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ABSTRACT: Complex protein mixtures typically generate many
tandem mass spectra produced by different peptides coisolated in
the gas phase. Widely adopted proteomic data analysis environments
usually fail to identify most of these spectra, succeeding at best in
identifying only one of the multiple cofragmenting peptides. We
present PatternLab V (PLV), an updated version of PatternLab that
integrates the YADA 3 deconvolution algorithm to handle such cases
efficiently. In general, we expect an increase of 10% in spectral
identifications when dealing with complex proteomic samples. PLV is

freely available at http://patternlabforproteomics.org.

ne of the aims of shotgun proteomics is to identify as

many peptide ions as possible' by isolating them in the
gas phase and obtaining their tandem mass spectra. The
experimental spectra are then compared to those theoretically
generated from a sequence database, and the final list of
candidates is filtered according to specific criteria to obtain a
1% false-discovery rate. As it turns out, generally, the
proteomic samples routinely analyzed are complex ones such
as cell lysates, biopsies, or body fluids. The tryptic digest of
these complex samples gives rise to even more complex
mixtures consisting of millions of peptides that typically
coelute during reversed-phase chromatography coupled with
the mass spectrometer at hand. It is thus no coincidence that,
during coelution, many of those peptides have very similar
mass-to-charge ratios, commonly less than 1 m/z. Widely
adopted mass spectrometers typically use quadrupoles or linear
traps for precursor ion isolation, being therefore limited to
isolating ions of approximately +1 Da. Consequently, other
peptides of close m/z manage to be coisolated and
cofragmented with the precursor ion selected by the
instrument.

It is well-known that multiplexed spectra can nowadays be
handled efficiently. The first report points to Venable et al,
who debuted Data-Independent Acquisition (DIA) by
acquiring sequential isolation windows on an LTQ mass
spectrometer.” At the time, the limitations inherent to their
instruments capped both identifications and the broad
applicability of their method. Still, unequivocally, they had
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succeeded in anticipating one of the next big things in
proteomics. In what followed, Carvalho et al., working with an
Orbitrap-XL, were the first to acquire high-resolution MS1
data together with the isolation windows in an approach
named Extended Data-Independent Analysis (XDIA) that
allowed the precursors in the isolation window to be known
beforehand.” Later, Gillet et al. applied the same strategy to
other TOF instruments and relied on spectral libraries for data
analysis, calling the entire package SWATH." More recently,
we introduced an approach combining Data-Dependent
Acquisition (DDA) with DIA and named it Mixed-Data
Acquisition.”

Be that as it may, different groups have argued about the
advantages and disadvantages of choosing DDA or DIA, and a
point of view on this subject is beyond the scope of this note.
One of the advantages of DDA is that it provides “cleaner”
mass spectra that may be fitter for de novo sequencing and
open searches’ and even for handling more complex scenarios
such as cross-linking mass spectrometry.” As mentioned, in
DDA, some ions slip in together with the precursor and
produce multiplexed spectra.
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(®) Patternlab for proteomics = Peptide Spectrum Matching

Load Identify Project Organization
Search Output

Search and Filtering | Advanced Parameters
Directory with .ms2, mgf, mzxml or Thermo Raw files | Please Select

Sequence Database(s): | Plecse Select

Preconfigured search parameters
@ High - High (e.g, Q-Exactive / using orbitrap for MS1 and MS2)

High - Low (e.g. Orbitrap-Velos / using orbitrap for MS1 and LTQ for MS2)
O Low-low (eg,LTQ)

Operation Mode Processing options
O Search (V] Recursive directory processing
O Filter (SEPro) (] YADA 3 for Multiplexed MS2

@® Search and Filter [C] include MS2 in SEPro filtered results

Modfications
L Add modification |
Name Deita Mass  Residue(s) Is Variable Include N-terminus Include C-terminus UnimodID  Binary
Carbamidomethylation of Cysteine |57.02146  |C O O O 4 0
Oxidation of Methionine 159949  |M 4 U L) 35 0

Search Progress:

Figure 1. A screenshot of the PLV search-engine GUL The ‘YADA 3 for Multiplexed MS2’ checkbox, located in the “Processing options” groupbox,
is checked by default. This enables PLV to identify more than one peptide when dealing with multiplexed tandem mass spectra.

We recently introduced the third version of Yet Another
Deconvolution Algorithm (YADA 3).° As we have shown since
the first version appeared,9 YADA 3 can be used coupled with
a search engine to single out spectra resulting from two
coisolated precursors. If done correctly, this can increase
search engine results. We have also shown YADA 3 to be 1
order of magnitude faster than the previous fastest
deconvolution algorithm and capable of listing more isotopic
envelopes, with fewer errors, than its competitors (as estimated
by our mass-defect approach).

YADA 3’s exceptional speed and high confidence motivated
us to integrate its algorithm natively into PatternLab V
(PLV)."” A checkbox has been made available in the search
engine’s Graphical User Interface (GUI) and will be checked
by default (Figure 1). This will trigger YADA to automatically
tell PLV which spectra are multiplexed so that the internal
search engine can efficiently deal with them. In essence, with
this upgrade, we are making it possible for the identification
rate to be increased. Previously, we reported, for both the
original YADA and YADA 3, that spectral identification had
increased by approximately 10%. These results have now been
repeated with PLV’s updated version. We expect these gains to
vary depending on sample complexity, chromatography, and
experimental setup; for example, shorter chromatographies will
generate more coeluting peptides, raising the chances of
multiplexed samples.

We anticipate that this integration of YADA 3 into PLV will
benefit PLV users immediately by increasing peptide
identifications and protein coverage. PatternLab is freely
available on the project’s Web site, http://www.
patternlabforproteomics.org.
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