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Abstract

Ten tetranucleotide and one dinucleotide polymorphic microsatellite loci were cloned and
characterized for the Fire salamander (

 

Salamandra salamandra

 

) from 34 populations in
Germany. A high genetic diversity (5–22 alleles per locus) and heterozygosity (40.6–95.2%)
were observed for these markers. Chord distances for population comparisons of the west-
ern evolutionary recolonization lineage in the area near Cologne ranged from 0.139 to 0.366,
whereas population comparisons between the western and eastern lineage ranged from
0.541 to 0.670. When compared with classical isolation methods, a sufficient number of
polymorphic microsatellites can be obtained for the Fire salamander only from specially
enriched sublibraries.
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The Fire salamander 

 

Salamandra salamandra

 

 represents an
interesting and challenging species and subspecies complex
with a long-standing interest in the evolution of their
reproductive behaviour and correlated life history traits
(Thiesmeier 1992; Dopazo & Alberch 1994). Moreover, it
displays a high morphological and genetic diversity
throughout its distribution range (Klewen 1991; Veith 1994;
Steinfartz 

 

et al

 

. 2000). 

 

Salamandra salamandra

 

 also seems to
be a promising amphibian species to study the impact of
environmentally enforced natural selection leading to
divergent evolution of life history traits (Weitere 

 

et al

 

. 2004).
Finally, the phylogeography of 

 

S. salamandra

 

 offers interesting
insights into the general recolonization patterns of verte-
brates during and after Pleistocenic glaciations (Steinfartz

 

et al

 

. 2000; Hewitt 2001).
Initial attempts with standard protocols for cloning mic-

rosatellites (Tautz 1989; Rassmann 

 

et al

 

. 1991) did not yield
the expected fraction of positive clones and only one useful
dinucleotide repeat locus was eventually obtained.
Salamanders, like many amphibians, have heavily enlarged

genomes when compared to other vertebrates. We assume
that this leads to a relative dilution of microsatellites by
about 10-fold with respect to normal frequencies. Thus, we
employed an enrichment protocol with a special focus on
(GATA)

 

n

 

 tetranucleotide stretches, because these seem to
occur frequently (Epplen 

 

et al

 

. 1998) and because tetra-
nucleotide repeats are generally easier to type.

Fresh tissue samples of 

 

Salamandra salamandra terrestris

 

from the Kottenforst near Bonn (North-Rhine Westfalia,
Germany) were used to extract total genomic DNA using
the sodium dodecyl sulfate (SDS)–proteinase K/Phenol–
Chloroform extraction method. Genomic DNA was stored
in Tris-EDTA buffer (10 m

 

m

 

 Tris-HCl, 0.1 m

 

m

 

 EDTA,
pH 8.0) and used for all subsequent reactions. The enrich-
ment protocol followed essentially the FIASCO method
(Zane 

 

et al

 

. 2002) with the following modifications: (i) a
450–1000 bp fraction of the amplified fragment length
polymorphism (AFLP) digestion–ligation reaction was cut
from an agarose gel and this fraction was rerun and iso-
lated again; (ii) PCR cycles to amplify 

 

Mse

 

I adaptor flank-
ing fragments were reduced to 20 cycles; (iii) 500 ng DNA
from this enrichment step was mixed with 100 pmol of a
5

 

′

 

-biotinylated (GATA)

 

10

 

 oligonucleotide probe in a total
volume of 100 

 

µ

 

L [4.2 

 

×

 

 saline sodium citrate buffer (SSC),
0.07% SDS] at 67 

 

°

 

C for 2 h; (iv) 200 

 

µ

 

L of Dynabeads
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Table 1

 

Characterization of 11 Fire salamander (

 

Salamandra salamandra  ) microsatellite loci.  H  O  , observed heterozygosity;  H

 E

 

, expected heterozygosity; 

 

N

 

, number of individuals typed

 

 

 

 

Locus Primer sequences (5

 

′−

 

3

 

′

 

), fluorescence labelling Repeat motif
Size 
range (bp)

No. of 
alleles

Annealing temp/ 
extension step

 

H

 

E

 H  

O  N  

Sal E2 F: EX-

 

CACGACAAAATACAGAGAGTGGATA

 

(

 

GATA

 

)  

6

 (  GACA  )

 

5

 

(

 

GATA

 

)

 

12

 

210–302 19 53.6 

 

°

 

C

 

−

 

1 min 0.872 0.952 1144
AY612894 R: 

 

ATATTTGAAATTGCCCATTTGGTA

 

Sal E5 F: 

 

CCACATGATGCCTACGTATGTTGTG

 

(

 

GT

 

)

 

14

 

182–194 5 63 

 

°

 

C

 

−

 

1 min 0.573 0.50 1187
AY612884 R: FAM-

 

CTCCTGTTTACGCTTCACCTGCTCC

 

Sal E6 F: FAM-

 

GGACTCATGGTCACCCAGAGGTTCT

 

(

 

GATA

 

)

 

2

 

GATG

 

(

 

GATA

 

)

 

15

 

284–304 6 59 

 

°

 

C

 

−

 

1 min 0.415 0.386 1174
AY612885 R: 

 

ATGGATTGTGTCGAAATAAGGTATC

 

Sal E7 F: HEX-

 

TTTCAGCACCAAGATACCTCTTTTG

 

(

 

GATA

 

)

 

6

 

(

 

GACA

 

)

 

11

 

(

 

GATA

 

) 154–250 15 54.5 

 

°

 

C

 

−

 

1 min 0.917 0.982 1164
AY612886 R: 

 

CTCCCTCCATATCAAGGTCACAGAC

 

(

 

GACA

 

)(

 

GACA

 

)(

 

GATA

 

)

 

12

 

Sal E8 F: FAM-

 

GCAAAGTCCATGCTTTCCCTTTCTC

 

(

 

TATC

 

)

 

16

 

138–214 15 59 

 

°

 

C

 

−

 

0.30 min 0.870 0.790 1184
AY612887 R: 

 

GACATACCAAAGACTCCAGAATGGG

 

72 

 

°

 

C

 

−

 

0.30 min
Sal E11 F: FAM-

 

CACAGTTCATTATTTCCACTACTGA

 

(

 

CTAT

 

)

 

15

 

CCAT

 

(

 

CTAT

 

)

 

5

 

224–280 10 59 

 

°

 

C

 

−

 

0.20 min 0.563 0.537 1147
AY612888 R: 

 

AGGACCTCAAGACCTGGCTCTTCAA

 

 72 

 

°

 

C

 

−

 

0.30 min
Sal E12 F: TET-

 

CTCAGGAACAGTGTGCCCCAAATAC

 

(

 

CTAT

 

)

 

15

 

162–314 22 59 

 

°

 

C

 

−

 

0.20 min 0.906 0.895 1143
AY612889 R: 

 

CTCATAATTTAGTCTACCCTCCCAC

 

72 

 

°

 

C

 

−

 

0.30 min
Sal E14 F: TET-

 

GCTGCCCTCTCTGCCTACTGACCAT

 

(

 

CTAT

 

)

 

16

 

150–262 12 69 

 

°

 

C

 

−

 

0.30 min 0.565 0.473 1150
AY612890 R: 

 

GCCAAGACATGGAACACCCTCCCGC

 

72 

 

°

 

C

 

−

 

0.40 min
Sal 3 F: FAM-

 

CTCAGACAAGAAATCCTGCTTCTTC

 

(

 

GAGT

 

)

 

15

 

182–258 16 61 

 

°

 

C

 

−0.45 min 0.506 0.406 1100
AY612891 R: ATAAATCTGTCCTGTTCCTAATCAG
Sal 23 F: HEX-TCACTGTTTATCTTTGTTCTTTTAT (GACA)8(GATA)4 280–320 11 50.4 °C−0.45 min 0.679 0.609 1082
AY612893 R: AATTATTTGTTTGAGTCGATTTTCT
Sal 29 F: TET-CTCTTTGACTGAACCAGAACCCC (GATA)14 150–190 8 58 °C−0.45 min 0.803 0.946 1183
AY612892 R: GCCTGTCGGCTCTGTGTAACC



628 P R I M E R  N O T E

© 2004 Blackwell Publishing Ltd, Molecular Ecology Notes, 4, 626–628

M-280 Streptavidin beads solution (DYNAL) were washed
with 1 × phosphate-buffered saline, 0.1% bovine serum
antigen and subsequently resuspended at 67 °C in 400 µL
(4.2 × SSC, 0.07% SDS solution), then 200 µL of bead solu-
tion was added to the fragment–probe mix and incubated
for 30 min at 67 °C; (v) low stringency washes were per-
formed four times with 1 × SSC, 0.01% SDS at 38 °C. Each
wash lasted 5 min. High stringency washes close to the
dissociation equlibrium of the DNA fragment/(GATA)10
complex were performed four times in 0.06 × SSC, 0.01%
SDS at 38 °C each for 10 min. The further steps were done
according to the standard protocol. Enriched fragments
were eventually ligated into pBluescript II vector (Strata-
gene) and transformed into electrocompetent SOLR-cells
(Stratagene). Cells were plated on Luria-Bertani plates and
nonradioactively screened with a biotinylated (GATA)10
probe. Positive clones were sequenced with the T3 primer
(5′-AATTAACCCTCACTAAAGGG-3′) or T7 primer (5′-
GTAAAACGACGGCCAGT-3′).

Primer sequences flanking 11 S. salamandra microsatel-
lites were designed using the oligo 4.0 software (National
Biosciences, Plymouth, MN, USA). PCR reactions were
performed in 20-µL volumes: 100–250 ng of genomic DNA,
1 × Eurobiotaq® PCR buffer, 1.5 mm MgCl2, 0.5 mm dNTPs,
0.3 µm of each primer (forward primer fluorescently labelled
with FAM, HEX or TET), 1 U of Eurobiotaq® polymerase.
The PCR profile for all loci was the same, except for the
annealing and extension step (see Table 1): (i) 95 °C for
2 min; (ii) annealing temperature for extension step; (iii)
72 °C for 1 min; (iv) 95 °C for 0.30 min; (v) return to step (ii)
for 33 times; (vi) 72 °C for 10 min. PCR products were run
on a MegaBace 1000 sequencer (Amersham) and analysed
with the Genetic Profiler software version 2.0.

Thirty-four S. salamandra populations were genotyped
for 11 microsatellite loci. With the exception of one popu-
lation from Bavaria representing the eastern recolonization
lineage, all populations were derived from the western
recolonization lineage (according to Weitere et al. 2004) and
are located in an area near to Cologne (North Rhine West-
falia, Germany). Locus designation, repeat motif, primer
sequences, size range of alleles, allelic diversity per locus,
expected (HE) and observed (HO) heterozygosity are sum-
marized in Table 1. Population differentiation, departure
from Hardy–Weinberg equilibrium (HWE) and linkage
disequilibrium were analysed using arlequin 2.00
(Schneider et al. 2000). Chord distances for population
comparisons of the western evolutionary recolonization
lineage in the area near Cologne ranged from 0.139 to 0.366,
whereas population comparisons between the western
and eastern lineage ranged from 0.541 to 0.670. We tested
34 populations for departure from HWE (P = 0.05; percent-
age given in brackets): Sal E2 (0.17), Sal E5 (0.2), Sal E6 (0.0),
Sal E7 (0.13), Sal E8 (0.17), Sal E 11 (0.23), Sal E12 (0.13), Sal
E14 (0.13), Sal 3 (0.0), Sal 23 (0.27), Sal 29 (0.1). All loci were

also tested for linkage disequilibrium for 34 populations
(P = 0.05; percentage given in brackets): Sal E2 (0.24), Sal E5
(0.1), Sal E6 (0.18), Sal E7 (0.18), Sal E8 (0.14), Sal E11 (0.15), Sal
E12 (0.18), Sal E14 (0.16), Sal 3 (0.13), Sal 23 (0.18), Sal 29 (0.12).

We conclude that the cloned microsatellite loci for the
Fire salamander are a useful tool to detect genetic differen-
tiation on the level of subpopulations and between popu-
lations. However, cloning of these loci did require an
unusually high effort, which may be a typical problem for
amphibian species. The parallel application of a very
similar protocol for a fish species yielded 10–50 times more
positive clones. Thus, although the application of micro-
satellites in amphibians will be equally useful as for other
species, an extra effort for cloning has to be anticipated.
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