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Powerful mass spectrometers like the TripleTOF™ 5600 System
can rapidly generate extremely large amounts of data in short
order. For today’s researchers, tools that can logically and
efficiently distill the massive amounts of data down into easily
interpretable results are critical. ProteinPilot™ Software is a
powerful, robust, easy to use software tool for protein
identification and quantification for discovery research and
protein characterization. With its hybrid sequence tag and
database search approach using feature probabilities, the
powerful Paragon™ Algorithm can search for hundreds of
modifications and sequence variants in a single search1.
Coupled with the Pro Group™ Algorithm for protein inference
analysis, peptide results are condensed down to the most
defensible set of detected proteins with ambiguity among
multiple accession numbers reported when appropriate. Finally,
an integrated false discovery rate (FDR) analysis gives a
rigorous report, detailing the quality of protein and peptide
identifications2.
The understanding of experimental results involving peptide and
protein identifications needs more than just a simple list of
proteins, however long and impressive it may be. There are
many different types of post-acquisition analysis that can be
performed that are highly valuable to the protein researcher to
ensure results quality and enable workflow refinement. Many of
these types of analysis have been combined into a single Excelbased processing tool, the ProteinPilot™ Descriptive Statistics
Template (PDST). The PDST tool automatically generates a
wealth of important information from data-intensive proteomics
experiments, which would normally require many weeks of
manual data crunching.

Key Features of the ProteinPilot™
Descriptive Statistics Template
• Simply cut-and paste false discovery rate analysis results and
protein and peptide exports from Paragon™ Algorithm
searches within ProteinPilot™ Software into the PSDT excel
spreadsheet, and Click ‘Calculate’ to generate the full
analysis.
• Enables the rapid assessment of the quality of identification
and quantification.
• Enables the characterization of sample preparation –
digestion quality, modification frequencies, labeling efficiency,
etc.
• Enables the optimization of acquisition parameters using
detailed metrics on acquisition redundancy, chromatography,
mass accuracy, etc.
• Generate volcano plots and compute false discovery rates of
differential expression for simple quantitation studies.
• Virtually all quantitative metrics (>7000 data points) are
captured in a single column that can be saved for future use –
from simple comparison to complex data mining.

Figure 1. Reporting Summary Tables for Protein and Peptide Identifications. Protein and peptide tables are provided to cleanly organize
identification and quantitation results. Several additional metrics not computed in ProteinPilot™ Software are provided.
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Usage and Basic Reporting
To use the PDST tool, three data elements that are generated
from a ProteinPilot™ Software search must be pasted into the
Excel template – the FDR analysis, the protein export, and the
peptide export. Once this information is in place, the entire
workbook is calculated and multiple analyses are automatically
performed and organized into different worksheets. First, protein
and peptide summary tables are created that distill all the
information down into a two dimensional table, providing
informative formatting and additional information not included in
the exports (Figure 1).

Acquisition Characterization
One of the keys to fully optimizing the quality of data acquired by
a mass spectrometer is the ability to measure the appropriate
quantitative metrics. The PDST provides this from many angles:
basic descriptors like the distributions of charge state, mass, and
m/z for confidently identified peptides (Figure 2, top), analysis of
the redundancy of acquisition (repeated selection and
fragmentation of the same physical peptide), and metrics
breakdown by fraction for 2D workflows. With ProteinPilot™
Software 4.0, the peptide intensity at the LC peak apex is
reported, which enables several additional and highly valuable
analyses to be performed. For example, the distribution of
precursor signals is computed, which directly measures the
dynamic range of peptides identified in the acquired data (Figure
2, bottom).

Figure 2. Acquisition Characterization. Descriptive analyses are done
considering only peptides identified at <5% local FDR. (Top) Precursor
mass/charge distribution intensities of peptide precursors observed in a
complex cell lysate using the TripleTOF™ 5600 system. (Bottom) MS
intensity distribution peptide precursors showing the dynamic range of
peptides identified in a human plasma sample, almost 5 orders of
dynamic range.

Analysis of Mass Accuracy

Figure 3. Precursor Mass Accuracy Evaluation. The top figure shows
a histogram of the scatter of ppm error, while the table at the bottom
reports metrics on precision, bias, and the combined RMS metric. The
PDST also analyzes mass accuracy in many other ways, including as a
function of retention time and as a function of peptide intensity.

ProteinPilot™ Software has always used an automatic
recalibration of both MS and MS/MS data independently by
doing a rapid test search, getting a significant number of
confident identifications, followed by the use of these to remove
any observed mass shift in the data. In ProteinPilot™ Software
4.0, the precursor mass is determined by looking across the full
elution of the peptide, rather than just considering the closest
survey spectrum. This gives a demonstrable improvement in
mass accuracy over previous versions. The PDST also provides
a detailed graphical and numerical assessment of precursor
mass accuracy, allowing easy assessment of the mass accuracy
in the data (Figure 3). Analysis as a function of retention time
allows assessment of the time stability of an instrument’s
calibration, while analysis as a function of peptide intensity gives
a description of mass accuracy that allows comparison even
across samples with different complexity.
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Identification Feature Characterization
Proteases do not have perfect cleavage specificity. Thus, the
ability of a search engine to search for missed cleavages (under
cleavage) and unexpected cleavages (over cleavage) is
extremely important to the fidelity of identification results. The
unique features of the Paragon Algorithm enable searching both
these types of digestion deviations, in addition to hundreds of
sample preparation and biological modifications. As we dig
deeper into our proteomic samples with faster and more
sensitive instruments, more of the low level features will be
detected and must be considered in our searches. Failure to
consider relevant features can cause false positive hits to other
peptides, causing false positive proteins as well.
The PDST enables the detailed characterization of both
digestion and modification features. Monitoring the missed
cleavage and semi-tryptic rates observed in each study is an
effective way to ensure that the digestions are working well and
reproducibly. Unusual missed cleavage or semi-tryptic rates may
signal a problem (Figure 5, top). A highly detailed view of
digestion is also provided. The heat map (Figure 5) shows the
cleavage rates observed between each residue pair.
The PDST also provides a list of the 25 most frequent
modifications (including substitutions), giving the number of
occurrences in confidently identified peptides. It also computes
the fraction of total ion signal having the modification of all forms
of the same base sequences, as measured via peptide elution
apex intensities (Figure 4, bottom). This allows for the rigorous
QC of sample preparation steps, like cysteine alkylation, and
labeling chemistries. This can also be very useful for tracking the
rates of undesirable artifact modifications such as oxidation,
carbamylation, and the sometimes inevitable side reactions that
occur in sample preparation steps.

Support for All MS Instruments
ProteinPilot™ Software can process data from all other MS
instruments, as long as the data is converted into mgf format
(mascot generic format). Once the data is processed, protein
and peptide exports can be created and pasted into the PDST.
Most of the qualitative plots are automatically created as
discussed here, for detailed analysis and comparison of other
MS instrument data.

Figure 4. Characterization of Features Identified in Search. (Top and
middle) Digestion frequencies are useful to monitor as deviations from
normal can indicate problems with sample preparation. (Bottom) The
most frequent modification table is also useful for sample QC. For
example, here we can see that methylthio modification from MMTS
alkylation labeled Cys 97.2% as measured by peptide signal.
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Conclusions
• The ProteinPilot™ Descriptive Statistics Template is a
powerful tool to provide a much deeper understanding of MS
identification and quantitation results, in minutes rather than
weeks.
• Many detailed views are provided by the PDST that help
characterize the quality of collected data on the mass
spectrometer, including mass accuracy analysis, acquisition
redundancy analysis, mass and charge state distributions, etc.
• The characterization of modification and digestion frequencies
provided by the PDST can be a great quality control tool.
• Basic support for analyzing label-based quantitative
experiments is provided, including metrics and graphical
views of variation, volcano plots, and calculation of the false
discovery rate of differential expression for some workflows.
• >7000 quantitative readout are produced by the PDST, which
can be captured in a single column, enabling everything from
simple comparison of two data sets to complex data mining.

Figure 5. Digestion Frequencies. Shown are the observed frequencies
of cleavages for a sample digested with trypsin. The frequency for each
residue pair is computed as the number of observed cleavages divided
by the number of possible sites (reported as frequency per 1000).
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