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Abstract

The application of Genotyping-by-Sequencing (GBS) approaches is often restricted in wildlife monitoring and conserva-
tion genetics, as those fields often rely on noninvasively collected samples with low DNA content. Here we selected a
subset of informative single-nucleotide polymorphisms (SNPs) from genome-wide data for lineage discrimination of a
locally endangered Eurasian rodent, the hazel dormouse (Muscardinus avellanarius), and designed a microfluidic 96 SNP
genotyping assay suitable for noninvasively collected samples. Analyses of 43 samples from different European countries
confirmed successful discrimination of the Eastern and Western lineage and local substructure within those lineages,
proving the suitability of the developed panel for identifying evolutionary significant units and conservation units. Appli-
cation with 94 hair and scat samples collected in a recent monitoring study on the hazel dormouse in Southern Germany
resulted in >99.5% amplification success showing the applicability of the new tool in genetic wildlife monitoring and

conservation studies.
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While the genomic revolution has enabled in-depth assess-
ments of genome-wide population structure in endangered
non-model species (Hohenlohe et al. 2021), applied genetic
wildlife monitoring still largely relies on microsatellites
optimised for the applicability in noninvasive samples with
low DNA content (von Thaden et al. 2017). Genotyping
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platforms based on microfluidic SNP detection have recently
been optimised for noninvasively collected samples (Kraus
et al. 2015; von Thaden et al. 2017). These panels typically
allow for reliable parallel genotyping of up to 96 SNPs, pre-
selected from genome-wide data to serve specific purposes
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such as individual identification, lineage discrimination, or
hybrid detection (von Thaden et al. 2020).

Here we describe the development of a reduced microflu-
idic SNP assay for the locally endangered hazel dormouse
(Muscardinus avellanarius, 1758), which suffers from
reduction and fragmentation of suitable habitats across its
European distribution (Mortelliti et al. 2010). Due to declin-
ing numbers, the species is listed in Annex IV of the Euro-
pean Union’s Habitats Directive (92/43/EEC, Council of
Europe 1992). We aimed to design a rapid and cost-effective
assay for hazel dormouse lineage discrimination applicable
for noninvasively collected samples.

192 SNPs were initially chosen from a set 0o£ 24,903 SNPs
obtained from a normalised Genotyping-by-Sequencing
(nGBS) approach (Leyhausen et al. 2022). Selected SNPs
were filtered for bi-allelic state, single SNP per RAD locus,
40pb flanking region on both ends, GC content <0.65, link-
age 12<0.3, MAF > 0.1, missing data<0.2, and Ho within
sampled populations>0.8. Respective SNPtype assays
were designed using the web-based D3 assay design tool
(Standard Biotools Inc., formerly Fluidigm Corp.) Each
assay consists of one specific target amplification primer
(STA, forward primer for preamplification), two allele-
specific primers (ASPs, for distinguishing the alleles in
SNP genotyping PCR) and one locus-specific primer (LSP,
reverse primer for both, preamplification and SNP genotyp-
ing PCR).

Wet lab assay testing followed the recommendations pro-
vided in von Thaden et al. (2020), including initial testing of
PCR performance, followed by a test for multiplex compat-
ibility in the preamplification step (STA), and assessment
of assay performance with low DNA concentrations (up to
0.2 ng/pul template DNA) for the STA step. SNP genotyping
was performed on 96.96 Dynamic Arrays (Standard Bioto-
ols Inc.) with integrated fluidic circuits (Wang et al. 2009)
that allow for distinct amplification reactions for each com-
bination of SNPtype assay and sample in nano-PCR wells.
The genotyping procedures followed the manufacturer’s
protocols with modifications according to von Thaden et
al. (2020). Allele-specific fluorescence data was analysed
with the SNP Genotyping Analysis Software (version 4.1.2,
Standard Biotools Inc.). All experiments were run along
with four NTCs (no template controls) to monitor for poten-
tial contamination.

Testing PCR performance and preamplification compat-
ibility resulted in 139 SNPs suitable for samples with low
DNA concentrations (samples see Online Resource. Tab.
S1). We selected the 96 most diverse SNPs among both lin-
eages (Tab. S2). Genotyping this combination resulted in
accurate genotyping across all markers. The PCoA (Fig. 1)
resulted in two main clusters matching the expected split
between the Eastern and Western lineage (Mouton et al.
2017), similar to the results in Leyhausen et al. (2022) .
While the western samples clustered closely, the eastern
samples formed three small clusters: one cluster with all

Fig. 1 PCoA results from 51
hazel dormouse individu-

als. Orange coloured symbols
represent populations from the
Eastern lineage (LT = Lithuania,
SL =Slovenia, SW = Sweden,
German regions: BW =Baden-
Wuerttemberg, HE =Hesse,

MYV =Mecklenburg-Western
Pomerania, SH=Schleswig-Hol-
stein, SN = Saxony, ST = Saxony-
Anbhalt, FR =Franconia) and blue
coloured symbols represent popu-
lations from the Western lineage
(BE=Belgium, NL =the Nether-
lands, IT =Italy, German States:
NW =North Rhine-Westphalia)
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Fig. 2 Structure results for 33 hazel dormouse individuals. (a) The most likely K (K=2) shows a split between the Western and Eastern lineage.
(b) K=5 shows a split within both lineages. For abbreviations see Fig. 1. (DE = Germany)

Lithuanian samples, one with samples from Germany (west
of the Elbe river) and an intermediate cluster containing few
samples from Germany east of the Elbe river.

To test the applicability of the assay, we genotyped hair
and scat samples of 94 individuals (pre-analysed with mic-
rosatellites) collected from nest tubes in an ongoing moni-
toring project in Central Franconia (Bavaria, Germany) to
assess the genetic population structure in fragmented hazel
dormouse populations. SNP genotyping resulted in high
amplification success across hair and scat samples (99.5%,
not shown), with one sample failing amplification. For
K=2, all samples clustered to the Eastern lineage (Mouton
et al. 2017) using Bayesian population assignment imple-
mented in STRUCTURE 2.3.4. (Pritchard et al., 2000) with
a burn-in of 100,000 and 200,000 MCMC replicates with
default settings (Fig. 2a). Higher K’s resulted in assignment
to reference samples from Central Germany (Fig. 2b).

The division of the hazel dormouse distribution in
Europe into a highly divergent Western and Eastern clus-
ter, potentially forming cryptic species, has been proposed
on the basis of mitochondrial DNA analysis (Mouton et al.
2017) and genome-wide SNP data (Leyhausen et al. 2022).

Regardless of the taxonomic status, those lineages represent
evolutionary significant units and should thus be treated as
separate conservation units following Moritz (1994). The
new SNP panel will provide useful information for future
genetic wildlife monitoring and conservation studies for lin-
eage determination and population assignment in the hazel
dormouse.
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