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WO 45 7% /B A (R) 142, 3T Kimura 305 SR8 R 1153 0 % S5 Fh ) L ] R ] 33t 1% R
B IR R ARk s R R 98 B KR s o F R G b . 25 R R 56T COMTHI iR K fa
B4 /e W] 1Y 38 AL FE S Oy 0. 090 ~ 0. 153,38t (2 BE RS Oy 0. 129 i BT 3 5 A BF = 8] (1Y 35 1% FE 25

0. 150 ~0. 207 , S8 L /E B 0. 177 ;3L T HNF-1a FE5 A R 9 )& I Y 35 1% 1585 9 0. 003 ~ 0. 051,
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Abstract: COIll and HNF-1a sequences of Chelydra serpentina were obtained by using PCR amplification and
sequencing in order to study the phylogenetic relationships of turtles. The homologous sequences of other turtles
were downloaded from NCBI, and analyzed together with the sequences of C. serpentina. After alignment,
757 bp consensus sequences of COIll and 769 bp consensus sequences of HNF-1a were obtained. A total of
324 variable sites were detected in the CO Il sequence, accounting for 42. 8% of total sequences, and there

were 230 parsim informative sites. The average contents of T, C, A and G were 27.5% , 26.6% , 30.8% ,
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and 15. 1% respectively, the content of A +T (58.3% ) was bigger than that of G + C (41.7% ), and the
ratio between transition and transversion was 2. 62. In the HNF-1a sequences, we detected 112 variable sites,
accounting for 14. 6% of total sequences, and 67 parsim informative sites were also found here. The average
content was found to be 26. 1% in T, 23. 1% in C, 28.3% in A and 22. 6% in G, the content of A + T and G
+C were 54.4% and 45.7% , respectively, and the ratio between transition and transversion was 1.42.
Interspecific, intergenus and interfamily genetic distances were calculated based on the kimura-2-parameter
model, and the phylogenetic trees were constructed using neighbor joining (NJ), maximum parsimony ( MP)
and maximum likelihood ( ML) methods. The results indicated that kimura-2-parameter distances among 4
genus within Bataguridae based on COIll sequences ranged from 0. 090 to 0. 153, with an average of 0. 129, the
distances among 7 families within Testudines ranged from 0. 150 to 0. 207, with average value 0. 177, and the
kimura-2-parameter distances among 11 genus of Emydidae and Bataguridae based on HNF-la sequences
ranged from 0.003 to 0.051, with an average of 0.016, the distance among Chelydridae , Emydidae and
Bataguridae were from 0.044 to 0.067 with average value 0.053. According to the genetic distance and

phylogenetic trees, Bataguridae is closer to Testudinidae than that of Emydidae to Testudinidae. The data

indicate that Emydidae may be redivided into two clades.

Chelydridae and Cheloniidae have a close

relationship, while Macroclemys temminckii and C. serpentina may be combined into one genus.

Key words: Turtles; COIll ; HNF-1a; Phylogeny
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0.051,° ¥4 0.016( 5K 6) ;EZfaFl fafh Rk
Rk 3 BHE B AL R B 0. 044 ~0. 067, F-3
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Table 1 The accession number of COIll and HNF-1a sequence of turtles in GenBank

2 Species coll Fh2& Species HNF-1a
[ifi 5. #} Testudinidae % /K B} Bataguridae
Jied il £, J@ Malacochersus KB Mauremys
Jii Bkt M. tornieri DQ080042 T ALK fg, M. mutica EF011277
i fo )@ Testudo W 5¢fa )@ Cuora
LBl 68 T. marginata DQ080047 43k M 5%t C. aurocapitata EF011280
BRI Lt T. graeca DQ080050 =2 FEfa C. trifasciata EF011298
Ep 3 i ()8 Indotestudo @M FAG C.omecordi EF011287
74 B 0L e it 1. forstenii DQ080044 25,8} Chelydridae
4fifa) fiti /g, 1. elongate DQ656607 K26 )8 Macroclemys
+Flife )@ Geochelone KEEtE M. temminckii GU085612
18t ta 6. pardalis DQ080041 210, )& Chelydra
i B84 16 G. nigra JN999704 INEE G, C. serpentina JQ920373 *
[ i £, J& Manouria 6B} Emydidae
kBTt M. emys DQ080040 A6 16 )@ Terrapene
KR} Bataguridae Hiffita T. ornata FJ770657
IR BE 6, )8 Sacalia =LA fa T. carolina triunguis FJ770655
HR B £8, S. bealei GU183364 I JE Emydoidea
DU HR BEfG, S. quadriocellata EF088646 i G E. blandingii EU787090
Wkt )g8 Cyclemys IK1E )8 Clemmys
WA C. atripons EF067858 BE KR C. guttata EU787083
WK JE Mauremys £ BEFGJE Actinemys
Wifg M. reevesii FJ469674 £ B8, A. marmorata EU787114
H A7 8, M. japonica GU938833 A fa )8 Glyptemys
1550 )&% Cuora R [CIK A G. muhlenbergii EU787085
A ) FEf C. amboinensis FJ763736 AMEK G G. insculpta EU787084
H % 52t C. galbinifrons EU809939 i fa 8 Graptemys
25,8} Chelydridae Tl Hs E 8, G. pseudogeographica EU787082
K24, )8 Macroclemys K # FE LK 8 G. ouachitensis FJ770642
K2t M. temminckii EF071948 W PR E 6, G. geographica FJ770641
50 JE Chelydra 10 )8 Chrysemys
INEEFG, C. serpentina JQ920371 * 8 C. picta FJ770627
1§ g R} Cheloniidae B8 @ Malaclemys
W0 J& Chelonia L 80t M. terrapin FJ770645
Lkt C. mydas ABO012104 2L H-Aa )8 Trachemys
H I B Eretmochelys T LLH AR T. scripta FJ770663
HIE E. imbricate DQ533485
Wi g & Caretta
i 1n C. caretta FR694649
T /8, J8 Lepidochelys
K PER R L. olivacea AM258984
3h ) fa Fl Kinosternidae
g fa )@ Kinosternon
8 3h g K. leucostomum FJ915117
# Bl Trionychidae
11 % ¥ )& Palea
111 B #& P. steindachneri FJ541030

o SRR S T ARG I 81 0 M 6 43 S o7 2 K AR L B £ 2 B 0 43 2K TR 4 2009 4RI IT IO K R 41 L

#* means the sequences obtained in this study; Classification status of turtles based on the classification system

Taxonomy Working Group in 2009.

revised by Turtle
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F3 BEF comEz#EkafidBEg
Kimura WS # B 5 EH
Table 3 Kimura-2-parameter distances among 4

genus within Bataguridae based on COIIl sequences

x4 BT CONFIRERSHEH
Kimura NS #2586 5B
Table 4 Kimura-2-parameter distances among 5

families within Testudines based on COIIl sequences

[ PUKBJE  IBERE MR £ Famil 2R S A R Rk ok R
s e Mauremys Sacalia Cuora ey Chelydridae Cheloniidae Testudinidae Bataguridae
UK )8 Mauremys fit £ b
IR BE e )& Sacalia 0. 135 Chelydridae
M 5% f )& Cuora 0. 090 0.125 RS O lce
5 AR B Cyclemys 0.153 0.116 0.142 Cheloniidae ’
N ) Eﬁ%ﬂf , 0.174 0. 166
K Jm AR E RMER R S Jm A e Testudinidae
Mt )E Bhace )R LLHAR 4 B Z M A T fquﬂ‘? 0.181  0.164  0.150
ataguridae
O A S, BB R H R B e
0.207 0.201 0. 196 0.202

W R T f B 45 T ) ) - 28 3 A% B S 15 W)
AR R I A R R IR .

Kinosternidae

®6 ET HNF-la FH@FFMKKER 11 EEH Kimura WS HEEEEH

Table 6 Kimura-2-parameter distances among 11 genus of Emydidae and Bataguridae based on HNF-1a sequences

& Mocfa)s AMERE i

Genus

KGR

Cuora

AR

Glyptemys Emydoidea Clemmys Actinemys Terrapene Graptemys Mauremys Malaclemys Trachemys

ffuE  LERIE BokfE HafeE aHfE

5% )& Cuora

KBEA R Glyptemys 0. 046

a8 Emydoidea 0. 043 0. 008

IKHJE Clemmys 0. 045 0.013 0. 007

£ BEfR B Actinemys 0. 042 0.013 0. 007 0. 003
K ta)E Terrapene 0. 045 0.013 0. 007 0.011
W E o @ Graptemys 0. 047 0.019 0.016 0. 020
WK JB Mauremys 0. 027 0. 048 0. 045 0. 049
it )@ Malaclemys 0. 045 0.018 0.016 0. 020
2L H-A4 )@ Trachemys 0. 049 0.026 0.023 0.027
Bt )@ Chrysemys 0. 046 0. 020 0.017 0.021

0.011

0.020 0.020

0. 049 0. 049 0. 048

0. 020 0. 020 0. 008 0. 046

0.027 0. 026 0.015 0.051 0.010

0.021 0.021 0. 009 0. 048 0.007 0.014

®7 ETHNF-laF5R%ERB 3 #HiEm
Kimura WS #imEHEE
Table 7 Kimura-2-parameter distances among 3
families within Testudines based on HNF-1a sequences

fi £ B R Rt

Chelydridae Bataguridae

A Family

#5258l Chelydridae
IR 7K B} Bataguridae
8 Emydidae

0. 047

0. 044 0. 067

23 RZERESWMEZRSEHUPHHE 2
TR 56 77 15 B K &5 SR AR 2 s, CO L A1 HNF -
Lo 7 51) ) B 35 7 460 I B 48 259 A 3k B R AR A A

JHC e B T A R A 5 35 A% R B A 2R G R )
Br COTL e HNF-1a J37 51 B 5L A 1 AN 9 &5 4
3 ) 3087 B R e A RS A AE. K-2-P 38t 4% B B /)N
T0.322 0 1 0.097 2 93 [l N 34 K 3k 2] 2R
AT L) o Iss f8 80k il 45 2 W, CO TN
HNF-1a FHI7E ¢ #55 F , P =0.000 0, Iss {8 4y
4 0.170 5 F1 0.036 9, 4% v XF #k 44 1 T AL
Iss. ¢ 2352k 0.751 4 F1°0. 741 1, H 3 JE Xt R A
Il LA Tss. ¢ 4334 0.496 1 1 0.509 8, 35 i
R Iss <Tss. ¢, 22 B WA 510 00 B 25 AR 38 R 1
A, BRI AT ] T R G R AR



6 31 XA 4 T COMA HNF-1a J7 51 BIF Y 0 25 19 3 G0 38 fL AR AE - 99 -

XS

L3 SNE S
Transition and transversion

0 A d g '7"7.' I I 1 )
0 0.0537 0.1073 0.1610 0.2146 0.2683 0.3220
Kimura S S H0g & B 5

Kimura-2-parameter distance

AV
0.047r

0.039r

0.031F

0.0241-

0.0161

L SLTE S
Transition and transversion

0.008-

==
0 0.0162 0.0324 0.0486 0.0648 0.0810 0.0972
Kimura XUS 4% 85 5§

Kimura-2-parameter distance

1 EFEEMEET Kimura WS EHEEEERN COMLI HNF-1a F3NEHEE

Fig.1 Saturation test of COIll and HNF-1a by using transitional and transversonal variation against

K-2-P distances between pairs of taxa
A. COMJF 3 WML FNBERG I 3 B. HNF-1a J¥ 5 B ML FIBERGIN 5 S. Fedfa; V. Hidh,

A. Saturation testfigure of COIll sequence; B. Saturation test figure of HNF-1a sequence; S. Transition; V. Transversion.

AT NT & MP 3k ML A4 19 R etk
Y 30 P S5 M R — 2, HURAE BA5 B Ay
25 (K 2), T COM M HNF-1a J3 51 #9 #
73 R G R, WA A S8 252 05 ik 4l oy
(925 Bkl 53 35 S AE — kL, OF HLA B 1 SCHR R
FWFET COM M HNF-1a J5 5 ¥ £ (143 T &
GMAE R R . T COMFIII R4
PEAER s, Bl B AR K FRE SR O — R 5, 4
JICAHL IR A 5 655 £ 8 JU) 096 fR B SR AE — 2, R W
H B R GO R BT 5 R T R G 0 i
JUE B, 4 I HC T e e it 5 fe S H bk AR Y
Btz —o 5T HNF-la J7 9 1 & 50 40 2
N, R E S R R AE— R, AR R SRR
RHR A, R AR 5 ROK AR R R
SIS S (250 20N S S RS EAY (E RU S

3 i’

31 AR kAR MAMNRRZLEXR

it BOKR BhfaR =& Z KR —H
AR 2 fo % H 3 W) 2 G A E 5 A0 4 18 1 A
Moo ARBETEPTH R AW Bon, fa Rk e
I RSt BEIR O — 32, AR5 5 ROK fa R R TR
—& (K 2), W5 IR AR 1L iR
B s Wi GRS LR (R T) KRS 65

fBRHEE B 0. 047 /N TR K R M fa fl 2
[6] ) 5 85 (0. 067 ), M T 36 3iE T 3% K fa B Al
R 2 B 2R 8 T BHKE 144k, B I AR BF
RSP R IRK e W RHE T R JROK
Rk, X5 4% BT 128 rRNA H K55
X M AT F 5 R AR TR IE I 45 S L) RO e
45UV 16S fRNA JE R A Bt 4 BF 57 45 S —
B, PN AEF I F R R Ak
PR WS AE BT, Bl B o IR T I K fa B AR
S 11T AS 2 F R AL S s A B 5T BT A 0 R Gk
B LA K 385 BE B 0 T 4 R S X —
M o

3.2 ANEBENERHUXE A CHRIEMS
BRSO NBME N R 5L B (I
3) A LA 1,9 A8 B M 4 Sk Wi 32, A )R
SABEN— X GRS 4N EE RS —
Yo BN, HET Kimura 32505 45 B, 0 L)
HIFE fo )8 55 5 J@ 2 (B 7 2 AL 15 B
0. 010, 3y & 0 J& 45 4 Ja =[] f) - 24 3 1 B
0.011,1 R # 55 & Z M (X 9 J& 41E2 41
J&ERE) BB N 0.022(% 6) , B K
TR E A e /N TRt SRk ar .
i f B ) 1 SF- 2 FE 25 (0.053 ), A G g 10K ©
MR R 5 TR 1 L B BRI A3 2 AR
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94/67/72 I: / marginala] 4, ]
T graeca
: 1 forstenii ]?ﬁﬁ!l‘ﬁ%ﬁ
73/57/56 100/100/100 L. elongata W k)
I: G. pardalis 3 LFEBE | ogr dinidae
59/74/62 M. tornieri ] )&
G. nigra J TR
70/62/75 M. emys J M FRGf)E
100/100/100 S. bealei
83/85/92 S. quadriocellata :| WA
C. atripons R IRHR . .
99/95/97 M. reevesii KRt
94/82/93 4{ ) . ]ﬂﬂ(@.}g Bataguridae
M. japonica
08/82/96 I: C. amboinensis | .. ..
73/65/64 C. galbinifrons e
100/98/99 —— C. serpentina J85fJE 7| #ufakl
M. temminckii JR#5FJ&_| Chelydridae
I C. mydas ] H§F0)E
99/99/100 I:v. imbricata JHIE 7 f@@ﬂ,
08/69/84 C.caretta J#§f8J8 | Cheloniidae
64/69/67 L. olivacea Wi fa)@
K. leucostomum 7 Z i a8} Kinosternidae
P. steindachneri 7] ¥EF} Trionychidae
A
96/96/96 T ornata
50/63/58 1. carolina triungur’s:| LR
66/63/63 E. blandingii 1 #)ta)8
81/74/78 —C. guttata K F @
96/95/93 \——A.marmorata ] Fi B0 /R
—— G. muhlenbergii
67/69/53 89/90/87 L—— . insculpta ]*Eﬁ%ﬁ .
—— G. ouachitensis faft .
96/93/94 . Emydidae
G. geographica b3
— G. pseudogeographica
86/79/86 C. picta 1558
52/84/58 M. terrapin 1 85 8UHLR
63/69/60 T scripta 7 4L EAa g |
— C. serpentina ] #20)8 i Rl
100/99/100 L—— M. temminckii JRK#5# )8 _| Chelydridae
M. muticaT] ThIK )R
C. aurocapitata v 3
100/99/100 Y p 627}(%*44
99/63/98 C. trifasciata |4 2 | Bataguridae
75/98/64 C. mccordi
B
B2 ETFREXCONFET (A)f HNF-la F5 (B)MEN S FREN

Fig.2 Phylogenetic tree based on the COIll and HNF-1a sequences of turtles
5332 B T R N RS MP A ML R 45 mCE A5 A, BAS /N T 50% 1R iR .

Numbers indicate bootstrap support values of nodes of NJ/MP/ML trees, the values less than 50% were not shown.

Seidel 2" ] i 2 4 e 58 45 A1 Ik £ R X f B
(9 WLLT R AT T RFSE , HL 2 5 S Fo M 0
BRI 5 6 B T3 0 o S BL RIS 6 I B 2 A4S
R, 3 — 45 1 FUASBIF 5T 1 45 SR A — 8

3.3 KEEmiU/NERZENSEXE HA,
[l A AN ) 2 2 — B0 R Rt /N 1 23 TR T

K i £ Jeg AN i e Jg , ELER Sy Fir 7 @ By i — A {2
AWFFEET COM F HNF-1o F 5 51 % He ik
AT W98 BT A5 45 R X I 4 T S 80 R fp R
I F R AL — &, ASCHET COMMFIH
Kimura 32 $58 4% P58 7R, K85 F /N 65 0
Z B R B 0. 111 (58 2) , /N FIRK f
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KR, R kAT 4 TE DNA K- B33
T BB SE, Bk B £ 1 2R A ik DR A%
K9k iz F 3 3 19 7 3o i Ak B0 206 RAFFE 4R
g R R HL AT A TR
SR TR R PE DB 2 A PSR T SR
P AR R FR A A P A 5
& M T 18] & )& LLF Bir ot 1Y & ge k46 43 17 5 A
2R R A DRI B A R DL A e R R AR R
B4 T 35 5] A A T8 O BN B AU
REAE 0l A R OB UG R R
Geit A b, I FEHEAT O T R PR
b R, AXAN R FH R 1R B i ol A% ik TR B8
HO AT — % B R BRI, T REAS 2 0% i A &
RIS, AR T COM A HNF-1a
P4y Fhric, Hodr, CO T 2 28 k7 4 W 1 4 2
HARIV, BI40 M 5 2 C A AL B — 5, B
LRI R g S A Y s HNF-1a 2 HNFs %
W R BRI 22— RV 2 T he R 3%
KM EEE N U -1 EHEENANEFX
Y, ABFsEh, 3T COM A HNF-1a 3 A
I RSk B WSS R A T 22 5, X 1T #8
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