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(2013 5 ) ,
1 DNA / R
1.1 DNA 1% , NanoDrop
8 DNA
( D, (19 20 ng/pL , -20
*1 HEHARERER
Tab. 1 Sampling information of C. idella
Population Location Longitude & Latitude No.
HJ +119.43, +32.35 44
Wi +120.53, +31.06 71
1 +115.96, +29.72 44
SS +112.39, +29.74 71
MD +106.85, +29.57 24
wzZ +108.45, +30.83 48
ZQ +112.53, +23.08 59
NJ +125.22, +49.21 63
1.2 PCR (AMOVA) (F-statistics,
mtDNA (20)(GenBank : Fep) MEGA 5.1 (23]
NC _010288) D-Loop , Kimura (Kimura 2 Parameter, K2P)
, (Neighbor-Joining, NJ)
: DLF: 5'-CCTAGCGCCCAGAAAAGGGAGAT (261, SPSS 16.0 (271
T-3’; DLR: 5'-GCGGGGGATTGAGGGCATACTC-3’
PCR 50 pL, 10x PCR Buffer MEGA 5.1
5 uL MgCl, (25 mmol/L) 3 pL dNTPs (2.5 mmol/L) (Maximum Parsimony, MP) ,
4uL  TagDNA (2.5U/uL) 1 uL K2P , Network 4.6 [28]
(10 mmol/L) 1 pL DNA (20 ng/uL) (Reduced-Median, MJ) ,
2 uL, 33 uL
( ) PCR 0 94
3min; 94 30s, 50 30s, 72 2min, 2
35 ;72 10min; 4 2.1 D-Loop
Eppendorf PCR 1% 424 D-Loop (898 bp)
, A+T (66.71%)
ABI3730XL G+C (33.29%) D-Loop 34
1.3 34 , Hapl Hap6
BioEdit 7.0 211 , Hap20  Hap2l ,
Clustal X 1.81 (22] 32.31% 10.14% 28.54%  13.21%; 20
DnaSP 5.0 (23] (S) ( 2
(H) (Hya) (7) 2.2

(K) Tajima’s D
0.787(  3) 0.474—
Arlequin 3.5 (24 0.708, 0.0018—0.0037 ,
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Tab. 2 Distribution of the haplotypes in C. idella populations

No. of haplotypes for each population

Haplotype Accession
HJ WwJ 1 SS MD wzZ ZQ NJ Total
Hapl KJ614530 26 51 27 10 23 137
Hap2 KJ614531 3 1 4
Hap3 KJ614532 1 1 2
Hap4 KJ614533 1 2 3
Hap5 KJ614534 1 1 2
Hap6 KJ614535 5 8 8 1 21 43
Hap7 KJ614536 1 2 1 4
Hap8 KJ614537 1 1
Hap9 KJ614538 1 1 1 3
Hap10 KJ614539 1 1 9 11
Hapl1 KJ614540 1 1
Hap12 KJ614541 7 2 9
Hapl3 KJ614542 1 1
Hapl4 KJ614543 1 1
Hapl5 KJ614544 1 1
Hapl6 KJ614545 1 1 2
Hapl17 KJ614546 1 1
Hap18 KJ614547 1 1 2
Hap19 KJ614548 1 1
Hap20 KJ614549 48 16 27 30 121
Hap21 KJ614550 6 4 18 28 56
Hap22 KJ614551 3 3
Hap23 KJ614552 1 1
Hap24 KJ614553 1 1
Hap25 KJ614554 1 1
Hap26 KJ614555 1 1
Hap27 KJ614556 1 1
Hap28 KJ614557 1 1
Hap29 KJ614558 1 1
Hap30 KJ614559 1 1
Hap31 KJ614560 1 1
Hap32 KJ614561 4 4
Hap33 KJ614562 1 1
Hap34 KJ614563 1 1
(Hg= 0.474, 7=0.0018),  0.0049, 4( )
(H=0.708), :
(7=0.0037) , (R=0.61, P<0.01,
Tajima’s D 1) K2P NJ , 8
; , 2 (2
(P<0.05) (HJ) (WJ) (a7 :

K2P 0.0020— (zQ) (SS)
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Tab. 3 Genetic diversity parameters of D-Loop sequence of C. idella populations

Tajima’s
Population S H Hy T K D
HJ 12 9 0.624 0.0022 1.945 —0.892
N2 12 11 0.474 0.0018 1.610 —-0.981
1 12 10 0.598 0.0026 2.314 —0.488
SS 13 7 0.520 0.0018 1.596 —1.152
MD 8 4 0.533 0.0027 2.377 0.351
wz 8 5 0.553 0.0033 2.965 1.774
ZQ 8 8 0.708 0.0035 3.175 2.233"
NJ 14 7 0.584 0.0037 3.296 0.320
Total 34 34 0.787 0.0034 3.050 —-1.093
B (P<0.05)

Note:* means of statistical significant (P<0.05)

x4 BHEBKEMN KPEEESETAHMEEILEHR Fn@E LA

Tab. 4 Pairwise K2P genetic distances (below diagonal) and fixation indexes (F'st, above diagonal) among C. idella populations

HJ Wi 1 SS MD Wz zZQ NJ

HJ —-0.0017 -0.0011 0.2944" 0.3252" 0.3475" 0.1176™ 0.3801"
WJ 0.0020 0.0018 0.3057" 0.3586" 0.3820" 0.1347" 0.4135"

1J 0.0024 0.0022 0.2880" 0.2884" 0.2980" 0.0542 0.3264"
SS 0.0028 0.0026 0.0030 0.0366 0.1771" 0.3393" 0.2647"
MD 0.0036 0.0034 0.0037 0.0023 0.0367 0.2780" 0.1085"
wZ 0.0043 0.0041 0.0042 0.0031 0.0031 0.2389" 0.0019
7Q 0.0033 0.0031 0.0033 0.0040 0.0044 0.0045 0.2413"
NJ 0.0049 0.0047 0.0047 0.0037 0.0036 0.0035 0.0048
g (P<0.05); ** (P<0.01)

Note: * and ** means of significant and extreme significant of genetic differentiation, respectively

0.006 6E-07x + 0.0028 R WI
y=0E-07x + 0.002 7
R?>=0.366 P<0.01 ”SH? H
8 0.005 - LTI
g P 2Q
2 0004t CLES
] Aili MD
ED T Wz
g 0.003 | T NJ
o .
f{ 0.002 + 0.0005
=
=9
g 0001 - 2 D-Loop NJ
Fig. 2 NIJ tree based on D-Loop sequences of C. idella popula-
0.000 L L : : : : ) tions
0 500 1000 1500 2000 2500 3000 3500
HiFLES Geography distance (km)
) 3 HI] WI D)
: K2 4 JJ Z SS MD MD
Fig. 1  Scatterplot between K2P genetic and geography distances ( Q
among C. idella populations WZ WZ NJ) (P>0.05);
(MD) wWz) (P<0.05)
N , 2 (P<0.05)
, 8 5
2.3 , (MD  WZ) (SS)

4( (HI WJI 1)) , (2Q)



2 : D-Loop 353

(NJ), (AMOVA), 5 Fsr  0.262, (P<0.01),
, 26.24%,

#=5 E&BKD-Loop BT RN FHEDHT(AMOVA)

Tab. 5 Analysis of molecular variances of D-Loop sequences of C. idella populations

Source of variation df Sum of squares Variance components  Percentage of variation (%)  Fixation indices
Among groups 4 144.946 0.427 26.24 0.262"
Among populations within groups 4933 0.0103 063 0009
Within populations 416 495.073 1.1901 73.13 0.269"
Total 423 644.972 1.6274
D EE (P<0.01)

Note: ** means of statistical extreme significant

2.4 s >
MP ( 3),34 D-Loop )
2 (LGA LGB) LGA ; mtDNA
26 , 308 , ; LGB
8 , 116 K2p Hap20 ]
0.0087, (Fst =0.644, I Hap 22
———— Hap 31
P<0.01) L Hap2s
MJ MP ———— Hap 27
———— Hap 28
( 4) 2 2 ? Hap 34
; 2 4 ———- Hap 33
———— Hap 32
’ 2 3 ————Hap 12
4 ———— Hap 24
Hap 9
Hap 17
51077—28924 , 100 ———Hap8 | LGA
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Fig. 3 MP phylogenetic tree of 31 haplotypes of grass carp
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GENETIC VARIATION ANALYSIS BASED ON D-LOOP SEQUENCES OF WILD
POPULATIONS OF GRASS CARP (CTENOPHARYNGODON IDELLA) IN CHINA

FU Jian-Jun" 2, WANG Rong-Quan’, SHEN Yu-Bang', XUAN Yun-Feng’, XU Xiao-Yan',
LIU Cheng-Chu? and LI Jia-Le'

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean University,
Shanghai 201306, China; 2. Postdoctoral Research Station of Food Science and Technology, Shanghai Ocean University, Shanghai
201306, China; 3. Key Laboratory of Conventional Freshwater Fish Breeding and Health Culture Technology Germplasm Resources,
Ministry of Agriculture, Suzhou Wujiang Area Aquaculture Limited Company, Suzhou 215221, China)

Abstract: In this study we analyzed the genetic variations in the mtDNA D-Loop sequences of eight wild populations of
grass carp (Ctenopharyngodon idella) including six populations (Hanjiang, Wujiang, Jiujiang, Shishou, Mudong, and
Wanzhou) from the Yangtze River, the Zhaoqing population from the Pearl River, and the Nenjiang population from
Heilongjiang River. A total of 34 variable sites and 34 haplotypes were detected in 424 individuals, and the haplotype
diversity ranged from 0.474 to 0.708 among the eight populations. The pairwise population K2P genetic distances were
between 0.0020 and 0.0049. The genetic distance between the three populations from the lower reach of the Yangtze
River was the closest and their genetic differences were insignificant (P>0.05). The Zhaoqing population also showed a
close genetic distance with the three populations from the lower reach of the Yangtze River; and it did not have signifi-
cant genetic differences compared to the Jiujiang population (P>0.05). The Nenjiang population displayed a close ge-
netic distance with the two populations from the upper reach of the Yangtze River. The genetic difference between the
Nenjiang population and the Wanzhou population (P>0.05) was insignificant. Furthermore we observed an extreme sig-
nificant correlation between the genetic distance and the geographic distance (P<0.01). The AMOVA analysis suggested
that there were highly significant differences between populations (P<0.01), and that the genetic variation among dif-
ferent watersheds in China accounted for 26.24% of the total variation. The haplotypes divided into two major branches
which exhibited remarkable evolutionary differences (Fs1=0.644, P<0.01), and this branching might originate in the late

Pleistocene.

Key words: Ctenopharyngodon idella; Wild population; D-Loop sequence; Genetic variation



