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1557 A TR B RER G (5 B SR Al L, SRAA
STUS E A AT T & 1 £ B SSR-PCRIK £ Xt 44~ B
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FFIF, 64 FE (A M T3 M0 A A SR % e e F
RS AR EE(F 1), 2007—20084F /3 B4 T 44
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K R FEREBEA . 20104 IEREFE A r il BL 2 B
88 B 35 AN SR FH 5 ] 22 T A Bt AL 58 i (1A% 1) 33k 1%
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£, ZNanoDrop 2000C53 Yt B 346 I H: 40 i 1%
W, FFH DNARE 5 75 FE 20 ng/uLF-20 °CR
e

1 HEmREBLSMEE
Tab.1 Sites and the number of the samples in this study

RN L FEAHE

population latitude and longitude number
THIL(HT) +119°25'48", +32°21" 27
Hanjiang population
JUILAT) +116°, +29°43'48" 28
Jiujiang population
FHTHE(SS) +112°30'36", +29°44"24" 27
Shishou population
RAT(WI) +120°39'36", +31° 27
Waujiang population
F, +120°38'24", +30°58'48" 57
F, population
F, +120°38'24", +30°58'48" 59

F, population

1.2 B ESI¥SPCRY 1

AW 5T T FH 9 2053 33 T2 ARk B F A S
¥ AT PR B2 B SSR-PCRIA R, EAIAIKR
T 16X i PR ARSI A A TR AR 1255 4 (1
A S0 DR] gk S 0 B B A B A A AU R AR
ML 5 B GO FRic s Yt s AE Y
FHEABRA R A B, 400 HE LIRS 905 s i
HEXH16-FAMZEHRIC(F2), PCRY KR -
2xTaq Mastermix 10 L, 4%F F FiF5[43L2 L
(10 umol/L), DNAMIAR3 uL (20 ng/pL)F1ddH,0
SuL, 3£20uL. PCRIZWFRT: 94 °CHUAEPE2 min;
94 °CAE 30 s, 55 °CiRk30s. 72 °CHEfH140 s,
3SAEH; 72 °CCAFEHI10 min, §" 34 2 )% 7E Ep-
pendorf# FEPCRAL L5 i, PCR™ ¥ fnte &
ABI3730XL4 H 38t £ 43 #r A (32 [E ABIZA | )
HEAT B A0 TR, AR B A — AN R AL v
HBIMA I FRLIZS00, o J PR 7R 52 500 e iy,
ARG AN 8597 X6F 7 1) 356 K] 284 feff ] GeneMapper
3.5 AT ST S0

1.3 BEESH

% FIPOPGENE (Version 1.32)% 4", it
TEAS AR S5 7 B RVBL(V,) A 38055 o s TR K
(No). WM Z% 5 BE(H,) . WEAEE(H,) . IEER
¥ (inbreeding coefficient, Fi) . FEA ] 4% FC AR 5t
£ i B (standard genetic distance, D))", FFXF7
i £25 Wy 3t — 3 11 A% P-4 {H (Hardy-Weinberg equilib-
rium, HWE)#AT R IT RS o ol 550 55 AT e
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Tab.2 Detailed information for 20 pairs of microsatellite primers
wp s IS ) AL ’Ea)"e"’;{g/g © ik /o) %f:fffﬁﬂf e
set locus primer sequence(5'-3") repeat unit temperature concentration length number
Set A CID0474 F: FAM-GGGCGCTGTCTTGAAACAA (GT)» 55 0.075 126~158 FJ883334
R: TTGGGAATGAGCTGCTAACAAG
CID0173  F: FAM-CGTGCCGACTTTCCAGACTA (TG), 0.175 212~254 FJ883248
R: CCAATTCCTTCACCTTGCTAATAC
CID1533 F: FAM-GCCCGCTTGCCATTCTCAGT (GA)yy 0.100 306~336 FJ883458
R: GTCGACGATCTGTCCATCAGTGTG
CID0869 F: HEX-GCACGAGCCTCTAAAGTCCGTCAG (GT)y 0.150 434~442 F1883407
R: CATAGCGCCACCGCGAGTTCA
Set B CID0042 F: FAM-CACGGATAAATCCAGATACACTCA (GT)g 55 0.150 124~132 FJ883183
R: GTCCGGCGACCAGACTCAC
CID0347 F: HEX-GTAACCCAACCGCTGAACCA (CA), 0.100 184~208 FI883304
R: TTCCCGTCTGAACATCGTGAT
CID0615 F: HEX-AGAGCCGTGAGGAGGAGGTTGG (GA)g... 0.125 228~256 FJ883360
R: ACTGGGGGCCCTTGTTTCTGC (€A
CID1528 F: FAM-GCTGGTTTAAACAGGCACACCTTC (CT);5 0.125 320~338 FI883453
R: TTGGGACGGAAAGCTGCTCTG
Set C CID0047 F:HEX-GTCCAGCACGGCCTTCTTCA (AC)g 55 0.100 134~150 FJ883185
R: GCATGTGTTCACTGCAGTTGTGTT
CID0382 F: FAM-CCAGCTTAGGCTAACTGTTTGTT (AC); 0.100 200~214 FJ883312
R: CATGCTGCCAGTCACTCTTATTA
CID1531 F: HEX-CTACCCCGGGAAAATGTGTTTGTA (GT)p3 0.150 360~384 FJ883456
R: GGCCCCCAGCGCAGTGTA
CID1532 F: FAM-CAATGCCCTTAAAACTATACTCTTG (CT)3q 0.150 448~456 FJI883457
R: GAGACCTGGTTGAAAATAACTTGT
SetD CID0283 F: HEX-CATATAATTACTCAGGTGTGTG (GT)y4 55 0.125 138~174 FJ883284
R: ACGAAAATTGTATCCGTCTTTGA
Ci390 F: HEX-TCCCTGATGGTTGCTATG (TG)y3... 0.150 198~222 JX847639
R: TAGGAAATTGTGAATGACTTG (TG)s
Ci398 F: HEX-GTTAAGTTTAGGTATTGGGTAG (CA), 0.150 270~304 JX847640
R: CAGCAGGAAATGTAGATGG
CID1535 F: FAM-CGCTTGGGGACATAAATCATTG (CT)y; 0.075 314~336 FJ883460
R: GAAACGGATACCCCCTTTATGC
SetE CID1512 F: FAM-GCGCGTTGTTTGGTGTGC (CT)y, 55 0.100 132~154 FJ883438
R: GCAGGACTAGGATCGTGGTCATT
Ci240 F: FAM-AGCCTTTGTTTGGCATTA (TG)yo 0.125 199~235 JX847631
R: CAGCAGGGAGTCCACTTT
Cil20 F: FAM-TTGGAGCACAAATGGAGA (CA)o 0.175 274~298 JX847629
R: TTGACGCTAGAGCAGACG
CID0598 F: HEX-CACCCACTGTTGATTTGAAGAGG (CA), 0.100 316~352 FJ883358

R: AGCCGCAGGGTAAAAGTGATT
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RZAFEZ AR, AR HIFSTAT 2.9.3
BA X6 A T) B AR ) 25 7 e PR 3 (4 ) AT TR
U, R M Cervus 3.0" 4 fF 1153 2 MR B & &
(polymorphism information content, PIC), %]
SPSS 20.0% {4 rf 9E 2 KK 5 (Kruskal-Wallis
test, KW test)Xf 6 NEEIRION, . N.. Hy. H,. A0
PICHEAT i 3 PERE I . >R Arlequin 3.5 4k 41
BN HEA 2 177 22 0 M (AMOVA), IfitH
6 TE 1A 19 P 22 ) 1 3 A% O A B (Fg) . AR
511 56 5 (permutation test)JE 47 2 & VK 56 (R 2
KELCH1000) K FHMega 5.1 AR AR S 1 1A 0] 4%
FCAR e AL B B A EUPGMA R GE R B W

2 4R

21 WMIEMNRZEMN

K 20%F 3 1AL 51 5 X 64~ w A B A L
225N NMRHEAT T st AR o b, AR BI3414 %
PR, A SRR T 26N SRR, SER
AL BN, N 17050, NS 10.733 0 H M 0.780 .
H_N0.903 . PICH0.876(33),

22 EaEREERSHEN

40~ BF A B AR 45 0 8T B AR AR LN,
13.400~14.650, N, 47.704~9.113 . H,}0.800~
0.833. H.N0.865~0.889, A4,°412.701~14.253,
PIC40.833~0.858; 2k B HEIA(F,, Fy)lh L&
AR Ak 75 Bl 43 9o 13.000~13.950 . 6.602~6.736 .
0.749~0.752. 0.842~0.847. 10.754~11.226.
0.819~0.821(#%3). XF 6N FERR TN, N\
H,. H,. AMPICHATKW testhi K, 455 Ww,
6N BEMR R LM H MEHA,. 258 F
(P<0.05), H.HF BRI A4 08 Z KT I,
JUTT AR

HWEZE R 7R, #6120 BE R —07 4 &
A 620 AL a3 R Bl — IR ks P
(P<0.05), H P FBYLEERA 74, JUILRE RS
o, AEBERA 129, RILEHAR ST, FORHME
A 154, FBERA 144 (3R3). 62 BFfR—17 4l
A, BAERERAEINA A HEME N E, ®E
BHAA 3N G HFJE N E, HRMSIANAS
MFIRIEE, R —EMREG TR 64
BRI RIS N IEE, RKW testh 5061 Ff
R F,, S5RER, FJAELEAREARR G B &
£ 5 (P>0.05),
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2.3 RKEIRIEE S

6/ B 4 BEIR I AMOV A ) B 45 3R R
3.75%M A8 5ok B HEIRIA], 96.25%I1 748 53k [
K, AR FE 70.038(P<0.01)(F4), #—1
X O BER ] 1) Fo b AT 40 BT, S5 R 8o, HAUE
T 0.013~0.072, Horf st A% oAk B /N 2 TRIT.
GBI X N iY (o A N P ¥ Sl = D DY N
PR Zm Al e E2ERNFH
(P<0.01), fii HLF, fEIAR 5 4487 A B R 22 18] 1 8 %
A R B LLF B AR 5 40 B A B A 22 [8) 19 352 4% 43
R BOR(RS).

XF B A 6 HEAR I D AT I A, S5 R R,
6 FF AR 35t A% R B AR AL R 0.316~0.671, 5t /%
BB /N B 2 B LT G i B, R
BRI A AF BRI, 24 B BEIA S B A B
A 22 T 1 35t A L 88 o 1 BT AR R =2 ) 1Y) a5t A% B
BI(525), HT D JHUPGMAB: M B T 6 FEIR Y
RELEEW, SR ER, 6NN T AR
BRI N —F, BHFBERRN -, FiHA
M7 —3Z (El 1),

3 TR

F RN, HEEMEZESEFEET RS
BER IS AL ZREE TR RS H, A,
64~ B £ TR S AL S N, 17.050 0 NN
10.733. H,40.780. H.oN0.903, PICH0.876(#3),
64~ i B A 35 % 22 A 1 i b 0 A X i
(Cyprinus carpio) sy i AR & B HEIAR B L Z MY
flitt, B T R s IR T e vk 7 A
WAL Z R T B S5 R, — T U B AR S 5
IR 6 BER LA B st i Z ek, Bt
— BB E M B—EEER I, ALK
AT KL FESSR-PCRIKZNE &M T A
Pric BA S8 E 250 RIS Barker™ %t 3 T2
VAR e, B D AR IC 2D A 4
SE R 7 BB AT b st AL Z AR M PR AT, AR B
5 HP R 1) 5F- Y5 N3z 155 F Barker™ i A5 (1 4 i
(N,=17.050), $#lERM, AR RHM L E
SSR-PCRA Z KA GRS A 45 Al 72 B Hh . W 1 £
NI PN B S ) A

ik — 20 3 B 6 BEAR i 4% 2 HEPE S B0 2
S, SRR, oM HERE R A B H A
A28 5 1.3 (P<0.05), HARB L Z S HHERE
A ] TE i 3k 2% 5 (P>0.05), i F BEIA Y 2
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x4 HEANEREERERNDFRENH
Tab. 4 Analysis of molecular variance (AMOVA) of
six populations of C. idella

; SEITAL ARRAES AR %
ERKW G % 7 ‘
. . sum of variance  percentage of
source of variation df .
squares __components variation
i
BRI . 5 159.981 0.33571V, 3.75
among populations
ﬁﬁg.lj\] . 428  3684.007 8.607 49V, 96.25
within populations

433 3843.988 8.9432
total

W F=0.038(P<0.01);V ARHARIR] J5 222057, V T P 7 22415y

Notes: F =0.038(P<0.01); V, is variance component among popula-

tions, Vy, is variance component within populations

x5 HaMHHEEEGZSUFMAMRRKEE
BEEEED,)
Tab.S5 Genetic differentiation F, values and Nei’s genetic

distance D, among six populations of C. idella

TR JUL aE RIL

F F
Hanjiang Jiujiang Shishou Wujiang ! 2
LT
.. 0.384 0.416 0.439 0.492 0.565
Hanjiang
UL
o 0.032* 0.316 0.352 0.585 0.478
Jivjiang
H
g 0.051*%  0.024* 0.475 0.505 0.671
Shishou
RiAL
.. 0.013*  0.019* 0.037* 0.548 0.476
Wujiang
F, 0.020*  0.043*  0.063* 0.024* 0.594
F, 0.027*  0.049*  0.072*  0.031*  0.032*

T *REP<0.01, X ALLL R RbsHESE IR (D,), XL
TR TR EUF,)

Notes: * represents P<0.01, Nei's genetic distance (above diagonal) and
F; (below diagonal)

A ER T WYL, JUIL MRV, JFH R
2N EERERLR TN L, HAR&sfE
ZHEW SN T4 B AR, R T R
H, R IF BRI 244, 8 AR T TRIL . LA
RVTRER, MERLAARARI G BEHEN 2R, X
AT fig 2l TR AE A5 D DR A 7R 04 288 /N 15 22 i i ok
o (H ARSI T, By RIF, 30 & BER B 1% 2 e

FH BT AR BERA T Bk 3, xXOP g B 78 oAt
PR E AR T EAE L . BT AR

2k F M B KB M (Larimichthys crocea)BE R IELT
w2 HEENESE, S5R R, AL F M
17, FBIF s 2S8R TR B+
SN i S 4 BR (Siniperca chuatsi)it & #EA Y
WA 2 e A5 M AT AR gY, HAS R
7, MF\EIF,, B ZHESEEE TR, AR
Wb, EFERARRN G SRR TR, B
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E1 ETERBEEEESHENNERRFN
UPGMAR Gt & B
JLJUICRER SS B REMR HI TRVLRE; W1 RILEFfE: Fy.
FEfh; Fy PRtk
Fig. 1 The UPGMA phylogenetic tree of the six C.
idella populations based on Nei’s genetic distance

JJ. Jiujiang population; SS. Shishou population; HJ. Hanjiang popula-
tion; WJ.Wujiang population; F,. F; population; F,. F, population

— AN L AR, X AR

5 2 H R A X R A A B AR (FRYL . JLYL
AE . RIL)FHE T AR F FIF) SR R DNATE i
[X.D-loop 5t 1% A8 5 43 M7 BT 45 21| i 25 S A S AH
), 22 SE 56 BT A9 20 1 18 B R BE Z AR T
R 5 Sk B G, 400 HL D PR T R 2 T 2RI DNA
AR R TOME AL RE A, X T8 A% TR 14 52 i)
SRR, R R FH KL R DN AT 43 F I 43
BT EAR 35 4% 32 A8 B A7 AE 2o 35 KA T REPER,
HoAth 2z F RFESS H, 24X — AP Fhiz A Y
PRic AT A Z R AT, AT RE & R AR AT
[R5 JREO IR e A 6 B2 TR ) B 4 F AR e Xt e
TRBEIAR I 388 15 2 RE R — 500 8T, LIRS 56 4 |1
MEiﬁﬂﬁ%ﬁ%mm%ﬁH%AU%4%%o
I 2o 4% A7 I el — R A% T B R R
BRI, AT AR AR P i 250 il — IR A A T
B A5 AT 5~124, FRIF B4 v Al 725 S A7 A0 037 1
SR IS R4 . eSS R eV e R T2
TEH RER BT R AR AR AR i 2 T4 B A BEAR AR AC
et B R A B I A R I P e By Y H
W, TR T F FMIF, 0 B A 04 56 R R0 R &
AT MR, XEHSE AT EMER,
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PR A ME kAT —ad, R T
—EMANTEMETEN; HH, ALREF
i A R M R o Y, ER A R
B, EEEREEZ BT ERE, 2554
S AR B, A SRR, AR R R
i, NC T A A T A e R LA R
ERE SR AW A s o iR vl o R TV
MG R REE RS S, ki35
TR AL AR 1 Ak, (0 HL R R S B0 5 0 3tk —
TRAC RS -7 (0 538 25 WA, AL
FEIK = B b % A B0 02 T 1 A 5 A i — TR
AR AR R 2 —0, ARl rp, BpA:
AR g 25 P e — VI A A% S A 467 6 B i >0 L 8] o
$75.76%, 1% B A i 25 A 2 — IR AV R 7007
JHYFL >0 L 1] 5 145 89.66%,  Fi >0 B BEIA T
FEZRA TFERMIS, ALK IR NEE
BEVRAH LL BT AE BER 28 & TR ML R 5 0] 1
AR, WEACHE S A Tk 4
MR Z —B9, X 50024 B HER B £
ek, KB BT R 25 R A — B, HIkTE
ARG, N FIF, 8 B R AE LR X RS- i
MG e TAEAR . AT®E . 5Kl Jr
MG S A B 45 2 A IR 28 T L [R) 1 iy, Xl
A Je il A B RN T O B RS %

AMOVAS &5 5 s, ok F R i) A 28 5
KF3.75%, 96.25%M 748 Sk A T REAR A
[ETRR 2 RS o £ N 15 WS B s o 2/
FoJe R BLRER R s L b B 2 28, &
SEE T, 6N BRI F=0.038(P<0.01), R
Wright™Xf Fo %143, 6~ FF 1A 18] 35 7% o fb 2 1
Wb F AR K- HE— 2B BT & A BEIR L,
SR LW, A ERHRSF M Bk 2 H
FyRT0.05, 4bFrhasarft, JLA0m m AR ] (Y
F /N F0.05, HAERERM, XTRERh T
W) HE ST SRR, A B (LR ) FE T
7 0 B A, S SO AR 8 A TR R R
%, #Em S BOLAE F S R 8L b B
o ARWIERI, FlEARS 44087 A B R 2 1 1)
WAL 43 A8 B L F B A 5 44~ 1B A B A 22 fi) £ 3
AL HOK, 1 H DS Hr, 2N B R
P 5 B AR R A 22 I 1) 35 A% BE S i T A AR 2
] 1) 35t A% BE B, 3k 55 20 BT BE AR ) Py o A5 1 1Y &5
WHIFE, WD, H# 7 UPGMAZR 5 & & W15 3]
TR A S, R 24N 36 A AR T A B R 2 1)

9 25 2% 5K 28 LA BT A TR A 22 () A9 08 2% 0 AR L
o LLEMFFERM, EANTEM®EFTIENT,
A EFE R S AR Z W e A B T — K
PR AL, T ELF HEMAR UF 1A 2310 B ]
2, AUEF R A BRI E LA, Hik
Tk w AR M e T T R, XA
IR, B LT ERKE, RUALER
FITBIE 5 ) 158 B REARE AT i — D e B T ) o

A 5% K FH 22 H SSR-PCRJF 1 %) B 61 444~ Hf
AR N2 TE T REIR AT T S 0 A o B
FEY, 2T S, 2 EF AL
4 BF ARSI AL Z AR VE B I TR, (B
Wb F B K5 2B T R A AL 4 B R R
A, HE AL e A, i H A B R
B, BEAF,EH REAAR FUF R, HAR BT K
MR MR RS, BRI F AR
B, AT DI 7E BB B e | o A v, ik
TR RA —EMEFTNE, XN EITE
A PEREE M TARAT T TR SCAY SRR, oy
b s TAERBE T 2%
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Genetic variability in wild and selected populations of
Ctenopharyngodon idella using microsatellite markers

WANG Shentong ">, SHEN Yubang **, MENG Xinzhan ">, WANG Rongquan *, LI Jiale '**

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;
3. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
4. Key Laboratory of Conventional Freshwater Fish Breeding and Health Culture Technology Germplasm Resources,
Suzhou Shenhang Eco-technology Development Limited Company, Suzhou 215221, China)

Abstract: To evaluate the genetic diversity and population structure in two generations of selected populations
after using selective breeding, we carried out the genetic analysis in four wild populations (Hanjiang, Jiujiang,
Shishou, Wujiang) and two selected populations (F; and F,) of Ctenopharyngodon idella using a multiplex mi-
crosatellite PCR method. The results showed that the genetic variations of six C. idella populations were relative
high and the genetic diversity parameters of two selected populations lower than wild populations except for aver-
age number of alleles (V,). The Hardy-Weinberg equilibrium results showed that 62 loci of the 120 population-
locus combinations deviated significantly from the Hardy-Weinberg equilibrium. The F of 51 loci were positive
value while the others were negative in the 62 population-loci combinations. The AMOVA analysis showed that
3.75% of the variation were among populations, and 96.25% of that were within populations. The overall genetic
differentiation index (F) was 0.038. The F; analysis showed that the F; values between the Shishou population,
F, population and F, population were higher than 0.05, which were moderately differentiated. There was lower dif-
ferentiation among the remaining populations. The F; between F, population and four wild populations were high-
er than those between F| population and four wild populations. The Nei’s genetic distance (D,) results showed that
the D, values between two selected populations and four wild populations were higher than those among four wild
populations. The UPGMA phylogenetic tree based on Nei’s genetic distance showed genetic relationships between
selected populations and wild populations were farther than those among four wild populations. The above results
showed that the genetic diversity of two selected populations decreased compared to four wild populations, but
they still have higher level of genetic diversity. The selective breeding had already changed population structure of
two selected populations, but the change was not obvious. The results in this study provided an important refer-

ence for the establishment of a more complete and effective breeding program.
Key words: Ctenopharyngodon idella; breeding populations; wild populations; microsatellite; genetic variation
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