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Abstract—The study of correlation structure in the primary sequences of DNA is reviewed.
The issues reviewed include: symmetries among 16 base—base correlation functions; accurate
estimation of correlation measures; the relationship between 1/f and Lorentzian spectra;
heterogeneity in DNA sequences; different modeling strategies of the correlation structure of
DNA sequences; the difference of correlation structure between coding and non-coding regions
(besides the period-3 pattern); and source of broad distribution of domain sizes. Although
some of the results remain controversial, a body of work on this topic constitutes a good

starting point for future studies. © 1997 Elsevier Science Ltd

1. INTRODUCTION

There is a long-standing interest in knowing and
understanding the correlation between bases in DNA
sequences. Before the human genome project era,
there were no long, continuous DNA sequences. The
study then concerned either the nearest-neighbor
base—base correlations (Josse er al., 1961) or the base
density heterogeneity in digested DNA segments
(Sueoka, 1959). A more complete characterization of
correlation between base pairs at both short and long
distances became possible only as long DNA
sequences became more commonly available.

Not all studies of a complete characterization of
correlation structure of DNA sequences were
motivated by biology. Rather, many such studies
were motivated by the issues of mathematical
modeling, dynamical systems, stochastic processes,
and noise. Perhaps owing to this reason, this study
has not yet become part of the toolbox in the
“mainstream” DNA sequence analysis.

This review is an attempt to summarize the current
status of this study. There are at least two goals for
this review. First, there have been disagreements on
the result of correlation structure in DNA sequences.
Owing to this uncertainty of what the actual result is,
some people still believe that DNA sequences do not
exhibit any feature that cannot be explained by the
basic stochastic processes such as random sequence
or Markov chain—with the first process having no
correlation and the second one having only
short-range correlations. Resolving this disagreement
can be straightforward once everybody agrees to use
the same measure of correlation, use the same
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estimator, and apply this estimator of the correlation
to the same sequence.

The second goal is to promote a more biologically
motivated study of the correlation structure of DNA
sequences. Although this paper does not accomplish
this task, the intention is to at least raise the issue.
Most of the current studies of correlation in DNA
sequences are based on base-base statistical corre-
lations. This base—base correlation may not be a
powerful way to reveal the correlation on a global
scale or between larger units. Using an analogy of the
natural language texts: statistical correlation between
letters in an English text rarely reveals correlations at
the syntax level in a sentence, or the correlation
between sections, or the overall organization of the
text, because the linguistically meaningful units are
words, sentences, paragraphs, instead of letters.

Besides the above note that most correlations
studied are base-base correlations, another caution is
that these are szatistical correlations. A statistical
correlation between two events exists if and only if
the joint probability of the two events is not equal to
the product of the two probabilities for each event.
In other analyses of correlations, such as the one
between a risk factor (smoking) and a disease
(cancer), the distinction is sometimes made between
causal correlation and spurious correlation. The causal
correlation is the correlation between true cause and
the effect. The spurious correlation is the non-causal
part of the statistical correlation. Without a definition
of the causal base-base correlation, it is not clear
whether the above distinction is applicable here.

The claim of (base-base, statistical) correlation at
long distances in DNA sequences is still a few steps
away from finding an organization principle of the
genome. The quote from Ohno (1993) for example,
“.. this would suggest the existence of a ‘grand
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