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Isolation and characterization of eleven polymorphic microsatellite markers
from the beneficial carabid beetle, Poecilus cupreus (Coleoptera: Carabidae),
and genetic structuring among three populations from western France
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Abstract. Poecilus cupreus (L.) (Coleoptera: Carabidae) is a typical polyphagous predator species on arable lands. In this study, 11
polymorphic microsatellite markers were developed from genomic DNA of P. cupreus. Genotypes of 87 individuals sampled from
three localities in Western France were analyzed to characterize the polymorphism at each locus. The number of alleles ranged from 3
to 20. All pairs of loci were in linkage equilibrium. The expected and observed heterozygosity ranged from 0.165 to 0.890 and 0.103 to
0.926, respectively. From the northern to the southern sites, six, three, and six loci showed significant deviations from Hardy-Weinberg
equilibrium, respectively. At one locus, null alleles were suspected as occuring at high frequency in the three populations. A weak ge-
netic differentiation among populations was found, suggesting intense and large scale gene flow coupled with large population size in
P. cupreus. These polymorphic microsatellite markers could be used in future population genetics studies of P. cupreus.

INTRODUCTION

Carabid beetles living within agroecosystems are considered
as potential natural enemies of many crop pests and may pro-
vide important and valuable ecosystem services as predators of
a range of arthropods, for example, aphids (Losey & Vaughan,
2006). Altogether, the mosaic of habitat patches constituting ag-
ricultural landscapes and the crop management practices affect
carabid beetle abundance and population dynamics (Holland &
Luff, 2000). This spatio-temporal heterogeneity of agricultural
landscapes makes dispersal crucial for long-term survival of ca-
rabid species and for their effectiveness as natural enemies of
crop pests. Both depend on their ability to colonize fields from
overwintering sites and on movement (both terrestrial and aerial)
from one field to another. While many studies have investigated
landscape influences on the level of genetic diversity and gene
flow in species associated to semi-natural habitats, such as forests
(Brouat et al., 2003; Keller et al., 2005; Matern et al., 2009; Lag-
isz et al., 2010; Gaublomme et al., 2013) or grasslands (Sander
et al., 2006a, b), to date, very few studies have sought to address
this issue for common species within arable landscapes (but see
Marchi et al., 2013).

The ground beetle, Poecilus cupreus (Linnaeus, 1758) (Co-
leoptera: Carabidae) is a typical polyphagous predator species
commonly found inhabiting arable-ecosystems throughout Eu-
rope (Jeannel, 1942; Langmaack et al., 2001). It has developed
wings (Bommarco, 1998; Hendrickx et al., 2009) but it is more
likely to disperse mainly by walking (Wallin, 1985; Hendrickx et
al., 2009); it is also able to run up to 10.6 cm.s™' at 20°C (Thiele,
1977). Its dispersal behavior is largely unknown. Individuals do
not show high levels of movements during the spring-summer
period (Skuhravy, 1957), although field occupancy differs im-
portantly from year to year, suggesting inter-field movements
(Holland et al., 2005). Ecological studies have consistently dem-
onstrated that individuals are likely to disperse over hundreds
of metres, and that landscape composition and configuration
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together with resource availability may be important drivers of
these movements (Firle et al., 1998; Westerberg et al., 2005).
Using landscape genetic approaches, it is hoped to assess how
agricultural landscapes influence P. cupreus population spatial
structuring and dispersal and ultimately, its potential for biologi-
cal control of crop pests. The present study reports on 11 poly-
morphic microsatellite markers that may potentially be useful in
future investigations of these aspects in this particular important
predatory insect.

MATERIAL AND METHODS

P. cupreus was sampled in spring 2011 in three study sites in
Western France located in a north-south transect more than 300 km
apart: “Pleine-Fougeres — Armorique” (PF) (48°36°N, 1°32°W),
“Plaine et Val de Sevre” (PVS) (46°23°N, 0°41"W) and “Vallées
et Coteaux de Gascogne” (VCG) (43°17°N, 0°54°E). Individuals
were caught using pitfall traps filled with a trapping solution of
50% ethanol during four-day trapping sessions. Thereafter, bee-
tles were stored in the lab in a 96° ethanol solution until DNA
extraction. DNA was extracted from hind leg tissues of 96 P. cu-
preus individuals (PF, n = 32; PVS, n=34; VCG, n =30) using a
standard Chelex protocol. Microsatellite library development was
based on 12 individuals from the three sites and realized by Geno-
Screen (Lille, France), involving Roche 454 GS-FLX Titanium
pyrosequencing of enriched DNA libraries, as earlier described
in Malausa et al. (2011). From a total of 357 microsatellite mark-
ers sequences, 35 were selected based on the number of repeated
motifs and the size of amplified fragments. We designed pairs of
primers using the Primer designer 2.0 software (Scientific and
Educational Software, Arlington, MA, USA). In a first selection
step, the amplification quality of the 35 loci was examined on 8
individuals from the PVS study site using agarose gel electro-
phoresis. PCR amplifications were performed in 10 pL reaction
volumes containing 2.5 puL of template DNA, 5 pL of MasterMix
(Promega, Fitchburg, WI, USA), and 0.5 puL of primer mix (10



TaBLE 1. Characterization of 11 polymorphic microsatellite loci developed for Poecilus cupreus and global diversity statistics. Locus
name, NCBI SRA Sequence Accession Number (NCBI SRA Acc. No.), forward (F) and reverse (R) primer sequences, number of al-
leles (N, ), observed heterozygosity (H,,), expected heterozygosity (H,), uncorrected exact P-value of Hardy-Weinberg equilibrium test

(HWE-P) (** < 0.01; *** < 0.001).

Locus NCBI SRA Primer sequence (5'-3") Repgat Allele sizes Sequencing Genetic diversity (n = 87)
Acc. No. motif  range group N, H, ~H, HWE-P
Pcup28 SRR1424710.1 FRAliGG%Zi?EEGGCG{‘[‘%E];Sfi(G:T AC 144-176 VIC a 18 0.907 0.869 ns
Pcup40 SRR1424710.2 F: Fll;cEi??gﬁ;géﬁiéiigiéigizzAc AGA 175-184 VIC a 4 0310 0.463  #**
Pcup64 SRR1424710.3 Rl?: g;ggz;::;;ﬁﬁggfggf:éggG AC 191-199 FAM b 5 0.195 0.495  ***
Pcup70 SRR1424710.4 ]];:: é&?gf GACGG(A:AA;CGC/I'IT qugéi_?é GT 240244 FAM b 20 0.655 0.669 ns
pepst swriszarios | FICONICICGAGTTICTCCTG 0o per o 6 pussosmt oo
Pcup85 SRR1424710.6 l; Ei?gggggg??g? GGTGTAAggTCg CA 191205 NED c 6 0372 0.623  ***
Pcup86 SRR1424710.7 FRTéEing(chél‘ic(éégggigch TG 145-189 VIC c 14 0.750 0.819 ns
st skriismos FAMCAMGGCACGEAGEATC 11y ¢ g osos
Pcup99 SRR1424710.9 R: Gi(?;i"fgﬁggfjggfcqfié?TGG CA 154-174 FAM c 10 0.701 0.678 ns
Pcup102 SRR1424710.10 R: i(?TGCéI‘(é}];‘EAAGG?I‘AAii'];sS;%EI‘ATEG GAA 177-186 NED d 4 0.174 0.263  ***
Pcup106 SRR1424710.11 F: TGATGTGAACTAACCTGCTGTTG TTG 107-113 PET d 3 0471 0475 ns

R: GGAGACGAAGAGTTCGATATCC

uM of forward and reverse primers). PCR amplification was per-
formed using a denaturation step for 10 min at 95°C, followed
by 7 cycles of 30 s at 95°C, 30 s at 62°C with a decrease of 1°C
per cycle, 30 s at 72°C, then by 30 cycles of 30 s at 95°C, 30 s at
55°C, 30 s at 72°C, 8 cycles of 30 s at 95°C, 30 s at 56°C, 30 s at
72°C, and with a final extension step for 6 min at 72°C. Fourteen
loci provided good quality and apparent polymorphic amplifica-
tion products while the 21 other loci appeared unsuitable due to
ambiguous PCR products or failed reactions. In a second step, the
forward primer of each of the 14 loci was 5'-end-labelled with a
fluorescent dye (FAM, HEX, NED or PET). The type of dye was
chosen in order to simultaneously analyze loci of similar allele
size and to avoid overlapping between loci with the same dye.
The suite of 14 loci was amplified (following the same PCR con-
ditions as above) and sequenced using the 96 individuals origi-
nating from the aforementioned three study sites. PCR products
were diluted 1:60 before sequencing, and mixed with Forma-
mide and a LIZ 500 size standard included (Applied Biosystems,
Carlsbad, CA, USA). Fragments were separated using an Applied
Biosystems 3730XL DNA Analyzer. Alleles were scored using
GeneMapper® v 4.0 (Applied Biosystems) and checked manu-
ally.

In each population, the number of alleles per locus was re-
corded and deviation from the Hardy-Weinberg equilibrium
(HWE) estimated using the exact test implemented in Genepop
4.1 (Rousset, 2008), both for each locus and globally. Unbiased
expected (H,, Nei, 1987), observed (H,) heterozygosity and, to
quantify deviation from HWE, the Weir & Cockerham’s estimate
of F i (Weir & Cockerham, 1984), were also calculated using Ge-
nepop. We tested genotypic linkage disequilibrium for each pair
of loci followed by a false discovery rate correction for multiple
tests (FDR, Benjamini & Hochberg, 1995) with a nominal confi-
dence level of P=0.05 . The presence of null alleles was checked

with micro-checker 2.2.3 (van Oosterhout et al., 2006) by as-
sessing whether homozygote excess was possibly due to such
alleles. FreeNA (Chapuis & Estoup, 2007) was used to estimate
null allele frequencies for each locus following the Expectation
Maximization (EM) algorithm of Dempster et al. (1977). Genetic
differentiation among populations was tested using G tests with
Genepop and quantified by calculating pairwise F over all loci
following Weir & Cockerham (1984) in Genepop and using the
ENA correction method for dataset harboring null alleles imple-
mented in FreeNA (Chapuis & Estoup, 2007).

Cross-species amplification was tested using the selected prim-
er set in the following beetles: Anchomenus dorsalis (Platyninae,
Platynini — Pontoppidan, 1763), Nebria brevicollis (Nebriinae,
Nebriini — Fabricius, 1792), Nebria salina (Nebriinae, Nebriini —
Fairmaire & Laboulbene, 1854) and Pterostichus madidus (Pter-
ostichinae, Pterostichini — Fabricius, 1775). The amplification
quality of these loci was examined on eight individuals of each
species from the PVS study site using agarose gel electrophoresis.

RESULTS

Amplification failed for nine individuals due to poor DNA
quality upon extraction. Among the 14 loci tested, 11 were found
to be polymorphic and have been duly amplified and genotyped
(Table 1). These particular loci showed high levels of polymor-
phism with number of alleles per locus ranging from 3 to 20
(mean = 8.82; Table 1). After FDR correction, no linkage dis-
equilibrium between pairs of loci was found. Mean expected (H,)
and observed (H,) heterozygosities were 0.63 and 0.50, 0.68 and
0.48, 0.60 and 0.49 in PF, PVS and VCG, respectively (Table 2).
Six loci showed significant deviation from HWE at the PF study
site, three at PVS and four at the VCG site (Table 2). There was a
significant overall deficit of heterozygotes within the three popu-
lations (HWE P < 0.0001) with high global F ¢ values (0.198,
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TabLE 2. Diversity statistics of 11 loci for the three populations of Poecilus cupreus studied. Locus name, number of alleles (N,),
null allele means frequencies (Null), following van Oosterhout et al. (2006) (in bold are those explaining significantly HW disequi-

librium), observed heterozygosity (H,,), expected heterozygosity (H,

), uncorrected exact P-value of the Hardy-Weinberg equilibrium

test (HWE-P) (* <0.05; ** <0.01; *** <0.001). PF: “Pleine-Fougeres Armorique™; PVS: “Plaine et Val de Sévre”’; VCG: “Vallées

et Coteaux de Gascogne™.

. PF (n=31) PVS (n=29) VCG (n=27)

O N Nul H, H, F, HWEP N,_ Nul H, H, F_ HWE-P N, Nul H, H, F_ HWE-P
Pcup28 12 0301 0.903 0.866 -0.044 ns 15 0970 0.893 0.890 0.004 ns 13 0.546 0.926 0.866 0071 ns
Peupd0 3 0162 0323 0529 0395 ** 4 0826 0276 0.355 0226 ns 4 0.130 0333 0496 0331 *
Poup64 3 0254 0226 0514 0.564 *** 4 0351 0103 0.528 0807 *** 4 0.186 0.259 0428 0398 *
Peup70 15 0954 0.774 0783 0.012 ns 11 0.101 0.655 0.582 -0.128 ns 11 0.967 0.519 0.614 0158 ns
Peup8l 6 0275 0214 0584 0.637 *** 5 0235 0.154 0.399 0619 *** 4 0262 0222 0576 0621 ***
Peup8s 5 0.136 0419 0581 0282 * 4 0.135 0.483 0.673 0287 ** 5 0301 0.185 0.577 0.684 ***
Pcup86 12 0.103 0.807 0.829 0.027 ns 8 0.805 0.667 0.804 0.173 ns 9 0257 0.769 0.820 0.063 ns
Peupdl 6 0.156 0516 0.784 0346 ** 7 0487 0.724 0.807 0.104 ns 6 0220 0.815 0.805-0.012 ns
Pcup99 10 0.853 0.807 0.728 -0.110 ns 8 0400 0.690 0.713 0033 ns 7 0.100 0.593 0.588 -0.009 ns
Peupl02 4 0.197 0.133 0301 0.561 *** 4 0879 0.172 0.165-0.049 ns 3 0.118 0222 0324 0319 ns
Peupl06 3 0.168 0419 0420 0003 ns 3 0580 0483 0.503 0.042 ns 3 0300 0.519 0.511 -0.015 ns

0.175 and 0.179 in PF, PVS and VCG, respectively). Null alleles
were estimated as present in five, three and three loci at sites PF,
PVS and VCG, respectively (details in Table 2). However, at one
locus only (Pcup81), null alleles were suspected to occur at high
frequency in all three populations. There was no differences in
allelic frequencies between pairs of populations (P > 0.05) except
between populations at PVS and VCG (P = 0.027). Inter-popula-
tion F_, values were low, ranging from zero to 0.0045 and from
zero to 0.0099 when computed using the ENA correction method
for null alleles (Table 3). Cross-species amplification tests result-
ed in very low success of amplification in all species tested (data
not shown). Hence, the 11 markers presented in this study appear
not to be suitable for population genetic studies on other closely
related beetle species.

TasLE 3. Pairwise F_ values between the three populations
studied; not corrected, below diagonal, and corrected, using the
ENA correction method, above diagonal. PF: “Pleine-Fougeres
Armorique”; PVS: “Plaine et Val de Sévre”; VCG: “Vallées et
Coteaux de Gascogne™.

PF PVS VCG
PF — 0.010 0
PVS 0.005 — 0.006
VCG 0.003 —
DISCUSSION

In this study, eleven polymorphic microsatellite markers were
developed for the carabid beetle, P. cupreus. These markers are
potentially very useful in studies to elucidate the population ge-
netic structure and gene flow of this beetle in relation to landscape
features, more especially in a species for which such information
is presently unavailable.

Despite optimization efforts, null alleles were detected at some
microsatellite loci tested. Because of the likelihood of underesti-
mating heterozygosity, care should of course be taken when using
loci potentially having null alleles in analyses, although methods
do allow for their inclusion in several estimators of genetic pa-
rameters (e.g. van Qosterhout et al., 2004; Chapuis & Estoup,
2007). The weak genetic differentiation among populations
separated by distances up to 700 km suggests intense and large
scale gene flow coupled with large population size in P. cupreus,

728

and certainly, additional populations should be examined to de-
termine the large scale spatial genetic structure of the beetle, al-
though the present results do not impede smaller scale landscape
genetic studies for this species. Excess of homozygotes measured
in the three study sites might also be a result of inbreeding and
local population structure.

The unsuccessful cross-species amplification is not surprising
since the markers were only tested on species of other beetle gen-
era, which decreases the chance to success in amplification. In
coleopteran species, even congeneric cross-amplifications often
tend to fail (Gaublomme et al., 2003; Rutkowski et al., 2011; but
see Wilson et al., 2004 and Marcus et al., 2013).
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