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Abstract：Long—PCR amplification，clone and primer-walking sequencing methods were employed in determine the 

complete sequence of mitochondrial genome of tokay(Gekko gecko)．The genome is 16 435 bp in size，contains 13 pro— 

tein—coding，2 ribosomal and 22 transfer RNA genes．The mt genome of Gekko is similar to most of the vertebrates in gene 

components，order，orientation，tRNA structures，low percentage of guanine an d high percentage of thymine，an d skews of 

base GC and AT．Base A was preferred at third codon positions for protein genes is similar to am phibians and fishes rather 

than amnion vertebrates．The standard stop codes(TAA)present only in three protein genes，less than those of most ver- 
tebrates．Transfer RNA genes range in length from 63 to 76 nt，their planar structure present characteristic clover leaf，ex- 

cept for tRNA—Cys and tRNA—Ser(AGY)because of lacking the D arm． 
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大壁虎线粒体基因组全序列及其结构 
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摘要：采用长PCR扩增、克隆和引物步行等方法，测定了大壁虎(Gekko gecko)线粒体基因组全序列。序列 

全长 16 435 bp，共有 13个蛋白质编码基因、2个rRNA基因和22个 tRNA基因。基因组的组成、顺序、编码链的 

选择、tRNA的结构、较低的碱基 G含量、对碱基T的偏好以及 GC和 AT偏斜，都与大部分脊椎动物相同或相 

近。但有些特征揭示了壁虎类的原始性：蛋白质编码基因密码子第 3位表现为对碱基A的偏好，更接近两栖类 

和鱼类而不是羊膜动物；标准终止密码子(TAA)只出现于 3个蛋白质编码基因中，比大部分脊椎动物少。tRNA 

基因核苷酸长度为63～76 nt，除了tRNACys和tRNASer(AGY)缺少D臂，其余的二级结构均呈典型的三叶草状。 

关键词：大壁虎；有鳞类；线粒体基因组全序列；基因结构 
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The animal mitochondrial(mt)gene content is 

highly conserved，it usually encodes 1 3 proteins，2 ri— 

bosomal RNAs(rRNAs)，and 22 transfer RNAs(tR． 

NAs)．The gene order is also highly conserved among 

most vertebrates(Boore，1999)．However，gene loss 

and geBe reaI1舶 gement have been found in some taxa 

(Joshua et al，2003)．Comparisons of mitochondrial 

systems are useful for modeling genome evolution and 

phylogenetic inference(Boore，2004)．They include 

gene content and gene arrangement；base composition； 

modes of rephcation and transcription；protein，tRNA 

and rRNA gene secondary structures； and genetic 

codon variations．Th ese features are cu~enfly more ac— 

cessible for study in the much smaller and simpler mito— 

chondriM genomes(Garesse et al，1997；Boore， 

2004)．During the last ten years，mitochondriM 
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genome sequence and gene arrangement comparisons 

were employed as powerful new tools for resolving an— 

cient phylogenetic relationships (Zardoya＆ Meyer， 

1998；Janke et al，2001；Zhou，20O1；Joshua et al， 

2003；Wu et al。2003；Boore。2004)． 

Geckos and pygopods comprise the Gekkota，one 

of three major lineages of living lizards and the only 
such lineage to be primarily nocturna1．Current esti— 

mates of gekkotan diversity recognize approximately 

1 110 species in 116 genera(Kluge，2001；Bauer， 

2002)and many new taxa are described each year．A1． 

though partial sequences ofⅣD1，ND2，CO1，12S， 

tRNAs，16S and Cyt b genes，etc．from gekkonid 

lizards have been published(Donnellan et al。1 999； 
Han et al，2001；Macey et al，1999；Nogales et al， 

1998；Austin et al，2004；Zhou，2001)，no complete 

mitochondrial sequence has been reported from any of 

the geckos so far．In this article，the gene sequences 

and organization of mitochondrial genome of tokay 

(Gekko gecko)are reported． 

1 Materials and Methods 

1．1 Specimen information 

The specimen of G．gecko was obtained in Nan— 

ning，Guangxi Province in China．The flesh organs 

were frozen immediately in liquid nitrogen and stored 

under一80℃ ． 

1．2 PCR amplification．cloning and sequencing 

Mitochondrial DNA was extracted from liver tissue 

foHowing the procedure described in Amason et al 

(1991)． 

We obtained an mtDNA sequence of Gekko within 

ⅣD4 using the primer pair(LND4：5 一CAG TAT ATG 

GGC TTC ATC TC一3 ：HLEU：5 ．TAC rITITI1 TAC ITG 

GAT ITG CAC CA一3 1 designed based on alignment of 

reptile mtDNAs。and a sequence of 12S rRNA frag— 

ment amplified by universal primers L1091 and H1478． 

Two pairs of primers were synthesized for long—PCR gln— 

plification based on the above two sequences：G12SL： 

5 一AGG TCG AGG TGT AGC AAA CGA GAG GGA 

AGA GAT G一3 ：GND4H：5 一GCG ATG ATG GAT 

TrG AGA TCT G IT TGA CGC AGG C一3 and GND4L： 

5 一A IT CAC ACA CCA ACC CTC ATC TrA ACA 

CGA GGC C一3 ：G12SH：5 一GCT CCT CTA GGA TGA 

TAT GGA ACA CCG TCA AGT C一3 ．Two fragments of 

about 10 kb and 6 kb respectively were obtained using 

these two pairs of primers by long—PCR am plification 

(Expand Long Template PCR System。Roche)． 

Th e above two fragments were cleaved with restric— 

tion enzyme Hind m， oR 工， f工and Acc工． 

Fragments suitable in size were cloned using either the 

TA cloning method utilizing the plasmid vector pUC 19， 

or cloning to vector pGEM一3Zf(+)by cloning kit 

(Takara)according to the manufacturer's protoco1．The 

primer walking strategy was used for the fragm ents 

longer than 1 kb． 

Both cloning and PCR fragments were sequenced 

from both ends with internal primers using ABI PRISM 

3 10 sequencer(Perkin Elmer)．A11 ovedaps between 

the clones were confirmed by direct sequencing of PCR 

products am plified from the purified mtDNA template． 

The whole mitochondrial genome was read at least two 

times． 

1．3 Data analysis 

The gene sequences of Gekko mitochondrial 

genome were identified by sequence comparison with 

published reptile gene sequences using Clustal X 1．8 

(Thompson et al，1999)．This program was also used 
to calculate the following data：percentage of total base 

substitutions；base percentages of noncoding and con— 

trol region(s)；transition／transversion． 
Start and stop codons were used to help defining 

the sequences of protein—coding genes．In addition，tR— 

NA genes were folded to verify their secondary struc— 

tures using program  RNAdraw and improved manually． 

Gene compactness，percentage of GC base component， 

Base skew overall，and base skew at 3rd codon position 

for protein—coding genes，etc．were also calculated to 

analyze the genome characters． 

Th ree other mitochondrial genome sequ ences re— 

trieved from GenBank were analyzed and calculated al— 

so in this study for comparing the above characters： 

Eumeces egregius(GenBank accession no．ABO16606； 

Kumazawa＆Nishida，1999)；Iguana iguana (Gen— 

Bank accession no．AJ404872，Janke et al，2001)： 

Dinodon semicarinatus (GenBank accession no． 

AB008539，Kumazawa et al，1998)．Although the se— 

qu ences used in this study are retrieved from defined 

taxonomic entities (species／subspecies)， for the sake 

of brevity，we refer to these taxa only by their genus 

nam es in the text． 

2 Results and Analyses 

Th e complete mtDNA sequence has been deter- 

mined for G． gecko (GenBank accession no． 

AY282753)．The mtDNA is 16 435 bp in size．en— 

codes 13 protein genes，22 tRNA genes，and 2 rRNA 

genes．Both gene content and gene order are typical of 

vertebrates(Saccone et al，1999)．With respects to the 

length of intergenic spacers and overlaps，Gekko has a 
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rather compact genome compared with the other three 

squamates(Tab．1 and Tab．2)．The overall base 

composition of C．ekko mtDNA for the L—strand iS：A． 

32．3％ ；C，27．6％ ；G，13．6％ ；and T．26
． 4％ ． 

Guanine(G)is the rarest nucleotide and GC content is 
41．2％ ．A1l the C．ekko mitochondrial protein—coding 

genes start with an ATG codon except ND 2 and Cyt b 

which start with ATA，and ND3 and ND5 which stan 

with GTG，respectively(Tab．1)。Four protein—coding 

genes terminate with TAA，two end with TAG，two end 

with AGA，and each of the other five has an incomplete 

stop codon，a single stop nucleotide T，where the post— 

transcriptional polyadenylation can produce a standard 

TAA stop codon．The direction or the encoding—strand 

selection of the genes is identical to the typical verte— 

brates(Tab．1)． 

The 22 tRNA genes range from 63 to 76 nt in 

length．Most of them could be folded into the canonical 

cloverleaf secondary structure(Fig．1)．The complete 

dihydrouridine aiTns(D—arrns)ale lacking in tRNACys 

and tRNASer(AGY)． 

Th e stem and loop structure of origin of the Duta 
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Tab．2 Comparisons of mitochondrial genome features in four squamates 

。“+ ：Spacer；“一 ：Overlap．Control r~ion(s)is excluded 

Tab．3 Comparison of organl,ation in noncoding region(s)among Gekko and 3 squamateS 

NC=Nocoding r~ion；CR=Control region；xIrCR=Second control or noncoding r~ion．‘There is aIl 83一bp overlap between the first删 unit 

(5 )and Cyt b gene(3 )sequence，and another 30一bp overlap between the second repeat unit(3 )and the tRNAThr gene(5 )8eque~lce． 

tive light-·strand replication locates between the tRNA-· 

Asn and tRNA—Cys．The D—loop(control region)locat— 

ed between tRNAPro and tRNAPhe is 1 013 bp in size． 

3 Discussion 

3．1 Base composition and nucleotide bias 

Vertebrate animal mitochondrial genomes deviate 

from a random usage of nucleotide．Saccone(1999) 

used the formula，base—skew=(A—T／A+T)or(G— 

C／G+C)，to evaluate the degree oftlle base bias，and 

found all the values of GC—skew were negative while all 

the values of AT．skew were positive in amniotes．The 

base bias of Gekko and the other three squamates fTaJ)． 

2)accords with tlle feature．and we can find the base 

bias overall(GC=一0．34；AT=0．10)ofthe Gekko is 

most similar to Eumeces(GC=一0．3O；AT=0．O9)． 

，rIle percentage of total base substitutions and gaps 

between Gekko and Dinodon(38．3％)is higher than 

山at between Gekko and each of the other two lizards 

(Gekko／Eumeces=33．6％：Gekko／Iguana=32．8 

％)， respectively； the percentage of transition／ 

transvemion between Gekko and D／notion(73．0％)is 

much lower than that between Gekko and each of the 

other two lizards(Gekko／Eumeces=92．2％：Gekko／ 

Iguana =84．6％)． 

3．2 Protein-coding genes 

Base composition of vertebrate protein—coding 

genes is characterized by positive bias for T and nega— 

tive bias for G in the second positions．but the devia— 

tions in the third positions of synonymous codons might 

reflect more of this feature for the light directional muta— 

tion pressure in these positions(Saccone et al，1999)． 

Ⅵ ile aU the amniotes have a positive bias in the thi 

positions for C and A，most of amphibians and fishes 

have only a positive bias for A in this positions(Janke 

et al，2001)，and the base bias of Gekko(A=38．8；C 
= 27．6；G=8．7；T=24．9)is similar to the later． 

3．3 Transfer RN 

1【11e complete missing of D—arln of tRNASer 

(AGY)has also been found in the mtDNAs of the black 

spotted frog Rana nigromaculata(Sumida et al，2001) 

and the African side．necked turtle Pelomedusa subtufa 

(Zardoya& Meyer，1998)．Gekko tRNA anticodon 

triplet sequences are exactly tlle same as in other verte— 

brates，and therefore tllev likely use the same genetic 

codons．As in other vertebrates．folding of the tRNA 

sequences required the form ation of G +T and other 

atypical pairings(Fig．1)． 

3．4 Noncoding regions 

The stem．．and．．1oop structure of origin for the puta．． 

tive light—strand replication of most vertebrates locates 

between tRNAAsn and tRNACys．which are absent in 

the African side—necked turtle(Pelomedusa subrufa)， 

Chinese alligator(Alligator sininsis)，Texas blind 

snake(Typhlonectes natans)，tuatara(Sphenodonpun— 

ctat~)and some birds(Zardoya&Meyer，1998；Wu 
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et al，2003；Seutin et al，1994；Kumazawa& Nishi— 

da。1995；Desjardins& Morais，1990)，and can be 

easily identified at the corresponding position in 

Gekko． 

The sequence of the control region(CR)located 

between tRNAPro and tRNAPhe is 1 0 1 3 bp in size and 

consists of 6．6％ of the whole genome．This percent— 

age is slightly lower than that of Eumeces(7．5％)and 

much lower than Dinodon (1 2．3％)．Some structural 

features of the noncoding regions and their tandem— 
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