PEAKS Studio User Manual (v5.3)
PEAKS Team



PEAKS Studio User Manual (v5.3)
PEAKS Team

Publication date 2011




Table of Contents

[. BBSIC OPEIBIIONS ... ceeett ettt ettt ettt e e ettt e et et e e ettt e e et h e e e et b e e et e et et e e e e 1
1. WEICOME 10 PEAKS®R ...ttt ettt ettt e et e ettt e ettt e e e e et e e e enbn e eeens 4
L M@IN FUNCHIONS ...ttt ettt e e et ettt e e e e et e e e e st e e eenteaaeeens 4

2. Maor New FeatUreS 1N 5.3 ...... et 4

3. Guidelines for Using thiS Manual .............ooiiiiiiiiiii e 5

S o0 =TSP PP PTTPPRTR 6

5. SEIVICE @N0 SUPPOIT ... eeeeetiiee ettt ettt e e ettt e e ettt e e et ab s e e e enb e e eent e eeen 6

2. Installation and REQISIIELON ...........iiiiiiieeeiit ettt e e ettt e e e e e e eeb e e e ent e aees 7
1. PaCKAgE CONLENES .....eeeetie ettt ettt ettt ettt e et e ettt e et e e e e e et e e e enbn e e eeneas 7

2. SYSIEM REQUITEMENTS ...ttt e e e e et e et et e e e naa s 7

3. Installation 0N & Windows COMPULET ........ccuuuiiirrieeeiii e et eeeeti e e eeti e eeert e eeeniaeeeens 7

N L o 1= 1 2 (o TSP UPPRTR 8

4.1. Registration with Internet CONNECHION ..........cuuuiiiiiiiie e 9

4.2. Registration without Internet CONNECLION ..........ccuuiiiiiiiiiieeiii e 12

4.3. Reregistering PEAKS ... 14

4.4. Common Errors during REgISration .............oeveeuuieeiiiiieeiiiie e 14

5. Adjusting PEAKS MeMOry USAQE ......ccuuuiiiiiiiiaiiiii et 15

B. WNEE'S INEXL ...ttt ettt ettt e e 15

3. A 15-Minute WalKENrOUGN ..........oei e 16
L OVEIVIBIW ottt ettt ettt et e e s 16

2. The Main USer INTEITACE ...... i 16

3. Examining the ANalySIS RESUITS .......cc.uuiiiiiiie et 17

4. Conducting the Data ANAYSIS .....cuuuueiiiiie ettt 21

B WNEE'S INEXL ..ttt 22

4. Loading Datato @ PEAKS PrOJECE .....cccuuuiiiiii ettt 23
L OVEIVIBIW ottt ettt ettt et e e s 23

2. SUPPOItEd Data FOIMELS ... .cceveueeieit ettt et et e e e e e e e e e e ennens 23

3. Vendor SpeCific REQUITEMENTS .........iiiiii e 24

3L TREMMO D@EA ...ttt 24

3.2. Waters/Micromass (MassLyNX) Data ........ccouuuuiieiiinieiiiiiiee e 24

3.3 AGIHENE DA ...t 25

3.4. Applied BiosyStEMS/SCIEX DaA ......cceuuueiiiiiieiiii e e 25

3.4.1 QSTAR OF QTRAP .. e 25

3.4.2. Instrument Preferences for WIFF ... 25

3.4.3. ABI 4700/4800 .....coovnieiiiiiieeeei et 25

3.5, BIUKEN D@IA .....eeeeiie ettt et 26

3.5.1. Instrument Preferences for Bruker Data............ccuuuviveeiiieiiiiiiieieiiieeeeenennn 26

3.6, SNIMBAZU DA ....cevvn ettt 27

ST VAITAN e 27

3.8. PEAKS 5.X PrOJECES ...uueiiiii ettt ettt ettt et e 28

4. Creating & NEW PrOJECE ......cccuii ittt ettt ettt e e e e eaans 28

5. Adding Data to an EXiSting ProjECt ............iiiiiiiiiiiiiiicii e 30

6. Changing the Default Project LOCALION ...........iviiiiiieiiiii e 30

5. D@ VISUBIIZALION .....vuneiiii ettt et 32
L OVEIVIBIW ettt ettt ettt et ettt e e s 32

2. MIS VBV et 32

S IMSIMS VIBIW ettt e et ettt e e e e 33

A HEBE M ettt 34

4.1, Blur / Unblur HEEE M8 ...t 35

4.2. Highlight Feature / Hide FEAIUIE ...........iiiiiiiieiiii e 35

4.3. Mark Feature / Unmark FEaIUIE .........coouviiiiiiii e 36

4.4, ShOW MS2 / HIE MS2 ...t 37

A5, SNOW PID ..ot 37

A.6. SNOW 3D VIBW ettt e e e 38

A.7. NOISE LEVEL ... 39




PEAKS Studio User Manual (v5.3)

6. Adding a SequENCE Database ..........oovvuiiiii e e 40
1. Configuring SEqUENCE Dat@haSES .........ccuuiiiiieiii e e e e e e e e e e 40

2. Databases to be Used in PEAKS inChorus FUNCEION ..........covvviiiiiiiiiiineecce e 42

I T S Tl BT v AN g = ) = 43
7. Data REFINEMENE ...ooeeiiiii ettt e e et e e et r e e e et s e e e ettaeeeertnaeeaee 45
L OVEIVIBIW ettt r et e ettt e e et e et et e e e et aeaanan 45

2. Data RefiNEMENt Par@MELEr'S .. ... iiiii et e e e e e et e e eeaees 45

8. Peptide De NOVO SEQUENCITIT .....iiiiiiii e e e e et e e e e e e e e e e et e e et e e et e e st e e e aneeanaees 47
L OVEIVIBIW ettt r et e ettt e e et e et et e e e et aeaanan 47

2. De NOVO SeqUENCING ParaMELErS ....vvu i e e e e e e e e e e e e e e e e e st e e e e eanaes 48

2.1 M@SS EITOr TOIEIaNCE ... e e e et e eeeaes 48

2.2. ENZYME SPECITICITY ..ivvniiii i 49

2.3. Fixed and Variable PTIMS ......uuiiiiiii et e 49

2.4, Other Pal@MELEr'S ... iiiiei e eeiii e e e e e et e e et e e e e et e e e eatnneeaestnaaeeees 50

2.5. Saving the Parameters for FULUNE USE ........ccuuiiiiiiiiiii e 50

3. Understanding PEAKS De Novo Sequencing ReSUIt ..........couiiiiiiiiii i 50

TN S 10010107 VA AT = Y P 51

3.2. DENOVO PERLIAE VIBW ...t e e eaa s 52

321, Peptide Tahle .ouvuieiiii i 52

3.2.2. SPECLrUM ANNOLALION ...u.iiviciiii e e e e e e e e e e e e aaas 53

323 10N TADIE e 55

I 4 (o |V = o PSPPI 56

3.2.5. Spectrum ALIGNMENt ..o 56

I T o (= 0 S o= o PP 56

4. Filtering De Novo Sequencing RESUIL .......c.uuiiiiiiiii i 56

5. EXPOrt DE NOVO RESUILS ....uiiiiiciiii e e e e e e e e e eanas 57

6. Run Auto De Novo Sequencing on a Single SPECtrUM .........couvviiiiiiiii i 57

7. Manual D& NOVO SEOUENCING ....vvuneiiinieiiieeeiieeit e et e e st e esan e eataeestaeestnee st eeaneesanaasnnaaes 57

7.1. Manual De Novo Graphical User INterfate .......c.oveiiieiiiieiii e 57

7.2. Manual De NOVO OPEIatioNS ........ueeiuuieiiiieeiii e e e e e e e e e e e e e e e e aanas 59

LS (S T I 2 PP 65
L OVEIVIBIW ittt e et e ettt e et e et et e e et e e et e eaanan 65

2. Set PEAKS DB Pal@MELErS ... eiiiiieeieiii ettt e et a e et e e et e e e enan e eeennnns 66

3. Understanding PEAKS DB RESUIL .......uiiiiiiiiii e e e e e e 67

3.1. The Peptide and Protein SCOMES .........ccuuiiiiiiiiiii e e e e 67

S 1001017 VA A=Y P 67

3.3 PEPLAE VIBW .eviiiie e 70

3.3.L Peptide Tahle .ovvniiieii e e 71

3.3.2. Peptide Spectrum MatCh ........o.uiiiiiiiii e 71

G G N o)1= | o PSPPSRI 73

I 101 (= 1 I AT PR 73

AL Protein Table ..ocuvuieii e 74

BA.2. PEDUIGES ..ot e 74

B A 00V - o (= TR 75

I A oo I = o SO SPPP 75

3.5. DENOVO ONlY VIBIW ..ovniiiiiii e e e e e e e 75

4. Filter PEAKS DB RESUIL ....uiiiiiiiii ettt e et e et e et e e e e 75

5. Export PEAKS DB Results for PUbliCation .............c.oiiiiiiiiiii e 57

6. Comparison of PEAKS DB RESUILS ......ccuuiiiiiii e 77

6.1. ComPariSON RESUIL ......ccuuiiiiieiii e e e e e e e e e eaaeeees 77

6.2. Peptide COMPAISON .....uiiii it e e e e e e e e 78

6.3. Protein COmMPAIiSON .......cccuuiiiiieiiii e e e e e e e e e e e e e e et e e e e eanas 79

B.4. StAtiStCAl ChartS .......uuuiiiiiiii e 80

6.5. Exporting CompariSon RESUILS ...........iiiiiiiiiiiiciie e e e e 80

10. PEAKS INCROIUS .tueeiiiii ettt ettt ettt e ettt e e et s e e e et s e e e et s e e e ettreeeeatnaeeeesenaeeeees 82
1. PEAKS INCHOIUS OVEINVIEW ....ciiiiieeiiii et et e et e e et e e e e et e e e eaaa s 82

2. Understanding PEAKS iNChorus RESUIL .........coouniiiiiiciii e e e 83

3. Filter PEAKS INChOrUS RESUIL ......ciiiiiiieiiciii e e et e e e e e e 85




PEAKS Studio User Manual (v5.3)

[11. PEAKS Q - Protein QUantifiCation ............couuieiiiiiiiiir e e e e e e e e e e e eaeaas 86
11 PEAKS Q - MS LEVE ..ttt e e e e e 88
L OVEIVIBIW ottt e ettt e ettt e et e et e ettt eeaa e eaannn 88

2. SEHING ParamMEErS ...ivi i e 88

3. Understanding the RESUIL ..........oiiiiii e e e s 20

TN S 10010107 1 VA AT~ Y P 90

I = (01 1 I AT SR 90

3.3 PEPLAE VIBW .o 91

12. PEAKS Q - MSIMS LEVEL ..ouiiiiiiiee e e e et e et e eeaaanas 92
L OVEIVIBIW ettt r et e ettt e e et e et et e e e et aeaanan 92

2. SEHING ParamMEErS ...ivi i e 92

3. Understanding the RESUIL ..........iiiiiiii e e e e e s 93

TN S 10010107 VA AT = Y P 94

I = (01 (= 1 I AT PR 94

3.3 PEPLAE VIBW .o 94

13. PEAKS Q - LaEl FrEe ..o 96
L OVEIVIBIW ettt r et e ettt e e et e et et e e e et aeaanan 96

2. SEHING ParamMEErS ...ivi i e 96

3. Understanding LFQ RESUIL ........uuiiiiiiii e e e e e e e e e ean e ees 98

TN S 10010107 1 VA AT~ Y P 98

I = (01 (= 1 I AT PR 99

3.2.1. Extracted 10n ChromatOgram .........ueveuniiiiieiiie e eeeie e e e e e e e eae 100

I o 1 1Y - o S 100

B.2.3. 3D VB ittt a et aan 101

324, MS2 ANNOLALION ..evviieiiii et e e e et e e e e eannns 101

I = o (0] o= PP 102

A, FIlter LFQ RESUIL ...uiiiiii ettt e et e e e et e e e et e e e eate s e e e eatnnaeeee 102

5. Export Quantification Result to Other FOrmatS ..........coovvviiiiiiiiiii e, 102

6. Replicate ANalySiS in LFQ ...oouiiiiii i e 103

6.1. Assign Replicate Number to aSample ........ooovviiiiiiiii e, 103

6.2. RUN REPIICAE ANAIYSIS ..uuiiiciiii e e e e e e e e e e e 105

6.3. Understand Replicate AnalySiS RESUITS .........oivvniiiiiiiiie e 106

6.4. Export Replicate ANalysSiS RESUIL ........cccvuiiiiiieiii e 108

V. AQVanNCed Data ANAYSES ......iiiiieiiieii et e et e e e et e e e e e e e e et e e et e e et e e et e e aa e e et 109
I o Y T o = PSP 111
I 001 0= Y PP 111

2. Setting Up PTM Finder ParameterS ........cc.ueiiiuieiiiieiie e e e e e e e s e e e eaaaeeeen 111

3. Understand PTM FINAEr RESUIL .......oiiiiiiiiiiiiiie e e e s 112

15. Homology Search With SPIDER ........cccuiiiiiiiiii e e e e e 113
1. Set SPIDER Pala@MELErS .....uuiiieiiiieiieii et e et e ettt et e e e et e e et e e e et e e e e aa e 113

1.1. Run SPIDER 0N PEAKS DB RESUIL .....uuuiiiiiiiiieeiiii et 113

1.2. Run SPIDER INAePendently ........uviiiiiiiiiii et 115

2. Understand SPIDER RESUITS .....uiiiiiiiee et e et eeeei e e e 115

2.1. SPIDER PeRLAE VIBW ...vuiiiiiiiiieeeei ettt e 116

2.2. SPIDER ProteiN VIBW ......iiieiiieieii ettt e st eeeaa e 116

16, WOTKFIOW .ttt e et r e e e et r e e e et e e e et e e e eaanees 118
1. Identification WOPKFIOW .......ooveueiiiiii e 118

2. Quantification WOIKFIOW ......couuiiiici e e 119

3. INCHOTUS WOTKFIOW ...t e e 120

17. Exporting Data/RePOrts and Printing ........co.uiiiiiiiiiiciie e e e e e e e e e 121
I (oo N B L - PP 121

2. EXPOrt DE NOVO RESUIL .....iiiiiiii e r e eaaaas 121

2.1. Export Summary and PEPidES ......ccevniiiiiciie e 122

2.2, EXPOIT IMBOES ..ottt 122

3. EXPOrt PEAKS DB RESUIL .. .ciieiiieiiii ettt e e 123

3.1. Export Summary, Proteins and Pepides .........coooviviiiii i, 123

3.2, EXPOIT IMBOES ..ottt 124

4, Export QUantification RESUILS ..........iiiuiiiii e e e e 124




PEAKS Studio User Manual (v5.3)

4.1. Export Labeled Quantification RESUILS ...........ccovviiiiiiiiiiicin e, 125

4.2. Export Label-Free Quantification RESUILS ..........cccvvviiiiiiiiiiieiiiee e 125
4.2.1. Export Result in EXcel ofr HTML ..ooiiiiiii e 125

4.2.2. EXPOrt SUMMAIY Page ....c.vviiiiiiiiii e e 126

5. EXPOrt SPIDER RESUIL ....ceuiiiiiiiiie et e et e s 126
6. EXPOrt iNChorus RESUIL ........ciiiiiiii e e e e e eaes 127
18. Configuration and PrefErENCES .......covuiii e e e 129
1. PEAKS ENVIronmMent PreferENCeS .....uuiiiiii e e et e e et e e eena e aees 129
1.1, General PrefErENCES .. .covvuiieieiii ettt 129
0 B B TE o = YA @ o] 0] PN 130

1.2.2. RMI CONMNECLIONS ...t eeeti e ettt e et e e et e e e e 130

1.1.3. Derby Data@ase .......eveevinieiiiii e 130

1. 1.4 PerfOIMENCE .. .cetniiieeei ettt et e e e e 131

1.2, INSErUMENt PrefEreNCES ... .ceveeiii ettt ea e 131
12,0 ABL ((WITE) oo 132

1.2.2. Bruker (.yep/baf, fid) ......ooviiiiiiiii 132

1.2.3. Shimadzu AXIMAa (.FUN) ...uueeiiei e e e e e e e e eanas 132

L.2.4. Vaan ((XIMS) couuueiii e eieie e e e et e e e e et e e e e e e e s e e e e e et e eeanaeeens 132

1.3. Search ENgiNg PreferenCeS .. ....uiiiiiicii e 132
O 3 |V S o S = 1 o 132

1.3.2. XITandem SEHiNGS . .ovvuiiiiieii e e e e aens 133

1.3.3. OMSSA SEIINGS 1evvvnieiiiiiiie ittt e e e e e e e e e aaanns 133

1.3.4. SEOUESE SELEINGS ...oevvvneeeiiii et e ettt e e et e e e et s e e e et s e e e et e e eeatnaeeeen 133

1.4. Spectrum AnNNotation PreferenCes ........co.viiiiiiiii e 134

2. PEAKS CONfIQUIGioN .....c.uuiiiiiiii et e e e e e e e e e e e et e et e e eaneeaens 135
2.1. Enzyme Configuration ..........ccuiiiiiieiiiciie e e e e e e e e e e e 135

2.2. PTM CONfIQUIAiON .....cuueiiieeii e e e e e e e e e e e e e e et e e eaaeeees 136

2.3. Database ConfiguIation .........cc.iiiiiiieiiiieiie e e e e e e e e e 137

2.4. Instrument ConfigUIation ............uoeiiiiiiiiii e e e e e e e 137

2.5. Parameter ConfigUIation ..........c.uieiiiieiiiieiii e e e e e e e e ean s 139

Vi



Part |. Basic Operations




Table of Contents

1. WEICOME 10 PEAKS® ...ttt ettt ettt e ettt e e et et e e et et e e et et e e e enbanaeeenes 4
L IM@IN FUNCEIONS ...ttt ettt e e ettt e ettt r e et e bt r e et enb e eeeeneaeeeees 4

2. Maor NewW FeatUres IN 5.3 ... ettt e e e 4

3. Guidelines for Using thiS ManUal .............ooiiiiiiiiiii e 5

S o0 =TT PP 6

5. SEIVICE @MU SUPPONT .. eeeetie ettt ettt ettt ettt ettt e e et e e et et e e et et e e e eeter e e e eeta e e e eeba e eene 6

2. Installation and REQISLIALHON ..........ieiiitieiiii e ettt e e et e et e et et e e e e et e eeeate e eae 7
1. PaCKAgE CONLENES ... eieeetiee ettt ettt ettt ettt e ettt ettt e et et et e et e et et e e e e et e e e naa e e eenans 7

2. SYSIEM REQUITEIMENTS ....eueieiti ettt ettt ettt e et e et et e e e et e e e ena s 7

3. Installation 0N & WindoWs COMPULES .........uuuiieiitieteeii et ettt e e e e e e eene e e e e e e eenans 7

A, REGISITBLION ...eeeet ettt ettt ettt ettt n e 8

4.1. Registration with Internet CONNECLION ...........uuiiiiiiieiiiii e 9

4.2. Registration without INnternet CONNECTION ............uieiiiiiieiiii e 12

4.3. Reregistering PEAKS ..o 14

4.4. Common Errors during REJISIIEHION ........c.uuuieiiiiiieiiiii et 14

5. Adjusting PEAKS MeMOrY USBOE .....c.uuuiiiiiiieieiii ettt ettt e e 15

B. WNEE'S INEXL ...ttt e ettt e e et e et e et e e 15

3. A 15-Minute WalKENIOUGN .......oouun e e 16
Lo OVEIVIBIW ettt ettt et ettt et e aa e e naas 16

2. The Main USer INEEITACE ... oottt ees 16

3. Examining the ANalySIS RESUITS ......couuuiiiiiiiei e e 17

4. Conducting the Data ANAYSIS .....euuiiiiiie ettt et 21

B WWNEE'S INEXL ..ttt et et et e 22

4. Loading Data to @ PEAKS PrOJECE .....ccuuuiiiiii ettt ettt e e 23
Lo OVEIVIBIW ettt ettt et ettt et e aa e e naas 23

2. SUPPOITEd DEta FOIMMELS .....eevve ettt ettt e e e et e e e e e e eenans 23

3. Vendor SPeCific REQUITEMENTS ........iiiii et e e e 24

3L TREMMO D@LA ...ttt ettt 24

3.2. Waters/Micromass (MassLYNX) Dalal .......cccuuuieiiriiieiiiiie e 24

3.3 AGIHENE DA ... ceeeee ettt et e e e 25

3.4. Applied BioSyStEMS/SCIEX DEIA ... ..cuvuueiiiiiieieii ettt 25

34.1 QSTAR OF QTRAP ..ot 25

3.4.2. Instrument Preferences for WIFF ... 25

3.4.3. ABI 4700/4800 .....covuneeeinie ettt 25

R =1 (010 g DT - NPT TOPPTTRP 26

3.5.1. Instrument Preferences for Bruker Data.............uvviviviieiiiiiiieeiiiieeecei e 26

3.6, SNIMBAZU DEIA ....cevueeeeit ettt et 27

A - (- PP P PP UPPPPTPRPPPN 27

3.8. PEAKS 5.X PrOJECES ...ttt ettt ettt e e 28

4. Creating & NEW PrOJECE .....coouri ettt e e e e 28

5. Adding Data to an EXiSting PrOJECE ..........viiiuiiiiiii et 30

6. Changing the Default Project LOCAION ..........cocuuiiiiiiiiiiecii e e e 30

5. D@ VISUBIZALION .....uuiiiiii ettt et ettt e 32
Lo OVEIVIBIW ottt ettt et ettt e eaaas 32

2. IMIS VBV ettt et 32

L MSIMS VIO ettt ettt ettt e e e e ee e aee 33

A HEBE IV .ottt ettt e eanas 34

4.1, BlUr / UnBIUr HEEE M8 ... ettt 35

4.2. Highlight Feature / Hide FEAIUE ..........ooiiiii it 35

4.3. Mark Feature / UnNmark FEBIUNE .........couuiiiiiiie et 36

44, ShOW MS2 / HIOE MS2 ... 37

A5, SNOW PID ..ot 37

A.6. SNOW 3D VIBW .ttt ettt ettt ettt e e e e naaas 38

A.7. NOISE LEVEL ...t 39

6. Adding & SEQUENCE DaLADASE .......ceevti ettt 40




Basic Operations

1. Configuring Sequence Databases ..............c..eeeeen..

2. Databases to be Used in PEAKS' inChorus Function




Chapter 1. Welcome to PEAKS®

1. Main Functions

PEAKSisanintegrated software platform for several common proteomics analyses using tandem mass spectrom-
etry datafrom all major mass spectrometry vendors. It integrates the following functionsin auser-friendly graph-
ical user interface:

Peptide de novo sequencing

De novo segquencing is PEAKS' best-known function. It derives the peptide's sequence from the MS/M S spec-
trum, without using a protein database. De novo sequencing isinstrumental to the identification of novel or mu-
tated peptidesthat are not included in the database, and to the study of the organismswithout a protein database.

Peptide/protein identification with database search

PEAKS can aso identify peptides and proteins by searching a sequence database with the MS/M'S spectra.
Variable PTMs (post-translational modifications) are allowed for the search. PEAK'S uses a unique approach
to achieve superior accuracy and sensitivity.

PTM analysis

After the proteins are identified, a second-round search using the included PTM Finder tool can find more
peptides with additional PTMs.

Homology analysis

Theincluded SPIDER tool can identify peptides with an inexact database. Therefore, when the target organism
does not have a protein database, the database of a closely homologous species can be used. SPIDER can also
help identify single amino acid mutations and protein database errors.

Protein quantification

PEAKSQ, an optiona node, quantifies proteinsusing alarge variety of methods (ICAT, iTRAQ, LFQ, SILAC,
and user defined labels).

2. Major New Features in 5.3

Throughout this manual, new and existing features will be discussed in considerable detail. Below is a short list
of major new features implemented in PEAKS 5.3;

Unprecedented accuracy and sensitivity for database search

The revamped database search engine (PEAKS DB) results in substantially improved accuracy and sensitivity
for peptide identification, resulting in the identification of more peptides with a reduced false discovery rate
(FDR). In particular, the preview version of the PEAKS DB engine produced excellent results in the ABRF/
iPRG 2011 study for ETD dataanalysis.

Comprehensive result visualization
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Numerous improvements were made to support the visual examination of the results from many different an-
gles. Being so confident about PEAKS's performance, BSl is pleased to allow users to have a new powerful
mechanism to examine their results so vigorously, and yet so conveniently.

A magjor addition to most of the analysis results is a summary view that displays the result statistics. Through
the charts, users can easily answer important questions such as whether the target-decoy FDR calculation is
reliable, and whether the instrument is well-calibrated. Moreover, the peptide and protein tables are rewritten
to provide convenient sorting and searching functions, allowing easy location and examination of certain par-
ticularly interesting peptides or proteins.

e Built-inresult validation

PEAKS DB provides a seamlesdly built-in result validation with an enhanced target-decoy method. The score
threshold can be conveniently selected from the FDR curve, avoiding the guess work familiar in competitive
products.

 Enhanced result reporting

The new summary view provides a central place for specifying the score thresholdsto filter the results. Results
can be filtered quickly and efficiently with the summary view showing the changes at a glance. The filtered
result can be easily exported to several csv and html files for publication or result sharing with non-PEAKS
users. Alternatively, theresults can be saved asa PEAK S project that acollaborator can view with afree PEAKS
Viewer.

» De novo sequence tag generation
By specifying a confidence threshold with a user-friendly sliding bar, users can promptly convert the acclaimed
PEAKS de novo sequencing results to high-confidence de novo tags. Users can even export these tags for the
integration into their own in-house analysis workflow.

 Improved inChorus search
The inchorus function combines the search results of several search engines. It now supports Mascot 2.3. An
intuitive engine icon displays the different engines that identified the same peptide. The new filteration rule
allows usersto filter the results flexibly, including by individual engines' scores. A venn diagram and the side-
by-side FDR curves display each engine's contribution to the final result.

e Heatmap view of quantification results
The heatmap provides abird's-eye view of the protein quantity changes across different groups of samples. The
proteins are automatically clustered according to their quantity change patterns, facilitating the quick identifi-
cation of possible interesting proteins and patterns.

» Heatmap view for LC-MS data

The data heatmap provides a bird's-eye view of the peaksin LC-MS data, including the peptide features high-
lighted.

» New statistical peptide score

A rigorous statistical score, -10IgP, is introduced to measure the significance of a peptide-spectrum match in
database search. The scoreis-10 times the common logarithm of the P-value.

3. Guidelines for Using this Manual

This manual is intended to assist in the use of PEAKS 5.3. It outlines functionalities, provides instruction on
how to customize PEAKS to a specific application, provides a task based reference, and offers troubleshooting
recommendations. Each main function of PEAKS is discussed in one designated chapter.
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Note

It is highly recommended that users begin by going through the Walkthrough provided in Chapter 3, A
15-Minute Walkthrough to quickly become familiar with the most commonly used features of PEAKS.

4, Scope

It isassumed that PEAKS users are familiar and comfortable with using computers and their respective operating
systems. Given this, it is beyond the scope of this manual to instruct the user on the use of Windows, dialogue
boxes, menus, file storage,etc. Please refer to the operating system’ s manual or one of the numerous computer help
booksfor such information. Similarly, PEAKS users are expected to be familiar with mass spectrometry, standard
operating practices, data acquisition and analysis.

5. Service and Support

In addition to reading this manual, it is recommended that users take the time to view the accompanying training
videos that explain the main features of PEAKS visually and in detail here.

http://ww. bi oi nfor. cont product s/ peaks/ support/tutorials. php
Please send technical questionsto <suppor t @i oi nf or . con®.

We strongly encourage users to provide BSI with any suggestions or comments, as BS| is consistently improving
and updating PEAKS to meet the future needs of the scientific community here.

http: //ww. bi oi nfor. cont cor porat e/ contactform php
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Chapter 2. Installation and
Registration

This section of the manual will guide users through the installation and registration of PEAKS 5.3.

1. Package Contents

The PEAKS 5.3 package contains:

* Thismanua

» PEAKS5.3 Software

» Quick reference guide for PEAKS 5.3

» Quick reference sheet for mass spectrometry

2. System Requirements

PEAKS 5.3 runs and has been tested on Windows XP, Vista, and 7. PEAKS runs with the following hardware
requirements:

Minimum: A dua core processor, 2GB RAM and 100GB free hard drive space.

Recommended: A quad core processor, 4GB RAM, 500GB free hard drive space and 64-bit OS.
Note
When configured correctly, one CPU license of PEAK S 5.3 can take the most advantage of the computing

power provided by a quad core processor. Refer to Section 5, “Adjusting PEAKS Memory Usage” for
adjusting the memory usage of PEAKS.

3. Installation on a Windows Computer

I 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 as some features 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 3, “Vendor Specific Reguire-
ments’ for the vendor-specific requirements for raw data loading.

1. Closeall programs that are currently running.

2. Insert the PEAKS 5.3 disc into the CD-ROM drive. Or double click on the downloaded PEAKS installation
file and move ahead to step 4.
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3. Theinstallation window should automatically appear after the CD-ROM isinserted. If it does not, find the CD-
ROM drive and open it to access the disc. Double-click on PEAKS_St udi o_I nstal | ati on. exe.

4. A menu screen will appear. Select the top item “PEAKS Installer”. The installation utility will launch the
installer. When the PEAKS 5.3 installation dial ogue appears, click the “Next” button.

“ml PEAKS Studic 3.3 LE - g\

Introduction

‘= Introduction InstallAmmwhere will guide you through the installation of PEAKS

Irripartant Infarmstion Studio 5.3.

Il Folder continuing with this installation.

f-. o
Lo Lic sErnent
F’ - resment Itis strongly recormmended that you quit all prograrms before
\ oricut Folder

Yo

Click the MNext' button to proceed to the next screen. Ifvou want to

ation Surnrnany . . . , . \
llation Surnmary change sormething on a previous screen, click the 'Previous' button.

I
Pk

Y Installing...
; You may cancel this installation at any time by clicking the "Cancel’
hutton.

Cancel Previous

5. Follow the on-screen instructions to finish the installation.

6. Adjust theamount of memory utilized by PEAK Sasoutlinedin Section 5, “ Adjusting PEAKS Memory Usage”.

4. Registration

All users are required to register in order to use PEAKS. A license wizard will appear to guide the registration
process the first time PEAKS is run. Normally, the registration process is straightforward and involves the fol-
lowing steps. And the detailed instructions of registration with an Internet connection can be found in Section 4.1,
“Registration with Internet Connection”.

1. Provide the registration key to the license wizard (or request for the 30 day evaluation without a key).

2. Receive an email containing the licensefile.

3. Copy the content of the license file into the license wizard.

However, when the computer does not have an Internet connection (or isbehind afirewall that blockstheregistra-
tion), the registration process requires the assistance of another computer with an Internet connection (or outside
the firewall), and consists of the following main steps. The detailed instructions can also be found in Section 4.2,

“Registration without Internet Connection”.

1. Provide the registration key to the license wizard (or request the 30 day evaluation without a key) on the
computer you want to run PEAKS.
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2. Save agenerated request file to a removabl e storage device (e.g. a USB memory key).
3. From another computer with an Internet connection, upload the request file to BSI's license server.
4. Receive an email containing the licensefile.

5. Transfer the license file to the computer running PEAKS, and import the license file into the license wizard.
I mpor tant

Keep your registration key safe. After a computer hardware upgrade, it might be required to re-register
to get anew licensefile.

4.1. Registration with Internet Connection
Follow the following instructions when the computer has the Internet connection.

1. When an unregistered PEAKS is run, the following license wizard appears. Select “Request license file (has
Internet connection)” and click “Next”.

=1
"X License Wizard .

@ Request license file {has Internet connection

(71 Request license file (without Internet connection)

71 T have already obtained the license file

Description

If vou have purchased a license (have the registration kev) or want to
evaluate the software, and this computer has Internet connections, please use
this option to request the license fils.

2. The following window will appear. Input the required information. To evaluate the software without a regis-
tration key, select the 30 day evaluation option. Click "Next".

| mportant

Input ONLY English characters as other character encoding will corrupt the licensefile.
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Al

Your Mame

Email Address
Email (confirm)
Important: You wil receive your license file via email

@ Registration Key

() Request a 30 day evaluation license (Mo registration key required)

Institution

3. If thelicensefileisrequested successfully, the following window will appear. Otherwise, an error message will
occur. Make surethat thereisno typointheregistration key field in step 2. Theregistration key is case-sensitive.

Registration request sent

The software registration request has been sent to BSI successfully.

Please check your email to get the license file and use the Tmport License' function
to activate the software.

Some email servers mav freat the license email as spam. So please do not forget to
check vour junk email box.

MNext ==

10
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An automated BSI service will generate the license file (1icense.lcs) and send an email (from

<suppor t @i oi nf or. con) to the email address provided from the License Wizard. Either save the attached
license file or copy the content between '===>' and '<==="in the email to Windows clipboard.

I mportant

If an email is not received in several minutes, check the junk email box as some email severs treat
the license email as spam.

5. Click "Next" in the window of step 3, the following window will appear. Either copy/paste the license content

(between'===>'and '<==="inthe email) to thetext area, or import thelicensefile(l i cense. I c¢s). Click "Next".

i@ Paste the license

[ Paste from Clipboard ]

(") Import the license file (the email attachment)

6. The following window will open. Click "Finish".

11
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(Al

License import completed

The license file has been imported. The license will be verified the next time the
software is launched.

7. Restart PEAKS to begin using the software.

4.2. Registration without Internet Connection

If the computer does not have internet connection, or it is behind a proxy/firewall, or failed using the first option,
please follow these instructions.

1. Usetheregistration interface to "Request licensefile (without Internet connection)" and follow theinstructions.

12
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|

(71 Request license file (has Internet connection)

i@ Request license file (without Internet connection

() T have already obtained the license file

Description

If vou have purchased a license (have the registration kev) or want to
evaluate the software, and this computer does NOT have Internet
connections, please use this option to request the license file.

2. Thisallows usersto save arequest file on the computer (PC1) where PEAKS was installed.

-
"N License Wizard
e — ] — o o——

Click the button below to save the request file to a USE key or a floppy drive.

Save Request File ]

Copy the request file {license.request) to another computer (PC2) which has Internet
connections,

The next step will be performed on PC2.

<< Back ] [ Next>> ¢ [ Cancel ] [ Help

13
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3. Transfer the license.request file from this computer (PC1) onto a computer with an Internet connection (PC2)
using aUSB key or aremovable storage device. On PC2, gotoht t p: / / www. bi oi nf or. coni | ¢s20/ i ndex. j sp
and follow the onscreen instructions. The license file will be sent to the registered email address.

4. After thelicense email isreceived on PC2, save the attachment, 1 i cense. | cs, asisand transfer the fileto the
computer with PEAK S (PCL). If thelicense email was not found in theinbox, please check thejunk mail folder.

5. Complete the license wizard on PC1 to register.

4.3. Re-registering PEAKS

Re-registering PEAK S may be necessary when an additional software module was 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 PEAKS' from the Help menu. The “About BSI PEAKS Studio” dialogue
box will appear:

;
About B51PEAKS Sudio P — )

PEAKS Studio 5.3 build 20110511
Copyright € 2000-2010 Bisinformatics Solutions Inc. Al rights reserved.

Bininformarica Solutions Inc. (BSI) acknowledges that Bonald =
Beaviz is the suthor of the X!Tandem program. BSI is grateful to De. =9
Beavia for allowing us to share X'!'Tandem with our wusers, BSI
discributes X!Tandem in accordance with the following Artistic
License for all X! scitware, binaries and documentaticn. BSI iz not
responaible for the performance of X!'Tandem, and makes no WAXFARTY

or guarantee for it. -
' [License to i
W |License key i
Register emai i
License start / expire 2010-11-19 [ 2011-11-14 I
SFS expire A
Thread = 4 |
N
Module License status i
PEAKS Protein 1D Expire on 2011-11-14
L PEAKS Platform Expire on 2011-11-14 ]
PEAKS De novo Expire on 2011-11-14 I
SPIDER. Expire on 2011-11-14
- [PEAKS Q Expire on 2011-11-14 i

View end user icense agreemeant

Warning: This computer program is pretected by copyright law [ oK ]
and interational treatiez. Unauthorized repreduction or

® distribution of this program, or any portion of it, may result in
severe civi and criminal penalies, and will be prosecuted to the [ License Wizard ]
| maximum extent possible under the law.

[ Tedh support ] |

b

Click the “License Wizard” button to continue. Then follow the instructions in Section 4.1, “Registration with
Internet Connection” or Section 4.2, “ Registration without Internet Connection” for re-registering PEAKS.

4.4. Common Errors during Registration

1. The registration key is case-sensitive and it is recommended to copy (ctrl-C) / paste (ctrl-V) the registration
key whenever possible.

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

14
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3. If the computer is behind afirewall or has other internet connection problems, the registration may fail. Please
follow the on screen instructions or refer to Section 4.2, “ Registration without Internet Connection”.

5. Adjusting PEAKS' Memory Usage

By default PEAKSwill utilize up to 1GB (1024MB) memory on the computer. If the system isequipped with more
memory, it is recommended that this limit should be adjusted as alarger memory will allow PEAK S to take more
advantage of the computing power provided by the modern multi-core processor. After installation, the PEAKS
directory (e.g., C: \ PeaksSt udi 05. 3) contains afile called Merory Utility. exe. Click to open thisfile (it a'so
can be accessed from the Windows Start Menu) and the following window will open.

File

Set memory heap size for Java VM in MB,

COptimally, the heap size should be greater than 1GB
(1024MB) and higher values will vield better
performance, However, the Java WM will not start with
values that are too large for your system.

As an example, PCs running 32-bit Windows ¥P should
have access to between 1200 to 1500 MB of memory.

1,024 | (MB) | Apply

Selected file: C:'\PeaksStudiod. 3\StartPeaksStudio.lax

Whilethis default value (1,024 M B) works fine on most of today's computers, it is recommended to try to increase
the value to determine the highest optimal value for the computer. Keep in mind that trial and error may be needed
as Java will not start if the value set is too large for the system. Please do not hesitate to contact BSI to ask any
guestions about the memory usage.

6. What's Next

You are aimost done. Depending on the data formats and the type of analysis needed, there may still be two
additional configuration steps before data analysis can be conducted.

» To read the instrument's raw data formats, it might be required to install specific software libraries to support
the instrument. See Section 3, “Vendor Specific Requirements’ for the requirement.

» To conduct database search for protein identification, aprotein (or EST) sequence database must be configured.
See Chapter 6, Adding a Sequence Database.

Or if you are eager to try PEAKS now, |leave these two configuration steps aside for awhile, and try out the 15-
minute walkthrough to get familiar with PEAKS GUI and basic operations. See Chapter 3, A 15-Minute Walk-
through.

15



Chapter 3. A 15-Minute Walkthrough

1. Overview

Inthischapter we quickly walk through some of PEAK S' basi ¢ functions by playing with asample project included
in the PEAK S installation. Three concepts are covered:

1. Themain user interface.

2. How to examine the analysis results.

3. How to conduct data analysis.

By trying out the few basic tasks in this chapter, users can become reasonably familiar with the PEAKS user

interface and some of the important concepts in PEAKS. Thiswill prepare them for the more advanced analyses
introduced in the following chapters and save tremendous time later on during the use of PEAKS.

2. The Main User Interface

When you first open PEAKS, the main graphical user interface (GUI) is divided into the following sections, as
illustrated in the screenshot.

* A: The user menu and toolbar

* B: Theproject tree
The data analyses from one experiment are grouped into one project. The data are grouped in samples and frac-
tions of samples. Data analysisis done by selecting a data node and clicking a button in the toolbar. Analytical
results are added as result nodes on the tree after analysisis done.

* C: Thedatalresult views
Doubleclicking adatanode or aresult nodewill bring up apanel in this section to display the corresponding data

or results. Depending on the types of the data or result nodes; the views may be different and are introduced in
moredetail intheir corresponding chapter of thismanual. Multiple views can be opened at the sametime astabs.

Note

It is recommended to close the unused projects and data/result views to preserve memory.
» D: The information panel

Thispanel providesinformation corresponding to the datain the progresstree, including parameters and running
progress.

16
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Figure 1: The false discovery rate (FDR) curves. X-axis is the mumber of peptide-spectrum matches being kept and the y-axis is the FDR. @
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Figure 2: The distribution of PEAKS peptide score (-101gP): (2) histogram of scoze; (B) The plat of precursor mass error vs. score. @
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Table 1. Statistics of data.
% of MS scans. 2076
% of MS/MS scans 900

5 10 15 20 25 30 35 40 45 50 55
PEAKS paplide score (-101gF)

W 3 40 & 0 55
" Decoy © Taget
Table 2. Result filtration parameters.

Peptide -10igP =15 Denove TLC 23
Proten -10igP =20 Denovo ALC =50%
Protems uniqus peptides 20

3. Examining the Analysis Results

Next let us open a sample project included in the PEAK S installation.

1. Click the open button at the toolbar.
File Tools Mipdow Help

d (EHO* & BX20QW

2. Select PEAKS_HOVE/derbyServer/PEAK S DB Tutorial/ inthefile chooser. Here you need to replace PEAKS_HOVE
with the directory whereyou installed PEAKS. If you have not changed the default directory during installation
it should be the C:/PeaksStudio5.3/ directory.

3. Click OK in thefile chooser.

The project is now opened in the project tree as shown below.

I Project View

D ftest/Peaks Peaks Projects/PEAKS DB Tutarial

B- & Sample 1

-4, TEST6_221106_CT_OTnew_HCD_02.RAW

# DATA REFIME 1 [04-Apr-11 13:42:53]
ﬂ DENOVO 3 [04-Apr-11 14:01]
|.*"1,|l MASCOT 2 [04-Apr-11 14:01]

- [# PEAKS 4 [04-Apr-11 14:07]

xf XTANDEM 5 [04-Apr-11 15:50]
‘.. INCHORUS & [04-Apr-11 15:50]

There are already several analysis results in the sample projects. Open a database search result node, PEAKS 4,

as an example.
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1. Double click the PEAKS 4 result node on the project tree. The following result view is brought up at the right
side of the main GUI. The default summary view shows the result statistics.
Startpage X | [# PEARS 4 [Dapr-11 1507] X |

g @wsz | Proteins -106P= (20 +and =[ 0 v |uiquepestdss  Demovo TC: 3 v and c(9z| % of [ demy )Em-t | [ Edtriotes |

2. Result Statistics — -

Figure 1: The false discovery rate (FDR) curves. X-axis is the number of peptide-spectrum matches being kept and the y-axis is the FDR. @

Demvnnrhlpepﬁe|ﬁﬁeh|5ll"

FOR

5.0%
4.5%
4.0%
3.5%
3.0%
2.5%

e e S

FOR: 1.0%

0%
1.5%
1.0%
0.5%
0.0%

n

o 20 40 6D 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

number of peptide-spectrum matches

Figure 2: The distribution of PEAKS peptide score (-1012P)- (a) histogram of score; (b) The plot of precursor mass error vs. score. @
(@)

@
=

o
=

W oE
= o

number of peplides

=)
=

=

25 30 35 40 45 &0 55
PEAKS peptide score {-10I1gP)

5 10 15 20 25 30 35 40 45 50 55 5 10 15 20
PEAKS peplide score (-101gP)

B Decoy B Target o Decoy © Target
Table 1. Statistics of data.
# of MS scans 2076
# of MS/MS scans 900

Table 2. Result filtration parameters.

Peptide -10igP
Protein -10igP

=15 Denovo TLC =3
=20 Denovo ALC =30%
Proteins unique peptides =0

2. Changethe scorethreshold besidethe-10lgP from 20 to 30. Click Apply button. Thiswill apply amore stringent
filter to the peptide identification results. Notice the changes in the result statistics.
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StartPage % | [# PEAKS 4 [04-Apr-11 14:07) %
pepnﬂes-mug:am- Proteins -10gP 2 (20 - and z[ 0 . |unquepepides Denove TLCz| 3 o |and AC(%)z| 0w [ Appy ] | Export Edtnotes
2. Result Statistics i

Figure 1: The false discovery rate (FDR) curves. X-axis is the number of peptide-spectrum matches being kept and the v-axis is the FDR. @
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Figure 2: The distribution of PEAKS peptide score (-101gP): (a) histogram of score; (b) The plot of precursor mass error ve. score. @ T
(a)

number of peplides
ppm

S o T m 3 w % o 45 s % 5 10 15 20 35 30 35 40 45 50 55
PEAKS peplide score (-101gP) PEAKS peplide score -101gP)
B Decoy B Taget o Decoy @ Target
Table 1. Statistics of data. Table 2. Result filtration parameters,
#of MSscans 2076 Peptide -10igP =20 Denove TLC =3
# of M3/MS scans 900 Protein -101gP =20 Denove ALC =50%

Proteins unique peptides =0

3. Click the peptide tab to view the identified peptides. Click a peptide to check the spectrum annotation below
the table.
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| Startpage x | [# PEAKS 4 [04-Apr-11 12:07] X |
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4. Try the following ways to zoom and navigate the annotated spectrum using the mouse.

* Click and drag horizontally to zoom to aregion.

» Scroll the mouse wheel button (if your mouse has a wheel) above the x-axis to change peak height, and

below the x-axis to zoom aong m/z.

 After zooming into a particular spectrum, hold the scroll bar below the spectrum and slide to view the rest

of the spectra.

* Double click the spectrum to zoom back to the whole spectrum.

If your lab regularly requires sharing of resultswith anon-PEAK S user, you may want to try the exporting function

as follows. Otherwise, go to Section 4, “Conducting the Data Analysis’ for conducting data analysis.

1. Click the summary view tab again. Click the export button to export the results into html and csv (text file

viewablein Excel). Select adirectory in your file system where you want to export the results.

1. Notes

= e —
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2. Result Statistics
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A 15-Minute Walkthrough

2. Click the index.html file in the target directory to view the exported results with a web browser. You can zip
the whole directory and email it to your colleague; or put the whole directory under your own website.

4. Conducting the Data Analysis

Inthissection weillustrate how to conduct dataanalysisusing de novo sequencing asan example. Notethat PEAKS
has many more functions than just de novo sequencing. These will be introduced in later chapters of this manual.

1. If the sample project is not opened, open it as explained in Section 3, “Examining the Analysis Results’.

2. Select the fraction 1 data node. Click the de novo sequencing button at the toolbar.
File Tools Window Help

FEREERORELS

[ATA REFINE 1 [04-Apr-

- 4 DENOVO 3 [04-Apr-11 14:01]
- |M} MASCOT 2 [04-Apr-11 14:01]

- [# PEAKS 4 [04-Apr-11 14:07]

- X! ¥TANDEM 5 [04-Apr-11 15:50]
‘i) INCHORUS 6 [04-Apr-11 15:50]

3. Usethe default parameters. Click OK.

r = ~
T BT T 1 =]
Tools De Novo @p{mzm :insrmngf_l_t_c_lgfgdt Dve s, ]
Error Tolerance
. Data Refiement Parention: |0.01 ba - Fragment ion: (0.5 Da
. Replicate Analyss Enzyme
-Trrpsin v. View Enzyme ] [ Mew Enzyme. .. ]
+ De Mova . |
PTM
. PEARS S=arch
e
. BTH Finder Swilch bype

Mazdmum alowed variable PTM per peptide 3

General Options
| Preprocess this data on-the-fly (peak centroiding, charge deconvolution and deisotope)
Report up to 5% candidates per spectrum

———

4. Wait for afew minutes. A new de novo sequencing result node shows up at the project tree.
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I Project View
EI]:,*,,,L D ftest/Peaks /Peaks Projects/PEAKS DB Tutorial
= JL Sample 1
=4, TEST6_221106_CT_OTnew_HCD_0Z.RAW
- 4 DATA REFINE 1 [04-Apr-11 13:42:53]
- i DENOVO 3 [04-Apr-11 14:01]

- 4 DENOVO 10 [25-Apr-11 14:54]

- X1 XTANDEM 5 [04-Apr-11 15:50]
- INCHORUS & [04-Apr-11 15:50]

5. Double click the node to examine the de novo sequencing results.

5. What's Next

Now you've learnt some of the very basic operations of PEAKS with the sample project. To start using PEAKS
for analyzing your own data, and explore the full functions of PEAKS, the following additional work is highly
recommended.

» Read Section 4, “Creating a New Project” for creating a PEAKS project with your own data. This chapter also
discusses some additional configuration that may be needed for PEAKS to read the instruments' raw data.

« If you need to identify proteins from a sequence database, read Chapter 6, Adding a Sequence Database for
configuring a protein or EST sequence database.

 Attend afreetraining webinar to go through PEAKS' basic functions. The webinar information can be found at
BSl'swebsite (ht t p: / / ww. bi oi nf or . cont pr oduct s/ peaks/ suppor t / webi nar . php).

» Read the corresponding chapters for the analytical tasks you want to conduct. It is recommended to become
familiar with the de novo sequencing and PEAK S DB analyses before moving on to the more advanced.
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Chapter 4. Loading Data to a PEAKS
Project

1. Overview

Mass spectrometry data needs to be loaded into a PEAKS project before any analysis can be done. After creation,
a PEAKS project is shown as a project node at the project tree of the PEAKS user interface. On the computer's
file system, a project is saved as a directory that contains multiple files that contain the compressed spectral data
and the analysisresults. It is possible to transfer the whole project directory to another user to open with PEAKS
Studio or the free PEAKS Viewer.

To create a new project simply click the new project button %4 on the toolbar. The following “New Project”
dialog will appear, where new samples and datafiles (a.k.a. fractions of samples) can be added. Users also get the
chance to specify important properties of the data files, such as the name, replicate number, and instrument type.

1 Mew Project ﬁ
Project Hame Mesw Project 5|
Project Location  C:\Users'zrahman'PesksProjects [ Browse... ]
Data Files Sample Details

Lk Mew Project 5

E=y

I Replicate Sample Name
[_Add data files... 1 Sample 1

Instruments

| Addsample | | SortbyRepiicate | E Cancel

A

PEAKS supports different instrument vendors raw data formats. A list of supported formats can be found in
Section 2, “Supported Data Formats’. Some vendors' formats may require the vendors' specific software to be
installed on the same computer that PEAK Sisrunning on. Before you trying creating a project with your own data,
ensure that the vendor-specific requirements discussed in Section 3, “Vendor Specific Requirements’ are met.

Upon clicking the OK button in the "New Project" dialog, PEAKS will make an effort to import the vendors' raw
MS data into the PEAKS project. Once the data is loaded it becomes a part of that project so you can manipu-
late/delete the original data files without affecting the analysisin PEAKS.

To close aproject that you are working on, select the“ Close Project” command from the file menu or use the close

project icon &) from thetool bar. It is recommended to close the unused projects to preserve computer memory.

In the rest of this chapter we discuss the details of dataloading and project creation.

2. Supported Data Formats

Following isthelist of supported dataformatsin PEAKS. PEAK S supports these formats at three different levels:
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» Native Support - PEAKS can read the following files directly without additional work:
e mzXML
¢ mzData

e mzML

.DTA fileor adirectory of .DTA files
« MGF

« PKL

PEAKS 5.x projects. See Section 3.8, “PEAKS 5.x Projects’.

« Library Level Support - Theinstrument vendor's softwarelibrary isrequired to beinstalled at the same compuiter.
PEAKS will call the software library to read the data directly.

* .RAW file (Thermo Fisher Scientific). See Section 3.1, “ Thermo Data’.
¢ .Ddirectory (Agilent instruments). See Section 3.3, “Agilent Data’.

» Convertor Level Support - Third party convertorsare required. Users may need to install the required convertors
and let PEAK Sknow their locations. Thisonly needsto be set up once. PEAK Swill call the convertor to convert
the data to another supported format before loading. The actual convertion processisinvisible to the user.

* .RAW directory (Waters QTOF instruments). See Section 3.2, “Waters/Micromass (MassLynx) Data’.
o \WIFFfile (AB/Sciex QSTAR and QTRAP instruments). See Section 3.4.1, “QSTAR or QTRAP".

» .T2D file (AB 4700/4800 series). See Section 3.4.3, “ABI 4700/4800".

e .LIFT or .D directory (Bruker instruments). See Section 3.5, “Bruker Data”.

» .RUN folders from Shimadzu instruments. See Section 3.6, “ Shimadzu Data”.

o XMSfilesfrom Varian instruments. See Section 3.7, “Varian”.

3. Vendor Specific Requirements

Most vendors provide tools for MS analysis software to read their raw data format. PEAKS works best with raw
data becauseit is unprocessed. This allowsit to use the data pre-processing tools built in to the software designed
to maximize identification results. Listed below are the requirementsto |oad raw datafrom each supported vendor.

3.1. 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 isinstalled on the same computer as PEAK S 5.3. M SFileReader ispublicly
available and can be found at the following link:

http://sjsupport.thernofinni gan. com public/detail.asp?i d=586

Converting with M SFileReader will only work if there are only English charactersin the file path.

3.2. Waters/Micromass (MassLynx) Data

RAW datafrom Watersinstruments can be imported provided that MassLynx 4.1 softwareisinstalled on the same
computer as PEAKS. MassLynx 4.0 users, can download a different version of wolf.exe. Command line can be
used to convert raw files to mzXML with wolf.exe. You can also replace the file: PeaksStudio5.3/wolf.exe with
the program compatible with MassLynx 4.0. For links to different versions of Wolf visit the link below:
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http://ww. bi oi nfor. conl product s/ peaks/ support/wat ersm cromass. php

3.3. Agilent Data

Agilent QTOF data can be loaded provided that MassHunter software is installed on the same computer.

Agilent lon Trap data can be loaded provided that CompassXport is loaded on the same computer as PEAKS.
The instrument produces a .d folder. The spectral data within thisfolder isin the .yep file. Select thisfile to load
the raw data

3.4. Applied Biosystems/Sciex Data
3.4.1. QSTAR or QTRAP

WIFF data from Applied Biosystems/Sciex QSTAR or QTRAP mass spectrometers can be loaded. Analyst QS
for QSTAR or Analyst 1.4 for QTRAP and the MSX plug-in must be installed on the same computer as PEAKS.
The MSX tool isproduced and sold by InfochromicsLtd., and isavailable (at cost) from Bioinformatics Solutions
Inc. Please contact a BS| sales representative to obtain an evaluation or full license.

3.4.2. Instrument Preferences for WIFF
To set WIFF related preferencesin PEAKS, click the “ Preferences’ toolbar icon “« or select “ Preferences’ from

the “Window” menu to open the “ Preferences” window. Clicking on “Instrument” and then “ABI (.wiff)” on the
menu on the left hand side will show the preferences for ABI instruments.

F Preferences ﬁ
o e ABI (.wiff)
= Instrument |
ABT(.wiff) Default wiff Raw Fle Convertor Location

(=) Bruker (. yepfbaf, fid)
= Shimad il .ﬂ.K[h".ﬂ.{.ru
l Browse ... J
Warian(.xms)
£ Search Engine
Raw File Corvertor Options
Lo Config
MBI raw files may contain several samples, do you want to merge all the samples into one data set?
yes @ no
Survey Spectrum Centroiding

[ Praduct Spectrum Centraiding

Default .wiff Raw File Convertor Location. Click “Browse” to tell PEAKS the location of the default .wiff
raw file converter. MSX, aconmmercial .wiff converter developed by Infochromics, is available from BSI.

Raw File Converter Options.  ABI raw files may contain several samples. By default, these samples are not
merged into one data set. Select “yes’ if you would like PEAKS to merge al the samplesinto one data set. Select
“Survey Spectrum Centroiding” if centroiding has been performed before loading the data into PEAKS. Select
“Product Spectrum Centroiding” if centroiding has been performed on the product spectrum before loading into
PEAKS. Thisisimportant to insure PEAKS performs optimally.

3.4.3. ABI 4700/4800

T2D files can be extracted and imported into PEAK S with afree tool created by BSI. If you require this separate
freetool, contact your sales representative. | nstructions on how to use this tool follow.

System Requirements.  This extractor can be installed on the same machine as ABI 4700 Explorer and the
Oracle database or another machinethat has direct network accessto the 4700 SERVER. There cannot beafirewall
or proxy between the computers. Windows 2000 or Windows XP is recommended for use with this tool.
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Configuration.  Start the ABI 4700 converter tool. Choose “Settings’ from the “File” menu. Configuration
requires the following:

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

e Thesocket used by the 4700 SERVER:thisis the port that the Oracle database listens to (the default is 1521).
» Usernameto accessthe Oracle database: most likely we do not need to change this (the default is“ tsquared”).
» Password to accessthe Oracle database:mostly likely you do not need to change this either.

Data Extraction Procedure. The data extraction requires

1. Load Spot Set List from the database: (Do this via menu File | Load Spot Set List). The extractor will export
the peak list of a spot set into a PKL file.

2. Open a Spot Set: (menu File | Open Spot Set) Spot Set Chooser will help the user to choose a spot set. After
selecting a spot set, click 'OK' to open it. The job run information of a spot set will be shown.

3. Select ajob to run: There is a button to select before each run. Only the MS/MS 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 needs to input afile name and the peak
lists of the selected job run will be exported.

3.5. Bruker Data

.D and .LIFT directories from Bruker mass spectrometers can be imported provided that CompassX port software
isinstalled on the same computer as PEAKS. The spectral data will be contained in the .yep, .baf, or fid file. If
loading fid files, you can select the top level folder to load them all at once (make sure the merge optionissetin
the Bruker instrument preferences refer to Section 3.5.1, “Instrument Preferences for Bruker Data’)

CompassXport 3.0 isreadily available on the Bruker Daltonicsweb site. PEAKSS currently cannot import raw data
from CompassX port 3. Y ou can either import line spectrainstead (refer to Section 1.2.2, “Bruker (.yep/baf, fid)”)
or you can install CompassXport 1.3. Thisversion is fully compatible with Peaks. Y ou may need to contact your
Bruker representative to obtain CompassX port 1.3.

3.5.1. Instrument Preferences for Bruker Data

-
To set Bruker datarelated preferencesin PEAKS, click the “ Preferences’ toolbar icon ¢ or select “ Preferences”
from the “Window” menu to open the “Preferences’ window. Clicking on “Instrument” and then “Bruker (.yep/
baf, fid)” on the menu on the left hand side will show Bruker instrument preferences on the right hand side.
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P Preferences ﬁ
# lsenera Bruker (.yep/baf, fid files)
I= Instrument

=] ABT(.wiff) Default Compass File Location

= Bruker (. yep/baf, fid)

=) Shimadzu ﬁ-ﬂh"-ﬂ-{.rul

(=) Warian(.xms)
£ Search Engine
Raw File Corvertor Opltions

Lon Config
Compassiport will export

@ Rawdata () Line specira

Bruker fid filz may contain several files, do you want to merge them into one data set?

) yes @ no

Default Compass File Location.  Click “Browse” to tell PEAKS the location of the CompassXport file con-
verter.

Raw File Converter Options. CompassXport by default will export raw data. If you attempt to load raw data
and no spectra are displayed choose to export line spectra. Bruker .fid files may contain several samples. By
default, these samples are not merged into one data set. Select “yes’ if you would like PEAKS to merge al the
samples into one data set.

3.6. Shimadzu Data

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

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

“Preferences’ toolbar icon@ or select “Preferences’ from the “Window” menu to open the “Preferences’ win-
dow. Clicking on “Instrument” and then “ Shimadzu AXIMA (.run)” in the menu on the left hand side will show
the Shimadzu instrument preferences on the right hand side. Click “Browse” to tell PEAKS the location of the
Shimadzu r un2xni . exe file.

P Preferences ﬁ

- e Shimadzu AXTMA (.run)
= [k umenl
ABI(, wiff) Shimadzu run2xml.exe File Location

---= Bruker [ yep/baf, fid)
Shimadzu AXIMA(.rur | Browse.. |
---{=] Warian(,xms)
¥ Search Engine
I= Lon Config

3.7. Varian

A conversion tool is embedded into Varian’s data acquisition software which allows the conversion of Varian raw
datainto .pkl fileswhich can beimmediately read by PEAKS.

The .transtype data (raw) is converted in Varian programs by clicking "File", "Save As" and selecting the .pkl file
format or by clicking "File", right clicking "Export" and selecting ".pkl". If you are viewing a chromatogram with
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the Varian software, all the spectral data in the viewed chromatogram is converted to the .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 datarelated preferencesin PEAKS, click the “ Pref-

erences’ toolbar icon @ or select “Preferences’ from the “Window” menu to open the “Preferences’ window.
Clicking on “Instrument” and then “Varian (.xms)” in the menu on the left hand side will display the Varian in-
strument preferences on the right hand side. Click “Browse” to tell PEAKS the location of the xni r ai . exe file.

P Preferences ﬁ

¥ General

Varian (.XMS)

= Ingtrument
(= ABI(,wiff)
(=] Brukes (. yep/baf, ﬁd]l

=1 Shimadzu AXTMA] ru

Default xmirai.exe Location

Browise ...
=] Warian(,xms)

& Search Engine

Ion Config

3.8. PEAKS 5.x Projects

Projects created in any PEAK S5 series software can be opened in PEAK S 5.3. To convert the project to aPEAKS
5.3 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 dialog box will popup.

Version Check [

This project was created by an older version of PEAKS. Do you want to conwvert it now?

i Yes || No,thanks

Choose“Yes’ to convert the project and proceed. The following “Project Converter” dialog will appear.

X Project Convertor ﬁ

Converted Projects  |Identificabon workflow_version5_3

Praject Location di\PeaksStudn 5. JserverDB Brgnvse

1L Shart

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 is not altered.

4. Creating a New Project

1
To create a new project, select “New Project” from the file menu or using the new project icon &2 on the
toolbar. The “New Project” dialog appear.
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X New Project ﬁ
Project Hame Mew Project 5|
Project Location  C:\Users\zrahman'PesksProjects [ Browse. .. ]
Data Files Sample Details
L4 Mewe Froject 5
- J1 Replicate Sample Name
Add data EH... 1 Sample 1
Instruments
[ Addsample | | SortbyReplicate | (e |

. Use the “Project Name” field to name your job. Click “Browse” to set the location to save the project in the
“Project Location” text box.

Note

Refer to Section 6, “Changing the Default Project Location” for changing the default save location
for projects.

. Usethe“Add datafiles...” button to browseto thelocation of the filesyou wish to load. Select the filesyouwish
toload and click “Open”. Oncethe datafile appears, select the“ Instrument Vendor” and “ Instrument Type” that
was used to generate the experimental data from the drop-down lists. Selecting the “All Instruments’ option
from the “Instrument Vendor” drop-down list will display some general instrument types in the “Instrument
Type” drop-down list. If no fragmentation mode is specified in the instrument type name (in brackets), the
default setting is CID. If you would like to apply the same instrument configuration to all of the filesin the
sample, or to al of the samples in the project click on the “whole sample” button or “whole project” button,
respectively.

. To add another sample, click onthe“Add Sample’ button. To add adatafileto Sample 2 click onthe“ Add data
files...” button. Select the instrument vendor and type from the drop-down menus unless you had previously
applied the instrument configuration to the whole project in step 3. These separate samples can be used to
get batch results for multiple filesin the samples. They can also be used to batch export dta, mgf, or pkl files
containing al the data in the sample. Separating into samples is also necessary for label free quantification
(refer to Chapter 13, Label Free Quantification (LFQ)).

. Todeclareasample asareplicate, click onthe sample node and sel ect the replicate check box and set areplicate
number using thereplicate drop down menu.Y ou can set up to 3 samplesto bereplicates of the same experiment.
Setting replicates allows you to use the “Replicate Analysis’ tools (refer to Section 6, “Replicate Analysisin

LFQ").

. To delete asample or datafile, select the appropriate node (sample or datafile) and click the “Delete” button.
You can aso change the order of the samples within a project or data files within a sample using the “Up”
and “Down” buttons.

. Click the “OK” button once all datafiles and samples are added to the project.
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8.
The project will appear in the “Project View” panel. The outlined symbol indicates that the file is still
loading. The solid symbol indicates that the file has finished loading .

5. Adding Data to an Existing Project

1 -
To open asaved project, select “Open Project” or “Open Recent Project” command from the file menu or “—
from the toolbar.

2. To add data to an existing project, choose the project from the “Project View” panel and select “Add Data’

command from the file menu or use the add dataicon E-E‘l from the toolbar. The origina project window will
open.

™Y Add Data to the Existing Project - ot

Project Name O ftestPeaks Peaks Projects fpeaksDEPraject

Project Location  D:/testPeaks Peaks Projects

=1

Data Files Sample Details
J O ftestjPeaks Peaks Projects peaksDBProject
h: n ' Replicate Sample Name
iy COrbiSample, mzXML 1 Sample 1
i DATA REFIMNE 1 [01-Apr-11 10: 16:20]
ikl DENOVO 6 [08-Apr-11 10:12) Instruments

i g, DEMOVO 2 [01-Apr-11 10:16]
i PEAKS 3 [D1-Apr-11 10: 18]
{38 SPIDER 7 [08-Apr-11 10:12]
i 2ME SPIDER 9 [08-Apr-11 10:40]
(_Add data files... |

1: FT-rap

Delete Up oown | | AddSample | | SortbyRepicate | [ ok Cancel

3. You can add morefilesto an existing sample using “ Add datafiles...” button or create additional samplesusing
“Add Sample” button.

4. You will need to select the instrument vendor type. For more information on adding files/samples or setting up
the instrument configuration refer to Section 4, “ Creating a New Project”.

6. Changing the Default Project Location

If many projects are to be created, it is convenient to change the default project location to the directory where
all the projects are stored.

1
Click @ from the toolbar. The following "Preference” dialog pops up.
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" Preferences 2

General
g General

Instrument
Default Input File Directory

C:/Users/binma

Search Engine

=] Spectrum Annotation

Praoject Folder:
C:/Users /binma/PeaksProjects

Browse ...

Browse ...

2. Select "Genera" in the in the "Preference” dialog and click the "Browse" button below "Project Folder" to
specify the default location.
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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 - this view shows the TIC (total ion chromatogram) plot and all the MS scans. For each MS scan, the
corresponding MS/M S scans are also displayed.

e MS/IMS - thisview lists al the MS/MS scans. For each MS/M S scan, the corresponding MS scan is also dis-
played.

» Heatmap - this provides a bird's eye view of the whole LC-M S dataset.
After opening adatafile 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.
|

1elp

al*. & 1%% QW

tPage X | [# PEAKS 3 [16-May-11-

J &

{PeaksProjects Mew Pro| 7
E TIC Inkensity
e.mzXML 2 | -
=
w
=
(=1
15}
=
o
L]
S04

2. MS View

The MS View contains TIC and al scans. The total ion chromatogram (T1C) is displayed in the left of MS view.
The navigation buttons are circled in the figure. To collapse the TIC chart, click the left navigation button. To
navigate the survey scans, use the up and down navigation buttons. Clicking on a specific position in TIC will
display the corresponding survey scan. The survey scans can also be navigated by using up and down arrow of the
keyboard. The tandem 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 way to zoom and navigate in the spectrum:

e 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 the peak intensity - place the mouse pointer in the spectrum, scrool the mouse wheel button.

* See the whole spectrum - double click in the spectrum, or click the 1:1 button.

3. MS/MS View

TheMS/MSView showsthelist of tandem scanson theleft. For each MS/M S scan, thelist of identification results,
the spectrum and its survey scans are shown on the right. Zoom options are the same as described in Section 2.
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4. Heat Map
Heat Map view shows the distribution of LC-M S signal S/features.
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Placing the cursor on the heat map will show the m/z value, retention time and intensity of that point in a pop-
up window.




Data Visudization
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The Heat Map view provides afew convenient ways to zoom and navigate the LC-M S features in the data:

» Zoom to a specific Heat Map area - click the desired start (m/z value, RT) position and drag the cursor to the
desired end (m/z value, RT) position, release the mouse button.

« Zoom in/out smoothly - place the mouse pointer at aparticular (m/z value, RT) position, scroll the mouse wheel
button.

» Seethewhole Heat Map - click the “1:1" button.

4.1. Blur / Unblur Heat Map

The Heat Map view offers various controls to study the LC-M S data features.

1:1 [ UnBlur ] .Fﬁd:Ftut.rt ) Mark Feature Show M52 Show PID of: :{nnn:}l v: Shaw 3D View MNoise Level: 1

For smoother view of the Heat Map choose “Blur” and for sharp contrasted view choose “Unblur”.

4.2. Highlight Feature / Hide Feature

“Highlight Feature” highlights the identified M S features by painting them with a chosen colour.
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To changethe default highlight colour, click on the colour icon of the highlight feature button @i;hight Feature

to display the color palette. Select the preferred color from the color palette.
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4.3. Mark Feature / Unmark Feature

“Mark Feature” marks the identified features by ci rcIing around them using a selected colour.
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To change the default mark colour, click on the colour icon of the “Mark Feature / unMark Feature” button to
display the colour palette. Select the preferred colour from the colour palette.
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4.4. Show MS2 / Hide MS2

“Show MS2" displays the features associated with tandem Mass scan by marking them with the selected colour.
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To change the defualt colour, click on the colour icon of the“ Show MS2 / Hide MS2” button to display the colour
palette. Select the preferred colour from the colour palette.

4.5. Show PID

“Show PID" displays the peptide identifications from a PEAKS DB search. Select the PEAKS DB search result
from the dowp down list.

Show PID of: |PEAKS 1

The peptide identifications are marked with the selected colour. Placing the cursor on a marked peptide displays
more information on the identifed peptide in a pop-up window.
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To change the default colour, click on the colour icon of the “Show PID” button to display the colour palette.
Select the preferred colour from the color palette.
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To view the peptide detail s of a peptide, place the cursor on a marked peptide, right click to display apop-up menu
and select the command “Go to peptide detail panel.”. Thiswill show the peptide detailsin the “MS/MS View”
panel. (see Section 3, “MS/MS View").

4.6. Show 3D View

The selected Heat Map areawill be displayed in a3D view.
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4.7. Noise Level

Select the appropriate threshold for noise filtering. Once selected the Heat Map view will reflect the changes.
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Chapter 6. Adding a Sequence
Database

1. Configuring Sequence Databases

In addition to de novo sequencing of peptides, PEAKS 5.3 has the ability to search through a database to identify
proteins. In order to use this function, PEAKS must have access to a protein or 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 download from servers. Additionally, taxonomy may be specified with certain databases.

Adding or editing a sequence database can be done by - clicking the "New" and "Edit" buttons when specifying
the parameters for a database search analysis. A database configuration dialog will pop-up for you to configure
the database.

Database
@ Select database  Database: |iPRG ~| L

i | Edit...

Alternatively, clicking the' " icon in the main toolbar and selecti ng “ Database” from the left-hand side will open
the database configuration dialog. The database can be configured in the area below the “ Database List”.

’
LA Configuration
' Enzyme Database List -
e [ NewDatzhase |
¥ Instrument s R
Set As Default

¥ Parameters

In both cases, the database configuration parameters appear as following:
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Adding a Sequence Database

FASTA format database: | NCBI nr - Validate Database

Basic Options

Database name: Validated

Path: Browse | ar | Download Database

EST database

Advanced Options - Fasta Title Format
Rule to parse accession/id from FASTA title:

Wait =y

Rule to parse description from FASTA title:

s+

Accessionfid URL:

http: ffwww .ncbi.nlm.nih. gov jentrez fviewer. fogi?db =protein&uwval = < Accession/ID =

Delimiter:  ['a+4(. =Y

Taxonomy Options

taxonid | Browse || Download |

taxdmp | Browse || Download |

Follow these steps to fill up or update the required fields to configure a database:

1.

Select the database from the “FASTA Format Database” drop-down list, or select “ Other” if the desired format
is not present and a custom one is to be defined.

. If the database FASTA fileis aready on the local system, skip to step 6. In the “Basic Options’ panel, enter a

name for the database and select “Download Database’. A window will appear confirming the database chosen
to be downloaded from the appropriate FTP or website.

. Click “Yes’ to invoke the default FTP client software and download the database automatically. Click “No”

to copy the URL to the system clipboard. If “No” was selected, click “Ok” on the dialog 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 asWinZip, or WinRar. The desired result isa FASTA format text file (a.fas or a.fastafile).

. Move the database file into a directory that PEAKS can access.
. Click “Browse” to inform PEAKS about the location of the database file.
. If the selected database isan EST database, check the box |abeled “ EST database”. If not, ensurethat it is blank.

. 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” panel below.

If “Other” was selected in Step 2, enter the parsing parametersinto 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
up by selecting the similar database from the drop-down list and edited to set the desired parsing rules.

. If the configuration dialog was invoked from the toolbar, click the "Add/Update" button and then “ OK”. If the

configuration was invoked when specifying DB search parameters, simply click "OK".
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Adding a Sequence Database

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, PEAK S uses Java Regular Expressions to define how the accession
string and the description text should be parsed from the FASTA title line.

Note

Some databases use one entry to represent multiple protein entries. The FASTA headers are concatenated
with adelimiter. Since some of these databases use unprintable control codes as delimiters, PEAKS will
use the equivalent ASCII decimal code to represent them. For example the NCBI NR database uses
CTRL-A as adelimiter so the user should input "1" as the equivalent decimal delimiter.

To be ableto do PEAKS DB using a specific taxonomy, corresponding files must be downloaded and then refer-
enced by PEAK S in the “ Taxonomy Options’ panel.

1

To download the “taxonid” file, click the “Download” button. A window will appear confirming the FTP or
website which has been identified as the location of the desired database. To invoke the default FTP client
software and download thefile automatically, click “Yes’. Click “No” to copy the URL to the system clipboard.
If “No” was selected, click “OK” on the dialog detailing the copy to the clipboard. Next, open a browser and
pastethe URL into the address bar. When the file download window opens, click “ Save”. Be sureto savethefile
to alocation that isaccessible by PEAKS. Please notethat it is not necessary to decompress the taxonomy files.

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

“Browse” button and selecting the file.

2. Databases to be Used in PEAKS' inChorus Function

The database configured here will also be used in PEAKS' inChorus function to 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:

X1Tandem - At the time of writing, X!Tandem has difficulty in searching through large databases and may
crash. It istherefore suggested that X! Tandem only be used with small databases. If used with alarge database,
ataxon should be specified. The NCBInr and SwissProt databases are ideal for this purpose.

OMSSA - At the time of writing, OMSSA can not be used with databases that are not in NCBI, or SwissProt
format, and have those results available to inChorus. Also, abugin OM SSA prevents easy use of databaseswith
OMSSA when they are stored in afolder that contains a space in its path. This creates problems when PEAKS
createstemporary databases on your behalf. To avoid this, best practices suggest that all our databasesare putin
afolder C. / peaksdat abases. Notethat thefolder C: / My Docunent s/ dat abases wouldn’t work asit 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 as ncbi nr . f as, or ncbi _nr. f as rather
than ncbi nr.fas.

Mascot - The database used by Mascot will have to be identical to the database configured in PEAK S in order
for inChorus to parse Mascot results correctly.
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Chapter 7. Data Refinement

1. Overview

The raw LC-MS/MS data often contains noise, redundancy, as well as errors due to sample preparation and in-
strument approximation. PEAKS Data Refinement tool can be used to improve the overall quality of the data.
Upon users choice, all or some of the following functions can be applied to the datain a project. A correct data
refinement, especially the precursor m/z correction, can often result in significant improvement in the final anal-
ysisresult.

e Merging scans - the redundant MS/M S scans from the same precursor m/z and similar retention time will be
merged together.

* Precursor m/z correction - the precursor m/z value given by some instruments is often not of the monoisotopic
ion. This creates problem in the downstream analysis. By examining the isotope shapes in the corresponding
MS scans, this function can accurately correct the precursor m/z to be monoi sotopic.

 Precursor charge correction - occasionally the data provides wrong or no charge information for the precursor
ions. This function makes an attempt to correct the charge information.

» Low quality spectrum removal - this function attempts to remove the "apparently junk" spectra. Thiswill save
some analysistime. Use this function with caution asit may also remove asmall portion of identifiable spectra.

« Centroiding and charge deconvolution - centroiding the peaks and deconvol ute the multiple chargeionsto singly
charged inthe MS/MS 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 analysisis done. However, you can run the data refinement
function separately by selecting fraction, sample or project on the project tree and all the fraction(s) under the
selected node will be refined. The use of this function is outlined in the following.

1 ;
Select a project, sample or afraction node. Click the “ Data Refinement” button on the tool bar.

&6 EH Pt )s 1xdQw

2. Specify the Data Refinement parameters in the popup dialog 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 is done. A new Data Refinement node will appear at the project tree. Later analysis on
this fraction will be based on the refined data.

I Project View
= L) Cifusers/bshan PeaksProjects Mew Project 3
= JL Samphe 1
: data0 109172008 _TP10_25fm_BSA_01RAW
4o DEMOVD 2 [30-Mar-11 11:14]
L) DATA REFINE 1 [30-Mar-11 11:13:26]
~ ¥ PEAKS 3 [30-Mar-11 11:17)

2. Data Refinement Parameters

After selecting adatanode in the project tree, click the data refinement toolbar icon - . The“Data Refinement
Parameters’ dialogue window will appear:
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P Data Refinement $ — - — - @

Tools M5/M3 Data Refinement

[[] Merge Scans

¥ Data Refinement Retention time window (for raw files only): min

, Replicate Analysis Precursor m/z error tolerance: Da ppm

Delove et L
[] Correct Precursor Charge States
+ PEAKS Search Min charge: 1 Manx charge: 315
. SPIDER. Search
[ Filter Scans
- FTM Finder Only keep scans satizfying:
Precursor mass between and Da
Retention time between and min
Quality value greater than (suggest 0.65)

Data Preprocess (peak centroiding, charge deconvolution, and deisotope)

@) yes 7 no

[ OK ][ Cancel ] [ Help ] 0

* Retention Time Window: It defines the maximum difference of retention time between two spectra to be
merged.

e Precursor m/z Error Tolerance: The tolerance of the difference in m/z between two spectrato be merged.
* Min Charge: It defines the minimum charge of a precursor ion.

* Max Charge: It defines the maximum charge of a precursor ion.

» Precursor Mass Range: It defines the precursor mass region to select scans for further analysis.

» Retention Time Range: It defines the retention time region to select scans for further analysis.

» Quality Threshold: It defines the spectrum quality threshold to select scans for further analysis. The recom-
mended valueis 0.65.

» DataPreprocess: If thedataisalready pre-processed, select “no, already done”. Otherwise, select “yes’ to pre-
process the data for al further analysis. Or, select “no” to do on-the-fly pre-processing for further analysis.

Once all parameters are set, press the “OK” button to initiate data refinement process.
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Chapter 8. Peptide De Novo
Sequencing

1. Overview

De novo sequencing isnot only a preferred method for identifying peptide sequencesyet to beincluded in databas-
es, but also a proven method to measure alongside database findings. PEAK S isthe most adopted tool for de novo
sequencing in mass spectrometry labs. The PEAKS automated de novo sequencing can process over 10 spectra
per second on a moderate desktop PC. Moreover, users can use the manual de novo sequencing tool to assist the
manual interpretation of an individual spectrum. Most importantly, the automated de novo sequencing results are
used in several other analysesin PEAKS, including PEAKS DB for database search and SPIDER for homology
search. For example, in PEAKS DB, the "de novo only" table lists the highly-confident de novo sequences for
the spectrathat do not match any database peptides. This provides a convenient way to identify novel or mutated
peptides in your sample.

PEAKSassignsalocal confidence scorefor each amino acid in the de novo sequence. Thislocal confidenceranges
from 0% to 99%, indicating how confident the algorithm is about the particular amino acid. The whole peptide is
evaluated by two measures; the ALC (Average of Local Confidence) and TLC (Total of Local Confidence) scores.
Roughly speaking, ALC reflects the average correct ratio for the amino acids in the sequence, and TLC reflects
the expected total number of correct amino acidsin the sequence.

The use of automated de novo sequencing is outlined in the following. Details of each step can be found in later
sections of this chapter.

1
Select a project, a sample, or a fraction on the project tree. Click the automatic de novo toolbar icon Eﬂ or
select “De novo” from the “ Tools” menu.

File Tools Window Help

s bdu(ayxadQw RO

Note
Refer to Chapter 4, Loading Data to a PEAKS Project for how to create a project.

2. Specify the PEAKS de novo parameters in the de novo parameters dialog and click “OK”. If your datais not
refined yet, you also need to specify the data refinement parametersfirst and click next. Most of the parameters
are self-explanatory and the default parameters provide a good starting point for the analysis.

Note
Refer to Chapter 7, Data Refinement for PEAKS' data refinement function.

3. Wait for the analysisto finish. A new de novo result node will appear in the project tree. Double click the node
to open the result file.
n Project View
= - il 0. ftest/Peaks /Peaks Projects /denovoProject3

4. Theresult containstwo different views: Summary and De novo. The summary view allows you to specify rules
tofilter theresults, and provides statistics of the results. The de novo view showsthe de novo sequencing results
in greater details.
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L, DENOVO 3 [D4-Apr-11 14:01] X |

Denovo TLC= 5 + and AC(%)=| 90 | [ Appy || Bport || Edthows |

=
=

10 -

|De navo | Surnmary

]

20 25 30 35 40 45 50 A5 BO &5 F0 YE B8O BS
D& movo ALC scores

5. You can optionally export the results to other formats by using the summary view.

2. De Novo Sequencing Parameters

In the “Project View Frame”, select the data file(s) or project containing the spectrathat you wish to sequence by
auto de novo. Note that users can run de novo sequencing on afraction or sample level by selecting the fraction
node or sample node respectively.

Click the automatic de novo toolbar icon Eﬁ or select “De novo” from the “Tools’ menu. The auto de novo
parameters dialogue window will appear.

F - B
™Y De Novo - = — - ﬁ
- | - — -
Tools De Novo Predefined parameters :Instrument_default -
Error Tolerance
. Data Refinement Parention: |0.1 :Da - Fragmention: 0.1 Da
. Replicate Analysis Enzyme
.Try]:lsin - | View Enzyme ] [ MNew Enzyme... ]
+ De Movo = =
PTM
. PEAKS Search
Set PTM...
t
. SPIDER. Search

Maximum allowed variable PTM per peptide 3=

General Options
Reportup to 5+ candidates per spectrum

K ][ Cancel ] ’ Help ]

The meaning of each parameter is discussed in the following sections.

2.1. Mass Error Tolerance

Parent masserror tolerance: The parent/precursor ion masserrorsthat PEAKSwill alow for during the analysis.

Fragment masserror tolerance: The error tolerance for the peaks in the MS/M S spectrum.
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2.2. Enzyme Specificity

This informs PEAKS as to what type of enzyme was used to digest the sample. Choose from a drop-down list
of enzymes.

Note

There are several "semi" versions of common enzymesin the dropdown list. For example, "semi trypsin”
has the same digestion rule astrypsin, except that "semi trypsin" allows one termini to violate the diges-
tion rule. These semi versions are recommended due to some degree of non-specificity of the digestion
enzymes.

If your enzyme (or combination of enzymes) is not in the list, click the “New Enzymes...” button to define the
enzyme used in the experiment in “Enzyme Editor” window.
m [===h

Enryme Namae: | Troor

Cleave Sites (8 = al asna acidi]

3ty R ard |Fuat before P
! or | after ard | before
or | afte o | Befoe
of |afler w D=fodre

Moy up B0 one end of B pepfade o dschey the dem BE e

Y ou can provide the name of the new enzyme and define the custom cleavage rules/sites and select if you would
like to allow up to one end of a peptide to disobey the cleavage rule.

2.3. Fixed and Variable PTMs

To select the PTMs for the de novo sequencing, click the “ Set PTM...” button to open the “PTM Setup” window.

LA - —— —— | —— — - - ﬁ
PTM Optlions
-
Name Mona mass Residus site ® Carbaxymethyl
Methyiation 14.0155 [CRRADENG], [ &N -
Myristoylation 210, 1584 [KC], [Gl@M
N-gcyl diglyceride cysteine | 788.7258 [c]
H-zopropylcarboxamidom, .. 99.0654 [C]
M-succnmidyl-3-morpholl... | 127.0633 [K], [ @
018 Iabel 2.0042 [5Tv], (M@
O-GIdNACylation 03,0794 [5T]
Dxidation M 15.9949 ] .
Oxidation HW 159943 D'ﬂ'-"] . Salacted Vardable PTM
Pamitoylation |238.2257 [C=TK] — ey # Deamidation
Phosphopantethene 340.0858 [5] 2 @ Ouidstion M
Phasphoryiation 79,9663 [STYHCOR] 3
Phasphor ylation-5TY 79.9663 [5Tv] A
Progpionamide 71.0371 [c]
Pyridoxal phosphate |229.0140 K]
Pyro-glu from E -13.0108 [E]EN
Pyro-gu from Q 170285 [ EN -
| Shows unimed Hew,.. Fuemaove | [ Remave Al ] [ Switch Type
ok | [ cancel |

The“PTM Options’ list displaysall available PTMs. To view additional modifications, select the “ Show unimod”
checkbox. To select aPTM as Fixed or Variable, click the PTM from the“All PTM” list and click the arrow beside
the “ Selected Fixed PTM” box or the “ Selected Variable PTM” box respectively. To remove awrongly selected

49



Peptide De Novo Sequencing

PTM, click the PTM from the “Selected Fixed PTM” or “Selected Variable PTM” lists and press the “Remove”
button. The "Switch Type" button can switch a selected PTM between fixed and variable.

If adesired PTM does not appear on the list or is different than what is listed, select the “New” button and the
“PTM Editing” window will open where you can fill in the information pertaining to your particular PTM. The
newly edited PTM will be displayed inthe“All PTM” list.

™Y PTM Editing i e

PTM name:
Mass (Monoisotopic):
Meutral loss mass (Monoisotopic):

Residues that can be modified:

Formula:

Rule:

Ok || Cancel | i Help

L

Maximum Number of Variable PTMsper Peptide.  To reduce uncertainty, limit PEAKS' de novo sequencing
'vocabulary' by restricting the number of variable PTMs found on a peptide. Specify a number by typing it in the
textbox beside “Maximum allowed variable PTM per peptide”.

2.4. Other Parameters

Report up to (#peptides): Set how many peptide sequences PEAKS will report from its de novo sequencing
analysis per spectrum.

Preprocessthisdata“on thefly”: PEAKS hasits own built-in preprocessor for removing noise, centroiding and
deconvolution. Check this box to turn preprocessing on, only if you have not done the Data Refinement Step.

Note

If you have already pre-processed your data in the data refinement step, you do not need to do this again.

2.5. Saving the Parameters for Future Use

After setting up the desired parameters, you can save them for future use. Click the “ Save as...” button at the top
of the window, and define a name for these preferences for future use/reference when prompted. Any parameters
that are saved will be available in the drop-down list at the top of the window. To examine the contents, select a
saved parameters file and the parameter values will be automatically updated and displayed.

3. Understanding PEAKS De Novo Sequencing Result

Once de novo sequencing is completed, anew de novo result node will appear at the project tree. Double click the
node to open the result file. The following results will be available to view:
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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 a separate section, Section 4, “Filtering De Novo Segquencing Result”.

2. Result exporting - thisisachieved by clicking the"Export" button at thetop of the summary view. The exporting
function is discussed in a separate section, Section 2, “Export De Novo Result”.

3. Summary report - several statistical charts assist the user to get an overall picture of the results and assess the
result quality. This function isthe focus of this section.

The chartsin the report are divided into three sections:

1. Notes - A user can enter a special text note regarding the experiment. Click the "Notes" button at the upper
right corner of the summary view to edit the note.

2. Result Statistics - The figures and tables summarize the data and resullts.
3. Other Information - The search parameters and M S instrument information are given here.

In the rest of this section we discuss the charts in the summary report.

v

Denovo TLC=| 3 o and ALC(%)=| 30 o [ Apply Fiters ][ Export ][ Notes ]

"
E
E
3
ol

o
2
g
iz
w
a

1. Notes

It is the test project for user manual

2. Result Statistics

Figure 1: The distribution of de nova ALC score: (a) histogram of score (b) The plot of error vs. score @
@

200
1501+
100 {--Lomer

number of PSMs
o

-100
LTI} —
-200

35 40 45 50 55 B0 65 70 75 80 85 30 35 40 45 50 55 60 65 70 75 BO @5 90
De novo ALC scores De novo ALC scores
Table 1. Statistics of data and result. Table 2. Result filtration parameters.
# of MS Scans 4233 De Novo ALC =30%
# of MS/MS Scans 0236 De Novo TLC =3

Peptides after filter 9208

3. Other Information

Table 3. Search parameters. Table 4. Instrument parameters.

Parent Mass Error Tolerance: 0.1 Da Fractions: For_ASMS_Poster_CID_37_16_trypsin. RAW

Fragment Mass Error Tolerance: 0.8 Da Ton Source: ESI(nano-spray)

Enzyme: Semi Trypsin Fragmentation Mode: CID, CAD, IRMPD (v and b jons)

Fixed Modifications MS Scan Mode: FT-ICR/Orbitrap
Carbamidomethylation: 37.02 MS/MS Scan Mode: Linear Ion Trap

Max variable PTM per peptide: 3

Histogram of Score (ALC). The histogram of ALC scoresis agraphical representation showing avisual im-
pression of the distribution of ALC scores of the identified peptides. The peptides are binned in 5% interval of
SCOres.

MassError Distribution. Masserrors (in ppm) of the identified peptides are plotted against their ALC scores.
The mass error is calculated as a ratio of observed mass error (difference between observed mass and theoretical
mass) and the theoretical mass and is expressed in ppm.
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3.2. De Novo Peptide View

The de novo peptide view displays the de novo sequencing resultsin more detail as shown in the next figure. The
table at the top displays all the de novo sequences, and the bottom half of the view provides additional information
about the peptide-spectrum match. The use of thisview is explained in the following sections.

3.2.1. Peptide Table

5 | [1:90f9 «|mp [eho% v scan=| searcn Q@ @ noresuts
E Scan nc ALC (%) mjz z RT ppm
e 1 _Dl." L 114 82 802,91 2 0.073 -1.8
g 2 D 8.4 70 655.34 2 0.320 48
a 3 7.6 84 507.30 2 0.369 -2.3
4 88 83 542.59 3 1344 3.3
5 116 83 820.88 2 L1422 =30
6 10 | WAWFFQLYLAMVPSCGVCDR 131 65 758.04 3 1551 =35
7 12 |LVDELTEFAK 89 89 582.81 2 1.703 -2.5
8 14 |SHCELE! 66 7+ 537.25 z 1778 5.1
9 16 | ECEADESHAGFCR 9.8 7% 733.28 2 1873 5.4
 Sequence=DHPQTHYYAVAYYK, TLC=11.4, ALC=52%, pom=-18 ¥
Trkensity (9)
L00: vi2
oEREEREFRVARVE a7
Y1120
bil
Yio 1260.56
0,64
vo 1150.6
50 1049.6
Y8 bio
91252 1189.53
Y2 ¥7 y
V2 o, 9-HZ0
248,19 '3 H20 V4 74948 1021.49 ba2 V13
227,17 416.29 Ve 1359.66 1489.76
" A ys  SEaA bEtRO ’355 36 vi1
675.28 1278.68 13-H20
T I T il l \l Ll i NEAIEN
|‘ Loapl nllu \JIIIJ|L|| I IL.L.J .u;ﬁu] ]‘ |\ n[ I|I | | L Al In. | i . JJll Il iz
1(U 200 300 400 GED 00 700 1000 1100 1200 1300 1400 \5'.13 1600 1700
B oy | 11| 2| 2¢ | EnTol: 0.50a ] intensity threshold
Info | Ton Match | Survey|
# Immonium b b-H20 a [4 Seq ¥ yHO 1 7 y (24) # =05 05
1 88.04 | 116.03 | 98.02 88.04 123.06 ] 14 E
2 87.06 230,08 | 212.07 | 22.08 | 247.10 N 6 | 147TLTT | 1472.74 | 1473.76 | 745.39 | 13 S0 4 = &
3| .07 | 32707 | 8,15 | 95,14 | 3416 P 1| 1357.71 | 1358.71 | 1359.66 | 688,37 | 12
4 | 101.07 | 455,19 | 437.18 | 427.19 | AR.22 Q 1260.56 | 1261.66 | 126266 | 632,84 | 11 0.5 T T T -0.5
3 74.08 556.24 | 53.13 528.234 | 573.2% T 1132.62 | 1133.60 | 113461 | 575.81 | 1D 500 1000 1500 miz
6 110.07 693.30 | 675.24 | 665.29 | 710.32 H 1031.49 | 1032.55 | 1033.56 | 525.20 | 9 N L
7 | 13608 | 85.36 | 838.35 | 828.3% | 673.39 ¥ 2 | 894.51 | 885,40 | 896.50 | 456,76 | 8@ = —'— -|-|— F -|— —'-J-o— -]—.—,I - | I ,_!')‘T _'_ E‘_""""“
8 | 1%.08 | 101543 | 001,43 | 99143 | 106,45 | ¥ 73195 | 732,43 | 733.94 | 375,23 | 7 ! : L H
9 405 | 108047 | 107247 | 1062.46 | 1107.98 | A 568,25 | 569,31 | 5/0.37 | 2B, | 6 H
10 72.08 1139.53 | 1171.51 | 1161.51 | 1206.55 v 5 497.33 | 958.33 | 999.39 | 258.18 5 ‘ | I |
11| 4405 | 1260.56 | 1242.56 | 1232.57 | 1277.58 | A 396,28 | 399.76 | 400.27 | 208,54 | 4 ! i 1l | iz
12| 7208 | 1359.66 | 134L62 | 139164 | 1976.66 |V 327,17 | 39,22 | 329,23 | 173,12 | 3 1000 1500
13 72.08 | 1958.70 | 14,20 | 14071 | 147573 |V 5 | 228.17 | 225.15 | 230.06 | 123.59 | 2
14 10111 K 129.10 | 130.09 | 131.09 74.06 1

PEAKS displays the peptide sequence candidates at the top of the screen. Y ou can sort the results by clicking on
any of the titles of the columns. For example, to sort the peptide sequence candidates by the scan number click
on thetitle bar of the “ Scan” column.

The following list describes the contents of the columns in the “ Peptide Candidates Frame”. The first column is

aunique index for the peptidesin the list.

Scan: Scan number.

Peptide: The amino acid sequence of the peptide as determined by de novo sequencing. If thereisany PTM on
an amino acid, the amino acid is followed by a pair of parentheses enclosing the delta mass of the PTM.

TLC: Totd local confidence. It is calculated by adding the local confidence for each amino acid in the peptide
sequence.

» ALC: Average local confidence (TLC divided by the peptide length).

» m/z: The measured mass/charge value, in Daltons, for the spectrum.

» z: Thecalculated charge value for the peptide.

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

e ppm: The precursor mass error, calculated as 10° x (observed mass - theoretical mass) / theoretical mass.
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Confidence Scores.  Next to the proposed sequence candidates, the auto de novo “Total Local Confidence’
(TLC) and “ Average Local Confidence” (AL C) confidence scores are shown. Thelocal confidence scoresfor each
amino acid (that is, confidence that the correct residue in each position has been identified) are represented by
color coding. Red represents a very high confidence (greater than 90%), purple represents a high confidence (80
to 90%) blue represents amedium confidence (60 to 80%) and black represents alow confidence (Iess than 60%).
For more detailed positional confidence, place the cursor over the sequence of interest and a“ Position Confidence
Table” will appear, showing the confidence that each amino acid/pair of amino acids are correctly identified.

DNECTHY Y AVAVVE m
—

MGHADLNWMPLE

F 4
— DHEQTHYYANAUVYEK
e [ TSI TN Y] I [g
777
&

SHEMTMLINGHPED 0387306503 0380 74
HETVFDMLNPRED!

Mass Tags. The low confidence residues can be displayed as mass tags by setting up the threshold score using

the button &R in the title bar of the “ Peptide Candidates Frame”. If the scoreis set at 0.0, all of the amino acids
in the peptide sequences will be displayed. Increasing the threshold will display a mass in square brackets if the
residues do not satisfy the threshold.

| if 71%

show mass tag for confidence less than: Peptide

l rzl WV [128.1]
—| 0 10 20 30 40 50 &0 FO 80 90 (%) JL[128.1]
—| Color code: >20%: 80-90% 60-80% <60% |

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

Modifications. Consider the following sequence: SHWV{ +15. 99) TNLNGNPEDR. The (+15. 99) in brackets refers
to a position where a modification may have occurred. If you forgot the PTMs you specified before running de
novo, check Table 3 in the summary view.

Search for a Peptide.  The peptide candidates can be searched by entering the value in the search tool located
in the top right corner of the title bar of the “Peptide Candidates Frame”. The available options for a search are
scan number, m/z value and retention time (RT value). The resultant peptide candidates can be iterated by clicking
the circled up and down arrow buttons in the search tool.

- mjz = | 733 0 8 1/1
sCan = Ppm

P omfz= 3 | |
7.2

| Ri= & ' 8.6

Note

To search with an approximate mass value, type only the necessary number of digits after the decimal
points. For example, 130.3 will match any value from 130.25 to 130.35 (exclusive). And 130 will match
from 129.5 to 130.5 (exclusive).

3.2.2. Spectrum Annotation

The spectrum annotation displays a graphical representation of the peptide-spectrum spectrum.
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Intensity (%)
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Thetitle bar shows the peptide sequence of the spectrum that is being displayed. Pressthe“ All candidates’ button
inthetitle bar to open a pop-up window to display al aternative peptides. Click on a peptide sequencein the pop-
up window to select and display the annotation.
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X
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DVGELPK 6.1 87 =38.7

DRGLRPE 4.6 ¥} -55.1
DWVNLFE 4.5 75 -38.7
| VDGGLPE 4,5 64 -33.7
LTGELPE 4.5 &4 91,8
b
32904 ¥4
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Y
/220 v3 Vs
- 357.23 471,19
b2-MH2 b4-H20
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Moving the mouse over the spectrum will display a“tooltip” to show the annotation, the m/z ratio and the relative
height/intensity (as a percentage of 100) of that particular peak. Both the m/z ratio and the height of the peak can
also be found at the right hand side of the bottom bar of the spectrum annotation panel.

The annotation provides afew convenient ways to zoom and navigate in the spectrum:

» Zoom to a 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 the peak intensity - place the mouse pointer in the spectrum, scroll the mouse wheel button.

 Seethe whole spectrum - double click in the spectrum, or click the 1:1 button.
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The“ErrTol” isused to adjust the error tolerance to view the display of matched ions.
. | A | | . . .
Y ou can use the profileli#/il and peak buttons to switch the spectrum view from profile mode to peak mode
and vice versa.
The “intensity threshold” check box provides an option to annotate the lower intensity peaks.
Y ou can change the spectrum annotation preferences by clicking the % button to open the " Spectrum Annotation

Preferences’” window. Refer to Section 1.4, “Spectrum Annotation Preferences’ for more details on how to set
spectrum annotation preferences.

" | em)
H20 -MH3 2+
a B B B |
b 0 1 i
€ B [ B
# B @ B [
¥ F F FE O
z H O B O
z B 5 O O
cH |
internal |||
immenium [
Show Dedmal Places: 25
|| mfz on fragmenation
[ mjz on unannotated
|¥] s2quence fragmentation
[#] in place ion info
Intensity: ) Low @ Medium (7) High
Hide | Reset default |

3.2.3. lon Table

The “lon Match” tab at the bottom panel of the de novo peptide view contains the “lon Table” that shows the
proposed ions with their corresponding masses. If an ion isfound in the corresponding spectrum, it must first pass
two criteria before being displayed in a specific color (blue for N-terminal ions and red for C-terminal ions). It
must be found within the mass error tolerance chosen by the user and must have an intensity of greater than 2%
of intensity of the ion with the highest intensity. The ion types to display in the table are controlled by the same
configuration as the spectrum annotation (Section 3.2.2, “ Spectrum Annotation”).

# b bH20 b#H3  Seq ¥ y-H2O  ydHI &
1| 115.03 | s8.02 | s9.01 D 14
2 | 230,08 | 212.07 | 213.05 I 14539, 76 | 147177 | 1472.72 | 13
3 | 327.17 | 308.15 | 310.14 F 1375,71 | 1357.71 | 1358.71 | 12
4 | 455.19 | 437.18 | 438.15 Q 1278,69 | 1260.56 | 1261.66 | 11
5 | 556.24 | 538.23 | 532.20 T 1150.64 | 1132.62 | 1133.60 | 10
6 | 593.30 | 575.28 | 676.27 H 1049,60 | 1031.49 | 1032.55 | 9
7 | 856.36 | 835.35 | 838.33 ) Q12,52 | 894,51 | #9540 | B
B | 1015.43 | 100243 | 1002.40 ¥ 749,46 | 73145 | 732.43 | 7
9 | 109047 | 107247 | 1073.43 A BG4 | 268,20 | 932 | B
10 | 1189.53 | 117151 | 1172.50 v 515.35 | 497.34 | 498.33 | §
11 | 1260.55 | 124255 | 1243.54 & 416,20 | 393,28 | 299.26 | 4
12 | 1359.65 | 134162 | 1342.62 WV 345,24 | 32717 | 32822 | 3
13 | 1458.70 | 1440,20 | 144167 v 246,15 | 228,17 | 229.15 | 2
14 [ 4 147,11 | 12910 | 130,09 | 1
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Clicking the header of a column in the lon Table highlights the corresponding points on the error map and peaks
in the spectrum annotation.

3.2.4. Error Map

The “Error Map” shows the mass errors of the annotated ions and it is displayed on the right hand side of the
“lon Table”. The m/z ratio is displayed on the x-axis and the error is listed on the y-axis in Datons. The most
confident results lie on the centerline.
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3.2.5. Spectrum Alignment

The " Spectrum Alignment” is displayed under the “Error Map” and it shows the entire spectrum and isused as a
tool to help us navigate the “ Spectrum Annotation”. The blue bar along the horizontal m/z axis of the alignment
indicates the range of the spectrum in the * Spectrum Annotation”. This alignment displays how the proposed ions
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.
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3.2.6. Parent Scan

The*“ Survey” tab displays the precursor ion spectrum. The buttons that appear in this section areidentical to those
explained above in the “ Spectrum Annotation” section.

Info | 1on Match | Survey
Intensity (%)
100
535.61
502,91

504
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[Aa gl | 2] 2| 2 | Erro ntensity threshold  OrbiSample mzXML: ms=1RT=0.0106 scan=1 TIC=1.27E8 1607.8911

4. Filtering De Novo Sequencing Result

PEAK S de novo sequencing result can be filtered based on TLC (Total local confidence) and ALC (Average local
confidence) score filters. You can set the appropriate values for the filters by changing the filtration parameter
values from the drop-down lists in the title bar of the “ Summary” view panel and clicking on the “ Apply” button.
Theresult will be updated in the “ Summary” view and the “De novo” view accordingly.

Ui DEMOND 2 [24-Mar-11 14:27] X

Denovo TLC= | 3 o |and &C=| 20 o [ Agply ][ Export ][ Edit Notes

‘Summary
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Note

Whenever you changed a score threshold, the "Apply" button changes color to remind you to apply the
filter by clicking it.

5. Export De Novo Results

The "Export" button at the top of the summary view alows exporting of the filtered results into a list of html
(text file readable in a web browser) and csv (text file readable in Excdl) files. This provides the opportunity to
supplement the results in a publication, or put up the results on your website. To export the filtered results:

1. Click the "Export" button at the top of the summary view. A file chooser appears.

2. Choose the location and directory name where you want to put the exported files. Click OK.

Thiswill create acollection of filesin thetarget directory. Refer to Section 2, “ Export De Novo Result” for details.

6. Run Auto De Novo Sequencing on a Single Spec-
trum

To perform auto de novo sequencing on a single spectrum, select the spectrum in the MS/IM S view of the sample
and click the right button to display a pop-up menu. Select the “PEAKS Auto Denovo” command from the pop-

up menu.

| LnE Orbisample. mzxML +=.Ii DEMOVO 7 [08-Mar-11 11:00]
E- + : 4 DERLOWLS AT IO Rdee 44 40,07
g PEAKS Auto Denovo
—— | & 695,340
S + =07, 307 Correct Precursor Mass and Charge !
_ilflj + 547,597 Export As DTA

+ 870,58 Export As PKL ]

7. Manual De Novo Sequencing
PEAKS 5.3 provides a set of toolsto help you manually sequence a peptide using graphic cues from the spectrum.

Note

ETD manual de novo is not supported.

7.1. Manual De Novo Graphical User Interface

The figure below shows the main panels related to manual de novo. The five main panels are indicated in the
figure below:
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The panels are briefly described below:

» Result Panel: The “Result Panel” shows all the sequencing results. The results of manual de novo are listed
in the sub-tree with root “Manua 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 assigned ions. Users can pick a peak on the panel and
assignionsor tagsto it in manual de novo.

» lon Table Panel: The“lon Table” shows the proposed ions with their corresponding masses. The default lon
Tablewill display immonium, b, b-H20, b-NHS3, 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-ion and y-
ion. 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.

To create a new peptide candidate for sequencing, select the m/z value in the “Result Panel” and right click to
bring up a pop-up menu.
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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 will not have been sequenced, so it will be represented by the mass
of the peptide less the mass of water (see an example below).

mE OrhiSample.mzX '+ 802.90607 2

0 =-Manual De Movo
] : ' { i)
2 [ Taozero || . ESESEEEN

Note

The pop-up menu will not be accessible if you have highlighted any of the results in the “ Result Panel”.

7.2. Manual De Novo Operations

When the mouse cursor is placed in the “ Spectrum Annotation” panel, a green (by default) arrow follows the
movement of the mouse. Thisisthe 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 itsrelative intensity are shown in apop-up window on top of the Position Bar.

Intensty (%)
1004

[1585.79] |t375.71
1260.5649
62.7%
1260.56
1150.64
S04 10496
91252
226,12 246.18 845 021,40 1604.81
1480.76
. ..! | ”l ."]‘ |'. l : |I|| L ‘II ) _ iz
00 00 600 500 1000 1200 1400 1s00

QrbiSample mziML; ms=2 mz=802.90607

72 RT=0.0729 TIC=1.79E7 REDHER || | T

% iy | 1:1] 2 | 2¢ | EnTol: 0.50a 7] intensity threshold

Selectingapeak. Toselectapeak, 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 inthe lon Table.
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M easurethe m/z differ ence between two peaks.  Select a peak (blue arrow) with the Freeze Bar and move the
mouse to the left or right. Hold the Position Bar (green arrow) above another peak. A pop-up window displays
the difference between the two peaks (in the example below the difference is 109.92297).

Tnkensity ()
1004
[1585.79] 1375.71
1ﬂ9.9229?|
1260.56
1150 %0 44z, 570
0. 10496 -
Q13252
226,12 246.18 748.96 031,40 1604.81
1489.76
| 1I||.. HJ_I,I‘ 1l U|I.]‘ L. |‘ . ull ‘"|. .
1200

200 400 a0n anon 000 200 1400 »
U o, | 22| 20| 2 | EnTol: 0.508 7] intensity theeshold ?Ei’;“f:gfg;;é"fﬁ;":;mz'gmw 12605649 | bz7%

Deselect apeak. Double click anywhere in the “ Spectrum Annotation” panel to deselect a peak.

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

Setting/removingionsto/from apeak. Select apeak, and then right click the mouse anywherein the” Spectrum
Annotation” panel. Select “Set y-ion” from the pop-up menu to designate the peak as a y-ion, or “Set b-ion”
from the pop-up menu to designate the peak as a b-ion. Click on “Removeion” to remove the ion that you have
previously set.
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Intensty {95
100+
[1585.79] 1375.71
Set y-1on
Set b-ion
Rernowve ion
Set other ions lzﬂﬂaﬁﬂ.ﬁﬁﬁ,ﬁﬂ%ﬁ
Left tags 1150054
504 Right tags 3.6
Rightmost y-ion
Leftmnost y-ion
336,12 245,18 1 Leftmast b-ion 1604.81
Rightmaost b-ion 143976
| rn[ N l ) |J|| 1 H. iz
200 400 &0 a0 1000 1200 1400 1600

OrbSample mzXML: ms=2 mz=802.90607

% i, | 1:1) 3| 2 | EnTol: 0.5D0a [ intensity threshold 223 RT=0L0729 TIC=1.79E7

Select “ Set other ions” from the pop-up menu to view the “lon Editor” dialog box. The “lon Editor” dialogue
allows you to add or remove ion designations to/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 “Apply” to apply the changes to the selected peak.

(™% 1on Editor It |

Please choose ion type: Selected peak information
@ £ Tem Ton

mjz 1260, 555

| M Term Ion intensity: 3245352.0
X -
*HI0
xH3
¥
¥-H20
y1H3
z
z-H20
-hHI
.
I'HI0 ~

==

1]

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 ay-ion.
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Note that the manual de novo candidate information isupdated in the“ Result” panel, “lon Table” panel and “ Spec-
trum Alignment and Error Map” panel. The selected ions are also annotated and colour 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.
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Searching theleft or right side of the spectrum for thefirst/last y or b ion (Search a sequencetag). Select

apeak, and then right click the mouse anywherein the Spectrum View Frameto trigger the popup menu. From the
menu, select either “Left tags’ or “Right tags’. PEAKS will select the appropriate terminal tags and show them

inthe“Tag” panel (see below).

You can test the suitability of atag by highlighting it in the “ Searched Tags® list; the corresponding information
for thetag will be shown in the“ Spectrum Annotation” panel, the“lon Table” panel and the “ Spectrum Alignment
and Error Map” panel. Y ou can insert one or more tags by highlighting the desired tags, clicking “ Select” to move
them into the “ Selected Tags’ list and then clicking the “ Apply” button. Pressthe “Cancel” button at any time to
exit the search and discard any changes.

Undoing an edit.

Searched Tags

)

Selected Tags

If you have made an error in your sequencing it is possible to undo the change. With the

peptide candidate still selected in the “Result” panel, right click the mouse and select the “Undo” command from
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the popup menu to return to the previous peptide sequence. Y ou can use this button multiple times to return to
earlier stagesin your edit.
= Manual De Novo
- [344.25]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)

Redoingan edit.  With the peptide candidate still selected in the* Result” panel, right click the mouse and select
the “Redo” command from the popup menu if you have undone one too many changes. Y ou can click this button
multiple timesto return to later stagesin your edit.

Error Tolerance. To set the mass error tolerance in manual de novo sequencing, with the peptide candidate
selected in the “Result” panel, right click the mouse and select the “ Config Error Tolerance in Manua De Novo”
command from the popup menu to open a dialog where the error tolerance can be set.

PTM configuration. To mention the types of post-translational modifications (PTM) to include in manual de
novo sequencing, with the peptide candidate selected in the “Result” panel, right click the mouse and select the
“Config PTM in Manual De Novo” command from the popup menu to open the “PTM Setup” window. To know
more about the PTM configuration using the “PTM Setup” window, refer to Section 2.3, “Fixed and Variable
PTMs".




Chapter 9. Protein Database Search
with PEAKS DB

1. Overview

The PEAKS DB function identifies peptides/proteins from a protein sequence database. If your target proteins
are in aknown protein sequence database, thisis the recommended method for analyzing your MS data. PEAKS
DB belongs to the "database search" approach in MS analysis. However, it takes advantage of the PEAKS de
novo sequencing resultsto achieve a higher sensitivity and accuracy than other software purely based on database
search. PEAKS DB includes a built-in result validation to ensure the quality of the reported results. Additionally,
PEAKS DB automatically generates a list of highly confident de novo sequences whose spectra do not match
database peptides. These are possible novel peptidesin the sample.

The use of this function is outlined in the following section. Details of each step can be found in later sections
of this chapter.

1. Select aproject node or a sample node. Click the PEAKS DB button on the tool bar.

TPEAKS sucio A

File Tools Window Help

G6 DHL {7\ dQwW

Note
Refer to Chapter 4, Loading Data to a PEAKS Project for how to create a project.

2. Specify the PEAKS DB parametersin the popup dialog and click OK. Most of the parameters are self-explana-
tory and the default parameters provide a good starting point for the analysis.

Note

If your data is not refined yet, you also need to specify the data refinement parameter first and click
next. Refer to Chapter 7, Data Refinement for data refinement.

3. Wait for the analysisto finish. A new result node will appear in the project tree. Double click the node to open
theresult file.

H Project View E’ PEAKS 6 [15-Apr-11 16:44] X
B---w C:/Users,binma,/Dropbox/tmp/paper_0415_cid_
E‘{l_lx, Sample 1 % Show [top - | proteins in each group - a
= : 20090115_SMPA14 2.RAW E - -
# DATA REFIME 1 [15-Apr-11 15:23: A Accession -10igP + Coverage
ﬁl DEMOVO 2 [15-Apr-11 16:09] I= O @ Proteins
L z
_f PEAKS 4 [15-Apr-11 16:21] 8 - gi|15599581 330,33 | RIND N 570
e MFEAKS 6 [15-Apr-11 16:44] & -
— % gi|15599462 300,09 [0 4 WIAEN | g4gas
'Jé gi| 15598358 291,85 (LLRNN T HNIN 410
o gi| 15599955 287.55 (0D IWNT T 510
T:_; gi| 15595954 280,50 [ DONLOE W | 3@
o gi| 15592466 274.51 | (1111 I 2q04
2 ai| 15600749 263,10 |1 IMLIL 110 g0,
2 - gi| 15595793 260.29 | 1M AT 430
[+ gi| 15599451 258.95 (MBI 11 M1 55e,

4. The result contains four different views: Summary, Peptides, Proteins, and De novo only. These provide dif-
ferent angles for examining the analysis. In particular, the summary view allows you to specify rulesto filter
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the results, and provides information for you to judge the quality of the experiment. The de novo only view
shows the high confident de novo sequence tags that do not have any high-confidence database matches. These
may be novel peptidesin your sample.

5. You can optionally export the results to other formats by using the summary view.

2. Set PEAKS DB Parameters

After selecting a data node in the project tree, click the PEAKS DB toolbar icon W The protein identification
parameters dial ogue window will appear:

PEAKS DB Predefined parameters .default -

Error Tolerance

Parention: 0.1 _Da - | using _monoisntopic mass v | Fragmention: [0.2 Da
Enzyme

_Trypsin - View Enzyme J [ Mew Enzyme...
Maximum missed deavages per peptide: 15
PTM

SetFTM...

Remove

Switch type

Maximum allowed variable FTM per peptide 3=

Database
@ Selectdatshase  Database: | swiss sprot - |
_) Paste sequence Taxa: |all spedes

De Novo Tag Options

Available de novo tags: _de novo with current parameter .

General Options
Estimate FDR with decoy sequences

0K I [ Cancel

I Help J

Note

If your dataisnot refined in PEAK S yet, you will be prompted to specify the datarefinement parameters.
Refer to Chapter 7, Data Refinement for data refinement parameters.

Error Tolerance. The mass error tolerance of the parent (precursor) and fragment ions. The parent ion error
tolerance can be specified in either Da or ppm, and using monoisotopic or average mass.

Enzyme. Choose the enzyme used to digest the proteins, and the number of missed cleavages allowed in each
peptide. Refer to Section 2.2, “Enzyme Specificity” for details.
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PTM. Click the“Set PTM...” button to choose alist of PTMsto be used during the search. Refer to Section 2.3,
“Fixed and Variable PTMs” for details.

Database. Select the protein sequence database for the search. Y ou can select from the list of databases which
have been configured, and set thetaxonomy if applicable. To configure anew sequence database, refer to Chapter 6,
Adding a Sequence Database.

Or if you have only a few protein sequences, you can choose to paste the protein sequences from a Windows
clipboard.

Database

Select database |HATRAAVEEGVVPGGGVALVRALCATEGLEGDNEEQNVGIALLRRAVESE
@) Paste sequence |LEQIVANAGDEEPSVVVDEVEQGSGHYGEFHNAATGVYGDHMIEMGILDEARENT
RSATORRASTGOLMITTEAMVAETVEDEPAMGGEME DHGGHGGHGGI-M

Denovotagoptions. PEAKSDB requiresthedenovo sequencing resultsto improveits search speed, sensitivity
and accuracy. You can choose to perform a fresh new de novo sequencing, or select from the existing de novo
sequencing results, if there are any.

Estimate FDR.  Selecting this option enables PEAKS DB to validate the search results with an enhanced tar-
get-decoy method. A few important statistical charts in the summary view of the PEAKS DB result will depend
on this. Uncheck this only if you want to do your own result validation.

Perform on-the-fly preprocessing.  Check this box if you have not pre-processed your data in the data refine-
ment step, and uncheck it if you have already done so.

3. Understanding PEAKS DB Result

After PEAKS DB is done, two result nodes will be generated. One is a database searching result, and the other
is from the subroutine - de novo sequencing (when not using an existing de novo tag). The result of PEAKS DB
consists of:

* Summary - outline of PEAKS DB outputs with statistics. Also a place for result filtration.
» Peptide- list of peptide identification.
* Protein - list of protein/protein groups inferred by identified peptides

» Denovoonly - list of good de novo sequences without a good assignment from database search.

3.1. The Peptide and Protein Scores

Peptide score (-10IgP).  The scoring schema of peptide identification involves matched peaks and their inten-
sities, precursor mass error, enzyme specificity, de novo sequence, and peptide size, etc. A statistical evaluation,
-10IgP, is given for each peptide-spectrum match. Here Ig() is the common logarithm with base 10, and P is the
probability that afalse identification of the current search has the same or better significance.

Protein score (-10IgP).  The protein -10lgP score in PEAKS is the weighted sum of -10logP score of all sup-
porting peptides. After removing redundancies, PEAKS DB sort those peptides from the same protein according
to their -10lgP scores. In the weighted sum, the k-th ranked peptide gets aweight 1/k.

3.2. Summary View
The summary view provides three main functions:

1. Result filtration - thisis achieved by specifying the filtration rulesin the area at the top of the summary view.
Thefiltration function is discussed in a separate section, Section 4, “Filter PEAKS DB Result”.

2. Result exporting - thisisachieved by clicking the"Export" button at the top of the summary view. The exporting
function is discussed in a separate section, Section 5, “Export De Novo Results”.
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3. Summary report - several statistical charts assist the user to get an overall picture of the results, assessthe result
quality, and examine the reliability of the mass spectrometer. This function is the focus of this section.

The chartsin the report are divided into four sections:
1. Notes

A user can enter aspecial text note regarding the experiment. Click the "Notes" button at the upper right corner
of the summary view to edit the note.

2. Result Statistics

The first three figures provide important information for validating the database search result. Given the large
volume of M S data, we cannot over-emphasize the importance of statistical result validation. Without it, the
analysisresult is simply not trustworthy.

Then four tables summarize the data and results, such as the number of confidently identified peptides and how
many contain a particular PTM.

3. Instrument Control

Two figures plot the precursor ion mass error distribution, revealing how well the instrument is calibrated.
4. Other Information

The search parameters and M S instrument information are given here.
In the rest of this section we discuss the most important charts in the summary report.

False Discovery Rate (FDR) Curve. Figure 1 in the summary page is the FDR curve for the identified pep-
tide-spectrum matches (PSM). PEAKSS keeps at most one peptide for each spectrum (peptides with only I/L iso-
form difference are counted as one). Thus, the number of PSMsisthe same as the number of spectrawith assigned
peptides. The PSMs are sorted according to their -10IgP scores. The curve shows the FDR with respect to the
number of PSMsto be kept in thefinal result. If ascorethreshold has been provided in theresult filtering, avertical
dashed line indicates the score threshold.

5.0%
4.5%
4.0%
35%
3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
0.0%

FDR

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
number of peptide-spectrum matches

Normally a<1% FDR isrecommended for scorefiltering. If you notice arapid growth of FDR around the the 1%
FDR threshold, you may decide to sacrifice several PSMsto significantly reduce the FDR.

The FDR curveis estimated with the decoy fusion method (an enhanced target-decoy method that is more conser-
vative in keeping results) performed together with the PEAKS DB search. The "Estimate FDR" checkbox must
be checked in the search parameters to enable this function.

Note

The decoy hitsare removed from the counting of the number of PSMsin the FDR curve. Similarly, unless
otherwise specified, al the counts in the summary view have excluded the decoy hits. By default, the
false hits are also excluded from the peptide and protein views, as well as the exported results.

PSM Score Distribution.  Figure 2 (a) and (b) help you assess the quality of the results and the effectiveness
of the enhanced target-decoy method (decoy fusion). It is strongly recommended to turn on the "Estimate FDR"
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checkbox in the search parameters, so that both the target and decoy PSMs are shown in the same figure with
different colors.

Figure 2(a) shows the number of PSMs at each score interval. If the target-decoy method worked as promised,
then you should observe a similar number of the target (blue) and decoy matches (brown) in the low score region.
If the search result is of high confidence, then you should observe very few decoy matches (brown) in the high
score region. The vertical dashed line indicates the user-specified score threshol d.

AT e ——

EDD L S

EDD. NN | |

number of PShs

0 10 20 30 40 50 60 70 80 80 100 110
PEAKS peptide score (-101aF)

N Decoy M Target

Figure 2(b) plots the precursor mass error verses score for all the PSMs. Thisfigureisthe most useful for the high
mass resolution instruments. Generally you should see that the high-scoring points are centered around the mass
error 0. And only below a certain score threshold the data points start to scatter to have bigger mass error. The
vertical dashed line indicates the user-specified score threshold.

o0 10 20 30 40 50 60 YO 80 90 100 110
FEAKS peptide score (-101gP)

o Decoy © Target

Statistics of Data and Results.  Tables 1-4 shows the statistical numbers of the data and results.

Table 1. Statistics of data. Table 2. Result filtration parameters.

#of MS scans 7737 Peptide -10lgP >20.9 De novo TLC =3

# of MS/MS scans 20319 Protein -10lgP 20  Denovo ALC =50%
Proteins unique peptides >{

Table 3. Statistics of filtered result. Table 4. PTM DProfile.

Peptide-Spectrum Matches 7036 Q(+0.98.-17.03)3

Peptide Sequences 1820 Q(-17.03) 71

Proteins Groups 632 Q(+0.98) 51

Proteins 638 M(+15.99) 82

Proteins unique peptides 220 (=2); 117 (=2); 287 (=1}; Ni(+0.98) 94

FDR (Peptide-Spectrum Matches) 1.0% C(+57.02) 660

FDR (Peptide Sequences) 2.9%

denovo only 2022
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Most entries in these tables are self-explanatory. A few worth-mentioning are:
» Peptide Sequences (Table 3)

This is the number of distinct peptides in the filtered result. Peptides with the same primary sequence but dif-
ferent PTMs are counted separately. But several peptides differentiated with only I/L isoform are counted as
one. Since the same peptides may be identified by multiple spectra (due to data redundancy and different charge
states), this number is usually smaller than the number of Peptide-Spectrum Matches.

e Protein Groups (Table 3)

PEAK S DB groupsthe proteinsidentified by the same set of peptides (or a subset) into the same group, asthere
is not enough information to determine which of them contribute to the identified peptides in the sample. This
number in the table shows the number of protein groups in the filtered result.

e Proteins (#Unique Peptides) (Table 3)

These show the number of identified proteins with the specific number of unique peptides. A unique peptideis
a peptide that passes the user's peptide filtration score threshold and appearsin only one protein group.

 PTM Profile (Table 4)
Beside each PTM is the number of the identified peptide sequences (not PSMs) containing the PTM.

Experiment Control. Figures 3(a) and 3(b) plots the precursor m/z error of the identified PSMs. These plots
can help determine whether the M Sinstrument functioned properly. Figure 3(a) isthe histogram of the masserrors.
If the instrument worked properly, then the histogram should be concentrated around O ppm. Figure 3(b) plots
each PSM using its m/z (x-axis) and mass error (y-axis). For awell-calibrated instrument, the data points should
be distributed within a narrow horizontal band centered at the O ppm horizontal line. Table 5 shows the number
of peptides by number of miss cleavages which indicates the efficiency of the enzyme.

(a)

1000
a00

G600

mass error (ppm)

400

numkber of PSMs

200

-10 -5 0 5 10 15
MAass errar (ppm)

Table 5. number of peptides by number of missed cleavages

Missed Cleavages 1 2 3
Peptides 173 26 0

3.3. Peptide View

The “Peptide View” shows identified peptides. The interface contains a peptide table that supports sorting and
the search for a peptide. Selecting any peptide in the table will display the peptide-spectrum matching details at
the bottom half of the peptide view.
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3.3.1. Peptide Table

All peptides above the user-specified peptide score threshold are listed in the table. If there are more than 1000
peptides, the list is broken into multiple pages.

E L | 1- 1000 of 1934 - 3 w scan = | search Q@0 @9 noresults
E Peptide -10lgP 4 Mass ppm mz RT Scan #5pec Accession FTM
g 2 | VYLVNTGWTGGGEYGYGK 105.99 1726.8678 1.2 864.44 | 111.836 14330 3 gi| 15600385 [—
[ 3 |VAAAGPLLAAELDALGE 105.89 1578.8981 0.3 790,46 | 100.238 21983 11 gi|15595749
L 4 |LMAVSAGGMDGLQAAPAAEPK 104.63 1945.9806 1.4 970.00 | 48.779 3288 4 gi|15596353
‘é 5 |EAPLHVSNVAIFNTETSK 104.51 1955.9952 1.6 979.01 | 98.308 11904 [ gi|15599448
o & | QTFPDVQVIGGMIATAEAAK 103.48 2029.0480 1.6 1015.53 | 130,443 17557 5 gi| 15598965
= 7 | ANDAAGDGTTTATVLAQAIVMEGLE 103,36 2400.2131 1.9 1201.12 | 164.791 22523 & gi|15599581
g 8 | GTDLVAWTGVHIEPLGAYSSK 101.78 2113.1055 0.0 1057.56 | 130.815 17618 3 gi| 15600698
E 9 | AITVNGQTVNIPSYQVE 101.61 1830.9839 0.5 916.50 | 111.680 14300 7 gi|15599435
2 10 |HVTDEAALAGLTDSAK 100.98 1597.7947 0.2 799.90 | ©64.681 5840 2 gi|15595265
11 |AGFLSAIVKGEATSPLIDK 100.27 1916.0618 0.9 955.04 | 146.860 20205 3] gi|15596984
12 |ATVTDEQVSYEEAVKPAEAPQAA 98.95 2402.1965 1.7 1202.11 | 58.018 4678 4 gi|15596997

The table provides the following controls:
» Sorting by the column: Table can be sorted by clicking the headers.
» Goingtoadifferent page: Usethe combo box or theleft/right arrowslocated at the left upper corner of thetable.

 Searchingfor a specific peptide:; First select the search criterion by clicking the triangl e beside the search box,
and then type in the value in the search box. Search criteria include scan id, partia sequence, m/z, retention
time (RT), and PTM delta mass. Once a search is done, click the circled up and down arrows to navigate in
the matched peptides.

For each peptide sequence in the table, several columns are given:

» Peptide: The amino acid sequence of the peptide. If there is any PTM on an amino acid, the amino acid is
followed by a pair of parentheses enclosing the delta mass of the PTM.

Note

If multiple PSMs have the same sequence, then only the top scoring one is displayed. The #Spec
column shows how many spectra are assigned to the same peptide. The other PSMs can be examined
by selecting the peptide. See Section 3.3.2, “Peptide Spectrum Match” for details.

 -10IgP: The peptide matching score.

» Mass: Thetheoretical mass of the peptide (including the H20 but not the extra proton for positive charge).
« ppm: The precursor mass error, calculated as 10° x (observed mass - theoretical mass) / theoretical mass.
* m/z: The precursor mass to charge ratio.

* RT: Retention time.

+ Scan: Scan number.

» #Spec: Number of spectra assigned to the peptide.

» Accession: The accession number of the highest-scoring protein containing this peptide. The other proteins
containing this peptide can be examined in the Peptide Detail panel. See Section 3.3.3, “Protein”.

* PTM: A dot indicates the peptide contains a PTM.
3.3.2. Peptide Spectrum Match

For each peptide, the “ Peptide Spectrum Match” shows the peptide-spectrum matching details.
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Peptide Spectrum Match | protein|
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The default display isdivided in four areas:

1. The spectrum information.

When multiple spectra match the same peptide, the top-scoring spectrum is chosen by default. The spectrum
information, including the peptide-spectrum matching score and mass error, are displayed in this area. The
other spectra can be examined by clicking the “ All matches’ button.

. The spectrum annotation. The annotation providesafew convenient waysto zoom and navigatein the spectrum.

Zoom to am/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-axisline), scroll
the mouse whesel button.

Increase the peak intensity - place the mouse pointer in the spectrum, scroll the mouse wheel button.
See the whole spectrum - double click in the spectrum or click the “1:1” button.

3. The controls for the spectrum annotation.

Click the % button to decide the fragment ion types to be annotated in the spectrum.
» Click the"ErroTol" to set the mass error tolerance to annotate fragment ions.
» Deselect the "intensity threshold" checkbox to turn on the low intensity peak annotation.

4. Theion match table, error plot, and peptide-spectrum alignment.
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* Clicking the header of an ion type column in the ion table will let the spectrum annotation and the error plot
only display only that particular ion type.

e Theerror plot shows the mass error and m/z of each annotated peak. A good peptide spectrum match should
have these dots centered at error=0 line.

3.3.3. Protein

Besides the Peptide Spectrum Match, the Protein tab shows the proteins that contain the selected peptide. If the
peptide is found in multiple proteins, the top-scoring protein is displayed by default. The other proteins can be
examined by selecting from the drop down list at the top of the Protein tab. For each selected protein, this view

shows

« the alignment between the de novo sequence and the database search sequence for the same spectrum, and

« the primary sequence of the protein.

| Peptide Spectrum Match | Protein

KPYM_MOUSE =

Database: <API >

D8 peptides shown in blue

PEPHSEAGTA FIQTQQOLHAR
1 FEMIESEMNYV BRLNFSHGTH
GLIEGSGTAE VELEEGATLE
SLOVEEERGAD FLVIEVENGE
ASFIRFAARDV HEVEEVLGEE

&l
121 PAFEVFLROE MMIGRCMRASG
SGETARGDYP LEAVEMOHLI
FCCSGAIIVL TRSGRSAHQOV

WAEDVDLEVN LAMDVEFARGE
Color Code; »>=75% >=50% =07

181

3.4. Protein View

The Protein View contains a table of identified proteins. For each selected protein in the table, three tabs are

provided at the bottom half of the view:

MADTFLEHMC
EYHRETIENV
ITLDNAYMER
SLGSRRGVHL
GENIEIISEI
EPVICSTOML
LRERERALTYH
ARYRFRAFII
FEFEGDVVIV

* Peptides: the peptides identified from this protein.

» Coverage: agraphical display of the protein coverage.

De Novo:=S5(+75.57)N>TSDPTEARRVEAVEARSTE

LERRRTRERERntnnnny
TSDRTEAAAVGAVEASFK

BELDIDSAPIT
BEERTESFRSD
COENILWLDY
PGAAVDLEAV
ENHEGVERFD
EIMIERPRPT
LOLFEELRRL
AVIENFOTAR
LTCWREESGEE

» Tool Box: useful tools such asaBLAST search on NCBI's website.

ABNTEIICTI
FILYREFVAVE
ENICEVVEVE
SERDIQDLET
EILEASDGEIM
BRAEGSDVANE
LPITSDETELR
QAHLYRGIEF
THTMREVVEVE

GEASRSVEML
LOTEGPEIRT
SEIYVDDSLI
GVEQDVDMVE
VARGEDLEIETI
VLDEADCTIML
LAAVELVERSFE

VLCEDAVLNA
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StartPage X | [ PEAKS 6 [15-Apr-1116:44] %

E Shaw :top v: proteins in each group ¥ accession contains | search O @8 @) no results

E Accession -10lgP Coverage #Peptides #Unique Mass Description Mark

£ g 8 T T80 B g 8 0 v -

g qil15599462 300.09 | (1 % WM EUIEIN | 4go 18 18 77784.531|gi| 15599462 [ref|NP_252956.1]... B

© gi| 15598358 29185 || RNl 1 HLIN 410, 20 20 61869.980/gi| 15558358 [ref|NP_251852.1]...

b=} qil15599955 287.56 (N 0 ININB WA [05qe,| 20 20 68403, 273|gi| 15599955 |ref|NP_253449.1]...

a ail15506984 280.50 | WUDALIEL IRH 1D | 3g% 19 19 93628, 242|gi| 15595984 ref|NP_250478. 1]...

= gil155994885 27450 (1100 1L I 24 25 25 150837....|qi| 15599466 |ref|NP_252950,1]...

§ gil 15600749 26310 (I AMAE 10 N IN a0 17 17 55393.250/qi] 15600743 |refINP_254243.1]...

8 . gil15596793 260.29 | L1 LRI LE AN 439 18 18 71668.055|gi| 15595723 [ref|NP_250287.1]...

a -4 gil 15599461 258.95 |EEEAI N 0 BN 00 553 0 0 43369,684|gi| 1559946 1|ref|NP_252955, 1]...
gi|15596353 258.77 |0 | I | 1110 209, g g 107106....|qi| 15596353 |ref|NP_2453847.1]...
gil15596997 253,95 B RIL NN FIL'S 15 15 48582, 117|gi| 15596937 |ref|NP_250491.1]...

il EE0A4EE P R N [ TR NI W W 1 on on 154337 nil16600455lrafIND 757050 11 73] i
Peptides | Coverage |Too| Box|

Peptide Unigue  -10... ¥ Mass ppm mfz RT Scan #Spec Start End

1 |K.ANDAAGDGTTTATVLAQAIVNEGLK. A . 103,36 |2400.2.. 1.8 |1201... (164.... | 22523 3] 81 105 -
2 | K.ATVAIVAQLKELAKPC(+57.02)ADTK.A L] 95.77 |2126.1... 2.1 |1084... |125.... | 16757 7 123 142 . |_
3 |R.QIVANAGDEPSVWVDK. Y . 91,90 |15639.58... 0.2 | 820... | 54, 4099 10 453 453 |E
4 |R.Q(-17.03)IVANAGDEPSVVVDKVK.Q . 91.07 |1849.9... 1.3 926... | 97.... | 11730 7 453 470 . -
5 | K.RVWINKENTTIIDGAGYQADIEAR.Y . 83,50 |2581.3... 1.6 | 861... | 96.... | 11558 3 322 345
6 |R.GIDKATVAIVAQLKELAKPC(+57.02)ADTK. A . 8271 |2539.4... 1.4 | 847... |156.... | 21361 14 119 142 .
7 |K.ENTTIIDGAGVQADIEAR.V . 80.63 |1871.9... 0.7 | 935... | 93.... | 11101 5 328 345
3 |R.QIVANAGDEPSVWWDEVELQ L] 79.29 |1867.0... 1.0 934... | 66.... 6177 15 453 470
9 | R.NVWLDKSFGAPTITK.D L] 78.03 |1588.8... -1.2 | 795.. | /8. 3282 19 37 51
10 [ K.MLVGYNYLADAVE. A L] 72.57 |1327.7... 0.5 664... [137.... | 13668 2 16 28
11 |K.Q(-17.03)IEETTSDYDREK.L L] 75.87 |1595.6... 2.8 798... | 38.... 207% 3 352 364 L]
12 |R.NVVLDKSFGAPTITKDGYSVAK.E L] 73.04 | 2245.2.. 0.6 749... [101.... | 12555 9 37 58
13 [K.GDMEEQNVGIALLR.R L] 71.86 |1526.7... 1.4 | 784... | 97.... | 11697 & 431 444 g

3.4.1. Protein Table

Each row of the table is a group of proteins that share the same set (or a subset) of identified peptides. A dark
blue node at the beginning of the row indicates that the group has multiple proteins. To expand the group, click
the "+" button at the left. The table's columns are;

» Accession: The accession number of the protein entry in the database.
 -10lgP: Protein confidence score.

» Coverage: Thenumber of amino acids spanned by the assigned peptides divided by the protein length x 100.The
blue blocks indicate assigned peptides at particular positionsin the protein. Darker blocks indicate high-confi-
dence (passing the user's filtration score threshold) peptides.

» #Peptides: The number of high-confidence peptides assigned to the protein.

» #Unique: The number of high-confidence peptides that are unique to the group of proteins (not found in other
protein groups).

» Mass: The calculated mass of this protein.

» Description: The part of the protein’s header information as parsed from the database.

Note

For the counting of #Peptides and #Unique, two peptides with the same starting and ending positionsin
the protein are counted as one, regardless of their PTM forms. This seemingly counter-intuitive counting
ruleisto follow the MCP (Molecular & Cellular Proteomics) guideline.

3.4.2. Peptides

The “Peptides’ tab displays the supporting peptides assigned to the protein. The table is ailmost the same as the
peptide table in the Peptide View, except that three additional columns are added:
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 Start: the start position of the peptide in the protein.
» End: the end position (inclusive) of the peptide in the protein.
» Unique: whether this peptide is unique to the current protein group.

Additionally, the peptides from the protein and below the user-specific score threshold are also displayed in the
table, but in grey color. Although their correctness is questionable, they are worth-examining once an interesting
protein is confidently identified by the other high-confidence peptides.

3.4.3. Coverage

The coverage tab contains the protein sequence with the supporting peptide sequences represented by the under-
lining blue bars. Placing the cursor over a blue bar shows some more details about the corresponding peptide,
including the sequence with PTM informtion, score, scan number and number of spectra reporting this peptide.

Peptides | Coverage | Tool Box|

>sp|PO2768 |ALBU_BOVIN Serum albumin 0S5=Bos taurus GN=ALB PFE=
1 sv=4

1 MEWVIFISLL LLFSSRYSRGE VFRRDTHESE ILHREFKDLGE EHFKGLVLIA FEQYLOOCEF

1 B AL — — - FKDLGEEHFK, PEAKS 29,80, #Spec 1, Scan 1140

121 ERNECFLSHK DDSPDLFKLK PDENTLCDEF KADEKKFWGK YLYEILGRHP YFYAPELLYY

— —
— —
——
——
181 BNKYNGVFOE CCOAEDKGAC LLPRIETMRE EVLASSAEROER LECASIQORFE ERRLERWSVA
—
—

3.4.4. Tool Box
Two tools are provided to
« search the current protein sequence by NCBI BLAST

* search the protein accession/name by NCBI Entrez

3.5. De Novo Only View

The de novo only view displays high-confidence de novo sequences whose corresponding spectra only have low
confidence database matches. High-confidence de novo sequence meansthe TLC and AL C score of the sequence
passes the corresponding user-specified score threshol d. L ow confidence database match meansthe peptide -10IgP
scoreisbelow the user-specified score threshold. Thetableisidentical to the peptidetablein ade novo sequencing
result node. Refer to Section 3.2, “De Novo Peptide View” for how to useit.

4. Filter PEAKS DB Result

Through the summary view, users can effectively filter the database search results to ensure the result quality by
specifying score thresholds for peptides, proteins, and de novo sequences.

Note

Whenever you changed a score threshold, the "Apply" button changes color to remind you to apply the
filter by clicking it.
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Start Page X E‘ PEAKS 5 [19-May-11 10:10] % |

=

2 Peptides -10lgP = | 15 FOR Proteins -10lgP = 20 « |and = | 0 « | unigue peptides

E

3

w

= DemovoOnly TLC=| 3 « and ALC (%) = 50 « and peptide-10lgP = 8 « ’ Apply Filters ” Export H Motes ]
‘o

Peptides.  The threshold here will affect both peptide and protein views and therefore has to be chosen with
caution (For peptide view, only peptides with -10IgP score above the threshold will be kept in the table. For
protein view, the number of supporting and unique peptides is based on the filtered peptide results). If the "FDR
estimation” option was turned on in the PEAKS DB search parameters, the score threshold for peptides can be
easily chosen by clicking the FDR button. An FDR curve will popup. Move the mouse cursor along the curve.
When the desired FDR is reached, right click and select "Copy score threshold".

[ " Score selection
L3 —
45% ] e e e e e e e e e e e
A
35% ] e e e e e e e e e e e e

FDR

0 1000 2000 3,000 4000 5000 6,000 7,000  8,00C
number of peptide-spectrum matches

b I

If the "FDR estimation" was turned off, then an empirical threshold is needed. Usually a score of 15 is a good
choice. At -10lgP=15, the equivalent P valueis 0.01.

Note

P-value and FDR are two very different concepts. In PEAKS DB search, P-value is defined as the prob-
ability that a false identification in the current search achieves the same or better matching score. A
1% P-value does not automatically correspond to a 1% FDR. For more details, please see http://
peaks. bi oi nfor. conf doc/ peaks53/ peaks_db_paper. php

Proteins. Empirica thresholds for protein -10lgP score and the number of unique peptides are needed here.
A protein score of 20 or higher is recommended. The unique peptides are the high-confidence peptides that are
unique to the group of proteins (not found in other protein groups). To achieve confident results, at lease one
unique peptideis needed for aprotein group. Thethresholds here do not affect the peptide and de novo only views.

DenovoOnly. Theminimum TLC and AL C de novo sequencing scores and the maximum peptide -10IgP score
for a peptide to possibly appear in the de novo only view. De novo sequences with TLC and AL C scores above
the threshold and whose corresponding specra only have database matches with -10IgP score below the threshold
will be shown in the De novo Only view. The thresholds here do not affect the peptide and protein views. Again,
empirical thresholds are needed. A peptide -10IgP score of 8 is recommended. Recall that roughly TLC is the
estimated number of correct amino acids and ALC is the estimated percentage of correct amino acids in the de
novo sequence. Check Section 1, “Overview” for more explanation about TLC and ALC.
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5. Export PEAKS DB Results for Publication

The "Export" button at the top of the summary view alows exporting of the filtered results into a list of html
(text file readable in a web browser) and csv (text file readable in Excdl) files. This provides the opportunity to
supplement the results in a publication, or put up the results on your website.

Note

A better way to share results is to share the whole PEAKS project directory. It can be opened in our
free PEAKS Viewer (ht t p: / / www. bi oi nf or. conf peaks/ vi ewer / i ndex. php) that has the same GUI
as PEAKS Studio.

Note

Labs with in-house software can easily make use of the csv filesin their own analysis workflow.
To export the filtered results:
1. Click the "Export" button at the top of the summary view. A file chooser appears.
2. Choose the location and directory name where you want to put the exported files. Click OK.

This will create a collection of files in the target directory. Refer to Section 3, “Export PEAKS DB Result” for
details.

6. Comparison of PEAKS DB Results

In PEAKS 5.3, we support comparisons on at most three PEAKS DB results (including filtered results) in one
project. To do such a comparison, select those PEAKS DB nodes and right click. Click on “Compare Results”
and the comparison will be done automatically.

=g D:ftemp/LFQ_Heatmap_Blank
() LABEL FREE 13 [27-Apr-11 21:25]
=)L Sample 1
B4, PanTumorSCY 1.RAW
- 4 DATAREFINE 2 [27-Apr-11 15:50:27]
- L DENOVO & [27-Apr-11 17:05] [
2
J1. sample 2 Compare Results
B4, PanTumorSCX2.RAW
-- 4 DATA REFIME 1 [27-Apr-11 Delete Result
- L DENOVO 5 [27-Apr-11 16:30]
E flPEAKS 5 [27-Apr-11 19:00] ‘ ”

=8

6.1. Comparison Result

After comparison is finished, a comparison node will be added to the project as shown in the following picture.
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= ~Igd Diftemp/LFQ_Heatmap_Blank
: Compare run:2,10,12 [20-May-11 16:45
Q LABEL FREE 13 [27-Apr-11 21:25]
—& Sample 1
=4 PanTumorsCX 1. RAW
- @ DATA REFINE 2 [27-Apr-11 15:f
- 4 DENOVO & [27-Apr-11 17:05]
- [# PEAKS 10 [27-Apr-11 19:14]
=+ | Sample 2
=L, PanTumorSCX2.RAW
# DATAREFIME 1 [27-Apr-11 15:F
- 4 DENOVO 5 [27-Apr-11 16:30]
- [# PEAKS 9 [27-Apr-11 12:00]
L\ sample 3
= PanTumorSCx 3. RAW
‘. # DATA REFINE 4 [27-A0r-11 15:

Theresult panel will be opened automatically after compl eting the comparison. Since the comparison run is done
on the fly it won't be saved, it is suggested to export the results before closing the result panel. The details of
exporting will be given in the next subsection.

Theresult consists of three parts: peptide comparison, protein comparison and statistical charts. Below isan outline
of each.

6.2. Peptide Comparison

All the peptides identified in up to three PEAKS DB searches are displayed in the table. We show m/z, retention
time, peptide score, charge and whether there are multiple hits for each peptide. The ‘ cover map’ isaquick graph-
ical illustration of the presence of the given peptide in one or both PEAKS DB results. A solid icon indicates a
successful detection of the peptide.

Y ou can also select to show only the common peptides of those PEAK S DB results, or the unique peptides of each
PEAKS DB result by changing the display settings at the bottom of the panel.

We aso provide filters on the peptide comparison results. After inputting the PEAKS score threshold on each
PEAKS DB result and clicking the* Apply Threshold” button, those peptides below the threshold will be filtered
out.

The following screenshot is atypical peptide comparison result:
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6.3. Protein Comparison

The top proteins identified in the PEAKS DB results are displayed in the table. The display setting, score filter
and cover map function the same asin the peptide comparison frame. The following information is also displayed
for each protein:

Score: PEAKS protein score

#Spec: the number of spectrum on which this protein has been detected.

#Pep: the number of supporting peptides of the protein

#Uniq: the number of unique peptides of the protein

%Spec: the ratio of detected peptides to the theoretical numbers

%Cov: the peptide coverage of the protein

The following screenshot is atypical results tab for protein comparisons:
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PEAKS 9 [27-Apr-11 15:00] PEAKS 10 [27-Apr-11 13:14] PEAKS 12 [27-Apr-11 19:54]
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6.4. Statistical Charts

PEAKS 5.3 provides a number of statistical charts which are easily exported for use in publications. The peptide
score distribution, protein score distribution, peptide number venn diagram and protein number venn diagram help
usersto validate their results.

Peptide Score Distribution Peptide Number Venn Diagram

E

PEAIKKS 9 [27-Api-11 19:00]  PEAKS 10 [27-Apr-11 19:14]
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[ PEAKS 9 [27-Apr-11 19:00] #PEAKS 10 [27-Api-11 19:14] ~ PEAKS 12 [27-Api-11 19:54]]
Protein Score Distribution Protein Number Venn Diagram
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PEAKS 12 [27-Apr-11 19:54]

[® PEAKS @ [27-Apr-11 19:00] #-PEAKS 10 [27-Api-11 10:14] -+ PEAKS 12 [27-Api-11 10:54] |

6.5. Exporting Comparison Results

To export the comparison results of PEAKS DB searches, please right click on the comparison run node and
choose to export to Excel file. Here you can choose image quality and filter the content you want to export.
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Export Options
Export peptide result
Export protein result
I Export statistics graph

Image Options
Scale: oG

Save As: |::ompare result | [ Browse ... ]
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Chapter 10. Combining Multiple
Database Search Engines with
PEAKS inChorus

1. PEAKS inChorus Overview

It is well-recognized that properly combining the results from different database search engines can enhance the
accuracy and sensitivity of peptide identifications. PEAK S inChorusis such atool to invoke or import the results
of the database search engines SEQUEST (v27 rev12), Mascot (v2.3), X! Tandem (v2010.12.01.1) and OMSSA
(v2.1.8). PEAKS inChorus uses a probabilistic model to combine multiple engines' results.

Weassumethat areader isfamiliar with PEAKS DB (Chapter 9, Protein Database Sear ch with PEAKSDB) before
reading this chapter. The use of this function is outlined in the following overview. Details of each step can be
found in later sections of this chapter.

1
Select a project node or a sample node. Click the PEAK S inChorus button @ on the tool bar.

"N peaks swdio s

File Tools Window Help

deLHBL" a7xa@Qw

2. Check each engine that you would like to use at the left column of the parameter setting panel. Specify the
search parameters for each engine in the right side of each panel. Each engine's parameter setting interface in
PEAKSiskept very similar to their native interface. Please refer to third party software's user manuals for how
to use them. For PEAKS DB, refer to Section 2, “Set PEAKS DB Parameters’.

If you already have a search engine'sresult in a separate file or opened in current PEAKS project, check the
"Import Result" at the bottom of the engine list.

I mportant

The other search engine's result should be based on the same refined data node in order to do inChorus.
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If your datais not refined by PEAK S yet, you will be asked to specify the data refinement parameters
first and click next.

3. Wait for the analysis to complete. A new result node will appear in the project tree. Double click the node to
open the result file.

4. Theresult presentation is similar to the PEAKS DB result, with additional information to show which peptide
isidentified by which engine(s).

2. Understanding PEAKS inChorus Result

The inChorus result is displayed in a very similar format of the PEAKS DB result (Section 3, “Understanding
PEAKS DB Result”). 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 a. 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 a peptide-spectrum match is identified by multiple engines, the scores for all those engines are added up
with aweighted sum.

3. The weighted sum scores of all peptides are converted to a probability by using the PeptideProphetT'VI method
again.
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Protein Score.  The protein scoreisalso apercentage score. It's calculated asfollows. The scores of the peptides
from a protein are added up by a weighted sum. Then the PeptideProphetT'VI method is applied to the weighted
sum scores of all proteins to convert to a probability score.

Engineslcon. For each peptide in the peptide view, an "engines" icon is displayed to show the engine(s) that
identified the peptide. Each engineis represented by a letter code and the block background color.

[ startPage x [ € DATAREFINE 5 x | @) INCHORUS 27 [27-May-11 13:35] X ‘
E 4 [1-10000f 1784 - |Ep
E Peptide Scan mfz RT Mass ppm #Spec  Score (%) gines P... se... Bl Ma.. @ XxT. o.[@{ .. PTM
o | BN 5+C(+57. D2)1AEVEN(+.98)DEMPADLPSLA. . . 30 I 3 ] 3 3 g
L; 2 |HLSNVSSTGSIDMVDSPOLATLADEVSASLAK F7:1... |108L.8... |29.... |3242.5... -3... 11 99.96 P 53.63 3.84 82.44 1.2FE-4 2.48E-10| - ==
[ 3 |FFESFGDLSTPDAVMGNPK F3:835 | 1030.0... |23.... |2057.9... 9... 10 99.97 ) L 61.27 - 102.35 1.2E-5 2.81E9 | 76.42
K] 4 | AQPVQVAEGSEPDGFWEALGGK. F1:868 |1136.5... |23.... |2271.0... -1.. 8 99.97 ) X 68.33 - 87.31 1.9E-7 5.16E-9 | 63.64
.‘ﬂg}. 5 |EQLQDMGLVDLFSPEK FL976 | 924.9... -1, 5 99.97 ) K4 3 63.14 - 112,54 | 4.5E-5 1.43E6 | 60.27
o & |KVPQVSTFTLVEVSR F9:513 | 820.5... aie 10... 18 99.97 ) a 54.25 - 70.58 6.2E-5 2,79E-5 | 50.35
7 |SC(+57.02)HLPWASGLETLDSLGGVLEASGY... | F3:1... |1188.2... |#4.... |3560.7... 28... 40 99.97 ) L 52.23 - 81.33 2E-5 1.12E-9 | 35.65 .
8 | DLLFKDSAHGFLKVPPR F12:685 | 970.5... |19.... |1939.0... 2, 3 100.00 ) L 55.53 - 55.79 8.7E-6 1.22F-4 | 52.93
9 |LVDSKNFDDYMK F5:521 | 737.8... |13.... |1473.6... 2. 5 99.98 48.61 - 65.03 5.2E-3 2.54E-6 | 49.28
10 | VKDSDDVPMVLVGNK F5:552 | 808.4... |14.... |1614.8... 3... El 99.98 53.98 - 81.27 1.6E-3 1.19E-8 | 51.08
11 [LADFALLC(457.02)LDGK F2:810 | ©68.5... 123.... |1334.6... 28, 7 99.97 52.30 - 8131 1.7E-3 2.69E-101 44,22 .

» The blue background means the engine identified the peptide with high-confidence (above the engine's own
filtration score threshold. See Section 3, “Filter PEAKS inChorus Result”).

» The white background means the engine identified the peptide with low-confidence (below the engine's own
filtration score threshold).

» A dash symbol means the engine did not identify the peptide.
Different engines are coded by different letters, asfollows:

* P: PEAKSDB

M: Mascot
* S Sequest

X: X!Tandem

O: OMSSA

R: SPIDER

Individual Engin€'s Score.  In the peptide view, each engine's own score is displayed. A dash symbol means
the peptide is not found by the engine.

FDR curves. If Mascot'™ is part of the inChorus result, and decoy validation was chosen in the Mascot search
parameters, then Mascot's FDR curveis displayed together with PEAKS DB in the summary view.
Figure 1: The false discovery rate (FDR) curve. X-axis is the number of PSMs (peptide-spectrum matches) being kept and the v-axis is the FDR. @
5.0%

4.0%

FDR

0 200 400 GO0 a00 1000 1200 1400 1600 1800 2000 2200 2400 2800 2800 3000 3200
number of peptide-spectrum matches

==PEAKS DB ===Mascot

Venn Diagram. A Venn diagram shows the number of peptides identified by each possible combination of
engines.

Note

These numbers do not distinguish high or low confidence for each engine's score. For example, if a
peptide got a high inChorus score but low scoresin every individual engine, the peptide is still counted
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intheintersection of all enginesin the Venn diagram. For thisreason, this Venn diagram isNOT the best
way to compare different engines' performance.

Figure 2: Venn diagram for confident PSMs (up to three selected search engines). @

Peaks DE Mascot

XITandem

3. Filter PEAKS inChorus Result

Thefiltration differs from the PEAKS DB filtration mostly by the peptide filters. The peptides can be filtered by
the inChorus score and each individual engine's score.

|513rtPage X |}’ PEAKS 5 [19-May-11 10:10] X | 2 INCHORUS 6 [19-May-11 10:10] % | @ INCHORUS 15 [15-May-11 10:18] X
o
E Peptides InChorus =85 or PEAKS = 25 or Mascot =45 or XITandem = 1E-4 or Omssa = 1E-4 or SPIDER = 35
=}
w

lT' Proteins Score (3t) = | 50 « and = 0 + |unique peptides ’ Apply Filters ] [ Export ] [ Motes ]
T

Click the "Edit filters" button in the summary view to specify the peptide filtration rules. A peptide iskept aslong
as one of the specified rules is satisfied.

Edit filters [

At least one of the following conditions is true:

InChorus Score (%) = 85 «

PEAKS -10IgP =25 FDR
Mascot Score (45 « FOR
¥|Tandem p-value < |IE-4
Omssa e-value = [1IE-4 &
SPIDER. SPIDER. Score = | 35 -

[ oK ” Cancel
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Chapter 11. Quantification with
Labels at MS Level (e.g. SILAC and
ICAT)

1. Overview

Quantification with isotope labels at the MS-level is one of the three quantification modes that are supported by
the optional PEAK S Q module of PEAKS Studio. In this mode, the isotope labels with different mass values are
introduced to two or more samples. The samples are then analyzed together in an LC-MS/MS experiment. The
same peptide from different samplesis recognized by a set of precursor ion peaks with similar retention time and
mass differences within the retention time window and error tolerance set by the user. Theratio is calculated from
the intensities of those peaks. PEAKS Q supports user-defined labels and commercial quantification labels.

The quantification analysis is based on a PEAKS DB database search result (See Chapter 9, Protein Database

Search with PEAKS DB). Ensure that you specified the isotope labels as PTM s when you performed the database
search. After database search is done, follow these steps:

1.
Select a PEAKS DB result nodein the project tree. Click the PEAKS Quantification tool bar icon Q .

Note

Refer to Section 2, “ Quantification Workflow” for how to conduct PEAKS DB and quantification in
asingle workflow.

2. Select the quantification protocol ‘Label at MS level' and specify the PEAKS quantification parameters in the
dialog and click “OK".

o
3 Wait for the analysisto finish. A new quantification result node = will appear in the project tree. Double click
the node to open the result file.

The quantification result display is similar to the PEAKS DB result, A ratio is added to each quantifiable peptide
and protein.

2. Setting Parameters

The following parameter dialogue pops up when clicking the quantification tool bar icon Q Select “Label at
MSlevel eg. SILAC” from the left hand side.
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-

Quantification a o — -
Tools SILAC silac-test -
Basic Options
Mass Error Tolerance: 0.1| |Da Upper Bound of Precursor Charge: 45
Label at M5/MS level hd e g
g, ITRAQ/TM Retention Time Range: 10| min. Peptide Score Threshold (-10logP): 15
Label at MS level )
eg. SILAC Label Options
[ Sample Name Added Mass Residues Labelling Efficiency (%)
H o label 0.0R 100.0
Label Free o label 0.0k 100.0
Light 403K 100.0
Light 5.02R 100.0
Heavy 3.01K 100.0
Heawy 10.01R 100.0
Addlabel | [ Delete Label
| Ok | | Cancel | Help

The following parameters are available in the “Basic Options” section of the quantification window:

e MassError Tolerance: This parameter is used to locate the precursor ion peak group of an identified peptide
in the survey scans. SinceinaSILAC or ICAT experiment, we are usually dealing with non-centroided survey
scans, mass error tolerance should be set a little wider than the parent ion error tolerance used in the PEAKS
DB database search.

e Upper Bound Precursor Charge: The precursor ion of an identified peptide may have sibling ions of different
charge states. Only those sibling ionswith achargelessthan the upper bound precursor chargewill be considered
for quantification of the identified peptide.

» Retention Time Range: The retention time range is the maximum elution time range that is considered for the
quantification of an identified peptide.

 Peptide Score Threshold (-10IgP): Only peptides with a score above this threshold are used to quantify the
identified proteins.

The labels used in the experiment are defined in the “Label Options” section. To add a label click on the “Add
Label” button. To delete a label from the list, select the label and press the “Delete Label” button. Each label is
defined by sample name, added mass, target residue, and labeling efficiency. If one sample has multiple labels
with different mass shifts, add multiple labels with the same sample name. These labels will contribute to the
same number in the ratio.

Clicking the “ Save As” button at the top right allows the user to save parameters for ease of use when regularly
performing quantification with the same parameters.
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3. Understanding the Result

=
Once completed, the protein quantification result will be displayed in the quantification node = in the project
tree. Double click on this node to open the result that contains three views. Summary view, Protein view and
Peptide view. The “Summary” view tab will appear by default.

3.1. Summary View

The MSlevel quantification results are summarized in one page in the " Summary" view. In the heatmap, proteins
are clustered into atree structure. Move the mouse to the tree to select a cluster and | eft click to show the variation
trend chart for that cluster.

1. Heatmap View
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3. Result Statistics

Table 1. Statistics of data and unfiltered result.
# of MS Scans 5301

# of MS/MS Scans 12443

Table 2. Result filtration parameters.

Protein fold change =5

4. Other Information

Table 4. Search parameters.
Quantification Type: ICAT/SILAC
Quantification Mass Tolerance: (.1Da
Quantification RT Range: 1.0min.
Upper Bound Charge: 4

Peptide Score Threshold:15.0

Table 5. Instrument parameters.

Fractions: VPS4B1T.RAW

Ton Source: ESI (nano-spray)

Fragmentation Mode: CID, CAD, IRMPD (v and b ions)
MS Scan Mode: FT-ICR/Orbitrap

MS/MS Scan Mode: Linear Ton Trap

No Label: K (100.0%) R (100.0%)
Light: K(+4.03) (100.0%) R(+6.02) (100.0%)
Heavy: K(+8.01) (100.0%) R(+10.01) (100.0%)

3.2. Protein View

The“Protein” view showsalist of proteinsthat are identified in the database search, together with their identified
peptidesin the window below. The quantification ratios for quantifiable proteins are displayed in theratio columns
with sample names incorporated into the header. (e.g. "Ratio Heavy:No Label") The ratio is calculated from the
unique peptides of the protein. Proteins with no unique peptideswill not be assigned aratio. The SD isthe standard
deviation of the peptide ratios in the protein. The peptides of the selected protein, together with their ratios, are
displayed at the bottom half of the protein view.
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PEAKS Q- MSLevel

Show proteins in each group = accession contains @ @ noresults
Accession Score (%) -10lgP  Cov.. #..  #Unique Mass Description RatioLight:No Label  Ratio Heavy:NoLabel ~ SDLight:NoLabel  SDHeavy:No Label
(=@ Proteins -

-@ P13637|AT1A3_HUMAN 9.2 155.42 20%| 20 5 111748.461 Sodium /potassium-tra. . 40.00 8.4 0.00 3.25 =

-@ trIB7Z3U6[B7Z3U5_HU. 99.2 148.70 159 18 4 109550.250 [ATPase, Na-+/k+ tran, - 0.39 0.00 0.12

@ tr/BIRILBIKRIL_HU... 99.2 142.30 1% | 17 & 103561984 |cDNA FL134298 fis, d| - 0.18 122 0.18

405 ribosamal pratein

@ P16403[H12_HUMAN 9.1 12022 (13| 14 2 21354732 |Histone H1.20S=Ho. 0.8 0.63 0.04 0.00 [

-@ P10412[H14_ HUMAN 99.1 12827 [l 37| 14 1 21865.252 |Histone H1.4 0S=Ho. . 0.3 0.49 0.00 0.00 [
P35908|K22E_HUMAN 99.2 123.08 o3| 14 8 65865.328 [Keratin, type Il cytos... 0.39 - 0.15 0.00 [

-@ QUD510|CLH1_HUMAN 99.2 113.03 79| 11 10 191613.281 Clathrin heavy chain . 0.27 0.39 0.13 0.03 [

-@ rIQIEIR1IQIEIR_HU... 99.2 115.32 43| 13 13 27259.803 RPS4X protein (Fragm... 0.70 0.72 0.09 0.11 [
P35527|K1C9_HUMAN 9.1 114.16 18%| 12 8 62129.383 [Keratin, type I cytosk... 6.35 - 0.00 0.00 ]

@ P61247|RS34_HUMAN 9.2 1124 45%| 16 14 29344310 |405 ribosomal protein 0.76 0.75 0.10 0.17 5]

@ QU7955(SRSF1_HUMAN 9.2 11080 |1 q59| 14 E] 27744570 [Serine arginineich s... 0.73 0.78 0.19 0.15 5]

@ vBDG62BDEE2 HU...| 591 109.92 19| 10 102311.719 |cDNA FLIS6506, high... 0.55 0.60 0.10 0.00 5]
P13645/K1C10_HUMAN 99.2 109.63 11 8 53510.629 |Keratin, type I cytosk... 0.43 0.70 0.00 0.03 5]
095782|AP2A1_HUMAN 99.2 108.28 13 11 107554.867 |AP-2 complex suburit ... 0.79 0.2 0.7 0.21 5]

@ v[BDROBDROHL...| 5990 107.24 5 4 97561.635 |cDNA FLI55529, highl... - 0.64 0.00 0.00 5]
P12036|NFH_HUMAN 99.2 105.37 11 8 112479.805 Neurofilament heavy ... 0.35 0.34 0.00 0.00 5]

@ P63244|GBLP_HUMAN 9.1 10482 0 E] 35076.738 |Guanine nudeotidebi... 0.59 0.68 0.34 0.12 5]

@ P62917|RLS_HUMAN 39.1 w2 | 8 7 28024.654 [505 ribosomal protein .. 0.71 0.70 0.15 0.16 5]

-@ P15880[RS2_HUMAN 9.1 102.20 s 7 31324.432 |405 ribosomal protein .. 0.70 0.7 0.08 0.08 @ |,

Peptides | Coverage | Tool Box|
Peptide Unique  -10igP 4 Mass ppm mfz RT Scan #Spec Light:No Label Heavy:No Label Start End PTM

1 |R.ELAEDGYSGVEVR.Y . 43,47 | 14226626 | 375 | 71235 | 66418 | 9048 1 3.14 4.95 ] 40 .
2 |R.ELAEDGYSGVEVR(+10.01).V . 2215 | 14326709 | 317 | 717.37 | 77.792 | 10787 B 0.33 0.56 8 0 |
3 |K.GC(+57.02EVWVSGK.L . 23.70 9334589 | 0.0 | 467.75 | 20.230 1877 3 0.56 0.73 133 141 .

4 |R.GLC(+57.02)AIAQAESLR.Y . 2283 | 1287.6605 | 78.2 | 644.86 | 77.9%6 | 10808 7 0.90 0.77 35 106 .

5 |K.DEILPTTPISEQK.G . 20.84 | 1469.7614 | 5.4 | 73591 | 66.351 | 9037 3 0.41 0.46 215 227

6 |K.K(+4.03)PLPDHVSIVEPK(+4.03).0 . 38.40 | 14658744 | 3.0 | 489.65 | 95310 | 13428 3 0.32 0.41 202 214 . =
7 |R.GLC(+57.02)AIAQAESLR(+10.01).Y . 37.64 | 12976688 | 27.5 | 649.86 | 77.932 | 10809 5 0.90 0.77 95 106 .

8 |K.GGKPEPPAMPQPVPTA . 37.07 | 15727970 | 38.1 | 78744 | 8.7% | 7803 1 0.30 0.36 Fr] 243

9 |K.DELPTTPISEQK(+8.01).G . 36.66 | 19777755 | 343 | 73992 | 66381 | 9042 2z 0.42 0.46 215 227 .

10 |R.GLC(+57.02)AIAQAESLR(+6.02).Y . 3579 | 12936805 | 27.9 | 647.87 | 79.935 | 11097 2z 072 0.66 E5 106

11 |K.KPLPDHVSIVEPK.D . 3485 | 14578242 | 37.2 | 486.97 | 94700 | 13333 12 0.42 0.39 202 214 i
12 |K.GC(+57.02)EVWVSGK(+4.03).L . 34.62 9374841 | 225 | 4%9.76 | 20.032 1850 2z 0.57 0.69 133 141 .

13 |K.K(+8.01)PLPDHVSIVEPK(+8.01).D . 33.73 | 14738525 | 351 | 49231 | 94.882 | 13361 s 0.37 0.39 202 214 .

14 |K.GC(+57.02)EVWVSGK(+8.01).L . 33.06 944731 | 27.9 | 47176 | 20.400 1899 3 0.57 0.83 133 141 .

15 |R.TEMLATR(+10.00).T . 3187 | 10386312 | 276 | 52034 | 84300 | 1173 1 0.56 0.62 6 54 .

16 |K.AELNEFLTRE . 29.77 | 10915610 | 441 | 546.81 | 69.164 | 949 21 078 0.60 1 27

17 |R.K(+8.01)FVADGIFK{+8.01).A . 28.16 1039.6036 34.3 520.83 102.182 14426 10 0.58 0.92 10 18 .

18 |R.KFVADGIFK.A . 27.50 | 1023.5753 | 33.7 | 51281 | 102.187 | 14427 7 0.57 0.2 10 18

15 |K.AELNEFLTR(+6.02).E . 2703 | 1097.5812 | 29.0 | 549.81 | 69.662 | 9524 1 0.71 0.68 18 27 .

20 |RETAVWQKR . 26.85 886.5123 | 4L6 | 44428 | 32973 | 3665 3 0.56 0.63 58 75

21 |RELAEDGYSGVEVR(+6.02).V . 2577 | 14286827 | 318 | 715.37 | 77.804 | 10789 1 0.33 0.56 8 0 .
22_|R.FIM(+15.99)ESGAK(+5.01).6 . 24.73 9054408 | 27.2 | 45374 | 18.563 1666 5 - 125 132 . i

3.3. Peptide View

The peptide view displays all the identifiable peptides and their quantification ratios. The interface is similar to
the peptide table in a PEAKS DB result. The quantification ratios for quantifiable peptides are displayed in the
ratio columns with sample names incorporated into the header (e.g. "Heavy: No Label").

E 1 woefism . v san= seach Q)@ @ noresults
H Peptide -10gP 4 Mass ppm mfz RT #5pec Accession Light:No Label Heavy:No Label PTM
= | 1 |GveIsEGNETVEDIAAR 6243 | 1828.9166 | 28.9 | 91549 | 100803 31 |P13637|ATIA3_HUMAN - - a
B || 2 [NOFFSTNC(+57.02)VEGTAR 5430 | 1715.7937 | 3.5 | 858.93 | 89.020 T P 13637 |AT1A3_HUMAN - - =
& || 3 |Fsss56vGeasR 5415 | 12345214 | 255 | 618.28 | 19.989 3 P35527[KICS_HUMAN - -
= 4 |SPOFTNENPLETR. 5539 | 1515.6951 760,35 | 66497 3 (572306 572306 _FUMAN 032
= 5 8
[ 5 |FAAATGATPIAGR 5.76 | 12026407 | 255 | 602,39 | 45.865 1 tr|C913K31CaIK3_HUMAN 0.66

7 |GAAM(+15.59)VTAVATR 5147 | 11045648 | 57.5 | 563.31 | 39.978 2 [B4DGE2IBADGE2_HUMAN } 0.19 .

5 |GFSSGSAWSGGSR 5118 | 12536000 | 42.5 | 627.83 | 36:825 3 P35308[K22E_HUMAN - -

3 [GENLVSMTVEGPPPK 5106 | 15537759 | 318 | 77752 | 68.331 8 FIQ66KI11Q66KS L_HUMAN 0.40 0.4

10 |GQPSTDELVAEVEKR(+6.02) 5098 | 17128676 | 37.8 | 857.47 | 108.498 3 QO06 10CLHI_HUMAN - - .

11| VLATTFDPYLGGR 50.45 | 1408735 | 340 | 70540 | 94,400 5 t[B4DZRO[BADZRO_HUMAN 0.12 0.06

12 |EDIYSGGGGGGSR 50.35 | 12105214 | 28.2 | 606,29 | 21733 2 Q13151[ROAD_HUMAN 0.55 0.58 il

| Pentide snectrim Match [ oratein
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Chapter 12. Quantification with
Labels at MS/MS Level (e.g. ITRAQ
and TMT)

1. Overview

Quantification with isotope labels at MS/MS level is one of the three quantification modes that are supported by
the optional PEAK S Q module of PEAKS Studio. In this mode, isotope |abels with the same mass are introduced
to several samples. The samples are then analyzed together in an LC-MS/MS experiment. The same peptides
from different samples will have the same precursor m/z and is fragmented together. However, in the MSMS,
labels from the different samples will produce different reporter ions; which can then be used to calculate the
quantification ratio between samples. User-defined labels are also supported in PEAKS Q as well as commercial
labels such asiTRAQ and TMT.

The quantification analysis is based on a PEAKS DB database search result (See Chapter 9, Protein Database
Search with PEAKS DB). Ensure that you specified the isotope labels as PTM s when you performed the database
search. After database search is done, follow these steps:

1.
Select a PEAKS DB result node in the project tree. Click the PEAKS Quantification tool-bar icon Q .

Note

Refer to Section 2, “ Quantification Workflow” for how to conduct PEAKS DB and quantification in
asingle workflow.

2. Select the quantification protocol as‘Label at MS/IMS level’ and specify the PEAK S quantification parameters
in the dialog box on the right and click “OK”.

ol
3 Wait for the analysisto finish. A new quantification result node = will appear at the project tree. Double click

the node to open the result file.

The quantification resultswith labels are displayed in aformat that is similar to the PEAKS DB result, except that
aratio is added to each quantifiable peptide and protein.

2. Setting Parameters

Thisis for quantification based on the relative intensities of fragment peaks at fixed m/z values within an MY/
MS spectrum. Select “Label at MS/MS level eg. ITRAQ” from the left hand side under “Tools’ heading in the
quantification window. theEnter the relevant MS/MS level labeling quantification parameters on the right hand
side of the window.
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PEAKS Q- MS/MS Level

.
Quantification ﬁ
Tools ITRAQ test ~| | Saveas..
Basic Options
Mass Error Tolerance: 0.1| |Da Peptide Score Threshold (-10logP): 0.5
& Label at M5/MS level . ) £ ( o)
= eq. MRAQ/TM
Label Options
Label at MS level
- eg. SILAC Sample Name Reporter Ion (Da) Labelling Efficiency {3%)
51 114,11 100.0
52 115,11 100.0
7 Label Free 53 116.11 100.0
=4 117.11 100.0
Addlabel | | Delete Label
I OK ‘ I Cancel ‘ Help

The following parameters are available in the “Basic Options” section of the quantification window:

e MassError Tolerance: This parameter is used to locate the reporter ion peaks in the MS/M S spectrum. If the
MS/M S spectrum is centroided, use the fragment ion tolerance set in the PEAK S DB database search. Otherwise
the mass error tolerance should be set a little wider than the fragment ion error tolerance in the PEAKS DB
database search.

 Peptide Score Threshold (-10IgP): Only those peptides with a score above this threshold are used to quantify
the identified proteins.

The labels used in the experiment are configured in the “Label Options’ section. To add label, click on the “Add
Label” button. To delete a label from the list, select the label and press the “Delete Label” button. Each label is
defined by the following parameters. sample name, reporter ion mass, and the labeling efficiency. The labeling
efficiency defines rate at which of the chemical reaction add labels to the peptides. It is used to adjust the ratios
calculated from the MS data.

Clicking the “ Save As” button at the top right allows the user to save parameters for ease of use when regularly
performing quantification with the same parameters.

3. Understanding the Result

“
Once completed, the protein quantification result will be displayed in a quantification node = in the “Project
View” panel. Double click on this node to open the result that contains three views: Summary view, Protein view
and Peptide view. The “ Summary” view tab will appear by default.
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3.1. Summary View

The MS/MS labeled quantification results are summarized in one page in the "Summary" view. In the heatmap,
proteins are clustered into a tree structure. Move the mouse onto the tree in order to select a cluster and left click

to show the variation trend chart for that cluster.

1. Heatmap View

“
2

2. Notes

3. Result Statistics

Table 1. Statistics of data and unfiltered result.

# of MS Scans 11082
2 of MS/MS Scans 22175

4. Other Information

Table 4. Search parameters.
Quantification Type: ITRAQ
Quantification Mass Toelerance: 0.2Da
Quantification RT Range: 0.0min.
Upper Bound Charge: 0

Peptide Score Threshold:20.0
Label 0: 114.11 (100.0%)

Label 1: 115.11 (100.0%)

Label 2: 116.11 (100.0%)

Label 3: 117.11 (100.0%)

3.2. Protein View

Q4PDEE|CCPRZ_USTMA
FO0453|FYGM_RABIT
Q02208[YL201_YEAST
FO0221|ADHZ_VEAS
FO0220|ADH1 YEnST
QB0WC2|TNCTE_MOUSE|
Q7MTVE|ENC_FORGI
F22254|TKT1_YEAST
POOS2SIENOT YEAST

|PDKH_ERWC

SBE_HAE
|A1
o

Q25243(TRFE_BOVIN
F4B0EE|ALEU RABIT
Q3MHNE[VTDE_BOVIN

Cell colour represents the log, ratio to the Control Sample (Control Sample is marked with (%)

Table 2. Result filtration parameters.
Protein fold change =2

Table 5. Instrument parameters.

Fractions: injl RAW inj2 RAW.inj3 RAW inj4 RAW inj5 RAW
Ion Source: ESI(nane-spray)

Fragmentation Mode: CID, CAD, IRMPD (v and b ions)

MS Scan Mode: FT-ICR/Orbitrap

MS/MS Scan Mode: Linear Ton Trap

The“Protein” view shows alist of proteinsthat are identified in the database search, together with their identified
peptides in the window below. The quantification ratios of those quantifiable proteins are displayed in the ratio
columns with reporter ion mass as the header eg. "Ratio 117:114". This is the ratio calculated from the unique
peptides from the protein. The SD isthe standard deviation of the peptide ratios in the protein. The peptides of the
select protein, together with their ratios, are displayed at the bottom half of the protein view.

Start Page x| [df QUANTITATION 14 [22-Mar-11 13:03) % \

=4 DB Search

Peptide | Protein

FOECOY#POCOLAICO4A_HUMAN 182770, 160 |

Accession D Mass Coverage Display v pvslue  Coverage(%) Querymatched Description Marked Rabio 117.115:114.112 5D 117.115:114.112 EI

Complement C4-A pracursor (Aodic com. .. [F]

1

2
#DECOTSQENDHEICALL_HUMAN | 3 |  5H07.082 |

4

5

Islet cell autoantigen 14ike proten (Amy...

BIEIGIG] =

3.3. Peptide View

QENYCSIBYHS_HUMAN | 511935730 |Cliary dyneinheavy chan & (Axanemal ... | ] A 0
ECECOVEPIITBEICPT2_HUMAN | | 7ITITess | Carritine O-palmitoyitransferase 2, mito... F .
Peptides | Coverage | Tool Box|
» Sequence PEAKS(Confidence %) -10log(pvalug) Confidence MZ 2 Mr(Cak) Deka(Mass) Eror(ppm) Fie RT Scan Quality Frag.Made Start End #Hits L17.115:114.112 |
. Spectrum 1/A(+144. 10)PLONDIGVSEATR 100.0 77.0097 |TRAQSamgie.mzi0.047 2 | 0.7 [ciD, cAD,...| 787 |00 a5 B
[ Spactrum 5 D(+134. ID)WENPGVTQUNR 100.0 24.5423 |TRAQSample maML0.42| 8 | 079 |CID,CAD,...| 15 | 26 334
Spectrum 7 M(+144, 10]SGIFR 9.7 42309 |TRAQSample.maXML 0,58 | 1L | 0.777 |CID, CAD,..| 205 |210
Spectrum 8V(+14%, J0)DEDQRFPAVPK(+143.10) 100.0 | 74613 [TRAQSsTple.mpIL 0763 13 | 0.791 |CID, CAD,...| 506 | 537 |

The peptide view displays all the identifiable peptides and their quantification ratios. The interface is similar to
the peptide table in a PEAK S DB result. The quantification ratios of those quantifiable peptides are displayed in




PEAKS Q- MS/MS Level

theratio columns with reporter ion mass asthe header eg. "Ratio 117:114". Right click on a peptide and use "show
original spectrum" popup menu to jump to the data view to check the reporter ionsin the original spectrum.

Z || 4 |1-10000f1396 ~ mp w sean = | search Q| @ @ noresults
E
= Peptide -10igP & Mass ppm mfz RT Scan #Spec Accession 115.11:114.11 116.11:114.11 117.1:114.11 PTM
= 1 |T(+144 10)AGIQIVADDLTVTNPK(+144.10) 97.06 | 2043.1455 | 2.9 | 1022.58 | 48.812 | F1:2894 70 |P00S24|ENO1_YEAST 2.21 0.51 148 . |-
I || 2 |D(+1#4. 10)AIPENLPPLTADFAEDK(+144.10)DVC(,.. | 90.81 | 2889.4795 | 4.0 | 1445.75 | 50.602 | F2:3172 151 [P02789]ALEU_BOVIN 6.48 0.53 400 D=
& || 3 [L{+1%4 10)[TAIGDVVNHDPVVGDR. §7.96 | 2033.1027 | 4.9 | 1017.56 | 55.035 | F2:3664 144 |POD483|PYGM_RABIT 122 0.32 0.74 .
B 4 [1(+144, 10)EEELGDNAVFAGENFHHGDK(+ 144 10)L 86.57 | 2728.3335 | 2.6 | 910.45 | 49.599 | F2:3061 54 |PO0S24|ENOI_YEAST 1.95 0.28 110 .
= 5 |S(+144 10)GETEDTFIADLVVGLR. 86.35 | 19650176 | 3.5 | 983.52 | 69.425 | FL4939 49 |PO0S24|ENO1_YEAST 181 0.32 110 .
a 6 ¥ (4144, 10)PIVSIEDPFAEDDWEAWSH 86.19 2549.1509 1.9 1275.59 | 61.163 | F2:4297 5 P0O0924|ENO1_YEAST 1.61 0.31 1.02 .

7 |F(+1%% 10)DEFFSAGC(+57.02)APGSFR 1787.8058 . . . F2:25%6 3 Q29443 [TRFE_BOVIN

8 .

3 2450,2427 00435 |PYGM_F .

10| A(+144, 10)VDDFLISLDGTANK(+144. 10 81.24 | 1865.9978 | L7 | 934.01 | 56.264 | F2:3791 33 |PO0S24|ENO L YEAST 133 0.3 0.7 .

11 | A(+144. 10)VDDFLLSLDGTANK(+ 144, 10) 81.24 | 1865.9978 | L7 | 934.01 | 56.264 | F2:3791 33 |PO0SZ5|ENO2_YEAST 133 0.3 0.7 .

12 |G(+1H. 10)AAGGLGSLAVQYAK(+ 144, 10) 80.50 | 1649.934% | 6.7 | 825.98 | 46.340 | F4:2354 z PD0330]ADH1_YEAST 140 0.24 0.9z . |

Note

If there is no special view for reporter ions, then you can select a peptide and zoom to the reporter ion
region of the MS/M S to examine the reporter ions.
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Chapter 13. Label Free Quantification
(LFQ)

1. Overview

Label free quantification isone of the three quantification modes supported by the optional PEAKS Q module. This
guantification typeisbased on therelativeintensities of extracted ion chromatograms (XICs) for precursorsions of
identified peptides in multiple data sets. No chemical |abel isrequired. Different samples are measured separately
in the same instrument. The same peptides from different samples are correlated by their m/z and elution time.
Label free quantification relies on the assumption that the changes in analyte signal s reflect their concentrationsin
one sample relative to another. This technology employs overall spectral intensity normalization by interpreting
signals of molecules that do not change concentration from sample to sample. PEAK S Q uses the overall protein
concentration in each sample for the normalization, making spiking unnecessary.

Label free quantification is based on the PEAK S DB search results (See Chapter 9, Protein Database Search with
PEAKSDB). The use of thisfunction is outlined in the following overview.

1. [
Select a \ﬁ PEAKS DB, fraction, sample or project node in the “Project View” frame. Click the PEAKS

Quantification toolbar icon Q or select “Quantification” from the “Tools” menu.

I mportant

In order to use the label free quantification analysis of PEAKS Q, the survey scans in the data have
to bein profile (un-centroided) mode.

Note

Refer to Section 2, “Quantification Workflow” for how to conduct PEAKS DB and quantification in
asingle workflow.

2. Select the quantification protocol aslabel free, specify the PEAKS quantification parametersin the right panel
of the window, and click “OK".

3. Wait for the analysisto finish. A new quantification result node @ will appear at the project tree. Double click
the node to open the result file.

2. Setting Parameters

Select “Label Free” from the left hand side under the “Tools” heading in the quantification window to view the
label free quantification parameters on the right hand side.
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Quantification

Tools Label Free default =)
Basic Options
Mass Error Tolerance: |0.2 Da | Peptide Score Threshold (-10logP): |20
Retention Time Range: 3.0 jmin. vj Protein Score Threshold (-10logP): | 20
Upper Bound of Precursor Charge: 3} e i
Parameter Table
@) Label Free
- Fraction ' ) Add to
Project Name Sample Name Number File Name Protein ID paemiificlin
Andrew\WatsonLFQ PEARS 31500 -
Sample 1 PEAKS 32 [25-Apr...
1 d1lla.RAW PEAKS 32 [26-Apr...
Sample 2 PEAKS 32 [25-Apr...
1 d11b.RAW PEAKS 32 [26-Apr...
Sample 3 PEAKS 32 [25-Apr...
1 dllc.RAW PEAKS 32 [26-Apr...
Sample 4 PEAKS 32 [25-Apr...
1 d11d.RAW PEAKS 32 [26-Apr...
Sample 5 PEAKS 32 [25-Apr...
1 d1le.RAW PEAKS 32 [26-Apr...

up down Assign replicates

o ) [l ]

The following parameters are available in the “Basic Options’ section of the quantification window:

» MassError Tolerance: Used to locatethe precursor ion peak group of anidentified peptidein the survey scans.

We deal with non-centroided survey scansin a LFQ experiment. So, set the mass error tolerance a little wider
than the parent ion error tolerance in the PEAKS DB database search.

» Retention Time Range: The retention time range is the maximum elution time range that is considered for

the quantification of an identified peptide. This also defines the search range for peptide feature pairing across
samples.

» Upper Bound Precursor Charge: The precursor ion of an identified peptide may have sibling ions of different
charge states. Only those sibling ionswith charge less than the upper bound precursor charge will be considered
for quantification of the identified peptide.

» Peptide Score Threshold: Only identified peptides with a score above this threshold will be used in quantifi-
cation.

e Protein Score Threshold: Only identified proteins with a score above this threshold will be used in quantifi-
cation.

» do normalization: If selected, normalization of protein ratios based on total ion intensity will be done auto-
matically.

The “Parameter Table” includes the following information:

» Project Name: name of the project selected for quantification
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» Sample Name: names of samplesin the project

Note

Y ou need to have at least 2 samples with at least 1 file/fraction in each sample.
» Fraction Number: the number of the fractionsin the sample
» File Name: name of the datafile

e Protein ID: PEAKS DB result that will be used in quantification. Select the PEAKS DB result to be used from
the drop down list containing all available results.

» Add to quantification: Check/uncheck to add the sample to the quantification. There must be at least two
samplesin label free quantification and the number of fractions within each sample must be the same.

Clicking the “Save As’ button at the top right allows the user to save parameters for ease of use when regularly
performing quantification with the same parameters. All the parametersin quantification will be saved except the
“Parameter Table” which will change from one project to another.

The “Assign replicates’ button helps to assign the samples a replicate number. This enables PEAKS to perform
replicate analysis. Refer to Section 6, “Replicate Analysis in LFQ” for details on how to assign replicates and
perform replicate analysis.

3. Understanding LFQ Result

Once completed, the label free quantification result will be displayed in the quantification node Q. Double click
on this node and the “Summary” view tab will appear by default. Right click on the result node to find more
operations supported for the alabel free quantification result.

PEAKS supports export of the label free quantification resultsto Excel or HTML file by right clicking the result
node and choose the corresponding function. Please refer to Section 4.2, “Export Label-Free Quantification Re-
sults” for details.

PEAKS also supports changing the normalization factor of the protein ratio. Right click on the result node and
select “Normalization Settings’, the “Normalization Settings’ dialog will pop up:

"1 MNormalization Settings &J

Linormalze Pepbde Ratios

Manualy Mormalze Peptide Ratios

LO:0.7

ok | [ Cancel |

If you select “Unnormalize Peptide Ratios’, the protein ratio will be calculated from peptide ratios without nor-
malization. PEAKS will normalize the result when “Automatically Normalize Peptide Ratios’ is selected and
the normalization factor will be displayed. You can aso set the normalization factor manually by clicking the
“Manually Normalize Peptide Ratios’ and by inputting the ratios into the text field. The format of ratios should
be numbers separated by colons and the number of ratios should be the same as the number of samples in the
quantification result.

3.1. Summary View

Thelabel free quantification results are summarized in a one page summary as shown in the next figure.
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1. Heatmap View
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Cell colour represents the log., ratio to the average ntensity across different samples
2. Notes
3. Result Statistics
Table 1. Statistics of data. Table 2. Result filtration parameters. Table 3. Sample Selection
# of M5 Scans 24874 Protein fold change =2 Default group 1:
# of MS/MS Seans 65632 Sample 10
Sample 11
Sample 12
Sample 13
Sample 14
Sample 15
Sample 16
Sample 17
Sample 18
4. Other Information
Table 4. Ssarch paramsters. Table 5. Instrument paramseters.
Quant type: Label free quantification Fractions: Spike3_040806_2 RAW Spike0 040806_2 RAW, Spikel_04080
MMass error tolerance: 0.2 Da 6_2b RAW Spike? (40806_2 AW Spike3 (40805_2 RAW Spiked 04080
Retention time Range: 3.0 min 6_2 RAW Spike§ 040806_2.RAW SpikeT 040806_2 RAW SpikeB 040806
Upper bound charge: 3 _2RAW Spiked 040806_1 RAW Spike0 040806_1 RAW Spikel 040806
Minimum peptide score: 20.0 1.RAW Spike 040806 1.RAW Spike3 040806 1.RAW Spiked 040806 1

The summary includes an expression profile with candidate proteins assorted in a heat map, result statistics tables,
alist of instrument parameters, and alist of search parameters. To add a summary note, click on the “ Edit Notes’
button to open a“Notes Entry” editor where you can edit the notes to be displayed on summary page.

The summary page can be exported to other formats by clicking the “Export” button. For more details, refer to
Section 4.2.2, “ Export Summary Page’.

Heat map. The hierarchical clustering of proteinsis represented as a heat map depicting relative protein abun-
dance (normalized SC values logged to base 2) of the protein list with filters. The hierarchical clustering is mea-
sured with a euclidean distance similarity measurement of the log?2 ratios of the samples relative to a canonical
sample.

3.2. Protein View

Click the“Protein View” tab. The quantified proteins, supporting peptides of each protein, and peptide featuresin
the survey spectra from each sample will be displayed in the result panel. The quantified proteins will appear in
the top panel with homologous proteins clustered together. Theratio of Sample 1: Sample 2 appearsin the “Ratio”
column and the standard deviation of Sample 1: Sample 2 appearsin the “ SD” column.
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Q) LABEL FREE 15 [22-Mar-1109:46) X

E ACCESHIN D Mass Seore T Coversgs Matched Descriplicn Ratio 0 Marked E]
_E_ =) Quantification Resuit | ) -
H W P27324|CALY_HUMAN 21 67,568.453 : .37 5 Calnexin precursor (M... 100 : 1.06 [~}
= i) PDA23BJHSANS_HUMAN 4 B3, 264.234 0.7 4,28 4[reat shack protein HS... [1.00: 1,00 0,00 : 0.05 )
g - OB0B3ZOKCI_HUMAN | 213]  57,674.243 0.3 3.89] 3[H/ACA ribonudeoprote... [1.00: 1,10 0.01:0.00 T
Peptdes ]Cuwuno: |TWlBox
Sequence Peaks QSoore T MZ Fa Retention Time Ratin @
= | Support Peptides | | | -
[=- | Urique Peplides
QKS(+79.97DAEEDGGTVS(+79.97)QEEEDR \ 1134.9127 2 [32.62, 33.38]
- @ QKS(+72.97)DAEEDGGTVSQEEEDR 0.2 1094.9296 2 [33.34, 34.39] 1.00: 0,70
* @ QKS(+79.97)DAEEDGGTVSQEEEDR. .2 730,289 e [33.31, 34.38] 1.0D: 0,75
- SDAEEDGGTVE(+72, 97 QEEEDR 0.2 966.85384 2 [33.34, 33.07] 1.0D:0.70
- s Outier
e QKS(+79.97DAEEDGETVS(+79.97)QEEEDR .1 |756.0444 H [32.62, 33.47] 1.00 : 0,00
@ Muti Chuster Supports | | [ "

The supporting peptide is shown under the “Peptides’ tab. The retention time is shown for the specific peptide as
well as the peptide ratio from Sample 1: Sample 2.

Click on the “+" beside the “Outlier” folder to see the peptides that were not included in theratio.
To see which peptides were used to identify the protein during the PEAKS DB search, select the “ Coverage” tab.
The entire sequence of the protein is shown and the matching peptides are highlighted in blue. In this example the

total matched part accounts for 3.37% of the protein. This information can be found in the “Coverage” column
above.

3.2.1. Extracted lon Chromatogram

The reconstructed “ Extracted lon Chromatogram™ chart will appear by default in the bottom panel: These display
the shape of the peptide features over the retention time range where they were identified.

| Heat Map | 30 View | XIC | M52 Annotation | Isatope |

Extracted Ion Chromatograph

2.0Ee

Intensity
-
=
m
Ler]

“'.-l-

326 327 3I2E 320 330 331 332 333 334 3IIS5  3Ie 33T
Retention Time (imins)

0.0ED

& Sample 1 -* Sample 2|

3.2.2. Heat Map

Select “Heat Map” tab to view the 2D heat map. When viewing the heat map in colour, red represents high intensity
and yellow representslow intensity. The grayscal e heat map displays high intensity in black while white represents
low intensity. If the peptide isidentified in PEAKS DB, there will be a star after the sample name.
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HeatMap | 30 view | 30 | M52 Annotation | Isstope

Sample 1(*) Feature intensity = 2.02E3 Sample 2 (*) Feature ntengity = 1. 2563
3354 4
F5.268
3349
315
1335 -
HAE 1
g 3322 -
Ay -
3309 4
5276 - s
=26 = T T T T IEEE == T T T
11345 11280 11385 11380 11345 L1380 11385 11360
vertical Axis: retention tme  Horizontal Axis: mjz  (*]): identified peptide Color Code: 0% T

3.2.3. 3D View

Click on the “3D View” tab to display a 3D View of the peptide features for sample 1 and sample 2. Intensity is
displayed on the y-axis, m/z on the x-axis and retention time on the z-axis. Click and move the cursor to rotate
around the image. Notice that as you move one sample image the other sample moves to the same location.

| Haat Map | 30 View | x1C M52 Annotation | Isotope

Sample 1(*) Feature intensity = 2,02E8

Sample 2 (¥) Feature ntensity = 12565

3.2.4. MS2 Annotation

Select the “MS2 Annotation” tab to view a graphical representation of the spectrum annotation. Thisis similar
to the de novo results and PEAKS database search results spectrum annotation. Please refer to Section 3.2.2,
“Spectrum Annotation” for more details.
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[ Heat Map | 30 view | xic| M52 Annotation | 1sotope

[ritersity (30
L1000

107752
=0 1117.52
ba-Hzo W
ba-nHz i1
- | L : —_ — : L1 mfz
=00 inoo 1500 2000
] . " = = LFQSample Lmz¥ML: ms=2mz=1134.91 z=2
% 11| 24| 2¢ | EnTol: 0.50a [7] intensity threshold RTo32.66 scan=®3 102,40
3.2.5. Isotope

Select “Isotope” tab to view the isotope distribution detected in the samples.

Heat Map | 30 View | X1C | M52 Arnatalion | Tsotape |
[ Sample 1{*) Faature nbengty = L0268 Sample 2 (7] Feabure inlersily = 1.2568
lllll.;::g-lrl. ol RT=3% 5 D]l:j:i_u::. [ e

1134.91 [1135.41 1134.91 [1135.41

AT=3291

113592 1135.92

[
e

[l

=

1134 1138 1136 1154 3

4. Filter LFQ Result

PEAKS quantification results can be filtered to show all peptides with a certain fold change. You can set the
appropriate value for the filter by changing the filtration parameter value from the drop-down list in the title bar
of the “Summary” view panel. Click the “Apply” button to refresh the results. The results will be updated in all
views accordingly.

() LABEL FREE 15 [Z24¥ar-1109:45] X

Peptides with fold change= | 2+ | [[“Apply | | Export || Edithiotes || SelectSamples |

Summary

5. Export Quantification Result to Other Formats

PEAKS quantification results can be exported to other supported formats. To export the result, press the “ Export”
button in the title bar of the “Summary” view panel. Refer to Section 4.2, “Export Label-Free Quantification
Results’ for details.
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6. Replicate Analysis in LFQ

Inliguid chromatography_mass spectrometry (LC-MS) based proteomics, multiple samples from different groups
are often analyzed in parallel. Toolsthat access the quality of proteomics data based on sound statistical principles
are needed in thisfield. In PEAKS 5.3, comparison functions are provided in three levels:

* Assessthe reproducibility of MS data from technical replicates
» Perform compare analysis of peptides and proteins
» Assessthe reproducibility of protein quantification from biological/technical replicates

This section is organized to first introduce how to assign replicate numbersto samplesin the project. Thereplicate
analysis of MS data comparisons and label free quantification are done together and so each function will be
introduced together in one section.

6.1. Assign Replicate Number to a Sample

A sample can be assigned with a replicate number in two ways: in the “New Project” window when adding a
sample to a project, and in the quantification window when setting the label free quantification parameters.

Y New Project - ﬁ

Project Name replicateAnalysis 1

Project Location  Dvifest\Pesks\Pesks Projects

Data Files Sample Details

L rephcateAnalyss1

=-JL R1S1: Sample 1 /| Replicate Sample Name
070BZE_01_02-070824_DMS0_th_L.RAW Gzl Sample 4

[ Add data fles.., |
=l R152: Sample 2 In nts
070828_01_02-070827 _drug_h_LRAW

(_Add data fles... =
=L R251: Sample 3
0F0328_01_03-070824 DMS0_Dh_2.RAW
Add data fies... |
12 Samoe 4
| 070829_01_03-070827_drug_Oh_Z.RAW
- Add data fles.., |

[“ose ] ((tp) (oo | [ Aciswge ] [ soxbyaepcn | o] (o ] |

To assign the replicate number in the “New Project” window, select the sample from the project view on the left
hand side, select the “Replicate” check box and click the drop-down list below the check box to select a number.
Once assigned, the name of the sample will be changed to indicate its replicate number and the sample number in
the replicate. The sample node icon colour also will be changed to display the replicates.
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Quantification

Tools

(@) Label Free

Label Free default -
Basic Options
Mass Error Tolerance: (0.2 :Da Peptide Score Threshold (-10logP): |20
Retention Time Range: | 3.0 min. Protein Score Threshold (-10logP): |20
Upper Bound of Precursor Charge: 3 o normaiizahion
Parameter Table
. Fraction . ; Add to
Project Name Sample Mame Number File Name Protein ID T anm R
AndrewWatsonLFQ) PEBRS A2 1% - |
Sample 1 PEAKS 32 [26-Apr...
1 diia.RAW PEAKS 32 [26-Apr...
Sample 2 PEAKS 32 [26-Apr...
1 diib.RAW PEAKS 32 [26-Apr...
Sample 3 PEAKS 32 [26-Apr...
1 diic.Raw FEAKS 32 [26-Apr...
Sample 4 PEAKS 32 [25-Apr...
1 d1id.RAwW PEAKS 32 [26-Apr...
Sample 5 PEAKS 32 [265-Apr...
1 dile . RAW PEAKS 32 [26-Apr...

[ Ok ] [ Cancel

1

To assign the replicate number in the quantification window, click the “Assign replicates’
rameter Table” on the right hand side. This will open the “Assign Replicate” dialogue where the replicates can

be defined.

button below the “Pa-
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"V Assign Replicate

h

Nl 1)

1

Number of Repicates (2 « | | Cearan |

I replicatednalysis2 || Ll Replicate 1 needs 1 samples
L, Sample 4 oz ][ AL sample [ w |

- [|, Sample 5 I\, Samgle 3

[, sample & - [ Down |

1§ Replicate? needs 7 samples
e (&)

<m

Ok

| Cancel |

6.2. Run Replicate Analysis

n Project View
- i (e T e =
[ : REPLIC Data Refine
QLA Replicate Analysis >
L) LABEL
=0 Las=L De novo
- L RSy Peaks Database Search
IE_ L RS2 Spider search
- Ll R251; !
W L pzsa inChomus Search
- )L R3s L
- JL r3sz Expoit DTA file
Expoit PEL file
Expoit MGF file
Show Reports r
Save A Copy As
Close Project

Select the number of replicatesfromthe” Number of Replicates’ drop-down list ontop of thewindow. All available
samples are listed in the unassigned samples list on the left hand side. The list of samples in each replicates are
displayed on the right hand side. To assign a sample to areplicate, select a sample from the unassigned sample
list and click on the “=>" button beside the list of samplesin the corresponding replicate.

To remove asample from areplicate, select the sample and click the “<=" button beside that replicate. To remove
all assignments click on “Clear All” button.

Relative order of asamplein areplicate can be controlled by “Up” and “Down” buttons beside the corresponding

Select the project from the “Project View” and right click on the project node. Select “Replicate Analysis’ from
the pop-up menu. Thiswill pop up the “Replicate Analysis’ window.
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Replicate Data Comparison: Select the replicate and samples on which you want to perform data comparison
analysis. Only two replicates can be selected for data comparison analysis.

Replicate Result Comparison: Select the label-free quantification results and samples on which you want to
perform result comparison analysis. Y ou need to select one label-free quantification result for each replicate and
two samplesyou want to compare. Once asampleisselected, all the sampleswith the sameindex in other replicates
will be selected.

" Replicate Analysis [

Toals [7] Replicate Data Comparision
[7] Repicate 1 : 070828_01_02-070824_DMSO_0h_LRAW [7) Repicate 2 : 070428_01_03-070824_DMS0_h_2RAW [ Replcate 3: 070

- Diata Refinement @) 070823_01_02-070824_DMSO_0h_LRAW & 070828_01_03-070824_DMSO_0h_2.RAW @ 070828_01_4

: ¥ '} 70329 d
7 Renlicate Analysis 070629 O1_02-070827_drug_Oh_LRLAW 070329_01 03070827 _drug_Oh_2.RAW 070829 01 4

. De Moo
. PEAKS Ssarch
- SPIDER Search

. FTM Fnder

[¥] Replicate Result Comparision

] Replicate 1: LABEL FREE 20 + [/ Reglicate 2: LABEL FREE 19 - | 7 Eenica T
Selecked = Sample 1 [ Samplz 2 Selacted : Sample 3 [ Sample 4 selected
| Sample 1 /| Sample 3 Sample 5
(] Sample 2 (] Sample 4 Sample &
i I »
[ o Cancel | Help

6.3. Understand Replicate Analysis Results

Once the replicate analysis is completed, a new replicate analysis result node will appear in project view. Double
click on the result node to view the result.

I Project View
= [ D:/test/Peaks/Peaks Projects/replicateAnalysis
[ - REPLICATE ANALYSIS [25-Mar-11 17:40]

=

R PYREFLICATE ANALYSIS [25-Mar-11 17:13]
) LABEL FREE 19 [24-Mar-11 19:20]
i) LABEL FREE 20 [24-Mar-11 19:23]

+-() LABEL FREE 21 [24-Mar-11 19:33]

Theresults consist of afew chartsto compare the data and results of the two samples. If you selected both the data
and result comparisons when setting up replicate analysis, the following charts will appear:

Feature Comparison. Thefeature comparison scatter plot represents each feature vector which consists of two
features detected in the two data files you want to analyze and aligned in the label free quantification. The x-axis
is the log intensity of the feature detected in the first data file and the y-axis is the log intensity of the feature
detected in the second datafile. The Pearson Correlation Coefficient is calculated and listed under the chart. The
standard box plot is shown on the right side of the scatter plot.
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Pearson correlation coefficient: 0,864

Eraction A: O70825_01_02-070824_DMSC_oh_L
Fraction B: 070625_01_03-070824_DM50_0h_2
Azis is Logarithmic scale (base 2)

FeatureVenn Diagram. ThefeatureVenndiagramisastandard V enn diagram showing the number of common
peptide features and unique peptide features of the two datafiles.

Peptide Scatter Plot.  The peptide scatter plot compares the peptides quantified in two label free quantification
results. The x-axis is the ratio of the peptide of label free quantification result 1 and the y-axis is the ratio of the
same peptide relative intensity ratios in corresponding samples of label free quantification result B.

16

-
O =

S B B A
TITRET- I TRy ob 7

Ratio LABEL FREE: 19, sample 2isample 1

118 —

116

Ratio LABEL FREE: 20, sarmple 2izample 1

Peptide Venn Diagram.  The peptide Venn diagram is a standard Venn diagram comparing the number of
quantified common peptides and unique peptides of label free quantification results.

Protein Q-Q Plot. The protein Q-Q plot is a standard quantile plot comparing the protein ratios from selected
samples of label free quantification results. Theratios of the proteinsin the first sasmpleis plotted against the ratios
of the proteins in the second ratio, both in ascending order of size, and scaled from 0 to 100. In the ideal case,
both replicates should result in the same ratios for the proteins, and thus the expected result is represented by the
diagonal linein red.
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6.4. Export Replicate Analysis Result

Y ou can export the replicate analysis plots and diagrams to an image file. To export to an image file, position the
cursor on any of the plots or diagram in the result panel and click the right mouse button to view the pop-up menu
and select the “ Export Image” command from the menu. Refer to Section 2.2, “Export Images” for details.
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Chapter 14. Identifying More PTMs
with PTM Finder

1. Summary

The PEAKS DB database search function can already identify modified peptides with user-selected PTMs. How-
ever, specifying very many variable PTMsin PEAKS DB isnot the best practice sinceit will significantly increase
the running time. PTM Finder is provided to fill the gap. PTM Finder uses the same algorithm as the PEAKS
DB search engine. To reduce the running time when many PTMs are specified, PTM Finder limits the search in
two ways:

1. It only searches using the spectra that have highly-confident de novo sequence tags. The other spectratypically
do not have the required quality to confidently identify a modified peptide.

2. It only searchesin the proteinsthat were identified by aprevious PEAKS DB search. Thus, the purpose of PTM
Finder is to identify more modified peptides and increase the protein coverage. It will also not search scans
that have already been well identified.

The use of this function is outlined in the following steps. Details can be found in later sections of this chapter.

1 Select a PEAKS DB results node. Click on the PTM Finder ‘f% button on the toolbar.

Note

Y ou cannot execute PTM Finder on araw file or de novo results.
2. Specify parameters for PTM Finder in the popup dialog and click OK.
3. After the analysis complete, a new result node will appear in the project tree.

4. Results are viewed in the same user interface as PEAKS DB.

2. Setting Up PTM Finder Parameters

The parameters of used in aPTM Finder search are very similar to a PEAKS DB search. The differences are:

» The database selection pane disappears since the search will be on theidentified proteins of the selected PEAKS
DB search result.

» Thefilter option asks for the minimum de novo tag score (ALC) and maximum database search score (-10IgP)
in order to determine which spectra are searched. If the ALC of the de novo result is low, then the spectrumis
unlikely to provide asignificant hit. If the database search scoreis high, then the spectrum was already assigned
confidently in the PEAKS DB search step.
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FTM Finder Predefined parameters :Instrument_dehult v:

Mass Options
Parent Mass Error Tolerance: 0.1 Da | Precursar Mass Search Type:
. . (@ Monocisotopic () Average
Fragment Mass Error Tolerance: |0.2 _Da - |
Enzyme
.Trypsin - . View Enzyme l [ New Enzyme... ]
PTM

Set PTM...

Maximum allowed variable FTM per peptide I
General Options

Max Missed Cleavages: 155
Filter Options

Filter the spectra which satisfy the following conditions for use in the PTM search:
De novo ALC (%) score greater than: |50 %% recommend 50%

Peptide score (-10logP) less than: 15 recommend 15

3. Understand PTM Finder Result

Theresultsfrom aPTM finder search are presented in asimilar format to those seenin aPEAKS DB search. Please
refer to Section 3, “Understanding PEAKS DB Result” for more information on interpreting the search results.
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Chapter 15. Homology Search with
SPIDER

After having obtained de novo segquences for peptides that are novel or from a species without a corresponding
protein database, it is possible to look for a homologous peptide in a database from a related species (Han et al.,
2005). This processis called homology search and can help you to learn more about the proteinsin your sample.
Homol ogous proteins can provide clues as to possible functions of your novel peptides. SPIDER reconstruction
can use both your de novo sequence tags and a homol ogous peptide to reconstruct the probable real sequence. To
search with SPIDER you must first have good quality de novo sequences (either on their own or in conjunction
with a PEAKS DB result).

With SPIDER, there are two options for searching:

1. Searchinan existing PEAKS DB resullt.
The highly-confident de novo sequence tags of the unassigned spectra are searched against the proteins iden-
tified in the PEAKS DB result. This way, we can potentially increase coverage, get additional evidence for a
particular peptide match, or identify new mutations in an existing protein using reconstruction.

2. Searchin aprotein sequence database.
The highly-confident de novo sequence tags are searched against a protein sequence database. This alows
you to find protein matches from a homol ogous database even if the studied organism does not have a protein
database.

The use of this function is outlined in the following steps. Details can be found in later sections of this chapter.

1. Select a PEAKS DB result node(search in an existing PEAKS DB result) or select a data node(search in a
protein sequence database). Click on the SPIDER button * in the toolbar.

2. Specify parameters for SPIDER in the popup window and click OK.
3. After the analysis complete, a new result node will appear in the project tree.
4. Results are viewed in almost the same user interface as PEAKS DB.
The main change is, for the search in an existing PEAKS DB result, we will display three views. protein

view, SPIDER peptide view and PEAKS DB peptide view. In the protein view, coverage column distinguishes
between SPIDER hits, PEAKS hits, and overlapping hits by colour (Red, blue, and purple respectively).

1. Set SPIDER Parameters
1.1. Run SPIDER on PEAKS DB Result

The configuration panel of arestricted SPIDER Search will beinvoked by selecting aPEAK S DB result and click-

ing the SPIDER icon on the tool bar % or choosing SPIDER Search from the Tools menu. Running SPIDER on a
PEAKS DB result searches only proteins that have been identified by PEAKS DB. This allows you to efficiently
expand coverage of your proteins and explain additional spectrathat may not have matched to the database using
database search. The configuration panel in this case appears as follows:
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s =
™Y SPIDER Search - — - - - - - I\ﬁ
Tools SPIDER Search Predefined parameters | default - Save as...
General Options

. Data Refinement Query Type: Tag Match @ Homology Match Report Top: 3
 Replicate Analysis Mass Error Tolerance

Fragment ion tolerance: 0.2 Da [¥]Leucine=Isoleucine | Lysine =Glutamine
. De Movo
. PEAKS Search PTM

Set PTM...
+ SPIDER Search
Remove
. PTM Finder [
Switch type
Maximum allowed variable FTM per peptide 3
Filter

Use the spectra which satisfy the following conditions for use in the SPIDER search:

De novo (ALC %:) score greater than: |50 % recommend 50%

Peptide score (-10logP) less than: 15 recommend 15

| OK | | Cancel | | Help |
k.

Note that when a SPIDER search is launched in this matter a protein database or a de novo run does not need to
be configured. The SPIDER search will search based on the de novo run used for a particular PEAKS DB run and
will search against the proteins identified in that result. Since SPIDER can be computationally intensive, filters
are provided to limit the SPIDER search to high quality results based on user-specified thresholds.

The rest of this section will describe the different options that you have when setting up the parameters for your
SPIDER search. After setting up the desired parameters, we can save them for future use. Click the " Save Param-
eters' button, and define name for these preferences for future use/reference. Any parameters that you save will
be availablein the drop-down list at the top of the window. To retrieve parameters, select a saved parametersfile
and the corresponding settings will be shown.

Query Type. There are two query types for SPIDER.

» TagMatch - Thisisnot atrue mutation search; instead, it will search the database with the de novo tags peptides
while taking into account possible de novo sequencing errors. This search mode alows for the use of fixed
modifications.

» Homology Match - Thisis a more rigorous (and a more computationally intensive) search mode, taking into
account all types of mutations and the positional confidence scores. This search mode also creates reconstructed
peptidesthat useinformation from both the de novo sequences and the database sequencein order to characterize
the real sequence. This search mode allows for the use of both fixed and variable modifications.

Mass Error Tolerance.  Enter the range of fragment mass error in Daltons that PEAKS will alow for when
determining the peptide sequences. Thetwo additional checkboxeslet SPIDER match the two pairs of amino acids
without any penalty as they have identical or very similar mass values.

PTM. Clicking the "Set PTM" button will bring up a separate window for PTM configuration. The PTM con-
figuration isthe same asit isin de novo sequencing (Section 2.3, “Fixed and Variable PTMs”).
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Filter. Thefilter option asks for the minimum de novo tag score (ALC) and maximum database search score
(-10lgP) for a spectrum to be used. If the ALC istoo small, then the spectrum is unlikely to provide a significant
hit. If the database search score is very high, then the spectrum was already assigned confidently in the PEAKS
DB search step.

1.2. Run SPIDER Independently

The configuration panel of an independent SPIDER Search will be invoked by selecting either ade novo result or

adata file and clicking the SPIDER icon on the toolbar % or choosing SPIDER Search from the Tools menu.
Running SPIDER independently allows you to find protein matches from ahomol ogous database even when there
were no results in a conventional database search or when a database search wasn't run. The configuration panel
inthis caseis appears asfollows:

s =
™Y SPIDER Search - - - - - - =5
Tools SPIDER Search Predefined parameters | default - Save as...
General Options
. Data Refinement Query Type: Tag Match Report Top: 5=
 Replicate Analysis Mass Error Tolerance
Fragment ion tolerance: 0.2 Da [¥]Leucine=Isoleucine | Lysine =Glutamine
. De Movo
. PEAKS Search PTM
Set PTM...
+ SPIDER. Search
Remove
. PTM Finder [
Switch type
Maximum allowed variable FTM per peptide 3
Database
Database: | swiss sprot v | | Mew.. Edit...
Taxa: all species Setfview taxa...
De Noveo Tag Options
Awvailable de novo tags: de novo with existing parameter: - Instrument_default -
|
Ok | | Cancel | | Help
k.

The majority of options are the same as the previous section. The differences are:

» Database - select the sequence database for the search. If ataxais specified, then the search is limited only to
the proteins that belong to that taxa.

» DeNovo Tag - you can either run SPIDER based on an existing de novo sequencing result or create anew one.

2. Understand SPIDER Results

Clicking on the “Peptide View” tab will display results that ook very much like the results for PEAKS DB.
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2.1. SPIDER Peptide View

Click on the “SPIDER Peptide” then the "Protein” tab to see the SPIDER matches shown in red. Note that only
SPIDER homology search results will display a reconstructed or "real” sequence. If the search was done against
aPEAKS DB result, the "PEAKS DB Peptide" tab will display hits from the PEAKS DB search.

3 SPIDER 36 [11-May-11 16:13] X |

5 48 | 1- 1000 of 7295 - * W scan = | seardh Q & @ noresults
s
L Peptide SPIDER Score 4 RSD Mass ppm mfz RT Scan #Spec Accession PTM
ﬁ 1 KMFNVGGYLQAVLDR. N N 1709.8923 3 855.9500 F3:4342 PO0482[PYGM_RABIT -
‘? 2 LWMNTEVVLAMPYDTPYPTFK. 38.13 0.38 2451.2217 17.8 1226.6400 56. 166 F1:3698 1 Q3CI94|PYGE_MOUSE —)
I 3 KWCKTQWYLAMPYDTPVPGYR. 37.82 0.29 24512941 8.7 1226.6400 56.345 F3:3800 2 P00439|PYGM_RABIT
E £ KLLTALGDVYMHDPYVGDR 37.04 0.47 2017.0957 -15.0 1009.5400 | 67.850 F1;4804 15 PO0439|PYGM_RABIT
w 5 RHMLGDYVNHDPVVGDR 36,71 0.29 1914,9482 19.4 958.5000 60.316 F3:4212 3 PO0489|PYGM_RABIT
g 6 RHMLGDYVNHDPVVGDR 36.71 0.29 1914.9432 19.4 958.5000 60.316 F3:4212 2 Q3CI94|PYGE_MOUSE
‘é 7 KWCKTQWYLAMPYDTPVPGYR. 35.82 0.33 24512941 8.7 1226.6400 56.345 F3:3800 2 P11216|PYGE_HUMAN
; 8 KEGEYGFQMALLVR. 35.32 0.07 1522.8416 27.0 12,4500 | 96.015 F3:7021 121 P49064|ALBU_FELCA
a 9 QDYNVGGYLKAVLDR 35.22 0.20 1709.8735 7.0 855.9500 62,634 F3:4443 10 Q5MIB5 |PYGB_SHEEP
é 10 VKKKTRWSTPTLVEVSR. 34.50 0.24 1927.1577 4.9 643.3500 74.775 F3:5550 58 P49064|ALBU_FELCA
| = 11 KLLTALGDVYMHDPYVGDR. 34.04 0.47 2017.0957 -15.0 1009.5400 67.850 F1:4304 15 Q9WUB3|PYGM_MOUSE
12 | TDSGAHWRLNVSVSEAALEASTR 33.34 0.39 2456.2043 218 §19.7500 | 50.107 F1:6428 2 PO0330]ADH1_YEAST i
‘ Peptide Spectrum Mar.chl Frotein ‘
POD483|PYGM_RABIT =

»

Denovo KMFNUVGGYLQRVLDR =
I LRETEETTnTIn

Real  KMFNVGGYLQAVLDR
I LRETEEETIn

DatabaseKDFNVGGYLQAVLDR

RSD (h=0,1,2,3):

0.0667 0.0657 0.0667 0.0667

SPIDER matches shown in red

MSRPLSDOER REQISVRGLA GVENVIELEE NFNRHLHFTL VEDENVATPR DYYFALAHTV
1 RDELVGEWIR TQQHYYERDP FRIYYLSLEF YMGRTLOMNTM VNLALENACD EATYQLGLDM

EELEETEEDA GLGNGGLGRL AACFLDSMAT LGLAARYGYGI RYEFGIFNQOE ICGGWCMEER
61 DDWLRYGNFW EFARRPEFTLF VHFYGRVEHT SQGREWVDTQO VVLAMEYDTF VEGYRNNVVH

n

TMRLWSAFAP NDFNLEDENV GG: VLDE NLAENISRVL YFNDNFFEGE ELRLEQEYFV

121 VAATLODIIR RFRKSSKFGCR DPVRTNFDAF PDEVAIQLND THPSLAIPEL MRVLVDLERL
DWDEAWEVTIV RTCAYTNHTIV LPEALERWPV HLLETLLPFRH LQIIYEINCQR FLNRVARAFP
181 GDVDRLREMS LVEEGAVERI NMAHLCIAGS HAVNGVARIH SEILEETIFR DFYELEPHEF
ONETNGITPR RWLVLCNPGL REIIAERIGE EYISDLDOLR ELLSYVDDEZ FIRDVARVED
241 ENELEFAAYL EREYEVHINP NSLFDVQVER IHEYERQLLN CLHVITLYNR IEKEEPNEFVV
PRTVMIGGEA APGYHMARMI IERLITAIGDV VNHDEVVGDR LERVIFLENYR VSLAERVIFR
301 ADLSEQISTR GTEASGTGNM KFMLNGRLTI GTMDGRENVEM REERGEENFF IFGMRVEDVD
RLDORGYNAQ EYYDRIPELR OIIEQLSSGF FSPROPDLFR DIVNMLMHHD RFRVFADYEE
361 YVRCQERVSA LYRNPREWTR MVIRNIRTSG RFSSDRTIAQ YAREIWGVEP SRORLPAPDE

EIP =

For Homology Match results, the above display contains additional information in the form of an alignment. Let-
terson agreen background with vertical bars, indicate agreement. L etters on ared background indicate sequencing
error. Colour codes on the de novo sequence letters still indicate positional confidence. Letters on a blue back-
ground indicate uncertainty or mutation. “+” signs represent more likely mutations. [Square brackets] indicate
an equal mass substitution, common non-critical de novo errors. While <Angle brackets> indicate an equal mass
substitution and a mutation.

When simply identifying exact peptides from the database using PEAKS DB, SPIDER tag match or inChorus,
there is no need to reconstruct the ‘real’ sequence.

2.2. SPIDER Protein View

Clicking on “Protein View” will yield a similar display as was seen for PEAKS DB. When running SPIDER on
its own, all peptides in the "Coverage" column will appear red. However, when SPIDER is searched based on a
PEAKS DB result, the column will hold additional information. A red region indicates areas of homology and
potential mutation identified by SPIDER. Blue regions indicate areas of homology from the database search, and
purple indicates that the spectrum was identified by both SPIDER and database search.
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Accession -10lgP Coverage #SPIDER. Pe... #SPIDE... #DBP... #DBU... Mass Description
e % QIWUB3P... 29 ] ... Glycogen phosphoryl...
Q8WZ42[TL..| 62.40 5o, 117 73 32 13 | 381608...[Titin OS=Homa sapie...
Q8BPX9|51... | 60.82 |I 10%, 4 4 1 1 64050... [Solute carrier family ...
- QENSVO[DN,..| 49,18 I | | LT 5 5 3 3 13339... [Error-prone DMA pal...

Click on the “Coverage” tab. The highlighted colors are the same as those shown in the “ Display” column above.

| SPIDER Peptides | PEAKS DB Peptides | Coverage | Tool Box |

61

121

181

241

301

3el

421

>sp|QEEPXY 151543 MOUSE Sclute carrier family 15 member 3 05=
Mus musculus GN=51cl3a3 PE=2 5V=1

MSRPEAFEQFE SESGERQPLV ARGPFEGPFEEW ERTALARVLL VOMLERRLFF GVISNLVLYL

NSLNFNWDED QASEATLLEFL GASYLLAPVG GHLADVYL.GR FLTISLSLLL YLAASELLLT
TITNDGERSF CGEMPELFPLE FACPS55C0G SWSSPYCATT LYLVLLLLAL ARSSVESTLT
SFGADOVMDL GRDATERFFN WEYWSINLGEA ILSLLVVAFT EQNISFLWGY SIIVGLVGLA
FFIFLFATEV FITEPPTGSQ VSSMLELAFD NCCPCEESSS EDSESAHLLE DORSNOEPGES
POEDMRNFOV LVEILFVMVT LVEYWMVYFQO MOSTYVLOGL HLHIPNIFRT NFNISLLLES
DSSNYRIPEL WLLLANVAVI LILIPVEDHL IDPLLLECEL LESSLOFMAT GMFFGETSII

VAGVLERERL CYTIAANCOTVE CLIGEDLYYS APLSTWWOIP CYLLIGVSEI FASTPGLEFS
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Chapter 16. Creating a High-
Throughput Workflow

For your convenience, PEAKS provides workflows for protein identification, quantification and inChorus search

(multi-engine protein ID).
@ QW

Identification

St Quantification
r InChorus

Once a specific workflow is selected, a dialogue pops up to alow you to specify the analysis steps and the param-
etersto usein each step.

1. Identification Workflow

Click the workflow icon on the tool bar W and select “Identification”, the identification workflow setup window

will appear:

Workflow &J
L unfinished
2 Re
3 F
4 = | =
5 ‘.“-:‘b PTI

||

Start Cancel | Help

Click “Select Data’ to open the “Workflow Configuration” dialogue where you can select the data you wish to
perform identification analyze. Only projectsthat are openinthe”Project View” panel can be selected for analysis.
To select which files'samples you would like to analyze, either select the individual file/sample, click the “All
Samples’ or the “All Fractions’ buttons and then click the “Add to Right” to transfer the samples/files to the
“Selected Data’” list on theright hand side. Usethe*“Remove” and “Clear” buttonsto remove selected files/samples
or al files/'samples respectively from the “ Selected Data” list. Click “OK” to proceed to the next step.
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i ——— T =
Workflow Configuration ﬂ

| Al Data a || de Sefacted Data
(=i 0 /ftestPeaks Peaks Projects iTRACDroject (=i O ftest/Peaks Peaks Projects/spike-2011-02-22
=) h Slﬂﬂ'dt i
~{l TTRAQSampE. mzxML
(=i D ftestPeaks Peaks Projects /SILACproject
=- JL Samgple 1
{» SILACSample. mzxML
(= O fhest/Peaks Peaks Projects/spike-2011-02-22
=} h
-4l SpikeS_040B06_2.RAW
-4
1 Soike0_040808_2 AW
AL
. Spike 1_040B06_2h RAW
=} ,I_n.,
e Spike2_040B06_2 RAW
i = 1, R155: Sample 5
I Spike3_040805_2LRAN
i+ JL, R156: Sample &
1 Soiked_D40B06_2.RAW
L = [l p1s7 Samale 7

| [ semples | ([ Froctons | (ARt | [Remove | [ Gear |

STSTETS

Note

All files loaded in a single workflow will be processed in exactly the same way, using exactly the same
parameters. If you want to do some differently than others, you must set up separate workflows.

Once the data is selected, you can specify parameters for the downstream analysis steps one by one by clicking

the other buttonsin the workflow dialogue. Please refer to the chapters on each individual function if you require
more details on setting up the parameters.

Note

PEAKS DB search, PTM Finder and SPIDER are the optional functionsin 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 except, after an optional PEAKS DB, you
can define quantification parameters to perform labeled or label free quantification.
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rwnrlrﬂnw ﬁ-'
L unfinshed
=
|
3 & o=
4 m PEAKS Search
5 Q':ﬁ.—. ficatior |
| I
sart | [ Concel | [ hep |
|

3. inChorus Workflow

TheinChorusworkflow issimilar to theidentification workflow except that after “ Select Data” and “ Refine Data”
steps, you can specify inChorus parameters to start an inChorus search.

rWurL'Hw-l ﬁ1
L unfinished
2, ¥ RefreData
I
3. all'l::::\.‘:u'-'
i
| I
sert | [ Concel | [ hep |
||
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Chapter 17. Exporting Data/Reports
and Printing

PEAKS 5.3 offers arich collection of exporting functions to allow users to create reports to share the analysis
resultswith collaborators, colleaguesand clients. The supported formatsinclude HTML, Comma Separated Values
(CSV), pepXML, and various image formats for image exporting. Labs with in-house software can easily make
use of the CSV filesin their own analysis workflow. The exported resultsin HTML can be viewed with a web
browser. The entire exported result directory can be zipped and emailed to colleagues, or the whole directory can
be put directly on awebsite.

1. Export Data

Data can be exported in a number of file formats including .mzxml, .mgf, DTA, MGF and PKL. To do so, right
click on the sample node or the datafile that is to be exported and select the desired export format.

I Project View
= L4 D:ftest/Peaks Peaks Projects peaksDBProject
i B ,_'., Sample 1
= CrbiSarmg - _
# DATH Data Refine
-y DENG De nove
La DEMO
} "?.. DEAK: Peaks Database Search
% SPIDE Spider search
-39 SPIDE inChorus Search

& W C:fUsers fzrahman
T L3 D:ftestPeaksiPe

Export DTA file
Export PEL file

= MRACSS Export MGF file
: ESL Export MzXML file
[ PEAK ExpBm o Excel
o QUAN Export Result to Hem|
Show Reports ¥
Delete fraction(s)

Clicking “Export DTA file” will open a dialog prompting for the folder name and location to which DTA files
will be exported. For MGF and PKL, the dialog will ask for aname and alocation for the file.

Clicking “Export MzXML File” will open the “Export mzXML File” dialog.

[y Export mzXML File - o |
Start RT: End RT:
Save as: |D: PeaksStudioS, 3\Data\OrbiSample. maxML | Browse |
ok | [ cancel |
W

Enter the starting and ending retention times in the appropriate boxes. Then click the “Browse” button to select
a destination to save your file.

2. Export De Novo Result

PEAKS de novo sequencing result can be exported to other supported formats. All export functions are available
through “Summary” view panel.
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2.1. Export Summary and Peptides

To export results, press the “Export” button in the title bar of the “Summary” view panel. The following export
dialog will appear.

Export l - i Iﬁ1

Result summary (summary. html

De novo peptides (de novo peptides.csv)
- Maore

|| De novo peptides - pepxml (de novo peptides. xmi)

[] All de novo candidates (gl de novo candidates.csv)

Save into: | Ci\Users\wzhang'PeaksExportsiMew Project 7_DENOVO_9

[ Export H Cancel ]

The following exporting options are available:

* Result summary: The “Summary” view page will be saved in “summary.html” filein HTML format in the
specified location.

» Denovo peptides: The peptides identified by de novo sequencing will be saved in “peptides.csv” filein Com-
ma-separated Values (CSV) format in the specified folder.

* Denovo peptides- pepXML: In addition to CSV format, the peptides will be saved in pepXML format.

Click the “Export” button to save the selected result components to the specified location.

2.2. Export Images

The annotated Spectrum, lon Match table, Error Map, and Spectrum Alignment can all be exported to imagefiles.
To do so, position the cursor on any of those itemsin the result panel and click the right mouse button to view the
pop-up menu and select the “Export Image” command from the menu.

¥ Sequence=LVDELTEFAK, TLC=8.9, ALC=89%, ppm=-.5 =
Inkensicy (%)
100

L[v[p[e[L]T [E[Fak

Hrimt arma ge

lon Config }
504
ek " ||. Al 1
T Y T T T T
100 200 300 400
@m i, | 22| 2| 2¢ | EnTol 0.50a [ intensity threshold

Thiswill display the “Export Images’ dialog for selecting the result items to export.
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" Export Images . ﬁ

Image Types
() Error Map

(") lon Table and Errar Map

@ Current Spectrum View

() Spectrum Aligrment View

i1 Annotated Spectrum with Alignment
Image Cptians

Basic Options | Advanced Options

@ Wes ELELLIE
 Print Smallest images, suitable for
wiewing online

ok | | cancd || Hep

Select the desired result elements from the “Image Types® list. The “Basic Options’ panel offers two choices for
image size: “Web” - small images that are suitable for online viewing and “Print” - oversampled images that are
suitable for printing.

Image Options
Basic Options | Advanced Options .
Image Opbons
Scale: hoo ke = Overzample: 1 - X
Fis Format: (PDQ ~ | width: 956 = Height: 68
Save As: D:'grahman ipeaks \pealks53 buid\dasses images 1582, 8 1006 _2.png Browse ...

The “Advanced Options’ panel offers choices for scaling factor, file format, resolution, oversample factor and
location to save the images. PEAKS supports BMP, GIF, JPEG, PNG, and SVG image formats. After setting all
parameters, click the “OK” button to export the selected result item to an image.

3. Export PEAKS DB Result

PEAKS DB results and PTM Finder results can be exported to other supported formats. All export functions are
available through “ Summary” view panel.

3.1. Export Summary, Proteins and Peptides

To export theresult, pressthe “Export” button in thetitle bar of the “Summary” view panel. The following export
dialog will appear.
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[ Expor =22

V] Result summary (summary. hitmlE

V| Proteins - html (proteins.himi)
/| Supporting peptides (protein-peptides.csv)
+| DB search peptide-spectrum matches (DB search psm.csv)

V| De novo only peptides (de novo only peptides.csv)
= More

I | Proteins - fasta (protens. fasta)
| Peptides - pepxml (peptides.xml)

| De novo only peptides - pepxml (de novo only peptides.oml)

Save into: | Ci\sers\zranman PeaksExports\peaksDEProject_PEAKS 3 Erowss
| Expaort Cancel

e

The following exporting options are available:

Result summary: The “Summary” view page will be saved in “summary.html” file in HTML format in the
specified location.

Proteins - html: A list of protein identifications will be saved in “proteins.html” filein HTML format in the
specified location.

Supporting peptides: A list of supporting peptides for each protein identification will be saved in “pro-
tein-peptides.csv” filein Comma Separated Values (CSV) format in the specified folder.

DB sear ch peptide-spectrum matches: A list of peptide-spectrum matcheswith scores greater than the thresh-
old will be saved in “DB search psm.csv” filein CSV format in the specified location.

De novo only peptides: A list of good de novo sequences that do not have good or no database matches will
be saved in “de novo only peptides.csv” filein CSV format in the specified location.

Proteins - fasta: A list of protein identifications will be saved in “proteins.fasta” filein FASTA format in the
specified location.

Peptides - pepxml: A list of peptide-spectrum matches will be saved in “peptides.xml” filein pepXML format
in the specified location.

De novo only peptides - pepxml: A list of good de novo sequences that do not have good or no database
matches will be saved in “de novo only peptides.xml” filein pepXML format in the specified location.

Click the “Export” button to save the selected result components to the specified location.

3.2. Export 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 itemsin the
result panel, right click and select the “Export Image” command from the menu. Refer to Section 2.2, “Export
Images’ for details.

4. Export Quantification Results

PEAKS Q(labeled and label free quantification) results can be exported to other supported formats. All export
functions are available through “ Summary” view panel.

124



Exporting Data/Reports and Printing

4.1. Export Labeled Quantification Results

To export theresult, pressthe “Export” button in thetitle bar of the “Summary” view panel. The following export

dialog will appear.

Export o

7] Result summary (summary.html)
/| Proteins (proteins.csv)
+| Supporting peptides (protein-peptides.cav)
| DB search peptide-spectrum matches (DB search psm.csv)
= More
| Peptides - pepxml (peptides.xml)

Save into: |D:\testPeaksExport Fles{TRAQproject_QUANTITATION_14 Erowse

- Export || cancel

& = =

The following exporting options are available:

Result summary: The “Summary” view page will be saved in “summary.html” file in HTML format in the
specified location.

Proteins: A list of proteinidentificationswill besavedin“proteins.csv” filein Comma-Separated Values (CSV)
format in the specified location.

Supporting peptides: A list of supporting peptides for each protein identification will be saved in “pro-
tein-peptides.csv” filein CSV format in the specified folder.

DB search peptide-spectrum matches: A list of peptide-spectrum matches will be saved in “db search
psm.csv” filein CSV format in the specified location.

Peptides - pepxml: A list of peptide-spectrum matcheswill be saved in * peptides.xml” filein pegpXML format
in the specified location.

Click the “Export” button to save the selected result components to the specified location.

From the “Peptide” 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
select the “ Export Image” command from the menu. Refer to Section 2.2, “Export Images’ for details.

4.2. Export Label-Free Quantification Results

The label-free quantification results can be exported in Excel (.xIs) or HTML (.html) format.

4.2.1. Export Result in Excel or HTML

To export the label free quantification results, right click on alabel-free result node and choose “Export HTML”
or “Export Excel” command from the pop-up menu.
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I Project View
=i Diftest/Peaks Peaks Projects denovaProject

oL/ CEL FREE 15 2 iy

-i---‘_l.\ S.arnplel M oresali nSEt'I:Irlg
A [l Sample 2 Export Excel
Export Htrnl

The following dialog appears.

[y Export Quantification result to Excel File ﬁ ]
Select the Type of Results to Export

@ MCP comphant output
| Export only Marked Protein(s) and Corresponding Peptide(s)

Select the Export Destination

Excel File: Browse,..

e — P— PRR—

PEAKS provides two types of exporting functions: “complete protein list” without peptide details, or “MCP com-
pliant output”. When you select MCP compliant output, you can check the “Export only Marked Protein(s) and
Corresponding Peptides(s)” if you are only interested in some proteins and previously marked them in the result
table.

The output of “Complete Protein List” consists of two major sections: one is the representations table which
displays a representative protein for each cluster; the other is the whole protein table, which lists all the clustered
proteins.

The MCP compliant output contains the two tables described above; however, it aso provides more information
than that in the whole protein table. These additions include all of the supporting peptides and their coverage
within the protein. False discovery rate (FDR) estimation is also displayed if PEAKS DB was run with a decoy
database. The results aso include the “ Single-Peptide Based Protein” table which contains all the proteins with
only one supporting peptide detected.

4.2.2. Export Summary Page

The “Summary” view page can be exported in HTML format. To export the summary page, click the “Export”
button in the “Summary” view. This opens a*“Save” dialog box for specifying the filename and location of the
result.

5. Export SPIDER Result

PEAKS' SPIDER search result can be exported to other supported formats. To do so, select the SPIDER result
node, right click and select the “ Export Result” command from the pop-up menu.

. # PEAKS 3 [01-Apr-11 10:16]

e 4SPIDER 7 [08-Apc.id i0-
Export Result
Delete Result

The following export dialog will appear with the available exporting options listed below:
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Export -

(V] Proteins - html {proteins.himl}

/| SPIDER supporting peptides (SPIDER protein-peptides.csv)

J| SPIDER peptide-spectrum matches (SPIDER psm.csv)
= More

I | Proteins - fasta (protens. fasta)
| SPIDER peptides - pepxml (SPIDER peptides.»ml)

Save into: |Di\test\Peaks\Export Fles\peaksDEProject_SPIDER_7

-Exp.mt .

Erowss

Cancel

* Proteins- html: A list of protein identifications using SPIDER search will be saved in “proteins.html” filein
HTML format in the specified location.

» SPIDER supporting peptides: A list of supporting peptides for each protein identification will be saved in
“SPIDER protein-peptides.csv” filein Comma Separated Values (CSV) format in the specified folder.

» SPIDER peptide-spectrum matches: A list of peptide-spectrum matches will be saved in “ SPIDER psm.csv”
filein CSV format in the specified location.

* Proteins- fasta: A list of protein identifications will be saved in “proteins.fasta” filein FASTA format in the
specified location.

» SPIDER Peptides - pepxml: A list of peptide-spectrum matches will be saved in “peptidesxml” file in
pepXML format in the specified location.

Click the “Export” button to save the selected result components to the specified location.

From the “Peptide” 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
select the “Export Image” command from the menu. Refer to Section 2.2, “Export Images’ for details.

6. Export inChorus Result

The inChorus result can be exported to other supported formats. To do so, click the “Export” button in the title
bar of the “Summary” view panel. The following export dialog will appear.

"

Export

==X

V] Result summary (summary. html}

/| Proteins - html (proteins.himi)

| Supporting peptides {(protein-peptides.csv)

V| Inchorus peptide-spectrum matches (inchorus psm.csv)
= More

I | Proteins - fasta (proteins. fasta)
| Peptides - pepxml (peptides.xml)

Save into: |Di\test\Peaks \Export Files \PEAKS DB Tutorial _INCHORUS_6

.&Mt ”

Browss

Cancel
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The following exporting options are available:

Result summary: The “Summary” view page will be saved in “summary.html” filein HTML format in the
specified location.

Proteins - html: A list of protein identifications will be saved in “proteins.html” filein HTML format in the
specified location.

Supporting peptides. A list of supporting peptides for each protein identification will be saved in “pro-
tein-peptides.csv” filein Comma Separated Values (CSV) format in the specified folder.

inChorus peptide-spectrum matches: A list of peptide-spectrum matcheswill be saved in “inchorus psm.csv”
filein CSV format in the specified location.

Proteins - fasta: A list of protein identifications will be saved in “proteins.fasta” filein FASTA format in the
specified location.

Peptides - pepxml: A list of peptide-spectrum matcheswill be saved in “ peptides.xml” file in pepXML format
in the specified location.

Click the “Export” button to save the selected result components to the specified location.

From the “Peptide” 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
select the “Export Image” command from the menu. Refer to Section 2.2, “Export Images’ for details.
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Chapter 18. Advanced Configuration
and Environment Preferences

1. PEAKS Environment Preferences

This section will describe the settings of the environmenta preferences including general, instrument, search
engine and ion editor configurations.

To begin, click the “Preferences’ toolbar icon @ or select “Preferences’ from the “Window” menu to open the
“Preferences’ window. Use the '+' and '— boxes to expand and collapse the nodes.

r b
Y Preferences ﬁ
= General General

[= Display Options
Default Input File Directory
=] RMI Connections
C:Usersfzrahman
=] Derby Database
iz Performance EXOMER ..
(&} Instrument Project Folder:
# Search Engine C: fUsers fzrabman
=] Spectrum Annotation - =
DWEE ..
Temporary File Directory
d: fPeaksStudio5. 3/, ftemg
Browvse ...
Default Configuration File Directory
C:fUz2rs fzrahman
Default Log Fie Location
SERVER_LOG.log, CLIENT LOG.lbg, COMPUTENCDE LOG bog
L]
[ oK ] [ Cancel [ Help ]
N

1.1. General Preferences

Default Input File Directory- Select the “Browse” button to change the directory that will appear when adding
datato a project.

Project folder- PEAKS uses [ USER_HOMVE] as the default output folder for project files, where USER_HOME is the
user home directory in your system. Select the “Browse” button to change this location.
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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 PEAKS isinstalled. Select the “Browse” button
to change this location.

Default Configuration File Directory- Configuration filesfor PEAKS can befound at [ USER_HOVE] / . peaks by
default. These files' locations cannot be changed.

Default Log File Location- Log files for PEAKS can be found at [ USER_HOVE] / . peaks by default. These files
locations cannot be changed.

1.1.1. Display Options

Clicking on “Display Options’ on the menu on the left hand side will display interface preferences on the right
hand side.

Display Options

[] show Decoy Hits

[ Show Percentage Score

Check “Show Decoy Hits’ to display protein and peptide hits from decoy database in PEAKS DB resullts.

PEAKS uses -10IgP to display its results by default. To view the percentage score along with -10IgP in peptide
and protein view as well as the exporting files for PEAKS DB result, check "Show Percentage Score'.

1.1.2. RMI Connections

Clicking on “RMI Connections’ on the menu on the left hand side will show the RMI connections preferences
on the right hand side.

RMI Connections

Server Host: localhost
Server Port: 33003
Chent Port: 31003
Worker 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 for more information.

1.1.3. Derby Database

Clicking on “Derby Database” on the menu on the left hand will show the derby database preferences on the right
hand side.

Derby Settings
Derby Host:  (lacalhost Port: (15270
Derby Server Start Memory: 512

Derby Jar Location

it
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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 settings or the memory utility (see Section 5,
“Adjusting PEAKS Memory Usage”).

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. Itslocation cannot be changed.

1.1.4. Performance

Clicking on “Performance” on the menu on the left-hand side will display the performance preferences.

Performance

Computer Performance

9,
Low Mid High
Mumber of Computing Modes to Start: |1
| Show 3D View
Advanced Oplions
[] Start Client Separately
Client JRE Bimary Folder:  |. \ire_&64bit\bin Browse
Clisnt IVM Heap Size (MB): | 1024
[T] Start Compute Node Separately
Computing Nede JRE Binary Folder:  |.'ire_&<4bit'bin Browse

Computing Maode JVM Heap Size (MB): (1024

Computer Performance. For 512 MB to 1 GB of RAM, select low. Select medium for 1 to 2 GB of RAM.
Select high for 2 GB or more.

3D View. PEAKS can display a 3D view for quantification results. Check the “Show 3D View” box to enable
this function. PEAKS comes with the Java3D program to support the viewing of 3D images. If thisfeature is not
required, deselect it to increase performance.

Advanced Options.  These optionsare present for userswho want to take full advantage of their 64 bit Windows
operating system.

» Start Client Separately: Select this option to load the client JRE separately. Select “Browse” to choose the
location of the* Client JRE Binary folder”. It is recommended that the client VM be a 32 bit JRE. The default
setting is the 32 bit JRE which comes with PEAKS.

» Start Compute Node Separately: Select this option to load the compute node separately. It is possible to
choose a 64 bit JRE downloaded from Java Sun by clicking the “Browse” button. Select the location of the

JRE binary folder. With a 64 bit JRE, the Heap Space can be set to any amount within the maximum physical
memory of the computer.

1.2. Instrument Preferences

This section allows usersto change preferencesfor the following instruments: ABI, Bruker, Shimadzu and Varian.
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1.2.1. ABI (.wiff)

Clicking on “Instrument” and then “ABI (.wiff)” on the menu on the left hand side will show the preferences for
ABI instrument.

Note
Refer to Section 3.4.1, “QSTAR or QTRAP” for details on ABI(.wiff) preferences.

1.2.2. Bruker (.yep/baf, fid)

Clickingon “Instrument” and then “ Bruker (.yep/baf, fid)” in the menu on theleft hand sidewill display the Bruker
instrument preferences.

Note
Refer to Section 3.5, “Bruker Data’ for details on Bruker instrument preferences.

1.2.3. Shimadzu Axima (.run)

Clicking on “Instrument” and then “Shimadzu AXIMA (.run)” in the menu on the left hand side will show the
Shimadzu instrument preferences.

Note
Refer to Section 3.6, “ Shimadzu Data’ for details on Shimadzu instrument preferences.

1.2.4. Varian (.xms)

Clicking on “Instrument” and then “Varian (.xms)” in the menu on the left hand side will display the Varian
instrument preferences.

Note

Refer to Section 3.7, “Varian” for details on Varian instrument preferences.

1.3. Search Engine Preferences

This section allows users to configure preferences for the following search engines: Mascot, X! Tandem, OMSSA,
and Sequest.

1.3.1. Mascot Settings
Clicking on “ Search Engine” and then “Mascot Settings’ on theleft-hand sidewill display the Mascot preferences.
Mascot Settings
Hostname (or IP address):
Port: |80
Virtual Directory:
Version: | Mascot Server 2.2.x |
User name:
Password:

Email:

| Test Connection [¥] Save Passwaord
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The settings parameters specify how PEAK S accesses the Mascot server (if applicable). Enter the hostname (or an
| P address), port, virtual directory, Mascot server version as well as your username, password and email address.
To make sure that everything is entered correctly and that the server is working, click the “Test Connection”
button. To save the password and avoid entering it every time, check the “ Save Password” box.

1.3.2. X!Tandem Settings

Clicking on “Search Engine” and then “XTandem Settings’ on the left-hand will display the X! Tandem prefer-
ences.

X'Tandem Settings

| Launch Server @ Local Search
XITandem Server Settings
Hostname (or IP address):
Port:
\ Test Connection _
X|Tandem Local Settings

d; \PeaksStudios, 3\ \wiandem

Browse ..,

Start by selecting whether PEAKS should access a server or local version of X!Tandem. For the server version,
enter the hostname or |1P address as well asthe port. To make sure that everything is entered correctly and that the
server isworking, click the “ Test Connection” button.

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.

1.3.3. OMSSA Settings

Clicking on “ Search Engine” and then “ Omssa Settings’ on the left hand will display the OMSSA preferences.
Omssa Settings

Default Omssa Path:

D:\PeaksStudins. 3omssa

AsPEAKSprovidesalocal copy, uponinstallation, adefault path will appear here. To use another license/location
for OMSSA, click the “Browse” button to tell PEAKS where to find the desired search engine.

1.3.4. Sequest Settings

Clicking on “ Search Engine” and then “ Sequest Settings’ on the left-hand will display Sequest preferences.

133



Configuration and Preferences

Sequest Settings

S

Default Sequest Parameter File (.params): [ Browse ... ]

Seqguest Result Output Folder: [ Browse .., ]

To use Sequest, click the “Browse” button to tell PEAKS where to find the search engine. Make sure to specify
the location of the “Default Sequest Parameter File (.params)” and the “ Sequest Result Output Folder”.

1.4. Spectrum Annotation Preferences

Clicking on * Spectrum Annotation” on the left-hand side will open the following window:
Spectrum Annotation Settings

b | em|

b

B0

NS
=

0¥

= O |a|||§

[

cH
internal

immonium |

Show Dedmal Places: 255
| mfz on fragmentation

| mfz on unannotated

| sequence fragmentation

/] in place fon infio

Intensity: () Low @) Medium High

Reset default

The annotated spectrums in PEAKS results can be annotated by the selected ion types from a big 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-NHS3, y(2+), b-
ion, b-H20, b-NH3, b(2+) are selected.

Note

If you are upgrading from an earlier version of PEAKS, or simply wish to reset the settings, usethe “ Reset
default” button to update to the 5.3 defaullts.
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Show Decimal places.  Select the number of decimal places that will appear in the ion table and spectrum view.
The default is set to two decimal places.

m/z on fragmentation.  Select thisto display m/z value on top of the annotated ions.
m/z on unannotated.  Select thisto display m/z value on top of the peaks without ions.

sequence fragmentation.  Select this to display sequence fragmentation on top left corner of the “ Spectrum
Annotation” view.

in placeion info. loninformation, m/z value and relative intensity are displayed in a pop-up in the “ Spectrum
Annotation” view when this option is checked and the cursor is placed on a peak.

Intensity.  You can set the intensity threshold for spectrum annotation to low (2%), medium (5%), or high
(10%). To apply thisintensity threshold, you have to select the “intensity threshold” checkbox in the “ Spectrum
Annotation” view.

2. PEAKS Configuration

This step includes 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 almost any enzyme or combination of enzymesin your analysis. Select built-in enzymes from the
extensive list provided in PEAKS or define a new one. From the “Configuration” window select “ Enzyme” from
the left-hand side menu to change the enzyme configuration.

Enzyme List

<Built-In’> Semi Glu C (phosphate) - | New Enzyme
<Built-In= Semi Lys C
«<Built-In> Semi Pepsin (pH 1.3)
<Built-In > Seml Pepsin (pH > 2)
<Built-In=> Semi Proteinase K
<Built-In> Semi Trypsin
<Built-In> Trypsin

<Built-In> Trypsin with [D[F] -

[T

Enzyme Details

Enzyme Name: |Trypsin
Cleave Sites (X = all amino acids)

after RE and (not before p
or | after and | before
or | after and |before
or | after and | before
Allow up to one end of a peptide to disobey the deavage rule

Built-in enzymes.  All of the built-in enzymes within PEAKS are listed in the “Enzyme List”. Clicking on one
of these built-in enzymes will display the information about that enzyme in the “ Enzyme Details’ panel.

Note

A built-in enzyme cannot be deleted or edited and therefore the Delete Enzyme button will be disabled.
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Createanew enzyme. Click on the “New Enzyme” button to create a new enzyme. Specify how the custom
enzyme will cleave the protein between two amino acids to create peptides in the “Enzyme Details’ pandl. The
letter X denotes any amino acid in this position, while { set brackets} indicate any amino acid except the one in
the brackets. Choose where the cleave sites are by selecting after or not after and before or not before to specify
the range. Thereis also an option to “ Allow up to one end of a peptide to disobey the cleavage rule’.

Click the“ Add/Update’ button to save the changes. The new enzymewill now appear inthe“EnzymeList” where
it can be accessed later. To delete an enzyme that was created, select the appropriate enzyme and click the “ Delete
Enzyme” button.

Note

For information on defining new enzymes “on the fly” for PEAKS de novo or PEAKS DB, refer to
sections Section 2.2, “ Enzyme Specificity”.

2.2. PTM Configuration

From the “Configuration” window select “PTM” from the left-hand side menu to change the PTM configuration.
PTM List

<Built-In> 4-hydroxynonenal (HNE) N |
<Built-In = Acetylation (K)

<Built-In> Acetylation (N-term)

<Built-In> Amidation Sodis
<Built-In> Applied Biosystems deavable ICAT(TM) heavy

<Built-In> Applied Biosystems deavable ICAT(TM) light

<Built-In=> Applied Biosystems TRAQ(TM) 4plex (K)

Mew PTM |

<Auilt-Tn Annlied Binsvstems TRADITMY dolew (M) il
[ Show unimod
PTM Detais
PTM name: Fhy dr DXy None 1al HHNE)
Mass (Moncisotopic): 156, 11504

Meutral loss mass (Monoisotopic): | 0.0

Residues that can be modified;  |CHE

Anywhere
Midde Only
N-term
C-berm
Formula: H{18) C{5) O(2)
Rule:

Built-in PTMs. Thebuilt-in PTMswithin PEAK S arelisted inthe“PTM List”. To see additional built-in PTMs
from the Unimod library, click the “ Show Unimod” box. Clicking on one of these built-in PTMs will display the
information listed about that PTMsin the “PTM Details’ panel.

Note

A built-in PTM can not be deleted or edited and therefore the Delete PTM button and the PTM Details
panel will be grayed out.

Createanew PTM. Click onthe“New PTM” button. Now simply enter the information about your PTM in
the “PTM Details’ pandl.
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e PTM Name: this name will appear in the PTM list for future use after it is saved.
» Monoisotopic mass: the mass that the residue gains or losses as aresult of the PTM.

» Neutral loss mass: the massthat the modified residue losses as aresult of fragmentation in Daltons. For exam-
ple, 28 would signify aloss of 28 Daltons.

e Residuesthat can be modified: enter residues that can be modified anywhere, residues that can only be mod-
ified if they are at the N-or C-terminus or in the middie only.

e Chemical formula: the chemical formula of the PTM. This should correspond to the mass listed above.
* Rule: you can enter acomment for your reference.

Click the* Add/Update” button to save the changes. The new PTM will now appear inthe“PTM List” whereit can
beaccessed later. To deleteaPTM that was created, select the appropriate PTM and click the“Delete PTM” button.

Note

For information on defining new PTMs “on the fly” for PEAKS de novo or PEAK S DB, refer to section
Section 2.3, “Fixed and Variable PTMs’.

2.3. Database Configuration

To use the PEAKS DB function to search through a database to identify proteins, PEAKS must have accessto a
protein or EST database in FASTA format or an EST database of DNA sequences. Point PEAKS to an existing
database on the system, or download one. Additionally, it is possible to specify taxonomy with certain databases.

From the “ Configuration” window select “ Database” from the | eft-hand side menu to change the database config-
uration. Refer to Chapter 6, Adding a Sequence Database for details on configuring a new database

Delete a previoudy saved database. To delete a database file, select the database to be deleted from the
“Database List” and click on the “Delete Database” button to the right of the “ Database List”.

Setting the default database.  To set adatabase asthe default, select the database from the “ Database List” and
click the “Set As Default” button. This database will now be used by PEAKS when PEAKS DB isrun.

Moving/Updating a database. To move a database to another directory, the location must be updated in
PEAKS. Select the database, and then 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 isinvalid, the database name will
appear in red in the list of databases and 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 grey color could also mean that the database
does not have header information.

Configuredatabasesfor usewith other search enginesin PEAK SinChorusfunction.  The database config-

ured herewill also be used in PEAK SinChorus function with other search engines. Refer to Section 2, “ Databases
to be Used in PEAKS' inChorus Function” for details on configuring databases for use with other search engines.

2.4. Instrument Configuration

From the “Configuration” window select “Instrument” from the left-hand side menu to change the instrument
configuration.
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Instrument List

Manufacturer: | _General - [ Mew Instrument

FT-trap

FT-trap (ecd-cd)
FT-rap (etd)
FT-trap (pqd)
FTMS

FTMS (ecd)
FTMS {ecd-cd) +

13

Delete Instrument

1 |

Instrurent Details

Instrument Mame:  |FT-trap
Basic Options
Marufacturer: | _General
Ton Source:  [ESI{nano-spray)
M5 Precursor Scan:  |FT-ICR/Orbitrap
Fragmertation Type: |CID, CAD, IRMPD [y and b iens)
MSn Product Scan:  |Linear Ton Trap
Advanced Cptions
Precursar mass search Lype: (@) Manoiostopic Average
Parent mass error tolerance:  |0.01 Da

Fragment mass error tolerance: g 5 Da

Add fUpdate

Built- ininstruments.  Select the manufacturer of the instrument from the “Manufacturer” drop-down list. The
names of the instruments will then appear in their vendor specific formats. Select an instrument to view the detail
instrument information in the “ Instrument details” panel below. Select “General” in the manufacturer list and the
instruments will be listed in a general format.

Note

The details of a built-in instrument cannot be deleted or edited and therefore the Delete PTM button and
the Instrument Details panel will be grayed out.

Create a new instrument.
1. Click onthe“New Instrument” button.
2. Inthe“Instrument Details’ panel, provide a name for the instrument.

3. Next, fill in the details in the “Basic Options’ panel. In the “Manufacturer” drop-down list, select a specific
vendor or “General”.

4. Use the “lon Source” drop-down list to select the ion source that was used: MALDI/SELDI or ESI (nano-
spray). Thiswill help the PEAK S Data Refine tool to decide the charge of theions.
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5. Usethe“MS Precursor Scan” drop-down list to select the type of MS scan that was performed. This selection
will tell the PEAK S Data Refine tool whether the survey scan is of sufficient resolution to determine the charge
and the monoisotopic peak from the examination of the survey scan.

6. Use the “Fragmentation Type” drop-down list to select the method of fragmentation used. This selection will
tell PEAK Sthetype of ion-seriesto expect for PEAK S auto de novo sequencing and PEAK S DB search. Select
CID/ECD if alternating fragmentation was used to allow the algorithm to determine the type of fragmentation
from each scan header.

7. Usethe “MSn Product Scan” drop-down list to select the type of M Sn scan that was performed. This selection
will help PEAK S decide which internal parameters (for weighing fragments and amount of noise) to use during
PEAKS auto de novo sequencing and PEAKS DB search. Select LIT/FT if alternating high-res/low-res modes
were used. Thiswill allow the algorithm to determine the mass analyzer from the scan header.

8. Usethe“Advanced Options’ to specify additional parameters.

9. Select “Monoisotopic” or “Average’ as “Precursor Mass Search Type”. For ion-trap instruments, it is usually
beneficial to allow the PEAKS DB search to use an average mass.

10.Specify the values for “Parent mass error tolerance” and “Fragment mass error tolerance” in Daltons or ppm.
These will appear on the PEAK S de novo and PEAKS DB options screens when the instrument is selected.

11.Click the “Add/Update’ button to save the changes. The new instrument will appear in the “Instrument List”
where it can be accessed when creating a new project file. To delete an instrument that was created, select the
appropriate instrument from the “Instrument List” and click the “Delete Instrument” button.

2.5. Parameter Configuration

From the “Configuration” window select “Parameters’ from the left-hand side menu to change the parameter
configurations. Please note that parameters can only be viewed and deleted from within this parameter window.
From the “ Parameter Type’ drop-down list at the top of the window, select de novo, PEAK S parameters, SPIDER
parameters or other parameter categories. The parameters that have been saved within the selected category will
be displayed in the list below. Select the desired parameter set from the list to view the parameter details.
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Parameter List

Parameter Type: De nove = Delete

Instrument_default

Parameter Details

De Novo Predefined parameters 'Instrurrmt_defadt = Save as...

Error Tolerance
Parention: |0.1 Da | Fragmention: 0.2 Da

Enzyme
Trypsn v || ViewEnzyme | [ MewEnzyme... |

PTM
|
[ Remaove ]

[ Switch type ]

Maximum allowed varisble PTM per peptide = 3|5

General Options
Reportupto | 55| candidates per spectrum

Creating a new parameter set.  Create and save new parameters during or before setting up auto de novo
sequencing (see Section 2.5, “ Saving the Parameters for Future Use” ), PEAKS DB (see Section 2, “ Set PEAKS
DB Parameters’) or SPIDER (see Section 1.2, “Run SPIDER Independently”). These references will provide
explanations of all of the parameters.

Deleting a previoudy saved parameter set.  To delete a parameter set, select the parameter set and click the
“Delete” button.

Viewing aprevioudly saved parameter set.  Selecting a parameter set will display the details of that set below.
For an explanation of the parameters, please seethe referenceslisted in the “ Creating anew parameter set” section
above.
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