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Table 1 Samples of 10 gekkonid lizards species distributed in China examined in the study

Species Code Locality Preservation
Gekko
G. japonicus Gj Hefei  Anhui Frozen
G. swinhonis Gs Xuzhou Jiangsu Frozen
G. hokouensis Gh Shaowu Fujian Formalin preserved
G. gecko Gg Nanning  Guangxi Frozen
Cyrtopodion
C. elongatus Ce Tuokexun Xinjiang Ethanol preserved
C. russowi Cr Kuerle Xinjiang Ethanol preserved
Teratoscincus
T. roborowskii Tt Tulufan  Xinjiang Ethanol preserved
Hemidactylus
H. bowringii Hb Qionghai Hainan Ethanol preserved
H. frenatus Hf Leizhou Guangdong Ethanol preserved
Gehyra
G. mutilatus Gem Qionghai Hainan Ethanol preserved
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2 10 12S rRNA / P
= /
Table 2 Numbers of transitions/transversions upper triangle and percentages of sequence differentiation
P value = sequence differences/sequence size lower triangle of the partial sequences

of 12S rRNA gene of 10 gekkonid lizards species with gaps deleted in each pairwise comparison

OTUs 1 2 3 4 5 6 7 8 9 10

1 Gj / 29/31 29/32 49/49 44/52 43/53 43/41 40/54 41/54 46/48
2 Gs 0.159 / 0/5 49/48 46/57 45/58 40/51 49/58 50/58 49/53

¢
Q

0.160 0.013 / 51/49 47/52 46/54 41/45 46/60 47/60 48/51
Gg 0.259 0.259 0.263 / 52/54 51/55 45/53 59/46 60/46 53749
Ce 0.254 0.267 0.258 0.275 / 0/3 47/41 51740 53740 51/59
0.254 0.267 0.261 0.275 0.007 / 47/42 52/39 54/39 50760
Tt 0.228 0.244 0.232 0.259 0.226 0.229 / 47/40 48/40 44/59
Hf 0.251 0.279 0.279 0.278 0.231 0.231 0.229 / 2/0 56/51
Hb 0.253 0.281 0.282 0.280 0.236 0.236 0.232 0.005 / 57/51

© © 9 U
Q

10 Gem 0.255 0.271 0.265 0.270 0.281 0.281 0.269 0.278 0.281 /
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Fig.1 Reconstructed molecular phylogenetic trees of 10
gekkonid lizards species using Juke-Cantor distance
based upon the partial sequences of 12S rRNA gene with
Bootstrap Test 1 000 replications
BCL The values of bootstrap con-
fidence level BCL of the nodes were indicated
A N NJ Tree B UPGMA UPGMA Tree ¢ MpP
NJ MP Tree



142 47

MP 2 P 0.013
2 BCL p 0.007  0.005
100% UPGMA 2
2 3
BCL 34%
2 2
Russell 1976 1996  12S
rRNA
5
2 P=0.013
Kluge 1987 4
Gekkoninae
Teratoscincinae
Kluge 300 mm
2n =38
2 1 B BCL=34% MP
1 A BCL=78% C BCL= 3 BCL = 66%
66 %
3
3 P=0.259 ~ 0.263
P<0.26 17
P>0.26 13 NJ
DNA UPGMA
P
0.160 P
0.159 2
References

Chen J. C. X. B. Pengand D. W. Yu 1986 Studies on the karyotypes of three species of the genus Gekko. Acta Herpetologica Sinica 5 1 24 ~29.

1986 . 51 24~29.
Guo C. W. andJ. L. Li 1995 Observation on the Ag-NORs in 3 species of Gekko and the karyotype of G. swinhonis. Hereditas 17 1 16~ 18.
1995 . 17 1 16~18.

Kluge A. G. 1983 Cladistic relationships among gekkonid lizards. Copeia 1983 2 465 ~475.

Kluge A. G. 1987 Cladistic relationships in the Gekkonoidae Squamata Sauria . Misc. Publ. Mus. Zool. Univ. Michigan 173 1~54.

Kocher T. D. W. K. Thomas A. Meyer S. V. Edwards S. Paabo F. X. Villablanca and A. C. Wilson 1989 Dynamics of mitochondrial DNA evolu-
tion in mammals Amplification and sequencing with conserved primers. Proc Natl Acad Sei USA 86 6 169 ~ 6 200.

Li M. X.M. Wang H. L. Sheng H. Tamate R. Masuda J. Nagata and N. Otaishi 1999 Mitochondrial DNA divergence and phylogeny of four species
of deer of the genus Cervus. Acta Zool. Sin. 45 1 99~ 105.
1999 DNA . 451 99~ 105.

Russell A. P. 1976 Some comments concerning interrelationships amongst gekkonine geckos. In  Bellairs A. d’ A. and C. B. Cox eds. Morphology and
Biology of Reptiles. Linn. Soc. Symp. 3 217 ~244.

Shen J. W. P. H. Luand Y. F. Chen 1996 The comparative study on LDH isozymes of six tissues of three species of Gekko. J. of Nanjing Normal Univ



2 12S rRNA 10 143

N.S. 19 4 45~47. 1996 LDH
19 4 45~47.
Thompson J. D. D. Higgins and D. J. Gibson 1994 CLUSTAL w improving the sensitivity of progressive multiple sequence alignment through sequence
weighting positions-specific gap penalties and weight matrix choice. Nucleic Acids Research 22 4 673 ~ 4 680.
Wang Y. Q. K. Y. Zhou L.S. Xu G. Yangand G. J. Xu 1999 The evolutionary relationships of several colubrid snakes suggested by sequences analy-
sis of Cyt B gene fragment. Acta Zool. Sin. 45 3 332 ~338.
Wu P. and K. Y. Zhou 1999 Phylogeny of Asian freshwater and terrestrial turtles based on sequence analysis of 12S rRNA gene fragment. Acta. Zool.

Sin. 45 3 260~ 267. 1999 12S rRNA . 45

3260 ~267.
Xiao W. H. C. H. Wu B. Su Y. P. Zhangand G. H. Cui 1997 DNA extracted from formalin-fixed Xenocypris yunnanensis and sequence analysis of

its cytochrome B gene. Zoological Research 18 3 242 252 258 284. 1997

DNA b . 18 3 242 252 258 284.
Zhao E. M. K. T. Zhaoand K. Y. Zhou 1999 Lacertilia. In Fauna Sinica-Reptilia Vol.2. Squamata Beijing Science Press 1 ~ 394,
1999 : ) : ) 1~394.
Abstract

PHYLOGENY OF TEN SPECIES OF CHINESE GEKKONID LIZARDS
GEKKONIDAE LACERTILIA INFERRED FROM
12 S rDAN DNA SEQUENCES

HAN De-Min ZHOU Kai-Ya WANG Yi-Quan

Institute of Genetic Resources  Nanjing Normal University ~Nanjing 210097  China

The studies on phylogenetic relationships of gekkonid lizards have been largely based on morphological characters
before including the structure of digits and internal anatomy. In China the phylogeny among some gekkonid lizards
based on karyotype nucleolar organizer and LDH lactic dehydrogenase isozyme was reported. However nucleotide se-
quence data have not yet been employed to study the phylogeny of gekkonid lizards. In the present study phylogenetic
relationship among 10 Chinese gekkonid lizard species was inferred based on sequences of 12S TRNA gene fragment.

1. Material and method

Total DNA was extracted from about 50 mg of the muscle tissue from 10 gekkonid lizards ~ Gekko japonicus G.
swinhonis  G. hokouensis G. gecko Cyriopodion elongatus C. russowi Teratoscincus roborowskii  Hemidactylus
bowringit  H. frenatus and Gehyra mutilata collected in China. The samples were either frozen —209C  or ethanol
or formalin preserved Table 1 . Two primers L1091 and H1478 Kocher et al. 1989 were used for amplification and
sequencing. Sequencing were performed manually using silver-staining technique or automatically in an ABI Prism 310
Genetic Analyzer.

All sequences were aligned with the program of Clustal w Thompson et al. 1994 . The DNA sequences were ana-
lyzed with the MEGA program 1.02 edition . For distance estimation we deleted sites with gaps in each pairwise com-
parison Table 2 . The phylogenetic trees of NJ UPGMA and MP were reconstructed with the same program based upon
Juke-Cantor distance with bootstrap test 1 000 replications  Fig. 1

2. Result and discussion

The sequences have been deposited in GenBank accession numbers AF236819 and AF323510 ~ 323518
Aligned sequences of 421 available base pairs including 201 variant sites were obtained. The percentage of sequence

divergence sequence difference / sequence size among the five genera was 0.228 ~ 0.282 within the genera 0.005 ~
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0.263. Tricotomous clusters were obtained by those methods in all three phylogenetic trees The first cluster contained
the sister group of G. mutilata and G. gecko The second cluster contained the monophyletic lineage of other three
species of Gekko The third cluster contained the remaining five species.

All three phylogenetic trees reconstructed indicate that G. mutilata is closely related to the genus Gekko especially
G. gecko. This result is in agreement with the traditional systematic classification.

The feet of the Cyriopodion = Cyrtodactylus geckos are of creep moving type which adapts to the desert habitat.
Which have With dilated toes and hyperextended digits the feet are adapted to arboreal life. Though the two genera dif-
fer not only in morphology but also in habitat use they cluster in all three phylogenetic trees. This outcome supports the
result of Russell 1976  who considered the muscle bone and tendon systems of the feet and digits developed along
with the scansors as well as setae and pointed out that the antepenultimate phalanxes of both Cyrtodactylus and Hemi-
dactylus were very small and erect and the extremely reduced nature of this particular phalanx was unique to the cyrto-
dactyl-hemidactyl linege.

The results of cladistic study of the Gekkonoidea Kluge 1987 indicated that Teratoscincus was the sister-lineage
to the remaining taxa of Gekkonidae and a new subfamily Teratoscincinae should be established. Our result did not
support Kluge' s hypothesis. The genetic distances between T'. roborowskii and other gekkonid lizards based upon the
percentage divergence of the DNA sequences was similar to those among the other geckos. T. roborowskii was a sister
group to the clade constituted by the two species of Cyrtopodion in UPGMA tree or clustered with Cyriopodion and
Hemidactylus in a monophyletic group in MP tree.

There were studies on karytype nucleolar organizer and LDH isozyme of G. japonicus G. swinhonis and G. hok-
ouensis Chen et al. 1986 Guo et al. 1995 Shen et al. 1996 . However the phylogenetic relationships of these
Gekko speices have not yet been resolved. Our molecular data indicated that G. hokouensis and G. swinhonis clustered
as the sister group of G. japonicus. The molecular data also supported the validity of G. hokouensis .

Although G. gecko was included in the clade constituted by the other three species of Gekko in MP tree the se-
quence divergences of 12S rRNA gene fragment between G. gecko and the other Gekko species P =0.259 ~ 0.263
were higher than those among different genera of gekkonid lizards. Additionally it clustered with G. mutilata in the NJ
and UPGMA trees. Therefore the phylogenetic position of G. gecko remains unresolved.
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