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Molecular biology is an information science, just as much as a molecular science. The great 
experimental and conceptual advances of the 20th century have documented an unbroken flow of 
information: from the storage of information in the non-random sequence of nucleotide 
heterocopolymers, to the self-organized acquisition of structure and function in proteins, which in turn 
provides a selective advantage for evolution and thus influences the information that is stored in the 
genome. 

The abstractions and models that focus on inheritable information, rather than on the details of its 
representation, have proven to be remarkably powerful in explaining the basic features of life, such as 
robust self-organization and the process–and consequences–of evolution. 

In the genomic era, the relationship between information and molecule becomes ever more apparent.  
In principle, all the information that is required to specify an organism is contained in its genome. 
This is trivially implied by the successful whole-genome synthesis experiments. The genome itself can 
be fully sequenced, therefore the information it contains is easily accessible to us. However, the 
expression of the information is organized in a hierarchical fashion, in complex, interacting 
subsystems. Knowledge of a DNA sequence does not (yet) allow us to predict the protein's structure. 
Knowledge of a protein's structure does not (yet) allow us to predict its interactions and assembly to 
molecular "machines". Knowledge of these complexes does not (yet) allow us to piece together their 
functional connections, as they build up the metabolic or regulatory systems, or the structural 
framework of a cell.  
At each level, incomplete information prevents us from predicting the next-higher level of organization 
from its components. The sheer volume of data is a comparatively minor obstacle.  
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Knowledge in science is always dynamic. The field changes, and the methods change 
too. When we solve a problem, we move on to the next one. Our targets are moving. 
 
The information of  how to work as a cutting-edge bioinformatician may half a half-
life of only two years or so. 
 
Learning how to learn is as important as learning  any particular fact. 
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As I see it, Bioinformatics is a set of paradigms that can be roughly said to span two 
poles: 
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On one hand, if we look at the practice of bioinformatics, with its many on-line 
databases that need to be curated, integrated, kept consistent and made queryable, 
we can conclude that biological data management is what bioinformatics is all about. 
Important examples of such data resources include ... 
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... the US  NCBI (National Center for Biotechnology Information)] is  one of the 
world's major centres for molecular data, especially sequence and genome data. 
This map of the integrated NCBI resources can serve as a representative of the 
multitude of data and services that are availbale for molecular biology. But these 
tools need to be constructed, populated and maintained, and used judiciously. 
 
 
 
 
 
 
(http://www.ncbi.nlm.nih.gov) 

ncbi: National Center for Biotechnology Information 

nlm: National Library of Medicine 

nih: National Institutes of Health 
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Data alone can however not be translated into progress. Data does not explain 
itself. Modern concepts must inform intelligent analysis; innovative methods must 
be applied to current data. There is a catch however, in that bioinformatics users 
should not be required to become bioinformatics experts, rather than "application 
domain experts". And for those who focus on the applications, i.e. on the biology, it 
becomes a challenge to keep up with the state-of-the art. What is the best available 
data repository? What is the best available tool to search for information? What is 
the best way to access data? It is hard to compare data resources, for example, to 
rank quality of curation. And by the time we have reviewed all relevant databases, 
many will already have become obselete. 
This problem holds for the data sources, as well as for analysis tools and services. 
To address this, we need to focus on objectives, not on methodology. 
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Looking beyond data management, bioinformatics is a way to study biology. This 
aspect – which I like to refer to as "Computational Biology" – has a lot more to do 
with modeling, and with the question of understanding biology, than with 
managing large amounts of data. 
Understanding biology means being able to abstract from apparent complexity, in 
order to interpret observations in the framework of simple, fundamental principles. 
Such understanding should allow us to make precise, confident predictions.  
This involves abstraction, and working with abstractions means we are working with 
models.  
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