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Genetic Diversity Analysis of Cuora flavomarginata
Based on COI Genes in Zhejiang Province

CHEN Min"?, QIN Yuan', LIN Yehong', REN Siqi', YE Jiazheng', ZHENG Shanjian'"

(1. Key Laboratory of Wildlife Biotechnology and Conservation and Utilization of Zhejiang Province,
Zhejiang Normal University, Jinhua, 321004, China;
2. Yongkang Wildlife Protection and Management Station, Zhejiang Province, Yongkang, 321300, China)

Abstract: In order to understand the present situation of germplasm resources of different Cuora flavomarginata in Zheji-
ang Province, the genetic diversity and genetic structure of eight C. flavomarginata populations from wild and breeding
farms in Zhejiang Province were compared based on mitochondrial DNA COI sequence. The results showed that the se-
quence length of COI gene of C. flavomarginata was 1,040 bp, and the average base content was A=27.4% .T=30. 5% .C=
24.6%.G=17.5%, with strong AT preference. Nine haplotypes were identified in the eight populations, and the haplotype
diversity (H,) was (0.79900+0.21000), and the nucleotide diversity (P,) was (0.00209+0.00147), showing “high H, and
low P genetic distribution. The genetic distance between different populations ranged from 0 to 0.003. The genetic dis-
tance within populations was between 0 and 0. 004, among which the genetic distance within Pan’an Houge Village (YS)
population was the largest, which was 0.004. The haplotype phylogenetic tree did not show obvious pedigree structure.
The genetic differentiation index (Fg;) interval was from -0. 34752 to 0. 82222, and the genetic differentiation was not signifi-
cant (p>0.05) in eight populations. Tajima’s D and Fu’s Fg test values were either positive (Tajima’s D=-0. 36627, Fu’s
Fs=-0.605) , but statistically insignificant. The distribution of nucleotide mismatches indicated that the population of the
C. flavomarginata in Zhejiang Province did not experience a population expansion event. Mantel test showed that there was
no significant correlation between genetic distance and geographical distance (R=0.2938,p>0.05). AMOVA analysis found
that the genetic variation within populations was higher than that between populations (85.06%>14.94%). The results
showed that the populations of C. flavomarginata in Zhejiang Province are characterized by high haplotype diversity and low
nucleic acid genetic diversity, and there was a certain level of genetic differentiation, and there was obvious gene exchange
among the populations. The wild C. flavomarginata obtained in Pan’an County was identified as Zhejiang species according
to COI gene analysis. Moreover, it was also found that there were hybrids between Zhejiang species and Anhui species. It
is suggested that the C. flavomarginata populations with different degrees of differentiation should be divided into different
units for protection. This study uses genetic diversity analysis to provide a basis for the development and utilization of C. fla-

vomarginata germplasm resources in Zhejiang Province and the formulation of reasonable protection measures.
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Tab. 1 Sampling information of Cuora flavomarginata

s 5 PRI G AR

ID Code Sampling location Longitude and latitude Sample size
1 DY1 ZRBH 45 e 29°9' N,120°13' E 2
2 DY2 RN 29°19' N,120°25' E 5
3 HZ FUH i 0 30°10' N,119°12' E 8
4 HUZ 1N 22 18] 30°45' N,120°5' E 6
5 YS B2 5 Tl R 28°57' N,120°35' E 9
6 YW VYN 29°10' N,119°59' E 5
7 YK1 i B J 3t 28°51' N,120°S' E 5
8 YK2 AKE T 5t 29°50' N, 120°11" E 4
JTT Total 44
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et FH I TR R T P 2 A e f AR, B T
A 200 WL 0. 01 mol/L il R 2% b 5 5 W (PBS) 1) &5
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TGTGTTTT-3',COI-R:5' -TTGCTCAAGTTTGGTGTA-
GT-3’, PCR BN R ZFR N 25 wL, Ho R Tag DNA
Premix 10 pL, 5E[H 41 DNA 1 pL, b F#E5I ¥ &
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TEUR BRI Z R (H,) LA R AR (P) S50
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X R e B e G0 E AT X, AR A Bk Al e fa 2k
BIR CO R A A FE A 1040 bp, 3 K751 il 3
A T.C.G Y& R0 27. 4% .30. 5% . 24. 6%
17, 5% , A+T W) F- X5 88 57. 9%, C+G P35

TN 42, 1%, R AT I fai k. 7544 Rl sifa
MERZ KR CO TTFA ARG I 2 RAFA7 551 0044,
AV 13, (5 B AL 4, R 2915 B
91
2.2 Gl 1E 2 AR

BT LRAR cOTF A P o 4 LT 94~ fk
AL, 8 AN S A o AU A Y BT R Z R 1 (H)
(0. 429 00+0. 169 00)~(1. 000 000. 500 00) , % H %
K% A (0. 000 42+0. 000 16)~(0. 004 25+0. 001 21) .
Hod ) YS B R 09 2 TR £ 4 1 B (0..004 25+
0.001 21), DY 1 #HA HUZBEAF Y W BHAR) A5 RIZ
FEMERS T, 20 300 (1. 000 00+0. 500 00) . (1. 000 00+
0. 096 00) F1(1. 000 00+0. 126 00) (£2) .,
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Tab. 2 Genetic diversity information of Cuora flavomarginata

S 9 *ﬁﬁfﬁ% g AR () et  TORERERR
1D Code number Haplotype Haplotype diversity Nucleotide diversity ° differences
1 DY1 2 Hapl .4 1. 000 00+0. 500 00 0. 001 92+0. 000 96 2.000 00
2 DY2 2 Hap3 .4 0. 600 00+0. 175 00 0. 000 58+0. 000 17 0. 600 00
3 HZ 2 Hap3 .4 0. 429 00+0. 169 00 0. 000 42+0. 000 16 0.428 57
4 HUZ 4 Hap2.4.6.7 1. 000 00+0. 096 00 0. 002 05+0. 000 38 2.13333
5 YS 5 Hap2.3.5.8.9 0. 833 00+0. 127 00 0. 004 25+0. 001 21 4.388 89
6 YW 3 Hapl1.2.3 1. 000 00+0. 126 00 0. 003 85+0. 001 37 4. 000 00
7 YK1 3 Hap2.4.8 0. 700 00£0. 218 00 0.002 88+0. 001 21 3..000 00
8 YK2 1 Hap3 0. 833 00+0. 222 00 0. 000 80+0. 000 21 0.83333
St Total 0. 799 00+0. 210 00 0. 002 09+0. 001 47 2.173 02

2.3 SRSk ABRA TG 8 R B R 4 1k

WAL BB AT AT, FE T LRk CO TR 31,
T TR A ] %) 38 £ 1 5 ol 0~0. 003, Herf YW | YS
P 5 At B A ] £ 38 £ B B 5 322 (0. 002~0. 003) .
8 IR P ) a8t 4% B 25 4 0~0. 004, HZ FI1 YK2 B {4
PN 3B 1 R B A /0N Y'S B A D 38 A R R i K A
0.004(5£3).
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o DY R YK B 0] (9 38 15 0 A 48 B/, R

-0. 347 52, R BEAR ] 115 0 1A 55 (3R 3) o
]IS, Mantel 46 96 25 5 s | $ VT8 PIAS [ 85 2% 4 5%
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Kt (R=0. 293 8,p=0. 134) , F W Lk A 5¢ L M EERY
Ui e L PN AT NTE

FIFH 2705 25 0 B Fs A% o1k 2 B0 8 AN E 4
[ Py 5t A% A8 S FNst AL HEAL IEAT 208 o BEF COT3EA
FWUH%@%A¥WBKﬁM9M3ﬁ%WMﬁ

A5 St K 85. 06% , 4y F A8 5 R LA TEREIR N
%oﬁwﬁWu%ﬁwgﬁﬁOM%%pQ%%
SRS TR A F K (R 4).
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Tab. 3 Genetic distance (lower triangle) and genetic differentiation index (upper triangle) of Cuora flavomarginata populations

P
Code YW DY1 DY2 YS HZ HUZ YK1 YK2
Yw 0. 003 -0.27542 0.257 81 -0.02273 0.397 87 0.014 93 -0. 132 81 0.377 43
DY1 0. 002 0. 001 0.353 61 -0. 095 45 0.567 57 -0.263 16 -0. 347 52 0.82222
DY2 0. 003 0.001 0. 001 -0.006 13 -0. 132 08 0.418 56 0. 200 00 0. 194 63
YS 0. 003 0. 003 0. 002 0. 004 0. 062 40 0.168 78 -0. 009 32 0. 005 41
HZ 0. 003 0. 001 0 0. 002 0 0.55140 0.37295 0.020 41
HUZ 0. 002 0. 001 0. 002 0. 003 0. 002 0. 001 0. 02793 0.615 56
YK1 0. 003 0. 001 0. 002 0. 003 0. 002 0. 002 0. 003 0. 408 42
YK2 0. 003 0.001 0 0. 002 0 0. 002 0. 002 0

T8 DL IR P AL 1

Note: Bolded font represents within-population genetic distances.
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Tab. 4 AMOVA analysis of genetic variation in populations of Cuora flavomarginata

AR AR FI S5 AR IUR i EE S L] (%) LR
Source of variation df Sum of squares Variance components Percentage of variation F-statistics (Fy,)

FEPRI . 7 12.730 0. 164 09 14. 94

Among population

ﬁa‘?ﬁilﬁ] . 36 33.633 0.934 26 85. 06

Within population

=SaN

43 46. 364 1.098 34 0. 149 39

Total

2.4 SEEPHSCREUR ] SRR RISy Al

XF O A S AH T HEAT 43 B, B A BRI 4% (]
D)o FEE LI 9 RS A rp A 5 AN S iRl |
AR LAY R AR AL S0 Hapl (7E DY
YW BEAR L) Hap2 (FE YW, YS HUZ 1 YK1

e AR ) Hap3 (7E YW . DY2.YS.HZ 1 YK2 £
frp =) Hap4 (fEDY1.DY2 . HZ HUZ # YK1 Bf
rp L5 Bl Hap8 (76 YS FI YK #EfA k=) Hidy
4 A~ PR YA AN [ TR A A, HapS #1 Hap9 2 YS
FEAS AT , Hap6 Fll Hap7 Jy HUZ BRI .

Hap8 Hap1 Hap5

YW ®HUZ

Hap3
Hap4 p YS ® YKI
®oDY2 @OHZ
Hap9
Hap? p ®DY! YK2

Hap7 Hap6

Bl1 ETFHHEDNA COIFFINESATRARBENEXR

Fig. 1 Network of Cuora flavomarginata based on concatenated mtDNA CO I sequences haplotypes
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FTLKAR COTFHHFHN B 9 A HfE /L DL =

70 (C. trifasciata ) FN G 5218, (C. pani) M 4h
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A AL RURE AR 73 S AR 2332, Hoh, Hap1 \Hap5 |
Hap8 Fll Hap7 5 #% % ] 5¢ 4, (C. flavomarginata,
KJ680321) £k K (A J [ 4 P 19 CO THE R Rl — 525
Hap3 . Hap9 . Hap6 5 NCBI £ 2 1 19 8% 2% A 52 fo
(C. flavomarginata, EUT08434. 1) L bR L R 5 Hy—

39

T (E2) o ANRIFARR AR o A, JF AR S —
JE ) Hb B R AL o 8 S HE A 1Y A% B 35 A% BE B
0.001~0. 011, H:H Hap5 Fl Hap9 2 1] (135 1% 1 25 f%
*,40.011(F5),

98 Hap5

Hap8

—— Hap7

57

B Cuora flavomarginata KJ680321 Hap2
64 Hap3
1
Hap6
{ Cuora flavomarginata EU708434.1 Hap4

——— Cuora pani

Ol Cuora trifasciata

B2 ETFCOIFIIMEBRSNEGATRABKHNARBEN RELERH

Fig. 2 Haplotype NJ phylogenetic tree of eight groups of Cuora flavomarginata constructed based on COI sequences

R5 EFCORAFRNESGAE R EAGEE ERIEEES

Tab. 5 Genetic distance among eight haplotypes of Cuora flavomarginata population based on COI gene sequence

MR s e tar da g CUDRSL S
Hapl
Hap5 0. 001
Hap6 0. 008 0. 009
Hap7 0. 007 0. 008 0. 003
Hap9 0.010 0.011 0. 004 0. 005
Hap3 0. 008 0. 009 0. 002 0. 003 0. 002
Hap8 0.001 0. 002 0. 007 0. 006 0. 009 0. 007
EU708434. 1(Hap4) 0. 007 0. 008 0. 001 0. 002 0. 003 0. 001 0. 006
KJ680321(Hap2) 0. 006 0. 007 0. 002 0.001 0. 004 0.002 0. 005 0.001
Cuora pani 0. 067 0. 068 0. 063 0. 064 0. 065 0. 063 0. 068 0. 062 0. 063
Cuora trifasciata 0. 058 0. 060 0. 054 0. 055 0. 056 0. 054 0. 060 0.053 0. 054 0.028

2.6 S PCBRETE D A

JITA # 2 PA e f b AR 1) TP PR A 56 (Tajiam s
DHIFW FOLERIE 6, Tajiam’s DT R DY,
DY2 F HZ FEARSN , AR AR R 25 5 35 £ A (p>
0. 10) , HIfF AR BN FPHES 5K (p>0. 05) s Fu’ F Al
LR DY1.DY2. YK FHZ BERAN  HABEAARAG I 45

YR U (p>0. 05) o R A VL L 434 (& 3)
IR, IHET COTIEN , 8 AW A B G A 7 R A4
B oA HIZEER DY 1. DY2 FIYK2 41, ¥ S B 8 14 2
WA, 55 MR IO 2 R KB &, BRI 25 R i 25
TR AR (p>0. 05). M i, B2
FEOREATE DT 0 b e YR At MY 5K
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Fo BELZAFZREEN Tajima’ D Fu's F &R

Tab. 6 Tajima’ D, Fu’s F results of Cuora flavomarginata population

%5 Code Tajima’s D Fu’s F
YW -1.192 67 -1.716
DY1 0 0
DY2 1.224 74 0. 626
YS -0.39329 -0.292
HZ 0.333 50 0.536
HUZ -0. 144 27 -4.172
YK1 -0. 746 82 1.342
YK2 -2.01137 -1.162

A1t Total -0. 366 27 -0. 605
3 itig

3.1 G agbi A DNA CODVHIA K

B IE R T LB AR COLF RN HTIT A 8 A8 4%
P78 R REIAR I 154G ZREEEAT T o E 44 550751
BRI B, A+T AL 55 55 57. 9%, GH+C g2k 7
h 42, 1%, FE B B 0 AT BB A1, &5 R 5 F
FE 2RI 5RHE 25 A IR S AR L, X 5 R
HE S P SRR R ) AR > — 3, AR R
B, B e R AR IE R 1 A T .C.G A S B
ARY—E I H B @ o A+T BRI LR AR
XA (S B P 5 f e A B B A
3.2 SRR 1S 2 FEE S BT

1 1% 22 FF 1 2 1 R 0 Ak R I 2 58 A Ak i) 2
filt, 352 4% Z2 AP KOT 88 g, R T P53 A3 10 8 )
SR, RIRE DU 25 SO 1 A S ) 2RI DNA 4%
TE R 22 FEIE RIS ) 2 PR R Al BRI 5% 2k
FBAL Ak A EE BEHR AR, 2L W] 5% i 25 Fi e 2 16 D7
S AT Grant FECVAGWFSE T AL, H A PG SHE 5
B4 0.5 F10. 005, BE #E K, e BH—ANBER 138 1%
ZREMH KT R, ST IR 25 S (KD oK
WAL Z R E AR E . AR, 8 N REIA A F
o A R 2 B FNAZ T R 22 1 43 3104 (0. 799 00+
0. 210 00) F1(0. 002 09+0. 001 47) , F& B 8 A EEAA ()
W Z R AL T rh A YS BEIRRY H, R0 P43 03
41 (0. 833 00+0. 127 00) 1 (0. 004 25+0. 001 21) , 7¥
JFA AT KRR, 2 4. 388 89; HUCH YW HEIA,
H H P45k (1. 000 00£0. 126 00) F1(0. 003 85+
0.001 37) ,K{H 4 4.000 00, 1Al 1, YS BEA Y

AR AR P RN s A% 2 R KO AR B 2 ) 7 f i I
R, YW BRI Z o AR Grant 55248 H 19 6 F
BT IR 22 R AU AT R 2 A1 1 4 R mT 0, AR
5T B9 HZ B H, 24 (0. 429 00+0. 169 00) , PN
(0. 000 42+0. 000 16) , J& T H Ik P A, ot AT 4
HI, 2 HZ FER b ] 68 & A T O 39 4% 0 o8 B8 L 34 =R
o B HZBEAA A58 0 LR BRI IR T H AR P,
B (RAE L 7 A BEAR T, 35 R 22 BRH 8 () Rl
ik, A 7R H R v] BB AL TR .
3.3 WMl falt A s L a5kt

BT LABAR DNA CO LR FI 4301 T WA
PN B 2% P e R RREAR TR A 35 A5 B s st A% o1k . 5t 1%
P B A — R b 5 R 5 AL o AR B a5t
TR BE B A, B MR % OC R, st A% AL AR ot v 0
AHIFGE ) 8 AN HE Sk P e F R b R A ] a5 A% R
B5°h 0~0. 003, T fF 442 P 14 38t 4% B 25 4 0~0. 004, I
SR B TR R B & e R s O
oAk o o, YS BEAR N8 A it AL R B e Kl
0. 004, HEMITE YS B Zk A e fa fE R N E b o
SN FERWTILRN . AT S R P A R B R s E
AU EE ) E B A bR, TR RO B 2 R B K
JEBERINE, Fy 7T 2R BER ] 2 AL R BB, LA
0.05.0. 15 1F >~ 7 AL 72 B2 W b o, AR BF 58 iy
AMOV A S #7245 e W, 8 4~ ¥ 2k P41 7 (R AR ] 1) F,
7 0. 149 39, /N T 0. 150 00, K H 25 7K S (1) 358 4% 43
b s BEAR 0] 28 S A0 5 14.94%, T FEAR N 28 5 o
85. 06% , RV ¥ 2 ] 7c f 1ot A% 728 S 2 2R IR T HER N
o BLAHM, AHIFSE 1 8 B LR A ST BRI Y Fo 4R
R -0. 347 52~0. 822 22, Horf YSFEIR 5 HUZ BE(AR
] 17 7E 5 K848 43 1k (F,=0. 168 78) , 5 HZ fEiK
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