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Protein Analysis

MaxQuant Perseus

• Protein Identification

• Quantification

• Statistical Analysis of 
Quantitative Results



Perseus
Data Organization: Move the relevant data to the 
Working Folder 



Perseus

What is the Aim of the Analysis ? 

Which proteins change their phosphorylation state in comparison to 
a control in a statistically significant way ?

Comparison between two samples: t-Test

t-Test: Is the mean of two groups of 
measurement repeats the same ?

Comparison between several samples: 
ANOVA - Test

ANOVA-Test: Are the means of several groups of 
measurement repeats the same ?



Perseus

S. Tyanova and J. Cox, “Perseus: A Bioinformatics Platform for Integrative Analysis of Proteomics Data in Cancer Research.,” Methods Mol Biol, vol. 1711, pp. 133-148, 2018

Start Perseus and Load Data: Matrix > Generic matrix upload: 

Phospho (STY)Sides.txt 



Perseus
Start Perseus and Load Data: Matrix > Generic matrix upload: 

Phospho (STY)Sides.txt 



Perseus

Filter Irrelevant Data: Processing -> Filter rows -> based on categorical column, 
based on numerical/main column: 

Filter out: reverse hits, contaminants, hits with a low localisation probability (< 0.75)



Perseus
Reformat the Table: Processing -> Modification -> Expand site table: 

Every single phosphorylation status (1, 2 or 3 phosphorylations within one peptide) gets its 
own row  -> every row represents a phosphorylation state



Perseus

t-Test and ANOVA test require normal distributed data

Convert the Statistical Distribution of Intensity Values into a Gaußsche Normal 
Distribution: Basic > Transform > log2(x)



Perseus
Cosmetics - Shorten the Sample Names: Processing -> Rearrange -> 
Rename columns (reg.ex.) 



Perseus
Adding a Series Protein Annotations: Processing -> Annot. columns -> Add 
annotations 



Perseus
Adding a Series Protein Annotations: Processing -> Annot. columns -> Add 
annotations 



Perseus
Adding a Series of Protein Annotations: Processing -> Annot. columns -> 
Add annotations 



Perseus
Adding Peptide Specific Annotations: Processing -> Modifications -> Add 
sequence features 

https://www.phosphosite.org/



Perseus
Adding Peptide Specific Annotations: Processing -> Modifications -> Add 
sequence features 



Perseus
Adding Peptide Specific Annotations: Processing -> Modifications -> Add 
sequence features 



Perseus
Adding Peptide Specific Annotations: Processing -> Modifications -> Add 
linear motifs, Add known sites, Kinase-substrate relations



Perseus
Sample Grouping (technical and biological replicates !): Annot. Rows > 
Categorical Annotation Row



Perseus
Data Quality: Filter Rows > Filter rows based on valid numbers



Perseus
Data Quality - Normal distributed values ? : Visualisation - Histogram



Perseus
Data Quality - Normal distributed values ? : Visualisation - Histogram



Perseus
Data Quality: Visualisation - Multi scatter plot



Perseus
Data Quality: Visualisation - Multi scatter plot



Perseus
Data Quality - Fill in missing values : Imputation > Replace missing values 
from normal distribution



Perseus
Statistical Data Analysis - Enrichment Test : t-Test / ANOVA 

Processing > Tests > Multiple-sample tests

Required fold change for hits to be considered



Perseus
Statistical Data Analysis: 



Perseus
Data Quality - Fill in missing values : Imputation > Replace missing values 
from normal distribution



Perseus
Data Quality - Normal distributed values ? : Visualisation - Histogram



Perseus
Data Quality - Normal distributed values ? : Visualisation - Histogram



Perseus
Data Quality - Normal distributed values ? : Visualisation - Histogram



Perseus
Data Quality: Visualisation - Multi scatter plot



Perseus
Data Quality: Visualisation - Multi scatter plot



Perseus
Data Quality - Too many missing values = no successful repeats on 
phosphorylation sites



Special Mass Spectrometric Acquisition Regimes
The Problem of Missing Repeats

Origin: Data Dependent Acquisition and Under-Sampling 
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QExactive  Standard Single Run

4152 Spectra (1.2 / sec)


21 598 Fragment Spectra (6 / sec)


3 519 identified sequences


1 535 identified proteins

Content:
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626 257 Fragment Spectra (86 / sec)


10 016 identified sequences


4 157 identified protein

Content:



QExactive  Standard Single Run



QExactive  Standard Single Run



Reproducibility

Sample Number of Protein 
Derived Peptides 
Identified (SILAC 
labelled)

Number of Synthetic 
Peptides Identified of 52 
Previously Sequenced 
(unlabelled)

HKE - 1 20 519 17
HKE - 2 19 358 17
Common 12 548 11
HCT - 1 20 045 18
HCT - 2 16 229 16
Common 10 353 9
Common 6 826 7

HKE-1

HCT-1 HCT-2

HKE-2

17 11

7

18 9

17

16

Re-Sequencing Internal Standard Peptides



Multiple Reaction Monitoring (MRM) Scans

• Purpose: Detection and quantification of well known molecules on very low levels - 
even below the spectral noise level


• Application: Widely used in the pharmaceutical industry to detect drugs and their 
metabolites.  
Used in forensic pathology and for athletes screening


• Operation Principle: The mass spectrometer limits itself to the detection of specific 
fragment ions generated by molecules with specific masses



Data Analysis: Marker Ions based

Question: Has a specific marker ion been seen ? 

Marker Ion:   m/z value

fragment m/z value

fragment m/z value

fragment m/z value

fragment m/z value

fragment m/z value

Multiple Reaction Monitoring (MRM) Scans



Global Proteomic Analysis

Approach:   Data Independent Acquisition

MSE - Acquisition or All Ion Fragmentation

Mass Spectrum
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Data Independent Acquisition = MSE = SWATH Acquisition

*
*

*



Data Independent Acquisition = MSE = SWATH Acquisition



Data Independent Acquisition = MSE = SWATH Acquisition

Fragment Spectrum

Intact Ion Spectrum



Data Independent Acquisition = MSE = SWATH Acquisition

Molecular Ion Trace
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Data Independent Acquisition = MSE = SWATH Acquisition

-+

ITDFGLARLLEGDEK 559.… 138.5958 14 140.418 492 550
HTFSGVASVESSSGEAFHVGK 707.… 162.3692 11 156.916 8 626
KLEELELDEQQR 510.… 68.5794 8 70.269 4 241 069
LFSANDVENIFSR 756.… 144.9625 8 143.333 3 128 798
RISGASELGPFSDPR 530.… 82.2804 8 77.72 246 338
DAFLGSFLYEYSR 784.… 167.0433 7 160.882 197 208
IGDFGLATVK 510.… 95.0955 7 90.615 92 851
VLGLLGALDPYK 630.… 149.8718 7 148.504 45 351
AQEALDFYGEVR 699.… 146.1449 6 140.732 63 576
EFDPLGPLPPGWEK 791.… 137.6905 6 137.325 951 896
RESGPGIAPGPEPHGLTNKK 511.2… 42.9602 6 46.234 17 622
EIDWVLLEQK 636.… 129.876 5 123.247 99 887
GPEQTADDADDAAGHK 533.… 40.3745 5 35.445 296 882
GPQNAFFLVK 560.… 99.0171 5 98.041 36 308
GVPGQVDFYAR 604.… 124.2611 5 118.885 18 415
IWHHTFYNELR 758.… 73.2697 5 73.359 292 746
LGFLHSGTAK 515.79 56.4629 5 50.375 15 932
LITAQQILK 514.… 94.5173 5 94.303 180 906
TYQGSYGFR 540.… 67.3737 5 63.912 39 902
VPVSAPSSSDPWTGR 771.… 84.6305 5 81.101 4 675 309
GESIEPLDPSEK 650.… 70.969 4 68.426 4 755 789
HLVDEPQNLIK 653.… 78.0865 4 76.691 20 180 242
HTLNQIDSVK 577.… 46.0258 4 39.884 26 961
QASTDAGTAGALTPQHVR 594.… 53.5777 4 52.687 1 184 976
SLAIELLDK 501.… 108.8008 4 107.983 467 113
EAEAAIYHLQLFEELR 644.… 139.3877 7 140.418 7 655

This view requires setWantsLayer:YES when blendingMode == NSVisualEffectBlendingModeWithinWindow Detection (151014kw_Cinzia_DIA_170_H…151014kw_Cinzia_DIA_170_HCT…Retention Time (151014k…No o…Retention Timem/zName

431.2356 4 532 022
500.272 2 577 101
560.2781 6 217 827
613.3561 3 385 008
675.3051 9 540 321
742.3987 4 252 526
788.3891 2 870 498
917.4317 553 246

This view requires setWantsLayer:YES when blendingMode == NSVisualEffectBlendingModeWithinWindowDetection (151014kw_Cinzia_DIA_170_HCT_…151014kw_Cinzia_DIA_170_HCT…Fragment Ion m/z

Marker Group: 151014kw_Cinzia_DDA_170_PEP1_151014194221 (61 - 424)
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Data Independent Acquisition = MSE = SWATH Acquisition

-+

KIILSDEGK 501.7951 19.3818 5
KIILSDEGK 501.7951 19.3818 5
FQVDNNNR 503.7387 15.6921 3
AVPLAGFGYGLPISR 506.6209 55.5616 4
VGGHAAEYGAEALER 510.5824 28.3806 7
KLEELELDEQQR 510.598 30.0462 7
ATVVYQGER 511.7668 20.3375 4
LGFLHSGTAK 515.789 24.3068 4
LSSPATLNSR 523.2868 24.3341 6
DTGILDSIGR 523.7773 40.9677 4
GLQDEDGYR 526.7357 20.3515 4
TYQGSYGFR 539.7504 26.8606 4
IDQNVEELK 544.282 25.9312 4
YVLPNFEVK 554.8067 42.7296 6
AAISGENAGLVR 579.317 27.4778 5
LEEAVWRPY 581.7965 38.6712 6
ADVGRLSPEVK 585.8277 21.2501 4
TGLLLLSDPDK 586.3308 44.9321 4
HTLNQIDEVK 598.8172 21.2443 6
EYTDASFTNR 602.2665 25.8031 5
GVPGQVDFYAR 604.8063 35.8425 4
LPPNVVEESAR 605.8233 27.1724 5
SNSFNNPLGNR 610.2933 27.3168 6
NFPSPVDAAFR 610.8075 42.9589 4
QVSSHIQVLAR 619.3524 26.6196 4
QVSSHIQVLAR 619.3524 26.6196 4
VGQALLQGNTER 643.3461 19.9504 5
FYNQVSTPLLR 669.3601 39.2361 5
AGNILLNTEGHAK 669.3611 24.8295 5
GANILLTDNGHVK 676.3667 27.7314 3
QGVDDAFYTLVR 692.3517 50.5798 6
SSSLEGFHNHFK 695.3305 24.4947 3
AQEALDFYGEVR 699.3383 41.5673 6
LTQEHIEALLDK 705.3835 36.751 10
LVEFSAFLEQQR 733.8875 54.7772 6
GSHQISLDNPDYQQDFFPK 746.0128 45.3207 3
QVPVESDLQEIIK 749.4121 46.4353 5
FNSLNELVDYHR 753.8666 39.2106 6
VPVSAPSSSDPWTGR 771.8808 34.8465 4
IQPSGGTNINEALLR 791.9312 36.6708 5
IPEEHDLESQIRK 797.4147 25.5336 7
AEQWNVNYVETSAK 819.8893 35.2123 6
ITDFGLARLLEGDEK 838.9457 56.3549 3
EAPAKLESQAGQQVSR 849.9418 24.6916 5
IQNTGDYYDLYGGEK 868.3915 38.6125 7
DTVIKPLLVEPEGLEK 594.0079 47.8738 8
SYENVDSGDK 557.2383 13.9919 4
LEESYYWLTK 666.3301 19.5777 3
NHLDYRPVALLFHK 861.9745 39.9643 4
QASTDAGTAGALTPQHVR 890.9491 23.8563 8
TLTEDEIATILQSTLK 888.4867 67.6154 10
VLSLAQEQVGGSPEK 771.4117 33.1987 6
TQVNTQAEQLR 644.3354 22.9372 5
ILEEAHELSEDHYK 856.9082 31.2746 10
EHAVEGDCDFQLLK 554.2603 36.4915 5
FVAHGLMILAR 614.3561 47.4626 5
AEFQDALEK 525.7588 28.9019 4
DAQYAPGYDK 564.254 20.6375 4

This view requires setWantsLayer:YES when blendingMode == NSVisualEffectBlendingModeWithinWindow No of Fr…Retention Ti…m/zDete…Detection (…Detection…Detection…Detection (…Detection (16022…Detect…Detection (160…Name

Marker Group: Cinzia Peps (153 - 790)

Peptide Detection Reproducibility in Proteomic Samples



Data Independent Acquisition = MSE = SWATH Acquisition

How to analyse DIA Data ?

Arcadiate ?

Pros: • It is a Mac programme  😉 


• Graphical display of chromatograms -> Data quality

Cons: • It is old

• It requires mzML/mzXML data  (up to 50 GByte/run)

Skyline ?

Pros: • Graphical display of chromatograms -> Data quality

• Very powerful beyond DIA

Cons: • It requires mzML/mzXML data  (up to 50 GByte/run)

• It might crash because of these very large data files

DIA-NN ?
Pros: • Can read native MS Data


• Artificial intelligence based algorithms

• Very good memory management

• fast

Cons: • No graphical interface for MS data



Data Independent Acquisition
DIA-NN



DIA-NN

msms.txt



DIA-NN

msms.txt



DIA-NN



DIA-NN



DIA-NN
Results

Statistical Analysis of Quantitative Results



DIA-NN
Results report.pg-matrix.tsv



Perseus
Results report.pg-matrix.tsv



Perseus
Results report.pg-matrix.tsv



Perseus
Results report.pg-matrix.tsv



Perseus
Results report.pg-matrix.tsv



Conclusions

• Perseus is the tool of choice to analyse phosphorylation 
data


• Because of under sampling of proteomic samples special 
methods must be used to be able to re-measure 
phosphorylated peptides


• This can be multi-dimensional chromatography or Data 
Independent Acquisition methods on the mass 
spectrometer (using optionally an experimental library of 
fragmented, phosphorylated peptides)


• DIA Data is best analysed using DIA-NN


• Perseus is used to statistically evaluate DIA result files



Perseus

End


