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Supplementary Figure 1
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Supplementary Figure 1 High-throughput and sensitive phosphoproteomics for DDA & DIA - identification and quantification
(a) Comparison of optimal NCE for spectral library generation and DIA runs (b) Identifications and correlation of IDs with different
overlaps between windows (c) Comparison of overlap between mass windows (d) Schematic overview of methods used for cycle
time optimization (e) Average identifications of phosphopeptides and the number of phosphopeptides with CVs below defined
thresholds from duplicate measurements (f) Data points per peak for the different methods from duplicate measurements. Boxes
mark the first and third quantile, with the median highlighted as dash, and whiskers marking the minimum/maximum value within
1.5 interquartile range. Outliers are not shown (g) Number of HeLa and yeast phosphopeptides measured with DDA, DIA and
dDIA. Error bars represent mean ± SD of six independent measurements (h) Boxplot of measured and theoretical ratios for HeLa
phosphopeptides with DDA & DIA from six independent measurements. Boxes mark the first and third quantile, with the median
highlighted as dash, and whiskers marking the minimum/maximum value within 1.5 interquartile range. Outliers are not shown 
(i) Human and yeast significantly regulated phosphorylated sites by ANOVA from six indenpendent measurements. Source data
for this figure are provided as a Source Data file.
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Supplementary Figure 2

c d

a b

2

4

6
7

0

Er
ro

r r
at

e 
%

5.8 5.5

1

3

5 4.7
3.9

3.4

1.7
0.9

0.75 0.8 0.85 0.9 0.95 0.99 0.999

Site localization probability cutoff

Supplementary Figure 2 PTM localization and error rate comparison for directDIA (a) Apex Fragment spectra and (b) extracted
ion chromatogram for example peptide used in Supplementary table (c) Comparison of error rates at different probability cutoffs
for dDIA from three independent measurement from three independent measurementss. (d) Comparison of correctly localized
phosphosites at different probability cutoffs for dDIA from three independent measurements. Source data for this figure are provided
as a Source Data file.
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Supplementary figure 3
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Supplementary figure 3 Technical comparison of DDA and different types of DIA in a biological setting
(a) Experimental workflow for building project specific spectral library (b) Overlap of phosphopeptides between the
project specific library and the community based library (c) Heatmap of unsupervised clustering analysis of ANOVA
regulated phosphosites for DIA workflows with community based library, combined library and directDIA.

Cell lysis
Digestion

15min LC-MS/MS gradients
46 fractions per sample

Analysis in MaxQuant &
Spectronaut

O�-line basic reversed
phase fractionation

TI-IMAC enrichment
~200ug peptide

c

Log2 (Z-score)

0-3 3

Community based library Combined library directDIA

5u
M

PD
03

25
90

1

0.5
uM

Co
bim

eti
nib5u
M

Co
bim

eti
nib

0.5
uM

PD
03

25
90

1

No
 S

er
umEG

F

5u
M

PD
03

25
90

1

0.5
uM

Co
bim

eti
nib5u
M

Co
bim

eti
nib

0.5
uM

PD
03

25
90

1

No
 S

er
umEG

F

5u
M

PD
03

25
90

1

0.5
uM

Co
bim

eti
nib5u
M

Co
bim

eti
nib

0.5
uM

PD
03

25
90

1

No
 S

er
um EG

F



Progesterone−mediated oocyte maturation
AKT−mediated inactivation of FOXO1A

PI3K/AKT Signaling in Cancer
PI5P, PP2A and IER3 Regulate PI3K/AKT Signaling

Signaling by NTRK1 (TRKA)
Downregulation of ERBB2 signaling

EGFR downregulation
ERK/MAPK targets

CTLA4 inhibitory signaling
Gastrin−CREB signalling pathway via PKC and MAPK

Negative regulation of the PI3K/AKT network
Focal adhesion

Insulin resistance
cGMP−PKG signaling pathway

MAPK signaling pathway
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Supplementary figure 4

Supplementary Figure 4 Stoichiometry benchmark (a) Overview of standard deviation and median absolute deviation for the
different methods (b) Coefficent of variation for the different methods from six independent measurements. Boxes mark the
first and third quantile, with the median highlighted as dash, and whiskers marking the minimum/maximum value within 1.5
interquartile range. Outliers are shown (c) Heatmap of ANOVA, FDR 0.20 regulated occupancies (d) Enrichment analysis of
ANOVA significant occupancies. Source data for this figure are provided as a Source Data file.
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Supplementary Note 1: Phospho-site algorithm
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Precursor collapse:

PTM site-level PTM peptide-level

localized non-localized

• Extract PTM positions from…
SN EG.PrecursorId
(= assay localization ; used for 
EG.PTMAssayProbability localization)
- or -
SN EG.PTMLocalizationProbabilities
(= discovery localization)

• PTM site-level expansion
(copy precursors per target PTM)

• Precursor grouping by conditions
(long-format to wide-format)

• Site-level precursor collapse
(Separated by multiplicities M1/2/>3)

• Optional:
Localization filtering (0 <= x <= 1)

• Optional:
Create PTM amino acid sequence 
window from FASTA file matching

• Extract PTM positions from…
SN EG.PrecursorId
(= assay localization ; used for 
EG.PTMAssayProbability localization)
- or -
SN EG.PTMLocalizationProbabilities
(= discovery localization)
- or -
MQ “Modified sequence”
(from evidence.txt)

• Precursor grouping by conditions
(long-format to wide-format)

• Localized peptide-level precursor 
collapse

• Optional:
Localization filtering (0 <= x <= 1)

• Optional:
PTM stoichiometry calculation
(see Hogrebe et al. Nat Commun 2018)

• Extract PTM positions from…
SN EG.PrecursorId
(= assay localization ; used for 
EG.PTMAssayProbability localization)
- or -
SN EG.PTMLocalizationProbabilities
(= discovery localization)

• Precursor grouping by conditions
(long-format to wide-format)

• Non-localized peptide-level 
precursor collapse

• Optional:
Localization filtering (0 <= x <= 1)

e.g. TP53_S15_M1 e.g. S(ph)QETFS(ph)DLWK e.g. SQETFSDLWK_2(ph)

Localization probabilities:
Extract from…

SN EG.PTMAssayProbability (= assay confidence)
SN EG.PTMlocalizationProbabilities (= discovery confidence)
MQ “… Probabilities” (from evidence.txt; e.g. “Phospho (STY) Probabilities”)

- or - Ignore localization probabilities

Summing

Intensities Condition 1 Condition 2 Condition 3

Precursor 1 10,000 5000 -

Precursor 2 20,000 10,000 14,000

Collapsed 30,000 15,000 14,000

Summing: Precursor intensities are summed, disregarding missing values

Supplementary Note 2: Perseus plugin peptide collapse. This is a schematic of the data processing steps of the Perseus plugin “Peptide 
Collapse”. The main purpose of the plugin is to combine Spectronaut (SN) precursor quantifications into consensus PTM sites or peptides. This 
should allow more robust statistical analysis, especially with missing values present in the data. Precursor collapse levels mimic the MaxQuant
(MQ) site, evidence (= Modified sequence) and modification-specific-peptides output tables.


