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ABSTRACT. Fourteen microsatellite markers were isolated from 
the giant red shrimp Aristaeomorpha foliacea (Risso, 1827) using the 
FIASCO protocol (fast isolation by AFLP of sequences containing 
repeats). Polymorphism was assessed in 30 individuals from two 
localities of the western Mediterranean basin (N = 20 from Sardinia and 
N = 10 from Sicily); nine loci showed polymorphism with 2 to 19 alleles 
per locus (average: 8.9). Polymorphic information content ranged from 
0.36 to 0.91, and the observed and expected heterozygosities ranged 
from 0.50 to 0.97 and from 0.47 to 0.93, respectively. Two loci showed 
significant deviation from Hardy-Weinberg equilibrium, and evidence 
of linkage disequilibrium was found for only one locus pair. These loci 
are the first to be characterized in A. foliacea and could be effective 
tools for the investigation of genetic diversity, population structure, and 
demographic connectivity, useful information for the management of 
this important commercial resource.
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INTRODUCTION

The giant red shrimp, Aristaeomorpha foliacea (Risso, 1827), is a widely distributed 
crustacean decapod; it occurs in the Mediterranean Sea, the eastern and western Atlantic, the 
western Pacific from Japan to Australia, New Zealand, the Fiji Islands and the Indian Ocean 
(Holthuis, 1980). In the western Mediterranean Sea, A. foliacea has a long traditional and eco-
nomic significance, where it is the main target species for deep trawl fishery down to a depth of 
800-1000 m (Cau et al., 2002), on the contrary in the eastern basin its commercial exploitation 
has not yet been developed (Cau et al., 2002; Politou et al., 2004).

Recently, the giant red shrimp A. foliacea has been reported to be locally extinct off of the 
Catalonian coasts (as well as in other areas of the northwestern Mediterranean) at depths of 400-
900 m. The modification (increase in salinity) of the Levantine Intermediate Water inhabited by 
A. foliacea in the western Basin, linked to the Nile damming, was probably a triggering factor for 
the extinction and/or drop in abundance of this species in the reported areas (Cartes et al., 2011).

Considering the high economic importance and the emerging problems, the assess-
ment of the population structure and connectivity of A. foliacea populations using molecular 
markers could provide important information for the planning of future management efforts.

In this study, for the first time, microsatellite loci were isolated from a partial genomic 
library of A. foliacea following the FIASCO protocol (fast isolation by AFLP of sequences 
containing repeats) described by Zane et al. (2002).

MATERIAL AND METHODS

Total genomic DNA was extracted from muscle tissues using the salting out method 
(Miller et al., 1988). The DNA of five individuals from different locations was pooled and 
digested with the endonucleases MseI (New England Biolabs) and TaqI (Fermentas). The 
corresponding adaptors (MseI or TaqI adaptors) were ligated to restricted DNA fragments 
using T4 DNA ligase (Fermentas), and the ligated products were PCR amplified using 
primers designed on the adaptors (Vos et al., 1995). PCR was performed on a Mastercycler 
ep Gradient S (Eppendorf) as described by Zane et al. (2002). The amplified DNA was 
then enriched using a biotinylated oligonucleotide probe [(AC)17] and selectively separated 
using streptavidin-coated beads (Roche Diagnostics) in the presence of a magnetic field 
(MagnaRackTM, Invitrogen). PCR products were transformed and cloned in the TOPO TA 
Cloning® kit (Invitrogen); 96 positive clones were PCR amplified with universal vector 
M13 primers, purified with ChargeSwitch® PCR Clean-Up kit (Invitrogen) and sequenced.

PCR primer pairs were designed using the OLIGO EXPLORER v. 1.2 program 
(GeneLinkTM). Forward primers labeled by different fluorescent dyes allowed the detection 
of fragments on an ABI PRISM 3730xl automated sequencer (ROX 400 as size standard). 
Allele scoring was done using GeneMarker v. 1.70 (SoftGenetics). The PCR mixtures (25 
μL total volume) included 20 ng genomic DNA, 2 mM MgCl2, 0.1 μM of each primer, 0.2 
mM dNTPs, 2.5 μL 10X DreamTaqTM buffer and 0.8 U DreamTaqTM DNA polymerase (Fer-
mentas). A “touchdown” PCR profile (Don et al., 1991) was used for all loci according to the 
following scheme: initial denaturation step of 94°C for 5 min followed by 40 cycles of 94°C 
for 30 s, annealing temperature for 35 s at different temperatures for each primer pair (Table 
1) and decreasing 1°C for the subsequent eight cycles, an extension step of 72°C for 30 s, and 
a final extension of 72°C for 5 min.
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Polymorphism was screened on 30 individuals from 2 populations: N = 20 from 
Sant’Antioco - southwestern Sardinia, N = 10 from Messina - Sicily. The genotypes were assessed 
for scoring errors and the presence of null alleles using Micro-Checker v. 2.2.3 (Van Oosterhout 
et al., 2004). The number of alleles (NA), observed (HO) and unbiased expected heterozygosities 
(UHE) were calculated with GenAlEx 6.4 (Peakall and Smouse, 2006); the Hardy-Weinberg equi-
librium and linkage disequilibrium between loci were tested with GENEPOP v. 4.0 (Rousset, 
2008) and Arlequin 3.5 (Excoffier and Lischer, 2010). The polymorphic information content 
(PIC) index was calculated with Excel Microsatellite Toolkit v. 3.1.1 (Park, 2001).

RESULTS AND DISCUSSION

Forty-three clones showed a microsatellite repeat, 14 of which with flanking regions 
of appropriate length and sufficient quality for primer design. The 14 loci were evaluated for 
primer performance and variation among individuals; 4 of them were rejected due to unsuc-
cessful PCR amplifications and scoring.

The 10 primer pairs available for PCR amplification (Table 1) identified 9 polymorphic 
microsatellite markers and 1 monomorphic locus. The 9 polymorphic loci showed variability in 
NA (from 2 to 19) with a mean number of 8.9. PIC ranged from 0.36 to 0.91; the HO and UHE 
heterozygosities ranged from 0.50 to 0.97 and from 0.47 to 0.93, respectively (Table 1). Two 
loci, Cea17 and Ciea302, showed significant deviations from Hardy-Weinberg expectations for a 
deficit and excess of heterozygotes, respectively; the possibility is not excluded that these results 
may be due to the small sample size or the presence of null alleles, confirmed by the results of 
Micro-Checker for locus Cea17 (Table 1). After sequential Bonferroni’s correction for multiple 
comparisons, loci Cia82 and Ciea317 resulted in linkage (Table 1).

Locus name GenBank No. Repeat motif Primer sequence (5'→3') PCR-TD, Size range NA PIC HO  UHE
    Ta (°C) (bp)

Cea17 JN087855 (GT)11 FHEX: TGAACTATCTGCCACGAGTA 56→48 156-210 19 0.91    0.77*§  0.93
   R: GGTGATAGATGAAGACTTGAC      
Cia19 JN087863 (TG)13 FFAM: ACACAATATAATGGGAAGACA 56→48 158-202 17 0.90 0.97  0.92
   R: CACTGTGATGAGCGAATGT      
Cia57 JN087856 (AC)8 FTAMRA: CATGATGTCGGAGGGATGTG 61→53 178-202   9 0.55 0.70  0.58
   R: GGAATCACAGTGGAAATGGG      
Cia67 JN087857 (CA)6..(CA)4..(CA)5..(CA)4 FTAMRA: GAGTGACGCTGTAGGTGTA 59→51 152-170   6 0.53 0.50  0.57
   R: ACACAGATAAACAGATGCAGATAT      
Cia82 JN087858 (CA)7..(CA)12 FHEX: CCTTGCCTAACCTTGACACA 62.5→54.5 260-320   7 0.48 0.57  0.54
   R: GTAACCCTGGGAAACAATGTAA      
Ciea253 JN087859 (AC)3..(AC)3..(AC)5 FTAMRA: GCCGACGGTGAGTTTAATTCG 60→52 178-204   4 0.43 0.50  0.48
   R: TACATCCACCCGATACCTGA      
Ciea257 JN087860 (TG)14 FHEX: TCAATGTGATTCTTCTCAGG 55→47 183-207   9 0.79 0.87  0.83
   R: AAGCATTATCTATACACTTACG      
Ciea260 JN087864 (AAC)..(AAC)4..(AAC) FHEX: TGCAGCATGAGAACAGTTG 58→50 153   1  0  0 0
   R: GGGCAAGGCTATTATAACG      
Ciea302 JN087861 (TG)7 FTAMRA: ACCGACAATCTGTGGAACATG 60→52 204-266   2 0.36     0.73**  0.47
   R: GGTTACCAACTCACCTGG      
Ciea317 JN087862 (CA)3A(CA)4 FFAM: GGAATGGAAATAACTTGCAG   57→49 260-320   7 0.48 0.75  0.54
   R: TAGAGTTGGGAGTATGAAG

Dye label is given for each forward primer. PCR-TD = amplification by touchdown (see text for details); Ta = 
annealing temperature for the first and final cycles; NA = number of alleles; PIC = polymorphic information content; 
HO = observed heterozygosity; UHE = unbiased expected heterozygosity. Locus that deviates significantly from 
Hardy-Weinberg equilibrium for a *deficit or **excess of heterozygotes after sequential Bonferroni’s correction for 
multiple tests; §probable presence of null alleles according to Micro-Checker; loci indicated in bold are in linkage 
equilibrium.

Table 1. Microsatellite loci isolated for Aristaeomorpha foliacea.
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These loci are the first to be characterized in A. foliacea and could be effective tools 
for the investigation of genetic diversity, population structure, and demographic connectivity, 
useful information for the management of this important resource.
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