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Recent maternal divergence of the parthenogenetic lizard
Leiolepis guentherperersi from L. guitara: molecular evidence
(Reptilia: Squamata: Agamidae)
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AnprREAS SeaMITZ, Micurn VeENcESs, STErAaN WEITEU S,
TaOMAS ZTECLER & Worrgans BOHME

Absiracl, The genus Lewlepts consists of bisexual as well as parthenogenctic forms. In
lhis sludy we use DNA sequences of the mitochondrial 165 rENA gene lo examine Lhe
interspecific relationships of the Lefolepis speoies ocrurring in Vielnam and adjacent areas,
L. guentherpetersi was consistenlly placed as Lhe sister species of L. guettate. Differentiation
hetween these two taxa consisted of only two indels, corresponding to 0.372 % pairwisc
sequence divervence, This extremely low differentiation supports a rather recent maternal
arigin of the parthenogenetie L, guentherpetersi [rom L, gutfato in Lhe Pleislocenes.

Kurzfassung, Rezenle Abspaltung der parihenogenetischen Agame Leiolepis guen-
therperersi vom malernalen Taxon [ puttare: molekulare Belege (Reptilia: Squamata:
Agamidae). — Die Gattung Leiolepis enthilt sowohl isesxuelle als auch Fm'l henogenetische
Formen. In diezer Arbeil untersuchen wir die zwischenarilichen Beziehungen der Vertre-
ter der Gattung Letolepis in Vielnam und den angrencenden Regionen mittels DINA-
Sequenzanalysen des milochondrialen 165-rENA-Gens, In allen verwendeten Analyseme-
Lhoden wurde L. guentherpelerst als Schwesterart von L, guttata identiziert, Sequenzun-
tersehieds rwischen dicsen beiden Taxa fanden sich nur o Form von zwei Delelionen bei
L. guttata, was einer paarweisen Dillerenzierang von 0372 % entspricht. Dieser extrem
nicdrige Werl west aul einen sehr jungen, vermutlich pleistozanen maternalen Ursprung
der parthenogenetischen L, guentherpetersi aus L. guftdata hin,
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L. Inireduction

Butterfly lizards (genus Leiolepis Clvikk, 1829) consist of four bizexual species: L. belliana
(Gray, 1827), L. gutlate Cuvier, 1828, L. peguensis Pereus, 1971, and L. reevesii (Guay,
LE31), as well as of Lhree parthenogenstie species: L boghmei DAREVSEY & KUPHIVANOVA,
1994, .. guentherpeterst Daguvsiy & Kuerrvasonn, 1893, and L. triploida Porens; 1971,
The species L. belliona und L. reevesii are polvtvpie with the subspecies L. b, belliognn
(Gray, 1827), and L. belliona ocellula PeEriegs, 1071 respectively L. v reevesii (Glay, 1831),
and L. veepesii rubritaeniato Muirens, 1061,
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Togelher wilh ils sister genus romastyr (Moomy 1980, BOIME 18984, Joces 1991) Lelolepis
15 included in the family Tromastyeidae (Moo 1o, BOame 1982) or in a subfamily Uro-
mastycinae in Lhe Apamidae (BOoHsUE-BLALYNICEA & Mooy 1984), According lo Frosy &
ETerainGe (1969) this sebfamily has to be named T.eiolepidinae

MACEY el al. {(2000) even proposed (o rise esch of the twa genera to subfamily rank wathin
e Apamidac. They also found the Chamaclomdae lo be the closest sister group to the
Apamidae.

Within Leinlepis, several hypotheses on the origin of the parlbenogenelic species have been
drawn. 1L i generally aseurmed thul these specles evolved by talural hvbridisabon (Da-
nevsEy ol al, 1984). Letolepis tripioida s Thought Lo have originated from individuaals of the
diploid parthenogenetic Leinlenis hoehmer and L. belliena (DOume 1982) while the argin of
the species L. boehmei ilself is still unclear (DAREVSEY 8z KUPRIVANGOVA 1YY4),

'I'he parthenogenetic L. guentherpeters: has been considered as having ongmated from Lhe
peogruphically neighbouring bisexual species Lo reevesit and Lo gutteta (DAREVSHY &
Krramvanova L e, In ne present paper woe provide molecular data on the interspecific
relationships ol Leiplepis species pecurring in Vielnam and adjseent areas, to test the
maternal origin of the only parthenogenetic species 10 s region, L. gueniferpelorsi

2. Material and Methods

Specimens. - Samples were taken from the [nllowing species: Leiolepis guttata (ZFMK
70281), Cam Ranh. Vielnam: L. guentherpeters: (ZFME T0275). Thuy hu, Vietnain; L, bef-
linna (ZFME TO287), Langkawi, Malavsia: L. r. reevesti (ZFME TO250), Cua Lo, Vicinam:
Ciremastyr acanthinura (ZFMEK uncatalogued), Tunisia, pet trade and L. ocellata {(ZFMK
uncalalogued), Sudan, pel lrade. The chameleon Fureifer minar (ZFMK uneatilogued)
WMadagusear, and the iguamd Oplurus cueer (oo voucher preserved), Kirmndy, Madagascar,
were used 23 outgroups.

Genrlie analysis. Extroclion melhodology and PUR procedures and subsequent
alignment steps followed MarsrerD el al, (20000, We used the primers 1634 (light chain;
5 - CGC CTG TTT ATC AAA AAC AT - 3) and 1658 (heavy chain; f' - COG GTC TGA
ACT CAC ATC ACG T - 3" of Pacumii et al, (1991} to amplily & seclion of Lhe mitochondrial
165 ribosomal RNA gene. The obluined sequences (lenglths referming o the aligned
sequences neluding gaps) comprized 337 by, homologous to positiong 4005-45388 of the
Nenopus luevts mitochondrial penome (MOE et al, 1985). Five short sections {together 88 bp)
[rom the original 165 data set were too vanable (o be reliably aligned and were therefore
excluded from analvsis. Sequences have heen submilted to GenBank (accession numbors
AF213260, AF3TRITY —AFITRIA0).

The presence of a significant phyvlogenetic signal svas estimated using the gl statistic (HiL-
Lis & Heppsennzer 1992) cstireated from 100,000 randoinly generated parsimony trees,
and the permutation-tailed-probability (IPTF) test with 100 replicates. both implemented in
EALTP*.

Uelng PAU*.0LE (Sworrorn 1988) we applied parsimony and maxmum hkehbhood
phvlogenctic reconstruction methods which are two of the most consistent and accurale
methods available (HUEISFRERCE & HILLs 1893), For maximum parsimony (M) we used
the branch-and-hound scarck opltion wilth parsimony wninformative sites included. The
maximum likelihood (ML) analysis emploved the IIKY -G madel which uses nucleotide
frecuencies estimaled from the data, corrects for unequal base frequencies and allows for
variation mn rales of substitulion among sites (Hasrcawas ol ale 18899). The values were
cslimetted using MODELTEST 3.04 (Posana & Crawpart. 1948); the fellowing parameters
were wsed: Lansibion/transversion ratio = 21947 base regquencies A = 0.3524, C = 02354,
G — 01886, T =0.2232, with a gamma distribution shape parameter of 03588, The ML tree
was obtained using the heuristic search option, random addilion sequences with 10 replica-
riang, and tree bisection reconnection (TBR) brunch-gwapoing. Relative braneh suppaort in
each phylogenetic analvsis was evaluated wath 2000 bootstrap pseudoreplicates for M1 and
2000 pseudoreplicates for ML analysis, We vonsidered bootstrap values of 80% as giving
strong support to the respoctive node (Hnrrs & Boil 1893),
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Fig. 1: Maximum parsimony cladogram (M) obtained from PAUDP" searches using Fureifer
minor and Oplurus cuediert as outgroups. Numbors at the nodes ropresent bootslrap pro-
portions in percent for 2000 pseudaoreplicates. Bootsirap proporlions lower than 5O % are
ol showr.

3. Results and Discussion

Four hundred and fourty-one aligned sites in the studied 165 dais set for the § speces were
uscd n the phylogenetic analysis. Of Lhese, 160 choraclers were variable, and 96 (= 21.77 %)
were parsiunonv-informalive. The data set was strongly leli-skewed (g1 —  1.8244818) which
indicales strong phyiogenefic signal. The PTP test resulted in a significant difference (p=
0.01) Betwreen the most parsimonious lree sod leees generaled [rom random permulalions
of the data matrix, demonstrating presence of significant phylogenelic signul.
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Fig, 2: Maxmum hikelihood bootstrap consensus cladegram (ML) obtained from FPAUTP*
searches using Furcifer minor and Oplurus cuvieri as culgroups. Numbers ol lhe nodes
roprosent baotstrap propartions m percent for 2000 pseudoreplicates. Bootstrap propor-
tions lower than a0 % are nol shown,

[Both tree building methods recovered very similar fopologies, In the MP analysis only one
most parsimonious tree (fig, 1) was [ound with a tree length of 232 steps. Consisteney
index. rescaled consistency index and retenfion mdex (FARRIS 188H) were (L8276, 0.6274
and 0.76895, respectively.

The ingroup (consishng af both Uramastyy and Leiolepis) received an only rmoderate boot-
strap supporl in e MP Lree (69 %) while in the ML tree the bootstrap support was strong
(83 %) The two Uromaestyx species resulled as o highly supported monophylum (88 % and
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Table 1: Summary of the absolute number of DNA-sequence dillerences (above the disgo-
nal) and ITKY'ED carrected menetic distances below,
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G0 %) A second monophyletic group included all species of {eiolepis (10 % and 100 ),
L. guentherpetersi was consistently placed as the sister species ol L. guttate with maximum
boatsirap supporl (100 % and 100 YW). Lerolepis belliana appearcd as sisier species of L. ree-
vesii wilth only weak support in the MP Leee (63 %) while in the V1 tree [ belliano was
placed in a position hasal 1o all ather Ledolepts meluded with cven lower boolstrap support
(<0 80 %), and = lherefore collupsed inlo a polytomy in the haolslrap comsensus tree in
Fip..2,

While the pairwise sequence divergence in the analysed [ragmenlt (aller exclusion ol ambi-
puous alignmen! sites: table 1) between most Leinlepiz spocies was in the same order of
magnilude as belween both Uromastyr (3.0-6.5 % uncorrected "p”-distance, correspond-
ing to 13=28 substiturions), the divergence between L guentherpelerst and Lo gutlate was
exlremely low (nol g single substitulion when mdels are nol considered). In fuet. the
souence o Lo guentlierpeters: dillered [eom that of L, guttatz only by the presence of twa
additional adening nucleotides (meaning a total dillerence ol only 0372 %) As Lhese
nuelestides were also pregent in the posslble parental taxon T, reevesii, we condider their
deletion ns an aulapomorphy ol L, guttela. Even taking the complete secuences nlo ac-
count (including the variable regions excluded in the above analysiz). no lurther differences
belween Lo gultale and L. guentherpetersi eould be deteeted.

Although the tINA genes are considered to evolve rather slowly as compared with prorein-
coding mitochondrial genes (Avise 20000, all reptile culibrations availuble o us assume
rales of al least 03 % totsl pairwise sequeonce divergenee per million vears {my). More
eften, the calibrations used result in 1ates of about 0405 % {e.g.. those of Hassmayy 1997),
Mo rehahle ealibration of the molecular clock s al present availibie or spevies of Ledslepis,
bul in g rough and conservative approach, there are no reasons to assume that it proceeds
rmuch slower than 0.3 % | my. Applying this rate, the divergence between L. guentherpetersi
and L. gutiata would be placed al 1.24 mullion vears. However. aclual rales in Leslepts may
be [aster, and the divergence therefore significantly younger. In any case, the extremely low
differentiation between both taxa suggests a voung divergence, which most probably
ocrurred in the Pleistocene. This hypothosis is also in aecordance with the geographical
proxunity of the knewn distribution arcas of the two spoeivs.
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