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ABSTRACT

The unusual base composition of the genome of the
human malaria parasite Plasmodium  falciparum
prompted us to systematically investigate the occur-
rence of homopolymeric DNA tracts in the P.falciparum
genome and, for comparison, in the genomes of Homo
sapiens , Saccharomyces cerevisiae , Caenorhabditis
elegans , Arabidopsis thaliana , Escherichia coli and
Mycobacterium tuberculosis. Comparison of the
observed frequencies with the frequencies as expected
for random DNA revealed that homopolymeric (dA:dT)
tracts occur well above chance in the eukaryotic
genome. In the majority of these genomes, (dA:dT)
tract overrepresentation proved to be an exponential
function of the tract length. (dG:dC) tract over-
representation was absent or less pronounced in both
prokaryotic and eukaryotic genomes. On the basis of
our results, we propose that homopolymeric (dA:dT)
tracts are expanded via replication slippage. This
slippage-mediated expansion does not operate on
tracts with lengths below a critical threshold of 7–10 bp.

INTRODUCTION

The past decade has seen the initiation of a number of genome
sequencing projects for organisms that are of interest as a model
system or as a pathogen. An example of the latter category is the
protozoan parasite Plasmodium falciparum, which is the main
cause of malaria in man and responsible for two million deaths
annually. With the aim of the development of new drugs or a
vaccine, the biology of the parasite has been the subject of
intensive study. One of the unique features of the parasite is the
extraordinary base composition of its genome, first revealed by
the sequencing of genes and intergenic regions, and confirmed
later by data generated by the P.falciparum genome project. The
overall A/T content of the parasite’s genome is 81%, and can
reach levels as high as 90% in non-coding regions (1). Plasmodium
falciparum possesses the G/C poorest genome known so far (2).

Visual inspection of P.falciparum intergenic sequences reveals
the extensive occurrence of long homopolymeric (dA:dT)

stretches. These stretches are of interest as they have unique
structural and functional properties. Crystallographic data have
shown that homopolymeric (dA:dT) tracts adapt a rigid structure
which is characterized by a high level of propeller twist and an
increased base stacking. This allows the formation of additional
non-Watson–Crick, bifurcated hydrogen bonds (3). Phasing of
short (dA:dT) tracts within the helical repeat of normal B-DNA
results in a macroscopic curvature of the DNA (4,5). It has been
proposed that all general-sequence B-DNA gently writhes, with
the net effect of all local bends being a straight helix. Introduction
of a straight (dA:dT) tract distorts the array of compensating
writhes and results in a curvature of the DNA (6). This curvature
can play a role in the modulation of the transcriptional activity of
genes (7), and enhance the affinity of the DNA for transcription
factors such as the TATA-binding protein (8). Alternatively,
(dA:dT) can modulate the access of transcription factors to the
DNA via a local distortion of a nucleosome (9). In yeast, (dA:dT)
tracts are functional promoter elements (10). Their effects are
mediated by a modulation of the nucleosomal occupancy of the
DNA rather than by the direct recruitment of trans-acting factors
(11). Finally, homopolymeric (dA:dT) stretches are part of scaffold
associated regions (SARs) that are supposed to anchor the chromatin
loops in the nucleus (12,13). The SARs are also the place of
residence of topoisomerase II, which controls the topology of DNA
during replication, recombination and transcription. It has been
proposed that the curvature induced by the homopolymeric
(dA:dT) tracts in the SAR defines the sequence characteristics
preferred by topoisomerase II (14,15).

Homopolymeric DNA tracts, or more generally, simple
repetitive sequences, can give rise to slippage of the polymerase
during replication. The internally repetitive DNA sequences
allow the nascent strand to slip back or forward on the parental
strand with one or more repeat units, resulting in an expansion or
contraction of the new DNA strand (16). It has been proposed that
slipped strand replication is a major force in the evolution of
genes (17,18) and genomes (19) and it is supposed to be
implicated in a large number of human genetic diseases (20,21).
In addition to replication slippage, processes like unequal
crossing over, mutation and selection affect the persistence of
simple sequences. The distribution of simple sequences in the
genome thus reflects an equilibrium between various mutational
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and selective forces (22). It is generally believed, however, that
the initial variations in sequence lengths are provoked by
replication slippage, and that this process provides the raw
material upon which the other mechanisms act (16,23,24).

The functional and structural significance of homopolymeric
(dA:dT) stretches together with initial observations that they are
enriched in the genome of P.falciparum prompted us to investigate
their occurrence in a systematic way. For comparison, we
analyzed the occurrence of homopolymeric (dG:dC) stretches in
the P.falciparum genome, and the occurrence of (dA:dT) and
(dG:dC) tracts in the genomes of six other species (Homo sapiens,
Saccharomyces cerevisiae, Caenorhabditis elegans, Arabidopsis
thaliana, Escherichia coli and Mycobacterium tuberculosis),
which are widely ranged across the evolutionary spectrum.

MATERIALS AND METHODS

Analysis of P.falciparum genomic sequences was performed on 17
contigs (#7289, #7290, #7292, #7294, #7296, #7297, #7299, #7300,
#7302, #7316, #7327, #7355, #7404, #7455, #7535, #7623, #7651)
obtained from the Institute for Genomic Research (ftp://ftp.tigr.org),
and compiled from the sequence data of chromosome 2 of strain
3D7 of P.falciparum. For the analysis of the human genome, 10
contigs (BK992D9, DJ121G13, DJ211D12, DJ30P20, DJ431A14,
DJ106H8, DJ170A21, DJ272J12, DJ389A20, DJ79C4) from
sequence data of chromosomes 1, 6, 20, 22 and X were obtained
from the Sanger Center (ftp://ftp.sanger.ac.uk). Sequences of
C.elegans and A.thaliana were obtained from the EMBL nucleotide
library (C.elegans: CEY105C5, CEY106G6; A.Thaliana: ATFCA0;
ATFCA1; ATFCA2; ATFCA3; ATFCA4; ATFCA5; ATFCA6;
ATFCA7; ATFCA8). Analysis of the S.cerevisiae, E.coli K12 and
M.tuberculosis H37Rv genomes was on the completed genomic
sequences obtained from ftp://genome-ftp.stanford.edu;
ftp://ftp.genetics.wisc.edu; and ftp://ftp.sanger.ac.uk, respectively.

To investigate the occurrence of homopolymeric (dA:dT)
stretches in different P.falciparum genome regions, sequences
with well-defined features with respect to the organization into
intron, exon and flanking sequences were selected from the
EMBL database, release 52. Sequences encoding structural RNA
or originating from plastids or mitochondria were omitted. A total
number of 241 unique sequences were selected with a total length
of 608 kb. Using a small Tcl script, the sequences were dissected
in gene-flanking, coding and intron according to the tables of
features accompanying the sequences.

The basic characteristics of all sequences analyzed are
presented in Table 1. Sequence analysis was performed on a
Silicon Graphics Challenge running Irix 5.3 using the GCG
package (25) version 8.1. The expected frequency of finding a
homopolymeric non-overlapping (dA:dT) tract of length N in
either orientation was calculated assuming a zero-order Markov
chain as described previously (26):
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Note that this equation calculates the frequency of a non-overlapping
(dA:dT) tract and takes into account the frequencies of the two
adjacent nucleotides.

To assess whether the overrepresentation of homopolymeric
(dA:dT) tracts is due to compositional inhomogeneities in the
genome, regression analysis was carried out between the local
A/T content of the contigs and the frequency of occurrence of
overrepresented homopolymeric (dA:dT) tracts. To this end, the

abundance of homopolymeric (dA:dT) tracts �10 bp and the A/T
content were determined in a window of 1000 bp that was shifted
along the sequence with a 950 bp interval. Regression analysis was
performed using the regression module of Microsoft Excel 97.

RESULTS

The P.falciparum genome is enriched for short (dG:dC)
tracts and long (dA:dT) tracts

The malaria genome project, which was established in 1996 and
ultimately aims at sequencing all the 2.5 × 107 nt of the genome,
is in full progress and has already provided a wealth of sequence
information (27). As chromosome 2 was the first chromosome for
which a complete contig map was established in yeast artificial
chromosomes (28), most progress has been made in sequencing
this chromosome. To date, this has resulted in 21 807 individual
sequence reads that can be assembled into 17 contigs that cover
967 kb of chromosome 2. As the estimated size of chromosome
2 is 1.03 Mb (28), the contigs encompass 94% of the chromosome
and can be considered representative for its DNA sequence. The
overall A/T content of the chromosome 2 contigs is 80% (Table 1),
which corresponds well to the numbers that have been reported
previously for the P.falciparum genome (29,30). We determined
the numbers of non-overlapping homopolymeric (dA:dT) and
(dG:dC) tracts present in either orientation in the chromosome 2
contigs. Table 2 shows the numbers of tracts for 2 � N � 10. The
results show that all (dG:dC) tracts appear at higher frequencies
than is expected on basis of a random distribution of nucleotides.
However, (dG:dC) tracts longer than 9 nt are not observed.
(dA:dT) tracts of 2 or 3 nt are slightly overrepresented whilst
tracts of 4 nt show a minor underrepresentation. (dA:dT) tracts
with lengths of 5–9 nt are overrepresented, but to a lesser extent
than (dG:dC) tracts of similar lengths. Standard χ2 analysis
revealed that in all cases the deviations of the observed
frequencies from the expected frequencies are statistically
significant at P < 0.001 (not shown).

Whereas (dA:dT) tracts <10 nt appear at frequencies that are
close to expectation in the P.falciparum genome, the occurrence
of tracts >10 bp deviates strongly from expectation. Figure 1A
shows the relative frequency of occurrence as a function of the
tract length for the non-overlapping homopolymeric DNA tracts
found in the chromosome 2 contigs. Interestingly, the frequency
distribution of (dA:dT) tracts >12 bp can be fit by a single
semi-logarithmic function that exhibits a far greater dependence
on N than the function that describes the expected frequencies.
(dA:dT) tracts with lengths of up to 47 bp are observed, which
would be very unlikely to occur at a random distribution of
nucleotides. The contribution of homopolymeric (dA:dT) tracts
to the genome is considerable, as the sum of the lengths of all
stretches >7 bp is 44 506 bp, which accounts for nearly 5% of the
sequences encompassed by the chromosome 2 contigs. In
conclusion, the P.falciparum genome as represented by the
chromosome 2 contigs is highly enriched for short (dG:dC) tracts
and for long (dA:dT) tracts.

We assessed whether the observed overrepresentation of
homopolymeric (dA:dT) tracts is caused by compositional
inhomogeneities in the P.falciparum genome. To this end, we
determined the base composition and frequency of occurrence of
homopolymeric (dA:dT) tracts of �10 bp in windows of 1000 bp.
Regression analysis revealed a very weak correlation between the
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Table 1. Summary and basic characteristics of the sequence data analyzed in this study

The estimated sizes of the genomes of P.falciparum, H.sapiens, C.elegans and A.thaliana were taken from (43),
(44), (45) and (46) respectively. The A/T content was determined from the sequence data. *r2 values obtained
by linear regression analysis between the A/T content and the frequency of occurrence of homopolymeric
(dA:dT) tracts �10bp in windows of 1000 bp.

The table lists the number of non-overlapping homopolymeric (dA:dT) and (dG:dC) tracts of lengths N for
2 � N � 10 as found in 17 contigs spanning 967 532 nt of chromosome 2. The observed and expected relative
frequencies of occurrence are given together with the ratio of the observed to the expected frequencies
(overrepresentation).

Table 2. Occurrence of homopolymeric tracts in P.falciparum chromosome 2

A/T content in the window and the abundance of homopolymeric
tracts (Table 1). Thus, the abundance of homopolymeric tracts is
independent of local inhomogeneities in the genome.

Enrichment for (dA:dT) tracts is restricted to
non-coding DNA

As coding and non-coding regions are subject to different functional
constraints, it is likely that the occurrence of homopolymeric DNA
tracts will vary between these regions. Therefore, we analyzed the
occurrence of homopolymeric stretches in the different regions of
the P.falciparum genome. 241 sequences were selected from the
EMBL database and the number of tracts in the coding, intron and
gene-flanking regions of the P.falciparum genome was scored.
Table 1 summarizes the basic features of the data we have
analyzed. The coding regions have an A/T content of 71%

whereas the A/T content reaches 81% in the gene-flanking
regions and 87% in the introns.

Figure 1B–D shows the length dependent occurrence of
homopolymeric stretches in the different genome regions. Short
(dG:dC) tracts show a minor overrepresentation in the introns
while higher levels of overrepresentation are seen in the
gene-flanking and coding sequences. (dG:dC) runs >9 bp are absent.
In accordance with the analysis of the chromosome 2 contigs, short
(dA:dT) tracts of N <10 bp appear at frequencies close to expectation
in all regions. However, dramatic differences between the genomic
regions become apparent for (dA:dT) tracts >10 bp. Whereas the
coding regions are limitedly enriched for (dA:dT) tracts >10 nt,
these tracts appear at frequencies well above chance in the
non-coding regions. In the latter regions, the frequency distributions
of (dA:dT) tracts show a characteristic bipartite pattern very
similar to that observed for the chromosome 2 contigs. These
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Figure 1. Frequency distributions of homopolymeric tracts in the P.falciparum genome. The figure shows the frequency distributions of homopolymeric runs as
observed in chromosomal (A), gene-flanking (B), intron (C) and protein encoding DNA (D) of P.falciparum.

Figure 2. Homopolymeric (dA:dT) tracts cluster in the non-coding regions of the P.falciparum genome. The figure shows the distribution of homopolymeric (dA:dT)
tracts (vertical bars) along a representative 20 kb region of chromosome 2, together with a prediction of open reading frames (open boxes). Arrows indicate the
directions of the open reading frames.

results indicate that the enrichment for long (dA:dT) tracts as seen
in the analysis of the chromosome 2 contigs can be largely
attributed to the gene-flanking and intron sequences. To support
this notion, we plotted the regions occupied by homopolymeric
tracts together with a prediction of open reading frames along a
20 000 bp region of chromosome 2 (Fig. 2). In this representation
it can be seen that long homopolymeric (dA:dT) tracts and open
reading frames indeed appear in a mutually exclusive pattern.

(dA:dT) tract enrichment is a general eukaryotic
phenomenon

At a random distribution of nucleotides, homopolymeric (dA:dT)
stretches would occur relatively frequently in an A/T rich genome
whereas (dG:dC) tracts may be virtually absent. In the P.falciparum
genome, for instance, (dA:dT) tracts of 8 bp are expected to occur

once every 2000 nt whereas (dG:dC) tracts of similar length are
expected to occur only once every 5.6 × 107 nt (Table 2). It is
conceivable that the overrepresentation of (dA:dT) tracts in the
P.falciparum genome is provoked by the intrinsic high frequency
of randomly occurring tracts, which may serve as the substrate for
slippage-mediated expansion. If such a process would operate
with equal efficiency on A/T rich and G/C rich DNA, it would
lead to (dA:dT) tract enrichment in an A/T rich genome, and
(dG:dC) tract enrichment in a G/C rich genome. In this view, in a
genome with an A/T to G/C ratio of 1, homopolymeric (dG:dC) tract
overrepresentation should equal (dA:dT) tract overrepresentation.
To address this hypothesis, we analyzed the occurrence of homo-
polymeric tracts in several genomes with varying A/T contents.

In contrast to the prediction, in none of the genomes analyzed
is a high overrepresentation of (dG:dC) tracts observed (Fig. 3).
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Figure 3. Length dependent occurrence of homopolymeric tracts in different eukaryotic and prokaryotic genomes.

Instead, the occurrence of (dG:dC) tracts is close to expectation
(S.cerevisiae, A.thaliana), shows an underrepresentation (E.coli,
M.tuberculosis) or a relatively minor overrepresentation (P.falci-
parum, H.sapiens, C.elegans). These results show that a higher
G/C content does not lead to a dramatic increase in the
overrepresentation of (dG:dC) tracts, and might indicate that
replication slippage operates less efficiently on G/C rich DNA.

The analysis of the various genomes furthermore shows that the
patterns of occurrence of (dA:dT) tracts are clearly distinct
between prokaryotes and eukaryotes (Fig. 3). In the two prokaryotes
we have analyzed, (dA:dT) tracts appear at frequencies close to
expectation. In eukaryotes, poly(dA:dT) tracts are generally
overrepresented following a characteristic bipartite pattern. The
frequency distribution of (dA:dT) tracts in the genomes of
P.falciparum, H.sapiens, S.cerevisiae and A.thaliana can be fitted
by two exponential functions that break in the 8–12 bp region. A
strikingly divergent pattern of (dA:dT) tract overrepresentation is
provided by C.elegans. In this organism, the curve that fits the
observed frequencies shows a slight bulge in the 8–10 bp region,
but then continues parallel to the curve that represents the
distribution of the expected frequencies. Furthermore, (dA:dT)
tracts >14 bp were not observed in the C.elegans genome whereas
in all other eukaryotes tracts reach lengths of over 25 bp.

For all eukaryotic genomes, regression analysis between the local
A/T content and the density of overrepresented homopolymeric
(dA:dT) tracts revealed that these are not correlated (Table 1).
This indicates that the overrepresentation of homopolymeric
(dA:dT) tracts in the genomes of higher eukaryotes is not due to
the presence of A/T rich compartments, or isochores.

Overrepresentation of (dA:dT) tracts is an exponential
function of the tract length

In contrast to the situation in C.elegans, where tracts >10 bp
appear at frequencies that are at a steady 15-fold above
expectation, the overrepresentation of (dA:dT) tracts in the
genomes of the other eukaryotes is an exponential function of the
tract length. This can best be seen in Figure 4, where the ratio of
the observed to the expected frequency is plotted against the tract
length. In the genomes of P.falciparum, H.sapiens, S.cerevisiae
and A.thaliana, longer tracts are more strongly overrepresented
then shorter tracts. The overrepresentation of tracts >10 bp can be
fitted by a single exponential function that depends on the tract
length. Interestingly, these functions are very similar for the
different genomes, suggesting a shared mechanism for the
accumulation and maintenance of (dA:dT) tracts.
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Figure 4. Overrepresentation of (dA:dT) tracts is an exponential function of
the tract length in the genomes of P.falciparum, H.sapiens, S.cerevisiae and
A.thaliana, but not in the C.elegans genome. Overrepresentation of (dA:dT)
tracts, expressed as the ratio between the observed and the expected frequency
of occurrence, is plotted against the tract length.

DISCUSSION

The data presented here show that the eukaryotic genome is
enriched for homopolymeric (dA:dT) tracts. With the exception
of C.elegans, the occurrence of (dA:dT) tracts shows a bipartite
pattern that can be described by two exponential functions. First,
short tracts of 2 � N � 7 occur at frequencies that are close to
the predicted values. Second, tracts of N >10 show a length
dependent overrepresentation and can reach lengths of >30 nt that
are up to 1012-fold overrepresented. By contrast, (dG:dC) tracts
are not or only weakly overrepresented. In the few instances that
enrichment for (dG:dC) tracts is seen, the overrepresentation
cannot be described by a simple exponential function (not shown)
and never exceeds 104-fold over chance. The detailed analysis of
the P.falciparum genome shows that overrepresentation of
(dA:dT) tracts is largely restricted to non-coding DNA.

Slipped strand mispairing during replication rather than
unequal crossing-over is seen as the major force in the generation of
length variation of simple sequence repeats (16,23), and this process
can also account for the variation in length of homopolymeric runs,
which are the simplest forms of simple sequence repeats (19,31).
The driving force in the expansion of homopolymeric tracts might
originate from a biased action of the slippage process or from
specific retention of expanded tracts (16). In either case, the
process has a self-accelerating component, as expanded tracts
increase the likelihood for additional slippage events, which in
turn lead to additional expansion.

Two observations from the data presented here stand out. First,
the overrepresentation of (dA:dT) tracts >10 bp in the genomes
of P.falciparum, H.sapiens, S.cerevisiae and A.thaliana is an
exponential function of the tract length. Such a distribution is
consistent with models in which replication slippage is responsible
for the expansion of homopolymeric DNA tracts (22,32).
Interestingly, tracts <7 bp appear at frequencies close to
expectation, indicating that they are immune to slippage mediated
expansion. This suggests that there is a critical threshold that

determines whether a homopolymeric tract can be subjected to
slippage-mediated expansion. A length <7 bp is below the
threshold for expansion. By contrast, the lengths of (dA:dT) tracts
>10 bp are above the threshold and these tracts accumulate in the
genome as a result of slippage-mediated expansion. A threshold
value identical to that observed here can be determined from the data
presented in a study of the length-dependent occurrence of
homopolymeric (dA:dT) tracts in the Dictyostelium discoideum
genome (26), and from data on the length dependent occurrence of
DNA repeats in a variety of genomes (33). We conclude, therefore,
that irrespective of the organism and of the nature of the repeat
element, the minimum length requirement for a simple sequence
repeat to undergo expansion by replication slippage is 7–10 bp.

Our data indicate that for the majority of the eukaryotic
genomes, the expansion of (dA:dT) tracts >10 bp can be described
by a single exponential function, which is very similar for the
different genomes. A striking exception is provided by C.elegans
where the frequency distribution of (dA:dT) tracts is clearly
distinct from that of the other eukaryotes. Although the curve that
fits the length dependent occurrence of (dA:dT) tracts in the
C.elegans genome does change its slope slightly in the 8–10 bp
region, it differs drastically from the curves seen for the other
eukaryotes. The reason for this is unclear. The overall level of
sequence simplicity in C.elegans is similar to that seen in other
eukaryotes (19), indicating that the mechanisms responsible for
the generation and maintenance of simple sequence repeats
operate with comparable efficiency in C.elegans. Therefore, the
distinct pattern of (dA:dT) tract overrepresentation most probably
results from distinct selective forces. The nature of these forces
remains unresolved.

A second important observation made here is that the frequency
distribution of (dG:dC) tracts is very different between the various
eukaryotic genomes. Some genomes are enriched for (dG:dC) tracts,
whereas other genomes exhibit an underrepresentation. The A/T
rich P.falciparum genome is enriched for (dG:dC) stretches �9 bp.
As the lengths of the vast majority of these stretches are below the
threshold for slippage, expansion of (dG:dC) tracts by replication
slippage is precluded, and the overrepresentation of short
(dG:dC) tracts most probably has evolved by other mechanisms.
The genomes of the other eukaryotes studied here are more G/C
rich, and will, by chance, have higher densities of (dG:dC) tracts.
These stretches provide the substrate for slippage-induced
expansion. Yet, overrepresentation of (dG:dC) tracts is absent or,
in cases where it is observed, does not reach the high level seen
for (dA:dT) tracts. This indicates that (dG:dC) tracts are less
efficiently expanded by slipped strand replication. This might not
be surprising: slippage during replication requires the local
melting of a DNA duplex, and the greater stability of (dG:dC)
duplexes in comparison to (dA:dT) duplexes might prevent
slippage of polymeric (dG:dC) tracts. Accordingly, it has been
shown that the efficiency of in vitro slippage synthesis of simple
sequence DNA using short primers is dependent on the A/T
content of the primers. Whereas A/T rich primers mediate
slippage synthesis at a high rate, primers consisting purely of G/C
nucleotides poorly generate simple sequence repeats (34). Thus,
the low enrichment for (dG:dC) tracts in the eukaryotic genome
most likely indicates that they are less efficiently expanded by
slippage-like events.

Superimposed on the results of slipped strand replication are
the actions of unequal crossing-over, mutation, gene conversion
and selection that all act on the persistence of simple sequence



 

Nucleic Acids Research, 1998, Vol. 26, No. 174062

DNA (22). As coding regions are subject to strong selection, the
ways in which slippage-derived sequences accumulate in them are
more restricted than they are in non-coding regions (19). According-
ly, we observed that homopolymeric tracts are less strongly over-
represented in the P.falciparum coding than in the non-coding
regions. Furthermore, overrepresentation of homopolymeric tracts is
absent in prokaryotes. This is consistent with the view that
prokaryotes possess a streamlined genome, which allows for rapid
replication and cell division (16,35). It is not clear whether the
homopolymeric (dA:dT) tracts in the non-coding regions of the
eukaryotic genome are also under selective pressure or represent
junk DNA. Such junk, or ‘selfish’ DNA, is evolutionary neutral and
does not affect the phenotype of its host (36). As selfish DNA is not
under control of selective forces, it can only accumulate by virtue of
a biased action of the replication machinery or by an ability to
self-replicate as, for instance, is seen for transposons. Replication
slippage itself might not be biased towards the generation of
duplications. In experimental contexts, simple sequence repeats
subjected to slippage events are unstable and acquire deletions rather
than insertions (37–39). Thus, selective rather than stochastic
principles might underlie the overrepresentation of homopolymeric
runs. Selective advantages of homopolymeric (dA:dT) runs might
originate from their structure forming abilities. Since one of the
canonical features of the structure-forming ability of a DNA
sequence is its length-dependence (40), any selective advantage
given by the structure-forming ability of a (dA:dT) tract should
be reflected in a length-dependent enrichment (33). Our results
show that in the P.falciparum, H.sapiens, S.cerevisiae and
A.thaliana genomes, tracts >10 nt show an overrepresentation
that is an exponential function of the tract length. Longer tracts are
up to a billion-fold overrepresented whereas short tracts only
show a minor overrepresentation. This strongly suggests that the
structure-forming abilities of (dA:dT) tracts offer selective
advantages that lead to their overrepresentation. The precise
nature of this selective advantage remains unclear but might
originate from a functional role of (dA:dT) tracts in the
modulation of transcription and/or in the organization of the
chromatin structure (9,11,14,41).

All functional roles of homopolymeric (dA:dT) tracts reported
in the literature relate to the structural organization of chromatin
in the nucleus. Would that explain their overrepresentation in
eukaryotes, or are they just byproducts of DNA metabolism in
eukaryotic cells and represent selfish DNA? Regardless of a
possible functional role, their presence will have an impact on the
structure and organization of the DNA. Our analysis shows that
(dA:dT) tracts make up a considerable 5% of the P.falciparum
genome. In this organism, (dA:dT) tracts have been implicated in
intrachromosomal recombination events that contribute to anti-
genic variation (42). Although the exact nature of the principles
that lead to an overrepresentation of (dA:dT) tracts may be hard
to resolve, having long homopolymeric stretches in the genome
obviously has important biological consequences.
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