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Abstract

In order to study the spatial patterns of genetic diversity of a clonal marine angiosperm, the
seagrass 

 

Cymodocea nodosa,

 

 microsatellite markers were obtained by screening a genomic
library enriched for the (CT) dinucleotide motif. Of 38 primer pairs defined, 15 amplified
polymorphic microsatellites and are described. These loci identified a number of alleles
ranging from two to seven, and showed expected heterozygosity ranging from 0.35 to 0.76,
when a group of 40 individuals from Cadiz Bay in Spain was analysed. Additionally, we
describe here the multiplexing conditions for 12 of these loci.
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Seagrasses are marine angiosperms that reproduce
sexually by means of hydrophilous pollination (all except
one species) and asexually by rhizomatous vegetative
growth. They form intertidal and subtidal meadows that
are essential components of the biological and physical
structures and processes of coastal areas (Hemminga &
Duarte 2000). 

 

Cymodocea nodosa

 

 is a dioecious seagrass
widely distributed in the Mediterranean, and also occur-
ring along the Southern Portuguese and Northwest
African coasts (den Hartog 1970). It exhibits an extensive
morphological plasticity, growing on both sand and mud
substrates, and it can be found from the upper subtidal
limit to depths of more than 30 m. The vegetative growth
habit of 

 

C. nodosa

 

 renders it the species of choice for sea-
grass demography research (Duarte 

 

et al

 

. 1994; Vidondo

 

et al

 

. 1997). Random amplified polymorphic markers
(RAPD) have been used to study the genetic diversity in
the Mediterranean island of Ischia, Italy (Procaccini &
Mazzela 1996) and in the Ria Formosa, Portugal, an Atlantic
biogeographically-isolated coastal lagoon (Alberto 

 

et al

 

.
2001). Theses studies showed contrasting patterns, from
high genetic diversity in the former to almost complete

monomorphism in the latter. However, due to the
dominant nature of RAPD markers, it is not possible to
calculate the probability of a given multilocus genotype
occurring by chance as a consequence of sexual recom-
bination. Only with hyper-variable molecular markers,
such as microsatellites, can these probabilities be assessed
and the genetic individuality in clonal plants elucidated.
The development of microsatellite markers in 

 

C. nodosa

 

therefore opens the possibility of assessing patch dynamics,
clonal structure, biogeographical patterns and gene dis-
persion of this species.

Genomic DNA was isolated from a fresh meristematic
portion of 

 

C. nodosa

 

 leaves following standard cetyltrime-
thyl ammonium bromide (CTAB) extraction procedures,
and digested with 

 

Afa

 

I(

 

Rsa

 

I) (Amershan Pharmacia Biotech).
Total digested DNA was purified and ligated to annealed

 

Afa

 

I adaptors (AdapF: 5

 

′

 

-TCTTGCTTACGCGTGGACTA-
3

 

′

 

 and AdapR: 5

 

′

 

-TAGTCCACGCGTAAGCAAGAGCACA-
3

 

′

 

). The enrichment procedure followed the protocol of
Billote 

 

et al

 

. (1999), which uses streptavidin-coated
magnetic particles and biotinylated probes (Magnesphere,
Promega), and is based on modifications of the original
method of Kijas 

 

et al

 

. (1991). We used a 5

 

′

 

-biotinylated
(CT)

 

15

 

 probe, with a 3

 

′

 

-dideoxyC end, following sugges-
tions made by Koblízková 

 

et al

 

. (1998), to avoid producing
chimeric clones. The enriched ssDNA was amplified by
polymerase chain reaction (PCR) using the AdaptF as a
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primer to recover double-strand DNA. This was ligated
into pGEM-T Easy vector (Promega) and transformed into
DH5α competent cells. A total of 736 positive clones were
transferred to microplates containing 150 µL LB/Ampicil-
lin solution, incubated (4 h, 37 °C), diluted 5× in ultrapure
water (Sigma) and heated (10 min) to provoke cell lysis.
Insert sizes were estimated by agarose gel electrophoresis
of PCR products using standard M13 primers. Gels were
alkaline Southern transferred to Hybond N+ nylon
membranes (Amersham) and hybridized with a 32P radio-
labelled (CT)15 probe. About 27% of the clones contained
a microsatellite region. From these, 95 were sequenced
(MWG-Biotech AG) and 38 primer pairs were designed.

In order to test the obtained markers and to avoid sam-
pling redundancy (expected when sampling clonal species),
we used 40 C. nodosa seedlings collected haphazardly at
Cadiz Bay, southwest Spain. PCR reactions in 15 µL
contained approximately 20 ng DNA, 1 µm each primer
(Table 1), 60 µm each of dCTP, dGTP and dTTP, 10 µm
dATP and 0.08 µL [α35S]-dATP (12.5 mCi/mL, 1250 Ci/
nm), 2.5 mm MgCl2 (see Table 1 for locus optimizations),
1 µL 10× PCR buffer (200 mm Tris-HCl pH 8.4, 500 mm
KCl) and 0.5 U Taq DNA polymerase (Invitrogen, Life
Technologies). Cycling conditions consisted of an initial
denaturing step of 4 min at 94 °C, followed by 24 cycles of
‘touchdown’ PCR consisting of 30 s at 94 °C, 30 s at 64 °C
(reduced by 0.5 °C each subsequent cycle) and 30 s at 72 °C,
10 additional cycles consisting of 30 s at 94 °C, 30 s at 52 °C
and 40 s at 72 °C, and a final elongation step at 72 °C for
10 min. All PCR reactions were performed on a GeneAmp
9700 thermocycler (PE Applied Biosystems). PCR pro-
ducts were separated on a denaturing 6% acrylamide-
bisacrylamide gel and visualized using autoradiography.
Fifteen loci produced clear amplification products and
were polymorphic. Twelve loci were then optimized for
multiplexing in an ABI 377 sequencing system (PE,
Applied Biosystems) (Table 1). No linkage disequilibrium
was detected among these loci (option 2.1 in genepop). The
C. nodosa seedlings exhibit significant multiloci hetero-
zygous deficit (P = 0.0021) U-test in genepop (Raymond &
Rousset 1995). These seedlings were isolated without any
adult meadow in the immediate surroundings, which indi-
cates that they are emigrants colonizing a new site. It is

possible that admixture from more than one source popu-
lation caused the observed heterozygote deficit.
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