Proteome Discoverer software is a node-based workflow engine and study management
platform for analysis of mass spectrometry-based proteomics datasets. The latest released
version 2.1 fully supports isotopically-labeled quantitative workflows, such as TMTTM reporter
ion-based quantification and SILAC precursor ion quantification, but the supported label-free
quantification methods are significantly less sophisticated. Currently, spectral counting is
possible but not recommended when quantitative accuracy is required. The only supported
label-free quantification workflow produces an average abundance of the top “N” most
abundant peptides and this has been shown to be accurate for even highly complex datasets.
However, “Top N” quantification results cannot be used to create ratios, scaled abundance
values, or to be used as replicates to generate standard errors. Here we present a new
workflow for untargeted label-free quantification using a new feature detection approach that
provides the full suite of quantitative capabilities previously only available for isotopicallylabeled quantification. The workflow will be compared to the two aforementioned label-free
quantification workflows available within Proteome Discoverer 2.1 software.
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A typical Consensus workflow for label free quantification is also shown in Figure 1. There are
two new nodes added to this workflow that perform retention time alignment and feature
mapping. The feature mapper groups features detected from the Processing runs into
“Consensus Features” that are mapped and quantified across all raw files and performs gap
filling to find features that were not initially detected in the processing workflows. The Peptide
and Protein Quantifier node works as previously, with improvements to scaling and
normalization that benefit all quantification workflows.
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For quantification using spectral counts, each of the datasets with the different levels of
Arabidopsis proteasome proteins was run separately in batch mode using a standard
Sequest™ HT-Percolator workflow and a basic consensus workflow. Subsequently, all
Processing results were reprocessed using a single Consensus workflow with the “Merge
Mode” parameter in the MSF files node set to Do Not Merge. With this setting, the number of
unique peptides and PSMs for each of the datasets will be represented as a separate column.
The Sequest HT search was performed against the entire Arabidopsis thaliana and
Escherichia coli databases. The table with PSM values for each sample was exported to
Microsoft Excel format and ratios were calculated manually.
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A standard dataset of Arabidopsis proteasome proteins spiked into a background of E. coli
proteins (PXD003002) was downloaded from the PRoteomics IDEntifications (PRIDE)
repository. This dataset was originally used to evaluate a spectral counting algorithm and is
described in reference 1. The Pandey human proteome dataset2 was also downloaded from
PRIDE and a portions of the dataset to demonstrate untargeted label free quantification of
data with a multi-dimensional separation.

Figure 1. Typical Processing and Consensus workflows for untargeted label-free
quantification. The Minora Feature Detector, Rt-Aligner and Feature Mapper are new nodes
created for the untargeted label-free quantification workflow. The Minora Feature Detector
will also replace the old Precursor Ions Quantifier node used for SILAC and other precurs
ion quantification workflows.

There are three new tabs for feature detection results in the consensus report: Consensus
Features, LCMS Features, and LCMS Peaks. The LCMS features are isotopic clusters
grouped together for a given raw dataset and consist of multiple LCMS Peaks. Ultimately, the
release may not include the LCMS Peaks list given that as much as 10’s of millions peaks
could be detected in complex datasets. The consensus features link directly to the associated
peptide group as well as the list of LCMS features detected from each data files (Figure 2).
Also, when a consensus feature is selected, the traces for each of the features are shown in
the chromatogram traces view. When a single LCMS Feature is selected, the chromatographic
profile for only that individual feature is displayed.

For the “Top N” quantification workflow, a Precursor Ion Area Detector node was incorporated
in the Processing workflow used for spectral counting above. The default
“CWF_Comprehensive_Enhanced_Annotation_Quan” template was used for the Consensus
workflow. In the Peptide and Protein Quantifier node, the “Top N Peptides Used for
Quantification” parameter was set to 3. Like for spectral counting, the table with the reported
Top N protein abundances was exported to Excel and ratios were calculated manually.
New Method for Feature Detection

The new feature detection algorithm is an extension of the Minora algorithm, which had
already been used for precursor ion quantification since the release of Proteome Discoverer
1.2 software. Minora had always detected all isotopic peaks in a given data set, but up to now
only those LC/MS peaks associated with peptide spectral matches (PSMs), and their
associated isotopic forms in the case of SILAC, were used for quantification. In this prerelease version of Proteome Discoverer 2.2 software, the Minora algorithm has been modified
to detect and quantify isotopic clusters regardless of whether or not they are associated with a
PSM.
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A typical Processing workflow for Minora feature detection is shown in Figure 1. The new
label-free quantification workflow can be invoked by simply attaching the “Minora Feature
Detector” to the Spectrum Files node. This new feature detector will also be used for the
isotopically-labeled precursor quantification method such as SILAC.

Figure 2. The Consensus Features table is linked to the collection of LCMS Features from
each raw file. The chromatographic profiles for each LCMS Feature are shown in the
Chromatogram Traces View at the bottom.
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