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

(Souamata: Sauria: Lacertidag)

Ist C-mas in der Reptilientaxonomie auf niedrigem Niveau phylogenetisch informativ?
Eine Beurteilmg der Variabilitit innerbalb Lacerta {Tefra) dugesid Mise-Epwarps, 1829
(Squamata; Sauria: Lacertidae)

Jost Jesus & ANromo Brern & 1) Javes Harpis

RLRATASSUNG

[he Sehlubifolerongen der meisten phylogesgraphischen Hnersuchungen benihen
Wir untersuchen hier den Werl des Korngens (-ss, el peprischerweise bei phvlogenet
sihen Analvsen verwendet wird und herichion iiber dic intraspeeifische ¥
s Morhandensein cines lixier
devrer Gaand hing dali divse Inseln walwschein
Menachen aof den Avoren cingefihien Populationen stinmen von Madeiva,

Lames- g uene- Diaten.

ciges il vom Madeira-Archipel,
Ponta Samnite Enseln

aut mitcehondriales

iabilitit dieses Gens bei Locer | i)
artzesivalen Sustasdes bei den Tiaren aul den
hoals ersie besiedelt worden waren. D wom
Bean Yerglewh des relaliven Anteils

von Substintioszn in Camar und mitochomdrialer DS Onden sich ewischen buconomischen Gruppen beteizheliche

Usttzrschiede,

ABSTRALCT

Rost phvlogesgraphic studies vely solels onomitechondrial DMA sequence data for

srking inlerences, We

assessed the value of & region of the nuslear gene, Cemos, thal has tepically been used inophalogenetic asmlyvses,
W repont intrasspecife vaciation of this geoe wilhin Loceri (Feing duweesii Trom the Madeins archipelago, The
presence ol o fxed ancesteal state on Morle Santo slands indicetes this waes probably the st island colonized.

Arnthropogenically intredused pepulations on the As

s ariginated Trom Meadeira.

I'he relative rate of subarig-

tiones i s compired i miochondeial DA varics considerably betwesn mxonomic groops
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INTRODUCTION

Cmos is 4 proto-oncozens encoding a

serine‘threanine kinase that is a repulator of

meiotic maturation {Yiew et al, 19933, Single
copy and without intrens, a fragment af this
gene 15 now the most widely used of any
nuclear gene for assessing relationships
within reptiles. It has been used across squa-
mates (SAamT elal, 1998 Harris et al. 1999,
2001), across snakes (SLOWNSKE & LAWSON
20020 within Tamilies [DoysELLAM et al
1999 locer el al, 2001 PELEGRING el al.
20013, and within genera (Brea et al. 2001,
Cariandza et al, 20020 Jeses et al, 2002),
Since none of these studies reported se-
guencing heterozypotes it might be assumed

that intraspecilic varialion was very low,
although variation has been reported within
Lacerta sohreibend BEDRIAGA, TETE {Doniy-
Gres et al, 2001, and Hagges et al, (2004)
have also repored intraspecific variation
within Tovenfola peckos.  Using nuclear
aenes in phylogenetic studies 15 not as
straightforward as using miDNA sequence
diatie, There are theoretical arguments why
nuclear gene trees are less likely to he con-
aruenl with the species tree than mitochon-
drial DNA (miDNA) gene wees, because of
lineage sorting {Moore 19957, The branch-
ing pattern of a gene tree will correspond 1o
the species tree i coalescence occurs be-
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tween bilurcations, or speciation events, The
probability of coalescence increaszes as etfec-
live population size decreases, thus mildk A
with an effective population size of one quar-
ter of a nuclear awfosomal gene has an
mcregsed likelihood of accorately tracking
the species tree. This is likely Lo be especial-
Iy important For island popuolations, which
are charaeterised by having extremely small
lounding populations. 11 is therefore inpor-
tant Lo assess Lhe expected coalescent time of
variation within C-mas, and the degree of
variation within species i it is used in phylo-
senelic studies.  We examined these ques-
tions by sequencing C-os rom island pop-
wlations of the lizard foceria {Tefrd) dugesiy

Mitse-Enwarps, [829 (following Harris &
CarpETrRe 2003).  Ffocerfs dugesil 15 an
endemic lizard from Madeira, the Desertas
lslands, Porlo Santa and the Selvagens and
was recently introduced 1o the Arores, Be-
cuuse of the well-known geological history
ol these islands (Grepsacier e al, 20000
and the high population densities of the
lizards 1 i a model organism for studying
senetic variation across a fragmented habital
(Becin et al, 20054, 200301, AL the same
time Ceptoy varintion might give addilional
insigzhis inlo colonieation cvents that cannol
be completely determined using the milaA
sequence dala.

MATERIALS AN METHODRS

Twenly-nine specimens of Lo dugesii
were collected across the known range
mine 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 [BrEHW el al. 20034 In addition
two individuals were included rom the in-
trocluced populations on the Avores islands.
Totul genomic DNA was extracted from
small pleces of il using standard methods.
Polvmerase Chain Reaclion primers used in
both amplification and sequencing G735 and
G From Sami et al, (1998), Amplification
conditions were the same as described by
Sarn et al, (1998), Amplified frazments

RESLLTS AND

Three positions within the O-mos
fragment analyzed vary within the L. duge-
sif included in this study, Fregquencies of
the identified mutations are shown in lahle
I, This can he compared to the Gve lixed
differences between £ dugesii and Pod-
arcis. All three invalve wansition changes
and occurred in the Dt second and third
coding positions respectively. Despite the
fact that ecach island group has mono-
phyletic lineages for mtD™NA, in general
the C-mos variation is not fixed within each
island. Light of the twenty-nine individu-

were sequenced from both strands ona 373
Applied Biosystem DA Sequeneing Appa-
ratus,  We sequenced both strands and re-
peated any sequence thal was not complete-
by clean so thal we could accurately identily
heterowygoles, which showed single posi-
tions with two clear peaks in the electro-
pherograms.  Seguences were aligned by
eye 0 lwo published sequences of Podareis
(Flazis et al, 2000) which were included as
a closely related outgroup,  Since this is a
coding region and there are no indels, align.
ment 15 Bcile, All analysed sequences were
375 base pairs long.  GenBank accession
numbers are AFZTTT98 - AF21I202, Al
sequences were ranslated 1o check for
changes in the amino acid code,

HSCUSS0MN

als sequenced were helerozygous Tor one or
other of the Orst two variable positions,
The lirst two ol the three variable positions
caused amine acid replacements in some
individuals (GTA-ATA and ATT-ACT
respectively ).

Intra specific variation within C-mos
has previcusly been demonstrated within £
sehweihers, and in this shdy In L. dlegesii
While no wariation was reporled  bebween
subspecies of Caliofia (Carpanza 20023
this could be due 1o sample size. This has
important implications foc the use of C-mos
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For phylogenctic studies between closely
related organisms,  Similarly heterorypotes
can be expected when direct sequencing C-
micey and this should be reporled and 1aken
into account in any analyses.

For Lo degesd! variation wilth milsA
within izsland groups is at most % (BrEHM
el al, 2003a) A rough molecular ¢lock esti-
mate of 2% divergence per million years

would thus imply that this section of

mtlNA would require 0.5 MY vears to
coalesce,  The major mtDNA fineages on
Madeira, Desertas and Porto Sante differ
from each other by 3-4%, while the
Selvagens diller from the Madeira lincage
by about hall this, implving lizards have
been separated for time periods longer than
that required 1o reach coalescence; around
[.5-2 &Y tor most island groups, and (173
| MY separating Madeiran lizards from
those on the Selvagens. Thus, as would be
predicled, the mildNA lineages are mono-
phyletic on euch island group, The C-mos
seeuences have generully not coalesced,
despite the presumed small Founding popu-
lations, and thus swdies wsing Camos o

sbie the presumed direction of colenizacion.

Shiewe-Erseasns, TE2S agmmen,
snrichingen

determine patterns ol relationships between
forms that are separated by similar levels of
melN A variation should examine inteaspe-
cific variation.  Heowever the C-mos dala
does give additional information regarding
colomization patterms of these islands, In
the estimate of relationships based on
meMA sequences, the lineage leading to
haplotvpes an Porlo Santo 1sland is sister
taxon 1o all other £, dugesid lineages. This
does not, however, mean thal it is most par-
simonious o predict that Porte Santo was
the first island colonized (see Lyprsos
2002y, Using the C-mos data the Porto
Santo population for mutation | is fixed for
the ancestrl state. 11 Porto Santo was col-
onized [irst, this muation 1o the derived
stale could have ccoorred in the second col-
onizing populalion, cither in Madeira or the
Desertas.  This therelore is evidence that
Porte Santo was the Nrest island colonized,
and matches with its greater geological age
than the other islands. Since the individu-
als from the Azores have both stales in the
lirst mutation, this would rule out a recent
introduction from either Porto Santo or the



A JoTesos & AL Breew de 105 Harks

Tabsle |

Propoations of each nucleotide Tor the three varable positons in e Ceos [

Ancestral stales were predicied based on the sequences from Podiredy, Mambers i parentheses indicate the mm
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Selvagens (which is lixed for the derived
state),  As indicated by the miDNA evi-
dence, it thus scems likely thar the source
population for this intreduction was Ma-
deira.

ln passering birds, C-mos nucleotide
substitutions accumulate at a rate similar to
that of mitechondrial transversion substilu-
tiong (Loverie & BErMinGHAM 2000).

=

Within L. gfieesii the 0-3 variahle positions

within C-ses is the same as the number of

transversions 0 the |25 rDNA sequences

(also 0-3) hul much less than the number of

transversions in the combined 125 rDNA
and cytochrome & sequence data. Previous
phylogenclic analvses have indicated the

possibility. of & non-linear relationship of

penetic divergence  between Cemar and
miDN A across diverscent taxa,  Torewioda

Anteile der Mukleotde an den dres variablen Positionen im unersuchien C-sag-br
ey fibee den urspringlichen Zustand {Ancesral Staer erloloenaol Gondiags von Prdareiz-Se

heterpeyaater Tndividuen in Elammern, Dic Pesiionen 1 und 2 bewirlen Aminosiureanstansch,
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from the Cape Yerde islands show lower lev-
els of variation within Cemes between clades
separated by hizh mtDMNA divergence when
compared to Mafaw (JEsus ol all 2002
Comparisons of cyiochrome b o Comos
divergence also showed that the relative rates
ol divergence differed between snakes, teiids
and lacertid lizards {Harms 20037,

I conclusion, C-mes sequence data
can be an extremely valuakle marker for
phylogenetic studies, and also can clearly be
used as a nuclear marker &t the intraspecilic
levels, However, just as codon bias should
be accounted for in phylogenclic studies at
deeper faxonomic levels {(Harms 20030, s0
intraspecilic varaton necds 1o be assessed
when Ce-proy sequences are used al lower
phylogenclic levels,
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