Tutorial 8-2024 Skyline

Tutorial: Examination of PRM, DIA and DDA data in Skyline

In this tutorial, we will perform a targeted analysis with Skyline! (Step 1 — Step 3) with PRM, DIA and
DDA measurement data. The Skyline software is free-of-charge, open-source and can be run on a
standard PC or laptop.

The four samples used for this tutorial were generated by mixing Hela protein digest with PROCAL
peptide standard? at defined concentrations. Each sample was measured with three technical replicate

injections in PRM, DIA and DDA mode on a Quadrupole-Orbitrap-lontrap (Tribrid) mass spectrometer
(Eclipse, Thermo).
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Overview
Step 1: Skyline — Libraries and PRM
Step 2: Skyline — DIA data
Step 3: Skyline — DDA data
Appendix: Background information

Credits

The samples for this tutorial have been measured by the BayBioMS@MRI at TU Munich. The Skyline
part of this tutorial is based on a tutorial available on the Skyline website (Skyline Targeted Method
Editing https://skyline.ms/wiki/home/software/Skyline/page.view?name=tutorial_method_edit) and
has been further updated and edited by Julia Mergner and Christina Ludwig.
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2Zolg DP, Wilhelm M, Yu P, Knaute T, Zerweck J, Wenschuh H, Reimer U, Schnatbaum K, Kuster B. PROCAL: A set of 40 peptide
standards for retention time indexing, column performance monitoring, and collision energy calibration. Proteomics. 2017
Nov; 17(21)
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Getting Started
To start the tutorial, copy the complete tutorial folder (Tutorial_Skyline) onto your local PC/laptop.

The Installers subfolder from your flash drive “Skyline (24.1)” contains an installer for the unplugged
64-bit Skyline 24.1 version that you can use to install Skyline locally on your computer. This version will
not receive any updates! (To install Skyline 24.1 from the internet, go to the Skyline installer page,
register as a user, and install from there. Skyline will then automatically inform you when an update is
available.)

If you have been using Skyline prior to starting this tutorial, it is a good idea to revert Skyline to its
default settings. To do so:

e  Start Skyline (v.24.1)
e On the Start Page, click Blank Document

Ill Skyline

File Edit Refine Vie
NE H ke [F=
Targets 2

Blank Document

e  On the Settings menu, click Default
e C(Click No on the form asking if you want to save the current settings

The document settings in this instance of Skyline have now been reset to the default. Choose the
proteomics interface by doing the following:

e C(Click the user interface control in the upper right-handed corner of the Skyline window, and
o 1

-

click Proteomics interface

1. Skyline — Loading Libraries

Loading an experimental Spectral Library file into Skyline

To start this tutorial, you will first of all load a previously generated experimental spectral library called
PROCAL.blib. This library file entails experimental spectra for all the 41 PROCAL peptides (proteome
tools project, Zolg et al., 2017), which are the target peptides of this tutorial. The PROCAL.blib file was
generated with Skyline by loading a DDA measurement file of the PROCAL peptides together with the
MaxQuant search result file (msms.txt)

To load this experimental spectra library file

e On the Settings menu, click Peptide Settings

e C(Click on the Library tab

e C(Click on the Edit list... button

e Inthe Edit Libraries form click on the Add... button

e In the Name field enter “PROCAL”

e Click the Browse button and navigate to the Tutorial\02_PRM subfolder
e Open the “PROCAL.blib” file

e C(Click Ok in the Edit Library and Edit Libraries form
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Skyline has now added the “PROCAL” to the Libraries list in the Library tab of the Peptide settings form.

o Check the box O for “PROCAL-Library” to tell Skyline to use this library in picking peptides
and transitions

The Peptide Settings-Library tab should now look like this:

Peptide Settings x
Digestion Prediction Fiter ~ Library Modfications ~Quantification
Libraries:
Edt list
Build...
Explore...
Pick peptides matching
Library v
Rank peptidss by
Limit peptides per protein
Cance
e Click Ok

You can explore the loaded PROCAL library by selecting on the View menu Spectral Libraries.

A Spectral Library Explorer window will open, which will show you all peptides entailed in the loaded
library file (for the PROCAL library it is 44 peptides in total), their corresponding spectra as well as raw
file and retention time information:

1 Spectral Library Explorer
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<< Previous Page 1of 1 Next
Peptides 1 through 44 of 44 total File: 160824_JPT_RT_40_200fmol_60min_4to80_R1 RT:22.46

Add Add Al [[] Associate proteins

Close again the Spectral Library Explorer window by clicking the “x” in the upper right corner.

Inserting FASTA Sequences
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To specify your proteins of interest you can import a fasta file entailing exclusively your target proteins
via the Import function.

e On the File menu, select Import> and click FASTA...
e Navigate to the Tutorial\02_PRM subfolder and select the “PROCAL.fasta” file

tu Skyline - m] X
File Edit Refine View Settings Tools Help

DEHke| *8R9- %

Targets 1 x Library Match 1 x

=% spIPROCAL_RTIPROCAL ~

2, PROCAL - YSAHEEHHYDK, Charge 2
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e |n case no Library Match window with spectra information is visible in your document, go to
the View menu and select Library Match.
e Right-click into the Library Match window. Make sure that the lon Types Y and B are activated.

Skyline now highlights the y-ions in blue and the b-ions in purple in the spectrum graph.

By default, Skyline chooses the 3 most intense singly-charged product y-ions as the transitions it will
target for doubly charged precursors. This selection can be seen when opening the peptide tree in the
Targets window by clicking on the boxes with “+” in front of each peptide sequence:
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To change the product ion selection setting from the default values, perform the following steps:

e On the Settings menu, click on Transition Settings
e Select the Filter tab
e Inthe Precursor charges and lon charges field confirm the values are “2” and “1”, respectively

e Inthe lon types field, change the “y” to “p,y,b” (p- precursor, y- y-ions, b- b-ions)

e Inthe Product ion selection field change From to “ion 2” and To to “last ion”
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e Uncheck “N-terminal to Proline”

The Transition Settings —Filter tab should look like this:

Transition Settings X

Prediction Fiter  Library Instrument  Full-Scan  lon Mobility

Peptides

Precursor charges:  lon charges: on types:
2 | [ [rb.p

Product ion selection

From: To:
ion 2 ~ last ion ~

Special ians
[I] N-teminal to Proline A || Edtust
[ Ceminal to Glu or Asp
] iTRAG114
ITRAG-115

O
[ iTRAG-116
] TRAG-117

Precursar m/z exclusion windaw

m/z

Auto-select all matching transitions

e Select the Library tab
e Check that the lon match tolerance is set to the default “0.5
e Inthe Pick field, enter “6” for product ions and minimum product ions

The Transition Settings — Library tab should look like this:

|
Prediction Fiter ~ Library Instrument Full-Scan  lon Mobility

‘ lon match tolerance: Tolerance units:

=
o

m/z ~
I a library spectrum is available, pick its most intense ions

Pick:
product ions

E_ ] miumumprodsctions

(®) From filtered ion charges and types
(O From filtered ion charges and types plus fitered product ions
() From fitered product ions

e Select the Instrument tab
e Change Min m/z to “350”

The Transition Settings — Instrument tab should look like this:
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Transition Settings X
Prediction Fier  Library Instrument  Full-Scan  lon Mobilty

Max m/z:

miz mer

] Dynamic min product m./z

FIE
5
El
5

Method match tolerance m/z:

miz

=
=
&
&

Firmware transition limit: Fimware inclusion limit:

Max time:

i

[ Triggered chromatogram acquisition

G

e Select the Full-Scan tab
e Change the Isotope peaks included field to “Count” and the Precursor mass analyzer field to
“Centroided”. The Mass Accuracy field is by default set to 10 ppm.

The Transition Settings — Full-Scan tab should look like this:

Prediction Fiter  Library Instument Full-Scan  Jon Mobility

M5 fitering
Isotops peaks included:  Precursor mass analyzer
Count v Centroided v
Peaks Mass Accuracy
3 [10 ppm

Isctope labeling enrichmert:

Defauit ~ [ lgnore 1M scans
MS/MS fitering
Acquisition method: Product mass analyzer:
None ~
Isolation scheme Resoltion:

Use high-selectivity extraction

Retention time fitering
@ Use only scans within minutes of MS/MS [Ds
() Use only scans within 5 minutes of predicted RT

O Include all matching scans

Canc

e Click Ok

The Skyline document tree should now look like the following:

Targets
%, splPROCAL_RTIPROCAL
=8,
-4y, 708.3024++
_N_ precursor - 708.3024++ (rank 1)
N precursor [M+1] - 708.8038++ (rank 2)
N precursor [M+2] - 709.3051++ {rank 3)

iy Alyl- 11655021+ rank 3)
i H[v8] - 1094.4650+ frank 1)
i, H [¥5] - 699.3209+ frank 5)
Ay, H B8] - 991.4017+ frank 6)
i, Db10]-1269.4919+ {rank 2)

-9, KHEHISSDYAGK.T [12, 22]
w2 K TEAUTESHISK 1192 27




Tutorial 8-2024 Skyline

Skyline has selected the top 6 ranked product ions for each peptide precursor, including b-ions, as well
as 3 precursor isotopes (irank 1,2,3) for each peptide, based on the spectral library file (“PROCAL.blib")
your provided in the first step of this tutorial.

Creating a predicted Spectral Library using PROSIT

Skyline is not limited to using just a single spectral library. You can for example use the Koina prediction
framework to predict spectra for unmodified peptides directly in Skyline.

e On the Settings menu, click Peptide Settings

e Select the Library tab and click the Build... button

e In the Name field of the Build Library form, enter “PROCAL-Koina”

e Click the Browse button and make sure you save the new library to the Tutorial\02_PRM

subfolder. Click Save

e In the Data source field select Koina

e Inthe Pop-up window click Yes to confirm that you want to change the Koina settings now. If
there is no Pop-up window click on Koina - Info/Settings

e The Options form opens. In the Intensity model field select “Prosit_2020_intensity_HCD” and
“31” in the NCE field

1u Options X

Panorama Remote Accourts  Koina  Language Miscellaneous  Display

Keing is 2 deep learing framewerk that offers free 2nd easy
... enerstion o custom spectral iraries using very high quality

predicted HCD MS2 spectra for any organism and protease as
w— well 35 iRT prediction

Server NCE:
koina proteomicschorg:443 E
Server orline
Intensty mods:
Prost_2020_intersty_HCD
iRT model
Prosit_2019_iit -
Cancel

In case you cannot get an online connection to the Koina prediction server please import the
PROCAL_Koina.blib spectral library file from the Tutorial\05_backup subfolder. Just follow the same
steps as for the PROCAL library. You can still perform the Mirror spectrum comparison of both libraries.
Only the online Koina prediction that we use later on will not work.

e Click Ok
e Select “31” in the NCE field of the Build Library form
tia Build Library S
Name
[PROCAL-Koina |
Output path
55\ Tutoriale\TUM-Tutorizl\02_PRM\PROCAL _Koina bib| Browse. .
Data source
O Fles
@ Koina Info/Settings

AT standard pestides
None v

NCE:
El v

e Click Finish
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e Make sure both Libraries are ticked in the Peptide Settings —Library tab and click Ok. The
PROCAL_Koina library is loading in the background.
Peptide Settings Pt
Digestion Prediction Fiter  Library  Modffications  Quantfication

Libraries:

PROCAL Edit list...

-
Build..
Explore...

e Inthe Library Match window Spectrum field, you can now select one of the two Libraries that
are active in the file. Which library spectrum is currently shown is always printed on top of the
spectrum together with the spectrum sequence and charge state.

Library Match 1 x Library Match 1 x
Spectrum: PROCAL < r 4 Spectrum: |PROCAL-Koma © yd

PROCAL - YSAHEEHHYDK, Charge 2

600 + ¥8 (rank 1}
_ 500 F
i g (rab10 frank 2)
E 400 +
= ¥5 (rank 5) bE (rank 6) 10kl
s 300 b8 (rank 6)
S 3 (rank 8) 7 (rank7)
E om £ y4 (rank 9) ¥ b7 frank A1) b (rarfic 10}
bt b 2 P i ady
100 P fank 15) ‘
0 | N [N P il ||} | ||}| |
400 600 800 1000 1200 1400

miz

PROCAL-Koina - YSAHEEHHYDK, Charge 2

12 +
yE++
T b10++
08 Y3 (rank 1)
%. & ' N g+‘+ + B y?{_i_rank 2)
E 06 L y4 (Bl b7 (rank 3) -
= bafrank 5}
04 1 : \ v (ranf 6) @ irank 7)
b } o ¥B (rank 7}
To4 al}ls.llll_ 1 1Erank 9 b9 (rank 12)
02+ vb (r4b104rank 13)
I | 1'10[rar|k15}
0 f Ha— } | —+ }
400 600 800 1000 1200 1400

m/z

Skyline can only base product-ion selection on a single spectrum from one library. Skyline will search
the libraries in the order they appear in the list and use the first spectrum match it finds. With our
current settings the PROCAL library is always selected first.

Mirror

Library Match

To compare the libraries in a mirror plot, right click into the Library Match window and select

In the Spectrum field select “PROCAL” and “PROCAL_Koina” in the Mirror field

Spectrum: | PROCAL

|-|[ProcAL keina

PROCAL vs. PROCAL-Koina
YSAHEEHHYDK, Charge 2
dotp: 0.5069

600 + 8 (rank 1}
9 (ra10 (rank 2)
= 00 - ) ¥5 (rank 5) _b (rank 6) M0 (rapk 4)
& 320K ) k). | opr et @ o ek 10
3 200 ,‘mrni,,i.m,;, ,g-_;.I,r"y I.|__w_ran|«11_.| | bq (rark 10)
= 0 | I 1 I Y i
[ [ LI | ] P
‘E -200 o4 ELETL gyt ';’I.E‘I:.fa o '-'F!_II!:EW."
= a0k owdgide 0Tt
i3 (rank 1 e yrranke)
600 F I va+ '3=1E|++ } } } }
400 600 800 1000 1200 1400
m/z
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» Compare the dotp match factor for different peptides.

e Right click into the Library Match window again and select Koina. Now you get the same mirror
plot with a live Koina prediction for CE 31

» Change the CE setting to “18” and “39” and observe how the fragmentation pattern for peptide
changes.

» Find for several peptides the optimal CE setting, i.e. the setting where experimental and
predicted peptides are as similar as possible. Can the initial setting of “NCE = 31" be further

optimized?

Library Match n x Library Match o x
Spectrum: PROCAL ~ NCE & Spectrum: PROCAL - NCE >
PROCAL vs. Koina PROCAL vs. Koina
YSAHEEHHYDK, Charge 2 YSAHEEHHYDK, Charge 2
dotp: 0.4250 dotp: 0.5370

600 F v8 (rank 1) 600 F 8 (rank 1)

e ( mMuwr?m 2) 8 (ral10 (rank 2)
- 400 ¢ ysianks)  paganks) | 10k . 400 ¥ . yaanks)  baganke) | P10k
™ -erank@q ] I 3 ran|-:§ _ FE a1
:‘:'_ 200 1 ¥ Lryod ram«n S 200 Fou fanicd _Imn uram«W | rarlk 10)
E 0 E 0 | T , T | ” 1 .I II | I
z WA o S O L Y L
‘E -200 13 (rank 2 ‘E ~ T b4 frank m D r-ml D oy ¥8(rank 10}
— -400 A = 400
4 (rank 2 7 (rank 3
600 s, . ‘ . 600 3 ranery . ‘ ‘ .
400 600 800 1000 1200 1400 400 600 800 1000 1200 1400
miz miz

e Save the Skyline document as “Tutorial_Libraries” in the tutorial folder.

Skyline — PRM data analysis

We have created our spectral libraries and selected our target peptide list. In the next step we want to
extract the chromatogram information for the precursor and transition ions in our list from Thermo
mzML files recorded with a PRM method (for settings see Appendix: Background information).

e Save the document again as “Tutorial_PRM”
Before importing data go again to the Settings menu and click Transition Settings

e Select the Full-Scan tab and specify the settings for MS/MS filtering

e In the Acquisition method field select “PRM”

e Inthe Product mass analyzer field select “Centroided”

e Inthe Mass Accuracy field set “10” ppm

o IMPORTANT: select the tick box “Include all matching scans”. You need to change this from
the standard setting if the retention times recorded in the library do not match the retention
times in the file you are importing. Consider this whenever you are combining libraries and
files from different LCs, different method settings, different columns etc.

The Transition Settings — Full-Scan tab should look like this:



Tutorial 8-2024 Skyline

Transition Settings X

Prediction Fiter  Library Instument Full-5can  Jon Mobility

M1 fitering

Isotope peaks included:  Precursor mass analyzer

Court ~ Centroided ~
Peaks: Mass Accuracy:

3 [10 ppm
Isatope labeing enrichmert:

Defauit v [ 1gnore SIM scans
MS/MS fitering

Agquistion method: Product mass analyzer:

PRM «|  [Centroided v
Isolation scheme: Mass Accuracy:

Use high-sclectivity extraction

Retention time fitering
) Use only scans wihin |5 minutes of MS/MS 1Ds

) Use only scans within |5 minutes of predicted RT

@ Include all matching scans

Cancl
e Click Ok

mzML data.
All measurements in this tutorial were recorded as Thermo .raw files. To decrease file size .raw files

were converted to .mzML files using MSConvert.

Kessner et al., 2008. ProteoWizard: Open Source Software for Rapid Proteomics Tools Development.
Bioinformatics; doi: 10.1093/bioinformatics/btn323).

Martens et al., 2011. mzML - a community standard for mass spectrometry data. MCP;
https://doi.org/10.1074/mcp.R110.000133

e To import the mzML data go to the File menu, select Import and click on Results
e Confirm the Import Results form settings and click Ok

Import Results X
(®) Add single-njection replicates in files
Optimizing: Cancel

None ~

(O Add muttinjection replicates in directories

() Add one new replicate

Fies to mport simultaneously
Many v

Show chromatograms during import

[ Retry after import failure

¢ Navigate to the Tutorial\02_PRM subfolder and open the four PRM mzML files
e Remove the common prefix “01_" (delete “PRM_" suggested by Skyline)
e Click Ok

The Chromatogram information is extracted from the mzML files. With four or more cores, all files will
be processed in parallel. On most laptops with two cores, the import will process two files at a time.

Once the import is finished, we want to adjust the Skyline window view. You can drag and dock any
window in Skyline by left clicking on the window’s top border, holding the left mouse button down,
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and dragging this window to a new position. Hover over one of the arrow symbols and release the

window.
e Drag and drop the “Library match” window below the “Targets” window
e Onthe View menu go to Arrange Graphs and select Tiled
e On the View menu go to Retention Times and select Replicate Comparison (F8)
[ ]

On the View menu go to Peak Areas and select Replicate Comparison (F7)

If the Replicate Comparison windows are floating on your Skyline document, drag and dock the Peak
Areas - Replicate Comparison and Retention Times - Replicate comparison to a position on the right
of the chromatogram windows so that all information is easily visible.

On the View menu go to Auto-Zoom and select Best peak (F11)

On the View menu go to Transitions and select Split Graph

On the View menu go to Transform and select None

On a small screen the legends take up too much space. Right-click into one Chromatogram
window and deselect Legend. Do the same for the Replicate Comparison windows

Right-click into one Chromatogram window and select Synchronize Zooming

Your Skyline document should now look like this:

1 Skyline - Tutorial_PRM.sky * - o x
Fle Edit Refine View Settings Tools Help
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. KYFGYTSD 1,231] . Retention Time Retention Time Replicate
Library Match T R 1Dfmol 40 v X | PRM_100fmol 4 b« x | Retention Times - Replicate Comparison ax
Spectrum: PROCAL - » 286
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Investigate the different peptide chromatograms.

>
>
>

Compare the MS1 and MS2 chromatograms for the four PROCAL dilutions

Which peptides are not well detected at which concentration?

Can you find three peptides for which at low concentrations the MS1 signal (precursor ion) has
already vanished in the noise, while MS2 signal (product ions) still provide decent
chromatogram quality?

Can you find a peptide that behaves the other way around, i.e. for which MS2 signal is of lower
quality than MS1?

Can you find a peptide with a strong interference in MS1?

Save the document
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2. Skyline — Read in DIA data

Now that you are already familiar with some Skyline functions, we want to explore how the PROCAL
peptide dilution chromatograms look when measured with DIA (for settings see Appendix: Background
information).

For this we need to open a new Skyline document and adjust the setting for DIA.

o  Click the “New Document” button on the toolbar.
e On the File menu go Start.
e Select the option “Import DIA Peptide Search”

Import DIAPeptide Search

e Save the document under “Tutorial_DIA”

The Import Peptide Search wizard opens. You are presented with the Spectral Library page, which
allows you to build a project-specific spectral library. Here we use the database search results and
library prediction performed in DIA-NN? (For settings see Appendix: Background information).

3 Demichev V, Messner CB, Vernardis S|, Lilley KS, Ralser M. DIA-NN: neural networks and interference
correction enable deep proteome coverage in high throughput. Nature Methods 17, 41-44 (2020)

e Inthe Spectral Library form, select Add Files... and navigate to the Tutorial\03_DIA subfolder
e Openthe “DIA_PROCAL.tsv.speclib” file

The DIA_PROCAL.tsv.speclib-file was predicted with DIA-NN based on the PROCAL.fasta (see Appendix:
Background information). To read in the spectra information from the measurement files requires in
addition the report.tsv result file from the DIA-NN database search. Both files, the .speclib and

report.tsv file need to have the same naming. The measurement files do not need to be located in the
same folder.

ta
Spectral Library
© Buid () Use existing
Resul files
i Score Score Add Files
‘e Type Threshald
3 DIA_PROCAL tsv specib  [eREITS 0.01 Remove Files

iRT standard peptides:
None =

[ Include ambiguous matches

Finish Next > Cancel
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e Click Next

You are presented with the Extract Chromatograms form, in which you can navigate Skyline to the
path for the DIA data files it will use for chromatogram extraction, peak detection, and peak area
calculation.

e Click Browse and navigate to the Tutorial\03_DIA subfolder
e Open the four DIA mzML files

The Import Peptide search form should look like this:

tis Import Peptide Search X

Extract Chromatograms

Results files:

03_DIA_Tfmel
03_DIA_10fmal
03_DIA_100fmel

Browse Bemove

Files to import simuttaneously
Mary -
[ Retry after import failure

Next > Cancel

e Click Next

e Remove the common prefix “03_" (delete “DIA_" suggested by Skyline) and click Ok
e The Import wizard asks if you want to add modifications. Leave the field empty and click Next

In the Configure Transition Settings form select:
e Precursor charges field “2,3”
e lon charges field “1”
e lontypes “y, b, p”
e Productions from “ion 2” to “last ion”
e Minm/z “350”
e Tick the box for “Use DIA precursor isolation window for exclusion”
e Check the lon match tolerance is set to the default “0.05”
e Set Pick: to “6” product ions and “3” min product ions

13
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tu

Configure Transition Settings

Precursor charges: lon charges: lon types:
23 1 y.b.p
Product ions from: Product ions to:

ion 2 ~ last ion ~

Min m/z: Max m/z:

350 msz 2000 miz

Use DIA precursor window for exclusion

lon match tolerance: Pick:

0.05 6 product ions

lon match tolerance unit: 1 min product ions
miz ~

< Back Cancel

e Click Next

In the Configure Full-Scan Settings form select:

e MS1 filtering Precursor mass analyzer “Centroided”

e Mass Accuracy “10 ppm”

e MS/MS filtering. In the Isolation scheme field select <Add>. Type in the name
“DIA_40windows”

e Change to the option “Prespecified isolation windows”

e Click on Import, navigate to the Tutorial\03_DIA subfolder and open the first DIA mzML file.
Skyline automatically reads in the DIA windows settings from the mzML file.

e C(Click Graph to have a look at the isolation scheme and then Close.

e Click Ok

The Configure Full-Scan Settings form should look like this:

fu Import Peptide Search X

Configure Full-Scan Settings

M51 fitering
Isotope peaks included Precursor mass analyzer:
Court ~ Centroided ~
Peaks: Mass Accuracy:
3 10 ppm
MS/MS fitering
Acquistion method: Product mass analyzer.
DIA ~ Centroided ~
Isolation scheme Mass Accuracy

DA wndoms §~| [0 eem

Use high-selectivity extraction

Retertion time fitering
® Use only scans within [5_ | minutes of MS/MS IDs
() Use only scans within | 5 minutes of predicted RT

(O Include all matching scans

< Back Next > Cancel

e C(Click Next

In the Import FASTA (requires) form go to:
e Browse and navigate to the Tutorial\02_PRM subfolder. Open the “PROCAL.fasta“ file

14
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e In the Decoy generation method field select “Reverse Sequence”

The Import FASTA form should look like this:

X

fu Import Peptide Search

Import FASTA (required)

Enzyme Max missed cleavages:

Trypsin [KR | P] v o~
FASTA records begin with '+' and have the protein name followed by the optional protein
description

>spIPROCAL_RTIFROCAL Retertion Time Peptides Browse
YSAHEEHHYDKHEHISSDYAGKTFAHTESHISKISLGEHEGGGKLSSGY

Clear

<
Decay generation method: Decoys pertarget:

Shuffle Sequence

[ Automatically train mProphet mode!

< Back Einish Cancel

e Click Finish

The Associate Proteins form opens:
Protein association results:
Mapped Unmapped Tangets
0 1
0 5
0

Proteins 1
Peptides 35
Shared Peptides 0

2 proteins, 70 peptides, 78 precursors, 670 transitions

e Leave everything as default and click Ok

Skyline begins extracting chromatograms from the DIA mzML files. During this time you can already
organize the Skyline windows as before. You should only need View > Arrange Graphs > Tiled.
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Skyline

Hu Skyline - Tutorial_DIA.sky *

File Edit Refine View Settings Took Help
DE k| X 2@
Targets
Replicates: DIA_100fmol
% spPROCAL_RTPROCAL ~
' K HEHISSDYAGK T [12, 22]

, KTFAHTESHISK.I 23, 33)

A KISLGEHEGGGK L [34. 44]

. KLSSGYDGTSYKT [45, 551
. KTASGUGGFSTKF 56, 66]
. K FGTGTYAGGEKV 167, 77]
. KVGASTGYSGLKS [78, 83]
. K SYASDFGSSAK T (83, 95]
4 KTUAYDDSSTKL (100, 110]
. KLYSTYSSTESKL 111, 1211
, K LYTGAGYDEVKH (122, 132]

2%

>AAAA>AAIA>D
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K YFGYTSDTFGKT [221, 231]
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As you have loaded at the beginning of the Import DIA Peptide Search procedure the results file from
a DIA-NN analysis (the PROCAL-tsv.speclib and the PROCAL-report.tsv present in the same folder),
Skyline is able to show you at which retention time DIA-NN has successfully identified each peptide in
each raw file.
A successful peptide identification is indicated in form of a blue ID stick, with the retention time given
on top. You can add or remove this peptide identification information by right-clicking onto any
chromatogram window, selecting “Peptide ID Times” and activating or de-activating “Matching”.

Apply Peak to Al

o 150 Apply Peak to Subsequent 2 a0
= Remove Peak =
= 100 = 200
%" Synchronize Integration... %"
c 50 c 100
£ 4 Legend £
= 0 A Messtror =0
[¥] Peak Boundaries
[¥] original Peak R
Retention Times 3
DIA_10fmel DLA 100l
[ PeptideID Times » None
§ Transitions » v Mat:hmg
s 15 Transform R From Other Runs
10 U=
%' Aute-zoom X-axis 3 %' 100 £
55 Auto-scale Y-axis 5 50 &
£ 0 Synchranize Zooming R SETR—-—
27 Align Times To 03_DIA_01fmol 276 27¢
Praperties... R
Copy
& 4 Copy Metafile &5
o o 20
=, Copy Data S s
= Save Image As... =
z = 10
§ 1 Page Setup... § 5
£ Print... £
276 Un-Zoom 276 278
Undo All Zoom/Pan Re

Now quantitatively investigate the different peptide chromatograms.

Compare the MS1 and MS2 chromatograms for the four PROCAL dilutions
Which peptides are not well detected? At which concentrations?
Look up the peptides you investigated in detail in the PRM data before and compare those in

the DIA data.
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>

Compare the retention time in the 0.1fmol sample for “TASGVGGFSTK”. Compare the mass
errors for the selected peaks of this peptide over all concentration. Manually correct the peak
area integration in the 0.1fmol sample.

Check the peptide “HDTVFGSYLYK”. What is the interfered product ion here? Remove it from
the document.

Manually correct peak area integration and remove interfered product ions for the whole
document.

Have a look at the decoy peptides “GAYDSSIHEHK”, “LGSYGTSAGVK” or “TILGDDIVFGK”. What
is the dotp score for the 0.1fmol sample?

Save the document.
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3. Skyline — Read in DDA data

Now that you are already familiar with some Skyline functions, we want to explore how the PROCAL
peptide dilution chromatograms look when measured with DDA (for settings see Appendix:
Background information).

For this we need to open a new Skyline document and adjust the setting for DDA.

o Click the “New Document” button on the toolbar.
e On the File menu go Start.
e Select the option “Import DDA Peptide Search”

100
80
GO

40
20 L

......

Import DDA Peptide Search

e Save the document under “Tutorial_DDA”

The Import Peptide Search wizard opens. You are presented with the Spectral Library page, which
allows you to build a project-specific spectral library. Here we use the database search results from
MaxQuant* (For settings see Appendix: Background information)

Reading the spectra information form the measurement files requires msms.txt result file and mgpar
file from the MaxQuant database search. The measurement files need to be located in the same folder/
or subfolder.

4 Cox J, & Mann M. MaxQuant enables high peptide identification rates, individualized p.p.b.-range mass
accuracies and proteome-wide protein quantification. Nature Biotechnology 26, 1367-1372 (2008)

e Inthe Spectral Library form, select Add Files... and navigate to the Tutorial\04_DDA subfolder
e Open the “msms.txt” file

1w Import Peptide Search X
Spectral Library
@ Buid ) Use existing
Result files:
- Score Score Add Files
e Type Threshold
iRT standard peptides
Nane v
[ Include ambiguous matches
Finish Next > Cancel
e Click Next
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Skyline reads in the identified spectra from the DDA database search and creates a new Spectral library
file.

You are presented with the Extract Chromatograms form where the mzML file(s) used in the database
search is usually automatically selected if it is located in the same folder as the txt folder. If not navigate
to the Tutorial\04_DDA subfolder and select the four DDA mzM.L files.

e In the Import Results form remove the prefix “02_" (delete “DDA_" suggested by Skyline)
e Click Ok

e Click Next in the Add Modifications tab

1 Import Peptide Search x 1 Import Peptide Search x
Extract Chromatograms Add Modifications
Results files found: [ Exclude specirum source files The imported search results appear to contain the modffications listed below. Please select
3 DDA 0ffmol malil the ones you wish to add to the documert:
02_DDA_100fmol mzML ] Acetyl (Ntem) = [47]
02_DDA_10fmol mzML idation (M) =
02_DDA_tmol mzML (] Oxidation (M) = M[16]

Files to impart simuttaneously:

Many ~

[ Retry after import failure Add modification

Next > Cancel <Back Next > Cancel

In the Configure Full-Scan Settings form change Precursor charges to “2,3” and otherwise accept
defaults:

e Precursor mass analyzer “Centroided”
e Mass Accuracy “10 ppm”

The Configure Full-Scan Settings form should look like this:

1 Import Peptide Search X

Configure Full-Scan Settings

Precursor charges:

23
MS1 fitering
Isolope peaksincluded:  Precursor mass analyzer:
Court ~ Centroided ~
Peaks Mass Accuracy:
3 10 ppm

Use high-selectivity extraction

Retention time fittering
© Use only scans within 5 minutes of MS/MS IDs

() Include all matching scans

< Back Next > Cancel
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e Click Next

In the Import FASTA (requires) form go to:
e Browse and navigate to the Tutorial\02_PRM subfolder. Open the “PROCAL.fasta” file

The Import FASTA (required) form should look like this:

1 Import Peptide Search X

Import FASTA (required)

Enzyme. Max missed cleavages:
Tiypsin [KRIF] oD v

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

>splPROCAL_RTIPROCAL Retertion Time Peptides Browse
YSAHEEHHYDKHEHISSDYAGKTFAHTESHISKISLGEHEGGGKLSS! [oowe. |

Clear

< Back Finish Cancel

o  Click Finish
The Associate Proteins form opens:

Protein association results:

Mapped Unmapped Targets
Proteins 1 0 1
Peptides 40 ] 40
Shared Peptides 0 0

1 proteins, 40 peptides, 43 precursors, 129 transitions
e Leave everything as default and click Ok

Skyline begins extracting chromatograms.

As the order of the raw files is not according to increased concentration, go to Edit menu and select
Manage Results... Change the order of the Replicates according to increasing concentration using the
UP and DOWN buttons.
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1is Manage Results b e

Replicates  Library Runs

DDA_Otfmol —

DDA_Tfmol i

DDA 1 Dfmol

DDA_100fmol Remove Al

Up
Down

Repame...
Re-import
Re-score
Minimize

[ Remove comesponding library runs

e Select on the View menu Arrange Graphs = Tiled.

Your Skyline document should now look like this:

tu Skyline - Tutorial_DDA.sky * - a X
Fle Edit Refine View Settings Tooks Help
DS e | % @9 %
iargets #3¢|ooa otfmol 4w X | DDA 100fmol b v x| PeskAreas - Replicate Comparison L
Replicates: DDA_1fmol W 14
% spPROCAL RTPROCAL n 350
A K HEHISSDVAGK T [12. 2] 100 £ 12
'y KTFARTESHISK | (23, 3] 200 F2
) KISLGEHEGGGK L [34, 44) ppm 90 & P
) K LSSGYDGTSYK T [45, 551 80 g
', KTASGVGGFSTK F 56, 66] 250 S
. KFGTGTYAGGEKV [67. 77 & & 70 1 08
. KVGASTGYSGLK S [78, 8] 5 B %
. K SYASDFGSSAK T (85, 99] 2 200 T 60 206
1 KTLIAYDDSSTKL [100. 110) = 224 - T
. KLYSYYSSTESKL[111, 121] 2 150 dppm s 50 S 0s
A9, KLYTGAGYDEVKH 122, 132] 2 (icotp 0.48) : 4
1 KHLTGLTFDTYKG [133, 143] £ i > f £ 02
. KGFLDYESTGAKF[144, 154] 100 30
. K FLASSEGGFTK Y [155, 165] 0
s KYALDSYSLSSKF [166, 176] 50 20 - 2 2 = =
1 KFVGTEYDGLAKH [177, 187] 10 2 E £ E £
), K HFALFSTDVTK H [188, 198] 2 z b =2 g
1, K HDTVFGSYLYKA[199, 203] 0 i . 0 i : & = 3 = ot
. KALFSSITDSEK.Y [210, 220] a8 e a8 a
. KYFGYTSOTFGKT (221, 231] 2235 2240 2245 2250 220 225 230 a
. KTFTGTTDSFFKV (232, 242] Retention Time Retention Time Replicate
8. (USEESNISIIT 047 251 v
Library Match X ppaiofmol b vx | DDAtmal 4 b v x | Retention Times - Replicate Comparizon [
Spectrum: Tutorial DDA e * 227
11

utorial_DDA - HEHISSDYAGK, Charge -

224
74 222 1 +2.6 ppm 226
223 09 .- .
61 ABeem : 225
| 08 | I £
= i i = i i o224 HEE
%5 H | © 07} | | 5
s S | S | i 2 s
2 = i | T 06+ | i e 22
2 Zz 4 i E ; ; £
z 2 | g o5t | © 222
5 £ 31 | £ 04
z H E 221
E 2 ; 03 J
o 02 Y 2 + + + +
0 o : ‘ g e 5 2
220 25 220 221 222 223 224 225 228 a a 5
Retention Time Retention Time Replicate
Ready 1/1 prot 1/39 pep 1/39 prec 14117 tran

As you have loaded DDA data, Skyline will only show you MS1 chromatograms but no product ion
(MS2) chromatograms. However, the information if and at which retention time an MS2 spectra was
recorded that led to a successful peptide identification with MaxQuant is indicated again in form of a
blue ID stick, with the retention time given on top. You can add or remove the MS2 spectra information
by right-clicking onto any chromatogram window, selecting “Peptide ID Times” and activating or de-
activating “Matching”.
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Apply Peak to All
Apply Peak to Subsequent
Remove Peak
Syncheonize integration.
Legend

¥ Mass Error

¥| Peak Boundanes

v Orignal Peak

Retention Times

Peptide ID Times

25 2

ptention Time

Investigate the identified MS2 spectra for all peptides in your Skyline document.

» How many identified spectra do you tend to get per precursor in each raw file?

» At which concentrations do you tend to get more identifications?

» Do you tend to get MS2 identifications rather in the beginning, the end, or in the middle of the
peak/chromatogram?

Now quantitatively investigate the different peptide MS1 chromatograms.

» Compare the MS1 chromatogram peak areas for the four PROCAL dilutions for all peptides.

» Which peptides are not well detected? At which concentration(s)?

> Specifically, look up the peptides “TASGVGGFSTK” and “HLTGLTFDTYK”. Carefully check
retention time, idotp and mass errors and how those values change between the different
concentrations. What is the issue with the 0.1 fmol sample?

» Manually correct the wrongly integrated peptides in the document.

e Save the document.

Conclusion

Congratulations, you have completed this Skyline tutorial! You have learned to import and build
spectral libraries and how to investigate target peptides in PRM, DIA or DDA measurement files. The
doors are open to go crazy and explore your data in more detail.

Extra task for quick people ©
» Export precursor and product ion total areas from the Skyline document using File = Export
- Report
> Visualize those ion intensities using your favourite data visualization tool. Think about optimal
ways how to plot the data. For example, plot intensity ratios per peptide (measured peptide
intensity at each concentration divided by the peptide intensity at 100 fmol) versus peptide
retention time for all three data acquisition methods on MS1 and/or MS2 level.
> What general trends do you observe?
Do you see something that does not fit your expectations?
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4. Background information
1) Spectral Libraries

In this tutorial we created spectral libraries for the PROCAL peptide selection. You can do the same for
any peptide selection for example using public available spectral library sources like:

e Peptide Atlas (http://www.peptideatlas.org/speclib/)

e National Institute of Standards and Technology (NIST) (https://peptide.nist.gov/)

e The Global Proteome Machine (GPM) (ftp://ftp.thegpm.org/projects/xhunter/libs/)

The Proteome Tools project offers spectral libraries recorded from synthesized peptides at different
collision energies and fragmentation settings.
e Proteome Tools (https://www.proteometools.org/index.php?id=53)

You can also create new spectral libraries in Skyline using other publicly available data, or peptide
search results from your laboratory experiments. Skyline supports building libraries from the following
search result formats:

BlibBuild (https://skyline.ms/wiki/home/software/BiblioSpec/page.view?name=BlibBuild)

Spectrum file extension

*RAW includes vendor

Database search Peptide ID file extension formats like RAW, WIFF ‘Score Used
.D, etc.
Generic SSL ssl Iscore column IA generic format for encoding spectrum library entries.
Byonic mzid [MGF, .mzXML, .mzML _|AbsLogProb
[Comet/SEQUEST Percolator v1.17 does not include sequence modification information therefore the .sqt file from the SEQUEST search must be present in the same
perc.xml, .sqt lems2, .ms2, mzXML  |q-value - .
Percolator ldirectory, the directory the spectrum files, or the current working directory.
DIA-NN speclib Inone No separate spectrum file. In the current implementation, no score is imported from the library, so all spectra are imported
IDPicker idpXML [mzXML, .mzML FOR [The name(s) of the spectrum file(s) are given in the .idpXML file.
MS Amanda pep.xml, pepXML i:\\l/vhiL mzXMLMEF, | alue
MSFragger pep.xml, pepXML i:\\l/vhiL mzXMLMEF, | alue
MSGF+ mizid, pepXML ;‘:\\ZN"ZL’ m2XML, MEF, | pectation value
Mascot dat lexpectation value |[No separate spectrum file.
It is possible to use peaks embedded in the msms.txt, but external spectra files are preferred because the embedded peaks are charge deconvoluted
MaxQuant Andromeda [rsms.txt + evidence.txt + mzML, mzXML, .MGF, PEP nqear. xml must be located in the grandparent, parent, or same directory. A custom madificatiens.xml, medifications, local. xml, or

Imaparsmi + modifications.xml RAW*
P cdification.xml can be placed in the same directory as the search results (or specified using the —x option).

[The names of the .mzXML files are given in the .pep xmi file and may be in the parent or grandparent directory. Spectra are looked up by index, which is

Morph I, .pepXML | mzXML, .mzML val
orpneus pep.xml. pep m m jrvale loaloulated using (scan number - 1)

oMssA pepxml, .pepXML [mzXML, mzML [expectation value [The names of the mzXML files are given in the -pep xml file and may be in the parent or grandparent directory.

OpenSWATH sv |m_score column _|No separate spectrum file

PEAKS DB pepxm, pepXML [maXML, mzML [confidence score [The names of the mzXML files are given in the pep xml file and may be in the parent or grandparent directory.

PLGS MS® inal_fragmentcsv lscore column _[There need not be a - before ‘imal_fragment.

PRIDE pridexml various No separate spectrum file
[mzML, . mzXML, .MGF, )

PeptideProphet/iProphet [pep.xml, .pepXML el lprobability score [The names of the .mzXML files are given in the .pep xm file and may be in the parent or grandparent directory.

PeptideShaker maid [MGF [confidence score

Protein Pilot groupxml [confidence score |No separate spectrum file
[mazML, .mzXML, MGF,

Protein Prospector pep.xml, pepXML é‘:\;ﬁ o MR MR o pectation value

Proteome Discoverer msf, pdResult lg-value No separate spectrum file. Libraries cannot be built from databases that do not contain g-values, unless a cutoff score of 0 is explicitly specified.
[mazML, .maXML, MGF,

Prox| XML proxdxml e lg-value

Scaffold maid [MGF, mzXML,.mzML_|peptide probabiliy

Spectronaut P Inone [Spectronaut Assay Library export. No separate spectrum file.

Spectrum Mill pepxm, .pepXML [maXML, mzML Value [The names of the mzXML files are given in the .pep xml file and may be In the parent or grandparent directory.

X! Tandem xtanxml [expectation value |No separate spectrum file

e Custom (SSL) (https://skyline.ms/blib-formats.url)

2) Eclipse instrument settings

LC-Settings for PRM, DIA & DDA
Ultimate 3000 RSLChano system
e Trap column (ReproSil-pur C18-AQ, 5 um, Dr. Maisch, 20 mm x 75 um, self-packed) at a flow
rate of 5 uL/min in HPLC grade water with 0.1% (v/v) formic acid
e Analytical column (ReproSil Gold C18-AQ, 3 um, Dr. Maisch, 450 mm x 75 um, self-packed)
e 50 min linear gradient from 4% to 32% of solvent B (0.1% formic acid and 5% (v/v) DMSO in
acetonitrile) at 300 nL/min flow rate. nanoLC solvent A was 0.1% (v/v) formic acid, 5% (v/v)
DMSO in HPLC grade water
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Orbitrap Eclipse

Parameter PRM DIA DDA
MS1
Orbitrap Resolution 60,000 120,000 60,000
Scan Range (m/z) 360-1300 360-1300 360-1300
Max IT (ms) 50 50 50
Norm.AGC Target 100% 100% 100%
MS2
Isolation Window 13 - 13
NCE (%) 30 30 30
Orbitrap Resolution 30,000 30,000 15,000
Scan Range (m/z) 140-2000 200-1800 -
Max IT (ms) 120 54 22
Norm.AGC Target 400% 1000% 200%
Cycle time - - 2
Dynamic exclusion - - 30s
Windows - 40 variable
3) MaxQuant & DIA-NN settings

MaxQant v.2.4.0.0
Parameter Settings
Type Standard
Enzyme Trypsin/P
Missed clevages 1

Modifications

Fixed: Carbamidomethyl (C)
Variable: Oxidation (M);Acetyl (Protein N-term)

Label-free quantification

None

Sequences

PROCAL.fasta; human reference UP000005640 Swiss

Prot fasta
Match between runs FALSE
PSM FDR 1%
Protein FDR 1%
Min peptide length 7
DIA-NN v.1.8.1
Parameter Settings

Spectral library prediction

PROCAL.fasta; human reference UP000005640 Swiss
Prot fasta ; contaminants.fastaTrypsin/P; 1 Missed
cleavages

0 Maximum number of variable modifications

DIA search

Spectral library PROCAL predicted library (.speclib)
Peptide length range 7-30

Precursor m/z range 360-1300

Fragment ion m/z range 200-1800

MBR TRUE

Protein inference Genes

Neural network classifier

Single-pass mode

Quantification strategy

Robust LC (high precision)

Cross-run normalization

RT-dependent

Library generation

Smart profiling

Speed and RAM usage

Optimal results
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4) File conversion

Thermo .raw files were converted to mzML files using MSConvert (ProteoWizard: Open Source
Software for Rapid Proteomics Tools Development. Darren Kessner; Matt Chambers; Robert Burke;
David Agus; Parag Mallick. Bioinformatics 2008; doi: 10.1093/bioinformatics/btn323).

Parameter Settings

Output format mzML

Binary encoding precision 64-bit

Write Index;Use zlib compression;TPP compatibility TRUE;TRUE;TRUE

Filters Peak Picking; MS Levels 1-2
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