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Is C-mos phylogenetically informative at lower taxonomic
levels in reptiles? An assessment of variation within
Lacerta (Teira) dugesii MILNE-EDWARDS, 1829

(Squamata: Sauria: Lacertidae)

Ist C-mos in der Reptilientaxonomie auf niedrigem Niveau phylogenetisch informativ?
Eine Beurteilung der Variabilitdt innerhalb Lacerta (Teira) dugesii MILNE-EDWARDS, 1829
(Squamata: Sauria: Lacertidae)

JOSE JESus & ANTONIO BREHM & D. JAMES HARRIS

KURZFASSUNG

Die Schluifolgerungen der meisten phylogeographischen Untersuchungen beruhen auf mitochondrialen
DNS-Sequenz-Daten. Wir untersuchen hier den Wert des Kerngens C-mos, das typischerweise bei phylogeneti-
schen Analysen verwendet wird und berichten tiber die intraspezifische Variabilitét dieses Gens bei Lacerta (Teira)
dugesii vom Madeira-Archipel. Das Vorhandensein eines fixierten anzestralen Zustandes bei den Tieren auf den
Porto Santo Inseln deutet darauf hin, daf} diese Inseln wahrscheinlich als erste besiedelt worden waren. Die vom
Menschen auf den Azoren eingefiihrten Populationen stammen von Madeira. Beim Vergleich des relativen Anteils
von Substitutionen in C-mos und mitochondrialer DNS finden sich zwischen taxonomischen Gruppen betréchtliche
Unterschiede.

ABSTRACT

Most phylogeographic studies rely solely on mitochondrial DNA sequence data for making inferences. We
assessed the value of a region of the nuclear gene, C-mos, that has typically been used in phylogenetic analyses.
We report intra-specific variation of this gene within Lacerta (Teira) dugesii from the Madeira archipelago. The
presence of a fixed ancestral state on Porto Santo islands indicates this was probably the first island colonized.
Anthropogenically introduced populations on the Azores originated from Madeira. The relative rate of substitu-
tions in C-mos compared to mitochondrial DNA varies considerably between taxonomic groups.
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INTRODUCTION

C-mos is a proto-oncogene encoding a
serine/threonine kinase that is a regulator of
meiotic maturation (YEW et al. 1993). Single
copy and without introns, a fragment of this
gene is now the most widely used of any
nuclear gene for assessing relationships
within reptiles. It has been used across squa-
mates (SAINT et al. 1998; HARRIS et al. 1999,
2001), across snakes (SLOWINSKI & LAWSON
2002), within families (DONNELLAN et al.
1999; JoGER et al. 2001; PELEGRINO et al.
2001), and within genera (BREHM et al. 2001,
CARRANZA et al. 2002; Jesus et al. 2002).
Since none of these studies reported se-
quencing heterozygotes it might be assumed

that intraspecific variation was very low,
although variation has been reported within
Lacerta schreiberi BEDRIAGA, 1878 (DOMIN-
GUES et al. 2001), and HARRIS et al. (2004)
have also reported intraspecific variation
within Tarentola geckos. Using nuclear
genes in phylogenetic studies is not as
straightforward as using mtDNA sequence
data. There are theoretical arguments why
nuclear gene trees are less likely to be con-
gruent with the species tree than mitochon-
drial DNA (mtDNA) gene trees, because of
lineage sorting (MOORE 1995). The branch-
ing pattern of a gene tree will correspond to
the species tree if coalescence occurs be-
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tween bifurcations, or speciation events. The
probability of coalescence increases as effec-
tive population size decreases, thus mtDNA
with an effective population size of one quar-
ter of a nuclear autosomal gene has an
increased likelihood of accurately tracking
the species tree. This is likely to be especial-
ly important for island populations, which
are characterised by having extremely small
founding populations. It is therefore impor-
tant to assess the expected coalescent time of
variation within C-mos, and the degree of
variation within species if it is used in phylo-
genetic studies. We examined these ques-
“tions by sequencing C-mos from island pop-
ulations of the lizard Lacerta (Teira) dugesii

MIiLNE-EDWARDS, 1829 (following HARRIS &
CARRETERO 2003). Lacerta dugesii is an
endemic lizard from Madeira, the Desertas
Islands, Porto Santo and the Selvagens and
was recently introduced to the Azores. Be-
cause of the well-known geological history
of these islands (GELDMACHER et al. 2000)
and the high population densities of the
lizards it is a model organism for studying
genetic variation across a fragmented habitat
(BREHM et al. 2003a, 2003b). At the same
time C-mos variation might give additional
insights into colonization events that cannot
be completely determined using the mtDNA
sequence data.

MATERIALS AND METHODS

Twenty-nine specimens of L. dugesii
were collected across the known range —
nine from Madeira, eight from Desertas,
five from Porto Santo and five from the
Selvagens. These represented the four dis-
tinct monophyletic lineages previously
identified using mitochondrial DNA se-
quences (BREHM et al. 2003a). In addition
two individuals were included from the in-
troduced populations on the Azores islands.
Total genomic DNA was extracted from
small pieces of tail using standard methods.
Polymerase Chain Reaction primers used in
both amplification and sequencing G73 and
G74 from SAINT et al. (1998). Amplification
conditions were the same as described by
SAINT et al. (1998). Amplified fragments

RESULTS AND

Three positions within the C-mos
fragment analyzed vary within the L. duge-
sii included in this study. Frequencies of
the identified mutations are shown in table
1. This can be compared to the five fixed
differences between L. dugesii and Pod-
arcis. All three involve transition changes
and occurred in the first, second and third
coding positions respectively. Despite the
fact that each island group has mono-
phyletic lineages for mtDNA, in general
the C-mos variation is not fixed within each
island. Eight of the twenty-nine individu-

were sequenced from both strands on a 373
Applied Biosystem DNA Sequencing Appa-
ratus. We sequenced both strands and re-
peated any sequence that was not complete-
ly clean so that we could accurately identify
heterozygotes, which showed single posi-
tions with two clear peaks in the electro-
pherograms. Sequences were aligned by
eye to two published sequences of Podarcis
(HaRrRis et al. 2001) which were included as
a closely related outgroup. Since this is a
coding region and there are no indels, align-
ment is facile. All analysed sequences were
375 base pairs long. GenBank accession
numbers are AF211198 - AF211202. All
sequences were translated to check for
changes in the amino acid code.

DISCUSSION

als sequenced were heterozygous for one or
other of the first two variable positions.
The first two of the three variable positions
caused amino acid replacements in some
individuals (GTA-ATA and ATT-ACT
respectively).

Intra specific variation within C-mos
has previously been demonstrated within L.
schreiberi, and in this study in L. dugesii.
While no variation was reported between
subspecies of Gallotia (CARRANZA 2002)
this could be due to sample size. This has
important implications for the use of C-mos
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Fig. 1. Map of the islands from which Lacerta dugesii MILNE-EDWARDS, 1829 was sampled.
Arrows indicate the presumed direction of colonization.

Abb. 1: Karte der Inseln, von denen die untersuchten Lacerta dugesii MILNE-EDWARDS, 1829 stammen.
Pfeile bezeichnen die vermuteten Besiedelungsrichtungen.

for phylogenetic studies between closely
related organisms. Similarly heterozygotes
can be expected when direct sequencing C-
mos and this should be reported and taken
into account in any analyses.

For L. dugesii variation with mtDNA
within island groups is at most 1% (BREHM
et al. 2003a). A rough molecular clock esti-
mate of 2% divergence per million years
would thus imply that this section of
mtDNA would require 0.5 MY years to
coalesce. The major mtDNA lineages on
Madeira, Desertas and Porto Santo differ
from each other by 3-4%, while the
Selvagens differ from the Madeira lineage
by about half this, implying lizards have
been separated for time periods longer than
that required to reach coalescence; around
1.5-2 MY for most island groups, and 0.75-
1 MY separating Madeiran lizards from
those on the Selvagens. Thus, as would be
predicted, the mtDNA lineages are mono-
phyletic on each island group. The C-mos
sequences have generally not coalesced,
despite the presumed small founding popu-
lations, and thus studies using C-mos to

determine patterns of relationships between
forms that are separated by similar levels of
mtDNA variation should examine intraspe-
cific variation. However the C-mos data
does give additional information regarding
colonization patterns of these islands. In
the estimate of relationships based on
mtDNA sequences, the lineage leading to
haplotypes on Porto Santo Island is sister
taxon to all other L. dugesii lineages. This
does not, however, mean that it is most par-
simonious to predict that Porto Santo was
the first island colonized (see EMERSON
2002). Using the C-mos data the Porto
Santo population for mutation 1 is fixed for
the ancestral state. If Porto Santo was col-
onized first, this mutation to the derived
state could have occurred in the second col-
onizing population, either in Madeira or the
Desertas. This therefore is evidence that
Porto Santo was the first island colonized,
and matches with its greater geological age
than the other islands. Since the individu-
als from the Azores have both states in the
first mutation, this would rule out a recent
introduction from either Porto Santo or the
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Table 1: Proportions of each nucleotide for the three variable positions in the C-mos fragment analysed.
Ancestral states were predicted based on the sequences from Podarcis. Numbers in parentheses indicate the num-
ber of individuals that were heterozygous. Positions | and 2 cause amino acid changes.

Tab. 1: Anteile der Nukleotide an den drei variablen Positionen im untersuchten C-mos-Fragment. Aussa-
gen iiber den urspriinglichen Zustand (Ancestral State) erfolgten auf Grundlage von Podarcis-Sequenzen. Anzahl
heterozygoter Individuen in Klammern. Die Positionen 1 und 2 bewirken Aminosiureaustausch.

Position 1 (A/G)

Position 2 (T/C) Position 3 (C/T)

Ancestral State A
Madeira 6/12 (4)
Porto Santo 10/0
Desertas 2/14
Selvagens 0/10
Azores 2/2

T C
12/6 4/14
713 (1) 6/4
9/7 (1) 2/14
1/9(1) 0/10
13(1) 0/4

Selvagens (which is fixed for the derived
state). As indicated by the mtDNA evi-
dence, it thus seems likely that the source
population for this introduction was Ma-
deira.

In passerine birds, C-mos nucleotide
substitutions accumulate at a rate similar to
that of mitochondrial transversion substitu-
tions (LOVETTE & BERMINGHAM 2000).
Within L. dugesii the 0-3 variable positions
within C-mos is the same as the number of
transversions in the 12S rDNA sequences
(also 0-3) but much less than the number of
transversions in the combined 12S rDNA
and cytochrome b sequence data. Previous
phylogenetic analyses have indicated the
possibility of a non-linear relationship of
genetic divergence between C-mos and
mtDNA across divergent taxa. Tarentola

from the Cape Verde islands show lower lev-
els of variation within C-mos between clades
separated by high mtDNA divergence when
compared to Mabuya (JEsus et al. 2002).
Comparisons of cytochrome b to C-mos
divergence also showed that the relative rates
of divergence differed between snakes, teiids
and lacertid lizards (HARRIS 2003).

In conclusion, C-mos sequence data
can be an extremely valuable marker for
phylogenetic studies, and also can clearly be
used as a nuclear marker at the intraspecific
levels. However, just as codon bias should
be accounted for in phylogenetic studies at
deeper taxonomic levels (HARRIS 2003), so
intraspecific variation needs to be assessed
when C-mos sequences are used at lower
phylogenetic levels.
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