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Fig. 1 Location of 9 sampling sites in the Yangtze River
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Tab. 1 Specimen number of 9 sampling sites in the Yangtze River

Group name Sampling site Location of sampling site Number of sp(eciinen
HC Hechuan ( ) 7
MD Mudong b 11
FL Fuling b 11
WwZ Wanzhou b 11
WS Wushan b 12
SDP Sandouping b 14
YC Yichang ¢ 11
YY Yueyang ¢ 11
JK Jinkou ¢ 12

Total 100
T “a” ( ), “b” ,“c”

Note: “a” is Jialing River (a tributary river of Yangtze River). “b” is an upper section of the Yangtze River located above Gezhouba

Dam. “c” is lower section of the Yangtze River located below Gezhouba Dam

1.2 DNA DNA
(18] DNA (Bio-Rad Smartspic plus)
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1.3 PCR / )
50 uL  PCR 100 ng  , 10x , D-loop
PCR Buffer 5 pL, MgCl, (25 mmol/L)4 uL, dNTPs nt672—nt675
(2.5 mmol/L) 2 pL, (10 pmol/L) 1 pL, 4
Tag DNA (5U/uL) 0.4 uL 194°C  cen o AT ,
3mln, 36 5 94°C 4—6 ( 2) ,
30s 57°C 45s 72°C Imin, 72°C (RN AP ’
10min 1.0% tRNAPhe 39
, , 34 (13
; DL1(5"-ACCCC- A/G  ,21 CT )4 ,
TGGCTCCCAAAGC-3") DH2(5'-ATCT- 1 (nt198, 198 )
’ pro phe
TAGCATCTTCAGTG-3") tRNA tRNA (C/T) (C/G)
[5]
20 19
1.4 [ 1111 1112222222 3555555566 6666666666 8899999]
. [ 356781222 5990002355 5023456701 1244577778 4801233]
Clustal X 183 [ oo ) PHERCALE? ISEICHIRR RTCOELRY Ganioliang Joponed)
’ ap. ) .
SEAVIEW (20] , ap_
DnaSP 4.50.3 (211 ,
(Nm), (Tajima
Fu & Li )  Mismatch
Arlequin v3.01 (221 pairwise difference ,
(Hd) (P)
(SD), (Fst )
(AMOVA) MEGA 3.1 (23]
, Kimura 2-parameter ,
(Coreius guichenoti) (GenBank EU871762)
, UPGMA (Unweighted
Pair-Group Method Using Arithmetic averages)
TCS 1.21
) 95%, 2 41
Fig. 2 Location of mutative nucleotide acids in 41 haplotypes of
) Coreius heterodon
Hapl-41 ;
2.1 >3
mtDNA D—loop 946 bp nt5 nt31 nt57; () Hapl
, )
, 100 41 (GenBank Hapl-41 on left are the names of 41 haplotypes, respectively.
EU871727-EU871761 FJ376077-F1376082) Numbers at top represent the locations of mutative nucleotide acids
in the 41 haplotypes of C. heterodon. For example, the first three
DNA T C A G 31.5% mutative nucleotide acids are located in nt5, nt31 and nt57, respec-
tively. Dots indicate the bases are the same as haplotype 1 (Hapl).
20.5% 34.4%  13.6%, A+T G+C Transverse lines denote the base deletion
> G
946 R 899 47 41 9 ,
( 8 / 39 ) , , 349%(14/41),
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Hapl Hap2 R Hap2 9 , 18 Hap2
Hapl 8 , 19 Hapl; 27 2
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Tab. 2 Distribution of 41 haplotypes in 9 geographic populations of C. heterodon from the upper and middle sections of the Yangtze River

HC MD FL WwZ WS SDP YC YY JK Total
Hapl 1 3 3 3 3 2 2 2 19
Hap2 1 2 4 2 3 1 1 2 2 18
Hap3 1 1
Hap4 1 1
Hap5 1 1 1 3
Hap6 1 1 3 5
Hap7 1 1
Hap8 1 1 1 1 4
Hap9 1 1 1 3
Hap10 1 1
Hapl1 1 1
Hap12 1 1
Hap13 1 1
Hapl4 1 1
Hapl5 1 1 2
Hapl6 1 1
Hapl7 1 1 2
Hapl8 1 1 2
Hap19 1 1
Hap20 1 1 1 1 4
Hap21 1 1
Hap22 1 1 2
Hap23 1 1 2
Hap24 1 1
Hap25 1 1
Hap26 1 1 2
Hap27 1 1
Hap28 1 1
Hap29 1 1
Hap30 1 1
Hap31 3 1 1 5
Hap32 1 1
Hap33 1 1
Hap34 1 1
Hap35 1 1
Hap36 1 1
Hap37 1 1
Hap38 1 1
Hap39 1 1
Hap40 1 1
Hap41 1 1

Total 7 11 11 11 12 14 11 11 12 100




2.2 Fsr ) )
, , 100 , (
(Hd) 4) , (FL) (YY) Fsr
(Pi) 0.9257+0.0162  0.004178+0.002337 (  3) 0.01<P<0.05,
Py , YY) (0.005920 ; Fst
+0.003473), (WS) (0.002707+ 0.001757), P>0.05,
9 s R DnaSP 4.50.3 s
, Fst 9 Nm  20.84,
Arlequin v3.01 Fsr ,9
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Tab. 3 Genetic diversity parameters within every geographic population of C. heterodon from the upper and middle sections
of the Yangtze River

No. No.

i:;::g of samples  of haplotypes  Haplotype diversity (Hd+SD) pairwﬁzzﬁiige?zrﬁzsr(ﬁfiSD) Nucleotide diversity (Pi£SD)
HC 7 7 1.0000+0.0764 3.523810+2.036578 0.003733+0.002471
MD 11 8 0.9273+0.0665 2.981818+1.685944 0.003159+0.002015
FL 11 6 0.8364+0.0887 2.690909+1.548340 0.002851+0.001850
wz 11 8 0.9273+0.0665 4.145455+2.232781 0.004382+0.002663
WS 12 6 0.8636+0.0639 2.560606+1.476553 0.002707+0.001757
SDP 14 13 0.9890+0.0314 4.879121+2.530351 0.005158+0.003003
YC 11 8 0.9273+0.0665 3.709091+2.028231 0.003921+0.002419
YY 11 10 0.9818+0.0463 5.600000+2.912044 0.005920+0.003473
JK 12 10 0.9697+0.0443 5.196970+2.705177 0.005494+0.003220

Total 100 41 0.9257+0.0162 3.951919+1.995626 0.004178+0.002337
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Tab. 4 Fsy value between 9 geographic populations of C. heterodon from the upper and middle sections of the Yangtze River
HC MD FL wz WS SDP YC YY
HC
MD -0.02215
FL -0.01091 0.05714
wz -0.04723 —-0.03904 —0.00388
WS -0.02523 —0.04766 0.06601 —0.04481

SDP -0.01098 —0.04043 0.03461 -0.05094 —-0.01480
YC 0.00758 —-0.01709 0.03682 -0.01538 -0.00048 —0.00466
YY 0.04703 0.01105 0.12765" —-0.00102 0.00375 0.00030 0.01366
JK —-0.03118 —-0.04184 0.03837 -0.04054 -0.04990 -0.01694 —-0.02346 —0.01918

T kE 0.01<P<0.05 Note: ** stands for 0.01<P<0.05
AMOVA R 2-parameter
(99.66%)), 0.34% 0.00151—0.00434, 0.00192—
(Fsr=0.00341, P>0.1) ( 5) 0.00389(  6)
9

E} >

, Kimura
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Tab. 5 Analysis of molecular variance (AMOVA) among and within geographic populations
o . L Fst P
Source of variation d. f. Sum of squares Variance components Percentage of variation
8 11.691 0.00481 0.34 0.00341  >0.1
Among populations
91 128.139 1.40813 99.66
Within populations
Total 99 139.831 1.41294

F6 ANBERIBHKEMN TS K2-PEEES

Tab. 6 Average genetic distance within and between 9 geographic populations of C. heterodon based on Kimura 2-parameter model

HC MD FL Wz WS SDP YC YY JK

HC 0.00316"

MD 0.00281 0.00249"

FL 0.00282 0.00271 0.00249"

/4 0.00292 0.00262 0.00268 0.00292"

WS 0.00228 0.00192 0.00220 0.00216 0.00151"

SDP 0.00333 0.00284 0.00312 0.00304 0.00251 0.00342"

YC 0.00313 0.00269 0.00285 0.00293 0.00228 0.00323 0.00288"

YY 0.00352 0.00295 0.00342 0.00332 0.00258 0.00355 0.00327 0.00370"

JK 0.00371 0.00330 0.00360 0.00355 0.00283 0.00388 0.00360 0.00389 0.00434"
. ( ),

Note: * Indicates the average K 2-P distance within a geographic population. The numbers below diagonal stand for the average K 2-P

distance between 9 geographic populations

2.3 (Tajima Fu & Li ), Tajima’s D
MEGA 3.1 , Kimura 2-parameter —1.98989 (P<0.05), Fu’s Fs  —30.848 (P=0.00)
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Fig. 3 Rooted molecular phylogenetic tree (UPGMA tree) of haplotypes based on the D-loop region sequence of C. heterodon
Coreius guichenoti , 50%  bootrap ,

Coreius guichenoti is used as an outgroup. Numbers at the nodes indicate bootstrap values (greater than 50%) with 1000 replicates. The hap-
lotypes in rectangle represent those located in different cluster of both molecular phylogenetic tree and parsimony network (Fig. 4)
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Fig. 4 Parsimony network of the 41 haplotypes of C. heterodon

, x ; 95%
Ellipses stand for haplotypes and the square of ellipse indicates proportion of the fish individuals with the haplotype. Small empty circles
represent the inferred, nondetected interior haplotypes. Each line represents a single nucleotide acid mutation. The haplotypes marked with
asterisk represent those located in different cluster of both molecular phylogenetic tree (Fig. 3) and parsimony network. The probability of
connection is greater than 95% between two haplotypes
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MtDNA CONTROL REGION SEQUENCE VARIATION AND GENETIC DIVERSITY
OF COREIUS HETERODON (BLEEKER) IN THE UPPER AND MIDDLE SECTIONS
OF THE YANGTZE RIVER

YUAN Juan', ZHANG Qi-Zhong'?, LI Fei'®, ZHU Cheng-Ke' and LUO Fen*

(1. Key laboratory Eco-environments in Three Gorges Reservoir Region (Ministry of Education), Key laboratory of Aquatic science of
Chonggqing, School of Life Sciences, Southwest University, Chongging 400715, China; 2. Hydrobiology Institute of Jinan University,
Guangzhou 510632, China; 3. Central Laboratory of Third Military Medical University, Chongging 400038, China; 4. Biology De-

partment, Ningde Teachers College, Fujian 352100, China)

Abstract: Brass gudgeon (Coreius heterodon) is an endemic species in China, and mainly distributes in the upper and
middle sections of the Yangtze River. The fish population has been greatly decreased these years due to various factors,
such as destruction of spawning condition, water pollution, over exploitation and so on. In order to protect the fish
population, it is necessary to study genetic diversity of the fish population. The fish specimens were collected from 9
sampling locations in the upper and middle sections of the Yangtze River, i. e., Hechuan (HC), Mudong (MD), Fuling
(FL), Wanzhou (WZ), Wushan (WS), Sandouping (SDP), Yichang (YC), Yueyang (YY) and Jinkou (JK). The specimen
number was in Tab. 1. The mitochondrial D-loop region (control region) of the fish was amplified by polymerase chain
reaction (PCR) technology and sequenced with ABI 3730 sequencer. 100 sequences were analyzed using some softwares,
viz., Clustal X 1.83, MEGA 3.1, DnaSP 4.50.3 and Arlequin v3.01. The results were as follows:

Every specimen sequence was 946 bp for genetic diversity analysis of the fish. Both 47 mutations of nucleotide
acids including 8 inserting or deleting ones and 41 haplotypes were found in the 100 sequences. About 34% of the 41
haplotypes presented at least in two or more geographic groups and every one of 27 haplotypes just appeared in single
one of the 9 groups. The UPGMA tree and the Parsimony network of 41 haplotypes showed that the clustering of hap-
lotypes did not correspond to every geographic group of the fish. Genetic structure analysis showed a low level genetic
diversity of C. heterodon (Hd=0.9257+0.0162, Pi=0.004178+0.002337). The AMOVA analysis indicated that 99.66% of
the total variation in D-loop region sequence came from nucleotide acid mutations of the fish individuals in the 9 geo-
graphic populations, and just 0.34% from variation between the 9 geographic populations, which showed little genetic
differentiation between the 9 geographic groups. Meanwhile, average Kimura 2-parameter distances (Tab. 6), the Fgr
value (Tab. 4) and Nm value (20.84) also revealed little genetic differentiation between the 9 geographic groups. All the
data mentioned above indicated that the 9 geographic groups belonged to single nature population.

Key words: Coreius heterodon (Bleeker); Mitochondrial DNA D-loop region; Genetic diversity



