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Mass Spectrometry Data Acquisition Strategies Used in Proteomics
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Mass Spectrometry Data Acquisition Strategies Used in Proteomics
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Mass Spectrometry Data Acquisition Strategies Used in Proteomics
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Targeted Chromatogram Extraction
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Extraction of Fragment lons from DIA Data

400000

300000

200000

100000

m/z

Intensity (1043)

w12 - 1367 6325+ === y11-1238 5899+ mmmm y10-1124 5470+

¥9-1023.4993+ === B - 894 4567+
— 7 -T7813727+ — Y6 - 7243512+ 5 -609.3243+ — Y3 -409.2082+ m— b3 - 3422023+
500 T
29 ppm
-
400 |
300 4
200 4
100 +
0 +
512

Retention Time

Venable et al Nat Methods 2004
Dong et al Science 2007



DIA Data Acquisition
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Quantification via MS2 is much more accurate than MSa

o = DA
= Mormal DIA
7 —=\lariable DIA

= (Jverlap DIA

Range in Log2(Measured Ratio/True Ratio)
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The Promise of DIA

Acquire a “molecular image” or
“digital archive” of the sample

— Mine it over and over
— No scheduling

Direct queries (and p-values) for
peptides of interest

Better quantitation than DDA







PRM: High Fidelity; Targeted




Needs for Quantitative Proteomics

Are we really identifying peptides? Focus on
detectable peptides and quantifiable peptides

Good selectivity

We want as good or better peptide detections
than DDA

No missing data across many runs




Detecting Peptides from DIA Data

Spectrum-centric analysis What peptides best explain the data?

L ]
"I =
] . i AU 1 11 p-value
Protein AL
MS/MS spectra Peptide spectrum matches
example tools: (PSMs)

SEQUEST, MASCOT ... etc.

Peptide-centric analysis ~ Which peptides are detected in our data?

repides ofimerest P Valuies are returned

- p-value
%  forevery queried  #| ...
example tools: peptlde |
OpenSWATH, Skyline Extracted MS/MS data Evidence for detection

Ting et al, MCP, 2015
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Conclusjgon: Harry
Potter was detected, the
library has it




PECAN: Peptide Detection Directly from DIA Data

Protein
sequence DB

Peptides of interest
PECAN

\
-
’ 1. Peptide processing / d ion ]'

2. Background estimatio

Centroid .mzML - 3. Peak picking / feature
4. Combine results / stati
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Archive Quality

30 x 10 m/z-wide windows

2 injections of

20 x 20 m/z-wide windows 40 x 5 m/z-wide windows



Problem: Detection of Peptides in DIA Data is Inversely

nortional to Isolation Width
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Needs for Quantitative Proteomics

* Are we really identifying peptides? Focus on
detectable peptides and quantifiable peptides

* Good selectivity

°* We want as good or better peptide detections
than DDA

°* No missing data across many runs




Improving Precursor Selectivity
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Improving Precursor Selectivity
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20 m/z DIA
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20 m/z DIA + Overlap
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20 m/z DIA + Overlap + Demultiplexing
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Intensity x 10~
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No reason not to do overlap windows

85! MSConvertGUI (64-bit)

— O X
(@) List of Files () File of file names
. b File: | Browse About MSConvert
L]
rot Oﬁu'ﬂ'u" 1Zarc Add | [ Remove
Filt
Demultiplex o
Crverdap Only w
Mass Emor: ppm £
Add Remove
Fitter Parameters
Output Directory:
| Browse
Options
Output format: |mzML ~ | Extension: I:I
Binary encoding precision: (@) 64bit () 32bit
Write index: Use zlib compression:
TPF compatibility: Package in gzip: []
IUse numpress linear compression: [
IUse numpress short logged float compression: [
IUse numpress short positive integer compression: [
Use these settings next time | statt MSConvert Start

http://proteowizard.sourceforge.net/
R ———



Needs for Quantitative Proteomics

* Are we really identifying peptides? Focus on
detectable peptides and quantifiable peptides

* Good selectivity

°* We want as good or better peptide detections
than DDA

°* No missing data across many runs




Peptide Detections: Typical DIA library search workflow

Spectrum

Library \
Compute Machine

Match === | earning
Wide /
Window

Features Classifier
DIA File

Typical DIA library search




Peptide Detections: Implemented State of the Art in Skyline

r | |1
Ay Edit Peak Scoring Model _
Name: Model Scores | Feature Scores | P Values | Q Values |
Composite Score (Normalized)
Choose model:
Prophet - —= Decoys = Targets
[m ] ——— Decoy normal distribution
Traini 3000
Use decoys
Train Model
[] Use second best peaks 2500
Available feature scores:
- " 2000
Enabled Score Name Weight Scaniace £
; I | =]
Intensity 0.0664 1.6% © 1500
7] | Retention time dfference | -1.0154 25.1% . §
Retention time difference ... | 0.1268 -11.4% Q. 1000
Library intensity dot-product | 1.6845 9.0% |
Shape (weighted) 42500 274%
Co-elution (weighted) 0.1856 12.3% 500
Co-elution count 0.1801 34%
' Signal to noise 06370 |115% 0
Product mass error 00449  |53% -4
[C] | Reference intensity dotpr...
=l 0oL L = Y
Waming: calculators produced colinear scores ]
(9 = V.




Peptide Detections: Typical DIA library search workflow

Spectrum

Library \
Compute Machine

Match === | earning
Wide /
Window

Features Classifier
DIA File

Typical DIA library search




Peptide Detections: EncyclopeDIA workflow

Spectrum
Library

Retention
Time Filtering

N\

Wide
Window
DIA File

q

Deconvolute
Overlapping
Windows

Compute
Match
Features

3]

A~

Typical DIA library search

EncyclopeDIA innovations

Percolator from Kall L et aII Nat Methods. 2007 Novi4‘11‘:923-5.

Percolator

}

Automated
Transition
Refinement

—

Quantitation




The Promise of DIA




Precursor Sampling in DIA is Low Res
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Spectrum Library Approach

fen! ‘ \ “ &‘-‘1 -

Query Data




DIA is a powerful tool for detecting peptides in HeLa

DDA DIA=p

Experimental Details:
90 min linear gradient
QE-HF single injection

DDA:
400-1600 m/z
Top-12
@ < - DIA:
O
= S % g 400-1000 m/z
“Rep 1 S o Q 24 m/z overlap windows
¥ Rep 2 é g (12 m/z effective)
“Rep 3 O *8’
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Separating Detection from Quantitation

N * Quantitative Samples 1 * Detection Samples

¢ 400-500 | |600-700 | |800-900 T 4 m/z overlapping
] M ne e 2 m/z effective
24 m/z Overlapping 400-1000 500-600 T 700800 TgomgooT
12 m/z effective \ J' /
EncyclopeDIA | 4 i
(or PECAN)

Spectrum
library

v ¢ (or FASTA)

EncyclopeDIA i

On-column
¢ Chromatogram

library
quantified
peptides




DIA Chromatogram Library Approach




DIA Chromatogram Library Approach

i = ’k-_ _
¥ Chromatogram
3 Library




DIA Chromatogram Library Approach
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DIA Chromatogram Library Approach

,_ Library




Actual RT
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Chromatogram libraries are significantly more powerful than
spectrum libraries
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https://www.biorxiv.org/content/early/2018/03/07/277822

EncyclopeDIA
Yeast Chrom. Library

https://bitbucket.org/searleb/encyclopedia



https://www.biorxiv.org/content/early/2018/03/07/277822
https://bitbucket.org/searleb/encyclopedia

Advantages of On-Column Chromatogram Library

If you can’t detect a peptide with a narrow precursor window then
you will never detect it with a wide-window.

On-column RT calibration overcomes selectivity limitations of poor
precursor isolation in DIA

Simplifies workflow. No need to perform extensive fractionation to
generate sample specific library data. Just 4-6 runs with narrow
windows

Reduces multiple testing. Only look for peptides you know are in the
sample in the wide window data.




Don’t Query for Lots Peptides Not in Your Sample!
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Conclusions

We have the ability to perform DIA with selectivity of 50% the precursor
isolation window size across the entire m/z range.

Dynamic range and sensitivity that approximates PRM but is
comprehensive

Tools that can handle peptide detection without libraries

Using gas phase fractionation to build on-column DIA chromatogram
libraries.

We focus on quantitative figures of merit instead of binary presence and
absence.

We need to be putting all of our assays on the same scale so that our
guantitative data are commutable between labs, platforms, etc...




