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Abstract:

Eleven polymorphic microsatellite markers were developed from enriched DNA
libraries for the invasive Western conifer seed bug, Leptoglossus occidentalis. The number of
alleles ranged from two to 11 and observed heterozygosities from 0.038 to 0.933. Additional
results of cross-species amplifications are reported for two congeneric species. This set of
microsatellite markers, the first one available for L. occidentalis, enables further
investigations of population structure of this species which represents a serious threat for

European conifer regeneration.
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The Western conifer seed bug, Leptoglossus occidentalis Heidemann (Heteroptera,
Coreidae), was accidentally introduced in Europe and first reported in Italy in 1999 (Fent and
Kment 2011). Then, the bug colonized most of Europe within just a decade (Fent and Kment
2011). Adults and nymphs feed on cones of a wide range of conifer species. Consequently,
this introduction represents a risk not only for commercial seed crops but also for conifer
ecosystems, impacting natural regeneration (Lesieur et al. 2014). The impact of L.
occidentalis can also be enhanced through a newly established association between the alien
insect and a native fungal pathogen, Diplodia pinea (Luchi et al. 2012). In order to set up an
appropriate management program in Europe, microsatellites are needed to reveal the origin of
newly established populations. We report here the isolation and characterization of 11
microsatellite loci useful for estimating genetic diversity in L. occidentalis.

Total genomic DNA was isolated from one pooled sample of individuals collected
from four localities situated in France (Lavercantiére, Southwestern France and Serre-Poncon,
French Alps) and in the native range (two different sites in British Columbia, Canada). The
extraction was then sent to GenoScreen, France (www.genoscreen.com). A total of 1 pg was
used for the development of microsatellite libraries through 454 GS-FLX Titanium
pyrosequencing of enriched DNA libraries, as described in Malausa et al. (2011). Among 907
sequences comprising a microsatellites motif, 298 primer sets were designed and a sub-group
of 48 primers pairs was tested for amplification. Primer sets were discarded if they failed to
amplify or led to multiple fragments. Then, 12 microsatellites loci were selected from
validated ones for polymorphism study. PCR amplifications were performed in a volume of
25 ul containing 20 ng of template DNA, 1 U of Dream-Tag DNA Polymerase (Thermo
Scientific), 1.875 pL of 10x Dream Taq Green Buffer (including 20 mM of MgCly), 6 pmol of
dNTPs, 0.5 ul of Bétaine and 10 pmol of each primer. The PCR cycling consisted of an initial
denaturation at 95°C for 10 min, followed by 40 cycles : denaturation at 95°C for 30 s,
annealing at 55°C for 30 s, and extension at 72°C for 1 min and a final extension at 72°C for
10 min.

Another set of 10 microsatellites was tested in our laboratory for subsequent PCR
from which only two were polymorphic. Amplifications were performed in a 10 pl reaction
volume containing 20 ng of template DNA, 0.5 U of Dream-Taq DNA Polymerase, 0.48 ul of
10x Dream Taq Green Buffer, 0.2 ul of Bétaine, 4 pmol of dNTPs and 8 pmol of each primer
for MSLOO7 and 4 pmol for MSLO15. The cycling conditions were the same than described

previously except the primer annealing temperature (52°C).



Consequently, 11 markers were selected and tested on 30 individuals obtained from a
seed orchard located at Lavercantiére. Fragments were run on an ABI 3500 Genetic Analyzer
using GeneScan™ - 600 LIZ® Size Standard, and sized with GeneMapper® v4.1 software
(Life Technologies - Applied Biosystems).

Deviations from Hardy-Weinberg equilibrium (HWE), expected and observed
heterozygosity and linkage disequilibrium were calculated using ARLEQUIN 3.11 (Excoffier
et al. 2005). The existence of null alleles was tested using MICROCHECKER

(http://www.microchecker.hull.ac.uk/).

The number of alleles ranged from two to 11 and the expected heterozygosity from
0.337 to 0.872 (Table 1). Significant departures from HWE in the direction of heterozygote
deficiency were detected for three loci (Lep04, Lep05 and Lep31) probably due to the
presence of null alleles (detected in Lep 04 and Lep05) or sampling biases. There was no case
of linkage disequilibrium among loci after applying sequential Bonferroni corrections for
multiple tests. Cross-species amplifications were performed in two North American
congeneric species, L. phyllopus and L. corculus; a highly polyphagous pest of various
angiosperms and a pine seed pest, respectively. Three loci failed to amplify in L. corculus and
only one (Lep04) in L. phyllopus (Table 2). With regards to L. occidentalis, these loci are
promising for further analyses intended to study the dispersal patterns and the invasion routes

of this highly invasive pest now discovered in Asia.
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Table captions:

Table 1. Microsatellite data and polymorphism characterization of the Leptoglosssus

occidentalis population from Lavercantiére.

Table 2. Cross-species amplification results for Leptoglossus spp.



Multiplex

Locus Primer sequences (5'-3") Repeat motif  5'Dye marker set Sizerange Na Ho He

Lep04 F: GTGGCTTGCGCTGTGTATAG (GT)s NED 1 118-122 3 0,038  0,446***
R: TGACTCAGGAATAACAACAACACA

Lep05 F: GGGACGAATTTCCCGTAGAT (AT); PET 1 128-134 3 0,226  0,495***
R: GCGGGAGGTCTGACTTATGA

Lep07 F: TCTTCCTCATCTTCATCAGAATCA (TCA), NED 2 140-149 2 0,290 0,337
R: GGTGAAGTTAGCGCAGAGTCA

Lepl6 F: GGAGATGTTCCTCTGCCGT (AC)g VIC 2 162-198 8 0,839 0,829
R: AGTATGATTTAAAAGGCTGCATAGTA

Lepl? F: ACCCAGCTTCCGCTATTTAT (GT)g VIC 1 114-118 3 0,452 0,564
R: TGCGTAAAACATACTCCCACA

Lep25 F: ACGAAAACGTTTGCTGTTTG (AG)s 6FAM 2 99-107 3 0,484 0,524
R: AACATTCTTTAATCGTCGGCT

Lep3l F. TAAAAATGTTTTCTCTTTACTGCG (GT)8 6FAM 1 132-152 6 0,500  0,733***
R: CCAAATTTCTGTATGTTTGCTTG

Lep36 F: TGTACATAACAGAATGAGACATGCAC (CA)13 PET 2 145-179 8 0,742 0,829
R: CATGAACACATCCTCTCGGA

Lepd3 F: CAATTTCAACAACCTCGGGA (GMwo PET 1 207-255 11 0,933 0,872
R: GTAGGATCCTGCGTGAGAGC

MSLO07 F: TTCCTCAATATTAAGTTGGTTCTCTG (CA)1(TA), 6FAM / 125-155 7 0,767 0,728
R: TTACCCAGCAAGACAAACCC

MSLO15 F: ACCAATTGGCATGAAGTCCT (CT)w(CA)s 6FAM / 204-234 3 0,467 0,495
R: GCTTCATGGGCTAGTGAGGT

mean 5,182 0,522 0,647
SD 2960 0,276 0,194

Na: number of alleles; Ho: observed heterozygosity; He: expected heterozygosity; values in bold indicate significant deviation from Hardy-Weinberg equilibrium (***: P <
0.01;**:0.01<P<0.05;* 0.05<P<0.1).



Locus

Species in;i?gejals Lep04 Lep05  Lep07  Leplé  Lepl?  Lep25  Lep3l Lep36 Lepd3  MSLOO7  MSLO15
L. corculus 4 0 128(2) 146 0 108 (1) 101-119 132144 0 294298  125-175 204-206
L. phyllopus 4 0 128  137-146 136-216 108110 103-129 132-142  137-147(3) 304-322  125-175  210-234 (3)

1 Numbers refer to the size (bp) of the PCR products. 0 refers to unsuccessful amplifications. When partial amplification, number of amplified individuals are within brackets.



