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Mass spectrometry based proteomics
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* protein composition of a sample lower limit of detection, wider dynamic range
* thousands of peptides * increased reproducibility
* stochastic nature of precursor selection * limited number of peptides



SWATH-MS- Discovery Proteomics

‘L Multiplexed fragmentation spectra

Each sample is directly analyzed without fractionation.

Selection of peptides is multiplexed.

Results are multiplexed spectra to be identified by known spectral library

Next stage is computational analysis.
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SWATH-MS targeted data analysis
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Principle of sequentially windowed acquisition in
DIA/SWATH-MS

A
1 x MS1 scan:
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Data-independent acquisition-based SWATH-MS for quantitative proteomics: a tutorial, Ludwig, C. et al Molecular Systems Biology 2018



SWATH-MS/DIA experiment setup.....So much to
choose from!!

Sample :
: datasets... Library free
| | Software, software,
: software........




What are the critical acquisition attributes for
DIA/SWATH-MS?

v High resolution MS/MS
v' Cycle Time

v' Q1 Isolation Windows
v' Dynamic Range

Accumulation
time

| Cycle time I: # Windows | x



DIA Acquisition- Quantitation

\

intensity

— _—

3 3.5
Time (min)

ex. 30 s peak width at base

3 s cycle will collect 10 DPPP
<3 s will over sample

>3 s will under sample

A

Data Points Per Peak (DPPP)

<7 DPPP = under sampling

7-10 DPPP = optimal sampling

>10 DPPP = over sampling



DIA/SWATH-MS precursor isolation windows

MS1 Scan
— ) )
% DIA windows Window Strateqgies
5» » sequential segments
< - w/ or w/o overlap
5 e - static or variable width
400 600 800 1000 1200

m/z

# windows x MS2 acquisition time = cycle time
42 (20 m/z width, 400-1200 m/z, 1 Da overlap) x 60 ms = 3.6 s

Choices are dependent
on chromatography,
application and platform.

sensitivity
sensitivity

selectivity

window width MS2 time
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DIA data analysis — retention time normalization

" |RT spike = Observed peptides/features
— set of non-endogenous peptides — High-precision iRT (non-linear)
— Used to convert to iRT scale (linear) — Anchor points
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DIA/SWATH-MS: Library based and library free approach

Spectrum-Centric Analysis

DDA MS/MS
spectra | Lt

Query against a database

—
DIA MS/MS
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Peptide-Centric Analysis

Query against MS/MS data

DDA

Peptides H
of interest || APAEGVLTLR
JR—.

DIA

Fragment lon m/z

Fragment lon my/z
]

Elution Time

Elutlon—‘l'lme

Score

Scare

Evidence of detection

4~

Elution Time

-~

Elution Time

Peptide-Centric Proteome Analysis: An Alternative Strategy for the Analysis of Tandem Mass Spectrometry Data, Ying S. Ting et al ,

MCP, 2015
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Building a Variable or Fixed Window SWATH method

in Triple TOF 6600

* Any window strategy can be constructed
in text file format and loaded into SWATH
Acquisition method editor.

* For Fixed window, manually enter the
mass range, SWATH width and
accumulation time for each isolation m/z
window.

A

Q1 Start Ql1Stop CES

399.5 406.5 5
405.5 412.5 5
411.5 418.5 5
417.5 424.5 5
423.5 430.5 5
429.5 436.5 5
435.5 442.5 5
AA1E AnQ 3

C

Acquisition Method

SRLL Acquisition Method
= - Mass Spectrometer 150.008 mins
= & Period 150.008 mins

BB TOF MS (+)

%% Product lon (+) 399.5 - 406.5
$ Productlon (+) 405.5-412.5
$5 Productlon (+)411,5-418.5
% Product lon (+) 417.5 - 424.5
5 Product lon (+) 423.5-430.5 | _

S product lon (+) 429.5-436.5
L Dradictlan (41426 6 - 447 &

' Create SWATH Experiments

Create SWATH™ Experiments

Quick  Manual
SWATH Analysis Parameters

Start Mass [Da) Stop Mass (Da)

Fragmentation Conditions
Rolling Collision Energy|#
Charge State +1 @ 42 +3

SWATH Detection Parameters
Start Mass (Da) 100 Stop Mass (Da) 1500

High Resolution @ High Sensitivity

#| Read SWATH Windows from Text File

b

No. of SWATH

SWATH Width (Da) ‘Per Cycle

Accumulation Time Total Cycle Time
{ms) 25.00 ) 2225

oK Cancel

Generation of High-Quality SWATH® Acquisition Data for Label-free Quantitative Proteomics Studies Using TripleTOF® Mass Spectrometers. Schilling et al

Met. Mol Bol. 2017
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DIA workflow for Orbitrap Q Exactive HF

1) sample fractionation for maximal spectral information 2) build spectral library

-y L' » DDA
—_— A4 i
4 \AZ\ > DDA MaxQuant > @It s E[V]s
Pooled sample . >
+iRT peptides DDA
3) decide upon the amount of datapoints per peak 4) measure actual scan times and cycle times
ST S, 1 8

A 21 ol

e - - G ey =P p C=P ey =P 5CaN tiMeS
4points/peak 10 points/peak < § suie
5) construct the DIA methods T — T E—
400 mass range 1650 -
y » Full scan single MS # prOtE|nS LOQ
4—*4—»4—&4—»1—;4—» ]MSZ'S # perJtides
o cv cycle times

7) decide upon the DIA settings optimal for its purpose

Reubsaet. L. et al, Data-Independent Acquisition for the Orbitrap Q Exactive HF: A Tutorial, Journal of Proteomics, 2019,18,3,803-813
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Multiple sources of spectral ion librar

Synthetic peptides

R
/7 Fractionated sample(s) Full-length
of interest /\ },/l'// recombinant proteins

Spectral library

1
1
]
oy |
£ Il sy
Sample(s) 5 RT = 20.4 min Public ?irl;gr::liles;n scale
of interest = %
3; AAHTEDINACTLTTSPR 1
b3+ 'd x
y5+ ¥ i
L] va+
L] [ y6+
| bt .oy ool g,

m/z

4-6 top fragment ions per precursor
Precursor charge state 2+, 3+, 4+
Fragment ion charge state 1+, 2+, 3+
y- and b-ions

Exclude fragment ions falling into the
SWATH precursor isolation window

Peptide query parameters (PQPs)
for target peptide AAHTEDINACTLTTSPR

Peptide sequence

Precursor Fragment Precursor Fragment Fragment Fragment Normalized

ion m/z ion m/z charge charge ion type relative retention
intensity time

Raf1 AAHTEDINACTLTTSPR 929.4416 775.4308 2 1 45.3
Raf1 AAHTEDINACTLTTSPR 929.4416 674.3832 2 1 45.3
Raf1 AAHTEDINACTLTTSPR 929.4416 561.2991 2 1 45.3
Raf1 AAHTEDINACTLTTSPR 929.4416 460.2514 2 1 45.3
2 Raf1 AAHTEDINACTLTTSPR 929.4416 359.2037 2 1 45.3
g Raf1 AAHTEDINACTLTTSPR 929.4416 280.1404 2 1 45.3

Data-independent acquisition-based SWATH-MS for quantitative proteomics: a tutorial, Ludwig, C. et al Molecular Systems Biology 2018
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R
Workflow for DIA/SWATH assay library generation
Cmrmm—

Raw data files II

Converted data files II

s Trans /A
Froteomic

Scored search outputsl

Combined search
output (iProphet)

———

: Fipeline

SWATH assays in table format
‘ F PV SWATH assays in
-
/\ TraML format
TraML with decoy
transition groups

Building high-quality assay libraries for targeted analysis of SWATH MS data. Schubert Olga et al, Nature Protocol, 2015 18
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Impact of Deeper lon Libraries on Extraction of Quantitative
Data from Human Cell Lysate SWATH

Protein Level Library Generation Times (Proteins)
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- 3 Libi Size s -~
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Extending Depth of Coverage with SWATH® Acquisition Using Deeper lon Libraries, SCIEX, Technical note
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SWATH Atlas

Repository for SWATH-MS spectral libraries and results

- L™
AV AT L"[
owA FtAtlas

SWATHATLAS HOME

DATA ACCESS
Download Libraries
Customize Libraries

BACKGROUND
Publications
Data Contributors
About SWATH M3

RELATED RESOURCES
Peptide Atlas
SRM Atlas
PASSEL
PASS

Systems &
Biology

Search |.AII Builds | Current Build |Queries| SRMAtIas| PTP}-'\tIas| Submission | SWATH/DIA

SWATH Libraries Custom Libraries

Search datasets

Virtual M5

H sapiens 10,000 protein 2014

H sapiens HLA subtypes

Human breast cancer library 2017

M tuberculosis comprehensive library 2015

51%, 10,316 of 20218 proteins

99%, 3984 of 4012 proteins

Methylobacterium extorguens PA1 - comprehensive library 2016 71%, 3440 of 4829 proteins

Mouse Immunopeptidome

Pseudomonas syringae DC3000 - comprehensive library 2016 62%, 3406 of 54581 proteins

Rat (Sertoli cell)
S aureus HG001 SWATH Atlas

S cerevisiae synthetic peptide full proteome 2013
Sphingomonas melonis Fri - comprehensive library 2016

Zebrafish multi-issue 2019

14 6%, 3127 of 21,464 proteins
72% (2091 of 2691 proteins)
98%, 6475 of 660T proteins
T1%, 2729 of 3857 proteins

Rosenberger et al 2014
Caron et al 2014
Bouchal et al. 2017
Schubert et. al 2015
Miller et al., 2016
Caron et al 2018

Miller et al., 2016

Or Kamal Mandal et. al
Michalik 5, Schmidt F, et al
Picotti et al 2013

Maller et al., 2016

40.4%, 10,405 of ~25 500 proteins (ensembl) Blattmann et al

www.swathatlas.org

11 species
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DIA/SWATH- Prior Knowledge and Consistency

e Relative product ion abundance
- Spectral ion libraries

e Retention time Information
- iRT libraries

* Powerful enough to be used cross-lab/ cross experiment.

 More powerful run to run compared to DDA.
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DIA/SWATH-MS Data Analysis tools

Commercial

/ \ PeakView"

SO

OPEN SOURCE
Irans /'
Proteomic l h
: Pipeline - Skyline
, , ETH Zurich U. Michigan .
Institute for Systems BlOIOgy Data |ndependent Signal Correlator U. WaShlngton

ISB
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Peak Scoring and Picking Models

mProphet algorithm is implemented in
OpenSWATH, Skyline and Spectronaut.

PeakView scoring is based on spectral
(correct isotope, m/z error, MS2
quality) and chromatographic
attributes (RT, Peak width).

Available feature scores are different
that contribute to discriminant (d-
score) or Composite (c) score.

M amne:

test

Chooze model:

mProphet -

Training
V| Usze decoyz —_—
Train Madel
Uze second best peaks -
Available feature scores:
. Percentage
Enabled Score Mame Weight Contribution
Intensity 0376 |A5%

Retertion time difference
Retention time difference squared
Library intensity dot-product
Shape [weighted)

Co-elution [weighted)

Co-glution count

Signal bo noize

I E RSN ERENE

Product mazs emor

-0.2938 B¥%
-0.0043 nex

57457 28.6%
34476 22.8%
-0.230 16.2%
0.45343 12.2%
0.4022 b3%

-0.2300 128%

Model Scares | Feature Scores | P Values | O Values

Peak count (10*3)

25

20

—_
n

—_
]

Composite Score (Mormalized)

= Decoys
[ Targets
Cecoy normal distribution

A

Score
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