Note: Thidutorial usesdata from aSciex TripleTOF 66@%strument. If you prefer to use the datq
from aThermo QExactive Ris, see the version of this tutorial entitled Skyline DIA QE.

In this tutorialyouwill learn how touse Skyline tperform targeted postacquisition analysis for
peptide and inferregorotein detection andguantification using a SWATMS dataset acquiredn a
QqTOF instrument (6600 TripleTOF, Saisi)g arb4 variable width window precursor isolation
schemeand al hourgradient

The dataare from samples replicating thd=QBench study where quantitative benchmarking
samples were created by mixing proteomes of 3 organisms in defined (atjose)

Initially, youwill set all the parameters in the Skyline session required to work with-idalependent
datasets and theyouwill proceed to extract the quantifation information from the raw data files.
Youwill import DDA search results to create a spectral libiargrder to generate peptide query
parameters to anabe the DIAdata.

TTOF 6600 .

E. coli 20% 64 var windows
Yeast 15% — |
Human 65%

B
E. coli 5%
Yeast 30% -
Human 65% Elution time

[figureadapted from Navarro, P. et al. A multicenter study benchmarks software tools fosftabel
proteome quantificationNature Biotech34, 11361136 (2016])

Getting Started
To start this tutorial, download the following ZIP file:

https://skyline.ms/tutorials/DIATTOF.zip

Extract the files in it to a folder on your computer, like:
C\UsersbrendanxDocuments

This will create a new folder:
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http://www.nature.com/nbt/journal/v34/n11/full/nbt.3685.html
https://skyline.ms/tutorials/DIA-TTOF.zip

C\UsersbrendanxDocumentSDIATTOF

fyou have been using Skyline prior to starting t
default settings. To do so:

1 Start Skyline.
1 On the Start PageclickBlank Documentvhich looks like this:

tia Skyline

File Edit Refine Vie
A5 3 ke =
Targets a

Blank Document

1 Onthe Settingsmenu, clickDefault.
1 Clik Noon the formaskingto savethe current settings

The settings ilyour currentinstance of Skyline have now been reset to the default.

Since this tutorial covers a proteomics topic, e
interface”

9 Click the user interfackutton in the upper right hand cornesn the Skyline toolbaand
selectProteomics Interfacavhich looks like this:

-"‘ - |
| Preteomics interface |
Ex Molegule interface

% Mixed interface
i

% -
Skyline is operating in Proteomics mode which is displayed by the protei..‘.".-rin the upper

right-hand cornerof Skyline.

For DIA analysis, you will want to force Skyline to integrate peak areas for all extracted quantitative
transitions To do that

1 On theSettingsmenu, clickntegrate all.

Using the Import Peptide Search wizard

If you knav where to look, yowcould perform all of the following steps through various menu

options on Skyline. To simplify the normal workflow for DIA, you will instead usé wi zar d” whi ¢
will step you through the critical choices required for Skyline to run the anafaiswill art with

building a spectral library from DDA peptide spectrum match redoltsywed byspecifying a set of



DIA runs to extract chromatograms froand then specifying various settingsdfinally the targets
themselves, which you are interested in gqu@g.

Youwill build the library fronthe analysis of on®DA rureach of the A and B samples. The DDA
search has already been performed by us using the Comet search engine and post processed using
PeptideProphet-see this link for more DDA search engirseipported by Skyline
https://skyline.ms/wiki/home/software/Skyline/page.view?name=Dbuilding_spectral_librarvesi

will start from the interact.pep.ml file which is the output of PeptideProphet and contains the
database search results from both DDA files.

To get started do the following:
1 On theFilemenu, choosémport, and clickPeptide Search

Skyline tells you that you need to save the currémtument so that it will know where you want to
perform the analysis on your computer disk drive.

Click theOKbutton.

Navigate to the DIATOF folder created earlier.
IntheFilenamef i el d, -TTQFpet 6 Dil &l ” .
1 Click theSavebutton.

= =4 =4

Thelmport Pepide Searctwizard should appear looking like this:


https://skyline.ms/wiki/home/software/Skyline/page.view?name=building_spectral_libraries

1ia Import Peptide Search >

Spectral Library

(@) Buid () Use existing

Cut-off score:
0.95

Search files:

Add Files. ..

Bemove Files

iRT standard peptides:

Mone e

[] Include ambiguous matches

Workdflow
(@ DDA with M51 fittering

) DIA
() PRM

Cancel

Note: 0.95 is the threshold applied to the PeptideProphet probability computed for every peptide
spectrum match in the DDA database seardh this particular data set this corresponds to a PSM
false dscovery rate of 0.2% but this will differ among data sets so a score threshold to achieve the
FDR you want to use should be entered here.

9 Click theAdd Filesbutton.

1 Navigate to the DIATOF folder created earlier and into its DDA_search subfolder.

9 Doublecl i ck on the “interact.pep.xml” file.

1 IntheiRT standard peptided r opdown | i st-1J1(RTCL8k” ¥ Bi ognosys

1 IntheWorkflow box, click theDIAoption.

TheSpectral Librarypage of the wizard should now look like this:



1ia Import Peptide Search >

Spectral Library

(@ Buid () Use existing

Cut-off score:
0.95

Search files:

interact.pep xml Add Files. ..

iRT standard peptides:
' Biognosys-11 (RTC18) v
[] Include ambiguous matches

Workdflow
() DDA with M51 fittering

® DIA
() PRM

Fish | [ Nedt> | Cancel

1 Click theNextbutton.

Skylineshould begin buildinghe library, showing progress in a form titl&diild Peptide Search
Library. When the library build is complete will attempt to calibrate iRT values from the peptide
search results based on the Biognosys iRT standards which wesd sk these samples. This
should succeed and present a summary form like the one below:

tia Add iRT Peptides >

18600 new peptides will be added to the spectral library. “
1 run was successfully converted. _

File Paints Slope Imtercept R Result
11 29257 £8.8503 1000 | Success




9 Click theSucceséink (highlighted in blue) to see the linear regression.

1is Regression *

C:\projiskyline_20_1_x64\pwiz_tools\Skyline\Skyline Tester Results\DIA-T TOF-tutorial.blib
| +  Values —E— Regression Refined -—-&-- Current |

120 T slope = 29257, intercept = -68.8503
| r=1.000
I slope =2.9257, intercept =-68 8503

100 1 r=1.000

80 +

60 L

E a0 1

20 1

o 1

20 1 /

-40 —— —— : : H—— : |
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Measured

i Click theClosebutton.
M Click theOKbutton.

Skyline will ask if you want to recalibrate the iRT standard values onto the regression line calculated
and shown in the graph above.

M Click theNo button.

Skyline presents a long list of peptides with ambiguous matches. In other words, the only evidence
for these peptides came from spectra which were matched to multiple peptite&ing those
spectra and matching peptides not ideal for subsequent targeted analysis.

M Click theOKbutton.

You are presented thExtract Chromatogrampage which allows you to tebkyline where to find
the DIA data files it will use for chromatogram extraction, peak detection and peak area calculation.

i Click theBrowsebutton.
1 Inthe DIATTOF folder, doublelick the DIA subfolder.
1 Select all 6 files in this folder.

TheBrowse forResults Fileshould look like this:



Browse for Results Files ? -

Look in: |E|DIA V| Q T @
- collinsb_|180316
g collinsb_|180316
' collinsb_|180316
Remat - =
Fnc?:rgurﬁs collinsb_|180316 WW-B.mzML
collinsb_|180316 1
- collinsb_|180316 W-B.mzML
Deskiop
Iy D.ucumerﬂs
Source name: | "colinsb_1180316_001_SW-AmzML" "cnllinsb_l1ﬂﬂ31ﬁ_ﬂﬂ| | Open |
My Computer =
Sources of type: |.F'l.r13,r spectra format e | | Cancel |

9 Click theOpenbutton.

Thelmport Peptide Searcfiorm should look like this:



1ia Import Peptide Search >

Extract Chromatograms

Results files:

colinsb_|180316_002_SW-B
colinsb_|180316_D03_SW-A
collinsb_|180316_D04_SW-B
colinsb_|180316_005_SW-A
colinsb_|180316_D06_SW-B

Browse.. Bemove

Files to import simultaneaushy:

Mary e
[ ] Retry after import failure

Mext = Cancel

1 Click theNextbutton.

Skyline presents a form asking if you want to re
which makes the reptate names shown in the Skyline interface shorter and generally easier to work
with.

1 Click theOKbutton.

In the Configure Transition Settingsage, make the following changes from the default values:

1 SetPrecursor charges 0 “ 2, 3, 47
i Setlontypest o, “ " .

NOTE: You could | eave the ion type “p” wh
chromatograms covering the precursor isotope distribution from the MS1 spectra in the DIA
files. However, to simplify this tutorial and reduce proceggime and output file size, the

description below deals only with fragment ion chromatograms extracted from the DIA MS/M
spectra.




1 CheckJse DIA precursor window for exclusion

Thelmport Peptide Searcliorm should look like:

1ia Import Peptide Search >

Configure Transition Settings

Precursor charges: lon charges: lon types:

iz ] b

Use DIA precursor window for exclusion

lon match tolerance: Bick:

ICI min product ions

< Back Mext = Cancel

1 Click theNextbutton.
Skyline presents th€onfigure FulScan Settingpage.

Note: These extraction settingdepend on the type and settings of the instrument used for data

acquisition. The optiml extraction settingsnaybe slightly different for each dataset. In this anéys

you willuse centroided data to save spac® you shoulds e | @ott r‘'oi ded’™ " a26d ppmci f
massaccuracy for extraction. With profile mode data the resolving power of the instrument can be
specified.

Make the following changes to the defauilues:

1 InbothMassaccuracy i el ds, use *“20” ppm.



Now you need to define a new isolation scheaweording to the parameters defined on the
instrument for dataindependent acquisition.

Note: In this example we used4 variable width windows that covered the range from 400 to 1200
m/z with 1 m/z overlapto support 0.5 m/z excluded margins at the edges of the quadrupole range

1 Inthelsolationschemedlr opdown | i st click “<Add.>".
This brings up th&dit Isolation Schemé&rm in which you should do the following.

IntheNamef i el d, €TOK &4 ‘vEBTH abl e) " .

Click thePrespecified isolation windowsption.

Click thelmport button.

Navigate to the DIATOF folder created earlier and into its DIA subfolder.
1 Doubleclick t h eollihsb_1180316_001_SWmzML .

=A =4 =4 =4

TheEdit Isolation Schem&rm should now look like this:

tia Edit Isclation Scheme *
MName:
= _CIFI
|ETH TTOF (64 variable) |
Cancel
() Use results data isolation targets
(®) Prespecified isolation windows Calculate... Impaort... Graph...
Measurement w
Start End Margin ~
407 2000 415.3000 05
414 8000 422 7000 05
421 7000 429 7000 05
428 7000 4373000 05
436.3000 444 3000 05
443 8000 451.7000 05| w
Deconvalution:
Maone w Specify Margin
[ ] Specify CE Range

Skyline has worked out thetartand Endm/z values for the DIA isolation ranges measured on the
mass spectrometer. You can see that they overlap.@ynlz to compensate for the overlap, Skyline
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has added a 0.81/z margin to each side of the isolation windows, which it will exclude from
consideration during chromatogram extraction. To see this in action:

1 In the dropdown list beneatPrespecifiedsolation window, dick® Ext r act i on” .

You will see th&tartandEndvalues shift inward by 08/z and the ranges will no longer overlap.
These are the ranges that Skyline will use when matching peptide precnfzealues to acquired
spectra for fragmat ion chromatogram extraction.

To visualize the isolation scheme:
1 Click theGraphbutton.

You will see a form like the one below:

1ia Iselation Window Graph O >

Measurement Windows

0.0
0.5
1.0
1.5
20
25
3.0

Cycle

e
400 500 500 700 800 900 1000 1100 1200

Windows Show margins Show gaps Show single cycle overlaps

- .

You can clicland-drag a rectangle to zoom in or use the mouse sevbikel, and see the margins. If
you uncheck and reheckShow marginsthe graph title will switch betweekleasurement
WindowsandExtraction Windows and the pink margin bars will disaggr and reappear. There is
no red forShow gap®r yellow forShow single cycle overlapgvhich are both errors DIA isolation
scheme design.

I Click theClosebutton.
i Click theOKbutton in theEdit Isolation Schemé&rm.

Thelmport Peptide Searchizard slould now look like this:
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1ia Import Peptide Search >

Configure Full-Scan Settings

MS1 fitering
lsotope peaks included: Precursor mass analyzer:
Maone W
Peaks: Resalution:
M5/ M5 filkering
Acqguisition method: Product mass analyzer:
DIA e Centroided e
|solation scheme: Mass Accuracy:

ETH TTOF (64 va - ppm

|Ise high-selectivity extraction

Retention time fitering
() Use only scans within |5 minutes of M5/MS 1Ds

(® se only scans within minutes of predicted RT

() Include all matching scans

< Back Mext = Cancel

1 Click theNextbutton.

You will see thémport FASTAage, where you should do the following

9 Click theBrowsebutton.
1 Navigate to the DIATOF folder created earlier and into its DIA subfolder.

9 Doublec | i c k taogat ptoteie seduences.fasta f i | e .

NOTE: At this point, you could choose to perform a proteavide analysis by instead navigating
to the DDA_search subfol der wher e y-diakingfthe u
full FASTA napedpudeine: lmumdniyéast etoli 20140403 _iRT_reverse.fasta

was used in the@eptide search. This would produce quite a lot more targets and take more tin
to process, but is still feasible on most modern laptops.

1 IntheDecoy generation methodropdown list,ct k “ Shuf fl e Sequence’”.

1 CheckAutomatically train mProphet model
Thelmport Peptide Searclizard should now look like this:
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1ia Import Peptide Search >

Import FASTA
Ernzyme: Max missed cleavages:
iTrypsin [KR | P] [ (| I

FASTA records begin with *>' and have the protein name followed by the
optional protein description.

=sp|P6I2B4ICLPE_ECOLI Chaperone protein ClpB O5=E Browse. .
MRLORLTMKFOLALADARSLALGHDMNGFIEPLHLMSAL =
RTDINGALNRLPOVEGTGGEDVAPSQDLVRVLNLCDKL Clear
TLADILKAAGAT TANITQAIEQMRGGESYNDQGAEDOFR =
IGRDEEIRRTIGVLORRTKNNPYLIGEPGVGKTAIVEGL
DMGALVAGAKYRGEFEERLKGVLNDLAKGQEGNVILFID
PALARGELHCVGATTLDEYRQYIEKDAALERRFQEVEY
HHVGITDPANVAAATLSHRYIADROLP DEAIDLIDEAASE
QLKLEQOALMKESDEASKKRLDMLNEELSDKERGYSE
QAKIAIEQARRVGDLARMSELG YGKIPELEKGLEAATAL
ARWTGIPVSRMMESEREKLLRMEGELHHRVIGGQMEAL
FLFLGPTGVGKTELCKALAMFMFDSDEAMYRIDMSEFN
YLTEAVRRRPYSVILLDEVEKAHFP DVFNILLGWLDDGRL
GSDLIQERFGELDYAHMKELYVLGWVWSHNFRPEFINRIDE
RLYKRLEERGYEIHISDEALKLLSENGYDPVYGARPLKF
GKVIRLEVNEDRIVAVG

=splPOATVIRS3_ECOLI 305 rbosomal protein 53 05=E
MGEQKVHPNGIRLGIVEKPWNSTWFANTKEFADNLDSDF

£ >

Decoy generation method: Decoys per tanget:

Shuffle Sequence

Automatically train mProphet model

< Back Cancel

9 Click theFinishbutton.

You should be presented with a form describing the targets calculated based on your settings and
the FASTA sequence text provided that looks like this:

13



tig Import FASTA et

This operation has created the following targets:
13 proteins, 272 peptides, 292 precursors, 1751 transitions

Do you want to filter proteins by the number of peptides they contain?

(® Min peptides per protein
1 =

() Keep al

Remaining:
12 proteins, 272 peptides, 292 precursor, 1751 transitions

Cancs

Notice that with aMin peptides per proteinf i | t er of “1” the 13 proteins
produce 12Remainingproteins. This is because one protein has no peptides which are found in the
spectral library. If you clidkeepall] you will see a warning “1 empty
switch back before continuing to avoid adding the empty protein to your tarlig.

M Click theOKbutton.

Skyline begins extracting chromatograms which should look like this on a standacdr@ 4
processor:

Importing Results...

1 collinsh_1180316_001... — cellinsh 1180316 _001_SW-A =
[ | 3T =
2 colinsb_180316.002.. 60
|| e
3. collnsb_180316 003.. | 50 1
| 39% -
£ a0 1
4. collinsb_|180316_004... e
%: 30 £
5. collinsb_|180316_005... 2
E
6. colinsb_|180316_006... 20 1
10 ]
0 ] : : : :
0 40 50 B0 70
Retention Time
ocoo1s [N Hice

With 6-cores and above all files will be processed in parallel, and on most laptops-estie®the
import will proces2 files at a time.

After the import is completed, Skyline will show you the mProphet model you requested on the
Import FASTAvage of thedmport Peptide Searchvizard. t should look like this:
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Ay Edit Peak Scoring Madel *

Name: Model Scores  Feature Scores P Values O Values
[P1A-TTOF 4utorial
Composite Score (Normalized)
Choose model:
mProphet w = Decoys
[ Targets
Traini Decoy normal distribution
r'”s . 250
] Use decoys
Train Model
[ Use second best peaks
200
Available feature scores:
. Percentage
Enabled Score Mame Weight Cortribution £ 150 -

Intensiy 0.9138 256% §

Retention time difference -0.7389 16.7% x

Library intensity dot-product 3.5694 29.0% & 100

Shape {weighted) -1.2988 -15.2%

Co-elution (weighted) 06596 8.7% 50

Co-elution court 0.8953 7.2%

Signal to noise 0.3182 5.5% H

Product mass emor -0.0554 34 0 i

-4 -2 0 2 4 G
Score
Corce

It has already been used to-seore the 10 best peaks Skgifound in each set of chromatograms,
using its default scoreand rechoose the peaks to be the ones with the best mProphet scdresse
mProphetscores (given the namigetection Z Scorén Skyline) are scaled such that 1.0 is 1 standard
deviation from he mean mProphet score for the distribution of similar best peaks for the sequence
shuffled decoy peptides you requestdehch has also been assigned a g value (given the name
Detection Q Valuén Skyline).

Sample Annotation
Next youneed to define whichamples belong to which experimental graup

On theSettingsmenu, clickDocument Settings

Click theAnnotationstab if it is not active

Clickthe Add button to see theDefine Annotationwindow.
In the Namefield, enter* Cond.i ti on”

In the Typefield, choosé'Value List .

In the list undeApplies TocheckReplicates.

= =4 =4 4 -4 4

Inthis experimentthere aretwo conditions: Condition A are samples that haygoteome
composition of E.coR0%, yeasii5% and human B%, and condition Bave acomposition of E.coli
5%, yeasB0% and human 84

TheDefine Annotation window should like this:
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1ia Define Annotation *

Mame:
|C|:|n|:|'rti|:|n

Editable Calculated

Type:
Value List e

Values:

A
B

Applies to:

[] Proteins

[] Peptides

[ ] Precursors

[ ] Transttions
Replicates

[] Precursor Results
] Transition Results

Cancel

Clickthe OKbutton.
Follow the steps above and create a second ann
IntheTypedr opdown | i dorthesBoReplicatanrotatierx t "

In the list undeApplies TocheckReplicates.
Clickthe OKbutton.

=A =4 =4 =4 =9

This willreturn you to theDocument Settingsvindow.

1 Make sure the checkboxes f@onditionand BioReplicateare checked
9 Clickthe OKbutton.

You are now ready tannotate the replicates you have imported:
1 Onthe Viewmenu, choosé®ocument GridAlt-3).

Thisbrings up theDocument Gridwvindow, which will show thd°roteinsreport if you have never
used it before:

1 IntheDocument Grid: Proteingvindow, click theRepotts menu andthen clickReplicates

Annotate the samples as shown in tlsereen capture belowsing keyboard keys for A, B, 1, 2, 3,
Enter and arrow keys to navigate
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Docurnent Grid: Replicates n

Reports = [# = [4 4 6 of 6 53 Export.. Actions = | Find: .
Replicate Sample Type égzg?'ltratinn Condition BioReplicate
1 _SW-A Unknown A 1
2 SW-B Linknown B 1
3 SW-A Unknown A 2
4 SW-B Unknown B 2
5 SW-A Unknown A 3
» |6swB Unknown B

9 Qose theDocument Grid: Replicatewindow by clicking on the red X in the upper right hand
corner of the form.

For easy viewingou can nowsplit the data by condition into @anes in the Skyline window

1 Onthe Viewmenu, choosérrange Graph, andclickGrouped
1 IntheArrange Graph Groupetbrm, setGroup panedo “ 2 ”
1 hoose the optiorDistribute graphs among groups

1 Inthe Displayfield, choosé' Tiled'.
1 IntheSort orderfield, choose'Document.
9 Clickthe OKbutton.

Note: If the data is still importing at this stage you will need to wait until this is finished to save the
document

9 Save your skyline document

Inspect the data manually
Next youwill manually inspect some of the chromatography and underlying spegtalo thatyou
will wantthe Retention TimesandPeak Areaviews are showing:

1 Onthe Viewmenu, chooseRetention TimesandclickReplicate Compariso(F8)
1 Onthe Viewmenu,choosePeak Areg, andclickReplicate Compariso(F7)

Now both views should be visibl&.ou carconfigure them optimally on the screday doing the
following

9 If these new windows are floating you can dock thienthe main windowby clicking on the top
border of the floating window, holding the left mousaton down, and dragging this window

You canperform that same operations shown below with thibrary Matchwindow.

Note: In order to dock a window like this, the mouse arrow cursor must be placed inside one of the
docking icons, in this case, at thgot@®@nce you begin dragging with the lefitouse button held
17



down, Skyline will show the docking icons and a transparent blue rectangle where the window will be
placed if you were to release the lefiouse button at that moment.

0211 _013_cent_thresh2 1F - X Igillet_1150211_008_cent_thresh2 Igillet |
600 T
Retention Times % “ E
120 +
10 +
Il 100 L = — — — — —
— | — — — —
o 90 I — — — — —
E — — — —
=
=
80 I — | e | = —
-
@ — — —
- e | — | —
I (e —_— —
60 + —_— | — m— — =
50 +
40 } + + } t t } } }
008 009 010 011 012 013 010 011
Replicate Replicate

1 Similarly, dock th®eak AreaReplicate ComparisorandLibrary Matchwindows so that all
information is easily viewablas below:
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Replic

G
<

Ready

9%

1ig Skyline - DIA-TTOF-tutorial.sky

ates: 1_SW-A

B-g? Biognosys standards

-2 ¥ LGGNEQVTR
- a ¥ GAGSSEPVTGLDAK
- a ¥ VEATFGVDESNAK
- a ¥ YILAGVENSK
- a $9 TPVISGGPYEYR
- a 92 TPVITGAPYEYR
a %9 DGLDAASYYAPVR
a 95 ADVTPADFSEWSK
a %9 GTFIDPGGVIR
a 92 GTFIDPARVIR
3 %9 |FLOFGAQGSPFLK

@ %, R.TDINGALNRL[S1, 69] u
- %, RLPQVEGTGGDVAPSGDLVR.Y Il
-a %, RVLNLCDKL [89, 95]

- a9, RGTLADILKA[119, 126] | |

- 9, KAAGATTANITQAIEQMR G (127

-a %, KYTIDLTER A[163, 170]

-a %, RTIQVLGR R (189, 195)

- a9y, KNNPVLIGEPGVGK T[199, 2111

-a 9, KTAVEGLAGRI212,2211 M
a9, RINGEVPEGLKG 222, 2321 [

@ 9, RVLALDMGALVAGAK Y [236, 24

@ 9, KADGAMDAGNMLKPALAR.G (2l

@ ', RGELHCVGATTLDEYR.G [205, [l

o %, KVFVAEPSVEDTIAILRG (335, 3

9 %, KADLIDEAASSIRM (389, 401)

@9, RMQIDSKPEELDR.L [402.413] [l
- @ %), KLEQQALMK.E [423, 430] | |
@ 9, KASLSGTQTIK.A [466, 475]

-2 9, KIAIEQAR R [483, 489]

- @ %, KVTDAEIAEVLAR.W 530, 547] Il
- %, RWTGIPVSRM[542, 545
- @ ¥, RMEQELHHRV [561, 568] | ]
- a 9, RVIGANEAVDAVSNAIRR (569, Il
-a %, RAGLADPNRPIGSFLFLGPTGVGIM
- a %, KALANFMFDSDEAMYR I 616, 6 [l

a 9, RLvGAPPGYVGYEEGGYLTEAY Il

a9, RNTVWIMTSNLGSDLIGERF (711

@9, RFGELDYAHMKE 728, 7371

o %, RIDEVWVFHPLGEQHIASIAGIGLI

@ %, RGYEHISDEALKL [729, 800]

@ 9, RAIGQQIENPLAGRILSGELVRGHE
-@ %, RLEVNEDR. [845, 851]

=nlPNATVURSY Frl |
>

File Edit Refine View Settings JTools
DE ks %R
Targets 2

x

~

v

- u] b4
Help
G-
Library Match % x| | Retention Times - Replicate Comparison 2 x || Peak Areas - Replicate Comparison 1 x
Spectrum information unavailable 0 - 14
12 +
60 o
T o 50 i=|= == = = 5
E -- == = b
08 § FIECE Sl e e -
z 2 = = = = g
% E 30 F = = == <
c 06 + 8 _— =
b=} @ = = = = s
E © o201 = - &
04 1 —
10 4 [ — \,
02 1 04— > =
T 2 = o 5 o T 2 £ o = o
0 t t | s = =z =z = = = = =z = = =
& B B o B O D B B B B B
500 1000 1500 S - TRV F - A L
m/z Replicate Replicate
1.SW-A [ 35W-A | 5.5W-A 4b-x 2.5W-B | 4.5W-B- 6_5W-B b =X
3000 + 1000 —
800 ¥
2500 ] 200 4
2000 + 00
= . = 600 -
] a [
E 1500 ] = E 500 F
E z é | £ a0 T
] o ,- >
1000 o 4 = 300 .
= = z o
I I 200 3 2
500 o K i £
@ 4 100 4 -
0 A 0 3

0 10 20 30 40 50 60 70
Retention Time

20 30 40 50 60 70
Retention Time

2/13 prot 12/283 pep 12/303 prec 66/1,816 tran

1 Clickon the first E. coli proteiri:sp|P63284|CLPB_ECOLI

You should see all of the peptides for this protein shown on the various glotsrhatogram, peak
areas, andetention time replicate graphsThe screenshatbove isan exampleof when one protein

is selected and all of the peptides for this protein are summarized in each of these views (except

library match window where nothing ghown).

Based on what you see tihe Peak Area Replicate Comparisoplot, does this protein appedo be
differentially regulatedRecall that the expected folchange ratio between A:B is 4:1 for E. coli.

1 <electthe peptide LPQVEGTGGDVQPSQD. Yits potein.

You get specific information for this peptide in all of the views shown below:
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Examine the peak area patterns for the rest of the peptides belonging tprtbisin. Is the
guantitative pattern for the peptides from this protein consisterittwthe expected differential
regulation pattern(4:1)?

NOTEIf there is more than one precursor charge state for a given peptide sequence these are
extracted and scored separately. You can look at these by clickingniad to the peptide sequence
and clicking on the individual charge states.

1 Click orsome ofthe human proteisin the document

Examine the replicate peak areas from the protein level view and the peptide levelAtewhe
peak areas consistent with thexpected ratio(1:1)? What about the yeast proteingl:2)?

1 Clickagain on thd PQVEGTGGDVQPSQpepRde in the first proteiragain.
1 On theViewsmenu, choosé\uto-Zoom and clickBest PeakF11).

Notice thd if you hover the cursor ovex chromatogram arve a circle appearen the curve with the
same color as the curve
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9 dQick thecircleon a chromatogram point.

Skyline will open th&ullScarnview on thespectrumfrom which the chromatogram point was
extractedzoomed on the ion that you selected.
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9 Qick the magnifying glagsitton in the FullScantoolbar to view the full spectrum
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Explore the data further marally (including some decey.

Mass error and retention time deviation

Youcan examine the mass accuracy and retention time prediction accuracy to detenhéatber
the optimal extraction parameters have been usedvhether some adjustment may improve the
results

1 Onthe Viewmenu, chooséMassErors, andclickHistogram

Thiswill showthe distribution of mass errorgver the data set. Could the extraction window (20
ppm) have been further optimized3enerally the mean error +8 standard deviations is sufficient.
If the histogram appears cut off, however, with high countthatextremes then you may wand t
widen your extraction windows.
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Mass Errors - Histogram n
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Note that the distribution appears to have two peaks, one around 0 and one around 5. To
understand this better, it helps to know that these are the mass error values across all 6 runs.

1 Rightclick the graph, choodgeplicates and clickSingle

1 Click in theReplicatesdropdown list at the top of th@ argetsview.

1 Use the up and down arrow keys on your keyboard to review the mass error values in all 6
replicates.

You will see that the meavalue ranges fror0.4 to 4.5, while the standard deviation value ranges
from 3.7 to 4.5. Using the simple calculation Mean + 3 * SD = 4.5 + 4.5*3 = 18 PPM at the most
extreme, this seems to indicate that a 20 PRiléranceis a pretty good approximatioof what

these data require.

To view the mass errors for the decoys also:

1 Rightclick the graph, choosRoints and clickDecoys
1 Rightclick the graph, choosReplicates and clickAll.
(and then switch back tdarget9

To the see the linear regressionadsto predict the target peptide retention times based on the iRT
peptides and library iRT values from the target peptides

1 Onthe Viewmenu, choosdretention Timesthen Regressionand clickScore to Run
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Retention Times - Score To Run Regression n
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1 Rightclick the graphchoosePlot, andclickResiduals

This will shovthe deviations from the predicted retention times in this data set. Could the extraction
window (+ 5 minutes) have been further optimized for this analySiséck the decoys as well.
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Retention Times - Score To Run Regression n
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Note: As the spectral library for this anaiysvas constructed frora sideby-side analysis of the same
samples As such, the accuracy of the retention time predictions are very good. Retention times from
external spectral libraries acquired on different instruments, at different times, from diffes@mples
would lead to larger errors in these predictions.

Quantitative comparison

You have performed some general validation that the data processing with Skyline has no serious
flaws. All available features scores were included in the mProphet saoodgl, and the model
achieved reasonable separation between the targets and the decoys, which are used to simulate
random undetectable target&ou may feel that the RT extraction range could be tightened from +/
5 to 3. But, these settings will cleaviyprk and the resulting mProphet model looks acceptable.

This type of analysis of even hundreds of peptides generally makes manual analysis of every single
target time consumingnd even error prone itself.HE currentanalysis could be extended to the

entire 3-organisms FASTA filmown as proteomeavide analysis, which would include tens of
thousands of peptides. Rather than consider each individually, researchers more typically perform
some type of grouped comparison and then follow up on peptides ormjmstwhich appear to be
changing in interesting ways.

To perform a simple pairwise group comparison inside Skyline do the following:

1 Onthe View menu,chooseOther Gridsthen Group Comparisoyand click Add.
1 FortheNamef i el d, enter “By Condition”
1 For theControl group annotatiorf i el d, choose “Condition”.
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1 For theControl group valud i el d, choose " A”.

1 FortheValue to compareagaindti el d, choose “B”
71 Click theAdvancedbutton.

1 For theQ-value cutofff i el d, enter “0.01"

TheEdit Group Comparisoform should look like this.

Edit Group Comparisan >

Mame:
|B'_.' Condition Preview...

Control group annotation:
Condition ~

Control group value:

A w
Walue to compare against:
B w

|dentity annotation for technical replicates):
BioReplicate e
Momnalization method:

MNone w
Corfidence level:

Scope

(® Peptide () Protein

Summary method:
Sum of transition areas e
[] Use zero for missing peaks

Q-value cutoff
Treat peaks with Detection @-Value greater than cutoff as missing.

0.1

Corcs

1 Clickthe OKbutton.
To see the group comparison you have just created:
1 Onthe View menu, choose Other Grids, then Group Comparison, and click By Condition.

A table should appear that shows the peptide level fthéinge ancdjusted pvalue(an estimate of
false discovery rateFDRYor the comparison between the A andsBmple mixtures

1 Expand the width of théProtein column header so #t you can see the full proteimames—
including the correspondingpeciemname.
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9 Qick on the header of th&old Change Resutblumn and click osort Ascending

Inspect the fold changesstimatedfor some of the peptides in the table keeping in mind which
species they are from and the expected ratfbaman 1:1, yeast 1:2, E. coli 4:Cpnsider the
adjusted p values and what you might expect of them.

By Condition: Grid

Violcano Plot  Bar Graph
Reports ~ |+ = |4 1 of 144 | b Bl | X |53 Export.. | Find:
Protein Peptide Fald Change Result "Fn.“d,i;izd

splP63234ICI PR ECOLI TOINGALMNE 0.27(35% C1:0.19to 0.38) |0.0016
splP63234CI PB ECOLI LPQVEGTGGD... |0.34 (95% Cl:0.22t0 0.54) | 0.0054
splP63284ICI PR ECOLI VLNLCDK 0.24(95% Cl:0.16to 0.35) |0.0016
splP63284ICI PB ECOLI GTLADILK 0.31 (35% C1:0.25t0 0.38) |0.0012
splP63234ICI PR ECOLI AAGATTANITG... |0.33(35% Cl:0.25t0 D.44) |0.0016
splP63234CI PB ECOLI YTIDLTER 0.28 (95% Cl:0.23to 0.35) |0.0011
splP63284ICI PR ECOLI TIaVLIGR 0.3 (95% Cl:0.22 to 0.4) 0.0015
splP63284ICI PB ECOLI MNPVLIGEPGY... |0.23(35% Cl:D.2to 0.43) |D.0025
splP63234ICI PR ECOLI TAIVEGLAGR 0.25(35% C1:0.19t0 0.34) |0.0012
splP63234CI PB ECOLI INGEVPEGLE 0.27(95% Cl:0.2t0 0.36) [0.0012
splP63284ICI PR ECOLI VLALDMGALVA... |0.26(35% CI:0.19to0 0.35) |0.0012
splP63284ICI PB ECOLI ADGAMDAGNM... | 0.24 (35% Cl:0.18to0 0.33) |0.0012
splP63234ICI PR ECOLI GELHCVGATTL... |0.28 (35% Cl:0.18t0 0.45) |0.0035
splP63234CI PB ECOLI VEVAEPSVEDTI... |0.24 (35% C1:0.17t0 0.33) |0.0012

1 Click theVolcano Plotbutton in the top left corner of the grid window.

Settings

[~ |
By Condition:Grid x
Velcano Plot  Bar Graph Settings 35 —
Reports » |7 = |4 4 |1 of 144 | b bl | X |53 Export.. | Find: = H
Protein Peptide Fold Change Result ';d{:.'laieed n 3.0 ___ ’
P63284CI PR ECOLI TDINGALNR 0.27 (95% C1:0.19t0 0.38) |0.0016 o5 1 ® &D‘
splP63284CLPB ECOLl | LPQVEGTGGD... |0.34(95%Cl:0.22to 0.54) |0.0054 = [VEGT .VCPSQD'-VR °
splP63284ICLPB ECOLI VLNLCDK 0.24 (95% Cl:0.16to 0.35) |0.0016 % 20 _ i
splPAI2B4ICLPB ECOLI GTLADILK 0.31 (95% Cl:0 25t 0.38) |0.0012 : Tor ] o
splPAI2B4ICL PR ECOLI AAGATTANITG... |0.33(95% Cl:0.25t0 0.44) |0.0016 =] 15 I &
PE3284CLPR ECOLI YTIDLTER 0.28 (95% Cl:0.23to 0.35) |0.0011 E’ " L J - .
splP63284ICLPB ECOLI TIGQVLAR 0.3(95% Cl:022to 0.4)  |0.0015 ! 10l . ® ® e
splP63284ICLPB ECOLI NNPVLIGEPGY... |0.29(95%Cl:0.2to 0.43) |0.0025 [ ™ i
splPRI2B4ICLPB ECOLI TAIVEGLAGR 0.25 (95% C1:0. 19t 0.34) |0.0012 05 L : ® .
splPA3284ICL PR ECOLI INGEVPEGLK  |0.27(95%Cl:02to 0.36) |0.0012 [ o |
PE3Z84CLPE ECOLI VLALDMGALVA . | 0.26 (95% CI:0.19to 0.35) |0.0012 0.0 I “ '. . |
splP63284ICLPE ECOLI | ADGAMDAGNM... |0.24(95% Cl:0.18t0 0.33) |0.0012 3 2 A 0 9 P 3
splPAI2B4ICLPB ECOLI GELHCVGATTL .. |0.28(95%CI:0.18to 0.45) |0.0035 - v Log2(Fold Change)
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You can already see clusters of points around the expected ratios and above the 5% FDR horizontal

line for most @ the changing peptides. To get a better understanding of which points belong to

which organism perform the following actions:

Rightclick theVolcano Plof and click-ormatting

Cl i c k t h enthe firtst rol, @ftert thexpressiorcolumn.

In the Create MatchExpressiorform, stthe Matchd r o p d o wn
In theRegular Expressiohi el d, enter “ECOLI

= =4 =4 =

| 1 st

The form should show you the list of peptides with matching protein names like this:

Create Match Expressicn >

Reqular expression: Match:
ECOLI Protein Name '

Fiters
Fold Change cutoff: P-Value cutoff:

MNone w MNone e

Matched "

LPOVEGTGGEOVAIPSQDLYR (splPEI2B4CI PR ECOLI)Y
VINLCDK (splP63284C1 PB ECOLI)

GTLADILK (splPE3234CI PR ECOLI)
AAGATTANITGAIEQGMR (splPE3284CLPR ECOLIY
YTIDLTER (splPE3234CIPB ECOLI)

TIQVLGR (splP63284ICLPE ECOLI hd
QK Cancel
1 Click theOKbutton.
T Click t he Hefistrow,afterttheRGBdolamnt
1 Choose a purple color and click t@&button.
1 Repeat the above process for *“YEAS”
f Repeat the above process for “HUMAN"

Which should leave thgolcano Plot Formattingorm looking like this:
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Valcano Plot Formatting >

Expression Symbol Size

3 ProteinMame: ECOLI ~ | Nomal
ProteinName: YEAS 255. 128.0 v | Nommal
ProteinName: HUMAN ... | 0, 128, 0 v | Nomal

OK || Cancel

M Click theOKbutton.

Which should leave the volcano plot looking like this:
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0_0“::::}::::::: ]
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Log2(Fold Change)

Notice that there are still some gray do¥ou can click on any of the dots to cause them to be
selected in theTargetsview and have their display test shown on the graph in red. You can also
hover the mouse cursor over any point to get more information on it. In this way you can see that
the gray dotdelong tothe iRT standard peptide¥ou can filterthem from the gridand the plot at

the same time by doing the following:

9 Click theProteincolumn header, and clidkilter.
29



1 IntheFiltertypedr opdown 1| i st, choose “Does Not Cont ai

T Enter in the field below “standard?”.
M Click theOKbutton.

This will remove the gray dois the volcano plotYou might try limiting this plot to just one species
using a different type of filter on the protein names.

Skyline also provides a bar plot view on the foidinge values which incorporates error bars for the
(unadjusted) confidencentervals. Though, they are unadjusted for the multiple hypotheses tested,
they still give you some insight into the variance in the measurements. Do the following to review
the fold-change values in the bar plot:

1 Clickthe BarGragh button in the top leftcorner of thegrid window.

TheBar Graphwill appear on top of th&/olcano Plot To give it more space for viewing do the
following:

1 Click in theBy Condition:Bar Graptab, hold, and drag to a new location and release.

1 Resize the now frefloating By Condtion:Bar Graphwindow.

1 IntheBy Condition:Gridclick theFold Change Resutblumn header, and clickort
Ascending

The graph should now look like this:

By Condition:Bar Graph n

Log 2 Fold Change

LU

IR N iy otz I I Jorii g e rdgs 54 i
T ECO3EE3: B C 82834 e B R F a0 228258885 2E 8
z 2 H

As with the volcano plot,ogu canclick on the individual bat® select them in thél'argetsview (so
that you can confirm which species various peptides in the graph are.from

To view the fold-change results at the protein-level for the 11 targeted proteins (excluding iRT
standards and decoys), do the following:

1 Click theSettingsbutton in the uppetright corner of the grid windovo re-open theEdit
Group Comparisoffiorm.
1 Changethe Scopeoption from Peptideto Protein.

Skyline should adjust thBar Graphand Volcano Ploimmediately. You will see in thgar Grapltthat
there are just 9 bars and not the 11 you might have been expecting. This is because the current
settings give Skyline no way to deal with missing values (due to 0.01 q valo#)@iher than
dropping targets without consistent enough measurememstipport a fest. To fix this, do the
following:

30



91 IntheEdit Group Comparisoform, change th&summary method o “ Tukey'’' s Medi a
Polish”.

TheBar Graphshould now show foldhange estimates for all 11 proteins that looks like this:

Log 2 Fold Change
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Protein

1 Jdose theEdit Gropp Comparisorby clickinghe X square in the uppeight corner.
1 Save the document

You may also want to consider using a more sophisticated statistical tool like MSstats for your
comparisons. To do this, you can install MSditais the Skyline Tool Store (usifigols> Storein

the Skyline menus or by clicking the Tool Store button on the Skyline installation web page). Then
you can either run MSstats directly from the Skyllm®lsmenu or do the following to prepare to

run MSstats in R or RStudio later:

1 On theFilemenu, chooseExportandclickReport
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1 From theExternal Tooldolder, selectMSstats Input
1T SaveDIAFTOFMSst ats_I nput . csv”

Conclusion

Congratulations¥ou have completed your first differential proteomics comparison using Skyline
with DIA data. You have learned how to use litngort Peptide Searchizard to streamline the

initial data processing from building a spectral library out of DDA peptide sdataho

chromatogram extraction from quantitative DIA runs, creating and applying an mProphet statistical
peak detection model to improve peak selection and assign q values which can be used to control the
false discovery rate among the peak areas youusg/our group comparison. You learned to first
assess the DIA data quality with the mass error and retention time regression plots. And finally, you
learned to perform a simple pairwise comparison between two groups of samples directly within
Skyline, with gave you the interactive group comparison grid, volcano plot and bar graph to help
you understand and interact with the results. Having exported the MSstats Input report, you could
now use the MSstats external tool to perform further statistical tests.

Now consider retrying these steps with the proteomide FASTA file and/or including precursor
ions to see how this works with a broader target set and/or another dimension (precursor ions in
MS1 spectra). Or move on to trying this with your own data.
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