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The fields of biosemiotics and bioinformatics might seem to have a common goal: trying to make 

sense of, or find meaning in, biological systems. However, as a bioinformatician, I have had 

difficulties finding any points of contact between biosemiotics and my own field. 

 

In 2015, Terrence W. Deacon wrote a manuscript entitled “Steps to a science of biosemiotics” as a 

draft for discussion at a workshop named “From Information to Semiosis” at University of 

California, Berkeley. In that text, he argues that the “foundational principles [of biosemiotics] can 

be made consistent with well-established principles in biology, chemistry, and physics.” This “re-

grounding” of biosemiotic theory on natural science takes its starting point in the theory of 

information as formulated by Claude Shannon in 1948. This might seem an odd choice, since 

Shannon's information theory is explicitly not about meaning. However, accounting for the 

semantic aspects—meaning and reference—according to Deacon “... requires showing how the 

concept of entropy (as it is differently defined in thermodynamics and the information sciences) can 

be used to explain the relationship between information, meaning, and work.” 

 

This is, to me, the point where biosemiotics and bioinformatics could meet. The bioinformatician 

Thomas D. Schneider of National Cancer Institute at Frederick, Maryland, has been working on 

Molecular Information Theory since 1986 (before the term “bioinformatics” was even coined in its 

present use). Here, he follows Shannon in defining the amount of information in a binding site on a 

collection of nucleotide sequences as the decrease in uncertainty (Shannon entropy) encountered 

when finding the correct binding site. By using both mathematical derivations and empirical 

observations, Schneider and various coauthors have been able to show many interesting aspects of 

the relationship between entropy, information, and work. For instance, the information which is 

transmitted to future generations turns out to be just enough to specify the phenotype; the rest is 

erased by noise (random mutations). Furthermore, the minimum amount of work done by a protein 

in order to bind to a nucleotide site can be calculated from both the second law of thermodynamics 

and from Shannon's channel capacity equation, yielding the exact same expression. 

  

Although Deacon does not cite Schneider, his work could, in my view, be instrumental to Deacon’s 

project. Combining information theory, thermodynamics, evolutionary theory and biosemiotics, one 

could say that the reference (proximal object or proto-object) of a biological sequence (sign vehicle) 

is its molecular role, e.g. the binding of a protein; while the meaning (ultimate object) of the 

sequence is its biological function, which is favoured by natural selection in the environment of the 

organism. 

 


