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Sk G A o] ol A
nEZcglo} CYTB A4 9]
O3a3AdI Al FAEA

2 dFes FAo vEE=Zo} DNA(mitochondrial DNA, mtDNA)
cytochrome b(CYTB) {3 AE o] &3te] st= FAo] Jad T3 FAlo] It
o] mtDNA 9943 ATTEE HlRstL, Fotrlol JEEH] AT FHBA
€ 937 fAsted R ol ny, 4, €9 SA genomic DNA
£ FZE393, CYTB 34 AES BAHATD 5 dAol JE(n=47)9
haplotypeg #4413 Z3 % 67}A haplotype(Kor0l1-Kor06) 2.2 TEH 1, o
EE Kor01(n=19)% Kor03(n=23) haplotypedl Xg=3Jct S FAo] ot
(n=40)%= 67}A haplotype(Chi01-Chi06)o.2 uHH, 30/4Ae] CYTB A <Eo]
Chi0lol A ZAHJ. =3 F3o FAolES EF 74 43 AFAdA
CYTB #73A A <E(n=87)2 77}A haplotype(KChi0l1-KChi07)2.2 F&5 %1,
KChi01(n=53)7 KChi03(n=23)°14x ®& 7/MAEe] TFHATE Folrlo} FAo
9] CYTB #AA A <E(n=226) AA= F 67F4 hapotype(Hap0l-Hap06) 2.2
EHAG. =, S5, 489 FAo] JyaoXE Z+7 4789 haplotypeo]l AN
o, et Aol A= 3789 haplotypeo]l &AHANS. T FAo] F&L HapOl,
Hap02, Hap04, Hap05o] X313, HapOle] 85.0%(n=34)2] =& HI=E HY
t}. gt= FAio] HwwS Hap0l, Hap03, Hap04, Hap059] X 3H% 1 aL, Hap03el A

K



51.0%(n=24)2 ¥ RIEE B, Folrlot GAo] Ao CYTB ALE 719
FAH AGAFE 0.0009-0.0212 Atolo] A& AL =2 YEETh Soprlol FA o]
Ao 4" 671X haplotype TNA = FAole] CYTB METoE T4
© haplotype> &AH A Fhrh wE, d=3of FAo|7t th 3@ Hap03el A
T3 FAolY CYTB Agol A HHA g HL a5 It T35 I
| Aoz Ao W3 ARz FHHY, A G0l i = uf
A T3 1F JEE Ure 71F0] 2 F & A2 J|HEY. FopAo}k
FAlol Je9 haplotypeE2 Al5F oA EF @7% A (monophyletic)d &
2e Bo sty AxFdelA FEe JAdER ddHY, F7HHY olFH A
A0 A olF A W AgAFE AN A2 FAL

3t Z3 gd AAAZREH FEI ABE SR olF, MEZE=F o DNA
o g2 F4x A<EE3 3 DNA microsatellite(MS) marker 5 ©]&3 37}
A A7 IPFdd, FF 5 FAo] JGE HEF T, & ¢ F
Sotalol FAole 1A ATz A5 FIABAE 9T F dE T2 A
271 € Aoz 7lgdd

o
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A MAAHSZ AEE(Testudines)S 14 F(family), 319 F(species) 146 o}
Z(subspecies)©] A28l tH(Bickham et al., 2007, Chang et al., 2012). $-&]
tato] AMAste ARES 8 Fo| dulAd dow(ZgAEALH, 2011a), ©] F
AR E FA ol (Mauremys reevesii), A8 Pelodiscus sinensis), 9 # &<
B2 AAE(Trachemys scripta elegans)©] JTHE, 2007).

FAole  HFZ(Reptiia) AFE FA ol HA(Geoemydidae)ol| &3,
Gray(1831)ell &l Emys reevesiiZ2 A< 7IAHRUAIL, Geoclemys, Damonia,
Chinemys & S22 EFA Al #3E AFRY olF Mauremys £0.2 FE3|
of Ftt= ojHo]l A7)Ho](Feldman and Parham, 2004), @A Mauremys
reevesiiz= BEH 31 JHIFHAAEAYH, 2011b; International Union for the
Conservation of Nature, IUCN, 2015). $AlolE F2 2dHA &2 <F 34,
Zdolvdt 3 T fr&ol =9 '@ AMYstedH, TN AFEE HR =
MALE ALk it Ao FEITHFE, 2007, I HA2ALH, 2011b; =4
73k, 2011). w9ol= &, T3, Bolgd £XsE o
(Lovich et al., 1985; Chen and Lue, 2010; S 38 EX4 3, 2011b; = @37 78t
€, 2011; van Dijk et al., 2012).

BANE AF9 AW WE SAS FFY, Azt o3 AEHA T,

ll
e
b
kY
%0
o

98, 7|5t mE MARA &4 T olfE FAole MAFIt 435 Ha
sta gtk EF 19709 o]F TuEF, fgE, A8 e Lo H27
AL w8l AL (Trachemys scripta scripta), B AE(Mauremys sinensis) %
< HET I AEFIE FHHJL, olE T APFe AQVHAR &
of H|&d P FAF MAAE 7H Gl AES A2 Aok F4E A
ER Fde T3 5 MYodN AAHAAY #3d GA0] T ¥IE A=

e
e T i
21
X2
v
fo
Lo

%, 2007, T3HA1A, 2010, T HRAAEALH, 2011b, 2012). €AY
A45359F HE97] ofMAE [[FoE AAREHAJATHESA

oL
o2
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re,
N
ok
e



%, 2006, 7, 2006). mAH 2= IUCNY HAEE(Red List)oll T A=
o™ CITES(Convention on International Trade in Endangered Species of
Wild Fauna and Flora)e] F&A Mo E3Ho IAAHE AL Ut
(CITES, 2015; TUCN, 2015).

2000 o] F HEAA] ek Q14 e WslE Ade FB BHE #AF H &
of B2 #Ado] HFHIL gloy, ol WE A= T3 JPH1 vk 53

BAMESS 27199 wHe BYe EF UF A7 FokE Frjstn
&)

o] &, 2005, Iverson et al., 2007, Han et al, 2011, Oh et al., 2011, B &,
2011; 3 5, 2014), DNA M 2% 7|tz 3t fA ¥o] dF% o|Fojxx
Aot HEZE=Yols gd AZT Ul & WA F vk JR7A] EA st A2 Al
£ o &sdasts t9 DNA EAEE FEE + Jon, vEZ=go}
DNA(mitochondrial DNA, mtDNA)E= 4% §F2 E5Fd o3 dAdHE 2] o}
Uzt BARAS e AxEAolth =¢ mtDNAE DNA Axge] doux
gomr, 3 DNA Etp E4Ho] 2 Eo] 3 JFHE7 wear] vid T
A Aol digh Z4o] ®ol o]FoHTU(Brown et al, 1979; Clayton,
1982; Birky et al., 1989; Lee et al., 1999; Prusak et al., 2011).

AA7EA FU A o] Fojzl FAolo Y AF= BXAEAF ¢ N4 5A
Y, A4 54, 734 SAF 0¥ Sl JdtHonda et al, 2002; Eo,
2006; Parham et al., 2006; Lee et al., 2009; Kaiser et al., 2010; Lee, 2010;
Chang et al., 2012; & 5, 2013; &%, 2014). =3 FAolE X33t Mauremys
oA wFF, T A, ATIsTH 7do] 8¢ £24 7529 7 (Fong and
Chen, 2010; Suzuki et al., 2011, 2014; Xia et al., 2011)$}, FAo]9] HEZ =g
o A A7) MEe 3t AFEF e T AT A8 AYE Hug wt
AtH(Shin, 2008). o]HH FAolo] the EAFHEA AFE0] JAPHASN =

FH7hA @Fl AAste Aol Wad FF dAol FuB TAFARY

o,



£

3 3

=

o

A 9l R o= gle ARt
1 CYTB A €9 haplotype £4& &3] 3= GAo] a3

HAe mtDNA B4 old wE EA ASTEE Wust, 7]

shAlol FEIe] AT FARAZ ¥al7] st ol FolF T



AT o] &3 Aol AR F IAE AAYE JAFA] ot &g A
AR FHAL, s FA o] 4_A T FAo] 43/MA 9 A} =7 F&
STHEFLATEE 53 A|FHtol DNA #2o o]&3F ).

2. Genomic DNA =&

ZA3 A A Fo A DNeasy Blood & Tissue Kit(Qiagen, USA)E ©]& 3}

genomic DNAE F&391, F&as A 9-S(polymerase chain reaction,

PCR)Y 3o = o] &3t}

o{N

Z3l9tt. PCR FZ 9

B

%% DNAE F¥ o2 mtDNA CYTB #AAE
AH&-H
database ol B31¥ FAo] mtDNA A G (NCBI accession no. FJ469674)& ©]
23l A 23R (Table 1). PCR ¥H-82 DNA 144, 10xreaction buffer 2.4, 10
mM dNTP 248, Tag polymerase(Genet Bio, Republic of Korea) 0.54¢ (Sunits/
©l), 10pmole primer Z}Zt 1 Y3, S/HFE HI7lsld HF 20uU=E 9333
t}. PCR $%< Eppendorf Mastercycler Gradient(Eppendorf, Germany)E& ©]&
St A A F&3% DNAE F822 PCR $F % 8t A FolE 95TAA

3L VIV F, 9BTHAA 1%, 55CAA 18, 72CdA 18 132 3

primer= National Center for Biotechnology Information(NCBI)<



cycled 353] HtESF st on, 72ToA 58 HF AL, @Yo *

23 DNAE F3 oz 3 ALdE 9B5TolA 387 27184 3 94TCdA 1
2, 54ToA 18, 72ColA 182 132 3o 403 vHES8 s on 72T A
587 HZ AAsgth. PCR ZZAES ethidium bromide’} &% 15%

agarose gel ZollA A7 &3t Fladrt

Table 1. The primer sequence for mtDNA CYTB gene amplification.

Name Primer Sequence (5'— 3)
NS_CYTB_F GAC TTT AAC CAA GAC CCG TGA TTT
NS_CYTB_R AAG GTT TGG AGC CTT CTC TTT TGA

4. DNA M@ AN

R 2= QIAex I Gel Extraction Kit(Qiagen, USA)E o] &3}
AA BRI, G714 E 48 ABI 3130xl Genetic Analyzer(ABI, USA)E o}&
3ty direct-sequencings FH3ATE. AAEH AMES SUe=2 AT F
BLAST (http://blast.ncbi.nlm.nih.gov) AXMS &3 NCBI® database g HiL

CIREER L

E ATE 53 42 Ao mtDNA CYTB F4x MEEF 7]FEo] NCBI9
database Ao Bid MEES 2F FASAL, G7IAEN dI EHE e
CLUSTAL W program(Thompson et al., 1994)2 o] &3l 3t 4714
4 9] haplotype®] Z%A 2 DnaSP v5 program(Librado and Rozas, 2009)2 °]&



sl 2SR,

6. A8 RATA =4

AEd AEE 79 F413 AYATY 4= neighbor-joining(N]) treee] =}
A& PHYLIP program package ver. 3.695(Felsenstein, 1993)2] DNADIST <}
NEIGHBOR Z2Z1#& %3] &A3}93L(Saitou and Nei, 1987), 338 A=A
& Kimura's two parameter method(Kimura, 1980)°] <A 3%}4] transition :

transversion® HIE 1 : 22 7143t Ar&3 9o



1. LHAo0| CYTB Mol ol

FAo] genomic DNAE F&3le CYTB #3AE E4317] 934 PCR
primerg A Z3Y3L, )& o]&35te] PCR 5% 2%, ¥ BMA CYTB #4
A RS FEAT(Figure 1). 2489 FAo] CYTB #34 A ¥8& BLAST
AMor FQst AI} M reevesii®l mitochondrial genome A& (NCBI
accession no. AB561908)el4l CYTB #3z @9 sFettes 2 €A HAU
THO7.7%6-100%). 239 78709 FAo] CYTB A A €L NCBI databaseol
SE39a, B AT A" BE CYTB F3A A4S Table 29 Table 39l
A8 A

M 1 2 3 4 5 6 7 8 g 10 11 12 13 14 15

1,000 bp>

Figure 1. The PCR amplification in M. reevesii using CYTB primers. M is
1kb DNA Ladder Marker.

Table 2. CYTB sequences of M. reevesii used in this study

No. of CYTB sequences

Country
This study Previous reports Total
Republic of Korea 42 5 47
China 36 4 40
Tatwan - 5 5
Japan - 134 134
Total 78 148 226




Table 3. A list of specimens and sequence data used in the analysis of CYTB

gene sequences

Specimen Species Country Reference Accession no.
KINO1 M. reevesii Republic of Korea This study KR921566
KN1-1 M. reevesii Republic of Korea This study KR921567
KN2-1 M. reevesii Republic of Korea This study KR921568
KN5-1 M. reevesii Republic of Korea This study KR921569
KN6-1 M. reevesii Republic of Korea This study KR921570
KN11 M. reevesii Republic of Korea This study KR921571
KN12 M. reevesii Republic of Korea This study KR921572
KN13 M. reevesii Republic of Korea This study KR921573
KN14 M. reevesii Republic of Korea This study KR921574
KN15 M. reevesii Republic of Korea This study KR921575
KN16 M. reevesii Republic of Korea This study KR921576
KN17 M. reevesii Republic of Korea This study KR921577
KN18 M. reevesii Republic of Korea This study KR921578
KN19 M. reevesii Republic of Korea This study KR921579
KN20 M. reevesii Republic of Korea This study KR921580
KBO1 M. reevesii Republic of Korea This study KR921539
KB02 M. reevesii Republic of Korea This study KR921540
KBO03 M. reevesii Republic of Korea This study KR921541
KB04 M. reevesii Republic of Korea This study KR921542
KB05 M. reevesii Republic of Korea This study KR921543
KB09 M. reevesii Republic of Korea This study KR921544
KB10 M. reevesii Republic of Korea This study KR921545
KB11 M. reevesii Republic of Korea This study KR921546
KB12 M. reevesii Republic of Korea This study KR921547
KB13 M. reevesii Republic of Korea This study KR921548
KB14 M. reevesii Republic of Korea This study KR921549
KB15 M. reevesii Republic of Korea This study KR921550
KB16 M. reevesii Republic of Korea This study KR921551
KB17 M. reevesii Republic of Korea This study KR921552
KB18 M. reevesii Republic of Korea This study KR921553
KB19 M. reevesii Republic of Korea This study KR921554
KB20 M. reevesii Republic of Korea This study KR921555
KB21 M. reevesii Republic of Korea This study KR921556
KB22 M. reevesii Republic of Korea This study KR921557
KB23 M. reevesii Republic of Korea This study KR921558
KB24 M. reevesii Republic of Korea This study KR921559




— Continued -

Specimen Species Country Reference Accession no.
KB25 M. reevesii Republic of Korea This study KR921560
KB26 M. reevesii Republic of Korea This study KR921561
KB27 M. reevesii Republic of Korea This study KR921562
KB28 M. reevesii Republic of Korea This study KR921563
KB30 M. reevesii Republic of Korea This study KR921564
KB31 M. reevesii Republic of Korea This study KR921565
KKE732683 M. reevesii Republic of Korea Jang et al., 2014 KF732683
KKM?289199 M. reevesii Republic of Korea Jang et al., 2014 KM289199
KKM?289198 M. reevesii Republic of Korea Jang et al., 2014 KM289198
KAB562027 M. reevesii Republic of Korea  Suzuki et al., 2011 AB562027
KJQ798814 M. reevesii Republic of Korea  Jeong et al., 2012 JQ798814
CNO2 M. reevesii China This study KR921503
CNO3 M. reevesii China This study KR921504
CNO4 M. reevesii China This study KR921505
CNO5 M. reevesii China This study KR921506
CNO7 M. reevesii China This study KR921507
CNO8 M. reevesii China This study KR921508
CNOS M. reevesii China This study KR921509
CN10 M. reevesii China This study KR921510
CN12 M. reevesii China This study KR921511
CN15 M. reevesii China This study KR921512
CN16 M. reevesii China This study KR921513
CN17 M. reevesii China This study KR921514
CN18 M. reevesii China This study KR921515
CN19 M. reevesii China This study KR921516
CN20 M. reevesii China This study KR921517
CN21 M. reevesii China This study KR921518
CN22 M. reevesii China This study KR921519
CN23 M. reevesii China This study KR921520
CN24 M. reevesii China This study KR921521
CN26 M. reevesii China This study KR921522
CN27 M. reevesii China This study KR921523
CN28 M. reevesii China This study KR921524
CN29 M. reevesii China This study KR921525
CN30 M. reevesii China This study KR921526
CN31 M. reevesii China This study KR921527
CN33 M. reevesii China This study KR921528




— Continued -

Specimen Species Country Reference Accession no.
CN34 M. reevesii China This study KR921529
CN35 M. reevesii China This study KR921530
CN36 M. reevesii China This study KR921531
CN37 M. reevesii China This study KR921532
CN38 M. reevesii China This study KR921533
CN39 M. reevesii China This study KR921534
CN40 M. reevesii China This study KR921535
CN41 M. reevesii China This study KR921536
CN42 M. reevesii China This study KR921537
CN43 M. reevesii China This study KR921538
CHQA442410 M. reevesii China Xia et al., 2011 HQ442410
CHQ442412 M. reevesii China Xia et al., 2011 HQA442412
CHQ442411 M. reevesii China Xia et al., 2011 HQ442411
CAJ519497 M. reevesii China Barth et al., 2002 AJ519497
JAB571605- M. reevesii Japan Suzuki et al., 2011 AB571605-
JAB571615 AB571615
JAB561906- M. reevesii Japan Suzuki et al., 2011 AB561906—
JAB562026 AB562026
JAB920783 M. reevesii Japan Fujii et al., 2014 AB920783
JAB920782 M. reevesii Japan Fujii et al., 2014 AB920782
TAB562028 M. reevesii Taiwan Suzuki et al., 2011 AB562028
TFJ026854 M. reevesii Taiwan Lee et al., 2009 FJ026854
TFJ026853 M. reevesii Taiwan Lee et al., 2009 FJ026853
TFJ026852 M. reevesii Taiwan Lee et al., 2009 FJ026852
TFJ026830 M. reevesii Taiwan Lee et al., 2009 FJ026830
HQ442419 M. annamensis China Xia et al., 2011 HQ442419
HQ442418 M. japonica China Xia et al., 2011 HQ442418
HQ442417 M. mutica China Xia et al., 2011 HQ442417
HQ442409 M. sinensis China Xia et al., 2011 HQ442409
HQ442416 Sacalia bealei China Xia et al., 2011 HQ442416

_10_



N
ro

= 0| EEH| haplotype G811t A& A4

=

= F Aol HAk(n=47) WA haplotype?] ¥X E d#AAHL FA37] ¢
o AR A 3 FAol Ide CYTB FAHA ANEH, By AEFR
33} haplotypes 243t 23, % 67}A haplotype(Kor01-Kor06) 2.2 -
HAg. dEE Kor0l(n=19)3% Kor03(n=23) haployped]l XU, I F
Kor03(48.9%) haplotype°] 7F3 & AE& 33 Y Aoz eyt

gt FAlol Ao fHA AAFE Table 49 A ASFATE Table 404
g F U= AAE Kor01#% Kor029] #4234 AAF€ 0002002 71 7M7)
o Kor04¢} Kor069 F+32 AgA+7F 001482 71 | Aoz AH A
Kor01¥ Kor039] §34 AHAF0.0076)% vlxd 7174A debsgth 3148 A
YA FE vB o2 @5 G0l JEY AT FARAE NJ tree2 YERRAT
(Figure 2). Iverson et al.(2007)¢] A& #Fzdtel FAolFddd &3+ Sacalia
bealei(Beal’s eyed turtle)E outgrouplZ AA3AT NJ tree X $Ael A,
St G Aol ekl 6709 haplotypes < Kor0l, Kor02, Kor04, Kor05& X33}
= Kl cluster®} Kor03, Kor06<S ¥3%3t= K2 cluster® F-EH o, AA
2 A5 AoA BT @A 54 (monophyletic)¢! 442 H Y.

A
_gg

s

2

Table 4. Genetic distances among 6 haplotypes based on CYTB gene

sequences of M. reevesii in Republic of Korea

Kor01 Kor02 Kor(03 Kor(4 Kor05 Kor06
Kor01 -
Kor02 0.0020 -
Kor03 0.0076 0.0049 -
Kor04 0.0136 0.0089 0.0104 -
Kor05 0.0100 0.0079 0.0076 0.0036 -

Kor06 0.0116 0.0082 0.0022 0.0148 0.0103 -

_11_



Sacalia bealei

Kor02 (1)

Kor01 (19)

Kor04 (2)

Kor05 (1)

Kor03 (23)

K2

Kor06 (1)

Mauremys japonica

Mauremys sinensis

Mauremys annamensis

Mauremys mutica
0.01

Figure 2. NJ tree based on genetic distances of CYTB haplotypes of M.
reevesii in Republic of Korea and its related species. The CYTB

sequence of Sacalia bealei was used for outgroup-rooting.
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3. &3 HMo| Tl haplotype St A& |SHEA

% Aol Fd(n=40)o14 AAHE CYTB A <L9 haplotype2 243 A}
% 67FA haplotype(Chi01-Chi06) 2.2 T-EH 13, tjF-£ Chi0l(n=30) haplotype
of ¥3H At

3 FAol Aee 4437 AgASFE Table 591 AA ettt Chi0l3} Chios,
Chi02¢} Chi039] #+A3 AdXFE& 0001022 71 7MA YeElss, Chio3s
Chi059] #A4 AYAFE 001192 714 DA

Table 5. Genetic distances among 6 haplotypes based on CYTB gene

sequences of M. reevesii in China

Chi01 Chi02 Chi03 Chi04 Chi05 Chi06
Chi01 -
Chi02 0.0069 -
Chi03 0.0079 0.0010 -
Chi04 0.0020 0.0089 0.0099 -
Chi0b 0.0040 0.0109 0.0119 0.0059 -
Chi06 0.0010 0.0079 0.0089 0.0030 0.0030

T AgAFE ABez = Ao I AT FHBAAE NJ treeZ
UEFA A TH(Figure 3). @Aol 3o &

At NJ tree X FdolA, T3 FAo]l I3 6709 haplotypeE Chill,
Chi04, Chi05, Chi06e X33stE Cl cluster®} Chi02, Chi03s X &3t= C2

cluster2 TEH oY, dAHoz ATF FlM BF @ATHL Fde BT

3} Sacalia bealeiZ outgroup o2 A A3}

rr
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Sacalia bealer

Mauremys japonica

Mauremys sinensis

Chio5 (1)

Chi0é (3)

Cl1
Chi01 (30)

— Chi04 (1)

Chi02 (4)

c2

Chi03 (1)

Mauremys annamensis

Mauremys mutica
0.01

Figure 3. NJ tree based on genetic distances of CYTDB haplotypes of M.
reevesii in China and its related species. The CYTB sequence of

Sacalia bealei was used for outgroup-rooting.

_14_



b
ro

3-33 40| FEto| haplotype R8It A SABA

=3 = FAo HddAd AAH" CYTB AE AA0=8N W
haplotypeg #2438 t. CYTB haplotypes ¥ 77}A] KChi0l-KChi072 T-£3
13, KChi0l(n=53)3 KChi03(n=23) haplotype®] =< H=Z el 3719
st G Al o]-5 o] A haplotype(KChi02, KChi03, KChi07)®} 1719 T FAo]-
E0]3 haplotype(KChi04)o] &=t &= FAlo] o] haplotype X9
Kor01# Kor03d EX#FHAW MEEL 77 KChi0l# KChi03d] &=+ =3
He Aoz QFHYL, T3 FAo] Fel haplotype X oA Chi0lel] X3
HAE AEEL KChi0ldl 2F =T
I F5 FAol F29 734 AHA £ Table 69l AAsAt. 7HE 7}
Th& A48 AYAFE 0.001022 KChi0l# KChi02, KChi05%} KChi06ol A 1}

FAA AYAFE 004692 KChi0l# KChi07el A e,
d=H T3 A JBY AT FdaBAE FAoFHd £33 Sacalia
bealeiZ outgroupl.® A A3t NJ tree® YEF A TH(Figure 4). NJ tree #X|
FelA, @d=-F= FAol Jde 779 haplotypeEE KChi0l, KChi02,
KChi04, KChi05, KChi06& *E33t= KC1 cluster$} KChi03, KChi07-& X &3t
KC2 cluster2 FEHJoU AAHOE AESF HoA BF dAEH FAS
B

X

ol
Hd

Table 6. Genetic distances among 7 haplotypes based on CYTB gene

sequences of M. reevesii in China and Republic of Korea

KChi0l KChi0Z KChi03 KChid4 KChi0b KChi06  KChi07
KChi01 -
KChi02 0.0010 -
KChi03 0.0113 0.0049 -
KChi04 0.0020 0.0030 0.0059 -
KChi05 0.0069 0.0079 0.0069 0.0089 -
KChi06 0.0079 0.0089 0.0079 0.0099 0.0010 -
KChi07 0.0469 0.0082 0.0033 0.0093 0.0106 0.0118 -
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Sacalia bealei

Mauremys japonica

Mauremys sinensis

KChi05 Republic of Korea (1), Chian(4)

~ KChi06 Republic of Korea (2), China(1)

I KChi02 Republic of Korea (1) KC1
KChi04 China (1)
KChi0l Republic of Korea (19), China (34)
KChi03 Republic of Korea (23)
KC2

KChi07 Republic of Korea (1)

Mauremys annamensis

Mauremys mutica

0.01
Figure 4. N] tree based on genetic distances of CYTB haplotypes of M.
reevesii in China and Republic of Korea between its related species.

The CYTB sequence of Sacalia bealet was used for

outgroup-rooting.
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5. SOtAOF H40| ZTHe| haplotype Fd 1} X|HH B X
71E Fotrlol AHelA BHiuE FAole CYTB AEEFH £ Aol 2
A NIES =5 &3l £ 2267] A9 haplotype E¥ % A% #4
g FYPsAT. Fokrlol HFAlel CYTB #3AA AME #AAE F 671X
haplotype(Hap01-Hap06) .2 &% A tH(Table 7). =7 ¥ haplotype % lA
Hap03<2 128719 A& (56.6%)S &3t AP ol 5 dFEEL d=(n=24)
I dE(0=103) AN FdAE Aoz dAHUL, o] o= ivt FAo] A
d U7 AHAo Y, 5 Jd9 CYTB AEL Ad SA5A Fiadt

Table 7. Distribution of CYTB haplotypes of M. reevesii in East Asia

Country

Haplotype Re?;l:rl:; of China Japan Taiwan Total
Hap01 (436%) (85.0%) (206%) (600%) &
Hap02 (2.3%) 1
Hap03 (511%) (76.9%%) (200%) 128
Hap04 (45%) (23%) (200%) 4
Hap05 (21%) (10.02%) (15%) 7
Hap06 07%) 1
Total 47 40 134 5 226

=7} haplotyped

7z} Hap01¥ Hap039l A

haplotype FolA & FAjo]
At Hap0l<2 287, Hap05& 270, Hap06<2 17019 CYTB A €& X

A=} =
=X &

H<el CYTB
FES FokA ol HAAA R
LAHAT. Folrlop FAo]
@2 Hap0l, Hap03, Hap05, Hap06 22 F&

e,

U EW, 5, T,
7} 4719] haplotypeo]l U} 3, izt FAo] Ao
HA}dh BE-F5 FA ol
KChi01# KChi03¢] A
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Hap032 103709 ML (76.9%)S T &3] 71 & ¥MI=E B,

ZF3 JAo] A Hap0l, Hap02, Hap04, Hap05= FE o™, Hap0lol A
' Y ME@0%E, T3 FAol I FoA 713 B ANEEo] X3F

it Hap02¢ HapO4dlAd = Z+zb 1719 A <go]l A3, HaplholldE 4719
CYTB M EE°] X¥HE AS=Z Yeyod.

3= F Aol IS HapOl, Hap03, Hap04, Hap052 &= At} HapOlol A&
2071, Hap039l A+ 247, HapO4el Xl = 271, Hap05 ©lA+ 1719 CYTB A o]
FEAG. 240 o] &3 T Aol e CYTB ME ¥ 47T/ FoA 24
el Mol Hap03el 230} 3lo] 5L1%= w2 WME=E HATH

= N
% <7 h

mHap0l ¢ & g,_/z,'/f )
¥

~ BHap02

i

@ Hap03 i
g Hap04
E Hap05

B Hap06

Taiwan
n=>5

5D

73

Figure 5. Biogeographical distribution of CYTB haplotypes of M. reevesii in
East Asia.
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Figure 55 SolAlo} FAo] e mtDNA CYTB 7342 A <€9 haplotype

FolA HAFJYG. 77 B FAYo]EL Hap03°] 7}
F B RESE YA, T3 A= Hapllo] 7Hg Wol] #HAHATH
Hap02+ 5= Aol A7 Hapl6 LEA 7 @AEJY. 3= JdAo] e
CYTB A 499 ¥33= haplotyped Q1= Ao ® 3¢5t Haplbs tiwrs
AQg =, T3, 48 NEdS T

A
=, ko] MEe £ e A2 YEET

M

Table 8. Nucleotide substitution in CYTB gene sequences among 6 haplotypes

Nucleotide position in CYTB sequence

No. of

Haplotype S 1 2 2 2 2 3 5 5 5 7 9 9 9 9
substitution ¢ 0 0 4 8 9 5 5 6 1 4 4 7 8
5 2 6 6 1 6 2 8 7 8 0 7 3 4
Hap01 0 CcC G ATGTTTCTTTZ CTCTT
Hap02 1 G
Hap03 6 . T G G C
Hap04 8 T A
Hap05 7 T
Hap06 1 .. . . A

FolAlo} FAolo A Bld 67019 haplotyped 3@ stE CYTB +3X A4
S UsAHE ZAAN HEE Y A7IAEEL Table 8 AT &
NG GPAFL 1470 A F7AF @o] A=A & 1719 E]A
slo] #& ¥ haplotype Hap029} Hap062. 2, Hap02& 206HA H7IMdolA G
2 g7)X %] JEYa, Hap062 281 A Aol AR @G7]Xgko] dojdt A
© 2 ety Hap03, Hap04, Hap05: ZHzE 674, 87, 7702 Aol 71418
o] A& YT}

F
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Sotrof Aol Exte= Aol JFEEY AT FARAE U] st
CYTB AEE 7Y #d4 AYAFE 243 ZA= Table 9o A AT
Hap04¢} Hap059l 23H = AEE Aol 34 AR+ 0.0009= 7H8 <
do = UEs, Hap033% Hap04d] #3734 AgAs7t 002122 7 A &
AZ Yetd At Hap0l¥ Hap03¢ #H4 AdAFE 0006022, o=
FAol e haplotype WolA HlmE Kor0l# Kor039] #137 Agz
(0.0076) Bt} 7HH Al Ve st

SolAlol FAlo] Mol EAE mtDNA CYTB A €9 haplotypeEd <4
Z9 CYTB XNEE 79 NJ treeg® ZAAQ3t Figure 69 A AstH T FA o7
o] &38}= Sacalia bealeiE outgroupl.Z XA AT. NJ tree 4 FgoA, &
ofxlo} FAlol Ao 67019 haplotypeEL Hap04¢t HaplhE F 33t Al
cluster®t Hap0l, Hap02, Hap03, Hap06S X&3= A2 cluster® TFEHITH
A2 clustere Folrlo} EAo] el diFEY ALdn=215)= EFE 95.1%
o 2 WIEE B SofAof Aol M HA K= e IFS FA

i=]
A AT oA RF dATHA Fde B0

M

N
i

o

Table 9. Genetic distances among 6 haplotypes based on CYTB gene

sequences of M. reevesii in East Asia

Hap01 Hap02 Hap03 Hap04 Hap05 Hap06

Hap01 -

Hap02 0.0010 -

Hap03 0.0060 0.0079 -

Hap04 0.0080 0.0099 0.0212 -

Hap05 0.0070 0.0089 0.0089 0.0009 -

Hap06 0.0010 0.0030 0.0175 0.0109 0.0080 -
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Sacalia bealel

Hap05 Republic of Korea (1), China (4), Japan (2)

Hap04 Republic of Korea (2), China (1), Taiwan (1)

— Hap06 Japan (1)

Hap01 Republic of Korea (20), China (34), Japan (28), Taiwan (3)

Hap02 China (1)

Hap03 Republic of Korea (24), Japan (103), Taiwan(1)

Mauremys japonica

Mauremys sinensis

Mauremys annamensis

Mauremys mutica
0.01

Al

A2

Figure 6. N] tree based on genetic distances of CYTB haplotypes of M.

reevesii in East Asia and its related species. The CYTB sequence

of Sacalia bealei was used for outgroup-rooting.
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ro

2 Mo WEte] QAN BA X

@Fol A4stn Qe dAeld) F4 - B4

&

Toll et FAols TEEy
A 74 Foz It oW 713t Tt A gtow, o e Y
A Zb B2 AA S0l THHALE, NEE, FALE FHoR THAA F4Y
HAHT Hesd BT, 2013). = FAo] HE F, mtDNA CYTB #+3
2 Mgl 6709 haplotype & T o] RAZF ol Az delA Fd A
S o= woaEth ES NJ tree(Figure 2) A FAelA Kl, K2 cluster®
TEHE FEE T30l Vder G Aol o]FHAAM Hojx 23t
o e FdE AoE HZAEH

f

Z FAol FFY CYTB NEEL 67019 haplotypelZ FEEo], o7 7|
o A AxdA s ddoz FAHER. FAo] Hd9 /el R ATHA
2 A g Suzuki et al(2011)9] ATFANAE T3 FAo] AES EA4d o]

L3 MEo] Aol I A HAole T dAoldA Zdst
Bt & a9 BHoAR Fd3t T3 FAo] AEE &3
I, o] AEL& T FAo] He haplotype T4 ¥IE=r/ 71 E=A JERG
Chi0l(n=30)¢l 23t=o] Chi0le] F= FAol JddA F& o|F& EAY A
o2 FZHY. NJ tree(Figure 3) X dAolA Cl, C2 cluster2 F+EHE &
AE FAE FAY BEARHY 2E5& AL dE ALE HolH, Chif4ol
TFEAD ML Cl clusterd ChiOlolA FAE AMEd Aoz AGHT),
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3. SOtA[o} HHo| TThe| EHA

HAolE XFste B2 o AEFI T B, AeEE, A& FA4E T
o FHoz Y 422 FIHAH TILEREH UF I7HE FYHR ddx
B 31 5] tH(Cheung and Dedgeon, 2006; Fong and Chen, 2010). ti®te] 3§ &
Aole ZHALz 7HA7F Eob B2 ATt o] FofAL 3, 49 22 E
A =74 FHeoz dd AT A2l AFE LTI e FOoE BIUG
(Chen and Lue, 2010). 929 3¢ 18417] Fxkel]l &=ollA FA 7 FAH
AE A Fo Exsgon FAHor FHORE st A FF8 &
Ao AA =3 FLE FAo] Yool EExIe SR HIHYUIL(Suzuki
et al., 2011), e E38Y o]% 1970 RE £
HE o2 dHA YHFHBERDH, 2012). FotAlol FAol A (n=226)9]
% 6709 haplotype oA HapOlol £3¥ 3= FAo] He(n=20), €& FA
o] AtH(n=28), th7t FAo] IA*(n=3)2 S haplotyoped] EFX3= F2 FA
ol i} Z A ALR AGHY, HZ FHAA FUE F¥ld 74
S WiAE FE gloh. =3 Hap0le] £XA T35 FAo] o] /B¢ A 1
Bl Fofrjol HAol Feate] dx2 FAAY. qustd o £xe T3 7
£ Eolgt = dB Fo 3 dolX = X FH 7JAHgeographic decline)E H 9|

T AL= Hop o7 Ao gAY o]TARE HlFE @MVt E 5 U] A

h)
Ry
lo
ll
of
Hd
Y
o
5
)
Jo

dE Ao JaH A2 74 FAel e CYTB #4842 X434 control
Suzuki et al(2011)¢] AFolA=, LB FAo] Jae CYTB

Mol &=, FF, oiwre Aol JF} v =AY FdIA dEhvE A
ghelatdth. T3 FHA AAFE 24T A9, 2T F52 0.05%-0.22%,
&I dighE 0.00%-0.05%, LEF F320.00%-010%2 FAH Aot
WA dElg 4B Gl Age dB ufFe] ol %, FF, U §
AF F7lolM dFF BHom AYFHoE YW AATG BRusgy. B AF
9] Hap01¥} Hap03ellA] =3 & Aol I viFo] 21, 13 A
$(Table 9)7F vl A vetsten] NJ tree(Figure 6) 4 $AE 7172
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bk o3 AREL AR YAl Fwol ¥F dAol Yud BAHCE

Zde BAE wolw, YE @Al e ARE I3 Ao due A=

ol FUHNS Aom FHW
FAjole] mDNAE o] &5}o]

£ ZFoA FAHE JHdoltt 7o dvtke] 3 dW = FAol I
Fol™, BE32 A 9 (niche)
3R T, AT EFE FAY 2E5(FHH )R B HFozivta
RIFEGHFET LT, 2013). st=-F= FAo] FEel haplotype &4
A3}, Figure 4914 KC2 cluster2 FEH Q™ KChi03(n=23), KChi07(n=1)< 3t
= FAol FAuwts EFstal glo], A AZA e dFo] UFHEA £ H o
A5e 2Foz F5d. 2047] olF AAFEH T3 FAolEo] FAHINE
A SAAHZ kot FAol7F 1970d ] = AA A7) 1980Ad FE v
ALg, BEE g oR2 Iud FYHAS Folgte RI(FHAEALH, 2012)
£ KCI clusterelX 2dEHe d5-F55 FAolEC] §F522 &dste ¢
s ol drigrt @
€ 59 FHoE I F=E
o] AAEHAZ FHE
o

(o
A
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Y
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X
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ints
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an
offl
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(o
g
'S,
=4
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X
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i
e
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o7 Ayzteth

Ul A2lete FAlolE BAS A AA 27HK Joz, = FAolg)
= FAol2 FEIATY T FAE T Aol wlse AFPe] A,
T 328 gy, B4d Alolg AL I He HE H47t B Htd
T FAeole APo] T2, AZAS Hv E3tw Atojo Aol e wFA
He B/ Bskom, Fdg G Aysta e FAel A FHA £
A7 d= A T3 AT BF FQlEHo, AR 299 JHsAol v
O3 StATHSE YA EAE#, 2012). = FAolg T G0l AS o] &3
o] mtDNA haplotypes £4]3F Eo(2006)2] dAToAE =3 F= FAo I

ofN 2 ol
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o] 11719 haplotypeEE TEHANL, o FT 649 F= FAo-FolH
haplotype® 271¢] &= FAo]-E0]3 haplotypeo] HAHUH, 17 Ag
A19=7F 0.001-0.0092 Y FAol A& AolE TAT F JATL B}
Aot S=-F= A Z49 F 709 haplotypedl A 3719 = FAo]-F o] F
haplotype® 1719 = yYAo]-£0]& haplotypeol A5 At (Figure 4).
Eo(2006)¢] 79 2 dAFoA 27 E haplotype ¢ Aole Aol o] &3 A
d F9 Fold g AAZ AztHEATh EZ Folrlol Aol I 6719
haplotype %olA &= FAlo]-50]|% haplotypes ZZAHXA &YX, CYTB

Aqde tiFEFo] Hap0l(n=85)7 Hap03(n=128)°] X3+, o} Hap03<
3 GAodE AF veEgx Fgten O B¥E theH20.0%), 3(51.0%),
HE(79.9%) o2 EoIA I Yt (Table 7). ol& AT F glovt T3 A
olgtE o] tE Mz A EXEH L A #AY) A & Aoz FA
Aot ol ARE FFs B w, Hap032 3= FAo] K9 haplotypedl
o2 #axm, KC2 cluster® Hap03e 7o =2 333 T3 Ao Adg +
g & A< Aoz AzE.

Solalol FAo] FHeel haplotypedl £EXE AHrd AAFHoz Frphd
AolEo] Nz EAHE BFE HolAT, Z; I7PEE b9 AqEs EFse
haplotype2 A E FEHE F&S UHEU A, Aol 9 6709 haplotype
2 AST oA BF GAFTHA S BHole ALeE Hol, 7% &

B

LA 59 Folalol dao]l AL AL shte AzAwelA A

iy

2 L 2719] B3 o FolE F74HQ o5 AHA Az ol F
Ao ) AHAAE AR Aoz F4AY. ARHer @4 d FAol v
Pue fdweR FHHE A% RN 49 Aow FAHE A

T HRE Fokrlol HAe] el mtDNA CYTB 384 MEe Ed=
44 g R AT FABAE BNT A3 Fobrol dAo] Hd 1
e T3 FRALR BAV qgd AT MAsa doan e, v
Aol o8& Aol dF o] AFH| ok AAZE YA, oW AFelA

o

i
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<summary>

Phylogenetic Relationships based on the
Polymorphism of Mitochondrial Cytochrome b
Gene Sequences in Mauremys reevesii
Population in Korea

Seon—-Mi Park

Major in Biology Education, Graduate School of Education, Jeju National University

(Supervised by Professor Hong-Shik Oh)

This study was carried out to compare the maternal lineages of Reeve's
Turtle (Mauremys reevesii) populations of China and Korea and to reveal a
phylogenetic relationship using mitochondrial DNA (mtDNA) polymorphisms
of cytochrome b (CYTB) gene sequences of East Asia. Genomic DNAs were
extracted from the tail, plastron, blood and other tissues. The CYTB gene
fragments were amplified using polymerase chain reaction (PCR) and their
sequences were analyzed. As a result, it was found that the Korean Reeve's
Turtle population could be classified into 6 haplotypes (Kor01-Kor06) and
most of their CYTB sequences were included in Kor0l (n=19) and Kor03
(n=23). Reeve’s Turtles of China were divided into 6 haplotypes
(Chi01-Chi06), and 30 CYTB sequences were included in Chi0l. Reeve's
Turtles of China and Korea were grouped into 7 haplotypes (KChi01-KChi07)
and most of their CYTB sequences were included in KChi0l (n=53) and
KChi03 (n=23). On the other hand, CYTB sequences of Reeve's Turtles of
East Asia were divided into 6 haplotypes (HapO0l-Hap06) and Reeve's Turtle

populations of Korea, China and Japan, 4 haplotypes were observed in each,
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and 3 haplotypes in Reeve’s Turtle population of Taiwan. Chinese Reeve's
Turtles were found HapOl, HapO2, Hap04, and Hap05, and Hap0Ol was shown
to have the highest frequency of 85.0% (n=34). Korean Reeve’'s Turtles were
found in HapOl, Hap03, Hap04, and Hap05, and Hap03 was shown to have
the highest frequency of 52.1% (n=24). It was also found that the genetic
distances between CYTB sequences of Reeve's Turtles of East Asia was in a
range of 0.0009-0.0212. Although there was no haplotype which includes only
the CYTB sequence exclusive for Reeve's Turtles of Korea, since no CYTB
sequence of Reeve's Turtles of China was found in Hap03, it would be
possible that Reeve's Turtles of Korea categorized in Hap0O3 are separated
from Reeve's Turtles of China. The haplotypes of Reeve's Turtles of East
Asia were monophyletic, which indicated that they had been evolved from a
single maternal ancestor group, but went through local evolution processes
after geographical migration and isolation between Chinese Continent and
Korean Peninsula. Therefore, to reveal the maternal inheritance and a
phylogenetic relationship between Reeve’s Turtles of Korea, China, Japan,
Taiwan and any other East Asian countries, it would be necessary to study

using the nuclear DNA microsatellite (MS) marker and others.
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