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This paper examines two methods for finding whether long-range correlations exist in
DNA: a fractal measure and a mutual information technique. We evaluate the perfor-
mance and implications of these methods in detail. In particular we explore their use
comparing DNA sequences from a variety of sources. Using software for performing in
silico mutations, we also consider evolutionary events leading to long range correlations
and analyse these correlations using the techniques presented. Comparisons are made
between these virtual sequences, randomly generated sequences, and real sequences. We
also explore correlations in chromosomes from different species.
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1. Introduction

DNA is a structure containing a long sequence of complimentary pairing bases,
denoted by the symbol set {a, t, c, g} [1]. The genetic material in DNA undergoes
a variety of different mutational events [2, 3]. These mutational events can be
considered as string rewriting rules [4] that lead to correlations in DNA. Repeated
use of short sequences as promoters [5], or as intron markers [6] can give rise to very
long-range correlations.

A number of different techniques have been studied for examining long range
correlations in DNA. These include Lévy walks [7], Fourier transforms [8–10], and
wavelets [11]. A number of people have attempted to explore this by considering
power law relationships in power spectra of DNA sequences. This purports to show
long-range correlations and also to show differences between regions of DNA. In this
paper we examine long-range correlations with mutual information techniques [12],
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and briefly explore the Higuchi fractal method [13].
DNA sequences contain a number of coding regions. These are regions that

code for protein and are marked with a stop and start codons (but the presence of
these does not necessarily indicate a coding region). Coding regions may contain
introns, which are regions that get spliced (cut) out before translation from the RNA
template before the protein is made according to the code on the RNA template
(which in turn comes from the DNA). Non-coding regions may just be junk, or may
code for regulatory RNAs [14], such as the Xist gene which switches off the extra
X chromosome in women [15].

In this paper we show that these long-range correlations exist for real sequences
of DNA and virtual sequences of DNA, but not random sequences of DNA. The
virtual sequences of DNA are those produced by our software, which simulates a
variety of mutational events. The random DNA has a random sequence generated
in software, so it should contain almost no correlations. We also explore whether or
not the power spectra show any differences between coding and non-coding DNA,
and between different species of bacteria.

2. Sequences Examined

For exploring correlations at very large distances, we used Homo sapiens chromo-
some 20 [16], Mus musculus chromosome 2 [17, 18] and Escherechia coli [19].

2.1. Real sequences

In order to compare correlations in real DNA with those in short random and short
virtual DNA sequences, we chose a selection of twenty short, real gene sequences
from various organisms. Their accession numbers, and descriptions are shown in
Table 1.

2.2. Random sequences

To compare the mutual information in real and virtual sequences, we generated
twenty random sequences of length 10 000 bases, where all four bases have equal
probability of appearing in each position.

2.3. Virtual sequences

The twenty virtual non-coding regions are generated by the latest version of our
software for exploring mutations in DNA [21]. It implements the following in silico

operations:

• Base substitutions, where one base pair has been replaced with a different base
through some mechanism (such as UV irradiation with an absent or partly
unsuccessful repair process).

• Additions, where a base pair has been added to the sequence.

• Deletions, where a base pair has been removed from the sequence.

• Flips, where part of a sequence has been replaced by its reverse complement.
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