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Why do we do it?

▪ We all produce large amounts of data, and we rarely

have time to make sense of them

▪ The first instinct in proteomics is to calculate the fold

change of our proteins between condition A vs

condition B, and expect that this unravels the

molecular mechanisms of our system

▪ While there is nothing wrong in doing so, we forget

that there are many more perspectives we can

observe our data from. These can help us decipher

unexpected properties of our sample

▪ We will initially discuss these perspectives, and then

the O’Donovan lab will present a specific application

in metabolomics
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Protein abundance 

(what it means and how to visualize it)

▪ Dynamic range issues

▪ Abundant proteins might be

better biomarkers

▪ Abundance plots can be used to

differentiate sample types (e.g.,

highly specialized cells have very

few very abundant proteins,

while stem cells have lots of

medium abundant proteins)
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lowest abundant protein, illustrating 

the dynamic range  

Reyes E.D. et al. (2017), Mol Cell Proteomics

Host nascent DNA-bound proteome 

(MOCK)



Protein absolute intensity
protein abundance
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Protein fold change
▪ It is the most intuitive dimension

▪ To treat carefully: without p-value it might be meaningless, and it does not provide 

a perspective of how much protein there is
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To consult the statistician after an experiment is finished is often merely to 
ask him to conduct a postmortem examination. 
He can perhaps say what the experiment died of.
- R.A. Fisher

The first principle is that you must not fool yourself, and you are the easiest 
person to fool.
- Richard P. Feynman

❑ Remember, a P-value is not a measure of how right you are or how important a

difference is. Instead, think of it as a measure of surprise.

❑ If you assume your medication is ineffective and there is no reason other than

luck for the two groups to differ, then the smaller the p-value, the more surprising

and lucky your results are – or your assumption is wrong, and the medication

truly works.

Reinhart A., Statistics done wrong (2015). 
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To consult the statistician after an experiment is finished is often merely to 
ask him to conduct a postmortem examination. 
He can perhaps say what the experiment died of.
- R.A. Fisher

The first principle is that you must not fool yourself, and you are the easiest 
person to fool.
- Richard P. Feynman

❑ The P-value reports a probabilistic significance, not a biological one.

❑ In other words, statistical significance does not mean your result has any

practical significance.

❑ The choice of p < 0.05 as significant is not because of any special logical or

statistical reasons but it has become a scientific convention through decades of

common use.

Krzywinski M. & Altman N., et al. (2013), Nature Methods; Reinhart A., Statistics done wrong (2015). 



First (obvious) examples of data analysis by 

combining quantitative dimensions



Fold change AND p-value
protein fold change
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Volcano plots showing results of 

comparisons between two 

conditions (A vs B). 

(i) square cutoffs for p-value and fold-change

The thresholds for calling a protein differentially abundant can be

defined by one of two methods: 

(ii) non-linear volcano lines
▪ multiple hypothesis testing corrected p-value (or FDR)

▪ fold-change cutoff is set with regard to the experimental

power

▪ FDR

▪ s0 parameter is set instead of a specific 

fold-change cutoff

Schessner J.P., et al. (2022) Proteomics. 



Abundance AND fold change AND p-value
protein abundance
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Less obvious quantitative dimensions



Protein post-translational modifications (PTMs)
protein PTMs
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▪ Protein PTMs have their 
own abundance, 
independent from 
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▪ PTM stoichiometry can 
be used to assess activity 
of the enzymes that 
catalyze them, and thus 
predict biological targets
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Protein post-translational modifications (PTMs)
protein PTMs
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quantitative, and it can 

help to prioritize targets

Kinase substrate motif 



Synaptosomes kinome - iTOL
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protein PTMs
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Kinome Tree
protein PTMs
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Already reported PTMs

Uniprot: Experimental/putative PTMs

PhosphoELM: Curated database of validated ph-sites

PhosphoSitePlus: Experimentally reported ph-, ac- and ub-sites

OGlycBase: Experimentally reported glycosylation sites

HPRD: Experimentally reported human PTMs

dbPTM: Compendium of experimental and putative PTMs from 

sources above

PTMcode: Focus on PTM crosstalk

ProteomicsDB: multi-omics and multi-organism resource

HPRD: domain architecture, post-translational modifications, 

interaction networks and disease association for each protein in 

the human proteome.

PhosphoNetworks: a database for human phosphorylation 

networks 

PTM prediction

NetPhos: Prediction of ph-sites based on the learning model

NetPhosK: Prediction of kinase-specific ph-sites

Scansite: Motifs likely to be phosphorylated by specific kinases

LysAcet: Prediction of acetylation sites

PTMfunc: Repository of functional predictions of PTMs

iGPS: prediction of site-specific kinase-substrate relations

Related kinases/transferases

KinomeXplorer: Predict kinase-substrate interactions 

(NetworKIN + NetPhorest)

PKIS: Computational identification of protein kinases

PSEA: Enrichment analysis for prediction of kinases

Tools for PTM assignment and quantification
protein PTMs

inactive

active

P

ATP
ATP + Pi

kinase

http://crosstalkdb.bmb.sdu.dk:3838/StatisticsOmics/uniprot.org
http://phospho.elm.eu.org/
http://www.phosphosite.org/
http://www.cbs.dtu.dk/databases/OGLYCBASE/
http://www.hprd.org/
http://dbptm.mbc.nctu.edu.tw/
http://ptmcode.embl.de/
http://www.cbs.dtu.dk/services/NetPhos/
http://www.cbs.dtu.dk/services/NetPhosK/
http://scansite.mit.edu/
http://www.biosino.org/LysAcet/
http://ptmfunc.com/
http://kinomexplorer.info/
http://bioinformatics.ustc.edu.cn/pkis
http://bioinfo.ncu.edu.cn/PKPred_Home.aspx


Time series
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(and other biomolecules) is regulated 

in a dynamic and different manner
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Time course of HSV-1 infection

Kulej K. et al. (2017), Mol Cell Proteomics

Cluster analysis

Grouping trends with unsupervised clustering (e.g., fuzzy c-means)

Line plot showing protein profiles along 

the time course of HSV-1 infection, 

and it is paired with protein functional 

analysis.
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Protein synthesis rate (turnover)
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Combine fold change and turnover
protein fold change

log2 fold change
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Host proteins decreased in abundance at 

9hpi of HSV-1 infection, compared to 
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Combine fold change and turnover
protein fold change

log2 fold change
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Other quantitative dimensions that assist the 

interpretation of protein interactions and functions



Co-regulation to identify genetic interactions
protein co-regulation
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0.550.590.470.600.680.500.570.440.550.750.700.480.480.510.760.850.620.490.490.460.560.560.490.440.430.490.490.490.560.500.470.430.610.790.710.750.590.700.770.76

0.670.670.630.630.760.510.600.450.560.800.670.590.610.580.730.770.640.570.560.570.610.580.620.560.540.590.610.570.590.580.580.540.660.730.830.770.560.710.810.76

0.470.570.430.640.770.370.450.330.650.760.820.390.440.410.650.770.650.370.370.350.440.430.460.360.360.360.420.350.440.390.370.340.690.780.710.690.630.730.810.77

0.580.570.520.640.630.530.530.410.680.760.690.490.510.500.710.670.860.530.480.500.590.560.570.460.470.510.540.480.530.490.530.440.740.740.720.730.590.730.710.70

0.280.330.200.820.740.250.290.160.720.680.680.180.220.200.580.660.530.220.200.140.260.270.230.130.080.180.200.170.230.170.170.110.830.700.560.520.590.630.560.59

0.600.620.540.620.630.500.590.420.550.780.580.560.560.550.880.730.700.530.560.550.560.580.600.490.500.570.580.540.520.530.530.490.650.740.800.520.730.690.770.75

0.750.720.680.640.640.510.650.410.550.860.590.650.670.590.740.710.690.610.640.640.650.650.680.620.570.620.640.630.600.610.600.580.680.730.800.560.720.710.830.71

0.500.550.420.700.740.460.500.390.680.810.740.440.440.460.750.810.730.450.450.400.490.500.450.370.370.430.450.390.480.440.430.350.780.730.740.700.740.780.730.79

0.370.400.270.830.800.370.390.270.840.760.750.310.330.320.700.730.680.350.320.280.410.400.360.270.270.340.350.290.370.310.350.260.780.680.650.830.740.690.660.61

0.740.630.680.180.200.800.850.790.210.430.230.860.850.820.420.360.430.920.920.920.910.890.880.920.910.910.910.920.890.900.920.260.350.580.490.110.440.340.540.43

0.760.630.690.270.300.790.840.760.260.490.300.850.840.830.480.430.550.930.910.920.920.900.880.910.920.910.920.920.910.900.920.350.430.600.530.170.530.370.580.47

0.750.660.690.270.310.750.810.740.230.490.270.820.840.800.500.460.500.890.890.890.890.880.890.900.890.890.890.900.880.900.900.310.440.610.530.170.490.390.580.50

0.760.640.690.290.300.780.820.730.310.510.340.840.830.870.520.470.530.910.890.900.900.900.880.890.900.900.910.910.880.910.890.370.480.600.520.230.530.440.590.56

0.780.660.730.260.230.770.840.760.220.460.250.850.860.830.500.410.480.910.910.920.910.890.890.930.920.940.940.910.900.920.920.290.390.630.540.170.480.350.570.49

0.790.700.750.310.300.770.830.730.280.510.340.840.850.820.540.430.520.900.890.920.910.900.890.930.920.950.940.910.890.920.910.350.450.640.580.200.540.420.610.49

0.740.640.690.320.300.760.830.770.250.470.300.830.830.810.520.420.480.900.900.910.900.890.870.920.920.950.940.900.890.910.910.340.430.620.570.180.510.360.590.49

0.690.600.650.190.260.770.820.790.200.450.260.830.810.820.470.390.470.910.900.900.900.870.850.930.920.920.920.900.890.920.910.270.370.570.500.080.470.360.540.43

0.770.690.740.220.230.740.820.770.200.450.270.850.840.800.440.360.450.890.910.910.890.880.890.930.920.930.930.890.900.910.920.270.370.620.490.130.460.360.560.44

0.820.740.760.330.300.770.830.720.280.530.340.850.910.790.530.430.560.880.870.900.900.880.890.850.870.890.890.880.890.880.880.360.450.680.600.230.570.460.620.49

0.800.690.720.350.320.780.840.710.330.560.320.840.850.810.540.490.540.910.900.900.940.880.880.870.890.900.890.900.880.900.890.400.500.650.580.270.560.430.580.56

0.800.660.720.370.330.810.870.750.340.550.340.850.860.820.530.490.540.930.920.920.940.900.890.900.900.910.910.900.890.920.910.410.490.650.560.260.590.440.610.56

0.780.660.710.230.250.800.870.770.240.470.270.890.860.830.480.380.480.930.930.920.900.900.910.900.910.920.920.900.890.920.920.280.400.640.550.140.500.350.570.46

0.760.650.690.280.230.820.900.790.260.500.280.880.850.830.500.420.480.940.930.920.900.870.910.900.900.890.910.890.890.910.920.320.450.640.560.200.480.370.560.49

0.760.640.690.320.300.850.880.780.280.510.270.870.850.840.500.450.520.940.930.930.910.880.890.910.900.900.910.910.890.930.920.350.450.610.530.220.530.370.570.49

0.580.570.510.630.620.540.520.460.660.700.710.500.510.530.710.630.520.480.480.540.540.560.450.470.480.520.480.530.500.550.430.680.730.690.700.530.860.650.640.62

0.480.540.420.740.770.440.500.370.630.810.690.430.440.490.780.630.450.420.380.490.490.430.360.390.420.430.410.470.460.430.360.730.810.710.730.660.670.770.770.85

0.540.600.490.670.660.480.540.380.570.770.580.490.490.530.780.710.500.500.480.530.540.530.440.470.520.540.500.520.500.480.420.700.750.740.880.580.710.650.730.76

0.720.620.660.340.330.830.850.790.270.480.300.890.860.530.490.530.840.830.830.820.810.790.800.820.810.820.830.870.800.830.820.320.460.590.550.200.500.410.580.51

0.800.720.750.300.310.800.850.750.230.520.320.910.860.490.440.510.850.850.860.860.850.910.840.810.830.850.860.830.840.840.850.330.440.670.560.220.510.440.610.48

0.780.680.720.300.280.840.880.790.270.500.310.910.890.490.430.500.870.880.890.850.840.850.850.830.830.840.850.840.820.850.860.310.440.650.560.180.490.390.590.48

0.370.380.330.700.790.320.340.220.750.680.310.320.300.580.690.710.270.280.270.340.320.340.270.260.300.340.250.340.270.300.230.750.740.590.580.680.690.820.670.70

0.580.580.500.710.750.480.560.380.650.680.500.520.480.770.810.700.510.500.470.550.560.530.450.450.470.510.460.510.490.490.430.760.810.860.780.680.760.760.800.75

0.280.310.230.730.690.330.300.190.650.750.270.230.270.570.630.660.280.260.240.340.330.280.200.200.250.280.220.310.230.260.210.840.680.550.550.720.680.650.560.55

0.530.460.490.210.270.840.830.190.380.220.790.750.790.380.370.460.780.790.770.750.710.720.770.790.770.730.760.730.740.760.790.270.390.410.420.160.410.330.450.44

0.740.630.650.350.340.890.830.300.560.340.880.850.850.540.500.520.880.900.870.870.840.830.820.820.830.830.840.820.810.840.850.390.500.650.590.290.530.450.600.57

0.640.530.590.310.300.890.840.330.480.320.840.800.830.480.440.540.850.820.800.810.780.770.740.770.760.770.770.780.750.790.800.370.460.510.500.250.530.370.510.50

0.340.400.250.740.300.340.270.690.750.790.280.310.330.660.770.620.300.230.250.330.320.300.230.260.300.300.230.300.310.300.200.800.740.640.630.740.630.770.760.68

0.400.430.280.740.310.350.210.730.710.700.300.300.340.670.740.630.320.280.230.370.350.330.220.190.320.310.260.290.270.270.180.830.700.640.620.820.640.640.630.60

0.890.850.280.250.590.650.490.230.500.330.720.750.660.490.420.510.690.690.710.720.720.760.740.650.690.750.730.690.690.690.680.270.420.680.540.200.520.430.630.47

0.850.850.430.400.530.630.460.310.580.380.680.720.620.600.540.570.640.650.660.660.690.740.690.600.640.700.660.640.660.630.630.400.550.720.620.330.570.570.670.59

0.850.890.400.340.640.740.530.280.580.370.780.800.720.540.480.580.760.760.780.800.800.820.770.690.740.790.780.760.750.760.740.370.500.750.600.280.580.470.670.55
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Ad5 – Adenovirus type-5

HSV – Herpes Simplex Virus 

VACV – Vaccinia virus

Concept:

▪ Proteins with the same regulation

in a large set of samples have

potentially shared functions.



Co-regulation to identify genetic interactions
protein co-regulation
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0.370.400.270.830.800.370.390.270.840.760.750.310.330.320.700.730.680.350.320.280.410.400.360.270.270.340.350.290.370.310.350.260.780.680.650.830.740.690.660.61

0.740.630.680.180.200.800.850.790.210.430.230.860.850.820.420.360.430.920.920.920.910.890.880.920.910.910.910.920.890.900.920.260.350.580.490.110.440.340.540.43

0.760.630.690.270.300.790.840.760.260.490.300.850.840.830.480.430.550.930.910.920.920.900.880.910.920.910.920.920.910.900.920.350.430.600.530.170.530.370.580.47

0.750.660.690.270.310.750.810.740.230.490.270.820.840.800.500.460.500.890.890.890.890.880.890.900.890.890.890.900.880.900.900.310.440.610.530.170.490.390.580.50

0.760.640.690.290.300.780.820.730.310.510.340.840.830.870.520.470.530.910.890.900.900.900.880.890.900.900.910.910.880.910.890.370.480.600.520.230.530.440.590.56

0.780.660.730.260.230.770.840.760.220.460.250.850.860.830.500.410.480.910.910.920.910.890.890.930.920.940.940.910.900.920.920.290.390.630.540.170.480.350.570.49

0.790.700.750.310.300.770.830.730.280.510.340.840.850.820.540.430.520.900.890.920.910.900.890.930.920.950.940.910.890.920.910.350.450.640.580.200.540.420.610.49

0.740.640.690.320.300.760.830.770.250.470.300.830.830.810.520.420.480.900.900.910.900.890.870.920.920.950.940.900.890.910.910.340.430.620.570.180.510.360.590.49

0.690.600.650.190.260.770.820.790.200.450.260.830.810.820.470.390.470.910.900.900.900.870.850.930.920.920.920.900.890.920.910.270.370.570.500.080.470.360.540.43

0.770.690.740.220.230.740.820.770.200.450.270.850.840.800.440.360.450.890.910.910.890.880.890.930.920.930.930.890.900.910.920.270.370.620.490.130.460.360.560.44

0.820.740.760.330.300.770.830.720.280.530.340.850.910.790.530.430.560.880.870.900.900.880.890.850.870.890.890.880.890.880.880.360.450.680.600.230.570.460.620.49

0.800.690.720.350.320.780.840.710.330.560.320.840.850.810.540.490.540.910.900.900.940.880.880.870.890.900.890.900.880.900.890.400.500.650.580.270.560.430.580.56

0.800.660.720.370.330.810.870.750.340.550.340.850.860.820.530.490.540.930.920.920.940.900.890.900.900.910.910.900.890.920.910.410.490.650.560.260.590.440.610.56

0.780.660.710.230.250.800.870.770.240.470.270.890.860.830.480.380.480.930.930.920.900.900.910.900.910.920.920.900.890.920.920.280.400.640.550.140.500.350.570.46
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0.580.570.510.630.620.540.520.460.660.700.710.500.510.530.710.630.520.480.480.540.540.560.450.470.480.520.480.530.500.550.430.680.730.690.700.530.860.650.640.62

0.480.540.420.740.770.440.500.370.630.810.690.430.440.490.780.630.450.420.380.490.490.430.360.390.420.430.410.470.460.430.360.730.810.710.730.660.670.770.770.85

0.540.600.490.670.660.480.540.380.570.770.580.490.490.530.780.710.500.500.480.530.540.530.440.470.520.540.500.520.500.480.420.700.750.740.880.580.710.650.730.76

0.720.620.660.340.330.830.850.790.270.480.300.890.860.530.490.530.840.830.830.820.810.790.800.820.810.820.830.870.800.830.820.320.460.590.550.200.500.410.580.51

0.800.720.750.300.310.800.850.750.230.520.320.910.860.490.440.510.850.850.860.860.850.910.840.810.830.850.860.830.840.840.850.330.440.670.560.220.510.440.610.48

0.780.680.720.300.280.840.880.790.270.500.310.910.890.490.430.500.870.880.890.850.840.850.850.830.830.840.850.840.820.850.860.310.440.650.560.180.490.390.590.48

0.370.380.330.700.790.320.340.220.750.680.310.320.300.580.690.710.270.280.270.340.320.340.270.260.300.340.250.340.270.300.230.750.740.590.580.680.690.820.670.70

0.580.580.500.710.750.480.560.380.650.680.500.520.480.770.810.700.510.500.470.550.560.530.450.450.470.510.460.510.490.490.430.760.810.860.780.680.760.760.800.75

0.280.310.230.730.690.330.300.190.650.750.270.230.270.570.630.660.280.260.240.340.330.280.200.200.250.280.220.310.230.260.210.840.680.550.550.720.680.650.560.55

0.530.460.490.210.270.840.830.190.380.220.790.750.790.380.370.460.780.790.770.750.710.720.770.790.770.730.760.730.740.760.790.270.390.410.420.160.410.330.450.44

0.740.630.650.350.340.890.830.300.560.340.880.850.850.540.500.520.880.900.870.870.840.830.820.820.830.830.840.820.810.840.850.390.500.650.590.290.530.450.600.57
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▪ The analysis is based on protein abundance levels from

ProteomicsDB. Correlations are shown as clustered heatmaps

and as graphs to reveal potential co-regulated protein

subgroups.



protein-protein affinity

Protein-protein interaction network

Common network types encountered in proteomics studies:

weighted hierarchical semantic pathway

activation

inhibitionnumber
color

thickness

When creating a network, it is essential to 

understand the required network type, the 

key information that should be associated 

with nodes and edges, and how to represent 

it in the visualization when creating a network

Schessner J.P., et al. (2022) Proteomics. 

Koutrouli, M., et al. (2020), Front Bioeng Biotechnol.

In proteomics, most often, the nodes represent proteins, e.g.

▪ color of the node represents the fold change enrichment

▪ size - the p-value or abundance

▪ shape - the functional enrichments (e.g., Gene Ontology)

The edges usually represent one of three types of information: 

▪ physical interaction or proximity (interactomics), 

▪ phenotypic similarity (profiling), 

▪ shared annotations (e.g., Gene Ontology)



protein-protein affinity

Protein-protein interaction network

Common network types encountered in proteomics studies:

weighted hierarchical semantic pathway

activation

inhibitionnumber
color

thickness

Different tools can be used to create networks depending on the degree of complexity and customization required e.g.,:

Databases for protein-protein interaction networks:

▪ STRING: edges (connections) given by scores

▪ BioGRID: curated from publications (nearly complete for yeast)

▪ KEGG: more focused on pathways and metabolism

▪ Reactome: curated annotation of pathways on a diverse set of topics

▪ NextProt: an integrated collection of interactions between human proteins 

▪ IntAct: curation from literature and submitted information

Databases for protein-PTMs interaction networks:

▪ PhosphoSitePlus: Eexperimentally reported ph-, ac- and ub-sites

▪ UniProt: experimental/putative PTMs

▪ PhosphoPath: visualization and analysis of quantitative proteome and 

phosphoproteome datasets

▪ MetaCore: data-mining and pathway analysis

▪ Ingenuity IPA: a tool to integrate and understand complex 'omics data

…endless number of specific databases
Schessner J.P., et al. (2022) Proteomics. 



protein-protein affinity

Protein-protein interaction network

Common network types encountered in proteomics studies:

weighted hierarchical semantic pathway

activation

inhibitionnumber
color

thickness

Protein-protein affinity is mostly performed by:

Immunoprecipitation BioID APEX IPslabeling radius

~ 10 nm

biotin

covalently bound biotin

interacting protein

vicinal protein

distal protein

BirA N C

bait protein

APEX2

mitochondrial outer

matrix protein

protein of 

interest

biotin+HO

+H2O2

mitochondrion

protein of 

interest

interacting protein

distal protein

Varnaite R., MacNeill S.A. (2016) Proteomics. 



weighted

protein-protein affinity

Interaction AND PTMs
Common network types encountered in proteomics studies:

hierarchical semantic pathway

activation

inhibitionnumber
color

thickness

protein PTMs

inactive

active

P

ATP
ATP + Pi

kinase

semantic pathway

activation

inhibition
kinase

substrate

P

P

phosphatase

phosphorylation

dephosphorylation

Visualization and analysis of quantitative proteome and protein PTM datasets, e.g.:

PhosphoPath

https://apps.cytoscape.org/apps/phosphopath

Phosphorylation

Acetylation

Ubiquitination

Methylation
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Layout apps available in Cytoscape
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protein PTMs

inactive

active

P

ATP
ATP + Pi

kinase

Motifs/domains

▪ Prosite: Biologically significant sites, patterns and profiles

Pfam: Collection of protein domain families

Blocks: Database of conserved protein "blocks" (short sequences)

PRINTS: Protein fingerprints (groups of conserved motifs)

▪ InterPro: protein sequence analysis & classification - searches several 

databases

▪ ScanProsite: consists of documentation entries describing protein 

domains, families and functional sites as well as associated patterns and 

profiles to identify them

▪ SMART: (a Simple Modular Architecture Research Tool) allows the 

identification and annotation of genetically mobile domains and the 

analysis of domain architectures.

protein-protein affinity

protein activity (function)

protein folding

interacting domains, motifs, PTMs, …

Interactome 3D

Protein domains: adding structural details to protein networks

The transport of molecules between the 

nucleus and the cytosol e.g.,

▪ nuclear localization signals (NLSs)

❑ export peptide signal

❑ import peptide signal

Protein secretion e.g., nucleus

cytosol
▪ specific peptide tags

Protein PTMs binding domains e.g.,

▪ 14-3-3,

▪ WW domains,

▪ LRR domains of F-box proteins, 

▪ FHA domains

▪ Bromodomains

▪ methyl-CpG-binding domain (MBD)

Me

P

Me

Ac

H3

H4

H2A

H2B

Membrane binding domains e.g.,

▪ C1, 

▪ C2, 

▪ PH, 

▪ FYVE, 

▪ PX, 

▪ ENTH, 

▪ and BAR domains membrane

cytosol

http://prosite.expasy.org/
http://www.sanger.ac.uk/Software/Pfam/
http://www.blocks.fhcrc.org/
http://www.bioinf.man.ac.uk/dbbrowser/PRINTS/
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Protein PTMs AND translocation
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Conclusions

▪ We hope we provided an original overview of ideas for experimental design

▪ Data produced by mass spectrometry provide perspectives beyond fold changes

▪ Exploiting labeling, time series, modifications and large resources of available data 

can be integrated in single analyses to resolve multiple properties of the regulated 

proteome

▪ As well, co-regulation, rank of abundance, and protein 3D structure are poorly 

exploited aspects for data interpretation. We hope this works as a light refreshment 

prior to your evening fun ☺



MetaboLights & Repository Level 
Workflows

Leveraging computational resource and 
new annotation logic to draw fresh insight

Callum Martin
Software Developer

ebi.ac.uk/metabolights



What is MetaboLights? 
Open Source Study Repository & Metabolite Knowledgebase

The database is cross-species, cross-technique and covers metabolite structures and their reference 
spectra as well as their biological roles, locations and concentrations, and experimental data from 

metabolic experiments

https://www.ebi.ac.uk/metabolights



Geographical distribution of submitted studies 

(Top 10: China: 1490, USA: 509, UK: 450, Germany: 309, France: 124, 

Japan: 102, Spain: 87, Italy: 80, Australia: 71, India: 66)

MetaboLights study submission rates per year

Submissions



What exactly does our data look like?

Broadly we have two categories of interest - metadata, the information that describes 
the experiment, and raw and derived data / files, the outputs from the experiment

Sample PreparationSample Collection Data Acquisition Data Interpretation





Sample Information
Information pertaining to each individual sample processed in a study



Assay Information



Metabolite Annotation Information



MetaboLights Data & Galaxy Workflows

Galaxy is an open source web based computational platform that facilitates data-
intensive biomedical research and analysis

• It provides a user-friendly interface for data-intensive biomedical research and analysis

• It supports reproducible research by capturing and recording the entire analysis process

• Galaxy integrates a comprehensive collection of bioinformatics and data analysis tools

• Researchers can create and execute complex computational workflows using a visual interface

• We have our own instance at metabolights-labs.org

• (but you can deploy it anywhere including locally)



MetaboLights Workflows

https://metabolights-labs.org

“Standardised metabolite annotation workflows for enhancing biological interpretation 
in metabolomic data repositories”



MetaboLights Labs - Workflows - MDP + XCMS + BEAMSpy

Rick Dunn (PI), 
Tim Ebbels (PI), 

Claire O’Donovan (PI)

1. Data Retrieval
& 

2. Data 
Conversion

3. 
Preprocessin

g

4. Processing / 
Annotation



MetaboLights Data Provider (MDP) Tool
● Researchers can select files from MetaboLights and apply custom msConvert filters

○ Studies: 596, Assays: 1271, Assay Files: 174565

● Creates an open-source MS standard / file for preprocessing



MetaboLights Data Provider (MDP) Tool 
Organism & Organism Parts & File Formats

File Format Count of files

.raw 72826

.mzML 52556

.mzXML 10590

.d 3907

raw.zip 1262



Galaxy Workflow: XCMS (& MSnbase)
• Individual XCMS steps are structured into a workflow to extract and match peaks 

across files and generate data matrix (m/z vs RT vs intensity)

• 4 parameter sets based on ‘assay type’ & ‘column model’

• 50 cm length, UPLC

• 100 cm length, UPLC

• 150 cm length, UHPLC

• 150 cm length, HPLC

• Optimisation in collaboration with Rick Dunn (UoL) 



Galaxy Workflow: XCMS (& MSnbase)
• 4 XCMS parameter sets based on ‘assay type’ & ‘column model’

• 50 cm length, UPLC

• 100 cm length, UPLC

• 150 cm length, UHPLC

• 150 cm length, HPLC

• Optimisation in collaboration with Rick Dunn (UoL) 



BEAMSpy

BEAMSpy is a Python package that includes several automated and seamless 
computational modules that are applied to putatively annotate metabolites 
detected in untargeted ultra (high) performance liquid chromatography-mass 
spectrometry or untargeted direct infusion mass spectrometry metabolomic assays.





MetaboLights Labs - Workflows - MDP + XCMS + BEAMSpy

Rick Dunn (PI), 
Tim Ebbels (PI), 

Claire O’Donovan (PI)

1. Data Retrieval
& 

2. Data 
Conversion

3. 
Preprocessin

g

4. Processing / 
Annotation



In the Future

In the future we plan to:

• Integrate our workflows directly and seamlessly into submission process
• Develop workflows for the processing and annotation of MS/MS data, and facilitate 

additional analyses such as molecular networking
• Integrate MetaboLights and GNPS (as well as other repositories such as 

Metabolomics Workbench) to enable cross repository analysis
• Work with other communities to map standards (data and metadata) for example 

proteomics and SDRF (PRIDE)
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