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Abstract

Understanding how microsatellites are distributed in eukaryotic genomes is important to clarify the differential abundance of these repeats

under an evolutionary scenario. We have concatenated data from 3165 DNA sequences of 326 Bivalvia species to search for taxonomic

patterns of microsatellite distribution in genomic regions of markedly different functionality. Some microsatellite motifs in bivalves showed

one of the lowest genomic densities observed among eukaryotes. Contrary to the expectation of a random distribution of microsatellites, they

were overrepresented in introns (245 loci/Mb) compared to their frequency in exons (85 loci/Mb). Closely related species showed remarkable

differences in microsatellite density suggesting species-specific properties as for mutation/repair efficiency on replication slippage. There was

no evidence of a positive correlation between the density of microsatellites in intergenic DNA and the DNA-content. This research is relevant

to better understand the forces shaping the distribution of microsatellites in the genome of bivalves.
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1. Introduction

Microsatellites are ubiquitous DNA elements of eukary-

otic genomes that consist of short combinations of simple

nucleotide sequences repeated in tandem and usually

flanked by non-repetitive sequences. Although micro-

satellites have been widely observed across genomes,

their origin, evolution and genomic organization are only

beginning to be understood. It is assumed that most

microsatellites have evolved from frameshift mutations

through slipped-strand mispairing during DNA replication

or repair (e.g., Kornberg et al., 1964). Also interhelical

junctions during chromosome alignment, base substitu-

tions, and retrotransposition events can play a role in the

generation of microsatellites (e.g., Wilder and Hollocher,

2001).

It has been shown that the overall frequency of

microsatellites varies widely across genomes (e.g., Lager-

crantz et al., 1993), and recent evidence points to their

non-random genomic distribution. This offers an oppor-

tunity to test for possible selection on ubiquitous repeat

motifs. The density of microsatellites is influenced by

many features involved in shaping genomes, as the

nucleotide composition, which can be addressed through

large-scale genome sequencing (e.g., Bachtrog et al.,

1999). Indeed, a differential abundance of repeats in

exonic, intronic and intergenic regions has been observed

in different eukaryotic taxa, suggesting that strand slippage

theories alone are insufficient to explain microsatellite

distributions (Tóth et al., 2000). Moreover microsatellite
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Abbreviations: A, adenosine; (AC)n, adenosine-cytosine tract repeated
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occurrence in exons seems to be limited by non-perturba-

tion of the reading frame and tolerance of expanding

amino acids repeat stretches in the encoded proteins (e.g.,

Katti et al., 2001).

Knowledge of the patterns of microsatellite distribution

may also help to understand the evolutionary properties of

these repeats. One intriguing question in this respect is

why certain repeat motifs are more common than others,

and why this varies among taxa. In humans, (A)n and

(AC)n are by far the most common repeated motifs, the

latter being the most abundant dinucleotide motif in

eukaryotes. Microsatellite motifs, abundance, and mutation

rates vary between species (e.g., Ross et al., 2003).

Moreover, they are non-randomly distributed throughout

eukaryotic genomes, and show different properties in

genomic regions of different functionality (e.g., Katti et

al., 2001).

Mollusca are expected to become an important model for

evolutionary radiation since they have played a crucial role

in morphological and molecular attempts to unravel the

phylogeny of major animal groups (Schilthuizen, 2002). In

this study we have investigated the frequencies of micro-

satellite repeats in exons, introns/UTR and intergenic DNA

of 3165 published Bivalvia DNA sequences. This inves-

tigation has been reinforced by sequencing of 16 kb from 31

recombinant DNA clones of Mytilus galloprovincialis

chosen as a representative species, which were largely

composed of intergenic DNA.

Although there seems to exist a general tendency of

length and density of microsatellites to increase with

genome size (e.g., Primmer et al., 1997), this relationship

is not universal. For instance, microsatellites in the

pufferfish (Fugu rubripes) are denser and longer than in

humans, even if the pufferfish genome is eight times

smaller (e.g., Elgar et al., 1999). To address this question

we have investigated the putative correlation between the

genome size of several Bivalvia species and the micro-

satellite density they contain.

2. Materials and methods

2.1. DNA sequencing in M. galloprovincialis

A partial genome library was constructed with M.

galloprovincialis DNA extracted from mantle tissue adding

a mucopolysaccharides precipitation step (Sokolov, 2000).

The DNA was digested with MboI and electrophoresed in

preparative low-melting agarose gels. Fragments between

200 and 800 bp were size-fractionated by reverse electro-

phoresis on a DEAE cellulose membrane and then recovered

using a standard salt method (Sambrook et al., 1989).

Subsequent ligation into pSK(+) cloning vector and trans-

formation into E. coli MRF’Kan Supercompetent Cells

followed the instructions of the PCR-Scriptk Amp SK(+)

Cloning Kit (Stratagene). The transformation mixture was

incubated at 37 8C overnight in agar plates, ink-labelled, and

plate-filter replicated. About 6000 recombinant clones from

this library were screened independently with the synthetic

probes (TG)10, (TC)10, (GC)10, (AT)10, (CCT)6, (CTG)6,

(CAG)6, (AAT)6, 3V-end labelled with the DIG-oligonucleo-

tide Tailing kit (Innogenetics). Replica filters were two-fold

hybridised with 12 pmol per probe both at 45 8C and 55 8C,
following the recommendations of the DIG-DNA Labelling

and Detection kit (Innogenetics). Thirty-one double positive

recombinant clones accounting for 16 kb were sequenced on

both DNA strands with the BigDye Terminator method in an

ABIprism 377 automatic DNA sequencer (Applied Bio-

systems). Microsatellite tracts were systematically screened

on those clones as described below for database sequences.

Repeats with reverse complements of each other and

equivalent motifs (see Table 1) were considered a single

repeat type.

2.2. Screening of microsatellites in databases

We made a systematic survey of published Bivalvia

DNA sequences using the GenBank release 132.0 at the site

http://www.ncbi.nlm.nih.gov/ between 23th October and

26th November 2002. A total of 3739 genomic sequences

were retrieved in FASTA form and compared with the

BLAST package (BLASTN 2.2.5. [Nov-16-2002] to avoid

sequence redundancy. When two sequences, not coming

from gene families, shared an identity above 90%, only a

single match was considered. After this filtering step the

number of sequences considered for Class Bivalvia was

3165 (the accession numbers are given as Supplementary

Material at the author’s website http://webs.uvigo.es/c03/

webc03/XENETICA/XB4/xb4.htm). The nucleotides corre-

sponding to the poly-A tail next to the 3V-end of cDNA

clones were excluded from the analyses because most of

these tracts are believed to arise from the polyadenylation of

RNA transcripts. Taxonomic groups were defined using the

updated taxonomy of Mollusca from the NCBI Taxonomy

Browser (http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/

wwwtax.cgi).

2.3. Microsatellite frequency in intergenic DNA

Unbiased estimates of microsatellite frequency from

intergenic DNA entries presented several caveats: (1)

intergenic DNA is underrepresented in databases, (2) most

of the published microsatellites were isolated from

enriched libraries and consequently their frequencies

may be overestimated, (3) most publications of partial

genomic libraries only report sequences containing poly-

morphic microsatellites that are useful as genetic markers

(e.g., paternity tests) and (4) the estimation of micro-

satellite frequencies across species is biased due to the use

of different probes among studies. However, since the

number of positive clones in non-enriched libraries

(excluding false positives) is usually reported, this allowed
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