








Statistical Algorithms Overview

ProteolQ provides two methods for stastical analysis of peptide and protein identifications.
Determining confidence in peptide and protein assignments can be performed using Peptide
Probability or Protein Probability thresholds or False Discovery Rate analysis. See the
discussion on “Evaluating Confidence in Peptide and Protein Identifications” for more
details on how to apply probabilities or false discovery rates in ProteolQ.

Probability

ProteolQ calculates probabilities that peptide and protein assignments are correct by
employing a Java based implementation of the statistical models commonly known as
Peptide Prophet and Protein Prophet, as developed by the Institute for Systems Biology. In
the Peptide Set Viewer, probability refers to the probability that the peptide assignment to a
given spectra is correct. In the Protein Set Viewer, probability indicates the likelihood that
the protein assignment is correct taking into account the probability of the peptide
assignments for all peptides apportioned to that protein. For a more detailed discussion on
how the probabilities are calculated see the journal articles below.

References:

Keller, A., Nesvizhskii, A. I., Kolker, E., Aebersold, R. Empirical statistical model to estimate the accuracy of peptide
identifications made by MS/MS and database search. Anal. Chem. 2002, 74, 5383-5392.

Nesvizhskii, A. I., Keller, A., Kolker, E., Aebersold, R. A statistical model for identifying proteins by tandem mass
spectrometry. Anal. Chem. 2003, 75, 4646-4658.

Peptide and Protein False Discovery Rates

ProteolQ utilizes the ProValT algorithm to calculate protein and peptide false discovery rates
as described in Weatherly et al. False discovery rates are calculated by comparing the
frequency of peptide and protein identifications at score thresholds between a Target and
Decoy (reversed or scrambled) database. The false discovery rate is defined as the number
of decoy peptide or protein identifications divided by the number of target peptides or
proteins multiplied by 100%.

Reference:

Weatherly, DB., Atwood, JA., Minning, TA., Cavola, C., Tarleton, RL., Orlando, R. A heuristic method for
assigning a false-discovery rate for protein identifications from Mascot database search results. Mol.




Data File Formats

Table 7 describes the files formats supported in ProteolQ.

Table 7. File formats

File Extension

About

Location and Use

.dat

.out

.dta

.srf

-piq

fasta

.obj

.inx

xml

Mascot (Matrix Science) database
search result format.

Thermo Fischer database search result
format containing peptide information

Thermo Fischer MS/MS peak list format
used to create the MS/MS spectral
view in ProteolQ

Thermo Fischer, BioWorks search
results file.

ProteolQ project extension

Database format

ProteolQ project file

ProteolQ index file

X!Tandem database search results
output format

Import in New Project Wizard

Import in New Project Wizard

Import in New Project Wizard

Import in New Project Wizard

Saved when a project is created
Select this file to open a project

Export

Required to be present in project
folder but not selected to open a
project

Required to be present in project
folder but not selected to open a
project

Import in New Project Wizard










SEQUEST (.OUT, .DTA, .PARAMS and .SRF)

ProteolQ supports either binary search results formats (.SRF) or the human readable format
of SEQUEST .OUT, .DTA, and .PARAMS. For the .OUT format, each search result folder should
contain the .OUT, .DTA, and .PARAMS files.

Note: SEQUEST folders often contain very large numbers of files. For this reason, we

recommend copying these folders to a separate directory prior to running ProteolQ.

BioWorks versions 3.2 and greater support the creation of .SRF files. ProteolQ currently
support parsing of .SRF files generated directly from the SEQUEST search or via conversion of
the .OUT and .DTA results folders to .SRF format.

X!Tandem (.XML)

X!Tandem generates an .XML results report than can be directly imported into ProteolQ.

FASTA Database

ProteolQ maps peptide identifications to proteins present in a FASTA database. To ensure
accurate results, the same database used to generate the search results should be used to
create the ProteolQ project. See Modify Database Wizard for information on importing
databases in ProteolQ.



Creating a New Project — Label Free Quantitation

To create a new project in ProteolQ, first select the New Project Wizard from the Navigation
Pane as shown in Figure 24, then select Label Free Quantitation.

Figure 24. New Project Wizard
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There are twelve sections in the New Project Wizard. The following describe the individual
sections in the New Project Wizard.

Describe Project

Describe Proteome

Describe Samples

Choose Database

Search Results Options
Select Target Files for Parsing
Select Decoy Files for Parsing
Select Non Target Files for Parsing
Peptide Parsing Options
Parse Files\MS lons Data
Cluster Peptides



Describe Project

The Describe Project section contains fields for adding information about the new
project and defines where the project will be saved. Figure 25 shows the Describe
Project section of the New Project Wizard. Table 10 describes the fields.

Figure 25. Describe Project
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Table 10. Fields in the Describe Project Section
Field Description

Project Name The project name should be entered in this field. A ProteolQ project may

contain multiple proteomes and peptide/protein sets along with all the
parameters used in its creation. A project may be saved and reopened at
any time.

User Name Enter a user name here to assist you in identifying your project in the future.
This field is not required.

Project Description Enter a description of the project here to assist you in identifying your
project. This field is optional.

Project Path Specifies the location that the project will be saved. Click “browse” to locate
the project path on your computer or network.










Select Files for Parsing

The Select Files for Parsing window is used to add Target, Decoy, or Non-Target database
search results and assign them to Replicates and Plex (Figure 39). Please see the “Grouping
Database Search Results” tutorial for a more detailed description of this process.

Result FileType allows you to select the database search results format to be grouped.

Figure 39. Select Files for Parsing
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Browse for database
search files

Grouping database search results in ProteolQ is performed as follows:

1. Select the search results format. Note: multiple search result formats can be
imported into ProteolQ within the same project.

2. Browse database search results. The name of the peak list used to produce the
database search result is rendered in the Available Results Files viewer.

3. Select the files for grouping.

4. Once selected, the files appear as highlighted. Move the highlighted files to the
Files Assigned to External Replicates viewer by selecting Add.

5. Select the appropriate result file(s) in the Files Assigned to External Replicates
viewer

6. Select the Replicate and Plex from the List of Samples drop down menu.

7. Click Assign Files to Sample.

Manually group search result files to source — if selected, allows source files with different
names to be grouped together as if from the same source (MS/MS file).




Select Label Modification

The Select Label Modification window allows the user to select which modification is
associated with the reporter ion being used for quantitation (i.e. in the case of iTRAQ, the
modification would be +144.1). To select the modification, simply highlight the correct
modification mass and name then select Next.

Figure 40. Select label modification
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Note: If the correct mass/name is not displayed, the user can enter the appropriate

mass in the “enter the mass of modification” field.




Modify Database Wizard

To load or modify a FASTA database in ProteolQ, first select the Modify Database Wizard
from the Navigation Pane as shown in Figure 41. For a detailed description for creation of
new databases please see the “Database Wizard” and “Creating New Hyperlinks” Tutorials.

Figure 41. Accessing the Modify Database Wizard

Open Project .
Add or modify FASTA databases
*{a@_Modity Databases | SRR and create hyperlinks
= — =
i PP r— Proteol( -- Database Maintenance == =
Describe Database
-
g vee || specyrarserues
Select Database - ]
Test Parse Rules
Specify Hyperlinks Database Name |Human GenBank Target |
[ ! Minimi; t
Save ba Database Type [Target - ]
(h Q Close Description |Homa sapiens GenBark, 4 Mar 2008 ‘
Browse Sequence File ] Human GerBark Target_L. fasta |
Register Hyperlinks? [7] Yes Mo
<Back Il Next > Il Cancel

There are five sections in the Modify Database Wizard. The following describe the individual
sections in the Modify Database Wizard.

Describe Database
Specify Parse Rules
Test Parse Rules
Specify Hyperlinks
Save Database







How Filtering Works

The filtering pane is broken down into three sections.

1. Peptide Filters
2. Protein Filters
3. Statistical Filter

When a filter is applied the peptide and protein sets are filtered according to the parameters
set in the Filter Pane and new peptide or protein set is displayed and can be accessed via the
Protein Set Navigation Bar.

Filters are applied in the following order:

1. If a Peptide False Discovery Rate is assigned, peptides are removed based up the
minimum Xcorr, F value, lon Score, or Hyper Score required to meet the user specified
false discovery rate.

2. Peptides are then removed based upon the assigned peptide filters. For example, if a
minimum peptide ion score of 40 is selected then all peptides below a score of 40 are
first removed prior to protein assembly. If a peptide probability filter is assigned
peptides are removed from the dataset based on the filter parameters.

3. Once Protein Groups are assembled, protein groups are selected based upon the user
specified Protein False Discovery Rate.

4. Protein filters are then applied to the proteins passing the False Discovery Rate.
Protein probability filters are applied at the same time as other protein filters such as
#peptides or %sequence coverage.

5. If the maximum number of proteins groups matching a peptide is assigned then this
filter is applied after the protein filtering.

Note: Filters are based off of the TOTAL RESULTS. Selecting a Biological Sample does
NOT restrict the filters to the selected sample. In order to filter specific Biological

Samples you must use the Copy Selected to New Protein Set Feature.




Selecting Protein Sets to Filter

Filters can be applied to an existing protein set or to all of the peptides extracted from the
database search results (No Filter) as shown in Figure 47. Table 20 describes the fields in the
Selecting Protein Sets Filter window.

Figure 47. Protein Set Selection Window for Filtering

Select protein set from
filter previous set drop down menu
Enter name of

new protem set

""" Protein Set Name: Mew Protein Set Protein Set 1
Protein Set 2
Protein Set 3

Table 20. Fields in the Protein Set Section Window

Field Description

Filtering an Existing To filter an existing protein set, select the protein set name
Protein Set from the Filter Previous Set drop down menu.

No Filter Selecting No Filter means that the filter will be applied to ALL

peptides parsed from your database search results. This allows
peptides not present in the original protein set to be displayed
by losing the filter conditions.

Protein Set Name Text field for specifying the name of the new protein set. This
name will appear in the Protein Set Navigation Bar.




Description of Filter Parameters

Field

Description

Peptide Score

Peptide Length (AA)

# Spectra per peptide

# Proteins per Peptide

# Protein Groups per

Peptide

Charge state

Enzyme Specificity

Score refers to either Mascot lon Score, SEQUEST Xcorr, or X!Tandem
Hyper Score.

Number of amino acids contained in the peptide.

Number of MS/MS sequencing events for unique peptide identification.
Also known as spectral counts.

Specifies the number of proteins a peptide can match to. When
performing spectral count quantification peptides that match to more
than one protein can affect the accuracy of the quantification. Setting the
max number of proteins per peptide to 1 removes all peptides that
appear in more than one protein.

Specifies the number of protein groups a peptide can match to. For
proteomes with many homologous proteins a single peptide can match
to many protein groups. This means that the peptide is not unique to a
single protein group. If the user restricts the number of protein groups
per peptide to 1 they in effect display only “unique” peptides. In other
words only peptides than are uniquely assigned to a single protein group
are displayed.

If the filter by charge state is selected, ProteolQ removes all peptides that
were not identified with the specified charge states. Note: Filtering by
charge state only requires that at least one occurrence of the peptide
identification is a result of the assigned charge state. All other peptide
identifications will also be displayed as long as one of them has the
specified charge state.

Selecting enzyme specificity limits the displayed peptides to those
identified in the database search results from which the given enzyme
cleavage rules were applied.




Field

Description

Modification Name

DB Search Engine

Total Protein Score

# Peptides

% Sequence Coverage

# Spectra

% of Replicates

Gene Name Contains

Biological Sample

Displays peptides identified with the user selected modification.

Displays peptides identified from the selected DB search engine.

Filters proteins based on total score.

The number of non redundant peptides matching a given protein.

Calculated as the sum of the number of amino acids in all identified
peptides divided by the total number of amino acids in the protein
multiplied by one hundred.

Number of MS/MS sequencing events for all peptides assigned to a
given protein. Also known as spectral counts.

Filters protein identifications based on their identification in a
percentage or replicates. For example, if 4 replicates were performed
and a value of 75% or replicates was applied then the protein would
have to be identified in 3 out of 4 replicates to be included in the final
protein set.

This function allows the user to assign a text search of the entire protein
dataset. Proteins with names that contain the user specified text string
will be rendered as a new protein set.

Filter produces a protein set containing proteins identified in the
selected biological samples. Two options are available. If “In” is selected
the protein set will contain proteins identified in the selected sample. If
“Not In” is selected the created protein set will contain proteins
identified in the biological sample that was not selected.













Evaluating Results

The following sections provide an overview on how to interpret your results in ProteolQ. The
following contents are covered in this section.

Peptide Identification

Protein Identification

Whole Proteome Visualization
Quantitation

Peptide Identification

In ProteolQ there are three methods to assist in establishing a threshold of confidence for
peptide identifications generated from database search results. These include traditional
methods of Filtering by Scores or related metrics (Score Delta, Charge, etc.), Peptide
Probabilities, and Peptide False Discovery Rates. Manual validation of individual MS/MS
spectra is also supported in ProteolQ.

Score Filters

Peptide Probability

Peptide False Discovery Rate
Validating MS/MS Spectra

Note: Peptide probability and False Discovery Rate estimations are HIGHLY dependent on
the size of the data set. It is always recommended that you evaluate the probability and

false discovery rate plots to determine if these calculations are valid.




Score Filters

For data sets with fewer than 500 peptides, native database search scores should be used to
filter peptide identifications. Setting thresholds for confident peptide identification can be
performed using native Mascot lon Scores, SEQUEST Xcorr’s, and X!Tandem Hyper Scores.
Two methods can be used to remove peptides by score as shown in Figure 55.

Figure 55. Score Filters
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Copy Selected to New Protein Set

Validating peptide identifications by Score in the Filter Pane

1. Enter Min Peptide Score in Filter Pane
2. Select Create New Protein Set

Validating peptide identifications by Score in the Peptide Set Viewer

1. Sort peptides by Score by selecting the Score column header
2. Highlight to select peptides of interest
3. Right click and select Copy Selected to New Protein Set

Combining Score Filters with Charge State

A common approach for validating peptide identifications is to combine Score Filters with
Charge State Filters. The assumption is that as charge increases the size of the peptide will
also increase. Since scores are directly related to the number of matched fragment ions then
different score thresholds should be used for peptides of different size.

To perform this analysis in ProteolQ, simply enter the Score in Min Peptide Score and then
select the Charge State in the Filter Pane.



Quantitation Overview — Reporter lon Quantitation

Figure 73 shows a flow chart for how quantitation is performed for a binary comparison of
two biological samples with two replicates using an iTRAQ 2 Plex reagent. Table 34 contains
descriptions of the data types specifically associated with Reporter lon Quantitation

Figure 73. Quantitation Flow Chart — Reporter lon Quantitation
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Pseudo Spectral Counts

The concept of "pseudo spectral counts" is intended to provide a measure of sampling when
a reporter ion based quantitation is performed. Since reporter ion quantitation is a mixture
based technique (i.e. all samples are mixed together prior to analysis), a traditional spectral
count value is not feasible. To circumvent this, the pseudo spectral count takes into account
the number of peptides and relative reporter ion intensities for each biological group to
allow a researcher to evaluate a protein’s sampling.

Figure 75 shows a flow chart for how pseudo spectral counts are calculated as performed for
a binary comparison of two biological samples with two replicates.

Figure 75. Calculation of Pseudo Spectral Counts

Note: Once pseudo spectral counts are calculated for an individual peptide, normalization

and replicate analysis is performed exactly as described under the Label Free Quantitation
section




The Pseudo Spectral Count Workflow

1. For every peptide, the reporter ions are detected based upon the user specified Mass
Window and Reporter Method. Note: for a reporter ion to be detected the ion must
be within the Mass Window specified and the peptide must contain the modification
associated with the reporter label.

2. Reporter ion intensities are then saved for each peptide.

3. The average reporter ion intensity is calculated across all reporter ions for a given
peptide.

4. Pseudo spectral counts are then calculated by dividing the intensity of each reporter
ion by the average reporter ion intensity.

Pseudo Spectral Counts Without Normalization

Table 35 contains descriptions of the data types specifically associated with native pseudo
spectral counts.

Table 35. Native Pseudo Spectral Count Data Types

Field Description

Pseudo Spectral Count (P-SC) | The average pseudo spectral counts across all replicates within a
Biological Sample.

P-SC Standard Deviation The standard deviation of pseudo spectral counts between
replicates within a Biological Sample.

P-SC % Standard Deviation The percent standard deviation of pseudo spectral counts
between replicates within a Biological Sample.




Table 40. Parameters in the Relative Expression Differences (Dot) Plot

Field

Description

Choose Groups for Y-Axis

Choose Groups for X-Axis

Expression Level Data Source

Order Protein by Value

Show Proteins in All Groups

Shade by Expression Value

When a Biological Sample is selected, the Log, Expression
Difference for that samples proteins (using either Non-
Normalized Average Spectral Counts, Normalized Spectral
Counts, or Reporter lon Quantitation.) will be displayed as data
points.

Determines the Biological Samples that act as the reference for
the Log2 Relative Expression Difference calculations. For
example, if Biological Sample 1, proteinX (Log, = 0.5) is selected
as Y-Axis and Biological Sample 2, proteinX (Log, = -0.5) is
selected as Reference Group the Log, Expression Difference will
be calculated as follows: 1.0 =0.5 - (-0.5). When more than one
Biological Sample is selected as the reference (X-axis) the Data
Source is averaged for each protein between the selected
Biological Samples prior to the Log; calculation being performed.

The Data Source specifies when type of data to use for the Log,
relative expression calculation. Options are Non-Normalized
Average Spectral Counts, or Normalized Spectral Counts.

Note: for reporter quantitation the Data Source field is
deactivated and expression levels are calculated as described
Quantitation Overview — Reporter lon Quantitation

Select either Descending or Ascending to modify the order of the
Log2 Relative Expression Difference values.

Hides proteins that are NOT present in all the selected Biological
Samples.

Sets the color intensity for the data points based on the metric
chosen in the Choose Data Source drop down menu and the Min
Significance Level setting.

For example if Normalized Spectral Counts is selected and the
Min Significance Level was set to 50. The spots colored dark blue
would have normalized spectral counts exceeding 50 and the
lighter colored spots are protein with less than 50 spectral
counts.




Other Topics

Protein Grouping

Source

Redundancy and Multiple Charge States
Discrimanant Score (F value)




Protein Grouping

Correlating peptides to proteins in a large-scale proteomics project is not a straightforward
process, because protein databases contain many homologous proteins which are often
indistinguishable by single peptide identification. To account for this, it has become readily
accepted that peptide identifications should be distributed into protein groups. A protein
group represents a set of peptides used to identify a group of homologous proteins.

In the example below five peptides were identified:

APHLRK — peptide A

EIEQLFEHHHQQK — peptide B

CGYKQPTPVQR - peptide C

HGVSPARER - peptide D

LSTVHECPSHK — peptide E

Peptides (A,B,C,D) all map to protein 1. However, peptides (C, D) are also observed on
protein 2; therefore, proteins 1 and 2 are grouped as PROTEIN GROUP 1, with protein 1
being listed as TOP, since it is able to explain the presence of all four peptides - whereas

protein 2 can only account for two. The identification of peptide E allows a unique PROTEIN
GROUP 2 to be formed, because peptide E is not observed in the sequence of protein 1 or 2.

PROTEIN GROUP 1

Protein 1 (Top)

MRVSEDPISTNPSRTQRAPHLRKNCH
DEREIEQLFEHHHQQOKGISLDNYANI
PVDIIPNNVEPVESFEDLYVEPALAV
AKCGYKQPTPVQRYGIPVCLNGDDLM

LSTVHECPSHK
ACAQTGSGKTAAFLVPVVHYILKHGV _
SPARERVSYPIAVIMAPTRELA Unique
Peptide
PROTEIN GROUP 2
APHLRK MLINQRTVIISTTRLSTVHECPSHKQ

Peptide  ErEoLFEEEHQOK (MW" | pVKHGVSPARERVLKMIRGHYCVVEQ
Superset cGYRQPTPVQR WRTSHGVIMPSSRTVVLOAAPPLIYY

HGVSPARER RSVCAQCTRWPTLKIGHSTYVMSYPI
AVIMAPTRELA

| |

Protein 2 (Other)
MSTVQHHHILTSRPRCGYKQPTPVQR
YGIPVCLKHGVSPARERVSYPIAVIM
APTRELA




For a more detailed discussion on the formation of protein groups and their importance in
the calculation of false discovery rates or probabilities see the following references:

References:

Weatherly, DB, Atwood, JA 3rd, Minning, TA, Cavola, C, Tarleton, RL, Orlando, R. A Heuristic method for
assigning a false-discovery rate for protein identifications from Mascot database search results.
Molecular and. Cellular Proteomics. 2005, 4, 762-72.

Nesvizhskii, Al, Keller, A, Kolker, E, Aebersold, R. A statistical model for identifying proteins by tandem
mass spectrometry. Anal. Chem. 2003, 75, 4646-4658.

Nesvizhskii, Al, Aebersold, R. Analysis, statistical validation and dissemination of large-scale proteomics
data sets generated by tandem MS. Drug. Discov. Today. 2004, 4, 173-181.

Zhang, B, Chambers, MC, Tabb, DL. Proteomic parsimony through bipartite graph analysis improves
accuracy and transparency. J Proteome Res. 2007, 6, 3549-57.

Source
TOP indicates that the protein sequence can account for all peptides within a PROTEIN
GROUP.

OTHER indicates that the protein is a member of a PROTEIN GROUP but it is not the TOP.
Protein assignments list as OTHER contain a subset of peptides that were observed in the
TOP identification but cannot be distinguished as unique proteins because of shared peptide
representation.

Note: Where a protein is listed as OTHER does not mean that the protein was not
identified. It simply means that the peptides observed for that protein do not allow it to be

distinguished from the other proteins within the group. It is always plausible that several or

all of the members of a protein group are expressed.




Redundancy and Multiple Charge States

While spectra from multiple precursor ion charge states may exhibit distinct fragmentation
patterns, these peptides are not considered as independent peptide matches by ProteolQ
and are not allowed to contribute to the total score. We have adopted this approach
because of the fact that during database searching precursor ions of multiple charge states
will be converted to their singly charged precursor masses prior to comparison with the in
silico derived peptides. The subset of in silico derived peptides passing within the precursor
ion mass tolerance will essentially be identical for the singly charged and multiply charge
species. Thus identical assighments made from peptides with different precursor ion charge
states are not unequivocally independent events. Conversely, peptide assignments with
alternate modifications are matched through different parent mass filters and are treated as
independent.



Discriminant Score (F value)

F value calculation for Mascot®

F value = co +c1(IonScore - IdentityScore + AvgldentityScore)

Example:

Peptide - IAYNVEAAR

Ion score = 58.4

Identity score = 25
Average |dentity score = 20

F value = -3.0 +0.1(58.4 - 25 + 20)

F value = 2.34
F value calculation for SEQUEST®
Xcorr’ = In(Xcorr) Xcorr' — Corrects for peptide length
- In(#AA) dependence in Xcorr
F value = 8.362(Xcorr’) + 7.386(ACn) - 0.194(In[SpRank]) - 0.314(AM) - 0.959
Example:
;’zgf_'rdf Saae DK Fvalue = 8.362(0.472) + 7.386(0.1) - 0.194(6.54)
o - 0.314(0.4) - 0.959
ACn =01
SpRank = 692.7 F value = 2.33
AM = 0.4

As described in Keller et al, ProteolQ calculates a discriminant score (F value) for every
peptide assignment to a given spectra. This allows the assignment of a single score for
peptide assignments from different database search engines and thus different scoring
systems. For Mascot search results F values are calculated using the lon Score, Identity Score
and Average Identity Score. For SEQUEST results, the Xcorr are first normalized (Xcorr’) to
account for the Xcorr dependence on peptide size. F values are then calculated using the
Xcorr’, ACn, SpRank, and AM. F values can be employed in ProteolQ to calculate peptide
probabilities and\or false discovery rates.

References:

Keller, A., Nesvizhskii, A. I., Kolker, E., Aebersold, R. Empirical statistical model to estimate the accuracy
of peptide identifications made by MS/MS and database search. Anal. Chem. 2002, 74, 5383-5392.
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