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Abstract The spotted bat (Euderma maculatum) is a

rarely-encountered species for which behavior and popu-

lation attributes are largely unknown. Using next-genera-

tion sequencing, we identified and characterized 17

microsatellite loci, which were screened for 31 individuals

from northern Arizona. Allelic diversity, observed hetero-

zygosity, and power of discrimination were high (NA: 5–8

alleles per locus; HO: 0.55–0.90; PID: 1.2 9 10-15). All

loci were in HWE, there was no evidence of null alleles or

linkage disequilibrium, and five loci amplified and were

variable in another Vespertillionid (Eptesicus fuscus). We

will use these loci to evaluate gene flow and genetic

diversity across the range of the spotted bat and determine

population size in northern Arizona. The latter information

is important to resource managers, who attempt to set

mortality thresholds for bats at wind energy facilities in this

region.
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The spotted bat (Euderma maculatum) is a charismatic

species patchily distributed across western North America.

Because spotted bats are cryptic (nocturnal, volant, soli-

tary), much of their natural history and population biology

is unknown; E. maculatum has been designated a species of

concern in Canada and the United States, in part because of

this lack of information. Using high-throughput sequenc-

ing, we generated a suite of microsatellite markers to elu-

cidate aspects of E. maculatum biology.

Genomic DNA was extracted from an E. maculatum

wing punch with a DNEasy Blood and Tissue Kit (Qiagen,

Hilden, DEU). DNA was fragmented with a SonicMan

sonicator (Brooks Life Science Systems, Spokane, WA).

Whole genome sequencing libraries were prepared and

quantified with qPCR using KAPA reagents (KAPA Bio-

systems, Woburn, MA). Fragments 500 bp long were

selected with Agencourt AMPure magnetic beads (Beck-

man Coulter, Brea, CA). Sequencing was performed on an

illumina MiSeq with v2 reagents, yielding 13 million

paired 250 bp reads. We used ABySS 1.3.2 (Simpson et al.

2009) for de novo genome assembly. Microsatellites

4–6 bp in length with at least six repeats were discovered

in this assembly and primers for the loci were designed

with msatcommander-1.0.8-beta (Faircloth 2008).

We tested 56 primer pairs using the universal tail PCR

labeling system of U’Ren et al. (2007). DNA from heart

and kidney tissue samples of five individuals on loan from

museums (Museum of Southwestern Biology, University of

New Mexico: MSB 121373, 135536, and 22756; New

Mexico Museum of Natural History and Science: catalog

numbers 1901 and 4059) was used to assess optimal

annealing temperature (Ta) and locus polymorphism. PCR

amplifications were performed with MJ Research PTC-200

thermocyclers in 12 lL reactions containing 19 PCR Rxn

Buffer (Invitrogen), 2 mM MgCl2 (Invitrogen), 0.2 mM

dNTPs, 0.08 U/lL Platinum Taq DNA polymerase (Invit-

rogen), 0.02 lg/lL Ultrapure non-acetylated Bovine Serum

Albumin (Ambion), 0.1 lM forward primer, 0.2 lM

forward universal primer, 0.2 lM reverse primer, H2O,
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and 2 lL DNA template (at 2 nm/lL). Thermal cycling

conditions were as follows: 2 min denaturation at 94 �C;

35 cycles of 94 �C for 30 s, optimized Ta (47–63 �C) for

30 s, and 72 �C for 1 min; 72 �C extension for 2 min.

Fragment analysis was performed on an Applied Biosys-

tems 3130 Genetic Analyzer and results were visualized

with GeneMapper 4.0 software.

Seventeen (36 %) loci amplified at either 54 or 61 �C

annealing temperature, were polymorphic, and easily

scored (Table 1). To assess genetic diversity and locus

behavior, we genotyped DNA from 31 spotted bats cap-

tured in northern Arizona at all loci. We also genotyped 20

big brown bats (Eptesicus fuscus) from Flagstaff, Arizona,

in order to test cross-species utility. GENEPOP V4.2

(http://genepop.curtin.edu.au/) was used to examine

expected (HE) and observed (HO) heterozygosity, depar-

tures at each locus from Hardy–Weinberg equilibrium, and

linkage disequilibrium between each locus pair. Micro-

Checker (Van Oosterhout et al. 2004) was employed to

evaluate presence of null alleles (1,000 randomizations).

We calculated PID for an indication of the power of dis-

crimination of the final panel of loci (Waits et al. 2001).

All loci adhered to Hardy–Weinberg expectations after

correction for multiple tests, and exhibited no evidence of

linkage disequilibrium or null alleles. Only 1.2 9 10-9 in a

million pairs of spotted bats selected at random from the

population would be expected to share a multilocus geno-

type, and 0.72 in a million pairs of full sibs would be

expected to do so. Five loci (EUMA18, 29, 39, 43, and 55)

were polymorphic and easily-scored in big brown bats.

The new loci will enable examination of genetic popu-

lation structure, genetic diversity, and population size in a

rarely-encountered species (e.g., 79 individuals in museum

collections). The loci will be employed to address broad-

scale questions (e.g., spotted bat movements between

regions) and fine-scale questions (e.g., population size

estimation and relatedness within a rarely-observed

aggregation).
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