0 4 ( ) Vol 32No 4
2009 12 JOURNAL OF NANJNG NORMAL UN VERSII'Y (Nawral Science Ed iton) Dec¢ 2009

Camplete Nucleotide Sequence and G ene Organ ization
of theM itochondrial G enan e of Canm on

House Gedko, Han idactylus Frenatus
Yan Jig Zhou Jianli Tian Chag Zhou Kaia

( Jangsu Key Laborabry for B bdiversity and B btechno bgy School ofL ife Scinces Nanjing NomalUniversiy Nanjing 210046 China)
Abstract W e detem ned the can plete mitochondrial sequence of the comm on house gecka H en dactylus frenatus by
us ng the polyn erase chain reactions (PCRs). The entire m DNA sequence & 16 891bp n length and contains 13 pro-
teir-coding genes 2 RNA genes 22 RNAs genes and the noncoding control regon M ost genes are encoded by heH
strand except for one proteircoding and eight RNA genes The base compositbn & skewed s ilar to other vertebrate
m DNAs No bng intergenic spacers are found ndicating a canpact can positon of this genane In gene organ ization
them itochondrial genan e of H. frenatus is identcal to that of typical vertebrate that & to say hreemain atyp cal a
tures ( rearrangem ents dup licaton of genes and of the control region) found i som e squan ates are not Hund n ths ge-
nome Except the parthenogenetic geckos known geckos have consistent gene contents and orders The new complkte
sequence can be useful to mpwve the fiture phylogeny by broadening the coverage of squan ate d versity
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Anmalm itochondral DNA (m DNA) is a anall extrachromosamalgenang typically ~ 16 kb n size. The
relative consewvatbn in gene contents and arrangements campact organization, abundance n anmal celly faster
evolutbnary ratemade mDNA genan e successfil n phylogenetic analyses In the past 10 years more and more

miDNA genanes have been sequenced Tillnow, there are 65 squan atem DNA s deposited in G enBank B ased

, 2]

on these known genanes phylogenies have been reconstuucted anong d ifferent taxa such as Serpentes[1 , Am—

ph ishaen iand ', ]guanians“L ' and the whole Squanatalﬁ'”, intendng to resolve phylogenetic issues ncluding

6 7 89 .
origh of snakes ], m onophy ly of Saur il ], phylogenetic position of indilualtaxa  and so on How ever Ir
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canplete sanpling and the bng-branch attraction (LBA ) may distutb he actual phybgeny[6 and give out

wrong results To resolve these sufficient samp lng is one oftheways[“].

Changes on gene organization in m DNA have been reported n almost allm ajor lneages n aninald ",
Smce rearrangements appear o be unique, generally rare events are unlkely to arise independently in separate
evolutbnary lneages The canparison of anmalm itochondrial gene arrangeaments has becane a very powerfil

B3]

. . . . . L1 . o
means for inferring ancient evolutionary relatnnshlps[ ' Several kinds of rearrangements and organization

changes have been found n squamate m DNAS "1 and have been used to nfer evolutionary processes of the

¢?. Morem DNA swill be useful for further study of genam e evolution

m itochondrial genane in snake

H anidactylus (Gray 1845) is a species-rich genus can prises about 80 speciesw dely distrbuted n tropical
and subtropical A sia Europe A frica and America *'. To date m DNA genam ic informaton fran this genus is
bhnk In this study we sequenced m IDNA genane fiun one of the fourH en dacylus speces in Ching H. fre-

natus, with the am of provid ng nfomation for sudies both on phybgeny and m itogenan e evolution
1 M aterial andM ethods

1.1 Sanpk DNA amplification, and sequencig

The specmen ofH en idactylus frenatus sequenced in this sudywas sanpled fiun Jianfengling H anan Prow
ince Total DNA was extracted fran a snall quantity (20mg) of tissues by DN easy T issue K it (Q iagen). Sever
al shortm DNA fragments w ere an p lified using ExTaq DNA polymerase (Takara) and sequenced n order to de-
sign taxorrspecific prin ers PCRswere perbmed n aM J PTC-200 themal cycler under the profile 5Smin at
95C bllowed by 35 cycles of 95C Hr30s 50~ 55C for30 s and 72C for90 s PCR products of 1~ 2.5 kb
were purified and then sequenced employing an ABI 310 or 3 700 system w ih b+d irectbnal and several nternal
priners Short fragn ents were assenbled nto a continuous sequence
1.2 Sequence analysis

Sequence assenbling was mplemented by SeqVl an II imn DNASTAR package In them DNA sequences thus
obtaned proteircod ng genes were identified by searching the start and stop codons based on corresponding
hanologues fran other geckos The transfer RNA genes were beated wih t(RNAscan-SE1. 21 ( hiip //bwelah
ucsc edu/), and secondary strucures were inferred using DNASIS version 2. 5 (H itachi Engineerng Tokyq
Japan) and RNA stucture 4. 6 "', Boundaries of RNA genes and control regbns were tentatively defined by the
boundares of adjacent cod ng genes Them DNA sequence has been deposited atG enB ank (GQ245970).

Canparisons w ith other five gekkotan mIDNA s (Gekko gedka AY282753 Gekko vitlamws NC_ 008772
Tarentola m auritanice: EU443255 Coleonyx wariegaius NC_ 008774 T eratoscincus keyserlingit NC_ 007008)
in gene lengths and G+ C content was conducted Another gekkotan m IDNA n GenBank (H eteronotia binoet
NC- 010292) was notadded nto canparison because of the relatwely longer length due tomultiple gene duplica

tions Nucleotide canpositbn and codon usage bias were calculated using sofiw are MEGA 4.0,

2 Results

2.1 Genane content and organization

The m itochondrial genane presented here HrH. frenawus is 16 891 bp in length This length is within the
range reported for other squan atem t genan es . Thisnew sequence inclides 2 RNA genes 13 protein-coding
genes 22 RNA genes and the noncoding control regon  Position 1 of the sequence corresponds to the first nu-
cleotile acid n the RNA™ gene The gene organizaton confomed to that of typical vertebrate (Fg 1, Table
1). Most genes are encoded on the H strand except for the ND6 gene and eight RNA genes ( IRNACln, RNA"
“ORNAY, RNA®S, RNA", BNA™Y ) RNA™, BNA®"), which are encoded on the L strand E ight o-
verlapp ng regbns and skieen intergenic spacers are found and shown n Table 1 The base canpositions n these
miDNAs are skewed sm ilarly to other vertebrate m DNA s
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Tablk 1 Characterisitics of the mitochondrial genan e o fH an dactylus frenatus

1
Position Size Codons Spacer( + )

G ene® Fran To bp aa start stop?  Overlap( - )

RNA Phe 1 75 75

12 sIRNA 76 1033 958

RNAVal 1034 1102 69

16 RNA 1103 2641 1539

RNALeu(UR) 2642 2716 75

NADH 1 2717 3670 954 317 GTG TAA 7

RNA e 3678 3748 71 1

RNAC (L) 3750 3821 72 -1

RNAMet 3821 3890 70

NADH 2 3891 4929 1039 346 ATA T aa

RNAT® 4930 4997 68 -2

RNAE (L) 4996 5064 69 1

RNA*" (L) 5066 5138 73

Orig irL 5139 5167 29 -3

RNACY* (L) 5165 5230 66

RNATY (L) 5235 5300 66

o1 5305 6852 1548 515 ATG AGA -7

RNAS(UEN) (1) 6846 6916 71 3

RNAASP 6920 6987 68 1

con 6989 7676 688 229 ATG T aa

RNAL» 7677 7743 67

ATPase8 7744 7908 165 54 GTG TAG - 10

ATPase6 7899 8578 680 226 ATG TAa

co I 879 9362 784 261 ATG TAa

RNACY 9363 9431 69 2

NADH 3 9434 9780 347 ATG TAa 1

RNAA & 9782 9849 68 2

NADH 4L 9852 10145 294 97 ATA TAA -7

NADH 4 10139 11506 1368 455 ATG TAA 5

RNAM® 11512 11579 68

RNA Ser(A6Y) 11580 11639 60 -1

RNALe(CUN) 11639 11711 73 2

NADH 5 11714 13522 1809 602 ATG  AGA - 19

NADH 6(L) 13504 14025 522 173 ATG  AGG 1

RNAC (L) 14027 14 098 72 2

Cyth 14101 15234 1134 377 ATG TAA 5

RNATHT 15240 15 306 67 10

RNAP(L) 15317 15382 66

D-loop 15383 16891 1509

®(L) idicates a gene encoded on the I-strand ® TA a and Taa represent incan pkte stop codons

2.2 Ribosam a] transfer RNA and pwten-cod ng genes
The 12S and 16S RNA genes ofH. frenatus are 958 and 1539 bp respectively The size is sin ilar to those
of other determ med mDNAs fran Gekkoniae ( Table 2). They are located between the RNA™ and RNA"

e (U0 genes and separated by the RNA gene w ith the same situatbn found n other geckosm.
Total of the 22 RNA genes are nterspersed in the genane and range n size fum 60 to 75bp. A1l coul be

Ser (AGY . .
A 4 which the

canplete dihydrouridine am ( D-am) was lacking ( Fig 2a). This is a canmon feature of metazoan m D-
NA<™, and the aberrant RNA can also fit the ribosam e by ad usting its structural confom ation and functbn n
a sinilar way to thatofusual RNAs n the rbosane "

foHed nto the canonical cloverleaf secondary stmcture ( such as Fig 2b), except RNA
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Table2 G eneral characteristics of sk gekkotan m itochondrial genom es

2
G enan e Length/bp G+ C nuckotide contentM
Taxa Prokein Contol Potkin Control
Total RNAs RNA s T otal RNAs RNAs

coding region coding region

H enidacty lus frenatus 16 891 11332 2 497 1523 1509 45. 8 459 47. 6 45. 1 43. 8
Gekko gecko 16435 11 335 2 547 1547 1014 41.2 41 1 42. 4 41.7 37.5
Gekko vitlatus 16 946 11 319 2 539 1529 1 554 37.5 36 7 41. 4 40. 3 34.7
Tarentola maurianica 16 593 11 282 2 492 1 541 1180 44. 17 456 47. 8 44. 17 29.2
Coleonyx variegatus 17 110 11 365 2 47 1 544 1727 43.8 44 0 44. 4 42. 5 42. 3
T eratoscinaus keyserling ii 17199 11 101 2 472 1525 2117 44. 1 44 1 46. 4 43.2 41. 8

A [
A-T C-6
A-T A-T
G-C A-T
C+T G-C
Hemidactylus frenatus - e
¢’ Coorrcd © ° r° Ccamc T a
16 891 bp T L A ACA A Ty
c CCAAG A TTCG GTTTG c
A Aot c 1 T A
A c c GC A
G TA A
T-acC T-AA T
T-A A T-AC
A-T T-4
G-C A-T
A-T A-T
c A - C A
T A T A
G, T . T,C 5
Fig.1 Complete mitochondrial (mt)DNA organization of Fig.2 Proposed secondary structure of the tRNA*¥“Y (a) and
Hemidactylus frenatus. Transfer RNA genes were identified by a tRNAY genes (b) in H. frenatus mitochondrial genome. a,
single letter of the amino acid code. Oy and O, represent the structure lacking the complete dihydrouridine arm (D-arm); b,
replication origins of H-strand and L-strand representative of the standard cloverleaf secondary structure
E1 FER#IRENE DNA ERALMEECRNA BERHEF B2 HRIEFIERE (RNAS(a)F (RNAY™ B B (b)H — R 4.
BHEEMABRT0.M O HEENBHESES) a: REZSRWRAMENDH, b: KRFEN=ZHELH

Positions of prote - cod ng genesw ere detem ned by the occurrence of start and stop codons and by analogy
w ith other camplete squanate mDNA sequences In the 13 protein-coding genes nine of then use ATG as the
start codon whileND1 and ATP8 use GTG (Table 1). ND2 and ND4L genes startw ith ATA. Five protein—cod-
ing genes—ND2 COIl ATPG CO IIT and ND3— have incanp lete stop codons (TA orT), whichwere presun &
bly canpleted as TAA by post—lranscriptbnalpobfadenylation[zz]. The TAG and AGR are observed as tem inator
in other genes (CO] ATP8 ND5 and ND6). Codon usage n heH. frenatus mitochondrial genan e indicated
that CUA (Leu), ACA (Thr) and GCC (Ala) occur at ahigher frequency than others ( data not shown). The
low est poportion ( 10. 1% ) ofG at the thid codon positbn represent a typical b ias agamnst the use of ‘G’ n
vertebrates Two pairs of proteinr-coding genes (ATP8 and ATPG ND4L and ND4), both located on the H-
strand overlapped n reading fran es for 10 and 7 bp
2.3 Noncodng regions

The noncod ng regions ofH. frenaws nchide a control regbn,  a putatve lghtstrand orign of rep lcation
(O1) and a few intergenic spacers

The sngle contwol region spans 1 509 bp and is beated bew een the RNA" and RNA™ genes W ithn his
sequence, conserved sequence blocks ( CSB1-3) were identified in the positions 963-983 1234-1 251, and
— 80 —



JieYan et al Comp kte Nucleotide Sequence and Gene Organ ization of the M itochondrial Genane of ...

12871306 respectivel. These conserved sequences were thought to be mvolved n positoning RNA polymes

#, Canparing to other hree geckos the C+ G content

ase both for ranscrptbn and for prin ng rep]icati)ns[23
of control regbn nH. frenatus is higher (Table 2).
As n most vertebrates the putative lghtstrand orgn of replication (O1) ofH. frenatus canprises 29 bp

and located betwveen RNA"™ and RNA o

Cys

nW ANCY chister (RNA'™, BRNA'" RNA"", RNA®" and RNA®
Tyr). It has potentnl to fold nto a stable stan—loop secondary structure wih 9 bp n the stem and 11 bp n the
loop This region overhps the RNA“" gene by 3bp A sinilar sequence (5-CCCGG-3") 1o he 5-GCCGG-3
conserved motif which was hought to be associated w ith the transitbn fran RNA synthesis to DNA synthesis n
hum an m DNA! 25', is found at the base of the stem of RNA """

The ntergeni spacers found nH. frenaws is short (<10 bp), indicating a can pact structure

3 D scussion

InH. frenats mDNA, ientical gene organization to typical vertebrate is found Threem ain atypical fea
3 2
tures found n sane squan ate reptiles gene rearrangements in anph ishaenian 1reptilesI " and snakes

, dupl+
cated genes n H eternotia geckos[m and cup licated control regions in advanced snakes ' * 7' and the Kanodo
dra,gon[zg] , are not cbsewed in this new genane In all exam ned gekkotan m itochondrial genanes to date gene
contents and orders are identica] except the parhenogenetic geckos H etenotia binoei ccmplexl * i which ran
dan duplicatons varying fran 5.7 t0 9. 4kb were found I additbn the lightstrand orign of rep lication ( Oy, ),
which is bst nm any squamate reptiles[ “ . can be found i all these genam es

W ithin Squamatg phybgenetic relatbnships are notwell resolved Severalm itochondrial and nuclear genes
have been nvolved " * ™', while controversies contiue The can pletem itochondrial genanes although pow ex
ful are lmited n amounts and coverng onl a few squamate taxa Besdes differences in evolitbnary rates of
ind vdual Ineages ncrease the risk ofm istake As discussed above insufficient sanpling and the long-branch

attraction have been reported possbly relative to unexpected and wrong relationsh ps and horough taxon cover

S 3
age of squanate dwversity Is necessary[ g

In this study te fist mitochondral gename frm Han daciylus
(G eékkonidag Gekkota) and meanw hile the seventh n gekkotans was reported Though distnction n gene o
ganizatbn whichmay povie iportant evolutionary nfomation was not found in his nev genane sequence

mnfom aton could be well used n future phy bgenetic discussions at d ifferent leve ls
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