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Quantitative Proteomics

» Spectrum-based
Spectral counting
Isobaric tags

» Chromatography-based
SRM

MSI| chromatogram extraction
Targeted MS/MS
Data independent acquisition (DIA)

Skyline
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2010 Multi-Instrument SRM Tool for
NCI CPTAC Verification Working Group
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Support Multiple Instrument Vendors

» Selected Reaction Monitoring
» Exporting transition lists & native methods
» Importing native instrument output files

» AB Sciex

» Agilent Technologies
» Thermo-Scientific

» Waters
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MS/MS Spectral Library Sources

Global Proteome Machine
MacCoss Lab

NIST

Peptide Atlas

v Vv Vv V9

» Build your own from peptide search results
Mascot
Myrimatch / IDPicker
OMSSA
Protein Pilot
Protein Prospector
Scaffold — mzldentML / MGF
Spectrum Mill
TPP — pepXML / mzXML files — Peptide Atlas
X! Tandem
Waters MSe
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Finding Issues at a Glance (interference)
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Downstream Analysis with Statistical Tools

» Analysis of Study 9S reports with R

Peak Width (FWHM)

12345678 910
o Ay Sy By

TAA GEC DGG

b,

& N2
WA s=sss

-_ = N
¥

_E/“’:’\ i Site

g 0 ¢ 19

£ 5 e 20

< 5 ¢ 32

-g b 0.3 * 52

) . ¢ 54

~ 5 ‘

< O ¢ 5B6A ILC

8.& Fo0.1 * 65 ILC

s > ¢ 73

zE + 86

; a ¢ 86A !LC
e 05 'Lc

o £ : e 908

Replicate Number



Deeper Analysis with Custom Tools

» Analysis of reports with Retention Time Viewer (Java program)

File Edit View
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New Skyline Installations by Month
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2012 Support Multiple Instrument Vendors

» Full-Scan
» Exporting isolation lists & native methods

» Importing native instrument output files

» AB SCIEX SWATH™

» Agilent Technologies DIA

» Bruker DIA & All lons DIA
» Thermo-Scientific DIA & Multiplexed DIA

» Waters MSe ™



Skyline MS1 Full-Scan Settings

Transition Settings
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Skyline MS1 Filtering Data
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Targeted MS/MS

Mass
Ql / Trap CID Analyzer

Solj:jce 3 >< E




Skyline Targeted MS/MS Settings
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Skyline Targeted MS/MS
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Skyline Targeted MS/MS
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Traditional DIA Isolation Scheme

precursor m/z
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3 Venable, ].D. et al. Nat. Meth. 2004.



DIA Chromatogram Extraction

Mass
Ql / Trap CID Analyzer
I ] [ ] | |
Ion — f
Source : > E
[ ] | ] |

ty,

2
-

-

intensit




DIA Chromatogram Extraction Trade-Offs

» Sensitivity
Dwell / Accumulation time
Cycle time
» Selectivity lost by wide precursor isolation

» Selectivity gained vs. SRM by narrow product extraction

+— Monoisotopic mass 521.27

100
“— Filter Window (2 x FWHM)

M+1

l

~
i
|
(FWHM)

MS/MS scan

M+2

)

A

T T T
521 522 523
m/z

Resolution

Relative Abundance
(W]
jan]
|

[
L
|

o

Gillet, L.C. et al. Mol. Cell. Prot.2012.



Skyline Bruker DIA Settings
(25 m/z Extraction Windows)

|

Transition Settings

| Prediction I Fitter I Library | Instrument | Full-5can

—

M5 fittering
M51 fitterng
M5/M5 filtering
Acquisition method: Product mass afialyzer:
| DA ~| |ToF -
lzolation scheme: solving power:
BWATH U | 10,000
| Defautt v |
‘ Eé:- Lse onf;' scans within |5 minutes-of MS/MS IDs ‘
[ ok || concel |

r B
III. Edit Isalation Scheme = p— ﬁ
Mame:
= _DK
SWATH
) A Cancel

(7) Use results data isolation targets

@ Prespecified isolation windows

Calculate. ..

Start End i
 — s
425 450 |
450 475
475 500
500 525
525 550
550 575 i
Margins:
[ Muttiplexed acquisition [Nune v]
[T Specify target

Gillet, L.C. et al. Mol. Cell. Prot.2012.



Bruker DIA Data (Product Ions

Skyline - SWATH E

III. Skyline - SWATH Ecoli_Xport 3063_minimized.sky *
Eile  Edit View Settings Tools Help
D H &R~
TEES 3 3 Spmel 1919 [ 1 » X | Spmol1922 | 1 ¥ ¥ X | Spmel1927 [ 1 ¥ Spmol 1929 | 1 » ¥ X | Spmol 1933 | 1 b = x || PeakAreas 1 x
Replicates: Sprnol 1933 - 400 — 500 — 500 — 500 — 500 —+ (w17 - 11876630
----- - - Predicted Predicted Predicted Predicted Predicted - :
a,?__ precursor [M+2] - 867 7724+ P e e g e v10 - 10385946
----- @y F[v8]- 9605625+ fank 3)(3] 2.5 9.9 [ SEE [ 2 e 3 - 0005149+
----- @ _fi, N[y6] - 685.4355+ fark 4)5] [ ss - g b3 - 3251870+
----- @ Jj FIy16]-978.0229++ (ank S 850 1 1= b4 - 424 2554+
----- @ _fy Efr15]-904.4887=+ frank 6)[ 457 r - W b5 -511.7875+
----- @ Ny G12]-719.3961++ fmnk 1) 400 + m- 400 + 400 + 400 + 455 30 1+
----- @ _fy, Cb3]-403.1394+ fank 2] | L [ [
©- o B, KFQNALLVR.Y [401, 408] 300 I
B @ A, 480.7849+= (dotp 1.00, dotp 0.71) 25 L
----- @ _fi_ precursor - 480.784%+= frank - i i
----- @ _{I_ precursor [M+1] - 4812863+ 250
----- @ _I_ precursor [M+2] - 481.7877++ - - 300 4 - 300 - 300 4+ — 300 +
----- @ i N [v6] - 6854355+ fank 2)[1] 2 2 2 g | 2 z 204
----- @ _fy, Aly5]- 5713926+ frank 5)[3] =] 2 2 2 2 4
----- ] Ju‘ L fyd] - 500.3555+ (rank 4)[6] 2 200 = = = § = =
----- @ _f Li¥3]-387.2714+ fmnk 1)[5] ® ® w @ r @ T 45 ]
----- @ _fl Nb3]-390.1772+ (ank 6)[g] 8 S 8 8 S 2
----- oy AD4- 4612143+ fark 3] £ £ 200 + £ 200 £ 200 + £ 200 = '
Y 3* K KVPQUSTPTLVEVSR.N [412, 426] 150 2
o @, KVPQUSTPTLVEVSR.N [413, 426] 10 +
B @ fy, 756.4250== (dotp 0.9, dotp 0.87) T
----- @ _fi_ precursor - 756.4250+= frank -
----- a _fi_ precursor [M+1] - 756.9265+= 100 | 5 ]
----- @ _{l_ precursor [M=2] - 757.4278++ 1
----- @ _fy VIy11]- 11876630+ frank 3 100 100 100 i 100
----- @ _fy S [y10] - 10885946+ frank 4 I
----- a _fyy P 8]~ 900.5143+ ark 1)[1] 50 L
----- @ _fiy Qb3]-325.1870+ frank 23] Lo Fa2:2a3
----- @ _fy V b4] - 424.2554+ mnk G)[7] ==
----- @ _fly 5 [b5]-511.2875+ fark 5)9] Ll Il Bl
- @ ‘B KCCTESLVNRR [474, 482] 0 0 ° ° ' ° % é é % é
- 0 9, KEFNAETFTFHADICTLSEK E [499, & 46 46 46 46 44 46 S
:—7-|--5 015843 'nr!:['NFDDR H”M»TN 11PS . ~ Retention Time Retention Time Retention Time Retention Time Retention Time Replicate
Ready 1/50 prot 14210 pep  14/349 prec  105/3085tran .:
LU Ready T/SUprot 147310 pep  T47A9prec 0573085 Tran 1] |




Bruker DIA Data (Precursor Ions

fig Skyline - SWATH Ecoli_Xport 3063_minimized.sky *

Eile  Edit  View
DESH %R
Targets

Settings  Tools Help

3 x
Replicates: Sprmol 1929 -

----- @ _J|_ precursor [M+2] - 867.7724+++ -
----- @ .Ih. F 8] - 960.5625+ (rank 3)[2]

----- @ _fiy M [yB] - 585.4355+ frank 4)[5] i
----- @ _Jy, FIy16]- 578.0228++ frank 5} _
----- @ _fy Ely15]-904.4887++ frank B){E[~
----- @ G y12]- 7193961+ fank 1)
----- @ _fy Clb3]-403.1354+ frank 2)[6]

- @ 9, KFONALLVR.Y [401, 408]

- @ _fy 480.784%++ jidotp 1.00. dotp 0.71)
----- @ _J|_ precursor - 430.784%++ (rank -
----- @ /| precursor [M+1] - 481 2863++
----- @ _J|_ precursor [M+2] - 481.7877++
----- @ _.rhl M 6] - 685.4355+ {rank 2)[1]

----- @ _fiy AlyS]-571.3926+ frank 5)[4]
----- @ .rh‘ L k4] - 500.3555+ (rank 4)[5]
----- @ _fy LIy3]-387.2714+ frank 1)[5]
----- @ .Ih. M [b3] - 3901772+ jrank 6)[8]
----- @ _fiy, Alb4]- 461.2143+ frank 3)(9]
? KKVPQYSTPTLVEVSR.N [412, 426]1
KVPQWSTPTLVEVSH.N [413, 426]

- _fiy, 7564250+ idotp 0.99, dotp 0.87)
----- @ | precursor - 756 4250+ (rank -
----- @ _J|_ precursor [M+1] - 756.9265++ |
----- @ | precursor [M+2] - 757 4278++
----- @l VIr11]- 11876630+ frark 3
----- @ _Ihl S [y10] - 1088.5546+ (rank 4)[E
----- @ _fiy PIy8]- 9005149+ frank 1)[1]
----- @ .Ih. Q [b3] - 325.1870+ {ank 2)[3]
----- @ _fiy Vb4l - 424.2554+ frank 6){7]
----- @ .Ih. 5 [b5] - 511.2875+ {rank 5)[3]
- @ ¥ KCCTESLVNR.R [474, 482]

- @ %y KEFNAETFTFHADICTLSEKE [499, £

F1-% 015R4%insINFDDR HIIMAN 1IPS 4
4 m | 2

=]

Intensity (10*3)

Spmol 1918 | 1 F ¥ X
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= T
2

400 +
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100 +
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-
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Ready
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10

N precursor - 756.4250++
mmmm precursor [M+2] - 757.4278++

mmmm precursor [M+1] - 756.9265++

idotp

idotp 0.98

idotp
0.99 0.99

o
[5}
-
8]
[9}
Qo
X

w

25pmol_1918
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25pmol_1926
25pmol_1930

idotp
0.99

idotp
) 1.00
idotp

idotp 1.00

0.99

idotp
0.99

25pmol_1932
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5pmol_1927

Replicate

e i e pop

idotp
0.99
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o e

50
idotp 3

0.99
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Bruker All Ions DIA Settings
(50 — 1500 m/z Range)

Transition Settings u Transition Settings
| Prediction | Fiter | Library | Instrument | Full-Scan
WS fikering Min m/z: Manc m/z:
|sotope peaks included: Precursor mass analyzer: / | Th 1500 Th
[Cﬂurrt 'l ITC'F '] ’/ [ Dynamic min product m/z
M5/MS5 filtering
Match tolerance m/z:
Acquisition method: Product mass a g Minm/z: Maxx m/z:
DIA .| [ror A~ ™ m 1500
Min time: Max time:
10 mir 40 mir

Isolation scheme: Resalving power:
Al lons ~|| 10,000

Retention time filtering
@ Include all matching scans
) Use only scans in retention time scheduling windows

() Use only scans within |5 minutes of MS/M5 IDs

oK || Cancel oK || Cancsl




Bruker All Ions DIA Data

tig Skyline - MSe_BSA_Skyline 13-test-bsa.sky =T

Eile  Edit View Settings Tools Help
NDEH % BR@E9-~-

Targets T x MSe_BSA_50fmol_1097 11 =X MS/MS Spectrum I -x

-, splPD276HALBU_BOVIN -
. 2, K.LVNELTEFAK.T [65, 74] precursor - 739.7653++ 3SA (NIST)-ETYGDMADCCEK, Charge !
! vy, K TCVADESHAGCEK.S [75. 87] precursor [M+1] - 740 2667 ++ 12 -
= @ %, RETYGDMADCCEKQ [105, 116] precursor [M+2] - 740.7665++
" v9-1085.3696+
(=2 W 735.7653++ (dotp 1.00, dotp 0.88) 1
W7 -913.3212+
----- @ [ precursor - 739.765%+ firank 1)[1] 1
- G -T782 2808+ y5 [rank 1)
----- @ _{|_ precursor [M+1] - 740.2667++ (rank 2) ¥5 - T11.2436+ 10 L+ 6 (rmnk 2)
----- @ J'._ precursor [M+2] - 740.7665++ (irank 3) L vd - 5062167+ +
----- @ _fiy, G [¥9]- 1085.3696+ {rank G)[5] I v3 - 4361860+ 1

=]
@ ~

..... @ _fiy M7]- 9133212+ frank 4)[7] 100 5
..... @ _fiy AlyS]- 782.2808+ frank 2)4]
..... @ _fy D 5] - 711.2436+ frank 1)[8]
..... @ _fi Cy4]-596.2167+ rank 5)[8] B0 1
..... @ _fiy Cy3]-436.1860+ fr=nk 8)(9]
B @ EL K.DDSPDLPK L [130, 137] 0

60 4

20.0 8 1 y10++ [rank 3]

g

= @ 5, KYLYEIAR.R [160, 166]

B @ _fy, 4642504+ [dotp 1.00. dotp 0.74)

----- = J'._ precursor - 464 2504+ {irank 1)[1]

----- @ f.rl__ precursor [M+1] - 464.7518++ (irank 2)
----- = f."l__ precursor [M+2] - 465.2532++ (irank 3)
----- @ r."h L b6l - 764,430+ frank 5)(8]

----- ? ji Y B8] - 651.3467+ {rank 1)[4]

----- @ f."i E [rd] - 488 2827+ rank 3)[7]

----- @ f."h | B3] - 359.2401+ {rank 4)[6]

----- @ ji L [b2]-277.1547+ rank 2)[5]

B ?.L KYNGVFQBECCOAEDK G [183, 156]

1 ¥r (rank 4)

Intenslty {(10*3)
on
f

4 + w4 [rank §)
1 v3 (rank §)

Intensity (10*3)

5 1 VB [rank 7]

+ v3 [rank 8}
L | 1

T | bS5 frank 11)

1 v2 (rank 18] ba (rank 17)

w10 [rank 8}
|

- @ _fly, 874.3562++ (dotp 0.99. dotp 0.79)
I 7@ precursor - £74.3562++ {rank 1)[1) 19.5 20.0 20.5 500 1000 1500
e B rcesarene A1l 07A BRTFR. = firanl T Retantion Time MIiZ

1 | 1 | 3

Ready 1A prot 3/14 pep 3/14 prec 17/118 tran .:




Getting Started

» Freely available & Open Source

» Self-updating web installation (v1.4 coming soon)
» 2 full-scan filtering tutorials (DIA coming soon)

MSI Full-Scan Filtering Targeted MS/MS Data Independent Acquisition

[ T - -

[r— e ey
| 4 o - 10 Fromm Mo e wam vt sy A

» Support board and issues list
» 8 other tutorials & 3 instructional videos (full-scan video soon)


http://proteome.gs.washington.edu/software/skyline

