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Objectives

Identify new proteins previously unidentified
Increase confidence of identification 
Discover biomarkers in clinical proteomics 
applications
Explore the spectral relationship between 
protein spots in a 2D-gel
Possibly assign function to proteins using 
“guilt by association”
Discover protein networks



ProtCV Steps-Tabs
Load Data Set

the peak list files coming from MALDI spectrometer
Peak lists Preprocessing

Filtering – Binning
MS-Screener – Protein Vector file creation

Vector Pre-processing
Normalization / Scaling of vectors

Scaling of each vector 
Normalization of each bin of every vector

Clustering (HC, k-means)
Visualization (HeatMap, Dendrogram, Cluster Set)
Clustering Validation (Silhouette, Dunn, Davies-Bouldin)



ms_name … 295.1173 312.1684 378.1021 425.2038 540.1954 …
Spot_1 … 1250 456 254 1800 658 …

Vector File Creation

ms_name … 368.6369 480.256 502.6514 758.128 1230.241 …
Spot_2 … 235.5 1803.85 124 2254.4 653.98 …
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ms_name … 295.1173 312.1684 368.6369 378.1021 425.2038 480.256 502.6514 540.1954 758.128 1230.241 …
Spot_1 … 1250 456 0 254 1800 0 0 658 0 0 …
Spot_2 … 0 0 235.5 0 0 1803.85 124 0 2254.4 653.98 …

Concatenation of 
all vectors into a 
vector file
.



Load Data Set

Choose a 
dataset, 
containing 
peaklists from 
MALDI



Filtering – Binning

Remove 
Contaminant 
Masses

Create peaklist
vector file

Export modified 
peaklists to 
rerun MASCOT



Preprocessing

Load a vector 
file

Choose a 
preprocessing 
method

Save results



Clustering

Load the 
vector file Save clustering 

results

Choose a 
clustering 
algorithm



Cluster Visualization Step

Load the 
vector file or 
a folder of 
vector files

Choose a 
visualization 
methodDefine the 

parameters 
of the 
visualization 
method



Visualization – Dendrogram

Spots vs
distance

Merge of 
clustering 
results with 
protein 
identification
resultsExport to 

TAGGO, tool 
that connects 
the accession 
numbers with 
their GO 
information

Find a certain 
spotSave selected 

spots for 
further 
processing



Visualization – HeatMap

Spots vs bins

Distance scale
4 major Spots 
Clusters 
created 

Bin Clusters



Visualization – ClusterSet
Mass vs 
intensity

6 Clusters
Check how 
dense a 
cluster is, 
from the 
variation of 
its cluster 
members



Cluster Validation

Load the a 
folder 
containing 
many 
different 
clusterings 
of the same 
vector file

Select 
clustering 
partitions Choose 

validity index 
and define 
their 
parameters



Cluster Validation – Results

Validity 
Tests for 
finding the 
suitable 
number of 
clusters

Validity 
Tests for 
finding the 
suitable 
clustering



Related work
MS-Analyzer (http://dns2.icar.cnr.it/proteus/)

Preprocessing
Supports only binning/normalization (not scaling)

Data Mining
Supports all data mining methods in WEKA 
(including classification)

Visualization
Simple mass spectra plot

No cluster validation performed

http://dns2.icar.cnr.it/proteus/


Conclusions

Cluster Analysis
Define the relationship between protein spots in a 
2D-gel
Prediction of function of unknown proteins through 
association (clustering) with known ones

Clustering Validation
protein clusters can be validated using multiple 
methods in order to find the clustering that best 
captures the underlying structure of a peak lists 
dataset.



Thank You!
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