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Data Independent Analysis vs Targeted MS2

Data Independent

. Targeted MS2
Analysis (DIA) J
Maximized Ease of Maximized Sensitivity /
Use, High Coverage Selectivity
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Targeted MS2 Yields Highest Quality Spectra

Overlapping Precursors Compete for Space in Multipoles, Can Also Cause Signal Processing Issues
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Targeted MS2 Sometimes Has Better Coverage than DIA

2x Dilution Example
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Abundance

DIA: 1,359 Peptides Correct Ratio +/- 25%
Targeted: 1,414 Peptides Correct Ratio +/- 25%

5 ng Heavy-labeled Hela

Lilian Heil, et. al. ASMS 2022
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New, Bead-Based Protocol: Suitable for High-Throughput
Target MS2 Assay?

Bead-Based Plasma Prep Gas-Phase Fractions, LIT Analyzer

- . 12000 — 2000 —
Christine Wu Poster Tues 589 —
10000
Mag-Net: Bead based capture of 1660 -
membrane particles from plasma g 9000 £ 1250 A
2 ]
enables liquid biopsy S o000 £ 1000 -
=) e
measurements for >4,500 5 4000 g 80
proteins 500
2000
250 -
0 - 0 -
Normal Prep Beak-Based Prep Normal Prep Beak-Based Prep

DIA is the Current Technique of Choice for Such a Sample, But Let’s Try Targeted MS2

Results are from 6x Gas-Phase Fractions, Using LIT with 1 Th Isolation Width, Peptide Searching with SEQUEST + Inferys
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Why is Targeted MS2 Not Used at Large Scale?

Challenge

Fiddly and Manual Processes
Selecting High Quality Targets / Transitions

Limited Coverage
Peak Integration

Drifting Retention Times
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Why is Targeted MS2 Not Used at Large Scale?

Challenge Solutions ______________

Fiddly and Manual Processes Automation

Selecting High Quality Targets / Transitions Chromatogram Library, Automated Filters,
[Possible Dilutions]

Limited Coverage RT Alignment, [Faster Instruments,
Brighter Source]
Peak Integration RT Alignment, Library Spectral

Comparison, mProphet

Drifting Retention Times RT Alignment
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Why is Targeted MS2 Not Used at Large Scale?

Challenge Solutions ______________

Fiddly and Manual Processes Automation

Selecting High Quality Targets / Transitions Chromatogram Library, Automated Filters,
[Possible Dilutions]

Limited Coverage RT Alignment, [Faster Instruments,
Brighter Source]
Peak Integration RT Alignment, Library Spectral

Comparison, mProphet

Drifting Retention Times RT Alignment

More About RT Alignment at the End!
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We’Ve Made a Skyline EXternaI TOOI QI‘-.ﬂactr:rssl_al:uSoftware Q Sinin
e

To Enable Large-Scale Targeted Experiments tools

External Tools for Skyline

1 . TO E“m | nate (Or at Least DraStICal Iy Red uce) To learn more about creating External Tools of your own and making them easy to install and share
with others, please consult the resources on the Skyline Documentation page.
° M an ual Ed iti ng Of S preadSheetS To submit an External Tool to the Skyline Tool Store, click here.

* Manual Review of Selected LC Peaks
2. Implement New Features

« Automated Transition Selection

*  Precursor Load Balancing

3. Share Our Advances While Maintaining Control
of a Few Proprietary Algorithms

DALL-E A shiny, golden hammer with its head embedded in a rock, like Excalibur. It is illuminated by a brilliant sun.
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Overview of High Throughput (>1k) Targeted Workflow

E
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Step 1: Acquire Chromatogram Library

-

Import Results to Skyline

6x LC Injections

&4 Import Peptide Search X

Spectral Library

@® Build O Use existing
Start from:
| Search resuts uid lbrary drecth) =

IRT standard peptides:

Associate Proteins

Organize all document peptides into associated proteins or protein groups.

A B Pek Scoring Mool

iame:
[ev_nevey 0 0

Mode Siets Feshre Scores P Volows 0 Valoes
Composite Score (Normalized)

LTI, S
S} C'“""’“"“‘f’ - 2000 = D e st
Shared peptides are: ™ =)
‘Rumedblwdunmbewwamwmm) v‘ -
5 a
ﬁ'\dwmmhﬂ:’wdm e et .
| Remove subset protein groups = o [am H . /
M peptides perproten grocp fome—fee H
lamser [1a0%
[ I 500
loren =
Protein association results: inw iun
Mapped Unmapped Targets ams as ¢ i 42 o z
Proteins 2% 12,081 1856 seom
Peptides 3844 0 8137 o e
Shared Peptides 1887 0

1856 proteins, 8137 peptides, 20,039 precursors, 267.913 transtions

sl

%4 Building Peptide Search Library

Parsing 711643 spectra

O nclude ambiguous matches

Workflow

O DDA with M1 fitering .
@ oA

O PRM
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Importing Results...
1. 220520_ES906_30min...
~—
2. 220520_ES906_30min... 140 L
imported
3, 220520_ES906_30min... 120 ¢
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Step 2: Refine Results with Additional Targeted Injections

~10k Precursors,

- ‘ ~134k Transitions
Y .
‘ / v TraEI:ifirons
|
V4
, Precursors
O

~6.7k Precursors
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Start the External Tool

#ig Skyline-daily - survey_30min.sky

File

0N E H ke

Edit  Refine

WView

Settings

X BE[9-0-

Tecls | Help

Targets

Replicates: Surveyd

% splQIP03SHACD3_HUMAN
% spIP02790HEMO_HUMAN
%, splQA9Y4HAGPSM3_HUMAN

| PRMBuilder
Tool Stare... X
External Tools... T
A

Immediate Window

* | Refiner

- Surve

: Options...
%, splP27987)IP3KB_HUMAN P
Exports a Custom Report
to External Tool
Document Grid: PRM Builder: Precursor Refine n
Reports = .7 = 2t =~ |4 4 |1 of 198625 | b | | X |53 Export.. Actions ~ | Find: 2
Peptide ) ] ] ) N ~
File Mame Modified Precursor Mz &reacr;:or Protein Product Mz Fragment lon &oadr;ed %ﬁ:ﬁmn Area Background Raw Times ﬁ;wies Fwhm I'I:I'I?:rt:['r)t'yk\,frzalue Eomct;:r Eoecptaltdoer I‘r,acr;tsr‘t,lron
Sequence
» il = VRl ETTFSSNC[+57]... |723.790457 2 146351ABl... |1216.483367 y11 1 10.52 529 0 10.26,10.3,10.34... |48,76,358.0.0.99... [D.09 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spi01...
220520_ESH06_... |ETTFSSNC[+57]... |723.790457 2 spl0146351ABI ... | 1115.435688 y10 1 10.52 1315 0 10.26,10.3,10.34... |66,0.0.0.0.0.287.... |D.05 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transttion:/spi01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 spl0146351ABL... |968.367274 ¥9 1 10.52 4367 £ 10.26,10.3,10.34... |0.0.0.0.0.335,54... (D.06 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spi01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 spl0146351ABL... |881.335246 y8 1 10.52 1452 1 10.26,10.3,10.34... |51,0,156,00.112... [D.07 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spi01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 splO1463591ABL... | 794.303218 y7 1 10.52 1741 0 10.26,10.3,10.34... [0.0.0.0.0.116,40... [D.06 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transtion:/spl01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 spl0146351ABL... |680.26029 y6 1 10.65 1557 1825 10.26,10.3,10.34... |403,350,505,57.... (D.23 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spi01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 spl014635ABL... |520.229642 ¥h 1 10.52 1426 2 10.26,10.3,10.34... |58,138.0,181,53.... [0.1 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spi01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 spl0146351ABR1 ... |449.192528 vd 1 1057 590 933 10.26,10.3,10.34... {82.212,0094.0.... [D.06 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transttion:/spl01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 splO14635ABL... |232.140415 y2 1 10.52 2019 0 10.26,10.3,10.34... |0.0.0.0.0.0411,0... (D.04 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spi01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 spl0146351ABL... |608.745321 y11 2 1048 1525 2004 10.26,10.3,10.34... |3039,1264,0.128... [D.08 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spi01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 splO146351ABL... | 397.655247 y7 2 1048 1341 1 10.26,10.3,10.34... |23.0000134.1... (0.1 HNA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spl01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 spl0146351ABL... |260.618459 ¥h 2 10.65 2349 1 10.26,10.3,10.34... |0.0.093.065.20... (D.18 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spi01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 spi0146351ABL... |332.145226 b3 1 10.65 1855 0 10.26,10.3,10.34... |0,124.064.00.1... (D17 HNAA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spi01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 spi0146351ABL... | 566.245669 b5 1 10.65 1684 0 10.26.10.3,10.34... |302.269.308.127... (D.18 HNA MoleculeGroup:/... | Molecule:/spl01... | Transition:/spl01...
220520_ES906_... |ETTFSSNC[+57]... |723.790457 2 spi0146351ABL... |283.626472 b5 2 10.65 3980 735 10.26,10.3,10.34... |92,150,0,0.46,15... [D.07 HNAA MoleculeGroup /... | Molecule:/spl01... | Transtion:/spi01... |




Refine the Chromatogram Library

Filter .
Transitions

Set MethocL
Parameters

Export
Method

T

Refine Targets

Skyline PRMBuilder_Refiner_PRM_Bu
Report File ilder_Precursor_Refine

TMT Modifications Present? Mo

Min Signal/Backgnd.
Min Rel. Area

Min Time Cerr.
Min/Max Width (s)
Min/Max BT (min)
Min Good Trans, |3

3.0

0.10

0.80

4.0 -20.0
4.0 -36.2

[] Keep All Precs

Define Method

Analyzer
Scan Rate (kDa/s)
Min Dwell (msec)

[1ms3

lontrap v
125 ¥
5.00

Optimize Scan Range

LC Peak Width (s)
Min. Pts. per Peak
Cycle Time (s)

Acg. Window (min)
Max Peps. / Prot,

Pratein Pricrity
File

9.66
]
1.61
0.75
1000

Searle et. al. Chromatogram libraries improve peptide

detection and quantification by data independent

acquisition mass spectrometry | Nature Communications

Create Method
[] Balance Load 1 Charge/Prec.

Base Mame

huality_check

Methad

emplate

Skyline Connection Connected

14

Send To Skyline

—

Create Method Files



https://www.nature.com/articles/s41467-018-07454-w
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Using Tool to

ﬁl Skyline-daily - survey_30m
File Edit Refine

IJEHR* i =2

View  Settings  Tools

9 .-

Help

Update Skyline Document

Targets
Replicates: Survey2 M
]?‘
%, spID14734IACOTE_HUMAN

%, spIQINUBTIACSZL_HUMAN

%, spIQSNUJ1ABHDA_HUMAN

%, splOD0203IAP3B1_HUMAN

%, splPD27491APOH_HUMAN

%, splQ0VDBIAPOBR_HUMAN

-, spl0151431ARCTE_HUMAN

%, splQ0E4B1IAPLP2_HUMAN
spIP2733BIA0FE_HUMAN
splPDE7Z7IAPOA4_HUMAN

%, spIPOB519APOA_HUMAN

splP1E157IANKT_HUMAN
spIQENISIANGLE_HUMAN
splQgYSETIAPAS1_HUMAN
spIPDB758IANXAS_HUMAN
spIPD26551APOCZ_HUMAN
spl0F54451APOM_HUMAN

spIQSECW 1LAPZM1_HUMAN
splQ13730APOF_HUMAN

spIPD26431APOE_HUMAN

splQ 105674 1B1_HUMAN
spi01461714P3D1_HUMAN
spIPD26561APOC3_HUMAN
splQBTCU4IALMS1_HUMAN
splQ4KMQZIANDE_HUMAN
spIP436521AFAM_HUMAN
spIPO4075ALDOA_HUMAN
spIPD5141IADT2_HUMAN

splP12236IA0T3_HUMAN

splPEO7O0SIACTE_HUMAN / splPEI26 IACTG_HUMAN
spi0001161ADAS_HUMAN

splP785361ADAT7_HUMAN
splQSUEYBIADDG_HUMAN

spIP550081AIF_HUMAN
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splP2139HACOC_HUMAN ~

soi035831AIFMT HUMAN N

< Surveyl- Survey? | Survey3 rSurvey\-i rSurveyS rSurveyﬁ ]

90
D

17344
80 + |l

17.4
| ['.

70 |
60 1
50 1

40 1

Intensity (10+3)

30 1

20 |

4P -«X

17.5
Retention Time

Immediate Window

Ready

1%

"C:iUsers‘philip remes®AppData‘Local Apps 2 INTW TG Y82 KZXKKBGDADT . VB E skyl. tion_2ed41fc3bféadc@_0016.0002_82594 32 A5a32d696 Tools  Thermo PRMBuilderExtemal Tool Thermo . TNG. PR MBuilder. AssayRefinement exe" C:\Users philip remes‘\AppData‘Local\ TempP RMBuilder_Refiner_PRM_Builc

>

< 1.832/1.857 prot 8.044/16.274 pep 9,935/20,000 prec 131419;25191@




Step 2: Refine Results with Additional Targeted Injections
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Additional Possible

~10k Precursors,
~134k Transitions

Filter
Transitions

Filter
Precursors

~6.7k Precursors
~54K Transitions

! Refinement Experiments

‘ 800 %100 20%: 76 5%
o5
wd i
z .
H i

y

Area

CV (%)
’ I
2X

~5.3k Precursors 1x
~74k Transitions Concen



Checking the Precursor Quantitative Precision

Particularly if there are Many Precursors, We Can Filter Out the Ones with Poor Precision

Create Method
[1 Balance Load 1 Charge/Prec.

Base Mame bead_quality_check

Method
Template

Skyline Connection Connected

/

Press to Create Instrument
Methods for N Assay

Subsets

Subset 1A Subset 1B
Subset 2A Subset 2B
Subset 3A Subset 3B
Subset 4A Subset 4B

Import Results
() Add single-injsction replicates in files

(®) Add multiinjection replicates in directories

Acquire 2-5 Replicates
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Files to impart simultaneously:

Several ~

Show chromatograms during import
[] Retry after import failure

Load Multi-Injection Results

Frequency

400

300 1 4
200

100 -

4 Median: 11.2%
1
1

Below 20%: 74.2%

Filter ~25% of Targets by

CV



Situation: Library Filtered, CV Filtered

e Most Peptides Look Beautiful

NEH R * ¥ -

Targets 1

Replicates: Replicatel

» @, ROATLEGLQEVVGR L [525, 541] 100 -
@ @, R.LQUEATEHATESEER F 592, 706]
@ @, KLVGGQAGLGR R [779, 728] 80 4
@ @, RVLLNDGGYYDFETGVFTAPLAGR Y [892, §14] -
spIPODPIZGALIA_HUMAN / splAOADB4 2D5GAL3IB_HUMAN 80 I
@ 9, KITDLANLSAANHDAAIFPGGFGAAK N [117, 141]
@ B, KNLSTFAVDGK D [142, 151] 70 1
@ B, KEVVEAHVDQK N [224, 233
spIP50395GDIB_HUMAN

@ ) KVPSTEAEALASSLMGLFEK.R [119,137)

@ 9, R.TDDYLDGFCYETINR.I [194, 208]

@ 9, RLSAIYGGTYMLNKPIEEIVGNGK V [241. 264]
@ 9, KFVSISDLLVPK.D [380. 390]

@ 9, KDLGTESQIFISR.T [391. 402]
splP05155ICT_HUMAN

P KLTHAFSANK K 1153, 161 30 7
@, KDFTCVHQALK G [202, 211]
@ KGVTSVSQIFHSPOLAIR D [217, 233] 20 1
@, RLLDSLPSDTR.L [277, 286]
@, KYPVAHFIDGTLKA [330, 341] 10 1
@, RLEDMEQALSPSVFK.A [367, 380]

E‘L K FQPTLLTLPR.I [331, 400] 0 )
@, KVTTSQDMLSIMEK L [403, 415]

©, KFPVEMGRY [428, 434] 8.7 8.8 8.9 9.0 9.1 9.2 9.3 9.4
F43735IDHP_HUMAN 9000
E‘L K VAKPVWEMDGDEMTR | [45. 60]

@, RIWQFIKE [61,67]

@, KLLPHVDIGLK Y [70, 80] 8000 1
@ KCATITPDEARV [113, 122] .
@, RLVPGWTKPITIGR H [160, 172 7000 1
g
P
P
P

A Minority Are Low Abundance
(psst...CV isn’t a Perfect Metric)

700 -

]
v

03 600 1

40 1

Intensity (10~3)

©

500 +

400 +

Intensity

300 +

E - Retention Time

200 +
16.9

), K TIEAEAAHGTVTR H [341, 353]

), KGRPTSTNFIASIFAWTR.G [361. 377] 6000 160 —

), KVCVETVESGAMTK.D [401. 413]

. K DLAGCIHGLSNVK.L [414, 426] 69

2 @, KLNEHFLNTTDFLDTIKS [427. 442] 5000 1 140 "

spIP 34932HSP74_HUMAN

@ @, KVLATAFDTTLGGR.K [222, 234] 4000

@ @, KSTNEAMEWMNNK L [737, 748]

splP52566GDIRZ_HUMAN

@ 9, KTLLGDGPVWTDPKA [51, 63] 3000 +

@ @, KAPNVVVTR L[4, 71]

@ @, KATFMVGSYGPRPEEYEFLTPVEEAPK.G [139, 164] 2000 1

splPDGIGEGELS_HUMAN

@ @, RGASQAGAFQGR.Y [33, 43] 1000
@, REVOGFESATFLGYFK.S [148, 162]

K HVWPNEVWVQR L [178, 188]

K VSNGAGTMSVSLVADENPFAQGALK.S [303, 327] 0 E A 40

K TASDFITK M [31, 368] 315 316 317 318 319 320 3

K QTQVSVLPEGGETPLFK Q [374, 390] i )

R.DPDATDGLGLSYLSSHIANVER.V [398, 419] Retention Time 20 1

RVPFDAATLHTSTAMAAGHGMDDDGTGQK Q [420, 447) \ .

K AGALNSNDAFVLK T [585, 597]

K TPSAAYLWVGTGASEAEK T [598. 615] 0

R AGPVQVAEGSEPDGFWEALGGK A [627. 648] 6.6 6.7 6.8 6.9 7.0 71 7.2

R.YIETOPANR.D [730. 738] Retention Time

100 +

e - I R

0 — b ‘ . . —s
16.6 16.8 17.0 17.2 174 17.6 17.8

Retention Time

100 +

60 +

Intensity (10*3)
[es]
o

[F)
[F)
il
[F)
¥l
@
Yol
@
Yol
@
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@
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@
Yol
@
il
Q
il
Q

L]
L]
L]
@
@
@
@
@
@
@
@

-
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Advanced Filtering: Using Dilution Curve

One Could Accept Peptides with

For Example, Dilute Human in Chicken Plasma
Correct Ratio at 50% Dilution

Percentage of Targets within +/- 50% of Expected Ratio Number of Targets within +/- 50% of Expected Ratio
N
100 —
-.- Plasma Level - 3501 Peptides - 1027 Protgins
3000 = -‘ Plasma Level 1599 Peptides - 735 Proteins
80 =
2500 —
3 60 7 5 2000
ani anl
o) o)
= S 1500 s 4
o 40 ad
& =
< - 1000 =
20 =
500 —
Plasma Level - 3501 Peptides - 1027 Proteins
0 — Plasma Level 1599 Peptides - 735 Proteins 0 — . .
| | | | | | | | | | | | | | | 1
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Amount Human (%) Amount Human (%)
Nick Shulman Poster Tues 552
On Id Additionall imiz S
e Could AdditionasyEsily Optimizing lower limits of
Transitions Using Dilution Curve = . .
g quantification and detection by
LOQ Results

choosing transitions in Skyline
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Step 3: Design Assay

Account for Finite Instrument Speed

~5.3k Precursors
~74K Transitions

-
Ve ap*

3.5k Precursors / 1k Proteins
or
1.6k Precursors / 0.7k Proteins
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Optimization 1: N Peptides per Protein

Ranked Best to Worst Score

User Cycle Time

Instrument Time

Retention Time
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Optimization 1: N Peptides per Protein

Ranked Best to Worst Score
R
== "1

User Cycle Time

Instrument Time

Retention Time
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Optimization 1: N Peptides per Protein

Ranked Best to Worst Score

r. = |
I

User Cycle Time

Instrument Time

Retention Time
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Optimization 1: N Peptides per Protein

Ranked Best to Worst Score

r. = |
I

User Cycle Time

Instrument Time

Retention Time
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Optimization 1: N Peptides per Protein

Ranked Best to Worst Score

.
rS ="

Can’t Execute this Acquisition!
User Cycle Time

Instrument Time

Retention Time
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Optimization 1: N Peptides per Protein

Ranked Best to Worst Score

r. = |
I

User Cycle Time

Instrument Time

We Take the Peptide2 Instead

Retention Time
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Optimization 1: N Peptides per Protein

Ranked Best to Worst Score

. Add Peptides Until No More Fit
r - - - - "1
| I i |

User Cycle Time

Instrument Time

Retention Time
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Optimization 2: Scan Range Minimization
Example: LIT Scan Rate 0.008 ms/Th

b3 v b4 yh+ yI+ yB++ pydi++ vh v6 ¥7 b9 ya
a0 L
o 4 ms Saved By
B Scanning Narrower
5T Range
f= 1
10 -
] i : : : :.Llal._h.u j.....ll.uL}.thI.L JL;L.L _II ll_.:l |;:..J F g .LL| IR I i I" ! " . I : " : I :
0 200 400 600 800 1000 1200 1400
m/z
Survey Range m/z 200-1500 |
|
Optimized Range m/z 218-1006 MinAcqTime = C + 0.008 * 1300 = C + 10.4 ms
\ J

|
MinAcqTime = C + 0.008 * 788 = C + 6.3 ms
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Optimization 2: Scan Range Minimization

Define Method

Analyzer lontrap

Scan Rate (kDa/s) 125

Min Dwell (msec) 5.00
[]ms3

Scan Range 200.0 |-1500.0

LC Peak Width () (1200 Instrument Needs
Min. Pts. per Peak 7

Cycle Time (s) 1.71 ~45OO msec to
Acg. Window (min)  [0.75 Comp|ete a Cycle
Max Peps. / Prot. 1000

Proten Pricrty with Default Range
m/z 200-1500

Minimum Instrument Time for 1 Refined List of 2420 Precursors, 1078 of 1279 Protein

Based on LC Peak
Width and Pts-per-
Peak, Cycle is 1710

msecC
= Refined: 4156 Targets
Assay 1: 2420 Targets
______ . User Cycle Time Assay has

- | 2.4k of 4.1k Peptides,
1.0k of 1.2 Proteins
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Define Method
Analyzer lontrap v
Scan Rate (kDa/s) 125 v
Min Dwell (msec) 5.00

[]ms3

(1 Optimize Scan Range """
Scan Range 200.0 |-1500.0

LC Peak Width (s} 12.00
Min. Pts. per Peak 7

Cycle Time (s) 1.71
Acg. Window (min) 0.75
Max Peps. / Prot. 1000

Protein Priority
File

Minimum Instrument Time for 1 Refined List of 2420 Precursars, 1078 of 1279 Proteins

= Refinad: 4156 Targets
Assay 1: 2420 Targets

— User Cycle Time

Optimization 2: Scan Range Minimization

Pressed “Optimize’

~1500 msec Saved
by Optimizing Scan
Range for Al
Precursors

Assay is Now
3.3k of 4.1k Peptides
1.0k of 1.2k Proteins

Define Method
Analyzer lentrap
Scan Rate (kDals) 125
Min Dwell (msec) 500
[]ms3
Optimize Scan Range

LC Peak Width (s) 12.00
Min. Pts. per Peak 7

Cycle Time (s) 171
Acg. Windew (min) 0.75
Max Peps. / Prot. 1000

Protein Priority
File

KMinimum Instrument Time for 1 Refined List of 3333 Precursors, 1078 of 1279 Proteins

= Refined: 4156 Targets
Assay 1: 3333 Targets

= User Cycle Time
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Effect of Acquisition Segment Width

‘— VPSYTLILPSLELPVLHVPR - 748 4436+++ ‘

80
70 |
321
-
60

4]
o
]

Intensity (10*3)
N
o

30 -

20 |

10

0 —t : e : === |

31.8 31.8 32.0 32.2 32.4 32.6 32.8
Retention Time

RT Alignment Enables Narrow ‘ Y ’
Acquisition Segments (3-4 Acquisition Segment Time Width
Peak Widths)
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Narrower Acquisition Segment Width Increases Throughput

Define Method

Analyzer lontrap v
Scan Rate (kDa/s) 125 v
Min Dwell (msec) 5.00

[1ms3

Optimize Scan Range

Changed from 3.0 to
0.75 min

LC Peak Width (s) 13.00
Min. Pts. per Peak 7

Liclegliiicts) e
Acq. Window (min)

R |
Max Peps. / Prot. 1000

~6000 msec Saved

Pratein Priority
File

Minimum Instrument Time for 1 Refined List of 1536 Pregar€ors, 1115 of 1412 Proteins

— Refined: 4638 Targets
Assay 1: 1536 Targets
= User Cycle Time

Instead of
1.5k Assay is 3.7k
Peptides

Minimum Inst

Define Method
Analyzer lontrap v
Scan Rate (kDa/s) 125 v
Min Dwell (msec) 5.00

[ ms3

COptimize Scan Range

LC Peak Width (s) 13.00
Min. Pts. per Peak 7

Cycle Time (s) e
Acg. Window (min}

|
Max Peps. / Prot. 1000

Protein Priority
File

ent Time for 1 Refined List of 3758 Precursors, 1178 of 1412 Proteins

— Refined: 4688 Targets
Assay 1: 3758 Targets

= User Cycle Time
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Narrower Acquisition Widths Improves Peak Picking

Generally, is Very Good, Due to Narrow Acquisition Windows

Consistent Peak Picking Between Replicates

+  Peptides

3000 +

-

01 1
2500 + i
0.05

2000 +

1500 +

Intensity

1000 +

500  ° '
"\ \
0 “.s"_&w;é@‘ | Y \’. S ——

204 205 206 207 208 209 21.0 211 212 213 214 215
Retention Time

Time from Regression (Replicated)
-

) 10 15 20 25 30 35
Measured Time (Replicate2)
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#Peaks > +/- 0.2 min

Fraction of Questionable Peaks is ~1% with Larger Data Sets

0.6

0.4

Default Skyline

mProphet

0.2

~27/2500

P2_Neo_30min_uPAC_Pool

Poolgression (230123 _

0.8
0.6

0.4
0.2

~17/2500

P2_Neo_30min_uPAC

-0.2

-0.4

gression (230123

-0.6 A

Room for Improvement Still!

+  Peptides

4 * -* *
* . . R
4 - +* **
» * s
+ *
¥ +* *
I ., ., .+
* + *
1 * e .
*
0 5 10 15 20 25 30 35
Measured Time (230123_P2_Neo_30min_uPAC_PoolEV_tMS2_final_1)
T *
1 .
] + + + +
T . * + *
] . . .
} * * *
T + ’0 + *
] - Fe R J
I * e +
0 5 10 15 20 25 30 35

Measured Time (230123_P2_Neo_30min_uPAC_PoolEV_tMS2_final_1)
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Intensity (10+3)

Intensity (1043)

177
8 + (dotp 0.54)
-

T

18.0
(dotp 0.85)

Retention Time

17.5 176 17.7 178 179 18.0 181 182 183 184 185 186

Csoz

17.5 176 17.7 17.8 179 18.0 181 182 183 184 185 1886

Retention Time

—
==

|
Default Skyline

c
9
i
©
S
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Real-Time Alignment: Overview

Acquisition Windows 2-3x Narrower Than Traditional Targeted MS2 - 2-3x More Targets

80

70 1

60 1

Intensity (1043)

20 1

10 ¢

50 &
40 1

30 &

Replicate 1

[—— VPSYTLILPSLELPVLHVPR - 748 4436+++ | ID Time
32 1
-
A | R ===
31.6 31.8 32.0 32.2 32.4 32.6

32.8

Intensity (1013)

80

70
60
N
20 |

10 1

Replicate 2
‘— VPSYTLILPSLELPVLHVPR - 748 4436+++ |
318
-
/< -

f Retention Time

Acquisition Time Window Has Shifted
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Real-Time Alignment: Reference Spectra

1e7
1.4 —
1.2 -
Intensit
1.0 - y
B
% 0.8 = 1200
= 0.6
~ 1100
0.4 —
0.0 = L , ! ~ 900
400 600 800 100C "
il - 800 =
— 700
— 600
E
ey — 500
F — 400
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Real-Time Alignment: Reference Spectra

1200

1100

1000

900

800

m/z

700

600

500

400

| | |
0 5 10 15 20

Time (min)
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Real-Time Alignment: Reference Spectra

1200

1100

1000

900

800

m/z

700

600

500

400

| |
0 5 10 15 20

Time (min)
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Real-Time Alignment: Reference Spectra

1200

1100

1000

900

800

m/z

700

600

500

400

Time (min)
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Real-Time Alignment: Cross Correlation

1200
1000

800

m/z

600

400

0 5 10 15 20 25 30 B35
Time (min)
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Real-Time Alignment: Cross Correlation

1200
1000
Er 800
600
400
0 5 10 15 20 25 30 35
Time (min)
Real-Time
1200 : — = Current Time
|
1000 = |
|
N |
T 800 - I
|
|
600 — |
|
|
400 I
1 1 1 1 | 1
0 5 10 15 20 25 30 35
Time (min)
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Real-Time Alignment: Cross Correlation

Reference le8 Spectra
1200 - : 1.0 - Reference
Real-Time
1000
B 0.5 =
N k7
‘é 800 =
: L
Pl A A
600 0.0 5 ¥
400
| | | |
0 5 10 15 20 25 30 35 400 600 800 1000 1200
Time (min) m/z
Real-Time
1200 =
1000 =
T 800 -
600 — I
|
|
400 - ,
1 1 1 | | 1
0 5 10 15 20 25 30 35
Time (min)
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Real-Time Alignment: Cross Correlation

Reference le8 Spectra
1200 = 1.0 — Reference
Real-Time
1000
2 0.5 -
N 47
E 800 =]
= L
P A A
600 0.0 v §
400
| | | |
0 5 10 15 20 25 30 35 400 600 800 1000 1200
Time (min) m/z
Real-Time Correlation of Reference and Real-Time
1200 = 1.0 -
0.8 =
1000 = g
= 0.6 — C X:Vi_
S 800 - = E iYi—j
£ 0.4 —
S
600 =
: 0.2 =
I w
400 = I 0.0 —
1 | | | | 1 | | | 1 | | |
0 5 10 15 20 25 30 35 -15 -10 -5 0 5 10 15
Time (min) Time Shift (min)
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Real-Time Alignment: Cross Correlation

1200

1000

800

m/z

600

400

1200

1000

800

m/z

600

400

Reference

A gt~ N
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1.0

e
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e
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1.0
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0.6

0.4

1le8 Spectra
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- Real-Time
v .
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Real-Time Alignment with Uncertainty Bounds

Cyan Line Denotes Full Width Half Maximum of Cross Correlation

1.00
A 578 1.05
— 0.90
0.50
-~ 0.75
=
g 025
pee 0.60
2 0.00
2 0.45
]
= —0.25
= 0.30
—0.50
0.15
g 0.00
—1.00

D 10 15 20 25 30 35

Time (min)
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Alignment Acquisitions Are Inserted Into Methods

Gas-Phase Fractions
12 x 50 Th Alignment

(_)\_\ One Cycle of Gas-Phase-Fraction DIA
LC Injections
900 - m/z 900-1000
100 x 1 Th DIA
3 ] m/z 700-800
T 700 - ( \
m/z 600-700
600 — B
// m/z 500-600
500 = =
m/z 400-500
400 | | | | | | |
0 200 400 600 800 1000 1200 1400

Time (msec)

46  Proprietary & Confidential | philip.remes@thermofisher.com | 4-June-2023



Alignment Acquisitions Are Inserted Into Methods

Subsequent Targeted Methods
12 x 50 Th Alignment

900

800

700

m/z

600

500

400

(_)\_\ One Cycle of Targeted MS2

L Targeted Acquisitions

i s R

200 400 600 800 1000

Time (msec)
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« Alignment Acquisitions
Typically Performed at

~3 Points per LC Peak,
i.e. Not Every Cycle



Automated Alignment Between Survey Runs and
Creation of Reference File

Align Survey Runs to Last File

| suvert |
| suver2 |

[ ] Balance Load 1 Charge/Prec.

Base Name bead_quality_check

Method
Template

| _ Survey 3
Skyline Connection Connected II-.I Create MethOd With
Creste Method Fies II.I Aligned RT’s and Linked
/ Reference File
Press to Create Instrument ll.l ]
Methods for N Assays
BN =

Create Reference File ‘
Method File
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Automated Alignment Between Survey Runs and
Creation of Reference File

- G- B - - B - - B - - B - - B - - B - - - B - - B - - B - B B - - B - - B - - B - - B - B B - B

A

File

NEH R

Targets

%

Edit  Refine  View

I x

Replicates: Replicatel -

spIPOZ7AGICIQE_HUMZ A
splQINFYICIGRT_HU
splPATTEEICAZAZ_HUN
splQ0568ZCALDT_HUN
spIPDDSISICAH2_HUMZ
splQBEVPECAND_HUI
splP27797ICALR_HUM/
spIP2Z7824ICALX_HUMA
spIPATTS6ICAPZB_HUN
splPA2574ICASPI_HUN
spIPE2S07TICAZAT_HUN
spIATZAWIIDCXR_HUN
splPO73B4ICANT_HUMZ
splPO7339CATD_HUM!
spIPO4DADICATA_HUMZ
spIP15169CBPN_HUM:
splPOBSTICD14_HUM2
splP11587ICETP_HUM/
splPEOS5ICOCAZ_HUN
spIPEIBIAICATE_HUMZ
spl095B1CAVNZ_HUN
splA0S722CD47_HUMZ
spIP16671ICD36_HUMA
splABYHKICDI09_HUI
splQ15762C0226_HUN
spl04386BICD5L_HUMZ
splA9HCUOCD248_HUI
splPS620ZCATW_HUM
splA1309BCSNT_HUM!
splOBLVKIICSPGA_HU
splRINGCTICYLD_HUN
splQ9BSIBESYTI_HUR
spla9Z905ICSNS_HUM/
splO9BS2EERPA4_HUI
spIP39899ICYC_HUMAL
splATLETECYFP1_HUN
splP10768IESTD_HUM!
splPO7333CSFIR_HUN
splPE12D1ICSN2_HUMZ
spIQBWWISCTLI_HUN
spIASM77SCYTSE_HUI
spIP138D4IETFA_HUMA
splP3B0B2IDAB2_HUMZ
splPOS174IDAF_HUMA}
splPA32ZTIFAS_HUMAD
splR9LUILUBDENL_HUM
splP13611ICSPG2_HUN
aplP41240ICSK_HUMA}
spIP51451IBLK_HUMAD ¥
>

Settings

Immediate Window

Tools

Help

Progress - 85 % ~
Progress : 90 %

Progress : 95 %

Progress : 100 %

Finished with Autocomelation Simulation

Writing file

F\WuMacCossEV\ Thorfium*Data‘align_230123_PZ_Meo_30r

Threshold Results

Min Start Time 2.83 min, Max Start Time 5.27 min, W
Writing file

F\WuMacCossEV\ Thorium*Data 230123_P2_Neo_30min_uf

Total of 626 iterations to do for Autocomelation Simulation

Progress :
Progress :
Progress :
Progress
Progress :
Progress :
Progress :
Progress :
Progress
Progress :
Progress :
Progress :
Progress
Progress :
Progress : 7
Progress : 7'
Progress :
Progress
Progress :
Progress :
Progress :

0%
15%

Finished with Autocomelation Simulation

Writing file

F\WuMacCossEV\ Thorfium*Data‘align_230123_PZ_Meo_30r

Threshold Results

Min Start Time 2.79 min, Max Start Time 5.28 min, W

Parameters for Saved File Dont Match Input Parameters, Re-e:
ITMS + ¢ NSI r Full ms [350.0000-1250.0000]

ITMS + ¢ NSI Z ms2 425.0000@&hcd30.00 [200.0000-1000.00
ITM5 + ¢ NSI Z ms2 475.0000@hcd30.00 [200.0000-1000.00
ITMS + ¢ NSI Z ms2 525.0000@hcd30.00 [200.0000-1000.00
ITMS +¢ NSI Zms2 575.0000@hed30.00 [200.0000-1000.00
ITMS + ¢ NSI Z ms2 625.0000@hcd30.00 [200.0000-1000.00
ITM5 + ¢ NSI Z ms2 675.0000@hcd30.00 [200.0000-1000.00
ITMS + ¢ NSI Z ms2 725 0000@hcd30 00 [200.0000-1000 00

ITMS +c NSI Z ms2 775.0000@hcd 30.00 [200.0000-1000.00

¥

Refine Targets

Skyline PRM
Report File

Signal/Background 18939 / 19544: 96.9%

leport
TMT Madifications Present? Mo
Min Signal/Backgnd.
Min Rel. Area

Min Time Corr.

Min/Max Width (s)
Min/Max RT (min) 4.0 337
Min Good Trans. |3

Keep All Precs,

Define Method

Analyzer lontrap

Relative Area 19500 / 19544: 90.8%

|

Scan Rate (kDa/s)

Min Dwell {(msec)

— All = Refined = Threshold
MS3

Ratentinn Tima 19544 7 10544: 100.0%

1
v Progress

LC Pe
Min.

Creating RT Alignment Maps: 3 / 9

Cycle
Acg.
Max

Protein Priority
File

Create Method
| Balance Load |+ 1 Charge/Prec.

Base Name

quality

Method
Template

Skyline Connection Connected

ITMS +¢ NSI Zms2 825.0000@hed30.00 [200.0000-1000.00
ITMS + ¢ NSI Z ms2 875.0000@&hcd30.00 [200.0000-1000.00
ITM5 + ¢ NSI Z ms2 925.0000@hcd30.00 [200.0000-1000.00
ITMS +c NSI Zms2 975.0000@hcd30.00 [200.0000-1000.00
DIA Cycle Consists of 13 Scans

Total of 85261 iterations to do for Raw Extraction

Progress

£

0%

= All — Refined = Threshold

Total Good Precursors 2778 / 3063: 90.7%

Time Correlation 18876 / 19544: 96.6%

LC Peak Base Width 18237 / 19544: 93.3%

= All = Refined = Threshaold

Eend i kyiine (o [ — All — Refined — Min. — Max. — All — Refined — Threshold.
T 510 M T
L 50
0 0.0 0 mmas ftrt t =
Library Replicate1 Replicate? Replicated 0 10 20 30 40 50 60 7O
Replicate CV (%)
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483/1,029 prot 1,532/3,179 pep 1,534/3,182 prec 10,530/21,123 tran

— All = Refined = Min, — Max.

Minimum Instrument Time for 1 Refined List of 2735 Precursors, 933 of 1026 Proteins

— Refined: 2778 Targets
Assay 1: 2735 Targets

= Usear Cycle Time




Large Scale Targeted Assays (5-7k Peptides/Hour) are Practical

Skyline Provides Excellent Platform and External Tools to Enable New Features

m/z 900-1000

m/z 800-900 Sufficient Data to Develop Assay
* Automated Transition

SIVZ TRl Refinement
m/z 600-700 * Load Balancing

* |nfo About How Method

m/z 500-600
Parameters Affect Assay
m/z 400-500
Chromatogram
Library
1.00 80 ‘— VPSYTLILPSLELPVLHVPR - 748 4436+++
Narrow Acquisition Windows ” 2
_ oos 9 * Increases Throughput 2-3x &
g 0.25 . . g 50 1
ER * Improves Peak-Picking S w0l
g0 « Eliminates Need to Update RT £ ¥
—0:30 0.15 20
07 as LC Column Ages 10
0

—~1.00 ; ; ;
31.6 31.8 32.0 322 32.4 32.6 32.8

5 10 15 20 25 30 35
Retention Time

Time (min)

RT Alignment
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