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Abstract

The freshwater true bug Aphelocheirus aestivalis (Aphelocheiridae) is widely distributed in Europe but occurs rather locally
and often in isolated populations. Moreover, it is threatened with extinction in parts of its range. Unfortunately, little is
known about the genetic diversity and population structure due to the lack of molecular tools for this species. Thus, to over-
come the limitations, a whole-genome sequencing has been performed to identify polymorphic microsatellite markers for
A. aestivalis. The whole-genome sequencing has been performed with the Illumina MiSeq platform. Obtained paired-end
reads were processed and overlapped into 2,378,426 sequences, and the subset of 267 sequences containing microsatellite
motifs were then used for in silico primer designing. Finally, 56 microsatellite markers were determined and 34 of them
were polymorphic. Analyses performed in two samples (collected from Drawa and Gowienica rivers, respectively) showed
that the number of alleles per locus ranged from 2 to 21, and the observed and expected heterozygosity varied from O to
0.933 and 0.064 to 0.931, respectively. The microsatellite markers developed in the present study provide new suitable tools
available for the scientific community to study A. aestivalis population dynamics. The assessment of its genetic diversity
and population structure will provide important data, that can be used in population management and conservation efforts,

elucidating the broad- and fine-scale population genetic structure of A. aestivalis.
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Introduction

The benthic freshwater true bug Aphelocheirus aestivalis
(Fabricius 1794) and two endemic congeneric species from
the Iberian Peninsula, A. murcius (Nieser and Millan 1989)
and A. occidentalis (Nieser and Millan 1989) [1] are the only
representatives of the family Aphelocheiridae in Europe. A.
aestivalis is distributed throughout Europe [2], where lives
in the middle and upper reaches of streams and rivers with
-mesosaprobic waters [3, 4]. The individuals of A. aestiva-
lis occurring in Europe are predominantly micropterous [2].
Due to the fact that only a very few macropterous specimens
capable of flight have been collected in the past [5], it has
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been assumed that A. aestivalis disperses mainly through
the watercourses [6]. The remarkable downstream drift of
nymphs and adults was observed e.g. in the Danube [6] and
the Rhein rivers [5].

Although A. aestivalis is relatively tolerant of changes
in some physical and chemical characteristics of water, it is
mainly threatened by industrial and agricultural pollution
and the regulation of watercourses [7]. In some European
countries, A. aestivalis is considered an endangered species
and is included in local and national Red Lists or Red Data
Books [2]. Successful conservation efforts require not only
an understanding of the biology of A. aestivalis and its envi-
ronmental requirements (e.g. [2, 6, 8, 9]) but also the knowl-
edge on the distribution of the genetic diversity in its popula-
tions. Therefore, information about the genetic diversity and
differentiation should become incorporated into ecological
research and further conservation strategies. However, only
a few molecular data that analyze the distribution of A. aes-
tivalis have been published so far. For instance, fragmentary
data have been obtained during a comprehensive study based
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on DNA barcodes in aquatic Heteroptera [10], the differ-
entiation among related species [3, 11], and in approaches
leading to the effectiveness evaluation of new molecular
tools [12]. More recently, the variability of selected mito-
chondrial and nuclear markers was evaluated in five popu-
lations of A. aestivalis [13]. Analyses revealed low genetic
diversity at both levels. Interestingly, endosymbiotic bacteria
of Wolbachia have been detected in all tested specimens, and
its presence could correlate with decreasing mitochondrial
diversity of A. aestivalis. However, the low genetic varia-
tion at both mitochondrial and nuclear level that has been
observed in tested samples can also be a result of popula-
tions’ close relationships, past demographic phenomena, or
a specific feature of A. aestivalis.

In the past, microsatellite markers have emerged as one of
the most popular and effective molecular tools [14]. Given
their codominant and neutral nature, biparental mode of
inheritance, and high level of polymorphism, microsatel-
lites have been widely used for determining the genetic
divergence among populations, estimation of population
structure, and genetic diversity in different insect species
(e.g. [15]). Nevertheless, such nuclear markers have not been
developed for A. aestivalis so far, and thus, the structure
of its populations, as well as the genetic divergence among
them, have not been determined.

To overcome the limitations described above, a set of
novel microsatellite markers has been developed for A. aes-
tivalis. Moreover, a fast and cost-effective protocol for spe-
cies-specific microsatellite markers discovery using Illumina
MiSeq sequencing, and the amplification of selected loci
with M13-tailed forward primers is presented in this paper.

Materials and methods

Sample collection and DNA extraction

Specimens of A. aestivalis were collected in 2017 from vari-
ous rivers located in Central and Western Europe (Table 1).

A. aestivalis is not an endangered or protected species in the
sampling area and sampling activities were not performed at

locations where specific permission is required. The samples
were collected using dragnet, scraping 0.2 m? of the bottom.
The specimens were picked in situ from the collected mate-
rial. All specimens were separately preserved in 70% ethanol
and stored at — 20 °C until further analyses.

Genomic DNA was extracted from specimens using the
High Pure PCR Template Preparation Kit (Roche Diagnos-
tics GmbH, Mannheim, Germany) according to the manu-
facturer’s protocol. Genetic material was extracted from the
abdominal tissue of all collected individuals.

Microsatellites identification

Total genomic DNA isolated from four individuals col-
lected from different populations (marked as DS, DR,
SP, and BR) was pooled and used for library preparation
using the TNEBNext® DNA Library Prep Master Mix Set
for llumina® (New England BioLabs Inc.). The sequenc-
ing was performed with an Illumina MiSeq sequencer at
Genomed (Warsaw, Poland). A 2 x 250 base pair (bp) read
mode was used during sequencing. The obtained sequences
were trimmed and filtered with the Cutadapt v.1.12 software
package [16].

The obtained sequences (2.4 Mega reads) were used for
microsatellites detection with QDD v.3.1.2 [17]. Primers
were initially designed in the QDD pipeline, but its further
analyses (including determining the annealing tempera-
ture and the ability to form homo- and heterodimers) were
performed with the FastPCR [18] and OligoAnalyzer [19]
software.

Microsatellites amplification and analyses

All forward primers were tagged with M13(-21) (5'-TGT
AAAACGACGGCCAGT-3') tails at the 5" end [20]. PCR
reactions were performed in 20 pL volume containing
0.8x JumpStart Tag ReadyMix (1 U JumpStart Taq DNA
polymerase, 4 mM Tris-HCI, 20 mM KCl, 0.6 mM MgCl,,
0.08 mM dNTP; Sigma-Aldrich, Germany), 0.4 uM of for-
ward and reverse primers, 0.3 uM of fluorescently labeled
(6-FAM, HEX or TAMRA) M13 primer and ~100 ng of

Table 1 Geographic locations

e Sampling site [Country code] Sample ID Coordinates

of sampling sites, where A.

aestivalis specimens were Brda river [PL] BR N 53.756944 E 17.761111

collected for described analyses 1\ 0 iver (near Rzepowo) [PL] DR N 53.590231 E 16.096775
Stopica river (outflow of Dominikowo Lake [PL] DS N 53.208357 E 15.837871
Gowienica river [PL] GOW N 53.680119 E 14.812904
Krapiel river (inflow to Ina River) [PL] KI N 53.318650 E 15.058834
Krapiel river (near Krzywnica) [PL] KK N 53.434298 E 15.192272
Stary potok river [PL] SP N 53.309240 E 15.756783
Corgo river [PT] CR N 41.380941 W 7.699801
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Table 2 Primer sequences and general description of 56 new microsatellite loci for Aphelocheirus aestivalis. 5’ tails attached to forward primers

are in brackets

Locus name  Degree of polymorphism  Primer sequence 5'-3’ Repeat motif T, (°C)  Accession no.

Aaesti2 monomorphic F: [M13]CCGCGCACTTTGTTACACT (ACTGA)s 59.9 MT988404
R:ATTTCGTGGAGTGCAATACG

Aaesti3 monomorphic F: [M13]CATTTAATCGTTATTGTAACACGTTC (TTTG); 59.9 MT988405
R: AATTGCAAGATTCCACCTGC

Aaesti4 monomorphic F: [M13]AACAACTTCAAATATAGTTAGGTCGGC  (ACAA)s 51.5 MT988406
R: CCGGTCTCCTTGTACTAATGACT

Aaesti5 polymorphic F: [M13]TCATTCTGGCTCATTTGCAT (TTTA)s 51.5 MT988407
R: AAACACTCACATTCAGGAACAGT

Aaesti7 monomorphic F: [IM13]CGATGTGGAGACAGTTTGGA (TATT); 54.5 MT988408
R: GTCATTGGCAGGCTCTTCAT

Aaesti8 polymorphic F: [M13]JAGCGCTCAAAGTACTGACAAG (TTAT), 59.9 MT988409
R: TGGCGATGTCCTTTATTCCT

Aaesti9 monomorphic F: [M13]JACTCATAGCCTTTCGTTATCTCTTC (ATTT)s 529 MT988410
R: GAATTTAACTGTAGCCTGTAATTCTGC

Aaestill monomorphic F: [M13]CTGCCATTTGCGTCAACACT (TGTC); 52.9 MT988411
R: CCTCCTGCTGCCTTCTCTAA

Aaestil2 polymorphic F: [M13]GGGAGGGAATCCTTTACAACC (ACAT), 51.5 MT988412
R: CAACAATTAAGTAATATTGGACCTCTT

Aaestil4 monomorphic F: [M13]JATGACGCCCTTCAGGGTAG (AGGT), 529 MT988413
R: TGTAGGACTACAAGCGACGG

Aaestil5 polymorphic F: [M13]GGTGAATCTCCGTAAACTTGG (ATAG); 51.5 MT988414
R: TTGTAACGACGAAGCACATTG

Aaestil6 polymorphic F: [M13]JAACCTGGGAATTTAATGCAAA (CAA), 54.5 MT988415
R: TGCCCTCAATTGTCTGATTT

Aaestil7 monomorphic F: [M13]GGAATTTGACGATCGTTTCC (TTG)s 54.5 MT988416
R: TTTGGTTCCATATGGTTCTCACT

Aaestil8 monomorphic F: [IM13]GAGACGGATCCACCATCTGT (GTT)s 54.5 MT988417
R: CCATGAATAGTGAGCTCTGGC

Aaestil9 polymorphic F: [M13]TCCTCTGCAGACTCTTTACTGG (CAA)s 54.5 MT988418
R: CGGAAGGTGAGGTAGCAGTAG

Aaesti20 monomorphic F: [M13]TGTTGCTATAAACCTGGTAACCC (ACA); 54.5 MT988419
R: GTGGAAGCTCCAGCTTGTTT

Aaesti2] polymorphic F: [M13]TGACACCACCTCCATTGAAA (AGT); 54.5 MT988420
R: TGGGCCCAGGTGATTGAT

Aaesti2?2 polymorphic F: [M13]JACGCGTACGCAATCAATATCT (ACT); 54.5 MT988421
R: GATTGAGGGAAAGAGAGGCA

Aaesti23 monomorphic F: [M13]JAAGATTCAAGAGGCCAAGGG (AGT), 52.9 MT988422
R: GCATGCATCTTTATCACCTGTT

Aaesti24 monomorphic F: [M13]TCTCTCCTTGACTAACGCGG (CTA)s 54.5 MT988423
R: AGGTTGGTAACGACAAGGCA

Aaesti25 monomorphic F: [M13]TGGTCAAATATTGTTAAGGAAGCC (TAG)q 51.5 MT988424
R: TCGTATCTATGTGAATCGCGTC

Aaesti26 polymorphic F: [M13]AGGAGTGGCAGAAGGATTAGG (GTA)s 54.5 MT988425
R: TCCACTCGTCCTCCCTCTAA

Aaesti28 polymorphic F: [M13]GACCCAGAGTGAAAGTGGGA (CTA)s 54.5 MT988426
R: GCAAGTGTCAAGGGTTGGTT

Aaesti29 monomorphic F: [M13]CGAAGCAAGGCCTCTGAGTA (ACT); 54.5 MT988427
R: AAGGCCCACTCTGAGCTGTA

Aaesti30 monomorphic F: [M13]GCTACACCTTCGCCATTTGT (TGG); 54.5 MT988428
R: GCTCCTCCACAGTCAGCTTC

Aaesti31 monomorphic F: [M13]CCAGACATTTACACCACTTCCA (CAC)s 51.5 MT988429
R: AGAACACATTCCCAGGTTGC

Aaesti32 monomorphic F: [MI3]JAAATTCCGGTTGTTCTTCCC (GTG)5 54.5 MT988430
R: GGGTTGGTTTCAAAGTCACG
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Table 2 (continued)

Locus name  Degree of polymorphism  Primer sequence 5'-3’ Repeat motif T, (°C)  Accession no.

Aaesti33 monomorphic F: [M13]GTGTCCGCCTACTGATTGCT (CCA); 515 MT988431
R: TCTTTCCGAACAGAACCCAT

Aaesti34 monomorphic F: [M13]ATGATTGAATGGCTCCGGT (ACC)5 54.5 MT988432
R: TGGAGGCCCTACATTTCTTG

Aaesti35 monomorphic F: [M13]GGGATTCTATACGCGACTTGC (GTG)q 54.5 MT988433
R: ACGGTTATGTTCAAACAGAGGAA

Aaesti37 polymorphic F: [M13]TCCTCTAAAGACGTTGGCGT (GA)3, 54.5 MT988434
R: GTTCGACGCACTTCTGGAAT

Aaesti38 polymorphic F: [M13]CTTATGTAGCACCACCGAGG (GA)y 54.5 MT988435
R: AGCTGTGATTCTGACCTCTCG

Aaesti39 polymorphic F: [M13]AAACGGAGCAGCTCATAACG (GA), 59.9 MT988436
R: TGGTATAAAGCGCAAGACGC

Aaesti40 polymorphic F: [M13]GATTGCGGAGAATGTGGG (GA) 54.5 MT988437
R: TTATCTTCCGGAGCCCTCTT

Aaesti4l polymorphic F: [IM13]JAAATTCAATGGGAATATTGTTTGA (AT),, 51.5 MT988438
R: TTCATCCTGCAACACCAGTC

Aaesti47 polymorphic F: [M13]TCTGCTCCTCAACTCCCTGT (AT),3 50.8 MT988439
R: AAGATTCCGTTTGTTGCGTC

Aaesti48 polymorphic F: [M13]TTGAGTAATCAGAGAATAGCAGTCAA (AT)y3 50.8 MT988440
R: CCCAATCCACGTAAACATGA

Aaesti49 polymorphic F: [M13]TCTCCTTGCTGGTCTTCCC (TA),3 50.8 MT988441
R: CACCTTCCAGAAATCGTTTAAGA

Aaesti50 polymorphic F: [M13]AGGAGCCGAAGTGAGAAGAA (TA),3 50.8 MT988442
R: GCTCGCTTTACGTTTGGC

Aaesti51 polymorphic F: [M13]TCCGTTCGTTCTTATATTACGC (AT)y3 50.8 MT988443
R: GGATTTAATTGGCCAGCTGAT

Aaesti54 polymorphic F: [M13]TGGAGAGTGTCACATAAAGTCCC (AT),5 50.8 MT988444
R: GGCCTCCCACCAGCTTAAT

Aaesti55 polymorphic F: [M13]AAGCGATGGGAGAATGTTGT (CT),, 54.5 MT988445
R: CGTTAATCCCATCCTCCATT

Aaesti56 polymorphic F: [M13]CCTACGTTGGCCCAGTAGAAT (GA)yp, 54.5 MT988446
R: AGTGAGTCCGTTGCAAGGTT

Aaesti59 polymorphic F: [M13]GGGATTTATGGGAGACGGAT (AT),, 54.5 MT988447
R: GCTGGAGCATGTTTCAAGGT

Aaesti60 monomorphic F: [M13]CTTATTGGCGTCCTTATGCC (AT),, 50.8 MT988448
R: CGAATTACTCTCATCTTAACAGCTTC

Aaesti62 polymorphic F: [IM13]CATTCAGACTTGGCATTCTTGA (TA),, 54.5 MT988449
R: TCCCGTGTTAATAACTAACCCATC

Aaesti63 polymorphic F: [M13]CGGTCTATATGTCCCTAATGGG (TA),, 54.5 MT988450
R: CAGGCTCCTCAAGTTTCTCAA

Aaestit64 polymorphic F: [M13]AAAGGGCTATATTATGAAGTCCCA (TA),, 54.5 MT988451
R: AGTTTGACGACCGAACTCGT

Aaesti65 polymorphic F: [M13]CATCACAACACTGGAGGCTG (AT),, 54.5 MT988452
R: TTTAGGGATGAATAAGCTCTGAAAT

Aaesti66 polymorphic F: [M13]TGCTGATCAACTTGCCAAAC (TC)yy 54.5 MT988453
R: GCGTTTAAGACGAAGAGGGA

Aaesti67 polymorphic F: [M13]CAATTCTGGAAACGGAATTAGTG (GA),,; 54.5 MT988454
R: AAGAACGACCGTACTGTGCC

Aaesti69 polymorphic F: [M13]TGAGTGCAACCACTCCAAGT (AT),, 54.5 MT988455
R: CAGCATTACAGAGTCAGTCAATCA

Aaesti71 polymorphic F: [M13]TTCCAGACTGCAGAGGTGC (AT),, 54.5 MT988456
R: AATCAAGCATTCGATAGCCG

Aaesti7?2 polymorphic F: [M13]CAAGGTTTAGGAAATTAAGAGCAA (AT),, 54.5 MT988457
R: AATGCATTTCTTTCTGCAGTTT
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Table 2 (continued)

Locus name  Degree of polymorphism  Primer sequence 5'-3’ Repeat motif T, (°C)  Accession no.

Aaesti73 monomorphic F: [M13]CACTGCATTACAATCCAATAAACA (TA),, 50.8 MT988458
R: AATTCGAATGTTCTTTGACCC

Aaesti75 polymorphic F: IM13]CTTTGGTTCAAAGGTGTGGAG (TA),, 54.5 MT988459

R: AAATAGAGGACGGCCCTTAGC

DNA. The following PCR conditions were used: 1 min ini-
tial denaturation at 94°C, followed by 30 cycles of 94 °C
for 30 s, gradient temperature for 30 s (range from 52 to
65 °C), and 72 °C for 1 min. Since the M13 primer needs a
53 °C annealing temperature, eight final cycles were added
at the end of the PCR cycles to allow the annealing of the
M13 primer with the previously formed amplicons (each
cycle contained 30 s denaturation at 94 °C, 30 s M13 primer
annealing at 53 °C and 1 min elongation at 72 °C). At the
end was 7 min final extension at 72 °C. The amplification
products were separated by 2% agarose gel electrophoresis in
a 1 x SB buffer and visualized with SimplySafe™ (ethidium
bromide replacement; EURx, Poland) in UV light.

After the suitable annealing temperatures were deter-
mined, the screening for polymorphic and consistently
amplifiable loci was performed. In the first step, DNA
extracted from 14 A. aestivalis individuals collected from
seven sampling sites from Central and Western Europe
(Poland: specimens from Brda (BR), Stopica (DS), Drawa
(DR), Stary Potok (SP) rivers, and two sampling sites from
Krapiel river (KK and KI, respectively), and Portugal: speci-
mens from Corgo river (CR); two individuals per sample;)
was used as templates for amplification. Then, microsatellite
loci with amplification success were chosen for routine gen-
otyping. Amplification products were run on an ABI Prism
310 DNA Sequencer (Applied Biosystems, Carlsbad, CA,
USA) and analyzed with PeakScanner v.2.0 (Applied Bio-
systems) using GS-500 (ROX) as a size standard. Routine
genotyping was performed using template DNA extracted
from specimens collected from Drawa (DR; 30 individuals)
and Gowienica (GOW; 30 individuals) rivers. Details for
developed microsatellite loci are given in Table 2.

Basic summary statistics for each locus (i.e. allele size,
number of alleles per locus (Na), number of private alleles,
observed (Hg) and expected (Hg) heterozygosities, as well
as tests for Hardy-Weinberg equilibrium (HWE) were cal-
culated in GenAlEx v. 6.503 [21] based on results obtained
for two samples collected from Drawa and Gowienica riv-
ers, respectively. Tests for linkage disequilibrium were per-
formed using Genepop v. 4.7.5 [22, 23]. Micro-Checker v.
2.2.3 software was used to examine large allele dropout, stut-
tering, and null alleles as potential sources of error [24]. The
significant values for all diversity tests of significance were
corrected by the sequential Bonferroni’s procedure [25].

Results and discussion

The advances in high-throughput sequencing technologies
enable the rapid and cost-effective development of micro-
satellite markers for a vast number of different taxa. Cur-
rently, I1lumina has becomes the first-choice platform used
to accomplish microsatellite isolation. In the present study,
the A. aestivalis whole-genome library was sequenced using
the Illumina MiSeq protocol. Obtained paired-end reads
were processed and overlapped into 2,378,426 sequences. A
total of 234,634 sequences contained at least one microsatel-
lite. Further analyses revealed among them 34,583 unique
sequences contained microsatellites and for 15,049 of them,
primer designing was possible. Those sequences contained
three pentanucleotide motifs, 43 tetranucleotide motifs, 1030
trinucleotide motifs, and 13984 dinucleotide motifs. Mono-
nucleotide repeats were excluded from analyses. Selected
267 sequences containing microsatellite motifs were used
for in silico primer designing. Among them, two contained
pentanucleotide repeats, 43—tetranucleotide repeats, 56—
trinucleotide repeats, and 166—dinucleotide repeats. For
the preliminary screening under laboratory conditions, 75
loci out of these 267 potential microsatellite markers were
tested in 14 A. aestivalis individuals collected from different
sampling sites. Primers pairs that failed to amplify target
loci, as well as primers that amplified regions of unexpected
size, or amplified markers showing stuttering patterns during
genotyping, were discarded. A final suite of 56 microsatellite
loci yielded consistent amplification (Table 2). Sequences
containing these markers were deposited in GenBank under
accession numbers MT988404-MT988459.
Polymorphism of 56 selected microsatellite loci was
then analyzed among specimens collected from two popula-
tions inhabiting unconnected rivers (Drawa and Gowienica,
respectively). Analyses revealed 22 monomorphic loci and
34 loci which were polymorphic and consistently amplifi-
able. Further analyses of these informative loci showed that
the total number of observed alleles per locus ranged from
2 to 21 in separated samples, and from 2 to 22 in the overall
sample (Table 3). Private alleles were noticed in all but four
loci (not observed at loci Aaestil2, Aaestil5, Aaestil9, and
Aaesti22). Observed heterozygosity ranged from 0.000 (at
loci Aaesti5 and Aaesti21 only two different homozygotes
were observed per each locus among individuals from the
Drawa river and similarly, two different homozygotes were
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Zlg 2| & noticed at locus Aaesti21 among individuals from Gowienica
g § g § river) to 0.933 across loci. In turn, expected heterozygosity
3 ranged from 0.064 (Aaesti5S in DR sample and Aaesti21 in
z 8 3|5 both DR and GOW samples) to 0.925 (Aaesti39 in GOW
% 8 S = S sample). Within the overall sample, the same parameters
% - — |8 ranged from 0.000 to 0.898 and from 0.065 to 0.935,
= o g § é respectively. Null alleles were identified in 26 microsatel-
Z Ale S| g4 lite loci and that in turn may resulted in a heterozygote defi-
= |+ = E ciency (Table 3) [26]. The test of linkage disequilibrium
§ % *g é showed a non-random association among alleles at 7 pairs
o ls o § of identified loci (i.e. Aaesti5-Aaesti28, Aaesti8-Aaestil6,
. % 3 Aaesti8-Aaesti22, Aaesti-16-Aaesti69, Aaesti8-AaestiT2,
g . 3:;5 328 g Aaesti19-Aaesti26, and Aaesti59-Aaesti12). This may be a
& 8 == i result of physical linkage (loci may be located on the same
& 3 chromosome, perhaps in close proximity to each other) or
n\: % j% EJ other phenomena (e.g. drift, selection, and/or gene flow).
‘§ o § § 2 Consequently, one of the two associated markers should be
T Ale <% excluded from further population genetic analyses in order
7 o o E to avoid the overstating of population structure [27].
SR> The departures out of Hardy-Weinberg equilibrium after
ole Z Bonferroni correction were found in all but thirteen micro-
z 2 9 %‘3 satellite loci. These deviations were mainly due to a deficit
8 a2 E of heterozygotes. Low heterozygosity estimated for most
o - E identified polymorphic microsatellite markers may be the
- g g d|E effect of small size of selected A. aestivalis populations,
< ° § inbreeding and minimal or null immigration of new individ-
g e ;L uals. ipto populations. On the othe'r hand, observed heterozy-
glz 2] » gosities calculated for some loci (e.g. Aaesti40, Aaesti55,
'z and Aaesti64) are relatively high, indicating that tested A.
% & @ § aestivalis populations are not devoid of the intra-population
Ols S| 5 genetic variation. In turn, analyses for connected samples
R - revealed the departures out of Hardy-Weinberg equilibrium
= % E g E after Bonferroni correction only in two identified loci.
2 Microsatellite markers have proven to be crucial in under-
% % standing population genetics and ecology of many species,
2 g O [+ @ i including freshwater insects (e.g. [28]). Within this group,
20 | i'j A. aestivalis has a potential as a model organism for the
aICRECH e E study on the impact of past demographic phenomena, phy-
E ; logeographic relationships, and infection with endosymbi-
g + o 'g otic Wolbachia on the genetic diversity of slowly dispersing
g freshwater insects. In the present study, a set of 56 microsat-
% § ellite markers have been identified for freshwater A. aestiva-
o|T = g lis and 34 of them were polymorphic. These markers provide
o 2 |o o 5 new suitable tools available for the scientific community to
“ ol inlie - study A. aestivalis population dynamics. Finally, the assess-
2 % ment of its genetic diversity and population structure will
f,: ; M: provide important data, that can be used in population man-
=HBR c % 8 g agement and conservation efforts, elucidating the broad- and
EE N fine-scale population genetic structure of A. aestivalis.
‘g’ < a4 2 g _ é
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