Is Chinemys megalocephal&anc, 1934 a valid species?
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sequence data
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Zusammenfassung

Ist Chinemys megalocephafang, 1934eine valide Art? Neue Erkenntnisse anhand mitochon
drialer DNA-Sequenzen.

Anhand eines 871 bp langen Fragments des mitochondrialen Cytobh@Ens wurde die
Phylogenie der Schildkréten-GattufpinemysrekonstruiertC. nigricansist von den beiden
andererChinemysArten klar differenziert und durch eine Sequenzdivergenz von 4,3 bis 5,7
getrennt. Zwischen zwel. megalocephalaind zweiC. reevesiiwurden keine Unterschiede
gefunden. Allerdings zeigte sich l&&ireevesieine betrachtliche Sequenzdivergenz im Bereict
von 1,6 bis 1,7 %, da sich eine dritte Sequenz aus der GenBank signifikant von unseren eig
Daten unterscheidet. Es konnte sein, dass dies auf Sequenzierfehler bei den GenBank-
zurtckzufihren ist. Zur Erklarung der identischen Sequenzdate@.voegalocephalandC.
reevesiiwerden drei Hypothesen formuliert:

(a) Beide nominellen Arten sind identisch, ueid megalocephalast nur eine an besondere
Nahrungsverhéltnisse adaptierte Form @oreevesijiwie es anhand der Morphologie bereits
friher vermutet wurde.

(b) Die Gibereinstimmende mtDNA v&@ megalocephalandC. reevesiist das Ergebnis einer
introgressiven Hybridisierung zweier nahe verwandter Spezies.

(c) C. megalocephalentstand durch die Hybridisierung von nur weitlaufig verwandten Arter
wie es fur mehrere Schildkrétentaxa bekannt ist.

Der mutterliche Elternteil beziehungsweise Vorfahre bei (b) und (c) wéare dann j@weils
reevesij da mitochondriale DNA nur in mutterlicher Linie vererbt wird.
Des weiteren werden unsere Ergebnisse im Licht angeblicher Unterschiede im Karyotyp

C. megalocephalaind C. reevesiidiskutiert. Die meisten dieser Unterschiede dirften au

subjektiven Chromosomen-Klassifizierungen beruhen. Gré3enunterschiede der homologen

krochromosomen vo@. megalocephalkénnten jedoch tatsachlich fiir einen hybriden Ursprung
dieses Taxons sprechen.
Schlagwdrter: Testudines: Geoemydid&inemys megalocephal&hinemys nigricans

Chinemys reevesimolekulare Systematik; Sequenzdaten; CytocHspmitochondriale DNA.

Abstract

An 871 bp long fragment of the mitochondrial cytochrdmgeene was used for reconstructing
the phylogeny of turtles of the gerblinemysC. nigricansds clearly differentiated from the other
two species of that genus, separated by a sequence divergence of approximately 4.3t0 5.7
differences were detected between t@o megalocephalaand twoC. reevesii However,
considerable sequence divergence ranging 1.6 to 1.7 % was found @noeeyesiias an
additional sequence obtained from GenBank differed significantly from our own data. It might
that this finding is due to sequencing errors of the GenBank sequence. Three hypothese
formulated to explain the identical sequence data. ahegalocephalandC. reevesii
(a) Both nominal species are identical &adnegalocephalss just a “diet variant” o€. reevesii
as believed earlier based on morphology.
(b) The identity of mtDNA sequence dataGn megalocephalandC. reevesiis the result of
introgressive hybridization of two closely related species.
(c) C. megalocephalariginated from hybridization of only distantly related species, as know
for several chelonians.
In (b) and (c), the maternal parent or ancestor woul@.lreevesiias mitochondrial DNA
is inherited exclusively in a maternal line.
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Further, our findings are discussed in the light of supposed karyotypic differences betw
C. megalocephalandC. reevesiiMost karyotypic differences seem to be based on subjectiv
chromosome classifications. However, differences in the sizes of homologous macrochromosc
of C. megalocephalaould argue indeed for a hybrid origin of that taxon.

Key words: Testudines: Geoemydidaéhinemys megalocephal&hinemys nigricans
Chinemys reevesimnolecular systematics; sequence data; cytochipmméochondrial DNA.

1 Introduction

One of the most enigmatic Chinese turtle€nemys megalocephakanc, 1934.
After Fanc's description, virtually nothing of that taxon became known for yearss(E
& BArBOUR 1989). ANG (1934) based his diagnosis@fmegalocephaleainly on the
distinctly larger and more massive head compared with the otherwise very Similar
reevesii(Gray, 1831) (Figs. 1-2). In the western hemisphere, no specime@s of
megalocephalavere present in zoological collections until recently. In the 1980s,
megalocephalatarted to appear regularly in the international pet trade, stimulatir
a morphological comparison with slender-hea@eteevesispecimens (fErsonet al.
1989). These authors concluded tleat megalocephalas “a local variant ofC.
reevesij adapted or acclimated to a diet of mollusks” and synonymized both.

Later, Gio et al. (1997) reported chromosomal differences betw€en
megalocephalaand C. reevesii In the following,C. megalocephalavas accepted
again as a valid species by most authors (e.rgq 2998,van Dk 2000, lau & SHi
2000), whereasHusT et al. (2000) supposed thmegalocephalanay represent a valid
subspecies of. reevesii

Amazingly, all so callecC. megalocephalanales which reached Europe via the
pet trade are virtually indistinguishable fror@. reevesii In contrast, C.
megalocephaldemales match the original description of that taxon well (Fig. 1; U
FriTz unpubl.: voucher specimens in the collection of the Museum flir Tierkunc
Dresden; E. MiEr, M. REivANN pers. comm.). Howeverake (1934) mentioned in the
original description o€. megalocephalalso large-headed males so that the questiol
arose whethe€. reevesiimales are sold under a wrong name to earn more money

Turtles from Southeast and East Asia are facing extinction by overexploitation
food (see reviews inan Dk et al. 2000). At the moment, several captive breedinc
programs are established, and it is necessary to single out high-priority species.
clarify the taxonomic state of theé. megalocephalanales and females, we decided
to analyze mitochondrial cytochrorhesequences in a specimen of each sex. Here w
report our findings fo€. megalocephaland compare it with the other tv@hinemys
species, i. eC. nigricans(Gray, 1834) andC. reevesiiFinally, we discuss our results
in the light of the earlier reported karyotypic differences betw&emegalocephala
andC. reevesii

2 Materials and Methods

2.1 Sampling and DNA Extraction

Tissue samples (thigh muscle) of t@bhinemys megalocephafmale: MTD 41904,
female: MTD 41809), on€. nigricans(juv.: MTD 42864), oneC. reevesiifemale:
MTD 41905) and as outgroups of ohtalayemys subtrijugdScHLEGEL & MULLER,
1844) (MTD 43718) and ortgacalia bealefGray, 1831) (MTD 41583) were obtained
by dissecting fresh dead turtles. Complete alcohol-preserved specimens are depo
in the herpetological collection of the Museum fiir Tierkunde Dresden (MTD) und
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the catalogue numbers given above. From an additionaCliveevesiiblood was
acquired by coccygeal vein puncture as describedérad. & Pokras (1994). Blood
and tissue samples were stored at —70 °C in EDTA buffer (10 % EDTA, 0.5
sodiumfluoride, 0.5 % thymol, 1 % tris, pH 7.0;&ANDER 1988). Total genomic DNA
was extracted following the protocol ofu&incicH et al. (1991).

2.2 DNA Amplification and Sequencing

All tissue samples were analyzed by the team members in Leipzig. The blood sar
of Chinemys reevesivas sequenced by D.u@kinG in Heidelberg. This sample is
called ‘C. reevesiiHD” in the following. We amplified a fragment of 1083 bp
containing 1037 bp of the mitochondrial cytochromgene and 46 bp of the tRNA
threonine gene. The PCR primers were mt-Av@d.& Wink 1997) and H15909 €k

et al. 1999) or modified versions of these (Tab. 1). RGRitions were as follows:
5 min at 95 °C, then 40 cycles of 1 min at 95 °C, 1 min at 50 °C, 2 min at 72 °C,
a single extension step of 10 min at 72 °C.

Primer DOrection  Sequence

PCR Primers

mt-A forward 5-CAACATCTCAGCATGATGAAACTTCG-3'
H15909 reverse 5-CAGTTTTTGGTTTACAAGACCAATG-3'
Sequencing Primers

mt-A forward 5'-CAACATCTCAGCATGATGAAACTTCG-3'
mt-c2 forward 5-TGAGGACAAATATCATTCTGAGG-3’

mt-e forward 5-AAACCAGAATGATACTTCCTATTTGC-3’
H15909 reverse 5-CAGTTTTTGGTTTACAAGACCAATG-3'
mt-E reverse 5-GCAAATAGGAAGTATCATTCTGG-3

mt-B reverse 5-ACCTCAAAAGGATATTTGTCCTCA-3
TestudRi3 reverse 5-AGTAGGTTGGTGATGACAGTGGC-3'

Tab. 1. Primers used for PCR and sequencing.
PCR- und Sequenzier-Primer.

Sequencing reactions were performed with the 7-deaza-dGTP sequencing
(Amersham Pharmacia) and separated on an automated LI-COR DNA sequencel
sequencing th€. reevesiHD sample, the Cycle Sequencing Kit (Amersham Pharm:
cia Biotech, RPN 2438/RPN 2538) was used in combination with fluorescen
labeled primers, and fragments were separated on an ALFExpressll automated se
cer (Amersham Pharmacia). The sequencing primers are listed in Table 1. The)
modified versions of the primers used byw\W(1995) and Enk et al. (1999), with the
exception of the newly designed TestudRi3, which gave better results than the pri
mt-B.

2.3 Phylogenetic Analyses

One additional sequence Ghinemys reevesivas retrieved from GenBank (Acc. No.
U81358). Because thi3. reevesisequence is shorter than our sequences, only an 8
bp long alignment of the cytochronie gene could be used for all phylogenetic
analyses.

SALAMANDRA, Rheinbach, 384), 2002 235



DaANA BARTH, DETLEF BERNHARD, DANIELA GUICKING, MATTHIAS Stock & Uwe FriTz

Fig. 1.Chinemys
megalocephaldang,
1934. From top to
bottom: dorsal, ventral,
and lateral aspect (MTD
36692, adult female,
straight line carapace
length 224.2 mm).

Von oben nach unten:
Dorsal-, Ventral- und
Lateralansicht von
Chinemys megalocephala
Fang, 1934 (MTD

36692, adultes Weib-
chen, Stockmali-
Carapaxlange 224,2

mm).

The program package MEGA (AR et al. 1993) was used to estimate genetic
distances and to calculate sequence statistics. Alignment was carried out v
CLUSTAL X, v. 1.8 (THompsonet al. 1997) with default parameters. Neighbor-joining
trees (Sitou & NeI 1987) were constructed with the program TREECON, v. ¥8b (
DE Peer& DE WACHTER 1994) with the Kuura (1980) two-parameter model and estimated
transition/transversion ratio. Maximum-parsimony analyses were carried out wi
PAUP* 4.0 (Svorrorp1998) with the heuristic search method with 10 random stepwis
additions of the sequences and the TBR branch swapping option. To test
robustness of the resulting trees, bootstrap analyses with 1000 replicates were
formed in both methods. Maximum-likelihood trees were calculated with TREE
PUZZLE, v. 5.0 (SRIMMER & voN HAESELER1996). The model of Avura & NEI (1993)
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Fig. 2. Chinemys
reevesii(Gray, 1831).
From top to bottom:
dorsal, ventral, and
lateral aspect (MTD
41905, adult female,
straight line carapace
length 198.5 mm).

Von oben nach unten:
Dorsal-, Ventral- und
Lateralansicht von
Chinemys reevesii
(Grav, 1831) (MTD
41905, adultes Weib-
chen, Stockmal3-
Carapaxlange 198,5
mm).

was used with both nucleotide frequencies and the transition/transversion ratio b
estimated by the program. Quartet puzzle support values were calculated for
branch, which are comparable to bootstrap valuesM@er & von HAESELER 1996).

3 Results

Complete nucleotide sequence data are deposited under accession nun
AJ519496-AJ519502 in the EMBL database. An 871 bp long region of the cy
chromeb gene was used to reconstruct the phylogeny witttimemys Of these

nucleotide sites, 203 were variable and 59 parsimony informative. The gen
distances betwedD. nigricansand the two otheChinemysspecies range approxima-
tely 4.3 to 5.7 %, clearly arguing for its distinctiveness and validity (Tab. 2). Howev
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no significant differences were found between our sequences @ .tweevesiiand
two C. megalocephalaBetween theC. reevesiisamples we detected a sequence
divergence of 0.115 % (1 bp), whereas the sequence data df botegalocephala
were identical with one of th€. reevesiisamples. In contrast, the sequence data o
a third C. reevesii(GenBank U81358; 18rrer et al. 1997) exhibit a considerable
divergence ranging 1.6 to 1.7 % (14 substitutions) compared to our two higt
congruent samples (Tab. 2).

1 2 3 4 5 6 7 8
1 C. megalocephala -
2 C. reevesii 0.00000 -
3 C. megalocephala 0.00000 0.00000 -
4 C. reevesiHD 0.00115 0.00115 0.00115 -
5 C. reevesiiGB 0.01628 0.01628 0.01628 0.01747 -
6 C. nigricans 0.04306 0.04306 0.04306 0.04432 0.05685 -
7 Sacalia bealei 0.12658 0.12658 0.12658 0.12813 0.14167 0.12184 -
8 Malayemys subtrijugad.19212 0.19212 0.19212 0.19031 0.19290 0.19437 0.20299 -

Tab. 2. Genetic distancessflUrA & NEeI 1993) between the samples studied. Abbreviations: GB:
data from GenBank; HD: sample analyzed in Heidelberg.

Genetische DistanzenAiiura & Nei 1993) zwischen den untersuchten Proben. Abklirzungen
GB: Daten aus der GenBank; HD: in Heidelberg analysierte Probe.

All phylogenetic analyses yielded the same tree topology (FigM&yemys
subtrijuga and Sacalia bealeiwere used as outgroups to root the tree. They ar
separated from each other as well as fromCdlinemysspecies by large genetic
distances. The monophyly of the gerbkinemysis supported with bootstrap or
puzzle support values of 100 %. The same values are found for the group contait
the 5 sequences @f reevesiandC. megalocephalal'he sequence @. reevesifrom
GenBank (8arFer et al. 1997) is separated from the otl@r reevesiiand C.
megalocephalasequences with slightly lower values. The branching pattern of th
remaining group is not resolved because there are no significant differences betw
the sequences.

4 Discussion

Research on Southeast and East Asian turtles is severely handicapped by the fac
virtually all specimens originate from the animal trade and lack reliable locality dat
Even in cases where locality data were provided by animal dealers, the data were c
wrong or even intentionally falsified gFz & OssT 1998, 1999, RrrHam et al. 2001).
Unfortunately, also for th€hinemysspecimens studied we cannot provide an exac
geographic provenance. The turtles originated from the pet trade in Hong Ko
(China).

The detected identity of the sequences of Ghemegalocephalanale andC.
reevesii could argue for a wrong species designation, i. e., that the alleg
megalocephalaspecimen is indeed @. reevesiiand not aC. megalocephalgsee
introduction). However, this interpretation cannot be true for the female, which
morphologically a typical representative ©f megalocephala

The considerable sequence divergence@fraevesi{GenBank U81358;B3FreR
et al. 1997) compared to our samples@freevesiiand C. megalocephald14
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0.1 substitutions/site

Chinemys reevesii

Chinemys megalocephala 2

99/|00/6,Z Chinemys megalocephala 1

100/100/100 | ' Chinemys reevesii HD

100/100/100

Chinemys reevesii GB

Chinemys nigricans

subtrijuga

Sacalia bealei

Fig. 3. Distance matrix tree of the gertisinemysnferred from 871 bp of the mitochondrial
cytochromeb gene. The consensus tree of 1000 bootstrap replicates was constructed by
neighbor-joining method. The first number at a node represents the bootstrap value for the g
The second number gives the quartet puzzle support value from the maximum-likelihood ana
and the third number the bootstrap value out of 1000 trees in maximum-parsimony analysis.
scale bar equals 0.1 substitutions per site. In all me®acklia bealeandMalayemys subtrijuga
were used as outgroups. Abbreviations: GB: data from GenBank; HD: sample analyze
Heidelberg.

Distanz-Matrix-Baum der Gattun@hinemys abgeleitet von 871 bp des mitochondrialen
Cytochromb-Gens. Der auf 1000 Bootstrap-Replikaten beruhende Consensus-Baum wurde
der Neighbor-Joining-Methode konstruiert. An den Knoten gibt die erste Zahl jeweils ¢
Bootstrap-Wert fir die Gruppe an, die zweite Zahl den Quartet-Puzzle-Support-Wert der M.
mum-Likelihood-Analyse und die dritte Zahl den in der Maximum-Parsimony-Analyse ermittelt
Bootstrap-Wert aus 1000 Baumen. Der Mal3stab entspricht 0,1 Substitutionen pro Position
allen Methoden wurdeBacalia bealeundMalayemys subtrijugals AulRengruppen verwendet.
Abkirzungen: GB: Daten aus der GenBank; HD: in Heidelberg untersuchte Probe.

substitutions) seems to highlight at the first glance an extensive intraspecific varia
and differentiation withirC. reevesiiHowever, we believe most of these difference:
are due to sequencing errors as nearly all of these alterations occur at the end «
sequence. Furthermore, the translation of the genes into aminoacid sequences
five aminoacid substitutions between the sequence dftheevesifrom GenBank
and our sequences 6f reevesiandC. megalocephalalhe nucleotide sequence of
C. nigricansshows 35 substitutions compared with our sequenc€s ievesiiand

C. megalocephalaalso leading to five aminoacid substitutions.
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Additionally, we have aligned the aminoacid sequences of 25 species belong
to the families Geoemydidae (formerly known under the younger synony
Bataguridae, Bur & Dusois 1986) and Emydidae (unpubl. data). At least three
aminoacid substitutions in the sequence ofGheeevesifrom GenBank seem very
unlikely as they occur in highly conservative positions where in none of the oth
species any substitution was found. Therefore, such a high degree of variation wil
one species or closely related taxa seems unlikely.

Our findings regarding sequence variation in the mitochondrial cytochygsee
may be summarized as follows:

(1) Chinemys nigricangs a well differentiated species, separated by a sequen
divergence of approximately 4.3-5.7 %. If a molecular clock of 0.4 % sequen
divergence per 1 million years is applied, as accepted for the cytocbrgere
of many chelonians (Ase et al. 1992, Bwen et al. 1993, hvs & L ypEARD 1994,
WALKER & Avise 1998, Lenk et al. 1999), the separation®f nigricansfrom other
lineages dates back to the Middle or Upper Miocene (11-14 million years ag

(2) Chinemys megalocephatmdC. reevesiiseem to be not differentiated.

Regarding the second result, three hypotheses have to be discussed:

(a) Both nominal species are identical &dmegalocephalds just a “diet variant”
of C. reevesii(see introduction).

(b) The identity of mtDNA sequence dataGnmegalocephalandC. reevesiis the
result of introgressive hybridization of two closely related species. If so, natur
hybridization would have caused introgressionevesiimtDNA into the gene
pool of C. megalocephaléor, less likely, oinegalocephalantDNA into the gene
pool of C. reevesii.

(c) C. megalocephalariginated from hybridization of only distantly related taxa, as
known for several chelonians (reviews iz 1995, RiTz & BAur 1995, RRHAM
etal. 2001, GLcon & FRriTz in press)C. reevesiis known to hybridize successfully
with Cuora amboinensi&GaLcon & FRriTz in press)Mauremys japonicY ASUKAWA
etal. 1992), anilauremys mutic@/Vink et al. 2001). Hence, as mtDNA is inherited
exclusively in a maternal line&Chinemys megalocephalzould be the result of
crossing femal€. reevesiiwith an unknown paternal species. The rarene€s of
megalocephalapecimens and the enigmatic gap between its descriptioangy F
(1934) and the next recordsoi & Ma 1985, VeErsonet al. 1989) could perhaps
argue for such a hybrid origin, as hybrids may occur only from time to time.
We wish to point out that size differences in the homologous larger chromoson

of C. megalocephalas shown in Go et al. (1997: Fig. 1) could support indeed a

hybrid origin of that taxon. It might be that the two different size classes in tt

homologous chromosomes originate from different parental species.

In this context, the earlier reported karyotypic differences betv@enemys
megalocephalandC. reevesihave to be considered. Like many representatives ¢
the Geoemydida&;. megalocephaléGuo et al. 1997) an€. reevesi{Sasaki & | ToH
1967, KiLerew 1977, GRrr & BickHam 1986, Go et al. 1986, Go et al. 1997) possess
a karyotype of 2n = 52 chromosomes, thought to be the primitive character state
this family (Carr & BickHAM 1986).

ForC. reevesia wide range of different subjective classifications for chromosome
has been published (Tab. 3) which have to be discussed here. The chromosc
arrangements byaSaki & IToH (1967) and KLesrew (1977) are not based on detailed
chromosome measurements. These authors divided the karyotype in different num
of larger and smaller chromosomes (macro- + microchromosomes: 14sx@ &Il ToH
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1967; 13 + 13, KLesrew 1977). But, by chromosome measurements & al. (1986)
“preliminarily” divided theC. reevesikaryotype into three groups, resulting in a third
figure of macro- (A + B =11 + 4) and microchromosomes (C = 11). The fourth deviatit
report on theC. reevesikaryotype is provided byA&r & BickHam (1986: macrochro-
mosome groups A + B = 9 + 5, microchromosome group C = 12).

Like Carr & BickHam (1986) for C. reevesii Guo et al. (1997) arranged the
chromosomes of this species abdmegalocephalinto three groups with a karyo-
typic formula of 9 + 5 + 12. &R & BickHam (1986) found the NOR to be situated
terminally on chromosome pair 9, whereas@t al. (1997) report it to be on pair 7.
Concerning all these differences we wish to quater@: BickHam (1986): “It seems
most likely that the discrepancies result from different levels of resolution achiev
by investigators”.

According to Go et al. (1997: Tab. 2, p. 98},. megalocephalhas four pairs of
subtelocentric chromosomes in group B (called “submetacentric” in their abstra
wherea<. reevesihas only two pairs. Merely this arrangement resulted in a differenc
of the fundamental number (NF, the number of chromosome arms in a karyotype):
in C. megalocephal&ut 74 inC. reevesii Last not least, G et al. (1997) claimed
that the third macrochromosome has a secondary constriction on the shortGarm i
megalocephalawhich is lacking inC. reevesii

Generally, evolution of chromosomes is very slow in turtles (e.ickpBa 1981,
MuHLMANN-DIaz et al. 2001). Conventional staining methods as well as partial C
banding failed to reveal differences even in the karyotypes of distantly related &
morphologically well differentiated geoemydid tax@a(lagur, ChinemysHieremys
MalayemysOcadig CArRr & BickHam 1986). In the light of this evolutionary conser-
vatism and the wide range of different subjective chromosome arrangeméhts in
reevesij we doubt the supposed chromosomal differences bet@emevesiandC.
megalocephaldTab. 3).

Our mitochondrial DNA data favor a conspecifity ©f megalocephaland C.
reevesii However, taking all evidence into account, a hybrid origin @f
megalocephalaseems possible. Hence, further research, involving nuclear genes
needed to clarify the taxonomic status of this enigmatic turtle.
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