2011 5, 18(3): 500-507 ‘ ‘
R M L

Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2011.00500

mtDNA i
> e e N S )
B g, ERE, FRE BER, A
, 150070
WE: i (Hemibarbu labeo) , ,
5 , 8 (n=42) mtDNA 404 bp
, 26 , 6.43%, 0.0115 42 18
, 8 HT1 HT2 AMOVA , 59.29%,
23.50%, 17.20%, (P<0.05),
Fst ) , (MP)
(ML) , (HRJY) (YRSC) , (YRLJ)
fig (Hemibarbus labeo); ; ;
hEHES: S917 CERFRARRD: A XEHS: 1005-8737— (2011)03-500—08
& (Hemibarbus labeo) , fify , i mtDNA , s
, , , DNA  5~10
20 50—60 mtDNA ,
, o ’ (o101,
’ ’ [11-12]
[2] 5 8 L
(4] mtDNA ,
i )
i ,
[4-5]
[6-7] 1
(8] B #ECOII : 1.1 DNA
NCBI i COII ,
5 iy , 6 , 32
e mtDNA
IS B EA: 2010-01-12; &iT H#A: 2010-04-20.
E&mE: (GC05B509); (2007HSYZX-YZ-02).
1EEEN: ,(1978-), , , . Email: tong2200@163.com
. E-mail: xwsc23@tom.com

BIEIEE: (1970-), ,



3 : mtDNA fiff 501
2 10 (1), , -
DNA, [13], DNA ,
, 75 , 1.0%
*1 EHEARENEERS. HERXEH
Tab.1 Population codes, locality, sample size of Hemibarbus labeo
. . . . locality
river system geographic population sample size
Wusuli River WRHT 6 Hutou region of Wusuli River
WRHQ 6 Haiqing region of Wusuli River
WRZJ 6 Zhuaji region of Wusuli River
Yangtze Rive YRSC 5 Chengdu region of Yangtze River
Heilongjiang River HRXK 6 Xunke region of Heilongjiang River
HRJY 6 Jiayin region of Heilongjiang River
Yalu River YRLJ 5 Linjiang region of Yalu River
Mudan River MRIJL 2 Jingpo Lake region of Mudan River
1.2 PCR (Da)
25 uLPCR , 5U/uL  TCS1.13 [21] 95
Tag  (MBI)0.2 pL\l.5 mmol/L  Mg”* 2 m mol/L , gap ),
dNTP 10><PCR Buffer 2.5 pL, 10 pmol/L Arlequin3.1
1 uL DLPH480: (22], AVOMA
5'-TGCATATAAAAGAATGCCGGCAT G-3'; DLT: Fgr
' [14]
5'-TCACCCCTGGCTCCCAAAGCCA G-3 Fsr(pairwise population Fsr)
PCR , : 94 5 min; 94
50s, 55 1 min, 72 1 min, 30 ; 2
72 10 min 1.0% 2.1 D-loop
PCR 42 D-loop ,
, Base-Call 404 bp, , 26
, GAP4 (1) , 22,
5" 3 15 6.43% : T, 35.8%; C,
1.3 14.2%; A, 32.2%; G, 17.8%, (A+T)
Clustal W (el (C+G) 8 18 (
BioEdit (17] 2), MRIJL 1 , WRHQ
PAUP4.10b WRZJ] HRIY , 6
(pairwise sequence divergence) (D)  0.0195,
(18]
ModelTest3.0 (191, 3  ModelTest
(MP) ; HKY 1,
(ML) (bootstrap 1 000) , o A, 31.53%; C,
Mega4.0 291 Kimura 14.12%; G, 17.77%; T, 36.58% T;
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Tab.2 Haplotypes and their frequencies for D-loop sequence across all eight Hemibarbus labeo populations
n 42
haplotype
population WR YR HR YR
HT1 HT2 HQ2 HQ4 HQ5 ZJ4 SCl1 SC3 SC4 SC6 XK6 JY1 JY2 JYy4 JY6 YLI YL2 YL3
WRHT 2 4
WRHQ 3 1 1 1
WRZJ 2 1 1 1 1
YRSC 1 1 1 1 1
HRXK 1 4 1
HRJY 3 1 1
YRLJ 1 2 2
MRIL 2
: 1
Note: Code for each populations is shown in table 1.
*3 EWHHASSMHRFIINIKES
Tab. 3 Diversity and sequence divergence(Z,) among Hemibarbus labeo populations
population
population haplotype nucleotide
diversity, / diversity ,x WRHT WRHQ WRZJ YRSC HRXK HRJY YRLJ MRIL
WRHT 0.5333 0.0119 0.0122
WRHQ 0.8000 0.0106 0.0160 0.0108
WRZJ 0.9333 0.0144 0.0139 0.0118 0.0147
YRSC 1.0000 0.0255 0.0267 0.0307 0.0288  0.0252
HRXK 0.6000 0.0083 0.0093 0.0190 0.0155 0.0264 0.0084
HRJY 0.8000 0.0155 0.0255 0.0305 0.0279  0.0183 0.0250 0.0159
YRLJ 0.8000 0.0060 0.0106 0.0211 0.0175 0.0281 0.0082 0.0256 0.0060
MRIL 0.0000 0.0000 0.0152 0.0059 0.0089  0.0295 0.0194 0.0293 0.0218 0.0000
mean 0.6833 0.0115
: ; 1.
Note: Bold fugures indicate average sequence divergence within populations. Code for each populations is shown in table 1.
T, 4.500 5 , HT1  HT2
2.2 2.3
8 18 ( 1, 2), AMOVA 4, :
HT1 HT2 , YRLJ 17.20%,
3 , HRJY YRSC 23.50%, 59.29%,
3 4 , HT1 5 (P<0.05)
(2 (Fst) 5
1, 5 , 3 WRHT
, , WRHQ ., WRHQ WRZJ
HT1 HT2 (Fst ), HRXK
, HRJY , MRJL YRSC
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Fig. 1 Parsimony networks of D-loop observed in Hemibarbus labeo
Haplotypes are indicated by box and ellipse, and their square represent distribution frequences of haplotypes. The small cycles rep-
resent putative steps between haplotypes.

=4 EEEEHAHY D-loop EEFIM S FHESH
Tab.4 AMOVA of D-loop sequence for eight Hemibarbus labeo populations

1%
source of variation dr sum of squares variance component percentage of variation
4 50.628 0.739 17.20*
among groups
among populations within groups 3 25.806 1.009 23.50%
within populations 34 86.567 2.546 59.29*
. (P<0.05).
Note: * indicated significant difference(P<0.05).
&5 ZET D-loop 7545 B9 /EERRHAK 1812 1% 55 (L R E(Fsr)
Tab.5 Fstof combined data from D-loop sequence analysis among Hemibarbus labeo populations
population WRHT WRHQ WRZJ YRSC HRXK HRJY YRLJ MRIJL
WRHT 0.000
WRHQ 0.284* 0.000
WRZJ 0.036 -0.079 0.000
YRSC 0.312* 0.423* 0.314* 0.000
HRXK —-0.109 0.493* 0.253 0.384* 0.000
HRJY 0.450* 0.560* 0.456* —0.111 0.513* 0.000
YRLJ 0.294* 0.634* 0.466* 0.464* 0.321* 0.594* 0.000
MRIJL 0.400 -0.215 -0.123 0.368* 0.658 0.578* 0.806 0.000
D (P<0.05); 1.

Note: * indicated significant genetic differentiation between populations(P<0.05). Code for each populations is shown in table 1.

HRJY (P<0.05), (P<0.05)
(P>0.05), HRJY YRSC D-loop
(P>0.05), 6 (MP) (ML)
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Fig. 3 ML tree based on combined data from D-loop sequences
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Population structure of Hemibarbus labeo as inferred from mtDNA
control region sequence

TONG Guangxiang, KUANG Youyi, YIN Jiasheng, GENG Longwu, XU wei

Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070,China

Abstract: Genetic diversity and structure were investigated to explore the phylogeography and evolution of Hemi-
barbus labeo from five different river systems, including Wusuli River, Yangtze Rive, Heilongjiang River, Yalu
River and Mudan River. The mtDNA control region was used to analyze genetic differentiation of eight geo-
graphical populations (n=42) in this study. Results showed that 26 variation sites existed in a 404 bp sequence with
variation rate of 6.43% and average nucleotide diversity of 0.011 5. The sequence information identified 18 hap-
lotypes in the control region gene. Eight geographical populations were evolved through a mode of center outward
radiation based on DWRHT1 and DWRHT?2 haplotype. AMOVA analysis showed that the variation rate was
59.29% within populations, 23.50% among populations from the same river system and 17.20% among popula-
tions from the different river system. There was significant difference within different populations, among popula-
tions from the same river system and populations from different river systems (P<0.05). Pairwise Fsr of control
region sequence analysis among populations showed that there was significant difference among several popula-
tions from the same river system. Cluster analysis showed that maximum-parsimony method (MP) and maximum
likelihood ratio method (ML) results were basically consistent, which suggested that most individuals from HRJY
and YRSC population clustered together and individuals from YRLJ population clustered into a single branch.
Meanwhile, cluster analysis results were found to be consistent with haplotype parsimony network analysis. These
results suggested abundant genetic diversity existed among hemibarbus labeo populations. However, the popula-
tion size was decreased due to environmental pollution and overexploitation in recent years. In addition, H. labeo
from Heilongjiang River kept ancestral haplotypes, while H. labeo from other river systems had evolved to dif-
ferent directions based on haplotypes from Heilongjiang River and formed their unique haplotypes during the
long-term evolution and geographical isolation.

Key words: Hemibarbus labeo; mtDNA control region; haplotype; genetic diversity
Corresponding author: XU Wei. E-mail: xwsc23@tom.com



