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PCR JZ Wi 7E ABI PCR X E#47 . Cyt b Fl CR 514
H EEE TAYMEARAERA A G . Cyt b 5197
4 F . H15915: 5'-CTCCGATCTCCGGATTA-
CAAGAC-3", L14724:. 5 -GACTTGAAAAAC-
CACCGTTG-3"", CR 3l ¥ J¥ % tn F. DH: 5’
ATCTTAGCATCTTCAGTG-3', DL: 5-AC-
CCCTGGCTCCCAAAGC-3""", I B & B 20
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(XF. WZ., WH. YC) # & [a] iy 35t 1% 85 &5 6
0.005 4~0. 067 7, Hf & N 1Y 35t 1% BE 25 43 ) &
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Table 1 Composition and variability of the analyzed mtDNA of S. curriculus
X EZYVAY S e o e 1 PGEAR 1 K LN Tk
XTI o L A qg(?t?éﬂ]{; o Wt
3 o 1 i £ % Numaber ang | RERCEB/% B A+T/ CHG/
mber an mber an ransition,
Gene Haplotype Number of umbera Number and ercent umbe O, % %
lianed sites percent of of parsim.info percent transversion
ae o polymorphic sites pars of singleton and Ts/Tv
CR 18 598 67(11.20) 34(5.69) 18(3.0D) 40/15(3.192) 66.8 33.2
Cyt b 18 747 72(9.63) 68(9.10) 4(0.54) 60/15(4.636) 55.7 44.3
CR+ Cyt b 23 1345 139(10. 33) 102(7.58) 22(1.64) 100/30(3.073) 61.5 38.5

R2 WKRKRLANTEKEFRIRE CR+Cyt b
HBEFFIREEN Bk EEEHES
Table 2 The intrapopulation (on triangle) and interpopulation

(lower triangle) genetic distances based

on the CR+Cyt b combined mtDNA of S. curriculus

Poiﬁion N WZ  HWEXF R WH HE YC
FEM WZ 0.011 4

BE XF 0.010 9 0.011 1

K WH 0.067 7 0.065 5 0.006 4

HE YC 0.066 0 0.063 8 0.005 4 0.005 0

TR N Y 38 A% B 25 43 30 h 0. 005 6 10, 011 1,

B RV A YT K 2R AR HIR 68 43 53 40 g — > A )
Z) BEURFN CJ B, 7 B9 3] 6 S HFIA R CR+Cyt b
Y14 750 (B ZREE CHD T IR ZREE (o
IR 2E S EU(K £Sp) (32 3), 4 NBEE 1
For J¢e N E W2 4,7 A1 CJ BEKRIE W Fsr & N, fH
A9 0,873 5 F10.072 4, 8B E, A F K

REHAM B 2 R LR E, WE B ESHF
FEVR BN AE AR 18], 2D 1A 5 8T 3= IR L R N B 1A
[11] 5 7] — 7K 22 P AR AN () A ] 3t A 22 S S B 3 T
AR RN N ISy & X NI =B N [T
BKE BN B = 2 DORN BB IO B AR AT N R B R
REAR , EDURVE B PR ARAE S — A AL R A7 1 A ] 1Y
Iy TR S G T (AMOVA) (32 5), 45 0.
A e AR B 3t L gy Ak 48 B Fsr = 0. 817 6
(P=0.000 0<C0. 05) , & BB M4 (0] 77 75 & 5 25 M 3t
s S o 81, 76 Vo 384G 78 S AFAE T HEAAR [|], B4
R e D O I N e A N 2 A N '8
18,2400, ¥k VL W Bf Mk 1Y 38t 1% 4> 1k 48 B For =
—0.034 9(P=0. 588 540. 014 8=>0.05), K JI. % #f
KB AE 7L F8 B0 Fsp = —0. 047 9(P=0. 818 2+
0.010 1>>0. 05) , it —2 R W T BR VL TLRE AR 9 38
AL k.

R3 ANMFREBEFEXEESEESH
Table 3 Indexes of genetic diversity of the four populations of S. curriculus
T BESBCON) R 2 B CED PR BetE £ BEHE (o)
Population No. of individuals Haplotype diversity Mca_m number of pal‘rWISC Nucleotide diversity
differences (K= Sp)
FEH WZ 6 1.000 0+0. 096 2 15.157 447.921 0 0.011 440.006 9
BF XF 6 1.000 0+0. 096 2 14.829 1+7.756 6 0.011 140.006 7
H WH 6 1.000 040. 096 2 8.510 944,592 1 0.006 440,004 0
HE YC 6 1.000 040. 096 2 6.697 543,682 2 0.005 040. 003 2
BRI Z) 12 0.984 840. 040 3 14,717 6+7.093 1 0.011 140. 006 0
Kyt ¢J 12 1.000 0+0. 034 0 7.414 6+3.730 0 0.005 640. 003 2
Bt Total 24 0.996 440.013 3 50. 927 7+22.835 8 0.038 340.019 1
x4 BEEAW Fe (MBETH)M N, (HAELAF)!
Table 4 Population pairwise Fgr (below diagonal) and N, (above diagonal) values
B4k Population &M WZ HFE XF H WH "HE YC
M Wz / —14.834 9 0.075 6 0.0711
BrE XF —0.034 9 / 0.077 3 0.072 6
I WH 0.868 6" 0.866 0" / —10.938 4
HE YC 0.875 5" 0.873 2% —0.047 9 /

D x RREFRE.

R * means P <C0. 05. The same as below.
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x5 HEEBEEERAITFERERSH(AMOVA)
Table 5 Analysis of molecular variance (AMOVA) of population genetic variation
N AR 5ok R . V-5 #l 244 BRE SR/ Y e
Pl LK T PRI SRR g P
. Source of Sum of Variance Percentage
Population o df o Fsr P-value
variation squares components of variation
e
[UEERES PR ) 3 472. 680 25.318 4 81.76 0.817 6
. Among populations
4 population
(WZ,XF, MR 20 112.988  5.649 4 18. 24 0.000 0£0. 000 0
WH.YO) Within populations
SE Total 23 585. 668 30. 967 0
A 1]
1 5. 981 —0.252 7 —3.49 —0.034 9
R VL R A Among populations ° °
2 population BEVRIN 0.588 54+0.014 8
; n 10 74.966 7.496 6 103. 49
(WZ.XF) Within populations
BER Total 11 80. 947 7.243 9
HE(A ]
N N . 1 2.759 —0.173 8 —4.79 —0.047 9
KT Bk Among populations
2 population eI Py 0.818 240.010 1
S 10 38.021 3.802 1 104.79
(YC.WH) Within populations
B4R Total 11 40. 781 3.628 3

23 HFERGEH

A MEGA4. 1 e “NJ 73 Fit* ML 354 2 5p F
RE W, LI L (Mylopharyngodon piceus) CR +
Cyt b A ¥ 5 M AME . I Bootstrap 1 000 25 H} 4%
TR BEAERE, MRKZR 4 DA KRR 24 4
MMER RGN 2 FKITKR 12 A ERE

WZz3Iwz
XF51XF
XF31XF
W71
W74
XF2IXF
W72IWZ
XF1IXF
Wz51WZ

%

97'XF6IXF
XF4IXF

YC31YC
YC41YC
WH6IWH
YCc2IYC
WH1IWH
WH41WH

12
YC51YC
I5[-WHS5IWH
55tyct]yc
M. piceus
—
0.01
1

Fig.1

H— L RITAKR 12 PR R IS —F, HEFE
9k 100, 45 KK F& P B AS [R) 7K 3854 1 1R 2% e —
B, HAR N WL 1. B Network4610 3K {444
A AR B mtDNA CR+-Cyt b FA% LR 2% 5C & L
P2, oA R, 3 R 2 A B B
e A FWAL B, WAL A SL&ERITKRK 12 A~k

WZz51WZ
65 XF1IXF
WZ6IWZ

W71

]\\’Z

M. Piceus

0.01

CR+Cyt b EEFFH NJA)FIML(B) D FREEM (BERT 1 000 XESEHHEMNE L)

The molecular phylogenetic tree of S. curriculusr by NJ and ML method (numbers indicated bootstrap

values of 1 000 replicates) based on CR+Cyt b
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Fig.2 Median joining network of 23 mtDNA CR+Cyt b haplotypes
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L1 ASBAAE R, WK HapB 5 7 12 M KITK &
(AT 12 A B A, 45 S0 A% 26 30 ) P S ) el
MRHE S A 2 DRI 3 F RGER A —FL,
Bk H_6 RNERTLAK R 2 DA BT A Sh Al 1 oy
— AR X R — AN B AR B R 5 R
70 TIPS % S N o o= e s (F I e iV
mv 1~ 14 A 0 1 {F A A 0 1) 7 B A AR, A AR 3 Bk
KR MAL A A%,
3 it

TR e R AAR L R, Q. Cyt b, 12S rRNA, 16S
rRNA,COI ZH A CR X, B A 1k A 9 2 F
st =t s h EE W o Fhsid. —MIA N, CR
JE A A R, Cyt b 7 51 A3 238 T, /T R
e gm i L, BB G EOR R IE R R O R E R
ESViE I TR YN N RS R N E R P2 T T 2 N
2 AR T B, SRR P9 P G 2 H
BAF 8 4R A HE A6 06 2R 09 5 T B 1M L B
FEHF , 2 2 A DR L T 35 T A 6] i 58
PRI 1e A5 A (] 9 2E 6 56 R 09 7T BEPE L L 9k kb T B
HEAGRE RN, AFCRNWE WPHEA ST
G5 A R B0 1) 358 1% 78 S, {459 45 10 T %000 L 5
b 2 e B S 1) 35t A 2 RE PR AR DL .

AHEFE LA T 5 HLAT BUAS 3R 536 95. 83 %,
H 2307 S B B | 7] 2915 187 28 O e oD
FEORT G At F 5200 171 B B 1 R A R KT
I R 0 PR R 2 R PR CHD A R 2 B 1 (o) FE 2y
Ay iR 22 5+ 8 (K £ Sp) 4351 0,996 4.0, 038 3 Al
50.927 2, 5 M [H AR X6 E 2R i 0 5 45
LT L SRR S H e R K —— B g A
ZREMACOT 1 3 AN TS M B — R
JE 1t BE 11422 S e H ol HIR 0 1) 8 15 22 RE MR 0

Py b ast 1% 728 SR AT MU IE 1o B 55 A48 10 1 0 B 4%
P, 35 4% Z2 R Pk 0 e IR O N B ) 2B A7 RE ) RN i
PR F7 5 IR OC 22 in i X BRAG 06 VR 4 Bk 2 4 B
R RS A O E RN L s e Z AR R
AR RS [ SR BT IR A A O o T IR IR s
5 Ko PR B IR L A B R 2O B A Y T 46
AN SREOEE Z AR, TR — K RN A BRI
A B30t A 35 D) P 38000 3 0 B R A SO T kA%
Z FEME R AR AR R PR BF 5 3 IR]) — 7K R B4R
) fR) a8 A% A8 S st A% Z IR AN T £ (HERIT
AR R AAEN R BE AR, 5 F2ER 00

i#

(AMOVA)ZE SR AL 7R L 4 A BEM B Y 38 15 73 b 35
$ Fsr=0.817 6(P=0. 000 0<C0. 05) , % W B 4 1]
FEAEAE S 5 PR Is AR 22 5 THE IR TN 119 358 £ 728 5 X e 1
1AL A S ST /N A 18, 24 Y6, EAAR I 119 352 4% AR 5
g 81.76 %6, X Gl Y 5t % AR S BTHR IR

FRIR) S5 AT 5 Ja A AR TR) 1) 382 % 1k R st
1% 7 S — P 5 T e e £ 2 i vy 9] 0l 9 A £ 2R
M & 1T 5 £ (Coreius guichenoti ) Fl5H 1 (Coreius
heterodon)™™ ,H: mtDNA J3 %1 £ fi 10 & 504 35 &
7 HAC TR 22 2% FE AR [ 382 4% R 28 AR/, B4R [1] 3
A R k. WA (Crenopharyngodon
idellus)VE A MM Y UK % 2 — , i T2 A
LRI DNA R85 50 R B K VLK &R 754
HA — AR REAR” R Bt A 3k . o IR 6
B RRANR ] R 1 /2 1 S SR BT I e a7 1K a4 1 LY
DK A 9 A 8 N ) I8 A A T A O R R
B AR L BR VT K FR T T RS K 3843
SARER TPV AR VL B, KV K & 19 H B R I
TR I8 53 T VT Ui RN i B AT e R IUA B L E B
FAERRY] L F]— K FR N BRI 138 1% 70 A BT
F G 7R T RK 2R A AN (] K R 2% e — R, [A]
R RVLRER " S SRV, b KA 45 % 1 1
WP K RS e ) 3 A~ ol AR B RE 14 1 33t % 2
FEVE Y 53 BT 45 SR A 3R WY 3 A~ 1 R 44K (1] 38t 4% 4316 T
AN WSS T AR LR,

TR 7K A [7) Ao A A ] A AR 38t 14 718 S ) 06 7K -
& 10261 AR ST Y 24 A ol B 85 A A 8] 1 352 15 A2
FRTE 0~ 7. 4306 Z [a] AR ) 719 382 1% 742 S oK 7 1
FE LA Y . HLIA /N T i IR B 55 A0 5 £ ] 1) 35t
fEAR R (14, 04% ~14. 69 %) . VLA, Wi KoK R
A 8] AR 3545 3 AR B8R, {BL DA HE R I B 58 45 2R R 16
AR IK BB R0 53K AT IR R T Rl B
TARIREE CR+Cyt b 2HG 790, BEAR ] A9 7 2 35 1%
P Fsr 40T Al AMOVA 2B 25 R 2 WL, WK &
715 MR S A ) A . 3 8 st 1 oAb AP TE 35 I R 48
Hi A SRy, 43 FR G0N RN RS Y I 2% ¢ R A SRR
TR . B D DAl A AR
TRVT J8 FAHT W v M S, VI TR = XU, F
SBEAR 22 BOR , BAC VLRI BR VT AR 25 R B L A7 A A R
22 5 s AR K ZR ol R 0 68 B 2 1 R 77 B DX A A T
B 22 5. X SO BB BT M P R R R A A B
B R A B K ZR 5 R sk OR8] PR S8 3
B AT BEJLT- AN AFEAE L BT ATE A [\ K & OE st 4% 1 fE
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Evaluation of genetic diversity by using mitochondrial DNA
control region and cytochrome b gene for Squaliobarbus curriculus
in Yangtze River and Pearl River

YANG Hui-rong' LIU Li* GONG Shi-yuan®* ZHAO Hui-hong' SUN Ji-jia! CHEN Yan-zhen'

1. College of Animal Science ,South China Agricultural University ,Guangzhou 510642 ,China;
2.College o f Fisheries s Huazhong Agricultural University sWuhan 430070 ,China

Abstract The mitochondrial CR and Cyt b gene segments of 24 Squaliobarbus curriculus from Yan-
gtze River and Pearl River were amplified by PCR technique and sequenced. Analysis of the 1 345 bp
combined mtDNA CR and Cyt b gene sequence showed that there were 23 haplotypes,22 single-base mu-
tation and 102 parsimony-informative sites. In the 139 variable sites, there were 100 transition sites, 30
transversion sites and 14 insertion/deletion sites. The content of A+T (61.5%) was much higher than
that of C+G (38.5%). The genetic variation among the 4 populations ranged from 0 to 7. 43%. The
haplotype diversity (H) , mean number of pair-wise differences (K &= S;,) and nucleotide diversity (x)
were 0,977 8,17.271 0 and 0. 002 7,respectively, suggesting high genetic diversity. There were signifi-
cant genetic differences of Fgr values between Yangtze River and Pearl River,but there were no genetic
differences within the same river. The result of molecular phylogenetic tree constructed by NJ and ML
methods and median joining network of 23 haplotypes also supported that point. Analysis of molecular
variance (AMOVA) showed that the genetic differentiation among four populations was caused by ge-
netic variation between Yangtze River and Pearl River and no genetic differentiation existed between
populations within the same river, which further supported the Fgsr result. The obvious genetic differenti-
ation was mainly attributed to the reproductive isolation caused by the geographical isolation between
Yangtze River and Pearl River. But,in the same river system, there was no genetic differentiation be-
tween different populations because of wide genetic communication caused by the “semi-immigrations”
behavior of S. curriculus.

Key words Squaliobarbus curriculus ; mitochondrial DNAj control region; cytochrome 6 gene; ge-

netic diversity; Yangtze River; Pearl River
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