK,
Restrict Set: P, Cut Side: C" would denote a cut after R or K but not before P.
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5. Instrument Management and Configuration

Instruments can be configured in PEAKS Online by selecting "Instruments" from the Settings drop-down menu.
This will bring you to the "Manage Instruments" page where you will be able to view all built-in instruments and
create/modify/delete customized instruments.

• Built-in instruments

All of the built-in instruments included with Peaks Online will be visible on this page. You can view the in-

strument details by hovering over  icon in the instrument Actions column. Built-in instruments cannot be

modified or deleted.

• Edit custom instruments

Click  button in an instrument Actions column to open the "Edit Instrument" dialog.

• Delete custom instruments

Click  button in a custom instrument Actions column to delete an instrument permanently.

5.1. Create a New Instrument

To create a new instrument, click  button next to "Manage Instruments" to open the "Create Instrument" dialog.

The following information can be added for a new instrument:

• Instrument Type : This name will appear in the instrument list for future use after it is saved.

• Manufacturer:  Details can be added for future reference.

• Model:  Details can be added for future reference.

• Ionization Source : Select the ion source that was used: MALDI/SELDI or ESI (nano-spray). This will help
the PEAKS Data Refine tool determine the charge of the ions.

• Lock Mass : set "-1" if instrument doesn't have lock mass. Enter the lock masses if used.

• MS Precursor Scan Mass Analyzer : PEAKS Online supports a single MS1 analyzer. Select the type and set
the resolution and error tolerance. Check "Centroided" if applicable.

• MS/MS Product Scan Mass Analyzer : PEAKS Online supports multiple MS2 analyzers. Click "Add" to add
as many as required. Fill in the information similar to MS1 analyzers.
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6. TMT/iTRAQ and custom Label Q Methods

To run a labelled quantification analysis, the labelled quantification method must be setup beforehand. The Manage
Label Q Methods window can be accessed by users and the administrator in the Settings drop-down menu.

PEAKS Online comes with a number of predefined labelled quantification methods for TMT and iTRAQ quan-
tification. Custom label Q methods can also be defined by users.

Users are able to create their own label Q methods, which will only be available to them.

Built-in Label Q Methods. The built-in label Q methods within PEAKS Online come standard with all instal-
lations and can not be modified by users. They will be available to all users on the server.

To modify a built-in label Q method click the copy button in the label Q method's actions column. This will create
a new label Q method (it will not modify the original method) with the same settings as the built-in method, which
can then be modified.

Note

Built-in label Q methods cannot be deleted or edited. They can only be copied.

Create a new Label Q Method. Click the + button at the top of the Manage Label Q Methods page to create
a new label Q method. The label Q method can then be configured in the "Create Label Q Method" dialog (see
below). Click the save button to save the instrument for use on the server.

Note

This label Q method will be available to all users on the server.
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• Method Name: This is the name that will appear in the labelled Q methods list for future use after it is saved.
This can not be modified after saving.

• Method Type: At this time PEAKS Online only supports Reporter Ion Quantification (TMT / iTRAQ).

• PTM: The modifications used as labels for this label Q method. Click the Add/Remove PTM button to expand
the PTM section (see below) and set the modifications for this label Q method.

• Fixed PTM: PTMs to be used as fixed labels for this label Q method. Select PTMs from the right side, the
search and headers can be used to locate specific PTMs, and then click the left arrow beside the Fixed PTM
box to add them to the label Q method.

• Variable PTM: PTMs to be used as variable labels for this label Q method. Select PTMs from the right side
and then click the left arrow beside the Variable PTM box to add them to the label Q method.
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• Label Options: The labels used by this label Q method. Each label must include a:

• Name: (e.g.: iTRAQ-114). This will be the name associated with that channel in the labelled Q parameter
page and on labelled Q result pages.

• Reporter Ion Mass: (e.g.: 114.11 for iTRAQ-114). The mass for this channel's reporter ion.

Delete a custom Label Q Method. The user can delete the custom Label Q Methods, but not built-in label Q
methods. To delete a label Q method find it in the list on the Manage Label Q Methods page and click the delete
button in it's action column.

Edit a custom Label Q Method. To edit a label Q method find it in the list on the Manage Label Q Methods
page and click the edit button in it's action column. All fields besides the method name are editable.

7. SILAC Q Methods

To run a SILAC quantification analysis, the SILAC quantification method must be setup beforehand. The Manage
SILAC Q Methods window can be accessed by users in the Settings drop-down menu.

PEAKS Online comes with a number of predefined SILAC quantification methods for SILAC quantification.
Custom SILAC Q methods can also be defined by users.

Users are able to create their own SILAC Q methods, which will only be available to them.
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Built-in Silac Q Methods. The built-in SILAC Q methods within PEAKS Online come standard with all in-
stallations and can not be modified by users. They will be available to all users on the server.

To modify a built-in SILAC Q method click the copy button in the SILAC Q method's actions column. This will
create a new silac Q method (it will not modify the original method) with the same settings as the built-in method,
which can then be modified.

Note

Built-in SILAC Q methods cannot be deleted or edited. They can only be copied.

Create a new SILAC Q Method. Click the + button at the top of the Manage SILAC Q Methods page to create
a new SILAC Q method. The SILAC Q method can then be configured in the "Create SILAC Q Method" dialog
(see below). Click the save button to save the method for use on the server.

Note

This SILAC Q method will be available to all users on the server.
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• Method Name: This is the name that will appear in the SILAC Q methods list for future use after it is saved.
This can not be modified after saving.

• Label Options: The labels used by this label Q method. Each label must include a:

• Name: (e.g.: Light). This will be the name associated with condition in the SILAC Q parameter page and
on SILAC Q result pages.

• Modi: The modifications used as a condition for this SILAC Q method. Click the  button to open the

Select Modifications dialog (see below) and set the modifications for this silac Q method.

• Modi Detail: Shows the selected modification's monoisotopic mass and residue site.

Delete a custom SILAC Q Method. The user can delete the custom SILAC Q Methods, but not built-in SILAC
Q methods. To delete a SILAC Q method find it in the list on the Manage SILAC Q Methods page and click the
delete button in it's action column.

Edit a custom Silac Q Method. To edit a SILAC Q method find it in the list on the Manage SILAC Q Methods
page and click the edit button in it's action column. All fields besides the method name are editable.

8. Workflows
To view or edit your current saved analysis work flows, you must go to the workflows tab. This section can be
accessed by users and the administrator in the Settings drop-down menu.

Users are able to save workflows by selecting "Save Workflow As" on the parameters page when they are setting
up an analysis within a project. These workflows will only be available to them and the Admin unless they share
their workflow for other users.
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To view the settings and parameters of a saved workflow click 

To edit workflow settings click the  button. This will take you to a dialog to change the parameters

9. Account Settings

The account settings can be accessed from the top menu.

The user name and email address of the account currently logged in will be displayed. Click  button to edit the

account. This will bring up a page where the password, email address, and full name of the account can be changed.

• Receive email for task updates:  Check this box, the user will receive the email when the analysis is finished.

• Default Priority:  Setting the default priority of the task when the user create a new analysis.
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Chapter 3. Archive Project
1. Overview

After the project is finished processing, users and admin can click  button to archive the project or click 
button to delete the project to save the cassandra memory. When the user or admin need to view an archived

project, the user or admin can click  button on the top left of the menu to import the archived project from
the Archived Repository back to my project list.

2. Archive Project

Click the archive button on the selected project to start archiving a project that has a Done progress status.

2.1. Create a new folder in Archive Repository

User and Admin can create a new folder under the archive repository to distinguish the archived project.

1.
Go to the archive repository and click create a new folder button.

2. Fill in the folder name and press enter button on the keyboard.

3. The new folder will be created and you can click the folder to archive the project into this folder.
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2.2. Archive Project in Archive Repository

1.
Click the archive button on the selected project to start archiving the project that has a Done progress status.

2. The archive Project dialog pop up.

3. Choose the archive repository from the archive repository list.

4. User and Admin can create a new folder in the archive repository or use an existing folder.

5. User and Admin can edit the names of archived projects in the Save As name field.

6.
Click the start  button to start archiving project.

7. The archive progress bar will occur on the bottom. It displays the archiving details, which include the finished
tasks and the total tasks.

8.
User and Admin can click the  button to hide archive project dialog and let the archiving run in the back-
ground.

9.

There are three archive progress status: Archiving , Failed Archive  and Done

.

• Archiving status: The project can not do any actions: open project, edit project, delete project. The user or
Admin can click the archive button to view the archiving progress details.

• Failed Archive status: The project can not do any actions: open project, edit project, delete
project. The user or Admin needs click the archive button and see the following information:

. The user and ad-

min can click cancel button to cancel the archiving or click retry button to archive the project
again. The retry action will start from the recently failed task.

• Done status: The project can be viewed and edited. It also can be found in Archived project Page, if it done
by the archiving.

10.The archive progress bar will occur on the bottom. It displays the archiving details which include the finished
tasks and the total tasks.

3. Import Archived Project
After archiving the projects in the Archive Repository, if the user or admin want to import the archived project
back, they should delete the archived project in my project list. Otherwise they will get an error message that reads
"This project is already in the project list".
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3.1. Import Archived Projects Page

1.
Using the button on the top left menu to go to Import Archived Project Page.

2. Select an Archived Project from the repository.

3. Click the import button in the middle of the import page.

4. The user or admin can edit the import project name if you needed.

5. Click import button to start import archived project or cancel button to cancel the importing.

6. The importing project will show on the right side with progress details, which include project name, finished
tasks and total tasks.

7. The importing project has three status: importing, failed and finished.

•
The importing status: You can click cancel  button to cancel the importing project.

• The failed status: User can click retry button to re-import the project.

• The finished status: The importing project will show in my project list.

8. The user or admin can use clear all button to clear all finished importing project in the importing projects list.
Or using clear button for each finished importing project to clear it in the importing projects lit.
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9. User can click PeaksOnline logo on the top left of menu to leave the importing archived project page.
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Chapter 4. Data View
1. Overview
The data view gives a visualization of the mass spectrometry data loaded into the project. It allows for the inspec-
tion of LC-MS/MS details in an intuitive way for quality control and troubleshooting issues.

2. Accessing the Data View
The data view can be accessed by following the procedure below:

• Open an existing project/analysis. Refer to Section 5.5, “Opening an Existing Project” in Chapter 1, Overview
for details.

• On the bottom left hand side of the project page, select "Data" to open the list of samples.

• At the top of the screen will be a summary listing "Sample(s) in Project", "Sample(s) in Analysis", "MS Run(s)
in Project", and "MS Run(s) in Analysis".

• Click a sample row, and then click the  button to expand the details of the sample.

• After you click the  button, click the  button to see data view.

• After you click the  button, click the  button to download the MGF file.

• Type in a search word in the search box to list any samples with a matched sample name.

• Click the delete button beside the status icon to delete any samples in that status.

• Click the retry button below "Action" to have the failed samples start re-uploading.

3. Navigating the Data View
The data view is shown in three panes:

1. The TIC curve: shown vertically along the left side of the page. The total ion chromatogram (TIC) gives the
total intensity of all signal acquired at each retention time. Use the Scan (or Frame Index with timsTOF) text
box above the TIC display to search the data based on scan number. Also, it is possible to click on any point
in the TIC curve to show details at that retention time. The arrow buttons beside the TIC graph can be used
to scroll through the data based on retention time. The position of the red line indicates which retention time
is currently being displayed.

2. The MS Scan: The MS scan at the given retention time is shown in the top right pane. The retention time (RT),
scan number (Scan), and TIC intensity values are given in the top right corner of the MS scan display. The y-
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axis of the spectrum can be switched between observed and relative intensity values using the  and 

buttons located above the axis respectively. Hold the cursor within the spectrum and use your mouse wheel to
zoom in and out on the m/z axis. Hold your cursor to the left of the y-axis to zoom in and out on the intensity

axis. Use the  button to return to the default scale.

3. The MS/MS Scan: In the middle pane, m/z values of the precursors that were selected for MS2 and associated
with the MS1 scan shown on top are displayed. Users can select the m/z and view its MS2 spectrum in the
bottom right pane. The retention time (RT), scan number (Scan), TIC, mass over charge of the precursor ion
(MZ, corrected by PEAKS mass correction), and charge (Z) are given in the top right corner. TimsTOF data
will additionally show Ion Mobility and PrecursorID. The y-axis of the spectrum can be switched between

observed and relative intensity values using the  and  buttons respectively. Hold the cursor within the

spectrum and use your mouse wheel to zoom in and out on the m/z axis. Hold your cursor to the left of the y-

axis to zoom in and out on the intensity axis. Use the  button to return to the default scale.
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Chapter 5. Peptide De Novo
Sequencing
1. Overview
De novo sequencing derives a peptide sequence directly from the tandem mass spectrum without the need of a se-
quence database. It is the preferred method for identifying novel peptides and the study of unsequenced organisms.

PEAKS Online provides a reliable and comprehensive solution for automated peptide de novo sequencing. It
features:

• Accurate de novo sequencing

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

• Fast sequencing speed

PEAKS Online can perform de novo sequencing on over hundreds of spectra per second on servers.

• Easy-to-use user interface

PEAKS Online generates a comprehensive result summary and provides interactive views of annotated spectra.

• Support of all major instrument types

PEAKS Online supports de novo sequencing of spectra generated by all instrument types (Ex. Orbitrap, FT-
MS, Ion Trap, Time-of-Flight, Quadrupole, timsTOF) in common fragmentation modes (Ex. CID, HCD, ETD,
ETHCD).

• Automated result validation

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

Note

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

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

2. De Novo Analysis Workflow and Parameter Settings
To conduct a PEAKS de novo sequencing analysis, follow the steps below:

1. Select "New Project" from the Project drop-down menu, or the Create New Project icon from the home page.
This will prompt the "Project Creation" page where the project can be named, a description can be added, and
the user can choose to create a new workflow or select a saved workflow.

2. Name the new project with optional description, select new or saved workflow, and click the Next button.



Peptide De Novo Sequencing

32

3. Select "Local" tab and click  to bring up a File Explorer or Finder window where files can be selected for

uploading. If the administrator has specified folders on the server that can be accessed for data uploading, they
will be listed under the "Remote" tab. Click "In Project" tab to bring in data from the existing project if this
is a new analysis of an existing project. To add data using the Instrument tab please refer to the Instrument
Daemon chapter of the user manual.

4. Newly added files will be selected and highlighted in grey. Use the icons to add the group of files as fractions or
individual samples. Alternately, use the Select All box to de-select the group of files and then select individual
files to add to the project using the different options. To place the selected data from the list into samples: use

 to place all files in an existing sample; use  to create a new sample for selected files (i.e., add the

files as fractions); put each file into an individual sample using ; or use to add samples by regular

expression.

5. For each sample, specify the name and the implicit parameter details: "Enzyme" , "Activation Method", and
"Instrument" type, or specify the project details using the drop-down menus at the top of the list if all samples
have been prepared and acquired with the same method. If the required enzyme is not listed, it can be created
at this page by selecting Create a New Enzyme from the drop down menu, then adding the pattern (cut set,
restrict set, and cut side).

6. Click the Next button to continue choosing the analysis workflow.

7. For a DDA dataset, select the "De Novo" workflow.
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8. Set the Denovo Parameters. See Section 2.1-2.3 below for details.

9. Click SUBMIT button to start the search.

2.1. Precursor and Fragment Error Tolerance

Precursor Mass Error Tolerance: The maximum mass difference between the de novo peptide and the monoiso-
topic mass of the precursor ion.

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

Fragment Mass Error Tolerance: PEAKS de novo uses this value when scoring de novo peptide sequences.
PEAKS Online considers a fragment ion to be matched if the calculated m/z is within the specified error tolerance.
Units are Daltons.
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Both precursor and fragment error tolerance parameters need to be set consistently with the mass accuracy of the
instrument.

2.2. Enzyme Settings

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

Note

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

Note

"None" is a special enzyme allowing non-specific cleavage at both ends of the peptide. It is the recom-
mended option when no digestion enzyme was used or when the digestion enzyme exhibits a high degree
of non-specificity.

2.3. PTM settings

Click "ADD/REMOVE MODIFICATION" button to open the "Select Modifications" dialogue and specify the
fixed PTMs and a few common variable PTMs expected in the sample. Once the PTMs are set, select confirm.
Once confirmed, the maximum number of variable PTMs per peptide can be specified and a value of less than
4 is recommended. A fixed modification forces all instances of applicable residues to be modified. A variable
modification gives the option for the residues to be modified.

Note

For a specific residue, only one fixed modification is allowed.

Note

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

3. Understanding PEAKS De Novo Sequencing Results

When de novo sequencing is done, you can access the PEAKS Online project from the "My Projects" page. The
analysis report for de novo search tool is presented in two tabs:

• Summary: This shows an outline of the PEAKS de novo search results with key statistics. The overall quality
of the experiment can be examined and the filters for de novo ALC can be adjusted at the top of the page. This
page is displayed after the search is done.

• De Novo: This shows a list of peptide sequences detected by de novo sequencing tool, which passed the de
novo ALC filters set in the Summary page.

The de novo view displays the de novo sequencing results. The table on the top displays de novo sequences and
their characteristics (length, m/z etc.), while the bottom section provides additional information about the pep-
tide-spectrum match. The results can be filtered and exported.
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3.1. Result Filtration

In the summary tab, the PEAKS Online de novo sequencing result can be filtered using Average Local Confidence
(ALC) score. Low quality de novo sequences can be filtered out by specifying a minimal threshold of the ALC
score. The purpose of filtering is to remove poor sequences in which residues are incorrectly identified. By default,

the ALC threshold is set to 50%. After changing the threshold, click  to apply the new filter. The result in

the De Novo  result view will be updated accordingly.

In the De Novo tab, result for different samples can be viewed by selecting the sample using the "Show Results for
Specified Sample" drop-down menu. The purpose of this filtering is to limit the quantity of de novo sequencing
results displayed in the table. Results can also be filtered using the Filtered Peptides icon at the top left of the
De Novo window. Here, results can be filtered by an amino acid sequence, scan #, precursor ID, m/z, or RT.

Click  to apply the new filter. The result will be updated accordingly.

3.2. Exporting De Novo Results

The de novo results can be exported from the De Novo results tab or from the Export page of the analysis. In the
De Novo tab, above the peptide table there are two export options: "Denovo", and "Denovo with all Candidates".
In the Export page, there are three files which can be exported: "Summary Table", "Denovo CSV", and "Denovo
CSV with all Candidates".

• Denovo CSV: the filtered de novo results shown are exported. This file can also be downloaded from the Export
page as shown in the following figure.

• Denovo CSV with all candidates: for each MS2 spectrum, denovo results of the 5 highest ALC scores are
generated. De novo sequences that pass the ALC score filter are all included in this file. This file can also be
downloaded from the Export page as shown in the following figure.

• Summary Table: shows the overview number of each sample for the fields MS2, PSM, PSM (alc>30), PSM
(alc>50), PSM (alc>70), and notes.
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3.3. Summary View

The "Summary" view reports key statistics as an overview of the result.

3.3.1. Result Statistics

This table of the summary page shows the summary date for each sample for the following fields:

• # MS2: The number of MS/MS scans from the data.

• # PSM: The number of peptide-spectrum matches.

• # PSM (alc>30): The number of peptide-spectrum matches with an ALC score greater than 30.

• # PSM (alc>50): The number of peptide-spectrum matches with an ALC score greater than 50.

• # PSM (alc>70): The number of peptide-spectrum matches with an ALC score greater than 70.

Note

ALC score is the average local confidence score. ALC is calculated as the total of the residue local
confidence scores in the peptide divided by the peptide length.

3.3.2. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.

This section can be expanded to display a list of data files in the analysis that are producing poor or no results.
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If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

3.4. Peptide Table

The peptide table shows the filtered de novo sequencing results. For each scan, the best candidate is displayed.

The following list describes the contents in each column:

• Scan: The scan number. The scan number is a unique index for tandem mass spectra in the data. If the scan
numbers were read from the data file, the scan numbers that match with the instrument data file will be shown.

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

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

• Length: The number of amino acids in the peptide sequence.

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

• z: The precursor charge.

• RT: The retention time (elution time) at which the spectrum was recorded in the data.

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

• Mass: The monoisotopic mass of the peptide.

• ppm: The precursor mass error, calculated as 10E6 × (precursor mass - peptide mass) / peptide mass.

• PTM: The types and the numbers of the modifications present in the peptide shown as color-coded icons.

• Mode: The fragmentation mode in which de novo sequencing is performed by the algorithm.

• Accession: The accession number of the highest-scoring protein containing this peptide. This will only be pop-
ulated if a database search has been completed, and if a de novo only results surpasses the ALC% threshold
set on the summary page.

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

Mass Tags: The low confidence residues can be displayed as mass tags by adjusting the local confidence score
threshold by selecting the Set Residue Confidence Threshold icon and then using the  button to adjust the
threshold. If the score is set at 0, all of the amino acids in the peptide sequences will be displayed. Increasing
the threshold will reduce residues below the threshold to mass tags. When low confidence residues are reduced
to mass tags, the remaining residues become sequence tags. The length of the longest tag is called the tag length
and reported in the export files.

Filter Peptides: The peptide table can be filtered by selecting the  button and prompting the "Denovo Filter"

window. The peptides can be searched by sub-sequence, scan number, precursor Id, m/z, and retention time.

3.5. Spectrum Annotation

The spectrum annotation displays a graphical representation of the peptide-spectrum match.

Moving the cursor over the peptide sequence in the spectrum will show the mass transitions for a particular amino
acid residue.

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

• Zoom in/out on m/z: Place the cursor on the point in the spectrum you would like to zoom in on. Alternatively,
place the cursor in the Error (da) figure and scroll the mouse wheel.

• Increase/Decrease peak intensity: Place the cursor on the Intensity axis and scroll the mouse wheel.

• See the whole spectrum, or reset a zoomed in panel: click the 1:1 button.

Click  to open the Ion Annotation Settings dialogue and change the ions to be annotated in the spectrum. To

reset the settings to the PEAKS Online defaults, use "RESET DEFAULT" button.
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The  button will switch the y-axis to relative intensity. Once selected, scrolling over peaks will display the

relative intensity instead of the absolute intensity.

The  button will switch the y-axis to absolute intensity. Once selected, scrolling over peaks will display the

absolute intensity instead of the relative intensity.

3.6. Error Map

The "Error Map" shows the mass errors of the matched fragment ions. The m/z ratio is displayed on the x-axis
and the error is listed on the y-axis in Daltons. Each matched fragment ion is represented by a dot. The ion types
displayed can be configured in "Ion Annotation Settings".

3.7. Ion Table

The "Ion Table" shows the calculated mass of possible fragment ions based on the ion types selected in the Ion
Annotation Settings. If a fragment ion is found in the spectrum, its mass value is displayed in color. N-terminal
ions are shown in blue and C-terminal ions are shown in red. A fragment ion is found when there is a matching
peak within the mass error tolerance, as defined in the de novo sequencing parameters.

4. FAIMS Data
Field asymmetric waveform ion mobility spectrometry (FAIMS) analyzes complex mixtures and separates the
ions according to their mobilities. PEAKS Online has the ability to load FAIMS data and analyze it using de
novo sequencing, database search (PEAKS DB), unexpected modification (PEAKS PTM) and sequence variants
(SPIDER) search, and labelled and label free quantification.

Note

There is no special procedure required to load FAIMS data. Refer to Chapter 1, Overview for more details
on data loading.

The analysis result for FAIMS dataset contains the additional information for CV values compared to the non-
FAIMS dataset. The CV information can be found at the following places for a Denovo analysis.

• Additional CV column in de novo table

de novo table contains one additional column for CV values

• Additional CV filter in de novo table
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The filter for de novo table contains one additional option for CV, which selects the target scan based on the
CV value

• Additional CV column in the exported Denovo CSV

The exported Denovo CSV contains one additional column for CV values

• Additional CV column in the exported Denovo with all candidates CSV

The exported Denovo with all candidates CSV contains one additional column for CV values
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Chapter 6. Peptide, PTM, and
Mutation Identification (PEAKS DB,
PEAKS PTM, and SPIDER)
1. Overview

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

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

Note

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

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

Note

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

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

Note

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

2. Database Search Workflow and Parameter Settings

PEAKS DB, PEAKS PTM, and SPIDER can be launched together as a work flow in a PEAKS Online search.
An analysis report is generated to show the combined database search result. Users can also do PEAKS DB only,
PEAKS DB plus PEAKS PTM, PEAKS DB plus SPIDER or PEAKS DB plus PEAKS PTM plus SPIDER.

To conduct a database search workflow, follow the steps below:

1. Refer to Chapter 4, Peptide De Novo Sequencing, Section 2, “De Novo Analysis Workflow and Parameter
Settings” , Step 1-6 to create a new project and add data.

2. Select the "Database Search" workflow.
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3. Set the DB Search Parameters. Enable Deep Learning Boost algorithm for an enhanced number of PSMs iden-
tified (optional). Enable PEAKS PTM search to find more PTMs (optional). Enable SPIDER search to find
more mutations (optional). See details in Section 2.1-2.6 below.
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4. Click SUBMIT button to start the search.
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2.1. Precursor and Fragment Error Tolerance

Precursor mass : This enables the selection of a precursor mass error tolerance. PEAKS Online DB Search
identifies peptides within the precursor mass tolerance, which is the allowable m/z shift between the theoretical
value of the peptide versus the observed value of the precursor ion. Precursor mass tolerance can be specified in
either Da or ppm.

Fragment ion : This enables the selection of a fragment ion m/z tolerance, which is the allowable m/z shift between
the theoretical value of the fragment ions of the peptide versus the observed value. PEAKS Online DB Search
uses this value when scoring peptide-spectrum matches. PEAKS Online considers that a fragment ion is matched
if the calculated m/z is within the tolerance. Fragment mass tolerance can be specified in Da.

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

2.2. Enzyme Settings

Enzyme : PEAKS Online digests the protein database in silico to generate peptide candidates. It is necessary to
specify the enzyme for protein digestion from the Enzyme drop-down menu.

Note

When the selected dataset is digested with different enzymes, "Specified by each sample" allows samples
to be analyzed separately using their respective enzymes specified during project creation.

Note

"None" is a special enzyme digest rule allowing non-specific cleavage at both ends of the peptide. The
"None" digest rule can cut at every residue, generating peptides with lengths up to 65 amino acids. Its
usage is recommended when no digestion enzyme was used or when the digestion enzyme exhibits a
high degree of non-specificity.

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

Digest Mode : This specifies the type of in silico cleavages allowed at a peptide termini based on the method used
for protein digestion. If "Specific" is selected, the specificity of the selected enzyme is strictly enforced at both
termini of a peptide. "Semispecific" allows one terminus to disobey the enzyme specificity rules.

Note

If the enzyme is specified as "None", then no matter which mode is selected for "Digest Mode", the
"None" enzyme digest rule will be applied.

2.3. Database Settings

A protein database must be added first before creating a new project to enable its selection in the workflow. In the
Target Database drop-down menu, select the appropriate database that have been configured in PEAKS Online
and set the taxonomy, if applicable. A contaminant database can also be selected from the same list of databases
that have been configured in PEAKS Online.The length for a peptide can be set when creating an analysis, where
the default peptide length range is between 6 and 45. Enable Deep Learning Boost algorithm for an enhanced
number of PSMs identified.

2.4. PTM Settings

Click "ADD/REMOVE MODIFICATION" button to open the "Select Modifications" dialogue and specify the
fixed PTMs and a few (less than 11) common variable PTMs expected in the sample. If the required modification
is not listed, the modification can also be created here. Additionally, the maximum number of variable PTMs per
peptide can be specified and a value of less than 4 is recommended. A fixed modification forces all instances of
applicable residues to be modified. A variable modification gives the option for the residues to be modified.
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Note

For a specific residue, only one fixed modification is allowed.

Note

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

2.5. Find Unspecified PTMs with PEAKS PTM

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

Alternatively, PEAKS PTM can search with a list of preferred modifications. Once "Search with preferred mod-
ifications" has been selected, click the "ADD/REMOVE MODIFICATION" button to select desired PTMs for
the PTM search. Importantly, PEAKS PTM allows an unlimited number of variable modifications to be searched,
however, limiting the number can improve search accuracy. By default, PEAKS PTM considers the same number
of maximum number of variable PTMs per peptide as set in the DB search parameters. A threshold on the de novo
ALC score can be specified so that only the spectra with good de novo sequences are analyzed by PEAKS PTM.
In the PEAKS PTM result page, search results from PEAKS DB and PEAKS PTM are combined and shown.

2.6. Find More Mutations with SPIDER

Select this option to enable a SPIDER search. SPIDER performs homology searches on spectra with good de novo
sequences (i.e. ALC>15%) that remain unidentified by either PEAKS DB and/or PEAKS PTM. SPIDER identifies
novel peptides that are homologous to peptides in the searched protein database. SPIDER is good for cross-species
searches and for finding point mutations of the protein. In the SPIDER result page, search results from PEAKS
DB, PEAKS PTM (if applicable), and SPIDER are combined and shown.

2.7. PSM Filter

PSM filter section is a mandatory section to filter out some results under the user-defined filter. Any changes to
the filter will create a new analysis with old parameters and update the results and statistics.

• PSM -10lgP:  The PEAKS peptide score (-10lgP) is calculated for every peptide-spectrum match (PSM) re-
ported by PEAKS DB, PEAKS PTM, and SPIDER. The score is derived from the p-value that indicates the
statistical significance of the peptide-spectrum match. A peptide may be matched to many spectra, resulting in
multiple PSMs. In that case, the peptide's score is calculated as the maximum among all PSM scores. For details
of the scoring algorithm, please refer to the publication, " PEAKS DB: De Novo sequencing assisted database
search for sensitive and accurate peptide identification ", Mol Cell Proteomics, 2011 Dec 20 . A minimum
requirement can be set and all identifications must pass this filter.

• PSM FDR (%):  The PSM filter can also be set to use the false discovery rate. FDR is estimated using a
"decoy-fusion" approach.

Note

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

• De Novo ALC (%):  Refer to Chapter 4, Peptide De Novo Sequencing, Section 3.4, “Peptide Table” for the full
ALC description. This filter controls the minimum ALC score required for display in the de novo only result.
A default of 50% is set.
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• De Novo Only Tags: The "Denovo Only Tags" tab shows a table of "de novo only" peptides with sequence
tags matched to the protein.

3. Understanding PEAKS Search Results
After a PEAKS Search is complete, all analyses selected during the project creation will be combined under the
workflow drop-down menu. One is the de novo sequencing result, which includes de novo peptide sequences
listed, spectrum annotation and other detailed information. The other result nodes are identification results from the
database search tools: PEAKS DB, PEAKS PTM, and SPIDER. If more than one database search tool is enabled,
the results from previous search tools are automatically merged.

The analysis results for database search tools are presented in four tabs:

• Summary : This shows an outline of the PEAKS Online database search results with key statistics. The overall
quality of the experiment can be examined and the filters for peptide and protein identifications can be adjusted.
This page shows after the search is done.

• Protein : This shows a list of protein identifications. This view also visualizes protein sequence coverage and
helps with protein characterization.

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

• De novo only : This shows a list of quality peptide sequences detected by de novo sequencing that remain
unidentified by the PEAKS Online database search.

3.1. Result Filtration

At the top of each summary result page, filters can be set. Identifications that fall below the filters will not be

visible in the result pages or exports. After changing any of these filter parameters, click the    button to apply

and save the new filters. The results and statistical information will be updated accordingly.

• Proteins -10lgP:  The PEAKS protein score (-10lgP) is calculated as the weighted sum of the -10lgP scores of
the protein's supporting peptides. After removing any redundant peptides, the supporting peptides are sorted by
-10lgP scores in descending order, and the k-th ranked peptide contributes to the weighted sum with a weight
of 1/k. A default threshold of 20 is set.

• Proteins Unique Peptides:  The minimum number of unique supporting peptides for a protein identification.
A unique peptide is defined as a peptide that can be mapped to only one protein group.

3.1.1. Show Results for All Samples

For the protein and the peptide tables, "All Samples" can be selected to view the combined search results from
all the samples. In the Protein page, selecting "All Samples" will change the coverage panel displayed when a
specific protein is highlighted. Supporting peptides from all samples instead of just a single sample will be shown.

3.1.2. Show Results for Specific Sample

In the Protein, Peptide and De Novo page results, the filter can also be set to "Specified Sample" which will only
show the results a single sample. By clicking in the text you can search for a specific sample by name.
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Selecting "Specified Sample" will change the protein coverage view that is visible by clicking on a protein in the
protein table. Peptides in the Protein, Peptide and De Novo Only pages will only be visible if they belong to the
sample chosen. Once selected, the peptide tables will automatically add the "Area" column and the "# Spec" values
will display the spectral count for the specified sample. For more information, refer to Section 3.5.2, “Peptide
Table” . Similarly, the protein table will also include the columns "Coverage" and "Area" for the specified sample.
For more information refer to Section 3.4.2, “Protein Table” .

3.2. Result Exporting

PEAKS Online database search results can be exported in the Export page:

• Protein CSV: A comma separated file containing all identified proteins and associated details from the protein
table for all samples.

• Protein-Peptide CSV:  A comma separated file containing all identified peptides and associated details from the
peptide table found in the Protein page. Further details are provided regarding the protein the peptide supports.
If a peptide supports multiple proteins, multiple rows are included for each supported protein for all samples.

• Peptide CSV:  A comma separated file containing all identified peptides and associated details from the peptide
table for all samples.

• PSM CSV:  A comma separated file containing all identified peptide spectrum matches and associated details
from the peptide table for all samples.

• Pepxml:  An XML export of the identification results matching the pepxml schema. This can be uploaded to
software that accept data in this format.

• MzIdentML:  An XML export of the identification results matching the MZIdentML schema. This can be
uploaded to software that accept data in this format.
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• Denovo Only CSV: Top scans from De Novo results that do not have an identification result by PEAKS DB,
PEAKS PTM, or SPIDER that pass the set filters. Refer to Chapter 4, Peptide De Novo Sequencing, Section 3.2,
“Exporting De Novo Results” for detailed definition. A separate CSV file is generated for each sample.

• Denovo Only CSV with all Candidates:  De Novo results from scans that do not have an identification result by
PEAKS DB, PEAKS PTM, or SPIDER that pass the set filters. Refer to Chapter 4, Peptide De Novo Sequencing,
Section 3.2, “Exporting De Novo Results” for detailed definition. A separate CSV file is generated for each
sample.

• Protein Fasta : A list of protein identifications will be saved to proteins.fasta.

3.3. Summary View

The Summary view reports key statistics as an overview of the result. In the report, several statistical charts can
be examined to assess result quality.

3.3.1. False Discovery Rate (FDR) Curve

Figure 1 shows the FDR curve with respect to the number of PSMs being kept after filtration by the peptide -10lgP
score. By lowering the score threshold, more PSMs are kept in the filtered result. Conversely, the FDR increases
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because more false positives are kept. In this figure, the vertical line indicates the current score threshold. The
number of PSMs and the corresponding FDR by the current score threshold are shown in the top-left corner.

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

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

Note

When counting the number of PSMs, PEAKS Online keeps one peptide per spectrum at most. Thus, the
number of PSMs is actually the number of spectra with assigned peptides.

Note

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

3.3.2. Result Statistics

The first chart displays the summary information for each sample.

• Sample Name: This column lists the samples names with the exception of the first row, which shows the
combination of all the samples.

• # MS2:  The total MS/MS scans in the sample summed across all fractions.

• # PSM:  Total number of peptide spectrum matches (PSMs) found in the sample.

• # Peptides:  Total number of peptides found ignoring differences with leucine (L) and isoleucine (I) amino
acids. Peptides with the same primary sequence but different PTMs are counted separately.

• # Sequences:  Total number of different peptide backbone sequences found ignoring differences with leucine
(L) and isoleucine (I) amino acids. Peptides with the same primary sequence but different PTMs are counted
as one sequence.

• # Proteins:  Provides the number of proteins given the parameters set for Protein Score (-10lgP) and number
of unique peptides.

• # Protein Groups:  PEAKS Online groups proteins identified by a common set of peptides. This number shows
the number of protein groups in the filtered result based on All proteins.

Tables 1-4 show the statistical numbers of the data and results.

• Table 1. Statistics of data:  Presents the total number of MS and MS/MS scans from the data.

• Table 2. Statistics of filtered results:  Presents the statistics from the data analysis and the results after setting
the desired filters. See below for further explanation.

• Peptide-Precursor Spectrum Match: The number of peptide features that had an associated spectrum which
matched to a database sequence.

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

• Protein Groups: PEAKS Online groups proteins identified by a common set of peptides. This number shows
the number of protein groups in the filtered result based on All proteins.
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• Top Proteins: The number of proteins that are supported by the most unique peptides in the group. Proteins
in the group that share a subset of the unique peptides that support the top protein (sub-proteins) will not
be included here.

• Proteins:  The number of proteins given the parameters set for PEAKS Protein Score(-10lgP) and number
of unique peptides.

• Proteins (#Unique Peptides):  In Table 2, this entry counts the number of proteins identified with unique
peptides. A unique peptide is a peptide with a -10lgP score above the peptide filtering threshold that can be
mapped to only one protein group. Peptides are counted based on their backbone sequence while considering
I/L amino acids to be the same.

• FDR (Peptide-Spectrum Matches):  The total number of decoy database assignments to spectra relative to
the total number of target database assignments to spectra represented as a percentage.

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

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

• -10lgP Cutoff: The value is determined by the estimated PSM FDR. Only the peptides with PSMs above the
-10lgP score threshold are listed in the Peptide view.

• De Novo only Spectra: Corresponds to the number of existing De Novo sequencing results without a positive
protein identification, given the filters set for the project.

• Table 3. Number of identified peptides in each sample by the number of missed cleavages.  Presents the
number of identified peptides in each sample with the number of missed cleavages, indicating the enzyme
digestion efficiency.

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

• Name:  The given name of the PTM.

• Mass:  The monoisotopic change in mass caused by the PTM.

• Position:  The amino acids modified by the PTM.

• # PSM: The number of PSMs with the given PTM.

• -10lgP:  The highest -10lgP score achieved by a peptide modified by the PTM.

• Area:  The area achieved by the modified peptide with highest -10lgP score.

• AScore:  The AScore achieved by the modified peptide with highest -10lgP score.

Figures 2(a) and 2(b) show the precursor mass errors of PSMs in filtered results. Figure 2(a) shows the distribution
of the precursor mass errors in a histogram with and without software calibration. Figure 2(b) shows precursor m/z
versus precursor mass error in a scatter plot after software calibration. Figures 2(a) and 2(b) help examine whether
or not the mass spectrometer is properly calibrated. For a well-calibrated instrument, precursor mass errors should
center at 0 ppm across the range of m/z.

3.3.3. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.
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This section can be expanded to display a list of data files in the analysis that are producing poor or no results.

If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

3.4. Protein View

The Protein view lists protein identifications that have been filtered by the current settings set for the project. It
also visualizes the protein sequence coverage for identified proteins. After clicking the "Peptide" tab we can view
the supporting peptide list, double click any peptide can lead to that peptide sequence in the peptide page.
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3.4.1. Protein View Filters

By selecting the  button, the Protein Filter will pop up. It controls which protein to display.

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

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

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

• Protein accession/name contains:  If you add text here, only proteins with accessions that contain the text will
be included in the protein table.

• Protein description contains: If you add text here, only proteins with descriptions that contain the text will
be included in the protein table.

• Protein sample area: Filters based on total protein area found in each sample. Sample areas are calculated
using the total of all peptide features from unique supporting peptides. If a protein is identified and has areas
from multiple samples, only one of the samples must pass this filter to be included.

Note

Only numeric digits can be typed in the protein sample area. For example, instead of 1.00e+4, 10000
must be typed.

• Spider Mutations: This filter is only visible in SPIDER result view filter. Check it to view proteins that have
mutations.
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• Protein Contains Modifications : Proteins that are supported by peptides containing selected PTMs will be
included.

3.4.2. Protein Table

Each row in the table represents a group of proteins that are supported by a common set of peptides. A  indicates
that the group has multiple proteins. To expand the group, click that button.

The following columns are sortable: Accession, -10LgP, Coverage, Peptides, #Unique, Avg Mass, when All Sam-
ples are shown.

The columns in the Protein table are:

• Accession:  The accession id of the protein as seen in the FASTA database.

• -10lgP:  The protein confidence score. Refer to Section 3.1, “Result Filtration” for detailed explanation.

• Coverage: The percentage of the protein sequence that is covered by supporting peptides. This is the total
coverage including results from all samples, unless results are only shown for a specified sample.

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

• #Unique:  The number of high-confidence supporting peptides that are mapped to only one protein group.
Unique peptides with the same sequence but different modifications are only counted once in this number.

• PTM:  The identified modifications displayed with color-coded icons.

• Avg. Mass:  The protein mass calculated using the average mass.

• Description: The protein's header information as seen in the FASTA database.

Note

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

3.4.3. Global Protein Comparative View

Global Protein Comparative View provides detailed comparisons among different samples regarding the identified

protein. To Show/Hide Columns, click  on top-left of the protein table. From the dialog, users can add and

remove sample coverage, area, and spectral count columns. In the protein table, the selected columns will be
displayed and can be exported.

• Coverage by Sample: the coverage broken down by sample can be displayed if multiple samples were used.
Only peptides that pass the filters are included in the percentage calculation.

• Area by Sample: total area of peptide features from unique supporting peptides in each sample are used for
calculation. Peptides must pass the filters.

• #Spec by Sample: total number of spectra identified that support the given protein. Totals are given for each
sample included in the search.

3.4.4. Protein Coverage

The Protein Coverage view visualizes the mapping of supporting peptides to the protein selected in the Protein
table. It also shows all identified modification or mutation sites to assist with protein characterization at the amino
acid level. The coverage view shows different views under different modes. The view shows a sample comparative
coverage view in the all sample mode while it shows protein sequence coverage view in the specific sample mode.
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3.4.4.1. Sample Comparative Coverage

This area visualizes the frequency of supporting peptide sequences from selected samples in the protein sequence.
At the top of the protein sequence coverage view, the header information of the protein is shown. At the top-
right corner, the COVERAGE LEGEND button will show a continuous color legend for the peptide frequency.
Specific modifications can be selected in the PTM FILTER button and the template protein can be copied using
the TOOLS button.

Regions in the protein sequence that are covered by supporting peptides are displayed in bold font with a grey
background. Placing the cursor over a amino acid on the sequence shows the position of the amino acid in the
sequence and the frequencies from different selected samples.

The frequency of supporting peptide sequences from different samples can be shown as colored bars under the
protein sequence. The deeper the color, the higher frequency of that supporting peptide in the sample.

3.4.4.2. Protein Sequence Coverage

This area visualizes the coverage of the protein sequence in the specified sample mode. The header information of
the protein, a PTM filter and a tool to copy the protein information are shown on the top of the protein sequence
coverage view. Clicking the PTM filter button will pop up a menu to list the modifications identified in supporting
peptides on the protein and the checkbox on the left controls whether to show the modification in the protein
sequence coverage view above.
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Regions in the protein sequence that are covered by supporting peptides are displayed in bold font with a grey
background. Confident modifications and mutations identified in supporting peptides are displayed as icons above
the protein sequence. Modifications are represented by colored icons with the initial letter of its modification name.
If a residue is modified by more than one modification in the same supporting peptide, "*" is used instead of a letter.
Mutations are represented by black-framed icons with a letter indicating the mutated residue. Placing the cursor
over a modification icon shows the full name of the modification/mutation. The number above a modification icon
indicates the position in the protein sequence. Placing the cursor over an amino acid on the sequence shows the
position of the amino acid in the sequence.

The de novo only peptides are the confident de novo sequence tags that remain unidentified by the identification
search algorithms. To report a de novo only peptide, the De novo score must be equal to or better than the specified
threshold. Meanwhile, the score of the spectrum's best identification search result should be no greater than the
specified -10lgP threshold.If we enable the de novo only tag in the parameter setting, we can see the de novo only
sequence with grey line below.

The supporting peptides can be shown as colored bars under the protein sequence. Placing the cursor over a bar
shows detailed information of the peptide. Left clicking on a bar will pop up the annotated spectrum associated
with the supporting peptide.

3.4.5. Supporting Peptides

The Peptide table shows a list of supporting peptides for the selected protein. This table is similar to the peptide
table in the Peptide View, except that "Accession" is excluded and the columns, "Unique", "Start", "End", and
"Found by" are included.

• Unique: This shows whether the peptide is a unique supporting peptide to the protein group.

• Start: This shows the peptide's starting position in the protein.

• End: This shows the peptide's ending position (inclusive) in the protein.

• Found by : The name of the PEAKS search workflow that identifies the peptide. This can be either PEAKS,
PEAKS PTM, or SPIDER.

Refer to Section 3.5.2, “Peptide Table” for the descriptions of other columns.

Double click a supporting peptide, it will go to that peptide sequence in the peptide page.
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3.5. Peptide View

The Peptide Table shows the filtered peptide identification results. Click on a peptide row to show the spectrum
below the peptide table.

3.5.1. Peptide View Filters

Click the  button, the following Peptide Filter will pop up. It controls which peptides to display.
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• Peptide sequence contains:  Enter an amino acid sequence, only peptides that contain that sequence will be
displayed in the peptide table.

• Scan:  Filter for a single scan number based on the scan numbers read from the raw data file.

• Precursor Id: Filter is only relevant for TimsTOF data, for which it will filter based on the precursor id of
the peptide.

• m/z: Filter based on the expected m/z, the last significant digit is rounded.

• RT: Filter based on the expected RT, the last significant digit is rounded.

• Peptide sample area: Filters based on total peptide area found in each sample. If a peptide is found in multiple
samples, there should be at least one sample pass this filter for the peptide to be included.

• Spider Mutations: Filter only available for SPIDER result. When checked, peptides that have mutation iden-
tified with SPIDER are shown.

• Peptide Contains Modifications: Check boxes are provided for each identified modification. Peptides that
contain the selected PTMs will be shown.

3.5.2. Peptide Table

The Peptide Table shows the filtered peptide identification results. Each row in the table is a peptide identification
represented by its highest-scoring PSM. The table is sorted by the -10lgP value. In the Protein list drop-down
window of each peptide, after clicking any of the protein, the protein page will be opened.

The columns Peptides, -10LgP, m/z, RT, Accession are sortable, i.e. Clicking any of these header can sort the
whole table based on that column.

The columns in the Peptide table are:

• Peptide:  The amino acid sequence of the peptide, as determined in PEAKS Search. A modified residue is
followed by a pair of parentheses enclosing the modification mass.
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• -10lgP:  The peptide -10lgP score. The score indicates the scoring significance of a peptide-spectrum match.

• Mass:  The monoisotopic mass of the peptide.

• Length:  The number of amino acids in the peptide sequence.

• ppm:  The precursor mass error, calculated as 10 6 × (precursor mass - peptide mass) / peptide mass.

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

• RT:  The retention time (elution time) of the spectrum as recorded in the data.

• Scan:  The scan number of the spectrum that matches the peptide sequence with the highest -10lgP.

• #Spec:  The number of MS2 spectra assigned to the peptide.

• PTM:  The types and the numbers of modifications present in the peptide shown in color-coded icons.

• AScore:  Localization score assigned to modifications on the peptide. It is the -10 log of a p-value. In this case,
the p-value is the probability that the modification occurs at the reported position compared to other possible
positions. A -10lgP of 20 is equal to a p-value of 0.01. Scores are listed in the format AminoAcid, peptide
position, Ascore.

• Accession:  The accession number of the highest-scoring protein containing this peptide.

• Precursor Id:  This column is only available for TimsTof data, it shows precursor's id from the raw data.

• 1/k0:  This column is only available for TimsTof data, it shows the ion mobility range of for the precursor.

3.5.3. Peptide Global Comparative View

"Peptide Global Comparative View" provides detailed comparisons among different samples regarding the identi-

fied peptides. To Show/Hide Columns, click  on top-left of the peptide table. From the pop-up window, users

can add and remove area and spectral count columns. In the peptide table, the selected columns will be displayed
and can be exported. If "Specified Sample" is selected these columns are automatically displayed.
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Note

PEAKS Online provides users the option to calculate peptide abundance using the MS1 feature area
calculation or using the MS1 feature intensity. By default, area is used. The default can be changed by
the administrator.

• Area by sample: The total area of all peptide features matched to spectra that identified the peptide. Area
calculations are separated into multiple columns if multiple samples were included in the run.

• #Peptide-spectrum matches by sample: The number of peptide spectrum matches associated with a peptide
separated by sample.

3.5.4. Peptide Menu

The peptide menu is only shown when "Show Results for Specified Sample" is selected in the filter section. The
peptide menu displays the information of the peptide sequence that is being displayed in the spectrum. If a feature
is associated to more than one tandem scan, click the "FRACTION", “FEATURE” or “PSM” button to view the
Spectrum Annotation of the other PSMs.
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3.5.5. Peptide-Spectrum Matches

This section displays the spectrum annotation and other information about the peptide selected in the Peptide table.
When multiple spectra are matched to the peptide, only the information about the top-scoring PSM is shown by
default. The interface of this section is identical to the Spectrum Annotation in the PEAKS De Novo result. For
detailed instructions, refer to Section 3.5, “Spectrum Annotation” in Chapter 4, Peptide De Novo Sequencing.

3.6. De Novo Only View

The De Novo Only view displays the list of quality peptide sequences detected by de novo sequencing that remain
unidentified by the database search. A de novo sequence is "de novo only" if it is from an MS/MS spectrum that
is not confidently assigned to any database peptide according to the current filters.

The table shows the filtered "de novo only" sequences by the current filters. "De novo only" sequences may
suggest novel peptides, peptides with unknown modifications, or other interesting research subjects. The interface
is identical to the "De Novo" view in a De Novo sequencing result page. For detailed instructions, refer to Section 3,
“Understanding PEAKS De Novo Sequencing Results” in Chapter 4, Peptide De Novo Sequencing.In the setting
parameter, the option "De novo only tags" is checked to show the locations of MS/MS spectra with de novo only
sequences.

4. Running PEAKS PTM and SPIDER Separately

PEAKS PTM and SPIDER can be launched by going back to the WORKFLOW tab. Click the "MODIFY WORK-
FLOW" button and click Next to set parameters of PEAKS DB, PEAKS PTM, or SPIDER. They can also be
launched by selecting the PARAMETERS tab and click "MODIFY PARAMETERS". Checking "Find unspecified
PTMs with PEAKS PTM" and/or "Find more mutations with SPIDER" will launch PEAKS PTM and/or SPIDER.

The parameters used in a PEAKS PTM search are similar to a PEAKS DB search. Selecting a protein database is
not necessary as PEAKS PTM automatically uses the database defined in PEAKS DB. For PTM, the search can
be done either with all built-in modifications or with selected list of modifications.

5. FAIMS Data

Field asymmetric waveform ion mobility spectrometry (FAIMS) analyzes complex mixtures and separates the
ions according to their mobilities. PEAKS Online has the ability to load FAIMS data and analyze it using de
novo sequencing, database search (PEAKS DB), unexpected modification (PEAKS PTM) and sequence variants
(SPIDER) search, and labelled and label free quantification.

The analysis result for FAIMS dataset contains the additional information for CV values compared to the non-
FAIMS dataset. The CV-related information can be found at the following places for a DB/PEM/Spider analysis.

A Venn diagram on the summary page of FAIMS projects.
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• Venn diagram overlaps between different CVs in the search for all proteins, top proteins, and peptides are
shown on the summary page.

With the introduction of FAIMS data, a CV column will appear on all peptide tables, as well as select exports:

• Additional CV column on the supporting peptide page

The supporting peptide table on the protein page contains one additional column for CV values

• Additional CV column on the exported Protein-Peptide CSV

The exported Protein-Peptide CSV contains one additional column for CV values

• Additional CV column on peptide page

table on the peptide page contains one additional column for CV values

• Additional CV filter on peptide page

The filter for peptide page contains one additional option for CV, which selects the target scan based on the
CV value

• Additional CV column on the exported Peptide CSV

The exported Peptide CSV contains one additional column for CV values

• Additional CV column on De Novo Only page

The table on the De Novo Only page contains one additional column for CV values

• Additional CV filter on De Novo Only page

The filter for De Novo Only page contains one additional option for CV, which selects the target scan based
on the CV value

• Additional CV column on the exported De Novo Only CSV

The exported De Novo Only CSV contains one additional column for CV values

• Additional CV column on the exported De Novo Only with all candidates CSV

The exported De Novo Only with all candidates CSV contains one additional column for CV values

6. PEAKS DB QC
In order to help with verifying the integrity and validity of data being processed through PEAKS Online an optional
QC (Quality Control) task can be run on top of PEAKS DB results. This task will provide statistical information
about your data to allow for informed decisions on the data's quality.
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6.1. QC Parameters

To enable PEAKS QC to run on top of your PEAKS DB results, ensure the QC section is checked at the bottom
of the PEAKS DB parameters page.

Note

When running QC on an identification analysis that has PEAKS PTM and/or SPIDER enabled, the QC
will be performed on the last analysis results, whether that is PEAKS DB, PEAKS PTM, or SPIDER.

Before submitting the analysis ensure the following parameters are set properly:

• Control Sample: Specify the sample to be used as the Control Sample for quality control checking. All other
samples will have their quality control values compared to the corresponding value from the control sample and
will be considered failing if the variance is outside of the Acceptance Tolerance. If average is specified for the
control sample then all samples will have their values compared to the average value across all samples.

• Acceptance Tolerance (%): This is acceptable amount of variance a sample can have from the control sample
(or average if specified). Any quality control metric that falls outside of this tolerance level will be labelled as
failed (red) in the quality control result views. If Acceptance Tolerance is set to 0%, then each attribute will use
the value from selected control sample as the minimum threshold.

6.2. Data QC Results

The Data QC results will be the first result section displayed in the QC node that results from running the QC
workflow. This section will display quality control measures relating to the data quality.

6.2.1. Data QC Summary Table

The Data QC summary table displays an overview of data-related quality control measures. Any value in the table
that exceeds the acceptance tolerance, set on the parameters page, will be coloured red.

The columns in this table are:

• Sample Name: Name of the sample represented by this row. The table will always be sorted by this column (in
sample order) with the control sample at the top and the average values at the bottom. If average is selected as
the control sample it will be displayed at the top of the table instead of the bottom. The selected control sample
will have its name displayed in bold in this column.

• # MS1: Total number of MS1 scans in the sample.

• # MS/MS: Total number of MS2 scans in the sample.

• MS2/MS1 Rate: The average number of MS2 scans associated with each MS1 scan (rounded to the nearest
hundredth).
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• # Features: Total number of features identified in the sample.

• Full Width (Min): Full peak width at base in minutes.

• FWHM (Sec): Full Width at Half Maximum of the peak in seconds.

• BPC: TIC at 80% of other TICs are above it.

6.2.2. Data QC Figures

Below the Data QC Summary table are a few figures that visualize the data quality control measures.

6.2.2.1. Figure 1. Column Summary Bar Chart.

This figure will display a visualized summary of the selected column in the Data QC summary table.

The selected column will be highlighted in blue in the Data QC summary table. By default the # Features column
will be selected, to select a new column click on the header row of the column you wish to select.

The dotted lines displayed on the chart represent the minimum and maximum values of the acceptance range
(determined by the acceptance tolerance set on the parameters page). Any bar with a height that falls within these
two dotted lines represents a value within the acceptance tolerance. Any bar with a height below or above these
lines represents a value outside of the set acceptance tolerance.

6.2.2.2. Figure 2. Cumulative Precursor Count.

This figure shows the sum of precursor counts in the selected samples over the retention time.
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6.2.2.3. Figure 3. Sample TICs.

This figure shows the TIC charts for selected samples side-by-side on the same axis. Up to 5 samples are selectable
for display at once from a list beside the figure. By default the first 3 samples are selected.
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6.3. DB Search QC Results

6.3.1. DB Search QC Summary Table

The DB Search QC summary table displays an overview of identification-related quality control measures. Any
value in the table that exceeds the acceptance tolerance, set on the parameters page, will be coloured red.

The columns in this table are:

• Sample Name: Name of the sample represented by this row. The table will always be sorted by this column (in
sample order) with the control sample at the top and the average values at the bottom. If average is selected as
the control sample it will be displayed at the top of the table instead of the bottom. The selected control sample
will have its name displayed in bold in this column.

• # MS/MS Scans: Total number of MS2 scans in the sample.

• # Identified Features: Total number of features with identified spectra.

• # PSM: Total number of PSMs identified in the sample.

• # Peptides: Total number of distinct peptides identified in the sample.

• # Sequences: Total number of distinct peptide backbones identified in the sample.

• # Protein Groups: Total number of protein groups identified in the sample.

• # Top Proteins: Total number of top proteins identified in the sample.

• # All Proteins: Total number of proteins identified in the sample.

• ID Rate: Total PSM count compared to total MS2 count.

• # Scans / # Peptides Rate: Ratio of the total number of scans present in the sample compared to the peptides
able to be identified.

6.3.2. DB Search QC Figures

Below the Data QC Summary table are a few figures that visualize the data quality control measures.

6.3.2.1. Figure 4. Column Summary Bar Chart.

This figure behaves the same as Figure 1. The figure shows the statistics for selection in QC Summary Table. For
example, the figure bellow shows the number of protein groups identified in all samples indicating minimum and
maximum acceptance tolerance as provided in QC Summary Table for more information refer to Section 6.2.2.1,
“Figure 1. Column Summary Bar Chart.”.
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6.3.2.2. Figure 5. Data Completeness Chart.

This figure displays protein data completeness information. It is a visual representation of how well represented
the identified proteins are across all included replicates. The x-axis represents the completeness (percentage of
samples a protein is found in) and the y-axis displays how many protein groups were identified with that level
of completeness.
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6.3.2.3. Figures 6 & 7. Sample reproducibility charts.

Figures 6 and 7 display the reproducibility of protein and peptide identifications across two selected samples
respectively. They display the number of protein or peptide identifications unique to each sample as well as the
number common between both. Samples to compare can be selected from the dropdown menus above the figures.
By default the control sample and first non-control sample are selected.

6.3.2.4. Figure 8. Mass Error Distribution Violin Plots.

These figures display the MS1 and MS2 error distributions for each selected sample as violin plots. Basic box plot
information is also included such as median, quartile lines and interquartile range.

6.4. QC Result Filtration

The QC result pages can display information for up to 20 selected samples at a time. By default the first 20
samples will be selected. To change the selected samples click the filter samples button at the top of the QC page,

. In the resulting popup dialog, up to 20 samples can be selected. After pressing the
Save button, the result tables and figures will be updated to display the data from the selected samples.

6.5. QC Result Exporting

6.5.1. Result Page Exporting

There are two export options available for quick exporting at the top of the QC results page. The exports are:

• Selected Samples: This export link will download a CSV containing all information displayed in the Data and
DB Search QC tables for the samples selected for display.
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• All Samples: This export link will download a CSV containing all information displayed in the Data and DB
Search QC tables for all samples in the analysis (not just the samples selected for display in the GUI).

6.5.2. Analysis Export Page

A QC check box in the Analysis Export page offers all sample from both results tables.
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Chapter 7. Spectral Library Search
1. Overview

PEAKS Library Search offers an accurate and sensitive identification method for complex spectra, such as DIA
spectra. In addition to annotated spectra along with precursor m/z and charge, PEAKS Library search also uses
predicted retention time and ion- mobility collisional cross section (CCS) data for improved sensitivity.

2. Adding a Spectral Library from the Parameters Page

To add a new Spectral Library from the Parameters page, open the "Select Library" drop down and select "Create
New Library" or "Import New Library". See Chapter 2, section 2, Library Management and Configuration
Section 2, “Library Management and Configuration” for details about creating and importing spectral libraries.

3. Spectral Library Search Workflow and Parameter
Settings

PEAKS Spectral Library Search can be launched as a workflow in a PEAKS Online search for DIA data (selected
from the DIA section of the workflow selection during analysis creation). An analysis report is generated to show
the search result.

To conduct a spectral library search workflow, follow the steps below:

1. Refer to Chapter 5, Peptide De Novo Sequencing, Section 2, “De Novo Analysis Workflow and Parameter
Settings”, Step 1-6 to create a new project and add data.

2. Select the "DIA" tab at the top of the Workflow step.

3. Select the "Identification" workflow.

4. Set the Spectral Library Search Parameters. See details in Section 3.1-3.4 below.
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5. Click SUBMIT button to start the search.

3.1. Precursor and Fragment Error Tolerance

Precursor mass: This enables the selection of a precursor mass error tolerance. PEAKS Online DB Search iden-
tifies peptides within the precursor mass tolerance, which is the allowable m/z shift between the theoretical value
of the peptide versus the observed value of the precursor ion. Precursor mass tolerance can be specified in either
Da or ppm.

Fragment ion: This enables the selection of a fragment ion m/z tolerance, which is the allowable m/z shift between
the theoretical value of the fragment ions of the peptide versus the observed value. PEAKS Online DB Search
uses this value when scoring peptide-spectrum matches. PEAKS Online considers that a fragment ion is matched
if the calculated m/z is within the tolerance. Fragment mass tolerance can be specified in Da.

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

Note

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

When enabled, PEAKS Online will determine the optimal values to use for Precursor and Fragment Mass Error
Tolerance for each fraction in your analysis. These values will replace the values provided in the previous Precursor
and Fragment Mass Tolerance sections.

3.1.2. Optimize for Short Gradient

This selection will tune parameters specifically for short gradient runs.

3.2. Spectral Library

Library Selection.: Select a PEAKS-generated library for the search. Select one from the list of libraries that have
been configured in PEAKS Online and filter for the peptide length, precursor m/z, and charge when necessary. To
configure a new library, refer to Chapter 2 Section 2: Library Management and Configuration.

Library Filters.: The spectra that will be used from the library can be filtered based on peptide length, precursor
m/z, and charge. This is optional. Each filter can be enabled by checking the checkbox to the left of the filter inputs.

3.3. Protein Inference Settings

Protein inference can optionally be enabled to search peptides found in the selected library against a provided
database.

Target Database.: Select a reference database from the list of configured databases or create a new one, and set
the taxonomy if applicable. This database is the database used for protein inference.

Contaminant Database.: A contaminant database can optionally be provided as well. #contam# will be added to
the beginning of the accession of all identifications from the contaminant database.

3.4. Report Filter

The report filter section is a mandatory section to filter out some results under the user-defined filter. Any changes
to the filter will create a new analysis with old parameters and update the results and statistics.

• PSM -10lgP: The PEAKS peptide score (-10lgP) is calculated for every peptide-spectrum match (PSM) reported
by PEAKS Spectral Library Search. The score is derived from the p-value that indicates the likelihood that the
identification was made by random chance alone.

• PSM FDR (%): The PSM filter can also be set to use the false discovery rate. FDR is estimated using a
"decoy-fusion" approach. A decoy peptide/spectrum for each target peptide/spectrum in a spectral library and
the target and decoy spectra are searched together. The decoy method is based on: https://doi.org/10.1021/
pr900947u

• Peptide FDR (%): The filter can also be set to use the false discovery rate of the peptides instead of the PSMs.
Redundant peptide hits found in multiple spectra are counted once.

4. Understanding PEAKS Spectral Library Results
After a PEAKS Spectral Library Search is complete, the result node will appear within the Analysis tree in the
Analyses section of the left menu.

The analysis results for database search tools are presented in three pages:

• Summary: This shows an outline of the PEAKS Online spectral library search results with key statistics. The
overall quality of the experiment can be examined and the filters for protein identifications can be adjusted.
This page shows after the search is done.
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• Protein: This shows a list of protein identifications. This view also visualizes protein sequence coverage and
helps with protein characterization.

Note

This tab only appears if Protein Inference was enabled for the PEAKS Spectral Library Search.

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

4.1. Result Filtration

At the top of the summary result page, filters can be set. Identifications that fall below the filters will not be visible

in the result pages or exports. After changing any of these filter parameters, click the  button to apply and

save the new filters. The results and statistical information will be updated accordingly.

• Proteins -10lgP: The PEAKS protein score (-10lgP) is calculated as the weighted sum of the -10lgP scores of
the protein's supporting peptides. After removing any redundant peptides, the supporting peptides are sorted by
-10lgP scores in descending order, and the k-th ranked peptide contributes to the weighted sum with a weight
of 1/k. A default threshold of 20 is set.

• Proteins FDR (%): Optionally, the proteins false discovery rate can be selected to filter proteins instead of
a -10lgP score.

• Proteins Unique Peptides: The minimum number of unique supporting peptides for a protein identification.
A unique peptide is defined as a peptide that can be mapped to only one protein group. Proteins are grouped
using parsimony.

4.1.1. Show Results for All Samples

For the protein and the peptide tables, "All Samples" can be selected to view the combined search results from
all the samples. In the Protein page, selecting "All Samples" will change the coverage panel displayed when a
specific protein is highlighted. Supporting peptides from all samples instead of just a single sample will be shown.

4.1.2. Show Results for Specific Sample

In the Protein, Peptide and De Novo page results, the filter can also be set to "Specified Sample" which will only
show the results a single sample. By clicking in the text you can search for a specific sample by name.

Selecting "Specified Sample" will change the protein coverage view that is visible by clicking on a protein in the
protein table. Peptides in the Protein, Peptide and De Novo Only pages will only be visible if they belong to the
sample chosen. Once selected, the peptide tables will automatically add the "Area" column and the "# Spec" values
will display the spectral count for the specified sample. For more information, refer to Section 3.5.2, “Peptide
Table”. Similarly, the protein table will also include the columns "Coverage" and "Area" for the specified sample.
For more information refer to Section 3.4.2, “Protein Table”.

4.2. Result Exporting

PEAKS Online spectral library search results can be exported in the Export page:
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• Summary Table: A comma separated file containing the information from the Summary Statistics table on
the Summary page.

• Protein CSV: A comma separated file containing all identified proteins and associated details from the protein
table for all samples.

• Protein-Peptide CSV: A comma separated file containing all identified peptides and associated details from the
peptide table found in the Protein page. Further details are provided regarding the protein the peptide supports.
If a peptide supports multiple proteins, multiple rows are included for each supported protein for all samples.

• Peptide CSV: A comma separated file containing all identified peptides and associated details from the peptide
table for all samples.

• PSM CSV: A comma separated file containing all identified peptide spectrum matches and associated details
from the peptide table for all samples.

• Protein Fasta:  All identified proteins and associated details from the protein table for all samples, formatted
as a fasta file.

4.3. Summary View

4.3.1. Summary Statistics

The first chart displays the summary information for each sample.

• Sample Name: This column lists the samples names with the exception of the first row, which shows the
combination of all the samples.

• # MS Runs: The total MS runs in the sample.

• # MS1: The total MS scans in the sample summed across all fractions.

• # MS2: The total MS/MS scans in the sample summed across all fractions.

• # PSM: Total number of peptide spectrum matches (PSMs) found in the sample.

• # Peptides: Total number of peptides found ignoring differences with leucine (L) and isoleucine (I) amino acids.
Peptides with the same primary sequence but different PTMs are counted separately.

• # Sequences: Total number of different peptide backbone sequences found ignoring differences with leucine
(L) and isoleucine (I) amino acids. Peptides with the same primary sequence but different PTMs are counted
as one sequence.

• # Proteins: Provides the number of proteins given the parameters set for Protein Score (-10lgP) and number
of unique peptides.

• # Protein Groups: PEAKS Online groups proteins identified by a common set of peptides. This number shows
the number of protein groups in the filtered result based on All proteins.

• # PSM / # MS2:  The percentage of MS2 scans in the sample that produced peptide spectrum matches.

4.3.2. False discovery rate (FDR) curve

Figure 1 shows the FDR curve with respect to the number of PSMs being kept after filtration by the peptide -10lgP
score. By lowering the score threshold, more PSMs are kept in the filtered result. Conversely, the FDR increases
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because more false positives are kept. In this figure, the vertical line indicates the current score threshold. The
number of PSMs and the corresponding FDR by the current score threshold are shown in the top-left corner.

PEAKS Spectral library search estimates the FDR using decoy peptides and spectra. A decoy peptide/spectrum
for each target peptide/spectrum in a spectral library and the target and decoy spectra are searched together. The
decoy method is based on: https://doi.org/10.1021/pr900947u

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

Note

When counting the number of PSMs, PEAKS Online keeps one peptide per spectrum at most. Thus, the
number of PSMs is actually the number of spectra with assigned peptides.

Note

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

4.3.3. Statistics of filtered results

Table 1 shows the statistical numbers of the filtered results.

• Top Proteins: The number of proteins that are supported by the most unique peptides in the group. Proteins
in the group that share a subset of the unique peptides that support the top protein (sub-proteins) will not be
included here.

• Proteins (#Unique Peptides): In Table 2, this entry counts the number of proteins identified with unique pep-
tides. A unique peptide is a peptide with a -10lgP score above the peptide filtering threshold that can be mapped
to only one protein group. Peptides are counted based on their backbone sequence while considering I/L amino
acids to be the same.

• FDR (Peptide-Spectrum Matches): The total number of decoy database assignments to spectra relative to the
total number of target database assignments to spectra represented as a percentage

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

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

• -10lgP Cutoff: The value is determined by the estimated PSM FDR. Only the peptides with PSMs above the
-10lgP score threshold are listed in the Peptide view.

4.3.4. Precusor mass error

Figures 2(a) and 2(b) show the precursor mass errors of PSMs in filtered results. Figure 2(a) shows the distribution
of the precursor mass error in a histogram with and without software calibration. Software calibration uses the
observed distribution of mass error after identification to normalize the mass error around zero. Figure 2(b) shows
precursor m/z versus precursor mass error in a scatter plot after software calibration. Figures 2(a) and 2(b) help
examine whether or not the mass spectrometer is properly calibrated. For a well-calibrated instrument, precursor
mass errors should center at 0 ppm across the range of m/z.

4.3.5. RT Calibration

Plots the RT regression function used during the spectral library search. Peptides are plotted against their indexed
retention time (iRT) predicted using machine learning.
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4.3.6. Box plot for Rt change

A box plot showing the difference between the observed retention time and iRT peptides within set retention time
bins across all fractions, showing the accuracy of retention time prediction.

4.3.7. Number of identified peptides in each sample by number of missed
cleavages

Presents the number of identified peptides in each sample with the number of missed cleavages, indicating the
enzyme digestion efficiency.

4.3.8. PTM Profile

Table 3 shows modifications identified in the filtered result and the number of PSMs containing each modification.

• Name: The given name of the PTM.

•  Mass: The monoisotopic change in mass caused by the PTM.

• Position: The amino acids modified by the PTM.

• # PSM: The number of PSMs with the given PTM.

• -10lgP: The highest -10lgP score achieved by a peptide modified by the PTM.

• Area: The area achieved by the modified peptide with highest -10lgP score.

4.3.9. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.

This section can be expanded to display a list of data files in the analysis that are producing poor or no results.

If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

4.4. Protein View

The Protein view lists protein identifications that have been filtered by the current settings set for the project. It
also visualizes the protein sequence coverage for identified proteins.
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4.4.1. Protein View Filters

By selecting the  button, the Protein Filter will pop up. It controls which proteins are displayed.

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

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

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

• Protein accession/name contains: If you add text here, only proteins with accessions that contain the text will
be included in the protein table.

• Protein description contains: If you add text here, only proteins with descriptions that contain the text will
be included in the protein table.

• Protein sample area: Filters based on total protein area found in each sample. Sample areas are calculated
using the total of all peptide features from unique supporting peptides. If a protein is identified and has areas
from multiple samples, only one of the samples must pass this filter to be included.
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Note

Only numeric digits can be typed in the protein sample area. For example, instead of 1.00e+4, 10000
must be typed.

• Spider Mutations: This filter is only visible in SPIDER result view filter. Check it to view proteins that have
mutations.

• Protein Contains Modifications: Proteins that are supported by peptides containing selected PTMs will be
included.

4.4.2. Protein Table

Each row in the table represents a group of proteins that are supported by a common set of peptides. A  indicates
that the group has multiple proteins. To expand the group, click that button.

The columns in the Protein table are:

• Accession: The accession id of the protein as seen in the FASTA database.

• -10lgP: The protein confidence score. Refer to Section 3.1, “Result Filtration” for a detailed explanation.

• Coverage: The percentage of the protein sequence that is covered by supporting peptides. This is the total
coverage including results from all samples, unless results are only shown for a specified sample.

• #Peptides: The number of supporting peptides which pass the given peptide filters.

• #Unique: The number of supporting peptides which pass the given peptide filters that are mapped to only one
protein group. Unique peptides with the same sequence but different modifications are only counted once in
this number.

• PTM:  The identified modifications displayed with color-coded icons.

• Avg. Mass: The protein mass calculated using the average mass.

• Description: The protein's header information as seen in the FASTA database.

Note

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

4.4.3. Global Protein Comparative View

Global Protein Comparative View provides detailed comparisons among different samples regarding the identified

protein. To Show/Hide Columns, click  on top-left of the protein table. From the dialog, users can add and

remove sample coverage, area, and spectral count columns. In the protein table, the selected columns will be
displayed and can be exported.

• Coverage by Sample: the coverage broken down by sample can be displayed if multiple samples were used.
Only peptides that pass the filters are included in the percentage calculation.

• Area by Sample: the total area of peptide features from unique supporting peptides in each sample. Areas from
peptides that don't pass the peptide filter won't be included in the total area.

• #Spec by Sample: total number of identified peptide spectrum matches which pass the peptide filters that
support the given protein. Totals are given for each sample included in the search.



Spectral Library Search

78

4.4.4. Protein Coverage

The Protein Coverage view visualizes the mapping of supporting peptides to the protein selected in the Protein
table. It also shows all identified modification or mutation sites to assist with protein characterization at the amino
acid level. The coverage view shows different views under different modes. The view shows a sample comparative
coverage view in the all sample mode while it shows protein sequence coverage view in the specific sample mode.

4.4.4.1. Sample Comparative Coverage

This area visualizes the frequency of supporting peptide sequences from selected samples in the protein sequence.
At the top of the protein sequence coverage view, the header information of the protein is shown. At the top-
right corner, the COVERAGE LEGEND button will show a continuous color legend for the peptide frequency.
Specific modifications can be selected in the PTM FILTER button and the template protein can be copied using
the TOOLS button.

Regions in the protein sequence that are covered by supporting peptides are displayed in bold font with a grey
background. Placing the cursor over a amino acid on the sequence shows the position of the amino acid in the
protein sequence and the frequency of identification in each selected sample.

The frequency of supporting peptide sequences from different samples can be shown as colored bars under the
protein sequence. The deeper the color, the higher frequency of that supporting peptide in the samples.

4.4.4.2. Protein Sequence Coverage

This area visualizes the coverage of the protein sequence in the specified sample. The header information of the
protein, a PTM filter and a tool to copy the protein information are shown on the top of the protein sequence
coverage view. Clicking the PTM filter button will pop up a menu to list the modifications identified in supporting
peptides on the protein and the checkbox on the left controls whether to show the modification in the protein
sequence coverage view above.
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Regions in the protein sequence that are covered by supporting peptides are displayed in bold font with a grey
background. Confident modifications and mutations identified in supporting peptides are displayed as icons above
the protein sequence. Modifications are represented by colored icons with the initial letter of its modification name.
If a residue is modified by more than one modification in the same supporting peptide, "*" is used instead of a letter.
Mutations are represented by black-framed icons with a letter indicating the mutated residue. Placing the cursor
over a modification icon shows the full name of the modification/mutation. The number above a modification icon
indicates the position in the protein sequence. Placing the cursor over an amino acid on the sequence shows the
position of the amino acid in the sequence.

The supporting peptides can be shown as colored bars under the protein sequence. Placing the cursor over a bar
shows detailed information of the peptide. Left clicking on a bar will pop up the annotated spectrum associated
with the supporting peptide.

4.4.5. Supporting Peptides

The Peptide table shows a list of supporting peptides for the selected protein. This table is similar to the peptide
table in the Peptide View.

• Unique: This shows whether the peptide is a unique supporting peptide to the protein group.

• Start: This shows the peptide's starting position in the protein.

• End: This shows the peptide's ending position (inclusive) in the protein.

• Found by: The name of the PEAKS search algorithm that identified the peptide. This can be either PEAKS,
PEAKS PTM, or SPIDER.

Refer to Section 3.5.2, “Peptide Table” for the descriptions of other columns.

Double-click a row to navigate to the peptide in the peptide tab for more detailed information.

4.5. Peptide View

The Peptide Table shows the filtered peptide identification results. Click on a peptide row to show the spectrum
below the peptide table.

4.5.1. Peptide View Filters

Click the  button, the following Peptide Filter will pop up. It controls which peptides to display.
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• Peptide sequence contains: Enter an amino acid sequence, only peptides that contain that sequence will be
displayed in the peptide table.

• Scan: Filter for a single scan number based on the scan numbers read from the raw data file.

• Precursor Id: Filter is only relevant for TimsTOF data, for which it will filter based on the precursor id of
the peptide.

• m/z: Filter based on the expected m/z, the last significant digit is rounded.

• RT: Filter based on the expected RT, the last significant digit is rounded.

• Peptide sample area: Filters based on total peptide area found in each sample. If a peptide is found in multiple
samples, there should be at least one sample pass this filter for the peptide to be included.

• Spider Mutations: Filter only available for SPIDER results. When checked, peptides that have an identified
mutation using SPIDER are shown.

• Peptide Contains Modifications: Check boxes are provided for each identified modification. Peptides that
contain the selected PTMs will be shown.

4.5.2. Peptide Table

The Peptide Table shows the filtered peptide identification results. Each row in the table is a peptide identification
represented by its highest-scoring PSM. The table is sorted by the -10lgP value.

The columns in the Peptide table are:

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

• -10lgP: The peptide -10lgP score. The score indicates the scoring significance of a peptide-spectrum match.

• Mass: The monoisotopic mass of the peptide.

• Length: The number of amino acids in the peptide sequence.

• ppm:  The precursor mass error, calculated as 106 × (precursor mass - peptide mass) / peptide mass.
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• m/z: The precursor mass-to-charge ratio.

• RT: The retention time (elution time) of the spectrum as recorded in the data.

• #RT: Retention time difference between library and query spectrum.

• Scan: The scan number of the spectrum that matches the peptide sequence with the highest -10lgP.

• #Spec: The number of MS2 spectra assigned to the peptide.

• PTM: The types and the numbers of modifications present in the peptide shown in color-coded icons.

• Accession: The accession number of the highest-scoring protein containing this peptide.

• Precursor Id: This column is only available for TimsTof data, it shows precursor's id from the raw data.

• 1/k0: This column is only available for TimsTof data, it shows the ion mobility range of the precursor.

4.5.3. Peptide Global Comparative View

"Peptide Global Comparative View" provides detailed comparisons among different samples regarding the iden-

tified peptides. To Show/Hide Columns, click on top-left of the peptide table. From the pop-up window, users

can add and remove area and spectral count columns. In the peptide table, the selected columns will be displayed
and can be exported. If "Specified Sample" is selected these columns are automatically displayed.

Note

PEAKS Online provides users the option to calculate peptide abundance using the MS1 feature area
calculation or using the MS1 feature intensity. By default, area is used. The default can be changed by
the administrator.
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• Area by sample: The total area of all peptide features matched to spectra that identified the peptide. Area
calculations are separated into multiple columns if multiple samples were included in the run.

• #Peptide-spectrum matches by sample: The number of peptide spectrum matches associated with a peptide
separated by sample.

4.5.4. Peptide Menu

The peptide menu is only shown when "Show Results for Specified Sample" is selected in the filter section. The
peptide menu displays the information of the peptide sequence that is being displayed in the spectrum. If a feature
is associated to more than one tandem scan, click the "FRACTION", “FEATURE” or “PSM” button to view the
Spectrum Annotation of the other PSMs.

4.5.5. Protein Selection

The protein drop-down in the top-right of the peptide information pane allows for quick navigation to any of the
proteins the currently selected peptide supports.

4.5.6. Peptide-Spectrum Matches

This section displays the spectrum annotation and other information about the peptide selected in the Peptide table.
When multiple spectra are matched to the peptide, only the information about the top-scoring PSM is shown by
default.

4.5.6.1. Spectrum Annotation

The spectrum annotation displays a graphical representation of the peptide-spectrum match.

Moving the cursor over the peptide sequence in the spectrum will show the mass transitions for a particular amino
acid residue.

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

• Zoom in/out on m/z: Place the cursor on the point in the spectrum you would like to zoom in on, or, place the
cursor in the Error (da) figure and scroll the mouse wheel.

• Increase/Decrease peak intensity: Place the cursor on the Intensity axis and scroll the mouse wheel.

• See the whole spectrum: click the 1:1 button.

Click  to open the Ion Annotation Settings dialogue and change the ions to be annotated in the spectrum. To

reset the settings to the PEAKS Online defaults, use "RESET DEFAULT" button.
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The  button will switch the y-axis to relative intensity. Once selected, scrolling over peaks will display the

relative intensity instead of the absolute intensity.

The  button will switch the y-axis to absolute intensity. Once selected, scrolling over peaks will display the

absolute intensity instead of the relative intensity.

4.5.6.2. Mirror Plot

You can press the  button to swap the spectrum view to the mirror plot view.

This view shows the ions from the query spectrum compared to the spectrum it was matched to from the library.

4.5.6.3. Error Map

The "Error Map" shows the mass errors of the matched fragment ions. The m/z ratio is displayed on the x-axis
and the error is listed on the y-axis in Daltons. Each matched fragment ion is represented by a dot. The ion types
displayed can be configured in "Ion Annotation Settings".

4.5.6.4. Ion Table

The "Ion Table" shows the calculated mass of possible fragment ions based on the ion types selected in the Ion
Annotation Settings. If a fragment ion is found in the spectrum, its mass value is displayed in color. N-terminal
ions are shown in blue and C-terminal ions are shown in red. A fragment ion is found when there is a matching
peak within the mass error tolerance, as defined in the de novo sequencing parameters.
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4.5.6.5. Precursor Profile

An eXtracted Ion Chromatogram (XIC) chart that displays the shape of the selected peptides precursor.

4.5.6.6. Fragment Ion XIC

An eXtracted Ion Chromatogram (XIC) chart that displays the shape of each identified fragment ion across all
scans for the selected PSM. Below the XIC charts is a slider to adjust the correlation threshold of the fragment
ion with the selected peptide precursor. Increasing the slider value will filter out fragment ions that are below
the threshold.

4.5.6.7. TimsTOF In Frame Mode

For timsTOF data only, there is an additional "In Frame Mode" button, , above the spectrum view. Clicking
this button will change the annotated spectrum view from "frame mode", the default view, to "in frame mode".

To switch back click the "Frame Mode" button, . The standard, "Frame Mode" displays the scans within a
frame merged over the CCS dimension. The "In Frame Mode" displays the scans merged over the retention time
dimension.

4.6. Manual Search

The Manual Search tab can be used to manually query your data for a specific library entry.

4.6.1. Performing a Manual Search

1. Select the sample you wish to search in from the Sample Dropdown, this should be the first dropdown displayed.
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2. If your data is fractionated, select the fraction you wish to search within the selected sample form the Fraction
Dropdown, this should be the second dropdown displayed.

3.

Click the Input Library Entry Button, , to specify the parameters of the library entry to be queried. These
parameters will be outlined in more detail in the following section.

4.

Click the Apply Button, , to query the selected data file for the input librarD entry.

4.6.2. Manual Search Input

• Peptide: The peptide sequence that you wish to search for. This should include any modifications, for example
LNIISNLDC(+57.02)VNEVIGIR.

• Charge: The precursor charge to search for.

Note

All optional parameters below will be filled in automatically if left blank with the best match found
given the input parameters.

• Fragmentation: (Optional) The ion fragmentation information. This should be a list of ions with their m/z and
intensity values in this format "<m/z>:<intensity>:<ion>", for example "327.13446,0.1547,b2". The intensity
should be a relative intensity in decimal format, for example 0.1547 for 15.47% relative intensity.

• Library iRT: (Optional) The indexed retention time to search for, entered in minutes.

• RT Apex: (Optional) The retention time, in minutes, for the apex scan in the selected data file.

• RT Start: (Optional) The beginning retention time, in minutes, in the selected data file.

• RT End: (Optional) The end retention time, in minutes, in the selected data file.

• CCS Start: (Optional) The starting CCS value in the selected data file. Only applicable if searching TimsTOF
Data.

• CCS End: (Optional) The ending CCS value in the selected data file. Only applicable if searching TimsTOF
Data.
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4.6.3. Viewing Manual Search Results

Once you have submitted your manual search, the results will be displayed after a brief delay.

If there were no results found in the selected data file that match the input spectra an error will appear indicating
that no results could be found.

4.6.4. Peptide Table

The Peptide Table will list all possible identification results in the selected data file that meet the supplied criteria.

The columns in this peptide table are:

• Peptide: The amino acid sequence of the peptide, as input in the search parameters. A modified residue is
followed by a pair of parentheses enclosing the modification mass.

• Mass: The monoisotopic mass of the peptide.
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• Charge: The charge of the peptide, as input in the search parameters.

• Length: The number of amino acids in the peptide sequence.

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

• Apex RT: The retention time (elution time) of the apex scan as recorded in the data.

• Predicted RT: The predicted retention time (elution time) of the input peptide.

• 1/k0: This column is only available for TimsTof data, it shows the ion mobility range of the precursor.

4.6.5. Peptide Information

For more details on the provided figures refer to Section 4.5.6.

5. DIA Database Search Workflow and Parameter Set-
tings

PEAKS DIA DB can be launched as a standalone workflow, or launched on top of a PEAKS Library Search
workflow. An analysis report is generated to show the database search result, combined with the library search
results if run on top of a PEAKS Library Search. Users can also run an optional PEAKS DIA Denovo search on
top of the PEAKS DIA Database Search.

To conduct a database search workflow, follow the steps below:

1. Refer to Chapter 7, Section 3, Spectral Library Search Workflow and Parameter Settings, Section 3, “Spectral
Library Search Workflow and Parameter Settings” , Step 1-3 to create a new project and add data. If you wish
to run the Database Search on top of a Library Search, follow Step 4 as well.

2. Check the checkbox next to Database Search Parameters beneath Library Search. Uncheck the checkbox next
to Library Search Parameters if you do not wish to run a Library Search before the Database Search.

3. Set the DB Search Parameters. See details in Section 5.1-5.6 below.
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4. Click SUBMIT button to start the search.

5.1. Precursor and Fragment Error Tolerance

Precursor mass: This enables the selection of a precursor mass error tolerance. PEAKS Online DB Search iden-
tifies peptides within the precursor mass tolerance, which is the allowable m/z shift between the theoretical value
of the peptide versus the observed value of the precursor ion. Precursor mass tolerance can be specified in either
Da or ppm.

Fragment ion: This enables the selection of a fragment ion m/z tolerance, which is the allowable m/z shift between
the theoretical value of the fragment ions of the peptide versus the observed value. PEAKS Online DB Search
uses this value when scoring peptide-spectrum matches. PEAKS Online considers that a fragment ion is matched
if the calculated m/z is within the tolerance. Fragment mass tolerance can be specified in Da.

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

Note

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

5.1.1. Optimize Tolerance

When enabled, PEAKS Online will determine the optimal values to use for Precusor and Fragment Mass Error
Tolerance for each fraction in your analysis. These values will replace the values provided in the previous Precursor
and Fragment Mass Tolerance sections.
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5.2. Enzyme Settings

Enzyme : PEAKS Online digests the protein database in silico to generate peptide candidates. It is necessary to
specify the enzyme for protein digestion from the Enzyme drop-down menu.

Note

When the selected dataset is digested with different enzymes, "Specified by each sample" allows samples
to be analyzed separately using their respective enzymes specified during project creation.

Note

"None" is a special enzyme digest rule allowing non-specific cleavage at both ends of the peptide. The
"None" digest rule can cut at every residue, generating peptides with lengths up to 65 amino acids. Its
usage is recommended when no digestion enzyme was used or when the digestion enzyme exhibits a
high degree of non-specificity.

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

Digest Mode : This specifies the type of in silico cleavages allowed at a peptide termini based on the method used
for protein digestion. If "Specific" is selected, the specificity of the selected enzyme is strictly enforced at both
termini of a peptide. "Semispecific" allows one terminus to disobey the enzyme specificity rules.

Note

If the enzyme is specified as "None", then no matter which mode is selected for "Digest Mode", the
"None" enzyme digest rule will be applied.

5.3. Database Settings

A protein database must be added first before creating a new project to enable its selection in the workflow. In the
Target Database drop-down menu, select the appropriate database that have been configured in PEAKS Online
and set the taxonomy, if applicable. A contaminant database can also be selected from the same list of databases
that have been configured in PEAKS Online.The length for a peptide can be set when creating an analysis, where
the default peptide length range is between 6 and 45.

5.4. PTM Settings

Click "ADD/REMOVE MODIFICATION" button to open the "Select Modifications" dialogue and specify the
fixed PTMs and a few (less than 11) common variable PTMs expected in the sample. If the required modification
is not listed, the modification can also be created here. Additionally, the maximum number of variable PTMs per
peptide can be specified and a value of less than 4 is recommended. A fixed modification forces all instances of
applicable residues to be modified. A variable modification gives the option for the residues to be modified.

Note

For a specific residue, only one fixed modification is allowed.

Note

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

5.5. PSM Filter

PSM filter section is a mandatory section to filter out some results under the user-defined filter. Any changes to
the filter will create a new analysis with old parameters and update the results and statistics.

• PSM -10lgP:  The PEAKS peptide score (-10lgP) is calculated for every peptide-spectrum match (PSM) re-
ported by PEAKS DB, PEAKS PTM, and SPIDER. The score is derived from the p-value that indicates the
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statistical significance of the peptide-spectrum match. A peptide may be matched to many spectra, resulting in
multiple PSMs. In that case, the peptide's score is calculated as the maximum among all PSM scores. For details
of the scoring algorithm, please refer to the publication, " PEAKS DB: De Novo sequencing assisted database
search for sensitive and accurate peptide identification ", Mol Cell Proteomics, 2011 Dec 20 . A minimum
requirement can be set and all identifications must pass this filter.

• PSM FDR (%):  The PSM filter can also be set to use the false discovery rate. FDR is estimated using a
"decoy-fusion" approach.

Note

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

6. Understanding PEAKS DIA Database Search Re-
sults
After a PEAKS Search is complete, all analyses selected during the project creation will be combined under the
workflow drop-down menu. One is the de novo sequencing result, which includes de novo peptide sequences
listed, spectrum annotation and other detailed information. The other result nodes are identification results from the
database search tools: PEAKS DB, PEAKS PTM, and SPIDER. If more than one database search tool is enabled,
the results from previous search tools are automatically merged.

The analysis results for database search tools are presented in four tabs:

• Summary : This shows an outline of the PEAKS Online database search results with key statistics. The overall
quality of the experiment can be examined and the filters for peptide and protein identifications can be adjusted.
This page shows after the search is done.

• Protein : This shows a list of protein identifications. This view also visualizes protein sequence coverage and
helps with protein characterization.

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

6.1. Result Filtration

At the top of each summary result page, filters can be set. Identifications that fall below the filters will not be

visible in the result pages or exports. After changing any of these filter parameters, click the    button to apply

and save the new filters. The results and statistical information will be updated accordingly.

• Proteins -10lgP:  The PEAKS protein score (-10lgP) is calculated as the weighted sum of the -10lgP scores of
the protein's supporting peptides. After removing any redundant peptides, the supporting peptides are sorted by
-10lgP scores in descending order, and the k-th ranked peptide contributes to the weighted sum with a weight
of 1/k. A default threshold of 20 is set.

• Proteins Unique Peptides:  The minimum number of unique supporting peptides for a protein identification.
A unique peptide is defined as a peptide that can be mapped to only one protein group.

6.1.1. Show Results for All Samples

For the protein and the peptide tables, "All Samples" can be selected to view the combined search results from
all the samples. In the Protein page, selecting "All Samples" will change the coverage panel displayed when a
specific protein is highlighted. Supporting peptides from all samples instead of just a single sample will be shown.
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6.1.2. Show Results for Specific Sample

In the Protein, Peptide and De Novo page results, the filter can also be set to "Specified Sample" which will only
show the results a single sample. By clicking in the text you can search for a specific sample by name.

Selecting "Specified Sample" will change the protein coverage view that is visible by clicking on a protein in the
protein table. Peptides in the Protein, Peptide and De Novo Only pages will only be visible if they belong to the
sample chosen. Once selected, the peptide tables will automatically add the "Area" column and the "# Spec" values
will display the spectral count for the specified sample. For more information, refer to Section 3.5.2, “Peptide
Table” . Similarly, the protein table will also include the columns "Coverage" and "Area" for the specified sample.
For more information refer to Section 3.4.2, “Protein Table” .

6.2. Result Exporting

PEAKS Online database search results can be exported in the Export page:

• Protein CSV: A comma separated file containing all identified proteins and associated details from the protein
table for all samples.

• Protein-Peptide CSV:  A comma separated file containing all identified peptides and associated details from the
peptide table found in the Protein page. Further details are provided regarding the protein the peptide supports.
If a peptide supports multiple proteins, multiple rows are included for each supported protein for all samples.

• Peptide CSV:  A comma separated file containing all identified peptides and associated details from the peptide
table for all samples.

• PSM CSV:  A comma separated file containing all identified peptide spectrum matches and associated details
from the peptide table for all samples.
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• Pepxml:  An XML export of the identification results matching the pepxml schema. This can be uploaded to
software that accept data in this format.

• MzIdentML:  An XML export of the identification results matching the MZIdentML schema. This can be
uploaded to software that accept data in this format.

• Protein Fasta : A list of protein identifications will be saved to proteins.fasta.

6.3. Summary View

6.3.1. Summary Statistics

The first chart displays the summary information for each sample.

• Sample Name: This column lists the samples names with the exception of the first row, which shows the
combination of all the samples.

• # MS Runs: The total MS runs in the sample.

• # MS1: The total MS scans in the sample summed across all fractions.

• # MS2: The total MS/MS scans in the sample summed across all fractions.

• # PSM: Total number of peptide spectrum matches (PSMs) found in the sample.

• # Peptides: Total number of peptides found ignoring differences with leucine (L) and isoleucine (I) amino acids.
Peptides with the same primary sequence but different PTMs are counted separately.

• # Sequences: Total number of different peptide backbone sequences found ignoring differences with leucine
(L) and isoleucine (I) amino acids. Peptides with the same primary sequence but different PTMs are counted
as one sequence.

• # Proteins: Provides the number of proteins given the parameters set for Protein Score (-10lgP) and number
of unique peptides.

• # Protein Groups: PEAKS Online groups proteins identified by a common set of peptides. This number shows
the number of protein groups in the filtered result based on All proteins.

• # PSM / # MS2:  The percentage of MS2 scans in the sample that produced peptide spectrum matches.

6.3.2. False discovery rate (FDR) curve

Figure 1 shows the FDR curve with respect to the number of PSMs being kept after filtration by the peptide -10lgP
score. By lowering the score threshold, more PSMs are kept in the filtered result. Conversely, the FDR increases
because more false positives are kept. In this figure, the vertical line indicates the current score threshold. The
number of PSMs and the corresponding FDR by the current score threshold are shown in the top-left corner.

PEAKS Spectral library search estimates the FDR using decoy peptides and spectra. A decoy peptide/spectrum
for each target peptide/spectrum in a spectral library and the target and decoy spectra are searched together. The
decoy method is based on: https://doi.org/10.1021/pr900947u

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

Note

When counting the number of PSMs, PEAKS Online keeps one peptide per spectrum at most. Thus, the
number of PSMs is actually the number of spectra with assigned peptides.

Note

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

Table 1 shows the statistical numbers of the filtered results.

• Top Proteins: The number of proteins that are supported by the most unique peptides in the group. Proteins
in the group that share a subset of the unique peptides that support the top protein (sub-proteins) will not be
included here.

• Proteins (#Unique Peptides): In Table 2, this entry counts the number of proteins identified with unique pep-
tides. A unique peptide is a peptide with a -10lgP score above the peptide filtering threshold that can be mapped
to only one protein group. Peptides are counted based on their backbone sequence while considering I/L amino
acids to be the same.

• FDR (Peptide-Spectrum Matches): The total number of decoy database assignments to spectra relative to the
total number of target database assignments to spectra represented as a percentage

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

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

• -10lgP Cutoff: The value is determined by the estimated PSM FDR. Only the peptides with PSMs above the
-10lgP score threshold are listed in the Peptide view.

6.3.4. Precursor mass error

Figures 2(a) and 2(b) show the precursor mass errors of PSMs in filtered results. Figure 2(a) shows the distribution
of the precursor mass error in a histogram with and without software calibration. Software calibration uses the
observed distribution of mass error after identification to normalize the mass error around zero. Figure 2(b) shows
precursor m/z versus precursor mass error in a scatter plot after software calibration. Figures 2(a) and 2(b) help
examine whether or not the mass spectrometer is properly calibrated. For a well-calibrated instrument, precursor
mass errors should center at 0 ppm across the range of m/z.

6.3.5. RT Calibration

Plots the RT regression function used during the DIA database search. Peptides are plotted against their indexed
retention time (iRT) predicted using machine learning.

6.3.6. Box plot for Rt change

A box plot showing the difference between the observed retention time and iRT peptides within set retention time
bins across all fractions, showing the accuracy of retention time prediction.

6.3.7. Number of identified peptides in each sample by number of missed
cleavages

Presents the number of identified peptides in each sample with the number of missed cleavages, indicating the
enzyme digestion efficiency.

6.3.8. PTM Profile

Table 3 shows modifications identified in the filtered result and the number of PSMs containing each modification.

• Name: The given name of the PTM.

•  Mass: The monoisotopic change in mass caused by the PTM.

• Position: The amino acids modified by the PTM.

• # PSM: The number of PSMs with the given PTM.

• -10lgP: The highest -10lgP score achieved by a peptide modified by the PTM.
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• Area: The highest area achieved by a peptide modified by the PTM.

6.3.9. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.

This section can be expanded to display a list of data files in the analysis that are producing poor or no results.

If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

6.4. Protein View

The Protein view lists protein identifications that have been filtered by the current settings set for the project. It
also visualizes the protein sequence coverage for identified proteins. After clicking the "Peptide" tab we can view
the supporting peptide list, double click any peptide can lead to that peptide sequence in the peptide page.
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6.4.1. Protein View Filters

By selecting the  button, the Protein Filter will pop up. It controls which protein to display.

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

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

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

• Protein accession/name contains:  If you add text here, only proteins with accessions that contain the text will
be included in the protein table.

• Protein description contains: If you add text here, only proteins with descriptions that contain the text will
be included in the protein table.

• Protein sample area: Filters based on total protein area found in each sample. Sample areas are calculated
using the total of all peptide features from unique supporting peptides. If a protein is identified and has areas
from multiple samples, only one of the samples must pass this filter to be included.

Note

Only numeric digits can be typed in the protein sample area. For example, instead of 1.00e+4, 10000
must be typed.
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• Spider Mutations: This filter is only visible in SPIDER result view filter. Check it to view proteins that have
mutations.

• Protein Contains Modifications : Proteins that are supported by peptides containing selected PTMs will be
included.

6.4.2. Protein Table

Each row in the table represents a group of proteins that are supported by a common set of peptides. A  indicates
that the group has multiple proteins. To expand the group, click that button.

The following columns are sortable: Accession, -10LgP, Coverage, Peptides, #Unique, Avg Mass, when All Sam-
ples are shown.

The columns in the Protein table are:

• Accession:  The accession id of the protein as seen in the FASTA database.

• -10lgP:  The protein confidence score. Refer to Section 3.1, “Result Filtration” for detailed explanation.

• Coverage: The percentage of the protein sequence that is covered by supporting peptides. This is the total
coverage including results from all samples, unless results are only shown for a specified sample.

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

• #Unique:  The number of high-confidence supporting peptides that are mapped to only one protein group.
Unique peptides with the same sequence but different modifications are only counted once in this number.

• PTM:  The identified modifications displayed with color-coded icons.

• Avg. Mass:  The protein mass calculated using the average mass.

• Description: The protein's header information as seen in the FASTA database.

Note

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

6.4.3. Global Protein Comparative View

Global Protein Comparative View provides detailed comparisons among different samples regarding the identified

protein. To Show/Hide Columns, click  on top-left of the protein table. From the dialog, users can add and

remove sample coverage, area, and spectral count columns. In the protein table, the selected columns will be
displayed and can be exported.

• Coverage by Sample: the coverage broken down by sample can be displayed if multiple samples were used.
Only peptides that pass the filters are included in the percentage calculation.

• Area by Sample: total area of peptide features from unique supporting peptides in each sample are used for
calculation. Peptides must pass the filters.

• #Spec by Sample: total number of spectra identified that support the given protein. Totals are given for each
sample included in the search.

6.4.4. Protein Coverage

The Protein Coverage view visualizes the mapping of supporting peptides to the protein selected in the Protein
table. It also shows all identified modification or mutation sites to assist with protein characterization at the amino
acid level. The coverage view shows different views under different modes. The view shows a sample comparative
coverage view in the all sample mode while it shows protein sequence coverage view in the specific sample mode.
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6.4.4.1. Sample Comparative Coverage

This area visualizes the frequency of supporting peptide sequences from selected samples in the protein sequence.
At the top of the protein sequence coverage view, the header information of the protein is shown. At the top-
right corner, the COVERAGE LEGEND button will show a continuous color legend for the peptide frequency.
Specific modifications can be selected in the PTM FILTER button and the template protein can be copied using
the TOOLS button.

Regions in the protein sequence that are covered by supporting peptides are displayed in bold font with a grey
background. Placing the cursor over a amino acid on the sequence shows the position of the amino acid in the
sequence and the frequencies from different selected samples.

The frequency of supporting peptide sequences from different samples can be shown as colored bars under the
protein sequence. The deeper the color, the higher frequency of that supporting peptide in the sample.

6.4.4.2. Protein Sequence Coverage

This area visualizes the coverage of the protein sequence in the specified sample mode. The header information of
the protein, a PTM filter and a tool to copy the protein information are shown on the top of the protein sequence
coverage view. Clicking the PTM filter button will pop up a menu to list the modifications identified in supporting
peptides on the protein and the checkbox on the left controls whether to show the modification in the protein
sequence coverage view above.

Regions in the protein sequence that are covered by supporting peptides are displayed in bold font with a grey
background. Confident modifications and mutations identified in supporting peptides are displayed as icons above
the protein sequence. Modifications are represented by colored icons with the initial letter of its modification name.
If a residue is modified by more than one modification in the same supporting peptide, "*" is used instead of a letter.
Mutations are represented by black-framed icons with a letter indicating the mutated residue. Placing the cursor
over a modification icon shows the full name of the modification/mutation. The number above a modification icon
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indicates the position in the protein sequence. Placing the cursor over an amino acid on the sequence shows the
position of the amino acid in the sequence.

The de novo only peptides are the confident de novo sequence tags that remain unidentified by the identification
search algorithms. To report a de novo only peptide, the De novo score must be equal to or better than the specified
threshold. Meanwhile, the score of the spectrum's best identification search result should be no greater than the
specified -10lgP threshold.If we enable the de novo only tag in the parameter setting, we can see the de novo only
sequence with grey line below.

The supporting peptides can be shown as colored bars under the protein sequence. Placing the cursor over a bar
shows detailed information of the peptide. Left clicking on a bar will pop up the annotated spectrum associated
with the supporting peptide.

6.4.5. Supporting Peptides

The Peptide table shows a list of supporting peptides for the selected protein. This table is similar to the peptide
table in the Peptide View, except that "Accession" is excluded and the columns, "Unique", "Start", "End", and
"Found by" are included.

• Unique: This shows whether the peptide is a unique supporting peptide to the protein group.

• Start: This shows the peptide's starting position in the protein.

• End: This shows the peptide's ending position (inclusive) in the protein.

• Found by : The name of the PEAKS search workflow that identifies the peptide. This can be either DB Search
or Library search.

Refer to Section 3.5.2, “Peptide Table” for the descriptions of other columns.

Double click a supporting peptide, it will go to that peptide sequence in the peptide page

6.5. Peptide View

The Peptide Table shows the filtered peptide identification results. Click on a peptide row to show the spectrum
below the peptide table.
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6.5.1. Peptide View Filter

Click the  button, the following Peptide Filter will pop up. It controls which peptides to display.

• Peptide sequence contains:  Enter an amino acid sequence, only peptides that contain that sequence will be
displayed in the peptide table.

• m/z: Filter based on the expected m/z, the last significant digit is rounded.

• RT: Filter based on the expected RT, the last significant digit is rounded.

• Peptide sample area: Filters based on total peptide area found in each sample. If a peptide is found in multiple
samples, there should be at least one sample pass this filter for the peptide to be included.

• Peptide Contains Modifications: Check boxes are provided for each identified modification. Peptides that
contain the selected PTMs will be shown.

• Found by: filter peptides found in DB search or Spectral Library search.

6.5.2. Peptide Table

The Peptide Table shows the filtered peptide identification results. Each row in the table is a peptide identification
represented by its highest-scoring PSM. The table is sorted by the -10lgP value. In the Protein list drop-down
window of each peptide, after clicking any of the protein, the protein page will be opened.

The columns Peptides, -10LgP, m/z, RT, Accession are sortable, i.e. Clicking any of these header can sort the
whole table based on that column.

The columns in the Peptide table are:

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

• -10lgP:  The peptide -10lgP score. The score indicates the scoring significance of a peptide-spectrum match.

• Mass:  The monoisotopic mass of the peptide.
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• Length:  The number of amino acids in the peptide sequence.

• ppm:  The precursor mass error, calculated as 10 6 × (precursor mass - peptide mass) / peptide mass.

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

• RT:  The retention time (elution time) of the spectrum as recorded in the data.

• #RT: The retention time difference between the query and predicted spectrum.

• Scan:  The scan number of the spectrum that matches the peptide sequence with the highest -10lgP.

• #Spec:  The number of MS2 spectra assigned to the peptide.

• PTM:  The types and the numbers of modifications present in the peptide shown in color-coded icons.

• Accession:  The accession number of the highest-scoring protein containing this peptide.

• Precursor Id:  This column is only available for TimsTof data, it shows precursor's id from the raw data.

• 1/k0:  This column is only available for TimsTof data, it shows the ion mobility range of for the precursor.

6.5.3. Peptide Global Comparative View

"Peptide Global Comparative View" provides detailed comparisons among different samples regarding the identi-

fied peptides. To Show/Hide Columns, click  on top-left of the peptide table. From the pop-up window, users

can add and remove area and spectral count columns. In the peptide table, the selected columns will be displayed
and can be exported. If "Specified Sample" is selected these columns are automatically displayed.
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Note

PEAKS Online provides users the option to calculate peptide abundance using the MS1 feature area
calculation or using the MS1 feature intensity. By default, area is used. The default can be changed by
the administrator.

• Area by sample: The total area of all peptide features matched to spectra that identified the peptide. Area
calculations are separated into multiple columns if multiple samples were included in the run.

• #Peptide-spectrum matches by sample: The number of peptide spectrum matches associated with a peptide
separated by sample.

6.5.4. Peptide Menu

The peptide menu is only shown when "Show Results for Specified Sample" is selected in the filter section. The
peptide menu displays the information of the peptide sequence that is being displayed in the spectrum. If a feature
is associated to more than one tandem scan, click the "FRACTION", “FEATURE” or “PSM” button to view the
Spectrum Annotation of the other PSMs.

6.5.5. Peptide-Spectrum Matches

This section displays the spectrum annotation and other information about the peptide selected in the Peptide table.
When multiple spectra are matched to the peptide, only the information about the top-scoring PSM is shown by
default. The interface of this section is identical to the Spectrum Annotation in the PEAKS Spectral Library result.
For detailed instructions, refer to Section 3.5, “Spectrum Annotation” in Chapter 5, Peptide De Novo Sequencing.

6.5.6. DIA Database Search Mirror Plot

Similar to Library Search, pressing the  button will display a mirror plot instead of the traditional spectrum
view.
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This view will display the ions from the query spectrum compared to the predicted spectrum generated from the
database sequence.

6.5.7. Error Map

The "Error Map" shows the mass errors of the matched fragment ions. The m/z ratio is displayed on the x-axis
and the error is listed on the y-axis in Daltons. Each matched fragment ion is represented by a dot. The ion types
displayed can be configured in "Ion Annotation Settings".

6.5.8. Ion Table

The "Ion Table" shows the calculated mass of possible fragment ions based on the ion types selected in the Ion
Annotation Settings. If a fragment ion is found in the spectrum, its mass value is displayed in color. N-terminal
ions are shown in blue and C-terminal ions are shown in red. A fragment ion is found when there is a matching
peak within the mass error tolerance, as defined in the de novo sequencing parameters.

6.5.9. Precursor Profile

An eXtracted Ion Chromatogram (XIC) chart that displays the shape of the selected peptides precursor.

6.5.10. Fragment Ion XIC

An eXtracted Ion Chromatogram (XIC) chart that displays the shape of each identified fragment ion across all
scans for the selected PSM. Below the XIC charts is a slider to adjust the correlation threshold of the fragment
ion with the selected peptide precursor. Increasing the slider value will filter out fragment ions that are below
the threshold.

6.5.11. TimsTOF In Frame Mode

For timsTOF data only, there is an additional "In Frame Mode" button, , above the spectrum view. Clicking
this button will change the annotated spectrum view from "frame mode", the default view, to "in frame mode". To

switch back click the "Frame Mode" button, . The standard, "Frame Mode" displays the scans merged over
the CCS dimension. The "In Frame Mode" displays the scans merged over the retention time dimension.
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7. DIA De Novo Analysis Workflow and Parameter Set-
tings
PEAKS DIA De Novo can be launched as a standalone workflow, or launched on top of a PEAKS Library Search,
PEAKS DIA Database Search, or PEAKS Library Search + PEAKS Database Search workflow. An analysis report
is generated to show the De Novo search results, combined with both the library search results and database search
results if run on top of a PEAKS Library Search or PEAKS Database Search.

To conduct a DIA De Novo search workflow, follow the steps below:

1. Refer to Chapter 7, Section 3, Spectral Library Search Workflow and Parameter Settings, Section 3, “Spectral
Library Search Workflow and Parameter Settings” , Step 1-3 to create a new project and add data. If you wish to
run the De Novo Search on top of a Library Search, follow Step 4 as well. If you wish to run the De Novo Search
on top of a DIA Database Search follow the steps in Section 2, “Database Search Workflow and Parameter
Settings”.

2. Check the checkbox next to De Novo Parameters beneath Database Search. Uncheck the checkbox next to
Library Search Parameters if you do not wish to run a Library Search before the De Novo Search.

3. Set the De Novo Parameters. See details in Section 7.1-7.6 below.

4. Click SUBMIT button to start the search.

7.1. Precursor and Fragment Error Tolerance

Precursor mass: This enables the selection of a precursor mass error tolerance. PEAKS Online DB Search iden-
tifies peptides within the precursor mass tolerance, which is the allowable m/z shift between the theoretical value
of the peptide versus the observed value of the precursor ion. Precursor mass tolerance can be specified in either
Da or ppm.
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Fragment ion: This enables the selection of a fragment ion m/z tolerance, which is the allowable m/z shift between
the theoretical value of the fragment ions of the peptide versus the observed value. PEAKS Online DB Search
uses this value when scoring peptide-spectrum matches. PEAKS Online considers that a fragment ion is matched
if the calculated m/z is within the tolerance. Fragment mass tolerance can be specified in Da.

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

Note

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

7.1.1. Optimize Tolerance

When enabled, PEAKS Online will determine the optimal values to use for Precursor and Fragment Mass Error
Tolerance for each fraction in your analysis. These values will replace the values provided in the previous Precursor
and Fragment Mass Tolerance sections.

7.2. Enzyme Settings

Enzyme : PEAKS Online digests the protein database in silico to generate peptide candidates. It is necessary to
specify the enzyme for protein digestion from the Enzyme drop-down menu.

Note

When the selected dataset is digested with different enzymes, "Specified by each sample" allows samples
to be analyzed separately using their respective enzymes specified during project creation.

Note

"None" is a special enzyme digest rule allowing non-specific cleavage at both ends of the peptide. The
"None" digest rule can cut at every residue, generating peptides with lengths up to 65 amino acids. Its
usage is recommended when no digestion enzyme was used or when the digestion enzyme exhibits a
high degree of non-specificity.

7.3. PTM Settings

Click "ADD/REMOVE MODIFICATION" button to open the "Select Modifications" dialogue and specify the
fixed PTMs and a few (less than 11) common variable PTMs expected in the sample. If the required modification
is not listed, the modification can also be created here. Additionally, the maximum number of variable PTMs per
peptide can be specified and a value of less than 4 is recommended. A fixed modification forces all instances of
applicable residues to be modified. A variable modification gives the option for the residues to be modified.

Note

For a specific residue, only one fixed modification is allowed.

Note

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

7.4. De Novo Filter

The report filter section is a mandatory section to filter out some results under the user-defined filter. Any changes
to the filter will create a new analysis with old parameters and update the results and statistics.
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• Denovo ALC (%):  This filter will filter out any De Novo candidates with an average confidence less than
the specified value.

8. Understanding PEAKS DIA De Novo Sequencing Re-
sults
When de novo sequencing is done, you can access the PEAKS Online project from the "My Projects" page. The
analysis report for de novo search tools are presented in two tabs:

• Summary: This shows an outline of the PEAKS de novo search results with key statistics. The overall quality
of the experiment can be examined and the filters for de novo ALC can be adjusted. This page shows after the
search is done.

• De novo: This shows a list of peptide sequences that pass the ALC threshold detected by de novo sequencing.

The de novo view displays the de novo sequencing results. The table on the top displays de novo sequences, while
the bottom section provides additional information about the peptide-spectrum match. The results can be filtered
and exported.

8.1. Result Filtration

A PEAKS Online de novo sequencing result can be filtered by Average Local Confidence (ALC) score. Result for
different samples can be specified at "Specified Sample" filter. Low quality de novo sequences can be filtered out
by specifying a minimal threshold of the ALC score. The purpose of filtering is to remove poor sequences in which
residues are incorrectly identified. By default, the ALC threshold is set to 50%. After changing the threshold, click

 to apply the new filter. The result in the DE NOVO  result view will be updated accordingly.

A PEAKS Online de novo sequencing results display based on the sample selected in the "specified sample" drop-
down menu. The purpose of this filtering is to limit the quantity of de novo sequencing results displayed in the

table. The specified sample can be changed through the drop-down list, click  to apply the new filter. The

result will be updated accordingly.

8.2. Exporting De Novo Results

The de novo results can be exported as "Denovo.csv" or "Denovo CSV with all Candidates". These export files
can be downloaded from either the Denovo Results page or the export page.
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• Denovo CSV: the filtered de novo results shown are exported. It can also be downloaded from the export page
as shown in the following figure.

• Denovo CSV with all candidates: for each MS2 spectrum, denovo results of the 5 highest ALC scores are
generated. De novo sequences that pass the ALC score filter are all included in this file. It can also be downloaded
from the export page shown in the following figure.

In the Denovo results page, above the peptide table there are two export options: "Denovo CSV", and "Denovo
CSV with all Candidates".

In the export page, there are 3 files which can be exported: "Summary Table", "Denovo CSV", and "Denovo CSV
with all Candidates".

• Summary Table: the overview number of each sample for the fields MS2, PSM, PSM (alc>30), PSM (alc>50),
PSM (alc>70), and notes.

8.3. Summary View

The "Summary" view reports key statistics as an overview of the result.

8.3.1. Result Statistics

This table of the summary page shows the overview number of each sample for the following fields:

• # MS2: The number of MS/MS scans from the data.

• # PSM: The number of peptide-spectrum matches.

• # PSM (alc>30): The number of peptide-spectrum matches with an ALC score greater than 30.

• # PSM (alc>50): The number of peptide-spectrum matches with an ALC score greater than 50.
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• # PSM (alc>70): The number of peptide-spectrum matches with an ALC score greater than 70.

Note

ALC score is the average local confidence score. ALC is calculated as the total of the residue local
confidence scores in the peptide divided by the peptide length.

8.3.2. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.

This section can be expanded to display a list of data files in the analysis that are producing poor or no results.

If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

8.4. Peptide Table

The peptide table shows the filtered de novo sequencing results. For each scan, the best candidate is displayed.

The following list describes the contents in each column:

• Scan: The scan number. The scan number is a unique index for tandem mass spectra in the data. If the scan
numbers could be read from the data file, the scan numbers that match with the instrument data file will be
shown.

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

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

• Length: The number of amino acids in the peptide sequence.

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

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

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

• Mass: The monoisotopic mass of the peptide.

• ppm: The precursor mass error, calculated as 10E6 × (precursor mass - peptide mass) / peptide mass.

• PTM: The types and the numbers of the modifications present in the peptide shown as color-coded icons.

• Mode: The fragmentation mode in which de novo sequencing is performed by the algorithm.

• Accession: The accession number of the highest-scoring protein containing this peptide. If a de novo only results
surpasses the ALC% threshold set on the summary page.

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

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

threshold using the  button. If the score is set at 0, all of the amino acids in the peptide sequences will be

displayed. Increasing the threshold will reduce residues below the threshold to mass tags. When low confidence
residues are reduced to mass tags, the remaining residues become sequence tags. The length of the longest tag is
called the tag length and reported in the export files.

Filter Peptides: The peptide table can be filtered by selecting the  button and prompting the "Denovo Filter"

window. The peptides can be searched by sub-sequence, scan number, precursor Id, m/z, and retention time.

8.5. Spectrum Annotation

The spectrum annotation displays a graphical representation of the peptide-spectrum match.

Moving the cursor over the peptide sequence in the spectrum will show the mass transitions for a particular amino
acid residue.
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The spectrum annotation panel provides convenient ways to zoom and navigate within the spectrum:

• Zoom in/out on m/z: Place the cursor on the point in the spectrum you would like to zoom in on. Alternatively,
place the cursor in the Error (da) figure and scroll the mouse wheel.

• Increase/Decrease peak intensity: Place the cursor on the Intensity axis and scroll the mouse wheel.

• See the whole spectrum: click the 1:1 button.

Click  to open the Ion Annotation Settings dialogue and change the ions to be annotated in the spectrum. To

reset the settings to the PEAKS Online defaults, use "RESET DEFAULT" button.

The  button will switch the y-axis to relative intensity. Once selected, scrolling over peaks will display the

relative intensity instead of the absolute intensity.

The  button will switch the y-axis to absolute intensity. Once selected, scrolling over peaks will display the

absolute intensity instead of the relative intensity.

8.6. Spectrum View

For DIA De Novo results, the annotated spectrum view can be displayed in three different formats.

8.6.1. Raw Scan

Click on the  button to display the raw scan.

This view will display the raw scan from the data file, with the identified ions annotated.
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8.6.2. Mirror Plot

Click on the  button to display the mirror plot.

This view will display the ions from the de novo candidate compared with the ions from the predicted spectrum.

8.6.3. Pseudo Scan

Click on the  button to display the pseudo scan.

8.7. Error Map

The "Error Map" shows the mass errors of the matched fragment ions. The m/z ratio is displayed on the x-axis
and the error is listed on the y-axis in Daltons. Each matched fragment ion is represented by a dot. The ion types
displayed can be configured in "Ion Annotation Settings".

8.8. Ion Table

The "Ion Table" shows the calculated mass of possible fragment ions based on the ion types selected in the Ion
Annotation Settings. If a fragment ion is found in the spectrum, its mass value is displayed in color. N-terminal
ions are shown in blue and C-terminal ions are shown in red. A fragment ion is found when there is a matching
peak within the mass error tolerance, as defined in the de novo sequencing parameters.

8.9. Ion Table

The "Ion Table" shows the calculated mass of possible fragment ions based on the ion types selected in the Ion
Annotation Settings. If a fragment ion is found in the spectrum, its mass value is displayed in color. N-terminal
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ions are shown in blue and C-terminal ions are shown in red. A fragment ion is found when there is a matching
peak within the mass error tolerance, as defined in the de novo sequencing parameters.

8.10. Precursor Profile

An eXtracted Ion Chromatogram (XIC) chart that displays the shape of the selected peptides precursor.

8.11. Fragment Ion XIC

An eXtracted Ion Chromatogram (XIC) chart that displays the shape of each identified fragment ion across all
scans for the selected PSM. Below the XIC charts is a slider to adjust the correlation threshold of the fragment
ion with the selected peptide precursor. Increasing the slider value will filter out fragment ions that are below
the threshold.

8.12. TimsTOF In Frame Mode

For timsTOF data only, there is an additional "In Frame Mode" button, , above the spectrum view. Clicking
this button will change the annotated spectrum view from "frame mode", the default view, to "in frame mode". To

switch back click the "Frame Mode" button, . The standard, "Frame Mode" displays the scans merged over
the CCS dimension. The "In Frame Mode" displays the scans merged over the retention time dimension.

9. FAIMS Data
Field asymmetric waveform ion mobility spectrometry (FAIMS) analyzes complex mixtures and separates the
ions based on their mobility. PEAKS Online has the ability to load FAIMS data and analyze it using de novo
sequencing, database search (PEAKS DB), database search with unexpected modification identification (PEAKS
PTM), sequence variant identification (SPIDER) search, spectral library search, and labelled and label free quan-
tification.

The analysis FAIMS mass spectrometry datasets contains the CV values used when collecting the spectra. The
CV-related information can be found at the following places for a spectral Library analysis.

• The Venn diagram on the summary page.

Venn diagram overlaps between different CVs in the search for all proteins, top proteins, and peptides are shown
on the summary page.

• The additional CV column on the supporting peptide page

• The additional CV column in the exported Protein-Peptide CSV

• The additional CV column on the peptide page

• The additional CV filter on peptide page

The filter for peptide page contains one additional option for CV, which selects the displayed scans based on
the selected CV values

• The additional CV column in the exported Peptide CSV

10. PEAKS DIA-DB QC
In order to help with verifying the integrity and validity of data being processed through PEAKS Online an op-
tional QC (Quality Control) task can be run on top of PEAKS DIA-DB results. This task will provide statistical
information about your data to allow for informed decisions on the data's quality.
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10.1. QC Parameters

To enable PEAKS QC to run on top of your PEAKS DB results, ensure that the QC section is checked at the
bottom of the PEAKS DB parameters page.

Before submitting the analysis ensure the following parameters are set properly:

• Control Sample: Specify the sample to be used as the Control Sample for quality control checking. All other
samples will have their quality control values compared to the corresponding value from the control sample and
will be considered failing if the variance is outside of the Acceptance Tolerance. If average is specified for the
control sample then all samples will have their values compared to the average value across all samples.

• Acceptance Tolerance (%): This is acceptable amount of variance a sample can have from the control sample
(or average if specified). Any quality control metric that falls outside of this tolerance level will be labelled as
failed (red) in the quality control result views. If Acceptance Tolerance is set to 0%, then each attribute will use
the value from selected control sample as the threshold.

• Standard Peptides: Input amino acid sequences with analogue charge of your standard peptides separated by
commas, spaces, or tabs.

10.2. QC DIA-DB Results

QC DIA-DB result consists of the Summary, Figures, and Standard peptides tabs.

10.2.1. QC Summary

The DIA-DB Search QC summary tab contains:

• Table 1: Contains the Statistic of filtered results including information of the Control sample, Acceptance
tolerance, Total, Passed and Failed sample counts, Ratio of Passed samples and the total number of Failed
Attributes. If no failed attributes present, the message will be displayed "All Attributes Pass!" and only Table 1
and 2 are displayed. Specific selection of QC attributes will also affect if sample is considered Passed or Failed.

• Figure 1: For failed attributes, a chart will be displayed indicating the number of failed attributes.

• Table 2: Statistics of passed DIA DB Attributes are displayed: the number of Peptides and Protein Groups is
summarized for Control Sample and for the Average of Passed Samples. Click on "Filter Samples" to select
Samples and additional QC Attributes to be displayed, such as # PSM, # Identified Precursors, ID Rate, MS1
Error Mean (S.D.), MS2 Error Mean (S.D.), Missed Cleavage Ratio, Enzyme Specificity Ratio, # MS1, # MS/
MS, # Precursors, Full Width (min), FWHM (sec), and Total BPC.

• Table 3: Failed DIA DB Attributes are indicated for each failed sample.
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10.2.2. QC Figures

This tab shows several figures that visualize the data quality control measures.

The DB Search Data QC summary table displays an overview of identification-related quality control measures.
Any value in the table that exceeds the acceptance tolerance, set on the parameters page, will be coloured red.

The columns in this table are:

• Sample Name: Name of the sample represented by this row. The table will always be sorted by this column (in
sample order) with the control sample at the top and the average values at the bottom. If average is selected as
the control sample it will be displayed at the top of the table instead of the bottom. The selected control sample
will have its name displayed in bold in this column.

• # MS1 Scans: Total number of MS1 scans in the sample.

• # MS/MS Scans: Total number of MS2 scans in the sample.

• # Precursors: Total number of precursors.

• Full Width (min): Full peak width at base in minutes.



Spectral Library Search

114

• FWHM (sec): Full width at Half Maximum of peak in seconds.

• BPC: TIC at 80% of other TICs are above it.

Figure 1 will display a visualized summary of the selected column in the Data QC summary table, which will
be highlighted in blue. By default the # Precursors column will be selected, to select a new column click on the
header row of the column you wish to select.

The dotted lines displayed on the chart represent the minimum and maximum values of the acceptance range
(determined by the acceptance tolerance set on the parameters page). Any bar with a height that falls within these
two dotted lines represents a value within the acceptance tolerance. Any bar with a height below or above these
lines represents a value outside of the set acceptance tolerance.Place mouse over the graph and zoom in and out
to show all or less samples/sample names on the x-axes.

Figure 2. shows the TIC charts for selected samples side-by-side on the same axis. Up to 5 samples are selectable
for display at once from a list beside the figure. By default the first 3 samples are selected.

Additional Table displays Summary Statistics for Library search.
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Lastly, Sample Reproducibility Charts, MS1 and MS2 Mass Error distributions, and Data Completeness histogram
are displayed. Protein and Peptide Sample Reproducibility diagrams show the overlap of proteins and peptides
for selected samples.

10.2.3. QC Standard Peptides

QC Standard Peptides tab displays RT and M/Z reproducibility graphs. Additionally, 1/k0 reproducibility of stan-
dard peptides will be displayed for timsTOF data.
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10.3. QC DIA-DB Results Exporting

10.3.1. Result Page Exporting

There are two export options available for quick exporting at the top right of the summary page. The exports are:

• Statistics: This export link will download a CSV containing summary of all information displayed in Table 1.

• Failed Samples: This export link will download a CSV containing summary of Failed Samples statistics as per
selection made in "Filter Samples".
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• Passed Samples: This export link will download a CSV containing summary of Passed Samples statistics as
per selection made in "Filter Samples" and as displayed in Table 2.

10.3.2. Analysis Export Page

A QC checkbox in the Analysis Export page offers four options for result download. Selecting this option will add
the All Samples QC export (as detailed above) to the resulting export zipped file. This option will also add the All
Samples QC CSV for both the Download and Download by Sample export options.
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Chapter 8. Label Free Quantification
(LFQ)
1. Overview

Label free quantification can be used as a quick profiling tool to examine the relative abundance of proteins in large
proteomic datasets. In PEAKS Online this quantification method is based on the relative abundance of peptide
features detected in multiple samples. PEAKS Online performs feature detection separately on each sample, and
uses an EM (expectation-maximization) algorithm to detects and deconvolute overlapped features. Importantly,
features of the same peptide from different samples are reliably aligned together (i.e. matched between runs) using
a high performance retention time alignment algorithm to improve overall protein quantification rates.

Note

For details of the retention alignment algorithm, refer to the paper " A Combinatorial Approach to the
Peptide Feature Matching Problem for Label-Free Quantification", Bioinformatics, 2013, 10.1093 .

The usage of this workflow is outlined below.

1. Refer to Chapter 4, Peptide De Novo Sequencing, Section 2, “De Novo Analysis Workflow and Parameter
Settings” , Step 1-6 to create a new project and add data.

2. Label Free quantification can be run at the start of a new project, or on PEAKS Database Search results or
PEAKS Spectral Library Search results.

• To run at the start of a new project, select the appropriate Peaks Q workflow after you have added your
DDA or DIA data

• To run Label Free Quantification on existing PEAKS Database Search results, choose the Create New Analy-
sis from within the project and then select the "Peaks Q" workflow in the DDA section

• To run Label Free Quantification on an existing PEAKS Spectral Library Search results, choose the Create
New Analysis from within the project and then select the "Quantification" workflow in the DIA section

3. Set Search Parameters.

• If running LFQ on a DDA DB Search analysis, refer to Chapter 5, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKS PTM, and SPIDER), Section 2, “Database Search Workflow and Parameter Settings”
for details.

• If running LFQ on a DIA Spectral Library Search analysis, refer to Chapter 6, Spectral Library Search,
Section 3, “Spectral Library Search Workflow and Parameter Settings” for details.

4. Set Quantification Parameters: the LFQ-specific parameters will be shown at the bottom of the Project Sub-
mission page. Group your samples using the different add options (e.g. add to a new group, add to existing
group, etc.). The names and colours for each groups can be edited by clicking on the name or coloured square,
respectively. Next, set your Mass Error and Retention Time Shift tolerance, and other settings for match be-
tween runs. See Section 2 below for further details. Label-free quantification will be performed on the com-
bined identification results from all samples in the analysis.
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5. Thresholds and analysis parameters: Set Peptide Feature, Protein, and Normalization parameters by selecting
the edit icon (pencil icon) next to each category. Refer to Chapter 5, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKS PTM, and SPIDER), Section 2.7, “PSM Filter” for details as well as Section 2 below.

6. Review project settings and parameters then click Submit button. Name the analysis (or use the default option)
and click OK to start the analysis.

2. Setting Parameters
For more information on DB search parameters, refer to Chapter 5, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKS PTM, and SPIDER), Section 2, “Database Search Workflow and Parameter Settings” .

The following parameters are available when the Label Free Quantification workflow is selected.

• Mass Error Tolerance: The mass shift of a precursor ion between different runs. This can be set similar to the
precursor mass error tolerance used for database search.

• Retention Time Shift Tolerance:  The retention time shift tolerance is the maximum elution time difference
that is considered for the quantification of an identified peptide after RT alignment.

• Auto Detect: Let PEAKS Online detect the optimal Retention Time Shift Tolerance for your data based on
the observed trend.

• CCS Error Tolerance (if applicable): The maximum collision cross section (CCS) differential for features
to transfer IDs.

Note

This parameter is only available when the analysis contains timsTOF data.
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• Feature intensity: Set a value for the minimum intensity a peptide feature must exhibit.

• RT Range: Feature vectors within the selected retention time range will be included in the results while every-
thing else will be removed.

• Base Sample:  The base sample will act as the reference. The peptide and protein abundance corresponding to
this reference label will be the denominator in all of the abundance ratio calculations.

• Peptide Feature :

• Avg. Area: The minimum average area of all peptide features associated with the peptide. Features with
higher abundance have been shown to be more reproducible across replicates. Only peptide features with an
average area above this threshold will be used for quantification.

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

• Peptide ID Count: This filter sets the minimum limit for how many times a peptide must be identified within
a group to be included in the LFQ results.

• Charge between: Only peptides with feature vectors that all fall within this range will be used in protein
quantification.

• Have at least ___ confident samples per group: This filter sets the minimum number of sample(s) per
group that the peptide feature has an abundance value. A peptide is more quantifiable when it is detected
in more samples.

• Use in group Coefficient of Variation Filter : For each feature vector (set of peptide features associated
with a peptide), at least one group must have a coefficient of variation (CV) less than the CV threshold. The
CV threshold is automatically selected by the software based on the current data set.

• Protein Filter:
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• Significance Method : Protein abundance is used for the significance testing calculation. When there are
replicates in each group, ANOVA is suggested to be used for significance testing. For more details on ANO-
VA, refer to the following paper: "On the comparison of several mean values: an alternative approach ",
Biometrika, 1951, 38(3/4): 330-336

• Modified Form Exclusion: The expression level of modified peptides might be different than the overall
expression level of a protein. In such cases, including modified peptides for protein ratio calculation might
lead to incorrect results. By checking this box, if a peptide has modified and unmodified forms, both will
not be used as candidates for protein ratio calculation, if a peptide only has one modified form, it is still a
candidate, but if a peptide has more than one modified form, all forms will not be used as candidates

• Remove Outliers : This filter removes supporting peptides that have a different variation trend compared
to others.

• Use Top # peptides : This is the number of quantifiable supporting peptide that will be used to calculate the
protein profile. Three is the default setting.

• Significance:  Only protein groups with a significance above this threshold will be listed in the “Protein”
view. The significance score is calculated as the -10log of the significance testing p-value (e.g. Significance
score of 20 is equivalent to a p- value of 0.05). PEAKS provides the significance testing method: ANOVA.

• FDR:  Adopt the Benjamin-Hochberg method to adjust the p-value to the false discovery rate for all protein
groups that have already passed the other filters. Only protein groups with significance scores passing the
calculated FDR will be listed in the "Protein" view. Either this or "Significance" can be selected to set a
significance threshold.

• Fold Change:  Only protein groups below the lower threshold or above the upper threshold value will be
listed in the "Protein" view.

• Used Peptides:  Only protein groups that were quantified with this number of peptides (or more) will be
listed in the "Protein" view.

• Normalization :
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• Use TIC: By default, PEAKS Online uses the total ion current (TIC) of the samples to calculate the normal-
ization factors. Normalized abundance for each sample is calculated from the raw abundance divided by the
normalization factor for that sample.

• Manual input: This option performs the same default calculation as auto normalization ("Use TIC") but also
allows for the manual change of each sample's expected ratios. This option should be used if the expected
ratio is not 1:1 for each sample as the software attempts to normalize to a 1:1 ratio.

• Use internal standard proteins: This option displays a list of identified proteins (when a database or library
search has been completed) that can be selected to create a normalization ratio. A search bar is included to
enable the quick location of select proteins.

• No Normalization: All samples are automatically assigned Factors of 1.0.

• Sample Groups: LFQ requires sample grouping. All available samples are listed in the left window. After

selecting a sample, it can be added to a new group by clicking the  button or to an existing group by

clicking the  button and selecting that option from the drop-down menu. If you select multiple files, you

can add each one individually to create multiple new group by clicking the  button. If you want group

files by delimiter or regEx, you can click the  button. Samples can be removed individually or removed

all at once by clicking the  button.

3. Understanding the LFQ Results

After a PEAKS Online label free quantification is complete, the LFQ summary page will display automatically.
There are also Protein and Peptide result tabs to view.
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• Summary:  The outline of the LFQ search results with statistics. This is the place to examine the overall
performance of the experiment and adjust Protein filters.

• Proteins: The quantified proteins with a list of supporting peptide features for each protein.

• Peptides:  The quantified peptides are listed in a table. Extracted ion chromatogram (XIC) and supporting
peptide features are also displayed for each peptide.

3.1. Protein Filters

The results can be filtered using the Protein filter at the top of the Summary tab. Adjustments made here will affect
the results displayed in the protein and peptide tabs.

3.1.1. Protein Filter

Click the  button and the following parameter dialogue will pop up.

Filter settings used in the screenshot above means that no protein filter is applied, thus giving all quantifiable
protein.

Alternately, parameters can be adjusted for additional analysis by selecting the analysis from the project list on the
left hand side of the window, and then selecting Modify Parameters from the top right hand side of the Analysis
Properties view. This will open all parameters for the analysis and allow for the modification of single or multiple
settings. If changes are made using this method a new analysis is submitted and performed.
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•

3.2. Summary View

The "LFQ Summary" view includes a result statistics table, a protein volcano plot, and an expression profile with
candidate proteins clustered in a heat map. An "Analysis Description" can be added and displayed below the filter
section.

3.2.1. Statistics of Filtered Results

Table 1 in the Summary page lists the filtered results of feature vectors and proteins.

3.2.2. The Volcano Plot for Proteins

A volcano plot combines a statistical test with the magnitude of the change enabling quick visual identification of
those data-points that display large-magnitude changes that are also statistically significant. The volcano plot is
displayed as Figure 1 in the results, and plots significance versus fold-change of the quantified proteins. Volcano
plots show two thresholds:

• Horizontal broken grey line:  The selected significance threshold.

• Vertical broken grey lines:  The selected fold change thresholds.

Plotting points in this way results in two regions of interest in the plot: those points that are found towards the
top of the plot that are far to either the left or the right side. These represent values that display large magnitude
fold changes (hence being left or right of center) as well as high statistical significance (hence being towards the
top). The ratio is the group ratio set with respect to the base group. If more than two groups are present, the max
ratio is used instead.

Circles for the proteins that are above the set significance and fold change thresholds will be displayed in colour.
Scrolling the cursor over a circle will show the protein info.

3.2.3. Protein Profile Heatmap

The heatmap is shown in Figure 2 of the results, and displays all the protein groups that pass the filters. The
relative protein abundance is represented as a heat map of the representative proteins of each protein group. These
representative proteins are clustered if they exhibit a similar expression trend across the samples within a group.
The hierarchical clustering is generated using a neighbour-joining algorithm with a Euclidean distance similarity
measurement of the log2 ratios of the abundance of each sample relative to the average abundance. If the number
of proteins is too high, the heat map will not show in this case.

3.2.4. RT Shift & M/Z Shift

In Figure 3. Distribution Graphs: a) RT shift before vs after alignment. It displays the retention time shift before
and after alignment

Distribution Graphs: b) plots the distribution of the m/ z shift (in ppm) of the data

3.2.5. Percentage of missing values in each sample with or without ID transfer

Figure 4 shows the percentage of missing values before and after ID transfer for each sample. A missing value
before ID transfer is defined as a null value in a sample where a peptide was assigned a feature in another sample
with an identification. Missing values after ID transfer are null values when no feature could be found in a sample
based in identifications found in other samples. This data is influenced by the Match Between Runs settings
selected by the user when the workflow was setup.

3.2.6. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.
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This section can be expanded to display a list of data files in the analysis that are producing poor or no results.

If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

3.3. Protein View

The LFQ Protein page lists all the quantified proteins that pass the filter set on the LFQ Summary page, charac-
terizes each protein at the amino acid level, and lists the supporting peptide features of each protein.

3.3.1. Protein Table

The quantified proteins are listed in the protein table with parsimonious proteins grouped together.

This protein table is the same as the other protein tables found in the PEAKS DB, PEAKS PTM, and SPIDER
results except the following columns:

• Significance:  The protein significance is calculated as explained in Section 3.1.1, “Protein Filter” in this chap-
ter.

• Sample Profile: The protein abundance among the samples is depicted as a heat map. Hold the cursor on a
profile to view the sample channels, abundances, and ratios with respect to the base sample.
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• Group Profile: The protein abundance among the groups is depicted as a heat map. The Group Profile is
determined by calculated the total abundance (area) of supporting peptides within a group. Hold the cursor on a
profile to view the group channels, abundances, and ratios compared to the group that contains the base sample.

Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) Sec-
tion 3.4.2, “Protein Table” for more details of other entries of the protein table.

3.3.2. Protein Volcano Plot

The volcano plot facilitates identification of the significant proteins. This interactive volcano plot enables the
selection of a protein in the table. Proteins located in the top-right and top-left sections of this plot (above the
significance threshold and to the right and left of the fold change thresholds) are considered statistically significant.
Green points are less abundant versus the reference group while red points are more abundant versus the reference
group. Grayed points represent proteins currently filtered out of the result table based on the Peptide Filters set
on the Summay tab.

Red and green protein markers can be clicked and selected. Upon clicking a point on the volcano plot, the corre-
sponding protein in the Protein Table will be highlighted and more details are displayed below the Protein Table.

• Zoom in/out from Volcano Plot:  Place the cursor on the volcano plot and drag a rectangle over the area of
interest to Zoom in. By double clicking on the volcano plot you can zoom out and view the volcano plot with
the default dimensions.

3.3.3. Coverage view

The coverage view characterizes the selected protein sequences at the amino acid level. Refer to Chapter 5, Peptide,
PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER), Section 3.4.4, “Protein Coverage”
for details.
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3.3.4. Peptides view

The supporting peptides assigned to the protein are shown in a separate tab beside the Protein Coverage view. The
sequence can be clicked and a pop-up window will show up to display the feature details.

This table contains the following information of the quantifiable support peptides for the selected protein:

• Peptide:  The amino acid sequence of the peptide, as determined in PEAKS Database or Spectral Library
search. A modified residue is followed by a pair of parentheses enclosing the modification mass. All non-unique
peptides and those not passing the filter will be excluded automatically.

• Used:  Shows whether this peptide is used to calculate the protein abundance. The top three peptides with
highest abundance are used to calculate the protein abundance.

• Significance: The -10lg of a p-value represents the likelihood that the observed change between conditions is
caused by random chance. The peptides are first separated into groups based on similar quality score. Signifi-
cance is then calculated for each quality score group, or bin, using a two-tail T-test that assumes log normal
distribution but does not assume equal variance. The -10log p-value is then calculated from this result and then
displayed in the significance column.

• Avg. ppm: A peptide can have one or more feature vectors. Each feature vector has its own ppm calculated
from the mass error of each feature. The average mass error of a peptide is the average of mass errors of all the
feature vectors. This column displays the average mass error in ppm.

• Avg. Area:  Each feature in the feature vector has its own area under the XIC curve. The average area of a
feature vector is the average area of all the features associated with the peptide.

• Sample Profile:  The peptide abundance among the samples is depicted as a heat map. Hold the cursor on a
profile to view the samples, the peptide areas in samples, and the corresponding ratios with respect to the base
sample.

• Group Profile:  The peptide abundance among the groups is depicted as a heat map. Hold the cursor on a
profile to view the groups, the peptide areas in groups, and the corresponding ratios with respect to the group
which contains the base sample.

• Group Area: This column shows the peptide area for a group. It is calculated by summing up the areas of
feature vectors within a group

• Max Ratio:  This shows the maximum of the fold change values compared to the reference sample.

• RT Mean: Each feature in the feature vector has its own retention time center. This column displays the average
retention time center of the feature vector.

• #Vector:  This shows the number of quantifiable feature vectors of a peptide.

• Start:  This shows the protein position of the first residue of the peptide.

• End:  This shows the protein position of the last residue (inclusive) of the peptide.

• PTM:  The types and the numbers of modifications present in the peptide shown using color-coded icons. Scroll
over each icon to see the modification name and mass.

• Feature Detail:  Double click on a supporting peptide to go to the peptide page where the eXtracted Ion Chro-
matogram (XIC) curves are displayed (as seen below).
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3.3.5. Protein View Filter

Click the  button on top-left of the protein table to open the protein filter and control which proteins to display.

• Top Proteins: If this is selected only the proteins with the highest number of unique peptides supporting them
(within their protein group) will be displayed.

• All Proteins: If this is selected all proteins that satisfy the parameters set for PEAKS Protein Score(-10lgP) and
number of unique peptides will be displayed.

• Protein Sequence contains: Enter a protein sequence, only proteins that contain that sequence will be displayed
in the protein table

• Protein description contains: Enter a protein description, only proteins that contain that text within their de-
scription column will be displayed in the protein table

• Include Contaminant Data: Check this to display contaminants that were identified during a PEAKS DB
search (if a contaminant database was specified).

• Protein Contains Modifications: Check boxes are provided for each identified modification.

3.4. Peptide View

Quantified proteins are displayed in the Peptide View along with their detailed information. The peptides are
grouped together based on quantifiable feature vectors with the same sequence.
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3.4.1. Peptide Table

The peptide table contains the list of quantifiable peptides along with relevant information including the accession
information for the protein they support.

The view is similar to the support peptide table described in Section 3.3.4, “Peptides view” . The Peptide table
entries may be filtered by using the Peptide View Filters on top of the peptide table, for more information refer
to Section 3.5.1, “Peptide View Filters” in Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB,
PEAKS PTM, and SPIDER).

3.4.2. Feature Details

The Feature Details contains the eXtracted Ion Chromatogram (XIC) chart and Ion Match.

• Peptide Menu: It is under the peptide table. The peptide menu displays the information for the peptide that is
being displayed in the spectrum. If a feature is associated to more than one tandem scan, click the "FRACTION"
button to view the Spectrum Annotation of the other PSMs.

3.4.2.1. eXtracted Ion Chromatogram (XIC) chart

The eXtracted Ion Chromatogram (XIC) chart displays the shape of the selected peptide feature vector over the
retention time range associated with the identification. The table on the left displays both the area and the ratio
of the features in the highest average abundance feature vector. This table also works as a control to select the
features that will be used to draw the XIC plot
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3.4.2.2. Ion Match

This section displays the spectrum annotation and other information about the peptide selected in the Peptide table.
When multiple spectra are matched to the peptide, only the information about the top-scoring PSM is shown by
default. The interface of this section is identical to the Spectrum Annotation in the PEAKS De Novo result. For
detailed instructions, refer to Section 3.5, “Spectrum Annotation” in Chapter 4, Peptide De Novo Sequencing.

3.4.2.2.1. Spectral Library Ion Match

When LFQ analysis are run on results from a PEAKS Spectral Library Search, there are two additional figures
included in the Ion Match pane: The Precursor Profile XIC and the Fragment Ion XIC. For detailed instructions
on these figures, refer to Section 4.5.6, “Peptide-Spectrum Matches” in Chapter 6, Spectral Library Search.

4. Ion Mobility Spectrometry (IMS) Data

Ion mobility spectrometry (IMS), including Field asymmetric waveform ion mobility spectrometry (FAIMS) and
Trapped ion mobility spectrometry (tims) analyzes complex mixtures and separates the ions based on their mo-
bility. PEAKS Online has the ability to load IMS data and analyze it using de novo sequencing, database search
(PEAKS DB), database search with unexpected modification identification (PEAKS PTM), sequence variant iden-
tification (SPIDER) search, spectral library search, and labelled and label free quantification.



Label Free Quantification (LFQ)

131

The analysis result for IMS dataset contains the additional information for CV values compared to the non-IMS
dataset. The CV-related information can be found at the following places for a LFQ analysis.

• The Venn diagram on the summary page.

Venn diagram overlaps between different CVs in the search for all proteins, top proteins, and peptides are shown
on the summary page.

• The additional CV column on the supporting peptide page

• The additional CV column in the exported Protein-Peptide CSV

• The additional CV column on the peptide page

• The additional CV filter on peptide page

The filter for peptide page contains one additional option for CV, which selects the displayed scans based on
the selected CV values

• The additional CV column in the exported Peptide CSV

4.1. Result Exporting

PEAKS LFQ results can be exported to various text formats in the Export page

• Proteins CSV:  These are the quantified proteins that pass the filters set on the "Summary" page and their
associated details.

• Protein-Peptide CSV: These are the supporting peptides of the quantified proteins and their associated details.

• Peptide CSV:  A complete list of all quantified peptides that pass the peptide feature filters set on the "Summary"
page and their associated details.

• Feature CSV:  All predicted peptide features and their associated quantification information. Both identified
and unidentified peptide features are included. To include unidentified peptide features, set the Peptide Id Count
equal to 0 in the Peptide feature filter.

• Protein with Peptide CSV:  A list of supporting peptides for the quantified proteins and their associated details.
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5. PEAKS LFQ QC

In order to help with verifying the integrity and validity of data being processed through PEAKS Online an optional
QC (Quality Control) task can be run on top of PEAKS LFQ results. This task will provide statistical information
about your data to allow for informed decisions on the data's quality.

5.1. QC Parameters

Similar to QC for the PEAKS DB Search workflow, to enable PEAKS QC to run on top of your PEAKS LFQ
results, ensure the QC section is checked at the bottom of the PEAKS LFQ parameters page. For more information
on the parameters required for PEAKS QC please refer to the PEAKS DB QC section of this manual.

5.2. Data QC Results

The Data QC results will be the first result section displayed in the QC node that results from running the QC
workflow. This section will display quality control measures relating to the data quality.

For details on the Data QC results please refer to the Data QC Results section for the PEAKS DB Search QC
section of this manual.

5.3. Quantification QC Results

5.3.1. LFQ QC Results Table

The LFQ QC summary table displays an overview of identification-related and quantification-related quality con-
trol measures. Any value in the table that exceeds the acceptance tolerance, set on the parameters page, will be
coloured red.

The columns in this table are almost identical to columns from the PEAKS DB QC results table. The additional
columns included are:

• # Quantified Peptides: Total number of peptides used for quantification from the sample.

• # Quantified Protein Groups: Total number of protein groups used for quantification from the sample.

For information on the other columns in this table please refer to the DB Search QC Results section.

5.3.2. LFQ QC Figures

Below the LFQ QC Summary table are a few figures that visualize the data quality control measures.

5.3.2.1. Figure 4. Column Summary (Stacked) Bar Chart.

This figure will display a visualized summary of the selected column in the Data QC summary table.



Label Free Quantification (LFQ)

133

The selected column will be highlighted in blue in the LFQ QC summary table. By default the # Identified Protein
Groups and # Quantified Protein Groups columns will be selected, to select a new column click on the header
row of the column you wish to select.

The dotted lines displayed on the chart represent the minimum and maximum values of the acceptance range
(determined by the acceptance tolerance set on the parameters page). Any bar with a height that falls within these
two dotted lines represents a value within the acceptance tolerance. Any bar with a height below or above these
lines represents a value outside of the set acceptance tolerance.

When selecting Identified/Quantified Peptides columns or Identified/Quantified Protein Groups columns both
columns will be highlighted and the bar chart will be displayed as a stacked bar chart. The blue portion of the
chart represents the total identified peptides/protein groups and the orange portion of the chart represents the
peptides/protein groups used for quantification. In both cases, the acceptance tolerance range will always refer to
the quantified peptides/protein groups, not the total identified.

5.3.2.2. Figure 5. Protein CV Histogram.

This figure shows the CV distribution of proteins identified in the QC analysis. All proteins are used to generate
the data for this chart.
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5.3.2.3. Figures 6 & 8. Protein and Peptide Sample Reproducibility Venn Diagrams.

These figures display the reproducibility of protein and peptide identification across two selected samples. It
displays the number of protein or peptide identifications unique to each sample as well as the number common
between both. Samples to compare can be selected from the dropdown menus above the figures. By default the
control sample and first non-control sample are selected.
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5.3.2.4. Figures 7 & 9. Protein and Peptide Sample Correlation Plots.

These figures display the correlation for proteins and peptides across two selected samples. Samples to compare
can be selected from the dropdown menus above the figures. By default the control sample and first non-control
sample are selected.
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5.3.2.5. Figure 10. RT Alignment Chart.

This figure displays the sample retention time alignments for all selected samples. The selected control sample is
always the first sample displayed, then the rest of the samples are displayed in sample order.

5.4. Result Filtration and Exporting

For details on QC filtration and exporting please refer to the Result Filtration and Result Exporting sections of the
PEAKS DB or PEAKS DIA DB Search QC section of this manual.
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Chapter 9. Isobaric Labelling
Quantification (TMT/iTRAQ)
1. Overview
Isobaric labelling quantification with chemical labels at the MS2 (or MS3) level is one of the three quantification
modes that are supported by the optional PEAKS Q module of PEAKS Online. In contrast to LFQ Quantification,
TMT/iTRAQ Quantification is based on the relative intensities of the fragment peaks at fixed m/z values within
an MS2 (or MS3) spectrum. To prepare for this, isobaric chemical labels are introduced into samples during the
sample preparation stage. The samples are then combined and analyzed together in an LC-MS/MS experiment.
The same peptides from different samples will have the same precursor m/z and retention time, and are fragmented
together. In the MS/MS (MS3) scans, labels from different samples will produce different reporter ions, which
can then be used to calculate the quantification ratio between samples. Both user-defined and commercial labels
(i.e. iTRAQ and TMT) are supported by PEAKS Q.

The usage of this workflow is outlined below.

1. Refer to Chapter 4, Peptide De Novo Sequencing, Section 2, “De Novo Analysis Workflow and Parameter
Settings” , Step 1-6 to create a new project and add data.

2. Select the DDA "Quantification" workflow.

3. Set DB Search Parameters. Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS
PTM, and SPIDER), Section 2, “Database Search Workflow and Parameter Settings” for details.

Note

TMT/iTRAQ Modifications will be automatically added to DB search parameters when TMT/iTRAQ
is selected.

4. Set the Report Filters. Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS
PTM, and SPIDER), Section 2.7, “PSM Filter” for details.

5. Set the Quantification parameters by first select "TMT/iTRAQ". This will automatically open the appropriate
parameter settings. Set the TMT/iTRAQ specific Quantification settings: Label Q Method, Mass Error and
Report Ion Type. See Section 2 below for further details.

6. Within the Quantification section: Set the Spectrum and Protein Filters. See Chapter 5 and below for further
details.
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7. Within the Quantification section: Edit the Experiment Settings. See below for further details.

8. Review project settings and parameters then click Submit button. Name the analysis and click OK to start the
analysis.

2. Setting Parameters
For more information on DB search parameters, refer to Chapter 5, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKS PTM, and SPIDER), Section 2, “Database Search Workflow and Parameter Settings” .

The following parameters are available when the TMT/iTRAQ Quantification workflow is selected.

• Select Methods: From the Select Methods drop-down menu, choose the appropriate quantification method used
in the experiment, e.g. iTRAQ-4plex

• Mass Error Tolerance: This parameter is used to locate the reporter ion peaks in the MS/MS scan. Either Da
or ppm can be selected as the mass unit.

• Report Ion Type:  This parameter allows for the selection of MS2 or MS3 as the reporter ion type for quan-
tification.

• Perform Purity Correction: Select the checkbox to edit correction factors for chemical labels (if applicable).
Once the checkbox is selected, click the down arrow to open the dialogue that allows users to setup the purity
correction. The dialogue is setup to mimic a Certificate of Analysis, where each factor within the table can be
modified by double-clicking the particular cell of interest.

2.1. Spectrum Filter:

• Quality:  A higher quality peptide indicates that the peptide is more quantifiable. Factors that affect the quality
score include the identification -10LgP score, the noise around the reporter ions, and the mass error of reporter
ions.

• Reporter Ion Intensity:  Peptides with at least one reporter ion above this value will be kept.

• Number of Channels Present:  Only quantifiable peptides that contain at least the number of labels selected
will be used in protein quantification.

• Reference Channel Present: Only quantifiable peptides in which the reference label is present will be used
in protein quantification. Note: The reference label is set in the experiment setting pop-up. See Experiment
Setting section below

2.2. Protein:

• Modified Form Exclusion: Select the modified exclusion checkbox to exclude peptides with variable modifi-
cations from protein ratio calculation. Modified peptides have different ionization efficiency than unmodified
ones, so this option allows users to exclude them to avoid this from having an effect on your quantification
results.

• Significance Method: ANOVA is the significance calculation that can be applied to the list of protein groups.
Significance scores will only be calculated if each group contains at least two replicates. Lg (protein abundance)
is used for the significance testing calculation. Please see reference below for further details.

Note

For more details on ANOVA , refer to the following paper: "On the comparison of several mean
values: an alternative approach ", Biometrika, 1951, 38(3/4): 330-336 .

2.3. Experiment Setting:

The following parameter dialogue appears when the  button is clicked.
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• Select Experiment:  When running quantification on an identification node that searched data within multiple
samples (i.e., replicate experiments within different treatments), this drop-down menu allows for the selection
of a single sample or every sample (All Experiments) for analysis. Every label of the sample(s) selected will
appear in the screen located below the search bar.

• Setting Sample Channel Alias:  The name of the Sample Channel can be changed by using the alias name.

• Inter-Experiment Normalization:  Check this box if a spike label or normalization channel was used in the
experiment. This is used to enable quantification between experiments.

• Alias/Spike Channel Drop-down Menus: Select the channel in each sample that will be used for normal-
ization. The software assumes that similar peptide features containing this label across experiments will ap-
proach a 1:1 ratio. Differences are assumed to be due to systematic error and all labeled channels are nor-
malized to this spike label.

• Exclude Spike Label for Significance:  Since the spike label is assumed to be in a 1:1 ratio between exper-
iments, it should not be included in the significance calculation.

• Intra Sample Normalization:

• No Normalization: If there are multiple samples in the quantification run and all samples are selected, No
Normalization is chosen as the default option. It will be the only normalization option available for selection
unless "Perform Inter Experiment Normalization" is check-marked in Experiment Settings.

• Auto normalization: This option will calculate a global ratio from the total intensity of all labels in all quan-
tifiable peptides. Factor values and Expected Ratios between the channels (i.e., the labels) will be presented.
Selecting another sample from the Experiment drop-down menu will display the results of other samples.

• Manual input: This option performs the same default calculation as Auto normalization but also allows for the
manual change of each label's Expected Ratios. After changing a ratio and hitting “Enter” on the keyboard,
PEAKS will recalculate the Factor for the non-referenced label(s). The Experiment drop-down menu can be
opened to display the results of another sample.

• Normalize to spike: This option displays a list of identified proteins that can be selected to create a normal-
ization ratio. Use the search bar to quickly locate specific proteins. Right-clicking in the Protein list will open
a pop-up menu to select all highlighted rows or remove all selected proteins instead. The expected ratios
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can be manually modified. It is assumed that the total protein content of the selected proteins in different
labels have the ratios entered in the ‘Expected ratio’ column. If desired, sample names can be changed by
double-clicking the chosen channel below the “Name” column and typing the new name.

• Experiment Groups : TMT/iTRAQ Quantification requires sample grouping. All available samples are listed

in the left window. After selecting a sample, it can be added to a new group by clicking the  button or to

an existing group by clicking the  button and selecting that option from the drop-down menu that appears

when you choose the add to existing option . If you select multiple files, you can add each one to a new group

by clicking the  button. Samples groups can be removed by selecting the "X" next to the group name.

Individual samples within a group can be removed by using the down arrow next to the group name to show all
of the samples in a group, and then selecting the "X" next to the sample you want to remove from the group. 

• Reference Label: Use this drop-down menu to select a reference label. The reporter ion intensity corresponding
to this reference label will be the denominator in all ratio calculations. Only a label that is already listed in the
Experiment Groups screen can be selected as a reference.

3. Understanding the Results
After a PEAKS Online TMT/iTRAQ quantification is complete, the isobaric labelling results will be displayed
in a Summary, Protein, and Peptide page. The summary page will be the first page in view, and the others are
accessed by clicking on the respective tabs.

• Summary:  The outline of the isobaric labelling search results with statistics. This is the place to examine the
overall performance of the experiment and adjust filters. If there are too many proteins, the heatmap will not
show on the summary page.

• Proteins: The quantified proteins with a list of supporting peptide features for each protein.

• Peptides:  The quantified peptides are listed in a table. Extracted ion chromatogram (XIC) and supporting
peptide features are also displayed for each peptide.

3.1. Result Filtration

On the top of each page, there are different options for users to filter isobaric labelling results that can be accessed
by selecting the edit icon (pencil): First choose Significance or FDR % (adjusted p-value), then set your values.
Next, enter a Fold Change and the number of Unique Peptides.  After changing any of these filter parameters,

click    next to the filtration window to apply the new filters and update the results and statistics.

• Significance:  Only protein groups with a significance above this threshold will be listed in the “Protein” view.
The significance score is the -10lg of the significance testing p-value. A significance score threshold of 20 is
recommended, which equals to a significance testing p value of 0.01. Either this or "FDR (adjusted p-value)"
can be selected to set a significance threshold. Significant is calculated using ANOVA as described in Chapter 5.
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• FDR:  Adopt the Benjamin-Hochberg method to adjust the p-value to the false discovery rate for all protein
groups that have already passed the other filters. Only protein groups with significance scores passing the cal-
culated FDR will be listed in the "Protein" view. Either this or "Significance" can be selected to set a signifi-
cance threshold.

• Fold Change:  Only protein groups at or above this fold change threshold will be listed in the "Protein" view.

• Unique Peptides:  Only protein groups with at least this many unique peptides will be listed in the "Protein"
view.

3.2. Result Exporting

PEAKS TMT/iTRA Q results can be exported to various text formats in the Export option listed under the analysis
(all export options), or from the top right of the Protein or Peptide pages (two export options).

• Proteins CSV:  These are the quantified proteins that pass the filters set in the "Summary" page and their
associated details.

• Protein-Peptide CSV: These are the supporting peptides of the quantified proteins and their associated details.

• Peptide CSV:  A complete list of all quantified peptides that pass the peptide feature filters set in analysis
parameters and their associated details.

• PSM CSV:  All predicted peptide features and their associated quantification information. Both identified and
unidentified peptide features are included. To include unidentified peptide features, set Peptide Id Count equals
to 0 in the Peptide feature filter during selection of parameter settings.

• Filter/Parameters: Filter/Parameters for the current analysis

• Normalization Factor:  Normalization Factors used in the current analysis

3.3. Summary View

The isobaric labelling view includes an expression profile with candidate proteins clustered in a heat map, result
statistics table, and a protein volcano plot. An "Analysis Description" can be added and displayed below the filter
section.

3.3.1. Statistics of Filtered Results

Table 1 in the Summary page lists the filtered results of feature vectors and proteins.
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3.3.2. The Volcano Plot for Proteins

A volcano plot (Figure 1) combines a statistical test with the magnitude of the change enabling quick visual
identification of those data-points that display large-magnitude changes and that are also statistically significant.
The volcano plot in Figure 1 plots significance versus fold-change of the quantified proteins.

• Horizontal broken grey line:  The selected significance threshold.

• Vertical broken grey lines:  The selected fold change thresholds.

Plotting points in this way results in two regions of interest in the plot: those points that are found towards the
top of the plot that are far to either the left or the right side. These represent values that display large magnitude
fold changes (hence being left or right of center) as well as high statistical significance (hence being towards the
top). The ratio is the group ratio set with respect to the base group. If more than two groups are present, the max
ratio is used instead.

Circles for the proteins that are above the set significance and fold change thresholds will be displayed in colour.
Scrolling the cursor over a circle will show the protein info.

3.3.3. Protein Profile Heatmap

The heatmap in Figure 2 displays the protein groups that pass the filters. The relative protein abundance data
is represented as a heat map with a row for each protein group. Proteins are clustered if they exhibit a similar
expression trend across the samples. The hierarchical clustering is generated using a neighbour-joining algorithm
with a Euclidean distance similarity measurement of the log2 ratios of the abundance of each sample relative to the
average abundance. Similarly, the conditions in different samples are clustered if they exhibit a similar expression
trend across the protein groups.

3.3.4. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.

This section can be expanded to display a list of data files in the analysis that are producing poor or no results.

If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

3.4. Protein View
The isobaric labelling Protein page lists all the quantified proteins that pass the filter set on the Summary page,
characterizes each protein at the amino acid level, and lists the supporting peptide features of each protein.
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3.4.1. Protein Table

The quantified proteins are listed in the protein table with homologous proteins grouped together. If proteins are
grouped, the individual proteins within a group can be displayed by clicking on the plus sign next in the far left
of the row.

This protein table is the same as the other protein tables found in the PEAKS DB, PEAKS PTM, and SPIDER
results except the following columns:

• Significance:  The protein significance is calculated as explained above.
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• Sample Profile: The protein abundance among the samples is depicted as a heat map. Hold the cursor on a
profile to view the sample channels, abundances, and ratios with respect to the base sample. Channel intensities
are the sum of all reporter ion intensities from supporting peptides that pass the filters.

• Group Profile: The protein abundance among the groups is depicted as a heat map. The Group Profile is
calculated by summing up the group areas of its used supporting peptides. Hold the cursor on a profile to view
the group channels, abundances, and ratios with respect to the group which contains the base sample. Intensity
values are the average of the sample profile intensities based on the selected grouping.

Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) Sec-
tion 3.4.2, “Protein Table” for more details of other entries of the protein table.

3.4.2. Protein Volcano Plot

The volcano plot facilitates identification of the significant proteins. This interactive volcano plot enables the
selection of a protein in the table. Proteins located in the top-right and top-left sections of this plot (above the
significance threshold and to the right and left of the fold change thresholds) are considered statistically significant.
Green points are less intense relative to the reference group while red points are more intense relative to the
reference group. Grayed points are filtered out as set in the filter. The volcano plot facilitates identification of
significant proteins.

Protein markers that are in color can be clicked and selected. Upon clicking a point on the volcano plot, the
corresponding protein in the Protein Table will be highlighted and more details are displayed below the Protein
Table.

• Zoom in/out from Volcano Plot:  Place the cursor on the volcano plot and drag a rectangle over the area of
interest to Zoom in. By double clicking on the volcano plot you can zoom out and view the volcano plot with
the default dimensions.

3.4.3. Protein Coverage

The coverage view characterizes the selected protein sequences at the amino acid level. Refer to Chapter 5, Peptide,
PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER), Section 3.4.4, “Protein Coverage”
for details. Click the supporting peptide sequence to open an XIC pop-up window.
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3.4.4. Support Peptides

The supporting peptides assigned to the protein are shown in the tab beside the Coverage tab.

This table contains the following information of the quantifiable support peptides for the selected protein in the
protein table.

• Peptide:  The amino acid sequence of the peptide, as determined in PEAKS Search. A modified residue is
followed by a pair of parentheses enclosing the modification mass. All non-unique peptides and ones not passing
the filter will be excluded automatically.

• Used:  Shows whether this peptide is used to calculate the protein profile. The top three peptides with highest
abundance are used to calculate the protein abundance.

• Quality:  This defines how well the peptide can be quantified. It is calculated by taking the average of the
quality scores of the feature vectors.

• Avg. ppm: A peptide can have one or more feature vectors. Each feature vector has its own ppm calculated
from the mass error of each feature. The average mass error of a peptide is the average of mass errors of all the
feature vectors. This column displays the average mass error in ppm.

• Sample Profile:  The peptide abundance among the samples is depicted as a heat map. Hold the cursor on a
profile to view the samples, the peptide areas in samples, and the corresponding ratios with respect to the base
sample. The channel intensities are the sum of intensities from all PSMs that identified the peptide.

• Group Profile:  The peptide abundance among the groups is depicted as a heat map. Hold the cursor on a
profile to view the groups, the peptide areas in groups, and the corresponding ratios with respect to the group
which contains the base sample . The given intensities are the average intensities of sample intensities included
in each group.

• Group Area: This column shows the peptide area in a group that is calculated by summing up the group areas
of its feature vectors

• Max Ratio:  This shows the maximum of the fold changes between a the given groups and the reference group.

• Start:  This shows the position of the first residue of the peptide that covers the protein.

• End:  This shows the position of the last residue (inclusive) of the peptide that covers the protein.

• PTM:  The types and the numbers of modifications present in the peptide shown in color-coded icons.

• Spectrum View:  The spectrum view for any peptide in the table can be displayed by clicking on the supporting
peptide of interest, which will open a window displaying its Ion Match or Reporter Ion
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3.4.5. Protein View Filter

Click the  button on top-left of the protein table to open the protein filter and control which proteins to display.

• Top Proteins : The number of proteins that have the highest number of unique peptides supporting them within
their protein group.

• All Proteins : The number of proteins given the parameters set for PEAKS Protein Score (-10lgP) and number
of unique peptides.

• Protein Sequence contains : Enter a protein sequence, only protein that contain that sequence will be displayed
in the protein table

• Protein description contains: Enter a protein description, only protein that contain that description will be
displayed in the protein table

• Include Contaminant Data: Check this to display contaminants that were identified during a PEAKS DB
search.

• Protein Contains Modifications : Check boxes are provided for each identified modification.
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3.5. Peptide View

The quantifiable peptide spectrum matches with the same sequence are grouped together to get the list of quan-
tifiable peptides and are displayed in the Peptide View along with their detailed information.

3.5.1. Peptide Table

The peptide table contains the list of quantifiable peptides along with relevant information including the protein
accession.

The view is similar to the support peptide table described in Section 3.4.4, “Support Peptides”. The Peptide table
entries may be filtered by using the Peptide View Filters on top of the peptide table, for more information refer
to Section 3.5.1, “Peptide View Filters” in Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB,
PEAKS PTM, and SPIDER).

3.5.2. Ion Match

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

3.5.3. Reporter Ion

This view provides details on characteristics of the reporter ions used in the experiment. The table provides infor-
mation on the normalized intensity, the raw intensity, and the ratio of each channel with respect to the set reference
channel. Additionally, an associated MS2 or MS3 spectrum is included of the reporter ions in the experiment,
determined by the selection made in the Quantification parameter settings, see Section 2, “Setting Parameters”.
This is an interactive spectrum, enabling zooming in and out using the scroll wheel of the mouse. Double-clicking
will zoom out and reveal the entire MS3 spectrum
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4. Ion Mobility Data
Ion mobility data, including Field asymmetric waveform ion mobility (FAIMS), and trapped ion mobility (tims)
spectrometry analyzes complex mixtures and separates the ions based on their mobility. PEAKS Online has the
ability to load IMS data and analyze it using de novo sequencing, database search (PEAKS DB), database search
with unexpected modification identification (PEAKS PTM), sequence variant identification (SPIDER) search,
spectral library search, and labelled and label free quantification.

The analysis result for IMS dataset contains the additional information for CV values compared to the non-IMS
dataset. The CV-related information can be found at the following places for a TMT analysis.

• The Venn diagram on the summary page.

Venn diagram overlaps between different CVs in the search for all proteins, top proteins, and peptides are shown
on the summary page.

• The additional CV column on the supporting peptide page

• The additional CV column in the exported Protein-Peptide CSV

• The additional CV column on the peptide page

• The additional CV filter on peptide page

The filter for peptide page contains one additional option for CV, which selects the displayed scans based on
the selected CV values

• The additional CV column in the exported Peptide CSV
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Chapter 10. Stable Isotope Labeling
by Amino acids in Cell culture
(SILAC)
1. Overview

Precursor ion quantification with isotope labels at the MS level is one of the three quantification modes that are
supported by the optional PEAKS Q module for PEAKS Online. Typically, an unlabelled sample is mixed with a
sample subjected to stable isotope labelling. The samples are then analyzed together in an LC-MS/MS experiment.
The same peptide from different samples is recognized by a set of precursor ion peaks with similar retention time
and mass differences equal to the expected difference caused by the stable isotope label. The ratio is calculated
from the intensities of those peaks. PEAKS Q supports both user-defined labels and commercial quantification
labels. PEAKS supports the analysis of Super-SILAC experiments that uses a mixture of SILAC-labeled cells as
a spike-in standard for accurate quantification of other unlabeled or labeled samples.

The usage of this workflow is outlined below.

1. Refer to Chapter 4, Peptide De Novo Sequencing Section 2, “De Novo Analysis Workflow and Parameter
Settings”, step 1-6 to create a new project and add data.

2. SILAC quantification can be run on PEAKS Database Search results. Select either “PEAKS Q” workflow in
the DDA section of the Workflow step.

• To run SILAC quantification on PEAKS Database Search results, select the “PEAKS Q” workflow in the
DDA section.

3. Set the Identification Search Parameters.

• If running SILAC quantification on a DDA DB Search analysis, refer to Chapter 5, Peptide, PTM, and
Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) Section 2, “Database Search Workflow
and Parameter Settings”

4. For a SILAC workflow, the SILAC-specific parameters will be shown at the bottom of the Project Submission
page. Set the SILAC sample grouping and Retention Time Error Tolerance. See Section 2 below for more
details. SILAC quantification will be performed on the combined identification result.
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5. Set PSM Filters. Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM,
and SPIDER) Section 2.7, “PSM Filter”, for details.

6. Set the match between runs (MBR) parameters. MBR allows for identified MS/MS scans from one sample to
be applied to LC-MS peptide features from other samples within the mass error and RT error tolerances.

• Mass Error Tolerance: Controls the allowable difference in mass between the identified MS/MS scan in one
sample versus LC-MS peptide features in other samples. Either Da or ppm can be selected as the mass unit.

• Retention Time Shift Tolerance: The maximum allowable difference between the retention time of the iden-
tified MS/MS scan and the LC-MS peptide feature considered for MBR.

• Feature intensity: Set a value for the minimum intensity a peptide feature must exhibit to be considered for
MBR.

7. Review project settings and parameters, then click the Submit button at the top of the page.

8. Name the analysis, then click OK to start the analysis.

1.1. Fractionation Assisted ID Transfer Stable Isotope Labeling by
Amino acids in Cell culture (ID Transfer SILAC)

Compared to the regular SILAC workflow, the ID transfer workflow can provide higher throughput and coverage.
One group is designated as the ID Transfer group. It is used to associate peptide features from other samples
to identified MS/MS scans in the ID transfer group. It is recommended that the ID Transfer group be a highly
fractionated sample. The experimental design is outlined below.

• To get high coverage

1. Prepare one SILAC LC-MS/MS sample with fractionation designed to maximize the peptide identification
rate
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• Prepare the experimental SILAC samples

1. Prepare typical SILAC LC-MS/MS runs that will be used to quantify differences between conditions

2. Transfer SILAC pairs from pre-run fractions while performing data analysis

In the ID transfer SILAC, the analysis steps are outlined below.

• Get expected SILAC pairs from the fractionated sample

1. Search against a target protein database using PEAKS DB.

2. Generate a SILAC library for future ID transfer

• Experimental SILAC quantification samples

1. Find SILAC pairs directly from LC-MS/MS

2. For remaining unidentified precursors/pairs, SILAC pairs are transferred from the ID transfer group run
previously

3. Combine 1 and 2 to get the final quantification results

The usage of this workflow is outlined below.

1. Refer to Chapter 4, Peptide De Novo Sequencing Section 2, “De Novo Analysis Workflow and Parameter
Settings”, step 1-6 to create a new project and add data.

2. Select the "Fractionation Assisted ID Transfer Quantification" workflow in the DDA section of the Workflow
step.

3. Set the PEAKS DB search parameters.

• Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER),
LINK, for details. Section 2, “Database Search Workflow and Parameter Settings”

4. For an ID Transfer SILAC workflow, the SILAC-specific parameters will be shown at the bottom of the Project
Submission page. Choose an ID Transfer Group and set the SILAC sample grouping as well as the Retention
Time Error Tolerance. See Section 2 below for more details. ID Transfer SILAC quantification will be per-
formed on the combined identification result.
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5. Set the PSM Filters. Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM,
and SPIDER) Section 2.7, “PSM Filter”, for details.

6. Review project settings and parameters, then click the Submit button at the top of the page.

7. Name the analysis, then click OK to start the analysis.

2. Setting Parameters
For more information on DB search parameters, refer to Chapter 5, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKS PTM, and SPIDER), Section 2, “Database Search Workflow and Parameter Settings”.

The following parameters are available when the SILAC Quantification workflow is selected.

• Select Method: From the Select Methods drop-down menu, choose the appropriate quantification method used
in the experiment.

• Match Between Runs (MBR):

• Mass Error Tolerance: Controls the allowable difference in mass between the identified MS/MS scan in
one sample versus features in other samples. This can be set similar to the precursor mass error tolerance
used for database search.

• Retention Time Shift: The maximum allowable difference between the retention time of the identified MS/
MS scan and the peptide feature considered for MBR.
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• Auto Detect: Let PEAKS Online detect the optimal Retention Time Shift Tolerance for your data. An
initial quantification run will be performed to determine the retention time shift trend. The optimal error
tolerance will then be used for the full search.

• CCS Error Tolerance: The maximum collisional cross section (CCS) differential between an identified MS/
MS scan and peptide features in other samples to allow MBR.

Note

This parameter is only available when the analysis contains TimsTOF data.

• Feature Intensity: Set a value for the minimum intensity a peptide feature must exhibit to be considered
for MBR. By default, the integrated area under the curve of the peptide feature will be used to represent
feature intensity.

• RT Error Range: The retention time shift tolerance is the maximum elution time difference that is considered
for the quantification of an identified peptide after RT alignment.

• Samples: The MS samples are listed for selection. After selecting a sample, it can be added to a new group by

clicking the  button or to an existing group by clicking the  button and selecting that option from the

drop-down menu. To add multiple samples into their own separate groups, click the  button.

ID Transfer Group: If the "Fraction Assisted ID transfer" method was selected use the  button to add the
ID transfer sample to the ID Transfer group

• Groups: The samples can be arranged into one or more groups. A group represents a state of the experiment
where quantitative ratios between groups are investigated. Replicate MS samples should be put together in
one group. Double-click on the group node to rename the group. Display all samples in each group or just
the individual groups by selecting the Expand/Collapse buttons, respectively. Samples can be removed either
individually, or all at once by clicking the ‘X’ next to the sample or the Remove All button, respectively.

• Conditions: The number of conditions depends on the quantification method selected. For example,
SILAC-2plex(R10,K8) has 2 conditions and SILAC-3plex(R10,K8|R6,K4) has 3 conditions to study. Each la-
bel in a sample represents one unique condition. To remove a label from analysis, uncheck the corresponding
condition. Condition names can be renamed.

• Reference Condition: The condition which is the denominator of the calculated ratios. The reference condition
can be chosen from the selected conditions only.

• Peptide Feature Filter:

• Average Area: The minimum average area of all peptide features associated with the peptide to be included
in the result. Features with higher abundance have been shown to be more reproducible across replicates.

• Charge: Only peptides with feature vectors that all fall within this range will be used in protein quantification.

• Quality: A quality value will be applied to each quantified peptide to represent the likely reproducibility of
the quantification result. Set the minimum quality score cut-off. Factors that affect the quality score include
m/z difference, RT difference, XIC shape similarity, and the feature intensities.
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• Number of labels with ID present: Only peptides with an identified MS/MS scan in the number of given
labels will be included in the peptide table.

• Number of labels with feature present: Only peptides with a predicted LC-MS peptide features in the
number of given labels will be included in the peptide table.

• Reference label present:Only quantifiable peptides in which the reference label peptide feature is present
will be included in the peptide table if this is checked.

• Protein Filters:

• Significance: Only protein groups with a significance above this threshold will be listed in the “Protein”
view. The significance score is calculated as the -10lg of the significance testing p-value. Significance is
calculated using welch's ANOVA.

• FDR% (adjusted p-value): Adopt the multiple hypothesis testing Benjamin-Hochberg method to adjust the
p-value to the given false discovery rate. Only protein groups with significance scores passing the calculated
FDR will be listed in the "Protein" view. Either this or "Significance" can be selected to set a significance
threshold.

• Fold Change: The required magnitude of change of abundance between conditions. The minimum value is
one because the fold change is calculated as the magnitude of change where the lower value is always the
denominator.

• Unique Peptides: Only protein groups with unique peptides at or above this number will be listed in the
"Protein" view. Peptides are considered unique if they are only matched to one protein group.

• Modified Form Exclusion: When checked, peptides that are identified as both a modified and unmodified
form will be excluded from the protein ration calculation. This does not apply to the quantification labels.
When a peptide is split between an unmodified and modified form, the ratio of both forms may differ from the
protein ratio. Therefore, including modified peptides in the protein ratio calculation might lead to incorrect
results. By checking this box, if a peptide has modified and unmodified forms, both will not be used as
candidates, if a peptide only has one modified form, it is still a candidate, but if a peptide has more than one
modified form, all forms will not be used as candidates.

• Normalization :
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• Use TIC: Using the total intensity of all quantifiable peptides from each condition, a global ratio is created.
The global ratio is used as a normalization factor for all proteins and peptides.

• Manual input: This option performs the same default calculation as auto normalization ("Use TIC") but also
allows for the manual change of each sample's expected ratios. This should be used whenever the expected
ratio between conditions isn't 1:1.

• Use internal standard proteins: This option displays a list of identified proteins, which can be selected to
create a normalization factor. A search bar is included to enable the quick location of select proteins.

• No Normalization: All samples are automatically assigned Factors of 1.0.

3. Understanding the SILAC Results

After a PEAKS Online SILAC quantification is complete, the SILAC summary page will display automatically.
Beneath the Summary tab are the Protein and Peptide result tabs which are available to view.
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• Summary:  The outline of the SILAC search results with statistics. This is the place to examine the overall
performance of the experiment and adjust filters.

• Proteins: The quantified proteins with a list of supporting peptide features for each protein.

• Peptides:  The quantified peptides are listed in a table. Extracted ion chromatogram (XIC) and supporting
peptide features are also displayed for each peptide.

3.1. Result Filtration

Click the analysis name of a SILAC analysis, then click Modify Parameters, in the Quantification section, the
following parameters are available.

3.1.1. Protein Filter

Click the  button and the following parameter dialogue will pop up.
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These filters determine what will be included in the protein group significance calculation, as well as what signif-
icance score thresholds will be set. The parameters used in the screenshot above indicate that no protein filter is
applied, thus giving all quantifiable proteins.

• Significance:  Only protein groups with a significance above this threshold will be listed in the “Protein” view.
The significance score is calculated as the -10lg of the significance testing p-value. The significance is calculated
using Welch's ANOVA.

• FDR:  Adopt the Benjamin-Hochberg method for multiple hypothesis testing to adjust the p-value to the false
discovery rate for all protein groups that have already passed the other filters. Only protein groups with signif-
icance scores passing the calculated FDR will be listed in the "Protein" view. Either this or "Significance" can
be selected to set a significance threshold.

• Fold Change:  Only protein groups at or above this fold change threshold will be listed in the "Protein" view.
Fold changes are always listed where the more intense sample is the denominator. So the fold change is always
greater than 1.

• Used Peptides:  Only protein groups with unique peptides at or above this number will be listed in the "Protein"
view. Unique peptides are peptides that only support one protein group.

3.2. Summary View

The "SILAC Summary" view includes an expression profile with candidate proteins sorted in a heat map, result
statistics table, and protein volcano plots. An "Analysis Description" can be added and displayed below the filter
section.

3.2.1. Statistics of Filtered Results

Table 1 in the Summary page lists the filtered results of feature vectors and proteins.

3.2.2. Protein Profile Heatmap

The heatmap in Figure 1 displays the protein groups that pass the filters. The relative protein abundance is repre-
sented as a heat map of the representative proteins of each protein group. These representative proteins are clus-
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tered if they exhibit a similar expression trend across the samples. The hierarchical clustering is generated using a
neighbour-joining algorithm with a Euclidean distance similarity measurement of the log2 ratios of the abundance
of each sample relative to the average abundance. Similarly, the conditions in different samples are clustered if
they exhibit a similar expression trend across the protein groups. If the number of proteins is too high, the heatmap
will not be displayed.

3.2.3. Protein Profile Heatmap

A volcano plot (Figure 2 & Figure 3) combines a statistical test with the magnitude of the change enabling quick
visual identification of those data-points that display large-magnitude changes and that are also statistically sig-
nificant. The volcano plot in Figure 1 plots significance versus fold-change of the quantified proteins.

• Horizontal dashed lines: The selected significance threshold.

• Vertical dashed lines: The selected fold change thresholds.

Plotting points in this way results in two regions of interest in the plot: those points that are found towards the top
of the plot that are far to either the left or the right side. These represent values that display large magnitude fold
changes as well as high statistical significance. The ratio is the group ratio set with respect to the base group. If
more than two groups are present, the maximum ratio for each protein is used to draw the volcano plot.

Circles for the proteins that are above the set significance and fold change thresholds will be displayed in colour.
Scrolling the cursor over a circle will show the protein info.

3.2.4. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.

This section can be expanded to display a list of data files in the analysis that are producing poor or no results.

If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

3.3. Protein View

The SILAC Protein page lists all the quantified proteins that pass the filter set on the SILAC Summary page,
characterizes each protein at the amino acid level, and lists the supporting peptide features of each protein.
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3.3.1. Protein Table

The quantified proteins are listed in the protein table with homologous proteins grouped together.

This protein table is the same as the other protein tables found in the PEAKS DB, PEAKS PTM, and SPIDER
results except the following columns:

• Significance:  The protein significance is calculated as explained in Section 1, “Overview” in this chapter.

• Condition Profile: The protein abundance among the samples is depicted as a heat map. Hold the cursor on a
profile to view the sample channels, abundances, and ratios with respect to the base sample.

• Condition Ratio: The ratio columns show the peptide abundance in each condition for all groups. A peptide's
abundance in each condition is the sum of all supporting feature vectors abundance within the filters. Then the
peptide abundance in each condition is compared to the reference condition to obtain the peptide condition ratio
in each sample separately. The peptide condition ratio of a group is computed by calculating the median from
the peptide condition ratios in the samples in that group.

Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) Sec-
tion 3.4.2, “Protein Table” for more details of other entries of the protein table.

3.3.2. Protein Volcano Plot

The volcano plot facilitates identification of the significant proteins. This interactive volcano plot enables the
selection of a protein in the table. Proteins located in the top-right and top-left sections of this plot (above the
significance threshold and to the right and left of the fold change thresholds) are considered statistically significant.
Green points are more abundant in the reference sample while red points are less abundant in the reference sample.
Grayed points were filtered out.

Protein markers that are in color can be clicked and selected. Upon clicking a point on the volcano plot, the
corresponding protein in the Protein Table will be highlighted and more details are displayed below the Protein
Table.
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• Selecting a Different Condition: Click the condition dropdown above the volcano plot to display all volcano
plot options, one for each experimental condition. Each volcano plot will show a different set of proteins that
are relevant to that condition.

• Zoom in/out from Volcano Plot:  Place the cursor on the volcano plot and drag a rectangle over the area of
interest to Zoom in. By double clicking on the volcano plot you can zoom out and view the volcano plot with
the default dimensions

3.3.3. Protein Coverage

The coverage view characterizes the selected protein sequences at the amino acid level. Refer to Chapter 5, Peptide,
PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER), Section 3.4.4, “Protein Coverage”
for details.

3.3.4. Support Peptides

The supporting peptides assigned to the protein are shown in a separate tab beside the Protein Coverage. The
sequence can be clicked and a pop-up window will show up to display the feature details.

This table contains the following information of the quantifiable support peptides for the selected protein in the
protein table.

• Peptide:  The amino acid sequence of the peptide, as determined by the PEAKS Search. A modified residue
is followed by a pair of parentheses enclosing the modification mass. All non-unique peptides and ones not
passing the filter will be excluded automatically.

• Used:  Shows whether this peptide is used to calculate the protein profile. All peptides which pass the peptides
filters are used to calculate the protein abundance.
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• -10LgP: The peptide -10LgP score. The score indicates the likelihood that the peptide-spectrum match identi-
fication is correct.

• Avg. Area:  Each peptide feature associated with the peptide has its own area under the XIC curve. The average
area of is the average area of all the features associated with the peptide.

• Condition Profile: The relative peptide abundance for each condition compared to the reference condition
among the samples is depicted as a heat map. Hold the cursor on a profile to view the samples, the areas, and
the ratios with respect to the reference condition.

• Condition Ratio:  The ratio columns show the relative peptide abundance for each condition with respect to the
reference condition for all groups. A peptide's abundance in each condition is the sum of its supporting peptide
feature abundances within the peptide filters. Then the peptide abundance in each condition is compared to the
reference condition to obtain the peptide condition ratio in each sample separately. The peptide condition ratio
of a group is computed by calculating the median from the peptide condition ratios of the samples in that group.

• #Vector: This shows the number of quantifiable feature vectors of a peptide. A feature vector is a full set of
peptide features used to calculate a ratio.

• Start: This shows the protein position of the first residue of the peptide that covers the protein.

• End: This shows the protein position of the last residue (inclusive) of the peptide that covers the protein.

• PTM: The types and the numbers of modifications present in the peptide shown in color-coded icons. Scroll
over the modification icon to see the modification name and mass.

• Accession: The proteins supported by the peptide, separated by ';' if the peptide supports multiple proteins. If
none of the proteins that the peptide supports pass the protein filters, the accession field will be empty.

3.3.5. Protein View Filter

Click the  button on top-left of the protein table to open the protein filter and control which proteins to display.

• Top Proteins: The number of proteins that have the highest number of unique peptides supporting them within
their protein group.

• All Proteins: The number of proteins given the parameters set for PEAKS Protein Score(-10lgP) and number
of unique peptides.

• Protein Sequence contains: Enter a protein sequence, only proteins that contain that sequence will be displayed
in the protein table
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• Protein description contains: Enter a protein description, only proteins that contain that description will be
displayed in the protein table

• Include Contaminant Data: Check this to display identifications from the contaminant database that were
identified during a PEAKS DB search.

• Protein Contains Modifications: Check boxes are provided for each identified modification.

3.4. Peptide View

The quantifiable feature vectors with the same sequence are grouped together to get the list of quantifiable peptides
and are displayed in the Peptide View along with their detailed information.

3.4.1. Peptide Table

The peptide table contains the list of quantifiable peptides along with relevant information including the protein
accession.

The view is similar to the support peptide table described in Section 3.3.4, “Support Peptides”, with some new
columns.

• Quality Score: The quality score represents the predicted reproducibility of the quantification result. Factors
that affect the quality score include m/z difference, RT difference, XIC shape similarity, and the feature inten-
sities.

• Accession: The proteins supported by the peptide, separated by ',' if the peptide supports multiple proteins. If
none of the proteins that the peptide supports pass the protein filters, the accession field will be empty.

The Peptide table entries may be filtered by using the Peptide View Filters on top of the peptide table, for more
information refer to Section 3.5.1, “Peptide View Filters” in Chapter 5, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKS PTM, and SPIDER).

3.4.2. Peptide View Filters

Click the  button on the upper left corner of the peptide table to open the peptide filter and control which
peptides to display.

• Peptide Sequence Contains: Enter a peptide sequence, only peptides that contain that sequence will be dis-
played in the peptide table
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• Protein Accession Contains: Enter a peptide accession, only peptides that contain that accession will be dis-
played in the peptide table

• Show Transferred IDs Only: Only display peptides where match between runs was used to include at least
one peptide feature in the result.

• Ratio Filter: Only peptides where the ratio for the selected group and condition fall within the specified range
will be displayed in the peptide table.

• Peptide Contains Modifications: Use the checkboxes to indicate which modified peptides to include in the
result.

3.4.3. Feature Details

The Feature Details contains the eXtracted Ion Chromatogram (XIC) chart, Ion Match, and the Reporter Ion
Spectrum.

• Feature Menu: It is under the peptide table. The feature menu displays the information of the feature that is
being displayed in the spectrum.

• Samples: If a peptide is quantified in more than one sample, click the "SAMPLE" drop-down menu to view
the Spectrum Annotation of the other PSMs.

• Feature: Click the Feature drop down menu to show all peptide features included in the result: -10lgP, Avg.
Area, Condition Intensity, Condition Ratio, Id Count, m/z, z, RT, and ppm for each feature are given.

• If the transferred column for the feature displays "true" that means the ID for at least one feature was
transferred.

• PSM Label: Click the PSM Label drop-down menu to show other identified MS/MS scans associated with
the peptide.

3.4.3.1. eXtracted Ion Chromatogram (XIC) chart

This map presents the changes in feature intensity over the retention time range of the peaks for all labels of the
selected peptide. Additionally, the coloured isotopic distribution plot – M0, M+1, M+2, etc. – of each label is
included, which shows the relative composition of each label.
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3.4.3.2. Ion Match

This section displays the spectrum annotation and other information about the peptide selected in the Peptide table.
When multiple spectra are matched to the peptide, only the information about the top-scoring PSM is shown by
default. The interface of this section is identical to the Spectrum Annotation in the PEAKS De Novo result. For
detailed instructions, refer to Section 3.5, “Spectrum Annotation” in Chapter 4, Peptide de novo Sequencing.

3.4.3.3. MS1 Spectrum

This section provides an MS1 spectrum zoomed in on the reporter ions in the experiment. This is an interactive
spectrum, enabling zooming in and out using the scroll wheel of the mouse. Double-clicking will zoom in on an
area of interest. Clicking and dragging will slide the spectrum to the left or right.

3.5. Result Exporting

PEAKS SILAC results can be exported to various text formats in the Export page. The protein and peptide results
can also be exported from the Protein and Peptide page, respectively.
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• Proteins CSV:  These are the quantified proteins that pass the filters set in the "Summary" page and their
associated details.

• Protein-Peptide CSV: These are the supporting peptides of the quantified proteins and their associated details.

• Peptide CSV:  A complete list of all quantified peptides that pass the peptide feature filters set in the "Summary"
page and their associated details.

• Feature CSV:  All predicted peptide features and their associated quantification information. Both identified
and unidentified peptide features are included. To include unidentified peptide features, set Peptide Id Count
equals to 0 in the Peptide feature filter.

Note

Exporting by sample will begin downloading the same .zip folder, since this does not apply to SILAC
quantification.
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Chapter 11. Fractionation Assisted ID
Transfer Label Free Quantification (ID
Transfer LFQ)
1. Overview

Label-free quantification usually serves as a fast profiling tool for differential studies of large scale proteomics.
This quantification method is based on the relative abundance of peptide features detected in multiple samples.
Feature detection is performed separately on each sample. By using an EM (expectation-maximization) algorithm,
more overlapped features can be detected. The features of the same peptide from different samples are reliably
aligned together using a high performance retention time alignment algorithm.

Note

For details of the retention alignment algorithm, refer to the paper " A Combinatorial Approach to the
Peptide Feature Matching Problem for Label-Free Quantification", Bioinformatics, 2013, 10.1093 .

Fractionation Assisted ID Transfer LFQ use an ID transfer group, which is searched against a target protein data-
base using PEAKS DB. The result is used to transfer identifications to other samples in the experiment used for
quantification. This has been shown to reduce the occurrence of missing values.

The usage of this workflow is outlined below.

1. Refer to Chapter 4, Peptide De Novo Sequencing, Section 2, “De Novo Analysis Workflow and Parameter
Settings” , Step 1-6 to create a new project and add data.

2. ID Transfer Label Free quantification can be run on PEAKS Database Search results or PEAKS Spectral Library
Search results. Select the "Fractionation Assisted ID Transfer Quantification" workflow in the DDA section
of the Workflow step.

• To run Label Free Quantification on PEAKS Database Search results, select the "Fractionation Assisted ID
Transfer Quantification" workflow in the DDA section

3. Set Search Parameters.

• If running LFQ on a DDA DB Search analysis, refer to Chapter 5, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKS PTM, and SPIDER), Section 2, “Database Search Workflow and Parameter Settings”
for details.

4. For an ID Transfer label free quantification (LFQ) workflow, the LFQ-specific parameters will be shown at
the bottom of the Project Submission page. Set the LFQ sample grouping, Mass Error and Retention Time
Shift tolerance. See Section 2 below for details. Label-free quantification will be performed on the combined
identification result.
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5. Set the PSM Filters. Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM,
and SPIDER), Section 2.7, “PSM Filter” for details.

6. Review project settings and parameters then click Submit button. Name the analysis and click OK to start the
analysis.

2. Setting Parameters

For more information on DB search parameters, refer to Chapter 5, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKS PTM, and SPIDER), Section 2, “Database Search Workflow and Parameter Settings” .

The following parameters are available when Label Free Quantification workflow is selected.

• Mass Error Tolerance: The mass shift between different runs. This can be set similar to the precursor mass
error tolerance used for database search.

• Retention Time Shift Tolerance:  The retention time shift tolerance is the maximum elution time difference
that is considered for the quantification of an identified peptide after RT alignment.

• Auto Detect: Let PEAKS Online detect the optimal Retention Time Shift Tolerance for your data.
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• CCS Error Tolerance: The maximum CCS difference between the identification at the candidate peptide
feature for identification transfer.

Note

This parameter is only available when the analysis contains TimsTOF data.

• FDR Threshold(%): Using the decoy-fusion method, only peptides or PSM that pass the FDR threshold will
be used for quantification.

• Feature intensity : Set a value for the minimum intensity a peptide feature must have to be considered for
identification transfer.

• Protein Filter:

• Significance Method : The ANOVA method employed is also referenced below. When there are replicates
in each group, ANOVA is suggested to be used for significance testing. Lg (protein abundance) is used for
the the significance testing calculation.

• Modified Form Exclusion: The expression level of modified peptides might be different than the overall
expression level of a protein. In such cases, including modified peptides for protein ratio calculation might
lead to incorrect results. By checking this box, if a peptide has modified and unmodified forms, both will not
be used as candidates, if a peptide only has one modified form, it is still a candidate, but if a peptide has more
than one modified form, all forms will not be used as candidates.

Note

For more details on ANOVA , refer to the following paper: "On the comparison of several mean
values: an alternative approach ", Biometrika, 1951, 38(3/4): 330-336 .
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• Remove Outliers : Remove supporting peptides which have a different variation trend comparing to others.

• Use Top # peptides : Number of quantifiable supporting peptide to calculate the protein profile.

• RT Range: Feature vectors within the selected retention time range will be included in the results while every-
thing else will be removed.

• Base Sample:  The base sample will act as the reference. The peptide and protein abundance corresponding to
this reference label will be the denominator in all of the abundance ratio calculations.

• Peptide Feature :

• Avg. Area: The minimum average area of all peptide features associated with the peptide. Features with
higher abundance have been shown to be more reproducible across replicates. Only peptide features with an
average area above this threshold will be used for quantification.

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

• Peptide ID Count: This filter allows the selection of peptides identified in the given number of samples
or more.

• Charge between: Only peptides with feature vectors that all fall within this range will be used in protein
quantification.

• Have at least ___ confident samples per group: This filter sets the minimum number of sample(s) per
group that the peptide feature has an abundance value. A peptide is more quantifiable when it is detected
in more samples.

• Use in group Coefficient of Variation Filter : For each feature vector (set of peptide features associated
with a peptide), at least one group must have a coefficient of variation (CV) less than the CV threshold. The
CV threshold is automatically selected by the software based on the current data set.

• Normalization :
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• Use TIC: By default, PEAKS Online uses the total ion current (TIC) of the samples to calculate the normal-
ization factors. Normalized abundance is calculated from the raw abundance divided by the normalization
factor.

• Manual input: This option performs the same default calculation as auto normalization ("Use TIC") but also
allows for the manual change of each sample's expected ratios. This option should be used if the expected
ratio is not 1:1 for each sample as the software attempts to normalize to a 1:1 ratio.

• Use internal standard proteins: This option displays a list of identified proteins, which can be selected to
create a normalization ratio. A search bar is included to enable the quick location of select proteins.

• No Normalization: All samples are automatically assigned Factors of 1.0.

• Sample Groups: ID Transfer LFQ requires sample grouping. The sample used for ID transfer needs to be added
to the ID Transfer Group. All available samples are listed in the left window. After selecting a sample, it can

be added to a new group by clicking the  button or to an existing group by clicking the  button and

selecting that option from the drop-down menu. If you select multiple files, you can add each one to a new

group by clicking the  button. If you want group files by delimiter or regEx, you can click the 

button.Samples can be removed individually or removed all at once by clicking the  button.

3. Understanding the LFQ Results

After a PEAKS Online label free quantification is complete, the LFQ summary page will display automatically.
There are Protein and Peptide result tabs to view.
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• Summary:  The outline of the LFQ search results with statistics. This is the place to examine the overall
performance of the experiment and adjust filters.

• Proteins: The quantified proteins with a list of supporting peptide features for each protein.

• Peptides:  The quantified peptides are listed in a table. Extracted ion chromatogram (XIC) and supporting
peptide features are also displayed for each peptide.

3.1. Analysis Parameters

Click the analysis name of a LFQ analysis, then click Modify Parameters, in the Quantification section, the fol-
lowing parameters are available.

3.1.1. Protein Filter

Click the  button and the following parameter dialogue will pop up.

These filters determine what will be included in a protein group significance calculation, as well as what signifi-
cance score thresholds will be set. Parameter settings used in the screenshot above means that no protein filter is
applied, thus giving all quantifiable proteins.

• Significance:  Only protein groups with a significance above this threshold will be listed in the “Protein” view.
The significance score is calculated as the -10lg of the significance testing p-value. PEAKS provides the sig-
nificance testing method: ANOVA.

• FDR:  Adopt the Benjamin-Hochberg method to adjust the p-value to the false discovery rate for all protein
groups that have already passed the other filters. Only protein groups with significance scores passing the cal-
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culated FDR will be listed in the "Protein" view. Either this or "Significance" can be selected to set a signifi-
cance threshold.

• Fold Change:  Only protein groups at or above this fold change threshold will be listed in the "Protein" view.

• Used Peptides:  Only protein groups with used peptides at or above this number will be listed in the "Protein"
view.

3.2. Summary View

The "LFQ Summary" view includes an expression profile with candidate proteins assorted in a heat map, result
statistics table, and a protein volcano plot. An "Analysis Description" can be added and displayed below the filter
section.

3.2.1. Statistics of Filtered Results

Table 1 in the Summary page lists the filtered results of feature vectors and proteins.

3.2.2. The Volcano Plot for Proteins

A volcano plot (Figure 1) combines a statistical test with the magnitude of the change enabling quick visual
identification of those data-points that display large-magnitude changes that are also statistically significant. The
volcano plot in Figure 1 plots significance versus fold-change of the quantified proteins.

• Horizontal broken grey line:  The selected significance threshold.

• Vertical broken grey lines:  The selected fold change thresholds.

Plotting points in this way results in two regions of interest in the plot: those points that are found towards the
top of the plot that are far to either the left or the right side. These represent values that display large magnitude
fold changes (hence being left or right of center) as well as high statistical significance (hence being towards the
top). The ratio is the group ratio set with respect to the base group. If more than two groups are present, the max
ratio is used instead.

Circles for the proteins that are above the set significance and fold change thresholds will be displayed in colour.
Scrolling the cursor over a circle will show the protein info.

3.2.3. Protein Profile Heatmap

The heatmap in Figure 2 displays the protein groups that pass the filters. The relative protein abundance is repre-
sented as a heat map of the representative proteins of each protein group. These representative proteins are clus-
tered if they exhibit a similar expression trend across the samples. The hierarchical clustering is generated using a
neighbour-joining algorithm with a Euclidean distance similarity measurement of the log2 ratios of the abundance
of each sample relative to the average abundance. Similarly, the conditions in different samples are clustered if
they exhibit a similar expression trend across the protein groups. If the number of proteins is too high, the heat
map will not show in this case.

3.2.4. RT Shift & M/Z Shift

In Figure 3. Distribution Graphs: a) RT shift before vs after alignment. It displays the retention time shift before
and after alignment

Distribution Graphs: b) plots the distribution of the m/ z shift (in ppm) of the data

3.2.5. Percentage of missing values in each sample with or without ID transfer

Figure 4 shows the percentage of missing values before and after ID transfer for each sample. A missing value
before ID transfer is defined as a null value in a sample where a peptide was assigned a feature in another sample
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with an identification. Missing values after ID transfer are null values when no feature could be found in a sample
based in identifications found in other samples.

3.2.6. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.

This section can be expanded to display a list of data files in the analysis that are producing poor or no results.

If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

3.3. Protein View

The LFQ Protein page lists all the quantified proteins that pass the filter set on the LFQ Summary page, charac-
terizes each protein at the amino acid level, and lists the supporting peptide features of each protein.

3.3.1. Protein Table

The quantified proteins are listed in the protein table with parsimonious proteins grouped together.
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This protein table is the same as the other protein tables found in the PEAKS DB, PEAKS PTM, and SPIDER
results except the following columns:

• Significance:  The protein significance is calculated as explained in Section 3.1.1, “Protein Filter” in this chap-
ter.

• Sample Profile: The protein abundance among the samples is depicted as a heat map. Hold the cursor on a
profile to view the sample channels, abundances, and ratios with respect to the base sample.

• Group Profile: The protein abundance among the groups is depicted as a heat map. The Group Profile is
calculated by summing up the group areas of its used supporting peptides. Hold the cursor on a profile to view
the group channels, abundances, and ratios with respect to the group which contains the base sample.

Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) Sec-
tion 3.4.2, “Protein Table” for more details of other entries of the protein table.

3.3.2. Protein Volcano Plot

The volcano plot facilitates identification of the significant proteins. This interactive volcano plot enables the se-
lection of a protein in the table. Proteins located in the top-right and top-left sections of this plot (above the sig-
nificance threshold and to the right and left of the fold change thresholds) are considered statistically significant.
Green points are less abundant versus the reference group while red points are more abundant versus the reference
group. Grayed points represent proteins currently filtered out of the result table. The volcano plot facilitates iden-
tification of significant proteins.

Red and green protein markers can be clicked and selected. Upon clicking a point on the volcano plot, the corre-
sponding protein in the Protein Table will be highlighted and more details are displayed below the Protein Table.

• Zoom in/out from Volcano Plot:  Place the cursor on the volcano plot and drag a rectangle over the area of
interest to Zoom in. By double clicking on the volcano plot you can zoom out and view the volcano plot with
the default dimensions.

3.3.3. Protein Coverage

The coverage view characterizes the selected protein sequences at the amino acid level. Refer to Chapter 5, Peptide,
PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER), Section 3.4.4, “Protein Coverage”
for details.
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3.3.4. Support Peptides

The supporting peptides assigned to the protein are shown in a separate tab beside the Protein Coverage. The
sequence can be clicked and a pop-up window will show up to display the feature details.

This table contains the following information of the quantifiable support peptides for the selected protein in the
protein table.

• Peptide:  The amino acid sequence of the peptide, as determined in PEAKS Search. A modified residue is
followed by a pair of parentheses enclosing the modification mass. All non-unique peptides and ones not passing
the filter will be excluded automatically.

• Used:  Shows whether this peptide is used to calculate the protein profile. The top three peptides with highest
abundance are used to calculate the protein abundance.

• Significance: It assumes that for all the peptides with the same quality, their ratios follow a log-normal distri-
bution. Different qualities may have log-normal distributions with different variances. The two-tail p-value is
calculated as the significance of the feature vector using the log-normal distribution corresponding to its quality
and its maximum group ratio. The -10lgP value is calculated from this and displayed as the significance in the
column.

• Avg. ppm: A peptide can have one or more feature vectors. Each feature vector has its own ppm calculated
from the mass error of each feature. The average mass error of a peptide is the average of mass errors of all the
feature vectors. This column displays the average mass error in ppm.

• Avg. Area:  Each feature in the feature vector has its own area under the XIC curve. The average area of a
feature vector is the average area of all the features associated with the peptide.

• Sample Profile:  The peptide abundance among the samples is depicted as a heat map. Hold the cursor on a
profile to view the samples, the peptide areas in samples, and the corresponding ratios with respect to the base
sample.

• Group Profile:  The peptide abundance among the groups is depicted as a heat map. Hold the cursor on a
profile to view the groups, the peptide areas in groups, and the corresponding ratios with respect to the group
which contains the base sample.

• Group Area: This column shows the peptide area in a group that is calculated by summing up the group areas
of its feature vectors

• Max Ratio:  This shows the maximum of the fold changes of all conditions compared to the reference sample.

• RT Mean: Each feature in the feature vector has its own retention time center. This column displays the average
retention time center of the feature vector.

• #Vector:  This shows the number of quantifiable feature vectors of a peptide.
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• Start:  This shows the protein position of the first residue of the peptide.

• End:  This shows the protein position of the last residue (inclusive) of the peptide.

• PTM:  The types and the numbers of modifications present in the peptide shown using color-coded icons. Scroll
over each icon to see the modification name and mass.

• Feature Detail:  Double click on the supporting peptide of interest will lead to the peptide page and display
their eXtracted Ion Chromatogram (XIC) curves.

3.3.5. Protein View Filter

Click the  button on top-left of the protein table to open the protein filter and control which proteins to display.

• Top Proteins: The number of proteins that have the highest number of unique peptides supporting them within
their protein group.

• All Proteins: The number of proteins given the parameters set for PEAKS Protein Score(-10lgP) and number
of unique peptides.

• Protein Sequence contains: Enter a protein sequence, only proteins that contain that sequence will be displayed
in the protein table

• Protein description contains: Enter a protein description, only proteins that contain that description will be
displayed in the protein table

• Include Contaminant Data: Check this to display contaminants that were identified during a PEAKS DB
search.
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• Protein Contains Modifications: Check boxes are provided for each identified modification.

3.4. Peptide View

The quantifiable feature vectors with the same sequence are grouped together to get the list of quantifiable peptides
and are displayed in the Peptide View along with their detailed information.

3.4.1. Peptide Table

The peptide table contains the list of quantifiable peptides along with relevant information including the protein
accession.

The view is similar to the support peptide table described in Section 3.3.4, “Peptides view” . The Peptide table
entries may be filtered by using the Peptide View Filters on top of the peptide table, for more information refer
to Section 3.5.1, “Peptide View Filters” in Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB,
PEAKS PTM, and SPIDER).

3.4.2. Feature Details

The Feature Details contains the eXtracted Ion Chromatogram (XIC) chart and Ion Match.

• Peptide Menu: It is under the peptide table. The peptide menu displays the information of the peptide sequence
that is being displayed in the spectrum. If a feature is associated to more than one tandem scan, click the "FRAC-
TION" button to view the Spectrum Annotation of the other PSMs.

3.4.2.1. eXtracted Ion Chromatogram (XIC) chart

The eXtracted Ion Chromatogram (XIC) chart that displays the shape of the selected peptide feature vector over
the retention time range where they were identified. The table on the left displays both the area and the ratio of the
features in the highest average abundance feature vector. This table also works as a control to select the features
that will be used to draw the XIC plot
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3.4.2.2. Ion Match

This section displays the spectrum annotation and other information about the peptide selected in the Peptide table.
When multiple spectra are matched to the peptide, only the information about the top-scoring PSM is shown by
default. The interface of this section is identical to the Spectrum Annotation in the PEAKS De Novo result. For
detailed instructions, refer to Section 3.5, “Spectrum Annotation” in Chapter 4, Peptide De Novo Sequencing.

3.4.2.2.1. Spectral Library Ion Match

When run on results from a PEAKS Spectral Library Search, there are two additional figures included in the Ion
Match pane: The Precursor Profile XIC and the Fragment Ion XIC. For detailed instructions on these figures, refer
to Section 4.5.6, “Peptide-Spectrum Matches” in Chapter 6, Spectral Library Search.

4. FAIMS Data
Field asymmetric waveform ionmobility spectrometry (FAIMS) analyzes complex mixtures and separates the ions
based on their mobility. PEAKS Online has the ability to load FAIMS data and analyze it using de novo sequenc-
ing, database search (PEAKS DB), database search with unexpected modification identification (PEAKS PTM),
sequence variant identification (SPIDER) search, spectral library search, and labelled and label free quantification.

The analysis result for FAIMS dataset contains the additional information for CV values compared to the non-
FAIMS dataset. The CV-related information can be found at the following places for a LFQ analysis.
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• The Venn diagram on the summary page.

Venn diagram overlaps between different CVs in the search for all proteins, top proteins, and peptides are shown
on the summary page.

• The additional CV column on the supporting peptide page

• The additional CV column in the exported Protein-Peptide CSV

• The additional CV column on the peptide page

• The additional CV filter on peptide page

The filter for peptide page contains one additional option for CV, which selects the displayed scans based on
the selected CV values

• The additional CV column in the exported Peptide CSV

4.1. Result Exporting

PEAKS LFQ results can be exported to various text formats in the Export page

• Proteins CSV:  These are the quantified proteins that pass the filters set in the "Summary" page and their
associated details.

• Protein-Peptide CSV: These are the supporting peptides of the quantified proteins and their associated details.

• Peptide CSV:  A complete list of all quantified peptides that pass the peptide feature filters set in the "Summary"
page and their associated details.

• Feature CSV:  All predicted peptide features and their associated quantification information. Both identified
and unidentified peptide features are included. To include unidentified peptide features, set the Peptide Id Count
equal to 0 in the Peptide feature filter.

• Protein with Peptide CSV:  A list of supporting peptides for the quantified proteins and their associated details.
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Chapter 12. Fraciton Assisted ID
Transfer SILAC
1. Overview
Precursor ion quantification with isotope labels at the MS level is one of the three quantification modes that are
supported by the optional PEAKS Q module for PEAKS Online. In this mode, the isotope labels with different
mass values are introduced as two or more samples. The samples are then analyzed together in an LC-MS/MS
experiment. The same peptide from different samples is recognized by a set of precursor ion peaks with similar
retention time and mass differences within the retention time window. The ratio is calculated from the intensities of
those peaks. PEAKS Q supports both user-defined labels and commercial quantification labels. PEAKS supports
the analysis of Super-SILAC experiments that uses a mixture of SILAC-labeled cells as a spike-in standard for
accurate quantification of other unlabeled or labeled samples.

Compared to the regular SILAC, ID transfer can provide quantification workflow with high throughput and cov-
erage. One group is designated as the ID Transfer group. It is used to associate peptide features from other samples
to identified MS/MS scans in the ID transfer group. It is recommended that the ID Transfer group be a highly
fractionated sample. The experimental design is outlined below.

• To get high coverage

1. SILAC sample -> fractionation -> LC-MS runs (only once)

2. Get a list of SILAC pairs by combining all fractions

• To get high throughput

1. SILAC sample -> LC-MS (routine)

2. Transfer SILAC pairs from pre-run fractions while performing data analysis

In the ID transfer SILAC, the analysis steps are outlined below.

• Get expected SILAC pairs from the fractionated sample

1. Search against a target protein database using PEAKS DB.

2. Generate a SILAC library for future ID transfer

• Routine SILAC quantification

1. Find SILAC pairs directly from LC-MS/MS

2. For remaining unidentified precursors/pairs, SILAC pairs are transferred from the ID transfer group run
previously

3. Combine 1 and 2 to get the final quantification results

The usage of this workflow is outlined below.

1. Refer to Chapter 4, Peptide De Novo Sequencing Section 2, “De Novo Analysis Workflow and Parameter
Settings”, step 1-6 to create a new project and add data.

2. SILAC quantification can be run on PEAKS Database Search results. Select the "Fractionation Assisted ID
Transfer Quantification" workflow in the DDA section of the Workflow step.

• To run SILAC quantification on PEAKS Database Search results, select the "Fractionation Assisted ID
Transfer Quantification" workflow in the DDA section of the Workflow step.
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3. Set Search Parameters.

• If running SILAC quantification on a DDA DB Search analysis, refer to Chapter 5, Peptide, PTM, and
Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER), LINK, for details. Section 2, “Database
Search Workflow and Parameter Settings”

4. For an ID Transfer SILAC workflow, the SILAC-specific parameters will be shown at the bottom of the Project
Submission page. Choose an ID Transfer Group and set the SILAC sample grouping as well as the Retention
Time Error Tolerance. See Section 2 below for more details. ID Transfer SILAC quantification will be per-
formed on the combined identification result.

5. Set the PSM Filters. Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM,
and SPIDER) Section 2.7, “PSM Filter”, for details.

6. Review project settings and parameters, then click the Submit button at the top of the page.

7. Name the analysis, then click OK to start the analysis.

2. Setting Parameters
For more information on DB search parameters, refer to Chapter 5, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKS PTM, and SPIDER), Section 2, “Database Search Workflow and Parameter Settings”.

The following parameters are available when a SILAC Quantification workflow is selected.

• Select Method: From the Select Methods drop-down menu, choose the appropriate quantification method used
in the experiment.

• RT Error Range: The retention time shift tolerance is the maximum elution time difference that is considered
for the quantification of an identified peptide after RT alignment.

• Match Between Runs Match Between Runs is enabled for all ID Transfer SILAC. For more information on
Match Between Runs, refer to Chapter 10, Stable Isotope Labeling by Amino acids in Cell culture (SILAC),
Section 2, “Setting Parameters”.
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• Samples: The MS samples are listed for selection. After selecting a sample, it can be added to a new group by

clicking the  button or to an existing group by clicking the  button and selecting that option from the

drop-down menu. To add multiple samples into their own separate groups, click the  button.

• Groups: The samples can be arranged into one or more groups. A group represents a state of the experiment
where quantitative ratios between groups are investigated. Replicate MS samples should be put together in
one group. Double-click on the group node to rename the group. Display all samples in each group or just
the individual groups by selecting the Expand/Collapse buttons, respectively. Samples can be removed either
individually, or all at once by clicking the ‘X’ next to the sample or the Remove All button, respectively.

• Conditions: The number of conditions depends on the quantification method selected. For example,
SILAC-2plex(R10,K8) has 2 conditions and SILAC-3plex(R10,K8|R6,K4) has 3 conditions to study. Each la-
bel in a sample represents one unique condition. To remove a label from analysis, uncheck the corresponding
condition.

• Reference Condition: The condition which is the denominator of the calculated ratios. The reference condition
can be chosen from the selected conditions only.

• Peptide Feature Filter:

• Average Area: The minimum average area of all peptide features associated with the peptide to be included
in the result. Features with higher abundance have been shown to be more reproducible across replicates.

• Charge: Only peptides with feature vectors that all fall within this range will be used in protein quantification.

• Reference Label: Only quantifiable peptides in which the reference label is present will be displayed if this
is checked.

• Number of labels with ID present: Only protein groups with a number of labels with ID present at or above
this number will be listed in the "Protein" view.

• Number of labels with feature present: Only protein groups with a number of labels with feature present
at or above this number will be listed in the "Protein" view.

• Protein Filters:

• Significance: Only protein groups with a significance above this threshold will be listed in the “Protein”
view. The significance score is calculated as the -10lg of the significance testing p-value. PEAKS provides
the significance testing method: ANOVA.

• FDR% (adjusted p-value): Adopt the Benjamin-Hochberg method to adjust the p-value to the false discov-
ery rate for all protein groups that have already passed the other filters. Only protein groups with significance
scores passing the calculated FDR will be listed in the "Protein" view. Either this or "Significance" can be
selected to set a significance threshold.
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• Fold Change: Only protein groups at or above this fold change threshold will be listed in the "Protein" view.

• Unique Peptides: Only protein groups with unique peptides at or above this number will be listed in the
"Protein" view. Peptides are considered unique if they are only matched to one protein group.

• Modified Form Exclusion: When checked, peptides that are modified with a variable PTM will not be
included in the significance calculation for a protein group. This does not apply to the quantification labels.
The expression level of modified peptides might be different than the overall expression level of a protein.
Therefore, including modified peptides in the protein ratio calculation might lead to incorrect results. By
checking this box, if a peptide has modified and unmodified forms, both will not be used as candidates, if a
peptide only has one modified form, it is still a candidate, but if a peptide has more than one modified form,
all forms will not be used as candidates.

• Normalization :

• Use TIC: Using the total intensity of all quantifiable peptides from each condition, a global ratio is created.
The global ratio is used as a normalization factor for all proteins and peptides.

• Manual input: This option performs the same default calculation as auto normalization ("Use TIC") but also
allows for the manual change of each sample's expected ratios. This should be used whenever the expected
ratio between conditions isn't 1:1.

• Use internal standard proteins: This option displays a list of identified proteins, which can be selected to
create a normalization factor. A search bar is included to enable the quick location of select proteins.

• No Normalization: All samples are automatically assigned Factors of 1.0.

3. Understanding the SILAC Results

After a PEAKS Online SILAC quantification is complete, the SILAC summary page will display automatically.
Beneath the Summary tab are the Protein and Peptide result tabs which are available to view.
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• Summary:  The outline of the SILAC search results with statistics. This is the place to examine the overall
performance of the experiment and adjust filters.

• Proteins: The quantified proteins with a list of supporting peptide features for each protein.

• Peptides:  The quantified peptides are listed in a table. Extracted ion chromatogram (XIC) and supporting
peptide features are also displayed for each peptide.

3.1. Protein Filter

Click the  button and the following parameter dialogue will pop up.

These filters determine what will be included in the protein group significance calculation, as well as what signif-
icance score thresholds will be set. The parameters used in the screenshot above indicate that no protein filter is
applied, thus giving all quantifiable proteins.
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• Significance:  Only protein groups with a significance above this threshold will be listed in the “Protein” view.
The significance score is calculated as the -10lg of the significance testing p-value. PEAKS provides signifi-
cance testing method: ANOVA.

• FDR:  Adopt the Benjamin-Hochberg method to adjust the p-value to the false discovery rate for all protein
groups that have already passed the other filters. Only protein groups with significance scores passing the cal-
culated FDR will be listed in the "Protein" view. Either this or "Significance" can be selected to set a signifi-
cance threshold.

• Fold Change:  Only protein groups at or above this fold change threshold will be listed in the "Protein" view.
Fold changes are always listed where the more intense sample is the denominator. So the fold change is always
greater than 1.

• Used Peptides:  Only protein groups with unique peptides at or above this number will be listed in the "Protein"
view. Unique peptides are peptides that only support one protein group.

3.2. Summary View
The "SILAC Summary" view includes an expression profile with candidate proteins sorted in a heat map, result
statistics table, and protein volcano plots. An "Analysis Description" can be added and displayed below the filter
section.

3.2.1. Statistics of Filtered Results

Table 1 in the Summary page lists the filtered results of feature vectors and proteins.

3.2.2. Protein Profile Heatmap

The heatmap in Figure 1 displays the protein groups that pass the filters. The relative protein abundance is repre-
sented as a heat map of the representative proteins of each protein group. These representative proteins are clus-
tered if they exhibit a similar expression trend across the samples. The hierarchical clustering is generated using a
neighbour-joining algorithm with a Euclidean distance similarity measurement of the log2 ratios of the abundance
of each sample relative to the average abundance. Similarly, the conditions in different samples are clustered if
they exhibit a similar expression trend across the protein groups. If the number of proteins is too high, the heatmap
will not be displayed.

3.2.3. Protein Profile Heatmap

A volcano plot (Figure 2 & Figure 3) combines a statistical test with the magnitude of the change enabling quick
visual identification of those data-points that display large-magnitude changes and that are also statistically sig-
nificant. The volcano plot in Figure 1 plots significance versus fold-change of the quantified proteins.

• Horizontal dashed lines: The selected significance threshold.

• Vertical dashed lines: The selected fold change thresholds.

Plotting points in this way results in two regions of interest in the plot: those points that are found towards the
top of the plot that are far to either the left or the right side. These represent values that display large magnitude
fold changes (hence being left or right of center) as well as high statistical significance (hence being towards the
top). The ratio is the group ratio set with respect to the base group. If more than two groups are present, the max
ratio is used instead.

Circles for the proteins that are above the set significance and fold change thresholds will be displayed in colour.
Scrolling the cursor over a circle will show the protein info.

3.2.4. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.
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This section can be expanded to display a list of data files in the analysis that are producing poor or no results.

If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

3.3. Protein View

The SILAC Protein page lists all the quantified proteins that pass the filter set on the SILAC Summary page,
characterizes each protein at the amino acid level, and lists the supporting peptide features of each protein.

3.3.1. Protein Table

The quantified proteins are listed in the protein table with homologous proteins grouped together.

This protein table is the same as the other protein tables found in the PEAKS DB, PEAKS PTM, and SPIDER
results except the following columns:

• Significance:  The protein significance is calculated as explained in Section 1, “Overview” in this chapter.
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• Condition Profile: The protein abundance among the samples is depicted as a heat map. Hold the cursor on a
profile to view the sample channels, abundances, and ratios with respect to the base sample.

• Condition Ratio: The ratio columns show the peptide abundance in each condition for all groups. A peptide's
abundance in each condition is the sum of its feature vector(s)’ abundance. Then the peptide abundance in each
condition is compared to the reference condition to obtain the peptide condition ratio in each sample separately.
The peptide condition ratio of a group is computed by calculating the median from the peptide condition ratios
in the samples in that group.

Refer to Chapter 5, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) Sec-
tion 3.4.2, “Protein Table” for more details of other entries of the protein table.

3.3.2. Protein Volcano Plot

The volcano plot facilitates identification of the significant proteins. This interactive volcano plot enables the
selection of a protein in the table. Proteins located in the top-right and top-left sections of this plot (above the
significance threshold and to the right and left of the fold change thresholds) are considered statistically significant.
Green points are down regulated while red points are up-regulated. Grayed points are filtered out as set in the
filter. The volcano plot facilitates identification of significant proteins.

Protein markers that are in color can be clicked and selected. Upon clicking a point on the volcano plot, the
corresponding protein in the Protein Table will be highlighted and more details are displayed below the Protein
Table.

• Selecting a Different Condition: Click the condition dropdown above the volcano plot to display all volcano
plot options, one for each experimental condition. Each volcano plot will show a different set of proteins that
are relevant to that condition.

• Zoom in/out from Volcano Plot:  Place the cursor on the volcano plot and drag a rectangle over the area of
interest to Zoom in. By double clicking on the volcano plot you can zoom out and view the volcano plot with
the default dimensions

3.3.3. Protein Coverage

The coverage view characterizes the selected protein sequences at the amino acid level. Refer to Chapter 5, Peptide,
PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER), Section 3.4.4, “Protein Coverage”
for details.
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3.3.4. Support Peptides

The supporting peptides assigned to the protein are shown in a separate tab beside the Protein Coverage. The
sequence can be clicked and a pop-up window will show up to display the feature details.

This table contains the following information of the quantifiable support peptides for the selected protein in the
protein table.

• Peptide:  The amino acid sequence of the peptide, as determined by the PEAKS Search. A modified residue
is followed by a pair of parentheses enclosing the modification mass. All non-unique peptides and ones not
passing the filter will be excluded automatically.

• Used:  Shows whether this peptide is used to calculate the protein profile. All peptides which pass the peptides
filters are used to calculate the protein abundance.

• -10LgP: The peptide -10LgP score. The score indicates the likelihood that the peptide-spectrum match identi-
fication is correct.

• Avg. Area:  Each peptide feature associated with the peptide has its own area under the XIC curve. The average
area of is the average area of all the features associated with the peptide.

• Condition Profile: The relative peptide abundance for each condition compared to the reference condition
among the samples is depicted as a heat map. Hold the cursor on a profile to view the samples, the areas, and
the ratios with respect to the reference condition.

• Condition Ratio:  The ratio columns show the relative peptide abundance for each condition with respect to the
reference condition for all groups. A peptide's abundance in each condition is the sum of its feature vector(s)’
abundance. Then the peptide abundance in each condition is compared to the reference condition to obtain
the peptide condition ratio in each sample separately. The peptide condition ratio of a group is computed by
calculating the median from the peptide condition ratios in the samples in that group.

• #Vector: This shows the number of quantifiable feature vectors of a peptide.

• Start: This shows the protein position of the first residue of the peptide that covers the protein.

• End: This shows the protein position of the last residue (inclusive) of the peptide that covers the protein.

• PTM: The types and the numbers of modifications present in the peptide shown in color-coded icons. Scroll
over the modification icon to see the modification name and mass.

• Accession: The proteins supported by the peptide, separated by ';' if the peptide supports multiple proteins. If
none of the proteins that the peptide supports pass the protein filters, the accession field will be empty.

3.3.5. Protein View Filter

Click the  button on top-left of the protein table to open the protein filter and control which proteins to display.
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• Top Proteins: The number of proteins that have the highest number of unique peptides supporting them within
their protein group.

• All Proteins: The number of proteins given the parameters set for PEAKS Protein Score(-10lgP) and number
of unique peptides.

• Protein Sequence contains: Enter a protein sequence, only proteins that contain that sequence will be displayed
in the protein table

• Protein description contains: Enter a protein description, only proteins that contain that description will be
displayed in the protein table

• Include Contaminant Data: Check this to display identifications from the contaminant database that were
identified during a PEAKS DB search.

• Protein Contains Modifications: Check boxes are provided for each identified modification.

3.4. Peptide View

The quantifiable feature vectors with the same sequence are grouped together to get the list of quantifiable peptides
and are displayed in the Peptide View along with their detailed information.

3.4.1. Peptide Table

The peptide table contains the list of quantifiable peptides along with relevant information including the protein
accession.
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The view is similar to the support peptide table described in Section 3.3.4, “Support Peptides”, with some new
columns.

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

• Accession: The proteins supported by the peptide, separated by ',' if the peptide supports multiple proteins. If
none of the proteins that the peptide supports pass the protein filters, the accession field will be empty.

The Peptide table entries may be filtered by using the Peptide View Filters on top of the peptide table, for more
information refer to Section 3.5.1, “Peptide View Filters” in Chapter 5, Peptide, PTM, and Mutation Identification
(PEAKS DB, PEAKS PTM, and SPIDER).

3.4.2. Peptide View Filters

Click the  button on the upper left corner of the peptide table to open the peptide filter and control which
peptides to display.

• Peptide Sequence Contains: Enter a peptide sequence, only peptide that contain that sequence will be displayed
in the peptide table

• Peptide Accession Contains: Enter a peptide accession, only peptides that contain that accession will be dis-
played in the peptide table

• Protein Contains Modifications: Check boxes are provided for each identified modification.

3.4.3. Feature Details

The Feature Details contains the eXtracted Ion Chromatogram (XIC) chart, Ion Match, and the Reporter Ion
Spectrum.

• .Feature Menu: It is under the peptide table. The feature menu displays the information of the feature that is
being displayed in the spectrum.

• Samples: If a peptide is quantified in more than one sample, click the "SAMPLE" drop-down menu to view
the Spectrum Annotation of the other PSMs.

• Feature: Click the Feature drop down menu to show all peptide features included in the result: -10lgP, Avg.
Area, Condition Intensity, Condition Ratio, Id Count, m/z, z, RT, and ppm for each feature are given.

• If the transferred column for the feature displays "true" that means the ID for at least one feature was
transferred.

• PSM Label: Click the PSM Label drop-down menu to show other identified MS/MS scans associated with
the peptide.

3.4.3.1. eXtracted Ion Chromatogram (XIC) chart

This map presents the changes in feature intensity over the retention time range of the peaks for all labels of the
selected peptide. Additionally, the coloured isotopic distribution plot – M0, M+1, M+2, etc. – of each label is
included, which shows the relative composition of each label.
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3.4.3.2. Ion Match

This section displays the spectrum annotation and other information about the peptide selected in the Peptide table.
When multiple spectra are matched to the peptide, only the information about the top-scoring PSM is shown by
default. The interface of this section is identical to the Spectrum Annotation in the PEAKS De Novo result. For
detailed instructions, refer to Section 3.5, “Spectrum Annotation” in Chapter 4, Peptide de novo Sequencing.
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3.4.3.3. MS1 Spectrum

This section provides an MS1 spectrum zoomed in on the reporter ions in the experiment. This is an interactive
spectrum, enabling zooming in and out using the scroll wheel of the mouse. Double-clicking will zoom in on an
area of interest. Clicking and dragging will slide the spectrum to the left or right.

3.5. Result Exporting

PEAKS SILAC results can be exported to various text formats in the Export page. The protein and peptide results
can also be exported from the Protein and Peptide page, respectively.
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• Proteins CSV:  These are the quantified proteins that pass the filters set in the "Summary" page and their
associated details.

• Protein-Peptide CSV: These are the supporting peptides of the quantified proteins and their associated details.

• Peptide CSV:  A complete list of all quantified peptides that pass the peptide feature filters set in the "Summary"
page and their associated details.

• Feature CSV:  All predicted peptide features and their associated quantification information. Both identified
and unidentified peptide features are included. To include unidentified peptide features, set Peptide Id Count
equals to 0 in the Peptide feature filter.

Note

Exporting by sample will begin downloading the same .zip folder, since this does not apply to SILAC
quantification.
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Chapter 13. DeepNovo Peptidome
Workflow
1. Overview

The DeepNovo peptidome workflow takes advantage of the latest de novo technology DeepNovo developed using
deep learning. It's designed for identification of undigested peptides from peptidomic datasets. The algorithm was
trained with an immunopeptidomic dataset for accurate and sensitive identification of undigested peptides.

Note

For more details, refer to the paper: "Deep learning enables de novo peptide sequencing from data-inde-
pendent-acquisition mass spectrometry", Nat Methods 16, 63–66 (2019).

The DeepNovo peptides are then used to assist the following protein database search using PEAKS DB allowing
for accurate and sensitive identification of undigested peptides present in the protein sequencing database.

Note

For more details, refer to the paper: "PEAKS DB: De Novo Sequencing Assisted Database Search for
Sensitive and Accurate Peptide Identification", Mol Cell Proteomics. 2012 Apr;11(4):M111.010587.

Spectra unmatched by database search are re-analyzed using the de novo peptide sequence homology search
SPIDER to allow for accurate identification of peptides with a single amino acid variation from the target database.

Note

For more details, refer to the paper: "SPIDER: software for protein identification from sequence tags
with de novo sequencing error", J Bioinform Comput Biol . 2005 Jun;3(3):697-716.

The combination of the results are then presented in the peptide table where the most confident identification that
passes the given filters is given for each scan in the dataset.

2. Database Search Workflow and Parameter Settings

DeepNovo and Peptide Database Search can be launched together as a DeepNovo Peptidome workflow in a
PEAKS Online search. An analysis report is generated to show the combined results. Users can also do a Deep-
Novo only search without Peptide Database Search.

To conduct a database search workflow, follow the steps below:

1. Refer to Chapter 4, Peptide De Novo Sequencing, Section 2, “De Novo Analysis Workflow and Parameter
Settings” , Step 1-6 to create a new project and add data.

2. Select the "Database Search" workflow.
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3. Set the DeepNovo parameters. Enable Peptide Database Search to find more results (optional).
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4. Click SUBMIT button to start the search.

2.1. Precursor and Fragment Error Tolerance

Precursor mass : This enables the selection of a precursor mass error tolerance. PEAKS Online DB Search
identifies peptides within the precursor mass tolerance, which is the allowable m/z shift between the theoretical
value of the peptide versus the observed value of the precursor ion. Precursor mass tolerance can be specified in
either Da or ppm.

Fragment ion : This enables the selection of a fragment ion m/z tolerance, which is the allowable m/z shift between
the theoretical value of the fragment ions of the peptide versus the observed value. PEAKS Online DB Search
uses this value when scoring peptide-spectrum matches. PEAKS Online considers that a fragment ion is matched
if the calculated m/z is within the tolerance. Fragment mass tolerance can be specified in Da.

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

2.2. Enzyme Settings

Enzyme : The Deep Novo Peptidome workflow is designed for both undigested and Trypsin digested samples.
The enzyme may be either none or Trysin.
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2.3. PTM Settings

Click "ADD/REMOVE MODIFICATION" button to open the "Select Modifications" dialogue and specify the
fixed PTMs and common variable PTMs expected in the sample. It's recommended that no more than 11 variable
modifications are selected. If the required modification is not listed, the modification can also be created here.
Additionally, the maximum number of variable PTMs per peptide can be specified and a value of less than 4 is
recommended. A fixed modification forces all instances of applicable residues to be modified. A variable modi-
fication gives the option for the residues to be modified.

Note

For a specific residue, only one fixed modification is allowed.

Note

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

Only certain modifications are fully supported by the Peptidome workflow. Unsupported modifications can still be
selected for search and will produce results, however, some result information, such as delta RT, will be missing
for these peptides. The list of currently supported modifications is:

• Carbamidomethylation

• Acetylation (K)

• Acetylation (N-term)

• Acetylation (Protein N-term)

• Deamidation (NQ)

• Oxidation (M)

2.4. Peptide Search Parameters

A peptide database must be added first before creating a new project to enable its selection in the workflow. In the
Target Database drop-down menu, select the appropriate database that have been configured in PEAKS Online
and set the taxonomy, if applicable. A contaminant database can also be selected from the same list of databases
that have been configured in PEAKS Online.The length for a peptide can be set when creating an analysis, where
the default peptide length range is between 6 and 45

2.5. Report Filter

PSM filter section is a mandatory section to filter out some results under the user-defined filter. Any changes to
the filter will create a new analysis with old parameters and update the results and statistics.

• PSM -10lgP:  The PEAKS peptide score (-10lgP) is calculated for every peptide-spectrum match (PSM) re-
ported by PEAKS DB, PEAKS PTM, and SPIDER. The score is derived from the p-value that indicates the
statistical significance of the peptide-spectrum match. A peptide may be matched to many spectra, resulting in
multiple PSMs. In that case, the peptide's score is calculated as the maximum among all PSM scores. For details
of the scoring algorithm, please refer to the publication, " PEAKS DB: De Novo sequencing assisted database
search for sensitive and accurate peptide identification ", Mol Cell Proteomics, 2011 Dec 20 . A minimum
requirement can be set and all identifications must pass this filter.

• PSM FDR (%):  The PSM filter can also be set to use the false discovery rate. FDR is estimated using a
"decoy-fusion" approach.
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Note

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

• Peptide FDR (%): Peptide filter can also be set to use the false discovery rate. FDR is estimated using a
"decoy-fusion" approach.

Note

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

• Confident Amino Acid Threshold (%): Minimum local confidence value for each amino acid for it to be
sondered when calculating the CAA (%) for the peptide.

• Deep Novo ALC (%): This filter controls the minimum ALC score required for display of deep novo results.
A default of 50% is set.

3. Understanding Peptidome Results
After a PEAKS Search is complete, all analyses selected during the project creation will be combined under the
workflow drop-down menu. One is the de novo sequencing result, which includes de novo peptide sequences
listed, spectrum annotation and other detailed information. The other result node contains DeepNovo, PEAKS
DB, and SPIDER results.

The analysis results for database search tools are presented in two tabs:

• Summary : This shows an outline of the PEAKS Online peptidome search results with key statistics. The
overall quality of the experiment can be examined and the filters for peptide and protein identifications can be
adjusted. This page shows after the search is done.

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

3.1. Result Filtration

3.1.1. Show Results for All Samples

For the peptide tables, "All Samples" can be selected to view the combined search results from all the samples.

3.1.2. Show Results for Specific Sample

In the Peptides and DeepNovo page results, the filter can also be set to "Specified Sample" which will only show
the results for a single sample. By clicking in the text you can search for a specific sample by name.

Peptides will only be visible if they belong to the sample chosen. Once selected, the peptide tables will automati-
cally add the "Area" column and the "# Spec" values will display the spectral count for the specified sample. For
more information, refer to Section 3.5.2, “Peptide Table” . Similarly, the protein table will also include the columns
"Coverage" and "Area" for the specified sample. For more information refer to Section 3.4.2, “Protein Table” .
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3.2. Result Exporting

PEAKS Online peptidome search results can be exported in the Export page:

• All search parameters: A comma separated file containing all used search parameters.

• MGF File: An mgf file containing the refined MS/MS spectra from the loaded raw data.

• Mzxml: An mzxml file containing the raw MS spectra and refined MS/MS spectra from the loaded raw data.

• DeepNovo Summary Table: A comma separated file containing a summary of the number of peptides de novo
sequenced in each sample.

• DeepNovo CSV: A comma separated file containing the details from the DeepNovo table

• DeepNovo CSV with all Candidates: A comma separated file containing all details from the DeepNovo table
including the top 5 de novo candidates from each spectrum within the ALC threshold set in the search para-
meters.

3.3. DeepNovo Summary View

The DeepNovo summary view reports the key statistics from DeepNovo peptide sequencing

3.3.1. Result Statistics

Details about the filtered result:
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• Sample Name: The name of the sample given during the project setup

• #MS2: Number of MS2 scans in the sample

• #PSM: The 'precursor spectrum match' is the number of peptide features with matching DeepNovo results that
pass the filters set in the search parameters

• #PSM(alc > 30): The is the number of peptide features with matching DeepNovo results above an average
local confidence of 30

• #PSM(alc > 50): The is the number of peptide features with matching DeepNovo results above an average local
confidence of 50

• #PSM(alc > 70): The is the number of peptide features with matching DeepNovo results above an average local
confidence of 70

• #PSM/#MS2: The number of PSMs with DeepNovo results above the ALC filter set in the search parameters
divided by the number of MS2 scans in the dataset

Table 1 provides the total number of MS2 scans and PSMs total as well as the number of MS2 scans and PSMs
with different ALC thresholds for each sample. The #PSM / #MS2 provides a de novo sequencing identification
rate metric for each sample.

Figures 1 - 3 are used to visualize the distribution of the DeepNovo results

• Figure 1: Average local confidence score versus precursor PPM: The distribution of DeepNovo result average
local confidence versus the precursor mass error in parts per million. A color gradient from green (low density)
to orange (high density) is used to represent the density of results at each position on the dot plot

• Figure 2: Residue Local confidence histogram: Using the percentage local confidence assigned to each amino
acid, a histogram is reported with the number of amino acids with a local confidence at the given local confidence
score.

• Figure 3a: Average local confidence score versus the delta retention time: Compares the average local confi-
dence to the difference between the predicted retention time of a peptide versus the actual retention time in
minutes. This figure validates the quality of the retention time prediction
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• Figure 3b: Scatterplot of retention time versus the predicted peptide for each DeepNovo result: Each point
represents the retention time from the data file versus the predicted retention time. The regression function used
to predict retention time is plotted against the data.

• Figure 4a: Histogram of peptide ∆1/k0 for timsTOF data.

• Figure 4b: Regression plot of peptide 1/k0 versus predicted 1/k0 for timsTOF data.

3.4. DeepNovo Sequence Table

3.4.1. Peptide View Filters

Click the  button, the following De Novo Filter will pop up. It controls which peptides to display.
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• Denovo sequence contains: Enter a string of amino acids. The filter will return any result containing the string.
Modification masses can be included as their mass within circle brackets, i.e (+15.99)

• Scan:  Filter for a single scan number based on the scan numbers read from the raw data file.

• Precursor Id: Filter is only relevant for TimsTOF data, for which it will filter based on the precursor id of
the peptide.

• m/z: Filter based on the expected m/z, the last significant digit is rounded.

• RT: Filter based on the expected RT, the last significant digit is rounded.

• delta RT <=: Only results with a difference in retention time between the predicted retention time and the
observed retention time less than the given value will be displayed.

• delta RT >=: Only results with a difference in retention time between the predicted retention time and the
observed retention time greater than the given value will be displayed.

3.4.1.1. Local Confidence Slider

The local confidence slide accessed by clicking the  button to bring up the local confidence slider.

The slider is used to set the minimum local confidence for all amino acids. Amino acids with a local confidence
score below the threshold will be reported as their mass in daltons. If multiple amino acids are found in a row
below the cut-off the mass of each amino acid will be added to create a mass tag. This slider also controls the de
novo tag that appears in the tag column of the export.

3.4.2. DeepNovo Table

The DeepNovo table shows the filtered DeepNovo results. Each row in the table is a precursor identification
represented by its highest-scoring de novo sequencing result. The table is sorted by the ALC value.
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The columns Scan, peptide, ALC, m/z, z, RT, and Delta RT, are sortable, i.e. Clicking any of these header can
sort the whole table based on that column.

The columns in the Peptide table are:

• Scan:  The scan number, followed by the precursor ID (for timsTOF data), from the raw file followed by the
raw file name

• Peptide: The predicted de novosequence color coded by the local confidence score of each amino acid. The

color legend can be found by clicking the local confidence slider button 

• ALC(%):  The average local confidence of the peptide. It is the average of the individual local confidence
scores. Local confidence scores are calculated by permutation of the possible peptide sequences that can match
the precursor mass and comparing the sequence alignments. The local confidence represents the likelihood that
the amino acid reported at the position is correct compared to the other possible matches.

• Length:  The number of amino acids in the peptide sequence.

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

• z: The charge of the peptide retrieved from the raw file

• RT:  The retention time (elution time) of the spectrum as recorded in the data.

• Delta RT: The difference between the observed retention time and the retention time predicted during analysis.

• Area: The area of the peptide feature associated with the de novo result. If no area could be associated from
feature detection, an empty cell is give.

• Mass: The theoretical mass of the predicted de novo sequencing result

• ppm:  The precursor mass error, calculated as 10 6 × (precursor mass - peptide mass) / peptide mass.

• PTM:  The types and the numbers of modifications present in the peptide shown in color-coded icons.

• Mode:  The fragmentation mode of the scan associated with the de novo result

3.4.3. Annotated Spectrum

The annotated spectrum view by default will give a mirror plot comparing the DeepNovo result to the spectrum
predicted by the deep learning model. To the right of the mirror plot, the precursor profile displays the extracted
ion chromatogram of the MS1 signal associated with the M0, M+1, and M+2 ions of the intact peptide. Below
the mirror plot, the ion details are given:

Fragment ion details table:

• Label: The type of predicted fragment ion

• Predicted M/Z: The theoretical mass to charge ratio of the amino acid predicted at the position

• Predicted Intensity (%): The predicted relative intensity of the fragment ion from the deep learning model

• Query M/Z: The observed mass to charge ratio of the fragment ion

• Query Intensity: The observed intensity of the fragment ion
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Click the  button to switch to the annotated spectrum view. The annotated spectrum view is described in
the Section 3.5, “Spectrum Annotation” section.

3.5. Peptide Search Summary View

The Summary view reports key statistics as an overview of the result. In the report, several statistical charts can
be examined to assess result quality.
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3.5.1. Result Statistics

The first chart displays the summary information for each sample.

• Sample Name: This column lists the samples names with the exception of the first row, which shows the
combination of all the samples.

• #MS Run: The number of data files included in the sample

• #MS1: The number of MS scans in the sample

• # MS2:  The total MS/MS scans in the sample summed across all data files.

• # PSM:  Total number of precursor spectrum matches (PSMs) found in the sample.

• # Peptides:  Total number of peptides found ignoring differences with leucine (L) and isoleucine (I) amino
acids. Peptides with the same primary sequence but different PTMs are counted separately.

• # Sequences:  Total number of different peptide backbone sequences found ignoring differences with leucine
(L) and isoleucine (I) amino acids. Peptides with the same primary sequence but different PTMs are counted
as one sequence.

• #PSM/#MS2: The precursor spectrum matches identified divided by the total number of MS2 in the sample

3.5.2. Summary View Figures

Figure 1 shows the FDR curve with respect to the number of PSMs being kept after filtration by the peptide -10lgP
score. By lowering the score threshold, more PSMs are kept in the filtered result. Conversely, the FDR increases
because more false positives are kept. In this figure, the vertical line indicates the current score threshold. The
number of PSMs and the corresponding FDR by the current score threshold are shown in the top-left corner.

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

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

Note

When counting the number of PSMs, PEAKS Online keeps one peptide per spectrum at most. Thus, the
number of PSMs is actually the number of spectra with assigned peptides.

Note

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

Figure 2: Distribution of precursor mass error of filtered PSM in ppm: Shows a histogram of mass error of iden-
tifications bundled by the number of precursor spectrum matches in each group.

Table 1. Statistics of filtered results.

• DB Peptides: The number of peptides matched by PEAKS DB database search

• Homolog Peptides: The number of peptides matched by SPIDER homology search

• DeepNovo Peptides: The number of peptides matches by DeepNovo de novo sequencing
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• FDR (Peptide-spectrum matches): The false discovery rate of the full list of target hits from PEAKS DB and
SPIDER versus hits from the decoy database at the precursor spectrum match level.

• FDR (Peptide sequences): The false discovery rate of the full list of target hits from PEAKS DB and SPIDER
versus hits from the decoy database at the peptide level.

• -10LgP Cutoff (Peptides): The score where the FDR cut-off is reached selected by the search parameters.

Figure 3a. Histogram of peptide delta RT: The difference in RT between the observed RT versus the predicted
RT bundled by the number of peptides in each range.

Figure 3b. Scatterplot of peptide RT versus Predicted RT: Each point represents a predicted peptide sequence. The
distribution of predicted RT versus observed RT is shown for DeepNovo, SPIDER, and PEAKS DB results. The
predicted regression function is also given.

Figure 4a. Histogram of peptide ∆1/k0 for timsTOF data.

Figure 4b. Regression plot of peptide 1/k0 versus predicted 1/k0 for timsTOF data.

Figure 5. Boxplot of median delta RT across all MS runs: The retention time plotted against delta RT showing
the trend of different in predicted RT versus observed RT over time. This chart highlights times across all runs
where RT prediction may be different from the average.

3.5.3. Low Quality Data Warnings

If PEAKS Online detects any data files producing very few or no results a warning section will appear at the top
of the Summary Page indicating the number of data files producing poor or no results.

This section can be expanded to display a list of data files in the analysis that are producing poor or no results.

If there were no results found in any of your data files, a warning message stating "No Results Found" will be
displayed instead of the usual Summary Page figures and tables.

3.6. Peptide View

The Peptide Table shows the filtered peptide identification results. Click on a peptide row to show the spectrum
below the peptide table.
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3.6.1. Peptide View Filters

Click the  button, the following Peptide Filter will pop up. It controls which peptides to display.
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• Peptide sequence contains:  Enter an amino acid sequence, only peptides that contain that sequence will be
displayed in the peptide table.

• Scan:  Filter for a single scan number based on the scan numbers read from the raw data file.

• Precursor Id: Filter is only relevant for TimsTOF data, for which it will filter based on the precursor id of
the peptide.

• m/z: Filter based on the expected m/z, the last significant digit is rounded.

• RT: Filter based on the expected RT, the last significant digit is rounded.

• Peptide sample area: Filters based on total peptide area found in each sample. If a peptide is found in multiple
samples, there should be at least one sample pass this filter for the peptide to be included.

• delta RT <=: Only results with a difference in retention time between the predicted retention time and the
observed retention time less than the given value will be displayed.

• delta RT >=: Only results with a difference in retention time between the predicted retention time and the
observed retention time greater than the given value will be displayed.

• Found By: The algorithm used to find the peptide sequences

• Peptide Contains Modifications: Check boxes are provided for each identified modification. Peptides that
contain the selected PTMs will be shown.

3.6.2. Peptide Table

The Peptide Table shows the filtered peptide identification results. Each row in the table is a peptide identification
represented by its highest-scoring PSM. The table is sorted by the -10lgP value. In the Protein list drop-down
window of each peptide, after clicking any of the protein, the protein page will be opened.
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The columns Peptides, -10LgP, m/z, RT, Accession are sortable, i.e. Clicking any of these header can sort the
whole table based on that column.

The columns in the Peptide table are:

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

• -10lgP:  The peptide -10lgP score. The score indicates the scoring significance of a peptide-spectrum match.

• CAA (%): The average local confidence of the amino acids above the threshold set in the report filter section.

• Mass:  The monoisotopic mass of the peptide.

• Length:  The number of amino acids in the peptide sequence.

• ppm:  The precursor mass error, calculated as 10 6 × (precursor mass - peptide mass) / peptide mass.

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

• RT:  The retention time (elution time) of the spectrum as recorded in the data.

• Delta RT: The difference in retention time between the observed retention time and the predicted retention time.

• MS2 Correlation: Correlation between the predicted and query MS2 spectra (including ion match and inten-
sity).

• Scan:  The scan number of the spectrum that matches the peptide sequence with the highest -10lgP.

• #Spec:  The number of MS2 spectra assigned to the peptide.

• PTM:  The types and the numbers of modifications present in the peptide shown in color-coded icons.

• AScore:  Localization score assigned to modifications on the peptide. It is the -10 log of a p-value. In this case,
the p-value is the probability that the modification occurs at the reported position compared to other possible
positions. A -10lgP of 20 is equal to a p-value of 0.01. Scores are listed in the format AminoAcid, peptide
position, Ascore.

• Found By: The algorithm the peptide was found by: PEAKS DB, DeepNovo, or Spider (shown as homolog).

• Accession:  The accession number of the highest-scoring protein containing this peptide.

• Precursor Id:  This column is only available for TimsTof data, it shows precursor's id from the raw data.

• 1/k0:  This column is only available for TimsTof data, it shows the ion mobility range of for the precursor.

3.6.3. Peptide Global Comparative View

"Peptide Global Comparative View" provides detailed comparisons among different samples regarding the identi-

fied peptides. To Show/Hide Columns, click  on top-left of the peptide table. From the pop-up window, users

can add and remove area and spectral count columns. In the peptide table, the selected columns will be displayed
and can be exported. If "Specified Sample" is selected these columns are automatically displayed.
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Note

PEAKS Online provides users the option to calculate peptide abundance using the MS1 feature area
calculation or using the MS1 feature intensity. By default, area is used. The default can be changed by
the administrator.

• Area by sample: The total area of all peptide features matched to spectra that identified the peptide. Area
calculations are separated into multiple columns if multiple samples were included in the run.

• #Peptide-spectrum matches by sample: The number of peptide spectrum matches associated with a peptide
separated by sample.

3.6.4. Annotated Spectrum

The annotated spectrum view by default will give a mirror plot comparing the result to the spectrum predicted
by the deep learning model. To the right of the mirror plot, the precursor profile displays the extracted ion chro-
matogram of the MS1 signal associated with the M0, M+1, and M+2 ions of the intact peptide. Below the mirror
plot, the ion details are given:

Fragment ion details table:

• Label: The type of predicted fragment ion

• Predicted M/Z: The theoretical mass to charge ratio of the amino acid predicted at the position

• Predicted Intensity (%): The predicted relative intensity of the fragment ion from the deep learning model

• Query M/Z: The observed mass to charge ratio of the fragment ion
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• Query Intensity: The observed intensity of the fragment ion

Click the  button to switch to the annotated spectrum view. The annotated spectrum view is described in
the Section 3.5, “Spectrum Annotation” section.



214

Chapter 14. Instrument Daemon
The PEAKS Online Instrument Daemon is a separate process included with your PEAKS Online server. It can be
installed on an Instrument or Data machine to allow for an automatic upload and the analysis of raw data as the
mass spectrometric acquisitions are complete.

This section of the manual covers the use of an Instrument Daemon that has already been installed and registered
with your PEAKS Online server. For help with installing or configuring an Instrument Daemon please refer to the
Instrument Daemon section of the Admin manual.

1. What is an Instrument Daemon?

An Instrument Daemon allows for real-time processing of data as it comes off the instrument. Instrument Daemons
are separate processes run alongside PEAKS Online, typically on the data acquisition machine. Once installed,
the Instrument Daemon will be pointed towards the directory on the machine that new data is written to. The
Instrument Daemon will then scan the directory periodically for new data.

From the PEAKS Online Web Interface, projects can be scheduled using these Instrument Daemons. When the
Instrument Data scans its directory and locates new data that fits the requirements for a scheduled project, it will
automatically upload the data and submit it for processing.

Notes on Instrument Daemons:

• Your PEAKS Online server can have any number of Instrument Daemons connected to it.

• A single project can request data from multiple Instrument Daemons at the same time.

• Data can be uploaded using an Instrument Daemon either pro-actively (before your experiment has run through
the Mass Spectrometer) or retro-actively (after your experiment has been run through the Mass Spectrometer).

2. How to add Data using an Instrument Daemon

Adding data to a project, either a new project or an existing project, is very similar to adding data either from a
Local or Remote data source. To review how to add data to a project refer to Chapter 1 Section 5.2 - Creating
a PEAKS Online Project.

2.1. Data Page

To add data from an Instrument Daemon, instead of using existing data either Locally or from a Remote Data
Repository, follow these steps:
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1. On the Data Page, select the "Instrument" tab instead of the "Local" or "Remote" tabs.

2.

Select one, or more, Instrument Daemons from the list and click the  button to move them to the right
side of the page. This will add them to the "Instrument Daemon" section at the bottom of the page, instead of
the "Samples" section above.

3. Once added, you will need to specify the criteria for data on the selected Instrument Daemons to be added to

this project. To do this, click on the  button above the list of added Instrument Daemons.
This will pop up a new dialog box.
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4. In this new dialog you will need to complete the following steps:

i. Type in, or copy and paste, an example filename that follows the format of files from the experiment you
wish to analyze.

Note

It is best if this is an actual filename from your experiment (either from a file that has already been
generated or an example of one that will be generated).

ii. Select the delimiters, at the top of the dialog, that should be used to split your example filename. This will
be used to cut your filename into sections, and these sections will then be used to determine if data should
be added to this project or not as well as how to group files into samples within the project. For the example
above, period (.) and underscore (_) were selected as delimiters, which breaks the example filename into 4
sections, "ExampleProject", "Sample01", "Fraction01", and "raw".

iii.Beneath your example file name, select the sections of the filename that should be used to do the following
grouping:

a. Project. This should be a portion of the filename that is common across every file that will be generated
for this project, but that is not used for any other files on that Instrument Daemon. In this example, the
first section, "ExampleProject" was selected. This means any data on the selected Instrument Daemon(s)
that starts with the words "ExampleProject" will be added to this project. This would include existing
data on the Instrument Daemon.

b. Sample. This should be a portion of the filename that is common across all fractions of a single sample.
In this example, the second section, "Sample01", was selected. This means any data that shares the same
text in this section will be grouped together in a sample. So all files with "Sample01" will be grouped as
"Sample01" and all files with "Sample02" will be grouped as "Sample02".

c. Enzyme. This should be a portion of the filename that relates to the Enzyme used for that Mass Spec run.
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Important

This must match an Enzyme that exists on your PEAKS Online server exactly in order to work.
For example, Trypsin.

d. Activation. This should be a portion of the filename that relates to the Activation Method used for that
Mass Spec run.

Important

This must match one of the built-in Activation Methods on PEAKS Online exactly in order to
work. For example, HCD.

e. Samples in Project. Here you should specify the number of samples you expect to run, or have already
run, for this experiment.

f. Fractions per Sample. Here you should specify the number of fractions that you are expecting for each
sample you are running as part of this experiment.

Important

All samples added to a project using Instrument Daemons must have the same number of frac-
tions.

g. Schedule Max Waiting Time for Sample. This is an optional parameter that will set a max wait time
for each sample. Once a sample has received its first fraction (in the case of fractionated samples) if it
has not received all of its fraction files within the specified time period, that sample will be considered
failed. This is to prevent files that may have run into issues on the instrument from causing projects to
hang indefinitely.

h. Schedule Max Waiting Time for Project. This is an optional parameter that will set a max wait time for
the entire project. After the specified time has elapsed, any samples that have not received all of their
fractions will be considered failed.

iv.
Once this has all been set, click the  button to save the parsing rule.

5.

Once the parsing rule has been set, you can either click the  button to continue to the analysis

parameter settings or the  button to load the data without performing an analysis.

2.2. Data Copy

And additional function that the Instrument Daemon has is the ability to copy data into a Data Repository. This is an
optional step that can be requested when adding new data to a new or existing project using an Instrument Daemon.

In order to utilize this function, follow these steps:

1.

After the Instrument Daemon has been added to the project on the Data Page, click the 
button at the top of the Instrument Daemon section. This will pop up a new dialog.
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2. This new dialog will contain a list of all Remote Data Repositories attached to your PEAKS Online server,
similar to selecting the "Remote" tab for data upload.

3. Select the Data Repository you wish to copy the data to and navigate to the location within that repository
where you wish to save the data.

4.
Click the  button.

After a location has been specified, any data that is sent to the master from an Instrument Daemon as a part of this
analysis will then also be copied to the specified Data Repository location.

Note

Copying data to a Remote Repository will not modify or affect the original copy of the data on the
Instrument Daemon machine.

2.3. Instrument Daemon Samples

Once added to a project, samples from an Instrument Daemon will appear like any other sample on the project
data page.

Before the Instrument Daemon starts the upload for a sample, placeholder samples will be created and displayed
on the data page.
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When a sample finishes loading, the sample names and file names from the placeholder sample will be updated
with the actual names.


