Chimeric Spectra and Data-Driven DIA analysis

reSpect, DISCo, Quantic



reSpect

Finding chimeric peptides from
high resolution MS/MS spectra



MS/MS

- Standard Shotgun (MS/MS) Workflow

Selection Window
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Chimeric MS/MS

- Chimeric spectra contain multiple
precursor ions

Selection Window
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Factors Contributing To Chimeric Spectra

- Chimeric spectra are acommon occurrence in LC-MS/MS
- proportional to sample complexity
- proportional to selection window size
- influenced by chromatography conditions

Database search algorithms
only report one peptide per
spectrum!



Search Algorithms Do Not Find Chimeras

- Selection window of the instrument is much wider than
the peak resolution

- Search algorithms use only the measured precursor mass
« Forexample: +25 ppm

- Selection window may include peptides outside the search
mass

- Those peptides never considered during search
- For example: different charge leads to mass outside +25 ppm tolerance



Chimeric MS/MS
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- reSpect

- Allows identification of chimeric peptides from
spectra.

- Works with existing search algorithms.



reSpect: The Approach

First
Pass
Search

Search algorithms using standard, narrow mass
tolerances and assumed charge states

PeptideProphet & TPP Statistical Tools are applied to identify the
iProphet match probabilities

reSpect is attenuates the matched peaks of PSMs.

The resulting spectra are saved in a new
mzML/mzXML

Searches repeated using wide mass tolerance and
assuming all charges




reSpect: Attenuation Original P = 0.999
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reSpect: Attenuation  I=(1-P)*l°rig
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reSpect: Second Match P=0.995
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reSpect: Mass Differences

reSpect Mass Differences
First Pass Mass Differences
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Chimeric Depth

- Chimeric spectra may contain more than two precursors

- reSpect can be iteratively applied until novel PSMs are
exhausted



reSpect: The Original
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reSpect: The First Iteration
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reSpect: The Second Iteration
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reSpect: The Third lteration
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reSpect: No Fractionation

rs rs_rs e ll' Replicate YeaSt 0'
Exactive Runs

- 347,000 spectra

- 30.3% Boostin
Distinct Peptide
Identification

Unfrac Yeast rs_rs_rs



First Pass

reSpect: Medium Fractionation

rs_rs_rs

iPRG2013 study
118,000 spectra

Orbitrap Velos, 14 RP
fractions of whole cell
lysate of human
peripheral blood
mononuclear cells

8.1% Boost in Distinct
Peptide dentifications



reSpect: High Fractionation

- Human Cancer
Cell Line

o Orbitrap Velos,
48 fractions

reSpect [EFWbI3

+ 12.9% Boostin
Distinct Peptide
Identifications



Different Datasets, Different Chimeras

- Sample complexity and instrument settings have largest
impact on chimeric spectra

P s e & Precursor analysis algorithms

ST Safwoshs o canestimate number of

s precursors to solve.
2433 These numbers correlate with
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reSpect: Different Datasets

Percent Boost in Peptide IDs with reSpect
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reSpect: Distinct Peptide Percentage Boost

Yeast (Moritz Lab)

y =-17.18In(x) - 0.1642
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reSpect: Identifies More Proteins
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reSpect in the TPP

|~ —_—

J # 1SB/SPC Trans Proteomic P... x | =+

€ > localhost/tpp-bin/tpp_gui.p E] C Search

ISB/SPC Trans Proteomic Pipeline - home

Home | Files | Account | Pre-Process | mzXML Utils | Analysis Pipeline (Comet) | Decoy | Utilities | SpectraST Tools | Jobs 3 @

mzXmL] resSeect |
Home FILES ACCOUNT PRE-PROCESS UTILS QualScore T
i Compare Proteins | Extract potentially c
[ Show / Hide ] Libra Conditions :
{ DNA to AA

: RT Prediction

* Welcome, guest. -.RTTrammg .................................... :

Welcome




reSpect in the TPP
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1. Specify pepXML file with probabilities [RELLIIALE)

c/inetpub/wwwroot/ISB/data/ETDOutput.xml
c/inetpub/wwwroot/ISB/data/pepxml.xml

Select/Unselect All

Remove

Or choose from list: I c:/Inetpub/wwwroot/ISB/data/ [ xml ] E

Minimum probability: 0.5

m

miztolerance (ions). 0.1 Daltons

Enter additional options to pass directly to the command-line (expert use only!)

3. Look for Chimeric Spectra!




reSpect: Summary

- Explained peaks are attenuated according to the quality of the match amongst
medium and high scoring spectra

o Aﬁtenuated spectra are researched with wide mass window and assuming all
charges

- Uses same validation with PeptideProphet and iProphet to estimate error rates
- Automated within the TPP framework
- ldentifies new peptide sequences even in highly fractionated data
- Works best on high mass accuracy MS? data
- (Q-Exactive
- Orbitrap Velos
- QTOF
- Also works nicely on standard mass accuracy MS? data
- LTO



Principles of Data Independent
Acquisition

Slides courtesy of Dr. Mukul Midha



Principle of sequentially windowed acquisition in

DIA/SWA

H-MS
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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 j . |
K datasets... -/ C Library free >

/ Software, software,
K\ software........
\\v,/




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

. Cycletime = #Windows X




Data Points Per Peak
(DPPP)

= — ~, <7 DPPP = under sampling
c
9
C A
l — / \ 7-10 DPPP = optimal
3. .3'5 // \ sampling
Time (min) — ",

ex. 30 s peak width at base
3 s cycle will collect 10 DPPP

<3 s will over sample >10 DPPP = over sampling
>3 s will under sample




DIA/SWATH-MS precursor isolation windows

MS1 Scan

—
DIA windows

DIA Cycle

400 600 800 1000 1200
m/z

# windows x MS2 acquisition time = cycle time
42 (20 m/z width, 400-1200 m/z, 1Da overlap)x60 ms=3.6s

Choices are dependent on
chromatography,
application and platform.

sensitivity
selectivity
sensitivity

window width MS2 time



DIA data analysis - retention time normalization

= |RT spike

Observed Retention Time

160 T

(min)

— set of non-endogenous peptides

— Used to convert to iRT scale (linear)

140 T
120 T
100 T
80 T
60 T
40 T
20T

y = 0.8737x + 42.807
R% =0.9977

0
-50

0 50 100
Indexed Retention Time (min)

150

= Observed peptides/features
— High-precision iRT (non-linear)

— Anchor points

Observed Retention Time

o 8

T T T T
¢ iRT Peptides — RT =f(iRT) =0.73 xiRT + 41.87

2 o (@ $ & 5
° ° 2 5 o o ©°

-50

0 50 100 150
Indexed Retention Time (min)




DIA/SWATH-MS: Library based and library free
approach

Spectrum-Centric Analysis Query against a database Peptide-spectrum matches
~ APAEGVLTLR
DDA MS/MS
spectra_ L ’ =1 ‘ 1Ly,
I Protein I
— — APAEGVLTLR  ISIYVYIR

sequence

, database i l “ | J i I | ‘
DIA MS/MS ”Il " N= S b
A spef:t_'r’af . MﬁMhhh - {LSQLLPAER TVKEAHLTK

e

Peptide-Centric Analysis Query against MS/MS data Evidence of detection

DDA £ i i : g
£ . =3 8 &
Peptides ‘H £ = : = ~R
of interest APAEGVLTLR
[—"3 Elution Time —_— Elution Time
DIA § . g
§ = = - 3
£ = : — E
Eluﬁo;—:rime : Elution Time

Peptide-Centric Proteome Analysis: An Alternative Strategy for the Analysis of Tandem Mass Spectrometry Data, Ying S. Ting et al , MCP, 2015



2 TPP Software for Data-Driven DIA Analysis
and Quantitation




Trans-Proteomic Pipeline a.k.a. TPP

mzML pepXML protXML

Raw MS Data g:’c::'s:ed PSM Identification PSM Validation Peptide Validation Quantitation Protein Validation Protein List

| ASAPRatio
| Comet | stpeter
KOJAK , | |

Result Cataloguing ~ RT Prediction

Tool Specific
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DISCO Highlights

- Works on timsTOF PASEF DIA data

- DIA Windows is not required if isolation_window info
available

- Multiple scan windows sizes for data point extraction

- Minimum amount of correlation required to select fragments
depends on the scan window size (number of data points)

- Kernel Density smoothing of raw signals
- Better utilization of multi-threading resources
- Fail-safe mzML file reading



USAGE: DiscoFilter <OPTIONS> <mzML/mzXML input file>

OPTIONS:

TARGETS=<targets file> Use specified <target file> to look for MS1 features (default: use HardKlor
internally)

UMPTARGETS=<targets file> Use specified <target file> to look for MS1 features (default: use

HardK1lor internally)

HKCONFIG=<config file> Use specified <config file> for Hardkl

WINDOWS=<DIA windows file>

MAXSCANWINDOW=<number>: Use specified maximum number of scans over which to track (default=17). This
option applies only when the UMPTARGETS are not specified, when UMPTARGETS are specified the SCANWINDOW is set
to the maximum peak width defined in the UMPTARGETS file.

MINSCANWINDOW=<number>: Use specified minimum number of scans over which to track (default=7). This
option applies only when the UMPTARGETS are not specified, when UMPTARGETS are specified the SCANWINDOW is set
to the maximum peak width defined in the UMPTARGETS file.

(default: use Hardklor.conf)

AVGSCANHALF=<number>: Use specified number of +- scans over which to average MS1 scans prior to
feature detection, set to 0 for no averaging. (default=0)

MZPREC=<number>: Set mz precision in 'points after the decimal', used for binning and
averaging. Applies in combination with AVGSCANHALF= greater than 0. (default=2.1)

MININTENS=<number>: Filter out peaks below minimum intensity factor in each spectrum, set as a
non-negative number (default=off)

MAXPPM=<number>: Maximum Allowed PPM signal offset best defined in powers of 2 (e.g. 2, 4, 8,
16, etc. default=32)

PPMFWHM=<number>: Full Width at Half Maximum expected for Mass PPM profile of peaks (default=16)

IMFWHM=<number>: Full Width at Half Maximum expected for Inverse Reduced Ion Mobility profile
of peaks (default=0.05)

IONMOBBINS=<number>: Set number of bins to partition Ion Mobility. (default=10)

SUFFIX=<string>: Set suffix for output file (default=' ds'")

THREADS=<number>: Use specified number of threads (default=1l).

STARTSCAN=<number>: Starting scan to process (default=1).

ENDSCAN=<number>: Ending scan to process (default: process until the end of the run).



DISCO Algorithm

DISCo matches identified precursor signals to fragment signals by looking for

those that have a similar shape in Retention Time Space

Fragment signals are sorted according to the following criteria, in order:

entropy = distance =2 correlation =2 intensity

Type | Error Rate a and Type Il Error Rate B, N is sample size (points across peak)
For each MS? target the following MS? peaks are selected:

Up to 1000 peaks with correlation = rMax (ot = 0.01, B = 0.05)
Up to 500 peaks with correlation > rMid1 (ot = 0.03, 3 =0.1)
Up to 200 peaks with correlation = rMid2 (o = 0.05, 3 = 0.2)
Up to 100 peaks with correlation =2 rMin (x=0.1, 8 = 0.333)
Peak intensities are scaled by the correlation



Data-Driven DIA Workflow

DIA.mzML
Data
pisco |
DIA_ds.mzML CometxiTandem DIA_Q[123].mzML
DISCO Results Data
_ PeptideProphet
I[ Quantic - Result Cataloguing
' Spectral
Teomprtapits o Library
: - RTCatalog
Fepeies Peptides

Proteins



For TTOF 6600 Converter Choices Matter!

ABSciex profilg

msconvert
gtofpeakpicker

msconvert centroid



Benchmarking HeLa/Halo Dataset

A 3.52 1.56 256 E/A=8
B 3.52 6.25 64 E/B=6
C 3.52 25 16 E/C=4
D 3.52 100 4 E/D=2

E 3.52 400 1 E/E=0



Hela/Halo TTOF6600 :

DISCO DIAUmpire - DISCO w/ Umpire Targets

Total Unique Peptides at < 1% Decoy-Based Error Total Unique Peptides at < 1% Decoy-Based Error Total Unique Peptides at < 1% Decoy-Based Error
18000 14000 14000
L —
16000 T - 12000 e L " 12000 +
14000 t L he -
10000 -— 10000
12000 -—
b
10000 8000 8000
8000 6000 6000
6000
4000 4000
4000
2000 2000 2000
0 0 0
A B C D E A B C D E A B C D E
VNG Matched Unique Peptides at < 1% Decoy-Based Error VNG Matched Unique Peptides at < 1% Decoy-Based Error VNG Matched Unique Peptides at < 1% Decoy-Based Error
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——
900 L 800 800
——
800 700 700
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DISCO - DIAUmpire - DISCO w/ DIAUmpire Targets

DIAUmpire

.~ DISCO w/ DIAUmpire Targets



Mass-Spectrometry Setups

Sample Type
Sample Load (pg)
Column Details
Flow (nl/min)
Gradient length (min)
Median Peak Width (sec)
Acquisition Mode
# Windows
MS1m/zrange

MS1scans- Accumulation
time/Max fill time

MS2 scans- Accumulation

time/Max fill time

Cycle Time (sec)

HelLa Halo
3.5
500pm X 150mm X 2.4pm
5000
98
22.2
SWATH
100 variable
400-1250

250ms

25ms

2.92

HelLa Halo

0.88
75um X 500mm X 1.9pym
300
98
15.6
DIA
100 fixed (6m/z)
400-1000

200ms

10ms

4.45



DISCO Peptide Identification: TTOF 6600 vs QE HF

TripleTOF 6600 OExactive HF*

*modified peptides, no charge;
combining 2 search engines (Comet and X! Tandem)



DISCO Quantitation Options

- MSI1

- For each spectrum coming from an MS1 feature, DISCO stores the
inte [ated precursor peak intensity stored as precursor_intensity in
mz

- MS2 using QuanticParser

- For each PSM, Quantic computes the Annotated lon Current
(antic_score) by summing the intensities of annotated fragmentsin
the spectrum

 Hybrid - Combined MS1and MS2 Quantitation
- Average of MS1and MS2 quantitation results



DISCO Peptide Quantitation from PSMs

MS1

- Foreachrunr, for each peptide ion s compute
- maximum MS1 precursor_intensity over all PSMs in run r matching peptide ion s

I£ = max(I,: V(PSMs x in r where x matches s))

- probability weighted MS1intensity over all PSMs in r matching s,

. ZV(PSMS x in r matching s) Pp (X)pi (X) Ix

W =
ZV(PSMS x in r matching s) Pp (x)pi(x)
where:
l,is the precursor_intensity of PSM x

pp(x)is PeptideProphet probability and p{x)is iProphet probability, of PSM x



DISCO Peptide Quantitation from PSMs

MS2

- Foreachrunr, for each peptide ion s compute
- max MS1antic_score over all PSMs in run r matching peptide ion s

A% = max(A,: V(PSMs x in r where x matches s))

- probability weighted antic_score over all PSMs in r matching s,

r ZV(PSMS X in r matching s) Pp (X)pi (X)Ax

ds

z:V(PSMS X in r matching s) Pp (X)pi (X)

where:
A, is the antic_score of PSM x
pp(x)is PeptideProphet probability and p{x)is iProphet probability, of PSM x



DISCO Peptide Quantitation from PSMs

Hybrid
- For eachrunr, for each peptide ion s compute
- Compute Hybrid intensity

1
Hg = Za5 +ab)

where:

I{ is the maximum precursor_intensity of peptideionsinrunr
al is the weighted antic_score of peptide ionsinrunr



DISCO Peptide Quantitation Sample Means

For each peptide ion s over nreplicatesr,, ..., r, of
classification ¢, compute sample means:

- MSI

W = % in:1Wsri
- MS2

a$ = %Zinzl ag
- Hybrid

e 1 I;
C n 1
Hs Zizl Hs

n



DISCO Halo Quantitation (not corrected for background)

OExactive HFO

©
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TTOF 6600
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DISCO Halo Quantitation (corrected for background)

OExactive HFQ
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Spectronaut Halo Quantitation (corrected for background)

OExacﬂve}4F:
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- Choice of data converter and centroiding options are
important to ensure identifications are not lost due to the

file converter

- DISCO identification rate improves upon DIAUmpire
- Combining approaches maximizes data-driven identifications

- DISCO quantitation computes accurate ratios, reflecting
the ground truth of the dataset

- Hybrid quantitation reduces variance in ratios

- Correcting ratios using the median background ratio is important
for accurate ratio estimation



QuanTic

Applied to CID Cleavable Isobaric Tag
Quantitation
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Journal of
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eresearch
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A Collision-Induced Dissociation Cleavable Isobaric Tag for Peptide
Fragment lon-Based Quantification in Proteomics

Xiaobo Tian, Marcel P. de Vries, Hjalmar P. Permentier, and Rainer Bischoff*

Cite This: https://dx.doi.org/10.1021/acs.jproteome.0c00371 I: I Read Online

ACCESS | lihl Metrics & More ‘ Article Recommendations | @ Supporting Information
Voo 1
: v
TIC MS 1 MS 2

A A 0.8 Th A

AN ! > (-0.2 Th offset)

/\NGPI-”CZ-AC Lems £ _H_CP+

mixing triplex labeled sample t m/z

ABSTRACT: Quantifying peptides based on unique peptide fragment ions avoids the issue of ratio distortion that is commonly
observed for reporter ion-based quantification approaches. Herein, we present a collision-induced dissociation-cleavable, isobaric
acetyl-isoleucine-proline-glycine (Ac-IPG) tag, which conserves the merits of quantifying peptides based on unique fragments while
reducing the complexity of the b-ion series compared to conventional fragment ion-based quantification methods thus facilitating
data processing. Multiplex labeling is based on selective N-terminal dimethylation followed by derivatization of the £-amino group of
the C-terminal Lys residue of LysC peptides with isobaric Ac-IPG tags having complementary isotope distributions on Pro-Gly and
Ac-Ile. Upon fragmentation between Ile and Pro, the resulting y ions, with the neutral loss of Ac-lle, can be distinguished between
the different labeling channels based on different numbers of isotope labels on the Pro-Gly part and thus contain the information for
relative quantification, while b ions of different labeling channels have the same m/z values. The proteome quantification capability
of this method was demonstrated by triplex labeling of a yeast proteome spiked with bovine serum albumin (BSA) over a 10-fold
dynamic range. With the yeast proteins as the background, BSA was detected at ratios of 1.14:5.06:9.78 when spiked at 1:5:10 ratios.
The raw mass data is available on the ProteomeXchange with the identifier PXD 018790.

KEYWORDS: isobaric labeling, tandem mass spectrometry, fragment ion, quantitative proteomics, stable isotope




Concept of the Ac-AG-tag

A Proteins
L 7

B

Lys-C digestion
NH,

Y
MDOOO@

selective
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v NH;

Jorse ) .
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Ac-Ala-Gly-p-nitrophenol

..................................
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Fig. 1. Schematic view of
the Ac-AG approach.

A) Isobaric labeling steps;

B) LC-MS/MS concept
map for a mixture of
triplex labeled samples;

C) Functional design of
the Ac-AG-PNP tag ('3C
isotope locations are
marked with**”).




Studying peptide fragmentation with various NCEs
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NCE 18 for producing peptide-coupled reporter-ion
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NCE 28 for formation of fragments of the peptide backbone




Quantification at the peptide level

Isolation window © quantification ion
N-dime-GTDWLANK-GI
NT 0.6Th - by M95.26 (24)
2 7 i 488.21 bs
04 'a,_i. 55278 0.28 = 601.29
£ : 5 43);223 b
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A) precursor isolation with a window of 0.6 Th and MS2 spectrum of triplex-labeled N-
dime-GTDWLANK-GA-Ac with a combined NCE of 18 and 28 B) Peptide-coupled
reporter-ions in the DDA MS2 spectra at ratios of 1:10:20, 1:2:5, 1:1:1, 5:2:1 and
20:10:1.



Quantification of triplex
labeled LysC BSA

Calculating the ratio for PSM 6134 (AEFVEVTK) from triplex labeled BSA mixed
at a ratio of 5:2:1

scan_number intensity (+0) intensity (+1) intensity(+2) total intensity (3 channels) sequence
6134 72202240 28389638 13828063 114419941 AEFVEVTK

Normalizer (weighted average) = (72202240 + 28389638 + 13828063)/(1+2+5)= 14302492.63
Ratio of ‘spectrum of 6134’ = 72202240/ 14302492.63 : 28389638/ 14302492.63 : 13828063/ 14302492.63
=5.05:1.98:0.97
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Calculating peptide ratios based on top 3 most
intense PSMs.

Calculating protein ratios based on top 3 most
intense peptides.

A) Log2-normalized ratio distribution at the PSM level
at a mixing ratio of 1:1:1; B) Log2-normalized ratio
distribution at the peptide level at a mixing ratio of
1:1:1; C) Log2-normalized ratio at the peptide level at
a mixing ratio of 10:5:1; D) Log2-normalized ratio at
the peptide level at a mixing ratio of 1:5:10. Expected
values for log2-normalized mixing ratios are shown

as dotted lines.




K:311.17:-155.1:-156.1:-157.1

<amino acids, n, or .
c>:<mass_shift>:<neut_loss1>:...:<neut_lossN> Specif
modifications with neutral losses for quantitation (default: off )

*Quantify the intensity of neutral loss peaks associated with a
modification for all fragments retaining the modification, when

all are available for a given fragment ion, skip y1



PepXML Viewer:

Summary v

Display Options v

Pick Columns v

Filtering Options v

Other Actions v

Page 1 of 17

1 FIRST 123456 11 NEXT LAST

PROB SPECTRUM EXPECT IONS PEPTIDE PROTEIN NPROTS | CALC_MASS QUANTIC QUANTIC_TIC QUANTIC_QUANT QUANTIC_STRING
1.0000 | Ac.IPG-yeast-1-1-1.06237.06237.35T | 0.00011 | 10/52 | . n2o.04AVYAGENFHHGDKA3S. 26L . - splP00925[ENO2_YEAST 1 | 1895.9385 | 3.80711e+06 | 4.34866e+07 | 1347818.1,1269763.4,735574.9 M(-155.1),0,581.291,0
1.0000 | AcIPG-yeast-1-1-1.09376.09376.35T | 0.000245 | 11/64 | k. n2o.eaTFAEAMRIGSEVYHNLKA3S. 26. S splP00925[ENO2_YEAST 1| 2304.1791 | 1.30834e+06 | 1.07953e+07 | 524884.3,472688.3,315971.1

1.0000 | Ac-IPG-yeast-1-1-1.08330.08330.3"1 | 1.26-07 | 17/72 | R.n29.64SVYDSRGNPTVEVELTTEK439.26.G sp|P00924|ENO1_YEAST +1 2 | 2462.2395 | 1.95827e+06 | 1.42429e+07 | 417081.5,289362.8,194558.9

1.0000 | AcIPG.-yeast-1-1-1.07870.07870.35T | 0.000231 | 13/52 | k. ps o4l SRAIOTANIALEKA3S. 26. A splP00950|PMG1_YEAST 1| 1866.0793 | 1.70548e+06 | 1.16365e+07 | 300725.9,277894.0,107346.1

1.0000 | Ac-IPG-yeast-1-1-1.07563.07563.3°T | 0.000203 | 12/48 | k.n20.04DVWTREYTINLHKA39.26.R SpIPOC2HBIRL31A_YEAST +1 | 2 |1926.0430 | 702968 | 1.24334e+07 | 251100.6,227770.3,126984.0

0.9988 | AcIPG-yeast-1-1-1.06329.06329.3° | 0.696 | 1152 | . noo oatvi vRHGOSENNEKa39.26. N $pIP00950/PMG1_YEAST 1 |2033.0013 | 681717 | 4.77765e+06 | 247265.2,229580.6,123972.0

0.9994 | AcIPG.yeast.1-1-1.07926.07926.35T | 0.00217 | 10/72 | R.pps.04SIAPAYGIPVVLHSDHC160.03AK439.26 . K splP14540/ALF_YEAST 1| 2373.2370 | 1.62851e+06 | 8.71115e+06 | 243413.1,221734.3,165115.4 | M(-155.1),0,740.385,-0.001,6254.6:M(-156.1),0,740.051,-0.(
0.9988 | AIPG.yeast-1-1-1.08861.088613°T | 0.00522 | 1168 | .n2o 04T661GTVPVGRVETGVIKA3S.26. P $p|P02994|EF1A_YEAST 1 | 20002318 | 633286 | 6.6591e+06 | 225457.1,206643.7,131845.3

0.9999 | AcIPG.yeast-1-1-1.06736.06736.35T | 0.00335 | 9/56 | k.pps.e4TYPGRGTLFVRGDSKA39.26. L SpIPO4449|RL24A_YEAST +1 | 2 |2004.1011 | 575172 | 2.72473e+06 | 222247.7,199969.1,143789.9

0.9023 | AGIPG-yeast-1-1-1.11233.11233.2°T | 00726 | 4134 | R.nys osSFDVPPPPIDASSPFSQKA39.26.6 $pIP00950[PMG1_YEAST 22541376 | 639804 | 1.99186e+06 | 189855.8,148777.9,103828.8

1.0000 | Ac-IPG-yeast-1-1-1.10847.10847.35T | 0.000426 | 15/64 | k. 2o oaal ENPTRPELALLGGAKA3S.26.V splPO0560|PGK_YEAST 1 | 2106.2056 | 482013 | 3.15874e+06 | 172527.2,154608.7,110860.0

1.0000 | Ac-IPG-yeast-1-1-1.09442.09442.3°7 | 5.7e-07 | 15/64 | k.n2o.e4TVSNASC160.03TTNC160.03LAPLAK439.26.V splP00358|G3P2_YEAST +3 4 | 2158.0981 | 2.00572e+06 | 1.93312e+07 | 169416.0,167327.3,118868.3

1.0000 | A-IPG-yeast-1-1-1.09266.09266.35T | 2.14e-06 | 1176 | k. nze o4TSAVAAL TEVRAEDEAALAKA39.26. L SDIP17076IRLBA_YEAST +1 | 2 |2354.2548 | 815505 | 7.16469e+06 | 158161.9,161845.1,89759.4

0.9975 | Ac-IPG-yeast-1-1-1.08020.08020.35T | 0.385 | 860 | k.n2o.04YAQDGAGIERELARIKASS. 26. K splP14126|RL3_YEAST 1 | 21281495 | 824834 | 2.78199e+06 | 132469.4,109744.6,89193.2

1.0000 | AcIPG-yeast-1-1-1.07359.07359.3°T | 0.00275 | 1160 | . oo eaTvMIAAHGNSLRGLVKA3S. 26.H $pIP00950[PMG1_YEAST 1 | 20051361 | 349374 | 2.41765e+06 | 108782.1,94074.6,71460.5

0.9223 | AGIPG-yeast-1-1-1.06350.063503°T | 16 | 340 | K.nos. osNTVEFHSDHMKa39.26. L $plP06169|PDC1_YEAST 1 | 16948305 | 160852 | 3.35394e+06 | 1047045,86711.9,84888.3

1.0000 | Ac-IPG-yeast-1-1-1.05512.05512.35T | 0.000841 | 3/40 | M. n20.0aNFSHGSYEYHKA39.26. S spIP00549|KPYK1_YEAST 1 | 1706.7908 | 208583 | 4.87777e+06 | 103630.2,105907.0,71181.5

1.0000 | AcIPG-yeast-1-1-1.05694.05694.35T | 0.0145 | 944 | . j2s ouALNEEAEARRLK439.26.N SpIPOCX82|RL19A_YEAST +1 | 2 |1737.9502 | 377602 882798 102408.1,91357.6,76992.9

0.9999 | AcIPG yeast-1-1-1.09738.09738.3°T | 0.0738 | 7/68 | .npo.eaSFLESVIRDSVIYTEHAK439.26.R sp|P02309|H4_YEAST 2420.2442 309493 1.58101e+06 97209.5,78974.3,64076.4

0.9953 | Ac.IPG-yeast-1-1-1.07541,07541.2°T | 0.0568 | 614 | R.nos 04EVLGEQGKA3S.26.D spIPO0549|KPYK1_YEAST 1| 1197.6460 | 364756 | 2.79228e+06 |  88068.0,78618.8,77815.7

0.9792 | AcIPG.yeast.1-1-1.08567.08567.3°T | 0.183 | 5/56 | R.nps. o4l VIVIDPRSDAQAIKA3S.26. E sn|P32905|RSSA1_YEAST 1 | 1964.1161 | 280769 | 1.64864e+06 | 86562.6,102413.0,56210.7

1.0000 | AcIPG-yeast-1-1-1.07839.07830.35T | 3.3e-05 | 13/56 | F.pps 04AFALRIGSEVYHNLKA39.26.S splPO0924|ENO1_YEAST 1 | 20381066 | 280726 | 2.43851e+06 |  83421.3,39456.8,23738.8

09892 | AcIPG.yeast-1-1-1.05824.05824.35T | 0958 | 6/48 | .n2o 04l VERAVSEDPRIKA39.26.M sp|P32527|ZU01_YEAST 1 |1850.0480 | 618037 | 1.97821e+06 | 79985.4,76044.3,66386.6

1.0000 | AcIPG-yeast-1-1-1.09271.092713T | 3.186-05 | 1368 | . nos osvVDEQVELADAAPPPEAKA3S.26. L $plP16387|0DPA_YEAST 1 | 22801380 | 421155 | 1.87633e+06 | 77323.9,86621.947663.7

1.0000 | ACIPG-yeast-1-1-1.04614.04614.3° | 00229 | 948 | .nyo osTAEQUAAERAARKa39.26.A $p|PO5737|RL7A_YEAST 1 [1738.9545 | 447613 | 1.1847e+06 | 71672.2,71510.2,64837.1
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ABSTRACT: Quantifying proteins based on peptide-coupled
reporter ions is a multiplexed quantitative strategy in proteomics
that alleviates the problem of ratio distortion caused by peptide
cofragmentation, as commonly observed in other reporter-ion-
based approaches, such as TMT and iTRAQ. Data-independent
acquisition (DIA) is an attractive alternative to data-dependent
acquisition (DDA) due to its better reproducibility. While
multiplexed labeling is widely used in DDA, it is rarely used in
DIA, presumably because current approaches lead to more
complex MS2 spectra, severe ratio distortion, or to a reduction
in quantification accuracy and precision. Herein, we present a
versatile acetyl-alanine-glycine (Ac-AG) tag that conceals quanti-
tative information in isobarically labeled peptides and reveals it

Triplex Ac-AG labeled sample
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upon tandem MS in the form of peptide-coupled reporter ions. Since the peptide-coupled reporter ion is precursor-specific while
fragment ions of the peptide backbone originating from different labeling channels are identical, the Ac-AG tag is compatible with
both DDA and DIA. By isolating the monoisotopic peak of the precursor ion in DDA, intensities of the peptide-coupled reporter
ions represent the relative ratios between constituent samples, whereas in DIA, the ratio can be inferred after deconvoluting the
peptide-coupled reporter ion isotopes. The proteome quantification capability of the Ac-AG tag was demonstrated by triplex labeling
of a yeast proteome spiked with bovine serum albumin (BSA) over a 10-fold dynamic range. Within this complex proteomics
background, BSA spiked at 1:5:10 ratios was detected at ratios of 1.00:4.87:10.13 in DDA and 1.16:5.20:9.64 in DIA.
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COUPLED

- Option that restricts the quantitation to using only the
unfragmented precursor-coupled neutral losses for Quantic

DIAMODE

- Option that allows deconvolves quantitative values for multiple
isotope, problem common to DIA data



- Combine Quantic PSM quantitation to compute protein
level quantities using PSM stats weighted by intensity

 Fully integrated with ProteinProphet
- Input and output are the same protXML file

- Requires no user input other than the input file
- Visualized by ProtXMLViewer.cgi



ProtXML Viewer:

All Proteins

Selected Entries File & Info Filter & Sort

# Main Entry Accession NTT  Probability # Tot PSMs % Coverage || Weight % Spectrum ids || NSP Quantic: n weight
1 gi]21961605|gb]AAH34697.1| (584 2a) (CONTAMINANT) Keratin 10 [Homo sapiens] 1.0000 30 6.3% M 0.07%1 I :
2 sp|013516|R89A_YEAST (197 aa) 408 ribosomal protein S9-A OS=Saccharomyces cere. 1.0000 EE—— ol 29.9% 0.1%1 I._ 6
3 Sp|014467|MBF1_YEAST (151 aa) Multiprotein-bridging factor 1 OS=Saccharomyces cer... 1.0000 ] 7l 44.49 (I 0.17% 1 l-- 6
4 Sp | P00330|ADH 1_YEAST (348 aa) Alcohol dehydrogenase 1 OS=Saccharomyces cerevisi. . . 1.0000 44 56.9% 0.90% I I W 25
5 Sp | P00331 IADHZ_YEAST (348 aa) Alcohol dehydrogenase 2 OS=Saccharomyces cerevisia . » 1.0000 21 25.39% [ 0.23% 1 l B 10
6 sp|P00431 |CCPR_YEAST (361 aa) Cytochrome c peroxidase, mitochondrial OS=Sacchar. . » 1.0000 21 44%0 0.05% 1 I._ 2
7 Sp|P00445|SODC_YEAST (154 aa) Superoxide dismutase [Cu-Zn] OS=Saccharomyces Ca« « 1.0000 ] 1] 50.0% ] 0.21% 0 l- - 6
8 Sp | P00498| HIS 1_YEAST (297 aa) ATP phosphoribosyltransferase OS=Saccharomyces cera .. 1.0000 30 9.4% I 0.07%1 I e 3
9 Sp | P00560| PGK_YEAST (416 aa) Phosphoglycerate kinase OS=Saccharomyces cerevisiaa . » 1.0000 [ 1 821 1 74.8% [ 1 1.94% l [ ™ 40
10 sp|P00815|HI82_YEAST (799 aa) Histidine biosynthesis trifunctional protein OS=Saccharo. « » 1.0000 ol 12.4% HE 0.22% 0 I-_ 8
1 sp|P00817|IPYR_YEAST (287 aa) Inorganic pyrophosphatase OS=Saccharomyces cerevis. « - 1.0000 P 10 44,99 0.39% B l B
12 Sp|P00830|ATPB_YEAST (511 aa) ATP synthase subunit beta, mitochondrial OS=Sacchar. . « 1.0000 'l 9.4% I 0.10%1 I-- 4
13 Sp | P00931 ITRP_YEAST (707 aa) Tryptophan synthase OS=Saccharomyces cerevisiae (stra .. 1.0000 | 59% 0 0.09% I l [ - 3
14 sp|P00942|TPIS_YEAST (248 aa) Triosephosphate isomerase OS=Saccharomyces cerevis. » » 1.0000 P 21 51.29, 0.46% M I. - 12
15 Sp | P00950| PMG1 _YEAST (247 aa) Phosphoglycerate mutase 1 OS=Saccharomyces cere. .. 1.0000 30 D 58,79 ] 0.70% Il l B 17
16 Sp | P00958|SYMC_YEAST (751 aa) Methionine—tRNA ligase, cytoplasmic OS=Saccharom. .. 1.0000 5H 6.8% 0 0.12%1 I = 3
17 sp|P02293|H2B1_YEAST (i312a) +1 = 1.0000 50 31.3% I 0.12%1 l-_ 5
18 sp|P02309|H4_YEAST (103 aa) Histone H4 OS=Saccharomyces cerevisiae (strain ATCC 20. .. 1.0000 P 30 36.9% [ 0.07%1 I. — 2
19 Sp | P02400| RLA4_YEAST (110 aa) 60S acidic ribosomal protein P2-beta OS=Saccharomy. s 1.0000 P 30 31.8% 0.07%1 I Hm 2
20 Sp|P02406|RL28_YEAST (149 aa) 60S ribosomal protein L28 OS=Saccharomyces cerevisi. « « 1.0000 1 43.0% 0.25% 1 I- = 7
21 Sp|P02407|RS17A_YEAST (136 aa) +1 = 1.0000 — 130 58.1% ] 0.31% 0 l-_ 8
22 sp|P02829|HSP82_YEAST (709 aa) ATP-dependent molecular chaperone HSP82 OS=Sa... 1.0000 30 46.3% 0.55% I I._ 31
23 Sp | P02994| EF1 A_Y EAST (458 aa) Elongation factor 1-alpha OS=Saccharomyces cerevisis « « 1.0000 33 I 58.5% (I 0.80% Il I w23
24 Sp | P041 47' PABP_YEAST (577 aa) Polyadenylate-binding protein, cytoplasmic and nuclea. .. 1.0000 16 30,0 0.38% W I W 14
25 Sp | P04449| RL24A_YEAST (155 aa) 60S ribosomal protein L24-A OS=Saccharomyces ce. .« 1.0000 1000 33.5% [ 0.13%1 l B 9
26 sp|P04456|RL25_YEAST (142 aa) 60S ribosomal protein L25 OS=Saccharomyces Cerevisis » « 1.0000 P 1 49,39 0.26% 1 I- - 8
27 Sp | P04801 ISYTC_YEAST (734 aa) Threonine—-tRNA ligase, cytoplasmic OS=Saccharomy. . » 1.0000 I 100 10.9% Il 0.24% Il I . 9
28 Sp I P04802|SYDC_Y EAST (557 aa) Aspartate—tRNA ligase, cytoplasmic OS=Saccharomyc. . » 1.0000 7@ 14.0% I 0.17% 1 I Em 6
29 Sp | P04806| HXKA_YEAST (485 aa) Hexokinase-1 OS=Saccharomyces cerevisiae (strain A. .« 1.0000 24 B 37,39, 0.48% M l Be 16
30 Sp | P04807| HXKB_YEAST (486 aa) Hexokinase-2 OS=Saccharomyces cerevisiae (strain Au .« 1.0000 18 29.29 0.34% B I Hw 13
31 Sp|P04840|VDAC1_YEAST (283 aa) Mitochondrial outer membrane protein porin 1 0S=S. .« 1.0000 I 5H 15.2% I 0.12%1 I-_ 5




ProtXML Viewer:

All Proteins Selected Entries File & Info Filter & Sort Models >

# Main Entry Accession NTT  Probability # Tot PSMs % Coverage || Weight % Spectrum ids || NSP Quantic: n weight
4 Sp|P00330|ADH1_YEAST (348 aa) Alcohol dehydrogenase 1 OS=Saccharomyces cerevisi. » - 1.0000 E— 44 D 56.99% I (.90 I-_ 25

+2  npgAM147GYRVL o X - 7 O — 11 0.26 24.50

+2  Ny9AMGYRVLGIDGGEGK300 OO 0.9997 11 100 23.77 . I-- 1 0.891
+2 N9AM147GYRVLGIDGGEGK300 OO 0.9997 11 .00 23.77 . I-- 1 1.181
+3  Ny9AM147GYRVLGIDGGEGK300 O 0.9991 11 100 T 23.77 M 1 15.63 I
+2  ny9ANELLINVK3qq OO 0.9997 fe] - I 00 — 23.77 . I.- 3 7410
+2  NygATDGGAHGVINV O 0.9997 11 100 23.77 .

+2  NygATDGGAHGVINVSVS [ 0.9995 11 100 T 23.77

+2  nygCCSDVFNQVVK30g O 0.9996 11 100 23.77 . I-_ 1 0.981
+2  nygDIPVPK300PK300 OO 0.9997 6l 0.50 24.26 l-_ 6 24.95 -
+2  nygDIVGAVLK30q OO 0.9973 | 20 100 T 23.77 e 2 1.381
+2  nygEAAIEASTR D o955 11 11 0.36 [ 24.46

+3  ny9EELFRSIGGEVFIDFTK300EK300 I 0.7543 11 100 24.20

+2  Ny9EK300DIVGAVLK30g OO 0.4201 11 100 24.34

+2  Nny9GAAGGLGSLAVQYAK300 [ 0.9997 11 0.50 24.26 I He 1 0461
+3  Nny9GAAGGLGSLAVQYAK300 [0 0.9997 11 0.50 24.26 . I B 1 0.581
+2 Nn9GQIVGRYVVDTSK300 OO 0.9997 P22 I OV — | 23.77 . Hm 2 2441
+3  ny9GQIVGRYVVDTSK300 OO 0.9996 T 11 100 T 23.77 m. 1 4840
+2  Ny9GVIFYESHGK30q OO 0.9997 3@ .00 23.77 - 3 61.56 (]
+3  ny9GVIFYESHGK30q O 0.9997 11 100 ) 23.77 B 1 2381
+2  np9GYRVLGIDGGEGK30g O 0.9997 11 100 23.77 . I-. 1 2200
+2  nygIGDYAGIK3gq OO 0.9992 20 0.50 24.27 . e 2 16.80 I
+2 nygLAVQYAK300 [ 0.9777 ) 11 0.50 24.30 Hm 1 1.781
+3  nygLPLVGGHEGAGVVVGMGENVK30g OO 0.9997 11 0.50 [ 24.26 - 1 0311
+3  nygLPLVGGHEGAGVVVGM;47GENVK300 O 0.9996 11 0.50 [ 24.27 I m. 1 0.441
+2  nygRVLGIDGGEGK30q [ 0.9997 11 100 ) 23.77 B 1 1.600
+2  NygSANLM;47AGHWVAIS [0 0.9994 11 100 23.77 .

+2 nygSDVFNQVVK30q [ 0.9994 11 0.55 24.21 . I-_ 1 1.441
+2 nygTVLVGMPAGAK30g [0 0.9997 11 .00 23.77 - I-- 1 1.611
+2  nygVLGIDGGEGK30q O 0.9993 11 100 T 23.77 I-_ 1 5200
+2  NygVVGLSTLPEIYEK30q OO 0.9997 fc] - I 0l0) — 23.77 B 3 0.781
+3  NgVVGLSTLPEIYEK30g O 0.9997 4 I N[0 S —— 23.77 I._ 2 0.801
+2  n9YVVDTSK300 o R 1K 1) —— 11 0.33 [ 24.44 I-- 1 4320



- Deconvolves overlapping Isotopes of DIA data to
extract quantitative signals, uses Mike’s Mercury8 code

to predict theoretical isotopic distributions of
|dent|f||s&d>en&nt4dees N DIAMODE Corrected!

>
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* Quantic allows the user to specify PTM molecular formulas for better isotopic distribution estimation

with Mercury8

"K[300]C7H12N203,M[ 147 ]C5HINO2S,n[ 29 JN2H"

L b

'V o A

//JT.\

115

%
A4

-114

A 4

113

1.0

08

06

04

02

00

VS

No PTM Molecular Formula Adjustments

é
)

I
|

o

N

I
Y

v

4

Cow
4

5x

2X

T
1x




QuanTic

0.7

06

05

04

0.1

+
4

5x 2X 1x



Acknowledgements

- Mukul Midha

- David Campbell

- Zhi Sun

- Mike Hoopmann

- Kristian Swearingen
- Luis Mendoza

- Eric Deutsch

- Rob Moritz

- Thank you for your attention!



