Vol. 38, No.4

38 4
2014 7 ACTA HYDROBIOLOGICA SINICA Jul.,, 2014
doi: 10.7541/2014.89
‘s
:H‘ - 132 /f pav3 V[/ 1
= EI?‘?%
(1. , , 430072; 2. , 100049)
R % (Hemiculter leucisculus), 323 13
DNA Cytb (1100 bp), %
, b , # S ( A-F)
A B E F ,
) A-F ,
4 DNA %
T & ; b ; ;
HRESZES: Q346'.5 XHEAARIRAD: A X E4S: 1000-3207(2014)04-0627-9
% Hemiculter leucisculus (Basilewksy, 1855) s
fif] % DNA,
b b 2 [1]
, £
> ) ) Cyt b
9 % 9
% ,
% ) , %
£
[2,3]
1
1.1
%=
, , ) O
) 323 % 13 ,
, ( WTQ)19 (H))5
Yeks BHA: 2013-05-08; 1&1T HH#A: 2013-12-01
E&£WMAB: (Y11321-1-101)
E-mail: fanqi0.618@163.com

fEZE N (1986—), ;
BEESE: , E-mail: clad@ihb.ac.cn



628 38
(LZ)37 (MD)28 ,
(ZG)35 (DT)29 (HH)26 (D
JY)5 (JK)10 Fu’Fs Tajima’D
(DH)30 (LZH)41 (Mismatch distribution)
(WX)31 (PYH) 27 1 )
#if1(Culter alburnus) , T (T =12u) , T
1.2 DNA
DNA s U u = 2xuxk s u
, 95% , 4°C ,k
- DNA Cytb )
: L14724 (5'-GACTTGAAAAA
CCACCGTTG-3'), H15915 (5’-CTCCGATCTCCGGA 2.1
TTACAAGAC-3") PCR 30 pL, 323
60 ng DNA, 10 x 3 uL, dNTP( Cyt b , 1110 bp
2.5 mmol/L)1.5 uL, (10 mmol/L) 1.5 uL, b GenBank - KF020899-
Taq 1.5 U, KF021222
PCR :94°C 3min, 30 , AT C G
( 94C Imin, 50°C Imin, 72°C  1min), 28.0% 28.2% 28.4% 15.4%,
72°C 10min PCR 1% A+T 56.2%, G+C
PCR ; 43.8% 323 175 :
; PCR 244 21.98%,
1.3 56 188 244
SeqMan II DNA R , 18 ,226
Clustal W MEGA4.0 , (Ts) 35
(Tv)2 (Ts/Tv)  19.50
MEGAS5.0 323  Cytb 175
(NJ) if1(Culter alburnus) 1 ,
) (h) 0.9789+0.0041,
network4.611 dnasp5.10.0.1 (m) 0.03289+0.00224 ,
(Hy) (n); (1.000=+
ARLEQUIN3.0 AMOVA 0.126 0.0618+0.0158), (0.400+0.237
(Analysis of molecular variance) 0.0004+0.0002)
AMOVA 2.2
, %13 Cyth AMOVA ,
( Fy=0.70370(P<0.01),
) 70.37%
, (Fy ) , Fy 0.90356( -
) —0.01519( - ), 58 Fy
323 0.05 ( 2),
, 0.10336,
ARLEQUIN 3.0 , )
(Mantel test)(1000 ) IBD (Isolation 0.00595

by distance),

0.10336—0.00595



4 : % 629

F1 KIPE3NEHERE. EREREESHE

Tab. 1 Codes, sample numbers and genetic diversity of 13 Hemiculter leucisculus populations in the Yangtze River

Code N E Sample Number of Haplotype Nucleotide Numbers of
numbers  haplotypes Hap (p.) diversity Hy diversity P; polymorphism loci
WTQ N29.412535° E114.35471° 19 9(4) 0.889+0.046 0.00714+0.00049 27
HJ N28.813525° E114.35465° 5 2(1) 0.400+0.237 0.00036+0.00021 1
Lz N28.80843° E114.35468° 37 20(17) 0.940+0.021 0.01343+0.00294 62
MD N29.570359° E114.35470° 28 17(10) 0.913+0.043 0.02261+0.00135 62
ZG N30.25966° E114.35473° 35 32(30) 0.993+0.009 0.01179+0.00472 151
DT N30.549456° E114.35463° 29 22(15) 0.958+0.028 0.00612+0.00052 41
HH N29.779278° E114.35474° 26 17(8) 0.951+0.027 0.00598+0.00037 31
Y N30.082° E114.35467° 5 5(3) 1.000+0.126 0.06180+0.01583 121
JK N30.334796° E114.35466° 10 9(4) 0.978+0.054 0.00715+0.00089 22
DH N29.382175° E114.35464° 30 25(11) 0.982+0.016 0.000629+0.00032 41
LZH N30.087699° E114.35469° 41 30(17) 0.961+0.022 0.00971+0.00158 62
WX N29.840197° E114.35472° 31 25(11) 0.974+0.020 0.00567+0.00066 44
PYH N29.249467°  E116.192951° 27 19(14) 0.957+0.026 0.00873+0.00261 73
all 323 175 0.9789+0.0041  0.03289+0.00224 244

*2 BB MEHANEBERERBGAKZT)FEEIUERFI(IAHZL)
Tab. 2 Pairwise genetic distances (below diagonal) and fixation index (above diagonal) among 13 populations of Hemiculter leucisculus
from the middle and upper Yangtze River drainage

Popula- WTQ  HIJ LZ MD zZG DT HH JY JK DH LZH WX PYH
tion

WTQ  —  0.85852 0.6842 0.37507° 0.89101 0.12513 0.14669 0.63968 0.11511 0.15353 0.13227 0.20249 0.15846
HJ 004184 —  0.07665" 0.23936 0.89123 0.87083  0.8797  0.58151 0.88209 0.87432 0.80151 0.88101 0.8175
LZ 0.03634 0.00933 —  0.16199 0.86357 0.71419 0.71439 0.67481 0.6758 0.71418 0.68271 0.72065 0.66874
MD  0.0258 0.02041 0.02216 — 0.82148 0.42227 0.41746  0.50939 0.23936 0.41826 0.39346 0.4262 0.3523
ZG  0.10211 0.10324 0.10177 0.10228 — 0.90047 0.90016 0.393  0.88589 0.90068 0.88617 0.90356 0.88708
DT  0.00772 0.04321 0.03696 0.02577 0.10221 —  —0.01519" 0.70265 —0.01115" —0.00267" 0.03679" 0.05177" 0.07382
HH 0.00773 0.04351 0.0372 0.02579 0.10242 0.00609 — 0.69281 0.00927" —0.1409" 0.02014" 0.01958" 0.04721"
JY 0.06648 0.0809 0.0776 0.07391 0.04744 0.06594 0.06597 — 0.54808 0.70138 0.677 0.71563 0.652393
JK  0.00815 0.04382 0.0374 0.02631 0.10317 0.00668 0.00664 0.06655  —  0.01327" 0.03264" 0.09885 0.08996
DH  0.00787 0.04306 0.03683 0.02555 0.10198 0.00624 0.00601 0.06578 0.00674  —  0.01557" 0.00099" 0.02286"
LZH 0.00996 0.04348 0.03778 0.02678 0.10336 0.00845 0.00816 0.06737 0.00897 0.00818 —  0.02023" 0.02707"
WX 0.00805 0.04261 0.03657 0.02524 0.10162 0.00636 0.00599 0.06561 0.00708 0.00595 0.00799 —  —0.00172"

PYH 0.00961 0.04104 0.03564 0.02522 0.10177 0.00823 0.00785 0.06634 0.00896 0.00772 0.00968 0.0073 —

.k

Note: *means no significant difference

Arlequin 7 Nm ( 3), 4,
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mtDNA H3 H50 H72 HI101 H98
( 4, AMOVA ( 5 H135 H146 ,
, Ost 0.7, mtDNA ,
Osr 0.92258 (IBD), :
(r=0.26, P=0.016), ( 2 s
( 0), 5
H3 H45 H50 H40 H22 HA45
#1(Culter alburnus) NJ H98 HI135 ,
%3 A Arlequin T HIMEL MEEEHKEEE T V. &
Tab.3 N, values among 13 populations of Hemiculter leucisculus analyzed by Arlequin3.0
Population WTQ HJ LZ MD ZG DT HH Y JK DH LZH WX PYH
WTQ —
HJ 0.067 —
Lz 0.074 -45.372 —
MD 6.023 0.239 0.200 —
G 0.072  37.174 -187.969 0.200 —
DT 1.589 0.945 0.684 2.587 0.695 —
HH 0.061 0.064 0.055 0.079 0.055 0.109 —
JY 0.112 5.057 6.274 0.248  21.368 0.919  0.064 —
JK 0.360 0.412 0.212 0.241 0.213 0.482 0.772 0.266 —
DH 0.068 4.558 9.159 0.194 505.051 0.673  0.053 -290.697 0.199 —
LZH 0.068  53.475 -33.400 0.200 -35.997 0.698 0.055 10.091 0.222  25.038 —
WX 0.124 14.814 13.089  0.232  31.606 0.771  0.064  17.966 0.239 24213 24.331 —
PYH 0.082 3.843 3.496 0.231 2.757 0.833  0.061 2.655 0.282  1.969 2909  3.280 —
x4 AMERMEKRBRHERIT
Tab. 4 Statistics of the individuals according to the sources for the 6 lineages
Lincage WTQ HIJ LZ MD ZG DT HH Y JK DH LZH WX PYH
A 3 8 1 14 14 1 4 17 24 22 19
B 6 5 16 12 1 6 12 12 8 5
C 10 1 1
D 5 1
E 5 32 15 1
F 34 3
x5 EREANTEROWER
Tab. 5 Analysis of molecular variance (AMOVA) for the Hemiculter leucisculus populations
Groups Ost Oct [ % Among groups % Within populations P
/ Lake/Non-lake 0.72328 0.14672 0.67569 14.67 27.67 0.07527
Upstrem/Downstream 0.74581 0.29695 0.63844 29.7 25.42 0.00587
DNA mtDNA lineage 0.92258 0.56818 0.92258 56.82 7.74 0.25220
Population 0.70370 — — 70.37 29.63 0.00000




631

0.02

1 b

Fig. 1 Phylogenetic relationships of all individuals based on the NJ tree analysis of the Cyt b gene fragment
50%
Numbers above and below branches are NJ bootstraps values, only showing those higher than 50%
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Fig.2 The geographical distribution of 175 haplotypes of Hemiculter leucisculus analyzed by median-joining network using NETWORK 4.6

s

Haplotypes are colored according to geographical localities. Circles represent individual haplotypes and the size of circle indicates relative
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Tab.6 6 pairwise genetic distances (below diagonal) and fixation ( )
index (above diagonal) among 6 lineages of Hemiculter leucisculus
from the middle and upper Yangtze River drainage 3
B C D E F
Lineage 3.1 &
A — 0.00735 0.00616 0.01848 0.03826 0.09940
B 0.74923 —  0.00491 0.01626 0.03971 0.10174
C 0.73019 0.61009 —  0.01537 0.03530 0.09807
D 0.88639 0.83042 0.70859 — 0.04123  0.10688
E 0.93240 0.91826 0.89084 0.89635 — 0.09870 8]
F 0.96630 0.95691 0.93315 0.92938 0.94477 — ’
(h) ()
(H3), 38 , 11 ]
2.3 % ,
Fu’Fs (o)
) % , (He=
, 1 5 , 0.894, P;i=0.0025) (H4=0.704+0.033, P;=0.00092+
4 (A B E F) FuFs 0.00068) % 0.5,
LA B EF 4 2 0.5%)( 1),
4 i
2 Cyt b 0.65% " £ ,
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Fig. 3 Mismatch distributions of Hemiculter leucisculus mtDNA lineages with unimodal distributions (A, B, E and F) (Solid lines show the
simulated values and dash lines show the observed values)
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THE PATTERN OF UPPER AND MIDDLE YANGTZE DRAINAGES SHAPES THE
GENETIC STRUCTURE AND DIVERSITY OF HEMICULTER LEUCISCULUS
REVEALED BY MITOCHONDRIAL DNA LOCUS

FAN Qi"? and HE Shun-Ping'

(1. The Key Laboratory of Aquatic Biodiversity and Conservation of Chinese Academy of Science, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Fish population genetics have mainly focused on economic fish or endangered species, while the knowledge
on genetic structure of the fish with low economic value is limited. In the present study, we collected a total of 323
sharpbelly (Hemiculter leucisculus) individuals from 13 populations in Yangtze River Basin and the affiliated lakes to
evaluate their genetic diversity and population structure by amplifying the mitochondrial DNA Cyt b gene fragments
(1100 bp). Genetic diversity analysis showed the pattern of high haplotype diversity and high nucleotide diversity, sug-
gesting that the populations in the Yangtze River Basin were fairly stable. In addition, based on mitochondrial cyto-
chrome b gene phylogenetic analysis, there were five mitochondrial lineages (lineage A-F). The neutral test of Fu’Fs and
mismatch distributions with negative Tajima’s D values indicated that the lineage A, B, E, and F underwent population
expansion, and the expansion was from the upper section to the middle section of the Yangtze drainage. F, and phy-
logenetic analysis and the significant divergence among lineages A-F implied that there are at least four different species
on the level of mitochondrial DNA in the Yangtze River Basin. The population genetic structure and diversity of

Hemiculter leucisculus may reflect the distribution pattern in Yangtze River Basin.

Key words: Hemiculter leucisculus; Genetic structure; Cyt b; Genetic diversity; Yangtze drainage



