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ABSTRACT Limpet harvesting in Azores (NE Atlantic) has been 
taking place probably since the islands were first colonized. These 
species are highly exploited and the stocks in most islands have declined 
steadily with catastrophic effects on coastal communities. They are a 
locally important resource but also ecologically important species and 
require prioritizing conservation strategies. Here we describe and 
develop species-specific microsatellite markers for the limpets Patella 
candei and Patella aspera using whole genome shotgun 454 sequencing. A 
total of  22 and 15 polymorphic microsatellite markers were described 
for P. aspera and P. candei, respectively. These novel genetic markers can 
be used to study the population genetic structure and evolutionary 
history of  both patellid species and thus to contribute for stock 
conservation and management along their distributional area.  
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•  This study shows the usefulness of  second-generation sequencing of  microsatellite-enriched libraries to develop new microsatellites in non-model organisms. 

•  These novel microsatellite markers will be combined into the smallest number of  multiplex reactions, reducing laboratory work and consumption of  expensive reagents without 
compromising test utility. 

•  Conservation strategies in the NE Atlantic region should consider these novel markers to study the population structure of  P. aspera and P. candei throughout their distribution area so 
that future efforts should be focused on IDENTIFYING SCALES OF CONNECTIVITY AND PRESERVING STOCKS THAT HAVE BEEN SEVERELY DEPLETED. 

METHODS 

PATELLA ASPERA (RÖDING, 1798) 

Distribution: Azores, Madeira, Selvagens, the Canaries, and North of  Africa. 

Habitat: Rocky shores, lower intertidal and sublittoral zones 

Description: The conical shell is light in colour and structurally strong, exhibiting 
thick and irregular margins. The underside of  the muscular foot is yellowish. 

Reproduction: P. aspera is a protandrous species. Organisms start off  as male but 
many change to female as they age. This means that there are two types of  males, 
permanent males and temporary (protandric) ones. 

PATELLA CANDEI (d’ORBIGNY, 1839) 

Distribution: Endemic to Macaronesia; archipelagos with different subspecies 

Habitat: Rocky shores, intertidal and shallow sublittoral zones. 

Description: The conical dark shell has regular margins, and is smother and 
thinner than P. aspera. The underside of  the muscular body (foot) on which 
the limpet moves around is dark grey. 

Reproduction: P. candei is a gonochoric species, meaning that individuals do 
not change sex throughout their lifes. Spawning occurs around the year but it 
is thought to peak during Autumn/Winter. 

•  A total of  30 samples per species 
were collected in 3 different islands 
from Azores. 

•  Individuals were labelled and 
preserved in 96% ethanol. 

•  Genomic DNA was extracted from 
foot tissue using the E.Z.N.A. 
Mollusc DNA extraction kit 
following manufacturer’s instructions. 

I. Microsatellite isolation 

•  DNA mix (>10μg ml-1) was sent to Genoscreen (France) for developing microsatellite-enriched libraries. Fragments from 
genomic DNA were enriched for SSR (single sequence repeats) content by using magnetic streptavidin beads and labelled TG, TC, 
AAC, AAG, AGG, ACG, ACAT and ACTC repeat oligonucleotides. High-throughput microsatellite isolation was made through 454 
GS-FLX® Titanium pyrosequencing of  enriched libraries. QDD software was used to perform bioinformatic analyses. 
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Sequences containing microsatellites motifs 4754 1799 

Bioinformatic validated pairs of  primers 309 107 

Dinucleotides 88.7% 88.0% 

Trinucleotides 9.3% 10.1% 

Tetranucleotides 2.0% 1.9% 

II. Primer selection 

•  40 pairs of  primers per sp. with high and close Tm, compatible allelic ranges and 
no mispriming, were tested for amplification and annealing temperature. Only 
perfect motifs with simple repeats were selected (di-, tri- and tetra-nucleotides 
tandem repeats) and amplicon sizes varied from 90-315 bp (P. aspera) and 104-302 
bp (P. candei).  

III. Marker validation 

•  Selected primers were fluorescently labelled with NED, VIC, PET, or 6-FAM (Applied Biosystems). A GTTT-sequence ‘pig-tail’ tag was added to 
the 5’ end of  all reverse primers. A total of  eight individuals from 3 different populations (islands) were used for polymorphism detection. Marker 
amplification took place on a MyCyclerTM thermal cycler (BioRad) using a touchdown PCR protocol with Ta adjusted for each primer pair. 
Amplified fragments were visualized using an ABI 3730 (Applied Biosystems) automated DNA sequencer with an internal size standard 
(GeneScanTM 500Liz®, Applied Biosystems) for accurate sizing. Genotypes were scored using GENEMAPPERTM v.4.2 (Applied Biosystems). 

MICROSATELLITE DEVELOPMENT WORKFLOW 

Gradient PCR 
95º - 15min 
94º - 30sec 
50-60º - 90sec     35× 
72º - 60sec 
60 – 30min 

PCR amounts 
~15 ng DNA template 
1 × QiagenTM Multiplex Kit 
0.4 µM of  each primer 
ddH2O 
Final volume = 10 µl 
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IV. Polymorphism 

•  Several markers had to be discarded either because they showed tri-
allelic patterns, artifactual bands interfering with allele calling, and/or 
were monomorphic for the test-samples screened. 

in Mardis (2008) Trends in 
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P. aspera - 22 microsatellites (2-9 alleles) 

P. candei - 15 microsatellites (2-10 alleles) 
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Ex. Locus ASP24 showing 8 alleles 

POLYMORPHIC MARKERS 












