Amphibia-Reptilia 34 (2013): 259-262

Cross-amplification of microsatellite loci for the Mediterranean
stripe-necked terrapin (Mauremys leprosa)
Joana Veríssimo1,2 , Paulo Pereira1,2 , Susana Lopes1 , José Teixeira1 ,
Uwe Fritz3 , Guillermo Velo-Antón1,∗
Abstract. To accurately infer population structuring and manage species, it is advised to combine data obtained from
mitochondrial DNA (mtDNA) with data from fast evolving markers such as microsatellites. To date, the evolutionary history
of a threatened Mediterranean species, Mauremys leprosa, was inferred based solely on mtDNA data, which may lead to an
incomplete, or partially explained, population structuring. We tested the cross-amplification of 16 microsatellite loci in 190
individuals of M. leprosa from six Iberian and two African populations. We obtained a successful set of 11 polymorphic loci
with 2-18 alleles and observed heterozygosity ranging from 0.007-0.783. This panel of loci can be used for future research
in M. leprosa, such as population structuring, analysis of gene flow in secondary contact zones, paternity analyses, changes
in phenotypic traits and to assemble a comprehensive genetic dataset (mtDNA and nuDNA) that will allow the geographic
assignment of individuals of unknown origin. These tools will help managing M. leprosa populations throughout the species’
range.
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Inferring genetic structuring patterns based on
molecular analysis of mitochondrial DNA usually produces an incomplete picture of the
species’ biogeographic processes due to its maternal heritability. These patterns are even more
incomplete when studying species, such as turtles, with lower mtDNA mutation rate than other
vertebrates, which is partially explained by their
long life-span and average long generation time
(Avise et al., 1992; Bromham, 2002; Lourenço
et al., 2013). Therefore, the development and
optimization of fast evolving nuclear markers
such as microsatellite loci is crucial to unveil
genetic diversity and structure patterns in this
taxonomic group.
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The range of the Mediterranean stripe-necked
terrapin Mauremys leprosa (Schweigger, 1812)
embraces the Northwestern Africa and the
Iberian Peninsula, with a few populations located in southwestern France (Keller and Busack, 2001). This species is currently threatened by habitat fragmentation and/or destruction, pet trade, alien species (Polo-Cavia, López
and Martín, 2011) and pathogens (Hidalgo-Vila
et al., 2008; Verneau et al., 2011). Mauremys
leprosa is considered vulnerable by the IUCN
and is listed in Appendix II of the Berne Convention and in Appendix II and IV of Habitat
Directive (92/43/CEE) (Cox and Temple, 2009).
A phylogeographic study of M. leprosa identified two major mitochondrial lineages (Fritz
et al., 2006) classified in two subspecies: M.
l. saharica (southern Morocco, eastern Algeria
and Tunisia) and M. l. leprosa (Iberian Peninsula and northern Morocco). However, genetic
differentiation was inferred solely from mtDNA
data and population structuring within the two
subspecies was not well resolved by the use of
this marker. For developing conservation strategies and identification of management units, genetic population structure and diversity needs
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to be analysed in more detail. In this study, we
tested and optimized a set of 16 microsatellite
markers for M. leprosa that were developed for
two closely related species (M. caspica and M.
rivulata).
We tested 13 microsatellite loci developed for M. caspica
(Vamberger, Stuckas and Fritz, 2011) and three microsatellite loci developed for M. rivulata (Mantziou et al., 2005)
for cross-amplification in 190 Mauremys leprosa belonging
to six Iberian (Algarve, Castro Verde, Castelo Branco, Caldas da Rainha, Madrid, Murcia) and two African populations (Ceuta and Tazia). Genomic DNA was extracted from
blood using EasySpin (for M. leprosa) or Quiagen (for M.
caspica and M. rivulata) extraction kits, following the manufacturer’s protocol. In order to ensure that primers were
amplifying correctly in M. leprosa, we used samples from
M. caspica and M. rivulata as a positive control. We divided the PCR reaction in two multiplexes (see table 1);
forward primers were labeled with fluorescent dye markers (FAM, NED, VIC and PET; Oetting et al., 1995). PCR
amplifications were performed on 10 μl final volume containing 2 μl of DNA, 5 μl of Quiagen Multiplex PCR Kit
and 0.14 μl-0.32 μl at 10 μM of each primer (table 1).
Touchdown PCR conditions started with an initial denaturation for 95°C for 15 min (minutes) followed by 7 cycles of 95°C for 30 s (seconds), 58°C for 1 min (decreasing 0.5°C per cycle to 55°C), 72°C for 30 s; 24 cycles of

95°C for 30 s, 55°C for 1 min, 72°C for 30 s; 8 cycles
of 95°C for 30 s, 53°C for 1 min, 72°C for 30 s, and a
final elongation step at 60°C for 30 min. PCRs were performed on BioRad C1000 Thermocycler and genotyped on
an ABI 3130xl genetic analyzer (Applied Biosystems, Foster City, CA, USA). GeneScan™-500 Liz was used as fragment size standard to score amplicons sizes on GeneMapper v4.0 (Applied Biosystems). GENEPOP v4.2 (Rousset,
2008) was used to assess deviations from Hardy-Weinberg
equilibrium (H-WE) for each locus and population and linkage disequilibrium (LD) between loci at each population
using the Markov chain method with 1000 batches and
10 000 iterations per batch. Bonferroni correction for multiple comparisons was applied for both cases. Observed and
expected heterozygosities were calculated using GenAlEx
v6.4 (Peakall and Smouse, 2006) and the possible existence of null alleles at each locus for all populations was
assessed with MICROCHECKER v2.2.3 (Van Oosterhout
et al., 2004).

All loci were in H-WE in all populations except for three cases that showed a deviation
caused by heterozygote deficit (MC18 and MR1 in Murcia, and MC20 in Tazia). Nevertheless,
this pattern was not observed across all populations and therefore the loci were not discarded.
The fact that we observed this pattern in only

Table 1. Characteristics of 16 microsatellite loci tested in M. leprosa. Loci whose codes begin with MR were designed for
Mauremys rivulata and the ones that begin with MC were designed for Mauremys caspica. GenBank accession numbers are
in brackets below each locus name abbreviation. Microsatellite repeat motif; Ta (C°) = PCR annealing temperature; Primer
(μl) = quantity of primer (μl) of a 10 μM Primer solution; N = number of sampled individuals; Na = number of alleles;
HO = observed heterozygosity; HE = expected heterozygosity; P -value (H-WE) = Hardy-Weinberg probability test (Fisher’s
exact test).
Multiplex Locus

Repeat motif

1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2

(AC)11
(ATCT)12
(ATCT)21
(AC)15
(TG)14
(TAGA)8
(CT)6 . . . (ATCT)8
(AGAT)8
(GT)8
(CT)16
(AGAT)12
(TAGA)14
(ATCT)10
(TATC)14
(TC)12
(AG)18

Mr-1 [AY934859]
MC5 [HQ010418]
∗ MC6 [HQ010407]
MC8 [HQ010411]
∗ MC12 [HQ010410]
∗ MC17 [HQ010417]
∗ MC22 [HQ010413]
∗ MC24 [HQ010412]
MR-3 [AY934861]
∗ MR-9 [AY934864]
∗ MC1 [HQ010420]
∗ MC3 [HQ010419]
∗ MC18 [HQ010416]
∗ MC20 [HQ010415]
MC21 [HQ010414]
MC25 [HQ010409]
∗

∗ Informative

Ta

Primer
(μl)

N

Na

Allele size
range (bp)∗∗

HO

HE

P -value
(H-WE)∗∗∗

56
56
56
56
56
56
56
56
56
55.5
56
56
56
56
56
56

0.20
0.32
0.20
0.12
0.14
0.12
0.14
0.24
0.20
0.14
0.14
0.24
0.16
0.20
0.20
0.16

117
156
186
186
187
189
189
176
47
186
189
175
157
184
189
123

4
15
12
1
3
2
6
13
1
13
2
18
17
13
6
1

205-213
184-244
114-186
192
84-92
106-114
100-112
104-152
182
93-123
89-105
195-263
219-287
160-212
111-125
168

0.019
0.773
0.770
0
0.166
0.007
0.562
0.767
0
0.611
0.02
0.783
0.627
0.483
0.467
0

0.124
0.805
0.764
0
0.154
0.006
0.542
0.794
0
0.615
0.018
0.8
0.769
0.547
0.486
0

high sig.
0.6213
0.0063
–
1
–
0.2687
0.4777
–
0.0185
–
0.2282
0.0158
0.0099
0.1821
–

polymorphic microsatellite markers in Mauremys leprosa.
have corrected the allele sizes by discounting the fluorescent tail size to the allele size.
∗∗∗ ‘–’ corresponds to cases where the marker showed to be monomorphic or with only two alleles.
∗∗ We
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two populations might suggest that they could
be inbred or that they are non-panmictic populations. Another explanation might be the presence of null alleles in MR1. This marker, together with MC21 showed signs of null alleles,
since they have a low number of alleles sampled (MR1 – 4 alleles and MC21 – 6 alleles)
and appeared as homozygotes in the majority of
populations. No cases of linkage disequilibrium
were found. None of the tested primers failed
to amplify. However, three loci turned out to be
monomorphic (MR-3, MC8 and MC25). Allele
variation ranged from 2 (MC1, MC17) to 18
(MC3) (table 1). Overall, we successfully optimized for cross-amplification 11 polymorphic
microsatellites in M. leprosa, which allow estimating fine scale genetic diversity and structuring across the species’ distribution. In addition, past demographic events can also be assessed with these markers, allowing to draw a
more detailed picture on the biogeographic history of the species. Mauremys leprosa shares its
range with another freshwater terrapin, the European pond turtle (Emys orbicularis), across
the Iberian Peninsula and northwestern Africa.
The two species inhabit similar water bodies, although the latter is thought to be more sensitive
against pollution. While the evolutionary history and contemporary genetic structure is wellstudied in Iberian populations of E. orbicularis
using evidence from mtDNA and microsatellites (Velo-Antón, García-París and Cordero
Rivera, 2008), fast-evolving biparentally inherited microsatellites have never been used before for M. leprosa, which would be promising for a comparative phylogeographic study of
both species. Moreover, the use of microsatellites and a comprehensive sampling would be
particularly important for conservation studies
because turtles are amongst the most common
vertebrates associated to pet trade and illegal
translocations (Van Dijk, Stuart and Rhodin,
2000; Moll and Moll, 2004), which has an important effect on specie’s genetic structure and
genetic variability within populations (Gong et
al., 2009; Velo-Antón et al., 2011a). For in-

stance, genetic characterization of Iberian populations of E. orbicularis allowed the allocation
of unknown samples from Recovery Centres to
the most likely region of origin (Velo-Antón et
al., 2007) and we expect that this will be possible for M. leprosa as well using the crossamplified microsatellite markers. For M. leprosa, many individuals are thought to be translocated to areas distant from their home populations across its entire distribution range, including terrapins from Morocco that were introduced to Iberian populations. Therefore, an
accurate genetic characterization of M. leprosa
populations will allow building a feasible tool
to assign individuals of unknown origin to their
natural populations, and help to better manage
this species. Furthermore, we expect that these
microsatellite markers will contribute to a better
understanding of potential gene flow in the contact zone of the two subspecies in North Africa
(e.g. Pedall et al., 2011 for E. orbicularis), paternity analyses (e.g. Roques et al., 2006) and
changes in phenotypic traits (e.g. Velo-Antón,
Becker and Cordero-Rivera, 2011b).
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