
 

 

 University of Groningen

FIVA
Blom, E.J.; Bosman, D.W.; van Hijum, S.A F T; Breitling, R.; Tijsma, L.; Silvis, R.; Roerdink,
J.B.T.M.; Kuipers, O.P.
Published in:
Bioinformatics.

DOI:
10.1093/bioinformatics/btl658

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2007

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Blom, E. J., Bosman, D. W., van Hijum, S. A. F. T., Breitling, R., Tijsma, L., Silvis, R., Roerdink, J. B. T. M.,
& Kuipers, O. P. (2007). FIVA: Functional Information Viewer and Analyzer extracting biological knowledge
from transcriptome data of prokaryotes. Bioinformatics., 23(9), 1161-1163.
https://doi.org/10.1093/bioinformatics/btl658

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.1093/bioinformatics/btl658
https://research.rug.nl/en/publications/b5dfda26-93a1-429e-b1bf-346a3ed49cad
https://doi.org/10.1093/bioinformatics/btl658


Information analysis to assess overlap between annotation modules 
 
To assess the overlap between functional annotations, we used the Mutual Information 
from classical information theory.  For each functional annotation module (e.g. GO, 
metabolic pathways, etc), each unique combination of functional classes was treated as 
one annotation term. We estimated the information content of each annotation module 
using the Shannon entropy (i.e. the amount of information present in the annotation 
module itself), as well as the Mutual Information between annotation types (to assess the 
overlap). 
 

Let X and Y be the functional annotation modules with joint distribution p(X,Y) 
and marginal distributions p(x) and p(y) for each of the categories from each 
functional annotation module. The mutual information I(X;Y) is a measure of the 
overlap between the two annotation modules. 

 
 
 
In Table 1, the information content of each annotation type is shown on the diagonal (in 
kilobits), and in each row the percentage increase in information by adding each of the 
other annotation types is given. Indeed, GO is the most informative annotation type for 
our test-organism Bacillus subtilis and covers much of the information present in the 
other types. However, it is also obvious that each of the other annotations provides 
unique information on top of the GO information, up to 19% of new, non-redundant 
information in the case of InterPro. The total information content if combining all 
annotations is 37.7 Kbit, which is an increase of 57% compared to using GO alone. 
 
Table 1. Shannon entropy and mutual information content between annotation 
types. The information content for each annotation module is given on the diagonal 
in kilobits. The percentage increase in information for each annotation module is 
shown in each row (e.g. the increase in non-redundant information from UniProt 
(UP) on top of InterPro (IP) is 48%) 
 

 GO IP UP COG PW INT 
GO 24K 0.19 0.12 0.18 0.04 0.05 
IP  18.4K 0.48 0.32 0.18 0.11 
UP   16.9K 0.40 0.12 0.09 
COG    12.9K 0.29 0.21 
PW     7.2K 0.42 
INT      3.9K 

 
To assess the redundancy between significant categories from the annotation modules, we 
used a redundancy index.  
 

Let X and Y be the functional annotation modules. The redundancy information 
R(X;Y) is a measure of the overlap between the genes of the significant functional 
categories (x,y) of the two annotation modules. 
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In table 2A, the redundancy index between each annotation type is shown for the CodY 
dataset. Although some of the annotation modules display redundancy, this overlap is far 
from complete. For example, the overlap between GO and PW (metabolic pathways) is 
only 24%. 
 
Table 2A. Redundancy of the genes from significant categories between annotation 
modules for the CodY experiment. 
  
 
 
 
 
 
 
 
In table 2B, the redundancy index between each annotation type is shown for the merged 
carbon sources dataset. Again, the overlap between modules is low, except for the 
redundancy between the GO and UniProt modules. 
 
Table 2B. Redundancy of the genes from significant categories between annotation 
modules for carbon sources experiment. 
 

 INT COG GO PW SP IP 
INT 1.00 0.10 0.24 0.03 0.24 0.00 
COG  1.00 0.14 0.24 0.11 0.00 
GO   1.00 0.12 0.71 0.00 
PW    1.00 0.10 0.00 
SP     1.00 0.00 
IP      1.00 

 
 

 INT COG GO PW UP IP 
INT 1.00 0.08 0.08 0.11 0.07 0.00 
COG  1.00 0.33 0.36 0.30 0.00 
GO   1.00 0.24 0.63 0.00 
PW    1.00 0.24 0.00 
UP     1.00 0.00 
IP      1.00 
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To visualize the distance relationships in this matrix, we used a multidimensional scaling 
procedure (PROXSCAL from SPSS). For this purpose, the similarity matrices in tables 
2A and 2B were transformed into dissimilarity matrices (1-x). The observations are 
projected in a lower dimensional space, such that the distances between the points match 
the given dissimilarities as closely as possible (see fig 1 and 2). This procedure is 
mathematically closely related to PCA (Lacher et al 1987).   
 
 
 

 
 
 
Fig 1 A/B. Final coordinates 
for each of the functional 
modules (1A) and the objects 
represented in a two 
dimensional space (1B) for 
the CodY experiment. 
 

 
 
Fig 2 A/B. Final 
coordinates for each of the 
functional modules (2A) 
and the objects represented 
in a two dimensional space 

Dimension 

 A 1 2 
int .504 .542 
cog -.552 .151 
go -.347 -.356 
pw -.230 .503 
up -.150 -.491 
ip .774 -.350 

Dimension A 1 2 
int -.390 .511 
cog .214 -.626 
go -.406 -.241 
pw .614 -.199 
up -.512 -.092 
ip .480 .647 
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(2B) for the carbon sources experiment. 
The results from both figures confirm that the UP and GO modules are close to each 
other. Moreover, the scattered locations of all remaining modules indicate annotations in 
these modules. 
 
Considering the above, we conclude that combining multiple functional annotations into 
one tool is clearly beneficial compared to the use of only GO.  
 
 


