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WE: [BN] AR 4LdbR e & X3ad S50, HIFREKREXGTEF A TR
BhE, [ FE] AMRRELETEGE. A4, T Bk ABRYGESs (Cyprinus car-

piorubrofuscus Lacepede ). X 8482 ( Cyprinus acutidorsalis Wang ). = #2 ( Cyprinus multita-
eniata Pellegrin et Chevey ) F2 A8 ( Carassioides cantonensis Heincke ) 4 #r#2 T4} & K 45 6 A
FrREE 156 MEA, R LEIR D-loop ARt o pr Ltk 404, (SR ] ARERELN, &
B EAG R . BRIT AT 3 ANFPRRA IR AR AR S, RIS R e AR S AR
#14 0.814, 0.895 F= 0.879; /MéHp, K ekdnfe = f ey LAEA S HMEAK, 551H4 0.748. 0.794
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FEIBR VLR A oA E AT e A
/N, HAHSCSCERAR A, 2013 4R A i 58 ik A,
e [ 2 L XA R 2 B R EEER ( Cyp-
rinus acutidorsalis Wang ) 4328 [ Ry 6 J& | ¥
J&, AR TR, R EREA AR TRIR K
e RS EEE T VYR RS YRR
i HikmEsm, WEERER, 2R
B, TEIARNG SR AT, PRI AS 44 SR gt -1

A2 SR 16 X TR 51 4 X A g i
5 SAREFRAR (F5) M2 A7 dhFl ( ZLIERE
. SRBRHE ) ML 2T LT XRE
LA P AR A s ) X 51 0] I e 2 AR A T 3
T REMEST T, R I P 25T T SR InT R pg VLA A
AL RIZEREVE 35N 0.676 2., 0.699 35 T HA%E!
PN B A% 2R T 40 AT, HZORL R B
TIZFENEN 0911, HETETEREE, RugHL =
FAELRZEE 2R AR 2, JUHUEXTEFS1
PRRRIRFETE D, FEAR SRS, HAR WIHAOCT
SRR A T AR R R R 2R A Y
I, ARWFIEIEF LR D-loop A5 ic /3 BT A RE HiL X
4 FRERE RS (fepg | JQEEEE . — ff RN 20
6 ) 6 NFIEERE L ZRENE, BRI IRII4ER
b DCEEE R A28 F AR IRARDL, RIF IR 2
B R TR ES %

1 #R5Hx

e

B TAEG; LSRR 28K e B4l
K ZAY; PCRAY; RDY-SPIZ Brifis # 7K S o 3k A3 ;

1.1

B ALPHA IMAGER 2200 % ¢ 812 53 ¥ & 55 5
—80 °C AR VKA 3 —20 C VK% W T K
s RS SE
12 EWAFEEFE

TR 75% LBE. KEFK. BEEK . B
JE¥E . TIANGEN & 1/ K ( 20 mg/mL ). Tris *F-
Mty . R . S0, SOOEE . KRR 5N EB (IR
b Z.%E ). 6xLoading buffer I FEZE ik, DL2000
DNA marker, TIANGEN DNA #2874 . TIAN-
GEN il BUiS e DNA [HIR 7] & . 2xTaq PCR
Master Mix . 50xTAE FLIKZEME . IxTAE HLIKZEnh
W HAAMZH . EDTA i (pH 8.0) 4,
1.3 HmRESLE

MR 1R, AR MREN TIHMA . )&
AR AR AR R JREERE = ff B
ZiE 4 PR RS 6 ANFIEE, BT 156 AR,
Horpr, femg 7 SRR 21 4, SREHCNIBER A
T, DUR PRI R 6T, JCHS HL; fERg R
TRYLFRIEE 314>, REHCN) RAEDRTN, LITH
FRERITAE, JECHE ZL; TERFHIAAVIRPRE 22 14,
KA AT AR AT, LU fRIFRAATTAE, S0 4s
H RL; REEHEERITANEE 37 4, REHS N PHEK
M, LA FRIEENE, Y45 E GI; T %
WIRNEE 21 A, REMCHIFRGA TN, DUTfRiFR
U, VAT XT; S ERERTIRPRE 24 41, REE
iR PR T, U AR =8, AR ST,
P RAER IR 0.5~1.5 g 848 E LN LH S, ik
TR TOK SRR 5 mL B PR AE R, A
W SFAE R AR KA B A 2 D S, R

NI R AR O IRIEE Gy IVERKE REMF G SRS AIESR
F 1 HERREH ST
Tab.1 Sample collection location and type
Ll T FEA & RO ETRR 45 KA
Species Populations Sample sizes Chinese abbreviation Abbreviation Collection sites

e T 6 T T SRR 21 biga) HL FFE A B T
HEFGHE Cyprinus carpiorubrofuscus Lacepede A SRRV TP 31 BRIT 67 ZL JRAB IR

T A VT AT 22 WL RL TRk T
REEEH Cyprinus acutidorsalis Wang IRAE SRR T 37 IRAE il GJ T EEH AR B AR T
5 Carassioides cantonensis Heincke ZUE 5 SRR 21 i) XJ A BT
=St Cyprinus multitaeniata Pellegrin et Chevey = ffj i BRyT Fih i 24 = i SJ PR E e X R T T

1.4 DNA 2ERFn&m
1.4.1 $2H

AWFFE DNA 2508 2 #4305 B Bt
PR G4

1) 5 G H2H: #4218 TIANGEN 57 £ i B
P,

2) HBESGIR L

(1) W-AF T IoK CBERIAE 2 80~100 mg,
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FEBE TR Mg —i, B 28 T Kbt
Ve 2 min, FHIELUR TS E T 1.5 mL BOE N,

(2) SehnA 50 uL 2, FHBY TR 40
i, PRI 450 pL 2R 10 pL 25 1 K H
WHEIR G #IRA 20s, B T/KBHH 55 ¢t
fift 3~7 h, ARHEZUFBORMIE o

(3) A 500 pLTris - #rEy, HENRZ 2R
A 20s )5, EFEOHL 12000 r/min .0 8 min.

(4) FHWEOE IS, BE BRI
NSRRI IEW, R REURE - &5 =
IEAR AW, WERGEIES 15s )5, BETEL
HLH 12 000 r/min B> 8 min,

(5) B.OEHBBARR LR TEStnsn
BECE T, AR AT, RiERG iR
A 15s)E, BETEOHLF 12000 r/min #.0> 8 min,

(6) BUFrEs.E I TR S, A LI, P
AGFEF LW 2 AR IR CEE (=20 C), F
VKAET—20 °C AE 2 h 5, 12 000 r/min 2.0 10 min,

(7) 2B F3EW, BEMA 600 pL 75% &
BE (20 C) 3k, BREEHT, R A Al
B TIR S, A ELHLH 12000 t/min HE
O 10 min, B0 B BV RS, 8 R T2
15~20 min.

(8) A 75 uL TE ZE#hif, HET—20 °C vk
AR
1.4.2  f

B2 pL ELHEHLUAY DNA RESBIEIA 1 L 6x
Loading buffer FHFEZZ IR AT, R BARZE AN
AEERE AL, [ —FL & - DL2000 DNA
Marker, EH & 120 ViFEfTEEREBRIK, &
i 30 min, HUHBERF BB SGE RS0, FTHFH
AR TSR, A IRITIE 5 DNA $2HUE N
1.5 5|#i&it#0 PCR #18

AWFFTAR Y O 8 R B A 781, 26
iR AE I X D-loop JFHNBI WK 2 X514 : =
i F14E g . D-loop J¥ 5% F§ DL1: 5¢-ACCCCTG-
GCTCCCAAAGC-3c, DL2: 5¢-ATCTTAGCATCT-
TCAGTG-3c; 42 i F1 45 D-loop 5 51 % FH| D-
loop pro: 5c-TCCCAAAGCTAGGATTCTAAACTA-
AAC-3c, D-loop pre: 5c-TTCATCTTAACATCTTC-
AGTGTTATGC-3c,

£ ki D-loop J7 41 5| % DL1/DL2 [ PCR 4"
HWREF . 94.0 °C FAEYE 3 min; 94.0 °C A8 40 s,
57.0 C Bk 45 s, 72.0 C ZEMH 1 min, 3576

My B 72.0 C IEMH 10 min, 4 °C {RAF

£ Bk D-loop J¥ 51514 D-loop pro/D-loop pre
() PCR §"H4H27: 94.0 °C #iAEME 3 min; 94.0 °C 748
PE 455, 56.0 C Bk 30s, 72.0 °C LEfH 1 min 10s,
35 AMEFR; B 72.0 °C ZEf 10 min, 4 °C 47,

PCR W AR R RFR 50 uL, 4% SO0 40 s i
3 2 PR,

*2 PCRy#ER
Tab.2 PCR amplification system

J 4 Reactant substances {AF/uL Volume
Buffer Zili (& MgH 5
dNTPs 5 (% 2.5 mmol/L)
Taq i Taq enzyme 0.5 (2U)
3% 514 Upstream primer 1 (20 pmol/L)

FY751 %) Downstream primer 1 (20 pmol/L)

154 DNA Template DNA 2 (#9254 100 ng)
Jo B X 7% K Sterile double distilled water 35.5
&l Total 50

1.6 DNA F3IE

4 PCR JIr 5 7= W) B 30047 B e A 05 e P Tk
DU, K e BRI 3R A5 B Y 27 1Y PCR =4k A I
13 9555 A W s 25 B A B TN S gk Ay
DNA J&51 ¥
1.7 HiE4biE

K H Chromas {5 F I H GNP ROR, FHLL
LR AR B W D)7 2 5 ERf . (8 H MEGA 6.06 %K
1) ClustalW THREHEAT P Lt , FFaEAT N 87
1E, EBRZTEa A B, THEEEL R ]
SEIIRAEL . T LME B S SR E . {1 F DNASP
BAFE T AR UL S ( Fu’s Fs-test il Tajima’s D
) MEATER T, IR e 22 S E A
AR 2 EeME, ffi ] Allequin V3.5.1.3 #A/F /0 Hr B
s 70 Z2 PR A AL 55

2 GRE5HM

2.1 PR D-loop FFI&EHFIET R

= ff L F11E 5 £ D-loop 51 F 514 DL1/DL2
PryagRAT 24507, REEHEFNZIAPY D-loop Aric H
514 D-loop pro/D-loop pre § H43kAG T M 2577

AT LSRR T 156 A 0 2 A4 42 o X
FPo, Horbigpa i 21 4> BRILEE 31 4> KA VLA
220> ZNE 21 S OREEHE 37 4. =R 24 14
25 P A X FIAL B, ek i X 41 1) S
PImi S A K. VR 727,19 BRYTER 72745,
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VLA 727.23 . JERR 727.03, il 727.95. =4
i 731.04

ERTEERIXFAIH, 6 T, C. AL G Y

SEIHN 35.18%+0.60%., 18.93%+0.58%. 32.30%*
0.40%. 13.59%+0.07%, HH A+T & (67.48%*
0.57% ) KF C+G (32.52%+0.57% ) (£ 3 ),

F 3 BFEFSAE X F 5 RREEE B b 51

Tab. 3 The base composition ratio of mitochondrial control region sequences in various populations

i34 %/% Base content

it BRI /op
Populations T c A G AT C+G Alkali base

HL 35.47 18.89 31.92 13.72 67.40 32.60 727.19

ZL 35.40 18.91 32.14 13.56 67.54 32.46 727.45

RL 35.42 18.89 32.11 13.58 67.53 32.47 727.23

GJ 35.38 18.96 32.06 13.59 67.45 32.55 727.03

XJ 33.96 19.88 32.63 13.53 66.59 33.41 727.95

SJ 3543 18.05 32.96 13.57 68.38 31.62 731.04
$ilaﬁﬁfs\§i 35.18+0.60 18.93+0.58 32.30+0.40 13.59+0.07 67.48+0.57 32.52+0.57 727.98+1.53

22 ETFLAHMEK D-loop FIIHEESHEED T
HRYER 4 s, 6 DFRERY 156 PR IX
FPE, REEAR RN AT 2905 BT R 115 4, P
AR 2E 00 28.527, BATIRZHEM M 0.03946,
BAERIANECH 48 A, BB ZREME R 0.956, TEf
A BNLEH T, BRyCsR s, 214 Hik
WK PR HE | W REHE  JRME A — i, 5y )
204~ 13450 9NFN T A R, R4
TE 6 FPRE, R VT A0 A% T R 22 RE I 22 S 4l
K, 70.01013, HYCGZZRILEL (0.00996) . Frg

R (0.00695 ), JAERT (0.00244 ). 5 (0.00186)
F=fhfE (0.00206), 7EHAER MY, BRIT
fif (0.895) fwrm, HW HETLEE (0.879). HEr
B (0.814) . REEHE (0.794), Z5H (0.748) FI
=R (0.536), TEHRAGIZREME D, BRULEE
(0.895) fermy, HU3HINFEILEE (0.879) . 1
B (0.814), JHEHE (0.794), ZHEY (0.748)
M=fE (0.536), LiRFRFRFI, FRVLHEE, #5
VLB R 3 R AR ) 2R A s ) X ) 2 R
B, TBERE | ZFIA = £ P 8 AL A D

x4 SREFERFIRFIMRESMESHEES T

Tab. 4 Information and diversity analysis of mitochondrial control region sequence loci
il I o1l E 4y L B D
i M DA ZE R E =27 Pk :
Populations nE \},[u 7; T Hd Haplotype (number)

HL 21 13 5.029 0.00695  0.814 gzé Eé;: Eig Eé; Ha3 (7). Ha4 (1), Ha5 (2.
Hal (1), Ha3 (1), Ha4 (1), Ha5 (1), Ha7 (1).
Ha8 (8). Ha9 (5). Hal2 (1), Hal7 (1),

ZL 31 21 7.234 0.00996 0.895 Hal8 (3). Hal9 (1). Ha20 (1). Ha2l (1),
Ha22 (1). Ha23 (1). Ha24 (1), Ha25 (1),
Ha26 (1)
Ha5 (4). Ha8 (4). Ha9 (6). HalO (2). Hall (1),

RL 22 20 7.364 0.01013 0.879 Hal2 (1). Hal3 (1). Hal4 (1), Hal5 (1),
Hal6 (1)
Hal (1), Ha3 (1), Ha27 (13). Ha28 (11),

GJ 21 9 1.772 0.00244 0.794 Ha29 (1), Ha30 (3). Ha3l (1), Ha32 (1),
Ha33 (2). Ha34 (1), Ha35 (1), Ha36 (1)
Ha37 (9). Ha38 (2). Ha39 (4). Had0 (1),

XJ 37 4 1352 0.00186 0748 41 (2), Ha42 (1) Ha43 (1), Hadd (1)

SJ 24 7 1.507 0.00206 0.536 Ha45 (16). Ha46 (2). Ha47 (4). Ha48 (2)

Allﬁ};ﬁ)ﬁaﬁ)m 156 115 28.527 0.03946 0.956 —

e n NREAKCE; PONAGE R KOV RERE; » AR TRZ A, Hd OV RAER 2.

Notes: n represents the number of samples; Pi represents the reduced information site; & represents the average nucleotide difference; 7 represents

nucleotide diversity; Hd represents haplotype diversity.
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TERAErFrd fErh, T 156 Lok il X
Feah SRR L, H 3 ADMRRF RIS EE S |
AR A BAT LR AR, PR IESORE: 3 M1k
T SRR 2 (] B R T AP I LU

TEMFFE I | BRYLBFIFATLEE 3 NP 2ok A
WX P, HOA 1 AR %R (Has ). B
Ha5 SAAE RGN, BRVCER ) ) 5 e g 0 AR VLB A
4 Bh 3 AL R BAERY, FG R BT R I e
fO 3L [ AR5 Rl Hal . Ha3. Had Fil Ha7; BRITER
AR VL8 3L [ BA% Bl Ha8 . Ha9 Al Hal2. iff
RS 7 AR AR, Hi HUA Ha2 Hil Ha6 J2 4
AIAERL, BRITEEA 18 Fhipfial, v 10 Fivky
A HAEI N Hal7~ Ha26, M 2 66 i 711 ¥ 1 i |
BRYTAEAY 2 R [E BAAEAY, 7050t Hal Al Ha3, {H
R g R = Ay g 2 [ A S W] B R, (5
X 3 AR Z B A BRI . Horh gl
A 12 FhEAERL, A 8 FpERAR AL, I = A R
A 4 FEAGRL
2.3 FERNES IR ERE

IS 5 TT, BRYTSEAIART LSRR s 2
R, HERA i XA LR /A 3] T 0.0104,
0.0103, WMk REEAIXS AR, 9 0.0070; Z56Y, 2%
f #8171 4 43 51 & 0.0026. 0.0025 1 0.0021,
YL = BN IRE AL 22 AR/ N . TR AR IX
FF 50 TR PR DN, AR A R ] Y Tajima’s D
Fl Fu’s Fs statistic {EANH AT 28 122 0%, ULEHRE
PRIE] LR AP DR AR S B, 1 AN RETERA AT
(S R e[t
x5 MR . Kimura WSHIRBHEEESMREEZER
Tab.5 Neutral test, Kimura two-parameter model genetic

distance and standard deviation results

ks WALERE  bRiEZE
d SD

Tajima’s D Fu’s Fs statistic

Populations
HL 0.0070  0.0019 0.4801 1.825
ZL 0.0104  0.0020 -0.5436 —2.893
RL 0.0103  0.0022 1.0388 0.798
XJ 0.0026  0.0009  -0.5939 —2.357
GJ 0.0025  0.0008  -1.5102 —5.420
SJ 0.0021  0.0008 -0.6124 1.233
P Rt — — 0.6328 1.955

All populations

¥: Tajima’s D Al Fu’s Fs statistic {51, P<0.05 AR, ARE*;
P>0.05 AN R, Thridt.

Notes: In Tajima’s D and Fu’s Fs statistical values, P<0.05 is signifi-
cant, marked with *; P>0.05 is not significant and is not labeled.

3 e

3.1 fEEgihX 4 FhedT R KB R E SR

HFFEN AT TR Z AL T 0.0047 WIIA N
ZREVERAR, Ao 56 T Lobn M s il IX A i A
MR REESE R, R 3 A p RN IR 2 HE M
BT 0.0047, TGN S b FD = AR 6 A A% T
R ZAEPEAR T 0.0047, Ui 4R g 0 4 382 14 2 A
PhBEET, WA JBEHEA = R 5L ZREEAL
fie AR TG ZRITEAASTLEEF LT
SRR Tl DX B PR SRR R i 22 SRR,
I3k 0.814, 0.895 F1 0.879, ik R ZHEMETR
YT (0.00996 ) FIFAYLAER (0.01013) WA B & T
TR (10.00695 ), 1A e i AR HL A5 3 = 1Y
PAERIZ RN, (BRI R R BT R 2
FEPE, AR (R TT R 22 S /N ER VBRI L
i, TFIRAKKRZHIG R LV, i &
H VKA LU FIRRIE KBl — AL TRadaiRas, Rk
R0 PR REAE VK O N K &R, LIRS )
IR ARSI FPRE 25 5 32 5 D S A R R 28 10
JRETALNE , DI T SO WK R 5 354 TR B R
Ko FETHAPERMA) Tajima’s D Fl Fu’s Fs statistic
EH R B 22 S A S Y, AR A R e
TR DTSN B 07 0 LA, B R AR A BT
MR, AREEHMREFHER RO, MR
BT REKR, BRI GE % R 2 0] DL
HPRABEIEAGZOKIE, NI BRI N TR AR AR
BRI RZES

O, JREEHRN — RO ST LR A i X (1)
FERIZREPESIN 0.748 . 0.794 F10.536, TMAZTTIR
SR AR, 1M 0.00186., 0.00244 F10.00206,
HLZFEPERSPMC TAER B ERTT . ARSI AN R =4
T, TBaE U BT LR AR i XA M T P AR
X RIBREE MR IR Z R, 19 B I BE 1Y) 5
FERIZREMEN 0911, FRA PG 22 REPEAH
XA, PRI EE P BT 0T IR 258 5 XBE %
25 UYL o A4 ] DX 40 ATV e T D VTR T SR
2 ANIK RN AL 2R, A5 307 SR R T
AR B AE B Z REPE ST )R 0.6762. 0.6993, FfIA
g NEAL ZREEAR, RAEIGRLY . H AT
R R A L A g A = BT AR R R SR AE £
FEMEAT OIS . 456 BabIFsE, AN ER
fif SR JQEEHEAN = A A B A B AR AR 2R
AR
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Genetic diversity analysis of four Cyprininae fish species in South China based
on mitochondrial DNA D-loop sequence

YAO Donglin'?, ZHANG Tao®, ZHU Jingxuan'
(1. Agro-Tech Extension Center of Guangdong Province, Guangzhou 510520, China;
2. College of Marine Science, South China Agricultural University, Guangzhou 510642, China;
3. Qingyuan Agricultural Science and Technology Extension Service Center, Qingyuan 511500, China)

Abstract: [Objective] This study aims to analysis the genetic diversity of Cyprinidae in South China, and
provide reference for genetic breeding of freshwater fish. [Methods] The genetic diversity of Cyprininae fish in
South China, a total of 156 samples from six populations of four species of Cyprininae fish, including Cyprinus
carpiorubrofuscus Lacepede, Cyprinus acutidorsalis Wang, Cyprinus multitaeniata Pellegrin et Cheveyand,
Carassioides cantonensis Heincke, were collected in Hainan Province, Guangdong Province, and Guangxi
Zhuang Autonomous Region. The mitochondrial D-loop marker was used to analyze genetic diversity.
[Results] This study showed that the genetic diversities of Cyprinus carpio rubrofuscus Lacepede had higher
genetic diversity. In which, the haplotype diversities based on D-loop were 0.814, 0.895 and 0.879, respectively.
The haplotype diversities of Carassioides cantonensis Heincke, Cyprinus acutidorsalis Wang and Cyprinus
multitaeniata Pellegrin et Chevey based on D-loop were in lower levels, which were 0.748, 0.794 and 0.536,
respectively. Among which, the genetic diversity of Hainan population was lower a bit than that of the Pearl
River population and Rongjiang population. This may be caused by the Ice Age and the separation of Qiong-
zhou Strait. The genetic diversities of Carassioides cantonensis Heincke, Cyprinus acutidorsalis Wang and
Cyprinus multitaeniata Pellegrin et Chevey were in very low levels, which were related with their small distri-
butions and low viabilities. This study found that Cyprinus acutidorsalis Wang, Cyprinus multitaeniata Pel-
legrin et Chevey, and Carassioides cantonensis Heincke did not share any haplotypes, indicating that there was
no recent population exchange among these three taxa and suggesting significant population differentiation. Ad-
ditionally, Cyprinus multitaeniata Pellegrin et Chevey and Carassioides cantonensis Heincke did not share hap-
lotypes with Cyprinus carpiorubrofuscus Lacepede, indicating that there was no recent genetic exchange
between these two taxa and Cyprinus multitaeniata Pellegrin et Chevey and Carassioides cantonensis Heincke
have been separated from the population of Cyprinus carpiorubrofuscus Lacepede for a relatively long period of
time. [Significance] This research provides important insights into the natural resource status of Cyprinidae
fish in South China and offers a reference for future conservation and genetic breeding.

Key words: Cyprinus carpiorubrofuscus Lacepede; Cyprinus acutidorsalis Wang; Cyprinus multitaeniata Pelle-

grin et Chevey; Carassioides cantonensis Heincke; D-loop; genetic diversity
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