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3T DNA 7 Firic R KA 7R E
BAE BT

EWHEY TFAY REEY EEY AR
O WHERITT R A R e, A USRS R I S,

HREA PSS E S E O 571158, @ WL RES 610000

WE: EIKH5EE (Cuora pani) P EFFEM, ER _-RESRPTENY. BTIEER ML
BN, FCEPANRIRERCE T D . AN ST B AR F GORL  JE R 5 A i R b i 8 7 9 K A e R 0 a8t
R Z FEPERNIS AR S50, DU v [ 39 DX A 5% FQ R PR CRA R SRR AR 2R 0 . AL AT 14 % G
Hrefa Mg, o, 6 REEFHCAI)INT 7, 8 RsthoRin. 45REH, 15 14 RFRAGRAMNAR R
SEH Cyt b BAERL, ND4 AT R35 A RE 2 A, HIH 1 HEREA: Cyt by ND4 F1 R35 FE[H
HAGTIZFENESN TN 0.440. 0.143 F10.154, TR 2 FEE 471129 0.000 41, 0.000 19 F1 0.000 63; & H
RERFIBAL IR (p) ¥/NF 0.01. BT =ARNBKAEEIEN RGERE TR, HRE7AS
G3kWFR A (C. aurocapitata) HNHB RS, HAHESNAZ RS TR, & KAT AR
AT S BT RER G AT k. B KPR AR E Z RS, MR D, AR R PR AR
IR A, ER RN 50T o [ 9 I A 7 A T AR (Y BE Rt ST A ORY D B, TR RV N 8, DA
T G T SR B AR IR

R ISR ZBRifk Cyt b BER; ND4 BE[K; R35 K @i 2 HEMt
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Genetic Diversity Analysis of Pan’s Box Turtle Cuora pani
Based on DNA Molecular Markers
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Abstract: [Objectives] The Pan's Box Turtle (Cuora pani) is endemic to China and listed under level-II
protection on the “List of Wildlife under Special State Protection”. Due to illegal trade and habitat destruction,

its wild population is quite small. The aim of this study was to reveal the genetic diversity and genetic
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structure of C. pani by using mitochondrial and nuclear gene markers, so as to provide suggestions on
population protection and management for C. pani in China. [Methods] In this study, Cyt 5, ND4 and R35
genes were sequenced from 14 individuals, including 6 from Guangyuan, Sichuan and 8 of unknown origin.
Nucleotide and haplotype diversity and group history dynamics of the samples were determined using DnaSP
5.0 software. The MEGA-X software was used to calculate the variable site, parsimony information site,
genetic distance and base content of the sequence, and all haplotypes based on the Kimura 2-parameter model
to build maximum likelihood tree. [Results] Results showed that two Cyt b, ND4 and R35 haplotypes were
identified in the 14 samples and one new haplotype was identified in each gene (Table 3). The haplotype and
nucleotide diversity of each gene marker were Cyt b (haplotype diversity 0.440, nucleotide diversity 0.000 41),
ND4 (0.143, 0.000 19) and R35 (0.154, 0.000 63) (Table 4). The average genetic distance (p) of each
haplotype was less than 0.01. Phylogenetic analysis based on the three combined gene datasets showed that C.
pani and C. aurocapitata were monophyletic clades. Neutral detection and nucleotide mismatch analysis
showed that C. pani populations may not have experienced population expansion events in recent history
(Fig. 2). [Conclusion] The population of C. pani has low genetic diversity, small intraspecific variation and
low ability to cope with environmental changes. Therefore, it is suggested that the basic research and
protection of the wild population of C. pani in China should be strengthened, and artificial breeding should be

regulated to avoid inbreeding and population recession.
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HT ANRES T E, HAEIMR LT
AW g8y Befk,  F SRR IEAE SR
FEo IR AR R ARERAE, A
fERLE N (Gong et al. 2009, 5k~ %
2011, Wang et al. 2021), FH5fJE (Cuora)
se Hoh i G 2R TE, TR T 0 o/ ok &
K, AE A B A HE AT A HE LA AR ) T 3 L R
gL IO GRIE 5SS 2011, W IR
Feft (C. pani) e EEFAF, 1981 5 IRAE
BRI kI ORGP 1984), GRS
PO oo e (R 2000). SR R SE
2011) PAemrami Bl (AESE 2009)
BRI, (HEIMEESE D> (%
R 2000, TR 2011). H G KM 760 O
BN B 2R PR 5 B (International Union for
Conservation of Nature, TUCN) Wifs¥IFp4ta
Lk IN G (critically endangered, CR) #ll
(Wi fa By AR Sh Y E R PR 2 A20) BRI,
TET 2021 FHH B =FH" shPieA NEZK
TR SRR AR S, (RARET AR (1

FMAEENR 2021,

b LIk oy Aiad s, A Rk IR 52 f R R
FARAD, B3 EESE KT S b A R
A R G Ok 3R Xy M . T IR
H5efa 54k 5 (C. aurocapitata) =4k
H5eta (C. trifasciata) FITEZASHEL, BiL 010
AN, BRI RA S S Sk T R
—NPRE, TR EE R T RS Sk M e A =
LR RkE R —NERERZY
(McCord et al. 1991, Honda et al. 2002, Spinks
et al. 2004, Stuart et al. 2004, Blanck et al.
2005) o 1HJ5 145 & Sor A SR ORI RZ L K 7 A,
R 3 e A= R v A B =W I 5 i £
B H AL R A7 (Spinks et al. 2007, 2012,
Lietal. 2015) .

WL Z R — DM BB, SOk
HIE NGB 7. R B RTE T A 52
RG22 FEPE M TCIRIE, A B AR
ABEALTE TR TR AT FUH I 2R A 3 PR AT
LR 73T AR e 0T I IR A K P 5 R A ik



* 128 ¢ B2 Chinese Journal of Zoology 58 &

Tt Z FEVE L AL R 2B A, A
S v L K P e # ORI R OR R B S (1 A

1 MR5T5E

11 FEARE

AT I e A REAR ST 14 4y, 5y
AT 2018 & 2020 FHAMEIR H B, PO)IFE 78
ARSI 9 KA B A sh 9 37 B 58
VFATE, J& T &k asiums), H, 6 HJE™
HOATONT 56, HAy 8 Rpstthkan, ARG S
N CP1~CPl4. MEEHK 10.5~22.0cm, 1
F9E 7.8 ~15.5 cm, A 0.155 ~ 1.350 kg. K
A AR R BORE 5 i, B O i BORE R 7

(SW-FS740, Swwip) KA K 70 1 s

MR REAS, BT - 20 CUKHE P IRAT
1.2 F:F4 DNA #REUK PCR ¥ 31751 %

L O P3R4 DNA $EEHRFH
& (RIRENRE AR AR, DP362) #EHUT
AFEAN DNA. 73 A8 3 5% 51909 1 Sk i
KK Cyt b ND4 FZEE R R35 1) H AR5 (%
Do W LB F/REMSI T EOE, T-20 C
T ORATE

LRRIAFER Cyt b A1 ND4 [f) PCR 3114
AN 25 pl: 2 x Tag Mix (RN0O3001S,
MonAmp™) 6.2 ul, kR DNA 1 pl, 10 pmol/L
MIER IS5 1 wl, AEREES FKINER
25 pl. Cyt b FE[F PCR 25N 94 CTAR
P 3 min; 94 CAZME 455,46 CiB-k 455,72 C

ZEfH 80 s, EFF 35 ¥K; 72 ‘CHEH 7 min. ND4
JEH PCR [N 45 FA: 95 CHUAEME 10 min;
95 CAEME 30 s, 60 CiB/K 45 s, 72 ‘CLEfH
45's, &3 35 72 ‘CHEMH 10 min.

A R35 (1) PCR 4 354K 554 50 pl: 2 x
Tag Mix 25 pl, 4 DNA 2 ul, 10 umol/L )
ERMGIME 2 pl, AEEEE TR SR
50 ule PCR [ 26AF9: 94 CHAENE 5 min;
94 ‘CAFME 45 s, 58 CiBK 45 s, 72 CHEf
60s, EFL 40 % 72 CHEH 7 min.

H [ PCR =428 1% 1 B e e Hi A )
H G B3R PCR PR &) M LR AEY)
FARBBR A F 24k 3007 o
1.3 HIEH,T

Fi #3551l DNAStar 7.0 4] SeqMan
AhEE, SE AT N TR, RN
MOAER . R T AR B AR g T O
MEGA-X, THEAFE TR s, (72
BEEAMS, BEEHASHESE. FH
DnaSP 5.0 A E FEA I H RN ALY 2
FEPE ;s PR HFEE I L BhEs, AT Fu's Fs Ml
Tajima’s D HPERELS S AEEC 0 A5 20 b, CAVEAR
HEHE RS R K. AT KA TR
MARGRAERR, T Cyt b. ND4 I R35 =
MRS IR LR AR, FIH MEGA-X
B DL AR KA SR (maximum likelihood, ML),
HF Kimura XWZ4{ (Kimura 2-parameter) 15
RERGREMN, B 1 000 X H 2 E LK
I KALSRI % 43K 1) BAS B

R1 BRAGALHNGERK R35 EF5IYF5

Tablel Primer sequencesof mitochondrial gene and R35 genein Cuora Pani

GBIk 3 (539 A P S5 300k

Primer Sequence Gene Product length (bp) Reference
Cytb G AACCATCGTTGT (A/T) ATCAACTAC

Cytb 1140 Shaffer et al. 1997
THR-8 GGTTTACAAGACCAATGCTT
L-ND4 GTAGAAGCCCCAATCGCAG

ND4 890 Stuart et al. 2004
H-Leu ATTACTTTTACTTGGATTTGCACCA
R35Ex1 ACGATTCTCGCTGATTCTTGC SIS AR

R3S 1000 KRS 2011

R35Ex2 GCAGAAAACTGAATGTCTCAAAGG

Zheng et al. 2011
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2 #R Cyt b« ND4 #1 R35 43R 6 N8 FAL
5 ’ 'S R “ . 000

2.1 FPHIHRR Mo ARAN 0.63%

Bk T CP14 FEA R3S K 7414 48 W 41,
HARFEAIT G TP BARp ol &7 5%t
55, HIRBWEIRATHRE 14 5% Cyt b J75

(1071 bp). 14 %6 ND4 J#%1 (760 bp) F1 13
2% R35 J¥41 (979 bp).

B FE AR AL S B R LR 2.0 Cyt
bFIND4 ZE A A + THE P& = T C +
G BRI H55 , RILHEBGR A/T B8

22 BAERIRSBfEZREEST

TE 14 MREAR % H Cyt b FLA5HL. ND4
BRI S R3S BLf5 A% 2 A (3R 3). 3/
ORI ) B 5 20 2 AR PE VS FRITE 0.143 ~ 0.440 2 [,
WL R 2 FEPEVE FIZE 0.000 19 ~ 0.000 63 2 [];
43HT Cyt by ND4 Fl R35 = /ML B & $i 8
£ (2810bp) , ILEEH 4 P58, HAE
BEZFEMER 0.654, ERZ N 0.000 44

Ve, FFEEMSLRE DNA FAstE. £ (KD
R 2 SANERERTRA RSB REH R
Table2 Number of mutation sites and base composition of 3 genes
L (EESIERSSDASE FL—AR A L Tisi3L 3 1 Base content (%)
Gene Number of parsimony -  Number of single
informative site variant site T C A G
Cyth 1 0 27.54 32.03 27.57 12.86
ND4 0 1 25.79 26.18 35.65 12.38
R35 0 4 32.48 17.69 27.87 21.96
X3 BRATARESAEE. BFAEE., BER
Table3 Thelocalities, numbersand haplotypes of Cuora pani
o YN o . o | B2 TR
whows FER e Lo P51 AP Haplotypes
Locality p(ind) Sample ID Place of origin 4 Cyth ND4 R35
Cp2 P9 J11)" & Guangyuan, Sichuan Q CPCI CPN1 CPRI
i CP3 %17 Unknown origin Q CPCl1 CPN1 CPR1
. 4
Shanghai CP4 Q CPC2’ CPN1 CPRI
PYJ11) JC Guangyuan, Sichuan
CP5 3 CPC1 CPN1 CPR1
VUi rE e CP1 ] Q cpc2’ CPN1 CPRI1
Nanchong, 2 VY1) JC Guangyuan, Sichuan .
Sichuan CP6 3 CPC2 CPN1 CPR1
CP7 %17 Unknown origin Q CPCl1 CPN1 CPR1
CP8 3 CPC1 CPN1 CPR1
CPY RN , 3 CPCl CPNI CPRI
May be Guangyuan, Sichuan
V)1 e CP10 3 CPCl1 CPN1 CPR2’
Chengdu, 8
Sichuan CP11 W] GEMWIIL AL S May be Yunxi, Hubei Q CPC1 CPN1 CPRI
CP12 911 7E Guangyuan, Sichuan Q CPC2’ CPN1 CPRI
CP13 A7 3 Unknown origin a8 CPC1 CPN2" CPRI
CP14 Q CPC1 CPN1 —

* PR, — fRFKERK . * stands for the new haplotype, — stands for missing.
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Table4 Genetic diversity parameter s of Cuora pani
v A . N s 47 R VTR 2= 7 E
R A A A SR perm i IRERERT
Gene Sample number (ind) Number of haplotypes  Haplotype diversity Nucleotide diversity difference number (%)
Cytb 14 2 0.440 0.000 41 0.440
ND4 14 2 0.143 0.000 19 0.143
R35 13 2 0.154 0.000 63 0.615
Cyt b + ND4 + R35 13 4 0.654 0.000 44 1.231

Cyt b FEREH WA ALZE CPCL A
A, 10 RAMAER IR, 4 R
JUT™ JCH IR A M A S5 8 CPC2,
HZ s B AR A HT R I . ND4 B[R 55
JLI A5 CPNT L5 AL, 13 HAMACh L
A, HAEH CPN2 AARRIAE R KIL. R3S
TR B DL B R CPRI B, 12 HAS
R EAER (n = 13), $A5H CPR2 NA
WA H KB, FHATE GenBank H13E 2 4 5]
¥ 51 .

SEAATE T K NCBI L Bk 2 10 5K 7%
o Cyt b ND4 FI R35 J:[K 741, H ik KA
FEAMILRAK Cyt b FERIA 2 MR, 316
RAME, Hd 12 AR CPCL HAERL, 4 B
AMA N CPC2 Hff 4, ND4 FE R4 3 AN AL,
18 HAMA, Hdr 15 HAMAN CPNT A58
1 AAMEN CPN2 58, 2 RAMEN CPN3
BERL RJED R35 A 3 MM, 17 H
Mg, HA 15 AAME CPRI BAEAL, CPR2
I CPR3 HAEM K 1 HAME (R 5).

R5 PHEHEBRATANSERAGHUAONMEE

Table5 Genehaplotypesand individual numbers of Cuora pani
E__E ﬁfﬁﬂ!ﬁl qg,{_g_gg /I‘ﬁiiﬂl %’%"LE% *ﬂ?lt-\% %%Iﬁ‘j}(
Number of Hablotyne Individual Register The specimen References
Gene haplotypes plotyp number (ind) number number
Cytb 2 CPC1 1 AY434574 HBS38393 Spinks et al. 2004
1 IN860651 ANUM26080313  ik#i=%F 2011 Zhang et al. 2011
10 0OP320724 No
AWFFE This study
CPC2 4 0OP320725 No
ND4 3 CPN1 1 EF011367 HBS41890
Spinks et al. 2007
1 EF011368 HBS41896
13 0OP320726 No )
AHH ST This study
CPN2 1 0OP320727 No
CPN3 1 AY364607 MVZ230512
Spinks et al. 2007
1 AY590461 MVZ230513
R35 3 CPR1 1 EF011441 HBS41890
Spinks et al. 2007
1 EF011442 HBS41896
1 MT961258 HBS117865 Spinks et al. 2012
12 OP320728 No
AHEF This study
CPR2 1 OP320729 No
CPR3 1 IN860584 ANUM26080313 5K 2545 2011 Zhang et al. 2011
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2.3 BEkEfE L

Cyt b HE[F 2 MR [A] % P B
0.000 935; ND4 FE[X 2 L5 7 1] ()84 fE
B8 0.001 32; R35 [ 2 NHRAEHEL Y [E] st
FEERES N 0.004 10, Ui R35 A5 28 B] gt AL
SRR RERE Cyt b Al ND4 LA 5,

BT ARG HIEE (R 6) MR
KAEVRR (B 1), ARBFFLH 4 Fp s A
(LH-Hapl. LH-Hap2. LH-Hap3 #1 LH-Hap4)
Al Spinks %5 (2004, 2007) CLHfE 1% KA
7o FO LA B L ) SR A — N SR TR IR A5
o5 43k A FE AR = 2R IR A ok R i, b

Ja kS5 R KA TR (C. zhoui) HHBMFEA
(C. mecordi) FERF 5 (C. amboinensis)
FHE
24 BAEFNETE

FTF Cyt by ND4 F1 R35 =ANFEHI B A3
PRI KI5 Fus Fs {H8 - 0.063 (P >
0.05), Tajima’s D E>~ - 1.342 09 (P>0.05),
Fu’s Fs Al Tajima’s D ¥ ANTEMHETEE %=
o IR T =N RS AR R AL TR
R (B 2) B, g5arh i
R B BB TC /0 A 1, 3 B3 [P 52 Al
SR ATRER G IR TR A

®6 MBAGHMN TR
Table6 Speciessequences numbersused to construct the phylogenetic tree

YiFh Species Cyth ND4 R35

Z LR MI5¢ . Cuora trifasciata AY434627 EF011370 EF011445
LR HI5E C. amboinensis IN232524 EF011357 EF011429
4%k 7E . C. aurocapitata AY434626 AY364606 EF011430
H @58 C o mecordi AY434568 EF011363 EF011438
JARATE R C. zhoui AY434584 EF011401 EF011463
KT C. pani AY434574 EF011367 EF011441
I3k % Dogania subplana AY259551 AY259601 AY259576

T3k ¥ Dogania subplana

I3k 72, Cuora amboinensis
B 554, Cuora mecordi
JE R HI5E 48, Cuora zhoui

0.02

87

1007 %kH17E# Cuora aurocapitata
=258, Cuora tifasciata

W& K158 Cuora pani LH-Hapl
W [KH7e 8 Cuora pani LH-Hap3
W& K556, Cuora pani LHHap4
W& G728, Cuora pani LHHap2
W KHI5E8 Cuora pani

Bl 1 ZET Cytb., ND4FI R =AEFBKEHIER (2766 bp) HEKIBALIRK
Fig.1 A maximum likelihood tree based on the combined Cyt b, ND4 and R35 data set (2 766 bp)

Kb “LH-Hap” FRAUHETEABLRE A 7e i i, HR g SRR BMATAM 5 1520 3 2T % B5 59 Bootstrap SCHFHR

(1000 XKEE).

In the figure, “LH-Hap” represents the haplotype of Cuora pani found in this study, and the subsequent numbers represent the haplotype numbers.

The number on each branch is the bootstrap support rate of the corresponding node (1 000 repetitions).
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0.5
—o— WEMI{E Obs
0.4 —— JIE{H Exp
g 03
3
g 02
~
¥ o)
0 012345678 910111213141516171819
01l PRFE 2 Pairwise differences
Bl 2 #TF Cytb. ND4 1 R35 =AEFBEE
B £ 1O 7 IR PR e R R AE TG 20 A 1B
Fig. 2 Nucleotide mismatch distribution of
Cuora pani based on the combined Cyt b,
ND4 and R35 data set
3 Wik

Spinks & (2012) FETAZEER, KIFE K
e E kA A I N RN L 5§
(2015) BT 12 NMEE RIS IR, KIS
W fu g kMR R RAKE LR T H$
MRS, HEONMHEREE . A0S T2k
PREE Cyt b ND4 FItZ IR R35 BRE 3RS,
R KA 7 a5 4 Sk 58 5o Rk
X, SET AWM ARG R, CREE KA TR
SE SR 5 4 Sk P 78 f o AH B R H
REE.

WAL Z R R 3R Rl iE NS R T 8
EfRR, SA b, g 2 AR X IR
AL IS S RE ST R, AIRIE AR 22 R U AT R i
INE PR IR H B KA PR (Richardb
etal. 2014). FAEMZFENE (B MK ERZF
P (o) R EY a2k /A DNA 28 R 8
FEM) 2 ANEERNR, HAEBROK, KRB 5
fEZ RS (Hughes et al. 2008) . ANHF 7T
W, & IKASEER Cyt by ND4 Al R35 =3
[R] 35 J 30 HE I 10 SR 5 Y 22 R A P IR 2
P, FRARRLSE B 25 A 0.000 935 ~ 0.004 1005
FEIX =B A R ) i, R T
BRI R Z AEPE (0.000 440), KB H AT+
L% I P 7 FBEAAR 1) 382 4% 2 AP A TR

FREEAAE IR NG, T B 1 K 4 R . IX
SHEPANP R E T D, SRR REASE
INE . ARTETR B RN AE SRR 2 i R G A 5
AR E FRNEERERFGKE RS 2011),
S B FAR Rk IS 7 418 TUCN )
faFh, AEREKIAEN “=F" Y,
BRI ENA R . BN
O 7 e (W ARVERAE, IS A S A
FITEIZYY . KBS G5 R = ™ AL, 7E%
GELFLIE (RRFESE 2004, RS 2011).
DALk 3 ) 55 2 st 7 X A 2 e P e B U A
BAEZAEER R I . ASCRIUR SRR
BTN BT AN ARRE AR R A, BRI A
il SINFEAR%CE, DLATH AR IS 2 A
FREEAE AR Je E B R 2 bk, IRk
T I P et MR B L) IRV 57 5 I R A AT
i AIEE, gt N TEF AR,
X B AP R R S A

TEAHTEFORAEN) 14 A% ICH ST AR,
He Rk TWINE T, RS8R
AME, BSRFEHR R, HEHERAET A
PRIEEL Cyt b BLf5 5 CPC1, ND4 #4575 CPN1
(B&7T CPI13 #EA) K R35 #f5# CPR1 (&
CP10 FEA) . BRI, AR 17 Hb PR IX P 7 fa A
A, ATRESRE DY oo R K ALK, BE
AR E HA X, (IR AR T
FREEAHE], @0 CP11 AMA, wIHEE™ B lIbRE P
B, H =R AR R RS P2 | o) CP2
HCPS AR o N33 PR P 5 AU s =X ™= R Ay Bk
PRI CRMSYE 1984), AL iR e B 5 Bk
PR ELAEEZ) 100 km, PR (A [R] B R 2 £ 3
IRl Reiife 2 R A K, JE8AFRAh 785
Z IR H IR A DAAR 7R st A% 2 FE 17 A
FFHEZE R

& ICH ST E a4 S TE BV 44 PR B 0
By AR RIS, TR G (5 P A 2011 4F R I AR
AMAJE RIS R IRIE (OREE 2011),
VYN TCTHA 1999 -1 2002 4F (1) I
TSR FHUIE S IR P e e ) ot X i 28 LU
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W (ZEZR 2000, AR5ERSE 2004). B, 256
AT FCHIRE AR SR A, FATAA )N
TC I JE 320 X3 i A IR TG P 5 ol 2
I ARIX,  Ja AR R ERATX — X IR R R SR
N EF SN, B A G BT Ah o3 A B AR DI,
I S R X B R AP e . kb, 2P
A2 e 7 P 2L R e 45 BE 2 LR i X, B
it i DX P 70 FELTE F 6] PR 3 A0 2 AT S b B R
MRy L H RS Z W fE PP SR BE R AR
DRI A R AR 2D, 3 IR P e e A AN A
ZAEFRHE T AESE (2009) K EHGE
FKH, 22006 4 6 H, o ERE AN T
FREFME 49 X, FEF R 50 AN
I AR TGP 58 fU ) B B O B 1,
KT T IERA, EENI Brh. ]
Jb L. BT S i 97 7 (3
BRKEEAEGHYNFFEEVF IR S5 % K
M fatia 0k 270 K, HHCORIIEEHE T
A INZEHASE TSR, it
FEEEH 4l Agik 500 K. H HATE K H5E
i N 5 1) 3 ) R R X 43 gk AT VR
F%, WRESBEERTG Y. BRI, A
VA RN TEFN, MX
ST HREAT IR, Ik PRI AR R A 1A A
AN [E LA R AT O, DAARRIR IR P e fa i
IIRRAL ZREE s 5 ST 7T A X I B A T
NTEEFIT R ARG R, BREEANTES
BUIR B FCFR R I8 4% Z FE1E, Sz a R
B HSEALRL AR
B ORBEER, KER. RA. SREARS
FERE St KA IR AL B o

Z % X W
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