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1
Tab. 1 Sampling data of the grass cap
Country, Population Sampling Location and data Status No. Secification Symbol
China
Hanjiang population, Yan- Hanjiang stock seed fam of Chinese cap, Jiangsu Breed in sock seed famm 29 Adult YZ-1
gize Province, 2005
Shishou population, Yan- Laojianghe siock sed fam of Chinese camp, Hubei ) 28 YZ-2
) Breed in siock seed fam Adult
gtze Province, 2007
30 VAl
Pear| population Zhaoqing section of Pearl River, 2007 wild Adult
27 HLJ
Amur population Fuyuan section of Amur River, 2007 wild Adult
Hungary . .
Szegedfish Szegedfish Fam, Hungar 10 DU-L
) ry, 2005 Breed in fam Fingerling
Danube population
Hortobagy ; Hortobagy Fam, Hun- 9 bU-2
Danube population gary, 2007 Breed in fam B roodsiock
s 6 DU-3
Danube population Szegedfish Fam, Hungary, 2007 Breed in fam B roodsiock
URA
; 2007,
18 M3
M ississippi population M ississippi River, USA Wild B roodstock
; 2007,
10 R
lllionsis Population lllionsisRiver, UA Wild B roodsiock
Jgpan
) Suzuki  aquaculture fam in  Saitana oounty, 30 ) ) TONG
Tongawa population Famed Fingerling
Jgpan, 2007
1.2 DNA PCR 15min, , 10Qu L TE
, 40Qu L STE (30mmol/L Tris
HCI, pH8.0, 200mmol/L EDTA, 50mmol/L NaCl) DNA (2]
10% DSWL 20mg/mL (GerBank NC_010288) ,
K1@L,55 12—14h; 350 L D loop :DL-F 5'-GCT CCC AAA GCC
NaCl , , 3min ACGA ATT-3' DL-R: 5'-ATG CGG AGT TIC TIA
40Qu L . 12000r/min GG CC-3' COIl + RNA ( Qoll
20min, , ) : OII-F: 5'-CAA GCC AGT CAC
450 L (-20 ) ,4 130001/ ATA ACCACT-3'" QOIIFR:5'-AGGATT GCA AAT
min 20min, , 80Qu L CAG GGG-3' PCR 194 5min,
(-20 ) 75% , .4 ,13000r/min 40 94
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30s 53 30s, 72 Imin, 40 , , LD ( Incongruence L ength D iffer-
72 10min PCR 1% ence) '**! Arle
, 120V 60min , quin3.o1  '* (h)
PCR ), (AMOVA)
, Tajima’ sD = ME® 4 7]
/
Tcs1.21
1.3 B ioEdit (M inimum spanning nework) M igrate-
(221 Clustaw (=] 2.4.3 (29
D o
R <A " Tr P -
(}tu Py e : {,}‘\_- -
T M‘, . - ‘——43‘“\ (,"'
> .2,5:7@5 % % V(g s ks
o HEMRTE T
erl?ghinjt' ) ol
5/ ) H AR AR )1 3]
Tonegawa River, Japan
1/ 1T Yangtze River, China
Pearl M
8 /s.; \(\ &
. N v
\ /0 J {[/_/ /
= \4&”_‘/ ‘}\:
1
Fig. 1 The riverswhere the grass cap sanpleswere collected
2 1
2.1
186 D oop 2
(764bp) (00 ||(719tp) D-1oop /
25 , 13 ; Tab. 2 The variable sites, parsim-info sites, singleton sites
ool 11 ’ transition/ transversion values and effecttive population size in
6 ( 2) LD (p -0 42) different populations of grass cap
YZ YAl HLJ TONG DU M3B
\ 13 14 21 1 2 12
(1483bp) , 32 Diop Pi 10 1 1 0 2 1
, 5 ( 3),Yz0o01 + s 3 3 20 1 0 11
YZ002 ol © 0.00213 0.00187 0.00964 0.00043 0.00029 0.00108
’ 7005 R — 60 34 00 — 2.7
’ 1V . Pi: TS R /
, YZ019 . a
, 21481

Note V: variable sites Pi: parsm-info sites S singleton sites
R: transition/transversion values 6 effective population size
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3
Tab. 3 The shared hgplotypes in different populations of the grass cap
China Jgpan Hungary USRA
Haplotype Yz-1 YZ-2 VA| HLJ TONG DU-1 DU-2 DU-3 M3B R 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
23481 1 1 2
2.2 0. 0001) , (h=0.6667, T =
(h) 0.0019) ; , (h =
() 4 0. 8860, T =0.0042) , (h =0.5613,
0. 0667—0. 8860 , T =0.0013) Tajma’ sD
0. 0001—0. 0042
, (h=0.0667,1 =
4 , (AMO-
Tajma’ sb VA), 5 77.27%
Tab. 4 The haplotype (h), nucleotide diversities (1) and
I o ) , 22.35% , 0. 38%
Tajima’ sD in different populations of the grasscap (Mean + SD.)
D41 + QOlII
'l 5 AM O VA
et Tab. 5 Hierarchical analysis of molecular variance (AMOVA)
ulation Y/ _ o S
Pop Haplotype diversities Nucleotide diversities Tajima’ sD for different populations of the grass cap
(h) @)
p
0. 7249 0. 0019 - 0.8134 . . TS
Source of variation Percentage of variation (%) Fixation indices p value
YZ-1 ( +£0.0601) ( £0.0011) (p=0.2330)
China 0. 8800 0. 0028 — 0.0651 0.38 Fcr =0.0038 0. 4800
Among ocountries
vz ( £0. 0405) ( +£0.0016) (p=0.4990)
0. 8860 0. 0042 1. 1806 . 22.35 Fg = 0.2244 < 0.001
Among populations
( +£0.0316) ( £0.0023) (p=0.8930)
VAl
0.5613 0.0013 - 2.5094 o . 77.27 Fsr = 0.2273 < 0.001
W ithin populations
HLJ ( £0.1138) ( +£0.0008) (p=0.0000)
Jepan 0. 0667 0. 0001 - 1.1470
6 (Fsr)
TONG  ( £0.0613) ( +£0.0001) (p=0.0520)
(p<0.05);
0. 6071 0. 0016 0.9315 (
p =
DU-1 ( +0. 1640) ( £0.0011) (p=0.8280) 0.100 - 0. 706
Hungary 0. 6667 0. 0019 1. 7542 ) - 0.706) ,
DU-2 (£0.1048) ( £0.0012) (p=0.9850) (p=0.950);
0.5333 0.0018 1.0319 (p<0.01)
DU (+£0.1721) ( £0.0013) (p=0.8710)
0.1111 0. 0007 -2.1473 2.3
MB ( +0.0964) ( £0.0005) (p=0.0030) TCS (
UsA 0. 6786 0.0010 - 0.9234 2), YZ001 ,
R ( £0.1220) ( £0.0008) (p=0.2240)




4 : 713

6 For
Tab. 6 Population paiwise Fg; values for different populations of the grass cap
YZ-1 YZ-2 Z HLJ TONG DU-L DU-2 DU-3 MSB R
YZ-1
YZ2  0.0936" "
VA| 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" "
DU-2  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"
MS$  0.1599"°  0.0760° 0.3385" " -0.0264"  0.0251N 0.1774" 0.3338" 0. 205"
R 0.1905" " 0.1028" 0.3288"°  0.0357" 0.3336" " 0.1805" 0.2976" 0.1884" 0.0986"

* *: p<0.0L *: p <0.05 N: no significance (p > 0.05)

M igrate-2. 4. 3
TDIED :
Y725 LI5S ( 3), ,
| ,
Y22 YZ001 ,
YZ26 i O u@ '
QISB60D TONGSS ' '
2002~¥7013
Y7245
YZ24)MSB6 71468
Y7005
Y7244 fies

71462

71466
3
2019 LJ57 Fig 3 The gene flov anong the populations of the grass carp
YZ HVA) s HL: ; TONG: ;DU: ;
71472 )(MSB28 MB: :
71464 YZ Yangtze River, Z) Pearl River;, HLJ Amur River, TONG:
Tonegava River;
J46 DU: Danube River;, M3B: Missssippi River, the values in the Fig 3
show the geneflov betwveen populations
3
YZ254
3.1
2 ’
Fig. 2 The haplotypes network for grass cap populations ,
YZ VAN i HLI: ; TONG.  M3B:
. . . (4]
YZ: Yangtze River, ZJ Pearl River, HLJ Amur River, TONG ( 70 ) )

Tonegava River, M ®B: Mississppi River
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GRASS CARP (CTENOPHARYNGODON IDELLUS) GENETIC STRUCTURE
ANALY SISAMONG NATIVE POPULATIONS IN CHINA AND
INTRODUCED POPULATIONS IN USA, EUROPE AND
JAPAN BASED ONM ITOCHONDRIAL SEQUENCE

ONG Xiao, L1 Si-Fa, WANG Cheng-Hui, XU JiaWei and YANG Qin-Ling
(Key Laboratory of Aquatic Genetic Resources U tilization, M inistry of Agriculturg Shanghai Ocean University, Shanghai 201306, China)

Abstract: Grass carp (Ctenopharyngodon idellus) isone of the most important freswater ecies in aquaculture. M ean-
while, the grass camp isoriginally distributes in China, and then it has been introduced into more than 100 countries for
aquatic weed control and aguaculture since 1960s In the past five decades, the grass camps have been adapted to the local
envirorment and developed local groups However, the genetic variation anong the grass carps in native and introduced
regions, aswell the genetic phylogeny, isnot clear. M earwhile, there isno available literature to clarify which river sys-
tams in China are themost likely originsof colonized populations in introduced regions In this study, partial sequences of
the mitochondrial DLoop (764bp), COIl + tRNA (719bp) were analyzed from native (the Yangtze, Amur and Pearl
Rivers in China) and introduced ( the Danube River in Hungary, theM ississippi River inUSA and the Tonegava River in
Japan) populations of the grass caip. The data of the wwo mDNA fragnents shoved no campetitive with the LD ( Incon-
gruence L ength Difference) test (p=0.42), and they could canbine together asone data. The results indicated that there
were the tal of 32 hgplotypes in all pecimens, and 5 haplotypeswere shared, all other haplotypeswere singletons In
the 5 shared hgplotypes, onewas found in all populations, one in Amur River and Pearl River, to in China and Hunga-
ry, and the last one was found only in China. The genetic variation in the native populationswas higher than that in the
colonized populations In the native populations, the genetic diversity ordered as the Pearl Rivers (T =0.0042) > Yan-
gtze River (T =0.0028) >Amur River (Tt =0.0013) . In the introduced populations, the genetic diversity ordered as
the Danube River (T =0.0019) > Mississippi River (T =0.0010) > Tonegava River (T =0.0001) . The analysis of
AMOVA using A rlequin 3. 01 indicated that the variation mostly existed within populations (77.27%), but it was very
lov contribution fram the sampling regions (0. 38%) . The paiwise Fg values damonstrated that there was a significant
differentiation in most paiwise populations The Tajima’ sD valueswere significant negative in the populations of the
Amur River and M ississippi River (wasmarginable significance in Tonegava River) , which damonstrating the recent pop-
ulation expansion in their histories, and were positive in the other populations Base on the oftwvare TCS 1. 21, the hgplo-
type network showved 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 oofivareM EGA4, the gene flov anong populations
using the softvareM igrate-2. 4. 3 showed that the Danube River population and the Tonegawva River population might have
wo origins fram China, namely the Yangtze and Amur River, theM ississippi River population might have three origins,

the Yangtze, Amur and Pearl Rivers The gene flov gave a sign that all grass cap populationswould be derived fran the
Yangtze River, which is agreamentwith the resultsof the haplotype network.

Key words Ctenopharyngodon idellus Native populations Introduced populations mDNA; Genetic variation



