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1

Introduction

The recent availability of complete genomes opens a new ﬁeld of research devoted to the general analysis
of their global structure without regard to gene interpretation. The Chaos Game Representation of
DNA sequence [2], when modiﬁed to allow for quantiﬁcation, displays the whole set of frequencies
of words found in a given genomic sequence under the form of images where the value of each pixel
corresponds to the frequency of a speciﬁc word in the sequence. The speciﬁc image, which is associated
with each species, may therefore be considered as a genomic signature [1]. The question arises about
the amount of species-speciﬁc information (in terms of word usage) remaining in short DNA fragments?

2

Method and Results

Sixteen genomes were selected to evaluate the variability of word frequency distribution along the
genomes. Series of (100, 25, 10, 5, 1, 0.5 and 0.1 kb) non-overlapping DNA fragments were randomly
chosen for each genome. The corresponding images were generated. In general, patterns are clearly
maintained when length of fragments decreases. However, a blurring eﬀect may develop for fragments
below 5 kb. In order to test to what extent short DNA fragments share properties of the species they
derive from, a unsupervised clustering technique has been used to group fragments as a function of
the characteristics of their word distribution. The grouping of fragments obtained can be compared
to their origin, using an index which quantiﬁes the proportion of well-classiﬁed fragments. Obviously,
variability of word frequencies within genome decreases when the size of fragment increases. In the
meantime, the length of words used may also be an interesting factor to consider. Longer words may be
more species-speciﬁc although their frequency along the genome may be more variable. As expected,
the proportion of well-classiﬁed fragments roughly decreases with the size of the fragment, whatever
the length of the words considered in the calculation (Fig. 1). However, a surprising high proportion
of 1kb fragments is properly classiﬁed. Similarly, the proportion of well-classiﬁed fragments increases
with the length of the words, whatever the size of the fragment. While a perfect classiﬁcation is
already achieved using 3 letter-words and 100 kb fragments, the analysis of longer words is required
to get good results when small fragments are considered. The usage of long words (5-letters) seems
to be quite constant along each genome while being also very species-speciﬁc.
We have shown that word usage in short fragments of genomic DNA (as short as 1 kb) is similar
to that of the whole genome, thus providing a strong support to the concept of genomic signature. As
a consequence, small DNA fragments can be used for classiﬁcation purposes.
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Figure 1: Classiﬁcation of DNA fragments (100 fragments per species, except for 100 kb fragments)
from 16 species. Percentage of well-classiﬁed fragments is expressed as a function of length of fragments
and size of words.
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