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Fractal landscape analysis of DNA walks
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By mapping nucleotide sequences onto a “DNA walk™, we uncovered remarkably lorg-
range power law corrclations [Nature 336 (1992) 168] that imply 2 new scale invariant
property of DNA. We found such long-range correlations in intron-containing genes and in
non-transcribed regulatory DNA sequences, but not in cDNA sequences or intron-less genes.
In this paper, we present more explicit evidences to support our findings.

The DNA walk (see ref. [1a])®' is defined by the rule that the walker steps
up (u(f) = +1) if a pyrimidine occurs at position a linear distance i along the
DNA chain, while the walker steps down (u(i) = —1) if a purine occurs at
position i, The trajectories of the DNA walk, defined as y({)=E'_, u(i),
produce a contour reminiscent of the irregular fractal landscapes (see fig. 1a)
that have been widely studied in physical systems [2].

A quantitative characterization of such a “landscape” is the mean fluctuation
function F(I), defined as

F()=[ay(1) -3y = [ay()F - ay(1Y (1)
of a quantity Ay(!) defined by

Ap(ly=y(ly + 1) = y(1y) . (2)
Here the bars indicate an average over all positions [, in the gene.

If the nucleotides are uncorrelated or only short-range correlated (i.e., with
a characteristic correlation length), then F(I)~ /""" (as expected for a normal

"' Long-range correlations in non-coding regions of DNA were reported independently by Li
and Kaneko [1h].
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