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ABSTRACT stretches. These stretches are of interest as they have unique
N structural and functional properties. Crystallographic data have
The unusual base composition of the genome of the shown that homopolymeric (dA:dT) tracts adapt a rigid structure
human malaria parasite  Plasmodium  falciparum  which is characterized by a high level of propeller twist and an
prompted us to systematically investigate the occur- increased base stacking. This allows the formation of additional

rence of homopolymeric DNAtractsinthe  Pfalciparum  non-Watson—Crick, bifurcated hydrogen bon#s Phasing of
genome and, for comparison, inthe genomes of ~ Homo  ghort (dA:dT) tracts within the helical repeat of nonBddNA

sapiens , Saccharomyces cerevisiae , Caenorhabditis results in a macroscopic curvature of the DM/&Y, It has been
elegans, Arabidopsis thaliana , Escherichia coli and  proposed that all general-sequeBeBNA gently writhes, with

Mycobacterium  tuberculosis. ~ Comparison of the the net effect of all local bends being a straight helix. Introduction
observed frequencies with the frequencies as expected of a straight (dA:dT) tract distorts the array of compensating
for random DNA revealed that homopolymeric (dA:dT) writhes and results in a curvature of the DN This curvature
tracts occur well above chance in the eukaryotic can play a role in the modulation of the transcriptional activity of
genome. In the majority of these genomes, (dA:dT) genes {), and enhance the affinity of the DNA for transcription
tract overrepresentation proved to be an exponential factors such as the TATA-binding proteifl).( Alternatively,
function of the tract length. (dG:dC) tract over- (dA:dT) can modulate the access of transcription factors to the
representation was absent or less pronounced in both DNA via a local distortion of a nucleoson®.(in yeast, (dA:dT)
prokaryotic and eukaryotic genomes. On the basis of tracts are functional promoter elemerit§)( Their effects are
our results, we propose that homopolymeric (dA:dT) mediated by a modulation of the nucleosomal occupancy of the
tracts are expanded via replication slippage. This DNA rather than by the direct recruitmentrains-acting factors
slippage-mediated expansion does not operate on (11). Finally, homopolymeric (dA:dT) stretches are part of scaffold
tracts with lengths below a critical threshold of 7-10 bp. associated regions (SARs) that are supposed to anchor the chromatir
loops in the nucleusl®13). The SARs are also the place of
INTRODUCTION residence of topoisomerase Il, which controls the topology of DNA

during replication, recombination and transcription. It has been

The past decade has seen the initiation of a number of genopreposed that the curvature induced by the homopolymeric
sequencing projects for organisms that are of interest as a mo¢iBA:dT) tracts in the SAR defines the sequence characteristics
system or as a pathogen. An example of the latter category is fireferred by topoisomerase 11415).
protozoan parasitlasmodium falciparupmwhich is the main Homopolymeric DNA tracts, or more generally, simple
cause of malaria in man and responsible for two million deathepetitive sequences, can give rise to slippage of the polymerase
annually. With the aim of the development of new drugs or during replication. The internally repetitve DNA sequences
vaccine, the biology of the parasite has been the subject @fow the nascent strand to slip back or forward on the parental
intensive study. One of the unique features of the parasite is thteand with one or more repeat units, resulting in an expansion or
extraordinary base composition of its genome, first revealed lppntraction of the new DNA strandig). It has been proposed that
the sequencing of genes and intergenic regions, and confirmglgpped strand replication is a major force in the evolution of
later by data generated by tAéalciparumgenome project. The genes 17,18) and genomesl1f) and it is supposed to be
overall A/T content of the parasite’s genome is 81%, and camplicated in a large number of human genetic dise@8e31j.
reach levels as high as 90% in non-coding regibnBkasmodium In addition to replication slippage, processes like unequal
falciparumpossesses the G/C poorest genome known s@)far (crossing over, mutation and selection affect the persistence of

Visual inspection oP.falciparumintergenic sequences revealssimple sequences. The distribution of simple sequences in the
the extensive occurrence of long homopolymeric (dA:dThenome thus reflects an equilibrium between various mutational
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and selective force2®). It is generally believed, however, that abundance of homopolymeric (dA:dT) traet& 0 bp and the A/T
the initial variations in sequence lengths are provoked bgontent were determined in a window of 1000 bp that was shifted
replication slippage, and that this process provides the raaong the sequence with a 950 bp interval. Regression analysis was
material upon which the other mechanisms &603,24). performed using the regression module of Microsoft Excel 97.

The functional and structural significance of homopolymeric
(dA:dT) stretches together with initial observations that they are
enriched in the genome Bffalciparumprompted us to investigate RESULTS
their occurrence in a systematic way. For comparison, . : . )
analyzed the occurrence of homopolymeric (dG:dC) stretche;\fﬁe P.falmparumge.nome is enriched for short (dG:dC)
the P.falciparumgenome, and the occurrence of (dA:dT) and'acts and long (dA:dT) tracts
(dG:dC) tracts in the genomes of six other spekiemp sapiens
Saccharomyces cerevisjggaenorhabditis eleganérabidopsis
thaliang, Escherichia coliand Mycobacterium tuberculogis
which are widely ranged across the evolutionary spectrum.

The malaria genome project, which was established in 1996 and
ultimately aims at sequencing all the 250" nt of the genome,
is in full progress and has already provided a wealth of sequence
information 7). As chromosome 2 was the first chromosome for
which a complete contig map was established in yeast artificial
MATERIALS AND METHODS chromosomes2g), most progress has been made in sequencing
is chromosome. To date, this has resulted in 21 807 individual
guence reads that can be assembled into 17 contigs that covel
7 kb of chromosome 2. As the estimated size of chromosome
i5 1.03 Mb £8), the contigs encompass 94% of the chromosome
nd can be considered representative for its DNA sequence. The
erall A/T content of the chromosome 2 contigs is 80% (Tgble
hich corresponds well to the numbers that have been reported

Analysis ofP.falciparumgenomic sequences was performed on 1
contigs (#7289, #7290, #7292, #7294, #7296, #7297, #7299, #73
#7302, #7316, #7327, #7355, #7404, #7455, #7535, #7623, #76
obtained from the Institute for Genomic Research (ftp://ftp.tigr.org
and compiled from the sequence data of chromosome 2 of str
3D7 of Pfalciparum For the analysis of the human genome, 1
contigs (BK992D9, DJ121G13, DJ211D12, DJ30P20, DJ431fA1 reviously for theP.falciparumgenome 29,30). We determined

DJ106H8, DJ170A21, DJ272]12, DJ38YA20, DJ79C4) frory nmpers of non-overlapping homopolymeric (dA:dT) and

sequence data of chromosome; 1,6, 20, 22 and X were obtai & :dC) tracts present in either orientation in the chromosome 2
from the Sanger Center (ftp://fftp.sanger.ac.uk). Sequences ntigs. Table shows the numbers of tracts foe2N < 10. The

C.elegansindA thalianawere obtained from the EMBL nucleotide results show that all (dG:dC) tracts appear at higher frequencies

lg'rggp(gef?ggsAczETo?ggsgCi¥égia%E§gT5aAZ;§€£6 than is expected on basis of a random distribution of nucleotides.
’ ’ ’ ’ ' ' However, (dG:dC) tracts longer than 9 nt are not observed.

':‘/thF Cb:A7; iATI;C_{:éE?B)R Analysis of théS.cere;/ri]siae, E'Cldt(ldz and (dA:dT) tracts of 2 or 3 nt are slightly overrepresented whilst
uberculosi bt WV %eno][nes Wafst c_)/'; € comf;t) € ? ?egorgl -acts of 4 nt show a minor underrepresentation. (dA:dT) tracts
se_quences _ obtaine . rom . p-//genome-iip.staniord.eCigy;, lengths of 5-9 nt are overrepresented, but to a lesser extent

ftp.//ftp.gene_tlcs.msc.edu, and ftp:/fftp.sanger.ac.uk, re_spectlvely.than (dG:dC) tracts of similar lengths. Standgfdanalysis
To investigate the occurrence of homopolymeric (dA'dT)revealed that in all cases the deviations of the observed

stretches in differeni.falciparumgenome regions, SEQUENCESy . ancies from the expected frequencies are statistically
with well-defined features with respect to the organization int ignificant atP < 0.001 (not shown)

Elt\;lanL' de)f[og and fIIankingzs%quences were 39'ethd IrorrrRt’ hereas (dA:dT) tracts <10 nt appear at frequencies that are
alabase, release <. Sequences encoding structura ose to expectation in tH&falciparumgenome, the occurrence

or originating from plastids or mitochondria were omitted. Atotal ;. o 10 bp deviates strongly from expectation. Figare
number of 241 unique sequences were selected with a total lengifl < 1he relative frequency of occurrence as a function of the

.Of 608 kbﬂ' Ui'.ng a srg_all Tcl Zc_r ipt, the seqléences Wﬁre dllaslsec ct length for the non-overlapping homopolymeric DNA tracts
:‘gagtjspees- a?:r(]:c;r?]g,a?woir;ngthznsemttjg)r?cggcor Ing to the tables Qf 4 in the chromosome 2 contigs. Interestingly, the frequency
The basi E ytg. . qf I ' vzed distribution of (dA:dT) tracts >12 bp can be fit by a single

€ basic characteristics of all sequences analyz€d alky; |ngarithmic function that exhibits a far greater dependence
presented in Tablé. Sequence analysis was performed on @\ than the function that describes the expected frequencies.
Silicon Graphics Challenge running lIrix 5.3 using the GCGya Ty tracts with lengths of up to 47 bp are observed, which
package 15) version 8.1. The expected frequency of finding qwould be very unlikely to occur at a random distribution of

h_orr]nopol_ymen_c non-ovelrla?plng (dAdT) wract of Ierzjglh'r\w/l  Ducleotides. The contribution of homopolymeric (dA:dT) tracts
either orientation was calculated assuming a zero-order Marky 1o genome is considerable, as the sum of the lengths of all
chain as described previousBéy: stretches >7 bp is 44 506 bp, which accounts for nearly 5% of the
exp _ obs\Nrq obs 2 obs\Nrq obs > sequences encompassed by the chromosome 2 contigs. In
f (o = a0 (YA = ) conclusion, theP.falciparum genome as represented by the
Note that this equation calculates the frequency of a non-overlappicgromosome 2 contigs is highly enriched for short (dG:dC) tracts
(dA:dT) tract and takes into account the frequencies of the twand for long (dA:dT) tracts.
adjacent nucleotides. We assessed whether the observed overrepresentation of
To assess whether the overrepresentation of homopolymehiomopolymeric (dA:dT) tracts is caused by compositional
(dA:dT) tracts is due to compositional inhomogeneities in thenhomogeneities in the.falciparumgenome. To this end, we
genome, regression analysis was carried out between the lodatermined the base composition and frequency of occurrence of
A/T content of the contigs and the frequency of occurrence diomopolymeric (dA:dT) tracts ak 10 bp in windows of 1000 bp.
overrepresented homopolymeric (dA:dT) tracts. To this end, tHeegression 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

Organism Genome size number of | number of base | AIT content (%) | r* value’
contigs analyzed | pairs analyzed

P. falciparum 25x10 17 967,532 80.0 0.170

H. sapiens 3.4x10° 10 1,711,657 57.1 0032

S. cerevisiae 1.3x107 16 13,119,303 61.7 0.004

C. elegans 8.0x10 2 1,482,646 66.7 0.000

A. thaliana 1.0x10° 9 1,840,460 64.1 0.004

M. tuberculosis 4.4x10° 1 4,411,522 344 nd.

E. coli 4.6x10° 1 4,639,221 492 n.d.

P. falciparum | number of | number of base | A/T content (%)

genome sequences pairs analyzed

compartment analyzed

gene-flanking 228 1231€3 826

coding 225 356,382 71

intron 118 24055 86,6

The estimated sizes of the genomeB.fdlciparum H.sapiensC.eleganandA.thalianawere taken from (43),

(44), (45) and (46) respectively. The A/T content was determined from the sequence dallaey 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.

Table 2.Occurrence of homopolymeric tractsRrialciparumchromosome 2

(dA:dT) (dG:dC)
tract length | number of | observed expected obs/exp number observed expected obs/exp
tracts relative relative of tracts relative relative
frequency frequency frequency frequency
2 158,165 0.1635 0.1152 14] 21,702 0.0224 00162 15
3 68,736 00710 0.0461 15 2903 0.0030 0.0016 24
4 16,658 00172 00184 09 510 0.0005 0.0002 5.1
5 7,856 0.0081 0.0074 1.1 120 0.0001 1.710° 150
6 3522 0.0036 0.0030 1.2 3610° 1.710° 536
7 1,766 0.0018 0.0012 15 12 1210°% 1.7107 2282
8 976 0.0010 0.0005 2.1 9310° 1810° on.4
) 544 0.0006 0.0002 30 6.210° 1910° 2691.3
10 358 0.0004 0.0001 49 0 0 1910 0

The table lists the number of non-overlapping homopolymeric (dA:dT) and (dG:dC) tracts of Krfgths

2 < N =< 10asfoundin 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).

A/T content in the window and the abundance of homopolymeriwhereas the A/T content reaches 81% in the gene-flanking
tracts (Tablel). Thus, the abundance of homopolymeric tracts isegions and 87% in the introns.

independent of local inhomogeneities in the genome. 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.
As coding and non-coding regions are subject to different functionbd accordance with the analysis of the chromosome 2 contigs, short
constraints, it is likely that the occurrence of homopolymeric DNAdA:AT) tracts oN <10 bp appear at frequencies close to expectation
tracts will vary between these regions. Therefore, we analyzed timeall regions. However, dramatic differences between the genomic
occurrence of homopolymeric stretches in the different regions eégions become apparent for (dA:dT) tracts >10 bp. Whereas the
theP.falciparumgenome. 241 sequences were selected from tlewding regions are limitedly enriched for (dA:dT) tracts >10 nt,
EMBL database and the number of tracts in the coding, intron atitese tracts appear at frequencies well above chance in the
gene-flanking regions of thefalciparumgenome was scored. non-coding regions. In the latter regions, the frequency distributions
Table 1 summarizes the basic features of the data we hawé (dA:dT) tracts show a characteristic bipartite pattern very
analyzed. The coding regions have an A/T content of 71%imilar to that observed for the chromosome 2 contigs. These

Enrichment for (dA:dT) tracts is restricted to
non-coding DNA
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Figure 1. Frequency distributions of homopolymeric tracts inRtfalciparumgenome. The figure shows the frequency distributions of homopolymeric runs as
observed in chromosoma), gene-flankingB), intron (C) and protein encoding DNAD] of P.falciparum
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Figure 2. Homopolymeric (dA:dT) tracts cluster in the non-coding regions d®.thkeiparumgenome. 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 readiogefranoses). Arrows indicate the
directions of the open reading frames.

results indicate that the enrichment for long (dA:dT) tracts as seence every 2000 nt whereas (dG:dC) tracts of similar length are
in the analysis of the chromosome 2 contigs can be largedkpected to occur only once every 5.60" nt (Table2). It is
attributed to the gene-flanking and intron sequences. To suppetnceivable that the overrepresentation of (dA:dT) tracts in the
this notion, we plotted the regions occupied by homopolymerip falciparumgenome is provoked by the intrinsic high frequency
tracts together with a prediction of open reading frames alongarandomly occurring tracts, which may serve as the substrate for
20 000 bp region of chromosome 2 (FAp.In this representation - slippage-mediated expansion. If such a process would operate
it can be seen that long homopolymeric (dA:dT) tracts and opgiith equal efficiency on A/T rich and G/C rich DNA, it would
reading frames indeed appear in a mutually exclusive pattern, g5 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
(dA:dT) tract enrichment is a general eukaryotic genome with an A/T to G/C ratio of 1, homopolymeric (dG:dC) tract
phenomenon overrepresentation should equal (dA:dT) tract overrepresentation.

At a random distribution of nucleotides, homopolymeric (dA:dT)To address this hypothesis, we analyzed the occurrence of homo-
stretches would occur relatively frequently in an A/T rich genomgolymeric tracts in several genomes with varying A/T contents.
whereas (dG:dC) tracts may be virtually absent. IiPfakiparum In contrast to the prediction, in none of the genomes analyzed
genome, for instance, (dA:dT) tracts of 8 bp are expected to ocaara high overrepresentation of (dG:dC) tracts observed3yig.
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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 expectatior-or all eukaryotic genomes, regression analysis between the local
(S.cerevisiagA.thaliang, shows an underrepresentati@xcpli,  A/T content and the density of overrepresented homopolymeric
M.tuberculosiyor a relatively minor overrepresentatiétfdlci-  (dA:dT) tracts revealed that these are not correlated (Table
parum H.sapiensC.elegans These results show that a higherThis indicates that the overrepresentation of homopolymeric
GI/C content does not lead to a dramatic increase in ti{dA:dT) tracts in the genomes of higher eukaryotes is not due to
overrepresentation of (dG:dC) tracts, and might indicate th#te presence of A/T rich compartments, or isochores.
replication slippage operates less efficiently on G/C rich DNA.

The analysis of the various genomes furthermore shows _thjclt errepresentation of (dA:dT) tracts is an exponential
patterns of occurrence of (dA:dT) tracts are clearly distin ;

' nction of the tract length

between prokaryotes and eukaryotes @ign the two prokaryotes

we have analyzed, (dA.dT) tracts appear at frequencies close|tocontrast to the situation i@.eleganswhere tracts >10 bp
expectation. In eukaryotes, poly(dA:dT) tracts are generallyppear at frequencies that are at a steady 15-fold above
overrepresented following a characteristic bipartite pattern. Thexpectation, the overrepresentation of (dA:dT) tracts in the
frequency distribution of (dA:dT) tracts in the genomes ofyenomes of the other eukaryotes is an exponential function of the
P.falciparum H.sapiensS.cerevisiaandA.thalianacan be fitted  tract length. This can best be seen in Figumghere the ratio of

by two exponential functions that break in the 8-12 bp region. fhe observed to the expected frequency is plotted against the tract
strikingly divergent pattern of (dA:dT) tract overrepresentation iength. In the genomes Bffalciparum H.sapiensS.cerevisiae
provided byC.elegansin this organism, the curve that fits the andA.thaliang longer tracts are more strongly overrepresented
observed frequencies shows a slight bulge in the 8-10 bp regitinen shorter tracts. The overrepresentation of tracts >10 bp can be
but then continues parallel to the curve that represents tfigted by a single exponential function that depends on the tract
distribution of the expected frequencies. Furthermore, (dA:dTgngth. Interestingly, these functions are very similar for the
tracts >14 bp were not observed inGhelegangenome whereas different genomes, suggesting a shared mechanism for the
in all other eukaryotes tracts reach lengths of over 25 bp. accumulation and maintenance of (dA:dT) tracts.
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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

overrepresentation
log (observed/expected frequency)

8 1 presented in a study of the length-dependent occurrence of
6 - homopolymeric (dA:dT) tracts in thBictyostelium discoideum
4l genome £6), and from data on the length dependent occurrence of
® P.falciparum DNA repeats in a variety of genomé&s). We conclude, therefore,
O H. sapiens . . .
2 1 v S cerevisiae that irrespective of the organism and of the nature of the repeat
0 v A thaliana element, the minimum length requirement for a simple sequence
m  C.elegans repeat to undergo expansion by replication slippage is 7-10 bp.

" ' ' ' Our data indicate that for the majority of the eukaryotic
0 5 10 15 20 25 30 35 40 45 50 genomes, the expansion of (dA:dT) tracts >10 bp can be described
tract length by a single exponential function, which is very similar for the
different genomes. A striking exception is providedslegans
where the frequency distribution of (dA:dT) tracts is clearly
Figure 4. Overrepresentation of (dA:dT) tracts is an exponential function of distinct from that of the other eukaryotesl A|though the curve that

the tract length in the genomesPofalciparum H.sapiensS.cerevisiaand . . :
A.thaliana,but not in theC.eleganggenome. Overrepresentation of (dA:dT) fits the Iength dependent occurrence of (dA'dT) tracts in the

tracts, expressed as the ratio between the observed and the expected frequel@y/e_lega_mg_enome doe_S change its slope slightly in the 8-10 bp
of occurrence, is plotted against the tract length. region, it differs drastically from the curves seen for the other

eukaryotes. The reason for this is unclear. The overall level of

sequence simplicity i€.elegands similar to that seen in other

eukaryotesX9), indicating that the mechanisms responsible for

the generation and maintenance of simple sequence repeats
DISCUSSION | -

operate with comparable efficiency@elegansTherefore, the

The data presented here show that the eukargetiome is distinct pattern of (dA:dT) tract overrepresentation most probably
enriched for homopolymeric (dA:dT) tracts. With the exceptioﬁesult_s from distinct selective forces. The nature of these forces
of C.elegansthe occurrence of (dA:dT) tracts shows a bipartitdemains unresolved. ) )
pattern that can be described by two exponential functions. First/A second important observation made here is that the frequency
short tracts of 2 N < 7 occur at frequencies that are close tdistribution of (dG:dC) tracts is very different between the various
the predicted values. Second, tractsNof10 show a length ~eukaryotic genomes. Some genomes are enriched for (dG:dC) tracts,
dependent overrepresentation and can reach lengths of >30 nt aereas other genomes exhibit an underrepresentation. The A/T
are up to 1&fold overrepresented. By contrast, (dG:dC) tractgich Pfalciparumgenome is enriched for (dG:dC) stretcle3 bp.
are not or only weakly overrepresented. In the few instances tt8 the lengths of the vast majority of these stretches are below the
enrichment for (dG:dC) tracts is seen, the overrepresentatigfireshold for slippage, expansion of (dG:dC) tracts by replication
cannot be described by a simple exponential function (not showsijppage is precluded, and the overrepresentation of short
and never exceeds“fld over chance. The detailed analysis of(dG:dC) tracts most probably has evolved by other mechanisms.
the Pfalciparum genome shows that overrepresentation off he genomes of the other eukaryotes studied here are more G/C
(dA:dT) tracts is largely restricted to non-coding DNA. rich, and will, by chance, have higher densities of (dG:dC) tracts.
Slipped strand mispairing during replication rather thaThese stretches provide the substrate for slippage-induced
unequal crossing-over is seen as the major force in the generatio@gpansion. Yet, overrepresentation of (dG:dC) tracts is absent or,
length variation of simple sequence repekd£2(3), and this process in cases where it is observed, does not reach the high level seen
can also account for the variation in length of homopolymeric runQr (dA:dT) tracts. This indicates that (dG:dC) tracts are less
which are the simplest forms of simple sequence regead).  efficiently expanded by slipped strand replication. This might not
The driving force in the expansion of homopolymeric tracts mighte surprising: slippage during replication requires the local
originate from a biased action of the slippage process or fromelting of a DNA duplex, and the greater stability of (dG:dC)
specific retention of expanded traci) In either case, the duplexes in comparison to (dA:dT) duplexes might prevent
process has a self-accelerating component, as expanded traigpage of polymeric (dG:dC) tracts. Accordingly, it has been
increase the likelihood for additional slippage events, which ishown that the efficiency afi vitro slippage synthesis of simple
turn lead to additional expansion. sequence DNA using short primers is dependent on the A/T
Two observations from the data presented here stand out. Fimintent of the primers. Whereas A/T rich primers mediate
the overrepresentation of (dA:dT) tracts >10 bp in the genomsifippage synthesis at a high rate, primers consisting purely of G/C
of P.falciparum H.sapiens S.cerevisiaeand A.thalianais an  nucleotides poorly generate simple sequence refEtsous,
exponential function of the tract length. Such a distribution ithe low enrichment for (dG:dC) tracts in the eukaryotic genome
consistent with models in which replication slippage is responsiblaost likely indicates that they are less efficiently expanded by
for the expansion of homopolymeric DNA tract82,82).  slippage-like events.
Interestingly, tracts <7 bp appear at frequencies close toSuperimposed on the results of slipped strand replication are
expectation, indicating that they are immune to slippage mediatétk actions of unequal crossing-over, mutation, gene conversion
expansion. This suggests that there is a critical threshold theid selection that all act on the persistence of simple sequence
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