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. . ThermoFisher
Proteome Discoverer history

Software for identification and quantification of proteins in complex samples

1.0 — July 2008 Workflow-based solution for protein identification

1.1 - Nov 2009 Automation, batch processing, reporter ion quantification (e.g. TMT)
1.2 — Apr 2011 SILAC quantification

1.3 - Mar 2012 Validation (Percolator, PhosphoRS), biological annotation, 64-bit

1.4 — May 2013 Deep data mining (Sequest HT, library searching)

2.0 — Mar 2015 Architectural changes, study management, large data sets

2.1 —0ct 2015 Improved reporter ion quantification

2.2 —July 2017 Label Free Quantification, Statistics, Cross-Linking

2.3 —-Feb 2019 Improved library search, heat maps, PTM site tables, cross-link quantification, annotation groups,
ProSightPD™

2.4 —Oct 2019 Precursor detector/chimeric spectra, scripting node, TMTpro™, new licensing

2.5 - Oct 2020 INFERYS® rescoring, predicted spectral libraries, enrichment service, improvements in TMT and PTM

analysis, SureQuant™ Method Development, ProSightPD 4.0, XlinkX improvements
3.0 - ASMS 2022 CHIMERYS®, INFERYS® 2.0, Comet search engine (for TMT RTS)




Proteome Discoverer 3.0

« CHIMERYS
Cloud and deep learning-based search engine

Up to 2x more unique peptide IDs for a given data file compared to PD 2.5
Includes INFERYS 2.0

 INFERYS 2.0
TMT, TMTpro and HLA peptides
HCD and CID MS/MS
1-6+ precursors
Display of predicted spectrum in mirror plot (also available with CHIMERYS)

« Other features
Comet search engine for close match to OT Eclipse real time search (which also uses Comet)
SureQuant method exporter node
Updated installer
Faster Percolator FDR
Minora Improvement
Faster XlinkX search



What is INFERYS®?

Deep learning-based model for peptide MS/MS spectral prediction

Peptide sequence (7-30 aa)

.

Peptide charge state (1-6+) ~—

7 > Predicted MS/MS spectrum
TMT, TMTpro,—

Carbamidomethyl, Oxidation INFERYS

HCD/CID (+NCE)/

INFERYS is a registered trademark of MSAID, GmbH



Prediction-based rescoring for improved confidence

INFERYS Rescoring node predicts (w
MS/MS spectra for PSMs identified by '

Spectrum
Selector

.

Sequest HT

'

Updated Percolator node includes new ‘LUJ Detector 2 ‘
features for improved peptide ID l
confidence e
Recent publication: l
Zolg, DP et al, “INFERY'S rescoring: =
boosting peptide identifications and ‘%ﬁ St 8 ‘
scoring confidence of database search l
results”, Rapid Commun. Mass
Spectrom., 2021, \‘_3:‘- et 8 ‘
https://doi.org/10.1002/rcm.9128 |
v
[ pocor |7
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Results — Immunopeptidomics data set

HLA Class | data set — Patient derived melanoma cell line (Chong. et al, Nat. Com. 2020)

* HLA Class | peptide data set MPS SequestHT w/o Rescoring
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INFERYS 2.0 Rescoring for TMT Analysis

Prediction of TMT, TMTpro peptides now available in Proteome Discoverer 3.0 software

* INFERYS-predicted TMT-modified spectrum shown in the lower half of the mirror plot — NEW in PD
3.0!

ea05174_02042021_T18_F2.raw #48036 RT:86.4910 min
ITMS, 1008.0909@cid35.00, cv=-40.0V, z=+2, Mono m/z=1007.5¢

s Reference Spectrum (inferys_2.0_fragmentation)
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Cometin PD 3.0

New Comet node available as a search engine to help increase |Ds for TMT Real-Time Search data

Parameters of 'Comet’
Hide Advanced Parameters

Optional custom
Comet params

v 1. Selection Parameters
Protein Database Homo sapiens (sp_canonical Tax|D=9606) (v202:

Comet Params File {Use editor to change)
W
Variable Modffication 1 Owidation / +15.995 Da (M)

file to modify
Variable Modification 2 Mane
adva nCed Variable Modification 3 Maone
Variable Modffication 4 Mone
para mete rs Variable Modification & Mane
* 3 Warable Modifications (peptide terminus)
1. N-Teminal Modffication ~ Mone
2. N-Terminal Modffication  Mone
1. C-Terminal Modffication  Mone
2. C-Teminal Modification Mane
v 4. Static Modifications
. Peptide N-Teminus TMTpro / +304.207 Da (Any N-Teminus)
PTM ||St Peptide C-Teminus MNone
. 1. Static Modification Carbamidomethyl / +57.021 Da (C)
provided by 2 Static Modiication TMTpro / +304 207 Da {K)
3. Static Modffication Mone
PrOteome 4. Static Modification Mane
I 5. Static Modification Mone
D IScoverer 6. Static Modification Maone

Figure 9. Protein groups identified and quantified
TMT18plex Yeast digest standard using different
PD analysis workflow
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From Liu et al, ASMS 2021 poster



Chimeric spectra

Mass spectrometer can isolate and fragment many peptides for the same MS/MS spectrum

nts] (10°6)

508.77246

F14: 1902321_Hela_ISO3p8 rew #20930, EfectiveRT=24 9850 min

FTMS, isolation=510.76 Da / 508.88-512 88 Da, z=+2, Mono m/z=510.7€085 Da, MH+=1020 51
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Mixture of fragments from 10+ peptides
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No current search engine can identify more than a few of the peptides in this type of spectrum,
leading to missing peptide IDs
Use one or more extra dimensions of separation to attempt to simplify spectra in order to
identify more of these peptides
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A novel, Al-based approach for chimeric spectrum ID

Intensity-based deconvolution of chimeric spectra based on accurate predictions.

Relative Intensity
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CHIMERYS service

Proteome Discoverer 3.0 software communicates via 3 different interfaces

%
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Percolator

Predicted spectrum
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MS/MS Spectra, \
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— INFERYS

0
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Proteome Discoverer 3.0 software

Predicted
spectrum

>

INFERYS

CHIMERYS Service
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Typical CHIMERYS workflow in Proteome Discoverer 3.0

Substitute CHIMERYS for Sequest HT

[ s | Spectrum Files

!

—
| Spectrum
[W Selector

All CHIMERYS
searches are on the
cloud

For CHIMERYS,
Percolator is also

Identification

G

'

run on the cloud

— [lv Percolator

Select FASTA database, enzyme
specificity, tolerance, PTM

1. Input Data

Protein Database uniprothuman.reviewed. 20211102 fas
Prediction Model inferys_2.0_fragmentation

Enzyme Trypsin

Max. Missed Cleavage Sites 2

Min. Peptide Length 7

Max. Peptide Length 30

Max. Number Of Modification: 3

Min. Peptide Charge 2

Max. Peptide Charge 4

2_Tolerances

FragmentMass Tolerance 20 ppm

3. Dy ic Modificati

Max. Equal Modifications Per 3

1. Dynamic Modification Cxidation (M)
2. Dynamic Modification

1. M-Terminal Modification

4. Static Modifications

Peptide N-Terminus

1. Static Modification Carbamidomethyl (C)

2. Static Modification TMTpro 16plex Tandem Mass Tag (|
5. Validation

Percolator Mode Auto



CHIMERYS results presentation

Predicted spectrum for CHIMERYS and INFERYS Rescoring new for PD 3.0 software

2 Thermo Proteome Discoverer 3.0.0476 - X
File View Administration Tools Window Help
* start Page *190321_Hela_ISO3p8 PD 3.0 X | > 4
G‘—I Proteins “g Protein Groups || Peptide Groups || PSMs | WUSHVERTSSIIAGIGN | Input Files g Specialized Traces || Study Information
& Checked | File ID | RT [min] | First Scan = | Mass Analyzer | Activation Type | NCE [%] | MS Order | # PSMs | # Peptide Groups | Isolation Interference [%] | lon Inject Time [ms] | # Precursors | Precursor mfz [Da] | Precursor MH+ [Da] | Precursor Charge | Spectrum File -
8 = F10 |400100 38302 FTMS HCD 280 Ms2 4 4 60 23500 1 739.87836 1478.74944 2| 190321 _Hela_ISO3p8 raw
9 = F10 |400108 38303 FTMS HCD 280 Ms2 1 60 23500 1 763.36634 1525.72661 2| 190321 _Hela_ISO3p8 raw
10 = F10 |400115 38304 FTMS HCD 280 Ms2 X X 85 23500 1 720.87347 1440.73967 2| 190321 _Hela_ISO3p8 raw
1+ F10 |400123 38305 FTMS HCD 280 MS2 3 3 72 23.500 1 47422577 947 44426 2| 190321 _Hela_ISO3p8 raw
12 & | F10 | 40.0138 38307 FTMS HCD 280 MS2 4 4 85 23500 1 55632129 1111.63530 2 | 190321_Hela_ISO3p8.raw 1

() Hide Associated Tables

S el ect up to 5 Proteins ¢ Protein Groups | Peptide Groups Precursors
Checked | Confidence | Identifying Node PSM Ambiguity| Annotsted Sequence ~ | Modifications | # Proteins | Master Protein Accessions | Protein Accessions |4 Missed Cleavages | Charge | AScore ACn | Rank| Search Engine Rank | mjz[Da] | MH+ [Dg]
PS MS from same @ [crivERYs {A12) |Unambi YVANIFPYK 1] coHauz Q9H2U2 0 2 oo00| 2 2 557.79999 | 1114.5027¢
@ [CHMERYS (A12) |Unambi IFFAGDTIPK 1] 075368 075369 0 200000 00000 1 1554 80457 | 1108 6018
MS /MS t @ | CHIMERYS Identification (A12) |Unambiguous | DPLVIELGQK 1] qsNvLe QSNYL4 0 2 00700] 3 3[55632129 | 1111.6353(
Spec rum [ @ | CHIMERYS Ideni {A12) |Unambi DHINLPGFSGONPLR 1] P00491 PO04S1 [0 3 02000 4 4| 56562091 | 1664.8481¢
< il ] i
(%) Show Assacisted Tables
Fragment Match Spectrum -8 x
190321 _Hele 150308 rew #38307 AT 40,0138 min
FTMS. 536 3213@neci28 00, =42, Mono miz=857 79995 D Me=1114 89270 Da. Matcn ToL=20 pom
| Annotated MS/MS spectrum |
By apr Dy s
24416571 33017673  385.25638 A e 684.37976 By~ Cy g7
i g S i) Cyy Dy Bys 2 V7 i 85246210 Dby Dy
° b i 407.22922 445 37972 499,30209 630.34637 701.38470 786.47345 ok A G
Mirror plot . M - e ST e DT ML G
p ; 147.1130 213.08716 |/ 40823358 499 567.38049 4 77141083 781.42590 848.45194 i reae 951533 ghs 5173
. ) I N " . I ( ‘IJ L } e i ey ﬂ‘\ [ i L !‘L Jx‘ L
aUtOI | |at|ca”y z Cpr Py Cbr B ol Dy Db BYe Ay o Bi Dy Ave Gy Eye Dys” Bys
H By o Cys~ Dby~ Bby \ y Dys ’ Db+ Dbs
H 3 g \ Dys
updates . : :
| | | , | Combined predicted spectrum |
100 200 300 w00 500 a0 70 b ™ T T
e
A >> YVANIFFYK B >> IFFAGDTIFK € >» DFLVIELGQK D> DHINLPGFSCQONFLR == b —_

Ready 4213/4567 Proteins: 4213 Protein Groups: 12269 Peptide Groups: 28966 PSMs: 11160 MS/MS Spectrum Info; 1/2 Input Files: 1 Study Information: 2 Specialized Traces



Improvement in peptide ID by release

ThermoFisher
SCIENTIFIC

HelLa dataset, 90-minute run, ID counts by Proteome Discoverer software release version

PD 3.0

[ Spectrum Files 1]

!

'

“
[‘ CHIMERYS 3

Identification

!
B oo |5

New CHIMERYS
intelligent search
algorithm!
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Proteins

+41%

23 2.4 2.5 3.0

Proteome Discoverer
software version

CHIMERYS produces 70%
more proteins than PD 2.3

Peptide Groups
+61%

23 24 2.5 3.0

Proteome Discoverer
software version

PSMs
+91%

+125%

29586

23 2.4 2.5 3.0

Proteome Discoverer
software version

CHIMERYS produces more
than 2x more unique peptides
than PD 2.3

CHIMERYS produces almost
5x as many PSMs as PD 2.3




Proteome Discoverer 2.5 vs 3.0 software

CHIMERYS identifies 5 peptides vs INFERYS Rescoring identifies 1

190321 _Hela_ISO3p8.raw #39130 RT: 40.7219 min

FTMS, 584.3212@Nncd28.00, 2=+2, Mono m/z=582.77588 Da, MH+=1164.54448 Da, Match Tol.=20 ppm

Consensus Reference Spectrum
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CHIMERYS identifies up to 12 peptides per spectrum

For 3.8 m/z isolation window data, over 8000 spectra have 5 or more PSMs
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. . . ThermoFisher
No increase in “one hit wonders”

CHIMERYS produces more sequence coverage than previous versions

900
800
700
600
500

400
300

200
. I 1 II 1 ||| R T I I
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

/ Unique peptides per protein

Proteins with one PD2.3 mPD2.4 mPD25 mCHIMERYS
unique peptide Avg peptides/protein: 6.8 7.4 7.4 8.6
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CHIMERYS vs Sequest HT + INFERYS

Thermo Scientific Orbitrap Exploris™ 480 MS with FAIMS Pro™ Interface “golden data”

Unique peptides
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OT/IT support

CHIMERYS supports ion trap MS/MS data

“Top N” Peaks Filter is used to remove background noise prior to CHIMERYS search

1 ug 60min HelLa dataset from OT Ascend Tribrid:
Sequest HT INFERYS: 5496 protein groups, 37351 peptides
CHIMERYS: 7141 protein groups (+30%), 59132 peptides (+58%)
CHIMERY quantified 42973 peptides (+32%) vs 32533 for Sequest+INFERYS
Sequest HT INFERYS+MSPepSearch: 5714 protein groups (+4%), 47490 peptides (+27%)
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Not just software — Wide Window Acquisition

Optimize data-dependent acquisition methods with Proteome Discoverer 3.0 software and CHIMERYS

OT/OT OT/IT

Proteins Proteins
8000 o 9000
+ 0
7000 87 A) 8000 +43 /0
+269
6000 7000 A)
5000 6000 —= o =
/
4000 ° ° a
9 5000
3000
4000
2000
3000
1000
2000
0
S\S\Q R PN N NN BN TN B © ® 1000
&
& 0
@ Isolation Width 0.4 0.7 1.2 1.5 2 &
—@=Sequest HT Sequest HT + INFERYS Rescoring CHIMERYS —@—Sequest HT CHIMERYS

See poster from ASMS

Hela cell lysate digest acquired on a Thermo Scientific™ Orbitrap Eclipse™ Tribrid™ mass spectrometer using a 1-hour gradient and MS2 isolation windows between 0.4 Th and 8 Th
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ThermoFisher

Label-free quantification of Human and E coli Mixture

OT/IT HCD MS/MS, 1 ug total protein per sample, 3 search engine strategy

RC
e Protein Ratios for Human and E coli proteins
lin [jy Minora Feature ZDJ &mp‘ Spectrum 1J 1800
Eh b Detect /r Selecll \ 7685 quant'ﬂed prOtelnS
1600 : .
= : - Median ratio: 0.897
{“—m] Pepeios e 29} [LU e 15} [@i i 27} 1400 Interquartile range:
i I ] oo q ge: 1911 quantified proteins
3 0.856-0.943 . .
[@Q SoquontHT M [’s cnmeRrs azJ [ P ercottr zaJ Median ratio: 2.013
1000
Interquartile range:
800
[J zs} [ P s u} 1.896-2.146
lescoring 600 u Human
L mE coli
=
1 1if
entifying Node: CHIMERYS Identifying Node Type: Sequest HT 0 - m-manm all I I I I I | B wnal I I I I
centfcaion 722 B 2882888 1288988288288288128882889881288
14566 B = - == = == === o JC s = = = = = SRR L R s e
ARARAARAARARAARAAARAAANNANARRNANRNNRANNRDNNNRDNA
bt At d DAL bt e O ATV ONDD AN ON QD
‘T‘T‘T‘T‘TIC.’C.’C.’C.’C.’C.’C.’C.’C.’ OO0 0000000 ™™y ™™™« ™ v« v«
log2(Ratio)

ionrg ote Type: ~~ 146069 identified peptides
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CHIMERYS TMT MS2 Processing workflow

Can CHIMERYS be used to improve TMT quantification results?

L, Spectrum Files
SRE Re 0 |

gl

Spectrum

r Reporter lons
Quantifier 4 | "‘“ Selector
i s
[ = crimerys s l
il Identification
....................... l L%
11] Percolator 3 ‘

Show Advanced Parameters

1. Input Data
Protein Database
Prediction Madel

Saccharomyces cerevisiae (sp_canomcal
inferys_2 1_fragmentation

Enzyme Trypsin

Max Missad Cleavage Sitas 2

Min Peptide Length 7

Max. Peptide Length 30

Max Mumber of Modifications per 3

Min. Peptide Charge 2

Max. Paptide Charge L
¥ 2 Tolerances

Fragment Mass Tolerance 20 ppm
~ 3. Dynamic Modifications

1. Dynamic Modification Cradsation (M)

2 Dynamic Modification
3, Dynamic Modification
Peptide MN-Terminus

~ 4 Stlabc Modifications
Peptide N-Terminus
1. Siatic Modification
2 Static Modification
3. Siatic Modification

v 5 Validation
Percolator Mode Auto

TMTEN011 Tandem Mass Tag (N-term)
Carbamidomathyl (C)
TMTE1D/11 Tandem Mass Tag (K)

« User selects

- Protein database

- PTMs

- Mass tolerance (20 ppm for
OT MS/MS, 0.3 Da for IT
MS/MS)

- “Top N Peak Filter” required
for optimal OT/IT analysis
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New Normalized CHIMERYS Coefficient parameter

« Normalized CHIMERYS coefficient parameter in Reporter lons Quantifier in Consensus

workflow

- Parameter measures percentage of fragment abundance for selected PSM compared to all in

same MS/MS spectrum
- Coefficient >0.8 considered acceptable

20210316_HB_BF_U3000_uPAC_50cm_precol_114min_TMTpro2_150nimin_2CV_scMS_MS2_750ms_50x200c.raw #4111 RT: 38.5304 min
FTMS, 482.2887@Nncd32.00,cv=-50.0V, z=+3, Mono m/z=482.28962 Da, MH+=1444.85431 Da, Match Tol.=20 ppm

Consensus Reference Spectrum (Inferys (local))

100 yo9+ y4+ yo+
Y5 50679739 541.35559 b3+ 72745551 - o
. : 31469742 62+ \ . 603.37708 bat 817.47174 90450311
= B + \ ; | i
g 17'}]11856 gie\ o SABUS bl N o v 718'40r(’3 | 7+ Poyse yo+
2 5. 27118149\, 43327200 |\ 5043 62838730 | 048195 | -
7 \ N - ,[ l 342 | 94154980 1012.58649
0 | Il \ 1 { L " fry ) oo i FEal | .

Selected peptide has 86% of fragment

intensity, enough to use for quan

T T T T T
200 400 600 800 1000 1200
miz

QAVDVSPLRR.(A9) = b —_—

Count

80000

60000

40000 |

20000 |

0
0.050 0.150 0.250 0.350 0.450 0.550 0.650 0.750 0.850 0.950

0.100 0.200 0.300 0400 0500 0.600 0.700 0.800 0.900 1.000
PSMs - Normalized CHIMERYS Coefficient
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Example: SCP TMT paper

» “Real-Time Search-Assisted Acquisition on a Tribrid Mass Spectrometer Improves Coverage in
Multiplexed Single-Cell Proteomics”, Furtwangler et al, MCP, 2022.

« Samples were labeled with TMTpro 16plex

* Acquired data via multiple acquisition methods:
MS2-based TMT
SPS MS3
RETICLE - real-time search-triggered MS2 ID and quan

« Compare workflows from PD 2.5 to new approaches in PD 3.0 for all 3 acquisition methods



INFERYS Rescoring results
Comparison of PD 2.5 and PD 3.0 results

Acquisition
Method

PD 2.5 Sequest HT

PD 3.0 Sequest HT + INFERYS Rescoring
(+ Comet for RETICLE)

Quantified Peptide Quantified PSMs
Proteins  Groups Peptides

Protein Quantified Peptide Quantified PSMs
Groups Proteins  Groups Peptides

HCD MS2

SPS MS3

RETICLE

1081 4073 3854 9124

1111 4863 3490 10461

1417 5307 4832 10577

1150 1085 4008 3769 8985

1667 1229 6164 4086 13205
(+23%)  (+10%)  (+27%) (+17%)

1591 1472 5437 4901

(43%)  (+4%)  (+2%)  (+2%) 19347

* Incremental improvement in results for high resolution HCD
« Substantial improvement in results for SPS MS3 data.
* Incremental improvement for RETICLE results.

25
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Example of a peptide unique to INFERYS Rescoring

No high confidence identification for Sequest HT alone

(TMTpro)-IPPNDPR, 2+
Xcorr of 1.29 due to not many matched fragments
Predicted spectrum in mirror plot correlates experimental abundances to predicted ones

All fragments selected for MS3 are from identified peptide, ensuring accurate quantification

20210316_HB_BF_U3000_UPAC_50cm_precol_114min_TMTpro2_150nimin_2CV_scMS_MS3_rapid_750ms_50x200c_3.raw #7061 RT: 30.8049 min
ITMS, 556.8211@cid30.00, cv=-50.0V, z=+2, Mono m/z=556.82201 Da, MH- latch Tol.=0.6 Da

+=1112.63674 Da, Match T

s Reference Spectrum (Inferys (iocal))

b5
b53?-NH3 b5?-H20 841.44
vz 2 412.65 y6-H20
272.22 387.15 677.76
b1
yR-NH3 y?  y3? y2-NH3| b#? 8 b&?-NH3 b3 y&-N ye b& b6&?
158.11 175.06 194.09 255.15 364.16 / 461.74 612.47 678.52 695.37  726.33 938.49
T
600
mz

IPPNDPR.(A10) === b, b-H20, b-NH3 == vy, y-H20, y-NH3
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MS2-based TMT results

CHIMERYS produces the most differentially expressed proteins for single cell data

Search strategy Protein groups | Peptide Quantified Quantified proteins
groups peptides

Sequest HT 1135 4073 9124 3854 1081
Sequest HT + 1150 4008 8985 3769 1085
INFERYS

Rescoring

CHIMERYS 1658 (+44%) 5037 (24%) 11021 3518 1168 (+8%)

« CHIMERYS produces a substantial gain in the number of protein and peptide identifications.

« Although many identified peptides are rejected due to interferences, CHIMERYS is still able to
quantify proteins not identified by other approaches.

 CHIMERYS is the best approach for MS2-based TMT quantification.
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Single cell SPS MS3 results

Sequest HT + INFERYS Rescoring is still the best approach for ion trap MS/MS-based methods

Search strategy Protein | Peptide Quantified Quantified proteins
groups | groups peptides

Sequest HT 1347 4863 10461 3490 1111
Sequest HT + 1667 6164 13205 4086 1229
INFERYS

Rescoring

CHIMERYS 1632 5824 12144 3662 1169

* INFERYS Rescoring is the best approach for SPS MS3 acquisition.
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Single cell RETICLE results

RETICLE results behave similarly to MS2-based TMT

Search strategy Protein | Peptide Quantified Quantified proteins
groups | groups peptides

Sequest HT 1539 5307 10577 4832 1417
Sequest HT + 1591 5437 19347 4901 1472
INFERYS

Rescoring + Comet

CHIMERYS 2025 5892 11078 3869 1322

« CHIMERYS produces substantially more protein IDs, but fewer are quantified due to CHIMERYS

coefficient <0.8.

* For RTS-based approaches, Sequest HT + INFERYS Rescoring + Comet produces the best

results.



How can | try CHIMERYS?

Visit Proteome Discoverer product page

* https://www.thermofisher.com/us/en/home/industrial/mass-spectrometry/liquid-chromatography-

mass-spectrometry-lc-ms/lc-ms-software/multi-omics-data-analysis/proteome-discoverer-

software.html|
e Click “Free CHIMERYS demo” and fill out form

« We will send you a temporary account to search 5-10 data files

Link to demo request sends e-mail
chimerys.demo@thermofisher.com

Proteome Discoverer Software

The intelligent protein informatics platform

Register to receive a demo version of CHIMERYS and updates

Contact us Free demo download Free CHIMERYS demo

Overview Benefits Resources Applications Ordering guide

Contact us




ThermoFisher
SCIENTIFIC

Questions

thermofisher.com/proteomediscoverer

Copyright 2022
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INFERYS Prediction and Rescoring

INFERYS is developed using Proteome Tools and other curated data

* Deep learning-based MS/MS spectral prediction MSAID Tearn
* Developers of INFERYS at MSAID™ were part of
the ProteomeTools and Prosit projects with the

Kuster lab
* Many years of experience with deep learning and

algorithm development

HOME ~ NEWS  THEPROJECT  PEPTIDESETS  DATA AVAILABILITY ~ PARTNERS  CONTACT

ProteomeToojs

Peptide Sete Welcome to the ProteomeTools project

rojectis a joint effort of the Technical University of Munich (TUM), JPT Peptide Technologies, SAP
r Scientific. It is dedicated to translating the human proteome into molecular and digital tools for

gene products including
odal LC-MS/MS. We wel
community by e.g. suggesting sets of peptides to synthesize, offering measuremer

developing applications and data analysis tools.

Current release status:

MSAID Advisors Prof. Wilhelm Prof. Kuster
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What is INFERYS?

Deep learning-based model for peptide MS/MS spectral prediction

VGEEVEIVGIK

AN

—_—

y10

b6

600

2+

y3
b2 b5
@ S T el
\/ y1| yz‘ y72 A ‘
| I

il
INFERYS

200 400

m/z

NCE = 26 Predicted MS/MS spectrum
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INFERYS® Rescoring Node

Additional features calculated as input into Percolator

[%Q Sequest HT 5}

» Search against FASTA file

* Produce a list of PSMs from
the target and decoy
database searches

* Produce up to rank 10 hits
per spectrum

_ | =g INFERYS
' ( & Rescoring EJ
b

* Determine optimal collision
energy for input into
INFERYS algorithm

» Calculate all predicted
spectra for all target and
decoy hits

 Calculate spectral angle and
other figures-of-merit for
correlation of predicted and
measured spectra

> [ Iﬂ Percolator ?J

Use the standard 35 features
If INFERYS Rescoring node
is used, add 15 more features
Calculate FDR thresholds
using SVM score calculated
from all input features

For information about
Percolator, read Matthew The
et al, JASMS 2016
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Single cell analysis using INFERYS Rescoring
Yongzheng Cong et al, Chem Sci, 2021 Advance article, FAIMS 2 CV (-55, -70)

* Thermo Scientific™ FAIMS Pro™ interface with
Thermo Scientific™ Orbitrap Eclipse™ Tribrid™ Mass

Spectrometer, IT HCD MS/MS
« With INFERYS Rescoring

- 13-19% increase in identified and quantified proteins
- 20-24% increase in identified and quantified peptides

# protein IDs per sample
+13%+14%

+15%

+19% | | |
Q@% kc>‘\x & L (o“qj
g & 3 &

: & & &

mSequest HT  m Sequest + INFERYS Rescoring

100 +44% +15%

1000
800
600
400
200
0
’b\ 'éw
& &

+11%

5 2
& &
2 >
¢ &
&

&

&

o
& 8"
KS K3

+12%

+13%

My
&
¢
&

o

Data Source: Proteins - Abundances (Normalized)
istance Function: Euclidean

Distance F
Linkage Method: Complete
Scaling: Scale Before Clustering

F4, Hela

F6, Hela

F11. MaotorNeuron
F12, MatorNeuron

F7. InterNeuron

F8. InterNeuron

N\

Motor neuron

Inter neuron
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Results — Standard bottom-up proteomics data set

200 ng HeLa Thermo Scientific™ Obitrap Exploris™ 480 MS with FAIMS CV50 CV70

« Standard tryptic HeLa digest
dataset

* 10% increase in identifications at
PSM, 8% at unique peptide and
4% at protein level

* Rescues short peptides and
peptides where classical scores
fail to separate targets from
decoys

Identifications

100,000
90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

0

89,043

PSMs
BMPS SequestHT

Peptide Groups
BMPS SequestHT+Rescoring

ThermoFisher
SCIENTIFIC

6,197 6,439

Protein Groups
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Results — Standard bottom-up proteomics data set

Metaproteomics — Human stool samples (Rechenberger et al., Proteomes. 2019)

Trypsin digest

Complex sample with huge
search space

13% increase in identifications at
PSM, 11% at peptide and 10% at
protein level

Rescues short peptides and
peptides where classical scores
fail to separate targets from
decoys

Identifications

100,000
90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

0

91,896

PSMs
BMPS SequestHT

Peptide Groups
BMPS SequestHT+Rescoring

Protein Groups



. . ThermoFisher
Improvement in peptide ID by release

HelLa dataset, 90-minute run, ID counts by Proteome Discoverer software release version

Proteins Peptide Groups PSMs
| PD 2.3 |
|% 3|rc}ectrum Files | ‘ Dot
~ ||| Spectrum
‘ Selector 1 ‘

i 23 2.4 2.5 3.0 23 2.4 2.5 3.0 23 2.4 2.5 3.0

‘ 1? Fertabn 7 ‘ Proteome Discoverer Proteome Discoverer Proteome Discoverer
software version software version software version
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Improvement in peptide ID by release

ThermoFisher
SCIENTIFIC

HelLa dataset, 90-minute run, ID counts by Proteome Discoverer software release version

| PD 2.4

%% Spectrum Files
RC

‘- || Spectrum

( ﬁ Percolator

39

Proteins
+9%

3802

3474

23 2.4 2.5 3.0

Proteome Discoverer
software version

PD 2.4 produces 9% more
proteins than PD 2.3

Peptide Groups
+20%

2.3 2.4 2.5 3.0

Proteome Discoverer
software version

PSMs
+125%

66611

23 2.4 2.5 3.0

Proteome Discoverer
software version

PD 2.4 produces 20% more
proteins than PD 2.3

PD 2.4 produces 44% more
PSMs than PD 2.3
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HelLa dataset, 90-minute run, ID counts by Proteome Discoverer software release version

Improvement in peptide ID by release

Proteins Pept|de Groups PSMs
. +9% +1 1 %
PD 2.5 +9% +9% +125%
+20%
% g‘p\:ec‘lrumFiles 3

|

gepfeium:" ] ” Percolator a

Precursor INFERYS
M.‘.q] Detector 2 ?} Rescoring ﬂ

|

* | Spectrum 3 .ﬁ_%qumm

23 2.4 2.5 3.0

Proteome Discoverer
software version

PD 2.5 produces 20% more
proteins than PD 2.3

2.3 2.4 2.5 3.0

Proteome Discoverer
software version

23 2.4 2.5 3.0

Proteome Discoverer
software version

PD 2.5 produces 31% more
unique peptides than PD 2.3

PD 2.5 produces 2.5x as
many PSMs as PD 2.3




Wide Window Acquisition for LFQ

» Minora algorithm already detects >100,000 features in
the MS1 data

‘@ Spectrum Files | 0 ‘

« CHIMERYS helps explain more of the MS1 scan
information, leading to significant increases in number of l \
quantified peptides and proteins L'!l"ﬂ'ﬁi Dot 9} (1_ el |
« Wide window acquisition: 4 m/z for OT/OT and 1.5 m/z i
for OT/IT improve identification and quantification results [rg, crmegrs w‘
)
Minora Feature Detector detects L D percotator 3J

all features even if not ID’ed
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Combining CHIMERYS with other search engines

Increase peptides even further by using library search or other engines specializing in PTMs

» Use other search engines such as Sequest HT Bl s |8 ‘
and MSPepSearch to find peptides not supported
by INFERYS prediction models Jr

- Can also combine with multi-stage searches to \@g}i e 1 ‘

help maximize IDs J, \

r“z:. CHIMERYS 12 & MSPepSearch |13
2 Identification

Charge (by Search Engine):
MSPepSearch ?
Percolator 3 Percolator 14

Charge (by Search Engine):
CHIMERYS Identification

PTMs, semitryptic
peptides
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RTS TMT18plex results

Journal of Proteome Research, 2021, 20, 2964-2972
Data available on PRIDE (PXD024275)

Search strategy Protein groups Peptide groups _

Sequest HT 9159 92275 170820

Sequest HT + INFERYS 9455 (+3.1%) 101594 (+8.4%) 347331
Rescoring + Comet

» Sequest HT + INFERYS Rescoring + Comet workflow for real-time search analysis leads to

increases in Peptide and Protein Group IDs

* The increase in identified peptides and proteins also produce an increase in the number of

differentially expressed peptides and proteins
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RTS TMT 18plex quan results

Peptide group ratios for PTEN++/PTEN- for BYL-716 stimulation

Data Source  Peptide Groups

Pvaiue

410 | (7462 < PV, 506 < FC)

-Log! 0 P-value

Companson.  PTEN-phusplus. BYL-719 va. PTEN-msnusmenus, BYL-719

405 1 (6839 < PV._ 450 » FC)

Data Source: | Peptide Groups
Comparison: | PTEN-plusplus, BYL-718 vs. PTEN-minusminus, BYL-719

-Log! 0 P-value

P-values 005 Log: Fold Change:
464 | (8016 < PV, 583 < -FC)

-
4411 (7425 <PV, 434 2 FO)

Sequest HT:
410 down-regulated,
405 up-regulated

INFERYS Rescoring + Comet:
464 down-regulated,
441 up-regulated




CHIMERYS result for TMT quantification dataset

Chimeric spectrum with 4 PSMs — are any peptides usable for quan?

ThermoFisher

SCIENTIFIC

20210316_HB_BF_U3000_uPAC_50cm_precol_114min_TMTpro2_150nImin_2CV_scMS_MS2_750ms_50x200c.raw #4111 RT: 38.5304 min
FTMS, 482.2887@hcd32.00, cv=-50.0V, z=+3, Mono m/z=482.28962 Da, MH+=1444.85431 Da, Match Tol.=20 ppm
Consensus Reference Spectrum (Inferys (local))
200
i Ay72+ Ay4+ Ab3* Ay6+
Ay52 421.74484  Cy™Dy'" 541.35559 603 37708 727.45551 Ab5* Ab6*
100 314.69742 o, 45131894 81747174 90450311
2 1 Ay Byl 24 Ay6* Ab!* 1+ Ab Abd” .
g 175.11856 e 364.2314 Bb 504 sdso0 % 38739 7184363 A7 Ays® Ay
7 : 271.1814 33.27 0 Bb2* | 42.48193 941.54980 1012.58649
é 0 i ; I ! . — 1
3 By BY3” By2+ Bbl* / oy Bbi!+ DY?’+ Bb3" Bbd
é 1 Cy1+ Dyh Db2+ B}I,4+
-100
-200 -.
200 4(IJO 60IO 8(IJO 10I00 12I00
m/z
A >>QAVDVSPLRR.(A9) B >> YIEMQHEFR.(A9) —— C>>IHMGSCAENTAK.(A9) D >> TLSDATTK.(A9)
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ThermoFisher

CHIMERYS Coefficient parameter in Consensus workflow S

— *  New workflow
“‘CWF_Comprehensive _Enhanced

Parameters of ‘Reporter lons Quantifier’
Show Advanced Paramelers

~ 1. General Quantification Seftings
Paptbdes fo Use Unique + Razor

:I.‘x\ MSF Files

Consider Prolein Groups for Pept True

}

=
.[:.:.:f] PSM Grouper

===

i
g

| ptide
|+% validator

|

| % Peptide and
| 125 Protein Filter

T

] [

(2

|
| =% Protein Scorer

i

T

| Protein FOR
| Validator

Use Shared Quan Results

True

Reject Quan Results with Missing False

~ 2 Reporter Quantification

Reporer Abundance Based On

Apply Quan Value Comections
Co-lsolation Threshold

Automatic
False

50

10

Normalized CHIMERYS Coefficie 08

Minimum Channel Occupancy [%] 0

~ 3. Normalization and Scaling

Normalization Mode
Proteins For Narmalizaton
Scaling Mode

Taotal Paptide Amount

On All Average

~ 4 Exclude Peptides from Protein Quantification

For Normalization
Far Protein Roll-Up
For Pawwise Rabos

Use All Peptides
Use All Peplides
Exclude Madified

1. Considered Peptide Modificatic None
2 Considered Peptide Modificatic Nane
3 Considered Peptde Moddficatic None
N-Terminal Considered Peplide ! None
~ b Quan Rollup and Hypothesis Testing

Protein Ratio Calculation

Maximum Allowed Fold Change

Imputation Mode
Hypothesis Test
¥ 6. Quan Ratio Distributions:

1st Fold Change Threshold
2nd Fold Change Threshold
3rd Fold Change Threshold
4th Fold Change Threshold

5th Fold Change Threshaold

Protein Abundance Based
100

None

AMNOVA, (Indrvidual Proteins)

2
4
6
8
1

=]

Annotation_Reporter Quan_MS2.
pdConsensusWF” includes a
default of 0.8 for Normalized
CHIMERYS Coefficient”

“ MS3” version of Consensus
workflow sets this value to 0. SPS
MS3 threshold is sufficient even
for CHIMERYS results
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CHIMERYS for TMT MS2

Dramatic increase in the number of identified and quantified peptides

« CHIMERYS coefficient
- Percentage of fragment abundance for PSM

9000 80000
. o)
compared to all in same MS/MS spectrum oo F10% e +87%
- Coefficient > 0.8 considered acceptable s 60000
6000
50000
5000
40000
80000 . R000
. 30000
. 3000
60000-] : 20000
. 2000
. (o)
: +1 14% +77(y
= : 1000 10000 (o]
3 40000 .
© : 0 0
: Proteins Proteins p-value < Peptide Groups Peptide Groups p-
20000 : 0.01 value < 0.01
W Sequest HT + Comet  m CHIMERYS M Sequest HT + Comet  m CHIMERYS
0050 0150 0250 0350 0450 0550 0650 0750 0850 0.950 TMTpro data from human samples provided by Liwen Zhang at Ohio State
0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000 . .
PSMs - Normalized CHIMERYS Coefficient Data acquired and processed by Rosa Viner
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Yeast TMT 10plex dataset — PXD020689

Example where CHIMERYS produces improved results

» “Boosting Detection of Low-Abundance Proteins in Thermal Proteome Profiling Experiments by
Addition of an Isobaric Trigger Channel to TMT Multiplexes”, Justice et al, Analytical Chemistry,
2021.

« HCD MS/MS on Q Exactive HF-X mass spectrometer, yeast samples treated at different
temperatures

Search strategy Protein | Peptide Quantified | Quantified proteins
groups | groups peptides

Sequest HT 3448 41852 435424 36963 3253
Sequest HT + 3605 40867 424047 35400 3364
INFERYS
Rescoring

CHIMERYS 4477 70211 1071875 45847 3998
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Yeast TMT 10plex dataset — PXD020689

CHIMERYS produces more differentially expressed proteins for this dataset

Data Source: | Proteins

Comparisan: | 74.9Cvs. 25C

-Logl 0 Pvalue

005 Log: Fold Change:

T

0r(@<PV.02FC)

Log?2 Ratio

Dats Source: | Prateins
Comparison: | 74_9Cvs 25C
Pvalie: 005 Log: Fold Change:
2167 | (2168 < PV, 3324 < -FC)

-Log1 0 P-value

1
01{0<PV.02FC)

Sequest HT:
1827 down-regulated

CHIMERYS
2167 down-regulated




New INFERYS Rescoring Workflows

Default workflows for both TMT and TMTpro, MS2 and MS3 quan
e HCD MS2, SPS MS3 * Real-time search

New Comet
node
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