PEAKS 8 User Manual
PEAKS Team



PEAKS 8 User Manual
PEAKS Team

Publication date 2016




Table of Contents

Lo OVEIVIBIW ettt oottt e ettt ettt e e e et e e s 1
1. HOW t0 USE ThIS MANUAL ...cceeneiiii ettt e e e e 1
2. Wt 18 PEAK S? ettt e e e e e ettt e e e e e e et as 1
3. What IS INEW iN PEAKS 872 ...ttt ettt e e e 3
4. QUICK WEIKENIOUGN ... ettt et e e e e eneens 3

4.1. Opening an EXiStiNg PrOJECE ......coouuuuiiiiiiii ettt 3
4.2. PEAKS MaIN GUI ..ottt 4
4.3. Result Summary and Filtering .......coouuuiiiiiiiie i e 5
4.4, RESUIT VISUBIIZELION ...eevueieiii ettt ettt et e e e e e e enaans 6
4.5. Creating @ PEAKS PrOJECL ... .ciiiiiieiiii et 7
4.6. CONAUCEING @N ANAIYSIS ..eetnieiiiti ettt ettt e e 8

2. Installation and ACHIVELION ........coouue ettt et 11
1. PaCKAJE CONLENES ... ieeiiiee ettt ettt ettt e et ettt ettt et e et et e et r et e et e e e nba e e ennans 11
2. SYSIEM REQUITEIMENTS ...ttt et ettt et e ettt e et et e e e et e e e ere s 11
3. Installation 0N & WindowWs COMPULET .........iiereiieiitii ettt ettt e e et e e e eb e e eeea s 11
N o (V7 (o TP P T SOPPT TR 12

4.1. Activate PEAKS with atrial or purchased license Key ...........covviiiiiiiiiiiiii i, 13
4.2. Register to get afreetrial HCENSEKEY .....vniiiiii e 14
4.3, USE PEAKS @S @ VIBWET ..ottt ettt ettt et ettt et e e e e enaens 14
4.4. Activate PEAKS MaNUAITY ....oouniiiii et et 14
4.5. Reregistering PEAKS ..o et 16
4.6. Common Errors during REQISIIEON ..........ciiuueieiiiii et 17
5. PEAKS Performance Configuralion .............oeeeeueoiiiiiieeiiie ettt e et e e e e e 17
5.1. PEAKS B4-DIt VEISION ...ceiitiiiiiii ettt 18
5.2. PEAKS 32-DIt VEISION ...iiiiiiiiiii ettt ettt 19
B. WNEE'S INEXLE ...ttt ettt e et e et et e et e e 20

3. Configuration Wizard - Configure Instruments and Public Databases .............coevvviiieiiiiinieiiiieeeciie, 21
L OVEIVIBIW oottt ettt et ettt 21
2. INSEUMENT SEIECTION ...ttt ettt e e et e e ettt e e e e nb e e eereaeeeens 21
3. Dat@hase SEIECHION .. .cevtieiieii et 22
4. DOWNIOBd INFOMMELION ......ueiiiti ettt ettt e ettt e ettt e e e eb e aeeeera e eeens 23
5. Vendor Instrument SOftWare OPLIONS ..........ocuuuuiiiiiiieieii e 24
6. COMMIL the ChANGES ......i ittt et e e e e e e e eaan s 26

4. Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow ...........ccccoeveeiiiiinieiinnnnnn. 28
L OVEIVIBIW ettt ettt ettt ettt e e 28
2. Create NEW PrOJECE .. .oeei ittt 29
3. Data Refinement - Setting Parameters ..........ooveiuiiiiiii e 30
4. DB Search - Setting ParamELers ........coeuuu ittt 31
5. Quantification - Setting ParamMeELerS ...........iiiiiiiieiii et 32
6. Adding Data to an EXiStiNg PrOJECT ........ooiiuiiiiiiii e 33
7. SUPPOITEd Data FOMMELS .......uu ittt ettt ettt e e et e e e e e e ebe s 34
8. Vendor-SpeCific REQUITEMENTS ....... it 35

8. L. TREIMMO DELA ... ittt 35
8.2. Waters/Micromass (MassLYNX) Dalal ......ccccuuuieiieiiieeiiie et 35
8.3 AGIENT DA ...ceeet ettt et een 36
Bl SCIEX DIALA ...ttt 37
8.4.1. TrippleTOF, QSTAR, Or QTRAP ... 37
8.4.2. ABI 4700/4800 ......uunieeieuieeteit et 38

8.5, BIUKEN D@IA ... eeeitiieeieit ettt ettt ettt e et et e e e e en e 39
8.6. SNIMBAZU DBIA ......u et et e et e e e e et eees 40
BT VBIIAN .t e 41
8.8. PEAKS 7 PrOJECES ...ttt ettt 42
9. Changing the Default ProjeCt LOCALION ...........uuuiiiiiiiieiiii ettt 42

5. D@ VISUBIZALION ...ttt ettt e et e et e e e e 44
L OVEIVIBIW ottt ettt ettt e et 44




PEAKS 8 User Manua

2. IS VBV ettt et e e et e e e et e e aaa e aaees 44
G Y S Y SR AT SRR 45
@ E SR T PP 46
A1 NOISE LEVEL ..o 47

A.2. SNOW/HIAE FEAIUMNES ....oeviieeiii ettt e e ettt e e et e e e et e e e enenneeeee 48

4.3. Locate M/Z and ReteNtioN TIME ....ocuuueiiiiiiee i ee e e et e e et e e e e eeeeae e e eeaanaeeees 48

4.4. Synchronize LC/MS View between LC RUNS .........covuiiiiiiiiiieeiieeeceee e e e e e 48

4.5, ShOW/HIdE MS/IMS SPECIIA ....uuciii i e e e e e aens 48

ST 01 (=0 S LYY A YA 49

A7 EXPOIt LCIMS oo et e et e e e et e e e et e e e e e s 50

6. Adding @ SEqUENCE DalalaSe ... ....civiiiiii e 51
1. Configuring SEqUENCE Dat@hasesS ..........uviiuuiiiii et ee e e e e e e e e e e e e e e eeeen 51
2. Databases to be Used in PEAKS inChorus FUNCLION ...........oviiiiiiiieiiiee e 53
AL = W L T 0= 4 o PP 54
O = 4T T PP 54
2. Data RefiNEMENt PAr@MELENS ... ..ceuui i e e et e e et e e e e e 54
2.1. Saving the Parameters for FULUrE USE ........iiviiiiii e 56

8. Peptide DE NOVO SEOUENCING ...cevuieiii e et et e et et e e e e e e et e e et e e et e e et e e et e e ean e e e tn e eaneeaneeeen 57
O = 4T T PP 57
2. De NOVO SeqUENCING ParameELErS .. ...uuiiii e e e e e e et e e e ean s 58
P O g (o g e = = o PSP 59

A = 074 0T 59

220 T 1 Y PP 60

2.4, OthEr Palr@MELErS .. .cieeuiiei ittt e e e e e e e e e et e e e et e e e et e e e anbn e eeeaens 61

2.5. Saving the Parameters for FULUrE USE .........iiiiiiiii e 61

3. Understanding PEAKS De Novo Sequencing RESUIES .........vvviiiiiiiiiiii e 62
TN S 100111072 1V AT = YN 62

3.2. DENOVO PERLIAE VIBW . ceeciiiici e e e e e e aa s 63
321 PEpide Tale ..vuiiiiii i 64

ICTZAV IS o = 1 1010 0 1A 0100 = 1 Lo o S 66

323 10N TADIE e 67

I 4 (o 1Y/ = PP 68

3.2.5. SPEeCtrum AlIGNMENT .....iie e e 68

I T (= 0| o= o P 68

3.2.7. LC-MS SNAPSNOL .evteeiiiiie ettt ettt e e et e e e 69

G A I O 1Y E S T SRR 69

4. Filtering De Novo SequenCing RESUITS ........cvvuiiiiicii e e e e e aeas 70
5. EXPOrting D& NOVO RESUILS .......iiiiiiiiii e e e e e e e et e et e e et e ea e eees 72
6. De Novo Sequencing using Spectral Pairs or THPIELS .....cvvviiiiiiii e 72
7. De Novo Sequencing 0n SiNGIE SPECIIUM ......iuuiiiii e e e e e e e eaaeees 74
8. Manual D& NOVO SEOUENCING ...vuuerrneiiteeeteetieesteeeataesttaeesteestaestnaesaneeataesnaestnaestnaeranaaees 74
8.1. Manual De Novo Graphical User INterface .........c.ovviiiiiiiiiiiiii e 74

8.2. Manual De NOVO OPEratiONS .......cvuueiiiieiiiie e et e e ee e e e e e e e e eat e e st e e st e eanaeeanaeeeen 75

9. Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER) ...........cccoeeevevnnn.. 81
O = 4T T PP 81
2. Setting PEAKS Search ParamEtErS ........ovvuiiiiii e e e e e e et e e e eaes 82
2.1. Saving the Parameters for FULUrE USE .........iiiiiiiiii e 85

3. Understanding PEAKS Search RESUILS ......ccuuiiiiiiiii e e 86
3.1. Peptide and ProtEIN SCOMES .....c.uuiiiiieeiiiei et et et e e e e e e e e e et e e st e e et e e aaaees 86

TS 10010107 1V A=Y A 86
3.2.1. False Discovery Rate (FDR) CUINVE .......covuiieiiieeii e e e e e 87

3.2.2. PSM SCOre DiStITBULION ....uiiieiiieiieiie e e e e e 87

3.2.3. De NovO ReSUlt Validation ..........coeveeuiiiiiiiiiieiiiis e e 88

3.2.4. Statistics of Data and RESUILS .........uuiiiiiiiiieeiiii e 90

3.2.5. EXPEriment CONtrOl ..........oiiiniiiiieiie e e e e e aaa s 91

IR A = 1011 1 IV AT PSP 91
3.3 L Protein Tahle coovu i 92

G = (01 1= I 00 Y= o (= ISP 93




PEAKS 8 User Manua

3.3.3. PTM PrOfiliNg ..oeeeeeiiiiiiie e e e 96

3.3.4. PeRtide MapPINg ....covveeii e 100

3.3.5. SUPPOItING PEPLIIES ..uiiiiiei e e 105

I X B L= 010 Y T =0 1 PP 105

B PEPLAE VIBW ...t e e e e et 105
AL Peptide Tale ..ouuiiiiii e 105

3.4.2. Peptide-Spectrum MatCheS ........c.uiiiiiciii e 106

3.5. DENOVO ONIY VIBW 1.iiiiiii et e e e e e e e e e et e e e eaaas 106

B8, LC-MS VIBIW oottt e e et e e ettt e e et e e et e e aaaas 107

4, Filtering PEAKS Search RESUILS ........oivuiiii e e e e 107
5. Exporting PEAKS SEarch RESUILS .....ccuviiiiii e e e e e e e e 108
6. Running PEAKS PTM and SPIDER SEParately ........cocveuvuiieiiiiiieeiiiiineeeeiine e et e et eeeiennns 109
6.1. Running PEAKS PTM 0n a PEAKS DB RESUIt .......uciiviiiiiciiece e 109

6.2. Running SPIDER on a PEAKS DB or PEAKS PTM ResUlt ........ccvvvviiiiiiiiiciiieceeeen, 110

7. Comparison Of PEAKS RESUILS .. ...uuiiiiici e e e e e e 110
7.1, CompPariSON RESUIT ... .c.uuiii e e e e e e e aan s 111

7.2. PERtide COMPAITSON .....uiiiiiiii e e e e e e e e e et e e et e e et e e et e e st e eaneees 111

7.3. Protein COMPAISON .......couuiiiii e et et e e e et e e e e e e e e e e e et e e et e et eeateeeanaaeanaes 112

T4, SEALSHCA ChartS ...oovveieiiii e e e e 112

7.5. Exporting CompariSon RESUIL .......c..uiiiiiieiiie e e e e e e 113

10. MUII-ROUN SEAICH ...t et e e e et e e e e et e e e e et s 114
1. MUlti-RoUNT SEAICH OVEIVIBW ....uiiiiiiieeeiie et et e et e e et eeeaa e 114
11. Combining Multiple Database Search Engines with PEAKS INChOIUS .........ccccvvviiiiiiiiiiiciieccieeeenne, 115
1. PEAKS INCHOIUS OVEINVIEIW ...oviiieiiii ettt e e et e e e et e e e et e e e e et e e e e st 115
2. Understanding PEAKS INChOruS RESUILS .......ccuuiiiiiicii e e e 118
3. Filtering PEAKS INChOTUS RESUILS ... ccvicii e e e e e 120
4, EXpOrting iNChOrUS RESUILS ......uuiiiii i e e e e e e e e e e e aaas 121
12. PEAKS Q - MS LEVE ..ottt e e e e e e e e et s 122
IO = 4 T P 122
S 1L [ s = 4= £ 122
3. Understanding the RESUILS ........iiiiiiii e e e e e e e e 124
TN S 100101072 1V AT Y P 124

30 I = == 0 1 = o o S PPPRTRPIN 124

3.1.2. SUMMAIY REPOI ...eeeie it e e e e e 130

TN R I == U | 4 o 1 11 133

I = (011 1 IV AT OSSP 134
321 Protein Table .oovvu i 134

A 000 Y= o [ I I |« N 134

3.2.3. PEPIAES Ta it 134

RS A == o) LY AT PP 135

B LCIMS VIBIW ittt e et e e e e e e e e et e e e et e e e e et e e e e enan s 137

13. PEAKS Q - MSIMS LEVE ...ttt et e e et e e et e e e e e 138
IO = 4 T SR 138
S 11 [ s = 0= (= £ 138
3. Understanding the RESUILS ........iiiiiiii e e e e e e e e ees 140
TN S 101101072 1V AT Y P 140

30 I = == 0 1 = 1 o SRR 140

3.1.2. SUMMAIY REPOIT ...t e e e e e e e e 145

TN R I == U | 4 o 1 11 o 150

I = (011 1 IV AT OSSP 151
321 Protein Table .oouuu e 151

3.2.2. Protein VOICaN0 PlOt .......uuuiiiiiiiiei s 151

I T 000 Y= o (< I I |« N 152

324, PEPUIAES TaD oiiiiiiieei e 152

RS A == o) LY AT PP 152
3.3.L 10N MaACh TaDIE ..cevviiieii e 153

3.3.2. SUINVEY SCAIN .eevtueeeeii ettt ettt e et e et e et e e et e e e et aeeeat e e e eaannaeeeanes 153

3.3.3. REDOMEE 0N Lottt 153




PEAKS 8 User Manua

I I OV SRV AT PP 153

14. PEAKS Q - LB FrEE .ouiiiiiii ittt e et e e et e e et e e e e e 154
IO 4T P 154
A 111 [ = 0= £ T 154
3. Understanding the LFQ RESUILS .......covuiiiiiiii e e e e e e e e e e 156
TN S 101101072 1 VA AT P 157

30 I = == 0 1 = [ o SRR 157

3.1.2. SUMMAIY REPOIT ...t e e e e e e 161

TN R I == U | 4 o 11 165

I = (011 1 IV AT OSSP 165
321 Protein Table .ooeun e 166

3.2.2. Protein VOICaN0 PlOt .......uuuiiiiiiiieiiis et 166

I I 000 Y= o (< I |« PN 166

324, FEAIUIES TalD .oiiiii e 166

3.3 FEAIUMES VIBW .eviiiiiii e ettt et e et s e e et e e et e e et e aaan s 167
3.3 L FEAUrE TaI ..evniieii e 167

3.3.2. FEAUIE DELAIIS ....vuuieiiiiiie et 168

3.3.3. SAMPIE FEALUIES ....uiiiiii et e e e e e e e e e e et e e e e aneees 169

3.3.4. RT ALIGNMENE ..oeiiitii e e e e e e e e e 169

I I OV SRV AT PP 170

15, WOTKEIOW ettt e ettt e e ettt e e e ettt e e e e atr e e e e atnneeeeabnaeeaentnaaaae 171
1. 1dentification WOPKFIOW .......coviueiieii e e e e e 171
2. QUantification WOIKFIOW ......oeeiii e e e e e et e e e e aneees 172
3. INCHOTUS WOTKFIOW ... e e e e et e e e et e e e et e eeenes 173
16. Exporting Data/RePOrts and Printing .......couuciiiiiiiiiieii e e e e e e e et e e e e aanas 174
O 0o 11 0o I - PPN 174
2. Exporting Result From ProjECt VIBW ......cciuiiiiii i e e e e e 175
3. EXPOrting D& NOVO RESUILS .....uuiiiiiiii et e e e e e e e e e e et e et e e ean e e et 175
3.1. Exporting Summary and PePtideS ............oeiiiiiiiiiii e 175

G (oo 4 1] 0o 7= == 176

4. Exporting Database Search RESUILS ........civvniiiii e 177
4.1. Exporting Summary, Proteins, and Peptides ...........cocouiiiiiiiiiiiiccin e 177

N oo g To T 0= 1= 180
4.2.1. EXporting Protein COVEIagE ... ....uviiuiiiiiieiie e e e e e 180

5. Exporting Quantification RESUILS .........ccuuiiiiiiii e e e e eeas 180
5.1. Exporting Precursor lon Labelling Quantification ReSUItS ..........c.cccovvviiiiiiiiiiiiiciieeeenn, 180

5.2. Exporting Reporter lon Labelling Quantification RESUItS ...........cooevviviiiiiiiiniciiecce, 180

5.3. Exporting Label-Free Quantification RESUILS ...........cccoviiiiiiiiiii e 182

6. EXPOrt INCHOrUS RESUIL .......iiicii e e e e e e e e et e e et eeanaeees 182
17. Configuration and PrefErENCES ......c.uuiiiiiiiii i et e e e e e e e e e et e e 183
1. PEAKS ENVIrONMENt PrefErENCES .....iiieii ettt e et e e et e et e e et e e e enenns 183
1.1, GenEral Pref@rENCES . .ccovvuieeiiie et 183

0 0 B T o = YA @ oo = 184

1.2.2. RMI CONMNECHIONS ...eiviiieeeiii ettt e ettt e et e e e e e e e et e e e e et e e e e aen s 184

1.1.3. Derby Daf@haSe ... .ccvevuuieiiiiiie et 184

1.2. Raw File Converter PreferenCeS .......uviiiiiiiieiii e e e e e e 185
2 T N = B (R ) PP 185

1.2.2. Bruker (.yep/baf, fid) .....ooiiiiiiic 185

1.2.3. Shimadzu AXIMA ((FUN) ceenieiii e e e e e e e eaees 185

Y T o I (1= [P 185

S V= (= £ - 1) 186

1.3. Search ENgiNg PreferenCeS .. ..vuiie e e e 186
O3 |V o S 1] T PP 186

1.3.2. XITaNdem SEiNGS ...vuueeiiieiii e e e e e e e e e e e e e eens 186

1.3.3. OMSSA SEHINGS ©.vueeeeiiie ittt ettt e et et e e et e e e et e e e e ern s 187

1.4. Spectrum ANNOtation PrefErenCES ......covviiiii e 187

A = TN QST o 1o 8= 1 o] P 188
2.1. ENzyme ConfigUIation .........couuieiiiiiiiiiee e ee e e e e e e e e e e e e aaa s 188

Vi



PEAKS 8 User Manua

A2 = Y B ©o 11 To 0= 1 o o 189
2.3. Labeled Q Méethod Configuration ...........cc.uviiiiiieiiieci e e e e 191
2.4. Database COoNfiQUIAION ........iivuiieii e e e e e e e s e e e et e e e ean s 192
2.5, Instrument ConfigUIAioN .........c.ueiiiieiiiiei e e e e e e e eaans 194

vii



Chapter 1. Overview

PEAKS 8

Complete Solution for Proteomics

Welcometo PEAKS.

2016 Bioinformatics Solutions Inc. All Rights Reserved

1. How to Use This Manual

This chapter provides an overview of PEAKS' distinctive features and describes atypical data analysis workflow
in PEAKS. It is strongly recommended to read this chapter to get a big picture of what PEAKS provides and how
PEAKSisused. Other parts of thismanual are intended for reference and so it does not need to be read from cover
to cover. Many contents of this manual can be read from the software's online help. The electronic (and most up-
to-date) version of this manual can be found at ht t p: // bi oi nf or. cont doc/ peaks8/ ht Ml manual /i ndex. ht i .

Theinstallation of the software is covered in a separate chapter : Chapter 2, Installation and Activation.

2. What Is PEAKS?

PEAK Sisacomplete software package for proteomic mass spectrometry dataanalysis. Starting from the raw mass
spectrometry data, PEAK S takes care of every step in the analysis, including data conversion; peptide and protein
identification; PTM and mutation characterization; as well as result validation, visualization, and reporting.

/ data analysis \

de novo sequencing result
raw data ‘ database search ‘ visualization, ‘ reporting
— validation and
PTMfinding filtration

homology search

\ quantification /

PEAKS helps in every step of the proteomics data analysis.
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Thefollowing is apartial list of the distinctive features of PEAKS software:

Complete Analysis

PEAKS is a complete software package for de novo sequencing, database searching, characterizing unspecific
PTMs, and detecting peptide mutations. The combined use of these four agorithms maximizes the number of
identifications.

Built-in Result Validation

The "decoy-fusion" method is used to validate the peptide identifications automatically. The "decoy-fusion”
method is an enhanced result validation method that avoids several pitfalls existing in the commonly used
target-decoy method. With an informative result summary view, the results can be easily filtered by setting a
false discovery rate (FDR).

Protein Coverage View

All theidentified peptides are mapped to theidentified proteins and displayed in aconsolidated protein coverage
view. All of the PTMs and the mutations in the protein sequence are highlighted. The interactive graphical
user interface (GUI) allowsfor the in-depth and effortless examination of every amino acid in theidentification
results and every peak in the data.

Accuracy and Sensitivity

The superiority of the PEAKS agorithms has been demonstrated by publications and third-party evaluations.
By combining four complementary algorithms, the sensitivity is further improved.

M ultiple-enzyme Proj ect

To maximize a protein's sequence coverage, it is advantageous to use different proteolytic enzymes to digest
the protein sample. PEAKS supports the use of different enzymes in different samples of a single project.
The software will automatically use the enzyme specified in each sample and then combine all sample results
together.

Label Free Quantification

An Expectation-Maximization (EM) based algorithm is used for feature detection, deconvolution and refine-
ment. PEAK S uses an optimization model for simultaneous feature matching and retention time alignment. The
efficient and accurate algorithms used for Label Free Quantification can even handle significant time shifts and
distortions. The quantification ratios can be normalized using total ion chromatogram (TIC) or selected proteins.

Multiple Instrument Vendor Support

PEAKS supports the raw file formats of most major instruments, which saves the trouble for file format con-
version. More importantly, the algorithms have been tuned for different instrument types to ensure optimal
accuracy and sensitivity.

Result Exporting

The analysis result can be exported to a variety of text formats. The HTML format makes it easy to share the
results on awebsite, while other text formats such as .csv make it easy to view the results in spreadsheets and
to post-analyze with either the in-house script or other third-party software. PEAKS also supports exporting to
standard result formats such as pepXML and mzldentML.

inChorus

PEAKS can import results from other database search engines (already acquired by the lab) and combine all
the results together. PEAKS can estimate FDR for the combined result and can allow for result filtration. For
each identified peptide, PEAK S al so displaysall the enginesthat identified that peptide, aswell aseach engine's
identification score.
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3. What Is New in PEAKS 8?

Hereisalist of the noteworthy new featuresin PEAKS 8.
Highlights.
* New TMT/iTRAQ Quantification module

For datasets generated from TMT/iTRAQ quantification experiments, PEAK S 8 supports MS2 and M S3 quan-
tification, cross-experiment comparison through the use of spike channels, automatic protein FDR estimation,
and the manual removal of low quality spectrum.

* New SILAC Quantification module

For datasets generated from SILAC quantification experiments, PEAKS 8 analyses data a feature-based ap-
proach that supports easy sample grouping and replicate analysis, employs both interactive validation for feature
details and an interactive volcano plot for proteins, and automatically corrects arginine to proline conversions.

» Contaminant database support for identification

PEAKS 8 enables searching a target database together with a contaminant database and allows contaminant
proteins to be shown or filtered out.

* Enzyme-specific display for protein coverage
PEAKS 8 enables users to display protein sequences in different enzyme formats.
Additional Improvements.
 Improved feature detection.
» Improved feature and PSM association.
» Improved label free quantification
 Spectrum view supports absolute intensity and fragment ion error display.
* Support for ProteoWizard MS converter.
 Support for Thermo MSfile reader 3.1 SP2.
» Improved PTM profile exporting.
 Support exporting for fragment ions.
* Better support for mzldentML formats.

 Better multi-user support

4. Quick Walkthrough

This section presents a quick walkthrough of a typical data analysis workflow. The PEAKS user interface is
introduced by using the sample project included in PEAK S installation, filtration and visualization of the analysis
result are showcased, which will help users to understand what can be accomplished with PEAKS. After that, a
PEAKS project created from the analysis of a sample of raw data is demonstrated.

4.1. Opening an Existing Project

The installation instructions for PEAKS can be found at Chapter 2, Installation and Activation. After launching
PEAKS, the sample project can be opened using one of the following two methods (see screenshot below):
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1. For fresh installations, click the "Sample Project” in the "Recent Projects’ list on the Start Page.

2. For al ingtallations, click the Open Project icon, browse to the directory where PEAK S 8 was installed, select
"SampleProject”, and click the Open button in the file browser.

File Tools Window Help

CRDEB<AEXAEOQW ~ K

n Praoject View

=== Click to open a sample project <==

4.2. PEAKS Main GUI

The main graphical user interface (GUI) of PEAKS is divided into the following areas (see screenshot below):

1. TheProject view shows al of the opened projects. Each project may include multiple samples and each sample
may include multiple fractions (LC-MS runs). The analysis results are displayed as result nodes under the
project.

2. Themenu and toolbar contain all of the analysistool icons. Selecting anode (project, sample, fraction, or result)
in an opened project will highlight the analysis tool icons that are available to the selected node.

3. A result node in a project can be opened by double-clicking the node. Opened result nodes are shown in tabs.

4. Each opened result node provides several different "views" asdifferent tabs. In particular, the " Summary” view
shows the result statistics and is a so the central tab in which to filter and export PEAKS results.

5. The information pane shows useful information such as the node properties and the progress of running tasks.
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4.3. Result Summary and Filtering

After double-clicking to open aresult node, i.e. the PEAKS DB node in the sample project, the " Summary” view
is shown by default and provides mainly three functions:

1. Specify score thresholdsto filter the results.
2. Examine the result statistics.
3. Export the results.

The top region of the "Summary" view is a control pane in which the result filters are controlled (see screenshot
below), and the bottom region is a statistics report page:

* Low scoring peptideidentificationsarefiltered out by setting adesired peptide-spectrum match -10IgP threshold
or adesired FDR (false-discovery rate), which can be specified by clicking the FDR button.

» Low scoring protein identifications are filtered by setting a desired protein -10lgP score and a desired unique
peptide count.

» The de novo only peptides are the confident de novo sequence tags that remain unidentified by the database
search algorithms. To report ade novo only peptide, the ALC (averagelocal confidence) scores must be equal to
or better than the specified threshold. Meanwhile, the score of the spectrum's best database search result should
be no greater than the specified -10lgP threshold.

By default, the -10IgP threshold used for de novo only peptidesislocked to be the same as the -10IgP threshold
used for filtering peptides. To specify adifferent value, smply click the lock icon to unlock the filter.

After the filtering conditions are changed, the Apply Filters button will change to red. Click it to apply the new
criteria.

StartPage X | ¥ PEAKS 44 [2013-10-02 13:47] X

Peptides -10lgP = 15 FDR Proteins -10lgP = | 20 « amd = 0 . |unigue peptides

Summary

De novo onby ALC (3:) = 50 «  and -10lgf = l 15 Apply Filters Export Motes

The top control pane has two additional buttons: Export and Notes. Clicking Export displays several options and
fileformatsin which a user can export analysis results. Clicking Notes allows the user to add atext note about the
project that will be displayed at the top of the “ Summary” view page.
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After applying the filters, the statistics report page at the bottom of the "Summary" view will be updated accord-
ingly. Only two statistical charts are explained here (see screenshot below).

Figure 2(a) shows the PSM score distribution in a stacked histogram. If both he search result and the peptide
-10lgP score threshold are of high confidence, very few decoy matches (brown) in the high score region should be
observed. Additionally, if the FDR estimation method (decoy fusion) worked properly, then a similar or greater
number of decoy (brown) matches should be observed in the low score region relative to the target (blue) matches.

Figure 2(b) plotsthe precursor mass error in ppmv.s. -10IgP peptide scorefor all the PSMs. Thisfigureisthe most
useful for high resolution instruments. Generally, the high-scoring points should be centered around the mass error
of 0. Noticethat the data points start to scatter to larger mass errors when they are below acertain score threshold.

Figure 2. PSM score distribution. (a) Distribution of PEAKS peptide score; (b) Scatterplot of PEAKS peptide score versus precursor mass error. @
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4.4. Result Visualization

Besides the "Summary" view, there are four other views for visualizing the data and the results: “Protein”, “Pep-
tide”, “De novo only”, and “LC/MS.”

» The"Protein” view contains a list of proteins that passed the filters. The proteins identified with the same set
(or asubset ) of peptides are grouped together.

» The"Peptide" view shows all the peptide identifications passing the filters. The multiple spectrathat identified
the same peptide sequence are grouped together.

e The"Denovo only" view shows all of the peptides identified exclusively by de novo sequencing.
e The"LC/MS' view displaysthe LC-M S dataasaheat map with highlighted M S/M S scans and detected features.

Here, the focus will be on the protein coverage view only. Click the "Protein” view tab and select one protein. The
corresponding protein coverage map will be displayed at the bottom of the "Protein” view. The protein coverage
view maps al peptide identifications of the selected protein onto the protein sequence. It enables the effortless
examination of every PTM and mutation on each amino acid. Some of the most commonly used operations on the
protein coverage view are listed (see screenshot below):
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. Each blue bar indicates an identified peptide sequence. Each gray bar indicates a de novo only tag match.

Peptide identifications with the same amino acid sequence and the same PTMs are grouped together and dis-
played asasingle bar.

. PTMs and mutations are highlighted with colored icons and white letter boxes. Highly confident PTMs and

mutations are displayed on top of the protein sequence.

A PTM or mutation isregarded as confident if the two fragment ions at both sides of the modified residue have
relative intensity values higher than the user-specified threshold in the display option (seeitem 5).

. Click apeptide to show the spectrum annotation.
. Hold the mouse over an amino acid to show the supporting fragment ion peaks.

. These options to control the coverage view display.

» The"coverage/outline" choice enables the display or the removal of the peptide bars.

» The "sequence display option" highlights the coverage map based on either a fasta display or an enzyme
display from one of the enzyme options selected during the project setup.

» The"denovo tags sharing" specifies the minimum number of consecutive amino acid matches between ade
novo only sequence and the protein before it can be displayed as agray bar.

» The "de novo peptides fully matched" checkbox allows a de novo peptide to be displayed if the sequence,
regardless of itslength, is fully matched to a sequence in the protein.

e The "minimum ion intensity" specifies the minimum fragment ion relative intensity in one of the MS/MS
spectrabefore aPTM location is regarded as confident and displayed on top of the protein sequence.

e The checkboxesin the PTM list specify which PTMs are "interesting”. Click the colored boxesto change a
color. Double-click a PTM name to see the PTM detail.

. Thefull screen button, the PTM profile button, the peptide mapping button, and the tool box button.

Thefull screen button enables expansion of the coverage view. The PTM profileicon showsthe position of and
the modification ratio of a confidently modified peptide. The peptide mapping icon shows Annotated Chro-
matogram and Peptide Comparison displays between different fractions. The tool box icon provides common
tools, such as exporting the coverage pane as a high-resolution image file.

4.5. Creating a PEAKS Project

To create anew PEAKS project from raw data files, perform the following steps (see screenshot below):

1

Select New Project ... from thefile menu or click the New Project icon (&1 on thetoolbar. The“ Project Wizard”
will appear.

. Use the Add Data button to add the desired files to be loaded, and then click Open. All of the selected data

fileswill be listed on the |eft side.

o7
Place the selected data from the list into samples: use *4d place all filesin a new sample; use * 4 vt

L]
put them in an existing sample; or put them in individual samplesfor each file using "L&.

" Click the ¥ Addsample ... o yo # Adddatafiles .. ) 10nq 10 add a sample to the project or data filesto a

sample, respectively.

. For each sample, specify the sample details: “Instrument” type, “Fragmentation” method and “ Enzyme”’ name.
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Note

Each sample can use a different proteolytic enzyme. Using multiple enzymes to analyze the same
proteins can produce overlapping peptides, which will increase the protein coverage.

Note

To apply the same sampl e details to the whole project, select the sample with the correct settings and
click on the Copy to Whole Project button.

6. Click the Finish button to create the project.

File Tools Window Help

1 FLLEYY ELY L °1 KO

a

Create Project

Create Project:

Project Name: |New Project 1

Project Location: |C:VJsers‘\wbrenden\DeaksProjects

Project Structure

Z AddData | Jeean Q|

M3B22744Chymotrypsin030616.rg Sample ] Instrument Fragme!
ElA Digest 1 Trypsin 5 w Orbitrap (Orbi-Trap) « HCD g
(1) MSB22744Elastase03

+ Add data files ...
Digest 2 Trypsin w Orbitrap (Orbi-Trap) « HCD w
(1, M5B22744Trypsin03C
+ Add data files ...
.4 Add sample ...

< L

Select all | | Remove Collapse || Select all | | Copy to Whole Project |

6
7N

Data Reﬁnement>’\l| Finish V‘| Cancel

4.6. Conducting an Analysis

To conduct an analysis: 1) Select a project, a sample, or aresult node in the Project View; 2) Click the desired
analysistool button. Here, PEAKS Search is shown as an example. PEAK S Search is a database search workflow
for a complete identification analysis.
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File Tools Window Help

2
KB HB " & I91%PQW
I Project View
o
il DEMNOVO 4 [2013-10-04 09;31] .1
f PEAKS 5 [2013-10-04 09:31]
-4, PEAKS FTM 8 [2013-10-04 09:31]
% SPIDER 9 [2013-10-04 09:31]
=k 1L Sample 1
Z-f, F1:BSA-GIUC-1.RAW
L. @ DATA REFINE 1 [2013-10-04 09: 26]

=k [l Sample 2
EI F2:BSA-LysC-1.EAW
# DATA REFINE 2 [2013-10-04 09: 26]
|':-|...

L_I\, Sample 3
=4 F3:ESA-Trypsin-1. AW
‘.. 4 DATA REFINE 3 [2013-10-04 09:25]

A search parameter pane will pop up. Most search options for PEAKS DB are standard and straightforward. More
details are provided in the following (see screenshot below):

1. If the proteolytic enzyme was specified for each sample at the project creation step, one can choose to use
the enzyme specified in each sample. This makes it possible to use multiple enzymes in a single project and
asingle search.

2. Specify the fixed PTMs and afew common variable PTMs expected in the sample.

3. Select a protein sequence database or copy and paste the protein sequences for the database search. Select a
contaminant database to be included in the database search.

4. Conduct de novo sequencing using the same parameters or base the search on an existing de novo segquencing
result node.

5. Estimate the false discovery rate (FDR) with the decoy fusion method.

Decoy fusion is an enhanced target-decoy method for result validation with FDR. Decoy fusion appends a
decoy sequence to each protein as the "negative control" for the search. See BSl's web tutorial (http://
www. bi oi nf or. coni peaks/tutorials/fdr.htn)for moredetails.

6. Enable PEAKS PTM and SPIDER al gorithms after the PEAK S DB database search compl etes.

By default, PEAKS PTM performs a blind search for additional PTMsin the data. Users can limit the PEAKS
PTM search on alarge number of PTMs by clicking the "Advanced Setting" button.

SPIDER performs a homology search based on de novo sequencing tags. If selected, the SPIDER algorithm
will be conducted on every confident de novo tag (AL C>15%) whose spectrum isnot identified by PEAKS DB
with high confidence (-10IgP<30). SPIDER will construct new peptide sequences by atering amino acids of
database peptides. For each spectrum, the better sequence constructed by SPIDER or found by PEAKS DB will
be used asthe identified peptide. SPIDER is good for cross-species searches and for finding point mutations of
the protein. SPIDER can either beinvoked through thisworkflow or by clicking the SPIDER icon on thetoolbar.
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PEAKS Search Predefined parameters |

Error Tolerance

P'recl..lrsormass:| 10.0 |||::\|:rn v|using |mor'roisotoncmass v| Fragment ion: Da

Enzyme
1|Spedﬁedbvead15anﬂe v|| Mew |

Allow non-spedific cleavage at end of the peptide.

Maximum missed deavages per peptide: SEl

PTHM
[F| carbamidomethylation Set PTM
2 A7) Deamidation (NQ)

W) Oxidation () | Remove
| Swithtype |

Maximum allowed variable PFTM per peptide

Database
(®) Select database Database: |"Swisstt

3 () Paste sequence Taxa: |aII species

Contaminant database | SwissProt

De Novo Tag Options

L available de nove tags: |de novo with current parameter

General Options
» Estimate FOR with decoy-fusion. &

[] Find unspecified FTMs and comman mutations with PEAKS PTM | Advanced Settings |

[] Find more mutations with SPIDER
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Chapter 2. Installation and Activation

This section of the manual will guide users through the installation and activation of PEAKS.

1. Package Contents

The PEAKS package contains:
* Thismanua
* PEAKS Software

* Quick reference sheet for mass spectrometry

2. System Requirements

PEAKS 8 is available in both 64-bit and 32-bit versions. Installation of the 64-bit version, which is the default
version that BSI distributes, is highly recommended for most users. For users with a 32-bit operating system, the
32-hit version can be downloaded upon request. PEAKS 8 supports Windows operating systems (Windows XP,
Windows 7, Windows 8, and Windows 10). PEAKS program files will only use ~200MB disk space, but it will
require some extradisk space to store temporary files and intermediate results. The amount of disk space required
for this purpose depends on the size of the user's datasets.

The two main factors affecting PEAK S performance are CPU and RAM.

The following are the requirements for the default 64-bit version of PEAKS 8, the recommended and ideal re-
quirements are :

» Recommended: Intel Core processor and 8GB of RAM.
* ldeal: Intel Corei7 or Xeon processors and 16GB of RAM or more (or 2GB per core).

For the 32-hit version of PEAKS 8, 4GB RAM isrequired.
3. Installation on a Windows Computer

| mportant

Please uninstall any older version of PEAKS currently installed on the system before proceeding.

I mportant

Avoid installing PEAKS in any directory that contains a white space. For example, the Program Fi | es
directory has some features that may not function correctly in such situations. Please make sure that the
user account has full access permissions (read/write/execute) on the selected directory.

I mportant

To open an instrument's raw data using PEAKS, it is necessary to install PEAKS on the same computer
where the instrument vendors own software is installed. Refer to Section 8, “Vendor-Specific Require-
ments’ for the vendor-specific requirements load data.

1. Close all programs that are currently running.

2. Insert the PEAKS installation disc into the DVD drive. If an installation file was obtained elsewhere, dou-
ble-click on the PEAK S installation file and move ahead to step 4.

11



Installation and Activation

3. Theinstallation window should automatically appear after the DVD is inserted. If it does not, find the DVD
drive and open it to access the disc. Double-click on PEAKS_St udi o_I nst al | ati on. exe.

4. A menu screen will appear. Select the top item, “PEAKS Installer”. The installation utility will launch the
installer. When the PEAK S installation dialogue appears, click the Next button.

PEAKS

Complete Proteomic Software

5. Follow the on-screen instructions to finish the install ation.

4. Activation

All users are required to go through a software activation process in order to use PEAKS. A License Wizard will
appear to guide users through the activation process the first time PEAK S is launched.

12
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o Welcome to PEAKS =

Welcome to PEAKS

Thank you for using PEAKS, The most accurate, sensitive, easy-to-use software package for
complete proteomics analysis,

Activate PEAKS with a trial or purchased license key

By entering the license key, the features of PEAKS will be activated and the
software will be ready for use.

Register to get a free trial license key
% By completing the online registration form, a trial license key will be sent to you

via email. You will also gain access to free email and phone supports during the
trial period.

m Use PEAKS as a viewer

Viewer PEAKS can be used as a viewer without activation. Take advantage of the
advanced user interface provided in PEAKS to share results with colleagues and
collaboratars,

(%) Activate PEAKS manually

I mportant

Keep the license key safe. After a computer hardware upgrade, it might be required to re-activate the
software.

4.1. Activate PEAKS with a trial or purchased license key

The software activation process is very simple. If the computer is connected to the Internet, PEAKS can be acti-
vated by clicking on the first option in the wizard. In the 'Enter the License Key' dialogue, paste or type in the
license key and click the Activate button. If the activation is successful, PEAKS will start normally. Manual acti-
vation is necessary when the activation failed with the message 'An error occurred while communicating with BS|
licensing server ...". Refer to Section 4.4, “ Activate PEAKS manually” for manual activation.

The license key is a 20 character long, case insensitive
alphanumeric string. You may find the key in the
software package or from your BSI sales representative.

Your License Key

Activate Cancel

13
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4.2. Register to get a free trial license key

This option allows new PEAKS users to evaluate the software before purchase. If the computer is connected to
the Internet, clicking on this option will bring up a web form in the default web browser. Please provide your
full name, institution, email address and phone number in the form. After the form is submitted, an email from
<support @i oi nfor. com> Will be sent with the trial license key. This key can then be used to fully activate
PEAKS for evaluation purposes.

I mportant

Each computer can only have one freetrial. Requesting atrial license repeatedly will not extend the trial
period automatically. Please contact <suppor t @i oi nf or . com if you have any questions.

4.3. Use PEAKS as a viewer

BSI has consolidated the PEAKS product line. PEAKS Studio and Viewer are now one product. Unlicensed
PEAKS Studio can be used in the viewer mode. Researchers around the world are now able to take advantage of
PEAKS most advanced user interface to share PEAKS results. In the viewer mode, all non-analytical features,
such as read/display raw data, open/navigate through existing PEAKS results, exporting, etc..., work the same
way asthe full PEAKS Studio version.

4.4. Activate PEAKS manually

In certain situations, when the computer does not have an Internet connection (or is behind afirewall that blocks
the activation), the activation process requires the assistance of another computer with an Internet connection (or
outside the firewall). Manual activation can be accessed via the link on the bottom-right corner of the wizard.
Manual activation consists of the following steps.

1. Providethelicense key and user information required to the license wizard on the computer that will be running
PEAKS. The option “1 have already received the license file” should be check when the license file from BSI
isaready at hand. Click Next and go to step 5.

Manual Activation

Gather Your Mame Your Mame
Information

Email Address  |youremail @yourcompany, com

Save License
Request File Email {confirm) | youremail @yourcompany. com

) License Key Your License Key
Upload License

Request File Impartant: You will receive your license file via email

Import
License

Activation

Complete
F [ ]1have already received the license file

< Back Mext = Cancel

2. Save agenerated request file to a removabl e storage device (e.g. a USB memory key).
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Gather
Information

Save License
Request File

IUpload License
Reguest File

Import
License

Activation
Complete

Click the button below to save the License Request File to
directary, e.g. an USB drive, so that it can be later transfered to
a computer that has internet access,

¢ Save License RequestFile |

< Back | | Mext = | | Cancel

3. From another computer with an Internet connection, upload the license request file to BSI's license server as

described in the following screen.

Gather
Information

Save License
Reguest File

Upload License
Request File

Import
License

Activation
Complete

The following steps should be done on the computer
which has Internet connections.

Go to http:f fwww.bioinfor.com/lcs20/index.jsp.

Select the option "I have the license request file. I want
to register the software.” and dick next.

Click 'Browse' button to select the license.request file that
has been copied to this computer, type in the visual verification
code and dick next.

Mow the software is being registered, If you get a 'Operation
completed successfully.' message, please chedk your email. The
license file will be sent to you shortly,

< Back | i MNext= | Cancel
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J ) BS| Preduct Licensing Center | + |

& www.bioinfor.com/lcs20/indexjsp C|B-Gogt: P B~ % H

BSI Products Online Registration

Fequest file: EBrowse_ | No file selected.
WVisual venification: Input the characters shown below (case sensitive)
, DR.99 A
R " | request another image

Register

4. If thelicenserequestis sent successfully, an automated BSI servicewill generatethelicensefile(l i cense. | cs)
and send an email (from <support @i oi nf or. cone) to the email address provided to the License Wizard.
Either save the attached licensefile or copy the content between '===>' and '<==="in the email to the Windows
clipboard.

5. Transfer the license file to the computer running PEAKS and import the license file into the License Wizard.

Gather (®) Paste the license Paste from Clipboard
Information

Save License
Reguest File

IUpload License
Reguest File

() Import the license file {the email attachment)

m
[=]
@
m

Import
License

Activation
Complete

< Back | Mext> | Cancel

4.5. Re-registering PEAKS

Re-registering PEAK S may be necessary when an additional software modulewas purchased or SPSwas renewed.
BSI will modify the license information accordingly on the server side. A new license file is required to make
the changes effective. Select About PEAK'S from the Help menu. The “About BSI PEAK S Studio” dia ogue box
will appear:
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PEAKS Studio 8.0 build 20160524
Copyright @ 2000-2016 Bioinformatics Solutions Inc. All rights reserved.

Biocinformatics Solutions Inc. (BSI) acknowledges that Eonald
Beavis is the author of the X!'Tandem program. BSI is grateful to Dr.
Beavis for allowing us to share X'Tandem with our users. BSI
distributes X!Tandem in accordance with the following Artistic
License for all X! software, binaries and documentation. B3I iz not
respon3ible for the performance of X'Tandem, and makes no warranty
or guarantee for it.

License to Evaluation Users
License key
License start [ expire 2015-10-26 [ 2016-07-22
SPS expire M8

Thread # g

Module License status

PEAKS Platform Expire on 2016-07-22
PEAKS Q Expire on 2016-07-22

= View end user license agreement

Warning: This computer program is protected by copyright law
= and international treaties. Unauthorized reproduction or
4% distribution of this program, or any portion of it, may result in
I § =evere civil and criminal penalties, and wil be progecuted to the License Wizard
maximum extent possible under the law.

Tech support

Click the License Wizard button to continue then follow the instructions in Section 4.1, “Activate PEAKS with a
trial or purchased license key” or Section 4.4, “Activate PEAKS manually” to re-register PEAKS.

4.6. Common Errors during Registration

1. The license key contains only English letters and numbers. It is recommended to copy (Ctrl-C) / paste (Ctrl-
V) the license key whenever possible.

2. The user information can only contain English characters (letters, digits and symbols). Characters from a non-
English encoding may cause the activation to fail.

3. If the computer is behind afirewall or has other Internet connection problems, the activation may fail. Please
follow the on-screen instructions or refer to Section 4.4, “ Activate PEAKS manually”.

5. PEAKS Performance Configuration

The PEAKSS Performance Configuration tool can be accessed from the Windows Start Menu in the PEAK S Studio
menu item. By default, PEAKS automatically determines its performance parameters to take full advantage of
the processors and memory available on the computer. In most situations, the Automatically Configure PEAK S
Perfor mance option should be used. The Manually Configure PEAK S Perfor mance option will comein handy
in situations where advanced users want to adjust PEAKS memory allocation and threading.
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(@) Automatically Configure PEAKS Performance (recommended

() Manually Configure PEAKS Performance

Main Program 1VM Heap Size (MB): 14078
Mumber of Computing Modes to Start: |8
Start Client Separately

Client JRE Einary Folder: | fire/hin Browse
Client JvM Heap Size (ME): | 1024

Start Compute Mode Separately

Computing Mode JRE Binary Folder: |, fire/bin Browse

Computing Node JVM Heap Size (ME): | 1024

cares

The Number of Computing Nodes to Start determines the number of parallel processing threads/processes that
will be used by PEAKS. A higher number usually lets PEAK S run faster if the computer still has extra processing
power. The maximum number of computing nodes PEAK S may start with is determined by the license; a Desktop
License allows up to 8 nodes and a Workstation License allows up to 16 nodes.

The configuration is very different between the 64-bit version and 32-bit version due to the amount of memory
Java can access. In both scenarios, if out-of-memory problems are experienced, the number of nodesin PEAKS
should be reduced and the amount of memory per node should be increased.

5.1. PEAKS 64-bit Version

The 64-bit version of PEAK'S can access alarge amount of memory; therefore, it is highly recommended to des-
elect the options Start Client Separately and Start Compute Node Separately. The Main Program JVM Heap
Size (MB) is the maximum amount of memory PEAKS can use. Although a higher number is better, it is recom-
mended to use no more than 80% of the system memory. The Number of Computing Nodes to Start can now
be calculated. For example, let X MB memory be assigned to the main program, the number of computing node
N is the largest integer less than X / 2000. As shown in the figure, the system has 16000MB RAM, therefore
16000* 80%=12800M B memory is configured to the main program JV M. 12800/2000=6.4, therefore 6 computing
nodes is configured.
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() Automatically Configure PEAKS Performance (recommended)

(@) Manually Configure PEAKS Performance

Main Program JVM Heap Size (MB): 12800
Mumber of Computing Modes to Start: |6
[ ] start Client Separately

Client JRE Binary Folder: | fire/bin
Client JVM Heap Size (MB): | 1024
[ ] Start Compute Node Separately
Computing Mode JRE Binary Folder: |, fire/bin

Computing Mode JVM Heap Size (ME): | 1024

=]

]

Cancel

5.2. PEAKS 32-bit Version

PEAKS 32-bit version is produced only for compatibility on older 32-bit operating system. It is strongly recom-
mended to use PEAKS 64-bit version on 64-bit operating systems. Due to the memory limitation for 32-bit Java,

atypica configuration for a computer with 4GB of RAM looks like the following.

() Automatically Configure PEAKS Performance (recommended)

(@) Manually Configure PEAKS Performance

Main Program JVYM Heap Size (ME): 1024
Mumber of Computing Nodes to Start: |1
[ ] 5tart Client Separately

Client JRE Binary Folder: |, fire/bin
Client VM Heap Size (MB): | 1024

Start Compute Mode Separately

Computing Mode JRE Binary Folder: | fjre/bin Browse

Computing Mode IVM Heap Size (MEB): | 1024

Apply

m

[=]
&
m

Cancel

Thetotal amount of memory used by PEAKSis Computing Node JVM Heap Size (M B) multiplied by the Num-
ber of Computing Nodesto Start plusthe Main Program JVM Heap Size (MB). In this case, 1024* 1+1024 =
2048 MB. In some systems, PEAK S may not start with 1024M B assigned to the main program if there are other
programs running on the system. Lowering the Main Program JVM Heap Size (MB) to 800 may help solve

the issue.
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6. What's Next

Depending on the data formats and the type of analysis needed, two additional configuration steps may still be
needed before data analysis can be conducted:

» To read the instrument's raw data formats, installation of specific software libraries to support the instrument
may be required. See Section 8, “Vendor-Specific Requirements’ for this requirement.

» Toconduct adatabase search for protein identification, aprotein (or EST) sequence database must be configured.
See Chapter 6, Adding a Sequence Database.
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Chapter 3. Configuration Wizard -
Configure Instruments and Public
Databases

1. Overview

The Configuration Wizard guides you through some easy-to-follow stepsto configure PEAK S for instrument raw
data support and database searching. The configuration wizard can be invoked from the menu Window | Config
Wizard.

PEAKS supports different instrument vendors raw data formats. A list of supported formats can be found in
Chapter 4, Section 7, “ Supported Data Formats’. Some vendors formats may requirethe vendors' specific software
to be installed on the same computer that PEAKS is running on. The configuration wizard helps you select the
proper instrument and install the appropriate vendor software.

A sequence database must be configured in PEAK S to identify peptides and proteins with the MS/M S spectra by
database searching. The Configuration Wizard also hel ps you select the appropriate databases from alist of public
sequence databases, and also downloads and configures them automatically. The list of public databases can be
found in Section 3, “Database Selection”.

2. Instrument Selection

When you select Window | Config Wizard from the menu, the Configuration Wizard will run and display awel-
come message. Clicking the Next button shows the following instrument selection panel.
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Configuration Wizard - Configure
Instruments and Public Databases

Select Instruments

Thermo Scientific
Thermo LTQ, Orbitrap, FT Instruments

Thermo data can be loaded using Thermo MSFileReader library.
The config wizard wil download and install the MSFileReader autormatically.

AB SCIEX
[ ] AB 5600 Instruments

[ ] AB 4700/4800 Instruments
[] AB SCIEX QTRAP Instruments
[ ] AB SCIEX QSTAR Instruments

Agilent Technologies
[] Agilent Ion Trap Instruments

[] Agilent Q-TOF Instruments

Bruker Daltonics
[ ] Bruker APEX, micrOTOF, HCT Ion Trap, TOF-TOF Instruments

Shimadzu Corporation
[ ] Shimadzu AXIMA-CFR Instruments

Waters Corporation
[ ] waters/Micromass Q-TOF Instruments

Varian Incorporation
[ ] Varian Mass Spectrometry Instruments

<< Back Mext = Cancel Help

The instrument selection panel lists al the supported instruments and their vendor-specific software. Select the
instruments as necessary. A small description about the instrument and possible action to be taken by the config-
uration wizard is displayed onceit is selected. Click Next to proceed.

3. Database Selection

The database sel ection panel liststhe public databases available for automatic download. The automatically down-
loadable databases are NCBI nr, SwissProt, TTEMBL, and Pl human. Select the databases to be configured. A
small description of the database and the action to be taken by the Wizard is displayed once selected. If a public
database is aready configured using this wizard then “[configured]” text in green will appear beside its namein
thelist. It can be selected again to overwrite the configuration.
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Configuration Wizard - Configure
Instruments and Public Databases

Select Databases

MCBI nr

The nr database is compiled by the NCBI that contains non-identical sequences
from GenBank CDS translations, PDB, Swiss-Prot, PIR, and PRF.
The Configuration Wizard will download, extract and configure the database.

[ ] UniProtkB/Swiss-Prot - [configured]
[ ] UniProtkB/ TrEMBEL
[]1rI

Database Path
0:YFastaDB Browse

<< Back

Cancel Help

The*" Database Path” displaysthelocation wherethe configured database will be stored. Click the Browse buttonto
change the default database path. Click Back to go back to the "Instrument Selection panel. Click Next to proceed
to the "Download Information" panel.

4. Download Information

The download information panel displays all the requested instrument software and database downloads in two
tables: “Downloads’ and “ Selected Instrument Software”.
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Configuration Wizard - Configure
Instruments and Public Databases

Download Information

Downloads
Mame Size Progress Action
Thermo M5FileReader 30.3ME Installed Reinstall
ABI mzwiff 281.9kB Downloaded Install
IFI 25.6MEB Downloading (63%6) Cancel

Selected Instrument Software

Mame Status
ABI Analyst Display Information
AB SCIEX M5 Data Converter Display Information
<< Back Mext == """" Cancel Help

Downloads- The“Downloads’ table showsall of the downloadable requests, their status, and the avail able actions
on them. The status of an ongoing download is displayed in the “Progress’ column. To cancel an ongoing down-
load, click the Cancel button in the “Action” column. The databases will be configured automatically after the
download finishes. Once completely downloaded, the Install button appearsin the“Action” column for the instru-
ment software. The software can be installed by clicking the Install button. The Next button remains disabled until
all the downloads and the installations are completed. Previously installed instrument software can be reinstalled
by clicking the Reinstall button that appearsin the “Action” column once the corresponding itemisinstalled.

Selected I nstrument Softwar e - The Configuration Wizard cannot download some vendor-specific software; the
corresponding vendor needsto be contacted to get that software. If any of those software packageswere selected in
theinstrument sel ection panel, then their information appearsin the Selected Instrument Software” table. Clicking
the Display | nformati on button showsinformation on how to get the software from the vendor in apop-up dialogue.

Click Back to go back to the instrument selection or the database selection panels to change the selected items.
Click Cancel to cancel the Wizard at anytime. All ongoing downloads will be cancelled if the Wizard is cancelled.
Click Next to set preferences for some vendor instrument software. A warning message box will pop up in case
any downloaded item is not installed.

5. Vendor Instrument Software Options

Thispanel allowsusersto set theraw file converter preferences of some vendor specific software. Refer to Chapter
17, Section 1.2, “Raw File Converter Preferences’ for details on raw file converter preferences. After making
appropriate changes to the raw file converter preferences, click the Next button to finalize the changes.

24



Configuration Wizard - Configure
Instruments and Public Databases

Vendor Instrument Software Preferences

- Bruker (.yep/baf, fid)
(@) PEAKS Built-n Loader

Options
’7Elruker (.fid) data may contain several files. Do you want to merge them? (Jyes  (@ino

() ProteoWizard - MSConvert

"anaﬁnn - msconvert.exe

- Shimadzu (.run)
(@) None

PEAKS won't be able to load Shimadzu (.run) raw files.
Please select a conwverter for raw file conversion to a standard format that PEAKS can load.

(") Shimadzu Converter

"anaﬁun - run2xml. exe

| <<Back | | MNext>> | | Cancel || Hep |
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Configuration Wizard - Configure
Instruments and Public Databases

Vendor Instrument Software Options

Varian (.xms)
\arian M5 data (.xms or .sms) can be converted to PKL format using VarianMS tool.
The PKL data can be loaded into PEAKS readily.
Please contact your Varian representative to obtain VarianMs tool.
Default xmirai.exe File Location

Browse

« < Back

Cancel Help

6. Commit the Changes

After configuring the necessary downloaded vendor-specific software and public databases, click the Next button
to get to the final panel.
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Configuration Wizard - Configure
Instruments and Public Databases

Configuring Instruments and Databases

The following FASTA databases and/or Instrument software are installed successfully:
Thermo MSFileReader
IPI

The following FASTA databases and/or Instrument software are downloaded but not installed:
ABT mzWiff

A database or an instrument software will be configured for use with PEAKS only if vou do so

explicifly by clicking the Tnstall' button in the Download Information' panel.

No further configuration of PEAKS is required for the following items. Buf vou must ensure that the
relevant vendor software are installed on this computer.

ABT Analyst

AB SCIEX MS Data Converter
Please contact the Manufacturer representatives to obtain the required vendor softwares.

Press the 'Back' button to return to downloads and selection panels where vou can change vour
selection of databases or instrument sofiware for configuration.

Click 'Finish' button to commit the changes to configuration file.

<< Back | [ Finish ! Cancel Help

A summary about the changes that the Wizard is going to make will be displayed. Click the Finish button to
commit the changes to the configuration file. The changes will be immediately available to PEAKS.
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Chapter 4. Project Wizard - Create a
PEAKS Project, Load Data and Set up
a Workflow

1. Overview

Mass spectrometry data needs to be loaded into a PEAKS project before any analysis can be done. After creation,
aPEAKS project is shown as a project node in the top left corner of the PEAK S user interface. On the computer's
file system, a project is saved as a directory that contains multiple files, including the compressed spectral data
and the analysis results. To share a PEAKS project, you can copy the whole project directory. The project can be
opened in another copy of the same version of PEAKS Studio or the free PEAKS Viewer.

The“Project Wizard” guides you through easy-to-follow stepsto create a PEAKS project; set up the project struc-
ture; load datainto the project; and set up the workflow for data refinement, identification, and quantification. To

run the Project Wizard, simply click the New Project icon &2 on the toolbar or select the File | New Project ...
command. Therest of this chapter discussesthe details of Project Wizard, project creation, dataloading and setting
up asimple workflow.

Note

Continue to Data Refinement only if you wish to have one result for all loaded data. After setting up a
project by following the workflow through the Project Wizard, one node for each de novo, PEAKS DB,
PEAKS PTM, and SPIDER will be generated if all options are selected. To create separate resullts, click
Finish and run data from the project tree.
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Project Wizard - Create a
PEAKS Project, Load Da-
taand Set up a Workflow

" Project Wizard H
Create Project:
Project Name: PEAKS Project
Project Location: | C:\Users\wbrenden\PeaksProjects Browse...
Project Structure
Add Data search Q
Sample Enzyme Instrument Fragment
=~ /L, Digest 1 Trypsin w Orbitrap (Orbi-Trap) + HCD w M
*“A L1, MSB22744Chymotryp
+ Add data files ...
- [, Digest 2 Trypsin w Orbitrap (Orbi-Trap) « HCD v
_’Q ; MSB22744Elastase03
A? + Add data files ...
(=)~ /1, Digest 3 Trypsin w Orbitrap (Orbi-Trap) + HCD Vv
NN (L) MSB22744Trypsin030
v L4 Add data fies ..,
----- + Add sample ...
']
Select Al Remove Up Down Collapse Select all Copy to Whole Project
Data Refinement = Finish Cancel

2. Create New Project

1

To create a new project, select New Project ... from the file menu or click the New Project icon (%4 on the
toolbar. The “Project Wizard” will appear.

. Usethe“Project Name” field to name your project. Click “Browse” to select adirectory for saving the project.

The selected directory will appear in the “Project Location” text box.

Note

Refer to Section 9, “Changing the Default Project Location” for changing the default save location
for projects.

. Use the Add Data button to browse to the directory of the datafiles, select the files you wish to load, and click

Open. All of the selected datafiles will be listed on the left side.

. This selected data can be placed into appropriate samples of the project structure using one of the following

L

several options. All of the selected files can be placed in a new sample ( ), in an existing sample

-
(* A v), or inindividual samplesfor eachfile(*ﬁ).

To add a sample to the project structure, click on the ¥ Add5amRle ... 1y o0, From the drop-down menus,

select the “ Instrument” type, the“ Fragmentation” method, and the “Enzyme” that that was used to generate the
experimental data from the drop-down lists. To apply the same sample details to the whole project, select the
sample with the correct settings and click the Copy to whole project button.
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Project Wizard - Create a
PEAKS Project, Load Da-
taand Set up a Workflow

Note

Select "Mixed" as the fragmentation method if more than one fragmentation method was used and
if each spectrum'’s fragmentation method is encoded in the data file. PEAKS loads the fragmentation
mode for each spectrum during analysis. If the data file does not provide such information, these
spectrawill be ignored during analysis.

6. . ) .
Use the ¥ Add data files .. 1, 10n 10 add data files to the corresponding sample. Browse to the directory of

the files, select the files to be loaded, and click Open.

7. Toremove a sample or datafile, select the appropriate node (sample or data file) in the project structure and

-

press button. To delete the file entries from the list on the left, select the files and click Remove.

8. To change the order of the samples within a project or the data files within a sample, use the Up and Down
buttons.

9. Click the Finish button to exit the Project Wizard without specifying parametersfor further analysis. Otherwise,
click the Data Refinement button to proceed to the data refinement step. See Section 3, “Data Refinement -
Setting Parameters’ for details on data refinement parameters.

Upon clicking the Finish button, the project will appear in the “Project View” panel. The outlined symbol
indicates that the fileis still loading. The solid symbol indicates that the file has finished loading.

PEAKS supports a variety of instrument vendor raw data formats. A list of supported formats can be found in
Section 7, “ Supported Data Formats’. Some formats may require that the vendors' specific software be installed
on the same computer on which PEAKS is running. Before creating a project with your own data, ensure that
the vendor-specific requirements discussed in Section 8, “Vendor-Specific Requirements’ are met. Once the data
is loaded, it becomes a part of that project so that the original data files can be manipulated or deleted without
affecting the analysisin PEAKS.

To close an open project, select the project node in the "Project View" and perform any of the following: choose
the Close Current Project command from the file menu, click the Close Project icon &2 from the tool bar, or

right-click and choose the Close Project command from the pop-up menu. It is recommended to close unused
projects to preserve computer memory.

3. Data Refinement - Setting Parameters

To run a data refinement on the fractions immediately after creating a project, click the Data Refinement button
on the Project Wizard to open the “Data Refinement” panel. See Section 2, “Data Refinement Parameters’ for
more details on data refinement parameters.
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Project Wizard - Create a
PEAKS Project, Load Da-
taand Set up a Workflow

Data Refinement

[[] Merge Scans
Retention time window (for raw files only):
Precursor mjz error tolerance: 8 Da
Merge CID and HCD scans together
Correct Precursor
(@) Mass only (recommended)
(") Mass and Charge states
Min charge: 15| Maxcharge: | 3 5
[] Filter Scans
Only keep scans satisfying:
Precursor mass between and

Retention time between and

Quality value greater than

min

ppm

Da

min

(suggest 0.65)

< Back

Predefined parameters |default W

Finish Cancel

Click the Finish button to exit the Project Wizard without specifying parametersfor further analysis. Upon clicking
the Finish button, PEAK S will create the project and run the data refinement on the fractions. See Chapter 7, Data
Refinement to learn more about data refinement. Alternatively, click the Identification button to proceed and to
set up parameters for a database search.

4. DB Search - Setting Parameters

To perform de novo sequencing and to run a database search on the project immediately after setting data refine-
ment parameters, click the Identification button on the Project Wizard. See Section 2, “ Setting PEAKS Search
Parameters’ for more details on database search parameters.
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Project Wizard - Create a
PEAKS Project, Load Da-
taand Set up a Workflow

" Project Wizard H

PEAKS Search Predefined parameters W

Error Tolerance

Precursor mass: | 10.0 ppm | using 'monoisotopic mass w Fragment ion: 0.5 Da
Enzyme
Specified by each sample W MNew

Allow non-spedific deavage at |one  w | end of the peptide.

Maximum missed ceavages per peptide: 3
PTH
: F Carbamidomethylation Set FTM
\T) Deamidation (NQ)
) Cxidation (M) Remove
Switch type
Maximum allowed variable PTM per peptide | 3 -5
Database
(@) Select database Database:  SwissProt w | | View
(") Paste sequence Taxa: all species Setf/View taxa...
Contaminant database SwissProt W View
General Options
Estimate FDR with decoy-fusion. &
[] Find unspecified PTMs and commoen mutations with PEAKS FTM Advanced Settings
[1Find more mutations with SPIDER.
Skip Identification < Back Quantification > Finish Cancel

Click the Finish button to exit the Project Wizard without specifying parametersfor further analysis. Upon clicking
the Finish button, PEAKS will create the project, load the data, run a data refinement on the fractions, and then
conduct de novo sequencing and database searching on the dataat the project level . See Chapter 8, Peptide De Novo
Sequencing and Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER)
for more details on de novo sequencing and database searching. Alternatively, click the Quantification button to
set up parameters for quantification.

5. Quantification - Setting Parameters

To run quantification tools on the project immediately after setting database search parameters, click the Quantifi-
cation button to open the“ Quantification” panel. The optional PEAKS Q module of PEAK S Studio supports L abel
Free quantification, Reporter lon quantification with isotope labels at MS/MS level, and Precursor 1on quantifi-
cation with isotope labels at the MS-level. See Section 2, “ Setting Parameters’, Section 2, “ Setting Parameters’,
and Section 2, “ Setting Parameters’ for more details on quantification parameters.
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Project Wizard - Create a
PEAKS Project, Load Da-
taand Set up a Workflow

Tools Label Free Quantification

Basic Options

(@) Label Fres Mass Error Tolerance: |20.0 ppm v Retention Time Shift Tolerance: |6.0 mir
Sample Groups Attach Identification
0O gizi?:;alggn search sample fist Q Remave All Collapse Attach... Remave
e Digest 1 Group Color
Digest 2 [+ .
. o = I
B Precursor Ion 2 Digest 3 -
() Quantification
eg. SILAC d
a1t
-, v
Advanced Mave Up Mave Down

The identification result from the previous step wil be automatically attached.

Cancel

< Back MNext =

Upon clicking the Finish button, PEAKS will create the project, load the data, run the data refinement on the
fractions, and then conduct de novo sequencing, database searching, and protein quantification on the data at the
project level. See Chapter 14, PEAKS Q - Label Free, Chapter 13, PEAKS Q - MSMS Level and Chapter 12,
PEAKSQ - MSLevel for more details on the quantification tools available in PEAKS.

6. Adding Data to an Existing Project

1. To open a saved project, select the File | Open Project command, the File | Open Recent Project list, or click
the “— icon from the tool bar.
2. To add data to an open project, click on the project from the “Project View” panel and select the Add Data

command from the File menu or use the Add Dataicon Es'l from the tool bar. The “Project Wizard” window
will open.
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Project Wizard - Create a
PEAKS Project, Load Da-
taand Set up a Workflow

Create Project:

Project Name: New Project 1

Project Location: |[:/test

[=1]
=1
@
I

Project Structure
sample Enzyme Instrument Fragment
B‘JJ' Sample 2 Trypsin w Orbitrap (Orbi-Trap)  CID w M
.;“& i, Spke4_040805_3.RA
. e Add data files ...
i Add sample ...
A
>4~
=
v
Select Al remove Up Down Collapse Selectall Copy to Whole Project

Next> Finish Cancel

3. Use the Add Data icon to browse to the location of the data files. Select the files to be loaded and then click
Open. All of the selected datafiles will be listed on the left side.

4. The selected datafrom the list on the left can be placed into an appropriate sample within the project structure.
There are several options to enable this placement. All of the selected files can be placed in a new sample

& v
( ad A ),inanexistingsample(* A ~"), or inindividual samplesfor each file ( J?).

5. More files can be added to an existing sample by clicking the + Add datafiles ... button. Additional samples
can be created by clicking the + Add Sample ... button.

6. From the drop-down menus, select the " Instrument” type, the “ Fragmentation” method, and the “Enzyme” that
was used to generate the experimental data. For more information on adding files/samples or setting up the
instrument configuration refer to Section 2, “ Create New Project”.

Note

It is discouraged to change the "Enzyme", the "Instrument”, or the "Fragmentation" method for an
existing sample. It may cause errors during further analysis or inconsistenciesin the analysis results.

7. Supported Data Formats

Thefollowingisalist of supported dataformatsin PEAKS. PEAK S supportstheseformatsat three different levels:
» Native Support - PEAKS can read the following files directly without any additional tools:

e mzXML

* mzData

« mzML
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.DTA fileor adirectory of .DTA files

« MGF
« .PKL
« PEAKS 7 projects. See Section 8.8, “PEAKS 7 Projects’.

 Library Level Support - The instrument vendor's software library must be installed on the same computer as
PEAKS. PEAKSwill call the software library to read the data directly.

* .RAW file (Thermo Fisher Scientific instruments). See Section 8.1, “ Thermo Data’.
 .D directory (Agilent instruments). See Section 8.3, “Agilent Data”.
e .LIFT or .D directory (Bruker instruments). See Section 8.5, “Bruker Data’.
¢ .RAW directory (Waters QTOF instruments). See Section 8.2, “Waters/Micromass (MassLynx) Data”.

» Converter Level Support - Third party converters are required. Users need to install the required converters
correctly and and configure their locations in PEAKS. This only needs to be set up once. PEAKS will call the
converter to convert the data to a native supported format before loading it. The actual conversion processis

invisible to the user.

* .RAW directory (Waters QTOF instruments). See Section 8.2, “Waters/Micromass (MassLynx) Data’.

WIFF file (AB/Sciex QSTAR and QTRAP instruments). See Section 8.4.1, “TrippleTOF, QSTAR, or
QTRAP".

.T2D file (AB 4700/4800 series). See Section 8.4.2, “ ABI 4700/4800".

.RUN folders from Shimadzu instruments. See Section 8.6, “ Shimadzu Data’.

XMSfilesfrom Varian instruments. See Section 8.7, “Varian”.

8. Vendor-Specific Requirements

Most vendors provide tools for MS analysis software to read their raw data format. PEAKS works best with the
unprocessed raw data as PEAKS uses the data pre-processing tools built into the software that are designed to
maximize identification results. Listed below are the requirements to load raw data from each supported vendor.

8.1. Thermo Data

RAW data from Thermo Fisher Scientific mass spectrometers can be loaded, provided that the X Calibur software
or the Thermo M SFileReader package is installed on the same computer as PEAKS. The PEAKS Configuration
Wizard can download and install M SFileReader automatically (see Section 2, “Instrument Selection”). M SFil-
eReader is publicly available and can be found at the following link:

https://therno. fl exnetoperations. conf control/thno/ downl oad?el ement =6306677

Note

Install 64-bit M SFileReader with 64-bit version of PEAKS Studio, or 32-bit M SFileReader with the 32-
bit version of PEAKS Studio.

8.2. Waters/Micromass (MassLynx) Data

Two methods can be used to load Waters's . r aw data.
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* PEAKS Built-in Loader

PEAKS is installed with the libraries needed to read Waters.raw files automatically. So, .raw files should be
loaded into PEAK S without any configuration.

» ProteoWizard - MSConvert

Alternatively, select thisoption if the Built-in Loader is unableto load some .raw files as an alternative. Browse
to the location of msconvert.exe, which islocated by default in:

C:\Program Files\ProteoWizard\ProteoWizard\msconvert.exe

ProteoWizard can be downloaded form:

http://proteowizard.sourceforge.net/

-
Preferences

+ General
Display Options
RMI Connections
Derby Database

+ Raw file convertor
SCIEX [, wiff)
Bruker(.vep/baf, fid)
Shimadzu AXIMA{ run)
Varian(, xms)

-

# Search Engine
Mascot Settings
¥Tandem Settings
Omssa Settings

#» Spectrum Annotation

Waters(.raw)

(@) PEAKS Built-in Loader

PEAKS can automatically load Waters RAW files directly.

Mo further configuration is needed.

() ProteoWizard - MSConvert

Location - msconvert.exe

QK

H Cancel l [ Help ]

8.3. Agilent Data

Adgilent Q-TOF data can be loaded, provided that you selected the Agilent checkbox when loading the software.
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=
¥ Setup - PEAKS Studio 8.0 O | B |
Choose Third Party Libraries -::E
Select third party libraries for your instrument raw files - —
i,
Install Thermo MSFile Reader (54 bit) View ELILA

By dicking the Mext button below, the user agrees to the EULA of selected libraries.

The installation might take several minutes. Please wait for it to finish,

install Agilent Raw File Convertor (64 bit} View ELULA '

Bininformatics Solutions Inc,

_ N> | | cﬂ

If you did not select that checkbox, it is still possible to install the libraries without reinstalling PEAKS.

1. Locate the PEAKS Studio installation directory. (default: c:\PEAK SStudio8)

2. Accessthefolder,'MHDAC x86 or ' MHDAC x64', depending on your version of Windows

3. Right-click on the Windows batch file 'RegisterM assHunterDataA ccess and click on "Run as administrator.”
4. If this process was successful, Agilent data should load into PEAK S automatically.

Agilent lon Trap data can be loaded, provided that CompassXtract isinstalled on the same computer as PEAKS.
The spectral datawill be containedinthe. yep, . baf, orfid file. Select the. Dfolder (containing . yep and . baf
file) and the . L1 FT folder (containing fi d file) during the data loading step. To load all fid files at once, select
the top level folder to load them.

CompassXtract 3.1 is readily available on the Bruker Daltonics web site at the following link: http:/
www.bruker.com/service/support-upgrades/software-downl oads/mass-spectrometry.html. Once you reach the
website, Bruker may request a username and password. See Section 8.5, “Bruker Data’.

8.4. Sciex Data
8.4.1. TrippleTOF, QSTAR, or QTRAP

Sciex data can be loaded into PEAKS, provided one of the two optionsisinstalled.

» AB SCIEX MS Data Converter can be used to load .wiff filesinto PEAK S directly. It can be downloaded from
the following link, http://www.absciex.com/downloads/software-downloads. Once installed, use the browse
button within the Sciex Data Converter optionto find AB_SCIEX_MS_Converter.exe. By default, itisinstalled
in C:\Program Files (x86)\AB SCIEX\MS Data Converte\AB_SCIEX_MS_Converter.exe

» ProteoWizard - MSConvert is the recommended method for loading .wiff files. It can be downloaded from
http://proteowizard.sourceforge.net/. Once installed, select the ProteoWizard -M SConvert button and use the
associated browse button to fine msconvert.exe. By default it islocated in:
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F |
Preferences Iéj

» General SCIEX(.wiff)
Display Options

RMI Connections © None

PEAKS won't be able to load Sdex (wiff) raw files.

Derby Database Please select a converter for raw file conversion to a standard format that PEAKS can load.

+ Raw file convertor

SCIEX (. wiff) (@) Proteo\Wizard - MSConvert

Bruker(.vep/baf, fid) Location - msconvert.exe
Shimadzu AXIMA(.run) C:\Program Files\ProteoWizard\ProteoWizard 3.0,7331\msconvert. exe

Varian(, xms)

Waters(.raw) (T) SCIEX MS Data Converter
+ Search Engine Location - AB_SCIEX_MS_Converter.exe
Mascot Settings

¥Tandem Settings
Omssa Settings

#» Spectrum Annotation

QK H Cancel l [ Help ]

b 4

8.4.2. ABI 4700/4800

T2D files can be extracted and imported into PEAK S with afree tool created by BSI. The PEAKS Configuration
Wizard can download and install the AB 4X00 Extractor automatically (see Section 2, “Instrument Selection”).

System Requirements.  This extractor can be installed on the same machine as the ABI 4700 Explorer and the
Oracle database or on another machine that has direct network access to the 4700 SERVER. There cannot be a
firewall or proxy between the computers. Windows 7 or Windows XP is recommended for the use of thistool.

Configuration.  Start the ABI 4700 converter tool. Choose Settings from the File menu. Configuration requires
the following:

4700 SERVER Name or IP Address: input “localhost” if the Extractor is running on the same computer as
ABI 4700 Explorer (thisis the default value). Otherwise, enter the IP address of the 4700 SERVER.

The socket used by the 4700 SERVER: the port that the Oracle database listens to (the default is 1521).

» Usernameto access the Oracle database: most likely does not need to changed (the default is “tsquared”).
» Password to access the Oracle database: most likely does not need to changed.

Data Extraction Procedure.  The data extraction requires

1. Load Spot Set List from the database: (Do thisviamenu File | Load Spot Set List). The extractor will export
the peak list of a spot set into a PKL file.
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2. Open a Spot Set: (menu File | Open Spot Set) Spot Set Chooser will help the user choose a spot set. After
selecting a spot set, click OK to open it. The job run information of the spot set will be shown.

3. Select ajob to run: Thereis a button to select before each run. Only the MS/M S job run can be selected for
export, as the precursor information is needed. Select ajob run and click Convert to do the extraction.

4. Choose afilenameto save: After clicking the Convert button, the user needsto input afile name and the peak
lists of the selected job run that will be exported.

8.5. Bruker Data

.Dand. LI FT directories from Bruker mass spectrometers can be imported provided that the CompassXtract Run-
timelibrary isinstalled on the same computer as PEAKS. The spectral datawill be contained inthe . yep, . baf,
or fid file. Select the. Dfolder (containing . yep and . baf file) and the. LI FT folder (containing f i d file) during
the data loading step. To load all fid files at once, select atop level folder.

CompassXtract 3.1 is readily available on the Bruker Daltonics website at the following link: http://
www.bruker.com/service/support-upgrades/software-downl oads/mass-spectrometry.html. Once you reach the
website, Bruker may request a username and a password

Note

Install the 64-bit versionif you are running PEAK S on a 64-bit operating system. Install the 32-bit version
if you are running PEAKS on a 32-hit operating system.

Instrument Preferencesfor Bruker Data.  To set Bruker data related preferencesin PEAKS, open the “ Pref-

-
erences’ window by clicking the “Preferences’ toolbar icon Q or by selecting Preferences from the Window
menu. Click on “Instrument” and then “Bruker (.yep/baf, fid)” on the left side. Thiswill show the Bruker instru-
ment preferences on the right side. Select the PEAKS Built-in Loader to use CompassXtract to load Bruker files.

* Bruker (.fid) data may contain several files. Do you want to merge them? When loading .fid, select 'yes to
merge all the spectra contained in the file into one data file.

Alternatively, ProteoWizard - MSConvert can be used instead of the built-in data loader. It can be downloaded
from http://proteowizard.sourceforge.net/. Onceinstalled, select the ProteoWizard -M SConvert button and use the
associated browse button to find msconvert.exe. By default, it islocated in:
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r hl
Preferences ﬁ

s General Bruker{.yep/baf, fid)
Display Options

AMI Connactions (@) PEAKS Builtin Loader

Derby Database Options

Bruker (.fid) data may contain several files, Do you want to merge them? @ yes () no

+ Raw file convertor
SCIEX(.wiff)

| (7 ProteoWizard - MSConvert
Shimadzu AXIMA(.run) Location - msconvert.exe |
Varian(.xms)
Waters(.raw)

* Search Engine
Mascot Settings
¥Tandem Settings
Omssa Settings

& Spectrum Annotation

[l Ok, H Cancel ] [ Help ]

8.6. Shimadzu Data

RUN files from Shimadzu mass spectrometers can be loaded provided that the Shimadzu software isinstalled on
the same computer as PEAKS.

Instrument Preferencesfor Shimadzu Data.  To set Shimadzu data related preferences in PEAKS, open the

“Preferences’ window by clicking the “ Preferences’ toolbar icon @ or by selecting Preferences from the Win-
dow menu. Click “Instrument” and then “ Shimadzu AXIMA (.run)” in the menu on the left. This will show the
Shimadzu instrument preferences on the right side. Select the Shimadzu Converter button and click Browseto tell
PEAKS the location of the Shimadzu r un2xni . exe file.

Select None to disallow Shimadzu data loading
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© N
Preferences ﬁ

* General Shimadzu AXIMA(.run)
Display Options

RMI Connections @ None

PEAKS won't be able to load Shimadzu (.run) raw files.

Derby Database Pleaze select a converter for raw file conversion to a standard format that PEAKS can load.

+ Raw file convertor
SCIEX ([ wiff) () Shimadzu Converter
Bruker (. yep/baf, fid) Location - run2xml.exe
Shimadzu AXIMA(run)
Varian{, xms)
Waters{.raw)

& Search Engine
Mascot Setlings
¥Tandem Settings
Ormssa Settings

= Spectrum Annotation

Ok H Cancel ] [ Help ]

Note

Shimadzu r un2xn . exe can not read data files containing spaces or non-English characters in its path.

8.7. Varian

A conversion tool is embedded into Varian's data acquisition software that allows for conversion of Varian raw
datainto . pkl filesthat can be immediately read by PEAKS.

The. t rans datafiles can be converted in Varian programs by clicking File | Save As and selecting either the. pk|
file format or by performing the following steps: clicking File, right-clicking Export, and then selecting .pkl. If
you are viewing a chromatogram with the Varian software, al the spectral data in the viewed chromatogram are
converted to . pkl format. If you are viewing a single spectrum and choose to convert the data, only the viewed
spectrawill be converted.

Importing raw datathat has not been preprocessed will produce better results when using the preprocessing options
native to PEAKS.

Instrument Preferencesfor Varian Data. To set Varian data-related preferences in PEAKS, open the “ Pref-

erences” window by clicking the “Preferences’ toolbar icon @ or by selecting Preferences from the Window
menu. Click “Instrument” and then “Varian (.xms)” ontheleft. Thiswill display the Varian instrument preferences
on theright side. Click Browse to tell PEAKS the location of the xmi r ai . exe file.
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Varian(.xms)

Default xmirai.exe Location

Browse

Note

Varian xni r ai . exe can not read data files containing spaces or non-English charactersin its path.

8.8. PEAKS 7 Projects

Projects created in PEAKS 7 and PEAKS 7.5 software can be opened in PEAKS 8. To convert the project to a
PEAKS 8 project, open the project in the same way you would open any existing PEAKS project. The project will
be recognized as a PEAKS project from an older version. The following confirmation dialogue box will pop up.

Version Check

l . This project was created by an older version of PEAKS. Do you want te convert it now?

Mo, thanks

Choose Y esto convert the project and proceed. The following “Project Converter” dialogue will appear.

r ~
” Project Convertor &
Converted Projects  |Project_versiong_0

Project Location D:'\PeaksProjects
0% | start

[= A

Choose the converted project name and location. Click Start to begin the conversion process. A new version of
the project will be created at the new location. The old project will not be modified.

Note

The project converter is designed to convert PEAKS 7 projects so that they can be viewed in PEAKS 8,
but further analysis on the converted projects are strongly discouraged.

9. Changing the Default Project Location

If many projectsareto be created, it is convenient to reconfigure the default project location to the directory where
all the projects are stored. Please make sure this folder is readable/writable by PEAKS.

1.
Click @ from the toolbar. The following "Preference” dialogue pops up.
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R cenera

Display Options

Default Input File Directory
RMI Connections

D:itest Browse
Derby Database
Default Project Folder
# Raw file convertor
D:\test Browse

ABI(.wiff)

2. Select "Generd" intheinthe"Preference" dialogue and click the Browse button below "Default Project Fol der"
to specify the default project location.




Chapter 5. Data Visualization

1. Overview

After the project is created, the spectral data can be visually examined. For atypical LC-MS/MS fraction, three
views are provided:

* MS- Thisview shows the TIC (total ion chromatogram) plot and all of the MS scans. For each MS scan, the
corresponding MS/M S scans are also displayed.

e MS/MS - This view lists all the MS/IMS scans. For each MS/MS scan, the corresponding MS scan is aso
displayed.

e LC/MS- Thisprovidesabird's eye view of the whole LC-MS dataset with detected features and MS/M S scans
marked on refined data.

After opening a data file by double-clicking the data node on the project tree, the choice of different views can be
made by choosing different tabs at the upper-left corner of the data view window.
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2. MS View

The MS View containsthe TIC and all of the scans. The total ion chromatogram (TIC) is displayed on the left of
the MS view. The navigation buttons are circled in the figure. To collapse the TIC chart, click the left navigation
button. To navigate the survey (MS) scans, use the up and down navigation buttons. The survey scans can also be
navigated by using the up and down arrows of the keyboard. Clicking on a specific position in TIC will display
the corresponding survey scan. The tandem (MS2) scans associated with the current survey scan are shown in
the bottom right panel.
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The survey scans and tandem scans provide a few convenient ways to zoom and navigate the spectrum:

* Zoom to an m/z region - Click the desired start m/z and drag horizontally to the desired end m/z, release the
mouse button.

» Zoom in/out smoothly - Place the mouse pointer at a particular m/z value (right below the x-axis line), scroll
the mouse wheel button.

* Increase/decreasethe peak intensity - Place the mouse pointer on the spectrum, scroll the mouse wheel button.

» Seethewhole spectrum - Double-click on the spectrum or click the 1:1 button.

3. MS/MS View

The MS/IMS View shows the list of tandem scans on the left. For each MS/MS scan, the list of identification
results, the spectrum, the LC/MS view zoomed in to the area pointing to the Spectrum, the lon Match Table, and
its survey scans are shown on the right. Zoom options are the same as described in the “MS View” section.
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4. LC/MS View

The LC/MS view shows the distribution of LC-MS signalS/features as a heat map. Placing the cursor on the heat
map will show the m/z value and the retention time of that point.
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The LC/MS view provides various convenient ways to zoom and navigate the LC-M S features in the data:

* Moveto a specific Heat Map area: Click on the heat map, hold and drag the cursor until the desired area of
the heat map is reached and then rel ease the mouse button.

» Zoom to a specific Heat Map area: Right-click on the heat map, hold and drag the cursor to select the desired
area of the heat map and then rel ease the mouse button.

* Move to a specific Heat Map area from Thumbnail: Current view range of the heat map is shown as a
rectangle in the Thumbnail. Click on the thumbnail view range rectangle, hold and drag the cursor until the
desired area of the heat map is reached and then rel ease the mouse button.

» JumptoaspecificHeat Map area: Provide approximate m/z and RT values separated by aspaceinthe Locate:
m/z RT box and then hit the Enter key to zoom in to an area centered at the specified m/z and RT value.

« Zoom infout from Thumbnail: Place the cursor on the Thumbnail and then scroll the mouse wheel button.

e Zoom in/out smoothly: Place the cursor at a particular (m/z value, RT) position and then scroll the mouse
wheel button.

* Moveto a specific RT range: Click the cursor on the TIC or the RT axis, and then hold and drag the cursor
until the desired range is reached.

» Zoom to a specific RT range: Place the cursor on the TIC or the RT axis, and then scroll the mouse wheel
button.

* Moveto a specific m/z range: When the m/z axisis zoomed in, click the mouse on the m/z axis, and then hold
and drag the cursor until the desired range is reached.

» Zoom to a specific m/z range: Place the cursor on m/z axis and then scroll the mouse wheel button.

» Change contrast of the Heat Map: Place the cursor on the heat map, press and hold the Ctrl key, and then
scroll the mouse wheel button.

» Change peak height in the 3D intensity mode: Place the cursor on the heat map, press and hold the Ctrl key,
and then scroll the mouse wheel button.

* View thewhole Heat Map: Click the 1:1 button in the control.

» MoveBack/Forward topreviously specified Heat M ap ar ea: Usethe Back and Forward buttonsin the control
to navigate the previously specified heat map areas.

The Heat Map view offers various controls to study the LC-MS data features. The following sections describe the
control options and their uses in detail.

4.1. Noise Level

Select the appropriate threshold for noise filtering. Once selected, the Heat Map view will reflect the changes.
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4.2. Show/Hide Features

To view the detected L C/M Sfeatures, mark the Features checkbox in the control. The features detected during the
data refinement stepswill be highlighted by small, red, diamond-shaped points on the heat map. Placing the cursor
over such afeature point will show the boundary of the feature using ared polygon and display a pop-up window
that includes the following information: the monoisotopic m/z, the mean RT, the charge state of the feature, and
the total area under the X1C curves of the feature.

50,0
| m/fz=556.3986
RT mean=49.51
L_{z=2
Area=8.09EG
49,0
" 8% B57 658 659 680 6Bl

4.3. Locate M/Z and Retention Time

Type an m/z and an RT value, such as "618.88 50.5" in the following text box | —
(m/z, RT) positionin the LC/MS view.

to locate a

4.4. Synchronize LC/MS View between LC Runs

Use the @ putton to synchronize LC/MS view between different LC/MS runs. When the LC/MS views are
synchronized, the (m/z, RT) position and noise level are locked as the samein each run.

4.5. Show/Hide MS/MS Spectra

Select the MS/M'S Spectra checkbox to highlight the scans with associated tandem scans. They will be marked
with tiny blue squares on the heat map. Place the cursor over an MS/M S spectraindicator to view apop-up window
that will contain the precursor m/z, the RT, the precursor charge state, and the scan number of that spectrum. Click
an MS/M S spectraindicator to view the spectrum in a pop-up window. The indicator for that selected spectrawill
turn into asmall red square.
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4.6. Intensity View

In addition to the heat map view, PEAKS also provides a 3D intensity view for visual inspection of the LC/MS

data. To switch between the heat map view and the intensity view, click the A button in the top-right LC/IMS
control options. The intensity view has the same set of controls to easily zoom and navigate.

a00 )z
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4.7. Export LC/MS

Click the 2 icon on the LC/MS control optionsto export the LC/M S heat map or intensity view in PNG format.

Scale: (@ 1% (A (o4 (aw

Save to: |D:‘|,test‘|.lcn'|s.png | [ Browse |

|E1mort||Ean::eI|
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Chapter 6. Adding a Sequence
Database

1. Configuring Sequence Databases

PEAK S hasthe ability to search through a database to identify proteins using the PEAKS DB function. In order to
use thisfunction, PEAKS must have access to either aprotein or an EST database in FASTA format (the standard
format for popular public sequence databases). PEAKS can be configured to use existing databases on the system
or from databases downloaded from public servers. Additionally, taxonomy options may be specified for certain
databases.

To add a sequence database, click the % & icon in the main toolbar and select “Database” from the left side. This
will open the database configuration dialogue. Click the New button to create a new sequence database entry or
select a database from the “ Database List” . The database can be configured in the “ Database Details’ area below.
Click the Add/Update button to save any changes.

Enzyme Database List

[UniProt_SwissProt]

FTM

Labeled Q Method

Instrument

Database Details

FASTA format database: |NCBI nr - Validate Database ] ’ Export Decoy DB ]

Basic Options

Database name: Validated

Path: [ Browse ]nr[ Download ]

[] EST database

Advanced Options - Fasta Title Format
Rule to parse accessionfid from FASTA title:

Mai\l\a™=y
Rule to parse description from FASTA title:

s+ =Y

Accessionfid URL:

http: ffwwewe .nchi.nlm. nih.gov fentrez fviewer. fcgi?db=protein&val= | <Accession/ID>
Delimiter: |Ys+4.*Y

Taxonomy Options

taxonid [ Browse ] [ Download ]
taxdmp [ Browse ] [ Download ]
! Mew |[ Add/Update H Delete H Help ]

Close

Follow these steps to configure a database:
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Select the database format from the “FASTA Format Database” drop-down menu, or select “Other” if the
desired format is not present. If “Other” is selected, you must enter custom parse rules.

Inthe“Basic Options” section, enter aname for the database. If the database FASTA fileisaready on thelocal
system, skip to step 6. Otherwise, click Download. A window will appear confirming the database chosen to
be downloaded along with the corresponding FTP or website.

Click OK to invoke the default FTP client software and download the database automatically. Click Cancel to
copy the URL to the system clipboard. If Cancel was selected, click OK on the dialogue detailing the copy to
the clipboard. Next, open a browser and paste the URL into the address bar. When the file download window
opens, click Save.

Once the database has been downloaded, check to seeif it is compressed. If so, extract thefile using a program
such as WinZip, or WinRar. The desired result isa FASTA format text file (. f as or . f ast a file).

Move the database file into a directory that PEAKS can access.
Click Browse in the “Basic Options’ to inform PEAKS of the location of the database file.

If the selected database is an EST database, check the box labeled “EST database”. Otherwise, leave this
unchecked.

Based on the selected format from the “FASTA Format Database’ list in Step 2, the accession number infor-
mation and parsing rules for the database headers are automatically entered in the textboxes in the “ Advanced
Options- Fasta Title Format” section below.

If “Other” was selected in Step 2, enter the parsing parameters into the corresponding textboxes. Alternatively,
if the database format is similar to one of the public databases such as NCBI-nr, the parsing rules can be filled
by selecting asimilar database from the drop-down list and edited to set the desired parsing rules.

Click the Add/Update button to save the configured database. The database name will appear in the “ Database
List".

Note

Apart from starting with a “greater than (>)” symbol, the precise syntax of the FASTA title line varies
from database to database. For this reason, PEAKS uses Java Regular Expressions to define how the
accession string and the description text should be parsed from the FASTA title line.

To be able to run PEAKS DB using a specific taxonomy, the corresponding files must be downloaded and
then referenced by PEAKS in the “Taxonomy Options’ section. (Taxonomy files for NCBI nr database are:
gi_taxid_prot.dmp.gz and taxdmp.zip; for UniProt/Swiss-Prot, they are speclist.txt and taxdmp.zip.)

1.

To download the “taxonid” file, click the Download button. A window will appear confirming the FTP or
website URL that was identified as the location of the desired taxonomy file. To invoke the default FTP client
software and download the file automatically, click OK. Click Cancel to copy the URL to the system clipboard.
If Cancel was selected, click OK on the dialogue detailing the copy to the clipboard. Next, open a browser and
paste the URL into the address bar. When the file download window opens, click Save. Use the same procedure
to download the "taxdmp" file. Be sure to save the file to a location that is accessible by PEAKS. Please note
that it is not necessary to decompress the taxonomy files.

. Now that the taxonomy files are downloaded, PEAKS must be given access to them by clicking the Browse

buttons and selecting the files.

Note

Please do not rename the taxonomy files; otherwise, PEAKS cannot recognize them.

52



Adding a Sequence Database

2. Databases to be Used in PEAKS' inChorus Function

The database configured herewill also be used inthe PEAK S inChorusfunctionto call the X! Tandem and OM SSA
search engines. However, Mascot search depends on Mascot's databases only. When using these third-party soft-
ware tools, note the following with care:

» X!Tandem - At the time of writing, X! Tandem has difficulty searching through large databases and may crash
during asearch. Therefore, it's suggested that X! Tandem only be used with small databases. If used with alarge
database, a taxon should be specified. When using NCBInr or SwissProt databases with X! Tandem it is best
to use a subtaxon.

* OMSSA - At the time of writing, OMSSA cannot be used with databases that are not in NCBI or SwissProt
format inaway that isavailableto inChorus. Also, abugin OM SSA preventseasy use of databaseswith OM SSA
when they are stored in afolder that contains spaces or non-English charactersin its path. This creates problems
when PEAK S createstemporary databases on your behalf. To avoid this, best practices suggest that all databases
are put in afolder named C: / peaksdat abases. Note that the folder C:/ My Docunent s/ dat abases wouldn’t
work as it contains a space between 'My' and 'Documents’. Using spaces in the database file name causes the
same problem. Once databases have been downloaded and extracted, save the database file asncbi nr . f as, or
ncbi _nr.fas rather thanncbi nr.fas.

» Mascot - The database used by Mascot has to be identical to the database configured in PEAKS in order for
inChorus to parse Mascot results correctly.
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1. Overview

Raw LC-M S/M S data often contains noise, redundancy, aswell as errors due to sample preparation and instrument
approximation. The PEAKS Data Refinement tool can be used to improve the overal quality of the data. All
or some of the following functions can be applied to the data in a project according to the user's requirements.
Correct data refinement, especially the precursor m/z correction, can often result in significant improvement to
in the final analysis result.

* Merging scans : MS/MS scans from the same precursor m/z and at a similar retention time will be merged
together.

e Precursor m/z correction: The precursor m/z values given by some instruments are often not of the monoiso-
topicion. This creates problems in downstream analysis. By examining the isotope shapes in the corresponding
MS scans, this function can accurately adjust the precursor m/z to be equal to the monoisotopic ion m/z.

» Precursor chargecorrection: Occasionally the data provideswrong or no chargeinformation for the precursor
ions. This function attempts to correct the charge information.

» Low quality spectrum removal: This function attempts to remove the "junk” spectra. This will save some
analysis time. Use this function with caution as it may also remove asmall portion of identifiable spectra.

» Centroiding, charge deconvolution, and isotope deconvolution: Centroiding the peaks and deconvoluting
multiply-charged ions to singly-charged ionsin the MS/M S scans.

If the dataiis not refined within PEAK 'S, most analysis functions (such as de novo sequencing or PEAKS DB) will
ask you to input the refinement parameters before the analysis is done. Y ou can run the data refinement function
separately by selecting afraction, asample, or a project on the project tree. All fraction(s) under the selected node
will be refined. The use of this function is outlined in the following.

1. Select aproject, asample, or afraction node. Click the Data Refinement icon . on the tool bar.
= S B T G i [ B
gld_EﬂOmﬁﬁw ®Qw

2. Specify the data refinement parameters in the pop-up dialogue and click OK. Most of the parameters are self-
explanatory and the default parameters provide a good starting point for the analysis.

3. Wait for the analysis to complete. A new Data Refinement node will appear in the project tree. Later analyses
on thisfraction will be based on the refined data.
H Project View
= - D:/ftest/OtherProjectsMew Project 12
= J| sample 1

.....

i — _—— iy = e
- [# PEAKS 44 [2013-10-02 13:47]

2. Data Refinement Parameters

After selecting adatanodein the project tree, click the Data Refinement tool bar icon " . The“Data Refinement”
dialogue window will appear:




Data Refinement

Data Refinement Predefined parameters | default W
[ #1erge Scang
Retention time window (for raw files only): min
Precursaor mfz error tolerance: @ Da ppm

Merge CID and HCD scans together
Correct Precursor
(®) Mass only (recommended)
() Mass and Charge states
Min charge: | 1 5| Maxcharge: | 3 3
[ ] Filter Scans

Only keep scans satisfying:

Precursor mass between and Da

Retention time between and mir

Quality value greater than (suggest 0.65)
K Cancel Help

* Merge Scans
Retention Time Window: The maximum retention time difference between two spectrato be merged.
Precursor m/z Error Tolerance: The maximum difference in m/z between two spectra to be merged.

Merge CID and HCD scans together: Scans generated from different fragmentation methods will not be
merged. To enforce merging CID and HCD scans, please check this check box.

» Correct Precursor
Mass only: Correct the precursor's mass.

Mass and Charge states: Correct the precursor's mass and charge. It is suggested to use this option only when
the precursor charge information is missing from the data files.

Min Charge: The minimum charge to which a precursor ion can be corrected.
Max Charge: The maximum charge to which a precursor ion can be corrected.
* Filter Scans
Precursor Mass Range: The precursor mass region to select scans for further analysis.
Retention Time Range: The retention time region, in minutes, to select scans for further analysis.

Quality Threshold: The spectrum quality threshold to select scans for further analysis. The recommended
percentage valueis 0.65.

Note

Data preprocessing (centroiding, deisotoping, deconvolution) is performed on al the data sets.
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Once all parameters are set, press the OK button to initiate the data refinement process.

2.1. Saving the Parameters for Future Use

After setting up the desired parameters, you can save them for future use. Click the drop-down menu at the top-
right of the window, select "Save as..." and type a name, when prompted, for these preferences for future use/
reference when prompted. Any parametersthat are saved will be avail able in the drop-down menu at the top of the
window. To examine the contents, select a saved file and the parameter values will be automatically displayed.
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Chapter 8. Peptide De Novo
Sequencing

1. Overview

De novo sequencing derives the peptide sequence from the tandem mass spectrum without the need of a sequence
database. It is the preferred method for identifying novel peptides and the study of unsequenced organisms.

PEAKS provides areliable and comprehensive solution for automated peptide de novo sequencing. It features:
» Accurate de novo sequencing

The PEAKS de novo sequencing a gorithm and scoring functions are constantly tuned for each instrument type
to ensure optimal accuracy.

» Fast sequencing speed

PEAKS can perform de novo sequencing on over 10 spectra per second on a moderate PC and even faster on
SErvers.

» Easy-to-useuser interface
PEAKS generates a comprehensive result summary and provides interactive views of annotated spectra.

» Support of all major instrument types
PEAKS supports de novo sequencing of spectra generated by all instrument types (Orbitrap/FTM S/1on Trap/
Time-of -Flight/Quadrupole) in common fragmentation modes (CID/HCD/ETD). PEAKS can also perform de
novo segquencing on complementary CID/HCD/ETD spectral pairs or triplets.

» Automated result validation
PEAKS assignsalocal confidence score for each amino acid in ade novo sequence. Thelocal confidence score
ranges from 0% to 99%, indicating how confident the algorithm considers a particular amino acid as correctly

sequenced. Moreover, the peptide sequenceis evaluated by ALC (Average of Local Confidence) score. ALC s
the average of the local confidence score of al the amino acids in the sequence.

Note

For details about the PEAKS de novo sequencing algorithm, please refer to the initia publication:
"PEAKS Powerful Software for Peptide De Novo Sequencing by Tandem Mass Spectrometry” Rapid
Communication in Mass Spectrometry 17(20): 2337-2342 (2003).

In addition to automated de novo sequencing, PEAKS also provides a manual de novo sequencing tool to assist
in the manual interpretation of individual spectra.

Note

Refer to Section 8, “Manua De Novo Sequencing”

Other PEAK S tools, including PEAKS DB for database search; PEAKS PTM for unspecified PTM search; and
SPIDER for homology search depend on the de novo sequencing result to achieve superior sensitivity and accuracy.

Note

Refer to Section 1, “Overview”
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The use of automated de novo sequencing is outlined bel ow. For detailed information, pleaserefer to later sections.

1. Select adatanode in the "Project View". The selected node can be a fraction, a sample, or a project. PEAKS
will analyze al fractions under the selected node. Launch PEAK'S de novo sequencing by clicking the "Auto
De Novo" button in the toolbar.

File Tools Window Help

FITEECR OZELY T
I Project View
SR " JC: /Users/dan/PEAKS _8.0/SampleProject
- U DENOVO 3 [2015-06-15 09:59]
~[# PEAKS 4 [2015-06-15 09:59]
-4 PEAKS PTM 5 [2015-06-15 09:59]
38 SPIDER 9 [2015-08-15 09:59]
= JL Gluc
=4, FL:BSA_GIuC. mzxml

‘- @ DATAREFIME 1 [2015-06-15 09:59]
= [l Trypsin

=-4., FZ:BSA_Trypsin.mzxml

‘- @ DATAREFINE 2 [2015-06-15 09:59]

Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
how to create a project.

2. Specify the de novo sequencing parametersin the pop-up dialogue. Most of the parameters are self-explanatory
and the default parameters provide a good starting point. Click OK to start automated de novo sequencing.

Note

If datais not yet refined, you will be prompted to specify the data refinement parameters first. Refer
to Chapter 7, Data Refinement.

3. Wait for the analysis to finish. A new result node will appear in "Project View". Double-click the node to
examine the de novo sequencing result.

I Project View Ln DEMNOVO 4 [2013-10-22 11:14] %
EIH D:/BSA : :
" FYDENOVO 4 [2013-10-22 11:14] e = 49 1-10000f 1706  ~ Ep | £ 0%
B )L T pe—— E
. -y FLBSAGUC-LRAW : Sean Reile
“ @ DATA REFINE 1 [2013-10-22 11:06] o |1 LLEHKPKATE
= JL Sample 2 z 2 F3:893 C{+57.02)C{457.02)TESLVNR
= F2:BSA-LysC-1.RAW E 3 F1:1450 KKFWGKYLYE
‘. g DATA REFINE 2 [2013-10-22 11:08] o - F1:336 KVTEC(+57.02)C(+57.02)TE
= JL Sample 3 3 Fl1:441 LTEVHKE
=-4., F3:BSA-Trypsin-1.RAW g 5] F1:574 LLKHKPKATEE
L@ DATA REFINE 3 [2013-10-22 11:06] 7 Fi:2142 VSVLLRLAKE

2. De Novo Sequencing Parameters

After selecting a data node in the "Project View", click the PEAKS de novo toolbar icon Eﬁ. The PEAKS de
novo parameters dialogue will appear:
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De Movo Predefined parameters | ol

Error Tolerance

Precursor mass: | 15.0 (PP - Fragmention: | 0.05 |Da

Enzyme

_Speciﬁed by each sample » | MNew
PTM

|F| carbamidomethylation Set PTM
) Oxidation (M)

() Deamidation (NQ) Remove
Switch type

Maximum allowed variable PTM per peptide | 35

General Options
Report up to 5+ | candidates per spectrum

QK H Cancel I I Help I

2.1. Error Tolerance

Precursor masstolerance : PEAKS de novo generates peptides within the precursor mass tolerance. Precursor
mass tolerance can be specified in either Daltons or ppm.

Fragment ion m/ztolerance: PEAKS de novo uses this value when scoring de novo peptide sequences. PEAKS
considers afragment ion to be matched if the calculated m/z is within the tolerance.

Error tolerance parameters need to be set consistently with the massaccuracy of theinstrument. Default parameters
for the instrument generating the data can be loaded by choosing "default” in " Predefined parameters’.

Note

When the selected data node is a project of multiple samples generated by different instruments, the
default parameters of the first sample are loaded when choosing "default”. It is recommended to set the
tolerance parameters according to the least accurate instrument.

2.2. Enzyme

Select the enzyme used for protein digestion from a drop-down menu. PEAKS de novo respects the enzyme
specificity at both ends when generating peptides.

Note

When the sel ected data node is aproject of multiple samples, " Specified by each sample" allows samples
to be analyzed separately, using their respective specified enzymes during project creation.

Note

"None" is a specia enzyme allowing non-specific cleavage at both ends of the peptide. It is the recom-
mended option when the digestion enzyme exhibits a high degree of non-specificity.

If the enzyme used for protein digestion is not in the list, a new enzyme can be added by clicking the New button.
Refer to Section 2.1, “Enzyme Configuration” for details on creating new enzymes.
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2.3. PTM
To select PTMsfor de novo sequencing, click the Set PTM button to open the “PTM Options” dialogue.
Mame : Mono mass Residue site Selected !-_lxed PTM_
F | Carbamidomethylation
4-hydroxynonenal (HME) 156,1150 [CHK] A T
Acetylation (K) 42,0106 [K]
Acetylation (N-term) 42,0106 [X]@m
Acetylation (Protein N-term) 42,0106 [X]@m
Amidation -0.9840 [Xl@c
Ammoniadoss (C@N-term)  |-17.0265 [Cl@n =
Ammonia-Hoss (Protein N-term) [-17.0265 [Ts]@mM
Beta-methylthiolation 45,9877 [C]
Biotinylation 226.0776 [K], [K]@N
(Carbamidomethylation 57.0215 [C]
Carbamylation 43,0053 [K], [K]@N
Carboxylation (E) 43,9898 [E]
Carboxymethyl 58.0055 [c] Selected Variable PTM
Citrullination 0.9840 ] W) Oxidation (M)
Deamidation (NQ) 0,9840 NG] ) Deamidation (NQ)
Dehydration -18.0106 [DvTs], (NQl@C
Dimethylation 28.0313 [KRN], [¥]@M
Dioxidation (M) 31.98598 [m]
FAD 783.1415 [CHY] ==
Farnesylation 204.1872 [C]
Formylation 27.9949 K], [K]l@N
Formylation (Protein N-term)  |27.9949 [X]@nN
Geranyl-geranyl 272.2504 [C]
Guanidination 42,0218 K]
HexMAcylation (M) 203.0734 ] [¥]
Recent | Common | Uncommon | Artificial | Customized View New Remove Remave Al Switch Type

oK Cancel

PEAK S includes modifications in the Unimod database. Unimod modifications are categorized into three lists:
* Common

The "Common" list contains commonly observed modifications, including naturally occurring PTMs, modifi-
cations induced in standard sample preparation, and common artifacts.

¢ Uncommon

The "Uncommon" list contains less commonly observed modifications, including rare PTMs, residue substitu-
tions, and artifacts.

» Artificial

The"Artificial" list contains modifications that can only be artificially induced for a specific purpose, including
various chemical and isotopic tags for quantification or other experiments.

In this dialogue, there are two other lists of modifications:
¢ Recent

The "Recent” list keeps track of previously selected modifications. By default, modifications are sorted by the
last time they were selected. Y ou can conveniently select the modifications that are most frequently used for
your analysis.

e Customized

The "Customized" list shows all the user-defined modifications. User-defined modifications can be modified
or deleted.

Modifications can be selected as either fixed or variable modifications:
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» A fixed modification forces all instances of applicable residues to be modified. For example, when car-
bamidomethylation (C+57.02) is selected as a fixed modification, all cysteine residues in the result will be
modified.

» A variable modification gives the option for the residues to be modified. If carbamidomethylation (C+57.02)
is selected as a variable modification, only some of cysteine residuesin the result will be modified.

Note

For a specific residue, only one fixed modification is alowed. If more than one fixed modification is
selected for the same residue, PEAKS will warn about conflicting fixed modifications. The warning
message can beignored, and only thefirst fixed modification on that residue will be used in the program.

Note

The use of variable modifications increases the size of the computational search space for the de novo
sequencing algorithm. It is recommend not to select too many variable modificationsin PEAKS de novo.

Note

Leucine (L) and Isoleucine (1) cannot be directly distinguished in mass spectrometry since the two
residues have exactly the same mass. For that reason, PEAKS uses L in de novo sequencing to represent
both | and L. If a user-defined modification modifies |, it should be defined on L instead. When | is de-
fined as a modification site, the modification site will be ignored by the de novo sequencing algorithm.

FTM name: Carbamidomethylation

FTM abbreviation: Carbamidomethyl

Mass (Monoisotopic): 57.021465

Residues that can be modified: |C Anywhere
®) peptide protein MN-term

C-term
Formula: H(3) C(2) N(1) O(1)
Rule:

Help

Double-clicking any of the PTMs will display the PTM details in the “PTM Info” pop-up dialogue. The same
information can be viewed by selecting a PTM from alist and clicking the View button. If a desired modification
isnot listed or is different than the listed modification, it can be defined as a customized modification. Click the
New button to show the “New PTM” dialogue and enter the information of the particular modification. The newly
defined modification will be added to the* Customized” list. Refer to Section 2.2, “PTM Configuration” for details
on creating new PTMs and viewing PTM information.

2.4. Other Parameters

Report up to (#peptides) candidates per spectrum Displays how many peptide de novo sequences PEAK S will
report per spectrum.

Implicit Parameters.  Instrument Type and Fragmentation M ode were specified for each analyzed sample
during project creation.

2.5. Saving the Parameters for Future Use

After setting up the parameters, you can save them for future use. Click the "Predefined parameters® drop-down
menu, select "Save as ...", and enter a name for the current set of parameters to save it. Saved parameters are
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availablefor future analysis. Y ou can load a set of saved parameters by selecting from the " Predefined parameters’
drop-down menu.

3. Understanding PEAKS De Novo Sequencing Results

When de novo sequencing is done, PEAKS attaches a result node to the analyzed data in "Project View". Dou-
ble-click the node to load the analysis report. The analysis report is presented in three pages:

e Summary: The outline of PEAKS de novo sequencing result, which includes key statistics. It also provides
functionsto filter and export de novo sequences.

» De novo: De novo peptide sequences listed in the table. Spectrum annotation and other detailed information
are provided.

* LC/MS: De novo peptide sequences visualized in an interactive LC-M S heat map.

3.1. Summary View

The "Summary" view reports key statistics as an overview of the result. It also provides functions to filter and
export de novo sequences:

1. Result filtering: Filtering rules can be set up at thetop of the " Summary" view. Low quality de novo sequences
can befiltered out by specifying a minimal threshold of the ALC score. More detail about how to properly set
the AL C threshold is discussed in Section 4, “Filtering De Novo Sequencing Results’.

2. Result exporting: De novo sequencing results can be exported into various formats by clicking the Export
button at the top of the "Summary" view. More detail is discussed in Section 5, “ Exporting De Novo Results’.

The report is composed of three sections:

1. Notes: The header of the report. Experiment description or other information can be added to this section. The
notes can be edited by clicking the Notes button.

2. Result Statistics: Key statistics shown in figures and tables.

3. Other Information: Search parameters and M S instrument information.

62



Peptide De Novo Sequencing

Start Page X ‘ m DENOVO 2 [2015-05-26 11:07] X ‘

E De nove ALC (%) z| 50 [ Apply ][ Export ][ Notes. ]
1. Notes
2. Result Statistics

20 1 3 Y oo

0 10 20 30 40 50 60 70 B8O 40
ALC score
Table 1. Statistics of data and result.

#of MS Scans
# of MS/MS Scans

9400
9464

Peptides after filteration 985

3. Other Information

Table 3. Search parameters.

Parent Mass Error Tolerance: 20.0 ppm
Fragment Mass Error Tolerance: 0.8 Da

Ogidation (M): 15.99
Deamidation (NQ): 0.98
Max Variable PTM Per Peptide: 3
Report # Peptides: 5
Data Refine Dependencies: 1

Figure 1. (a) Scatterplot of peptide ALC score versus precursor mass error; (b) Distribution of residue local confidence in filtered result. @

@ @
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Table 2. Result filtration parameters.

ALC score =30%

Table 4. Instrument parameters.

Fractions: 100625VIRS1 Jakob CLA lightchain trv.mzxml
Ton Source: ESI(nano-spray)

Enzyme: Trypsin Fragmentation Mode: CID/ECD
Fixed Modifications: MS Scan Mode: FT-ICR/Orbitrap

Carbamidomethylation: 57.02 MS/MS Scan Mode: Linear Ton Trap
Variable Modifications:

997 @@

Statistical figuresin thisreport are discussed in alater section Section 4, “Filtering De Novo Sequencing Results”.
3.2. De Novo Peptide View

The de novo view displays the de novo sequencing results in greater detail, as shown in the next figure. The

table on the top displays de novo sequences, while the bottom section provides additional information about the
peptide-spectrum match.
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Startpage X | i DENOVO 3 [201506-1508:58] % |

3

r 4u[i-wowofwss | |EBow wsan=| o Q@ @ noresul
£
5 Scan Peptide TagLength ALC (%) 4 Length mfz 2 RT Area Mass ppm PTM Mode
F1:391 KVTKC(+57.02)C(+57.0TE 8 97 8 513.2397 2 9.45 6,547 1024,4681 31 B8 co
H F2:2488 | MPC(+57.02) TEDYLSLLLNR 1 97 @ 862.9193 2 2.9 2.81E8 1723 8274 20 c <o
H F1:535 LLKFKPKATE 10 % 0 582.8563 2 12.23 7.316 11637026 39 <o
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F1:2142 | VSVLRLAKE 10 % 0 5643593 2 37.80 2.2865 1126 7073 29 <o
F2:134 |STUFDRLK 8 % 8 463.2703 2 25.55 6.48E5 §36.5280 20 <o
F2:583 ATEEQLK 7 % 7 305.71% 2 3.3 5.3267 817.4182 =3 5]
0 F2:794 SHC(+57.02)LAEVEK g E3 E 5367563 2 7.3 2.%E7 10715020 36 c <o
Sequence =MPC(+57.02)TEDYLSLLLNR, Tag Length=14, ALC=97%, ppm=-1.1 | Al candidates
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100
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e b11
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Fragmentation Mode: CID, CAD(y and bions)
[ ton Match | Survey ey e
b bHO  bH3  b(2H)  Seq Y yHO  yH3 y(@H F o Fqgy 01
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5 | 613.22 | 60121 | 602.20 | 310.41 E 173566 | 1217.65 | 121.65 | 618.33 | 10 00 1000 1500 iz
& | 73425 | 716,24 | 7i7.22 | 367.62 £ 1106.62 | 066,61 | 1069.61 | 553.81 | § —x s
7 | 897.31 | 679,35 | 880.29 | 48,16 Y 95159 | 673,59 | 97457 | 496,30 | & B ,ipn;k,_,#,j; I A P j—?r n o s
§ | 1010.40 | 992.39 | 993.37 | 505.70 L 828,53 | 810.52 | BIL50 | 414.77 | 7 S [ A H o I
9 | 1097.43 | 1079.40 | 1080.40 | 549.21 s 715.45 | 697.44 | 698.42 | 358.22 | 6 =4 H i ! H P
10 [ 121051 | 1192.48 | 1193.45 | 605.76 L 62541 | 610.40 | 611.39 | 31471 | 5 H ‘ :‘ :‘ ‘ \
11 | 1323.59 | 1305.58 | 1306.57 | 662.30 L 51533 | 497.32 | 438.30 | 258.09 | 4 =i H . ‘ TN il iz
12 [ 1436,65 | 1916.66 | 1419.65 | 716.84 L 0233 | 3424 | 36522 | 0162 | 3 500 1000 1500
15 [ 155073 | 1532.71 | 1535.70 | 775.86 r«n 289,16 | 27115 | 272,14 | 14508 | 2
1 R 175.12 | 157,11 | 156.09 | 88.06 | 1
« i

.2.1. Peptide Table

The peptide table shows thefiltered de novo sequencing result. For each scan, the best candidate is displayed. The
result can be sorted by any column. For exampl e, to sort the peptide sequence candidates by the scan number, just

cl

ick on thetitle of the “Scan” column.

The following list describes the contents in each column:

Scan: The scan number. The scan number is a unique index for tandem mass spectrain the data.

Peptide: The amino acid sequence of the peptide as determined by de novo sequencing. A modified residueis
followed by a pair of parentheses enclosing the mass of that modification.

Tag Length: The length of the longest sequence tag in the peptide. When low confidence residues are reduced
to mass tags, the remaining residues become sequence tags. The length of the longest tag is reported in this
column. Refer to Mass Tags.

ALC (%): The average loca confidence. ALC is calculated as the total of the residue local confidence scores
in the peptide divided by the peptide length.

Length: The number of amino acidsin the de novo sequence.

m/z: The precursor mass-to-charge ratio.

Z: The precursor charge.

RT: Theretention time (elution time) for the spectrum as recorded in the data.

Area: The areaunder the curve of the peptide feature found at the same m/z and retention time asthe MS/IMS
scan. This can be used as an indicator of the abundance of the peptide.

Mass: The monoisotopic mass of the peptide.
ppm: The precursor mass error, calculated as 10° x (precursor mass - peptide mass) / peptide mass.

PTM: Thetypes and the numbers of the modifications present in the peptide shown as color-coded icons.
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* Mode: The fragmentation mode in which de novo sequencing is performed by the algorithm.

Confidence Scores. Amino acids in de novo sequences are color-coded according to their local confidence
scores. Red represents avery high confidence (greater than 90%); purpl e represents a high confidence (80 to 90%);
blue represents a medium confidence (60 to 80%); and black represents low confidence (less than 60%). Hover
the cursor over the sequence to view local confidence scores of each individual amino acid.

F3:1921 GHPEYAVSVLLR
F1:1559 FKDDAAC(+57.02)C(+57.02)KDVFARGE
E::;?'T ;gﬁ GHPEYAVSVLLR

' AN EEEED
F3:1717 LSH 595198999993 98 95955734 95(%)
F3:2254 LGETorgrecov:

MassTags. Thelow confidence residues can be displayed as mass tags by adjusting the local confidence score

threshold using the button mh . If the scoreis set at O, al of the amino acids in the peptide sequences will be
displayed. Increasing the threshold will reduce residues bel ow the threshold to mass tags. The Tag Length column
in the peptide table is automatically updated when the threshold is adjusted.

| £f 71%

show mass tag for confidence less than: Peptide

— 0 10 20 30 40 50 60 70 80 90 (%) F L
— Color code: =90% 30-90% 60-80% <60% F

8 |HSTVFDNLNP[427. 2]
10 | [1141. 5]LAMVPSCGV[374. 1]

Modifications.  In the Peptide column, modifications are shown as brackets in peptide sequences. Consider the
example, SHM +15. 99) TNLNGNPEDR, ( +15. 99) shows that the methionine (M) residueis modified with deltamass
of 15.99 Da. Inthe PTM column, modifications in a sequence are shown asicons. Hover the cursor over the icons
to show the modification names.

Note

N-term modifications are shown after the first residue in the sequence, and C-term modifications are
shown after the last residue.

Peptide Search.  The peptide table can be searched by entering the value in the search bar located in the top-
right corner. The peptides can be searched by scan number, sub-sequence, precursor m/z, retention time, and
modification mass. The matched peptides are highlighted in the table, and can be iterated by clicking the up and
down buttons in the search bar.

w saan = | search (O @9 @) noresults
P scan= ppm

seq contains [N -
-3.7 —l

myz = =7

RT = -3.8

PTM Am = -L5
-1 8

Note

Precursor m/z, retention time, and modification mass are searched approximately. For example, 130.3 will
match any value from 130.25 to 130.35 (exclusive). And 130 will match from 129.5to 130.5 (exclusive).
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3.2.2. Spectrum Annotation

The spectrum annotation displays a graphical representation of the peptide-spectrum match.

Sequence=MPC(+57.02)TEDYLSLLLNR, Tag Length=14, ALC=37%, ppm=-1.1
Intersity (%) Mlefc[r[E[p[¥[L[s[LlL[L(n]r

Ve
V8
Y9
¥11
7
¥10 y
50 Va 13
Y1z
¥3 v
° b1
be
ba
b bio
Y4[2+] ¥z ba 4 b7-Hz0 bo-Hz0 b1z
Yz | | | Lo | | Ll_°Fl
k Sl A L s S LA—— Ll A . Ll ! Ll L . iz
100 200 300 400 500 600 700 800 900 1000 1100 1z00 1300 1400 1500 1600 1700 1600
% il ‘ #l 1:1| X ‘ 2 |ErrTuI: 0.1Da [¥]preprocess [¥] low intens. label

Thetitle bar shows the information of the peptide sequence that is being displayed in the spectrum. Pressthe “All
candidates’ button to open a pop-up window that displays all alternative peptides. Click on a peptide sequencein
the pop-up window to select and display the annotation.

Sequence=MPC(+57.02)TEDYLSLLLNR, Tag Length=14, ALC=57%, ppm=-1.1
s WP € 1 6B 5 L 1

5 peptide sequences X
Peptide Taglength  ALC (%) Length  ppm Mode 4
MPC(+57.02)TEDYLSLLLNR. 14 97 14 -1 CID
MPC(+57.02)TEM{+.98)YLSLLLNR 14 87 14 -1.1 CID Y11
MPC(+57.02)TQ{+.28)DYLSLLLNR 14 97 14 -1.1 CID
MPC(+57.02)TQ(+.98) 98)YLSLLLNR) 14 97 14 -1.1 CID
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Moving the cursor over the peptide sequence in the spectrum will show the mass transitions for a particular amino
acid residue.

The spectrum annotation panel provides convenient ways to zoom and navigate within the spectrum:
» Zoom toam/zregion: Drag horizontally from the start m/z and to the end m/z with left mouse button.

» Zoom infout smoothly: Place the cursor at a particular m/z value (right below the x-axis), zoom infout by
scrolling the mouse whesl.

* Increase/Decrease peak intensity: Place the cursor in the spectrum and scroll the mouse wheel.
» Seethewhole spectrum: Double click in the spectrum or click the 1:1 button.

To change the " Spectrum Annotation Settings", click the % button to open the dialogue. Refer to Section 1.4,
“Spectrum Annotation Preferences’ for more details.
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You can use the profile [+ and peak I: buttons to switch the Spectrum View between the profile mode and
the peak mode.

The # icon will switch the y-axis to absolute intensity. Once selected, scrolling over peaks will display the
absolute intensity instead of the relative intensity. Spectrum exports will also display absolute intensity on the
y-axis.

The“ErrTol” slider is used to adjust the error tolerance to view the display of matched ions.

The preprocess checkbox allows for transition between the spectrum after centroiding and deconvolution and the
original spectrum

The “intensity threshold” checkbox provides an option to annotate lower intensity peaks.

Moving the cursor over apeak in the spectrum will show the annotation, aswell asthe peak'sm/z, relativeintensity,
and ppm mass error. The m/z ratio and the relative intensity can also be found on the bottom-right corner of the
spectrum annotation panel.

Note

When the # is selected, scrolling over peaks will display the absolute intensity of the peak. When the
%. is selected, scrolling over peaks will display the relative intensity of the peak.
3.2.3. lon Table

The “lon Match” tab at the bottom panel of the de novo view contains the “lon Table” that shows the calculated
mass of possible fragment ions. If afragment ion is found in the spectrum, its mass value is displayed in color.
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N-terminal ions are shown in blue and C-terminal ions are shown in red. A fragment ion isfound when thereisa
matching peak withinthe mass error tolerance, as defined in the de novo sequencing parameters, and when relative
intensity of the matching peak is at least 2%. The ion types displayed in the table can be configured in " Spectrum
Annotation Settings' (Section 3.2.2, “ Spectrum Annotation”).

Fragment ions can be selected by clicking the headers. Selected fragment ions are highlighted in both the spectrum

annotation and the error map.

# b bH20 b-MH3 Seq ¥ y-H20 y-MH3 b
1 | 116.03 | 98.02 9,01 D | 14
2 | 230.08 | 212.07 | 213.05 M 1485.76 | 1471.77 | 1372.7% | 13
3 327.17 309.15 310.14 P 1375.71 | 1357.71 | 1358.71 | 12
4 | 455,19 | 437.18 | 433.15 Q 1278.69 | 1260.56 | 1261.66 | 11
5 556.24 5358.23 535.20 T 1150.64 | 1132.62 | 1133.60 | 10
& I §93.30 675.28 &676.27 H 104960 | 1031.49 | 1032.55 I 9
7 | 855,35 | 838.35 | 839.33 ¥ 912,52 | 894,51 | 895,49 | &
8 | 1015.43 | 101,43 | 1002.490 ¥ 749,45 731.45 732.43 7
9 | 1090,47 | 1072.47 | 1072.43 A 535,44 | 558,20 | 550,32 | 6
10 | 1189.53 | 1171.51 | 1172.50 v 515,35 497.394 | 498,33 5
11 I 1260.55 | 1242.55 | 1243.54 & 416,29 398.28 399,26 I 4
12 | 1359.65 | 134162 | L342.52 v 345,24 | 327.17 | 328.22 | 3
13 | 1453.70 | 1440.20 | 14491.67 v 246, 18 228,17 | 229,15 | 2
14 K 147.11 | 129.10 | 130.08 | 1

3.2.4. Error Map

The“Error Map” showsthe mass errors of matched fragment ions. The m/z ratio is displayed on the x-axis and the
error islisted on the y-axisin Daltons. Each matched fragment ion isrepresented by adot. Theion types displayed
can be configured in " Spectrum Annotation Preferences" (Section 3.2.2, “ Spectrum Annotation”).
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3.2.5. Spectrum Alignment

The “ Spectrum Alignment” displays how the fragment ions generated from the peptide align with the spectrum.
N-terminal ions are shown in blue and C-terminal ions are shown in red.

3.2.6. Parent Scan
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The " Survey” tab displaysthe precursor ion spectrum. The buttons that appear in this section areidentical to those
explained above in the “ Spectrum Annotation” section.
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3.2.7. LC-MS Snapshot

LC-MS Snapshot displays a zoomed-in snapshot of the peptide-spectrum match in the LC-MS view. It has three
modes of viewing that can be toggled using the selection bar in the top-right corner. In the 2D/3D mode, the view
focuses on the peptide feature containing the peptide-spectrum match, showing the area around the spectrum's
precursor m/z and retention time. In the All mode, the view shows an overview of the LC-MS run. The spectrum
isshown as ared squarein the view at its precursor m/z and retention time.
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3.3. LC-MS View

LC-MS View visualizes de novo sequences in an interactive LC-M S heat map. Check the option "De novo tags'
to show the locations of MS/M S spectra with de novo sequences. These MS/MSS spectra are indicated by amber
squares. Only the filtered de novo sequences are shown in the heat map.

Refer to Section 4, “LC/MS View” for alist of supported interactionsin the LC-MS heat map.
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4. Filtering De Novo Sequencing Results

PEAKS de novo sequencing result can be filtered by ALC (Average Local Confidence) score. The ALC filtering
threshold can be specified in the top panel of the "Summary" view. Click the Apply Filters button to filter the
results. The result in the "Summary" view, "De Novo" view, and "LC/MS' view will be updated accordingly.

Denovo ALC (%) =| 50 + [ Apply ][ Export ][ Notes ]

I

Summary

Note

Whenever the score threshold is changed, the "Apply" button will be highlighted in red to remind you
that the change has NOT taken effect yet.

The purpose of filtering isto remove poor sequences in which residues are incorrectly identified. By default, the
ALC threshold is set to 50%. Statistical figures are shown to help evaluate the overall quality of the sequencing
result. They also provide guidelines for determining a proper ALC threshold:

Peptide AL C Score Scatter Plot.  Figure 1(a) is a scatter plot showing AL C score versus precursor mass error
(in ppm) of the de novo sequences. In atypical de novo sequencing analysis, peptides with higher ALC scores
are more likely to have a small mass error, indicating a higher chance that a peptide is correctly sequenced. This
figure provides a rule-of-thumb for setting the AL C score threshold. The threshold can be set at the score where
the precursor mass error starts to converge.
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Residue L ocal Confidence Distribution.  Figure 1(b) showsthelocal confidence score distribution of residues
infiltered de novo sequences. It isessentially amixed score distribution of both correct and incorrect residues. This
figure allows you to examine the proportion of correct and incorrect residues when adjusting the ALC threshold.
By increasing the ALC threshold, the number of incorrect residues will decrease because poor sequences are
filtered out first. It isrecommended to gradually raisethe AL C threshold until the number of correct residues starts

to significantly decrease.

Note

In some cases, thelocal confidence score may not be ableto distinguishably separateincorrect and correct
residues as shown in the user manual.
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5. Exporting De Novo Results

The Export button in the title bar of the "Summary" view allows exporting of the filtered results into various
formats. It provides the opportunity to share the report in HTML and to also use the result as supplemental infor-
mation in a publication. Please refer to Section 3, “Exporting De Novo Results” for details.

6. De Novo Sequencing using Spectral Pairs or
Triplets

PEAKS supports de novo segquencing using spectral pairs or triplets that are generated using different fragmenta-
tions. Mass spectrometers, like the LTQ Orbitrap Velos, are capable of generating multiple tandem mass spectra
using different fragmentation typesfor the same precursor ion. Using complementary fragmentations such as CID/
HCD and ETD, the accuracy and confidence of automated de novo sequencing can be significantly improved.

PEAK Sautomatically detects spectral pairsand triplets when doing de novo sequencing. The fragmentation type of
data fractions containing spectral pairs or triplets has to be set to “Mixed” during the project creation. In “Mixed”
mode, PEAKS loads the fragmentation type for each tandem spectrum from the meta information encoded in the
datafile. A spectral pair or triplet is detected if the following conditions are satisfied:

» Thepair or triplet of spectraare under the same precursor scan and are fragmented from the same precursor ion.

e The pair or triplet of spectra have different fragmentation types. For example, HCD/ETD for spectra pairs,
CID/HCD/ETD for spectral triplets.
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Create Project:

Froject Name: ETD_HCD_Froject
Project Location: | C:'PeaksPrajects

Project Structure

Sample Enzyme Instrument Fragment

. o [l Sample 1 Trypsin » Orbitrap (Orbi-Orbi Mixed -
) A L Add data fies ...

+ Add sample ...

-

seectal | | Remove | [w | [ oown | | Colapse | | sekectAl | | Copy to Vihole Project |

| DataRefinement> | | Fmsh | [ Cancel |

For spectral pairs and triplets, PEAK S de novo sequencing algorithm analyzes each individual spectrum and then
constructsabetter sequence with ahigher AL C score. In the Peptide Table, ade novo sequencing result of aspectral
pair or triplet is presented in asingle row. When viewing the sequence, PEAK S shows all spectra annotated by the
sequence. Clicking the All candidates button will show the other de novo sequences generated for the individual
spectrum.
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7. De Novo Sequencing on Single Spectrum

To run PEAKS de novo sequencing on a single spectrum, select the spectrum in the MS/M S view of the sample,
click the right button of the mouse, and select the PEAK S Auto Denovo command from the pop-up menu.

Note

Residue local confidence scores are NOT calculated for de novo sequences generated in this mode.

| I'nE OrbiSample.mzXML ,_‘& DENOVO 7 [08-Mar-11 11:00]
E " for T PR Y o N P T o B e N ' Y PN I 1003
g PEAKS Auto Denovo

= | - » 695.34C
B 507,303 Correct Precursor Mass and Charge !
E 547,597 EIFI'DI"t Az DTA

820,384 Export As PEL 1

8. Manual De Novo Sequencing

PEAKS provides a set of tools to help manually sequence a peptide from the spectrum.

Note

Manual de novo sequencing does NOT support ETD spectra.

8.1. Manual De Novo Graphical User Interface

To create a new peptide candidate for manual de novo sequencing, select the m/z value in the “ Result Panel” and
right-click to display up a pop-up menu.

StartPage X | (s OrbisamplemaL X |

|2 |- orbisample.mzxM | 802.gpen=a
E & T_ s Mew Candidate for Manual De Move
% - - 69534015 (§ ;% E Remove the selected Candidate
£ || &> 507.30252 ( o Config Errer Telerance in Manual De Move
S | @ - 547.59247 (5 Config PTM in Manual De Meve
' [l = 820.8845 (R
- » 798,0384 (R’ L
- » 582,81006 (F Redo -
- 557.2991 (R ITE‘%”SIL: Add new sequence (Can't S5ave)
B > 7332819 (R ]

Select New Candidate for Manual De Novo from the pop-up menu. A new candidate will be created under the
'Manual De Novo' heading. The new candidate is initiated as unsequenced; so, it is represented by the total mass
of the residues (as seen in the example below).

[ 271

COrbiSample. mzX

: 302,90807 2
I?_I--M;nual D Mova

PL o -

MS M5
o

£.802.910

T el

Note

The pop-up menu will not be accessible if you have highlighted any of the results in the “ Result Panel”.
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Thefigure below shows the main panels related to manual de novo sequencing. The five main panels areindicated
in the figure below:
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The panels are briefly described below:

» Result Panel: The“Result Panel” shows all sequencing results. The results of manual de novo are listed under
“Manual De Novo”.

e Spectrum Annotation Panel: The “ Spectrum Annotation” shows a graphical representation of the spectrum,
the peaks in the spectrum, the user-selected peaks, and the assigned ions. Pick a peak on the pandl with the
cursor and assign ions or tags to it in manual de novo.

e lon Table Panel: The“lon Table” shows the proposed ions with their corresponding masses. The default lon
Table will display immonium, b, b-H20, b-NH3, y, y-H20, and y-NH3 ions.

e Spectrum Alignment and Error Map Panel: The “Spectrum Alignment” shows how the proposed ions as-
signed in manual de novo align with the spectrum. By default, the “ Spectrum Alignment” displays b-ions and
y-ions. The b-ions are shown right-to-left in blue, while the y-ions are shown left-to-right in red. The “Error
Map” displays the confidence assigned to each ion.

e Tag Panel: The“Tag Panel” will appear when you search tags or ions in the spectrum. Y ou can select the tags
in the list using the “ Select” button. Clicking “ Apply” will add the selected tags to the sequence candidate.

8.2. Manual De Novo Operations

When the cursor is placed in the “ Spectrum Annotation” panel, agreen (by default) triangle follows the movement
of the mouse. This is the Position Bar and it is used as a cursor for all manual de novo operations. The cursor's
position on the m/z scale and its relative intensity are shown in a pop-up window on top of the Position Bar.
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Selectingapeak. Toselect apeak, simply click onit. A blue (by default) arrow, called the Freeze Bar, indicates
the selected peak. Alternatively, an ion peak can be selected by clicking on its corresponding cell in the lon Table.

Tnkensity ()

[1585.79] 137571

A2 5T

S04 10
912,52

1604.81
128576

226,12 246,18 103145

L, l . ll ‘"|. B
200 400 500 o 1400
. ) e I CrbiSampie.mzxML: ms =¥ mz=B02.90607
¥ ol | 1] 2| 2 | EnTol: 0.50a Wintensity theeshold TSR o ey 1150.642 | |55.84%

Measure the m/z difference between two peaks. Select a peak (blue arrow) with the Freeze Bar and move
the mouse to the left or to the right. Hold the Position Bar (green triangle) above another peak. A pop-up window
displays the difference between the two peaks (in the example below the difference is 109.92297).
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Tnkensity ()
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Deselect apeak. The Freeze Bar can be deselected by holding Ctrl and clicking anywhere in the spectrum.

Zoom in on part of thespectrum.  Inthe" Spectrum Annotation” panel, click and drag the mouse horizontally.
The selected areawill be enhanced and shown in the “ Spectrum Annotation” panel. Click the 1:1 button to return
to the default view.

Setting/removing ionsto/from apeak.  Select apeak and right-click anywhere in the “ Spectrum Annotation”
panel. Select Set y-ion from the pop-up menu to designate the peak as ay-ion, or Set b-ion from the pop-up menu
to designate the peak as a b-ion. Click on Remove ion to remove the ion that you have previousdly set.

Intensty {95
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Set b-ion

Remowve ion
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Select Set other ions from the pop-up menu to view the “lon Editor” dialogue box. The “lon Editor” dialogue
allows addition or removal of ion designationsto/from a peak. Select either “C Term lon” or “N Term lon” to see
the C- and N- terminal ions, respectively. Then select an ion from the ion list and press the Add button to add it
to the selected ion list. Remove an ion from the selected ion list by selecting it and pressing the Remove button.
Click the Apply button to apply the changes to the selected peak.
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After setting an ion, the “ Spectrum Annotation” panel, the “ Spectrum Alignment and Error Map” panel, and the
“lon Table” panel will reflect the changes. The peptide sequence candidate name (as displayed in the “ Result”
panel and on the top of the “ Spectrum Annotation” panel) will also change to reflect the mass remaining to be
seguenced on either side of theion.

In the example below, the selected peak at 1260.5649 m/z was designated as a y-ion.
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Note

The manual de novo candidate information is updated in the “Result” panel, the “lon Table” panel, and
the “ Spectrum Alignment and Error Map” panel. The selected ions are also annotated and color coded
in the “ Spectrum Annotation” panel.

After setting two ions, PEAK Swill estimate the residue found between them (if aresidue corresponds closely to the
mass difference). The peptide sequence candidate name will change to show the residue and the mass remaining
to be sequenced on either side of the residue. All other panelswill also reflect the changes.

S02.90507 2
=I-Manual De Novo

Tnkensky (%)
10

[344.251[A] [1170.51] 1373.71
¥2
1150.64 41
o 10496 1189.531
39.5%
21352 1osn.47 | V1
226,12 246.18 160481
1350.65) 1489.76
J h J || L . |.|I| 1 ‘ ] iz
1a0 Z00 300 400 S0 &0 700 B0 i) {lani] o 1200 L300 1400 1200 1600 1700
% 1:1| 2}{' 2f | ErrTol: 0.5Da o] intensity threshold OrbiSample.meML: ms=2 mz=802.90607 z=2 AT=0.0729 TIC=1.79E7 118595351 39.45%
Info | 1on Match | survey|
# b bH2O  bHHI  Seq ¥ yHO  yHE = =05 05
1 | 345.24 | 327.17 | 328.23 . [344,25] 3 ?’
2| 416,20 | 39828 | 399.27 | A 1260,56 | 124256 | 1243.54 ( 2 gﬂ.ﬂ =
3] | | [1170.51] | 189,55 | 117151 | 117,50 | 1
0.5 T T 0.5
=00 1003 1500 miz
¢ mEa_ 8a I
§|i—_3-1=.._51 !A e [L170.5L]1 r— '-:14.:51—!-”1;5&13}
=t P L ‘ i
H P || ‘ i
2 SNV DI BRI V0T 711 Y EOVINTS | R
SO0 1000 1500
Searchingtheleft or right side of the spectrum for thefirst/last y or bion (Search asequencetag). Selecta

peak and right-click anywherein the Spectrum View to trigger the pop-up menu. From the menu, select either Left
tags or Right tags. PEAKSwill select the appropriate terminal tags and show them inthe“Tag” panel (see below).

To test the suitability of atag, highlight it in the “ Searched Tags” list. The corresponding information for the tag
will be shown in the “ Spectrum Annotation” panel, the“lon Table” panel, and the“ Spectrum Alignment and Error
Map” panel. One or more tags can be inserted by highlighting the desired tags, clicking Select to move them into
the “ Selected Tags’ list, and then clicking the Apply button. Press the Cancel button at any time to exit the search

and discard any changes.
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Undoingan edit.  Errorsduring the manual de novo sequencing can be undone easily. With the peptide candidate
still selected in the “Result” panel, right-click and select the Undo command from the pop-up menu to return to
the previous peptide sequence. This button can be used multiple times to return to previous edits.

= Manual De Novo
.. [244.25]A[1170.51]

Mew Candidate for Manual De NMovo
Remove the selected Candidate
Trtensky (%) Config Error Tolerance in Manual De Move

100 Config PTM in Manual De Novo
[34:

Undo

Redo

Add new sequence (Can't Save)

Redoing an edit.  An undone edit during the manual de novo sequencing can be reapplied easily. Right-click
and sel ect the Redo command from the pop-up menu with the peptide candidate still selected in the“ Result” panel.
This button can be clicked multiple times to return to later stages in the edit.

Error Tolerance. To setthemasserror tolerancein the manual de novo sequencing, select the peptide candidate
in the “Result” panel, and then right-click and select the Config Error Tolerance in Manual De Novo command
from the pop-up menu. This will open a dialogue where the error tolerance can be set.

PTM Configuration. To identify post-translational modifications (PTMs) while manually de novo sequencing
a spectrum, start by selecting the peptide candidate in the “Result” panel. Right-click and select the Config PTM
in Manual De Novo command from the pop-up menu to open the “PTM Setup” window. To know more about
the PTM configuration, refer to Section 2.3, “PTM”.
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1. Overview

PEAKS software provides a complete set of database search tools for in-depth protein analysis. With PEAKS
DB, PEAKS PTM, and SPIDER, proteins in the sample can be identified with high sensitivity and accuracy. Itis
also possible to find potential sites for modification and mutation. PEAKS supports multiple enzyme digestion by
which amost full sequence coverage can be achieved for single protein studies. PEAK S database search tools have
built-in result validation using an enhanced target-decoy approach. The false discovery rate (FDR) is estimated
to ensure that only valid results are reported.

PEAKS DB is a database search tool assisted by PEAKS de novo sequencing to achieve high sensitivity and
accuracy.

Note

For more details, refer to the paper: "PEAKS DB: De Novo sequencing assisted database search for
sensitive and accurate peptide identification™ Mol Cell Proteomics. 2011 Dec 20.

PEAKS PTM is a dedicated search tool for peptides with unspecified modifications and mutations. It can search
with unlimited number of modifications, allowing searches with all modifications and mutations in the Unimod
database.

Note

For more details, refer to the paper: "PeaksPTM: Mass Spectrometry Based Identification of Peptides
with Unspecified Modifications' Journal of Proteomics Research, 2011, 10(7): 2930-2936.

SPIDER is a dedicated search tool for finding novel peptides that are homologous to peptides in a given protein
database.

Note

For more details, refer to the paper: " SPIDER: Software for Protein |dentification from Sequence Tags
Containing De Novo Sequencing Error." J Bioinform Comput Biol. 2005 Jun;3(3):697-716.

PEAKSDB, PEAKSPTM, and SPIDER can be launched together asaworkflow in aPEAKS search. An anaysis
report is generated to show the combined database search result. The steps to run a PEAKS search are:

1. Select adatanodein "Project View". The selected node can be afraction, a sample, or a project. PEAKS will
analyze al fractions under the selected node. Launch a PEAKS search by clicking the "PEAKS DB Search"
button on the tool bar.

: b F1:BSA-GIUC-1.RAW
—& BSA-LysC
S F2:B5A-LysC-1LRAW
=}- & BSA-Trypsin

oo F3:B5A-Trypsin-1.RAW
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Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
details on creating a PEAKS project.

2. Specify the PEAKS DB parameters in the pop-up dialogue. Most of the parameters are self-explanatory and
the default parameters provide agood starting point for the analysis. PEAKS PTM and SPIDER can be enabled
in the dialogue to automatically run after PEAKS DB search. Click OK to start a PEAKS search.

Note

If datais not yet refined, a prompt to specify data refinement parameters appears. Refer to Chapter 7,
Data Refinement for details on refinement.

3. Wait for theanalysisto finish. Search timesrange from minutesto hours depending on several factors, including
the dataset size and the computer speed. New result nodes for PEAKS DB, PEAKS PTM, and SPIDER will
appear in "Project View". Double-click the result nodes to examine analysis reports.

" Project View Start Page X * SPIDER 7 [30-May-12 18:50] X

B---H; D fPeaksworkspace derbyServer fserverDB/In depth Protein Analysis
-l DEMOVO 4 [30-May-12 18:50]

Show -to|:| - | proteins in each group

=
mn
| PEAKS 5 [30-May-12 18:50] £
e VR VR ELE 3 7 Accession -10lgP
82 "SPIDER 7 [30-May-12 18:501 M- € |5 @Proteins
7 E rw:lFS:Il'BS.ﬂ. Trypsin-1.RAW E L
‘@ DATAREFINE 1 [30-May-12 18:50) z P14639ALBU_SHEEP 37517
& L LysC - PO&835]ALEU_PIG 238,09
= F2:BSA-LysC-1.RAW o P43064|ALBU_FELCA 230.71
i @ DATAREFINE 3 [30-May-12 18:50) e G- @ A2V9Z4|ALBU_MACFA 258,86
=L Glue = -4 PO2768ALEU_HUMAN 245,46
-4, F3:B5A-GIUC-LRAW g - P43322|ALBU_CANFA 260,83
i & DATA REFINE 2 [30-May-12 18:50) z P35747ALBU_HORSE 36,53
P49065|ALEL_RABIT 252.12
QEXLE4]ALBU_EQUAS 221,40

| Coverage | Peptides I Denovo Tags|

2. Setting PEAKS Search Parameters

After selecting a project node, a sample node, or a fraction node in "Project View" and clicking the PEAKS DB

Search toolbar icon R‘T the PEAKS DB parameters dialogue will appear:
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PEAKS Search Predefined parameters W

Error Tolerance

Precursar mass: 10.0 ppm % | using monoisotopic mass w Fragment ion: 0.5 Da
Enzyme
Spedfied by each sample v Mew

Allow non-spedific cleavage at lone  w | end of the peptide.

Maximum missed deavages per peptide: <=

PTH

[F| carbamidomethylation Set PTM
A7) Deamidation (NQ)

W) Oxidation (M) Remove

Switch type

Maximum allowed variable PTM per peptide | 315

Database

|®) Select database Database: | SwissProt w || View
() Paste sequence Taxa: Bos taurus (cow) setfView taxa...
Contaminant database SwissProt Pw || View

De Novo Tag Options
Available de novo tags: DEMOVO 3w

General Options
Estimate FOR with decoy-fusion. &

Find unspecified PTMs and commaon mutations with PEAKS FTM Advanced Settings

Find meore mutations with SPIDER
Ok Cancel Help
Error Tolerance. Precursor mass Precursor mass tolerance. PEAKS Search identifies peptides within the

precursor mass tolerance. Precursor mass tolerance can be specified in either Da or ppm.

Fragment ion Fragment ion m/z tolerance. PEAK S Search uses this val ue when scoring peptide-spectrum match-
es. PEAKS considers that afragment ion is matched if the calculated m/z is within the tolerance.

Error tolerance parameters need to be set consistently with the mass accuracy of the instrument. The default
parameters for the instrument generating the data can be loaded by choosing "default” in " Predefined parameters”.

Note

When the samples in a project are generated by different instruments and “default” is chosen from the
Predefined parameters drop-down menu, the default parameters of the first sample are loaded. However,
it is recommended to set the tol erance parameters according to the least accurate instrument.

Enzyme. PEAKS search digests the searched protein database in silico to generate peptide candidates. It is
necessary to specify the enzyme for protein digestion, whether or not non-specific cleavages are allowed, as well
as the number of missed cleavage sites allowed in a peptide.
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Enzyme Selection Select the enzyme used for protein digestion from a drop-down menu. If the enzyme used for
protein digestion is not in the list, a new enzyme can be added. Please refer to Section 2.2, “Enzyme” for further
details.

Non-specific Cleavages Specify whether or not non-specific cleavages are alowed at a peptide terminus. If
"None" is selected, the specificity of the selected enzyme is strictly enforced at both termini of a peptide. "One"
allows one terminus to disobey the enzyme specificity. "Both" allows both peptide termini to disobey the enzyme
specificity.

Missed Cleavages Specify the number of missed cleavage sites allowed in a peptide.

Note

When the selected data node is a project of multiple samples, "Use Sample Enzyme" alows samples to
be analyzed separately using their respective enzymes specified during project creation.

Note

"None" is a special enzyme alowing non-specific cleavage at both ends of the peptide. The "None"
enzyme can cut at every residue, generating peptides with lengths up to 65 amino acids. Its usage is
recommended when the digestion enzyme exhibits a high degree of non-specificity.

PTM. ToseectPTMsforaPEAKSDB search, click the Set PTM... button to openthe“PTM Options’ dialogue.
PEAKS DB search supports a limited number of variable PTMs. Refer to Section 2.3, “PTM” for details.

Note

To prevent long search times, select only the most frequent PTMs in the sample for PEAKS DB, and
check the PEAKS PTM option to search for unspecified modifications.

Database. Select a protein sequence database for the search. Select one from the list of databases that have
been configured in PEAKS and set the taxonomy, if applicable. To configure a new sequence database, refer to
Chapter 6, Adding a Sequence Database.

For searching only afew proteins, choose “Paste sequence” and then paste in the protein sequences.
Database

Select database |>P62258|1433E HUMAN 14-3-3 protein -
MDODREDLVY QAR LAEQRERYDEMVE SMEEVAGMDVELTVEE

@) Paste sequence RN SVAYKNVIGLARRASHRT TSR TEOREENKEGEEDRETLEMT ~

Note

The pasted protein sequences should follow the FASTA format. Each sequence follows a description
line which starts with '>'. PEAKS omits invalid characters, white spaces, and numbers in a sequence. A
maximum of 1000 protein sequences can be pasted.

Select a contaminant database for the search from the list of databases that have been configured in PEAKS.

Denovo Tag Options. PEAKS Search requires a de novo sequencing result to improve its search speed, sensi-
tivity, and accuracy. By default, de novo sequencing runs on the fly with the current parameter settings. It is also
possible to select an existing de novo sequencing resullt.

Estimate FDR with decoy-fusion.  Select this option to enable search result validation with decoy-fusion, an
enhanced target-decoy approach. When this option is selected, decoy sequences are automatically generated from
the target database and are searched by PEAKS DB, PEAKS PTM, and SPIDER. This enables the estimation
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of the false discovery rate (FDR) in the analysis report. It is NOT recommended to de-select this option unless
manual validation of the result using another approach is preferred.

Find unspecified PTM s and common mutationswith PEAKSPTM.  Select this option to enable a PEAKS
PTM search after a PEAKS DB search finishes. PEAKS PTM analyzes spectra with good de novo sequences
that remain unidentified by PEAKS DB. The default setting for PEAKS PTM s to search with all the built-
in modifications in the "Common" and "Uncommon" lists, which include all of the natural modifications and
mutations in the Unimod database.

Alternatively, PEAKS PTM can search with alist of preferred modifications. In "Advanced Settings', preferred
modifications from the "PTM Options" dialogue can be chosen. PEAKS PTM alows an unlimited number of
variable modifications to be searched, However, limiting the number can improve search accuracy.

Additionally, the maximum number of variable PTMs per peptide can be specified and avalue of lessthan 4 is
recommended. A threshold on the de novo AL C score can be specified so that only the spectrawith good de novo
sequences are analyzed by PEAKS PTM.

When PEAKS PTM search isenabled, aPEAKS PTM result node will be automatically generated after the search.
In the PEAKS PTM report, search results from PEAKS DB and PEAKS PTM are merged.

Note
Modifications selected for the PEAKS DB search are automatically added as preferred modifications to

the PEAKS PTM search and cannot be removed. However, any number of additional preferred modifi-
cations can be added.

PTM
@ Search with 485 built-in modifications

Search with preferred modifications:

&M

L™
el =N

=
=

Maximum allowed variable PTM per peptide | 35

Filter Options
Perform PTM search on spectra satisfying the following condition:

De novo ALC (%) score greater than: 15 recommend 15%

3

Find more mutationswith SPIDER.  Select this option to enable a SPIDER search. SPIDER performs homol-
ogy searches on spectra with good de novo sequences that remain unidentified by either PEAKS DB or PEAKS
PTM. SPIDER identifies novel peptides that are homologous to peptides in the searched protein database. When
SPIDER isenabled, a SPIDER result node will be automatically generated after the search. In the SPIDER report,
search results from PEAKS DB, PEAKS PTM, and SPIDER are merged.

2.1. Saving the Parameters for Future Use

After setting up the search parameters, they can be saved for future use. Click the "Predefined parameters’ drop-
down menu, select the Save as ... command, and enter a name for the current set of parameters. Saved parameters
are available for future analyses. A set of saved parameters can be loaded by selecting from the "Predefined
parameters’ drop-down menu.
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Note

“Advanced Settings’ for PEAKS PTM are not saved.

3. Understanding PEAKS Search Results

After PEAKS Search is complete, several result nodes are generated. One is the de novo sequencing result (as-
suming the default option for on-the-fly de novo sequencing is enabled). The other result nodes are identification
results from the database search tools: PEAKS DB, PEAKS PTM, and SPIDER. If more than one database search
tool isenabled, the results from previous search tool s are automatically merged. Double-click the node to examine
the analysis report. The analysis report is presented in five pages:

e Summary: This shows an outline of the PEAK S database search results with key statistics. The overall quality
of the experiment can be examined and the filters for peptide and protein identifications can be adjusted.

» Protein: This shows alist of protein identifications. This view also visualizes protein sequence coverage and
helps with protein characterization.

» Peptide: This shows a list of peptide identifications. This view also provides spectrum annotation and other
detailed information for peptide-spectrum matches.

» De novo only: This shows a list of quality peptide sequences detected by de novo sequencing that remain
unidentified by the PEAK S database search.

* LC-MS: This shows peptide-spectrum matches visualized in an interactive LC-M S heat map.

3.1. Peptide and Protein Scores

PEAK S Peptide Score (-10IgP).  The PEAKS peptide score (-10IgP) is calculated for every peptide-spectrum
match (PSM) reported by PEAKS DB, PEAKS PTM, and SPIDER. The score is derived from the p-value that
indicates the statistical significance of the peptide-spectrum match. A peptide may be matched to many spectra,
resulting in multiple PSMs. In that case, the peptide's score is calculated as the maximum of all the PSMs. For
details of the scoring algorithm, please refer to the publication, "PEAKS DB: De Novo sequencing assisted data-
base search for sensitive and accurate peptide identification" Mol Cell Proteomics. 2011 Dec 20.

PEAKS Protein Score (-10IgP).  The PEAKS protein score (-10IgP) is calculated as the weighted sum of the
-10lgP scores of the protein's supporting peptides. After removing any redundant peptides, the supporting peptides
are sorted by -10lgP scores in descending order, and the k-th ranked peptide contributes to the weighted sum with
aweight of Lk.

3.2. Summary View

The "Summary" view reports key statistics as an overview of the result. It also provides functions to filter and
export identified proteins and peptides:

1. Result filtering: Filtering rules are located at the top of the "Summary” view. Low quality peptide and protein
identifications can be filtered by -10lgP score. Peptide sequencesidentified only by de novo sequencing can be
filtered by ALC score. More details about how to properly set the filters are discussed in Section 4, “Filtering
PEAKS Search Results”.

2. Result exporting: Identified proteins and peptides can be exported to various formats by clicking the Export
button at the top of the "Summary" view. More details are discussed in Section 5, “Exporting PEAKS Search
Results’.

In the report, several statistical charts can be examined to assess result quality. The report is composed of four
sections:

1. Notes: In the header of the report, information such as a description of the experiment can be entered. The
notes can be edited by clicking the Notes button.
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2. Result Statistics: Key statistics are shown in the figures and tables. The figures provide important information
about target-decoy result validation, which can be used to filter the results appropriately.

3. Experiment Control: Figures show the distribution of precursor mass error, revealing how well the instrument
iscalibrated. A table showsthe statistics of missed cleavagesin peptides, revealing enzyme digestion efficiency
of the protein sample.

4. Other Information: Search parameters and M S instrument information are shown.

Statistical figures and tablesin the report are discussed in the rest of this section.
3.2.1. False Discovery Rate (FDR) Curve

Figure 1 showsthe FDR curve with respect to the number of PSMs being kept after filtration by the peptide -10IgP
score. By lowering the score threshold, more PSMs are kept in the filtered result. Conversely, the FDR increases
because more false positives are kept. In this figure, the vertical line indicates the current score threshold. The
number of PSMs and the corresponding FDR by the current score threshold are shown in the top-left corner.
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The FDR curve is available when FDR estimation is enabled in the PEAKS Search parameters. PEAKS Search
estimates FDR using the "decoy-fusion™" approach. Decoy-fusion isan enhanced target-decoy approach that makes
more conservative FDR estimations. For details of the "decoy-fusion" approach, please refer to the publication,
"PEAKSDB: De Novo sequencing assisted database search for sensitive and accurate peptide identification” Mol
Cell Proteomics. 2011 Dec 20.

It is commonly recommended to set FDR at <1% by adjusting the score threshold. If arapid growth of the FDR
around the 1% FDR threshold is noticed, some PSMs may be sacrificed to significantly reduce the FDR.

Note

When counting the number of PSMs, PEAK S keeps one peptide per spectrum at most. Thus, the number
of PSMsis actually the number of spectrawith assigned peptides.

Note

Decoy matches are not counted in the number of PSMs. Unless otherwise specified, decoy matches are
also excluded from the other statistical numbers shown in the " Summary"” view.

3.2.2. PSM Score Distribution

Figures 2(a) and 2(b) in the "Summary" view show the peptide score distribution of PSMs. When FDR estimation
isenabled in the PEAKS Search parameters, the target and decoy matches are respectively shown in two different
colors.

Figure 2(a) is a stacked histogram showing the number of target and decoy matches in each score interval. There
should be a similar number of target and decoy matches with low scores, but very few decoy matches with high
scores. The vertical line indicates the current score threshold.
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Figure 2(b) is a scatterplot showing the peptide score versus the precursor mass error in ppm for all PSMs. This
figure is most useful for high resolution instruments. The PSMs with high scores should be centered near the
mass error of 0, and the PSMs with low scores are usually scattered to larger mass error. The vertical dotted line
indicates the current score threshold.
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3.2.3. De Novo Result Validation

Figures 3(a) and 3(b) in the "Summary" view help to determine a proper score threshold to filter "de novo only"
sequences.

After the database search, de novo sequences can be categorized as:

1. Verifiable de novo sequences: A de novo sequence is verifiable if the associated MS/M S spectrum is confi-
dently matched to a database peptide. Residues in a verifiable de novo sequence can be validated using the
database peptide as a reference.

2. "De novo only" sequences. A de novo sequence is "de novo only" if the associated MS/M'S spectrum is not

confidently matched to any database peptide. "De novo only" sequences may suggest novel peptides, peptides
with unknown modifications, or other interesting research subjects.

Note

An MS/MS spectrum is considered to be confidently matched to a database peptide if there are PSMs to
the spectrum with peptide - 10lgP scores above the current peptide filtering threshold.
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"De novo only" sequences are crucia for acomplete proteomic analysis. However, it is often necessary to remove
the low quality sequences. "De novo only" peptides can be filtered by de novo ALC score, which is the average
local confidence score of residues in the de novo sequence.

Figures 3(a) and 3(b) provide a guideline for determining a proper ALC score threshold. The two figures show
the local confidence score distribution of residues in de novo sequences that are filtered by the current AL C score
threshold.

Figure 3(a) shows the score distribution of residues in verifiable de novo sequences. These residues are validated
by aligning the de novo sequence with the database peptide. A residue is considered correct if it is consistent with
the database peptide. Otherwise, the residue is considered incorrect. The figure shows the score distributions of
correct residues and incorrect residues in two different colors.

Figure 3(b) shows the score distribution of residues in "de novo only" sequences. As these residues cannot be
directly validated using database peptides, their ratios of correctness are statistically estimated using the distribu-
tionsin Figure 3(a). The figure shows the estimated score distributions of correct residues and incorrect residues
in two different colors.

Asaguideling, the ALC score threshold should be increased gradually until the score distributions of correct and
incorrect residues are similar, as seen in figures 3(a) and 3(b). In the following example, the ALC threshold is
gradually increased to 80. This ensures that the filtered "de novo only" sequences are generated from MSMS
spectra that have the same spectral quality as the MS/MS spectra confidently matched in the database search.
Figure 3(b) also allows estimation of the proportion of incorrect residuesin thefiltered "de novo only" sequences.
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3.2.4. Statistics of Data and Results

Tables 1-4 show the statistical numbers of the data and resullts.
Table 1. Statistics of data. Table 4. PTM Profile.

# of MS Scans 4751 Name AMass #PSM Position

# of MS/MS Scans 3132 Carbamidomethyl ~ 57.02 1548 C

Carbamidomethyl  37.02 385 DEHE N-term

Table 2. Result filtration parameters.

Deamidation .08 102 NQ
ptide - =152 . -
Peptide -10lgP 15 Dehydration 11801 57  DSTY
Protein -101gP =20 _
Dethiomethyl -48.00 30 M
Proteins unique peptides 20
Carbamylation 43.01 20 K N-term
De novo ALC Score =50%
Oxzidation 1500 24 M
. Sodium 21.98 22 DE.C-term
Table 3. Statistics of filtered result.
Ammonia loss -17.03 21 N
Peptide-Spectrum Matches 2008 ona foss
PEpl:ldE Sﬁquf-ﬂcﬂs 1025 P}’I’U'g].u from Q -17.03 14 N-term
Protein Groups 27 Acetylation 42.01 10 N-term
Proteins 27 Ubigquitin 114.04 9 8T
Proteins (#Unique Peptides) 6 (=2); 5 (=2); 6 (=1); Hex 162.05 0  KT.N-term
FDR (Peptide-Spectrum Matches) 1.0% Difivdroxy 31 00 g KPW
FDR (Peptide Sequences) 2.4% -
Acetylation 42.01 6 K
FDR (Protein) 58.8%
Carboxymethyl 58.01 5 N-t=
De Novo Only Spectra 165 ADORYMIEH ? 7 e
Formylation 27.99 3 K. N-term
Methyl ester 14.02 4 DE.C-term
Phosphorylation 7997 4 SY
Glu 129.04 4 E
Pyro-glu fromE = -18.01 4 N-term
Carboxyvlation 4300 4 DE

Most entries in these tables are self-explanatory. The following entries are explained:

* Peptide Sequences (Table 3): This represents the number of distinct peptides in the filtered result. Peptides
with the same primary sequence but different PTMs are counted separately. However, if several peptides dif-
ferentiated only by leucine (L) and isoleucine (1), they are counted as one peptide. Since the same peptide may
be identified from multiple spectra due to data redundancy and differing charge states, this number is usually
smaller than the number of peptide-spectrum matches.

* Protein Groups(Table 3): PEAKS groups proteinsidentified by acommon set of peptides. This number shows
the number of protein groupsin the filtered result.
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e Proteins (#Unique Peptides) (Table 3): This entry counts the number of proteins identified with unique pep-
tides. A unique peptide is a peptide with a-10lgP score above the peptide filtering threshold that can be mapped
to only one protein group.

e PTM Profile (Table 4): The table shows modificationsidentified in the filtered result and the number of PSMs
containing each modification.

3.2.5. Experiment Control

Figures 4(a) and 4(b) in the "Summary" view show the precursor mass errors of PSMs in filtered results. Figure
4(a) shows the distribution of the precursor mass errors in a histogram. Figure 4(b) shows precursor m/z versus
precursor mass error in a scatter plot. The precursor mass error is calculated in ppm as 10° x (precursor mass -
peptide mass) / peptide mass. Figures 4(a) and 4(b) hel p examine whether or not the mass spectrometer is properly
calibrated. For awell-calibrated instrument, precursor mass errors should center at O ppm across the range of m/z.
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111 TS e lrhL
1” .......................................................................................
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2 E s
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& =
5 0 ' i
. 11 RN | | | 1 S —— = Al | of
= w5 ; ;
% 200 AR E = .
P IS I ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SLEEE T -
0 ISR ||| (||| [ —— e ——
-15 -10 -5 0 5 10 15 500 750 1,000 1,250
mass error (ppm) miz

Table 5 shows the number of identified peptides in each sample with the number of missed cleavages, indicating
the enzyme digestion efficiency.

Table 5. Number of peptides by number of missed cleavages

Missed Cleavages 0 1 2 3 4+
Sample 1 78 56 23 16 0
Sample 2 62 38 15 4 0
Sample 3 107 55 13 6 0

3.3. Protein View

The "Protein” view lists protein identifications that have been filtered by the current settingsin Summary view. It
also visualizes the protein sequence coverage for identified proteins. The view has four components:

» Proteintable: Thislists protein identifications that have been filtered by the current settings in the " Summary"
view

» Coverage: Thisvisualizesthe protein sequence coverage of the selected protein, showing the mapping of sup-
porting peptides and de novo tags to the protein sequence.

» Peptides: Thislists supporting peptides mapped to the selected protein.

» Denovo Tags: Thislists"de novo only" peptides mapped to the selected protein.
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3.3.1. Protein Table

Each row in the table represents a group of proteins that are supported by a common set of peptides. A dark blue
node indicates that the group has multiple proteins. To expand the group, click the"+" button at the left. The Show
drop-down menu, located above the Protein table, specifiesthe way the proteinsin each group are displayed. "All"
shows every protein in the group, "Top" shows the top proteins in the group determined by the number of high-
confidence supporting peptides, and "First" shows only the first of the top proteinsin the group.

Note

A supporting peptideisconsidered highly confident if it has apeptide-10lgP score abovethe set threshol d.

The columns in the Protein table are:

» Accession: The accession number of the protein as seen in the FASTA database.

 -10IgP: The protein confidence score.

» Coverage: The percentage of the protein sequence that is covered by supporting peptides. The coverage is
visualized by a colored bar. Light blue blocks indicate the parts of the sequence covered by low-confidence
peptides. Dark blue blocks indicate the parts covered by high-confidence peptides.

» #Peptides: The number of high-confidence supporting peptides.

« #Unique: The number of high-confidence supporting peptides that are mapped to only one protein group.
Unique peptides with same sequence but different modifications are only counted once in this number.

» PTM: Theidentified modifications displayed with color-coded icons.

* Avg. Mass: The protein mass calculated using the average mass.

» Description: The protein's header information as seen in the FASTA database.

» Mark: Thisallowsthe selection of specific proteins. The marked proteins are exported when using the exporting
functionsin the " Summary" view.

Note

For #Peptides and #Unique, two peptides with the same starting and ending positions in the protein
are counted as one, regardless of their PTM forms. This is to follow the MCP (Molecular & Cellular

Proteomics) guidelines.
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3.3.2. Protein Coverage

The Protein Coverage view visualizes the mapping of supporting peptides and de novo tagsto the protein selected
inthe Protein table. It also shows all identified sites with modifications or mutations to assist with protein charac-
terization at the amino acid level. The coverage view has three major components:

» Protein sequence cover age. This area visualizes the coverage of the protein sequence.

Regions in the protein sequence that are covered by supporting peptides are displayed in bold font with a grey
background. Confident modifications and mutations identified in supporting peptides are displayed as icons
above the protein sequence. Modifications are represented by colored icons with theinitial letter of its modifi-
cation name. If aresidueis modified by more than one modification in the same supporting peptide, "*" is used
instead of aletter. Mutations are represented by framed whiteiconswith aletter indicating the post-modification
residue. Placing the cursor over amutation icon shows the full name of the modification/mutation. The number
above a mutation icon indicates the position in the protein sequence. The header information of the proteinis
shown on the top of the protein sequence.

The supporting peptides and matched de novo tags can be shown as colored bars under the protein sequence.
Placing the cursor over abar shows detailed information of the peptide. Left clicking on abar shows the anno-
tated spectrum from which the supporting peptide or de novo tag is identified. Right clicking on a bar shows
a pop-up menu for quick operations, including "Remove peptide” which hides the peptide from the protein
coverage view. Hidden peptides can be restored by re-selecting them in the supporting peptide table or the de
novo tag table.
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» Control panel. This panel controls what to display in the protein sequence coverage.
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(Joutine (@) coverage

80 5 AAs per line 1044 gap
Sequence Display Option |Fasta v

Show de novo only sequences

de novo tags sharing | 515 AAs
de novo peptides fully matched

show confident modification site
(@) minimal jon intensity | 55 %

() minimal Ascore (20,0 w

FTM

Carbamidomethylation 837 A
Carbamidomethylation (...
Deamidation (NQ)
Dehydration
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Carboxylation (DKW
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M ode control. The protein sequence can be displayed in either "outline" or "coverage" mode.

» Outlinemode: In outline mode, the protein sequenceisdisplayed without supporting peptides and matched
de novo tags. However, the sequence coverage at a specific position can be examined by left-clicking a
residue.

94



Peptide, PTM, and Mutation
Identification (PEAKS DB,
PEAKSPTM, and SPIDER)

i3 i}

d =]
1 MEWVTFISLL LLFSSAYSRGC VFRRDTHKSE IAHRFKDLGE EHFKGLVLIA FSQYLQQCPF DEHVKLVNEL TEFAKTCVAD

58
d

101
5

111
d
o

118
A

i 1spectrum

e K[LE/fa]s A R[efR

V2
303.18 ba-H20
424.29

o L | T,

b2-Hz0
210,16
I Iu‘l ra|

Y7-H20
Y7-NH3
788.40

Yi&-NH3

687.35

617.34

Y5
L.

be
843,50

| KVLT (sub A)SSARQR,, Scan F3:523, mfz=573.3395, 2=2, RT=12.06, -10lgP=24.06, ppm=-2.7, by PEAKS FTM

8-H20
VB-NH3
901.48

be
971,

56

1127.66

Ya-NH3
1000.55

1085.04

200 400

] I
600

HII
t
El

0

.-'l_ | 1:1‘ 2 | il | ErrTol: 0.02Da |preprocess low intens. label

1000

T
1200

mfz

L)

144 154
B

d
%} DDSPDLPKLK PDPNTLCDEF KADEKKFWGK

214

W
@@ LRCASIQKFG ERALKAWSVA
3
T
1 spectrum; -10igP =24.06
Seq=KVLT(sub A)SSARQR
A—[T] (+30.01)
T

22

T

—
]
|
e
]

—
—
o
e

310
c

QDTISSKLKE CCDKPLLEKS HCIAEVEKDA

RLAKEYEATL EECCAKDDPH ACYSTVEDKL

489
C a7172 474

d b
RSLGKVGTRC CTKPESERMP CTEDYLSLIL

548
a
=

TFEADICTLP DTEKQIKKQT ALVELLKEKP

» Coverage mode: In coverage mode, al the supporting peptides and matched de novo tags are shown.
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AAs per line and 10AA gap. Specify the number of amino acids per line and whether to show a gap for

every 10 amino acidsin the protein sequence.

Sequence Display Option. In a multi-enzyme experiment, select an enzyme that was chosen during either
the project creation or the PEAKS search stage. The coverage map will be highlighted based on the peptides

generated by the selected enzyme.

de novo tags sharing X AAs. Show de novo tags with at least X consecutive amino acids matched in the

protein sequence.

de novo peptides fully matched. Show de novo tags with their full sequences matched in the protein se-

guence. This control is especially useful for showing short but fully matched de novo peptides.

modification minimal ion intensity. A modification or mutation isconsidered confident if there arefragment
ions supporting the modified residue with the minimal peak intensity above the specified threshold. Only

confident modifications and mutations are displayed as icons above the protein sequence
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« modification table. The modification table shows the modifications identified in supporting peptides on the
protein. For each modification, the number of supporting PSMs with this particular modification is shown.
The checkbox on theleft controlswhether to indicate the modification in the protein coverage. Double-click-
ing on the name of a modification shows detailed information about the modification. Right clicking a mod-
ification shows a pop-up menu for quick operations.

e Toolsbar. Thetools bar is at the upper-right corner of the protein sequence coverage. It has two icons:

5l # ) outline (@) coverage
-‘h‘-——_—-"‘- - i
- 2 75M7 —~ 80 | AAs per line 10AA gap
de c CCcE c
KLVNEL TEFAKTCVAD Sequence Display Option | Fasta W
o (s
c o Show de novao anly sequences
= - g - de novo tags sharing | 55| AAs
e = - E de novo peptides fully matched
& fa] =
o show confident modification site
E g =
o (@) minimal ion intensity | 55 %
= = —
. i) minimal Ascore (20,0
= = E
- - g AM  FTM #
o [] 8| +57.02 | Carbamidomethylation 837 &

¢ Full screen ::. Left-clicking thisicon shows the protein coverage in full screen mode. Click :: to return from
full screen mode.

Tool box &%. Thetool box contains the following tools:

» Copy template protein. This copiesthe original database protein into the system clipboard.

» Copy mutated protein. This copies the protein with detected mutations into the system clipboard.
 Save protein coverage as image.

» Coverage statistics.

* NCBI BLAST search.

* NCBI Entrez search.

« Multiple sequence alignment. Performs multiple sequence alignment for the selected proteins.

PTM Profiling !l Select thisbutton to examinethe characteristics of modificationsthat have been confidently
identified based on the options selected under "show confident modification sites'. See Section 3.3.3 for
more details.

Peptide Mapping “* Select thisbutton to examine the detailed ion signal information generated for peptides
between compared samples. See Section 3.3.4 for more details.

3.3.3. PTM Profiling

The PTM Profile tool provides the ability to compare and quantify detected modification sites on proteins in
relation to unmodified sites. In many cases, a PTM only occurs on a portion of the sample, leaving the remainder
unmodified. With thisfeature, PEAKS determines the protein's modification changes by comparing the areafrom
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the LC-MS of the confidently modified peptide feature to the areafrom the associated unmodified (native) or non-
confidently modified peptide feature, as well asto the area from peptide features modified by other modifications.

Follow the steps mentioned below to run the PTM profiling tool.

1. Select aprotein of interest from the Protein table. By default, the first entry in the Protein table is selected

Show |top w | proteins in each group

Accession

-10lgP Coverage

IR N NN e

2. Set the "minimal ion intensity" or the "minimal AScore" parameter threshold for confident modification site
determination. Refer to the relevant description in Section 3.3.2, “Protein Coverage” for details.

TEFAFACADAE

FODNEQLFLG

CGNRAFEAWSY

]

¢

(Joutine (@) coverage

80 -5-| AAs per line 10AA gap

Sequence Display Option | Fasta

Show de novo only sequences
de novo tags sharing | 515
de novo peptides fully matched

Mdent modification site

5| %

Abds

(@) minimal ion intensity

inimal Ascore |20.0 W

3. Click the Il button on the coverage pane tools bar. Once selected, a new dialogue will appear to display the

PTM profiling.

97



Peptide, PTM, and Mutation
Identification (PEAKS DB,
PEAKSPTM, and SPIDER)

Protein  |P43822|ALBU_CANFA | | savetolmage..

Fraction |F1 W | |None (¥] |

| Save to Text Format ... |

Modification |Al| the PTMs v |

AllPTMs on P49822|ALBU_CANFA

 m Madified
W Unmaodified

-
o o o
VA L

Position

Theinput selection, result display and result exporting options are combined together in the PTM profile dialog.
¢ Inputs. Theinputsfor PTM profiling can be set using the drop-down menus at the top-left corner of thedialogue.

e Protein. The accession ID of the selected protein to be analyzed for PTM profiling.

Note

The selected protein cannot be changed within the dialogue. To run profiling on another protein,
close the dialogue, select the protein of interest from the Protein table and run the profiling by
clicking the llll button.

» Fraction. The data source used for the analysis. The“ F#’ represents the fraction from which the protein was
identified, where # refers to the ID of the fraction, as indicated in the fraction node of the project tree.
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n Project View
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Note

When the search result involves multiple fractions, a comparison of PTM profiles among the frac-
tions can be performed by selecting the second fraction from the second fraction selection drop
down menu.

* Madification. The PTM being profiled.

* PTM Profile Chart: The chart gives avisualization of the ratio between unmodified and modified amino acids
at each position. Only the fully enzyme-digested peptides will be used to cal culate the modification abundance.
The x-axis indicates the position in the protein sequence where a modification was identified while the y-axis
indicates the percentage (%) of modified or unmodified peptide features relative to the total abundance. A blue
bar represents the unmodified portion and the red bar represents the modified portion. For some position, except
for the specified modification, some other modification may exist. Thus, the combined modified and unmodified
portions do not sum up to 100%.

» Result Export. The PTM profile can be exported as an image, aswell asin text format.
* Image export. Click the Save to Image... button to save the displayed graph as a PNG file.

e Text format export. Click the Saveto Text Format... button to export the calculated PTM Profile datato a
text filein CSV format. The PTM Profile of the selected modification on a chosen protein may be exported
for a specific fraction, or across all fractions. In addition, profiles of all proteinsfor the selected modification
may also be exported; again, for either a specific fraction or across al fractions. The exported file contains all
of the necessary information to construct the PTM profile graph. The PTM profile data are grouped together
by fraction, then by protein, then by modification, and then by the position of the modification on the protein
sequence. The profileinformation for the same peptide is combined together if they belong to the same group,
asmentioned earlier. The headers of the CSV column are self-explanatory. Thefollowing items are explained
for clarity:

» Peptide position: The position of the modified amino acid in the peptide sequence.
« Unique: This specifies that the peptide is unique (YY) or not unique (N).
» Total Area: Thetota areaof the features associated with the corresponding peptide.

« Modified Area: The total area of the features associated with the modified version of the corresponding
peptide.

* Unmodified Area: Thetotal areaof the features associated with the unmodified version of the correspond-
ing peptide.
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Note

The scans, the m/z ratios, the RTs, the charges, and the -10IgP values are all from the best PSM for
the corresponding peptide.

3.3.4. Peptide Mapping

A peptidemap isoftenreferred to asa*“fingerprint” of aprotein. Itisapowerful tool that providesacomprehensive
understanding of the protein being analyzed. It gives a detailed picture of theion signal of all peptides associated
with the protein. In addition to generating the peptide map, PEAKS has integrated an annotated tool-tip which
allows for easy identification of the peptide shown at any point on the map. If multiple data files are searched
together in the analysis, then multiple peptide maps may be compared to one another. This allows usersto easily

determine the consistency of the protein between samples.
Follow the steps mentioned below to generate the peptide map:

1. Select aprotein of interest from the Protein table. By default, the first entry in the Protein table is selected.

Show |top | proteins in each group

Accession -10lgP Coverage

IR BN NN . s

2. Select and set the desired de novo only peptide selection filters. Refer to relevant section of Section 3.3.2,
“Protein Coverage” for details.

| Gu lm (O outine  (®) coverage

e 80 | AAs per line 10AA gap

TEFARACAAE Sequence Display Option |Fasta A

Show de nove only sequences
de novo tags sharing | 55| AAs

FODNEQLFLG pepﬁdes fully matched
show confident modification site

(@) minimal ion intensity | 5% %

() minimal Ascore |20.0 w

CGNRAFEAWSW

3 Click the “* button on the coverage pane tools bar. Once selected, a new dialogue will appear to display the
peptide mapping.
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PEAKS provides two different approaches to analyze peptide mapping of a protein.

» Annotated Chromatogram: The annotated chromatogram of the selected protein is displayed in profile mode.
Theintensity of each peptide feature associated to the proteinis mapped to itsretention time (RT). The annotated
chromatogram has its own input selection, result display, and result exporting options.

» Fraction Choices. The data source used for peptide mapping. The “F#" represents the fraction to which the
protein belongs, where # refersto the ID of the fraction, asindicated in the fraction node of the project tree

Note

When the search result involves multiple fractions, a comparison of annotated chromatograms for
the selected protein among (amaximum of three) fractions, can be done by selecting the second and
third fraction from the corresponding drop down menu.

e Minimal lon Intensity: A filter used to set an intensity threshold, where peptide features below this value
will not beincluded in the display.

e Type-TIC or BPI: Configuresthedisplay to view the Total lon Chromatogram (T1C) or Base Peak Intensity
(BPI).

< Display Mode: PEAKS offers two modes to view multiple chromatograms for better comparison.
e Compare: In compare mode, the protein chromatograms for the specified data samples will appear on
opposite sides of the x-axis. This allows the user to directly compare the protein chromatograms between

two samples.

« Side by Side: In Side-by-Side mode, the chromatograms are displayed individually; each with their own
set of x- and y-axes. This display mode allows for the comparison of up to three samples.

« PEAKS DB: Peptide features associated with peptides identified by database searching are highlighted in
the annotated chromatogram.
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« Denovo only: This highlights the peptide features associated with de novo only peptides (see Section 3.2.3,
“De Novo Result Validation™).

Note

De novo only peptides displayed in the peptide map may be filtered using the de novo only peptide
selection filters in the control panel of the coverage pane.

« Annotation: When selected, the retention time of major peptide features are displayed on the peptide map.
e Tool Tip: When selected, a pop-up will appear when the cursor hovers over any peptide within the peptide

map. The pop-up contains the retention time, the intensity (TIC or base peak), and the peptide sequences
found at that particular retention time.
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« Annotated Chromatogram Chart: This chart givesavisualization of the peptide map for the selected data.
It provides afew convenient ways to zoom-in and navigate the chromatogram

* Zoom to an RT region - Click the desired starting retention time, drag horizontally to the desired final
retention time, and then rel ease the mouse button.

» Zoom in/out smoothly - Place the cursor at a particular RT value (right below the x-axis line), scroll the
mouse wheel button.

* Increase/decrease the ion intensity - Place the cursor on the chromatogram.
* Seethe whole chromatogram - Double-click on the chromatogram.

» Pan to an RT region: Place the cursor on the chromatogram, right-click, and then hold and drag to pan
to an RT region.

* Result Export. The annotated chromatogram chart can be exported as an image in PNG format. Click the
Save to Image... button to save the displayed chart.

* PeptideComparison: Another option PEAK S offersitsusersto analyze the peptide map isin terms of apeptide
comparison view. In this view, the total area of the features associated with a peptide is mapped to the mass of
the peptide. The peptide comparison has its own input selection, result display, and result exporting options.
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Annotated Chromatogram | Peptide Comparison
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PEAKS DE M De novo only

 Inputs. The inputs for the peptide comparison can be set using the drop-down menus at the top-left corner

of the dialogue.

 Fraction Choices. The data source used for peptide mapping. The“F#’ represents the fraction from which
the protein originated, where # refers to the ID of the fraction, as indicated in the fraction node of the

project tree. After making choices for the fraction selection, click the Apply button to update the chart.

Note

Peptide comparison alows a maximum of two fractions as the source.

« Minimal Feature Area: A filter used to set a feature area threshold, where peptide features below this

value will not beincluded in the display.

* Annotation: When selected, the masses of the major peptides are displayed on the comparison chart.

» Tool Tip: When selected, apop-up will appear when the cursor hoversover any peptide within the compar-
ison chart. The pop-up contains the peptide mass, the total areafor that peptide, and the peptide sequence.
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» Peptide Comparison Chart: Thischart givesavisualization of the peptide comparison for the selected data.
The chart is displayed in Peak Mode, where each peptide is represented as a bar and the height of that bar
representsthetotal area of the associated peptide featuresin the specified fraction. The chart provides similar
convenient ways to zoom-in and navigate the comparison chart.

* Result Export. The peptide comparison of a protein can be exported as an image, aswell asin text format.

* Image export. Click the Save to Image... button to save the displayed graph as a PNG file.

» Text format export. Click the Save to Text Format... button to export the peptide comparison data to a
text filein CSV format. The exported file contains all of the necessary information to construct the peptide
comparison chart. The data are grouped together by peptide sequence and mass. The information for the
same peptide are combined together if they belong to the same group, as mentioned earlier. The headers
of the CSV column are self-explanatory. The following items are explained for clarity:

Unique: This pecifies that the peptideis unique (Y) or not unique (N).

-10lgP or AL C: The significance score of the peptide identified by database searching or by de novo
sequencing for de novo only peptides.

Mass: The mass of the peptide.
ppm: The error tolerance of the peptide.

Feature Areas: Thislist of areas of the features associated with the corresponding peptide. The format
of the feature areas is (area [space] +charge [semi-colon])*. For example, 500 +2; 800 +2; 700 +3

Total Area: The sum of the areas of the features associated with the corresponding peptide in the spec-
ified fraction.

Ratio: When the data sources contain two fractions, the ratio of the total areas of the corresponding
peptide between two fractionsis calcul ated.

Note

The data is arranged in separate -10IgP, ALC(%), Mass, ppm, Feature Area, and Total Area
columns for each fractions.

Note

-10lgP, ALC(%), and ppm values are from the best PSM of the corresponding peptide.
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3.3.5. Supporting Peptides

The “Peptide” view shows atable of supporting peptides for the protein. Thistable is similar to the peptide table
in the Peptide View, except that "Accession” is excluded and the columns " (Checkbox)", "Unique", " Start", and
"End" are included.

(Checkbox): This controls whether a peptide is shown in the protein coverage as a blue bar.

Unique: This shows whether the peptide is a unique supporting peptide to the protein group.

 Start: This shows the peptide's starting position in the protein.

End: This shows the peptide's ending position (inclusive) in the protein.

The supporting peptides with peptide -10lgP score below the peptide filtering threshold are listed in the table as
well. By default, they are shown in grey and are not displayed in the protein coverage.

3.3.6. De novo Tags

The"Denovo Only Tags' tab shows atable of "de novo only" peptides with sequence tags matched to the protein.
The "de novo only" peptides shown in the table are controlled by the de novo tags sharing X AAs and de novo
peptides fully matched filtersin the control panel.

3.4. Peptide View

The "Peptide” view displays peptide identifications that have been filtered by the current settings in Summary
View. Thetable on the top showsthe detail s of each peptide identification. The bottom section provides additional
information about the peptide-spectrum matches for the peptide selected in the table.

3.4.1. Peptide Table

The Peptide Table shows the filtered peptide identification results. Each row in the tableis a peptide identification
represented by its highest-scoring PSM. Thetable can be sorted by any column. A search functionisalso provided.
When there are more than 1000 peptides, the table is split into multiple pages.

Note

If there are multiple PSMs matched to a peptide, the table displays the information for the top-scoring
PSM. Peptides with the same sequence but different modifications are considered different and shownin
different rows. The #Spec column shows the number of PSM s matched to the peptide. Other PSMscan be
examined after selecting apeptideinthetable. See Section 3.4.2, “ Peptide-Spectrum Matches’ for details.

4= | 1-1000 of 4371 VL 2 wsan=|search Q@ @ noresulis
Peptide -10igP4  Mass  Llength ppm mfz RT  Area  Scan  #Spec Accession PTM AScore Found By
SR IVVNVHSVLNVLHSLVDKSNINR. 5714 2556.3925 22 0.5 640.1058 106.03 6.0566 20003 10 PEAKSDE (PN
2 | DVHNIYGLYVHMATADGLR S6.71 | 21440474 | 19 0.1 | 7156898 | 85.06 | 24856 | 15000 | 5 | Q14697|GANAB_HUMAN PEAKS DB
5 |VDDK(+4.03)VNFHFILFNNVDGHLYELDG... | 56.35 | 29855017 | 25 | -L0 | 996.1735| 9L41 | 12466 | 17145 | 10 |P03936[UCHL1_HUMAN:QSOHCSUCHLI_MACFA:... | KM k4 H/1000.00; RZ5¥1000.00 | PEAKSDE
4| VDDKVNFHFILFNNVDGHLYELDGR. 55.79 | 29754565 | 25 0.5 | 992.3286 | 9147 | 11986 | 17158 | 8 |P09936IUCHL1_ HUMAN:QSOHCSIUCHLL MACFA:... PEAKS DB
| 5 [SLTGVVNAQALTSAFSPHTKPWIGLAEALG... | 55.23 | 3552.8762 | 34 | -2.6 | 889.2240 | 113.83 21535 | 4 | OA43175/SERA_HUMAN:ASAGR 1|SERA_PANTR ] mz36E1000.00 PEAKS DB
| & |VADPDHDHTGFLTEY(+79.97)VATR 5480 | 2222.9634 | 19 0.4 |1112,4894| 54.98 | 7.99E5 | 10019 | 10 |P53086|MKD1_RAT:P63085|MKO1_MOUSE:PZ848... | B V1582041 PEAKS DB
7 |FGLALAVAGGVVNSALYNVDAGHR 53.93 2370.2444 24 0.4 791.0891 | 104.43 | 2.41E6 | 19696 2 Q3T165|PHB_BOVIN:P67779|PHB_RAT:P35232|P... PEAKS DB
5 |ELFDDPSY(+73.57)VIVQNLDKAR 53.72 | 22018383 | 18 0.3 [1102.0072| 75.55 | 9.03E5 | 14041 | 4 |P29353ISHCI_HUMAN:QSR7W7|SHC I_PONAR G v8@17.01 PEAKS DB
S |DVHNIYGLYVHMATADGLR(+6.02) 53.58 | 2150.0874 | 19 0.4 | 717.6957 | 85.18 | 2.46E6 | 15923 | 4 | Q14697|GANAE_HUMAN r R18F1000.00 PEAKS DB
10 | QFGFIVLTTSAGIMDHEEAR 53.50 | 2221.0837 | 20 0.8 | 7413651 92.83 | L50E6 | 17447 | 2 |QSOVQBIRS15A_ICTPU:QSRO38IRS15A_PONAB:... FEAKS DB
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Tip
Right-click on a peptide to show a pop-up menu, and select " Show original spectrum”. Thiswould jump
to the spectrum in the data view.

The following list describes the contents in each column:

» Peptide: The amino acid sequence of the peptide, as determined in PEAKS Search. A modified residue is
followed by a pair of parentheses enclosing the modification mass.
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» -10IgP: The peptide -10IgP score. The score indicates the scoring significance of a peptide-spectrum match.

» Mass: The monoisotopic mass of the peptide.

e Length: The number of amino acids in the peptide sequence.

» ppm: The precursor mass error, calculated as 10° x (precursor mass - peptide mass) / peptide mass.

* m/z: The precursor mass-to-charge ratio.

» RT: Theretention time (elution time) of the spectrum as recorded in the data.

» Area: The areaof the peptide feature associated with the best PSM.

» Scan: The scan humber of the spectrum that matches the peptide sequence with the highest -10IgP.

» #Spec: The number of spectraassigned to the peptide.

» Accession: The accession number of the highest-scoring protein containing this peptide.

* PTM: Thetypes and the numbers of modifications present in the peptide shown in color-coded icons.

» Found by: The name of the PEAKS search tool that identifies the peptide; can be either PEAKS DB, PEAKS
PTM, or SPIDER.

3.4.2. Peptide-Spectrum Matches

This section displays the spectrum annotation and other information about the peptide selected in the Peptide
table. When multiple spectra are matched to the peptide, the information about the top-scoring PSM is shown by
default. Other PSM's can be viewed by choosing from the pop-up list shown after clicking the All matches button.
The list of proteins that contain the selected peptide can be examined by clicking the Protein button. Jump to the
protein in the "Protein” view by clicking a protein in the pop-up list. The interface of this section isidentica to
the Spectrum Annotation in the PEAKS de novo result. For detailed instructions, please refer to Section 3.2, “De
Novo Peptide View".

Scan FLIELL, mir=830 7797, 13, RT=45.55, -MgP =81 17, ppme-13 Al maiches Froters
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3.5. De Novo Only View

The De novo Only View displays the filtered "de novo only" sequences. A de novo sequence is "de novo only"
if it is from an MS/MS spectrum that is not confidently assigned to any database peptide. The table shows the
filtered "de novo only" sequences by the current settingsin the "Summary" view. "De novo only" sequences may
suggest novel peptides, peptides with unknown modifications, or other interesting research subjects. Theinterface
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is identical to the "Peptide” view in a de novo sequencing result node. For detailed instructions, please refer to
Section 3.2, “De Novo Peptide View”.

3.6. LC-MS View

The LC-MS View visualizesidentified peptides and "de novo only" sequencesin an interactive LC-M S heat map.
Check the option "I dentified peptides’ to show the locations of MS/M S spectrawith peptideidentifications, which
areindicated by blue squares. Check the option "De novo only tags' to show the locations of MS/M S spectrawith
"de novo only" sequences, which are indicated by amber squares. Only the filtered peptide identifications and "de
novo only" sequences are shown on the heat map.

Refer to Section 4, “LC/MS View” for alist of supported interactions in the LC-M S heat map.
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4. Filtering PEAKS Search Results

PEAKS Search results can be filtered to keep only the high quality peptides, proteins, and "de novo only" peptides.
Filtering parameters can be specified using the control panel in the "Summary" view. Click the Apply Filters
button to filter the results that will be updated accordingly in the Summary, Protein, Peptide, and LC/MS views.
Thefiltering optionsin the control panel are described in the rest of this section.

-

iE Peptides -10lgF = 15.2 FDR. Proteins -10lgP = | 0 « and =| 0 « | unigue peptides

£

s —-

b Denovo only ALC (%) =| 50 « and -10lgP = - [15.2 Apply Filters || Expaort || Motes |
Note

Whenever afiltering parameter is changed, the Apply Filters button will be highlighted in red as are-
minder that the changes have NOT taken effect yet.

Peptides.  Peptide-spectrum matches are filtered by peptide -10IgP scores. The peptide -10IgP threshold affects
the results shown in both the "Peptide" and the "Protein” views. Only the peptides with PSMs above the -10IgP
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score threshold are listed in the "Peptide” view. These filtered peptides are used as supporting peptides to infer
protein identifications; therefore, affect the proteins shown in "Protein” view.

If the "Estimate FDR with decoy-fusion" option is selected in the PEAKS search parameters, the peptide -10IgP
score threshold can be easily set using the estimated FDR. Clicking the FDR button shows an interactive FDR
curve. Moving the cursor along the curve will show the estimated FDR at a specific score threshold. At adesired
FDR, the corresponding peptide -10IgP score threshold can be set by right-clicking and selecting Copy score
threshold. FDR selection from a list of predefined FDR values is aso possible, which will also set the score
threshold.
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If the “ Estimate FDR with decoy-fusion” option is not selected, the peptide -10IgP score threshold will need to be
set empirically. A score threshold set at 20 is a good choice to start with asits equivalent p-value will be 0.01.

Note

The concepts of P-value and FDR are different. In PEAKS Search, p-value is defined as the proba
bility that a false identification in the current search achieves the same or better matching score. A
1% p-vaue does not automatically correspond to a 1% FDR. For more details, please see http://
www. bi oi nfor. conf peaks/tutorial s/ peaksdbscore. ht ni

Proteins.  Protein identifications are filtered by protein -10IgP scores and by the number of unique peptides.
It is important to empirically set a protein -10IgP score threshold. A protein score threshold of 20 or higher is
recommended. Unique peptides are supporting peptides that are only linked to one protein group. A confident
protein identification normally requires at least two unique peptides. These protein filtering options affect only
the "Protein” view.

Denovo Only.  "De novo only" peptides are filtered by ALC score. The ALC score isthe average of local con-
fidence score of al of the residues in a de novo sequence. When the highest peptide -10lgP score of all PSMs
matched to a spectrum falls below the peptide threshold, the de novo sequencing result on that spectrum is con-
sidered a "de novo only" peptide. By default, the threshold is automatically set, and is locked as the same value
asthe -10lgP score threshold for filtering peptides.

The AL C scorethreshold can be determined using Figures 3(a) and 3(b) inthe " Summary" view. For details, please
refer to Section 3.2.3, “De Novo Result Validation”.

5. Exporting PEAKS Search Results

The"Export" button in the title bar of the "Summary" view allows for the exporting of filtered resultsinto various
formats. It provides the opportunity to share the report in HTML, use the result as a supplemental figure/tablein a
publication, or further validate and analyze the result in athird party software platform. Please refer to Section 4.1,
“Exporting Summary, Proteins, and Peptides’ for details.
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Note

Projects can be shared by copying the PEAKS project directory. It can then be opened in the free PEAKS

Viewer (http://ww. bi oi nfor. com peaks/ vi ewer /i ndex. php) that has the same GUI as PEAKS
Studio.

6. Running PEAKS PTM and SPIDER Separately

PEAKS PTM and SPIDER can be launched independently from a PEAKS DB result by selecting a PEAKS DB
result node and clicking the N button or the% button on the toolbar, respectively.

Note

SPIDER can also be launched from a PEAKS PTM result. In this case, select aPEAKS PTM result node
and click the% button on the toolbar.

6.1. Running PEAKS PTM on a PEAKS DB Result

Launch PEAKS PTM by selecting a PEAKS DB result and clicking the PEAKS PTM icon on the toolbar ‘f%.

Running PEAKS PTM on a PEAKS DB result is functionally equivalent to running both searches together in an
integrated search.

The parameters used in a PEAKS PTM search are similar to a PEAKS DB search. Selecting a protein database is
not necessary as PEAKS PTM automatically uses the database searched in PEAKS DB.

PEAKS PTM Predefined parameters | -
Error Tolerance
Precursor mass: | 15.0 ppMm » | USING | monoisotopic mass - Fragment ion: 0.5 Da
Enzyme

:Speciﬁed by each sample bl

Allow non-spedific deavage at :une - end of the peptide,
Maximum missed deavages per peptide: Es=

PTH
i@ Search with 485 built-in modifications

(71 Search with preferred modifications:

B carbamidomethylation Set PTH

i@ Oxidation (M)

fj Deamidation (MQ) Remove
Switch type

Maximurmn allowed variable PTM per peptide | 35

Filter Options
Perform PTM search on spectra satisfying the following condition:

De novo ALC (%) score greater than: 15 recommend 15%

Ok ” Cancel ] [ Help ]
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6.2. Running SPIDER on a PEAKS DB or PEAKS PTM Result

Launch SPIDER by selecting aPEAKS DB or aPEAKS PTM result and clicking the SPIDER icon on the tool bar

* . Running SPIDER onaPEAK S DB or aPEAKSPTM result isfunctionally equivalent to running both searches
together in an integrated search. However, the parameters panel, in this case, appears as follows and allows for
afew additional options:

Remove

SPIDER Search Predefined parameters -
PTH
: F Carbamidomethylation Set FTM
m Olxic Y

Switch type

Filter
Perform SPIDER search on spectra satisfying the following condition:

De novo (ALC %) score greater than: 15 %% recommend 15%

QK H Cancel ] [ Help ]

Note

For users of previous versions of PEAKS, SPIDER in the current version runs in the mode that was
previously called Homology Match.

PTM. Clicking the Set PTM button will bring up a separate window for choosing modifications. The PTM
configuration isthe same asit isin de novo sequencing. Refer to Section 2.3, “PTM” for details.

Filter. The filtering option asks for the minimum de novo tag score (ALC) for a spectrum to be analyzed in
SPIDER. If the ALC score of a spectrum istoo low, the spectrum is unlikely to provide a significant hit.

7. Comparison of PEAKS Results

It is possible to compare up to three search results in the same project. To compare results, press Ctrl to select
two or three result nodes, right-click, and then choose Compare Results from the pop-up menu. PEAKS will then
start to compare the results.
ZI---]*,} D:/temp/LFQ_Heatmap_BElank
t- () LABEL FREE 13 [27-Apr-11 21:25]

= JL Sample 1
=14, PanTumarSCY 1L.RAW

.. @ DATAREFINE 2 [27-Apr-11 15:50:27]

Ly DENOVO 6 [27-Apr-11 17:05] [
L JFEAKS 10 [27-Apr-11 19:14
= J1, Sample 2 Compare Results
E-4, PanTumorSCX2.RAW
.. @ DATAREFINE 1 [27-Apr-11 Delete Result

- [y DENOVO 5 [27-Apr-11 16:30]
E’ PEAKS 9 [27-Apr-11 19:00]
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7.1. Comparison Result

When comparison is completed, a comparison result node is added to the project, as shown in the following
screenshot. The comparison result is opened automatically. Theresult consists of three parts: peptide comparison,
protein comparison, and statistical charts.
=~ D:/temp/LFQ_Heatmap_Blank
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‘.. # DATA REFINE 4 27-Aor-11 15:
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The comparison is done on the fly and the result is not saved with the PEAKS project. It is suggested
to export the comparison result before closing the project. For details on exporting, please refer to Sec-
tion 7.5, “ Exporting Comparison Result”.

7.2. Peptide Comparison

Peptide identifications from the compared search results are displayed in the table. For each peptide, the table
shows m/z, retention time, peptide -10IgP score, charge, and whether there are multiple PSM hits. The Coverage
Map column graphically illustrates from which results the peptide isidentified. A solid icon indicates the peptide

isidentified.

Using the control panel in the bottom, each result can be filtered separately by setting the peptide -10IgP score
threshold. It is possible to show only the common peptides shared by all results or the unique peptide in one result.

The following screenshot is the peptide table in atypical comparison resullt:
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7.3. Protein Comparison

Thetop proteinidentificationsfrom the compared search resultsare displayedinthistable. Thelayout of the protein
table and the control panel at the bottom is similar to the Peptide Comparison pane. The following information
isalso displayed for each protein:

e Score: PEAKS protein -10IgP score

e #Spec: The number of PSM's matched to supporting peptides for the protein.

» #Pep: The number of supporting peptides for the protein

» #Uniq: The number of unique supporting peptides for the protein

» 9% Spec: The number of peptides detected for the protein over the number of peptidesin theoretical digestion.

* 9% Cov: The sequence coverage of the protein

The following screenshot shows the protein table displaying a typical comparison result:
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7.4. Statistical Charts

PEAKS provides a number of statistical charts that can be easily exported for usage in publications. The peptide
score distribution, the protein score distribution, the peptide number Venn diagram, and the protein number Venn
diagram can help validate the results. The charts can be exported from the pop-up menu after right-clicking the
comparison result node.
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Peptide Score Distribution

Peptide Number Venn Diagram
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7.5. Exporting Comparison Result

The peptide table, the protein table, and the statistical chartsin the comparison result can be exported into asingle
spreadsheet. Right-click on the comparison result node and choose Export Excel. Choose the items to be exported

and set the image quality for statistical charts.

Export Options
Export peptide result
Export protein result
Export statistics graph

Image Options
Scale: o,

File Format: Width:

Height:

Save As: |::ornparv.=_' result

(oo |

Lok | [ Cance

113




Chapter 10. Multi-Round Search

1. Multi-Round Search Overview

The Multi-Round Search is an additional search function that follows a completed search result to examine the
remaining “de novo only” spectra. Thisadditional search allows usersto perform PEAKS DB, PTM and SPIDER

searches using different parameters and/or to integrate a different database.

Note

In a recent poster presented by PEAKS and Delft University of Technology, the
Multi-Round Search tool alowed a direct analysis of endogenous peptides in  com-
plex secretomes without physica removal of abundant proteins. For more details, re-
fer to the poster: http://www.bioinfor.com/images/stories/pdf/PEAK Sposters/peaks¥%20-%20quantita-
tive%20anal ysi s%6200f%20endogenous¥20pepti des%20web.pdf - quantitative analysis of endogenous

peptides web.pdf
Follow these steps to perform a multi-round search:

1. Select aPEAKS DB, PTM or SPIDER result node in the "Project View". Open the result and set filters. The
de novo results found in the "de novo only" tab will be carried forward to the Multi-Round Search.

2. To open the search parameters window, select a PEAKS DB, PEAKS PTM or SPIDER result node in the

"Project View". Launch the multi-round search by clicking the % icon on the tool bar.
File Tools Window Help
ke BHE % & %“' Qw

n Project View
= I D ftest/PEAKS Peaks Projects/Peaks 7.5 Projects/BSA 3 Enzyme

e Ak 5 [2015-05-21 13:51]

.....

. )
%E SPIDER 9 [2015-05-21 13:51]

—& Sample 1
=4 FL:BSA_GIuC.RAW

3. Specify the search parameters in the pop-up dialogue. The parameter selection dialogue is similar to the para-
meter selection dialogue in Chapter 9, Peptide, PTM, and Mutation Identification (PEAKS DB, PEAKS PTM,

and SPIDER).

4. Wait for the analysisto finish. New result nodes for multi-round PEAKS DB, PEAKS PTM, and SPIDER will
appear in "Project View". Double-click the result nodes to examine the associated results.
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Chapter 11. Combining Multiple
Database Search Engines with
PEAKS inChorus

1. PEAKS inChorus Overview

Properly combining the results from different database search engines can enhance the accuracy and sensitivity
of peptide identifications. PEAKSinChorusisatool for combining PEAKS results with search results from other
engines. PEAK SinChorus can either launch adatabase search or import asearch result. The other supported search
engines are SEQUEST (Proteome Discoverer versions 1.3 and 1.4), Mascot (v2.4), X! Tandem (v2010.12.01.1),
and OMSSA (v2.1.8). A uniform FDR, also known as inChorus FDR, is estimated to assist the filtering of the
combined result.

In this chapter, it is assumed that you are already familiar with PEAK S database search tools (Chapter 9, Peptide,
PTM, and Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER)). The usage of PEAKS inChorusis
outlined in the overview. For details of each step, please refer to later sectionsin this chapter.

1
Select a project, asample, or afraction node. Click the PEAKS inChorus button @ on the tool bar.

"N peaks swdio s

File Tools Window Help

0d L HE a7%a@aw

2. In the inChorus parameter dialogue, there are drop-down menus for each supported database search engine.
Using the drop-down menus, you can choose the search results to be combined. Y ou can either:

» Choose an existing result

The list shows search results that already exist in the PEAKS project. Simply choose an existing result from
thelist.

e Import aresult from afile

If theresult by the search engine is exported to afile, that file can imported by choosing Import from thelist.
Specify the file and the searched database used from the pop-up dialogue.

* Launch anew search

A new database search can be launched using the particular search engine by choosing New Run... from the
list. Specify the search parametersin apop-up dialogue similar to the search engine's native interface. Please
refer to the particular search engine's user manual for instructions. For the PEAKS database search, please
refer to Section 2, “ Setting PEAK'S Search Parameters’.
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PEAKS ;Please select - | Mascot :Please select - Sequest :Please select -
X'Tandem FPlease select « OMSSA |Please select
Mew Run ... L : L .
Summary [PEAKS 3
Engine Precursor Error Fragment Error Enzyme Database Missed Cleavages FTM

Ay PEAKS is not selected, inchorus combination will not be performed.

OK ] [ Cancel

Note

A PEAKS result must be selected to combine results using inChorus.

Note

When launching anew search, if the datain the PEAK S project is not yet refined, data refinement will
be performed first with default parameters.

I mportant

To enable the calculation of the inChorus FDR, the same target-decoy database needs to be searched
by all of the engines. For PEAKS, X!Tandem, and OMSSA, this target-decoy database is generated
automatically. For SEQUEST and Mascot, atarget-decoy database needsto be exported from PEAKS
and added to their database list. Use thetool from Configuration->Database to export the target-decoy
database.
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Enzyme Database List

FTM

Labeled Q Method ALBU H
FE

Instrument Swiss

Database Details

FASTA format database: |UniProtkB/SwissProt v | Validate Database | ExportDecoyDE )
Basic Options
Database name: |Samp|EDB | Validated
Path: |D:‘Peak55t|.|dioE.S\DaE\SampleDB.ﬁsiﬁ | l Browse ] or [ Download ]
[T] EST database

Advanced Options - Fasta Title Format
Rule to parse accessionfid from FASTA title:

|>(Ep\D(S=) |
Rule to parse description from FASTA title:

s+ |
Accessionfid URL:

|ht1:|:|:,|",fln.un.un.l.ur1i|:br::|t.::rg|,|fur1i|:|rt:|t,|r <Accession/TD = I:I
Delimiter: |‘|,s+‘l,{.*‘l.l |

Taxonomy Options

'ﬁxonid| |[ Browse H Download ]

Exdmp| |[ Browse H Download ]

| Mew || Addjupdate || Delete || Hep |

Close

Then, check the " Search decoy database from PEAKS" checkbox for each third-party enginein their

parameter settings or importing dialogues (for PEAKS check the "Estimate FDR with decoy-fusion”
checkbox).
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Mascot Predefined parameters -
Database
Mascot Database | SampleWithDecoy iw | Taxa
Local Database | SampleDB - SetfView Taxa
Enzyme
Enzyme |Trypsin w | Allowupto |0 w | missed deavages
PTHM
Fixed |Carboxymethyl (C) Acetyl (K) -
Modification = tcetyl (N-term)
Acetyl (Protein N-term)
= Amidated (C-term)
Variabl dated (1)) Amidated (Protein C-term)
ariable Deamidate Q A iad ¥
P = - mmonia-oss (M-term C)
Medification|nyidation () Biotin (K)
< Biotin {N-term)
Carbamidomethvl (C) =

Display all modifications

Error Tolerance

Peptide Tol |20 ppm »| #8C [0 - MS/MS Tol |0.8 Da
Peptide Charge | 2+, 3+and 4+ - @ Monaisotopic Average
Misc
Instrument | ESI-TRAP - Report top |AUTO | hits Decoy < | Search decoy database from PEAKS, >

| Ok || Cancel |

3. Wait for PEAKS inChorus to complete the analysis. A new inChorus result node will appear in the Project
View. Double-click the node to open the result.

4. Theresult presentation issimilar to aPEAKS Search result, with additional columnsin the Peptidetable, which
show the search engine(s) that identified the peptide and their corresponding scores.

2. Understanding PEAKS inChorus Results

An inChorus result is displayed in avery similar format of a PEAKS Search results (Section 3, “Understanding
PEAKS Search Results”). This section only highlights the differences.

Peptide Score.  The first noticeable difference is that the inChorus peptide score is not the -10lgP score used
in PEAKS DB. Instead, a percentage confidence score is used to reflect the probability that this peptide-spectrum
match is correct. The percentage scoreis calculated in accordance with the empirical calculation used in Peptide-
Prophet™ (Keller et al. Anal. Chem. 2002, 74:5383-92).

1. The method of PeptideProphetTM is applied to each engine's result to estimate the probability of correctness
for each peptide identification.

2. If apeptide-spectrum match is identified by multiple engines, the scores for all those engines are added up to
aweighted sum.

3. The weighted sum scores of all peptides are converted to a probability by using the PeptideProphetT'vI method
again.

Protein Score.  The protein score is also a percentage score. It is calculated using the following approach. The
scores of the peptidesfrom aprotein are added up to aweighted sum. The PeptideProphetT'VI method isthen applied
to the weighted sum scores of al proteins to convert to a probability score.

Engineslcon. For each peptidein the "Peptide” view, the "Engines' column shows the engine(s) that identified
the peptide. Each engineis represented by aicon showing the initial letter of the engine's name:
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» P: PEAKS Search (PEAKS DB, PEAKS PTM, and SPIDER)

 M: Mascot

S: SEQUEST

e X: X!Tandem

O: OMSSA
Also, the following appearances of the icon indicates:

» Bluebackground Theengineidentified the peptide with high confidence (above the engine's own score thresh-
old. See Section 3, “Filtering PEAKS inChorus Results”).

» Whitebackground Theengineidentified the peptidewith low confidence (below the engine'sown score thresh-
old).

» Dash The engine did not identify the peptide.

= = [ seare
E 41 (1-280f28 ~ |[Hp w scan = | searo Q@ @ noresu
E Peptide Scan mjz RT Mass ppm #5pec Score (%) 4 Engines @' PEAKSEEl  SequestE]l Mascotfl  XTandemBd  Omssafs] PTM
1| 1 PO 1 . .
g 2 | ASEALKPDSQK 194 3918754 | 18.59 1172.6038 0.5 8 99.95 243 39.99 - SE-4
[ 3 | SEVAHRFK 414 487.2649 | 2228 9725142 1.1 2 99.92 1.33 42.05 -
) 4 |LVAETEDRK 465 354.1932 | 23.07 | 1059.5559 1.7 3 99.92 .27 45.01 - 1.01E-2
‘é 5 | QGVTEAAEK 167 466.7378 18.14 9314611 -0.1 3 99.92 111 40.80 - 5.26-3
o 6 |IGYGSMN{+.98)KK 220 434.2328 18.96 866.4498 1.4 2 99.91 - 37.32 - =]
%‘ 7 | Q(-17.03)AKHEEIDTK 568 394.5337 | 2446 1180.5725 57 1 99.66 24.58 2]
g 8 |EAHEIVSK 17 456.7428 15.30 911.4713 -0.2 1 99.54 - 30.76 -
é 9 [PGGGQVEVK 561 435.7363 | 24.38 869.4607 -3.0 1 99.38 0.90 21.06 7.1E-2
2 10 |NPTAFKK 142 403.2322 | 17.77 804.4494 0.5 1 99.25 0.91 35.37 -
11 |AALEAARDSK 405 516.2780 | 22.17 | 1030.5408 0.6 2 99.16 0.83 32.96
12 |VISQDTQPHQQK 557 704.8610 | 24.33 1407.7107 -2.3 1 97.93 -

Individual Engine's Score.  Inthe "Peptide" view, each engine's own score is displayed. A dash symbol indi-
cates that the peptide is not found by the engine.

FDR curves. TheFDR curvesfor all selected search engines are placed together in asinglefigurein the " Sum-
mary" view. The black * marks on the search engines FDR curvesindicate the score threshol ds of the correspond-
ing engines. Thered * mark indicates the inChorus FDR threshold.

5.0%

4.0%

FOR

1000 1500 2000 2500 3000
number of peptide-spectrum matches

==PEAKS ==Mascot == OMSSA Sequest ¥ Inchorus 3 Engine Threshold

Note

Sincethereare overlapsin the peptidesidentified by different engines, the FDR threshold for theinChorus
result is higher than the respective FDR threshold for each individual engine.

Venn Diagram. A Venn diagram shows the number of identified PSMs by the three engines that identified the
most PSM's under the current FDR threshold setting.

119



Combining Multiple Data-
base Search Engines
with PEAKS inChorus

PEAKS Mascot

1612(18) 109(10)

L 1% 9 29, target(decoy)

FDR%

1291(0)

OM55A

3. Filtering PEAKS inChorus Results

The filtration parameters can be specified using the control panel in "Summary" view. Click the Apply Filters
button after changing the parameter values.

Proteins Score (%) = | 50  and = 0 ., | unique peptides

Peptides TargetinChorus FOR: 1%

De novo onby ALC (%) = 50 Apply Export Motes

Filtering peptidesin theinChorusresult isdifferent to that in the PEAK S Search result. Click the Edit filters button
in the "Summary" view to specify the peptide filtering rules. Peptides can be filtered by either the inChorus FDR
or by each individual engine's score. If filtering by the inChorus FDR, PEAKS cal cul ates the score threshold for
each search engine to automatically reach the target inChorus FDR. If filtering by each individual engine's score,
apeptideis kept aslong as at least one engine's score is above the specified threshold.

1 Set target inchorus FDR: 1%

@ 5Setindividual engine Threshold

At least one of the following conditions is true:

PEAKS -10igP =z| 114 - FOR.

Sequest Xcorr = 37 -
Mascat Score = 335 » FCR
¥ITandem e-value = 2.4E-2 »
Omssa e-value = |9.89E-1 « FDR

[ oK ] [ Cancel
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4. Exporting inChorus Results

The inChorus exporting function contains the same exporting options as PEAKS DB. Unlike PEAKS DB, the
exported results will contain inChorus scores and individual search engine scores for the supporting peptides of
the protein identifications. See Section 4, “Exporting Database Search Results’ for details.
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Chapter 12. Precursor lon
Quantification (e.g. SILAC and ICAT)

1. Overview

Precursor ion quantification with isotope labels at the MS level is one of the three quantification modes that are
supported by the optional PEAKS Q module for PEAKS Studio. In this mode, the isotope labels with different
mass values are introduced as two or more samples. The samples are then analyzed together in an LC-MS/MS
experiment. The same peptide from different samples is recognized by a set of precursor ion peaks with similar
retention time and mass differences within the retention time window and the mass error tolerance set by the
user. Theratio is calculated from the intensities of those peaks. PEAKS Q supports both user-defined labels and
commercial quantification labels.

Precursor 1on Quantification can be launched from either the Project Wizard workflow Chapter 4, Project Wiz
ard - Create a PEAKS Project, Load Data and Set up a Workflow, or on an existing PEAKS DB result. When
running quantification on an existing result, ensure that the specified isotopes are labeled as variable PTMswhen
performing the database search. After the database search is complete, follow these steps:

1. Select a PEAKS DB result node in the "Project View" frame. Click the PEAKS Quantification toolbar icon,

Q, or select the Toolg|Quantification command from the menu.

Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
how to perform PEAKS DB and quantification in asingle easy workflow.

2. Select the quantification protocol, “Precursor lon Quantification”; specify the PEAKS quantification parame-
tersin the dialogue box on the right; and click OK.

[
3 Wait for the analysisto finish. A new quantification result node, =, will appear in the "Project View". Double

click the node to open the result.

2. Setting Parameters

The following parameter dialogue appears when the quantification tool bar icon, Q , is clicked or the Tools|
Quantification command from the menu is clicked. Select Precursor 1on Quantification eg. SILAC under the
Quantifications heading.
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From the Select Methods drop-down menu, choose the appropriate quantification method used in experiment. To
examine the details of a selected quantification method, click on the View button. To create a new quantification
method, select Add New Method from the Select Methods drop-down menu. Refer to Section 2.3, “Labeled Q
Method Configuration” for how to create or edit a quantification method.

The following parameters are available in the “Basic Options’ section:

* MassError Tolerance: This parameter is used to locate the precursor ion peak group of an identified peptide
in the survey scan. It is recommended to set the mass error tolerance at the same precursor ion error tolerance
used in the PEAK S DB search . Either Da or ppm can be selected as the mass unit.

* Retention Time Range: The retention time range is the maximum retention time difference between paired
peptide features.

» -10logP Threshold: Only peptideswith ascore above thisthreshold are used to quantify theidentified proteins.
* FDR Threshold(%): Only peptideswith ascore abovethisthreshold are used to quantify theidentified proteins.

Note

Either -10lgP or FDR threshold can be selected

Quantification alows for the option of sample grouping. For experiments with multiple samples, the search bar

can be used to look for a specific sample. After selecting a sample, it can be added to a new group by clicking the
u -

* %/ button or to an existi ng group by clicking the ™" putton and selecti ng that option from the drop-down

menu. To add multiple files into their own separate groups, click the + 2 button. Display all samplesin each

group or just the individual groups by selecting the Expand and Collapse buttons, respectively. Samples can be

removed either individually or all at once by clicking the | button or the Remove All button, respectively.

R-to-P correction: Thiswill tell PEAK Sto consider the possibility that free heavy arginine residues metabolically
converted to proline residues beforeinsertion into the peptide. The areas of both the normal heavy-labelled arginine
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peptide feature and the heavy-labelled proline feature will be summed to cal cul ate the complete area of the heavy-
labelled peptide feature.

Note

If aquantification experiment is set separately from the complete workflow, select “R to P (13C5-15N1)”
from the PTM options window in an |dentification workflow and set it as a variable modification. This
step is unnecessary if a complete workflow is run from a New Project as the modification will automat-
ically be included.

Predefined parameters: This drop-down menu enables the saving, as well as the access to previously saved
parameters, for the ease to perform quantification regularly with the same parameters.

3. Understanding the Results

“
Once completed, the protein quantification result will be displayed in the quantification node = in the Project
View. Double-click on this node to open the result that contains four views: "Summary” view, "Protein” view,
"Peptide” view, and "LC/MS" view. The “ Summary” view will appear by default.

3.1. Summary View

The “Summary” view provides three main functions:

1. Result Filtration: Thisis achieved by specifying the filtration rules in the area at the top of the “ Summary”
view. The filtration function is discussed in Section 3.1.1., “Result Filtration”.

2. Summary Report: Severa statistical charts assist the user to get an overall picture of the results, assess the
result quality, and examine the reliability and reproducibility of the experiment. This function is the focus of
this section and is discussed in Section 3.1.2., “ Summary Report”.

3. Result Exporting: This is achieved by clicking the “Export” button at the top of the "Summary" view. The
exporting function is discussed in Section 3.1.3, “ Exporting Quantification Results”’.

The"Summary" view includes an expression profile with candidate proteins assorted in aheat map, result statistics
in both figures and tables, and alist of filtration parameters. To add a summary note, click on the Notes button at
the top-right of the “Summary” view to open a“Notes Entry” editor in which you can edit the notes. These notes
will be displayed in the “ Summary” view.

3.1.1. Result Filtration

PEAKS provides an extensive set of tools to filter Precursor lon Quantification results according to the users
requirements. There are three categories of optionsin the“ Summary” view: Experiment, Feature Vector Filter,
and Protein Filter.

Experiment Sample 1, Mo groups, Auto nonmalization Exeriment sattings Maormalkization Apply Export Haites
Feature Vector Filter -1gP = 15, Avg. area = DEQ, 1 = charge = 10, detected in at keast 1 label Edit...
Probein Filter Sigrificance = 0, Fold change = 1, has atleast 1 ursgue peplide Edit... Heat Map Fold Changes

3.1.1.1. Experiment

There are two buttons under this heading — Experiment Settings and Nor malization — which allow for control
over the analysis.

The following parameter dialogue appears when the Experiment Settings button is selected.
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Select Experiment  All Experiments

Experiment Setting
J| Perform Inter Experiment Normalization Experiment Spiked Channel
_Sample 1 Liigik -
Reference Experiment  Sample 1 - | [Sample 2 Light =
Sample 3 Light -
Exclude Spike Channel fior Significance
Experiment Groups | Optional )
search Q | Remove Al Collapse
JAN Sample 1 : Heavy o Group Calor
AL Sample 1 : Light wp ¥ I
Ll Sample 2 : Heavy “"J'-"
Ll Sample 2 : Lighk
Ll Sample 3 : Heavy %
L Sample 3 : Light ) | =Tl
- -
L= ]
Reference Label  Sample 1 : Light - Base Group @ Group 1

ok | | cancel |

» Select Experiment: When running quantification on an identification node that searched multiple samples(i.e.
replicate experiments within different treatments), this drop-down menu allows for the selection of a single
sample or every sample (All Experiments) for an analysis. Every label of the sample(s) selected will appear in
the screen located below the search bar.

» Experiment Groups: This section enables sample grouping, which can be facilitated by typing a sample name
(i.e. Sample 1) or a sample labdl (i.e. Light) into the search bar. All sampleg/labels that are identified in the
search will be listed together at the top of the screen for easy subsequent grouping into the screen on the right.

[+

After selecting the sample(s) to be grouped, add to a new group by clicking the * % putton or to an existing

group by clicking the * " button and selecting that existing group from the drop-down menu. All grouped
samples can be displayed or hidden by selecting the Expand and Collapse buttons, respectively. Samplescan be

removed individually or all at once by clicking the button or by clicking the Remove All, respectively.

» Reference Labdl: Use this drop-down menu to select areference label. The peptide area corresponding to this
reference label will be the denominator in all feature arearatio calculations. Only alabel that is already listed
in the Experiment Groups screen can be selected as a reference. Furthermore, if the samples/labels have been
grouped in the right-side screen, a Base Group title will appear at the bottom-right of the experiment window
and state the reference group, which isthe group that contains the reference label.

» Experiment Setting: Changes in this section can only be made when “All Experiments’ is selected from the
above drop-down menu. These options dictate which samples/labels the normalization options apply.
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e Perform Inter Experiment Nor malization: Check thisbox if aspikelabel was used in the experiment. This
isused to alow for quantification between experiments.

» Spike Channel Drop-down Menus. Select the channel in each sample that will be used for normalization.
The software assumes that similar peptide features containing this label across experiments will approach
a 1:1 ratio. Differences are assumed to be due to systematic error and all labeled channels are normalized

to this spike label.

« Exclude Spike Label for Significance: Since the spike label is assumed to be in a 1:1 ratio between exper-
iments, it should not be included in the significance calculation.

The following parameter dialogue appears when the Nor malization button is selected.

Marmalization @

Mormalization Mode

Mo normalization @) Auko normalization

Manual inpuk Mormalize to spike

Mormalization Fackors

Experiment | Sample 1

Zhannel Marme Factor EXD.EEtEd
R.atia
Light Sample 1 : Light [1.000 1.000
Heawy Sample 1 : He... [0.918336 1.000
Ik I | Cancel

Note

If there are multiple samplesin the quantification result and all samplesare selected, No normalization is
chosen asthe default option and will be the only normalization option unless Perform Inter Experiment
Normalization is check-marked in Experiment Settings.

* Autonormalization: Thisoptionwill calculate aglobal ratio from the total intensity of all labels. Factor values
and Expected Ratios between these channels (the labels) will be presented. The Experiment drop-down menu
can be opened to display the results of another sample.

* Manual input: This option performs the same default calculation as Auto normalization but also allows for
the manual change of each label's Expected Ratios. After changing aratio and hitting Enter on the keyboard.
PEAKS will recalculate the Factor for the non-referenced label(s). The Experiment drop-down menu can be
opened to display the results of another sample.
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* Normalizeto spike: Thisoption displays alist of identified proteins, which can be selected for normalization
factor calculation. A search bar is included to enable the quick location of selected proteins. Right-clicking
in the Protein screen will open a context menu that will alow for selection of the highlighted proteins or the
removal of all check-marked proteins. The expected ratios can be manually modified. It isassumed that the total
protein content of the selected proteinsin different labels have the ratios entered in the  Expected ratio’ column.

[

Maormalization

Mormalization Mode
() Mo normalization

) Manual input i@ Mormalize to spike

Mormalization Fackors

Experiment :Sample 1

R.akio

1.000

(71 Auto norrmalization

1.000

Expected

(]

Pratein Lisk

gearch

[ Pres ] [ ek ]

Prakein

sp|P21333-2| FLMA_HUMAN
(SHYS5|Q5HYSS_HUMARN
B4DM31 [B4DM31_HUMARN
Q5H {53 _HUMAN

<]

[ ] »

hark all the selected rowes

BZzz
sp|P
(5IPS3|QSIPS3_HUMAN
5p|PSE060-3|XPOZ_HUMAN
5p|PEE371| TBEZC_HUMAN
5p|P49327|FAS_HUMAN
5p|P21333-1|FLNA_HUMAN
5p|PO7437| TBES_HUMARN
sp|P13639|EFZ_HUMAN

Clear all

T o D 5]

3 proteins selected
[Right chick ko show popup menu)

[ Ok ] [ Cancel ]

-

If desired, sample names can be changed by double-clicking the chosen channel below the “Name” column

and typing the new name.

Select Apply within the filtration window of the “ Summary” view to include all Experiment Settings and Nor-

malization choices in the analysis.

3.1.1.2. Feature Vector Filter

The following parameter dialogue appears when the Edit... button is selected.
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Feature YWectar Filters @

Feature Yeckor Filkers

-10LgP = 15 - FOR.
CQuality = 0 -
fve, area = QED -
Charge between 1 - and 10 -
Reference label present 0
Mumber of labels present = 1 -
[ (0]4 ] [ Cancel

* -10L gP: Only peptides with a score above this threshold are used to quantify the identified proteins. PEAKS Q
will not allow the user to set a value less the value selected when setting up the search. Click the FDR button
to set a-10L gP value equivalent to a selected FDR.

» Quality: A higher quality peptide indicates that the peptide is more quantifiable. Factorsthat affect the quality
score include m/z difference, RT difference, XIC shape similarity, and the feature intensities. An appropriate
threshold value can be selected by checking the ratio-quality figure. The rule of thumb is to set the quality
threshold around a fold change of 8, as shown in this labelled version of Figure 3(a) of the “ Summary” view.
Only feature vectorswith aquality score above thisthreshold are used to cal culate the quanlity score of apeptide

16 -

Ratio

112

174 -

1/8 1

1716 | I
00 25 50 75 100 125 150 175 200

Quality

» Ave. area: Thisfilter isdirectly applied to the MS signal intensity. Higher intensity peptide features have been
shown to be more reproducible across replicates. The rule of thumb is to choose the average area near a fold
change of 8, as shown in this labelled version of Figure 3(b) of the “Summary” view. Only peptides with at
least one label above this threshold will be used in protein quantification.

» Charge between: Only peptides with feature vectors that all fall within this range will be used in protein
quantification.

» Reference label present: Only quantifiable peptides in which the reference label is present will be used in
protein quantification.
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* Number of labels present: Only quantifiable peptides which contain at |east the number of |abels selected will
be used in protein quantification.

Select Apply within the filtration window of the "Summary" view to include all selected filtersin the analysis.
3.1.1.3. Protein Filter

The following parameter dialogue appears when the Edit... button is selected. These filters determine what will
be included in a protein group significance calculation, as well as what significance score thresholds will be set.
For a protein group to have a significance score, it must have been identified in a samplée/label that has aready
been placed into agroup (in either the Tools | Quantification window or in Experiment Settings).

Protein Filters @

Praokein Filkers

I
[
1

-
=
el
1n,
—
4

o

Fold Change

I
4

I
4

nique Peptides

Madified Form Exclusion

Significance Method AMNOYA @) PEAES Q)

g ] | Cancel

 Significance: Only protein groups with a significance above this threshold will be listed in the “Protein” view.
Either this or “FDR” can be selected to set a significance threshold. A significance score threshold of 20 is
recommended.

» FDR: Adopt Benjamin—Hochberg method to adjust the p-value to the false discovery rate for all protein groups
that have aready passed the other filters. Only protein groups with significance scores passing the calculated
FDR will be listed in the “Protein” view. Either this or “ Significance” can be selected to set a significance
threshold.

» Fold Change: Only protein groups at or above this fold change threshold will be listed in the “ Protein” view.

» Unique Peptides: Only protein groups with at least this many unique peptides will be listed in the “Protein”
view.

* Modified Form Exclusion: Peptides that are modified with a variable PTM will not be included in the signif-
icance calculation for a protein group. This does not apply to the quantification labels.

* Significance M ethod: One of two significance cal culations can be applied to thelist of protein groups: PEAKS
Q or ANOVA. Scores will only be calculated for protein groups identified from samples that are in groups.
PEAKS Q is similar to the Significance B method employed by the paper referenced below. Additionally,
support for peptide similarity is considered. ANOVA requires that at least two samples be included in each
particular group. The ANOV A method employed is also referenced below.

Note

For more detailson PEAK S Q, refer to the following paper: “ MaxQuant enables high peptide identi-
fication rates, individualized p.p.b.-range mass accuracies and proteome-wide protein quantification.
Nat Biotechnol. 2008, 26(12): 1367-1372.

For moredetailson ANOVA, refer to thefollowing paper: “ On the comparison of several mean values:
an alternative approach” Biometrika. 1951, 38(3/4): 330-336.
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3.1.2. Summary Report
3.1.2.1. Heat Map

The heat map displays the protein groups that passed the filters. The relative protein abundance is represented
as a heat map of the representative proteins of each protein group. These representative proteins are clustered
if they exhibit a similar expression trend across the samples. The hierarchical clustering is generated using a
neighbour-joining algorithm with a Euclidean distance similarity measurement of the log2 ratios of the abundance
of each sample relative to the average abundance. An interactive protein profile heat map is opened in a new
window when the Heat Map button that is located in the filtration options. Right-click on the heat map in this
window to save a copy of it.
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sp|P182068-2|VING_HUMAN
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sp|F13638|EFZ_HUMAN Group 1
sp|P14818-1 | KFYM_HUMAN _
sp|P14825|ENPL_HUMAN Group 2

B2GQST|B2GRST_HUMAN
sp|PEO454|SERPH_HUMAN
sp[P11142-1|HSPTT_HUMAN
sp|PE2241 |RSE_HUNAN
sp|POT900-1|HSB0A_HUMAN
sp|P223284|PPIE_HUMAN
5p|PO7195|LDHE_HUMAN
sp|POTTET|PROFT_HUMAN
sp|FPOG235[HSS0E_HUMAN
QEHYS4|Q5HYES_HUMAN
B4DE21|B4DEI_HUMAN
sp|PO4075|ALDOA_HUMAN
sp|FP2EE4E|GRPTS_HUMAN

In the interactive heat map (by clicking the Heat Map button), move the cursor over any point to highlight the
protein accession name and the sample/label to which it matches. Right-click on the heat map and click Saveas...
to export a PNG file of the heat map.

3.1.2.2. Interactive Expression Wide Fold Change Graph

The following bar graph displays relative log2 ratio between two selected groups with respect to the rank of each
protein. Thelog2 function appliesto the selected primary group with respect to the sel ected secondary group. Hold
the cursor over any bar in thisfigure to display the associated fold change of each protein within the rank. Select
the drop-down menus to change the primary and secondary groups. Click Apply to set the new log2 ratio. Click
Save as... to export a PNG file of the bar graph.
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Groups: Group 1 vs Group 2
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3.1.2.3. Volcano Plot

A volcano plot combines a statistical test with the magnitude of the change enabling quick visual identification of
those data-points that display large-magnitude changes and that are also statistically significant. The volcano plot
in Figure 2(a) plots significance versus fold-change of the quantified proteins.

» Horizontal broken grey line: The selected significance threshold
» Vertical broken grey lines: The selected fold change thresholds

Plotting pointsin thisway resultsin two regions of interest in the plot: those points that are found towards the top
of the plot that are far to either the left or the right side. These represent values that display large magnitude fold
changes (hence being left or right of center) aswell as high statistical significance (hence being towards the top).
In thisfigure, the ratio is the group ratio set with respect to the base group. If more than two groups are present,
the max ratio is used instead.
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The“Protein” view contains an interactive volcano plot that can be hidden or displayed. Markers for the proteins
that are above the set significance threshold will be displayed in color. Scrolling the cursor over a marker will
highlight it and, subsequently, clicking on this marker will highlight the protein in the interface.

3.1.2.4. Feature Vector Ratio Distribution

Figures 3(a) and 3(b) plot the distribution of feature vector ratios by quality and by average area, respectively.
These plots help to determine the threshold values for the quality and intensity filters to obtain areliable section
of the analysis results. The rule of thumb is to set the quality threshold around an 8-fold change as shown below
in Figure 3(a). The quality filter is usually the better filter to use but under some circumstances, it may be better
to apply thefilter to the MS signal directly. The rule of thumb is still to choose the average area around an 8-fold
change. In both figures, the ratio is the group ratio with respect to the base group. If more than two groups are
present, each ratio value depicts a data point in the figures.

Figure 3. The distribution of feature vector ratio: (a) By quatity. (b) By intensity. @
(2)

Ratio
Hat

a0 25 50 78& W0 128 180 175 200 1w 10 10" 107 107 100 10° 10° 1|;'|* 10% 10% 109 9"
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3.1.2.5. Summary Tables

Tables 1 and 3 list the data and the filtered results, respectively. Table 2 lists the feature vector and protein result
filtration parameters.
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Tahle 1. Statistics of data. Tahle 2. Result filtration parameters.
#of M3 Scans 31468 -10LgP =15
#of M3MS Scans 106231 Average area =1E4

Charge [1, 3]
Chality z1
Feference label present  true
Mumber of labels present 1
Protein significance =0

Protein fold change =1
Undque peptides 23
Modified From Exclusion false
Significance method FEAKS(Q)
Table 3. Statistics of filtered result,

Feature wector groups 3538

Feature vectors 699

Features 23021

Peptide Sequences 7153

Protein Groups 370

Tables 4 and 5 list the quantification and instrument parameters, respectively.

Tahle 4. Cuantification parameters, Table 5. Instrument parameters

Cruantification Type: ICAT/SILAC Fractions: 20120812_Shér QEI_ARL MX4_mix_sample 1 raw, 20120812
Cuantification Mass Tolerance: 15 0ppm _Shér QEI_ARL MX4 fix sarnple 1raw, 20120817 _Shar QEI_ARL _MX4
Craantification BT Range: 0. 5min _mae_samnple 3 REP_3raw

-10LogP Threshold: 15.0 lon Source: ESI{nana-spray)

Reporter lon Type: M52 Fragmentation Mode: CID, CAD(y and b ions)

R to P Convert enabled: true IS Scan Mode FT-ICR/Orhatrap

Light: . (100.0%%) B (100.0%%) MEMS Scan IMode: Linear lon Trap

Heawry: B+ 10,013 (100, 0%5) K{+8.01) (100.0%)
Group Setings i Paramelers:
Group 1. Samgple 1 - Heavy
Group 1: Sample 2 : Hevry
Group 1. Sample 3 - Heavy
Group 2 Sample 1 : Light
Group 2 Sample 2 - Light
Group 2. Sample 3 - Light
DB Dependency; 5

Current Group Information:
Group 1. Sample 1 - Heavy
Group 1: Sample 3 : Heavy
Groug 1 Sample 3 © Heavy
Group 2: Sample 1 - Light
Group X Sample 2 : Light
Group 2. Sample 3 : Light

3.1.3. Result Exporting

PEAKS precursor ion quantification results can be exported to various HTML and text formats by clicking the
Export button within the filtration options in the "Summary" view. The "Summary" view and the images from
various views can also be exported to various HTML and text formats. Refer to Section 5, “Exporting Quantifi-
cation Results’, for details.
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3.2. Protein View

The"Protein" view lists al the quantified proteins present in the sample, characterizes each protein at the amino
acid level, and lists the supporting peptide features of each protein. It has three components:

» Protein Table: Thislistsal the quantified proteins present in the sample.

» Coverage: This characterizesthe protein sequence at the amino acid level. All the PTMs and mutations occur-
ring on the protein sequence will be displayed together with the MS/M S data supporting the inference.

» Peptides: Thisliststhe peptidesidentified from the selected protein in the Protein table.
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3.2.1. Protein Table

The quantified proteins are listed in the protein table with homologous proteins grouped together. This protein
table is the same as the other Protein tables found in the PEAKS DB, PEAKS PTM, and SPIDER results, but
includes the following additions:

 Significance: The protein significanceis set according to the rules set in the “ Summary” view. Refer to Section
3113

» Sample Profile: The absolute protein abundance among the samples is depicted as a heat map. Hold the cursor
on a profile to view the sample channels (Iabels), areas, and ratios with respect to the reference label selected
in Experiment Settings of the " Summary"” view.

» Group Profile: The absolute protein abundance among the groups is depicted as a heat map. Hold the cursor
on aprofile to view the group channels (labels), areas, and ratios with respect to the group which contains the
reference label selected in Experiment Settings of the "Summary” view.

See Section 3.3, “Protein View”, “Protein Table” for more details on other entries of the Protein table.

3.2.2. Coverage Tab

The Coverage tab characterizes the selected protein sequences at the amino acid level. See Section 3.3.2, “Protein
Coverage” , “Protein Coverage” for details.

3.2.3. Peptides Tab

The supporting peptides assigned to the protein are shown under the “Peptides’ tab.

[re——
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Thistable is similar to the peptide table in the “ Peptide” view.

(Checkbox): Select the peptides to appear within the Coverage Tab as blue bars.

Used: Select whether this peptideisused to calculatethe protein profile. Select one and right click onthe column
to show the pop-up menu. Use "Reset the used selection” to reset the used setting for all proteins.

Unique: This shows which peptides are only assigned to the current protein group.

Quality Score: The quality score of the peptide based on m/z difference, RT difference, X1C shape similarity
and feature intensities. The higher the quality of a peptide, the more quantifiableitis.

Sample Profile: The absolute peptide abundance among the samples is depicted as a heat map. Hold the cursor
on a profile to view the sample channels (Iabels), the areas, and the ratios with respect to the reference label
selected in Experiment Settings of the “ Summary” view.

Group Profile: The absolute peptide abundance among the groups is depicted as a heat map. Hold the cursor
on aprofile to view the group channels (labels), areas, and ratios with respect to the group which contains the
reference label selected in Experiment Settings of the “ Summary” view.

Group Area: The average area of peptide features in the group. The number of group area columns will equal
the number of groups.

Max Ratio: Maximum calculated ratio with respect to the given base group.

#Vector: The number of quantifiable feature vectorsincluded in the peptide ratio calculation. A vector is con-
sidered to be agroup of peptide features across samples and replicates used to create a peptide ratio. For exam-
ple, if there are three replicates in your experiment,you will have a maximum of three vectors.

Start: This shows the position of the first residue of the peptide that covers the protein.

End: This shows the position of the last residue (inclusive) of the peptide that coversthe protein.

To view the actual abundance of the peptide features among the samples or groups, move the cursor over the
corresponding profile. A tool-tip will display the actual peptide featureintensity along with theratio. Double-click
on the peptide feature to jump to the "Peptide" view. Right-click on the peptide feature to show a pop-up menu
similar to the one in the PEAKS DB supporting peptides tab.

3.3. Peptide View

The "Peptide" view displays the quantified peptides and their detailed PSM matching and feature information.
The interface is similar to the “Peptide” view in a PEAKS DB result. See Section 3.4, “Peptide View”, “ Peptide
View” for details.

135



PEAKS Q- MSLevel

e dree ST i 134 ———— —— Lawm Liwm

s B, Srag il Geved PR e Lgtl w | Al el e

B)

! ) - | e va
' ||‘l|||.l_|JI. FIVRNILMLY ..
eI

oAl Fl i e e ST Tl B 5 TR AT
E

0 pesen ||

A. Peptide Table: This contains the important details and statistics associated with each quantified peptide that
passesthefiltersinthe” Summary” view. The peptidetableisassociated with the corresponding letter A. located
in the previous screenshot.
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Note

Right-click on a peptide in the table to 'copy the peptide sequence', 'show spectrum in LC/MS, or
‘show original spectrum'

» -10lgP: Identification -10IgP scorethat indicatesthelikelihood of atrueidentification. The score corresponds
to the -10LgP score of the best PSM associated with a feature from all quantifiable feature vectors of this

peptide.

» Quality Score: The higher the quality of a peptide indicates that the peptide is more quantifiable. Factors
that affect the quality score include the m/z difference, RT difference, XIC shape similarity, and feature
intensities.

» Sample Profile: The absolute peptide abundance among the samples is depicted as a heat map. Hold the
cursor on aprofileto view the sample channel s (Iabels), the areas, and the ratios with respect to the reference
|abel selected in Experiment Settings of the* Summary” view. Hold the cursor on aprofileto view the sample
channels (labels), areas, and ratios with respect to the reference label selected in Experiment Settings of the
“Summary” view.

» Group Profile: The absolute peptide abundance among the groups s depicted as a heat map. Hold the cursor
on a profile to view the group channels (labels), areas, and ratios with respect to the group which contains
the reference label selected in Experiment Settings of the “ Summary” view. Hold the cursor on a profile to
view the sample channels (1abels), areas, and ratios with respect to the group that contains the reference label
selected in Experiment Settings of the “ Summary” view.

» Group Area: The average area of peptide features in the group. The number of group area columns will
equal the number of groups.

» Max Ratio: The maximum calculated ratio with respect to the given base group.
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» #Vector: The number of quantifiable vectorsincluded in the peptideratio calculation. A vector is considered
to be a group of peptide features across samples and replicates used to create a peptide ratio. For example,
if there are three replicates in your experiment, you will have a maximum of three vectors.

» Accession: The protein with the highest -10IgP that the peptide supports. If no proteins that the peptide
supports pass the protein filters, the accession field will be empty.

The bottom screen of the “Peptide” view contains four interactive windows that are organized according to
their letters in the previous screenshot.

B. MS/M SView: Thetandem scan that corresponds to the selected label set at the Current PSM Label drop-down
menu. Click the drop-down window to change the PSM Label. This change will be reflected in the LC/IMS
View, the XIC, and the MS View. See Section 3, “MS/IMS View”, “MS/MS View" for details.

C. LC/MSView: ThisLC/MSscreeniszoomed into the featuresthat correspond to theisotopic labels, i.e. “Light”
and “Heavy”. The m/z between the markers for these features should equate to the mass difference of the two
labelsinthissample. If R-to-P correctionisapplied (See Chapter 12, Section 2 for details), peptides with heavy
proline labels will be highlighted to the right of the normal heavy label in this view. See Section 4, “LC/IMS
View”, “LC/IMSView”, for details.

D. MS View: The survey scan represents the scan at a selected retention time on the LC/MS View. By defaullt,
the parent scan of the tandem scan (in the MS/MS view) is displayed. View other neighbouring survey scans
by clicking on the horizontal arrows to move along the retention time axis. The retention time position will
be adjusted in the LC/M S view and the XIC. Click the curved arrow to return to the default survey scan. See
Section 2, “MS View” for details.

E. XIC: This map presents the changesin feature intensity over the retention time range of the peaksfor all l1abels
of the selected peptide. Additionally, the coloured isotopic distribution plot — MO, M+1, M+2, and REST — of
each labdl isincluded, which shows the relative composition of each label.

Select All Vectors to open awindow that displays the feature vectors that correspond to a quantifiable peptide
above the Feature Vector Filters assigned in the " Summary" view. The -10IgP in the upper screen of the " Peptide"
view corresponds to the feature vector with the highest -10lgP score above the filters. The quality score in the
upper screen corresponds to the average of the quality scores for all feature vectors above the filters. Scroll the
cursor over the Sample Profile to see the m/z, the RT, the area, and ratio of the labels for each feature. The Max
Ratio corresponds to the ratio of the largest labelled area to the smallest labelled area, regardless of which label
was set asthe reference in the " Summary" view.
4 Feature vechors
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Select the Protein button to go to the Protein tab. The protein to which this peptide corresponds will be highlighted
inthetab. If this peptide identifies more than one protein, anew window will open and show all of the correspond-
ing proteins. Select the desired protein to go to the Protein tab.

3.4. LC/MS View

This view displays the distribution of LC-MS signals/features in the fractions. See Section 4, “LC/MS View” for
detailson LC/MS View.
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Chapter 13. Reporter lon
Quantification (e.g. ITRAQ and TMT)

1. Overview

Reporter ion quantification with chemical labels at the MS2 (MS3) level is one of the three quantification modes
that are supported by the optional PEAKS Q module of PEAKS Studio. It isbased on the relative intensities of the
fragment peaks at fixed m/z values within an MS2 (M S3) spectrum. In this mode, chemical |abels with the same
mass are introduced to several samples. The samples are then analyzed together in an LC-MS/M S experiment.
The same peptides from different samples will have the same precursor m/z and are fragmented together. In the
MS/MS (M S3) scans, labels from different samples will produce different reporter ions, which can then be used
to calculate the quantification ratio between samples. Both user-defined and commercial labels (i.e. ITRAQ and
TMT) are supported by PEAKS Q.

Reporter 1on Quantification can be launched from either the Project Wizard Workflow (see Chapter 4) or on an
existing PEAKS DB result (See Chapter 9, Peptide, PTM, and Mutation Identification (PEAKSDB, PEAKSPTM,
and SPIDER)). When running quantification on an existing result, ensure that the specified labels are listed as
fixed PTMs on the database search result against which its referencing. After the database search is complete,
follow these steps:

1. SelectaPEAKSDB (PEAKSPTM or SPIDER) result nodein the Project view. Click the Quantification tool bar

icon, Q or select Tools | Quantification command from the menu..

Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
how to perform PEAKS DB and quantification in asingle easy workflow.

2. Select the quantification protocol, “ Reporter lon Quantification” ; specify the PEAK S quantification parameters
in the dialogue box on the right; and click OK.

e
" Wait for the analysisto finish. A new quantification result node, =, will appear in the "Project” view. Double
click the node to open this result node.

The quantification results with labels are displayed in aformat that is similar to the PEAKS DB result, A ratiois
added to each quantifiable peptide and protein.

2. Setting Parameters

The following parameter dialogue pops up when the quantification tool bar icon, Q is clicked or the Tools |
Quantification command from the menu is clicked. Select “Reporter 1on Quantification eg. iTRAQ” under
the “Quantifications”.
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”y Quantification @

- : Reporter Ion Quantification Predefined parameters -
Quantifications

Select Methods: TMT-Splex {CIDYHCD) - Yigi

Basic Options

Mass Error Tolerance:  |0.02 Da = @) -10logP Threshold 15.0

Label Free

Reporker Ion Type: M32 @ M33 FDR. Threshold{%) |1.0

Experiment Groups { Optional )
search Q | Rermove Al | | Collapse

N S=mple 1 Th
Precursor Ion Quantification ! * Q? . Group Calor
=0 SlLAC JL sample 1 ¢ TMTE-127C e

JL Sample 1 : TMTE-1258

ML Sample 1: TMTS-129M |5 =i\

Ll Sample 1 : TMTE-129C = =\

JL Sample 1 : TMTE-130

JL Sample 1 ; TMTS-131

ML Sample 2 : TMTE-126 - -

Ll Sample 2 1 TMTE-127M

JL Sample 2 : TMTE-127C

JL Sample 2 TMTE-128 ]

JL Sample 2 ; TMTE-1290M -

Il Sample 2 TMTE-129C

K Cancel Help

From the Select M ethods drop-down list, choose the appropriate quantification method used in the experiment. To
examine the details of a selected quantification method, click on the View button. To create a new quantification
method, select Add New Method from the Select M ethods drop-down menu. Refer to Chapter 17, Section 2.3,
"Labeled Q Method Configuration” for how to create or edit a quantification method:

» MassError Tolerance: This parameter is used to locate the reporter ion peaks in the MS/MS scan. It isrec-
ommended to set the mass error tolerance alittle wider than the fragment ion error tolerance used in the PEAKS
DB search. Either Da or ppm can be sel ected as the mass unit.

* Reporter lon Type: This parameter allows for the selection of MS2 or M S3 as the reporter ion type for quan-
tification.

» -10lgP Threshold: Only peptides with a score above this threshold are used to quantify the identified proteins.
Either this option or the FDR Threshold can be selected.

* FDR Threshold(%): Only peptideswith ascore abovethisthreshold are used to quantify theidentified proteins.
Either this option or the -10logP Threshold can be selected.

» Quantification allows for the option of sample grouping. For experiments with multiple samples, the search bar
can be used to look for a specific sample. After selecting a sample, it can be added to a new group by clicking

L]

the " “i button or to an existi ng group by clicking the *° putton and selecti ng that option from the
drop-down menu. Display all samplesin each group or just the individual groups by selecting the Expand and
Collapse buttons, respectively. Samples can be removed individually or removed al at once by clicking the

button or the Remove All button, respectively.

» Predefined parameters. This drop-down menu enablesthe saving, aswell asthe previously saved parameters,
for the ease to perform quantification regularly with the same parameters.
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3. Understanding the Results

Once compl eted, the protein quantification result will be displayed in the "Project View" as a quantification node,

“
2., Double-click on this node to open the result that contains four views: “Summary” view, “Protein” view,
“Peptide” View, and “LC/MS’ view. The “Summary” view will appear by default.

3.1. Summary View
The “Summary” view provides three main functions:

» Result Filtration: This is achieved by specifying the filtration rules in the area at the top of the "Summary"
view. Thefiltration function is discussed in Section 3.1.1, "Result Filtration™.

* Summary Report: Severa statistical charts are displayed to provide an overal picture of the results, assess
the result quality, and examine the reliability and reproducibility of the experiment. This function is discussed
in Section 3.1.2, “ Summary Report”.

» Result Exporting: Thisis achieved by clicking the “Export” button at the top of the "Summary” view. The
exporting function is discussed in Section 3.1.3, “ Exporting Quantification Results’.

The“ Summary” view includes an expression profile with candidate proteins assorted in aheat map, result statistics
in both figures and tables, and alist of filtration parameters. To add a summary note, click on the Notes button at
the top-right of the “Summary” view to open a“Notes Entry” editor in which you an edit the notes. These notes
will be displayed in the “ Summary” view.

3.1.1. Result Filtration
PEAKS provides an extensive set of tools to filter Reporter lon Quantification results according to the users

requirements. There are three categories of options in the “ Summary” view: Experiment, Spectrum Filter, and
Protein Filter.

Experiment &l Experiments, & groups, Mo inker experiment normalization, Mo normalization l Experiment Settings ] L

Spectrum Filter  -10LgP = 14.7, Quality =0, Reporter Ion intensity = 0EO, detected in at least 1 channel | Edit...

Protein Filter Significance =0, Fold change = 1, Significance method: PEAKSD, has at least 1 unique peptide | Edit...

3.1.1.1. Experiment

There are two buttons under this heading - Experiment Settings and Normalization - which allow for control
over the analysis.

The following parameter dialogue appears when the Experiment Settings button is selected.
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Experiment Settings @

Select Experiment | All Experiments -

Experiment Setting

| Perform Inter Experiment Mormalization Expetirment Spiked Channel
Sample 1 TMTE-126 -
Reference Experiment | Sample 1 w | [Fample 2 TMTE-126 -
Sample 3 TMTE-126 -
Exclude Spike Channel for Significance

Experiment Groups { Opkional )
s=arch Q [ Remove Al i | Callapse

Sample 1 ; TMTE-126
AL Sample 1 : TMTS-127N »
AL Sample 1 @ TMTE-127C
ML Sample 1 : TMTE-128
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Ll Sample 2 : TMTE-126 - -
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Reference Label |Sample 1 : TMT3-126 - Base Group | 126

| o4 | | Cancel |

» Select Experiment: When running quantification on an identification node that searched data within multiple
samples (i.e. replicate experiments within different treatments), this drop-down menu allows for the selection
of asingle sample or every sample (All Experiments) for an analysis. Every label of the sample(s) selected will
appear in the screen located below the search bar.

» Experiment Groups (Optional): This section enables sample grouping, which can be facilitated by typing a
sample name (i.e. Sample 1) or a sample label (i.e. TMT-126) into the search bar. All samples/labels that are
identified in the search will be listed together at the top of the screen for easy subsequent grouping into the

[+

screen on the right. After selecting the sample(s) to be grouped, add to a new group by clicking the * &

button or to an existing group by clicking the ** putton and selecti ng that existing group from the drop-
down menu. All grouped samples can be displayed or hidden by selecting the Expand and Collapse buttons,

respectively. Samples can be removed individually or all a once by clicking the < button or by clicking
Remove All, respectively.

» Reference Labdl: Use this drop-down menu to select areference label. The peptide area corresponding to this
reference label will be the denominator in all feature arearatio calculations. Only alabel that is already listed
in the Experiment Groups screen can be selected as a reference. Furthermore, if the samples/labels have been
grouped in the right-side screen, a Base Group title will appear at the bottom-right of the experiment window
and state the reference group, which isthe group that contains the reference label.

» Experiment Setting: Changes in this section can only be made when “All Experiments’ is selected from the
above drop-down menu. These options dictate which samples/label s the normalization options apply.
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e Perform Inter Experiment Nor malization: Check thisbox if aspikelabel was used in the experiment. This
is used to enable quantification between experiments.

« Spike Channel Drop-down Menus: Select the channel in each sample that will be used for normalization.
The software assumes that similar peptide features containing this label across experiments will approach
a 1:1 ratio. Differences are assumed to be due to systematic error and all labeled channels are normalized
to this spike label.

» Exclude Spike Label for Significance: Since the spike label is assumed to bein a1:1 ratio between exper-
iments, it should not be included in the significance calculation.

The following parameter dialogue appears when the Nor malization button is selected.

Marmalization @

Maormalizakion Mode

@ Mo normalizakiors () Auko normalization

Manual input Mormalize to spike

Mormalization Factors

Experiment |Sample 1 -
Channel Mame Factar EXD.ECtEd
R.atio
TMTE-126 Sample 1 : TH... [1.000 -

TMTE-127M Sample 1@ T, |1.000 -
TMTE-127C Sample 1@ T, |1.000 -
TMTE-125 Sample 1@ T, |1.000 -
TMTE-1250 Sample 1 : TH,.. {1,000 -
TMTE-122C Sample 1 : TH, .. {1,000 -
TMT3-130 Sample 1 : TH, .. {1,000 -
TMTE-131 Sample 1 : TH, .. {1,000 -

(a4 ] | Cancel

Note If there are multiple samples in the quantification run and all samples are selected, No Normalization is
chosen as the default option and will be the only normalization option unless Perform Inter Experiment Nor -
malization is check-marked in Experiment Settings.

» Autonormalization: Thisoptionwill calculate aglobal ratio from thetotal intensity of all labels. Factor values
and Expected Ratios between these channels (the labels) will be presented. The Experiment drop-down menu
can be opened to display the results of another sample.

* Manual input: This option performs the same default calculation as Auto normalization but also alows for
the manual change of each label's Expected Ratios. After changing aratio and hitting “Enter” on the keyboard.
PEAKS will recalculate the Factor for the non-referenced label(s). The Experiment drop-down menu can be
opened to display the results of another sample.

* Normalize to spike: This option displays a list of identified proteins, which can be selected to create a nor-
malization ratio. A search bar isincluded to enable the quick location of select proteins. Right-clicking in the
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Protein screen will open awindow that will allow for the selection of multiple highlighted rows or the removal
of all check-marked proteins. The expected ratios can be manually modified. It is assumed that the total protein
content of the selected proteins in different labels have the ratios entered in the ‘Expected ratio’ column. If
desired, sample names can be changed by double-clicking the chosen channel below the “Name” column and
typing the new name.

Mormalization

=5

Mormalization Mode Prokein List
search Q
(71 Mo normalization (7 Auta normalization
[ Prew ] [ Mexk ]
() Manual input @ Mormalize to spike
Pratein
Mormalization Factors P31327|CPSM_HUMAN -
Experiment |Sample 1 P31327-3|CPIM_HUMARN | El
075360 |FLME_HUMAR —
Exneched |EYENSS|EFENSS_HUMAMN [
Chaninel Marne Fackor Raliicl F
TMTE-126 Sample 1 ¢ T... 1.000 1,000 0753 ! o =
TMTE-127M Sample 1 T... [3.712736 1.000 POS hdark all the selected rowvs E
TMTS-127C Sample 1 T... [0.075996 1.000 @ Clear all E
TMTS-128 Sample 1 T... [3.285936 1.000 L — E
TMTS-129M Sample 1 T... [272.566437 1.000 O75369-5|FLME_HUMAN E
TMTS-129C Sample 1 T... [2558.64624 1.000 P14618|KPYM_HUMARN |:
TMTE-130 Sample 1 T... |406.862335 1.000 75 369-3|FLME_HUMARN E
TMTE-131 Sample 1 T... [212.58728 1.000 Pzz314|UBAL_HUMARN E
75360-6|FLME_HUMARN [F]
D006 10]CLHL_HUMAN [F]
O75365-2 | FLME_HUMAR 0 ~

3 proteins selected
[Right dick ko show popup menu)

(8] 4 ] [ Cancel ]

Select Apply within the filtration window of the “Summary” view to include all Experiment Settings and Nor-
malization choicesin the analysis.

3.1.1.2. Spectrum Filter

The following parameter dialogue appears when the Edit... button is selected.

(3]

Spectrum Filters

-10LgF = 14.7 » || FOR
Cuality 0 -
Reporter Ion Intensity = CED
Reference Channel Present &l

Murnber of Channels Present = 1 -

[ (8] 4 ] [ Cancel

e -10LgP: Only peptides with a score above this threshold are used to quantify the identified proteins. PEAKS
Q will not allow the user to set a value less than he value selected when setting up the search. Click the FDR
button to set a-10LgP value equivalent to a selected FDR.
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e Quality: A higher quality peptide indicates that the peptide is more quantifiable. Factors that affect the quality
score include the identification -10LgP score, the noise around the reporter ions, and the mass error of reporter
ions. An appropriate threshold value can be selected by checking Figure 3(b): Accumulation curve for quality
in the "Summary" view. The rule of thumb is to set the quality threshold near the region of the quality score
axis at which the curves begin to significantly drop.
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2,500 1
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» Charge between: Only peptides with feature vectors that all fall within this range will be used in protein
quantification.

» Reference label present: Only quantifiable peptides in which the reference label is present will be used in
protein quantification.

* Number of labels present: Only quantifiable peptides that contain at least the number of |abels selected will
be used in protein quantification.

Select Apply within the filtration window of the "Summary" view to include all selected filtersin the analysis.
3.1.1.3. Protein Filter

The following parameter dialogue appears when the Edit... button is selected. These filters determine what will
be included in a protein group significance calculation, as well as what significance score thresholds will be set.

For a protein group to have a significance score, it must have been identified in a sample/label that has aready
been placed into a group (in either the Tools | Quantification window or in Experiment Settings).
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Protein Filters @

Prokein Filters

= 10 -

FDR = 1 - Y
Faold Change = 1.5 -
IJnique Peptides = 1 -

Modified Form Exclusion

Significance Method AMNOYA @) PEAES Q)

(4 | | Cancel

 Significance: Only protein groups with a significance above this threshold will be listed in the “Protein” view.
Either this or “FDR” can be selected to set a significance threshold. A significance score threshold of 20 is
recommended.

* FDR: Adopt the Benjamin—Hochberg method to adjust the p-value to the false discovery rate for all protein
groups that have already passed the other filters. Only protein groups with significance scores passing the cal-
culated FDR will be listed in the “Protein” view. Either this or “ Significance” can be selected to set a signifi-
cance threshold.

Note

For more details on the Benjamin-Hochberg FDR method, refer to the following paper: "Controlling the false
discovery rate: a practical and powerful approach to multipletesting." J. R. Statist. Soc. 1995, B57, 289-300.

» Fold Change: Only protein groups at or above this fold change threshold will be listed in the “ Protein” view.

» Unique Peptides: Only protein groups with at least this many unique peptides will be listed in the “Protein”
view.

» Modified Form Exclusion: Peptides that are modified with a variable PTM will not be included in the signif-
icance calculation for a protein group. This does not apply to the quantification labels.

* Significance M ethod: One of two significance cal culations can be applied to thelist of protein groups: PEAKS
Q or ANOVA. Scores will only be calculated for protein groups identified from samples that are in groups.
PEAKS Q is similar to the Significance B method employed by the paper referenced below. Additionally,
support for peptide similarity is considered. ANOVA requires that at least two samples be included in each
particular group. The ANOV A method employed is aso referenced below.

Note
For more details on PEAKS Q, refer to the following paper: “ MaxQuant enables high peptide identification rates,
individualized p.p.b.-range mass accuracies and proteome-wide protein quantification.” Nat Biotechnol. 2008,

26(12): 1367-1372.

For more detailson ANOVA, refer to the following paper: “ On the comparison of several mean values: an alter-
native approach” Biometrika. 1951, 38(3/4): 330-336.

3.1.2. Summary Report

3.1.2.1. Heat Map

The heat map displays the protein groups that passed the filters. The relative protein abundance is represented
as a heat map of the representative proteins of each protein group. These representative proteins are clustered
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if they exhibit a similar expression trend across the samples. The hierarchical clustering is generated using a
neighbour-joining algorithm with a Euclidean distance similarity measurement of the log2 ratios of the abundance
of each sample relative to the average abundance. An interactive protein profile heat map is opened in a new
window when the Heat Map button that is located in the filtration options. Right-click on the heat map in this
window to save a copy of it.
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In the interactive heat map (by clicking the Heat Map button), move the cursor over any point to highlight the
protein accession name and the sample/label to which it matches. Right-click on the heat map and click Saveas...
to export a PNG file of the heat map.

3.1.2.2. Interactive Expression Wide Fold Change Graph

Thefollowing bar graph displays the relative log2 ratio between two selected groups with respect the rank of each
protein. Thelog2 function appliesto the selected primary group with respect to the sel ected secondary group. Hold
the cursor over any bar in this figure to display the associated fold change of each protein within the rank. Click
the drop-down menus to change the primary and secondary groups. Click Apply to set the new log2 ratio. Click
Save as... to export a .PNG file of the bar graph.
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3.1.2.3. Box Plot

An interactive box plot (by clicking the Box Plot button) displays a distribution of the intensity values for each
label in the experiment. A plot displaying the average distribution for al labelsis aso included.
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3.1.2.4. Volcano Plot

A volcano plot combines a statistical test with the magnitude of the change enabling quick visual identification of
those data-points that display large-magnitude changes and that are also statistically significant. The volcano plot
in Figure 2(a) plots significance versus fold-change of the quantified proteins.

» Horizontal broken grey line: The selected significance threshold.
» Vertical broken grey lines. The selected fold change thresholds

Plotting pointsin thisway resultsin two regions of interest in the plot: those pointsthat are found towards the top
of the plot that are far to either the left or the right side. These represent values that display large magnitude fold
changes (hence being l€eft or right of center), aswell as high statistical significance (hence being towards the top).
In this figure, the ratio is the group ratio set with respect to the base group. If more than two groups are present,
the max ratio is used instead.
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The “Protein” view contains an interactive volcano plot that be hidden or displayed. Markers for the proteins that
are abovethe set significance threshold will be displayed in color. Scrolling the cursor over amarker will highlight
it and, subsequently, clicking on this marker will highlight the protein in the interface.

3.1.2.5. Quality Control Statistics

Figure 3 displays the box plot and the accumulation quality curve described in Sections 3.1.2.3 and 3.1.1.2, re-
spectively.

Figure 3. Quality control statistics. (a) Box plot for each channel. th) Accurmulation curve for quality, @
@)
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3.1.2.6. Summary Tables

Tables 1 and 3 list the data and the filtered results, respectively. Table 2 lists the feature vector and protein result
filtration parameters.

Table 1. Statistics of data. Table 2. Result filtration pararmeters.

# of WIS Scans 128931 Peptide significance =0

# of ME/MDS Scans 410708 Peptide fold change =1
Feport ion intensity =1E4
Quality =35

Feference channel present  falze
Murmber of channels present 1

Protein significance =10
Protein fold change =15
Unigue peptides =1
significance method PEAKZQ

Table 3. Statistice of filtered result.
Peptide-Spectrum Matches 67565

Peptide Sequences 8650

Protein Groups 23

Tables 4 and 5 list the quantification and instrument parameters, respectively.

Table 4. Quantification parameters. Table 5. Instrument parameters.

Cuantification Type: 1TRAQ-4plex Fractions: 100702V1E51_Kaja_samplel _frac_l.raw, 100709V1E51_Ka
Cuantification IMass Tolerance: 0.20a a_szamplel frac_Zraw, 100712VIES]_Kaja_samplel _frac_3.raw, 10
FDE Threshold(%ay: 1.0 0714VIRS]_Kaja_samplel frac 4 raw, 100715V1IRE1_Kaja samnplel f
Reporter Ion Type: W32 rac_5raw, 100716VIES1 Kaja samplel frac éraw, 100719VIRS] K
iTRAQ4-114: 114.1107 aja_sarnplel frac 7 raw, 100723V1R51 Kaja samplel frac 8 raw,
iTRAQ4-115 1151077 100726V1IES1_Kaja samplel frac 9raw, 100702VIES1 Kaja samplel
iTRAD4-116: 116.1111 _frac_10.raw, 100708W1ES1_Kaa samplel frac 11.raw, 100709%1E
iTRAQ4-117: 117.1144 51 Kaja samplel frac 12raw, 100712VIRES] Kajm sarmplel frac 13
Group Settings in Parameters: raw, 100714V1IRS1 Haja samplel frac 14.raw, 100715V1IRS1 Hajp
Group 1: 3ample 1 0 iTRAQ4-114 samplel frac 15 raw, 100716V1RS1 Kaja samplel frac 16 raw, 10
Group 1: Sample 1 iTRAQ4-115 O719WIRS] Kaja samplel frac 17.raw, 100723VIRS] Kaja samplel
Group 2: Jample 1 0 iTRAQ4-116 frac_18.raw, 100726W1RS1 Kaja samplel frac 19.raw, 100702W1ERS
Group 2: Jample 1 0 iTRAQ4-117 1 Kaja samplel frac 20raw, 100708WVIRS1 Kaja samplel frac 21
DB Dependency: 24 raw, 100709 IRE1 Kaja samplel frac 22 raw

Current Group Information: [on Source: ESI nano-spray)

Group 1:iTRAQ4-114 Fragmentation Mode CIDVECD

Group 1:iTRAQ4-115 M3 Scan Mode: FT-ICR/Orbitrap

Group 2:iTRAQ4-116 MEMS Scan Mode: Linear Ton Trap

Group 2:iTRAQ4-117

3.1.3. Result Exporting

PEAKS reporter ion quantification results can be exported to various HTML and text formats by clicking the
Export button within the filtration options in the "Summary" view. The "Summary" view and the images from
variousviews can also beexported to variousHTML and text formats. Refer to Chapter 16, Section 5.2, “ Exporting
Reporter lon Quantification Results” for details.
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3.2. Protein View

The"Protein" view lists all the quantified proteins present in the sample, characterizes each protein at the amino
acid level, and lists the supporting peptide features of each protein. It has four components:

e Protein Table: Thislistsal the quantified proteins present in the sample.

e Protein Volcano Plot: Click on amarker that is above the significance threshold that was set in the “ Summary”
view. Upon selection, the corresponding protein in the protein table will be highlighted.

» Coverage: This characterizesthe protein sequence at the amino acid level. All the PTMs and mutations occur-
ring on the protein sequence will be displayed together with the MS/M S data supporting the inference.

» Peptides: Thisliststhe peptidesidentified from the selected protein in the protein table.
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3.2.1. Protein Table

The quantified proteins are listed in the protein table with homologous proteins grouped together. This Protein
table is similar to the tables displayed in the PEAKS DB, PEAKS PTM, and SPIDER results, but includes the
following additions:

 Significance: The protein significanceis set according to the rules set in the “ Summary” view, refer to Section
3113

» Sample Profile: The absolute protein abundance among the samplesis depicted as a heat map. Hold the cursor
on a profile to view the sample channels (labels), the areas, and the ratios with respect to the reference label
selected in Experiment Settings of the " Summary" view.

» Group Profile: The absolute protein abundance among the groups is depicted as a heat map. Hold the cursor
on aprofile to view the group channels (labels), areas, and ratios with respect to the group which contains the
reference label selected in Experiment Settings of the "Summary” view.

See Chapter 9, Section 3.3.1, “Protein Table” for more details on the other entries of the Protein table.

3.2.2. Protein Volcano Plot

This interactive volcano plot enables the selection of a protein in the table. Protein markers that are above the
significance threshold can be selected. Upon selection, the corresponding protein in the Protein Table will be
highlighted. Proteins located in the top-right and top-left sections of this plot (above the significance threshold
and to the right and left of the fold change thresholds) are considered statistically significant. The volcano plot
facilitates identification of these significant proteins.
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3.2.3. Coverage Tab

The Coverage tab characterizes the selected protein sequences at the amino acid level. See Chapter 9, Section
3.3.2, “Protein Coverage” for details.

3.2.4. Peptides Tab

The supporting peptides assigned to the protein are shown below the “ Peptides’ tab.
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This table includes the following columns:

» (Checkbox): Select the peptides to appear within the Coverage Tab as blue bars.

» Used: Select whether this peptideis used to calculate the protein profile.

» Unique: This shows which peptides are only assigned to the current protein group.

» Quality Score: Thehigher quality of apeptideindicatesthat the peptide is more quantifiable. Factorsthat affect
the quality score include the identification -10LgP score, the noise around the reporter ions, and the mass error
of reporter ions. An appropriate threshold value can be selected by checking Figure 3(b): Accumulation curve
for quality inthe" Summary" view. Therule of thumbisto set the quality threshold near the region of the quality
score axis at which the curves begin to significantly drop.

» Sample Profile: The absolute peptide abundance among the samples is depicted as a heat map. Hold the cursor
on a profile to view the sample channels (Iabels), the areas, and the ratios with respect to the reference label
selected in Experiment Settings of the “ Summary” view.

» Group Profile: The absolute peptide abundance among the groups is depicted as a heat map. Hold the cursor
on aprofileto view the group channels (1abels), the areas, and the ratios with respect to the group that contains
the reference label selected in Experiment Settings of the “Summary” view.

* #Spec: The number of quantification spectraincluded in the peptide ratio cal culation. A vector is considered to
be agroup of peptide features across samples and replicates used to create a peptide ratio. For example, if there
are three replicates in your experiment, you will have a maximum of three vectors.

 Start: This showsthe position of the first residue of the peptide that covers the protein.

» End: This showsthe position of the last residue of the peptide that covers the protein.

3.3. Peptide View

The*" Peptide” view displaysall the quantified peptidesand their intensities. Theinterfaceissimilar to the* Peptide”
view in a PEAKS DB result. See Chapter 9, Section 3.4, “Peptide View” for details. The average quality score
of the top quantified spectra of a quantifiable peptide is listed in the spreadsheet. The Sample Profile displays
the absolute peptide abundance among the samples as a depicted heat map. Hold the cursor on a profile to view
the sample channels (labels), the areas, and the ratios with respect to the reference label selected in Experiment
Settings of the “ Summary” view.
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3.3.1. lon Match Table

For details on the lon Match Table, see Chapter 8, Section 8.1.

3.3.2. Survey Scan

For details on the survey scan, see Chapter 5, Section 2.

3.3.3. Reporter lon

This view provides details on characteristics of the reporter ions used in the experiment. The table providesinfor-
mation on the intensity, the raw intensity, and the ratio of each channel with respect to the set reference channel.
Additionally, an associated MS2 or M S3 spectrum is included of the reporter ions in the experiment, determined
by the selection made in the Quantification parameter settings, see Section 2. This is an interactive spectrum,
enabling zooming in and out using the scroll wheel of the mouse. Double-clicking will zoom out and reveal the
entire M S3 spectrum.

fon Match | Survery| Reporten Jon

haonsl  Irteraity  Raw rterelty | Ratio Irkensty
TREGH-184 | 52134 12138 1.0 116.1107
TRAGA-LIS | 114464 L15ES (1] 114.1117
TREGA-106 | 145564 | mE. 120 1151075
ITRACA-117 1.8E4 1. g 1.1 E4,

117.1156

L
14 1145 1s 1SS 116 1ES 1"r 7S
sample=Sample 1 EEarmT0410 RT=160.2001 5/z=8314501 7 k=2

3.4. LC/MS View

Thisview displaysthe distribution of LC-MS signals/features in the fractions. See Chapter 5, Section 4, “LC/MS
View” for detailson LC/MS View.
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Chapter 14. Label Free Quantification
(LFQ)

1. Overview

L abel-free quantification is one of the three quantification methods supported by the PEAKS Q module. It usually
serves as a fast profiling tool for differential studies of large scale proteomics. This quantification method is
based on the relative intensities of peptide features detected in multiple samples. Feature detection is performed
separately on each sample. By using the EM (expectation-maximization) algorithm, more overlapped features can
be detected. The features of the same peptide from different samples are reliably aligned together using a high-
performance retention time alignment algorithm.

Thelabel-free quantification of PEAK S Q modul e does not have to be based on an identification result aslabel -free

quantification is based on detected features. However, you can choose attach an existing identification result as
the last step of the label-free quantification set-up.

Note

For details of the retention alignment algorithm, refer to the paper "A Combinatorial Approach to the
Peptide Feature Matching Problem for Label-Free Quantification™, Bioinformatics, 2013, 10.1093.

The usage of thisfunction is outlined in the following overview.

1 Sdect aproject node in the “Project View” frame. Click the PEAKS Quantification tool bar icon Q or select
the Tools | Quantification command from the menu.

Note

Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for
project creation, dataloading, PEAKS DB search, and quantification in a single workflow.

2. Select the quantification method as "L abel Free" and specify the PEAKS Label Free quantification parameters
in the right panel of the window.

3. Arrange the samplesinto groups, attach Identification results to the analysis, and click OK.
Note

LFQ requires at least 2 groups with at least 1 samplein each group.

Note

Currently, only identification results from PEAKS are supported in quantification. inChorus and all
other third party engine results are not supported.

4. Wait for the analysisto finish. A new LFQ result node @ will appear at the project tree. Double-click the node
to open the result file.

2. Setting Parameters

The following parameter dial ogue appears when the quantification tool bar icon, Q , isclicked or Toolg|Quan-
tification command from the menu is clicked. Select L abel Free under the Quantifications heading. Enter the
relevant MS/MS level labeling quantification parameters on the right side of the window.
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”y Quantification @

Quantifications Label Free Quantification

Basic Options

Mass Errar Tolerance: |15.0 PPM - Retention Time Shift Tolerance: | 3.0 min
@ Label Free Sample Groups Attach Identification
Q Remove Al Collapse | | Attach... | | Remove
Reporter Ion Quantification Group Calor # PEAKS &

&g, iTRAQTMT e
4l Group 1 L

L Sample 1
& Sample 2
4l Group 2 o
L Sample 3
& Sample 4
) Group 3 ]
- JL, sample &
b JI Sample 5

Precursor Ion Quantification
eq, SILAC

Advanced | | Mowve Lp || Mowe Down
[0]4 Cancel Help

The following parameters are available in the “Basic Options’ section of the quantification window:

» MassError Tolerance: The mass shift between different runs. Initially this should be set as twice as the mass
error tolerance in database search. Later, by checking the M/Z shift distribution figure in the result, you can
narrow the tolerance.

» Retention Time Shift Tolerance: Theretentiontimerangeisthemaximum elution timerangethat isconsidered
for the quantification of an identified peptide. Initialy, this should be set as the highest possible shift between
runs. This tolerance can be later narrowed by checking the RT shift distribution figure in the result.

» LFQ requires that sample grouping to generate a result node. The “Sample Groups’ section alows for this
group selection. All available samples are listed on the left window. For experiments with multiple samples, the
search bar can be used to look for a specific sample. After selecting a sample, it can be added to a new group

>

by clicking the %L button or to an existi ng group by clicking the! ™ * button and selecting that option from

the drop-down menu. If you select multiple files, you can add each one to a new sample by clicking the &
button. Display all samplesin each group or just the individual groups by selecting the Expand and Collapse

*

buttons, respectively. Samples can be removed individually or removed all at once by clicking the button

or the Remove All button, respectively.

» The Advanced option opens another window that enables the manual selection of areference sample and train-
ing samples. The reference sample will be used as the center to do the retention time alignment. The training
samples are used to cal cul ate the feature vector quality. For training samples, biological replicates are preferred.
Auto detection should fit most cases of both reference and training samples.
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Reference Sample:

(Reference sample wil be used as the center fo do refetion fime algnment.
Auto-defection showd £t most c3ses,)

Training Samples: Auto detect W Auto detect ¥

(Feature vector guality = calnubted based an 3 pair of fraining samoes,
Binrenfcates are preferred fo be used a5 fraining samoles. Aufo-
gefection should £t most cses. )

oK Cancel

 To attach the identification results to the label free quantification result, click the Attach ... button in the Attach

| dentification section. The* Attach identification results’ dialoguelistsall availableidentification results. Select
the identification results to be attached and the FDR threshold to be used, then click the Attach button. All
selected results will be listed in the Attach Identification section. If multiple identification results for the same
fraction are selected, then only thefirst identification result in the list will be used. Use the Move Up and Move
Down buttons to set the order in which the identifications will be attached.

Results with FOR. validation:
¥ PEAKS 4 (@) ALL
i PEAKS &
L .
] PEAKS & (") PEAKS DB
() PEAKS PTM
(") SPIDER
FDR. Threshald: 1.0 % Attach Cancel

3. Understanding the LFQ Results

Once completed, a label free quantification result node @ will be added to the project tree. Double-click on this
node to open the LFQ result that contains multiple tabs as described below:

Summary: The outline of thePEAKS LFQ search results with statistics. Thisisthe place to examine the overall
performance of the experiment and adjust filters.

LC/MS: The overall mass signal view for each MS run, marked with detected features and MS/M S spectra.
SeeSection 4, “LC/MS View” for detailson LC/MS view.

Features: The quantified peptide feature vectors listed in a table. One feature vector isalist of features from
different samples aligned together for one peptide. Extracted ion chromatogram (X1C), 2D/3D LC/MS view
and retention time alignment are also displayed for each feature vector.

Proteins: The quantified proteins with alist of supporting peptide features for each protein.
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3.1. Summary View
The"Summary" view provides three main functions:

1. Result Filtration: Thisisachieved by specifying thefiltration rulesin the area at the top of the Summary View.
The filtration function is discussed in Section 3.2.1, “Protein Table”.

2. Summary Report: Severa statistical charts assist the user to get an overal picture of the results, assess the
result quality, and examine the reliability and reproducibility of the experiment. This function is the focus of
this section.

3. Result Exporting: This is achieved by clicking the "Export" button at the top of the summary view. The
exporting function is discussed in Section 5.3, “Exporting Label-Free Quantification Results’.

The"Summary" view includes an expression profilewith candidate proteins assorted in aheat map, result statistics
tables, and alist of filtration parameters. To add asummary note, click on the Notes button to open a“ Notes Entry”
editor in which you can edit the notes. These notes will be displayed in the “ Summary” view.

RT Range 0 +|=RT= (184 »| BaseSample [Sample3 v [ Apply Filters ][ Export ][ Notes ]

Peptide feature  Significance = 0, Fold change = 1, Quality = 0, Avg. Area =0, 1 =Charge= 10, detected in atleast 1 of 6 samples, and with peptide ID

=
g

E

E

=

wi

w

% Protein Significance = 30, Fold change = 2, has atleast 1 unique peptide Edit... ] [ Mormalization Factor ] [ Heatmap ] [ Sample Correlation ]
5

£

o

s

[T

5 1. Notes

=

'

o
L=

2. Result Statistics

Figure 1: Protein profile heatmap (Cell colour represents the log2(ratio) to the average area across different samples) @

L) L) L) L) L) L)

4 4 4 4 4 4

3 3 3 3 3 3

32 2 2 2 22 2

5 & =® & & =@

- ™ b b o« @ lag2(ratio)
P33775|PMT1_YEAST a0

F3E757 |PANE_VEAST
POT267|CARF_VEAST
PA0343|RFC2 YEAST
PE1E26ups|LTSC_HUMAN_UPS 0o
PE3270ups|UBCA_HUMAN_UFPS /
F15550ups|NQOT_HUMAN_UFS
PO1344ups||GF2_AUMAN_TFS
PE2037 ups|PRIA_HUMAN_UFPS
F10636-Sups| TAT_HUMAR_UFS
PO1031ups|COS_HUMAN_TPS -4.0
PO2757 ups| TRFE_HUMAR_UFPS

FO4040ups|CATA_HUMAN_UPS B Groupd
PO&311ups|CATS_HUMAN_UPS

PO1127ups|PDGFE_HUMARN_UPS Group 2
POO700ups|LALBA _HUMAN UPS

PO7330ups|CATD_AUMAN_TPS

F12051ups|STHC_HUMAN_UPS

POZ753ups|RETEF_HUMAN_UPS

POOO00ups|CYE_HOMAN_UFS

F10145ups|IL3_AUMAN_TFS

PO0215ups|CART_HUMAN_UFPS

PO2144ups|hfré_HUMAN_UPS

PO0212ups|CAHZ_HUMAN_UPS

PO0167 ups|CYES_HUMAN_UPS

POS263ups| G5 TAT_HUMAN_UPS

Q06E30ups|PREXA_HUMAN_UPS

P55057 ups|BID_HURMAN_UFS

PO9211ups|35TP1_HUMAN_UPS

PO1375ups| THFA_AUMAN_OPS

POG732ups|KERM_HUMAN_UFS
PE2165ups|SUMOT_HUMAR_UPS
PE1760ups|B2M&_AUMAN_TPS

3.1.1. Result Filtration

PEAK S provides an extensive set of toolsto filter Label Free Quantification results according to the user'srequire-
ments. There are four categories of optionsin the “ Summary” view: RT Range, Base Sample, Peptide feature,
and Protein.

RT Range 0  =RT= 75 Base Sample Sample 4 = [ Apply ][ Expart ][ MNotes ]

Peptide feature  Significance =0, Fold change =1, Quality =0, Avg. Area =0, 1 =Charge= 10, detectedin at least 1 of 6 samples, and with peptide ID

Protein Significance = 20, Fold change = 2, Significance method: PEAKSE), has at least 1 unique peptide Edit... ] [ Mormalization Factor ] l Heat Map ] [ Sample Correlation l
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3.1.1.1. RT Range

Feature vectors within the selected retention time range will be included in the results while everything else will
be removed. Select Apply within the filtration window of the “ Summary” view to include the selected RT range
in the analysis.

3.1.1.2. Base Sample

Select the sample that will act as the reference. The peptide area corresponding to this reference label will be
the denominator in all of the feature area ratio calculations. Select Apply within the filtration window of the
“Summary” view to include the selected base sample in the analysis.

3.1.1.3. Peptide Feature

The following parameter dialogue appears when the Edit... button is selected.

Feature filters

Significance = 0w

Fold change = 1 W

Quality e 0w

Avg. Area = OED W

With peptide ID

Charge between 1 | and | 10

Have at least 1 | confident samples
CK Cancel

 Significance: Only peptides with a score above this threshold are included in the analysis.

» Quality: The higher quality of a peptide indicates that the peptide is more quantifiable. Factors that affect the
quality scoreinclude m/z difference, RT difference, X1C shape similarity, and featureintensities. An appropriate
threshold value can be selected by checking the ratio-quality figure. The rule of thumb is to set the quality
threshold around afold change of 8, asshowninthislabelled version of Figure 3a) of the Summary” view. Only
feature vectors with a quality score above this threshold are used to calcul ate the quanlity score of a peptide.

16 1

Fatio

12

144 -

12

115 | B

» Ave. area: Thisfilter isdirectly applied to the MS signal intensity. Higher intensity peptide features have been
shown to be more reproducible across replicates. The rule of thumb is to choose the average area near a fold
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change of 8, as shown in thislabelled version of Figure 3b) of the“ Summary” view. Only peptides with at |east
one label above thisthreshold will be used in protein quantification.

16 4

Hatio

142 1

144 4

148 1

10" 109 10" 10 10® 10* 10% 10° 107 10® 10 10" 10M

116G -

Avg. Area

» With peptide | D: Uncheck this box to exclude peptide | Ds determined from the attached identification results;
check this box to include peptide IDs.

» Charge between: Only peptides with feature vectors that al fall within this range will be used in protein
guantification.

» Confidently detected sample: A peptideis more quantifiable when it is detected in more samples. The rule of
thumb is to set thisfilter to half the number of total samples.

Select Apply within the filtration window of the “ Summary” view to include all selected filtersin the analysis.
3.1.1.4. Protein Filter

The following parameter dialogue appears when the Edit... button is selected. These filters determine what will
be included in a protein group significance calculation, as well as what significance score thresholds will be set.
For a protein group to have a significance score, it must have been identified in a sample/label that has aready
been placed into agroup (in either the Tools | Quantification window or in Experiment Settings).

2
Protein Filters ﬁ

Protein Filters

@ Eignificance = 0 -
) FOR = 1 - %
Fold Change = 1 -

|Inique Peptides

I
=
L]

Significance Method () ANOVA i@ PEAKS Q

QK ] [ Cancel
k F

 Significance: Only protein groups with a significance above this threshold will belisted in the “ Protein” view.
Either thisor “FDR” can be selected to set asignificancethreshold. It'srecommended that you set asignificance
score threshold at 20.

» FDR: Adopt the Benjamin—Hochberg method to adjust the p-value to the false discovery rate for all protein
groups that have already passed the other filters. Only protein groups with significance scores passing the cal-
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culated FDR will be listed in the “Protein” view. Either this or “ Significance” can be selected to set a signifi-
cance threshold.

» Fold Change: Only protein groups at or above this fold change threshold will be listed in the “ Protein” view.

» Unique Peptides: Only protein groups with at least this many unique peptides will be listed in the “Protein”
view.

 Significance M ethod: One of two significance cal culations can be applied to the list of protein groups: PEAKS
Q or ANOVA. Scores will only be calculated for protein groups identified from samples that are in groups.
PEAKS Q issimilar to the Significance B method employed by the paper referenced below. Additionally, sup-
port peptide similarity is considered. ANOVA requires that at least two samples be included in each particular
group. The ANOVA method employed is a so referenced below.

Note

For more detailson PEAK S Q, refer to the following paper: “ MaxQuant enables high peptide identi-
fication rates, individualized p.p.b.-range mass accuracies and proteome-wide protein quantification.
Nat Biotechnol. 2008, 26(12): 1367-1372.

For more details on ANOVA, refer to the following paper: “ On the comparison of several mean
values. an alternative approach” Biometrika. 1951, 38(3/4): 330-336.

The following parameter dialogue appears when the Nor malization Factor button is selected.

Mormalization Protein List
i) Use TIC i@ Use internal standard proteing search Q
(7 Manual input (7 Mo normalization [ Previous ] [ Next ]
Sample Factor Protein
Sample 7 1.0 PO0549 [KPYK1_YEAST
Sample 8 1.0 P52439 |KPYK2_YEAST
Sample 9 1.0 P10592|HSP72_YEAST
Sample 10 1.0 P10591|HSP71_YEAST
Sample 11 1.0 PO0359|G3P3_YEAST
Sample 12 1.0 PO0925|END2_YEAST

P16521|EF3A_YEAST
PS3973|EF3E_YEAST
P27466|KCC1_YEAST
PO0358|G3P2_YEAST
PO7255|PYR1_YEAST
PO0560 |PGK_YEAST
P15108|HSCA2_YEAST
P02829|HSPE2_YEAST

0 protein selected.

{Right click fo show pooup menw)

[ OK ] [ Cancel ]

» Use TIC: By default, PEAKS uses the total ion current (TIC) of the samples to calculate the normalization
factors.

» Useinternal standard proteins. This option displays a list of identified proteins, which can be selected to
create a normalization ratio. A search bar is included to enable the quick location of select proteins. Right-
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clicking in the Protein screen will open awindow that will allow for the selection of multiple highlighted rows
or the removal of all check-marked proteins. The Experiment drop-down menu can be opened to display the
results of another sample. If this option is chosen but no proteins are selected, no Factors will be listed for any
of the samples except the first sample, which will display 0.0.

e Manual input: This option performs the same default calculation as Auto normalization but also allows for
the manual change of each label’s Expected Ratios. After changing aratio and hitting Enter on the keyboard,
PEAKS will recalculate the Factor for the non-referenced label(s). The Experiment drop-down menu can be
opened to display the results of another sample.

* No Normalization: All samples are automatically assigned Factors of 1.0.

Select Apply within the filtration window of the“ Summary” view to include all selected filtersand Normalization
choicesin the analysis.

3.1.2. Summary Report

3.1.2.1. Heat Map

The heat map displays the protein groups that passed the filters. The relative protein abundance is represented
as a heat map of the representative proteins of each protein group. These representative proteins are clustered
if they exhibit a similar expression trend across the samples. The hierarchical clustering is generated using a
neighbour-joining algorithm with a Euclidean distance similarity measurement of the log2 ratios of the abundance
of each sample relative to the average abundance. An interactive protein profile heat map is opened in a new
window when the Heat Map button that is located in the filtration options. Right-click on the heat map in this
window to save a copy of it.
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In the interactive heat map (by clicking the Heat Map button), move the cursor over any point to highlight the
protein accession name and the sample/label to which it matches. Right-click on the heat map and click Saveas...
to export a PNG file of the heat map.
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3.1.2.2. Sample Correlation

To view the intensity correlation plot for the detected features of the two selected samples, click the Sample
Correlation button from the“ Summary” view title bar. The correlation plot will be displayed in apop-up window.
Select the samples from the drop-down menus beside “ Sample correlation” to plot the intensity correlation graph
of different sample pairs. The Pearson’s correlation score indicates the reproducibility of the experiment based on
a selected pair of samples. Click Save as... to export the correlation plot to aPNG file.

Sample correlation: | Controll_1 W Controll_2 W Apply
Mmoo Pearson's =0.9882
107 2

I 108
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104 108 108 107 108
Controlt_1

Controll_1 V.S, Controll_2

3.1.2.3. Volcano Plot

A volcano plot combines astatistical test with the magnitude of the change enabling quick visual identification of
those data-points that display large-magnitude changes and that are a so statistically significant. The volcano plot
in Figure 2(a) plots significance versus fold-change of the quantified proteins.

» Horizontal broken grey line: The selected significance threshold
» Vertical broken grey lines: The selected fold change thresholds

Plotting pointsin this way resultsin two regions of interest in the plot: those points that are found towards the top
of the plot that are far to either the left or the right side. These represent values that display large magnitude fold
changes (hence being left or right of center) aswell as high statistical significance (hence being towards the top).
In thisfigure, the ratio is the group ratio set with respect to the base group. If more than two groups are present,
the max ratio is used instead.
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Significance

The “Protein” view contains an interactive volcano plot that be hidden or displayed. Markers for the proteins
that are above the set significance threshold will be displayed in colour. Scrolling the cursor over a marker will
highlight it and, subsequently, clicking on this marker will highlight the protein in the interface.

3.1.2.4. Feature Vector Ratio Distribution

Figures 3(a) and 3(b) plot the distribution of feature vector ratios by quality and by average area, respectively.
These plots help to determine the threshold values for the quality and intensity filters to obtain areliable section
of the analysis results. The rule of thumb is to set the quality threshold around an 8-fold change, as shown below
in Figure 3(a). The quality filter is usually the better filter to use but under some circumstances, it may be better
to apply thefilter to the MS signal directly. The rule of thumb is still to choose the average area around an 8-fold
change. In both figures, the ratio is the group ratio with respect to the base group. If more than two groups are
present, each ratio value depicts a data point in the figures.

Figure 3. The distribution of feature vector ratio: (a) By quality. (b) By intensity. @

Ratio
Ratio

oo 25 S0 75 100 125 150 175 200 107" 10 10" 10% 10® 10* 10° 105 107 108 10° 107 10"
Quality Avg. Area

3.1.2.5. RT and m/z Shift Distribution

Figure 4(a) plots the retention time shift distribution to the base sample. Figure(b) plots the distribution of the m/
z shift (in ppm) of the data with respect to the base sample. These two figures can be used to refine the parameter
settings for label free quantification
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Figure 4. (a) RT shift distribution; (b) M/Z shift distribution. @
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3.1.2.6. Summary Tables

Tables 1 and 3 list the data and the filtered results, respectively. Table 2 lists the feature vector and protein result
filtration parameters.

Table 1. Result filtration parameters. Table 2. Statistics of filtered result.
Retention time =0 Features 7184
Retention time =140 Features with ID 2714
Feature fold change =1 Feature vectors 1025
Quality =0 Feature vector with ID 1025
Intensity =0ED Protein groups 30
Charge =1
Charge =10
Confident sample number =1
With peptide ID true Table 3. Search Parameters
Normlization Use TIC Quantification type: Label free quantification

MMass Error Tolerance: 20.0 ppm

Retention Time Shift Tolerance: 6.0 min

Protein fold change =1 Dependent on PID: 10, FDR = 1%

Samples: Controll_1, Controll_2, Control2_1, Control?_2, Treatm
entl2 1, Treatmentl2 2, Treatment24 1, Treatment24 2,

Top protein groups 50 Reference Sample: Auto detect

Protein significance ={

Confident unique supports =1

Tables 4 and 5 list the quantification and instrument parameters, respectively.
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Tahle 4. Cuantification parameters,

Chantification Type: ICAT/SILAC
Chuantification Mass Tolerance: 15, 0ppm
Cruantification BT Range: 0 5mm
-10LogP Threshold: 15.0

Reporter lon Type

- M52

Fto P Convert enabled: true
Light: B ¢100. 0% K (100.0%)

Heavy: R(+10.01% (100.0%) K(+8.01) (100.0%)

Group Settings m Parameters:

Group |: Sample |
Group 1: Sample 1
Group 1: Sample 3
Group 2: Samgple 1
Group 2 Sample 2
Group 2: Sammple 3
DB Dependency: 3

- Heawy
: Heawy
- Heawy
: Laght
: Light
- Light

Current Group Information

Group |: Sample 1
Group |: Sample 2
Groug |: Sarple 3
Group 2: Sample |
Group 2: Sample 2
Group 2: Sample 3

- Heawy
- Heawy
: Heatry
- Light
: Light
- Light

3.1.3. Result Exporting

PEAKS precursor ion quantification results can be exported to various HTML and text formats by clicking the
Export button within the filtration options in the "Summary" view. The "Summary" view and the images from
variousviews can also be exported to variousHTML and text formats. Refer to Section 5.3, “ Exporting L abel-Free
Quantification Results’ (reference) for details.

3.2. Protein View

The"Protein" view lists all the quantified proteins present in the sample, characterizes each protein at the amino

Tahle 5. Instrument parameters

Fractions: 20120812_Shér_QE1_ARL_NX4_mix_sample | raw, 20120812

_ShAr QE1_ARL_NX4_maz_sample_2 raw, 20120817 _Shér QE!_ARL_NX4

_mu¢_sample 1 REP_3raw
lon Source ESInano-spray)

Fragmentation Mode: CID, CAD(y and b 1ons)

ME Scan Mode: FT-1CR/Orbatrap
MEMS Scan Mode: Linear [on Teap

acid level, and lists the supporting peptide features of each protein. It has four components:

» Protein Table: Listsal the quantified proteins present in the sample.

» Protein Volcano Plot: Click on a marker that is above the significance threshold (the horizontal dashed line)
set in the * Summary” view. Upon selection, the corresponding protein in the Protein Table will be highlighted.

» Coverage: Characterizes the protein sequence at the amino acid level. All the PTMs and mutations occurred

on the protein sequence will be displayed together with the MS/M S data supporting the inference.

» Features: Liststhe features identified from the selected proteins in the protein table.
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3.2.1. Protein Table

The quantified proteins are listed in the protein table with homologous proteins grouped together. This protein
table is the same as the other protein tables found in the PEAKS DB, PEAKS PTM, and SPIDER results except
the following columns mentioned bel ow:

 Significance: The protein significanceis set according to the rules set in the “ Summary” view, refer to Section
3.1.1.3 Section 3.2, “Protein View”.

» Sample Profile: The absolute protein abundance among the samplesis depicted as a heat map. Hold the cursor
on a profile to view the sample channels (labels), areas, and ratios with respect to the base label selected in
the “ Summary” view.

» Group Profile: The absolute protein abundance among the groups is depicted as a heat map. Hold the cursor
on aprofile to view the group channels (labels), areas, and ratios with respect to the group which contains the
base label selected in the Summary View.

See Section 3.3.1, “Protein Table” for more details on other entries of the protein table

3.2.2. Protein Volcano Plot

This interactive volcano plot enables the selection of a protein in the table. Protein markers that are above the
significance threshold can be selected. Upon selection, the corresponding protein in the Protein Table will be
highlighted. Proteinslocated in the top-right and top-left sections of this plot (above the significance threshold and
to the right and left of the fold change thresholds) are considered statistically significant. Green points are down-
regulated whilered points are up-regulated. The volcano plot facilitates identification of these significant proteins.

4
Use the ¥ button to expand or collapse the volcano plot.

3.2.3. Coverage Tab

The coverage tab characterizes the selected protein sequences at the amino acid level. See Section 3.3.2, “Protein
Coverage” for details.

3.2.4. Features Tab

The supporting peptides assigned to the protein are shown under the “Peptides’ tab.
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Thistable is similar to the peptide table in the “ Peptide” view.
* (Checkbox): Select the peptides to appear within the Coverage Tab as blue bars.
» Used: Select whether this peptide is used to calculate the protein profile.

» Candidates: Select which peptide features will be used as the top three candidates involved in quantification.
All non-unique peptide and ones not passing the filter will be excluded automatically. Click “Apply” buttonin
the "Summary" view to make the selection effective. Select one row and right-click on the Candidates column
to show the pop-up menu. Use "Reset the candidate selection” to reset the candidate selection for all proteins.

» Quality: Thisdefines how well the peptide can be quantified. A higher quality peptideindicates that the peptide
ismore quantifiable. If a peptide’ s abundance does not change across the samples, then the measured intensity
should not change too much, even though it may have somerandom variation. Small variation meansthe peptide
can be well quantified. Let 5 be the estimated intensity fold change of the peptide across the samples when the
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peptide abundance does not change. The quality is calculated as 1/log2#. Therefore, if apeptide has an expected
two-fold change, then its quality will be 1; if a peptide has an expected 4-fold change, then its quality will be
0.5. An appropriate threshold value can be selected by checking the ratio-quality figure. The rule of thumb is
to set the quality threshold around a fold change of 8, as shown in this labelled version of Figure 3(a) of the
“Summary” view. Only feature vectors with aquality score above thisthreshold are used to cal culate the quality
score of a peptide.

Significance: It assumesthat for al the peptides with the same quality, their ratios follow alog-normal distri-
bution. Different qualities may have log-normal distributions with different variances. The two-tail p-valueis
calculated asthe significance of the feature vector using the log-normal distribution corresponding to its quality
and its maximum group ratio. The -10IgP value is calculated from this and displayed as the significance in the
column.

m/z: Each feature in the feature vector has its own precursor mass-to-charge ratio. This column displays the
average precursor mass-to-charge ratio of all the featuresin the feature vector.

RT range: The retention time range of the feature vector.
Z: The precursor charge of the feature vector.

Avg. Area: Each feature in the feature vector has its own intensity area under the XIC curve. This column
displays the average area of all the features in the feature vector.

Sample Profile: The absolute peptide abundance among the samplesis depicted as a heat map. Hold the cursor
on aprofileto view the sample channels (1abels), the areas, and the ratios with respect to the base |abel selected
in the “ Summary” view. Double-click the sample

Group Profile: The absolute peptide abundance among the groupsis depicted as aheat map. Hold the cursor on
aprofileto view the group channels (Iabels), the areas, and the ratios with respect to the group which contains
the base label selected in the “ Summary” view.

RT mean: Each featurein the feature vector hasits own retention time center. This column displaysthe average
retention time center of the feature vector.

Start: This shows the position of the first residue of the peptide that covers the protein.

End: This shows the position of the last residue (inclusive) of the peptide that coversthe protein.

Right-click on the peptide feature to show the pop-up menu similar to the one in the PEAKS DB supporting
peptides tab.

3.3. Features View

The “Features’ view displays al of the identified peptides and their intensities. The interface is similar to the
“Peptide” view in a PEAKS DB result. See Section 3.4.1, “ Peptide Table” for details.

3.3.1. Feature Table

Contains the important details and statistics associated with each quantified feature that passes the filtersin the
“Summary” view. This table contains the following columns:

(Checkbox): Select the peptides to appear within the Coverage Tab as blue bars.
Used: Select whether this peptide is used to calculate the protein profile.

Candidates: This showswhich peptides are unique to the current protein group. The top three unique peptides,
intermsof average area, are selected by default. If acandidateisdesel ected, click Apply inthe* Summary” view.
Select one row and right-click on the Candidates column to show the pop-up menu. Use "Reset the candidate
selection” to reset the candidate selection for al proteins.

Quality: Thisdefines how well the peptide can be quantified. A higher quality peptide indicates that the peptide
ismore quantifiable. If a peptide’ s abundance does not change across the samples, then the measured intensity
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should not change too much, even though it may have somerandom variation. Small variation meansthe peptide
can be well quantified. Let 5 be the estimated intensity fold change of the peptide across the samples when the
peptide abundance does not change. The quality is calculated as 1/log2#. Therefore, if apeptide has an expected
two-fold change, then its quality will be 1; if a peptide has an expected 4-fold change, then its quality will be
0.5. An appropriate threshold value can be selected by checking the ratio-quality figure. The rule of thumb is
to set the quality threshold around a fold change of 8, as shown in this labelled version of Figure 3a) of the
“Summary” view. Only feature vectors with aquality score above thisthreshold are used to cal culate the quality
score of a peptide.

Significance: It assumes that for all the peptides with the same quality, their ratios follow alog-normal distri-
bution. Different qualities may have log-normal distributions with different variances. The two-tail P-valueis
calculated asthe significance of the feature vector using the log-normal distribution corresponding to its quality
and its maximum group ratio. The -10IgP value is calculated from this and displayed as the significance in the
column.

m/z: Each feature in the feature vector has its own precursor mass-to-charge ratio. This column displays the
average precursor mass-to-charge ratio of all of the features in the feature vector.

RT range: The retention time range of the feature vector.
Z: The precursor charge of the feature vector.

Avg. Area: Each feature in the feature vector has its own intensity area under the XIC curve. This column
displays the average area of all the features in the feature vector.

Sample Profile: The absolute peptide abundance among the samples is depicted as a heat map. Hold the cursor
on aprofileto view the sample channels (labels), the areas, and the ratios with respect to the base |abel selected
in the “ Summary” view. Double-click the sample

Group Profile: The absolute peptide abundance among the groupsis depicted as aheat map. Hold the cursor on
aprofile to view the group channels (Iabels), the areas, and the ratios with respect to the group which contains
the base label selected in the “ Summary” view.

RT mean: Each featurein the feature vector hasits own retention time center. This column displaysthe average
retention time center of the feature vector.

Accession: Thisaccession is of the protein from which the peptide arises. Protein with the highest -10IgP that
the peptide supports. If no proteins that the peptide supports pass the protein filters, the accession field will
be empty.

PTM: The post-translational modifications that appear within the peptide.

3.3.2. Feature Details

The “Feature Details’ tab contains the eXtracted lon Chromatogram (XIC) chart that displays the shape of the
selected peptide feature vector over the retention time range where they were identified. The table at the top-left

corner displays both the area and the ratio of the features in the feature vector. This table also works as a control

to select the features that will be used to draw the XIC plot and other plots in the “ Sample Features’ and “RT

Alignment” tabs. The p button at the top-right corner of the tab can be used to toggle the plot data between,
before, and after RT alignment.

Note

By default, the first features from each group are selected to be displayed in the plots. To display other
features, select the corresponding sample using the check box in the table.
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= 48 1-10000f1002 o | B w seqcontains | search QL @0 @ noresults
E
§ Peptide Quality 4  Significance mfz RT range z Avg. Area Sample Profile Group Profile RT mean Accession
j9 AAVEEGIVPGGGLTLLK 20.00 60,00 8124773 72.13-76.44 2 P51438|CH50_LEPIC  |PS
g 2 | ALEGDESEIGMPAILK 20,00 836.9352 | 65.75-70.01 2 QIXD38|EFTU_LEPIN
g 3 |LENTTLQMLGR 19.31 60.00 638.3441 | 33.13-38.87 2 1.3E7 mm) 36.24 P61438|CHE0_LEPIC
- 4 |LLDQAEAGDNIGALLR 19.01 60,00 8349579 | 57.87-72.91 2 3.3E7 (mm] 70,17 Q2XD38 |[EFTU_LEPIN
'% 5 |ILEVPYGPELLGR 17.33 60,00 596,4226 | 76.69-81.01 2 SE6 [mm_| 78.35 Q725Y1|ATPA_LEPIC
E 6 |VIAEGGSPAESVPILLGLTK 17.18 60,00 976.0763 | 94.70-100... | 2 2.7E6 [mm] 97.44 QBF0S3|RPOC_LEPIN
7 | AGDDASGLAVSEK 17.08 60.00 610.2968 5.76 - 6.86 2 1.3E7 mm) 6.20 P21989|FLA2_TREPH
§ 3 |VPTPMN{+.98)VSVWDLTVR 16,88 45.76 743,9266 | 61.76-66,10 2 BE6 [mm_| 63.57 B7LQ20|G3P1_ESCF3
% 9 |GITIATSHQEYETANR. 16.22 60,00 895.9464 7.42-10.27 | 2 1E7 = 8.63 QIXD38|[EFTU_LEPIN
& 10 | QVGVPYIVVFLNE 15.59 60,00 7384409 | 88.50-93.62 | 2 GEG [mm | 90,88 Q5L3Z9|EFTU_GECKA
11 |LTLVEAADLVE 15.55 60.00 585.3547 | 65.95-71.04 | 2 4E6 [mm | 67.72 QBFOS1|RL7_LEPIN W
Feature Details | Sample Features | RT Alignment
Sample Area Ratio AIC Intensicy Contrall _1 ]
|  control1_1 3.037 100 —— Gontrol2d
Control1_2 3.08E7 102  Treatmentz4 1
] Conirolz_1 2.91E7 0.9 g7 -
] Control2_2 2.91F7 0.95
[« Treatmenti2 1 4,58E7 1,51
[] Treatment1z_z 4.53E7 1,50
[¥] Treatment24_1 3.65E7 121
[] Treatment24 2 3.7E7 1,22
o T T
738 74 745 RT

3.3.3. Sample Features

Thistab displaysaclose up LC/M S view of the detected features from the selected samples. The feature boundary
isshown by the bounding polygon. The center of the featureis denoted by a solid red dot on the monoi sotopic peak
cluster. Placing the cursor on thisfeature center displaysatool tip that showsthe m/z value, the mean retention time,
the charge state, and the intensity. The centers of the features are used to calculate the retention time alignment.

The A button at the top-right corner of the tab can be used to toggle between the 2D and the 3D LC/MS views.

Feature Details | 5ample Features | RT Alignment
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3.3.4. RT Alignment

This tab displays the aligned TIC curves of the selected samples with the highlighted retention time range of the
selected feature. Use the toggle switch in the top-right corner to switch between the before and after RT alignment

view. Click the @ button to view the pairwise RT alignment in the pop-up window. Select the sample pair from
the drop-down menu to view the desired pairwise RT alignment.
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Feature Details | Sample Features | RT Alignment
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3.4. LC/MS View

This view displays the distribution of LC-MS signals/featuresin the fractions. See Section 4, “LC/MS View” for
detailson LC/MS View.

Control2_1

Treatment12_1

Treatment24_1
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Chapter 15. Creating a High-
Throughput Workflow

PEAKS provides a simple mechanism to define an easy workflow while creating a new project using the Project
Wizard. The workflow will be applied to the whole project and the results will be generated at the project level.
Refer to Chapter 4, Project Wizard - Create a PEAKS Project, Load Data and Set up a Workflow for details on
setting up an easy workflow.

For convenience, PEAKS aso provides another mechanism to define workflows for protein identification, pro-
tein quantification, and inChorus (multi-engine protein ID) searching. This workflow can be applied on multiple
projects that can perform PEAKS analyses at the fraction level, the sample level, or the project level. Thistool is
specially helpful for analyses on multiple projects using the same parameters.

@ QW

Identification

St Quantification
r InChorus

Once a specific workflow is selected, a dialogue pops up to specify the analysis steps and the parameters to use
in each step.

1. Identification Workflow

Click the workflow icon ¥ on the toolbar and select Identification. The identification workflow setup window
will appear:

1. ‘\r  Select Data unfinished
2 Refine Data
3. fin De Mo

4, o A ) %:E—/f

| 0K || Cancel | | Help |

Click the Select Data button to navigate and locate files to be used for identification analysis. Only projects that
areopeninthe“Project View” panel can be selected for analysis. To select the files/'samplesto be analyzed, either
select theindividual file/sample or click either the All Samplesor the All Fractions buttons. Then, click the Add to
Right to transfer the sampleg/filesto the “ Selected Data’ list on the right side. Use the Remove and Clear buttons
to remove the selected files'samples or al files/samples from the “ Selected Data” list, respectively. Click OK to
proceed to the next step.
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| All Data ) Selected Data
Elm D ftest/Peaksal PeaksProjects/Sample Project - inChorus Elm D: ftest/Peaksal PeaksProjects /Sample Project - Identification
= L Sample 1 =+ L Protein Standard HCD
-4l D100930_yeast_SCX105_rak_ftSE_pc_O1.RAW
=i D ftest/Peaksa0 fPeaksProjects/Sample Project - Identification El& iPRG2011ETD

= JL Protein Standard HCD [ ®F3:0100930_yeast_SCX105_rak_ft8E_pc_01.RAW

E},ﬂ, PRG2Z0O11ETD

=i D:ftest/Peakssl PeaksProjects/Sample Project - FTM
= JL iPRG_2012

Lo iPRE2012_mzML.mzML
=i D:ftest/Peakss0 [PeaksProjects/Sample Praject - Labelling Q
- JL MRAQ

L4, TRAQSample, RAW

All Samples ” All Fractions ]| Add to Right  § [ Remave ” Clear ]

[ Ok H Cancel ]

Note

All filesthat areloaded into asingle workflow will be processed in exactly the same way, using the exact
same parameters. To run some files differently than others, you must set up separate workflows.

Once the data is selected, you can specify parameters for the identification analysis steps one-by-one by clicking
the other buttons in the workflow dialogue. Please refer to the chapters on each individual function for details on
setting up the function-specific parameters.

Note

PEAKS DB, PEAKS PTM, and SPIDER are now combined together (see Chapter 9, Peptide, PTM, and
Mutation Identification (PEAKS DB, PEAKS PTM, and SPIDER)) and are optional in the Identification
Workflow. Y ou can uncheck them if you do not want to perform those functions.

2. Quantification Workflow

The quantification workflow is similar to the identification workflow, but it has an additional step for quantifi-
cation, where the quantification parameters to perform labeled quantification can be defined. Please refer to the
chapters on each individual function for details on setting up the function-specific parameters.
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Workflow

1. \v}' Select Data unfinished

RY
B
X

[ QK H Cancel ] [ Help ]

Note

Only Reporter lon Quantification (eg. iTRAQ) or Precursor lon Quantification (eg. SILAC) workflows
can be set in the quantification workflow. For the Label Free workflow, use the Project Wizard.

3. inChorus Workflow

The inChorus workflow is similar to the identification workflow, but offers the ability to specify inChorus para-
meters and invoke multiple search engines. Refer to Chapter 11, Combining Multiple Database Search Engines
with PEAKSinChorus for details on inChorus parameters.

1 \-:  Select Data unfinished

hri

3. ,%: nChaorus

[ QK H Cancel ] [ Help ]
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Chapter 16. Exporting Data/Reports
and Printing

PEAKS offers arich collection of exporting functions to allow users to create reports and share the analysis re-
sultswith collaborators, colleagues, and clients. The supported formatsinclude HTML, Comma Separated Values
(CSV), pepXML, mzldentML, and various image formats for image exporting. Labs with in-house software can
easily make use of the CSV filesin their own analysis workflows. The exported resultsin HTML can be viewed
with aweb browser. The entire exported result directory can be zipped and emailed to colleagues, or the whole
directory can be put directly on awebsite.

1. Exporting Data

Spectrum data can be exported to a number of file formats including mzXML, DTA, MGF, and PKL. To do so,
right-click on the sample node or the data file that isto be exported and select the desired exporting format.
I Project View
= ~ i D:/test/Peakse0/PeaksProjects testl
—Lk Sample 1

=

‘.4 DATARE Data Refine

De novo

Peaks Database Search
Spider Search

inChorus Search

Export DTA file
Export PEL file
Export MGF file

Export MzXML file
Expo to Excel
Export Result to Html

Delete fraction(s)

Selecting the Export DTA file command will open adialogue prompting the folder name and location to which the
DTA fileswill be exported. For MGF and PKL exports, the dialogue will ask for aname and alocation for thefile.

Selecting Export MzXML File command will open the * Export mzXML File” dialogue.

™Y Export mzXML File S |
StartRT: |0 End RT: 120
Save as:  |Di\test\Celegans_FT_6ITDDOT_01.mzxml
I Ok I I Cancel I
h -

Enter the starting and ending retention times in the appropriate boxes. Then, click the Browse button to select a
destination to save your file.
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2. Exporting Result From Project View

Fraction information and peptide identification results can be exported to Excel or HTML format from the pop-
up menu in the “Project View”. Right -lick on a project node, a sample node, or a fraction node, and select the
options Export Result to Excel or Export Result to Html. The exported result contains fraction information, PTM
information, and alist of peptide identifications of the selected fractions.

n Project View

= L, Protein Standard Data Refine
=4y Flidentificat Replicate Analysis
~® DATARE De novo
to A, DENOVO
- [# PEAKS 3 Peaks Database Search
-r% PEAKS P~ Spider Search
-3 SPIDER °© _
= /1 iPRG2011 ETD inChorus Search
2y
= » F3:0100330 ) AW
‘ DATA RE Export DTA file
- L, DENOVO Export PKL file
PRSI0 bt MGE file
-, PEAKS P

.3 SPIDER - Export Result to Excel

[#-id D:/test/Peakst0/Pea Export Result to Htm

=-i D: ftest/Peaksc0/Pea aQ
= & TRAG Save A Copy As
=, MRAQSample :
& DATARE Close Project

:.Ih DEMOVD Heat Map Compare
E’? PEAKS 3 [16-May-12 10:49]

More function-specific export options are available from the “ Summary” view of the respective results. The fol-
lowing sections describe in detail the function-specific exporting options available in various formats.

3. Exporting De Novo Results

The PEAKS de novo sequencing result can be exported to CSV, HTML, and pepXML formats. All exporting
functions are available through the “ Summary” view panel.

3.1. Exporting Summary and Peptides

To export results, press the Export button in the title bar of the “Summary” view panel. The following export
dialogue will appear. Select the items that you want to export from the available options. Select the output location
and click the Export button to save the selected result components to the specified location.

Export @ (Export @

HTML Report | Text Formats |

|¥] Result summary (summary.html) [V] De novo peptides (de novo peptides.csv)
J De novo peptides - pepxml (de novo peptides. xml)

/| &ll de novo candidates (all de novo candidates.csv)

/| all peptide features (peptide features,csv}

Saveinto: | rs\daniPeaksExportsiLFQ_Dilution.0S02_new_DENOVO_7 Save into: | rs\daniPeaksExportsiLFQ_Dilution.0502_new_DENOVO_7 | [ Browse

=N

The export options are grouped into “HTML Report” and “ Text Formats’ based on the output format.
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HTML Report. Thiswill generateasummary report in the specified location. After the completion of exporting,
the result will be opened in the default browser automatically. The following exporting options are available;

e Result summary : The “Summary” view page will be saved as summary. ht i file in HTML format in the
specified location.

Text Formats. The following exporting options are available in various text formats:

» Denovo peptides : The peptides identified by de novo sequencing will be saved to de novo pepti des. csv
filein Comma Separated Values (CSV) format in the specified folder.

» Denovo peptides - pepxml : In addition to CSV format, the peptides can be saved in pepXML format.

« All de novo candidates : All de novo candidates for each spectrum will be saved to all de novo
candi dat es. csv filein CSV format.

 All peptide features: All predicted peptide features found in the LC/MS information will be sorted by m/z. If
ade novo result is associated with the peptide feature above the ALC filter it will be displayed as well.

3.2. Exporting Images

The Annotated Spectrum, lon Match table, Error Map, and Spectrum Alignment can each be exported to image
files. To do so, position the cursor on any of those items in the result panel, right-click to view the pop-up menu,
and select the Export Image command from the menu.

Intensity (%) s[efafefy[s[r[v[F D[k

Export image
Print image

Copy Fobz
Set As Anchor Peak

5 Remove Anchor Peak

Annoctation Settings

YI-H20 L | bo-H2O '2
Y1-NH3 | b3 Va-Hot
: | | .|J|I|||| . Il Lo
100 200 300 40
@,\@ | | 1:1| ) | 2 | ErrTol: 0.5 Da | | preprocess || low intens. label

Thiswill bring up the “Export Images’ dialogue for selecting the result items to export.
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Image Types

() Error Map

() Ion Table and Error Map

(®) Current Spectrum View

() Spectrum Alignment Yiew

() Annotated Spectrum with Alignment

Image Options
Basic Options | Advanced Options

(@) Web (Smallest images, suitable for viewing online)
() Print {Oversampled images, suitable for printing)

Save As: (D I|,tes‘c'n.F'eaksEx|:u:|r1.*||.im.5|g|es'|,5 16, 79297 _2.png Browse ...

Ok Cancel Help

Select the desired result elementsfrom the “Image Types’ list. The“Basic Options” tab offers choicesfor location
and image size options to which can saved at either “Web (Smallest images, suitable for viewing online)” or “ Print
(Oversampled images, suitable for printing)”.

Basic Options | Advanced Options |

Scale: 100 = | o4
Oversample: |1 - X
File Format: | png v | Width: 1,398 % Height: 34412

The“Advanced Options’ panel offers choicesfor editing the scaling factor, the file format, the resolution, and the
oversamplefactor. PEAK S supportsBMP, GIF, JPEG, PNG, and SV G imageformats. After setting all parameters,
click the OK button to export the selected result item to an image.

4. Exporting Database Search Results

The exporting mechanism for PEAKS DB, PEAKS PTM, and SPIDER results are the same as that of a de novo
result with the exception of the number and the type of available exporting options. All exporting functions are
available through the “ Summary” view panel.

4.1. Exporting Summary, Proteins, and Peptides

To export the result, press the Export button in the title bar of the “ Summary” view panel. The following export
dialogue will appear.
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Text Formats | For Third Party

Report prateins in HTML with:

/| Proteins {proteins.csv)

W | SURRMRARY wisw ) _ . .
| Ssupporting peptides {protein-peptides.csv)

/| protein coverage
B & /| DB search peptides {peptide.csv)

V| supporting peptides
R ey /| DB search peptide-spectrum matches (DE search psm.csy)

best unigue PSM
5 /| De novo only peptides (de novo only peptides. csw)

| Collect all the selected details above in a single html Proteins - fasta (prateins. Fasta)

/| Export peptide list in html Peptide-spectrum match ions (P5M ions.csv)
Peptides - pepxml (peptides. pep.xmi)

Peptides - mzidentml {1.0.0) {peptides_1_0_0.mzid}
Peptides - mzidentml {1.1.0) {peptides_1_1_0.mzid}
All peptide features {peptide Features. csv)

De novo only peptides - pepxmil {de novo only peptides.xml)

De novo only spectra - mgf (de novo only spectra.mgf)

Save inko: | serstdaniPeaksExportsiLFG_Dilukion. 0502 _new_PEAKS_3 | Browse | Save into: | sers\dan\PeaksExports\LFQ_Dilution, 0502 _new_PEAKS_S | Browse |
Expart | Cancel Export || Cancel |

HTML Repork | Text Formats

For Skyline

PEAKS exports results in pepkML Format along with the Spectra data in mzkML
farmat For use with Skyline,

peptides - pepsML {peptides. pep.xml)

For Scaffold
PEAKS exports Identification results in mzIdentML Format along with the
Spectra data in MGF Format For use with Scaffold.

peptides - mzldentML (peptides_1_0_0.mzid)

peptides - mzldentML (peptides_1_1_0.mzid)

Saveinto: |sers\dan\PeaksExports\LFQ_Dilution, 0502 _new_PEAKS_S | Browse |

| Export || Cancel |

The export options are grouped into “HTML Report”, “ Text Formats’, and “For Third Party” based on the output
format. Select the items that you want to export from the available options. Select the output location and click
the Export button to save the selected result components to the specified location.

HTML Report. Thiswill generate single or multiple HTML reports in the specified location. After the com-
pletion of result exporting, the index file for the reports, prot ei n. ht i, will be opened in the default browser
automatically. The following exporting options are available:

e Summary view: The “Summary” view page will be saved as a sunmary. ht i filein HTML format in the
specified location.

» Protein coverage: The coverage pane will be saved for each protein.
» Supporting peptides: A list of supporting peptides will be saved for each protein.

» Best unique PSM: The best unique PSM will be saved for each protein.
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Export peptidelist in html: creates a separate HTML-containing peptide identifications.

An individua protein will have its own HTML output file, where the corresponding protein coverage, the sup-
porting peptides, and the best unique PSM are gathered. Select “Collect all the above details in asingle html” to
collect all the protein reportsinasingleprotei n. ht i file.

Text Formats. The following exporting options are available for various text formats:

Proteins: The list of protein identifications, filtered by the protein filters (in the "Summary" view) and the
“Show” filter (inthe"Protein” view abovethe Protein table), will be saved to pr ot ei ns. csv in Comma Separat-
ed Values (CSV) format.

Supporting peptides. A list of supporting peptides of each protein identification, filtered by the peptide filters
and protein filters (in the "Summary" view) and the “Show” filter (in the "Protein" view above the Protein
table), will be exported to pr ot ei n- pept i des. csv. This usually contains more entries than the Peptide table
as a peptide can be identified in several proteins and, therefore, can be reported multiple timesin thisfile.

DB Search Peptides: All of the identified peptides and details.

DB search peptide-spectrum matches: The selected peptide-spectrum matches (PSMs), their display con-
trolled by the peptide filters in the " Summary" view, will be exported to DB search psm csv. Peptides differ-
entiated with only I/L isoform are represented by separate entries. As aresult, the number of entriesin thisfile
might be bigger than the number of PSM's mentioned in the " Summary" view.

Denovo only peptides: A list of good de hovo sequences that do not have good, or any, database matches will
be savedtode novo only pepti des. csv.

Proteins - fasta: A list of protein identifications will be saved to pr ot ei ns. f ast a.

Peptide-spectrum match ions: All theoretical and actual fragment ions associated with each peptide-spectrum
match, including fragment mass error.

Peptides - pepxml: A list of peptide-spectrum matches, their display controlled by the peptide filters in the
"Summary" view, will besavedtopept i des. pep. xn inpepXML format. The number of the* spectrum_query”
elements will be the same as the number of PSMs mentioned in the "Summary” view, and the number of the
“search_hit” elementswill be the same as the number of PSMs counted from Peptide table ( summing up #Spec
column).

Peptides - mzidentml (version 1.0.0): A list of peptide-spectrum matches will be saved to
peptides_1_0_0.neidinmzldentML format version 1.0.0.

Peptides - mzidentml (version 1.1.0): A list of peptide-spectrum matches will be saved to
peptides_1 1 0. neidinmzldentML format version 1.1.0.

All peptide features: For each datafilein the search, alist of predicted peptide features is exported and sorted
by mass. If a peptide or de novo only result is associated with it the peptide sequence will be given aswell.

De novo only peptides - pepxml: A list of good de novo sequences with either poor or non-existent database
matches will be saved inde novo only peptides. xm in pepXML. format.

De novo only spectra - mgf: All spectra missed by an identification search but with de novo results passing
the ALC filter set on the "Summary" view.

For Third Party. PEAKS analysis results can be used in other third party software packages for validation or
further analysis of the data. In addition to the result files, somethird party software packages al so require spectrum
datafilesin some specified format. The " For Third Party” pane providesthe following exporting optionsto support
such usage of PEAKS results.

For Scaffold: peptides- mzldentML: In addition to exported results in supported mzldentML formats, ver-
sions 1.0.0 and 1.1.0, PEAK S will export the spectrum datain MGF format. The exported mzldentML file and
MGF files can be loaded into Scaffold for further analysis, such as PTM analysis.
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Note

Peptides identified by SPIDER may contain residue substitutions, insertions, and deletions. The
pepXML format does not specify the encoding for substitution, insertion, and deletion, and the mzl-
dentML format only specifiesthe encoding for substitution. Therefore, when exporting fromaSPIDER
result, those peptides may not be correctly interpreted by third party software.

e For Skyline: peptides - pepXML: In addition to exporting the peptide-spectrum matches to pepXML format,
PEAKS will export the spectrum datain mzXML format. The exported pepXML file and mzXML files can be
loaded into Skyline for spectrum library generation.

4.2. Exporting Images

From the “Peptide” view and the “De novo only” view, the Annotated Spectrum, lon Match table, Error Map,
or Spectrum Alignment can be exported to an image file. To do so, position the cursor on any of those items
in the result panel, right-click, and then select the Export Image command from the menu. Refer to Section 3.2,
“Exporting Images’ for details.

4.2.1. Exporting Protein Coverage

To export the protein coverage pane, click the tools # button in the coverage pane and select the Save image
as... command from the menu. Select the resolution of the image and the location to save. Click the Export button.
The PTM legends can be included in the exported image.

Export coverage image
Scale: @AX (O (W (e [] include PTM legends
Save to: |Di\test\Skylinecoverage. png Browse
Export Cancel

5. Exporting Quantification Results

PEAKS Q (labeled and label free quantification) exporting functions are also similar to that of de novo or PEAKS
DB. All export functions are available through the “ Summary” view panel.

5.1. Exporting Precursor lon Labelling Quantification Results

PEAKS Q results can be exported to other supported formats. To export the quantification results, pressthe Export
button in the title bar of the “ Summary” view panel. The following export dialogue will appear.

HTML Report [F

Report proteins in HTML with: /| Proteins {proteins.csv)

| summary wiew
¥ /| Supporting peptides {protein-peptides.csv)

V| Collect all the selected details above ina single html SILAC peptide (silac_peptide, csv)
Label [} feature vectors ($experiment named_labelg_featurevector.csv)

Mormalization factor {normalization_factor.csv)

Save into: | \DeskbophSILAC_test, Sreplicates, 0502 _GUANTITATION_6 Browse Saveinto! [\Deskioph3ILAC_test, 3replicates 0502_QUANTITATION_G Browse
Export Cancel Expart Cancel

HTML Report: The options are the same asthose for PEAKS DB. For PEAKS Q, except that only the quantified
proteins are used in the exporting. All information found in the "Summary", "Protein”, and "Peptide" views of the
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quantification result will be found in the export. See Section 4.1, “Exporting Summary, Proteins, and Peptides’
for details.

Text Formats:
» Proteins: These are quantified proteins that pass the filters set in the " Summary” view and associated details
» Supporting peptides: These are supporting peptides of quantified proteins and associated details

» SILAC peptide: All details of all identified and quantified peptides passing the peptide filters are listed here.
Duplicate peptides are grouped.

» Label Q feature vectors: All details of al identified and quantified peptides passing the peptide filters are
listed here. Duplicates are not grouped. If several data files were used in the search a separate export will be
created for each file.

» Normalization factor: Details of the normalization factor set in the "Summary" view are listed here.

Select the output location and click the Export button to save the selected result components to the specified
location.

Export Images. The Annotated Spectrum, the lon Match table, the Error Map, the Spectrum Alignment, and
the Protein Coverage can be exported to an image file. Refer to Section 3.2, “Exporting Images” for details.

5.2. Exporting Reporter lon Labelling Quantification Results

PEAK S Q results can be exported to other supported formats. To export the quantification results, pressthe Export
button in the title bar of the “ Summary” view panel. The following export dialogue will appear.

HTML Repart | Text Formats

Report prokeins in HTML with: /| Proteins (proteins. csv)
| summary view /| Supporting peptides (protein-peptides. csv)
| Collect all the selected details above in a single html Label  search peptides (peptids.csv)

Label(} peptide-spectrum matches {$experiment named_labeld psm.csw)

Normalization Factor {normalization_factor.csv)

Save inta: Browse
Export Cancel

Save inta: Browse

Expork Cancel

HTML Report: The options are the same as those for PEAKS DB, except that only the quantified proteins are
used in the exporting. All information found in the " Summary", "Protein", and " Peptide" view of the quantification
result will be found in the export. See Section 4.1, “ Exporting Summary, Proteins, and Peptides’ for details.

Text Formats:

* Proteins: These are the quantified proteins that pass the filters set in the " Summary” view and their associated
details.

» Supporting peptides: These are the supporting peptides of the quantified proteins and their associated details.

» Label Q search peptides: All details of all identified and quantified peptides passing the peptide filters are
listed here. Duplicate peptides are grouped.

» Label Q feature vectors: All details of al identified and quantified peptides passing the peptide filters are
listed here. Duplicates are not grouped. If several data files were used in the search, a separate export will be
created for each file.
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» Normalization factor: Details of the normalization factor set in the "Summary" view are listed here.

Select the output location and click the Export button to save the selected result components to the specified
location.

Export Images. The Annotated Spectrum, the lon Match table, the Error Map, the Spectrum Alignment, and
the Protein Coverage can be exported to an image file. Refer to Section 3.2, “Exporting Images’ for details.

5.3. Exporting Label-Free Quantification Results

PEAKS LFQ results can be exported to other supported formats. To export the quantification results, press the
Export button in the title bar of the “ Summary” view panel. The following export dialogue will appear.

Texk Farmats HTML Repart

Report proteins in HTML with: /| Proteins (proteins.csv)

| summary view ) ; . K
/| Supporting peptides (protein-peptides.csv)

+ | protein coverage
; g [] Proteins - Fasta (proteins Faska)

/| supparting peptides
pporting pep Feature list (Feature.csv)

best unique PSM o _—
MNormalization factor {naormalization_factor.csw)

| Collect all the selected details above in a single html

/| Export peptide list in html

Save into: Browse Save inko: Browse
1 Export Cancel Export Cancel

HTML Report: Theoptionsarethe same asthosefor label ed quantification. See Section 5.1, “ Exporting Precursor
lon Labelling Quantification Results’ for details.

Text Formats:

* Proteins: These are the quantified proteins that pass the filters set in the "Summary" view and their associated
details.

» Supporting peptides: These are the supporting peptides of the quantified proteins and their associated details.
» Proteins- fasta: Thisisadatabasefile of all quantified protein sequences above the "Summary" view filters.

» Feature List: All predicted peptide features and their associated quantification information. Both identified
and unidentified peptide features are included.

» Normalization factor: Details of the normalization factor set in the "Summary" view are listed here.

Select the output location and click the Export button to save the selected result components to the specified
location.
Export Images. The XIC intensity curve, the LC/MSview of the sample features, and the RT alignment figure

of the samples can be exported to image files from the “ Features” view. Click the * button of the corresponding
tabs on the “Features’ view. Select the resolution and the location to save thefile.

6. Export inChorus Result

TheinChorus exporting function contains the same exporting options as PEAKS DB, but unlike PEAKS DB, the
exported results will contain inChorus scores and individua search engine scores for the supporting peptides of
the protein identifications. See Section 4, “Exporting Database Search Results’ for details.
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Chapter 17. Advanced Configuration
and Environment Preferences

1. PEAKS Environment Preferences

This section describes the settings of the environment preferences. These settingsinclude general preferences, raw
file converter preferences, search engine preferences, and spectrum annotation preferences.

To begin, click the“ Preferences’ toolbar icon @ or select the Window | Preferences command from the menubar
to open the “Preferences’ dialogue. Select the preferences category from the left to view the options available
for that category.

L.

Preferences

w

2

» General
Display Options
RMI Connections
Derby Database

# Raw file convertor
ABI{.wiff)
Bruker{.yep/baf, fid)
Shimadzu AXIMA{run)
Varian(.xms)
Waters(.raw)

# Search Engine
Mascot Settings
¥Tandem Settings
Omssa Settings

& Spectrum Annotation

General

Default Input File Directory
C:\Users'peaks

Default Project Folder
C:\Users'peaks\PeaksProjects

Temporary File Directory
ftemp

Default Log File Location
SERVER_LOG.log, CLIENT_LOG.log, COMPUTENODE_LOG.log

Browse

Browse

Browse

0K ” Cancel ] [ Help ]

1.1. General Preferences

Default Input File Directory: Select the Browse button to change the directory that will appear when adding
datato a project.

Default Project Folder: PEAKS uses[ USER_HOVE] / PeaksPr oj ect s asthe default folder for project files, where
USER_HOME is the user home directory in your system. Select the Browse button to change this location. Please
make sure this directory is readable/writable by PEAKS.
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Temporary File Directory: PEAKS uses [ PEAKS_HOVE_DI RECTORY] / t enp as the default temporary file output
directory, where PEAKS_HOVE_DI RECTCRY is the location where PEAK S isinstalled. Select the Browse button to
change this location. Please make sure this directory is readable/writable by PEAKS.

Default Log File L ocation: Thelog filesfor PEAKS can befound at [ PEAKS_HOME_DI RECTORY] by default. The
locations of these files cannot be changed.

1.1.1. Display Options

Click “Display Options’ from the menu on the left side to display interface preferences on the right side.
Display Options

[ ] Show Decoy Hits

[ ] Show Contaminants

[ ] Show Percentage Score

[ ] Show inChorus Score

Show PTM with frequency greater than | 3 -5-| in PTM profile table

Show Decoy Hits: Check thisto display protein and peptide hits from the decoy database within the PEAKS DB
results.

Show Contaminant: Check this to display contaminants that were identified during a PEAKS DB search. To
check for contaminants, ensure that a contaminant database is selected in the PEAK S Search window when setting
up asearch.

Show Per centage Score: PEAKS uses -10lgP to display its results by default. Check this to view the percentage
score along with the -10lgP score in both the "Peptide" and "Protein" views. These changes are applied to the
exported files of the PEAKS DB resuilts.

Show inChor us Score: Check thisto display the percentage score in both the "Peptide" and the "Protein” views
of the inChorus resuilts.

Set the PTM display threshold by selecting the minimum PTM frequency in the PTM profile table. If there are
fewer instances of a PTM identification in a protein identification than the minimum, it will not be displayed in
the PTM profile table.

1.1.2. RMI Connections

Click “RMI Connections’ from the menu in the left side to show the RMI (Java Remote Method invocation)
connections preferences on the right side.

RMI Connections
Server Host: |localhost
Server Port: | 33003
Client Port: (31003

Warker Port: | 35003

The default port numbers for the Server, Client and Worker will appear. The port numbers can be changed if
conflicts arise. Contact technical support at BSI <suppor t @i oi nf or. con for more information.

1.1.3. Derby Database

Click “Derby Database” from the menu on the left side to show the derby database preferences on the right side.
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Derby Database

Derby Host: |localhost Port: | 15270
Derby Server Start Memory: 512

Derby Jar Location

Sib
Derby Host: The name of the “Derby Host”, as well as the “Port” number, will come up by default. The port
number can be changed.
Derby Server Start Memory: The amount of memory used to start the derby server will also come up by default
but can be changed if more memory is available. However, it is not recommended to change this from the default
setting. To increase performance, use the performance configuration utility (see Section 5, “PEAKS Performance

Configuration”).

Derby Jar Location: The “Derby Jar Location” panel will list the location of the derby jar file by default. This
isdisplayed to find its location. This location cannot be changed.

1.2. Raw File Converter Preferences

This section allows users to change the preferences for the raw file converters of the following instruments: AB
SCIEX, Bruker, Shimadzu, Varian, and Waters.

1.2.1. ABI (.wiff)

Click the “ABI SCIEX (.wiff)” option under the “Raw file converter” section from the menu on the left side to
show the preferences for the AB SCIEX instrument raw file converter.

Note
Refer to Section 8.4.1, “TrippleTOF, QSTAR, or QTRAP” for detailson AB SCIEX (.wiff) preferences.
1.2.2. Bruker (.yep/baf, fid)

Click the “Bruker (.yep/baf, fid)” option under the “Raw file converter” section from the menu on the left sideto
display the Bruker instrument raw file converter preferences.

Note
Refer to Section 8.5, “Bruker Data’ for details on Bruker instrument preferences.

1.2.3. Shimadzu AXIMA (.run)

Click the“ Shimadzu AXIMA (.run)” option under the“Raw file converter” section from the menu on the left side
to show the Shimadzu instrument raw file converter preferences.

Note
Refer to Section 8.6, “ Shimadzu Data’ for details on Shimadzu instrument preferences.
1.2.4. Varian (.xms)

Click the“Varian (.xms)” option under the “Raw file converter” section from the menu on the left side to display
the Varian instrument preferences.
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Note
Refer to Section 8.7, “Varian” for details on Varian instrument preferences.

1.2.5. Waters (.raw)

Click the "Waters (.raw)" option under the "Raw file converter" section from the menu on the left side to display
the Waters instrument preferences.

Note

Refer to Section 8.2, “Waters/Micromass (MassLynx) Data” for detailson Watersinstrument preferences.

1.3. Search Engine Preferences

This section alows users to configure preferences for the following search engines: Mascot, X!Tandem, and
OMSSA.

1.3.1. Mascot Settings
Click “Mascot Settings’ on the left side to display the Mascot preferences.

Mascot Settings

Hostname (or IP address): |myMascot,mySite, com
Part: |80

Virtual Directory: | fmascot/

Version: |Mascot Server 2,3, P

User name: myMascotAccount
Password: esssss

Email: | test@bioinfor.com

| Test Connection |

These parameters specify how PEAKS accesses the Mascot server (if applicable). Enter the hostname (or an IP
address), the port, the virtual directory, and the Mascot server version. As well, enter the username, password,
and email address. To make sure that everything is entered correctly and that the server isworking, click the Test
Connection button. The port and the virtual directory match the above settings for most servers.

1.3.2. XITandem Settings

Click “X!Tandem Settings’ on the left side to display the X! Tandem preferences.
XTandem Settings

¥ Tandem Local Path

Jutandem Browse

AsPEAKS provides alocal copy of X! Tandem, upon installation, a default path will appear in the Local Settings
section. To use another license/location for X! Tandem, click the Browse button to tell PEAKS where to find the
search engine.
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1.3.3. OMSSA Settings

Click “OMSSA Settings’ on the left side to display the OMSSA preferences.
Omssa Settings

Default Omssa Path

omssa Browse

As PEAKS provides alocal copy of OMSSA upon installation, a default path will appear here. To use another
license/location for OMSSA, click the Browse button to tell PEAK S where to find the desired search engine.

1.4. Spectrum Annotation Preferences

Click “ Spectrum Annotation” from the left side to open the spectrum annotation preferences:
Spectrum Annotation

H20 NH3 2+
a [ O ] B
b
c O O = =
X O B @ =
¥
z O O & O
z [ O ] B
cH ]
immaonium [
internal [
precursor [

Show Decimal Flaces: 15

[] mfz on fragmentation
[] mfz on unannotated
seguence fragmentation
in place ion info
Intensity: (7) Low @ Medium () High

Reset default

The spectrain the PEAKS results can be annotated by selecting ion types from the thorough collection of ions
that PEAKS offers. The selected ion types will be displayed in the “lon Match” table, as well. It is possible to
annotate the spectrum with various ions for both CID and ETD. By default, y-ion, y-H20, y-NH3, y(2+), b-ion,
b-H20, b-NH3, and b(2+) are selected.

Note

To reset the settings to the PEAK S defaults, use the “ Reset default” button.

Show Decimal Places: Select the number of decimal places that will appear in the ion table and the spectrum
view. The default is set to two decimal places.
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m/z on Fragmentation: Select thisto display the m/z value on top of the annotated ions.
m/z on Unannotated: Select thisto display the m/z value on top of the peaks without ion matches.

sequence Fragmentation: Select this to display the sequence fragmentation on the top-left corner of the “ Spec-
trum Annotation” view.

In Place lon Info: lon information, m/z value,and relative intensity are all displayed in a pop-up within the
“Spectrum Annotation” view when this option is checked and the cursor is placed on a peak.

Intensity - Set the intensity threshold for spectrum annotation to low (2%), medium (5%), or high (10%). To
apply thisintensity threshold, select the “intensity threshold” checkbox in the “ Spectrum Annotation” view (see
Section 3.2.2, “ Spectrum Annotation”).

2. PEAKS Configuration

This section describes the configuration of enzymes, PTMs, databases, instruments, and parameters. To begin,
click the Configuration toolbar icon & or select “Configuration” from the “Window” menu.

2.1. Enzyme Configuration

PEAKS can use amost any single enzyme or combination of enzymes in your analysis. Select built-in enzymes
from the extensive list provided in PEAKS or define a new one. From the “Configuration” window select “En-
zyme” from the left side menu to change the enzyme configuration.

Enzyme List

<Built-In= Pepsin (pH 1.3) -
<Built-In= Pepsin (pH = 2)

<Built-In > Proteinase K

«<Built-In= Trypsin with [0]F]

<Built-In > Mone

4 [.m

Enzyme Details
Enzyme Name: |Trypsin
Cleave Sites (¥ = all amino acdds)

_aﬂ:er - | RK and :nutbefore v: =
ar :aﬂ:er v: and :before v:
ar :aﬂ:er v: and :before v:
ar :aﬂ:er v: and :before 'r:
[ Mew ] [ Add/Update ] [ Delete ] [ Help ]

Built-in Enzymes.  All of the built-in enzymes within PEAKS are listed in the “Enzyme List”. Click on one of
these built-in enzymes to view the information about that enzyme in the “Enzyme Details’ panel.

Note

A built-in enzyme cannot be deleted or edited.

CreateaNew Enzyme.  Provide the name of the new enzymein the“Enzyme Name” field and specify how the
custom enzymewill cleave the protein between two amino acidsto create peptidesin the “ Enzyme Details’ panel.
Theletter, X, denotes any amino acid at this position, while amino acids within the { and } brackets indicate any
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amino acid except for the one in the brackets. Choose where the cleavage sites are by selecting after or not after
and before or not before to specify the range. Add multiple amino acids to indicate that cleavage happens before
or after any of the stated amino acids. For example, after RK means after R or K not after R and K.

Click the Add/Update button to save the changes. The new enzyme will now appear in the “Enzyme List”, where
it can be accessed later. To delete acustomized enzyme, select the appropriate enzyme and click the Del ete button.

Note

For information on defining new enzymes “on the fly” for PEAKS de novo or PEAKS DB, refer to
Section 2.2, “Enzyme”.

2.2. PTM Configuration

From the “Configuration” window, select “PTM” from the left side menu to change the PTM configuration.

-~

Marme Mono mass Residue site
4-hydroxynonenal (HME) 156,1150 [CHE] A
Acetylation (K) 42,0106 [K]
Acetylation (M-term) 42,0106 [x]am
Acetylation (Protein M-term) 42,0106 [x]am
Amidation -0, 9840 [X]@C
Ammonia-oss (C@M-term) -17.0265 [Clam
Ammonia-oss (Protein M-term)  |-17.0265 [Ts]@m
Beta-methylthiolation 45,9877 [C]
Biotinylation 226.0776 K], [x]@m
Carbamidomethylation 57.0215 [C]
Carbamylation 43,0053 K], [x]@m
Carboxylation (E) 43,9893 [E]
Carboxymethyl 55,0055 [C]
Citrullination 0,9540 [R]
Deamidation (NQ) 0,9540 MG
Dehydration -13.0106 [OYTS], MQ]@C
Dimethylation 28,0313 [KRM], [X]@M
Dinxidation (M) 31,9893 ]

FAD 733.1415 [CHY]
Farnesylation 204,1378 [C]
Formylation 27.9949 K], [x]@m
Formylation (Protein M-term) 27.9949 [x]am
Geranyl-geranyl 2722504 [C]
Guanidination 42,0218 [K]
HexMAcylation (M) 203.0734 ]
Hexose (M5Y) 162.0528 [MSY]
Homoserine -29,9923 [M]@C
Homoserine lactone -43,0034 [M]@C
Hydroxylation 15,9949 [PKDMRY]
Lipayl 138.0330 [¥1
Methylation 14.0156 [TSCKRHDE], [X]@M "

Recent| Common | Uncommon | Artificial | Customized Vi Hew

Built-in PTMs.  The built-in standard PTMs within PEAKS are listed under three separate PTM lists: “Com-
mon”, “Uncommon”, and “ Artificial”. The "Common" list contains the most commonly used PTMs, the "Uncom-
mon" list contains less frequently used PTMs, and the “ Artificial” list contains the PTMsthat can only be induced
artificially. The most recently used PTMsare listed in the “ Recent” tab. All of the user-defined PTMsarelisted in
the “ Customized” tab. Double-clicking on any of these PTMswill display the PTM detailsinthe“PTM Info” pop-
up dialogue. The same information can be viewed by selecting a PTM from alist and clicking the View button.
For details on PTMs, refer to Section 2.3, “PTM”.
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PTM niame: Carbamidomethylation|
FTM abbreviation: Carbamidomethyl
Mass (Manoisotopic): 57.021445
Residues that can be modified: |C Anywhere
@ peptide ) protein N-tarm
[ C-term
| Formuia: H(3) C(2) N(1) O(1)
| Rule:
| I Close I I Help I

Createanew PTM. Click on the New button to display the “New PTM” dialogue. Provide the information
about the PTM. The required information about the PTM is listed below:

PTM name:
FTM abbreviation:

Mass (Monoisotopic):

Residues that can be modified: Anywhere
@ peptide () protein M-term
C-term
Farmula:
Rule:
QK H Cancel I I Help I

* PTM Name: This name will appear inthe PTM list for future use after it is saved.
* PTM abbreviation: The PTM expressed in a shortened form.
* Mass (Monoisotopic): The mass that the residue gains or loses as aresult of the PTM.

» Residues that can be modified: Enter residues that can be modified anywhere, or residues that can only be
modified if they are at the N- or C-terminus.

» Formula: The chemical formulaof the PTM. This should correspond to the mass listed above.
* Rule: Thisfield can be used to enter acomment about the PTM, to be used for your own reference.
Click the OK button to save the changes. The new PTM will now appear in the “ Customized” PTM list, where it

can be accessed later. To delete a customized PTM, select the appropriate PTM from the list and click the Delete
button.

Note

For information on defining new PTMs “on the fly” for PEAKS de novo or PEAKS DB, refer to the
section Section 2.3, “PTM”.

190



Configuration and Preferences

2.3. Labeled Q Method Configuration

From the “Configuration” window, select “Labeled Q Method” from the left side menu to change the labeled Q
method configuration.

Mew
lEl ™RAQ-splex
[ ™T-2plex (cIDjHCD) Delete
[El ™T-splex (CIDMHCD) -
ﬁ MT-6plex (ETD)
[ iodo TMT-5plex (CID/HCD) v Duplicate
Quantification Method Detail
Mame |ITRAQ-4plex Method Type Reporter Ion Quantification
PTH

[F| mRAQ 4plex (K, N-term)

Label Options

Mame Reporter Ion Mass(Da)
ITRAQ4-114 114.1107
ITRAQ4-115 115, 1077
IMRAQ4-116 116.1111
ITRAQ4-117 117.1144

The built-in labeled Q methods are listed in the methods list. Select a method from the list to view detailed infor-
mation in the “Quantification Method Detail” panel. Methods with the R icon beside the name are reporter level
methods. M ethods with the P icon beside the name are precursor level methods.

Name and Method Type: The name and the type of quantification method. The method type can be “Reporter
lon Quantification” or “Precursor lon Quantification”.

PTM: The post-translational modification associated with the selected Quantification method; including the
residue site and the location on the residue at which it is attached.

Label Options: List of quantifiable labels. For reporter ion quantification methods, the Label Options pane will
contain the name and reporter ion mass. For precursor ion quantification methods, the Label Options pane will
contain the sample name, the modification, and the modification details.

CreateaNew Method. To create anew labeled Q method, click the New button to open the “ New/Edit Quan-
tification Method” dialogue, where the quantification method details can be specified.
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Quantification Method Detail
Mame Method Type  |Reporter Ion Quantification | w
PTHM
Set PTM
Remave
Switch type
Label Options
Add Label

Mame Reporter Ion Mass(Da)

i
m

The modification target, the modification mass, and the PTMs for a “ Reporter 1on Quantification” method. Use
Add Label and Delete Current Line to add or remove a label, respectively. Each label is defined by the sample
name and the reporter ion mass.

Quantification Method Detail

Mame Method Type Precursor Ion Quantification »

Label Options

Mame Madi Madi Detail R to P Modi
eawvy SILAC K& Y |6.0201@(K]
Light Mone [

Use Add row and Delete Row to respectively add or remove alabel for a“Precursor 1on Quantification” method.
Each label is defined by the sample name, the added mass, the target residue, and the labeling efficiency. If one
sample has multiple labels with different mass shifts, a user can add multiple labels with the same sample name.
These labelswill contribute to the same samplein the ratio. The modification for each label must be selected from
the PTM lists, which can be accessed by clicking the button in the “Modifications’ column.

2.4. Database Configuration

To use the PEAKS DB function to identify proteins through a database search, PEAKS must have access to a
protein or an EST databasein FASTA format (the standard format for popular public sequence databases). PEAKS
can be configured to use existing databases on the system or to use databases downloaded from a public server.
Additionally, taxonomy options may be specified with certain databases.

From the “Configuration” window, select “Database” from the left menu to change the database configuration.
The “Database List” on the top shows all the configured databases in the system. Select a database from the list
to view the detailed information about the database in the “ Database Details” panel.
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Enzyme Database List

[UniProt_SwissProt]

FTM

Labeled Q Method

Instrument

Database Details

FASTA format database: :NCBI nr v: Validate Database ] ’ Export Decoy DB ]

Basic Options

Database name: Validated
Path: [ Browse ] or [ Download ]
[T] EST database

Advanced Options - Fasta Title Format
Rule to parse accessionfid from FASTA title:

Mai\l\d=y

Rule to parse description from FASTA title:

s+ =N

Accessionfid URL:

http: v . ncbi.nlm, nih, gov fentrez fviewer . fogi?db=proteinfval= | <Accession/ID>
Delimiter: | s+ *Y

Taxonomy Options

taxonid [ Browse ] [ Download ]
taxdmp [ Browse ] [ Download ]
{ Mew |[ Add/Update H Delete H Help ]

Close

Createanew database. Click the New button to create anew sequence database entry or select adatabase from
the “Database List”. The database can be configured in the “ Database Details’ area below. Click the Add/Update
button to save any changes. Refer to Chapter 6, Adding a Sequence Database for details on adding a new database.

Delete a previously configured database. To delete adatabase file, select the database to be deleted from the
“Database List” and click the Delete button at the bottom.

Moving/Updating a database. To move a database to another directory, the location must be updated in
PEAKS. Select the database and specify the new location using the Browse button next to the “ Path” field. Then,
click Add/Update to save the new settings. If the database location is invalid, the database name will appear in
red in the list of databases. Any protein identification using that database will fail. If an update is made to the
database file (perhaps by downloading the latest database file and overwriting the old database file), PEAKS will
show the database information in light gray. A light gray color could also mean that the database does not have
header information.

Configuredatabasesfor usewith other search enginesin PEAKSinChorus. The databases configured here
will also beused in PEAKS inChorusto call the X! Tandem and OM SSA search engines. However, Mascot search
depends on Mascot's databases only. When using these third-party software tools, note the following with care:

» X!Tandem: At the time of writing, X!Tandem has difficulty in searching through large databases and may
crash during asearch. Therefore, it is suggested that X! Tandem only be used with small databases. If used with
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alarge database, a taxon should be specified. For example, NCBI-nr and SwissProt databases should be used
with subtaxa selected when using X! Tandem.

* OMSSA: At the time of writing, OMSSA cannot be used with databases that are not in NCBI-nr, or SwissProt
format in away that isavailableto inChorus. Also, abug in OMSSA resultsin adatabase, stored in afolder that
contains a space in its path, to be unusable. This creates problems when PEAKS creates temporary databases
on your behalf. To avoid this, best practices suggest that all of the databases should be put in afolder with no
spaces, such as C: / peaksdat abases. Note that the folder C: / My Docurent s/ dat abases does not work as it
containsaspace between'My' and 'Documents’. Using spacesin the database file name causes the same problem.
For example, once the NCBI-nr database is downloaded and extracted, save the database as ncbi nr. f as, or
ncbi _nr.fas rather thanncbi nr. fas.

* Mascot : The database used by Mascot will have to be identical to the database configured in PEAKSin order
for inChorus to parse Mascot results correctly.

2.5. Instrument Configuration

From the “ Configuration” window, select “Instrument” from the left side menu to change the instrument config-
uration.

Instrument List

<Built-In > Qrbitrap (Orbi-Trap)

<Built-In = Crbitrap (Crbi-Orhi)

<Built-In = Triple-TOF

<Built-In = Q-TOF

<Built-In > TOF-TQF

<Built-In= Ion Trap W

Instrument Details
Instrument Mame: |Orbitrap (Orbi-Trap)

Basic Options

Ion Source: |ESI{nano-spray) W
MS Precursor Scan: | FT-ICR/Orbitrap W
M5/M5 Product Scan: | Linear Ion Trap W

Advanced Options

Frecursor mass search type: (@) Monoisotopic () Average
Parent mass error tolerance: 15.0 DO v

Fragment mass error tolerance: 0.5 Da w

Built-in Instruments.  The names of the built-in instruments are provided in the “Instrument List”. Select an
instrument to view the detailed instrument information in the “Instrument details’ panel below.

Note

The details of a built-in instrument cannot be deleted or edited.
Createanew instrument.
1. Click the New button and provide a name for the instrument in the “Instrument Details’ panel.

2. Use the “lon Source” drop-down menu to select the ion source that was used: MALDI/SELDI or ESI (nano-
spray). Thiswill help the PEAKS Data Refine tool determine the charge of the ions.

3. Usethe“MSPrecursor Scan” drop-down menu to select the type of MS scan that was performed. Thisselection
will tell the PEAKS Data Refine tool whether the survey scan is of sufficient resolution to determine the charge
and the monoisotopic peak during examination of the survey scan.
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. Usethe “MS/M S Product Scan” drop-down menu to select the type of MS/MS scan that was performed. This
selection will help PEAKS decide which internal parameters (for weighing fragments and amount of noise) to
use during PEAKS auto de novo sequencing and a PEAKS DB search. Select LIT/FT if aternating high-res/
low-res modes were used. Thiswill alow the algorithm to determine the mass analyzer from the scan header.

. Use the“Advanced Options’ to specify additional parameters.

. Select “Monoisotopic” or “Average” as“Precursor Mass Search Type”. For ion-trap instruments, it is usually
beneficial to allow PEAKS DB search to use an average mass.

. Specify the values for “ Parent mass error tolerance” and “Fragment mass error tolerance” in Daltons or ppm.
These will appear on the PEAKS de novo and PEAKS DB option screens when the instrument is selected.

. Click the Add/Update button to save the changes. The new instrument will appear inthe* Instrument List” where
it can be accessed when creating a new project file. To delete a customized instrument, select the appropriate
instrument from the “Instrument List” and click the Delete button.
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