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Molecular analysis of Salamander family: the new alpine
salamander Salamandra atra aurorae
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Abstract — A portion of the mitochondrial DNA from the 3' terminal of gene 12S
rRNA to the 5' extremity of 16S rRNA gene has been amplified by PCR from Sala-
mandra atra aurorae genomic DNA in order to define the taxonomic position of S.
atra aurorae within the Salamandra species. Analysis of the molecular data indi-
cated that S. a. aurorae is quite different from S. salamandra, whereas S. a. aurorae
and S. a. atra are more similar, although their mitochondrial DNA present several
mutations. Our analysis suggested therefore that S. a. aurorae could really represent
a new subspecies of alpine salamander. Finally, on the basis of the rate of sequence
divergence, we could suggest that S. a. atra and S. a. aurorae diverged about three
million years ago.
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INTRODUCTION

Until 1969, Salamandra atra was considered to
be a monotypic, melanic, urodelan species
occurring between 450 and 3000m in the alpine
regions of central Europe and into the western
Balkans. In 1969, Miksic described the Dynaric
form as a new subspecies, Salamandra atra pren-
jensis, characterized by a brownish colour, but a
review of morphological characters has sug-
gested that this distinction may not be valid
(KLEWEN 1986).

In 1981, TREVISAN et al. described a new
form of alpine salamander, collected in north east
Italy near Asiago. It was characterized by straw-
yellow markings on the head extending down the
body in a broad fairly continuous dorsal band.
Spots are always present on the proximal limbs
and often on the tail.

From the morphological and embryological
characteristics and in view of the electro-
phoretic patterns of haemoglobins and LDH
isoenzymes, this taxon was interpreted as a new
subspecies of Salamandra atra and named Sala-
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mandra atra aurorae (TREVISAN 1982). The Author
hypothesized that S. a. aurorae originated from
a mutation that had arisen and become es-
tablished somewhere on the Asiago plateau after
the last glacial period (TREVISAN 1982).

TREVISAN et al. (1984) analyzed the electro-
phoretic patterns of serum proteins of S. a. atra
and S. a. aurorae on cellulose acetate strips ob-
serving some differences in albumins and a-and
(3-globulins bands. JOGER (1986) applied serum
protein PAG electrophoresis to S. a. atra and S.
a. aurorae and observed that S. a. aurorae differs
from S. a. atra "in such significant elec-
trophoretic characters that it may represent a
third species within the genus Salamandra".

In order to provide a more definitive study
of the taxonomic status of S. a. aurorae, a mo-
lecular analysis on S. atra aurorae mitochondrial
DNA should be performed.

Phylogenetic analysis of DNA has become in
fact an important tool for studying the evolu-
tionary history of organisms at all the taxo-
nomic levels. Such an approach could be par-
ticularly useful in urodels, where the extensive
homoplasy in morphological characters and the
limited number of morphological markers avail-
able make difficult the reconstruction of phylo-
genetic tree (LARSON 1991; WAKE 1991; LAR-
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Figure 1 — Nucleotide sequence of the portion of the mitochondrial DNA from the 3' terminal of gene encoding for 12S rRNA to the 5'
extremity of 16S rDNA gene from S. a. aurome.

SON and CHIPPINDALE 1993; TITUS and LARSON 1995;
VEITH etal. 1998). The combined analysis of
molecular and morphological data can be
therefore very useful in investigating the inter-
generic relationship in salamandrids (LARSON
1994; VEITH et al. 1998).

In order to evaluate the monophyly of the
Salamandridae and to develop a phylogenetic
hypothesis for the major salamandrid lineages,
TITUS and LARSON (1995) begun a molecular
analysis of salamandrids on the basis of mito-
chondrial DNA sequences.

However, the wide amount of data obtained
by TITUS and LARSON (1995) leave open the

question regarding the relationship between the
different Salamandra species. To solve this
question, VEITH et al. (1998) provided several
data coming both from morphological and mo-
lecular analysis but they left unresolved the
taxonomic status of S. a. aurorae.

In this paper, we study the sequence varia tion
in a mitochondrial DNA fragment from the 3'
terminal end of 12S rRNA to the 5' extremity of
16S rRNA gene. Sequence data obtained allowed
us to evaluate the taxonomic position of S. atra
aurorae within the Salamandra species.

Figure 2 — Schematic representation of the alignment between the three Salamander sequences evidencing the presence of several
mutations.
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Figura 3 — The mitochondrial sequence amplified by PCR in S. a. aurorae has been aligned with the same sequences from S. s. sala-
mandra and S. a. atra. Sequence alignment shows that, despite that this mitochondrial region is highly conserved, sequence differences
can be evidenced, including two trinucleotide deletions.

MATERIALS AND METHODS

Three different salamanders were used in our
study. Three adult specimens of S. a. aurorae were
caught in "terra typica" near Asiago (Vicenza) at
heights between 1440-1600m.

DNA extraction was performed from tail tissues
as described by HILLIS et al. (1990). PCR amplification
was carried out using two primers F (5'-GT-
CAGGTCAAGGTGTAGCAAT) and R (5'-AG-
GTTTTCTGTCGCCCTTAC) selected according to
the primers described by TITUS and LARSON (1995).
The amplification mix contained 100 ng genomic, 1
µM of each primer, 200 µM dNTPs and 2U of
DyNAZyme II polymerase (Finnzymes Oy, Finland).
Amplification was performed with a thermo-cycler
Hybaid OMN-E at an annealing temperature

of 60°C for 1 min and making extension at 72°C for 1
min. The amplified fragments were cloned using the
"PCR Blunt Cloning Kit" (Roche) according to Roche
protocols and sequenced with an automatic ABI
sequencer (Perkin-Helmer) at "Servizio di Se-
quenziamento ENEA-Biogen (Casaccia, Italia). Se-
quence analysis and alignments were performed using
the GCG package (Genetics Computer Group,
Winsconsin, USA).

RESULTS AND DISCUSSION

In order to investigate the taxonomic status of
S. a. aurorae we coupled a molecular analysis of
the mitochondrial DNA sequences by PCR
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to the morphological analysis previously per-
formed (TREVISAN et al. 1981; TREVISAN 1982).

PCR amplification of the portion of the mi-
tochondrial DNA from the 3' terminal of gene
encoding for 12S rRNA to the 5' extremity of 16S
rDNA gene from S. a. aurorae genome provided a
416 bp DNA fragment. This result agrees with
the sequence data available in other urodel
species (TITUS and LARSON 1995). The
amplified fragments have been cloned and se-
quenced in both directions to check putative
mutations (Figure 1).

S. a. aurorae sequence was aligned with se-
quences from S. s. salamandra and S, a. atra
available in literature. Sequence alignment
showed that, despite the fact that mitochondrial
DNA is highly conserved, differences between
the taxa can be assessed (Figure 2). In particular
pair-wise divergence between S. a. aurorae and
S. a. atra is 2.2%, whereas the divergence be-
tween S. a, aurorae sequence and S. s. salamandra
is 5.6%. Moreover the alignment showed two
deletions of a trinucleotide in S. a. aurorae and
S. a. atra sequence in comparison to S. s.
salamandra (Figure 3).

Our results showed therefore the presence of
clear sequence differences not only between the
atra group and S. s, salamandra but also within
the atra group.

The analysis of the molecular data strongly
confirmed that S. a. aurorae is quite different
from S. salamandra, whereas S. a. aurorae and S.
a. atra are more similar, although they present
several mutations in the sequenced portion of
the mithocondrial DNA. Our analysis, there fore,
reinforces the data previously reported (TREVISAN
et al. 1981; TREVISAN 1982) and suggests that S. a.
aurorae could really represent a new subspecies
of alpine salamander, as previously suggested
(TREVISAN 1982), and not merely an aberrant
population of the species S. atra.

On the basis of the sequence analysis on 16S
mitochondrial DNA, it has been estimated a rate
of sequence divergence of 0.7 % per million years
when counting both transition and trans-version
(VEITH et al. 1998). On the basis of such molecular
clock we could estimate that the first divergence
between S. salamandra and the S. atra species
took place about five million years ago. These
data agree with results reported by VEITH et al.
(1998) suggesting that the major divergence within
the genus Salamandra took

place between five and ten million years ago.
On the basis of this hypothesis it could be sug-
gested that a first split within such genus could
have separated the species more or less simulta-
neously into Iberian, Central and Eastern Medi-
terranean population about 10 million years ago,
during the final structuring of the Alps and the
Neo-Pyrenees (DECOURT et al. 1986; VEITH et al
1998).

On the basis of the rate of sequence diver-
gence reported by VEITH et al. (1998) we could
suggest that S. a. atra and S. a. aurorae diverged
about three millions years ago as already sug-
gested (TREVISAN 1982).

In order to go in depth into the taxonomic
status of S. a. aurorae and to confirm the pre-
liminary data here reported, we are planning to
extend the molecular analysis using nuclear
genes such as genes coding for 18S and 28S
rRNA.
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