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Abstract:W e de term ined the com plete m itochondr ia l sequence of the comm on house gecko, H em idactylus frenatus, by

us ing the polym erase chain reactions ( PCRs) . The entire m tDNA sequence is 16 891 bp in length and conta ins 13 pro-

te in-coding genes, 2 rRNA genes, 22 tRNAs genes and the noncoding control reg ion. M ost genes are encoded by theH

strand, ex cept for one pro te in- cod ing and eight tRNA genes. The base composition is skew ed sim ilar to o ther vertebra te

m tDNAs. No long intergen ic spacers a re found ind ica ting a com pac t com position of this genom e. In gene organ ization,

them itochondr ia l genom e ofH. frenatus is identica l to that o f typ ica l verteb rate, that is to say threem a in a typ ica l fea-

tures ( rearrangem ents, dup lication of genes and of the control reg ion) found in som e squam ates are not found in th is ge-

nome. Except the parthenogenetic geckos, known geckos have consistent g ene conten ts and orders. The new comp le te

sequence can be useful to im prove the future phy log eny by broaden ing the coverage o f squam ate d iversity.
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疣尾蜥虎线粒体基因组全序列及其基因组成
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[摘要 ] � 测定了疣尾蜥虎 (H em idacty lus frenatus ) 的线粒体基因组全序列. 序列全长为 16 891 bp, 包括 13个蛋

白质编码基因、2个 rRNA基因和 22个 tRNA基因.除大部分基因由重链编码外, 仅 1个蛋白编码基因和 8个 tR-

NA基因由轻链编码.碱基组成的偏好与其他脊椎动物线粒体 DNA接近.没有发现长的基因间隔区, 说明该基因

组的结构十分紧凑.基因组的组成与典型脊椎动物的相近,即没有发现重排、基因或控制区的重复等在其它有鳞

类动物中出现过的异常特征.除单性生殖的壁虎外,现有的壁虎类线粒体基因组在基因含量和顺序上是一致的.

作为蜥虎属线粒体基因组全序列的惟一代表, 该序列有望在有鳞类系统发生的推断上发挥一定的作用.
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� � An imalm itochondr ia lDNA (m tDNA ) is a sma l,l extrachromosoma lgenome, typ ically ~ 16 kb in size. The

relat ive conservat ion in gene contents and arrangemen ts, compact organization, abundance in an imal ce lls, faster

evo lutionary ratemade m tDNA genom e successfu l in phylogenetic analyses. In the past 10 years, mo re andmore

m tDNA genomes have been sequenced. T ill now, there are 65 squam atem tDNA s deposited in G enB ank. B ased

on these known genomes, phylogenies have been reconstructed among d ifferent taxa, such as Serpentes
[ 1, 2]

, Am-

ph isbaen ians
[ 3]
, Iguanians

[ 4, 5]
and the w ho le Squamata

[ 6, 7]
, intending to reso lve phy logenetic issues including

orig in o f snakes
[ 6]
, monophy ly o f Saur ia

[ 7 ]
, phylogenetic position of ind iv idua l taxa

[ 8, 9]
and so on. How ever, in-
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complete sampling and the long-branch attraction ( LBA ) may d isturb the actual phy logeny
[ 6, 10 ]

and g ive out

w rong results. To reso lve these, suffic ient samp ling is one o f thew ays
[ 11]

.

Changes on gene organization in m tDNA have been reported in a lmost a ll m ajor lineages in an ima ls
[ 12]

.

S ince rearrangements appear to be unique, genera lly rare even ts are un likely to arise independent ly in separate

evo lutionary lineages. The comparison o f an ima lm itochondrial gene arrangemen ts has become a very pow erfu l

means for inferring ancient evolutionary relat ionships
[ 12, 13 ]

. Several k inds of rearrangements and organization

changes have been found in squamate m tDNAs
[ 14, 15 ]

, and have been used to in fer evolutionary processes of the

m itochondrial genome in snakes
[ 2]
. M orem tDNA sw ill be usefu l for further study of genom e evolution.

H em idactylus ( Gray, 1845) is a species-rich genus comprises about 80 speciesw idely distributed in tropica l

and subtropicalA sia, Europe, A frica andAmerica
[ 16 ]

. To date, m tDNA genom ic informat ion from th is genus is

b lank. In th is study, w e sequencedm tDNA genome from one of the fourH em idacty lus spec ies in China, H. f re-

natus, w ith the a im o f prov id ing information for studies both on phy logeny and m itogenome evolution.

1� M aterial andM ethods

1�1� Samp le, DNA amplif ication, and sequenc ing

� � The spec imen ofH em idactylus frenatus sequenced in this studyw as samp led from Jianfeng ling, H ainan Prov-

ince. TotalDNA was extracted from a sma ll quant ity ( 20mg) of t issues by DN easy T issueK it ( Q iagen) . Sever-

a l shortm tDNA fragments w ere amp lified using Ex-Taq DNA polymerase ( Takara) and sequenced in order to de-

sign taxon-specific prim ers. PCRs w ere perfo rmed in aM J PTC-200 therma l cycler under the pro file: 5 m in at

95� fo llow ed by 35 cycles of 95� fo r 30 s, 50~ 55� for 30 s, and 72� for 90 s. PCR products o f 1~ 2�5 kb

w ere purified and then sequenced employ ing an ABI 310 or 3 700 system w ith b-i d irect iona l and several interna l

primers. Short fragm ents w ere assemb led in to a cont inuous sequence.

1�2� Sequence analysis

Sequence assemb ling w as implemented by SeqM an II in DNASTAR package. In them tDNA sequences thus

obta ined, prote in-cod ing genes w ere iden tified by searching the start and stop codons based on corresponding

homo logues from other geckos. The transfer RNA genes w ere located w ith tRNAscan-SE1�21 ( h ttp: / / lowe lab.

ucsc. edu / ) , and secondary structures w ere inferred using DNASIS version 2�5 ( H itachi Engineering, Tokyo,

Japan) and RNA stucture 4�6[ 17 ] . Boundaries of rRNA genes and contro l reg ions w ere tentative ly def ined by the

boundar ies o f adjacent cod ing genes. Them tDNA sequence has been deposited atG enB ank ( GQ245970) .

Comparisons w ith other five gekko tan m tDNA s (G ekko gecko: AY282753; Gekko vittatus: NC- 008772;

Tarentolamauritanica: EU443255; Coleonyx variegatus: NC- 008774; T eratoscincus key serling ii: NC- 007008)

in gene lengths and G + C content w as conducted. Another gekkotan m tDNA in GenBank (H eteronotia binoei:

NC- 010292) w as no t added into comparison because of the relat ively longer leng th due tomu ltiple gene duplica-

tions. Nucleo tide composition and codon usage bias w ere ca lculated using so ftw areMEGA 4�0[ 18 ] .

2� Resu lts

2�1� Genome content and organization

� � The m itochondrial genome presented here fo rH. f renatus is 16 891 bp in length. This leng th is w ithin the

range repo rted for o ther squam atem t genomes
[ 19]

. Th is new sequence inc ludes 2 rRNA genes, 13 protein-coding

genes, 22 tRNA genes and the noncoding con tro l reg ion. Position 1 of the sequence corresponds to the first nu-

c leot ide acid in the tRNA
Ph e

gene. The gene organ iza tion conformed to that of typ ica l vertebrate ( F ig. 1, Table

1). M ost genes are encoded on theH strand, ex cept fo r theND6 gene and e igh t tRNA genes ( tRNA
G ln
, tRNA

A-

la
, tRNA

A sn
, tRNA

Cys
, tRNA

Tyr
, tRNA

Ser(U CN )
, tRNA

Pro
, tRNA

G lu
), wh ich are encoded on the L strand. E ight o-

verlapp ing reg ions and six teen intergenic spacers are found and shown in Table 1. The base compositions in these

m tDNAs are skew ed sim ilarly to other vertebrate m tDNAs.
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Tab le 1� Characterisitics of the m itochondria l genom e o fH em idactylus frena tus

表 1� 疣尾蜥虎线粒体基因组的结构特征

G enea
Pos ition S ize Codons

From To bp aa start stopb

Spacer( + )

Overlap( - )

tRNAPhe 1 75 75

12 srRNA 76 1 033 958

tRNAVa l 1034 1 102 69

16 sRNA 1103 2 641 1 539

tRNAL eu(UUR) 2642 2 716 75

NADH 1 2717 3 670 954 317 GTG TAA 7

tRNA Ile 3678 3 748 71 1

tRNAG ln ( L) 3 750 3 821 72 - 1

tRNAMet 3821 3 890 70

NADH 2 3891 4 929 1 039 346 ATA T aa

tRNAT rp 4930 4 997 68 - 2

tRNAA la ( L) 4 996 5 064 69 1

tRNAAsn ( L) 5 066 5 138 73

Orig in-L 5139 5 167 29 - 3

tRNACys ( L) 5 165 5 230 66 4

tRNAT yr ( L ) 5 235 5 300 66 4

CO I 5305 6 852 1 548 515 ATG AGA - 7

tRNA Ser(UCN) ( L) 6 846 6 916 71 3

tRNAAsp 6920 6 987 68 1

CO II 6 989 7 676 6 88 229 ATG T aa

tRNAL ys 7677 7 743 67

ATPase8 7744 7 908 165 54 GTG TAG - 10

ATPase6 7899 8 578 680 226 ATG TAa

CO III 8579 9 362 784 261 ATG TAa

tRNAG ly 9363 9 431 69 2

NADH 3 9434 9 780 347 ATG TAa 1

tRNAA rg 9782 9 849 68 2

NADH 4L 9852 10 145 294 97 ATA TAA - 7

NADH 4 10139 11 506 1 368 455 ATG TAA 5

tRNAH is 11512 11 579 68

tRNA Ser(AGY) 11580 11 639 60 - 1

tRNAL eu(CUN) 11639 11 711 73 2

NADH 5 11714 13 522 1 809 602 ATG AGA - 19

NADH 6( L) 13 504 14 025 522 173 ATG AGG 1

tRNAG lu ( L) 14 027 14 098 72 2

Cyt b 14101 15 234 1 134 377 ATG TAA 5

tRNAT hr 15240 15 306 67 10

tRNAPro ( L ) 15 317 15 382 66

D-loop 15383 16 891 1 509

� � � � � � � � � � � a ( L) ind icates a gene encoded on th e L-strand. b TA a and Taa represent incom p lete stop codons.

2�2� R ibosom a,l transfer RNA and pro te in-cod ing genes

The 12S and 16S rRNA genes o fH. frenatus are 958 and 1 539 bp, respective ly. The size is sim ilar to those

o f o ther determ ined m tDNAs from Gekkon idae ( Table 2) . They are located betw een the tRNA
Phe

and tRNA
L-

eu (UUR)
genes, and separated by the tRNA

V al
gene w ith the same situat ion found in other geckos

[ 7 ]
.

Tota l of the 22 tRNA genes are interspersed in the genome and range in size from 60 to 75 bp. A ll cou ld be

fo lded into the canon ica l cloverleaf secondary structure ( such as F ig. 2b), except tRNA
Ser ( AGY)

in wh ich the

complete dihydrouridine arm ( D-arm ) w as lacking ( F ig. 2a) . This is a common feature of metazoan m tD-

NA s
[ 20 ]

, and the aberrant tRNA can also f it the ribosom e by ad justing its structura l conform ation and function in

a sim ilar w ay to that o f usua l tRNA s in the r ibosome
[ 21]

.

�79�

JieYan, e t a:l Comp lete Nucleotide Sequence and Gene O rgan ization o f theM itochondr ia l Genom e o f�



Table 2� G eneral characteristics of six gekkotan m itochondrial genom es

表 2� 壁虎类动物线粒体基因组的基本特征

Taxa

G enom e Length /bp G+ C nu cleot ide conten t /%

Total
Protein

cod ing
rRNAs tRNA s

C on trol

region
T otal

P rotein

cod ing
rRNAs tRNAs

C on trol

region

H em idacty lu s f renatus 16 891 11332 2 497 1 523 1 509 45�8 45�9 47�6 45�1 43�8

G ekko g ecko 16 435 11 335 2 547 1 547 1 014 41�2 41�1 42�4 41�7 37�5

G ekko vi tta tu s 16 946 11 319 2 539 1 529 1 554 37�5 36�7 41�4 40�3 34�7

Ta rentola mau ri tanica 16 593 11 282 2 492 1 541 1 180 44�7 45�6 47�8 44�7 29�2

Coleonyx variega tu s 17 110 11 365 2 471 1 544 1 727 43�8 44�0 44�4 42�5 42�3

T eratoscincu s keyserling ii 17 199 11 101 2 472 1 525 2 117 44�1 44�1 46�4 43�2 41�8

� � Positions o f prote in-cod ing genesw ere determ ined by the occurrence o f start and stop codons and by analogy

w ith other complete squamate m tDNA sequences. In the 13 protein-coding genes, nine of them use ATG as the

start codon, w hileND1 andATP8 useGTG ( Table 1) . ND2 andND4L genes startw ith ATA. Five protein-cod-

ing genes� ND2, CO II, ATP6, CO III andND3� have incomp lete stop codons ( TA or T) , w hich w ere presum a-

bly completed as TAA by pos-t transcript iona l po lyadeny lation
[ 22]

. The TAG andAGR are observed as term ina tor

in other genes ( CO I, ATP8, ND5 andND6) . C odon usage in theH. f renatus m itochondrial genom e indicated

tha t CUA ( Leu) , ACA ( Thr) and GCC ( A la) occur at a h igher frequency than others ( da ta not show n). The

low est proportion ( 10�1% ) o fG at the th ird codon posit ion, represent a typical b ias aga inst the use of �G � in

vertebrates. Two pa irs of pro tein-coding genes ( ATP8 and ATP6, ND4L and ND4) , both located on the H-

strand, overlapped in reading- fram es for 10 and 7 bp.

2�3� Noncoding reg ions

The noncod ing regions o fH. f renatus include a contro l reg ion, a putative ligh-t strand orig in of rep lication

( OL ) and a few intergenic spacers.

The sing le contro l reg ion spans 1 509 bp and is located betw een the tRNA
Pro

and tRNA
Ph e

genes. W ith in th is

sequence, conserved sequence blocks ( CSB1-3) w ere ident ified in the positions 963-983, 1 234-1 251, and
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1 287-1 306, respective ly. These conserved sequences w ere thought to be invo lved in positioning RNA polymer-

ase both for transcript ion and for prim ing replications
[ 23, 24]

. Compar ing to other three geckos, the C+ G content

o f contro l reg ion inH. f renatus is h igher ( Table 2).

As in most vertebrates, the putative ligh-t strand or ig in of replication ( OL ) o fH. frenatus comprises 29 bp

and located betw een tRNA
A sn

and tRNA
Cys

inWANCY c luster ( tRNA
Trp
, tRNA

A la
, tRNA

A sn
, tRNA

Cys
and tRNA

-

Tyr
) . It has po tent ia l to fo ld into a stable stem-loop secondary structure w ith 9 bp in the stem and 11 bp in the

loop. This reg ion overlaps the tRNA
Cys

gene by 3 bp. A sim ilar sequence ( 5�-CCCGG-3�) to the 5�-GCCGG-3�

conserved moti,f w hich w as thought to be assoc iated w ith the transition from RNA synthesis to DNA syn thesis in

human m tDNA
[ 25]

, is found at the base o f the stem o f tRNA
Cys
.

The intergen ic spacers found inH. f renatus is sho rt ( � 10 bp) , indicating a compact structure.

3� D iscussion

InH. frena tus m tDNA, identica l gene organization to typ ica l vertebrate is found. Threem ain atypical fea-

tures found in some squam ate reptiles, gene rearrangements in amph isbaenian reptiles
[ 3]

and snakes
[ 1, 2 ]

, dupl-i

cated genes inH eternotia geckos
[ 26]

and cup licated contro l reg ions in advanced snakes
[ 1, 2, 27 ]

and the Komodo

dragon
[ 28]

, are not observed in th is new genome. In a ll exam ined gekkotanm itochondria l genomes to date, gene

contents and orders are ident ica,l ex cept the parthenogenetic geckos, H eternotia binoei complex
[ 26]

in wh ich ran-

dom duplicat ions varying from 5�7 to 9�4 kb w ere found. In addit ion, the ligh-t strand orig in of rep lication ( OL ),

wh ich is lost in m any squamate reptiles
[ 14]

, can be found in all these genomes.

W ithin Squamata, phy logenet ic relat ionships are no tw ell reso lved. Severalm itochondria l and nuclear genes

have been invo lved
[ 10, 29, 30 ]

, wh ile controversies cont inue. The completem itochondrial genomes, although pow er-

fu,l are lim ited in amounts and covering on ly a few squamate taxa. B esides, differences in evo lut ionary rates o f

ind iv idua l lineages increase the risk o fm istake. As discussed above, insufficient samp ling and the long-branch

a ttraction have been reported possib ly re lative to unexpected and w rong relationsh ips, and thorough taxon cover-

age o f squamate d iversity is necessary
[ 31 ]

. In th is study, the first m itochondria l genome from H em idacty lus

( G ekkon idae, Gekkota) and meanwhile the seventh in gekkotans w as reported. Though dist inction in gene or-

gan izat ion, wh ichmay prov ide important evo lutionary information, w as no t found in th is new genome, sequence

inform ation could be w e ll used in future phy logenet ic discussions a t d ifferent leve ls.
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