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Abstract; In this study, the mitochondrial ( mt) genome of Cyclemys dentata was firstly obtained; the
relationship among 20 turtles was then analyzed based on mitochondrial DNA ( mtDNA). According to the
mtDNA sequence of C. atripons which had been published in GenBank (No. EF067858) , sixteen PCR primers
were designed to amplify the mtDNA sequence of the C. dentata (Table 1). These PCR products were inserted
into the pMD-18T cloning vectors respectively, the restructured vectors were then sequenced, and these
sequencing fragments were spliced by Lasergene 7.0 software. The structure and gene order of C. dentata
mtDNA were determined by referring to C. atripons mtDNA , and using tRNAscan-SE 1. 21 to predicted tRNAs.
Based on 20 turtles’ mtDNA heavy chain protein-coding genes sequences, three phylogenetic trees were

constructed by Maximum parsimony ( MP), Maximum-likelihood ( ML) and Bayesian methods using three
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programs, respectively. The results indicated that the total length of mtDNA of C. dentata was 16 489 bp
(GenBank No. JX455823), similar to other turtles’mitochondrial genome. It encoded 37 genes, consisting of
13 protein-coding genes, 2 ribosomal RNA genes (12Sr RNA and 16Sr RNA ), 22 transfer RNA genes
(tRNAs) and a control region (D-loop) (Fig. 1, Table 2). The bases composition of C. dentata mt genome
was the same as that of C. atripons. Its A +T content was 61.51% , A +T contents of 13 protein-coding genes
were from 57.89% to 67.86% , and their GC contents were low (Table 3). The average length of 20 turtles'mt
genomes was 16 692. 5 bp, including 34. 1% A, 27.0% T, 26.0% C and 12.9% G (Table 4). O, sequence
was 36 bp in length; it could fold into a hairpin secondary structure which contained a 10 bp arm and an 8-base
ring (Fig. 2). The D-loop of C. dentata mtDNA contained a central domain (CD) , two extended termination
associated sequences (ETASs) and three conserved sequence blocks (CSBs) (Fig. 3). From the Fig. 4, we
knew that the MP, ML and Bayesian trees had analogical topologies, seven species of genus Cuora clustered into
a branch, six species of genus Mauremys clustered into another branch, and the C. dentata clustered together

with the C. atripons. The analysis results of three phylogenetic trees supported the existing classification of

these turtles.
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FE A S B fa FF i, A DL M )T e g B
AR TN GEAERILAAZL, R
TIANGEN [fil i/ 20 Jitd /21 20 3k PH 24 DNA 2 it
g CR A AR AL BB b 5 A BR 2 A 48 R
DNA, —40CI-AERH

1.2 ZHk{k DNAIFSIMigit5EEHR =
M8 GenBank H /7 9 B M 566, (C. atripons) 4%,
AR SE A 2H 42 )7 31 (EF067858 ) , it 17 16 Xf
RS PCR 734 519, AHAB PCR ¥ i Bcz
[ HT 5 E & 50 bp L b glWik BG4 TAY
TRARARBETE, 51T HNELE L,
1.3 PCR¥FERFERME PCR Y 1K
% : Premix Tag (TAKARA, R#EFAYAA)
7.5 ul, DNA fifg 1.0 pl (250 ng), bk FiFEs
P4 (10 pmol/L) 1.0 pl, ¥ & ddH,0 %
15 pl, PCR Jx W #2 /7 A : 94°C HiAS P 5 min;
94°C 75 30 s, 53.0°C ~56.0°CiE & 30s, 72°C
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®1 %% mtDNA 55 PCR #1354
Table 1 PCR amplification primers of the Cyclemys dentata mtDNA
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PCR =4y % #: 3] pMDI18-T 24k L, 4k DH5«
JEAZASANM, BEAS PCR P24 (1 PH 1 24 5 B 1
Wy e 6 AN RAE, P AP (3 A~/4),
I3 3% 2 i g AR ) TR AT RS W) A I AR
RAYABR 2w A7 0, DR AIE I Fe 45 2R —
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RNA J:[H (16S rRNA F1 12S rRNA), 13 N
H B g B, DA K 1 45 X (D-loop ) %%

i S W L 46 X (rep_origin) o 13 2K 1 5 4 %
B, Br NADH Jii Ui 5L B X ND6 v T8
BB AN, HoAh 12 RN T EEE B, G
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XF LA AT 20 Bl R AR SR R B, B
fiTE) mtDNA P EE S 16 692.5 bp, #H R
R A=34.1%,G=12.9% , T=27.0%, C
=26.0% (3% 4), 20 Fffifa miIDNA [ K/
TR ZH % L A A AR 22 5, Hoh s @] ¢ fo
galbinifrons ) H) mtDNA & K
(17 244 bp) , HAfthfe i miDNA K B4 16.5
kb 247 o A SO AR A 1Y 14 2 4% L miDNA K
I R R K L 451 HC Al A
2.3 HEmAR A4 mtDNA B 4E S
E 4R X (rep _origin, O, ) i T* mtDNA %% #f |-
WANCY [X 3 () tRNA-Asn Fil tRNA-Cys 2 [f],
KBEJy 36 bp (2, B 1); ity Him e
R, O B G — S R IR By R A, A
1 AN10 58 5 X0 1 B A 1A 8 i 1 26 (&(2) &

( Cuora
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Table 2 Construction of the Cyclemys dentata mitochondrial genome
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Table 3 Comparision of mtDNA gene nucleotides composition between the Cyclemys dentata

and C. atripons

CY. %% mtRNA; HQ. BT mRNA, AT RIEHE = (A% -T% ) /(A% +T% ) ; GC itttk = (G% - C% )/ (G%

+C% ).

CY. Cyclemys dentata mtDNA; HQ. C. atripons mtDNA. AT preference = (A% —T% )/ (A% +T% ) ; GC preference = (G% -

C%)/(G% +C%).

B1 HgERguEtERATER
Fig.1 Map of the Cyclemys dentata

mitochondrial genome

B2 HESHERR _REME
Fig. 2 Secondary structure of the light chain

replication origin

i G o miDNA [ 4% ) X ( D-loop ) fii F
tRNA-Pro fil tRNA-Phe Z (8] (& 1), H 4K
973 bp, BHEEH M PO A + T =68.35% , D-
loop XAL& 1 K JFEEHN 326 bp 19 J: 157 X
(CD), 24 RZES5 G751 X ETAS] 1 ETAS2,
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Table 4 Nucleotides composition comparision of mitochondrial genomes from 20 turtle species

K BE4y 52k 57 bp #1160 bp, 3 MMESFE CSBI
CSB2 #i1 CSB3, K /54 18 bp.19 bp Al 19
bp (&3),

2.4 RGEHMSH XTHAHT 19 Rl 20 e
LR FE R A 7 T SRS B 12 S8 H G
Ty PR B 56 7 1, 4 331 R e R TRT 29 9 e R
LUK 1 0 DLt 47 75 4 £ MP ML 1 Bayesian ff
fRB, = Fho7 s A A 3 KRR fb A% H AT AL B0
Fhaif (B 4) , e s fa s Y Rl X 4> B3R
HAH Rl A 25 5L, andls S 8% fa 5 At 6 Fh A o fa
BR—DREG 2O 5 HAOR, TEL

fo BRI RO B A A kA ISR
SRR B (0 O — A, TS R R W
VAR BE 2R — A, B 5 R I MTH
o B — B, T VLA B S 3 . A SO ST
SR 20 AN T8 O K K&, X b fa B
( Geoemydidae ) Fil i £ B ( Testudinidae ) , 72 Hy
RN, 19 MK 6 AR 5% )R
(Cuora)7 A4~ K 1EJE (Mauremys)6 4, )i
6 ( Heosemys) 1, o6 & ( Notochelys) 1 7~
Bi 00 )8 ( Cyclemys) 2 A, HRBEA )& ( Sacalia)
2 AN, SRS M R B 1 52 2 o
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B3 %18 mtDNA D-loop 4 Y &4
Fig.3 Structure map of the Cyclemys dentata mtDNA D-loop
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R B I — S0 & MR AL 9 1 47 3)
Yy, 16 HESh Py i 2 Ge i A B vh AL TR TR
Ja R E A, HR TR RS RS
KR — HATAEA D 4L (Fritz et al. 2008, H AT
KA 2012) o JE A% b 32 BEAR 4 fp M R Y 1Y
7o kB SR R F AT X Iy, Bl T
IX 3R LR 5y A2 B AR 3 PRI A AN A AR AR
A K 7% 6 24k 52 3R I MLATE A 25 [ &R (Fritz et al.
1997, 1999) , {3 &F B 41 (4 JE 25 ¢ I R %8 4 fa
WK D W) 2 ) R g A OC RO B8 T S
Bramble (1974 ) R4 25 2 5 AE X o B} 8 B AT
HITe ity iy 4 B kAT T RSB C R T,
Folhagfalm e )m Mo @ AR IA T4
Gadl, SARTIalE B AR, 5RE
J& KA BGE . SR, Hirayama (1984) A0 M52
)i o )E M g fa g AR EET
] — 0 56 , M1 o¢ o 15 4 4 f0 Jm D AHLOR RE , R

HHWEBARXRKIE., HTFEWFHERT
2N T R W o SR A 5, XHE S
2oy AL T AT 5E ) HEIE ( Krenz et al. 2005)
FOF 45 (1998, 1999) il F 26 ki & DNA 168
rRNA JEHIWF 5 I e 2K 1Y R e iff b 5 43 26,
45 R 3 Hirayama (1984) B9 W &0, X T 1 55
(2012) I H] COXTL F1 HNF-1a JEPF5), M2k
LR PR R AZ, 5 TR T A AN ) 7 K 43 A B 2
I RGEH K R, HE5 R SRR AR R K
AT R R AK R, 542 %
(2010) F1 AR K B 45 (2011 ) F HI £ AL /& DNA
128 rRNA J: K F1 16S rRNA K& K X} 82K 5h i
RGERERZNIFIEE R —B AW TRAR IR
20 14 28R AR 55 DR 4 1 B B g S 2R 1 3
FPIR R Y 3 Fh R GE AR, H A AR #Fh
SERE A3 BT 2 AL S e sk S A s W A LA 1 43
FeF AT, 5 SCHRIR B A9 45 SR — 3L (van Dijk et
al. 2012) , A 3C 45 H 0] ok 14 2k 45 fa 10 9% U OR
1 K oy st A 2 R LA
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Fig. 4 Three phylogenetic trees of turtles were constructed based on the heavy chain

protein-coding genes of mitochondrial genome
a. B RKFE M (MP) 5 b DL (Bayesian) 5 c. S RAUSAME (ML) o B (1950 B BT 3RR B A5
a. Maximum parsimony ( MP) tree; b. Bayesian tree; c. Maximum likelihood (ML) tree. Numbers above branches were bootstrap
proportions.
Cuora bourreti. i [K 4] 72 16, ; Cuora picturata. 4 F§ ] 5¢ fa; Cuora galbinifrons. ¥ % 4] 5¢ ff,; Cuora mouhotii. % % 1% 16, ;
Cuora aurocapitata. 4 3 M 5¢ ;5 Cuora pani. ¥ [C M) 72 fa; Cuora amboinensis. ‘& #i 4] 5¢ f@,; Mauremys reevesii. 1% @ ;
Mauremys megalocephala. K34, ; Mauremys sinensis. TAEAEF ; Mauremys japonica. H A A7 6,5 Mauremys mutica. ML
JKff, 3 Cyclemys atripons. B HF 45 16 ; Cyclemys dentata. 15 %45 6, ; Notochelys platynota. H:1f,; Heosemys annandalii. Jii ff,;
Sacalia bealei. WRHEFE, 5 Sacalia quadriocellata. PUHR BEFE ; Manouria impressa. "1 H [ifi g,
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