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Abstract Primers for 10 microsatellite loci were devel
oped specifically to amplify low quantity and quality DNA 
in the endangered Indiana Bat (Myotis sodalis). In a screen 
of 20 individuals from a population in Missouri, the 10 loci 
were found to have levels of variability ranging from seven 
to 18 alleles. No loci were found to be linked, although two 
loci revealed significant departures from Hardy-Weinberg 
equilibrium. These microsatellite loci will be applicable for 
population genetic analyses and for use in mark-recapture 
studies that utilize DNA collected non-invasively from 
fecal pellets, which will ultimately aid in management 
efforts. 
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Introduction 

The Indiana bat (Myotis sodalis) was listed as an endan
gered species in 1967. Despite protection, populations 
continue to decline, particularly in the southern portion of 
the range (Clawson 20(2). Declines are likely the result of 
multiple f~ctors including modification and disturbance of 
hibernacula (Richter et al. 199.1), loss of summer habitat 
(Kurta 200,'); Sparks et aI. ':()05), and impacts of pesticides 
(0' Shea and Clark 20(2). Although many factors have 
been identified as contributing to these declines, virtually 
no recent information is available about population 
demographics. This lack of information is primarily a result 
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of limitations associated with traditional monitoring tech
niques that do not provide researchers with the ability to 
regularly track individual bats throughout a field season. 

Advances in molecular genetic techniques have made it 
possible to uniquely identify animals using DNA as an 
individual mark for mark-recapture studies (Ernest et aI. 
2000; Taberlet et al. 19(7). Although DNA has been suc
cessfully extracted from feces and used in this manner for a 
number of other mammals, it has only recently been 
attempted on bat fecal pellets (Vege and McCracken .'()():; 
Zinck et aI. 20()t; Puechmaille et al. 2()()7; Zielinski et al. 
20()7). Because accurate demographic and relatedness 
information is critical for the management and recovery of 
the Indiana bat, we isolated and designed primers for 
microsatellites in this species. 

We isolated microsatellites specifically from Indiana 
bats using the technique developed by St John and Quinn 
COOS). Captured fragments were amplified and cloned 
using PCR-Script® Amp cloning kit (Stratagene) following 
manufacturer's protocol. The isolation yielded 74 clones 
that were subsequently sequenced. 

A colony touch protocol was used to isolate the plasmid 
DNA. Using a sterile pipette tip, the colony was transferred 
to a tube containing 100 fll T.E (10 mM Tris, 0.1 mM 
EDTA, pH 8.0) and heated to 100°C for 10 min. A 1 ~tl 

aliquot was used as the template in a 25 fll polymerase 
chain reaction (PCR) as in St John et al. (2005). The PCR 
products were purified for sequencing by the addition of 5 
U exonuclease I (USB) and 0.5 U shrimp alkaline phos
phatase (USB) and a subsequent 37°C incubation for 
30-45 min. These two enzymes were denatured by a 
15 min 80°C incubation. Sequencing was performed using 
4 ~tl prepared template and a Quickstart kit (Beckman 
Coulter) following manufacturer's protocol except using 
half reaction volumes (1 0 ~tl). Sequencing reactions were 
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run on the CEQ8000 XL DNA Analysis System (Beckman 
Coulter). 

Primers were designed for 22 loci using the software 
PRIMER 3 (Rozen and Skaletsky :~()O(). Eighteen of the 
22 loci consistently produced products of the expected 
size and subsequently were screened for polymorphism 
using DNA previously isolated from 20 Indiana bats from 
Missouri. Ten of these primer pairs were polymorphic 
and easy to score. Screening PCRs were performed in 
10 ilL reactions containing 100llM of each dNTP, IX 
GoTaq Flexi Buffer (Promega), 1.25 mM MgCh, IX 
BSA, 0.5 IlM of each primer (dye-labeled forward), and 
I U of Taq DNA polymerase (Promega). The amplifi
cation conditions were as follows: 94°C for 2 min, then 
94°C for 30 s, annealing temp (Table!) for 30 s, noc 
for 30 s for 30 cycles, then noc for 10 min and a final 
extension at 60°C for 45 min. The PCR products were 
run on the CEQ8000 XL DNA Analysis System (Beck
man Coulter). All loci were run with the S400 size 
standard (Beckman Coulter) and analyzed using the Frag 
3 default method associated with the CEQ8000 XL DNA 
Analysis System. 

For each polymorphic locus, we calculated observed 
heterozygosity (Ho), expected heterozygosity (HE) and null 
allele frequencies using CERVUS 1.0 (Marshall et al. 19t1;-j). 

GENEPOP version 3.4 (Raymond and Rousset 20(0) was used 
to test for evidence of linkage disequilibrium and devia
tions from Hardy-Weinberg equilibrium. The number of 
alleles per locus ranged from seven to 18, and single locus 
heterozygosities ranged from 0.500 to 0.900 (Table j). 

Significant deviations from Hardy-Weinberg equilibrium 
were observed at 2 loci and high null allele frequencies 
were detected at 4 loci (Table I). We tested 45 pairwise 
comparisons and found no evidence for genotypic linkage 
disequi librium between any set of paired loci after a 
sequential Bonferroni was applied (P < 0.0002). Each 
primer pair was tested on multiple DNA samples extracted 
from fecal pellets and amplified successfully (data not 
shown) using the multiplex pre-amplification method 
described by Piggott et al. unO]). These loci will enable 
researchers to gather information regarding the population 
structure and relatedness of Indiana bats from molecular 
tagging studies including those utilizing non-invasively 
collected DNA from fecal pellets. 

Table 1 Characterization of 10 polymorphic microsatellite loci developed for the Indiana Bat 

Locus GenBank Primer sequence 
accession No. 

!Bat CA5 HQI27370 F-CTCTGCCTCTTCATGCTGCT 

R-GGAGGCAACCAATTGATGTT 

!Bat CAli HQI27371 F- AGAACCCAGTGCCCTTCTIT 

R-ATGAGAGGGGGATGTGACAG 

!Bat CA13 HQ127372 F-TGGTTTGCTATCTGCTTCCA 

R-TTGCCAGGTATGTGAAGTCTG 

!Bat CAI9 HQI27373 F-TCTCTCTCCCTCTCCCTTCC 

R-GACCTTAGCAAAAATGCCACA 

!Bat CA33 HQI27374 F-TCTCTCTCTCTTCCCCCTCTC 

R-GCCTCTCCTGTAAATGCTTACC 

!Bat CA38 HQI27375 F-GCATCTTTCCCAAGCCATTA 

R-GCCTCCTGCAAGAGTTGTTC 

IBat CA47 HQI27376 F-ACAAGTGCCTGTGGCTTCTT 

R-GTAGGCGGCTTCATCCTACA 

IBat M7 HQ127377 F-TCCCAGTCTCCTGGTCAAAC 

TA (OC) Repeat of 
cloned allele 

60 (CA)IS 

58 (CAlla 

58 (CA)22 

60 (CA)17 

58 (CA)yGA(CA)s 

60 (CA)16 

58 (CA)19 

58 (GATA)12 

R-CCAAGGATAAGACAGGAAAGTCT 

IBat M22 HQ127378 F-GCAAAGCCTCCCTCAAATAA 58 (GATA)23 

R-GGAGCATTTCTGCCCATCTA 

!Bat M23 HQI27379 F-ATCCTGGGTITTGGGTTCAT 58 (GATA)14 

R-TCATGTAAATTTCAAAAACAGCAAA 

A Allele size HE Ho 
range 

14 185-217 0.921 0.800t 

10 165-185 0.859 0.900 

16 107-155 0.938 0.500*t 

13 104-132 0901 0.850 

8 132-152 0.692 0.700 

15 157-189 0.914 0.800t 

16 101-149 0.932 0.850 

7 94-134 0.723 0.800 

17 77-333 0.930 0.526*t 

18 150-222 0.933 0.900 

Annealing temperature (TA ), number of alleles (A). expected (HE) and observed (Ha) heterozygosities are reported. Loci were screened in 20 
individuals except for locus M22 which was run on 19 individuals 

* Significant deviation from Hardy-Weinberg equilibrium (0: = 0.05) 
t Frequency of null alleles> 0.05 

~ Springer 



245 Conservation Genet Resour (2011) 3:243-245 

Acknowledgments This work was funded by the US Geological 
Survey in collaboration with the Fish and Wildlife Service. The use of 
any trade, product, or firm names is for descriptive purposes only and 
does not imply endorsement by the US Government. We thank S. 
Amelon for providing DNA samples, and J. Whitaker and D. Sparks 
for providing tissue samples. Additionally, we thank J. St John for her 
technical help on this project and L. Ellison and A. Piaggio for their 
helpful comments on this manuscript. 

References 

Clawson RL (2002) Trends in population size and current status. In: 
Kurta A, Kennedy J (eds) The Indiana bat: biology and 
management of an endangered species, Bat Conservation 
International, Austin, pp 2-8 

Ernest HB, Penedo MCT, May BP, Syvanen M, Boyce WM (2000) 
Molecular tracking of mountain lions in the Yosemite Valley 
region in California: genetic analysis using microsatellites and 
faecal DNA. Mol Ecol 9:433-441 

Kurta A (2005) Roosting ecology and behavior of Indiana bats 
(Myotis sodalis) in summer. In: Vorhees KC, Harrington A (eds) 
The Indiana bat and coal mining: a technical interactive forum, 
Office of surface mining. US Department of the Interior, Alton, 
pp 29-42 

Marshall TC, Slate J, Kruuk LEB, Pemberton JM (\998) Statistical 
confidence for likelihood-based patemity inference in natural 
populations. Mol Ecol 7:639--655 

O'Shea n, Clark DR (2002) An overview of contaminants and bats 
with special reference to insecticides and the Indiana bat. In: 
Kurta A, Kennedy J (eds) The Indiana bat: biology and 
management of an endangered species, Bat Conservation 
International, Austin, pp 237-253 

Piggott MP, Bellemain E, Taberlet P, Taylor AC (2004) A multiplex pre
amplification method that significantly improves microsatellite 

amplification and error rates for faecal DNA in limiting conditions. 
Conserv Genet 5:417-420 

Puechmaille SJ, Mathy G, Petit EJ (2007) Good DNA from bat 
droppings. Acta Chirpterologica 9:269-276 

Raymond M, Rousset F (2000) GENEPOP version 3.4. Available at 
hrtp :/.\\,>1)j OflKd,cun in.ed (i, ;lU,!gene P()P 

Richter AR, Humphrey SR, Cope JB, Brack V Jr (1993) Modified 
cave entrances: thermal effects on body mass and resulting 
decline of endangered Indiana bats (Myotis sodalis). Conserv 
BioI 7:407-415 

Rozen S, Skaletsky HJ (2000) PRIMER 3 In: Krawetz S, Misener S (eds) 
Bioinformatics methods and protocols: methods in molecular 
biology, HumanaPress, New Jersey, pp 365-368. URL lmp:!!\\w\\. 
?CHonw. \\-') .. n 1ir ).>.ltJ~~\;~!}l.W! li,';:..\ lfrv'/llfc!otht"r'/pn Ilh.' r,~ ,J]! li II 

Sparks OW, Ritzi CM, Duchamp JE, Whitaker JO Jr (2005) Foraging 
habitat of the Indiana bat (Myotis sodalis) at an urban-rural 
interface. J Mammal 86:713-718 

St John J, Quinn TW (2008) Rapid capture of DNA targets. 
Biotechniques 44:259-264 

St John J, Cotter JP, Quinn TW (2005) A recent chicken repeat 1 
retrotransposition confirms the coscoroba-cape barren goose 
clade. Mol Phylogenet Evol 37:83-90 

Taberlet P, Camarra n, Griffin S, Uhres E, Hanotte 0, Waits LP, 
DUboispaganon C, Burke T, Bouvet J (1997) Noninvasive 
genetic tracking of the endangered Pyrenean brown bear 
popUlation. Mol Ecol 6:869-876 

Vege S, McCracken GF (200 I) MicrosateJlite genotypes of big brown 
bats (Eptesicus fuscus: Vespertilionidae, Chiroptera) obtained 
from their faeces. Acta Chiropterologica 3:237-244 

Zielinski WJ, Mazurek MJ, Zinck JM (2007) Identifying species of 
bats roosting in the Redwood Basal Hollows using genetic 
methods. Northwest Sci 81:155-' 62 

Zinck JM, Duffield DA, Ormsbee PC (2004) Primers for identification 
and polymorphism assessment of Vespertilionid bats in the 
Pacific Northwest. Mol Ecol Notes 4:239-242 

~ Springer 


