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Abstract-The analysis of DNA sequences through information theory methods is reviewed from the
beginning in the 70s. The subject is addressed within a broad context, describing in some detail the
cornerstone contributions in the field. The emerging interest concerning long-range correlations and the
mosaic structure of DNA sequences is considered from our own point of view. A recent procedure developed
by the authors is also outlined. Copyright (Q 1996 Pattern Recognition Society. Published by Elsevier
Science Ltd.
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1. INTRODUCTION

In the words of Werner Ebeling and Mijail Volkenstein!‘)“ .living beings are natural ordered and information-processing macroscopic systems originating
from processes of self-organization and natural evolution.. all processes in living systems originate from
physical processes. Living beings are open thermodynamic systems which permanently exchange matter,
energy, entropy and information with their surrounding...“. Many other authors agree that living beings
are characterized mainly by their ability to process
information and thus they can be analyzed from this
perspective. The physical support of such information
is the DNA double helix, which plays a basic role in
both the coding and the transmission to the next
generation of all the information needed for living
functions.
The above quotation suggests that the maintenance
of living activity as an information processor: (a) is of
physical nature and (b) affects more long-range phenomena, such as biological evolution or the origin of
life. These problems are usually addressed from the
double perspective of thermodynamics and information theory. Many authors have attempted to join
these two approaches, (2-4) in trying to solve this problem.(5,6) Moreover, the processing of biological information has an artificial parallel: the processing of
information by computers. Both types of massive information systems are needed from a joint analysis.
This approach, centered on the so-called “Physics of
Information”, is complex and attractive, and is nowadays the subject of intense research [see reference (7)
and refs therein], among which the cornerstone work
may be the recent Physics ofComputation Workshop.@)

Chaos-game representation

Here we focus on a more limited field. Nucleotide
sequences are examined from an external point of view,
as messages, without taking into account the detailed
physical-chemical mechanisms for information processing. Protein synthesis is modeled as a system to
process information, source plus channel (Section 2).
A basic question is to obtain significant and reliable
measures of parameters such as order, regularity,
structure, complexity, etc. in a given DNA sequence.
This would allow comparisons with other sequences
(or with other segments of the same sequence), thus
deriving results of interest to evolutionary studies
(molecular phylogeny), identification of coding segments (finding genes, exons, transcription signals), etc.
In general, the aim is a measure capable of indicating
how far a natural sequence is from a random one.
The application of information theory to DNA sequences began in the 70s. Two periods can be distinguished, the first around 1970-1977, when the first
publication appeared. Several authors”-“) develbped
methods to estimate parameters such as information,
redundancy or divergence in DNA sequences. The
shared aim of all these studies was to obtain a quantitative expression of the complexity of these sequences.
In Section 3, we describe the pioneering work of
Gatlin. as well as subsequent modifications.
Despite the fact that DNA sequences contain all the
relevant information for living beings, the above attempts do not completely succeed in obtaining a quantitative measure for such information. In some of these
studies, DNA was virtually indistinguishable from
a random sequence. The best exponent of this pessimistic point of view was the paper of Hariri et al.(12)
After a relatively quiet pause, the second period (1987
to the present) can be characterized by renewed inte-
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