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BRI AT /K & R AR D-loop & A & 51l 1=

mEXR, BRe&E”, X

W, KED

BT RS

, AR, EEE

(LAERRN R SRR, 2R M 5106425 2. AR RS BiGK= S5 sl FRom) ARl ML E A 5
W=, AR I 5240885 3. HpEUK P REEBT BRI MK BT IR A R A IR E RO E, TR M

510300)

¥ E: P PCR B ARY AR BRITAKIIK R 3L 29 AR IR 64
( Squaliobarbus curriculus) £& 71 DNA D-loop [ HEX, 31l E HF 5,
XF 599 bp ) D-loop H:[H 7 F#EAT 5347 , FeAe il ) 24 A BAAEHY, 25 B
AN, 39 ML BALR . 781 MR, et i 52 50 4, Bt
B 14 A JBABBRRALE 17 M A+ T EE(68.8% ) BT
C+GM&ER(31.2%) o 5 M/KIEAMKRI R Z 728 73 TE 0 3] 6.03% 2
], BAERI SR (H) K 0.977 8, FHBHFREFH(K£SD) N
17.271 0, B HBREMEE(7) 2 0.029 7, 3F 5 ANEEAK D-loop P HI#EAT 43
AR BT, B RR B R FK RBHAR A BE MR ER, TR —KR
WIIARRHAR ZF A BE, X5 MREHT S F I E50, ERE
S MHARRIGFERERREER. P TREMNER:WAKRS 4
AN RIZK IR HR 6 29 AN E 3R G B (B4 ST 3RV 1S MR R
—3,KIL 14 MER KA —, BERENERE. 10, KL
BRILEHARIE S B T B BB 7R R, 2 R BRLAHK T A 3 FR B 5
B ATERRES . (BFER—/K R A, BRI 38 1% BE B AR Y B 1% 22
FARE , RERURF KR WA RKBRIREZRE—E, W F—K

HRTA: 5K AZRE &
D-loop 2 A Xt 4 VL Fl BR 1L K
2 5 KB IR 0 B R 17
1A% Z RV 43 B L8 % 41
FT . BR A IR IR A
X E A R, R B A a5t
R ZREHEKT . RIS, HERIL
I Mo B PR 2 5 U 4
FERRES K ILAIBRIL K R B IR
EIEZHA T BB KBS S
b, BRI T AR IT
BT S BRTTBEIR” RO
Kginl . RAREE; LRIK; D-
loop; RfEA 5 BRIL; KIL
RESHEE S 917

X ERFRERS: A

AR KBRIEBA b BRE L, 708 “ RT3 BRITAHA”

77 R 6% ( Squaliobarbus curriculus ) J& # F}
( Cyprinidae) , % £ V. #} ( Leuciscinae ) , 7 R %
J& (Squaliobarbus) AAFRLLIREE B 1 S, 2
AR E R B KRB A 2R AR
PRI EC P Jo 400 8, DR B 5, WG T 0R, B SR, AR
KERERA, AREEENRTALZ —
B2 H T AR el B U5 AN & 3 A, ¢
SR AERK IR B 2 Ei5 G, B A R IR
g yE IR s, PR IR AL

£ 25 4 KL /& DNA ( mitochondrial DNA,
mtDNA) 73F/)N, S5 46 T8 8., AL FE AR, A [A] X
SR BEAFAE B 225 o fE mDNA | {3

RS HES: 2011-11-17 {EE HH: 2012-02-16

F tRNA™ H1 (RNA™ FE P 2 6] f D 5 4] X ( D-
loop ) %> mtDNA _b Fp 51| #1475 e 5 K i X
S RGO I B B R R 4y, —
FHREAT B P9 B AR 18] 9 382 1% 22 35 1 /K OF st 1%
SEBRR

FHAE ] AUAE 56 T IR 68 95 EOR 0L A=
% FRFEAN T AR 8 FXT H A KR AE I
HIBFgE " A A % ) Fl RAPD A1 ISSR
ARXSFHL O K EE T IR A0 78 5180 3 b 38 B Ak 35
TEZREPEII AT ABFRITFR T BRILAKRAK
TLK R AR K 3% 75 BR 6 mtDNA D-loop 3 A 7 5]
9 ELBEA T , B TE RS B R 604 3t 1% SRR MR I

EETE : R AE ST E RIS E IS (2004 -9) s MK =L U sh PSR035 0 R A T R S I P S 4
(GDOU201102) 3/ ZR B K FIRHE AIHT H (GOSI2011008) ;)™ Z A FHH 31135 H (2007B020708012)
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BRI G54, i HR AL 28 52, ix b 2
FEPERIPHR ML B R A R BOR AR 35

AR T

1.1 ##

AR SEAE 5 T 2005 4 6 H 43 31% B KILK
RIEE MRDILE (45 R YC # ik, WH #f
) YCHARBEEEARAEMEBEEAD,BTK
YL BT I AR e i ke a5, WH R B X T 85
WYLEL, B FRILH K. BRILKRBHEM.
=K FFEILE (H5 53518 WZ.SS.XF) , 435
RFETERILAK RV IL AL AR LIS, 33t
29 MME, TERGE B E E B MR E
FHREARIRVKFE , BURE J5 1 215 AR 5 FH 48 /R Dbk
TRFF
1.2 AHi&

FRZH DNA RS % (43 F b L 5 4
BE) O 5 Bk W A Bk k. PCR SR WL 7E Biometra
PCR ¥ L i#47, D-loop 5|#)H Invitrogen A= 43
REBRAFE B, F3)H DL1:5'-ACCCCTGGCTC
CCAAAGC-3’ ,DH2.5’-ATCTTAGCATCTTCAGTG-
30 R R AT 50 wL, Eo i 10 x Tag Buffer
5 wL, Tag Polymerase 0.5 L (5 U/pL), dNTPs
(A.T.C.G £& 2.5 mmol/L)4 uL,Mg** (25 mmol/
L)2.5 pL,B1# 1 #12(10 pmol/L) % 2 pL, Ktk
DNA 50 ng, BB F#B 47K 35.5 plo ¥ 48 504
J9:94 CHIAENE 2 min J5, 1T 35 ME, B—
TEFLF5E .94 °C 45 5,58 C 45 5,72 C 1 min; 5
JG 72 CHEMH 7 min, &R PCR R B A EFHE
H DNA {25 XTI, 738 =4 1. 5% TBE 3
BEVESERE FE 1K 43 85, EB e €5, SEAM TR T Al
EisliE
1.3 MFSHESHT

FER ALY B0 R b B R B 5 o
Fi CLUSTAL-X #2 J¢ Xt fr 3k 18 0 7 51 i3 17 b
Xt R A B 4F DAMBE 483t 8% B0 34 [, 4
M4 BRIk, FHAR 8BS ST
i B4 B Z 4% 14 (haplotype diversity , H) FIZH R
ZFEVE (nucleotide diversity, 77) f1 ARLEQUIN 4
PR R AR, B A 4 fk 38 Bk (F-
statistics,, Fgp ) /' (318 76 ARLEQUIN w52 5%, B
EEHREREFE S AR N, = (1/Fg -1)/2 3
BRW, HRBETERFNTF T ESN
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(AMOVA) "% ARLEQUIN H152 i, & i Mega
4.1 BRpEN Giit DNA J 5 0 B0 5 28K, B 4/ 15
e Al A/ BRR AL SEL, BRR AR AL, B 2915 BAL
FURIPE Y264/ Bde 32 5 TH 54 Ak ) R4S P A
PRI 70 5 3585 A NJ ik AT R o1, # 2

2 4R

2.1 D-loop EEFIIHEBRRTRER
H# {4 DAMBE i1t 0] %1 : 78 29 MM 3t
R 24 AN BAAERD ) H e | B4 0 8t A% BE S IR
(B 1) AT e Fa B B0 A R B R0, AP
WA BENRALRES , U6 HESE 1143 B i BOHE v 1
AEE,
0.09
0.08
% 0.06
0.05
ﬁﬂé 0.03 y
0.02f £ oy

0 0.0638  0.1277 0.1915
bUidig ik

1 i miRstiEfe s E
Fig.1 The graph for transition and
transversion versus divergence

i1 Mega 4. 1 Zx/4%} 599 bp 1) D-loop F:[H Ff
FIHEAT 50T, R B 25 S BRZR AR 5,39 MR 4
BRI S EG TE 81 NRAERL R #3150
A B 14 A 3G/ SRR AL 17 A, S4B
BT E, PSR EENEEHRY
3.4784% . KM Mega 4. 1 GE3tAIH1:29 MM
D-loop 2 Bt T.C A G W& & &5
$35.1% ,17.5% ,33.7% ,13.7% , ¥ A + T
MR (68.8%) lBE T C+GCHIE
(31.2%) .
2.2 D-loop EEFIIHEETRSH

FA% Mega 4.1 Geit HiBIK R 5 AR[EIK
B9 R 8 % A A% () ) 2 e/ B 4 B0 K 3t 1% A
R, ERMK 599 bp WFFIH, &AM 5 45
BLRH 0 =27, Bife i s 0 - 8, B 54 K T 5
oo PIRIKR 5 A [RIHE A 1 ) 9 382 1% A8
FIE0 ~6.03% Z[8], MR REAFNMESE A
KB AEAR RRIE 17.86% ~19.75% 28], 5 R
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(I RF A S AR B8 (SS \WZ XF . YC . WH) B4 P Y 322
f& 16 B 4> 5 2 0. 009 8,0. 010 9.0. 011 7,
0.0053.0. 009 5, B f& [ i 2t 15 BE B 16

0.007 6 ~0.048 1, j&1 -4 38t 1% B 85 &y 0. 029 2
(A& R Do

F1 FARKERS PMAREKEFREGIEN BEE RS FHIEEES
Tab.1 The intrapopulation and interpopulation genetic distances, overall mean genetic distances
of S. curriculus from five different water areas in Yangtze River and Pearl River

WHE B =K FaM BE HE riwid
=K 0.009 8
FEM 0.0113 0.010 9
wE 0.013 8 0.011 0 0.011 7
HE 0.046 2 0.045 1 0.0425 0.005 3
ieud 0.048 1 0.047 0 0.044 5 0.007 6 0.009 5
SR R 0.029 2( REhhEE)

5 R D-loop J7 51 Y 545 B 20 R 1
(H) SFEIRHRZSFH (K £SD) BH RS
() W3R 2, 5 BRI FST& N, {EF&% 3
MFK 3 T LUE DU IR 5 =K A B 3
R RABMNBHR R AL 22 5 B3, BB A S =K

BRI ER R RN ARG EREE, M
F—KRZRNWAFABFEEFADE. 5 M5
PRAE R — > AT B A 18] 1 43+ 22 5 8 o B
(AMOVA % 4) 551 3%  BHKRIFAE B &R f%
25 (Fq=0.679 62,P=0<0.05),

R2 SAFRBBEET SHEER

Tab.2 Indexes of genetic diversity in the five populations of S. curriculus

2T FEh % (n) FERIZ R (H) FHRAT R B (K £SD) BAF R RN ()
HE 7 0.952 4 +£0.095 5 3.904 8 £2.224 8 0.006 7 £0.004 4
rawi'd 7 1.000 0 £0.076 4 6.000 0 £3.255 3 0.010 3 +0.006 4
=K 5 0.700 0 +0.218 4 6.600 0 £3.755 2 0.011 3 £0.007 5
Bk 5 1.000 0 £0.126 5 8.000 0 +4.483 0 0.013 7 £0.009 0
FEM 5 1.000 0 £0.126 5 6.800 0 +3.859 2 0.011 6 £0.007 7
Bt 29 0.977 8 £0.017 3 17.270 9 £7.905 8 0.0297 +0.015 1
R3 BEEHN,(HBELES)M Fa(HRETH)
Tab.3 Population pairwise N, ( above diagonal) and Fg, ( below diagonal) values
FEA rivd HE =K B FEM
R 16.964 20 0.117 94 0.147 09 0.121 40
HE 0.028 63™* 0.152 44 0.184 48 0.156 54
=K 0.809 14* 0.766 35 * 2.005 51 7.282 10
BE 0.772 69 * 0.730 48 * 0.199 56™* 46.228 97
FaEM 0.804 64 * 0.761 57 * 0.064 25™* 0.010 70™*
e % FR P<0.05;n. s RAnL EFEMZER(P>0.05),
F4 BEEOHNBEEERNIFERERSHT(AMOVA)
Tab.4 Analysis of molecular variance (AMOVA)
2051 Ehit); 3 BUEERITR HEERESL  BERAESL F -Gt PfE
45 4 166. 959 6.699 75 67.96 0.679 62 0.000 0 *
BER 24 75. 800 3.158 33 30. 84
Jatk 28 242.759 9.858 08

{E: * 28 P <0.05;n. s FRERENZER(P>0.05),
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2.3 FRLGH

LA £ ( Mylopharyngodon piceus) D-loop & [K
FP3I a5 , F Mega 4. 1 H i) NJ B9 70 T &
GRS, HARFMEEHI ILIE 2. ] Bootstrap 1 000 45
BEHBEEE, w100, 8% 15, BIAKR
5 A FIZK IR HR 6 29 AR B R G B 2. 40
WIS BRIL 1S MAMER N —3C, KIL 14 MK
BhA—3, KA RN EGE, & KKREN
BRI R KSR AR 8 e

$S21 SS
361 XF3IXF

M. piceus

0.02

B2 BWAKERS ANAREKERRE D-loop
EERFIIHN N S FRGH
Fig. 2 The molecular phylogenetic tree of
S. curriculus from five water areas in Yangtze River
and Pearl River by NJ method
B R 1 000 E LA E 4 Lo

3 g

TE BT 5 9 AS R 7K 380 R 88 144 D-loop %
PR B A i T 81 AR R, P R 4
AN/ RRAL R, WA Fe e s L i, F— KK ik
T D-loop ZFFFIKRZEMEER, 1 Cyt b R
DS RIUHN/RRALE ) FERETF Cyt b
T 9b5E B B, iR i\ A/ K B 2 A RA 5
B IR M0 D-loop Fr B ARG ASEE N, £ 54k
AR PRER K, AR BRI LT ERM
IR ) FR ], BT AR A/ 8RR RAR TG HL#R
BOPARE . TERIE 599 bp HIFF], &AME
[B] B AL I 0 = 27 R AL O - 8, B35 7
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B iy ¥ 35 K FEi 4 , GERLACH F1 MUSOLF™’
FIBFFE B R ESE TS, IR E A AR E R,
WEF W5

AFR T BB ZRENE (H) CETH
FR 2= 740 (K + SD) M HRRZ 1 (7 ) KVFM IR
AR 1% ()38 15 Z2 e, 43 51 R 0. 977 8.17.271 0 F0I
0.029 7, 5 R AR X B M a2 | 4 48
AR MEAREE ) BT FE 45 M HL , KR YD BRVIK R
H P IR SR IR S 35 1 Bt A% AR KR, B
RURR R i = A Fh . BRI T
KRN A2 X Ve JOIR I K B R A B
T HE WA, 7] BB F BT AR I 2 (B ZE 8%
KT LR EER, B LR, £ —EBRE
BB ] 4 i B S N R 6 ) 3R AL 2 AR MR Lo
MIBEAE T H K F 5 A [FIZK A 8] 1) 388 1%
AP SFRAE 0 ~6.03% Z[8], BRI, K [ Ff
AN T2 A 18 AR S B e K P 10% Y
AR MRBE R R E S EX N EEZ N, B
BB/ T o IR 6 55 A0 f E) B AR AR R R
(17.86% ~19.75% ) .

5 ANANIRIZK 5820 R SR A P R AR (1] 33t 1%
PR R K TIK R FIBRTLK AR (8] ) 38 1% BE 25 B
R T F—7K 5 A [R] 7K 555 ] #3524 BE B 5 % 5
/l\ﬁﬁ: D'IOOP F?ﬁ']ﬂfﬁ? FsTﬁ'ﬁ, BRA Iﬁlﬂ(%
IR SERE IR A B2 R 22 7 % 5 M EE AR
1T AMOVA 7347 , 85 R KW .5 MK RIfFEE R E
PEmfE R AL, KILMBRILEH AR C &3
THBRBESL, 5 FREMB T LR W
Mo BIRIKER 5 M FIZK IR IR IR 64 29 A
RGBS WS BRYL 15 MMER R — 3,
KIL 14 MEERN 7 — X, HEE R RN ER
BE o AR A - R O ER VLA VL Hh 3
BERBWAERE . AFEK R 8 IR IR 655 A
FHETAWH B A, KILEEN S A2 6
A0, BRILEAA 3 Ah R ZES AW, NAFE S M
REAMATTERE & B 1 Z5E 2= 45 R 7= 0P X3 A
IR B MSMBERE, MALBEHEEKR, KIT
Ja IR 2= RS A, BR VL8 P g T SR, BT
IR AR MEE I LR KRER
BRI T IR AR, WARA BKR
B I RE SR, BOLT A A7 L2 R A 18] 25 R 32 3 1 7T
B8, BT AERRK RIE Bt e tEBE L AR 271
TSR EE R, E B B8 T A B S R[]
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HFRREA

B2, FER— K R N, BE(A 8] (9 35 1% 1R 25 A0
AN B E BB A 228 K, BXF 5 AN #E A D-
loop ¥ BT Fsr 737, BN Rl —7K R A [A]
FHARBRZERA B REMERER KRN
RIARFIZKEIB A —E . NGB FF, BRIL
IKFRH 3 A RAE R AR T PUIL AL LA AR L
TR, WYL IR 2 N RAE o B KL R
i, A =R RR , /T 2T 45 R R« Ja]—
IKRARIZK SR E A s A% 44k, 708 “ KL
BEOR” A BRITAHA”

AR, F B 5 A AR 6 Y i T
Ko —MARUL, HR AT & Ja v SRR Y
BRI R 8% 28 S e i 2 . ) G e
e SRR 2, BRETEWIIH P 58 BV N AR TR B,
R ERILRIBEE &AL K E, SBOHE
[F1] g BE R R S O, (ELF SR 4 SR AT AR R K VL i 3
i 3 AR 7E B B s A5 4 . s H
( Cypriniformes ) #] V. #} ( Gobioninae ) 1 [&] 1 4 &
( Coreius guichenoti ) F14fa.( Coreius heterodon) ! |
[Fi)Ja8 Tl i 7Y £ 288, TCIB & 7E mtDNA JPFlifk 22T
T TR BHR T, HACTLK R & BEA H] 38 % B
BAMRN, B A B A HRCR 2 s i
1k, £ ( Ctenopharyngodon idellus) VE 2y i iiF
PER VDR R 2 — , i3 Sk ik DNA Fifg T2
DNA BFEEE R KB KIDK RN A BRH
wAE MG, BV RAE - KILRHA” . A IRGE T
ARG i ¢ SRR i N A -8 R 48
BEVR K R AL , 8 P A9 AT R e B R AR
KRB, BAAES T 3 ER W A
FHLEAZKEE 3 4> 9% HR SR 14 1) 38 4% 22 FE M 20 #
GERA TR 3 b PR A ] 38 4% 201k 22 R T A
B, 5P R T3 50, o IR 65 6 1 5
P2 RN TR b 5 i AR A 5 IR A O th AR 2
B
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Assessing genetic diversity of mitochondrial D-loop sequences of
Squaliobarbus curriculus in Yangtze River and Pearl River

YANG Hui-rong' , ZHAO Hui-hong'?, LIU Li', CHEN Yan-zhen', LIN Quan-zhuo', HUANG Hong-hui’
(1. Animal Science College, South China Agricultural University ,Guangzhou 510640, Guangdong, China; 2. Key Laboratory of
Aquaculture in South China Sea for Aquatic Economic Animal of Guangdong Ocean University, Zhanjiang 524088, Guangdong,

China; 3. Key Laboratory of Fishery Ecology Environment, Ministry of Agriculture ,South China Sea Fisheries Research Institute ,
Chinese Academy of Fishery Science, Guangzhou 510300 ,Guangdong, China)

Abstract: 29 mitochondrial D-loop gene segments of Squaliobarbus curriculus from Yangtze River and Pearl
River were amplified with PCR technique and sequenced. Analysis on D-loop of 599 bp showed that there
were 24 unique sequences, 25 singleton, 39 parsim-info, 81 mutation sites in all, including 50 transition
sites, 14 transversion sites and 17 insert/lacuna sites. The content of A + T (68.8% ) was much more than
that of C + G (31. 2% ). The genetic diversities among the 5 water areas ranged from 0 to 6. 03%.
Haplotypic diversity( H) was 0. 977 8, mean number of pairwise differences (K + SD) was 17. 271 0,
nucleotide diversity (1) was 0.029 7. F, values between WH and SS, XF, WZ populations, between YC
and SS, XF, WZ populations showed significant genetic differences, and the one among all the other
populations showed no strong genetic differences. Significant genetic differentiation among all five populations
was found by analysis of molecular variance ( AMOVA). According to the molecular phylogenetic tree
constructed by NJ methods based on D-loop, the individuals of Yangtze River and Pearl River assembled in
two branches respectively with high confidence. The obvious genetic differentiation was mainly attributed to
the reproductive isolation caused by the geographical isolation between Yangtze River and Pearl River. But,
for Yangtze River, the molecular phylogenetic tree was immingled because the intrapopulation and
interpopulation genetic distances differed little. So it showed that there was no genetic differentiation in those
from different water areas, which belonged to ‘ Yangtze population’. It was also the case with  Pearl
population”’ .

Key words: Squaliobarbus curriculus ; mitochondria; D-loop; genetic diversity; Yangtze River; Pearl River
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