
Data processing and 
interpretation 



Overview 

ÅStages in data processing 

ïInstrument performance and data quality 

ïProtein identification (Important parameters) 

ïKeeping Type I / II errors in check (FDR analysis) 

ïData normalization 

ïStatistical analysis and validation 

ïBiological annotation 

ÅExample data 



What can go wrong?  

You identify a protein being significant where 
there is in fact no significant difference 

 

 

You fail to identify a protein being significant 
where there is in fact a significant 
difference 

 

 

False positive 

False negative 

Type I error 

a 

 

 

 

 

 

 

Type II error 

b 

Kathryn Lilley, Cambridge Centre for Proteomics 



Assess quality of data  
sets collected  

 

Continuously monitor instrument performance  
 
Explore your data  
 
Use visualization tools to get a global picture  

 
 Quality control (QC) and assessment (QA): look for 

issues of runs/spectra (QC) and possibly remove bad 
data (QA)  

 
QC is an important feedback about the wet lab. process 

and machine settings. Can be used to optimize sample 
processing.  



Monitoring instrument performance: Skyline 
 
Å Skyline:  
Á Building and processing targeted MS experiments 
Á SRM / MRM, PRM / MRM-HR, DIA  

Á Freely-available 
Á Windows ς based  
Á Compatible all vendors 

Å Parameters to monitored: 
V Sensitivity 
V Resolution 
V Mass accuracy (MS1 and MS2) 
V Peak width and shape 

V Calibration performed 
V Compare data across platforms 
 



2+ 

3+ 

4+ 

Å Establish and Monitor: 
ÁMass error 
ÁOptimal load  
ÁTech Variability & Quality  
ÁMass Range   
ÁGradient length and slope 
ÁCharge state distribution 
ÁDynamic exclusion 
Á#MS2 / Accumulation time 

1 MS1   x 250msec 
40 MS2 x 50msec 
Total acc  = 2.25sec 

20-25sec PWB = 
9-11 Data points / peak   

Method optimization and data quality monitoring 
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Protein Identification 

protein sequence database 

in silico 
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MS/MS 

theoretical MS/MS 
spectra 

experimental MS/MS spectrum 

in silico 
 

matching 

1) YSFVATAER 34 
2) YSFVSAIR 12 
3) FFLIGGGGK 12 

peptide scores 

Lennart Martins, Ghent University 



Protein ID steps 

ÅSearch parameters 

ÅWhich Database  to use 

ÅWhat if there is no available Database 

ÅFDR 



Search parameters and DB choice 
ÅSearch parameters: 

ïError tolerance 

ïEnzyme & Specificity 

ïModifications:  

Åconstant vs variable 

ÅDatabase choice: 

ïUse non-redundant Db with species of interest 

ïDO NOT use a non-redudant, non species based DB = 
high number of FALSE +ves 

ïIF no Db available: use Db of closest related species 

 



False Discovery Rate (FDR) 

EGVNDNEEGFFSAR 
Correct sequence:  
Complete match 

>> high score 

EGVNDNEEGFFSAR 
Incorrect sequence: 

Partial match 
>> low score 

 Volker  Kruft, AB Sciex 

Å Search engines provide estimate of how likely an ID is to be TRUE 
ï Calculated based on strength of the match between an experimental spectrum and 

theoretical (peptide) = PSM 

ï Spectrum quality, mass error, # matched peaks 

Å 5ƛŦŦƛŎǳƭǘ ǘƻ ǘŜƭƭ ǿƘƛŎƘ t{aǎ ŀǊŜ C![{9 Ҧ 5ƛŦŦƛŎǳƭǘ ǘƻ ŎƘƻƻǎŜ ŎƻƴŦƛŘŜƴŎŜ Ŏǳǘ-off 

Å Confidence related to search space 
ï More spectra / More variable modifications / Bigger database = higher confidence 

 

 

 



False Discovery Rate (FDR) 

Å FDR: An estimate of the number of false positive identifications contained in a 
database search result at a given score threshold. FDR can be estimated at the 
PSM, peptide and protein levels 

Å FDR calculated using Decoy Database approach 
ï Search against a reversed or randomized database = NO REAL SEQUENCES \ matches = FALSE +ve 

ï FDR = # Decoy (False) hits / # Target (Real) hits 

 

Run Search (unaware 

of T vs. D) 

     Rank   Protein type 

1 Target 

2 Target 

3 Target 

4 Target 

é 

458  Decoy 

459  Target 

460  Decoy 

461   Target 

Results List 

>protein A ς 
a¸¢!!!IYL{9!!Χ 

>protein B ς 
a[[I¸¢9w{9!±Χ 

ΧΦ 
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>protein A reversed ς 
!!9{LYI!!!¢¸aΧ 

>protein B reversed ς 
±!9{w9¢¸I[[aΧ 

Χ 
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Volker  Kruft, AB Sciex 



   

²ƘŀǘΩǎ ǘƘŜ ƛƴǎǘŀƴǘŀƴŜƻǳǎ ŜǊǊƻǊ ǊŀǘŜ 
around protein #970? 

5% aggregate error rate at 
~970 proteins 

Local FDR 

Global FDR 

(wrong) 

(right) 

Almost half the proteins 
are wrong! 

Estimating Error Rates 
Global vs. Local False Discovery Rates 

Volker  Kruft, AB Sciex 



Normalisation  

Normalisation  refers to the division of multiple sets of 
data by a common variable in order to negate that 
variable's effect on the data, thus allowing underlying 
characteristics of the data sets to be compared  
 



Can I use just a fold change?  

Often too simplistic 
Limited to sets of pairwise comparisons 

Taking average and does not account for variation  
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Comparing Two Samples (t-test) 
(Graphical interpretation) 

Å To compare two groups you can compare 
the mean of one group graphically. 

Å The graphical comparison allows you to 
visually see the distribution of the two 
groups.  

Å p-value: probability of error in rejecting 
hypothesis of no difference between the 
two groups 

Å If the p-value is low, chances are there will 
be little overlap between the two 
distributions. If the p-value is high, there 
will be a fair amount of overlap between 
the two groups.  

Å p-value = area under the curve 

Volker  Kruft, AB Sciex 



Multiple Testing Problem  

In univariate testing, each test is 
independent, if you accept data with p 
scores of 0.01 then there is 1% chance 
that the data is erroneous.  

 

Across 1000 independent tests (i.e. spots on 
gels) 10 will therefore be false positives!!  



Multiple testing correction  
methods  

ÅFamily wise error rate (FWER) ς controls the 
probability of one or more false rejections (type I 
error) among all tests conducted 
ïe.g. Bonferroni correction ς just takes p scores into 

consideration and is often too conservative 

 
ÅFalse discovery rate (FDR) - In a list of rejected 

hypotheses, FDR controls the expected 
proportion of incorrectly rejected null hypotheses 
(type I errors).  
ïLooks at underlying structure of data. This method is 

more tolerant of weak associations between elements 
within a data set 



Numerical Interpretation (Significance) 
 

  

Using log10 for 
Y axis: 

p< 0.1  

(1 decimal place) 

p< 0.01  

(2 decimal places) 

Volker  Kruft, AB Sciex 
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Practical significance (FDR) 



Å Knowing which proteins are differentially expressed is not enough 

Å Need information on protein properties (function / process / localization) 
to infer biological significance 

Å When only few proteins are differentially expressed can look up properties 
one at a time eg. Uniprot, Expasy, Brenda, PMN 
ï http://www.uniprot.org/  

ï http://www.expasy.org/ 

ï http://www.brenda-enzymes.org/ 

ï http://www.plantcyc.org/about/general_information.faces 

Å BUT Biology is about networks so need to understand how differentially 
expressed proteins interact with each other  
ï GO (Gene Ontology) enrichment: Annotates data with cellular component / 

molecular function / biological process 
ÅDetermines which GO terms appear more frequently than expected by chance 

ÅKEGG, DAVID, Reactome, Cytoscape: Visualize molecular interactions and biological 
interactions 

Åhttps://david.ncifcrf.gov/home.jsp 

Åhttp://www.cytoscape.org/what_is_cytoscape.html 

Åhttp://www.reactome.org/PathwayBrowser/#/ 

Åhttp://www.kegg.jp/kegg/ 

 

 
 

 
 

Biological Annotation  

http://www.uniprot.org/
http://www.expasy.org/
http://www.brenda-enzymes.org/
http://www.brenda-enzymes.org/
http://www.brenda-enzymes.org/
http://www.plantcyc.org/about/general_information.faces
https://david.ncifcrf.gov/home.jsp
http://www.cytoscape.org/what_is_cytoscape.html
http://www.reactome.org/PathwayBrowser/
http://www.kegg.jp/kegg/

