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Hybrid Orbitrap Mass Spectrometers
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* Full flexibility of fragmentation techniques (CID, HCD, ETD)

» Up to 240,000 resolving power for MS, low-ppm mass tolerance

» Highest sensitivity (i.e. ion trap with SRIG: 5-10X vs. LTQ)

» Top down (Intact protein analysis), Bottom up (Protein ID), PTMs (especially
those requiring MS" such as glycomics/glycoproteomics ), Comprehensive
Quan (SILAC, label free, targeted peptide quan with HRAM)
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Multiple Fragmentation Methods Provide Complementary
Information

* High mass accuracy

* High energy fragmentation

e High intensity at low m/z

» Diagnostic ions (immonium & reporter ions)

s
N %
Q Fragmentation %};,
methods %
Complete fragment ion
coverage ETD CI D * Robust
*Preservation of PTMs Complimentary sequence » Most versatile
coverage
< >
Benefits of multiple fragmentation methods
3 ThermoFisher
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Multiple modes of fragmentation= x 1.5 more unique
eptides

Peptides
CIDtop20 HCDtop1s
Proteins
CIDtop20 HLDiopts
Sample: 200 ng Hela lysate; tryptic digest; 90 min gradient. ThermoFisher
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Example: HCD-triggered ETD for Identification of Glycopeptides
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ETD triggered Top 2 MS3 CID of disulfide-linked
peptides

Iman_BSA_ETD_CIDms3_Top2.raw #1139 RT: 19.25 AV: 1 NL: 1.91E5

T: FTMS + p NSId Full ms2 647.91@etd100.00 [100.00-2000.00]
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Analysis of Complex Proteomics Datasets Containing Mixed
MS/MS modes

 Flexibility, throughput, and sensitivity of Orbitrap and ion trap systems
produce large, highly complex datasets that most database search
software packages are unable to utilize effectively

« Some examples:

» Data-dependent decision tree (ETD on larger peptides, CID or HCD on
smaller) to increase the number of ID’s in a run

HCD-triggered ETD for labile PTM detection (e.g. glycans)
MS3 of phosphopeptides
ETD MS/MS-triggered CID MS3 for disulfide mapping

Many different quantification experiments, including SILAC, TMT, dimethyl
labeling, spectral counting, precursor ion label-free quantification

Solution: Proteome Discoverer 1.3
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PROTEOME DISCOVERER 1.3
Mass Informatics Platform for Protein Scientists

Proteome Discoverer 1.3

 Workflow-based system for proteomics “deep sequencing”

 Key Features
» Workflow editor enables highly flexible searches

» Easily searches complex experiments produced by hybrid Orbitrap systems
(e.g. data dependent decision tree, HCD-triggered ETD for glycan analysis,
ETD->CID MS3 disulfide mapping, etc.)

SEQUEST and Mascot

Labeled quantification (SILAC, TMT)

Automated calculation of false discovery rate (Percolator) — New
Biological annotation node and automated upload to ProteinCenter — New
Phosphorylation site localization — New

ThermoFisher
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Proteome Discoverer Workflow Editor

i{ Therro Protearne Discoverer 1.3.0,339

2 EE@.

Workflow Modes - I
=] Data Input -
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8| SRF File Selector
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&)l Spectrum Seleckor

I ame:

Description:
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File  Search Report Quantification Processing  Workflow Editor  Administration  Tools Mfindow  Help
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HCD-triggered ETD of O-GIcNAc Proteins

* Proteome Discoverer: 5 different database searches (3 SEQUEST, 2
Mascot), ETD-specific peak processing, Percolator post-processing

‘ Input Data Files: 1) HCD,
2) HCD + ETD, 3) ETD only

‘l_'/ﬁ SpectrumFiles O

E=-.
Removal of ETD _, — —, HCD
reduced species [ 7 scmbwm \LL{J scanbvent o ‘

and neutral et ey

losses \ v e s

[_} S 'F'i';';'r”a“me“t 3 { SEQUEST 11 ‘ [ By mascot 12 ‘
2+ precursorg y 3+ and-higher
(o ] (Dmrmm 7] (R s x
} Il 10 ppm precursor,

\ 20 mmu fragment
[y& SEQUEST 5 \M

10 ppm precursor, 1.2 Da fragment

-
E_h";' Percolator 1 3%
i}

Percolator Rescoring
(New in 1.3)
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Workflow for ETD-triggered CID MS3

(% Spectrum Files 0]

!

e Spectrum
LLIF Selector

|
b,
CID MS3 Lr’ Scan Sel s] [r Scon et 2J ETD MS2

! !

search with b, y [ :
|ons Bﬁ SEQUEET

Peptide
Validator

MS"-1 precursor
mass {L‘

Removal of charge
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HCD-triggered ETD of O-GIcNAc Proteins

* Proteome Discoverer Results:

0-GlcNAc subset all mods no HexNAc HCD.msf - x ] -

F'mteins| Peptides ‘Searchlnput Fesult Fiters | Peptide Confidence | Search Summary

ﬂ A3| Ad | 45| AL AL Sequence Protein Accessions # Proteins | # Protein Groups | Activation Type Modifications IonScare ¥Carr Exp Yalue 4 Score Rank Identity High Homology Threshol Charﬂ
= =] [=] = = Bl [®] hexnac = = = = = = = =
+ [ @ faWs5555GPSQTLTSTENFE P49790 1 1 ETD M-Term{Carbami... a3 3.7E-008 1.00 1 39 —
+! [ (<] FGEYs5555GPSOTLTSTGMRK 1 o] ETD S4{HexMAC) 6.67 1.00 1 38
+ [ @ F&EYs3555GPSQTLTSTGEHEK 1 o] ETD S4({HexMAC) 8.79 1.00 1 36
= S [+ ] LTSTGHFK P49790 1 1 ETD S4{HexMAC) 116 1.7E-011 1.00 1 38
+ [ @ FaYsS555GPSQTLTSTGHRK P49790 1 1 ETD S4({HexMAC) 101 S.4E-010 1.00 1 36
+! [ @ GFDTSs555M5AASSSFE P49790 1 1 ETD SE[HexMAC) 74 1.4E-007 1.00 1 35
+ » [ [ ] GFDTS5555MSAASSSFE, 1 o] ETD 57(HexMAc) 2.60 1.00 1 35
+! [ [+ ] GFDTS5555M5AA555FK 1 o] ETD ST{HexMAC) 2.70 1.00 1 34
+ [ @ GFDTSS555HSAASSSFE, P49790 1 1 ETD 57(HexMAc) 109 3.9E-011 1.00 1 34
+! [ (<] GYSWSSSTTGELRDMTGSWYNE  QSTEFZ 2 1 ETD S5[HexMAC), M1 6.05 1.00 1 38
+ [ @ GYIYsSSTTGELPDmTGSYYME  QSTGR2 1 1 ETD 55(HexMAC), M1... i) 2.0E-006 1.00 1 36
’ r @ [ETAVESTPSAS GRS, 1 i ETD Te(HexhAC), 571 1.84 1.00 1
+ [ [ ] IETAYTSTPSASGOFSE 1 o] ETD 57(HexMAc) 2.54 1.00 1
+! [ [+ ] IETAVTSTPSASGOFSK 1 o] ETD ST{HexMAC) 275 1.00 1
+ [ @ iGSSAPTEEAANTSLMGTR 075179 1 1 ETD M-Term{Carbami... 377 1.00 1 -
4 | LIJ
Fragment Match Spectrum - 1 X
from: CADatavd ac_HCD_ETD.RAW #3442 RT:146.01
ITWS, ETD, z==+2, Mono miz=760.26108 Da, MH+=2272.06270 Da, Match Tol=1.2Da
000 J Fs®
1 103890
5000 +
g 1z’
H 000 ] , ot 1528.74
™ Te*, Ttle*
'g 3000 - 3, cet 638,47 1__02_7_5'87 - Z1s" e ) cuat
z 392.43 = w2 o5 o 1839.05
2000 155388 164390 173p.96
220, ZHTr I4*, Z+Je" 950,40 [t
1000 379 34 450,42 " 183197
0 [ . - i A
S00 1000 1500 2000
miz
Ready 389 Protein Groupfs). 430/432 Merged Protein(s). 11983/11983 Peptide(s), 24998/24938 Search Input(s) | |
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Expression Profiling with Proteome Discoverer

Reporter lon Quantification Precursor lon Quantification
(iTRAQ, TMT) (SILAC, 180, Dimethyl)

[ﬁﬁ Spectrum Files 0O } {ﬁﬁ Spectrum Files 0O 1
T Spectrum ~  Reporter lons - Spectrum T
E‘é‘-" Selector 1 } [$= Cuantifier 3 } [‘é‘-" Selector 1 ] E‘é‘f LISIEclor 3 }
3.?._.2 1.”_." = Precursor lons
{]"& SEQUEST 2 } [“& SECLES 2 ] {ﬁh_-.- Quantifier - }

Expression ratios and variabilities for proteins and peptides:

“roteins |Peptides| Searchlnputl Result Filters I Peptide Confidence | Search Summary | Guantitation Surnrmany |

| 1zinze | 1z7izecounts | 127/126varishiity [%] T 1280126 | 128/126Counks | 128/126 varishiity[%] | 1290126 | 1290126 Counts |  129/126 Variabiliy [%] 130126 130126 Caunts
0 0,953 56,44 3.5 1,020 5543 2.9 0,993 56;44 35 0,983 55,43
2 0,966 2010 35 0,964 20;10 3.2 0.972 2010 43 0,963 20:8
5 1.041 19,22 2.8 1.021 19;22 6.7 1.045 19;22 6.4 1057 19;22
5 0.941 2211 1.8 0.995 2211 10.9 0.919 2211 23 0,955 21;10
5 0.979 55,42 1.2 1.001 55,42 1.2 0.986 55;42 28 1.009 54;42
2
ThermoFisher
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Precursor Quan: Quan Result Display

Eile Search Report Quantification Processing  Workflow Editer  Administraticn  Tecls Window Help

VH. 6683 @ DE®. L[E[E[0E- G SouEsT G Mascot G zcore . AR A dE - A BB XD ARE-

silac2noMT_AS4_pd1.2.0.208.msf* x |

Proteins | Feptides | Search Input | Result Filters | Feptide Configence | Search Summary | Quantification Summary |

Accession Coverage #PSMs | #Peptides | #AAs MW [kDa calc. pI Score W Area Heawvy/Light Heavy/Light Count| Heavy/Light Variability %%
g p p vy/Lig vy/Lig vy/Lig

[~ | IPL:IPID0019502.3 3235 % 94 48 1960 226.4 5.60 3617.37 3.489e7 0301 52 15.6 Isoform1of Myosin

[~ | IPL:IPIO0302592.2 34.79 % 95 60 2639 279.8 6.05 3047.40 2.807e7 0.266 46 14,5 Isoferm2of Filamin

[~ | IPLIPID0298994.6 2412 % 58 40 2541 269.6 6.07 2235.23 4.359e6 0.394 30 18.6 Talin-1

[~ | IPL:IPID0O382696.1 18.39 % 40 32 2578 275.5 5.81 1548.16 7.626e6 0.199 17 17.5 Isoform 2of Filamin
&
4

Sequence Modifications lonScore %|  QuanResultlD Area Quan Channel Quan Info Quan Usage Heawy/Light Light Heawvy C
LVSPGSANETSSILVESVTR 111 1768 6.900e6 Light Unique Used 0.151 6.855e6 1.032e6

@
@ YmIGVTYGGDDIPLSPYR M2({Oxidation) 94 1865 7.718e5 Light Excluded by Methad Not Used 2.253e5

@ GAGTGGLGLTVEGPEAK C15(Carbamido... 89 1268 3.913e6 Light Excluded by Method Not Used 1.785e6 3.084e5
@

-~

SPRVWVQVGEACNPNAR C11(Carbamido... 88 1351 2.122e6 Light Unigue Used 1.931eb 3.732eb

=
EA/ RS/ CTAVIESTCY an 414no 41 EED AL 1 imbe Mok | lmiminn Blmd | 41 CCA~L - EﬂdnEJ—I
| »

Peptide Ratio Distributions - 1 @ |Quantification Spectrum - 0 @ | Quan Channel Values - 00X

IPIIIPI00382696.1: Isoform 2 of Filamin-B Ci\datalSILAC 2plex- Arg10, LysG\silac2noMT_AS4. RAW, RT=51.73-52.79 min e e e e
Event Spectrum: FTMS, Quantified lon: z=+2, Mono m/z=1023.53943 Da, MH#=2046.07158 Ds

HeavyiLight
R=-233|020 -
QR =0.29|0.04 ] 1DZ4Z.=5;335
QuanlD=1768
=kl 3 6855041
cRT=62.21

w

1028.54367

1325.0;455 QuanlD=1768

z= Heawy

: CusnI_D=1T'SB 5F{T=;2‘23
Light i

[}

1030.05023
B z=2

1025 54381 : o -

cRT=52.69 1027.54801  1028.493h8 QuaniD=1783

Heavy
- RT=51.3
cRT=g2Es € ! cRT=52.32

log2 Fold Change
Intensity [counts] (1076

Area [counts - min] (10°6)

1032134

T o T l : (?
1025 1026 1027 1028

miz Light Haawy

Quan Channels

293 Protein Group(s), 1352/2059 Protein(s), 1595/7656 Peptide(s), 5355/5555 Search Input(s)
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Deep data mining using Percolator

» Percolator uses >30 features of a peptide spectral match (PSM) to
distinguish true positives from random matches

« Result: more peptides and proteins identified with high confidence (1%

FDR)
 CID, HCD: >30% increase in PSM’s
 ETD: Up to 80% increase in PSM’s

 Publication
« Kall et al, Nature Methods 4:923-925 (2007)

10000

8000

ASMS poster MP25

so00 |

Breaking the 2000 proteins barrier in a

standard LC run using a new benchtop

Orbitrap instrument and multiple search
engines.

14000

12000 |~

~ Classical FDR

7 B794

ao00 |7

2000 |

Percolator

11275 11283

6899

B Protein groups

M Distinct Peptides

Runl Rum 2 Runl Run 2
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Percolator in Proteome Discoverer

A e v e I e
File Search Report Quantification Processing Workflow Editor  Administration Tools Window Help
iwd.i 2@ @ . G SQUEST R Mot RZoe AR AER. C BB RDARBD.
SILAC3.msf X ]/WorkﬂowEditor x] - q P
Proteins | Peptides | Search Input | Result Filters | Peptide Confidence | Search Summary | Quantification Summary |
| |A2| Sequence | % PSMs | #Proteins| #ProteinGroups| Protein Group Accessions | Modifications I| g-value f| PEP I IonScore ‘T| Bxp Value | ACn |;|
- 4911 [ @ RTsLSYLNK 2 1 1 YBLOGOW S3{(Phospho) 0.00598 0.105 22 7.1E-002 | 0.0000
1 1 1 YPRO18W C2(Carbamidomethyl} K| 0.00598 0.105 13 3.5E-001 0.0000
- 4914 [ @ ALDAsNADR 3 1 1 YIROGEW S5(Phospho) 0.00607 0.106 20 7.8E-002 0.0000
- 4915 [ @ kkDAsQEESU 2 1 1| YBR127C K1{Lys8); K2(Lys8); S5(Ph. 0.00609 0.107 13 5.5E-001 0.0000
B 4916 [ @ tcrHFISVILNSRGLETGK 2 1 1 YBR2Z14W Ti{Phospha); C2{Carmmll 0.00609 0.107 13 14E+000  0.0000
- 4917 [ @  MsPVLTtPkr 2 1 1 YIL106W S2(Phosphao); T7(Glspit) 0.00616 0.107 20 1.3E-001 0.0000
- 4918 [ @ FLDkLGLsR K4{Lys8); 5p#hospho) 0.00629 0.11 15 3.1E-001 | 0.0000
m- 4919 [ @  KKDAsQEESL q'ValueS and PEPS ss{ep#€pho); S9(Fhospha 0.00636 0.111 25 2.6E-002  0.0000
- 4920 [ @ MNSTPSDASSTKNtDHN 13(Phospho) 0.00641 0.112 12 1.0E+000 0.0000
B 4921 [ @ HLNTILTK for peptlde groups T&{Phospha); K9{Lysa) 0.00643 0.112 18 1.8E-001 0.0000
B 4922 [ @ TkPAEEksAEPEVK K2{Lys8); K7(Lys8); S8(Ph. 0.00643 0.112 11 1.1E+000  0.0000
- 4923 [ @ FSNGGASsR S8(Phospho) 0.00647 0.113 14 8.9E-002 0.0000
& 4924 [ @ LLDYFk 1 1 1 YLR355C K&(Lysa) 0.0065 0.114 16 1.56-001  0.0000
B 4925 [ @ RLSGIMR 1 1 1 YBR1SEC S3(Phospha) 0.00661 0.114 28 11E-002| 0.0000 _
| o
Members » 3 X
| Sequence PSM Ambiguity | Protein Group Accessions Modifications | Rank g-Value # PEP IonScore 'Fl .ﬁScorel ACn | BExp Value | Search Eng
ksSPATKVPSkPDr Unambiguous  YGL207W K1{Lys8); 52(Phosphal; K7... 0.00605 0.10 17 0.2353  0.0000 2.3E-001
kSsPATKVPSkPDr Unambiguous  YGL207W K1{Lys8): 53(Phosphol; K7... 0.0357 15 1.0000 0.0000 3.8E-001
ksSPATKVPSKPDr Unconsidered YGL207W K1({Lys8); S2(Phospho} KZ7... 0.0641 15 1.0000 0.0000 3.8E-001
kSsPATKVPSKFDr Unconsidered  YGL2OTW K1{Lys8); 53(Fhospho) KZ... 13 0.2353 5.7E-001
.(q-values and PEPs

<), 5758/5758 Peptide(s), 42326/42326 PSM(s), T0574/70574 Search Input(s)

for PSMs
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phosphoRS node in Proteome Discoverer

* Developed in conjunction with Karl Mechtler's group at University of
Vienna for determination of phosphorylation site confidence

ﬂ Therme Proteome Discoverer 1.3.0.339

File Search Report Quantification Processing Worldlow Editor Administration Tools Window Help

VH. B0 8 @Y LD DEE.: ¥ B GC)M,: WSEQUEST RMasot Zore i § M2 @ .:@ BB 38 A RE.

SILAC3.msf . Workflow Editor x
Parameters > 1
oy

‘workflow Nodes

il A Name:  test workflow
mE Ll
=4l |

=| Spectrum Processing
u ETD Spectrum Charger

Based on template: —

Description:
i} Noise PeakFilter
ik Non-Fragment Filter

) S e e Merge results of equal search nodes

Y Spectrum Normalizer

il Top N Peaks Filter

i Xtract [% Spectrum Files 0 ]

=/ Spectrum Filters E
T,;j Scan Event Filter i \

T,;_‘; Spectrum Confidence Filter

2 e N T

m

'g‘i Mascot
@, sEQUEST i \

o ZCore -
=1 Peptide/Protein Validation [:.—.;_, g:l‘:]‘gﬁ"’:r’ lons o J [ e Sl . }
|8, Peptide validator
L2 \
~| PTM Analysis
||£5 phosphoRS [ . ’ }
Mascot SEQUEST
= Quantification —
Precursor Ions Are ector
43 Prec ns Quantifier | / \

4% Reporter Ions Quantifier

= Data Export
ug Spectrum Exporter

i

[Lfs phosphoRS } l‘; Percolator 5}

[ Annotation

| Annatation T | [ "

Ready
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phosphoRS in Proteome Discoverer

rﬂ Thermo Proteome Discoverer 1.3.0.339 @Mr
File Search Report Quantification Processing Workflow Editer  Administration  Tools Window Help
uR. 8 B OYPDD0E =, 2@ @0, 6 SQUST @@ Mscot @Zore A & LM @R @ BB 35 AR B,
SILAC3.msf X l WorkflowEditor X% - q P
Proteins | Peptides | Scarch Input | Result Filters | Peptide Confidgence | Search Summary | Quantification Summary |
=) | |A2| Sequence | # PSMs | #Proteinsl # Protein Groups| Protein Group Accessions | Modifications pRS Score pRS Probability pRS Site Probabilities -
B 4911 | @ RTSLSYLNK 2 1 1 YBLOBOW 53(Phospha) 8 4.0% T(2): 4.0; 5(3): 4.0; S{5): 46.0; Y[6): 46.0
- 4912 | @ EcADEMKtTPk 1 1 1 YPRO18W c2(Carbamidomethyly K71... 20 84.2 % T(8): 84.2; T(8): 15.8
[]..-nn ksSPATKVPSKPDr K1(Lys8); 52(Phosphol; k7.
- 4914 [ @ ALDAsSNADR 3 1 1| YIR0GBW S5(Phospha) 39 100.0 % S{5): 100.0
@- 4915 [ | @  kkDAsQEESLI 2 1 1 YBR127C K1{Lys8); K2(Lys8); S5(Ph... 40 98.1% 5{5): 98.1; 5(0): 1.9
@ 4916 [ @ tcrHFISVILNSRGLETGK 2 1 1 YBRZ14W Ti({Phospha); C2(Carbanes 54 94.2 %% T(1): 94.2; 5(7): 5.8; S[12): 0.0; T(17): 0.0
- 4917 [ @ MsPVLTtPkr 2 1 1 YIL106W s2(Phospho); T7{PhgePhol?. 73 50.0 % | S{2): 100.0; T(6): 50.0; T(7}: 50.0
@ 4918 | @ FLDkLGLsR 1 K4(Lys8); sagp#spho) 45 100.0 % 5{8)% 100.0
@- 4919 [ | @ KKDAsQEEsLI 1 pRS SCOFGS for S5(PhgpfMa); S9(Phaspha) 30 100.0 %  5{5): 100.0; S{9): 100.0
B 4920 [ @ MSTPSDASSTKNDHN 2 g% Fhospha) 23 8.7 % S{2): 0.1; T(3): 0.3; 5(5): 1.3; 5(8): 8.7; .. -
B 4921 [ @ HLNTILTk 3 td T&(Fhospho); K9({Lysa) 34 103 % T(4): 89.5; T(6): 10.3; T(8): 0.3
& 4922 [~ @ TkPAEEksAEPEVK 1 pep I e groups K2(Lysd); K7(Lys8); S8(Fh... 26 88.4% T(1): 11.6; 5(8): 88.4
- 4923 [ @ FSNGGASR i S8(Phospho) 36 89.3 % S(2): 0.1; 5(7): 10.6; 5(8): 89.3
¥ 4824 | @ LLDYFk 1 1 1 YLR355C K6(Ly=8)
B 4925 [ @ RLSGIMR 1 1 1 YBRIS6C 53(Phospha) 60 100.0 % | 5{3): 100.0
Cag36 [ @ AINGLEMLK 1 0 0 T&(Phospha) 77 100.0 %  T{6): 100.0
[]..E T @ EASksPISSFVNDYr 3 1 1 YDROYGW K4(Lys8); S5(Phospho) R1... 21 16.2 % | S(3): 16.2; S(5): 16.2; S(8): 62.4; 5(9): 4. -
i = : . e — - : T . _IJ
Members » 0 X
| Sequence PSM Ambiguity | Protein Group Accessions Muodifications | Rank I pRS Score pRSProbahiIity| pRS Site Probabilities g-Value f‘|
ksSPATKVPSkPDr Unambiguous  YGL207W K1{Ly=8); S2(Phospho)k K7... 24 323 9% S{2): 32.3; 5(3): 32.3; T(6): 32.3; 5(10): 3.1 0.00805
kSsPATKVPSKPDr Unambiguous  YGL207W K1{Ly=8); S3(Phospho) K7... 14 3189 S{2): 31.8; 5(3): 31.8; T(6): 31.8; S(10): 4.6 0.0357
ksSPATKVPSKPDr Unconsidered  YGL207W K1{Lys8); 52(Fhospho} K7... 14 31.8% S{2): 31.8; 5(3): 31.8; T(6): 31.8; 5(10): 4.6 0.0641
kSsPATKVPSKPDr Unconsi@ S3(Phospho); Kz 323 % S(2): 32.3; 5(3): 32.3; T(6): 32.3; 5(10): 3.1
PRS scores

for PSMs

), 5758/5758 Peptide(s), 42326142326 PSM(s), 70574/70574 Search Input(s)
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Visualization of Found and Known PTMs

e The Protein ID Details view now presents a comprehensive overview of

all modifications found in the MS/MS data of each protein

Coverage | ProteinCard
K Thermo Proteome Discoverer 1.3.0) — . - - - - -
CDC159 SGDID:S000000036, Chr | from 71787-73289, Verfied ORF, "Pyruvate kinase, functions as a homotetramer in ghycolysis to convert phosphoenolpyruvate to pyruvate, the input for aerobic (TCA cycle) or anaerobic {glucose -
port  Quantification fermentation) respiration” -
Annotate PTMs reported in Uniprot 1 51 101 151 201 251 301 33 401 451 500
[ Show only PTMs ‘
[T Include P5Ms that are fittered Out
between coverage: 48.20%
PTMs only Found Modifications: [ Seavence | edficatin U
A Ak (R) 1 11 21 31 41 51 61 71 g1 91
an d al I C Carbamidomethyl (C) Modi fications 1 B 2 T 2 L 2
L LY;E{K} YRLO3SW MSRLERLTSL NVVAGSDLRR TSIIGTIGPK THNPETLVAL RELGLNIVEM NFSHGSYEYH KSVIDNARKS EELYPGRPLA IALDTHGPEI RTIGTTINDVD
[} Owddation (M) Uniprot BP P PP P PP
m 0 d S P Phaspho (T.5)
Modifications 101 [ L L
86W YALO3EW YPIPPNHEMI FTTDDEYAKA CDDHIMYVDY ENITEVISAG RIIYVDDGVL SFRVLEVVDD KTLEVEALNA GKICSHEGVN LPGTDVDLPA LSEKDHEDLR
7 YPL240C Uniprot PTMs: Uniprot
PSS P Phospho Modi Fications 201 a L L L o a L
Y YRLO3SW FEVENGVEMY FRSFIRTAND VLTIREVLGE QCGEDVEIIVE IENQQGVNNF DEILEVTDGYV MVARGDLGIE IPAPEVLAVD KELIRESNLE GEPVICATQOM
Uniprot P
PTM Site Probabilities:
ELS Modificationa 301 [ L
YER13SW 25-45% YALO3EW LESMTYNPRF TRAEVSDVEN AILDEADCVM LSGETAEGNY PINAVITMAE TAVIAEQATA YLENYDDMRN CTPKPTSTTE TVAASAVAAV FEOQKAHATIV
45% - 75% Uniprot ] P
YMRO16C ACCL g 75% - 99%
99% - 100% Modificationa 401 i A L L L
. YRLO3SW LSTSGTTPRL VSEYRPNCPI ILVIRCPRARR RFSHLYRGVF PFVFEEEPVS DWTDDVERRI NFGIEHKRFEF GILEKGDTYV SIOGFERGAG HSNTLOVSTV
double click = : = :
5 Modifications 501
a protein of
Uniprot
Interest !

|
% 23 [ YDR365W-B YDR36LT O owDID:SoovTTIoeL, — o — = -
- 24 [ YBLO2ZTW RPL19B SGDID:5000000123, Chr II frof 168426-168427,1... 2507.36 3545 % Found and documented |:|:|:|I[|:|:|I|Il] Pf01280 3.2
#- 25 [ YERO26C CH, 14.49 % D]]]]]]]]]]Ilm PfO1066 4.0
26 [~ YHR174W  EN 1 1hi+ 32.04 % PTM are annotated On [[ITINTIITITIMT]] | Pfooi13; Pfozgs2 | 2.3 .
: fSlte probabilities ,
1 —

the protein sequence

are color coded
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Visualization of Identified PTMs

* Find detailed information about the found PTMs in the Modification List

Coverage | ProteinCard

ra ™y
Protein Identification D_Qlﬂu

fermentation) respiration™

Annctate PTMs reported in Uniprot
Show anty PTMs
[ Include PSMs that are fitered Out

Coverage: 48 20%
Found Modifications:

P Phospha (T.5)

Uniprot PTMs:

P Phosphao

PTM Site Probabilities:

25-45%
457% - 75%
75% - 99%
59% - 100%

CDC19 5GEDID:S000000036, Chr | from 71787-73289, Verfied ORF, "Pyruvate kinase, functions as a homotetramer in ghycolysis to convert phosphoenolpyruvate to pynuvate, the input for aerobic (TCA cycle) or anaerobic (glucose -

51

101

151

201

251

am 351

401

451 500

Modfication List

»

Pasition

-
L

Target
8T
95
16/S
2T
22|58
26|T

Mumber of amino acids displayed before and after the modffication

Madification
Phospha
Phosphao
Phospha
Phospho
Phosphao
Phospha

Classification

Post-translational
Posttranslational
Post-translational
Post-translational
Post-translational
Posttranslational

Highest PFTM Score
0.5
99.9
0
22
574
04

Highest Peptide Confidence
High
High
High
High
High
High

Sequence Maotif

SRLERLtSLNVVA
RLERLTsLNVVAG
LNVVAEsDLRRTS
GEDLRRtSIIGTI
SDLRRTsIIGTIC
RTSIIGtIGFETN
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Providing biological context using the Annotation node

« 3 year support subscription includes annotation node:

« Automatically queries hosted ProteinCenter server in Denmark for GO,
protein family (Pfam), PTM, and ProteinCard annotations

« All can be filtered
« Displayed in the PD Viewer

‘E../_n_,_ SpectrumFiles 0 ‘

* Previous results can be annotated or re-annotated i

Molecular Function Cellular Component  Biological Process

/

Spectrum

‘ L—r.’u Selector ! J

!

(@ st o
.

‘ l? Percolator 5} ( Annotation 4 ‘

ASMS Poster ThP22 401
“Integration of a central protein repository into a standard data processing application
for mining proteomics data”

21 ThermoFisher
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ProteinCard for Identified Proteins

* ProteinCard can be displayed for every identified protein whose
accession is tracked in ProteinCenter

R Thermo Proteome Discoverer 1.3.0.339

File SearchReport Quantification Processing Workflow Edite| Protein Identification Details

vH.. 5@|BleYEREDE
| Coverage | ProteinCard ar

SILACmsf x |

22

; -
Froers |Pept|re:c|c::i:;h \|nput | esult Filters l Feptide = ' General ' Keys ' Features ' Molecular Functions ' Cellular Components ' Biological Processes ' Diseases s

=4 = External Links I
®- 1 [ YLR240W  YEF3 sGDID:s0000Qyff30, Chr XII fro )
®- 2 [ YBR189W  RPS9B sGDID:si¥D00393, Chr Ifro SGD 0
5 3 [ YBR127C | vMA2 SGDIDgM00000331, ChrII fron| Entrez Gene 2
& 4 [ YHROs4C | 5571 SGOfiS000001106, Chr VIII fr BLINK 6
= 5 [ vERooic  METs GEDID:5000000893, ChrV fro UniRef100 3
# 6 I YMRissw  Hgff2 SGDID:S000004798, Chr XIII f UniRefo0 .0
m 7 | O 5P82 SGDID:S000006161, Chr XVI f UniRef50 0
= 8 | HXK2 SGDID:S000003222, Chr VII fro PDE 5
EEP™ RRH3 SGDID:5000003424, Chr VIIfrg PubMead 2
10 clF19 SGDID:S000000036, Chr Ifro SNPs !
=11 DH2 SGDID:5000003769, Chr X fro F 8
B o1z | O PREY SGDID:S000003367, Chr VII fro — 4
#- 13 [ YMRD1EC 1 5GDID:S000005299, ChrXIV fr Ucsc 0
2 14 rXVIfT NCBI map K
® 15 A Vfrom Homologene .1
i double click [ GEO profiles 2
17 . r XIfro UniGene 8
- »| aprotein of |vef maca s
& 19 . hr XTI fr .9
= 20 t t rVII frol il
& 21 In eres hr XTI i .9
w22 Y TII frof .2
- 23 [ YDR365W-B YDR3&SW-B SGDID:5000007401, Chr 2
- 24 [ YBLDZZW  RPL19B SGDID:S000000123,Chr IIfr 2
- 25 [ YERD26C  CHO1SGDID:S000000828, ChrV fro 0
- 26 [ YHR174W  ENO2 SGDID:S000001217, ChrVIII fr _3|;|
4| »

112211129 Protein Group(s). 1321/1321 Protein(s), 5758/5758 Paptide(s), 42326/42326 PSM(s), 70574/70574 Search Input(s)
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Filtering identified proteins using GO and Pfam

Annotations

ﬂ Therme Proteome Discoverer 1.3.0.339

IEIEIEEE)

File Search Report Quantification Processing Workflow Editer  Administration Tecls Window Help
H H = = i e eIl e D s Bl v ¥ = = »E g 8 »i o o - b
VH.DE @By EnEDE #EE 7% SEQUET i’ Mascor >TA R A% ¢pBIIAR
SILAC3.msf X ] Workflow Editor 3¢ - q I
Proteins | Peptides | Search Input | Result Filters | Peptide Confidence I Search Summary | Quantification Summary |
Accession | Description | Score 'F| Coverage | Molecular Function | CellularComponentl Biological Process | Ffam IDs | Areaﬂ
rEg__® S R I e 0 -
= @ OUr e
M- 1 [ YLR249W  YEF3 SGDID:5000004239, Chr XII from 636782-639916, V... 3245085 1427 % = ] Pfoooos 1.767
a
. | o, — .

m- 2 [T YBR189W  RPS3B 5GDID:5000000393, Chr IIfrom 604503-604509,60... 15804.15  56.92 % ] antioxidant activity ]| Pfo0163; PF01479 | 4.035

®- 3 [ YBR127C  VMA2 5GDID:S000000331, Chrll from 492816-491263, re... 9426.84  1470% (7] catalytic activity [l  Pfo000g; PFO0306;.. 1211

#- 4 [ YHRO4C 5571 SGDID:S000001106, Chr VI from 227143-225527, 1... 7407.04  13.20% [C] DNA biﬂdiﬂgl [T Pfo0012; PROG723  8.607

N o || enzyme regulator activity

m- 5 [ YERD91C MET6 S5GDID:5000000893, Chr V from 342163-339860, re... 5526.08  28.68 % [ metalion binding M  Pfoi717 5.329

M- 6 [ YMR1&EW  H5C82 SGDID:5000004798, Chr XII from 632354-634471,... 535310  35.18 % 7] motor activity IN] FPfo0183; PFO2518 1.018

- 7 [ YPL240C  HSP82 SGDID:S000006161, Chr XVI from 98625-06496, re... 509164 3188 % ””de"*ei”ding [l Pfooiss; PFO2518 | 1.018

" . | protein binding

M- 8 [ YGL2S3W | HXK2 SGDID:S000003222, Chr VII from 23935-25395, Veri... 491287 412% — Il Pfo034s; PFO3727  7.568

m- a9 [ YGR192C  TDH3 SGDID:S000003424, Chr VIIfrom 883815-882817, r... 465640 49.70 % ] RNA binding IT]] Ffonoss; Pfozann 1.258

m- 10 [ YALO38W  CDC19 SGDID:S000000036, Chr Ifrom 71787-73289, Verif.. 409451  48.20 % ] signal t'ﬁlﬂsd'rwlﬂdim’ I[]] PfO0224; PFO2867;... 1.047

g || structural molecule activity

®=- 11 [ YIrRoosC TDH2 SGDID:5000003769, Chr X from 454673453675, re... 3941.63 o [ dransoription regulator activity I[[[] Pfoo044; PO2800 | 3.851

M- 12 [  YGRI3SW  PREY SGDID:S000003367, Chr VI from 761397-762173, V... 3785 465 % [ translation regulator activity [N Ffooza7 3.462

®- 13 | [T YNRO16C ACC1 SGDID:5000005293, Chr XIV from 661377-654676, T... 09.93 £.90 % [[] transporter activity [. Pf00289; PFO0364;... 1.086

W 14 [T YPLOBIW  RPS3A SGDID:5000006002, Chr XVIfrom 404347-40445 342711 59.80% [l  PO0163; PFO1479 1,940

M- 15 [ YELD4&C GLY1 SGDID:5000000772, Chr V from 68792-67g@ever, 341590  362% I[[]] Pfoo1ss 9.163

YDL220W  SSB1S 5% PfOD012; PFOE723  3.200

B o1 . ok J[ coce | M '

oo o o1 select GO slim terms [ memeem

=- 18 [ YDL182W  LYS20 2 % (NN | ONINIM | Pfooss2 9.880

oo o ==l as filter from the Row [ INNTITTMNT | | esoss

M- 20 [ YGLOOBC  PMA1 3 % [IINENTTE | OO0l | Pfooi22; pfooeso;... | 7.184

®- 21 | [ YMLO63W  RPS1B Fllter dI"O down 9 % [INNTTENED [TIINTTOTTEDN | Pfoiois 6.913

m- 22 | [T | YCRO12W | PGK1 p 1% (NI | OO | Pfoots2 4252

& 23 [ YDR3G5W-B  YDR3IGSW- . L nr IV Trom 1206e890-12... 255050 10.77 % [T [TWINTITIITNNI]  Pfoosss; Pfo021 9,241

M- 24 [ YBLOZFW  RPL19E SGDID:S000000123, Chr II from 168426-168427,1.. 2507.36 3545 % INIINND | [N | Pfoiz2so 3.248

r'|-|- o5 | [T YERO26C CHO1 SGDID:5000000828, Chr V from 208473-207643, re... zzﬁgl.zs 14.43 % TN [TITTTITTITTITEMTT] | Pfolo66 4.Ti;|

4 »

112211129 Protein Group(s), 1321/1321 Protein(s). 5758/5758 Peptide(s), 42326/42326 PSM(s), 70574/70574 Search Input(s)
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Annotated PTM'’s from UniProt

Coverage | ProteinCard

| glyceraldehyde-3-phosphate to 1.3 bis-phosphoglycerate; detected in the cptoplasm and cell wal*

Annatate PTH s reparted in Uriprat | 1 a1 101 181 20 251 3l an
Show only PTHz
[ Inchade PShts That Are Fitered Dut

Coverage: 47.59%

Found Modifications: éequence  Modfication Lt
P Phospha (Y.T 5] 1 11 21 31 41 51 61 1 §1 1
Modifications 1
YJR00IC MVIVAINGEG RIGELVMRIA LORENVEVVA LNDPFISNDT SATMFETDET HCRYAGEVSH DDEMITVDGH EIATFQEIDT ANLIWAELNI DIAIDSTGVF
Uniprot PTMs: Iniprot. PP P P
P Phospho Modi fications 101 P P PP P P
YJROOSC KELDTAQFHT DAGAFFAVIT APSSTAPMEY MGYNEEEYTS DLFIVSNASC TTNCLAPL INDAFGIEE GLMTTVHSMT ATQETVDGPS HEDVRGGETR
Uniprot. B
PTM Site Probabilities: Nt s
Modifications 201P PP P
o6 5% YJRO0IC SGNIIPSSTG RAKAVGEVLP ELQGEKLTGMA FRYPTVDVSY VDLTVELNEE TTYDEIKEVV VLGTTEDAVY ZEDFLGDENS SIFDAAAGIO
AR% .75 Uniprot. B
70 - 99%
99% . 100% Modifications 301 - ]
| il e Known phosphorylation sites from
Uniprot. P ) \
UniProt annotated in protein
seqguence
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Conclusions

* Proteome Discoverer 1.3 has the most comprehensive set of tools for
analysis of proteomics data from Thermo mass spectrometers

« The new nodes developed in collaboration with 39 parties demonstrate
the flexibility of the Proteome Discoverer node-based workflow engine
and hint at the expansion in the number of tools available for our
customers

* Integration with ProteinCenter annotation adds biological inference to
SEQUEST and Mascot search results

25 ThermoFisher
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Relative Abundance

Intact protein analysis example: Yeast Enolase (48 kDa)

993.9770 Yeast Enolase, 48+ is baseline
100 003 870'2:110221 resolved on Orbitrap Elite
] R=107582 994.1036 At 48+ charge state, the mass
80 R=108475 difference between isotopic peaks is
. only 0.021 Th!
607 994.1885
40 993.6367 Ny, _ _
. sgfb%%%% 093.4244 108853 . 994.4433 Orbitrap Elite
20| 11, R=99350 R=105946 994.7200 994.9536
. . R=109283 R=98949

0 i

994.0309
R=44604
1007 993.9030
] R=42104
807 993.7112 994.1802
. R=35704 R=42804 ;
60 093.5618 ' 994.4540 LTQ OI’ b Itl’ap Vel 0S
] R=47304 R=52804
40~ 993.1357 994.6257
- R=42304 R=37604 994.8610
20 R=32404
07\””\ R EERRN R R RN RN R RN RN T ]
993.0 993.5 994.0 994.5 995.0
m/z
Improving protein analysis in Orbitrap mass spectrometry
27 - Eugen Damoc; Eduard Denisov; Oliver Lange; Thomas Moehring; }I
ReSOI UtIOn 240000 @400 Alexander Makarov. ASMS 2011, MP560




Percolator

* The Percolator algorithm (http://per-colator.com) uses a set of features
related to the quality of the peptide-spectrum matches (PSMs) with a
semi-supervised method to train a machine learning algorithm called a
support vector machine (SVM) to discriminate between correct and
Incorrect matches

Does not require any expert-driven or subjective decisions, thereby
eliminating any artificial biases

The learnt classifier is specifically adapted and unique for each data
set, thus, adapting to variations in data quality, protocols and
Instrumentation

Percolator improves the sensitivity of existing database search
algorithms at a constant false discovery rate

Furthermore, Percolator assigns a statistically meaningful g-value to
each PSM, as well as the probability of the individual PSM being
Incorrect

L. Kall, et al. Semi-supervised learning for peptide identification from ThermoFisher
shotgun proteomics datasets. Nat Methods, 2007, 4, 923-925 SCIENTIFIC
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Percolator

Fragment Spectra

Target
FASTA

<

Search Engine

Features Lists

Target PSMs

RS VU S R

EEHLETPCK

KOMSERLCOEQR
. IIGDAFDSAPSQ
QEKKMTDMSDPK
KNVSQSAYANEAR

L

PSM F1 F2 F3 F4 ..
1 Ey 3 1 7 .
2 3 8 2 5 .
3 5 7 1 6 .
4 4 100 1 .
Percolator

Classification nﬁ

1

FDR
Filter

SVM
Training

—

J

Decoy PSMs

Feature
Calculator

Scored PSMs

ERNNC IR e

EEHLETPCK
KQMSERLCQEQR
IIGDAFDSAPSO
QEKEMTDMSDPK
KNVSQSAYANEAR
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g-values and Posterior Error Probabilities

g-value
* the minimal FDR at which the identification is deemed correct

« Although associated with a single PSM, the g-value depends upon the data set
in which the PSM occurs

* A g-value of 0.01 for peptide EAMRQPK matching spectrum s means that, if we
try all possible FDR thresholds, then 1% is the minimal FDR at which this PSM
will appear in the output list

Posterior Error Probability (PEP)

 quite simply, the probability that the observed PSM is incorrect.

* The PEP can be thought of as a local version of the FDR ( “local FDR").
Whereas the FDR measures the error rate associated with a collection of
PSMs, the PEP measures the probability of error for a single PSM.

« if the PEP of PSM (EAMRPK,s) is 5%, there is a 95% chance that peptide
EAMRPK was in the spectrometer when the spectrum s was generated

30 ThermoFisher
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g-values and Posterior Error Probabilities

Incorrect PSMs o Correct PSMs
. P ,
~ / N\ /
., s * ‘l'nﬂ Ve
N
7o A
/ A
f’f;/ ﬁ"'ﬁf hI k -
St Score
FDR 4
A+B
PEP = %
a+b

" L. Kall, et al., Posterior error probabilities and false discovery rates:  rhermoFisher

two sides of the same coin., J Proteome Res, 2008, 7, 40-44 SCIENTIFIC



g-value or PEP: Which one is better?

PEPs and g-values are complementary, and are useful in different
situations:

If you are interested in determining which proteins are expressed in a certain cell type
under a certain set of conditions, or if your follow-up analysis will involve looking at
groups of PSMs, for example, considering all proteins in a known pathway, evaluating
enrichment with respect to GO categories, or performing experimental validation on a
group of proteins, then the g-value is an appropriate measure.

If the goal of your experiment instead is to determine the presence of a specific peptide
or protein, then the PEP is more relevant. For example, imagine that you are interested
in determining whether a certain protein is expressed in a certain cell type under a
certain set of conditions. In this scenario you should examine the PEPs of your
detected PSMs. Likewise, imagine that you have identified a large set of PSMs using a
g-value threshold, and among them, you identify a single PSM that is intriguing. Before
deciding to dedicate significant resources to investigating a single result, you should
examine the PEP associated with that PSM. This is because, although the g-value
associated with that PSM may be 0.01, the PEP is always greater than or equal to
0.01. In practice, the PEP values for PSMs near the q = 0.01 threshold are likely to be
much larger than 1%.

32
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Percolator in Proteome Discoverer

 Available as a new node under “Peptide Validation”

File Search Report Quantification Processing Workflow Editor Administration Tools Window Help
UH. 008 e e PN Er. A 0D, R Mt zeoe AN MKAR. BB RS ARE.,
Hela-24ms  x  Workflow Editor (WF_Percolator_Mascot_Sequest) x | b
lorkfiow Hodes -1 Name Parameters -
7 ETD Spectrom Charer T | | 4 E=15 | [ show Advanced Paramet
S Based on Template: WF_Percolator_Mascot_Sequest ()24 | Show Advanced Parameters
Noise Peak Filter - 1 Data
T RTer F==inine Maimum Delta Cn 005
- 2 Decoy Datsbass Search
Target FOR (Strct) 001
Normalizer Target FOR (Relaxed) 005
TR Merge Resuls of Equal Search Nodes Valdation based on q-Value

Spectrum Filters

an Event Filter
Spectrum Confidence Filter
Spectrum Properties Filter Spectrum Files 0 =

uwd
i N
i 5p
i 5p
uwd
2
i
i
i

= Peptide/Protein ID

= Peptide/Protein Validation
{5} Peptide Validator

— Maximum Delta Cn
= Data Export Peptides having a defta Cn better or equal than this are used for Percolator

el Minimum value =0
= Annotation Maxdmum value = 1
3 Annotation
B [ 0 |

Ready

Note: Percolator needs a sufficient number of PSMs from the target and the decoy search.
If less than 200 target or decoy PSMs were identified, the percolation is rejected. The same is
true if less than 20% decoy PSMs are available compared to the number of target matches.
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Percolator in Proteome Discoverer

* Proteome Discoverer uses a set of more than 30 features describing
the quality of a PSM

Search engine/scoring specific features

Mascot lons Score

Only used for Mascot searches

34

SEQUEST Xcorr Only used for SEQUEST searches
SEQUEST. Peptide/Precursor related features
X! Tandem | % Isolation Interference Fraction of ion current in the isolation window
Delta Cn not attributed to the identified precursor
- - MH+ [Da] Fragment series related features
| Binomial Sc | Delta Mass Fragment Coverage Series A, B, C [%] Coverage of the N-terminal fragment ion series.
—_— The coverage is separately calculated for each
Delta Mass series used and the maximum coverage is used.
~Absolute D Fragment Coverage Series X, Y, Z [%] Coverage of the C-terminal fragment ion series.
solute D¢ Fragment related features
Aroliane ——— | IQR Fragment Delta Mass [Da Inter-quartile range of the distribution of mass
Absolute D¢ Iy 5 Matched k (bal errorsqin Dalton o%all fragments considered.
Peptide Len IQR Fragment Delta Mass [ppm] Inter-quartile range of the distribution of mass
ptide Len i .
Tsz=1 errors in ppm of all fragments considered.
L | Mean Fragment Delta Mass [Da] Arithmetic mean range of the distribution of
5722 Log Matched Digestion related features
# Missed Cleavages | Number of missed cleavages
Is 2=3 Mean Fragn FASTA related features
— Log Peptides Matched Logarithm of the number of candidates in the
Is z=4 Longest Sequ |"\ean Absol precursor mass window
Spectrum related features
Is z=5 Log Total Intensity Logarithm of the total ion current of the
| Mean Absol fragment spectrum
Is 255 Longest Sequ Fraction Matched Intensity [%] Fraction of the total ion current of the fragment

spectrum that is matched by fragments of the
PSM
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Percolator in Proteome Discoverer

nﬂg‘

p
ﬂ Thermo Proteome Discoverer 1.3.0.339

File Search Report Quantification Processing Workflow Editer  Administration  Tools Window Help
U d. @3 @Y DDDODE®. 2 D@ 0. ST @Msot ®zoom (A K AN A, @B RPARED.
~ SILAC3.msf x | Workflow Editor % ~ 4P

| Proteins | Peptides | Search Input | Result Filters | Peptide Confidence | Search Summary | Quantification Summary |

Modest Confidence Filter Settings High Confidence Filter Settings
Percolator E|

4 FDR Settings 4 FDR Settings
Threshold 0.05 Threshold 0.0

Set Filter T k ly Filt ply FORs

[ Lot e ‘ Apply Filters ] E Validation based on g-Value Validation based on g-Value
Processing Node Na ‘orkflow Name  Short Dis
» .

Click “Apply Filters” | [
Lafter changes JDefine the g-value (or PEP) h

Deflne whether the. . thresholds to devide PSMs in
confidence estimation is high, medium, and low

based on Percolator confident hits on the Peptide
scores (default when kConfidence tab )
Percolator was used) or W

CIaSSICal FDR On Score m:wngathresholdbeﬂerthanthethresholdElrevalid. m‘:ﬂngathresholdbeﬂerthanthethresholdare\ralid.
th re S h O I d S j mg‘;ﬂ;‘-‘uﬂ;‘"‘rﬁ;'l-'uee ==ffl-5'] uglung.luun; vvaEI:lJuee:: [:['I]

112211123 Protein Group(s), 1321/1321 Protein(s), 5758/5758 Peptidels), 42326/42326 PSM(s), 70574/70574 Search Input(s)
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Confident PTM analysis Using PhosphoRS

* Developed in collaboration with Karl Mechtler’s lab at University of
Vienna for phosphorylation site confidence determination
* phosphoRS Score: is it phosphorylated?
* site probability Score: confidence in site localization

Coverage | ProteinCard

| glyceraldehpde-3-phosphate to 1,3 bis-phosphoglycerate; detected in the cptoplasm and cell wall”

Lnnotate PTMs reported in Urniprat | 1 a1 m 151 m 241 an 332
Shiow anly PTHs
(] Inchide PSMs That dre Fitered Dut

Coverage: 4759%

Found Modifications: Sequence | Modfication List
P Phaspho [¥.1 5] 1 11 21 31 41 51 61 1 81 91
Modifications 1
TJRO0IC MVEVAINGFE RIGELVMEIA LQPENVEVVA LNDPFISNDY SATMFEYDST HGRYRGEVSH DDFHIIVDGH KIATFQERDP ANLPWASLNI DIAIDSTGUF
Uniprot PTMs: Uniprot L
P Phospho Modifications = 101 ] 1] ] ]
YJRODIC EELDTAQKHI DAGAKFANVTT APSSTAPMFY MGUNEEEYTS DLEIVSNASC TTNCLAPLAK VINDAFGIEE GLMTTVHSMT ATQETVDGRS HEDWVRGGETR
Uniprot P
PTM Site Probabilities: Rt A
Modifications 201P PP P
% 45 YJRO0C SGNITPSSTG RAKAVGFVLP ELQEKLTGMA ERVPTYDVSY VDLTVELNEE TTYDEIKKVYV KAiiiRC) GTTEDAYY SSDFLGDENS SIFDARAGIQ
1Ry - 75 Uniprot P
5% -99%
99100 Yodi fications 301 C f d - f' d
TJRO0IC LSPEFVELYS WWDNEYGYST RVVDLVEHVR K& On I ent Slte Con Irl I le
Uniprot P il b U - P t
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phosphoRS

« automated calculation of individual site probabilities for each putative
phospho-site

« works for all common fragmentation techniques (CID, ETD, and HCD)
and all available database search engines

- validated and optimized by analysis of LC-MS/MS data of more than
150 synthetic phospho-peptides with precisely known phospho-sites

T. Taus et al., phosphoRS, a novel phospho-site localization tool, ThermoFisher
59th ASMS 2011, WOA pm 3:30 SCIENTIFIC
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phosphoRS

Search Result

|

Phospho-Peptide Hit
AM(pS)PALGVMSF(pS)GVQ

S(3) and S{12) are the phosphorylated
sites identified by the search engine

Putative Isoforms
AM(pS)PALGVMSF(pS)GVQ
AM(pS)PALGVM(pS)FSGVQ
AMSPALGVM (pS)F(pS)GVQ,

In this case phosphoRS assigns the
highest phosphorylation probability to
the sites S{3) and S(10). This is contrary

to the search engine which reported S(3)
and 5(12) as being phosphorylated

Searched Peak List

Filtered Peak List

l

Match all putative isoforms
with filtered peak list

v

‘ Compute pRS Score

l

| Determine Optimal Peak Depth

l

38

PRS Sequence Probablity = 33%
PRS Site Probabilities
AM(pS)PALGVMSF(pS)GVQ

100% GJ% !3%

Probability Pg; to match kg or more peaks
purely by chance:
Psi(X = ks) .

= Z ()P a-p®

n: number &ffizeoretical fragment ions
ks : number of matched fragment peaks
p: probability to match a fragment by chance

PRS-Scores:

pRSg; = —10- 10910(Ps,i(X 2 ks))

S,loptimal

PRS Sequence Probability = > sti{, .

W pRS Site Probability = Z PRS Seq.Prob.;

all isof orms
where this site
is phsophorylated
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phosphoRS

* pPRS Score

» This peptide score is based on the cumulative binomial probability that the
observed match is a random event. The value of the pRS Score strongly
depends on the data scored, but usually scores above 50 give good
evidence for a good PSM.

* pPRS Sequence Probability

» This value estimates the probability (0-100%) that the respective isoform is
correct.

* pPRS Site Probabilites

» For each phosphorylation site this is an estimation of the probability (O-
100%) for the respective site being truly phosphorylated. pRS Site
Probabilities above 75% are good evidence that the respective site is truly
phosphorylated.
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ProteinCenter™

 Protein-centric data warehouse specifically designed for interpretation
of proteomics data

* Enables the comparison of data sets searched against different
databases and different versions of databases

* > 16 million protein sequences from the major public protein databases
distilled from 130 million accession codes from past and present
versions

* The consolidated database is updated bi-weekly

ﬂ’Ensembl

UniProt

N
W FlyBase  gagnpin consolidate ﬁ
the Gene Ontology \Mnm 4 ProteinCenter™

Entrez Gene s w
swisprot |

[ ]
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Annotate Identified Proteins Using the

ProteinCenter™ Repository

* Provides concise, precise and focused annotation for a given protein

« Use the Annotation node to directly retrieve protein annotations from
the web service provided by ProteinCenter

« Currently the following annotations are retrieved:

e Gene Ontology (GO, http://www.geneontology.org) and GO slim
annotations

 provides a widely used controlled vocabulary to describe the function,
localization and process a protein is assigned to

» approx. 35000 terms is organized in dependency hierarchies.

» Subsets taken on a high level of this hierarchy (termed GO slims) are
widely used to give an overview of the biological impact of a molecule

 Protein family (Pfam, Welcome Trust Sanger Institure) annotations
» Maodifications documented in the Uniprot database

a1 ThermoFisher
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Use the Annotation Node in a Workflow

* The Annotation node automatically connects with every search node

-
ﬂ Therme Proteome Discoverer 1.3.0.339

File Search Report Quantification Processing Worlkdflow Editor Administration Tools Window Help

(=1 E i

L_._ﬂ] Spectrum Normalizer
gﬁ] Top N Peaks Filter

gﬁ] Xtract

=/ Spectrum Filters

E]] Scan Event Filter

‘g]]] Spectrum Confidence Filter
E]] Spectrum Properties Filter
= Peptide/Protein ID

o Mascat

o SEQUEST

ﬁ ZCore

[ Peptide/Protein Validation
|t Peptide validator

D Percalatar

= PTM Analysis

i phosphoRS

- Quantification

m

43 precursorIons Area Detector
,,',_ Precursor Ions Quantifier
L2 Reporter Ions Quantifier
- Data Export
er
= Annotation
|Q Annotation |

Name:  test workflow
Based on template: —
Description:

Merge results of equal search nodes

&—ni)

N

[& Event Detector 1 ] [@ e 3}

! T

m

% Pprecursorions 7 || TopnPeaks 6
== Quantifier 4 Filter
[ SEQUEST J

/Xﬁé.\

# Re-Annotation

.| Nodes for

&3 Raw T o

Annotation }

[L_hjﬂ phosphoRS B

] I ]

lv Percolator 5 }

VR BB O I DD i D 0. QUST Mt RZoe (AN MNE DD RS ARG,

SILAC3.msf x/\ll'nrlrﬁnwEditnr x] ~ 4 bk
‘workflow Nodes - R Parameters

L_,.Ql Spectrum Grouper - %E% %l | j

Ready
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(Re) Annotate Existing .msf Files

» Use the Re-Annotation node to annotate existing result files that do not
yet contain annotations or update existing annotations

» Can be automated with the Discoverer Daemon

&l Thermo Proteome Discoverer 13 ale=h gl

file Search Report Quentification Precessing Werkflow Editer  Administration Tools Windew Help !

(HH®. 0009 ¢ 000D E. LD @D, RS Bt RZoe (AR ANAR. 2B asaf

S — | 1. use the provided Re-Annotation

N 8B 2. provide a folder workflow template

1 Spectrum Confidence Filter

Il | & Spectrum Properties Filter Merge Resuits of Equal Search Nodes
= Peptide/Protein ID
{4 Mascot M

{4 Peptide Validator

name on the server
Dam;r P =

Start Jobs | Configuration | Job Gueue

G SEQUEST

{4k X Tandem

o ZCore

I Quantification

% Precursor lons Area Detector

m

25 Precursor lons Quantifier
£ Reporter Ions Quantifier b
= Data Export

g Spectrum Exporter

- Annotation

{3 Annotation

| &§ Re-Annotation

b Percolator [»L;} Re-Annotation 1 }

Ready

——~

3. select the .msf files to

annotate

Spectrum Files
@ Batch processing () MudPIT

Load Files | Export Parameter File

o 4

gy “\ExampleData“Reannot'SILAC_Hela_01.msf
D \ExampleData"Reannct'SILAC_Hela_02msf
D ExampleData"Reannot™5ILAC_Hela_03.msf
D:\Example Data"Reannot™.SILAC_Hela_04 msf
D Example Data"Reannot™5ILAC_Hela_05msf

Wordlow K

[He-Annotminn

7 @

Server Output Directory

ReAnnot

Output Filename

Processing completed wordlow "SILAC_Hela_05°

Processing completed wordlow "SILAC_Hela_04"
Processing completed wordlow "SILAC_Hela_03"
Processing completed wondlow "SILAC_Hela_02'
Processing completed wondlow "SILAC_Hela_01°
Processing workdlow "SILAC_Hela_ 05
Registering "SILAC_Hela_05%msf"

Processing workflow "SILAC_Hela_04"
Registering "SILAC_Hela_04 msf"

Processing wordlow "SILAC_Hela_03'
Registering "SILAC_Hela_03msf"

Processing workflow "SILAC_Hela_02'
Registering "SILAC_Hela_02 msf'

Processing wordlow "SILAC_Hela_07"
Registering "SILAC_Hela_01 msf"

Construct spectrum file collection ‘ReAnnot_20110222

43

_ 4. Start processing

Subdirectony on: localhost Path: z:\MagellanRoot"PublicFiles'DiscovererDaemon'.SpectrumFiles
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Automatic Transfer of Results from Proteome
Discoverer to ProteinCenter™

* You need a user account on a ProteinCenter™ server
« Configure your account settings under Tools > Options > ProteinCenter

Cptions | = | E P .|1

o Fragment Match Options e
- Fragment Match Colors and Fonts
‘.. ProteinCenter User Name: my_User_name

http://my proteincenter proxeon .com

[ ok || Hep ]\

« Export all or selected proteins with Tools > Export to ProteinCenter
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