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We study global fluctuations of the guanine and cytosine base content (GC%) in mouse
genomic DNA using spectral analyses. Power spectra S(f) of GC% fluctuations in all
nineteen autosomal and two sex chromosomes are observed to have the universal func-
tional form S(f) ~ 1/f“ (a = 1) over several orders of magnitude in the frequency
range 10~7 < f < 1073 cycle/base, corresponding to long-ranging GC% correlations at
distances between 100 kb and 10 Mb. S(f) for higher frequencies (f > 1072 cycle/base)
shows a flattened power-law function with o < 1 across all twenty-one chromosomes.
The substitution of about 38% interspersed repeats does not affect the functional form
of S(f), indicating that these are not predominantly responsible for the long-ranged
multi-scale GC% fluctuations in mammalian genomes. Several biological implications of
the large-scale GC% fluctuation are discussed, including neutral evolutionary history by
DNA duplication, chromosomal bands, spatial distribution of transcription units (genes),
replication timing, and recombination hot spots.
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1. Introduction

DNA sequences, the blueprint of almost all essential genetic information, are poly-
mers consisting of two complementary strands of four types of bases: adenine (A),
cytosine (C), guanine (G), and thymine (T). Among the four bases, the presence of
A on one strand is always paired with T on the opposite strand, forming a “base
pair” with 2 hydrogen bonds; similarly, G and C are complementary to one another,
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while forming a base-pair with 3 hydrogen bonds [1-3]. Consequently, one may char-
acterize AT base-pairs as “weak” bases and GC base-pairs as “strong” bases. In
addition, the frequency of A (G) on a single strand is approximately equal to the
frequency of T (C) on the same strand, a phenomenon that has been termed “strand
symmetry” [4] or “Chargafl’s second parity” [5]. Therefore, DNA sequences can be
transformed into reduced 2-symbol sequences of weak W (A or T) and strong S (G
or C) bases. The percentage of S (G or C) bases of a DNA sequence segment is
denoted as the GC base content (GC%).

The spatial variation of GC% along a DNA sequence has been of long-standing
interests [6-9]. GC%-series can be considered as fluctuating or unsteady signals,
and consequently many signal processing and stochastic analysis techniques can be
applied to characterize and quantify the statistical properties of the DNA sequences
[10-12]. In particular, spectral and correlation analyzes are standard tools that
can be applied [13]. Initial spectral analysis [14-16] provided evidence that DNA
sequences, especially non-protein-coding sequences, exhibit a power spectrum S(f)
that can be approximated by S(f) ~ 1/f“ (=~ 1) and are termed “1/f noise” (or
“1/f noise” with 0.5 < a < 1.5) [17-21]. 1/f noise lies in-between the realm of
white noise (¢ = 0) and Brownian noise (o = 2) [22], and is indicative of a wide
distribution of length scales (or time, in the case of stochastic processes) [23].

The observation of 1/ f* spectra in many, but not all, short DNA sequences (of
the order of a few thousands bases) poses the question of whether 1/f% spectra are
a universal characteristic across all DNA sequences. Several lines of evidence show
that the 1/f% spectrum is indeed a generic phenomenon of GC% fluctuations in
DNA sequences and is found in genomic DNA sequences from different taxonomic
classes, including genomes from bacteria [24,25], yeast [26], insect [27], worm (W
Li, unpublished data), and human [28,29]. The human and mouse genomes are
evolutionarily separated by about 65-75 million years, and they exhibit a high level
of homology [30]. Yet several species-specific differences exist that might lead to
different functional properties of S(f):

e While the overall, genome-wide GC% of both human and mouse genomic
DNA sequences is about 42%, the distribution of GC% is different: GC%
when measured in 20 kb (20 x 10® bases) windows in mouse genomic DNA
lacks extremely high and low GC% values [30].

e There exist pronounced differences between large sequence segments (of the
order of several Mb (10° bases)) of human and mouse chromosomes due to
chromosomal rearrangements. At such length scales, GC% correlations exist-
ing in the human genome may be absent in mouse genome.

This Letter examines the presence of 1/f¢ spectra in spatial GC% variations
across all Mus musculus chromosomes. A graphic display of the mouse genome
GC% fluctuation can be found at [31].

2. Material and Methods

2.1. DNA sequence data

We download mouse genomic DNA sequences for nineteen autosomal chromosomes
(Chr1-Chr19) and two sex chromosomes (ChrX and ChrY) from the UCSC Genome
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