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Abstract

Both human-mediated introductions and climatic changes may promote the settlement of
species in new areas outside of their natural geographical range. To investigate the settlement
of recently established populations of the neogastropod 

 

Cyclope neritea

 

, we developed
eight microsatellite markers. Their usefulness was studied in two native populations pre-
viously found to be monomorphic with mitochondrial markers. The eight loci were found
to be polymorphic in both populations, with two to 18 alleles per locus. This result shows
promise for these loci in studies of recently founded populations of 

 

C. neritea

 

.
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Over the last few decades, the release of alien marine species
has greatly increased (Occhipinti-Ambrogi & Savini 2003).
For species found in new areas close to their native range,
both human-mediated introductions and natural spread
may explain the range expansion (Dukes & Mooney 1999).
The origin of recently settled populations of the marine
neogastropod 

 

Cyclope neritea

 

 along the French Atlantic
coasts is questionable (for a detailed description of its
colonization pattern, see Bachelet 

 

et al

 

. 2004). Two processes
could be involved in the settlement of these new popu-
lations: (i) a natural spread towards north favoured by
environmental changes and/or (ii) a human introduction
from distant native populations, related to the release of
marine organisms for aquaculture. We aim to investigate
fine scale mechanisms involved in the early stages of
the settlement of the new 

 

C. neritea

 

 populations in contrast
with populations from the recognized native range. We
developed eight microsatellite markers and tested their
usefulness by analysing two native populations.

Genomic DNA from three individuals from the Thau
lagoon (French Mediterranean Sea) was isolated from
< 15 mg of foot muscle using DNeasy Tissue Kit (QIAGEN).
A genomic library enriched for CA repeated microsatellites
was constructed following the protocol described by

Billote 

 

et al

 

. (1999) based on Kijas 

 

et al

 

. (1994). Briefly,
total DNA was digested with 

 

Rsa

 

I (Promega). After puri-
fication on Nucleospin Column (Macherey-Nagel), 1 

 

µ

 

g
of digested DNA was ligated to 

 

Rsa

 

I adapters (Rsa21F:
5

 

′

 

-CTCTTGCTTACGCGTGGACTA-3

 

′

 

 and Rsa25R: 5

 

′

 

-TAGT-
CCACGCGTAAGCAAGAGCACA-3

 

′

 

). For the enrichment
procedure, hybridization of DNA fragments to biotinylated
(AC)

 

10

 

 probes attached to streptavidin-coated magnetic
beads (Streptavidin MagneSphere® Paramagnetic Particles;
Promega) was carried out. The purified enriched fraction
was ligated into pGEM-T easy (Promega) and trans-
formed into 

 

Escherichia coli

 

 JM109 competent cells. Recom-
binants with appropriate insert sizes were determined by
polymerase chain reaction (PCR) (350–800 base pairs;
288 clones), transferred to positively charged nylon mem-
branes and screened by hybridization with digoxigenin-
labelled DIG-(TG)

 

10

 

 probes. From a total of 144 positive
clones sequenced on a 3100 Genetic Analyser using a
BigDye Terminator Cycle Sequencing Kit (Applied Bio-
systems), 36 primer pairs were designed using 

 

primer

 

3 software (Rozen & Skaletsky 2000). After preliminary
tests for amplification on agarose gels, 24 forward primers
were fluorescently labelled with infra-red fluorescent dye
IRD700 or IRD800 for screening on a Li-Cor NEN Global
IR2 DNA sequencer. The genomic DNA for genotyping
was obtained using DNeasy Tissue Kit (QIAGEN). Amplifi-
cation conditions were optimized for eight loci (Table 1) for
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Table 1

 

Characteristics of the eight microsatellite loci isolated from 

 

Cyclope neritea

 

 (GenBank Accession nos: AY771365–AY771372). 

 

T

 

i

 

 and 

 

T  

a

  stand for the initial and optimal annealing
temperature of the touch-down PCR procedure; Cycle 1 refers to the number of cycles used to reach the optimal annealing temperature whereas Cycle 2 refers to the number of cycles
used at the optimal annealing temperature. 

 

N

 

Tall

 

 and 

 

H

 

T

 

: number of alleles and total heterozygosity over the whole sample (

 

N

 

 = 48), 

 

N  

all

  and  H  E  : number of alleles and expected
heterozygosity at the population level, 

 

F  

IS

 : estimator for deviation to Hardy–Weinberg proportions and associated  P  -values  (

 

exact test)

  

 

 

Locus Core sequence Primer sequences (5

 

′

 

–3

 

′

 

)

 

T

 

i

 

-T

 

a

 

 (  °  C) 
(Cycle 1) Cycle 2

MgCl  2   
(mM)

Allele size 
range (bp)

 

N

 

Tall

 H  

T  

Thau (

 

N

 

 = 24) Faro (

 

N

 

 = 24) 

 

N

 

all

 

H

 

E

 

F

 

IS

 

N

 

all

 

H

 

E

 

F

 

IS

 

Cn-2C4 (

 

GT

 

)

 

15

 

F: 

 

ATCGAGCAGAAAAGACATGAC

 

65–58 24 1.5 151–172 5 0.66 5 0.61 0.106 2 0.51 0.269
R: 

 

GAAAGTGTGACCCCGTGAG

 

(8) (

 

P =

 

 0.305) (

 

P =

 

 0.237)
Cn-2H10b (

 

GA

 

)

 

16

 

GG

 

(

 

GA

 

)

 

5

 

G
GAGAGA

 

(

 

ACTG

 

)

 

4

 

F: 

 

CCACGGTGGTCCCTACTT

 

60–52 24 1.5 118–193 9 0.83 6 0.73 0.033 6 0.80 0.134
R: 

 

AATGAGCGGTTAATCTGACAA

 

(8) (

 

P =

 

 0.096) (

 

P =

 

 0.449)
Cn-3C4 (

 

TGTC

 

)

 

9

 

(

 

TGGC

 

)

 

2

 

F: 

 

TCTCCCAATCCCAGTATAAAG

 

58–50 32 2.5 206–239 6 0.72 5 0.69 0.091 4 0.58

 

−

 

0.247
(

 

TGTC

 

)

 

6

 

R: 

 

AACCCAACTTGCCAACTATG

 

(8) (

 

P =

 

 0.323) (

 

P =

 

 0.787)
Cn-1H8 (

 

GT

 

)

 

28

 

F: 

 

CCTTCTTGGTGCTGTGTTTCTG

 

62–52 25 1.5 130–142 5 0.47 4 0.43 0.609 3 0.52 0.666
R: 

 

GGAGTAGGTAGAGTTAGTGGAATGTC

 

(10) (

 

P =

 

 0.000) (

 

P =

 

 0.000)
Cn-1A10 (

 

TG

 

)

 

10

 

(

 

AG

 

)

 

15

 

GGG

 

F: 

 

GCGTTACAGGCAAATGC

 

60–52 24 1.5 152–224 15 0.89 13 0.90 0.246 6 0.74 0.084
(

 

AG

 

)

 

21

 

(

 

TG

 

)

 

3

 

R: 

 

CAGAATCCGTGCTTCAGC

 

(8) (

 

P =

 

 0.079) (

 

P =

 

 0.451)
Cn-1A8 (

 

GA

 

)

 

36

 

N

 

40

 

(

 

GT

 

)

 

3

 

A

 

F: 

 

GACACTGCCCAGAACAGTC

 

64–54 25 2.5 237–324 18 0.93 16 0.93 0.460 3 0.61 0.702
(

 

TG

 

)

 

6

 

N

 

15

 

(

 

GT

 

)

 

4

 

R: 

 

GAAGTAAACAGTGGAAATAATAATAC

 

(10) (

 

P =

 

 0.000) (

 

P =

 

 0.006)
Cn-3B2 (

 

GT)12GC(GT)2 F: CTACCACACACCGATGTCCAG 65–55 24 1.5 172–190 4 0.71 3 0.60 0.665 2 0.26 0.324
GC(GT)3 R: CACCTATGTTGCGTGCAGC (10) (P = 0.001) (P = 0.288)

Cn-2B7 (CA)7 F: CAGTGGCAAGCTGCTTTAGATC 63–55 22 2.5 176–178 2 0.42 2 0.23 0.254 2 0.51 −0.154
R: CAACAACGACAAAGGCAAAGC (8) (P = 0.310) (P = 0.680)

Overall 0.64 0.290 0.57 0.171
(SD) (0.23) (P = 0.000) (0.17) (P = 0.005)
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which preliminary tests showed unambiguous patterns.
Each reaction was performed in 20 µL and contained
approximately 50 ng of DNA, 0.05 µm of fluorescently
labelled forward primer, 0.075 µm of unlabelled forward
primer, 0.125 µm of unlabelled reverse primer, 1.5 or 2.5 µm
of MgCl2 depending on the locus (Table 1), 0.25 mm of each
dNTP, 0.1 g/L of bovine serum albumin, 1X PCR buffer
[75 mm Tris-Hcl pH 8.8 at 25 °C, 20 mm (NH4)2SO4 and
0.01% Tween 20] and 0.50 U Thermoprime Plus DNA
Polymerase (ABgene), using a MJ Research PTC-200 ther-
mocycler (MJ Research Inc.). Thermal cycling conditions
followed a locus-specific touch-down PCR procedure: 3
min of initial denaturation step at 95 °C followed by cycles
(Cycle 1 in Table 1) of denaturation at 95 °C for 45 s,
annealing at temperature decreasing by 1 °C per cycle
from Ti to Ta (Table 1) for 45 s and extension at 72 °C for
45 s, then followed by a locus-specific number of cycles
(Cycle 2 in Table 1) at 95 °C for 45 s, annealing at final Ta
(Table 1) for 45 s and extension at 72 °C for 45 s. A final
extension step was carried out for 7 min at 72 °C. PCR
products were screened on a 6.5% polyacrylamide gel using
a Li-Cor NEN Global IR2 DNA sequencer system. Allele
sizes were determined using a known DNA sequence.

Polymorphism at the eight loci was tested in two popu-
lations of C. neritea from its native range [Thau (French
Mediterranean Sea), N = 24 and Faro (south Portugal,
Atlantic), N = 24] that were found to be monomorphic
when sequencing a mitochondrial gene fragment (Cyto-
chrome Oxidase I, Bachelet et al. 2004). No linkage disequi-
libria across loci were detected using genepop version 3.4
(Raymond & Rousset 1995). This software was also used to
estimate the number of alleles, the expected heterozygosi-
ties and adequacy of genotypic proportions to Hardy–
Weinberg expectations by an approximate exact test
(detailed in Rousset & Raymond 1995; Table 1). Over the 48
individuals analysed, the number of alleles ranged from
two to 18 and expected heterozygosities from 0.42 to 0.93,
respectively. At the population level, deviations from
Hardy–Weinberg equilibrium were variable across loci
and populations. For instance, Cn-1A8 showed a large hetero-
zygote deficiency only in Faro that might indicate the presence
of null alleles as a result of a phylogeographical break in the
species’ native range (Bachelet et al. 2004). A larger number
of individuals and populations should thus be examined to
better assess the reliability of this locus. Nonetheless, both

populations were found to be polymorphic [e.g. mean
number of 6.75 (SE 5.01) and 3.50 (SE 1.69) alleles in Thau
and Faro, respectively] and exhibited similar levels of
expected heterozygosity. The microsatellite loci developed
in the present study are thus considerably more polymorphic
than the mitochondrial marker previously used and are
of interest to study fine-scale processes involved in the
settlement of new populations of C. neritea.
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