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Abstract Q
Protein qua lon using data-independent acquisition methods such as SWATH-MS most
commonly spectral matching to a reference MS/MS assay library. To enable deep proteome

covera icient use of existing data, in-silico approaches have been described to use archived

1

or publicly gvailablg large reference spectral libraries for spectral matching. Since implicit in the use

{

of largerlibFaries is the increasing likelihood of false-discoveries, new workflows are needed to
ensure hig nce in protein matching under these conditions. We present a workflow which

introduces f filters and thresholds aimed at increasing confidence that the resulting

U

proteins are reli detected and their quantitation is consistent and reproducible. We

e workflow using extended libraries with SWATH data from human plasma samples
and yeast* human K562 cell lysate digest.
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T

@ nterest in the use of data-independent acquisition (DIA) strategies in

There is in@
proteomics . One major advantage is that more reliable run-to-run peptide quantitation can be
achieveld , which is difficult with information dependent acquisition (IDA) due to the

stochastic precursor ion selection and the complexity of biological samples [3, 4]. One of
the more dggeloped versions of DIA is known as SWATH([5], as implemented on Sciex Q-ToF mass
spectrometers. Tw® main steps are involved in a typical SWATH experiment: (i) peptide MS/MS
assay library géheration and, (ii) SWATH data acquisition and peak area extraction. The peptide
MS/MS asw contains characteristic information about the peptide spectral features and

. WIS/MS spectra generated by SWATH acquisition are interrogated against this
tide quantification results to be extracted from ion chromatograms. High quality

retention t
library, all

reference peptidedS/MS libraries are crucial to generating reliable SWATH quantitation. To enable

deep SWATH data coverage, reference peptide libraries can be built by combining data from

numerous runs, but this is time consuming and can be technically challenging. For example, in
plasma, w ispiays a large dynamic range of protein abundances, even extensive peptide

We previo cribed an in-silico approach, SwathXtend, for extending the depth of in-house
reference lj y merging them with external or archived reference libraries without requiring
iRT pep matographic alignment[8]. Other automated SWATH data analysis workflows
which enable automatic cross-run alignment and peak picking exist but require synthetic iRT

peptides tr$e spiked into every sample[9, 10]. SwathXtend can also work on libraries with iRT
peptides; f ibraries, the final merged library will retain the iRT peptides and the iRT values

will be unch Currently, SwathXtend is only compatible with PeakView[11] or OpenSWATH[12]
first necessary to convert the files to a PeakView or OpenSWATH format. SwathXtend has great

fractionatiog 5 in only modest increases in reference library depth. An alternative strategy is to

utilise the gro umber of publicly available peptide reference libraries for matching or

enhancing IDA erated local reference libraries [6, 7].

format libr use SwathXtend with libraries from other softwares (e.g. Spectronaut [13]), it is

utility for gé€nerating large libraries, but as libraries grow, so does the risk of increasing false-

positiv is technical brief we introduce a new range of filters and quality checks to
scrutini ded libraries, ultimately improving the reliability for carrying out comparative
proteomic by SWATH using large reference spectral libraries.

The workfl bed here is applicable to any SWATH experiment regardless of sample type and

, however a particular focus of our group has been on the analysis of plasma,

experimental desi
i ts in plasma biomarkers for clinical applications[15-18]. Thus, for the purpose of this
data from a recently published SWATH analysis of human plasma [18]. This
dataset consists of 40 plasma samples from healthy people in different age groups ranging from
neonates to adults, with SWATH acquisition carried out with repeat technical injections for each
sample.
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SwathXtend requires a seed MS/MS spectral library for building the extended library. The seed
library in this study was a spectral MS/MS library generated from four IDA runs of pooled samples
representing the 40 plasma samples. To extend the library we used an in-house filtered version of a
publiclyﬁasma spectral MS/MS library which was generated from analysis of a human twin

in-house filtering included: peptides longer than 25 amino acids were removed

iltered by precursor mass/charge range 350 — 1500 Da. This add-on library from
Liu et al. is referred
contain!S

to as the UK plasma library throughout this paper. The seed and add-on library
635 peptides (148 and 1721 proteins), respectively.

The current worlkflow’s starting point as shown in Figure 1 used a local seed library obtained by IDA

and under fidenticallchromatographic conditions as the SWATH acquired data, and one or more
existing arc r external spectral reference libraries. There are three major components in this
workflowmmtering, generation and validation, (ii) SWATH data extraction with PeakView

and (iii) S rasllts filtering and comparing. We elaborate on each component below.

The library generation and validation workflow (Figure 1A) includes the following steps:

11

1. Optionally, the add-on libraries can be filtered to improve the quality of the extended
libg@ry. For example, one could remove peptides with long sequences (e.g. > 25 amino

£

ified peptides, or peptide fragments which have mass-charge ratio less than 350
er than 1500 m/z.

acl
m/

d

2. Botiygt d library and the optimised add-on libraries go through a cleaning process which
ptides with low confidence (< 0.99) and low intensity (< 5).

The s rary and each add-on library will be pairwise checked for their matching quality.

s include retention time (RT) correlation and relative ion intensity (RII)

0

correlation for common peptides as previously described [8]. The cut-offs applied are R?>
0.8and p >0.6.

I

4. If the above checking thresholds are met, the seed library and add-on libraries will be
me ﬂ g SwathXtend to generate an extended peptide MS/MS reference library. To
ke heSWATH extraction results consistent between local seed library and extended
libr itgissrecommended not to remove modification and shared peptides. PeakView has

fealures to do this if desired.

th

5. ifl and peptide overlaps are checked to ensure that the extended library includes
all proteins and peptides in the cleaned seed library.

U

After the extefi@€d library was checked and found to pass the validation criteria, the SWATH raw

S ed using both the seed and extended library with the same set of parameters and
settings. These Pa@meter settings, as listed in [8], include: the maximum number of peptide per
protein as 100, the number of fragment ions per peptide as 6, peptide identification confidence as
99%, SWATH FDR for exported peak group detection as 1%, XIC RT window as 10 min and XIC mass

window as 75ppm. Two additional parameters, the exclusion of modified and/or shared peptides,
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need to be emphasized here. Both parameters are important but easily neglected which can lead to
inconsistent SWATH results between the seed and extended datasets. In this study both parameters
were set as excluded.

The extracte TH results are compared and checked using the steps as shown in Figure 1B.

1. Fil sults using two criteria: number of FDR passes and number of peptides.
ﬂeWports a matrix of FDR values for each detected peptide in each sample,

cal@gulated using a decoy database strategy [5, 19]. A low FDR score means that the

reh)eptide was identified with high confidence in that particular sample; by default,

Pe@tains all peptides that were identified with FDR score < 0.01 in at least one

sa e FDR criterion uses the peptide-level FDR score to only retain those peptides
whi at least N (1sN<number of samples) samples that pass FDR score < 0.01, thus
walle identified with high confidence in several samples. The peptide criterion filters the

proteins By the number of peptides identified for that respective protein. These two criteria
can be applied together though care should be taken to avoid over-filtering. The filtered
re ilfzo through the checks described in steps 2-4 below.

2. CHeck the peptide and protein coverage of the two filtered results; the results extracted
usi tended library should contain most of the results extracted with the seed library.

As thedfiliesing criteria cut-off values get stricter (for instance FDR pass number increases

ore), we expect the quantification confidence to improve but without reducing
the pro and peptide coverage achieved with the seed library.

3. C FDR distributions of the filtered results. The overall FDR distributions are plotted
usj s which include 0, 0.01, 0.1, 0.2, 0.3, 0.4, 0.5, 0.8 and 1. The first bin, 0 to 0.01, is
FDR threshold for PeakView. The other bins simply cover the remaining range of
all possible FDR values. As the FDR pass cut-off increases for the extended library, the
pe;entages of the lower-bin FDR (high confidence identifications) should increase while

th higher-bin (low confidence identifications) should decrease.

4. Ch @ uantification consistency between the common proteins of the seed and

exteW@@library based results. We use two measurements to check the quantification
co : the sample quantification correlation and the Coefficient of Variation (CV). Both
nts are computed for each protein common to the seed and extended results, by

using the peak areas across all samples in the seed and extended library-based filtered
Hquantification correlation is the Spearman correlation of the peak area of the
se e extended and similarly, the CV is calculated as the standard deviation divided
bym of the two values.

<
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Using the workflow described above, an extended library was generated by merging the plasma seed
library and the UK plasma add-on library. Cleaning of the libraries was performed and no

modification peptides or miss-cleavage peptides were removed. The matching quality of the seed
and add as R%=0.98 and RIl p=0.64. The extended library contains 37959 peptides and

1730 protejg® numbers of proteins and peptides in the seed, UK plasma and final extended
library are M Figure 2A.

The SWINIT HIGEEINEIS result extracted using the extended library showed similar peptide and protein
coverage regards to that extracted with the seed library alone, with only one out of 147
proteins missed Ry the extended library extraction (Figure 2B). When the FDR filtering rules were
applied, thg filteref set of proteins in the extended SWATH results decreased as the FDR pass

increased, e y at the first few FDR cut-offs (Figure 2C). We annotated the extracted proteins
with the UgPr subcellular location controlled vocabulary [20] and calculated the proportion of
“secreted” e in the total extracted proteins. For the SWATH results using the extended

library, the ge of the secreted proteins increased as the FDR pass cut-off increased (Figure
2C overlay). This cs\firms that confidence in the identifications of the extracted proteins increases
as the FDR -off increases. The FDR bin distributions also show that the portion of high-

conﬁdencmidentifications (e.g., FDR < 0.01, dark grey areas) increased as the FDR filtering

becomes sthi jgure 2D). The quantification consistency measured by the coefficient of variation
(CV) of the same sample in the seed and extended SWATH results is shown in Figure 2E. The CV

decreases @s t R cut-off value increases, especially from 1 to 5. The median CV calculated for
the same p s 19% for five sample passing FDR < 0.01. The correlation was calculated using
Spearm ibn due to the long-tailed peak area distribution.

Table 1 show omparison results of the seed and extended SWATH results under various
filterin d cut-off values. Both FDR and number of peptides filtering methods can

improve both the identification and quantification confidence of the extended SWATH results.

We applie&e same workflow using the extensive human proteome assay library of ~10,000
proteins as a library for extension [3], to benchmark the human cell lysate-yeast datasets we
previously g@portag [8]. The results show similar patterns to those described above for human
plasma and % ound in the Supplemental material.

The workfl ibed in this paper presents a strategy for increasing confidence in protein
identifi@ned in SWATH analysis when using large reference libraries. We show that by
applying vagious FBR filters, this improves the identification and quantification confidence and
consisteM;ators need to strike the right balance with FDR filters to ensure high confidence
in protein i tions while maximising peptide detection. This workflow can be applied in ways
which suit i idual experiment; for instance rapid gains in quality are made when requiring

proteins in the nded library to be extracted with high confidence in two or three samples, or

with m one peptide. The package including the data, source code and automated pipelines

for this pa vailable for public downloading from our FTP server

(ftp://ftp.proteome.org.au/ReliableSwathManuscriptCode/). The updated SwathXtend package

including the workflow functions is available from Bioconductor (currently available in Development
version, release 3.6).
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Figure 1. Workflow for building reliable extended peptide MS/MS assay reference libraries. A) The
extended library generation and validation; the red dashed square indicates functionality already

present
results.
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Figure 2. Results of seed and extended library for age-specific human plasma sample dataset. A)
Number of peptides and proteins in various libraries; B) Venn diagrams of peptides and proteins in
SWATH results extracted using the seed library and UK-plasma-extended library show a high overlap;
Q) ProteH/ FDR with the percentage of secreted proteins overlayed shows that as stricter

filtering is 3 or the extended library the number of protein identifications decreases, but the

percentag ted proteins in the extracted set increases; D) Percentage of FDR bins for

different number of FDR passes shows that as stricter filtering is applied for the extended library the
percentgg Mdes identified with high confidence (dark grey) increases; E) Notched boxplots for
protein quhan CV between the SWATH results extracted using seed and extended libraries
improves with stiiigter filtering; the box contains the interquartile range (IQR), the whiskers (bars)

extend to W5*IQRArom the box.
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Table 1. ther of proteins, peptides and quantification consistency between seed and extended
libraries usi ent filtering criteria. Note that stricter FDR filtering criterion does not reduce
the numbe ins in the seed library, but reduces the number of proteins in the extended

library. P—

S

#Peptide #Protein Quantitation
median .
. median
seed common | extended | seed | common | correlation oy
Filter applie (Spearman)
Default (
peptide,
6972 1955 1839 1331 | 147 146 0.88 0.23
4397 1952 1812 909 147 145 0.88 0.22
3756 1944 1799 669 147 145 0.88 0.22
3464 1934 1778 553 147 144 0.89 0.2
3292 1929 1768 487 147 144 0.89 0.2
3153 1921 1753 427 | 147 144 0.89 0.19
pass FDR filter 3045 1915 1739 391 | 147 144 0.89 0.19
8 samples
pass FDR filter 2987 1909 1731 372 | 146 143 0.88 0.19
#Peptide 5= 6620 1931 1816 945 123 123 0.89 0.23
#Peptide 6116 1907 1791 676 | 110 109 0.88 0.24
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