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Abstract Hazel dormice, Muscardinus avellanarius

(Rodentia: Gliridae) are vulnerable to habitat loss and

fragmentation, and thus protected by European Directives.

We isolated hazel dormouse microsatellite sequences from

enriched genomic libraries to facilitate conservation-

focussed research, such as population genetics, regarding

this threatened species. Fifty-three primer sets were

designed from 51 newly isolated loci. Additionally, we

redesigned and tested nine primer sets from previously-

published hazel dormouse microsatellite sequences. These

62 marker sets were initially tested in eight unrelated

individuals. Thirty-nine loci, which were polymorphic and

amplified in[88 % of these samples (extracted from hair),

were then genotyped and characterised in 22–26 individ-

uals. Of these, 26 autosomal loci (18 new and eight pub-

lished) adhered to Hardy–Weinberg equilibrium (p B 0.05)

and displayed an estimated null allele frequency of \0.10.

One loci pair displayed linkage disequilibrium after cor-

rection for multiple tests.

Keywords 454 pyrosequencing � Gliridae � Rodent � Hair

samples � Simple sequence repeats (STR)

Hazel dormice, Muscardinus avellanarius, are listed on

Appendix III of the Bern Convention, Annex IV of the EU

Habitats and Species Directive, and as Least Concern by

the IUCN (Amori et al. 2008). We developed microsatellite

markers to facilitate research for this threatened species.

Two microsatellite-enriched libraries were constructed

from one dormouse (ID79) found dead in Cornwall, UK in

2009. Genomic DNA was extracted from liver tissue using

ammonium acetate precipitation (Nicholls et al. 2000).

Libraries were constructed following Armour et al. (1994),

enriched for dinucleotide, (AC)n, (AG)n, or tetranucleotide

microsatellite motifs, (GTAA)n, (CTAA)n, (TTTC)n,

(GATA)n. Motifs were denatured and bound to magnetic

beads (Glenn and Schable 2005). Dinucelotide- and tetra-

nucleotide-enriched fragments were PCR amplified sepa-

rately in parallel, three times each to obtain sufficient DNA

(c5 lg) for next generation sequencing (PCR program as in

Glenn and Schable (2005), omitting the final hold). Each

25 ll PCR comprised 2.0 ll enriched DNA, 19 reaction

buffer (Bioline), 25 lg/ml BSA, 150 lM dNTPs, 0.5 lM

Sau-L-A linker/primer (Royle et al. 1992), 2.0 mM MgCl2
and 1 unit of DNA Taq polymerase (Bioline). Dinucleotide

and tetranucleotide PCRs were pooled and purified using a

QIAquick PCR purification column (Qiagen) and eluted in

40 ll, generating a concentration of c125 ng/ll (measured

using Nanodrop 8000 (Thermo Scientific)). Pooled PCR-

amplified enriched fragments were 454-pyrosequenced

without pre-shearing (Roche, FLX).

Additionally, amplification failure led to identification of

errors in several published primers (Naim et al. 2009). Reverse

primer sequences of MavB5, MavG3 and MavH3 were not

present in the cited corresponding full sequences, and two

bases were missing from the forward primer of MavE3.

Therefore, we redesigned nine loci, to create a set of ampli-

fiable markers, possessing similar melting temperatures to
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facilitate multiplexing. Locus MavC42 was not redesigned as

it was monomorphic in our samples.

We identified 51 microsatellite sequences as unique,

using BlastN 2.2.4 (Altschul et al. 1997). From these, fifty-

three primer sets were designed from single-read sequences

using PRIMER3 (Rozen and Skaletsky 2000). The 53

markers, plus the nine redesigned primer sets, were used to

genotype dormice from two woodland sites, located in

Cornwall and Devon, UK. Plucked hair was taken from

dormice and stored dry at -20 �C. Genomic DNA was

extracted using a Chelex method (Walsh et al. 1991). Pri-

mer sets were initially assessed for amplification by

genotyping eight unrelated dormice from the Cornish

woodland. Additional individuals from the Cornish site

were genotyped for polymorphic loci only, totalling 26

unrelated individuals (males = 9, females = 10, unknown

sex = 7). Loci monomorphic in the Cornish samples were

tested in eight unrelated individuals from the Devon

woodland and if polymorphic, characterised in further

individuals from the Devon site, to total 22 genotypes per

locus (males = 9, females = 12, unknown sex = 1).

Genotyping was performed in 2-ll PCR reactions;

\10 ng lyophilised DNA, 0.2 lM of each primer and 1 ll

Multiplex PCR Master Mix (QIAGEN Inc.; Kenta et al.

2008). Amplification was performed using a DNA Engine

Tetrad PTC-225 thermal cycler (MJ Research, Bio-Rad,

Hertfordshire, UK) with the following touch-down pro-

gram: 95 �C for 15 min; followed by 13 cycles of 95 �C

for 30 s, primer annealing for 30 s (decreasing by 1 �C

every cycle from 67 �C to 55�) and 72 �C for 45 s; then 25

cycles of 95 �C for 30 s, 55 �C for 30 s and, 72 �C for

45 s, and a final step of 60 �C for 10 min. Amplified

products were loaded on an ABI 3730 48-well capillary

DNA Analyser and assigned allele sizes using GENEM-

APPERv3.7 (Applied Biosystems, California, USA).

Observed and expected heterozygosities, and estimated

null allele frequencies were calculated in CERVUSv3.0.3

(Kalinowski et al. 2007). Tests for departures from Hardy–

Weinberg equilibrium and assessment of linkage disequi-

librium were conducted in GENEPOPv4.0.10 (Raymond

and Rousset 1995; Rousset 2008). The False Discovery

Rate correction for multiple tests (Verhoeven et al. 2005)

was applied to p values obtained from Hardy–Weinberg

equilibrium and linkage disequilibrium tests.

Of 62 loci tested in eight individuals, 23 amplified in

\88 % of samples and/or were monomorphic in both sites.

Of the remaining 39 loci (31 new plus eight redesigned), all

except Mav034 were polymorphic in the Cornish wood-

land; however Mav034 was polymorphic in the Devon

woodland. All 39 loci were confirmed to be autosomal,

based on the presence of heterozygotes in both sexes (data

not shown). EMBL accession numbers, primer sequences

and characterisation data are provided in Table 1. In the

Cornish samples, the number of alleles per locus ranged

between two and nine (mean = 3.33, SD = 1.63), and

mean observed and expected heterozygosities were 0.42

(SD = 0.23) and 0.44 (SD = 0.21), respectively. Nine loci

deviated from Hardy–Weinberg equilibrium (p C 0.05)

and eight showed high estimated null allele frequency

([0.1). After FDR correction, locus Mav009 continued to

show significant departure from Hardy–Weinberg equilib-

rium (p [ 0.05). Twenty-six pairs of loci displayed linkage

disequilibrium in the Cornwall population prior to correc-

tion for multiple tests. However, following FDR correction

only one loci pair, Mav017-Mav042, displayed evidence of

linkage disequilibrium.

Nineteen assembled contig microsatellite sequences

(SeqMan NGen 1.2; DNAstar, Madison, WI) were also

submitted to EMBL (Accession numbers: HE981150–

HE981168). Additionally, 460 unused single-read sequen-

ces are supplied in Online Resource 1. Numerous sequen-

ces displayed regions of homology to parts of other hazel

dormouse sequences or SINEs/retroposons in forest dor-

mice (Dryomys nitedula; Kramerov et al. 1999; Veniami-

nova et al. 2007). Therefore, before use, sequences should

be checked for full-length duplicates and any displaying

homology with regions present in the genome in multiple

copies (e.g. LINEs, SINEs) should be avoided as primer-

bind regions.
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