
Simple sequence repeats (SSRs), commonly

named microsatellites, are nucleotide repetitive

motifs of 1-6 bp (Schlötterer 2001; Hancock

2002). Although they are common in

the eukaryotes and some prokaryotic genomes,

their presence in coding and non-coding se-

quences within genes has become an important is-

sue due to their functional, molecular and

evolutionary implications (Messier et al. 1996; Li

et al. 2004). The presence of SSRs within introns

has been documented in a number of species and

they are mainly characterized for monomers af-

fecting gene transcription, mRNA correct splicing

or export to the cytoplasm (Li et al. 2004).

Studies on the myostatin (MSTN) gene have

concerned vertebrates and spanned fields like

physiology, molecular biology, genetics, animal

breeding and production, and even molecular evo-

lution. In bovines, the loss of functional activity

of myostatin has been associated with the dou-

ble-muscled phenotype present in some European

cattle breeds (Grobet et al. 1997). However, due to

a high allelic variability of the MSTN gene, cur-

rently there is an increased interest in studying

the phenotypic effects of these allelic variants

(Dunner et al. 2003). Recently we have reported

the complete sequence of the MSTN gene from the

Beefmaster breed (GenBank AY850105). After

comparing it with previously reported sequences

(GenBank AB076403, AF320998, AY794986)

we focused on the evaluation of the region exhibit-

ing nucleotide changes at the population level.

Here we report the presence and structural descrip-

tion of a SSR T-motif in the zone of intron 1 of the

bovine MSTN gene among Beefmaster individuals

and between some bovine breeds.

Consensus primers were designed to amplify

the 7.7 kb sequence of the bovine MSTN gene.

For this work we used a specific primer pair to am-

plify a 672-bp region located at the beginning
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of intron 1 (upper primer 5’-CCACGGAGTGT

GAGT AGTCCTG-3’ and lower primer 5’-TTTA

CTT CCTTATTGCTCTTACTA-3’). In total, 14

individuals from 5 bovine breeds were analysed.

Fifty nanograms of DNA were amplified by 30 cy-

cles, using this set of primers and 2.5 U of Taq

DNA polymerase (Perkin Elmer, Roche Molecu-

lar Systems, Branchburg, NJ, USA). The PCR

products were resolved by electrophoresis in 1.5%

agarose gel, stained with Syber Gold and visual-

ized by UV irradiation.

The PCR products obtained from intron 1 of

the MSTN gene region were cloned with the use

of the Topo Cloning XL Kit, following the manu-

facturer recommendations (Invitrogen, Carlsbad

CA). Escherichia coli TOP10F’ cells were trans-

formed and the clones obtained were analysed by

using a PCR screening method. Briefly, 10 µL

of lysed cells were amplified for 30 cycles using

Taq DNA Polymerase and a primer set comple-

mentary to the Topo vector sequence. The PCR

products were separated by electrophoresis in

1.5% agarose gel and visualized by UV irradia-

tion. The selection of the potential positive clones

was based on the size of PCR products and con-

firmed by nucleotide sequencing.

Plasmid DNA of individual clones was ob-

tained and sequenced by using the SequiTherm

EXCEL™ II DNA Sequencing Kit (Epicentre),

followed by electrophoresis on the LI-COR IR2

DNA Sequencer. Samples were sequenced in both

directions and assembled into contigs, which were

then aligned using Clustal X (Thompson et al.

1997).

Comparisons between the Beefmaster MSTN

sequence and those previously reported permitted

the identification of a microsatellite sequence lo-

cated at approximately 400 bp from the beginning

of the first intron. We focused in the analysis of

this region on 7 Beefmaster individuals and ob-

served a high variability within the T-monomer.

Subsequent sequence analysis permitted us to con-

firm that variability is also present in individuals

from other bovine breeds (Figure 1). Structural

analyses of the MSTN microsatellite demonstrate

that the separation of the bovine sequence from

those of other artiodactyl species (goat and sheep)

is due to an expansion of the T-monomer.

The presence and expansion of this variable region

seems to follow the pattern of divergence recently

proposed for the MSTN gene as well as the obser-

vation of recent selective pressures on the gene in

bovines due to the domestication process
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Figure 1. MSTN microsatellite variability in bovines (including those previously reported in GenBank) and other species

belonging to the order Artiodactyla (pig, goat and sheep, GenBank accessions AJ237662, AF393619 and AF393618,

respectively). Grouping was based on sequence structure and the possibility to assess the T-monomer expansion as well

as the 5’ flanking sequence. CowBM1–9 = Beefmaster individuals; CowBR1–4 = Brahman individuals, CowCHA =

Charolais individual, CowCHI6–7 = Chianina individuals, CowSI = Simmental individual, CowB.t. = MSTN sequences

previously reported as Bos taurus, CowB.i = MSTN sequence previously reported as Bos indicus.



(Bellinge et al. 2005; Tellgren et al. 2004; Wiener

et al. 2003).

Within bovine individuals we also demon-

strated that the microsatellite polymorphism is due

not only to differences in the number of repeat

units but also in the 5’ flanking sequence of

the core motif, by TG and TTG nucleotide addi-

tions (Figure 1).

The origin and intraspecific evolution of

microsatellites is not well understood, but it has

been demonstrated that events involving simple

nucleotide substitutions, and those to produce

indels (insertions/deletions) in a specific se-

quence, can contribute to SSR formation

(Schlötterer 2001; Hancock 2002). Given that TG

and TTG insertions were not present at the defined

region among the individual breeds analysed, we

cannot conclusively say if the 5’ flanking variabil-

ity could indicate a mechanism of microsatellite

stabilization mediated by G insertions preventing

the growing of T-monomers, or if an imperfect

(GT)n (TG) microsatellite is being formed.

Microsatellites at the MSTN gene within

introns have been reported in channel catfish

(Kocabas et al. 2002). Although the level of poly-

morphism was not determined by those authors,

they proposed its use in genomic studies of the

MSTN gene across catfish families.

Muscular dystrophy is a genetic condition

in cattle, although it is a consequence of specific

mutations within the exons of the MSTN gene;

studies must to be pursued to determine the popu-

lation variability of the MSTN microsatellite

among bovine breeds to establish if it has a func-

tional implication over the expression of dou-

ble-muscled and non-double-muscled pheno-

types.
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