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Abstract

We have mined each of the five A. thaliana chromosomes
for the presence of simple sequence repeats (SSRs)
and developed custom perl scripts to examine their
distribution and abundance in relation to genomic po-
sition, local G/C content and location within and around
transcribed sequences. The distribution of repeats and
GIC content with respect to genomic regions (exons,
UTRs, introns, intergenic regions and proximity to ex-
pressed genes) are shown. SSRs show a non-random
distribution across the genome and a strong association
within and around transcribed sequences, while G/C
density is associated specifically with the coding por-
tions of transcribed sequences. SSR motif repeat num-
ber shows a high degree of variation for each SSR type
and a high degree of motif sequence bias reflecting
local genome sequence composition. PCR primers sui-
table for the ampilification of identified SSRs have been
designed where possible, and are available for further
studies.
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Introduction

Since Walther Flemming published the first images of
chromatin in 1882, there has been increasing research into
this genetic material. The recent deduction of the complete
coding sequence for the human, rice and Arabidopsis thaliana
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genomes represents the latest step in the quest to
understand the basis of inheritance and biological function
at the molecular level. The availability of the complete
sequence of the A. thaliana genome enables detailed distri-
bution analysis of features and motifs. An understanding of
feature distribution has practical applications in genetic and
physical mapping and diversity studies both in A. thaliana
and related crop species. As well as coding sequences
and the sequences which regulate their expression, other
sequence features including transposons, GC rich isocho-
res and SSRs (Simple Sequence Repeats) have been iden-
tified in the genomic landscape. SSRs, also known as mi-
crosatellites, are common, readily identified DNA features
consisting of short (1-6 bp), tandemly repeated sequences,
widely and ubiquitously distributed throughout eukaryotic
genomes (Schistterer and Pemberton 1994; Téth et al.
2000) and have been found in all eukaryotic genomes so
far analysed (Katti et al. 2001). They are highly polymorphic
and informative markers, currently used for a wide range
of applications including gene flow, genetic diversity, pater-
nity exclusion and genetic mapping (Tautz 1989; Powell et
al. 1996). SSRs were initially considered to be evolutionally
neutral, (Awadalla and Ritland 1997), though recent evi-
dence suggests an important role in genome evolution (Mo-
xon and Wills 1999). SSRs are a source of abundant, non-
deleterious mutations that provide variation in the face of
stabilising selection, and their recognised role in the pro
cess of evolutionary adaptation is predicted to increase as
our knowledge of them expands (Kashi et al. 1997). SSR
stability may be correlated with overall levels of genomic
stability (Ross et al. 2003) as mutations which affect SSR
stability, such as those involved in DNA mismatch repair,
can also influence genomic stability.
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The potential biological function and evolutionary relevance
of SSRs is currently under scrutiny and leading to a greater
understanding of genomes and genomics (Subramanian et
al. 2003). Initial suggestions that the majority of DNA was
either ‘junk’ or had no biological function are being chal-
lenged by the discovery of new functions for these se-
quences. Various functional roles have now been attributed
to SSRs. For example, SSRs are believed to be involved in
gene expression, regulation and function (Gupta et al. 1994;
Kashi et al. 1997) and there are numerous lines of evidence
suggesting that SSRs in noncoding regions may also be of
functional significance (Kashi et al. 1997). Furthermore, SSRs
provide hotspots of recombination, a variety of SSRs have
been found to bind nuclear proteins and there is direct
evidence that SSRs can function as transcriptional activating
elements (Li et al. 2002).

SSRs are frequently identified from EST database sear-
ches or sequence data obtained from SSR-enriched geno-
mic libraries, which provide little data about genomic dis-
tribution. Initial studies of SSR distribution in physical ma-
pping, using in situ hybridisation, in fish and primates,
showed clustering of SSRs on some chromosomes (Nanda
et al. 1991). Further studies in Drosophila suggested the
association of these sequences with euchromatin, with a
reduced level of hybridisation observed around centromeric
regions (Pardue et al. 1987, Lowenhaupt et al. 1989). In
addition, this association was shown to be evolutionally
stable, with similar results observed between two different
Drosophila strains. Subsequent in sifu hybridisation studies
of genomic organisation of SSRs in plants have demon-
strated a low density of SSRs around the centromeres
(Schmidt and Heslop-Harrison 1996). However, the exclusion
of certain SSR repeat types from rRNA gene clusters,
centromeres and intercalary sites was observed and the
level of hybridisation was reduced around the centromeres.

In contrast to an earlier study by Ramsay et al. (1999),
Morgante et al. (2002) demonstrated the preferential asso-
ciation of SSRs with non-repetitive DNA sequences for a
number of plant genomes. The availability of complete and
annotated genome sequences of a number of organisms
has provided an excellent opportunity to analyse SSRs in
greater detail for their genomic locations, distributions and
frequencies. Results from such analysis provide a useful
basis for carrying out further investigations into the structure
and function of SSRs (Sreenu et al. 2003). A. thaliana is a
significant model species for investigating the genomic
distribution of SSRs, since the entire sequence of the rela-
tively small nuclear genome has been deduced and SSRs
are known to be abundant. Therefore, to further understand
the relationship between SSR distribution and other genomic
features, we have undertaken a whole genome analysis of

the five completely sequenced A. thaliana chromosomes,
assessing the abundance and length distribution of di-, tri-,
tetra- and penta-nucleotide repeats in relation to genomic
position, association within and around transcribed sequences
and local GC density.

Materials and Methods

Sequence datasets

Arabidopsis thaliana sequence datasets were obtained
from TAIR (The Arabidopsis Genome Initiative 2000; http://
www.arabidopsis.org). These data included five complete
chromosome sequences, and multi fasta files representing
exons, introns, coding sequence, intergenic regions, 3’ UTRs
(UnTranslated Regions), 5° UTRs and 1000 bp and 3000 bp
regions flanking expressed genes. The original gene flan-
king sequence datasets represented mixtures of UTR and
non-UTR containing sequences. These were used to identify
a subset of 1000 bp genomic sequences flanking annotated
UTRs. This dataset is available on request from the author.

Identification of SSRs and GC density

The program SPUTNIK (Abajian 1994, http://abajian.net/
sputnik/) was applied, in combination with custom perl
scripts, to identify SSRs within a series of overlapping
windows of 100 Kb with a 1 Kb step, across the five Ara-
bidopsis chromosomes and within each of the additional
datasets. The criteria for SSR discovery was a minimum
repeat length of 5 repeat units for dinucleotide repeats, 4
repeat units for trinucleotide repeats, 3 repeat units for
tetranucleotide repeats and 2 repeat units for pentanu-
clectide repeats. We report motifs that represent the same
SSR by one repeat motif, eg AC = CA, AC, GT, TG. The
total length of each SSR was calculated and includes point
mutations and indels. No distinction was made between
perfect, imperfect and interrupted SSRs (Weber 1990).
Custom perl scripts were also applied to calculate GC con-
tent using overlapping windows as above. SPUTNIK and
custom perl scripts were processed using a SunOS 5.8
(2Gb RAM, 2x UltraSparc Il, 400MHz). All custom scripts
are available on request from the authors.

Identification of PCR Primer Pairs for SSRs

The program SSRPrimer (Robinson et al. 2004) was
applied, in combination with custom perl scripts, to identify
SSRs across the five Arabidopsis chromosomes. Primer
specificity was set to design primers greater than 10bp
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either side of the identified SSR. The optimum size for the
primers are 21 bases with a maximum of 23 bases. Op-
timum melting temperature is 55°C, minimum 50°C, maxi-
mum temperature is 70°C and maximum GC content is
70%.

Results

Frequency and distribution of SSRs across the
genome

This study identified a total of 44,316 SSRs over 116.89
Mb of the complete sequence of the five A. thaliana
chromosomes, giving an overall density of 379.29 SSRs per
Mb with SSRs making up a total of 0.5% of the A. thaliana
genome.

SSRs were classified according to motif type and se-
guence. Overall, trinucleotide repeats were found to be the
most abundant, followed by dinucleotide, pentanucleotide
and tetranucleotide repeats, with a similar density of each of
these motifs across each of the five chromosomes (Figure 1).
A clear bias was observed in SSR motif sequence. For
example 49% of all dinucleotide SSRs consisted of [AT],
repeats while [GC], repeats constituted only 0.045% of the
dinucleotide SSRs and 0.013% of the total SSRs. This
pattern was observed for all other repeat lengths. For exam-
ple, the most abundant trinuclectide repeat identified in this
study was [AAG], at 42% of the total, while {[CCG], was
found to be the least abundant (8.5%) (supplementary data).
This reflects the overall nuclectide and motif composition
within each of the A. thaliana chromosomes. There was a
reduced frequency of repeats containing either G or C
nucleotides and a significant bias against CG or CNG se-
guence containing motifs (supplementary data). This again
reflects an overall bias against these sequences in the Ara-
bidopsis genome. This trend was further demonstrated in
the analysis of the SSR repeat types which were not iden-
tified within the genome. In total, fourteen (9.4%) of the 149
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Figure 1. Distribution of SSR repeat types across Arabidopsis
thaliana chromosomes.

possible repeat motifs were not identified within the A
thaliana genome. All of these unidentified motifs consist of a
high G/C content (AGGC, GGCC, GGGC, ACAGG, ACCCT,
ACGCT, ACGGC, ACGTC, AGCCT, AGCGC, AGGCC, AG-
GGC, CCCGC, CCGCG).

Frequency and distribution of SSRs and GC
distribution across individual chromosomes

The SSR frequency across each of the five chromosomes
was assessed using 100 kbp overlapping windows with a 1
kbp step. SSR frequency showed a non-random distribution
across each of the chromosomes with regions of high and
low SSR density (Figure 2). To test for association of SSR
density with other genome features, both gene density and
GC content were measured, using the same overlapping
windows (Figure 2a-e). GC content ranged from 31 to 45%
and was observed to be higher in gene-rich regions. SSR
density closely followed both GC and gene density across
all five chromosomes, with the exception of around pre-
dicted centromeric regions and a region of heterochromatin
on chromosome 4, in which significant reductions in gene
and SSR density were accompanied by a rise in GC content
(Figure 2).

Frequency and distribution of SSRs and GC
distribution around coding regions

In order to examine, in detall, the association of SSRs
with expressed genes, total genomic sequence was divided
into expressed sequence and non-expressed sequence por-
tions. Expressed sequence was again subdivided into co-
ding sequence, introns, 5’ UTRs and 3’ UTRs, while non-
transcribed sequence was subdivided according to distance
either 5° or 3’ from expressed genes.

Transcribed sequences exhibited a higher overall fre-
quency of SSRs than non-transcribed sequences, with the
highest SSR density observed in UTRs and introns and a
significant reduction in SSRs within coding sequences
(Figure 3). The high frequency of SSRs appears to extend
into untranscribed sequence adjacent to transcribed regions,
with SSR frequency decreasing by half within 100 bp from
the annotated transcription start site (Figure 4). In addition,
coding sequences maintained a high frequency of trinucleo-
tide repeats with a reduced frequency of other repeat types
compared with non-coding sequence (Supplementary data).
The exons were found to be relatively GC rich (Figure 3),
but introns, untranslated sequences and gene flanking re-
gions exhibited a GC content similar to that observed within
intergenic DNA sequences. The GC density dips sharply
around 50 bp upstream from the 5°UTR (Figure 4). GC
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Figure 2 (a-e). SSR distribution and GC content across each Arabidopsis chromosome calculated using a 100 Kb sliding window (1 Kb step).
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Figure 3a. Density of SSRs/Mbp for each of the individual
genomic regions: intergenic, upstream 3000 bp of transcribed
sequence, upstream 1000 bp of transcribed sequence, 5’ UTRs,
exons, introns, 3’UTRs, 1000 bp downstream of transcribed
sequence and 3000 bp downstream of transcribed sequence.
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Figure 3b. GC content for each of the individual genomic
regions: intergenic, upstream 3000 bp of transcribed sequence,
upstream 1000 bp of transcribed sequence, 5 UTRs, exons,
introns, 3’ UTRs, 1000 bp downstream of transcribed sequence
and 3000 bp downstream of transcribed sequence.



Jennifer Mortimer et al. 21

1800 - - 45
1600 40
F-3
2 1400 - _ L 435
8 1200 - 30
;4
é 1000 %9
5 800 - , 20 X
g 600 W\/\/\/\/\ 15
g 400 AW VA VAVA] 110
200 - 15
0 =} Py P 0
§5585¢5880553583888¢85

Base pairs from 5’ UTR

Figure 4. Density of SSRs/Mbp and GC content 1000 bp upstream
of transcribed sequence

density then trails to 31%, before increasing to 35% 1000
bp upstream of the 5" UTR.

Over the entire genome, SSR tandem arrays were found
to have a mean length of 13.8 bp, with dinuclectide repeats
longest at 15 bp, followed by trinucleotide repeats (14.5 bp),
tetranuclectide repeats (12.9 bp) and pentanuclectide repeats
(12.8 bp). Dinuclectide repeats were found to be generally
shorter within coding sequence and longer within intergenic
regions or introns (Figure 5). However, large standard de-
viations were recorded for all the mean SSR lengths.

Examination of the proportion of each motif sequence
allowed the identification of SSR sequence bias between
genomic regions. The proportions of dinuclectide repeat motif
sequences were shown to be similar across all genomic
regions, with the exception of the 5’ UTR and exon subsets
which contained 89.52% [AG], dinucleotide SSRs, and
85.85% [AT], dinuclectide SSRs respectively (supplementary
data).

Within the trinucleotide repeat set, the 5 UTR demon-
strated a higher frequency of the motif [AAG], (73.13%)
compared to a total genome frequency of 42.14%. The un-
usually high proportion of AG containing motifs in the 5’
UTR was also observed for tetranucleotides ([AAAG). -
41.77% compared with a genome average of 19.27%).
However, this effect was also accompanied by a much
reduced frequency of the [AAAT], motif type (8.01% for 5°
UTR compared with 32.71% for the total genome) (su-
pplementary data).

SSR Primer Design

In order to provide a resource for further studies on
polymorphism and mutation information of SSRs across the
A. thaliana genome, the entire genomic sequence was pro-
cessed using SSRPrimer (Robinson et al. 2004) to design
PCR primers suitable for the amplification of the SSRs. PCR
primers were designed to 33,274 (75%) of the total SSRs
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Figure 5. Average repeat length of di, tri, tetra and pentanucleo-
tide SSRs (bp) in exons, introns, UTRs and intergenic regions of
the genome.

and the primer sequences are available on the web (http://
hornbill.cspp.latrobe.edu.au) and as supplementary information.
The proportion of SSRs with PCR primers successfully de-
signed is similar between the five chromosomes, ranging
from 73.8% (chromosome 2) to 75.7% (chromosome 5).
However, it is noted that trinucleotide motif SSRs have a
greater proportion of primers successfully designed to them
(86%) than di-, tetra- and penta-nucleotides SSRs (65% to
69%).

Discussion

Large scale genomic sequencing provides the opportunity
to evaluate the abundance and relative distribution of SSRs
between transcribed and non-transcribed regions and the re-
lationship of these to genomic features. In the present study
we have analysed the occurrence and density of SSRs and
GC distribution across the A. thaliana genome. We present
data on an individual chromosome basis and each chromo-
somal dataset has been split into exonic, intronic and inter-
genic regions. The data have been analysed by identifi-
cation of di, tri, tetra and pentanuclectide classes of repeats.
The study of repeat density and its distribution pattern in the
genome is expected to help with the understanding of the
biological significance of SSRs.

The proportion of the A. thaliana genome found to be
covered by the 44316 SSRs (0.5%), is less than that re-
ported in the human genome, of which 3% is composed of
SSRs (Subremanian et al. 2003). SSRs are thought to occur
at a much higher frequency than would be predicted purely
on grounds of base composition (Tautz and Renz 1984).
We found the density of each repeat class to be com-
parable across various genomic regions, however, different
repeat motifs showed substantial variation in density in
different genomic regions. The observed abundance of the
trinucleotide repeats followed by dinucleotide, pentanuclectide
and tetranucleotide repeats in this study, is unsurprising and
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supports previous work by Katti et al. (2001) which ex-
amined repeats of 40 or less nucleotides in A. thaliana
chromosomes 2 and 4.

The non-random pattern of SSR distribution observed in
this analysis of A. thaliana has been noted in previous
studies which had suggested non-random distribution of
SSRs or bias towards certain motifs (Ramsay et al. 1999,
Toth et al. 2000; Kantety et al. 2002; Varshney et al. 2002).
However, in these studies, the sequences were collated
from a limited number of published genes (or ESTs) or from
limited genomic sequence. These datasets are not repre-
sentative of the genome as a whole and differences may
reflect bias inherent in the dataset. The use of the entire
genomic sequence removes such previous criticism. The
strong bias observed here in SSR motif sequence, with 49%
of all dinucleotide SSRs consisting of [AT], repeats while
[GCl. repeats made up only 0.045% of dinucleotide SSRs
also validates previous studies which suggest the predo-
minance of [AT], repeats in both Arabidopsis and yeast
(Katti et al. 2001).

High frequencies of [GT], repeats have been identified in
the human and Drosophila, genomes, while [GA]. repeats
predominate in Caenorhabditis elegans (Schistterer 2000;
Katti et al. 2001) and vertebrates show a greater abundance
of tetranucleotide repeats than many other groups of
organisms (Toth et al. 2000). While this observation reflects
overall nucleotide and motif composition within each of
these genomes, the disparities in SSR representation cannot
be wholly explained by these differences (Ross et al. 2003).
The large variation observed between frequencies of di-
fferent SSR motifs may, therefore, be partly explained by
the location of the SSR within the genome. Morgante et al.
(2002) found that dinuclectide repeat composition differed
between genomic fractions: [GA], abundance was higher in
EST sequences (transcribed regions) and their frequency in
5 UTRs was an order of magnitude higher than in the
genome as a whole. The [GA], SSRs in UTRs are believed
to be involved in antisense transcription. Furthermore these
authors demonstrated that [AT], repeats were typically
located in non-transcribed regions. It is consequently po-
ssible that there are different mechanisms acting on SSR
evolution in transcribed and non-transcribed regions.

The observation in this study of the reduced frequency of
repeats containing either G or C nucleotides and the signi-
ficant bias against CG or CNG sequence containing motifs
reflects an overall bias against these sequences in the Ara-
bidopsis genome. The reduced level of CG and CNG se-
quences has been previously observed in human, Dro-
sophila, C. elegans, yeast genomes and a restricted Ara-
bidopsis dataset (Katti et al. 2001; Morgante et al. 2002).

SSR density was found to closely follow both GC and gene
density across all five chromosomes, with the exception of
the centromeric regions, where significant reductions in gene
and SSR density were accompanied by a rise in GC levels.
The relationship between SSR density, gene density and
GC content observed in this analysis on a chromosomal
basis was clarified when subsets of transcribed sequences
were examined. While exons were shown to be relatively
GC rich, reflecting their conserved codon triplet sequence,
introns, untranslated sequences and gene ftanking regions
exhibited a lower GC content, similar to that observed within
intergenic DNA sequence. This is in contrast to SSR den-
sity, which remains relatively high across transcribed se-
guences. This observation suggests that the pattern desc-
ribed in figure 1 is due not to a direct correlation between
GC ratio and SSR frequency, but is an indirect relationship,
in which SSRs are associated with transcribed regions,
while the higher regions of GC content are associated with
coding sequence. The direct correlation observed between
GC density and gene density across all 5 chromosomes
confirms previous studies which indicated that genic regions
were rich in GC nucleotides (Barakat et al. 1999; Arhon-
dakis et al. 2004). The observed dip in GC content, 50 bp
upstream of the 5" UTRs (Figure 4) is likely to represent the
conserved location of the AT rich TATA box motif. The
observed reduction and subsequent increase in GC density
moving away from the gene in the 1000 bp upstream of the
5" UTR (Figure 4) has not been noted previously. This may
be associated with the location of AT rich transcription factor
binding sites within this region or possibly the general
requirement for proteins to access and modify DNA struc-
ture in this region.

The increased GC content in the exons and 5’ UTR may
also explain the bias in SSR primer design between motif
types, with a greater number of primers designed to trinu-
cleotide SSRs (85%) compared to di-, tetra- and penta-
nucleotide repeats (65% to 69%). The SSRPrimer design
software requires a minimum GC content of 30% with an
associated minimum primer annealing temperature of 50C.
Transcribed regions were shown to be rich in trinucleotide
SSRs and also displayed the greatest GC density while in
non-transcribed regions, which are relatively poor in tri-
nucleotide SSRs, the GC density surrounding SSRs may
frequently be too low for the design of suitable PCR
primers. The availability of PCR primer sequences for SSR
amplification is useful for selection of SSR marker loci
around regions and genes of interest, as well as for stu-
dying the mutation and polymorphism of SSRs in relation to
genomic location, repeat type and repeat length.

It was found that the transcribed sequences exhibited a
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higher overall frequency of SSRs than non-transcribed se-
quences for all the sections of the transcribed regions ex-
cept for the exons. Although exons showed high densities of
trinucleotide repeats, all other repeats occurred at very low
frequencies. This may reflect evolutionary constraints in-
herent within sequences that encode functional proteins and
can be explained by the complete impairment of protein
function by the frameshift mutation which takes place when
an exon receives insertion/deletion events whose length is
not a multiple of codon length (Borstnik and Pumpernik
2002). Our findings are supported by the results of Mor-
gante et al. (2002) who reported that trinucleotide SSRs
doubled in frequency in coding regions of plants compared
to non-coding regions, as a result of mutation pressure and
possible positive selection for specific single amino acid
stretches.

The high frequency of gene associated SSRs appears to
extend into the untranscribed sequences upstream of ex-
pressed genes, with SSR frequency decreasing by half
within 100 bp from the annotated transcriptional start site.
SSRs have previously been identified within gene promoter
regions (Holland et al. 2001). In addition, it has been shown
that deletion/insertion of repeats in promoter regions may
modulate the expression of genes (Khashnobish et al. 1999).
The transcribed regions of the genome are those regions
most subjected to the pressures of natural selection, and so
the increased levels of SSRs observed here suggests that
they may have some biological function. In particular the
observed increase in SSR density 5’ upstream from trans-
cribed genes suggests a role for SSRs in the regulation of
gene expression in Arabidopsis.

Centromeric heterochromatin regions showed a reduction
in SSR density for each of the five chromosomes. Previous
studies of the centromeric regions of animals and plants
have demonstrated the presence of large blocks of tan-
demly repeated satellite sequences and retroelement-like
components that are embedded in recombination-deficient
heterochromatic regions (Li et al. 2002). The sequence of
the Arabidopsis centromeric region shows that this consists
of megabase extents of tandem repeat arrays with a 180 bp
unit length that is not present elsewhere in the genome
(The Arabidopsis Genome Initiative 2000). The presence of
such repeats may result in the observed increased in GC
density within the centromeric and heterochromatin regions
and also the observed reduction in SSR density within the
centromeric regions of the Arabidopsis genome.

There were no observed significant differences in the
average SSR repeat length between the non-coding regions,
introns, UTRs and exons. The dinucleotide SSRs had the

longest average repeat length, which may be expected as it
has been previously shown that dinuclectide repeats have
the highest occurrence of rare long alleles (Ross et al.,
2003). The length distributions of SSRs observed in A
thaliana indicates that the frequency of repeats decreases
with repeat length. This may be because these SSRs have
higher mutation rates and are less stable. This effect has
been demonstrated by Xu et al. (2000) who report that
compared to expansion mutation events, contraction mutation
events occur more frequently with increases in allele size,
and long alleles tend to mutate to shorter lengths to prevent
their infinite growth. Of the SSRs longer than 40 bp, dinu-
cleotide repeats were most common, perhaps because
slippage frequency is greatest in dinucleotide repeats (Katti
et al. 2001). DNA replication slippage rate is dependent on
the number of repeats in the SSR as alleles of longer length
(more repeats) are less stable than those with fewer repeats
(Dieringer and Schlstterer 2003). Analysis of sequence data
from human, mouse, C. elegans and yeast also show that
dinuclectide repeats are typically longer in non-coding re-
gions than coding regions (Li et al. 2002). It has been
proposed that this is because there is a higher folerance of
non-coding DNA to mutations. The average repeat length of
SSRs may also be associated with recombination (Brandes
et al. 1997). SSRs, especially dinucleotide repeats, have
been reported to provide hotspots for genetic recombination.
However, the repeat number may also influence recom-
bination and may also affect DNA replication. The number
of repeat units within an SSR array is also reported to have
an effect on gene expression. Some genes can only be
expressed at a specific SSR repeat number or within a
narrow range of SSR repeat numbers. Out of this range,
gene expression is repressed. Other genes have a wide
range of SSR repeat numbers with no impact on gene
expression.

The analysis of SSRs in complete genome sequences
provides information about the detailed distribution of fea-
tures and motifs. We have used the complete A. thaliana
genome sequence to further our understanding of SSR dis-
tribution across genome fractions. Details of all the A.
thaliana SSRs are available on request from the correspon-
ding author. This information may be useful for the selection
of a wide range of SSRs for further studies. The availability
of data on the SSR content of complete chromosome se-
quences should facilitate studies on the function of SSRs in
genome organisation and gene expression and regulation.
In consideration of the importance of SSR sequences, it
seems inevitable that there will be a need to analyse and
compare in detail the distribution of these repeats and
genes associated with them in a range of organisms.
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