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Abstract

To assess the level and spatial pattern of genetic diversity in the spotted salamander,
Ambystoma maculatum, we characterized hypervariable molecular markers by screening
genomic libraries enriched for microsatellite motifs. We designed primers that reliably
amplify twelve polymorphic loci and checked for variability in individuals from popula-
tions in the vicinity of Ithaca, New York. Loci show high variability in the number of alleles
and heterozygosities, suggesting they will be useful for determining local population
differentiation and mating systems in this pond-breeding amphibian.
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The spotted salamander (Ambystoma maculatum) is wide-
spread in eastern North America. These salamanders are
terrestrial as adults and aggregate in ephemeral ponds dur-
ing the early spring for breeding (Petranka 1998); their
dependence on semi-isolated patches of temporary habitat
likely influences genetic structuring among populations.
Here we report on the development of microsatellites for
A. maculatum that will be useful for studies of connectivity
among breeding aggregations, estimates of gene flow, and
characterization of the mating system in this amphibian.
Loci were cloned and characterized from three inde-
pendent libraries. For locus AmaA, we prepared an enriched
library according to the protocol of Kijas ef al. (1994). Genomic
DNA was extracted from one individual (CU# 12678)
by standard phenol-chloroform extraction (Sambrook &
Russell 2001), digested with Sau3Al, size-selected for frag-
ments 300-1000 bp in length, and ligated into M13mp18RF
vectors (Gibco BRL). M13 primers were used in asym-
metrical polymerase chain reaction (PCR) and products were
enriched for microsatellites with a biotynilated (CA), probe
bound to streptavidin-coated magnetic beads (Dynal, Inc.);
these were then ligated in to the pCRII® vector (Invitrogen
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Corp.). For loci Ama 5-1, 9-4, 4-10, 2C2, 12-7, 11-2B, and
3-3 we followed Kandpal et al. (1994) and Amador et al.
(2001). Fragments ranging from 400 to 1500 bp were ligated
to Sau3A1 linkers, then amplified with linker-specific primers.
Products were hybridized to a biotynilated probe, and
targets captured with VECTREX® Avidin D matrix. The
enriched pool of fragments was amplified and cloned into
a PCR2.1 TOPO® TA vector (Invitrogen Corp.). Loci Ama61,
07, 34, and 13 were cloned following the methods of
Castleberry et al. (2000). A series of di-, tri-, and tetranucle-
otide repeat probes were used to screen Magnagraph nylon
membranes (Micron Separation, Inc.) containing lifted
colonies with inserts and positive clones were detected
by chemiluminescence (Lifecodes Corp.). For all libraries,
positive clones were amplified with vector-specific primers
and sequenced directly with dGTP BigDye terminator
cycle sequencing components on an ABI Prism® 377 or 310
(Applied Biosystems).

We designed PCR primers in the flanking regions of 41
microsatellites using PRIMER 3 (Rozen & Skaletsky 1996).
Following optimization, 20 loci reliably yielded specific
PCR product of good concentration. In some cases, we
amplified with AmpliTag Gold® Polymerase (Applied
Biosystems) for increased specificity. Each PCR reaction
(10 pL total volume) contained 100-200 ng of genomic
DNA, 0.5-1.0 U Tag polymerase (Roche Taq, AmpliTag®
or AmpliTag Gold®), 1X Roche Taq PCR buffer (10 mm
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Table 1 Primers, amplification conditions, and measures of polymorphism for Ambystoma maculatum microsatellite loci

Locus Primer sequences (5'-3") Core Motif T,(C) [MgCl,] Taq Alleles H, Hg GenBank

Amabl (F)-CCAATCTAGIGCTCTCTOCC (&N,(@GD), 229-255 57 15 P 5 0.352 0.600 AF108919
(R)-ACATACTCOOCTCTGCTCAC

Ama5-1 (F)-GCATGGCTGAAAAACGATTG <, 386-400 59 1.5 P 8 0.672 0.783 AF452178
(R)-GTCCTGAGEGAGESGTAGTG

Ama9-4 (F)-TATGCATCCACCATTTGIGC (@GN, 205-245 54 2.0 G 16 0.504 0.780 AF452179
(R)-TGTCACCTATTGEECCTTTC

Amall-2B (F)-AGOCATCACCATAATCAGG (CA), ANCH),  237-275 54 2.0 G 12 0.440 0.696 AF452180
(R)-CAGAGTGEEACXCTTGTC

Ama4-10  (F)-AAGTGTGSGTATGGTGTCC (@&, (@GN, 235-269 54 15 G 9 0.480 0.783 AF452181
(R)-ACCTTGTGEGACACCATAA

AmaA (F)-OGOCACATAAGAGT TACAGTGC @@, 151-197 55 25 G 14 0.464 0.609 AF452184
(R)-TGGTTTTCCCTGAAGTGAGC

Ama3-3 (F)-ACACTCAGCTCACATTCAG @, 169-263 54 15 G 17 0.488 0.779 AF452182
(R)-AACTTCTTCCTTOCAGACTTA

Ama2C2 (F)-GCTTTCAAGTCCAACATAAAC @n, 203-221 48 20 G n 0.480 0.820 AF452183
(R)-CCTTAAQCCCTOCCTTTC

Amal2-7  (F)-ATTAAAGITGGIGIGGTTG (AT),, 290-310 49 2.0 G 10 0.409 0.571 AY12205
(R)-TGGATGCTTCAGAGT TTGT

Ama07 (F)-TGTAAACAACCACTTOGGEG @n, 182-226 59 15 P 10 0.496 0.616 AF108913
(R)-AGCTCAGGTGT TAGTGG

Ama34 (F)-GAACOCTTGI TCAGTATAG @, 90-118 53 15 P 12 0.288 0.329 AF108918
(R)-TCAGGTAAGCACGATTTAAC

Amal3 (F)-GGTCTTATTTTGITTACAGGAGG  (AT), 180-240 56 1.5 P 8 0.537 0.607 AF108914

(R)-TTATTTATTTATTGICCTTGITGG

Tagq, polymerase used for amplification: G = AmpliTag Gold®, P = other brands of polymerase. T,, annealing temperature.

Tris-HCl1, pH 8.3; 50 mm KCl), or AmpliTag Gold®
PCR buffer (15mm Tris-HCl, pH 8.0; 50 mm KCI), 1.5-
2.5mM MgCl,, 0.2-0.25 mm dNTPs, and 5 pmol of each
primer. Forward primers were 5-labelled with a fluores-
cent dye (HEX, TET or 6-FAM). Loci were amplified in a
PTC-100 or PTC-200 (M] Research) thermal cycler under
the following conditions: 2—5 min denaturation at 95 °C
(10 min for AmpliTaq Gold); 35 cycles of 30 s at 95 °C,
30 s at specific annealing temperatures, and 45 s to 1 min
at 72 °C; and a final extension of 72 °C for 10-30 min
(Table 1).

Amplified products with different fluorescent labels
or nonoverlapping size ranges were pooled, and either
electrophoresed on a 5% polyacrylamide gel on an ABI 377
DNA sequencer or subjected to capillary electrophoresis
on an ABI 310 Genetic Analyser. Fragment sizes were
determined with the TAMRA-500 standard using GENE-
SCAN version 3.1 and GENOTYPER version 2.1. We genotyped
100 individuals from populations in Tompkins Co., New
York at all loci except Ama 13, for which we used 44
individuals. Twelve loci were polymorphic (Table 1); the
number of alleles ranged from four to 17 (average = 11.6);
observed heterozygosity (Hg) ranged from 0.288 to 0.672
(average = 0.467), and expected heterozygosity (Hy) ranged
from 0.329 to 0.820 (average = 0.664). All loci conform to

Hardy—-Weinberg expectations using an exact test in GENEPOP
version 3.3 (Raymond & Rousset 1995). Considerable poly-
morphism will make these markers valuable for studies
of local population differentiation and mating systems in
this species.

Acknowledgements

We thank M. Benard, R. Glor, W. Savage for sample collection, and
M. Matocq, W. Dean, S. Julian, R. Coleman, G. Clark, and R. Johnson
for laboratory assistance. This work was funded by the College of Arts
and Sciences, Cornell University, and the USGS Leetown Science
Center.

References

Amador DM, Farmerie B, Brazeau D, Clark G (2001) Tools for
Developing Molecular Markers. Interdisciplinary Center for Bio-
technology Research. University of Florida, Gainesville, Florida.
Available from the author at http: //www.bioTechnicalufl.edu/
[ktcl/mm_manual.htm.

Castleberry SB, King TL, Wood PB, Ford WM (2000) Microsatellite
DNA markers for the study of Allegheny woodrat (Neotorma
magister) populations and cross-species amplification in the
genus Neotoma. Molecular Ecology, 9, 824—826.

Kandpal RP, Kandpal G, Weissman SM (1994) Construction of
libraries enriched for sequence repeats and jumping clones, and

© 2002 Blackwell Science Ltd, Molecular Ecology Notes, 2, 313-315



hybridization selection for region-specific markers. Proceedings
of the National Academy of Science USA, 91, 88—-92.

Kijas JMH, Fowler JCS, Garbett CA, Thomas MR (1994) Enrich-
ment of microsatellites from the citrus genome using biotynilated
oligonucleotide sequences bound to streptavidin-coated magnetic
particles. Biotechniques, 16, 187-193.

Petranka JW (1998) Salamanders of the United States and Canada.
Smithsonian Institution Press, Washington DC.

© 2002 Blackwell Science Ltd, Molecular Ecology Notes, 2, 313-315

PRIMER NOTE 315

Raymond M, Rousset F (1995) GenerpoOP Version 1.2: population
genetics software for exact tests and ecumenicism. Journal of
Heredity, 86, 248—-249.

Rozen S, Skaletsky HJ (1996) Primer 3. Code available at http://
www-genome.wimitedu/genome_software/other/primer3.html.

Sambrook J, Russell DW (2001) Molecular Cloning: a Laboratory
Manual, 3rd edn. Cold Springs Harbor Laboratory Press, Cold
Springs Harbor, NY.



