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Chromatography-based Quantification

* SRM - Selected ion chromatograms

* PRM - Extracted ion chromatograms

* DIA/SWATH - Extracted ion chromatograms

* DDA - Extracted ion chromatograms from MS1-only

Skyline
Targeted
More Selective PRM DIA
Less Selective SRM DDA
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Skyline Project Overview

10,000 |
« 10" year in development

* 7 developers

« over 500,000 lines of code — open source
* 60,000 lines of code for testing

e over 10,000 registered users
1900 registered for Skyline-daily -

e over 8000 instances started each week
e over 1500 citations
» funded by NIH and 6 instrument vendors

5,000

4,000 -

3,000

Jun-2009 Jun-2010 Jun-2011 Jun-2012 Jun-2013 Jun-2014



Instances

7-day Trailing Instances

15000
14500
14000 M Daily-64
13000 W 4.1 Rel 64
12500 .1 Release-
12000 4.1 Release
11500 MW 3.7 Release-64
11000
10500 m 3.7 Release
10000 M 3.6 Release-64
9500 | L 3.6 Release
9000

8500 \ m 3.5 Release-64
8000 HE 3.5 Release
7500 ‘ M 3.1 Release-64
7000

6500 L 3.1 Release
6000 : l M 2.6 Release-64
2500 I 2.6 Release
5000 ’

4500 M 2.5 Release-64
4000 2.5 Release
3500

3000 ) 2.1 Release-64
2500 2.1 Release
2000 M 1.4 Release-64
1500
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500 H 1.3 Release-64
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Percent Most Recent Release

New Version Adoption
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Skyline Web Site Visits (6 months

Country Session Duration
EE United States 4029:35:13
Germany 526:51:44
Bl China 471:28:43
B Australia 369:53:25
& .Japan 33514116
[*1 Canada 334:30:33
[ Switzerland 308:46:05
El2 United Kingdom 288:07:17
B Taiwan 242:58:25
[0 France 230:18:44

- 78971



Skyline Web Site Visits (6 months)

1. Zurich

] 2. Dublin
L
° . . 3. Paisley
]

5 Lund

6. Barcelona

7. Strasbourg
o 8 Basel

9. Vienna

10. Paris

2,338
1,499
1,160

1,039

g

(5.07%)

{3.25%)

(2.52%)

(2.25%)

(1.99%)

(1.81%)

(1.74%)

(1.72%)

(1.71%)

(1.70%)



Skyline Web Site Visits (6 months

D

qe i 1. Seatile 9,317 (14.03%)

) 2. Cambridge 3,880 (5.84%)

3. San Diego 2,678 (4.03%)

4. Boston 2,118 (3.19%)

5. West Point 1,745 (2.63%)

6. St Louis 1,618 (2.44%)

7. New York 1,603 (2.41%)

9 31 T 8. South San Francisco 1,469 (2.21%)
]

9. Tarrytown 1,415 (2.13%)

10. Philadelphia 1,411 (2.13%)



Teaching Targeted Proteomics

» 3 weeklong courses 2014
Zurich, Seattle, Barcelona
7 workshops and short courses in 2014
Albequerque, Seattle, Baltimore, Brixen, Souel, Kyoto, Mumbai
5 weeklong courses 2015
Seattle, Boston, Zurich, Barcelona, Mumbai
5 workshops and short courses in 2015
Tempe, St. Louis, Rio de Janiero, Puerta Vallarta, Tokyo
5 weeklong courses 2016
Zurich, San Francisco, Boston, Seattle, Barcelona
3 workshops and short courses in 2016
Boston, Brixen, Johannesburg
5 weeklong courses 2017
San Francisco, Boston, Zurich, Seattle, Barcelona
4 workshops and short courses in 2017
San Diego, Indianapolis, Dublin, Philadelphia

v

v

v

v

v

v

v



Teaching Targeted Proteomics
* Weeklong Courses 2018

ETH, Zurich — July 2-6

U. of Wa,, Seattle — July 30 — August 3

New! Duke, Durham, NC — September 17-21
CRG, Barcelona — November 12-16

New! Shanghai — October 22-26

* Workshops and Conferences 2018

ASMS, San Diego - June 2&3

User Group Meeting at ASMS, San Diego — June 3
MRM Proteomics, Montreal — June 26-29
CNPEM, Campinas, Brazil — November 7-9



So Much to Teach, So Much to Learn

“I realized | am only using 20% of what
Skyline can do.”

“WVe only taught you a fraction of
what is possible.”



15 Tutorials (9 translated) + 17 webinars

Method Editing \  Method Refinement Grouped Studles
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Webinar Page Views

700

600

500 T

400

300

200

100

=@==\\ebinarl - DDA

=@=\\/ebinar2 - DIA

==@==\Nebinar3 - PRM

=@=\\/ebinar4 - TMD

=@==\\ebinar5 - TMR

==@==\Nebinar6 - Processing

=@=\\/ebinar7 - iRT

=@=\\/ebinar8 - Stats

«=@==\Nebinar9 - PTM

=@==\\/ebinarl0 -Modifications
==@=\\/ebinarll - Panorama
==@==\\/ebinarl2 - Isotope Labeled Standards
==@=\Vebinarl3 - Calibrated Quantification
==@==\\ebinarl4 - Large Scale DIA
«==@==\Webinar 15 - Optimizing Large DIA
==@=\\ebinar 16 - Small Molecule
==@==\Nebinar 17 - PRM Method Development



Webinar Total Page Views
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Multiple Instrument Vendors

%% Agilent Technologies

Excellence in Science

G SHIMADZU SC'EX s%n

Thermo Waters

SCIENTIFIC THE SCIENCE OF WHAT'S POSSIBLE."



Supporting a Broader Hypothesis

Method
Refinement

@[ =)

@[ Quantitative ]

Assay




Multiple Search Pipeline Support

[ DDA Acquisition ]

/ Spectrum Matching \

Mascot Protein Pilot

ByOnic Protein Prospector
Myrimatch / IDPicker Proteome Discoverer (MSF)
OMSSA Scaffold — mzldentML / MGF
MaxQuant Andromeda Spectrum Mill

Morpheus TPP — pepXML / mzXML
MSGF+ files — Peptide Atlas
PeptideShaker X! Tandem

\ PRIDE XML PLGS - Waters MSe /




Supporting a Broader Hypothesis

RT
Libraries

Spectral
Libraries

[ Broad ][ Previous ]
Methods Measurements

@ Targeted /
Method
Refinement

|
@[ Quantitative ]

Assay




Targeted Method Refinement

Build Method

[ Refine ] h [ Run Method ] ‘;;

Skyline

Evaluate Results




Targeted Method Refinement

Build Method

Refine:
. Abundance
Measurability
Degradation

. Digestion
. Scheduling .
. Optimization S kYI Ine

etc.

[ Run Method ]

Evaluate Results
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Webinar |6: Small Molecule Research with Skyline (https://skyline.ms/webinar [ 6.url)


https://skyline.ms/webinar16.url

Ion Mobility Support (unfiltered)

A Skyline - BSA_and_PRTC-reversed sky * - o
Edit View Settings Tools Help
DE ke | % 52@ (90~

Targets by Preferred Mame q X
- @ ), 732.2981++ (dotp 1,dotp 0.91)  a
E- @ ), 4885345+++ (datp 0.98, dotp 0.86)
@ KSLHTLFGDELCKV [38, 39] — b3-4041234~
: 7-7713883+
G- @y, 7103505+ (dotp 0.97, dotp 0.87) Y 357 2400
f- @ Ay, 473.9027+++ (dotp 0.96, dotp 0.73) sp —— :

= @ 9, RETYGDMADCCEKQ [105, 116] I -
G- @ _fy, 739.7653+ (dotp 0.97, dotp 0.94) I +16.9 ppm
- @ ‘9, RNECFLSHKD [122, 129] 70
- @ Ay, 517.7398++ (dotp 0.99. dotp 0.89)
» 9, RNECFLSHKDDSPDLPK.L[122, 137] | 60
YN 634 6281+++ (dotp 0.98, dotp 0.95) i |I
» 9, K.LKPDPNTLCDEFK.A [138, 150] I

G- @ 4y, 788.8874+= (dotp 1, dotp 0.8)

& @ ) 526.2607+++ (datp 0.99, dotp 0.76)
» 9, KLKPDPNTLCDEFKADEKK [138, 154]
E- @ ) 673.9946+++ (datp 0.99, dotp 0.91)
- @ ‘B, KAEFVEVTK.L [248, 255]

H- @ g, 4617477+ (dotp 0.94, dotp 0.73)

» 9, KECCHGDLLECADDR.A [266, 279]
E- @ _f 583.8924+++ (datp 0.99, dotp 0.38)
» 9, KECCHGDLLECADDRADLAK.Y [266, |
E- @ _f, 749.9858+++ (idotp 1. dotp 0.88)

- @ ‘9, KYICDNQDTISSKL [285, 296]

E- @ ), 722.3247++ (dotp 0.95. dotp 0.93)

Training 1P » X

v9-1014.5102+
vB - 6563614+

vE-886.4153+
v -569.3203+

&

-
o FHe

o
C

o
C

O
[
Intensity (1043)

o
C

o
C

o
C

=-a ?JL K.LKECCDKPLLEK.S [257. 308] (missed I I I I
G- 9 Jﬂ. 766.8942++ (dotp 1. dotp 0.78) 18.6 18.8 19.0 19.2 19.4 19.6
.. m M. R11 RO0G22s fidetn N GT Andn 000 Retention Time

< >
Ready 1/1 prot /36 pep 10/44 prec 96/451 tran .



Ion Mobility Support (3D spectrum)

A Skyline - BSA_and_PRTC-reversed sky * - o IE
CFile | Edit View Settings Tools Help

O ke | % 2239~
Targets by Preferred Mame q X
- @ _fy, 732.2981++ (dotp 1, dotp 0.91)

& @ _fy, 488 5345+++ (dotp 0.98, dotp 0.86)
- a ?.IL K SLHTLFGDELCK.V [38. 39] — b3-4041234+ —— yO-1014.5102+
G- @ _fy 710.3505++ (dotp 0.97, dotp 0.87) YI-771.3883+  — y6-656.3614+
f- @y 473.9027+++ {dotp 0.96, dotp 0.73) S — y3-357.2496+

- @ %, RETYGDMADCCEKQ [105, 116] e

G- @ _fy, 739.7653++ (idotp 0.97. dotp 0.94) +16.3 ppm
= @ 9, RNECFLSHK.D [122, 129] 70 m

- @y, 517.7398++ (idotp 0.99. dotp 0.89)
Scan type:  MS/MS - b 2 4

BSA_Frag_100nM_18May15_Fir_15-04-02.d (19.02 min)

Training 1P » X

vE-886.4153+
v -569.3203+

Full 5can

® 33170 @ 2394 173 s 12 |

o
=]

Drift Time (ms)
%] e
[ o

dté‘”
L g i
#L#P i‘ ¥

Pt taboee oo

1500 2000 3500
m/z
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Ion Mobility Support (3D spectrum)

A Skyline - BSA_and_PRTC-reversed sky * - o

CFile | Edit View Settings Tools Help

OEHR %@ 9~
Targets by Preferred Mame q X
H- @ Ay, 73229814+ (dotp 1,dotp 0.91) A
- @ _f 488.5345+++ dotp 0.98, detp 0.86)
EI"-G?JL K SLHTLFGDELCK.V [38. 39] — b3-4041234+ —— yO-1014.5102+
G- @ _fy 710.3505++ (dotp 0.97, dotp 0.87) YI-771.3883+  — y6-656.3614+
- @ Ay 473.9027+++ dotp 0.96, dotp 0.73) S — y3-357.2496+

- @ %, RETYGDMADCCEKQ [105, 116] .

H- @ _fy, 739.7653++ {datp 0.97. dotp 0.94) +16.3 ppm

- @ B, RNECFLSHKD [122, 129 70 N |
G @ _fy 517.7398++ (dotp 0.99. dotp 0.89) » '

Training 1P » X

vE-886.4153+
v -569.3203+

Full Scan
Scan type:  MS/MS - jJLL 4 o
BSA_Frag_100nM_18May15_Fir_15-04-02.d (19.02 min)

|. 33170 & 2394 173 e 12 |

.Fg L] l“
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gl NP T emm STy en e e (G DRme L0 oLt 3PS e
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.

. ®
- ‘ - >
G e
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Ion Mobility Support (filtering)

B T] Skyline - BSA_and_PRTC-reversed-filtered.sky
File  Edit View  Settings Tools Help

O G o ke | % S2a@(9-™-

Targets by Preferred Mame q x

Training 40 - X
ALBU_BOVIN A
@ @, RFKDLGEEHFKG [34, 43] fmissed 1)
G- @, 6253142+ idotp 0.99. dotp 0.89) = b3-4041234+ =—— y0-10145102+ y8-886.4153+
o @, KLVNELTEFAKT [65, 74 y;;;;giggi —— VB - 6563614+ V5 - 569.3293+
- @ _dy, 5823190+ dotp 0.94, dotp 0.78) 60 —————
@ @, KTCVADESHAGCEK S [75, 87] | B
- @ _f, 732.2981++ dotp 1, dotp 0.99) I
@ @, KSLHTLFGDELCKV [88, 39] I : -, .
- o &y, 710.3505++ idotp 0.97. dotp 0.95) %0 T 5 |
G- @ A, 473.9027++= (idotp 0.96, dotp 0.55) T : !
Full Scan
Scan type: MS/MS - T jJLL da o
BSA_Frag_100nM_18May15_Fir_15-04-02.d (19.02 min)
® 33170 e 2394 173 e 12 |
40 - R g - . -
o NP Somatoimta e Sule YoMl o Q.- 0 o

L
on

Drift Time {ms)
[ N
[ S -




Ion Mobility Support (filtering)

B T] Skyline - BSA_and_PRTC-reversed-filtered.sky
File  Edit View  Settings Tools Help

O Hke &B2R9-™-

Targets by Preferred Mame q x
ALBL_BOWVIN ”
@ 2, RFKDLGEEHFKG [34. 47] (missed 1)

Training

b - X

G- @, 6253142+ idotp 0.99. dotp 0.89) = b3-4041234+ =—— y0-10145102+
@ @, KLVNELTEFAKT [65, 74) A
- @ Ay, 582.3190+ idotp 0.94. dotp 0.78) Yo -2l

y8-886.4153+
v5 - 5603293+

» @, K TCVADESHAGCEK S [75, 871 60 T
G- @ ), 732.2981++ (idotp 1. dotp 0.99) 1 19
@ @, KSLHTLFGDELCKV [28, 99] I . -
- @ 4y, 710.3505++ dotp 0.97. dotp 0.95) 50 1 -
- @ 4y, 473.9027+++ dotp 0.96. dotp 0.55) I

'

Full S5can

Scan type: MS/MS -

BSA_Frag_100nM_18May15_Fir_15-04-02.d (19.02 min)

® 3170 e 2394 173 s 12 |

25.5
250
245
240
235

Drift Time {ms)
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[Ion Mobility Support (filtered XIC)

5 Skyline - BSA_and_PRTC-reversed-filtered.sky * - o IEM
File  Edit View  Settings Tools Help

D ke | & 2@ 9-0-

Targeis by Preferred Name q x
ajm 732 2981++ (idotp 1, dotp 0.99) ~
@ KSLHTLFGDELCKV[88, 93]

H- @ -AL 710.3505++ {idotp 0.97. dotp 0.95) — b3-4041234+ —— yvO-10145102+
- @ _fy 473.9027+++ (dotp 0.96, dotp 0.55) y7-7713883+ —— y6-656.3614+
5@ , RETYGDMADCCEKG [105, 116] T ¥3-357.2496+

& @ _f, 739.7653++ (dotp 0.97. dotp 0.94)
@ R.NECFLSHKDDSPDLPK.L [122, 137] §
e Ay
@ KLKPDPNTLCDEFK.A [138, 150]

- @ Ay, 788.8874++ (idotp 1, dotp 0.86)

W @ _fy 526.2607+++ (dotp 0.99, dotp 0.78)
@ KLKPDPNTLCDEFKADEK K [138, 154]
W @ _fy 673.9946+++ dotp 0.99, dotp 0.91)
-2 '@, KAEFVEVTK.L [248, 255]

H- @ _fy 461.7477++ dotp 0.93, dotp 0.63)
@ KECCHGDLLECADDR.A [266, 273]
W @ _fy 583.8924+++ (dotp 0.98, dotp 0.84)
= @ ¥, KECCHGDLLECADDRADLAK.Y [266. ;
- @ _fy 749.9858+++ (dotp 1, dotp 0.91)

- @ %, KYICDNGDTISSK.L (285, 296]

E- @y, 722.3247++ (idotp 0.95. dotp 0.9)
@ KLKECCDKPLLEK.S [297. 308] missed
G- @ _fy, 766.8942+= dotp 1, dotp 0.92)

- @ _fy 511.5986+++ dotp 0.96, dotp 0.78)
= @ ¥, KECCDKPLLEK.S [299. 308]

- @ _fy 646.3047++ (dotp 0.99, dotp 0.88)

Training 1P » X

: Ir

vE - 8864153+
v5 - 5693203+

o
C

o
C

O R | 1
¢ ¢ H6 EHe
Intensity (1043)

o
C

18.6 18.8 19.0 10.2 19.4 19.6

.. m @ W CUCIAEWER MG 1T N Retention Time
< >

Ready 1/1 prot 6/34 pep /38 prec B7/398 tran .



Live

PeptideSequ Replicatel Pre Fragr Averagel PeptideRe Precursorl ProductM Retention Fwhm Area

VLVLDTDYK  6ProtMix_ 2 y&8 24.62 2496 533.255
VLVLDTDYK 6ProtMix_ 2 yB 24.62 25.05 533.255
R e p O rt S VLVLDTDYK 6ProtMix_ 2 y8 24.62 2491 533.295
VLVLDTDYK 6ProtMix_ 2 yB 24.62 2479 533.2595
&, Edit Report X |22
* .295
) 7
.295
View Mame: |Stud5' 7 Preview. .. 295
" 295
=== Transition Results # | | Peptide Sequence N -235
-} 7F Retention Time Isotope Label Type .295
- 7F Fwhm Best Retertion Time 295
- ]%# Fwhm Degenerate Total Area .
A0 Start Time File Name 295
Ernedaﬂme Sample Name -235
D Background Replicate Mame .95
) Pratein Name
Area Rat .
E .Pu-e: Nm‘:'zalized Average Measured Retention Time i:g
217 Height Peptide Retention Time .
Ratic To Standard .
[]# Mass Eror PPM 235
[ Tuncated Precursor Charge 295
- ]7F Peak Rank Precursor Mz 295
[ ]7# Peak Rank By Level Product Charge '295
Product Mz .
- )75 Opt Step Fragment lon 295
--[]7¢ Poirts Across Peak Max Fwhm 295
@[]  Chromatogram Min Start Time .
-[JA5 Transition Replicate Mote Max End Time
F-[ ]  Transition Results Summary Retention Time
[ 7f Product Charge Fwhm
- )4 Product Neutral Mass o
art Time
-[#]7f Product Mz
End Time
[0 Fragment lon Are
[ J15 Product lon Formula .a
-[]A5 Product Meutral Formula Height
7% Product Adduct User Set Peak
{1 Fraamert lon Tvpe b
|:| Pivot Replicate Mame |:| Pivat |sotope Label el

966.5142
966.5142
966.5142
966.5142
966.5142
966.5142
966.5142
966.5142
966.5142
966.5142
966.5142
966.5142
966.5142
853.4302
853.4302
853.4302
853.4302
853.4302
853.4302
853.4302
853.4302
853.4302
853.4302

2499 0.13 273200
25.02  0.15 291000
2491 017 220600
2479 0.14 331650
2476 0.15 346800
247 0.13 265300
24.85 0.14 301200
24.36  0.13 2903800
241 0.09 170600
24.33 0.1 147700
245 0.07 900
245 0.03 100
2445  0.03 100
2496  0.14 2523350
25.05  0.15 2816900
2491 0.16 2215500
24.79  0.15 3202250
24.73  0.15 3093300
247 0.14 2618300
24.85  0.13 29590900
24.36  0.14 2794850
24.1 0.1 1676000
24.33  0.13 1533550

Nick Shulman



External Tools for Skyline

Skyline Targeted Mass Spec Environment ~ ¢

i

Register NOW for the May Institute for
Computation & Statistics

for Mass Spectrometry & Proteomics
at the Northeastern University this spring.

- .
with Skyline

Watch the video from the latest
Skyline Tutorial Webinar

PRM Method Development and Data Analysis

T Syline - fat_plasmasky™
Bile  Edit  ‘flew  Settmgs  Tools  Help

IR EY YEECE

Targets B Hnd Hadel HISL 4 b =X Huenr Ml Hue d b S
Beplicates: H1dB1 2 500 ' a0 ' 300
=g, MP_B7Z280 « — 300 — 250
PO Y LAFL FSDLEER g 2 260 ¢
#-a By FRISTONELE = 300 = on =
s %, EWLFELGK = = & 150
& -mo = 150 @
& %, NP_03E788 E ; 100 ; 100
a8 Al YOAEARYADFK E 100 E E an
4@ ? WELFSELDER 0 0 0 i
#-a B IFS00A0LSE
% XP_ 216782 @ 30 . . 31 29 IED . a0
5 8, ITGNALFIDK __| Retention Time Retention Time

== )

CHILE HME3 HISE A b X

L
Retention Time

i

Peak Area (10°6) &
o, = o

[T 1137 5477+ w3 . (003 4997+ weww 47 5054156+  meew yH. 743472+ mmew 4. 5452382+ |

3 x

O M = M e N0 e M - 0] = DT e M e ] s ) = s 0 = 0 e -

RN R R R R R R R e

RS EEEREEER-AEEEEEEEEEEESS SRS EEEENEEE

JLAabb G000 AEAEEAEAEEAaGETEETESISETIETSIEEETEEITE
Replicate

Readhy 26429 prat BO7ED prp 60750 prec 2040457 tran

Download & Install:

Skyline 4.1 - 64 bit

Skyline-daily (beta)

VIDEQ TRAILER p

External Tools




Tools in Skyline

5 Skyline-
File Edit View  Settings | Tecols | Help

NEHR % 5@ |9 SRM Collider

fley 7 | Tool Store...

External Tools...

Immediate Window

Opticns...

I||_ Install from Tocol Store

Biodiversity Plugin
Crossdink Transition
MPPReport

M5 1Probe
Population Variation
Prego

Proteotypic Peptide
Protter

CuasSAR

Skyline Gadget for
SProCoP

TFExport

— Organization:

|Vitek Lab, Purdue Universty |
Authors:

|I'H'Ieena Chaoi, Tsung-Heng Tsai, Ching-Yun Chang, Dr. Timothy [|
Languages:

[R(3.4.0).C# |

More Infarmation:
hittp -/ Swww mastats .omgs’

Status:
Mot currently installed. Version: 3.8.3 is available |

Description:

MSstats is an R package for statistical relative quartification of proteins and peptidesin &
global, targeted and data-independent proteomics. t handles shotgun, labelfree and
label-based (universal synthetic peptide-based) SEM (zelected reaction monitoring), and
SWATH/DIA (data independent acquisition) experiments. it can be used for experiments
with complex designs (e .g9. comparing more than two experimental conditions., ar a time
course).

Input for MSstats requires transitiondevel identified and quantified peaks information,

s | [ e




Msstats (Vitek)
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Broudy, et. al, Bioinformatics 2014



Aggregating and Publishing

» Publish fully annotated Skyline documents

78 public data sets (27 more in review)

Abbatiello, et al. MCP Guidelines, 2017
Sharma, et al. MCP 2018

v

Build chromatogram libraries
Aggregate lab QC data Panorama

v

» Free hosted version ( )

>304 separate projects so far (CPTAC, LINCS & ABRF sPRG)
>3600 data sets uploaded (>8000 QC documents)
User controlled security

» Locally installable server application
Roche, Genentech, |&J,Amgen, NC| and Merck (2 more...)

» Free and open source (Apache 2.0)

Sharma, et al. J. Proteome Res. 2014


http://panoramaweb.org/

Panorama Growth Over Time

Projects on PanoramaWeb

PanoramaWeb currently hosts projects for 295 labs.
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Skyline Documents on PanoramaWeb
11427 Skyline documents have been uploaded to PanoramaWeb.
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Skyline /Panorama Workflow

Storein a
relational database
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Skyline Team

» Brendan MaclLean

» Nick Shulman

» Brian Pratt

» Tobi Rohde

» Vagisha Sharma = s

» Nat Brace

¥
» Kaipo Tamura '-;-_: )

» Yuval Boss &
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