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Tab. 1 Sampling data of the grass carp
R 2, Bl R A 3 R 1] N 22814 AR AAR (%
Country, Population Sampling Location and data Status No. Specification Symbol
H1[E China
AT, IR R VL5 A8 TR DY K SR A0 5 Al g ]
, , ) e , R 17 7 Wt
Hanjiang population, Yan-  Hanjiang stock seed farm of Chinese carp, Jiangsu 29 YZ-1
Breed in stock seed farm Adult
glze Province ,2005
KL, A H B WAL 45 22 VL DY R K SR R g
- ‘ : ' T 144
Shishou population, Yan-  Laojianghe stock seed farm of Chinese carp, Hubei 28 YZ-2
Breed in stock seed farm Adult
gtze Province,2007
BRULHEA BRUT 2 PCITBL Liged 30 L .
Pearl population Zhaoqing section of Pearl River,2007 Wild Adult
A AMR TN R L VL B Lgasy »7 B Af Ly
Amur population Fuyuan section of Amur River,2007 Wild Adult
) 2 F| Hungary
£ F F| Szegedfish 3258 3% Szegedfish Farm, Hunga-  FRFEHIZ £ TR 1 fp
EZ ORI 10 DU-1
ry,2005 Breed in farm Fingerling
Danube population
2 35 B A G % #| Hortobagy 3% 4 ) ; Hortobagy Farm, Hun-  FREHY{R TR FAh 5
9 DU-
Danube population gary,2007 Breed in farm Broodstock
E2 PUE S £ 5 F) Szegedfish F:51 % ; PRI RIS 6 e DU
Danube population Szegedfish Farm, Hungary,2007 Breed in farm Broodstock )
Z[F USA
G AT 3 [ %% 75 74 HL T 52007, EigaE 8 FAh VISB
Mississippi population Mississippi River, USA Wild Broodstock )
DR e i B 1A 5 [ PR 4 2 36 T8 52007 , TpA: 0 Rt -
Illionsis Population Tllionsis River, USA Wild Broodstock
H 74 Japan
H A Iy £ B AR = FR 58 1) .
AR A A X Fr i 11y fif
Suzuki aquaculture farm in Saitama county, 30 TONG
Tongawa population Farmed Fingerling
Japan ,2007
1.2 DNA fZEX.PCR ¥ & M F 3 /)i i O 15min, ] 35 LB, HEF o A 100l 7Y TE W%

Z BET . m A 400l STE 2% #h i (30mmol/L, Tris-
HCI1, pHS8.0, 200mmol/L EDTA, 50mmol/L NaCl) ,
RAVJE I AW E N 10% #) SDS 90pL 1 20mg/mL
()7 I K 10, 55°C 144k 12— 14h; fin A 350l
HIANE NaClIS W, IR 5 24 5) 8 8% 3min, AR5 #H0
A 400l (5T, RRIERE Y5 . &l 12000r/min
B0 20min K FIERER R D TR EL0E Y,
HA 4501 ¥ (- 20°C) 4 5 N i, 4°C , 130001/
min .0 20min, $ b3 WA 5, i A 800 L il
( =20°C) Yy 75% Wy 2B, 1R 5] ,4°C , 130001/ min B

file 5

KRG B 3l 1 Bt 4ok A DNA 4 )% 517
(GenBank J751]%5 NC_010288) , & it 514, Hrhd”
14 Dloop X 154 4 : DL-F.5'-GCT CCC AAA GCC
AGA ATT-3'fil DL-R: 5'-ATG CGG AGT TTC TTA
GGA CC-3', ¥ #4 COIl + tRNA L (L F #& COII
HPH) B9 K COI-F: 5'-CAA GCC AGT CAC
ATA ACC ACT-3"H1 COII-R :5'-AGG ATT GCA AAT
CAG GGG-3', PCR J v B2 % K - 94°C Wi 48 P 5min,
F2 R ok BEAT 40 DSTE I, A6 I AL 94°C AR Pk
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30s,53°C iR k& 30s,72 °C ZE A 1min, 40 415 3 )5,
72°C FEAf 10min, PCR F= ¥ 4E 1% 3 5 B 58 I L Uk
ARSI, 120V B, T HL Pk 60min 2 )5, 4 BE R 1%
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b r i B T AY TR AR S AR
E I o
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Fig. 1 The rivers where the grass carp samples were collected
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2.1 FIER

Az g dE I JF T 186 BB A A By D-Loop X
(764bp) i1 COII(719bp) J¥ %], #F D-Loop X 3t %
125 A S A, Horp 2045 BAL A 13 A5 AR
COIl Jp 9 4t B 11 A48 S5 A0 i, Horb ] 2905 B A
6N (£2), ILD K45 (p =0.42) I F I Al &
I 53 .

TEWAS 5 I 77 1 i (1483bp ), 2L 8L T 32 4
AL H A 5 A S AR AL (58 3) ,YZ001 Sy
JIT A R AR L 5 ) B B YZ002 Sy K VT BR VL L )
R Z2 Ha A A Y AL S AR R YZ005 SR TR A
5500 A F1) Z2 B )R AR B S LR A YZ019 S KL
SRR VLR A ) 2 22 s A A ZJ481 R BRI S BRI
FEAAR Y e s R AR HC il BRR% AR U Sy A% AN TR T R

AR A A A TR A R AR e rp kg
2 WO AT AR A i) LAY 2

R2 BHAEEHFNERURABFAERMAEMA.
B/ iR R B REE RN
Tab. 2 The variable sites, parsim-info sites, singleton sites,
transition/ transversion values and effecttive population size in

different populations of grass carp

YZ YAl HLJ TONG DU MSB
A\ 13 14 21 1 2 12
D-Loop Pi 10 11 1 0 2 1
+ S 3 3 20 1 0 11
COTI © 0.00213 0.00187 0.00964 0.00043 0.00029 0.00108
R — 65.0 3.4 0.0 — 2.7

TE Ve BRI
#; 0 HRUEK KD

Note: V: variable sites; Pi: parsim-info sites; S: singleton sites;

Pi: fi 95 R ALaT; S: BLAT; R 54/ 1

R: transition/transversion values; ©: effective population size
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Tab. 3 The shared haplotypes in different populations of the grass carp
2R #i[E China H 7 Japan 9 °F #1] Hungary R USA Mt
Haplotype YZ-1 YZ-2 7] HLJ TONG DU-1 DU-2 DU-3 MSB IR Total
YZ001 12 7 5 18 29 5 5 4 17 4 106
YZ002 9 2 2 1 14
YZ005 2 2 4 2 10
YZ019 2 4 2 8
7J481 1 1 2

2.2 WELgHMNTR
S BEAR Y SRS A Z R (h) A% 1Y IR 2 R 1
(m) B F 3 4, 2T N BT 2R T
0.0667—0.8860 = [fl, # 1 B2 £ ¥ ¥ 4 i T
0.0001—0. 0042 Z 8], P & M B 44 340 J2 1= Y
T ERAN Z S m T E AN R R WA E AN R
BEGR P, B A F) 107 B A 5 I8 (h =0. 0667 77 =
F4 BESBANARRSSM BERESN
LK% Tajima’s D {&
Tab. 4 The haplotype (h)

nucleotide diversities (77) and

Tajima’s D in different populations of the grass carp (Mean + S.D.)

D-Loop + COII

GRE EEETEZ S S e
Population  Haplotype diversities Nucleotide diversities Tajima’s D
(h) ()
0.7249 0.0019 -0.8134
FE YZ-1 (+£0.0601) (+£0.0011) (p=0.2330)
China 0. 8800 0. 0028 - 0.0651
V7 ( £0.0405) (£0.0016) (p=0.4990)
0. 8860 0. 0042 1. 1806
7 (£0.0316) (£0.0023) (p=0.8930)
0.5613 0.0013 -2.5094
HA  HLJ (£0.1138) ( £0.0008) (p =0.0000)
Japan 0. 0667 0. 0001 -1.1470
TONG (£0.0613) ( £0.0001) (p=0.0520)
0. 6071 0.0016 0.9315
) F | DU-1 (£0.1640) (£0.0011) (p=0.8280)
Hungary 0. 6667 0.0019 1. 7542
( £0.1048) (£0.0012)  (p=0.9850)
DU-2
0.5333 0.0018 1.0319
(£0.1721) (£0.0013)  (p=0.8710)
DU-3
0.1111 0. 0007 -2.1473
JE MSB (£0.0964) ( £0.0005) (p=0.0030)
USA 0.6786 0.0010 -0.9234
IR (£0.1220) ( £0.0008) (p=0.2240)

0. 0001 ) , fa 2 FI| Z 5] B A B i (b = 0. 6667, 7 =
0.0019) ; 76 [y + F BE AR b BRVLHEIR B 35 (B =
0. 8860, 7 =0.0042) , By /T FEAFRAK (h =0. 5613,
m=0.0013) , RN Tajima’s D {H BIR: KL,
PR T | H A FAR 1 o] A0 S % P P EL T R A3 N
TUAE, FC A IE1E

W A T A 4 SR b 3 UE 4 A o [ A 2 LS
F A H AR YA, R 5 AT 4 F O 22 53 Bt (AMO-
VA) 8515 TR 5, RMBAR77.27% kAT
BER N ,22.35% > A BER T, R4 0.38% >k H H
I,

®5 FEE&EEN AMOVA 547

Tab. 5 Hierarchical analysis of molecular variance (AMOVA)
for different populations of the grass carp
8 S R IR i BV SR E A or s p{E
Source of variation Percentage of variation (% ) Fixation indices p value
AL
0.38 F.r =0.0038 0.4800
Among countries
HEfA ]
22.35 Fy. = 0.2244 < 0.001
Among populations
HRING
77.27 Fgr = 0.2273 < 0.001

Within populations

F 6 NFEAR AL AR R (Fy) o BRI,
PRUCAN B e VLBt B AR ] 22 5 B 3% (p <0.05) 5 K
TR RS f oF I Z B BE R Z () 22 S R B 3 (p =
0. 100 -0.706) , 5y VTR (& 55 5 6 % 74 7Y LL i) #F 44
2R WA (p =0.950) s BRILHEAR . H A FIAR )1
TR 55 AR A 22 Al B 3 (p <0.01) o SE[EI 555 9
) F FIE N B9 R R AR BER R AR B 25 5%
2.3 RZEREXR

i3 TCS A5 3 A% A ) 45 45 4 [ 2 B (&l
2) KT RER BALAE 7 YZOO1 hy B 4G Bp £ 80 ) H: At of
15 B0 A L B R R |- 2800 — R BB AR
P
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Tab. 6 Population pairwise Fg, values for different populations of the grass carp

YZ-1 YZ-2 7] HLJ TONG DU-1 DU-2 DU-3 MSB IR

YZ-1

YZ2  0.0936"*

7] 0.2443* "  0.2094" *

HLJ 0.1476 **  0.0916" "  0.3564" *
TONG  0.2846°*  0.1836**  0.4736°*  0.0097 * *

DU-1 -0.0394%  0.0695" 0.2251° 0.1052* 0.4561 " *

DU2  0.0473" 0.1551 " 0.2279**  0.2504* " 0.5906 " * -0.0757"

DU-3 -0.0223%  0.0668" 0.2025* 0.1155" 0.5327" -0.1575" -0.1316"

MSB 0.1599**  0.0760 " 0.3385" " -0.0264%  0.0251" 0.1774 " 0.3338 * 0.2052"

IR 0.1905**  0.1028" 0.3288**  0.0357" 0.3336""  0.1805" 0.2976 * 0.1884 " 0. 0986"

# %3 p < 0.0l;%:p < 0.05; N: no significance (p > 0.05)

@4 :ﬁ"
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Fn W
G

@ i_
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]

P2 5 T A B I ) 245 5 1]

Fig. 2 The haplotypes network for grass carp populations

YZ: KT 20 B U5 HLI: Mg 705 TONG . ) 48 1] 3 5 MSB: % 7§

[LREAT)

YZ: Yangtze River; ZJ:. Pearl River; HLJ: Amur River; TONG:

Tonegawa River; MSB: Mississippi River

Fl Migrate-2. 4. 3 B {1 155 (9 25 1 A< 8] 14 5 (X
T (R 3) P B (B 2 7 AR AR 18] % PRI R /D, ik A
U RSCIEL B A, o 7 14 94 Sk sBSOHEL , 2 T3 TP A A ] 2 [ 22
TABCE 2 oy 1R ] DL BT Y R DR R AR DL
TERE P D A o, TR 5 45 A i 7 A R 32 47 S [
UL, BR VLA 1A 5 56 [ %5 74 74 bL ) AR A A S A 3, R e
TEREPR S H AR AR T | 56 [ 4 74 74 He T | f 28 1 2
BT R AA A B R, PRV S PR e VLR R Z T B A
Tl B9 25 PR o

3 R g5 T A ) 1 PR A
Fig. 3 The gene flow among the populations of the grass carp
YZ . KAT 21 3RV s HLY : BRI YT s TONG R AR 1T DU < 2 50
MSB ;2 V4 PG LT 5 P 508 28 7% 0 S 32 2 10 79 A 3 A i) RT3t A /)
YZ. Yangize River; ZI: Pearl River; HLJ: Amur River; TONG:
Tonegawa River;
DU: Danube River; MSB: Mississippi River; the values in the Fig. 3

show the geneflow between populations

30 #

3.1 BafBBtsunty

MAERAR T 22 25 R HY R Z AR, [ N RE A
BR BT AN B, TTRE S T D RE R R
S, T RS AR ) [ A B B 0 K R A — i AR /N
Chn e RS A 3 35 [ A R Aa AL 70 Y il T
P G 3O R R T A A D Rl R R A A S
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$t 1483bp K51, 5 9 13 A8 S 457 5, o7 25728
SRy 0.88% A AR/ ZIH K% ] RFLP J5
VST TRV R R A 3 A by R A 1 48 R 1K
ND5/6 ,Cyth J:[H Fil D-Loop X, 45 5% & W] HE 44 1] o
ITECE=3- 0 ISR PA (TN LS R QL RS
T RAPD J7 65 K Y1 0 v 30 04 0 It 38 £ 55 907G i
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230 o] S 18 0 R D O T Sl S O R B 1 G 1 R R
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X33 2 1R BB, 6 A1 1K 18 B B s — 2 R
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RS I T 5 5 K00 I S50 R R RIS g i
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SRR U A DY WL KT K R R RR S
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PRAT BE K A TLRE R F0 28 e VO RF A 5 1 i A 9 B 1A
AR F AR VIR 28 0k BR VL BB e VI3 1) A R
AR 33X 55 AT R I 46 S5 4 PRI IR 45 50— B
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SRS B R R B R A B R OK IR S R
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GRASS CARP (CTENOPHARYNGODON IDELLUS) GENETIC STRUCTURE
ANALYSIS AMONG NATIVE POPULATIONS IN CHINA AND
INTRODUCED POPULATIONS IN USA, EUROPE AND
JAPAN BASED ON MITOCHONDRIAL SEQUENCE

SONG Xiao, LI Si-Fa, WANG Cheng-Hui, XU Jia-Wei and YANG Qin-Ling

(Key Laboratory of Aquatic Genetic Resources Utilization , Ministry of Agriculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Grass carp ( Ctenopharyngodon idellus) is one of the most important freshwater species in aquaculture. Mean-
while, the grass carp is originally distributes in China, and then it has been introduced into more than 100 countries for
aquatic weed control and aquaculture since 1960s. In the past five decades, the grass carps have been adapted to the local
environment and developed local groups. However, the genetic variation among the grass carps in native and introduced
regions, as well the genetic phylogeny, is not clear. Meanwhile, there is no available literature to clarify which river sys-
tems in China are the most likely origins of colonized populations in introduced regions. In this study, partial sequences of
the mitochondrial D-Loop (764bp), COII + tRNA (719bp) were analyzed from native (the Yangtze, Amur and Pearl
Rivers in China) and introduced (the Danube River in Hungary, the Mississippi River in USA and the Tonegawa River in
Japan) populations of the grass carp. The data of the two mtDNA fragments showed no competitive with the ILD ( Incon-
gruence Length Difference) test (p =0.42), and they could combine together as one data. The results indicated that there
were the total of 32 haplotypes in all specimens, and 5 haplotypes were shared, all other haplotypes were singletons. In
the 5 shared haplotypes, one was found in all populations, one in Amur River and Pearl River, two in China and Hunga-
ry, and the last one was found only in China. The genetic variation in the native populations was higher than that in the
colonized populations. In the native populations, the genetic diversity ordered as the Pearl Rivers (7 =0.0042) > Yan-
gtze River (7 =0.0028) > Amur River (7 =0.0013). In the introduced populations, the genetic diversity ordered as
the Danube River (7 =0.0019) > Mississippi River (77 =0.0010) > Tonegawa River (7 =0.0001). The analysis of
AMOVA using Arlequin 3. 01 indicated that the variation mostly existed within populations (77.27% ), but it was very
low contribution from the sampling regions (0.38% ). The pairwise F, values demonstrated that there was a significant
differentiation in most pairwise populations. The Tajima’ s D values were significant negative in the populations of the
Amur River and Mississippi River ( was marginable significance in Tonegawa River) , which demonstrating the recent pop-
ulation expansion in their histories, and were positive in the other populations. Base on the software TCS 1. 21, the haplo-
type network showed that the Yangtze River population would be the most original and then expanded to other rivers.
Based on the base composition, transition/transversion values from the software MEGA4 , the gene flow among populations
using the software Migrate-2. 4. 3 showed that the Danube River population and the Tonegawa River population might have
two origins from China, namely the Yangtze and Amur River, the Mississippi River population might have three origins,
the Yangtze, Amur and Pearl Rivers. The gene flow gave a sign that all grass carp populations would be derived from the

Yangtze River, which is agreement with the results of the haplotype network.
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