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1.1 SCIe#t R

S A R R PR U VLT R RUK 7 3R B AT R
ANH], U T20134E6—8 1, 454D LA AT
g | A A (R4S TR (KONABA) | 31 B %%
#(SISMAM) . H @ FFFA O, # H IE KFA
(CHAD]FIE 34 FRFE AR [THF—5 (ZHONGKE
No. 1, fiiFRZK). 1% —5(ZHONGXING No.1,
fRIFRZX). |~ AR K F L & Fvd .0 (GDOU)],
M7 BRI P A B LR E30R, JE21088, HUF R

WL F K CBEFR, —20 °CIR-AF & H .
1.2 SR HZE
EDNA#RI, RERZFFH % R

1 oy FoabE S g He rg ) CHRIUNL IR ZH 2L B
41 DN A J7 2 4 BOHR R 9 WL 20 2L S I 4l
DNA . JH 54073 0t B 3 132 U I 2 DNATE
26071280 nmif [JODME , FKHLOD260/0D280) Lt
18, 74 ] iy 5L K 2H DN AT 2 B Fl ik 3, A 8
W R AR A OD260x 4% B 7 B % <0.05 317
%, BN DNAGH T-20 °CIREF# H .

AFLP¥ 3%

(1) EcoR 1 #3k FiMse | #3060 HT
AFLPTUY 1 . SEHEY B 51 )F 5] . EcoR 1 42
LA (EcoR T -1, EcoR1-2). Mse 1 23k 7%
(Mse 1 -1, Mse 1 -2)¥ i LA TR A Rl & L
&),

(2)BR 1 1 BT AU PCRIZ N AR 2R o 7200 uLis
LRI AR . 6.0 nLEEF 2H DNA(50 ng/uL),
2.0 uLAY10xMse I buffer R(55BSA), EcoR 1 (12
U/pL)FfMse I (10 U/pL)#%0.3 pL, A K @& ddH,0
HZE20uL, PCREEY: JefE37 °CHiF4h, AR5
780 °C I il 15 min, JHCFE VK L 1 5 B 0ol B

3)i%#EEcoR T FilMse 1 23K IR ZR . 7£200 uL
B T INA4.0 uLig 10xT,DNA ligase buffer,
EcoR | 4% (5 pmol/L)Fl Mse 1 #%3k (50 pmol/L)4%
1.0 uL, 0.4 pLAYT,DNA ligase (5 U/uL), fKH
WK HZE20 pLo W : ek D FIRG W’
SO iR A, 16 °CHEHEE R, 65 °CLLFE10 min
SR H B DI S P i —E FVE TR, & T4°C
VKFE R, 52 N'E T 20 °CUKF £ .

DY WEPCRI AR R o #E200 pLEg L4
PIA2.0 pLAE R (| — 20 %427 9)), 2.0 uL 10xTaq
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#F 1 B TAFLPT# &, EEY EHSIHFT.
EcoRIFELF 5 (EcoR | -1, EcoR | -2), Mse I-3Z3kF7%1
(Mse I-1. Mse I-2)

Tab.1 Oligonucleotide adaptors and primers used in

AFLP analysis
#8519 F31(5-3"

adaptor or primer sequence (5'-3")
$3  Adaptor
EcoR [ -1 CTGACGCATGGTTAA
EcoR [ -2 CTCGTAGACTGCGTACC
Mse I-1 GACGATGAGTCCTGAG
Mse 1-2 TACTCAGGACTCAT

VP #4514 Primer of preamplification
EcoR I +1 GACTGCGTACCAATTCA
Mse [ +1 GATGAGTCCTGAGTAAC

PEPEEY BS54 Primer for selective amplification

E-ATC GACTGCGTACCAATTCATC

E-AGG GACTGCGTACCAATTCAGG
E-ACA GACTGCGTACCAATTCACA
E-AGT GACTGCGTACCAATTCAGT

E-AAG GACTGCGTACCAATTCAAG
E-AGC GACTGCGTACCAATTCAGC
M-CAA GATGAGTCCTGAGTAACAA
M-CAT GATGAGTCCTGAGTAACAT
M-CGA GATGAGTCCTGAGTAACGA
M-CCA GATGAGTCCTGAGTAACCA
M-CAG GATGAGTCCTGAGTAACAG
M-CTC GATGAGTCCTGAGTAACTC

buffer, 1.6 pLAYdNTPs (2.5 mmol/L), Mse+C3|4¥)
(My)(10 mmol/L)HlEco+A5 1 ¥ (Ey)(10 mmol/L)#%
2.0 uL, 0.2 uLfY Tap DNA pol(5 U/uL), Jil K i #L
FKIKH E20 uL, PCRILNFE)F . 594 °CTI AR P
RIG A 30M M, BAEFR 44594 °C
A :30's, 56 °CiE k1 min, 72 °CH#E{# 1 min; ik
J5 72 °CHEA#1 10 min,

S)HEIK 517, BS uL PCRF=Y & H R
b S 5E R A G RHGW) Y 1.5% 350 W B I r Tk
5385, TLG2020D#E U 7 bt Rk, 78
100~1000 bpil FBl & F ety ; B0 pLidy 1%
PRI B AR (1 2 30)FHAE F A sk 38

2 min;
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AR (10 pL I Y4 7= ¥ I A 290 uL 1xTE);
A5 uL'E T 20 °CokA % H

(O)TEFETEY W VAR R . 7E200 pL i L4
HFHIA2.0 LT 3 =9 (1 ¢ 30F5FE), 1.0 uLhY
10xTag buffer, 0.8 pLAYdNTPs (2.5 mmol/L),
Mse+C31#H)(MO0)(10 mmol/L)Fl Eco+AB| ¥ (E,)
(10 mmol/L)4% 1.0 uL, 0.1 pLf¥) Tap DNA pol(5 U/uL),
TN R AW E K LA 10 uLo PCRIZ NP : 592 °C
FAEPE2 ming SRJE 0 M2 BB 94 °CAEE
30s, M64 CEAEIRFFE0.7°C, B K30s, 72°C
FEAH] min, LI2NPEIR; 594 °CEM30 s,
56 °CiR k30's, 72 °CHEfH 1 min, H25/MFH;
B 5 72 °CHEH1 10 min,

(7)AFLP5| Wi ik . ALK FH 625 EcoR 1
Sl R6 & Mse 1 519 (R 1)AH G 36X 5] 440
o FETBER A PR RE B Y 3L N 41 DNA,,
L4 REA, TR A BB A JE A AR, 430l
FH36XF AFLPG| W4l & EAT BEBEED 1, Bk
% 7% 51 ) (E-ATC/M-CTC . E-AGT/M-CTC. E-
AAG/M-CAA . E-AAG/M-CCA. E-AAG/M-
CTC. E-AGC/M-CAT. E-AGC/M-CCA)X it A k¢
RS AFLPY 5 28 8% 1k A5 58 TR 44 Ok iz 458 e
HLyk, AR, P17

W, R BB AT AL B H&EHIEN“1”,
ST 07, AR LRIOFRIC 34 & T 7 Bk

29 27 2523211917 1513119 7 5 3

400

300

200

‘ i E 1 M 2927
30 2826 24222018 1614 1210 8 6 4~ 2 bp30282

600
500

) A Bt SCF L R AH DG a8t A% 0 B SR a4 T
T 35 1% 22 BEPE FHIBH AR 4544 73 A

K FHTFPGAER A 53 5l i+ 55 22 25 s A 53
#((percentage of polymorphic loci) 1 B 4= & /&
(expected heterozygosity, H,). istf% i (genetic
distance) . HHIPE R U (coefficient of similarity),
FEAAR ] (%) 352 4% 20 A AT DU oAb 38 B Pk 3R o
A T AFLPA B PEFRic, AMOVAZMHm i 15
AL B Do AR o 0 38 PR A U2 HI T S LA
S A 100005 BT 45 B 4315 3413 5 A H5dl ik
e, 2 FHWINAMOVARK !, JF 10007
i B A 00 5 dn 2 M . UPGMAR 1444 2 Fy
NTSYS-pe 2028158 1

2 g

2.1 AFLPi 4R

I 7% 2 58 M 5 | 4 4L X6 74> FL4A 3 X B
BEAR210ARBEST T4 1S, 7£100~500 bpyi B Py
3 1051DNAR B, HhZE KW N0, £
AL 85.71%, ARSI W75 ¥ 1 47
F11~19%%, FIEEXT5I A G 91 155444 (F
D) P Z BN ER~18%, &K
FM80.00%~94.74%, HEXT 5| P4 A F- 45 4 H
12.86 2 M 5571 (3R2)

2523 211917 151311 9 7 5 3 IM
624222018 1614 1210 8 6 4 2 pp

600
500

400

El 1 RAE-ATC/M-CTC3|#148 & Xt BHNZ B 08 (Z2)F0 10 B 2 B 08 () A TAFLPH B 45 R
Fig. 1 AFLP pattern of KONABA population and SISMAM population using combination E-ATC/M-CTC
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Tab.2 Number of amplified loci and polymorphic loci, percentage of

polymorphic loci of the seven pairs of primer combinations

GlL7 iRy FSE/RL AT 4 EZASY 3 LA R /%
primer combinations no. of amplified loci no. of polymorphic loci percentage of polymorphic loci
E-ATC/M-CTC 15 12 80.00
E-AGT/M-CTC 16 13 81.25
E-AAG/M-CAA 14 13 92.86
E-AAG/M-CCA 19 18 94.74
E-AAG/M-CTC 12 10 83.33
E-AGC/M-CAT 11 9 81.82
E-AGC/M-CCA 18 15 83.33
Bl total 105 90 85.71
THHME  average 15.00 12.86 85.73

22 BN

BT 74 JLGh i R AR STH HR A 1054
AFLP R Wi, TR EER M 2 800 5 E /R D
BV 6, SRR Z 2807 5E 45 R HF
Yy B 2 4 B 43 0 54.17%~65.63%F10.164~

0.236, “FIE 73514 60.53%10.202(F3). H
ZXFER ) 2 800 55 E 43 3 SO BB e G e Yy
fe i, 1M GDOURFIA Y 2 25 15 H 43 F A2 1
BRA R, SRR Z 8058 E 0%
FF 34 ) B8 2 B 34 B 25K T Rl ok S B B9 A
V. {E 92.85%F10.378(53).

®3I FLAUEXENTABIIE S SRR LR S

Tab.3 Genetic diversity of seven L.vannamei stocks

ﬁﬂ( X ZK GDOU KONABA SISMAM Ol CHAI VI BA
populations mean total
P % 30 30 30 30 30 30 30 30 210
no. of samples
EZVANER A 65.63 61.46 54.17 62.5 57.29 61.21 61.46 60.53 92.85
percent of polymorphic bands
PRI TE 0.236 0.189 0.164 0.231 0.169 0.212 0.216 0.202 0.378

average heterozygosity

23 EES

JE T AFLPIF 0 B A 2 18] 19 79 BC X 7Y Dgp
HAT0.426~0.577(F4), FI°40.518(P<0.0010),
TSR Z A7 68 B 3 st fL 4y 1k . OTRF
&5 CHATHEAR [H] 1) Do B /N 70.426, OTFFIA S
KONABAEAK 0] ) Dol £ K 40.577, Exact
testP 45 HE AT, 45T VR T 79 T ) 1) D (L 2
PR B 2 5
2.4 AMOVAZ#h

T AFLPEE 0 74 ML EE R ) AMOVA
ST RBL, 51.79%78 Sk IR T REAR], 48.21%74%
SRR TR N (5) . BEMLHES AL 50 s 1
] 22 55 #¢ f 2 (P=0.000).

http://www.scxuebao.cn

25 BEEBREEST

T 550 JIT A5 A 1] 38t 4% AH AU 28 55 R 35t 1% BE
B, GAmZERIE, AN RV ] 04 35 1% A M R
490.660~0.796, 514 FE B 40.229~0.495(36).
I F AFLPECHE 1158 W0 A 1 4% (1] (9 Nei [ a5t 1% iR
B, A TFPGAR . T 7 HER I UPGMA R 48
BEBL, OIS CHAIRFASER A —3, HiKRE
ZK. ZXBHAR —%, ZJ55%—/NEKONABA
SISMAMBHA R & — K3, 1 GDOURE A Jy £
M—R3, HHARARRELR R —3Z(E2),

3 itie
3.1 AFLPHRICHEIAR K& R IEMN
AFLPHRIC N & REEE . FEEK. thiEH
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F 4 TR LGE X AR EE i 18] 7 A B X ) g 1
Tab. 4 Pairwise @gr values between populations of L.vannamei
HEES
. zX ZK GDOU KONABA SISMAM Ol
populations
zX
ZK 0.506"
GDOU 0.556" 0.521°
KONABA 0.512 0.502° 0.565
SISMAM 0.533" 0.522 0.556" 0.518"
OI 0.474" 0.451° 0.522 0.577 0.508"
CHAI 0.490 0.525° 0.551" 0.513" 0.520° 0.426
e R ) Do {H A7 AE 13 7 7 (P<0.05)
Notes: " indicates that the populations are genetically significantly different (P<0.05)
%5 ETNNWEIEAREEKRAFLPEIE R 4 Fif 525 5 (Two-level hierarchical AMOVA) 4> 4
Tab.5 Two-level hierarchical AMOVA analysis based on AFLP phenotypes of L.vannamei populations
AR AR A T3 7 RAN ¥y AR 52l 5y Jt i A%
source of variation df SS SM variance component (absolute)  variance component
HE1ATH  among populations 6 2222.79 370.47 11.98 Va 51.79"
BEAKN within populations 203 2263.20 11.15 11.15 Vb 48.21
BAF total 209 4485.99 381.62 35.13 100.00
VE: RSB IN AL 35 40 738 A% 22 5 (P<0.01)
Notes: ~ indicates that the genetic difference between populations are highly significant (P<0.01)
F 6 NAUEIRTANEAZ BMNelsiIBEEBRE TRA)REEBEMERERGLR)
Tab. 6 Nei’s genetic distance (below diagonal) and genetic identity (above diagonal) of
seven L.vannamei populations
TR
. X ZK GDOU KONABA SISMAM Ol CHAI
populations
zX 0.699 0.640 0.670 0.667 0.722 0.716
ZK 0.359 0.664 0.692 0.699 0.769 0.690
GDOU 0.446 0.410 0.660 0.673 0.676 0.675
KONABA 0.401 0.368 0.416 0.710 0.610 0.685
SISMAM 0.405 0.359 0.397 0.343 0.721 0.711
OI 0.326 0.263 0.391 0.495 0.327 0.796
CHAI 0.334 0.372 0.393 0.379 0.342 0.229

AL, IF R R AT SE AR AR D, HAEAR
HEAYRENAF B AEMT, Ak k%
KR AEH TR R Z R 22 521, AFLPH R 2
KB Z REA L, — M SO ) J2 SSRER
IE 2~ 106517, A S BRag P rh 2 SR i JRORE £t
B TEXTER IS Z RS, AFLPHR
I3 BT I REAS B R BEIA K 242 10~30 MR 2
] O AHIFSE A AFLPARIC 4304 1 F% [ Mg e

XF R4S 5 | HERE AR 34N [ P SR SR A AR 3R 21004

R, FREA TR AR 301 . ARG S AL 20 A
il Eﬁ%lﬁl 7 2 73T AFLP Fr B i #9228 53 ok

SR HE AL AR S AU L% AR o BT
AN [R] s PRBEAR S (Mugil cephalus)i st 5 Z FEPE R
B, AFLPH A F e i fiff 5 DR 20 17 g3t 4% 78 e 2
FEH A LAY . HudE R ] AFLP 5 SSRARIC /3
L #5835 (Nelumbo nucifera Gaertn) ) i 15 22 &8 P it
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4%

0.5 0.4 0.3 0.2 0.1 0

16.67% Ol
4.17% CHAI

3.13% 7K

7.29% zX

100.00%| L2083%

SISMAM

GDOU

2 LRI R LS RE
Fig.2 UPGMA tree of the seven

L.vannamei populations

&I, FAFLPHRIC b F SSRIFAli 35t 1% 431k 1%
SEGE R WO . AFLPEE A AE S5 46 I ) K
R R 8, [HAFLPhRIC — AN BB 4 PR
ol S Al A AW BT R, B TE 4
Mristfe 25 # i, 23k FH AMOVATL MTUPGMAE
Jo 75 i %€ Hardy-Weinberg - i,
32 EfESHEM
K=Y B L R, R E R R
SRR N B L ZAEPERRAR, Bz G A4
W75 5 7= A 3T 28 B3R T B JRE R PN 5t A 22 FE
MR E N R . ZES IR, b g ] LA
Xof WA A3 R R O R PR AR K ), H
B & % B I R] P SE G, 5 | A A 1 3 40 O R A
EZR M TH % o LA PR AT R O iy 1 A = v ik
AR R 5 V5 E AT 0 5 KRR B, I R R SR AR Y
R NE 2 35 R b i S 5 N2 U
2 JLAR Y B 5 i A R, G S SR Rl o L
Je AR BUAR = 30 2R S B AL, PR i 7 E R
Wt T —, —Se G RAh a5, b,
T B A PR B TR A A I S AR AR I a5
ok, R A 8 AR AR A ) 2
R A BT ok, A R A4S ] 1) 57 Bk 3 A7 A
2290, HBTHRIEE N 8.57%~54.28%, Hp A
2 AR L R R BTk . AT &
W, SHRNBAEZES, AEFNEES
AE 58 4 Ul W12 B T R AAOA [A)d sy . 7T AL
P LA X R B T AR v, T S R AG I g
G ZREEK Y, INZ RS, A RefE ik
R R, ARk A R R R Y st iR 2R
IKF-
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KONABA

AREEREBW], BT 28685 T 60.68%,
AN [FBEAR 1 K /NIUT 3 ZX>KONABA>CHAI =
ZK>OI>SISMAM>GDOU; RERS Y284 B &
0.202, A[EBEAARZ B AT S ZX>KONABA>
CHAI>OI>ZK>SISMAM>GDOU, 2/ 45¥5 %8
AR AL R AT, R A A TR Y R B A
F 8 WAL R R 2R R
Wk 25 3 N AR AR AR 0 BE e, RS B
TR 1 1A T o s AL e RV

3.3 IBEEM

FEBLAFIE A &g HARER FrfE S i T
BRI B st o AR, P D fH N 0.518
(P<0.0010), 45/ FEAA R FC 6T 1 g fH 1 2 BHL HY
B E R AL . AMOVAR /M Bl BEW . B
PRIAAE 5 1951.79%, BERNHAE 5 5 48.21%, X
5 R H b b 32 G SSRAF 5 L4 U5 46 B AN ] 14
I BH R AR 1) 35 1% A8 S Iep O 31 8t A% AR SRR 43
RV T RARAPINZE A —B, ABSEIA R, H
FERARFWER . T MIES, FES AN
Ja ol Ml Bt VR A SC L, SO X 3 R R
LT R BUIR 2, 5 5 BON R 938 43
AR AR R AR, T X RIS . AR
FE P AN TR 6] 0 388 45 HE B 0N 0.229~0.495, it f%
AL IE 22800 0.660~0.796, TN I8 B8 2 UIE 9% &
B4 75 % R E 1R A 5 AR AR R ) 1 35 £ R
BH0.047~0.126, 5t f% AHUE 4 0.881~0.9504,
XA RERE PRI N Tk B S8 7 HE AR
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AFLP analysis of genetic diversity of imported
Litopenaeus vannamei populations and cultured stocks

YE Ning, BAO Xiufeng, LIU Jianyong "
(College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: The white shrimp, Litopenaeus vannamei, is one of the most important aquaculture species in China.
The broodstocks used in China are mainly introduced from abroad.Recently, several new domestic white shrimp
strains have been bred and used as broodstock. To further strengthen the genetic breeding of white shrimp, it is
necessary to understand genetic diversity status of different strains. In the present study, the amplified fragment
length polymorphism (AFLP) was employed to analyze the population genetic diversity and genetic difference
between four introduced populations and three domestic breeding populations. A total of 105 fragments in length
of 100~500 bp were identified from 210 individuals using seven AFLP primer combinations, of which 90 of 105
fragments were polymorphic, and the proportion of polymorphic loci was 85.71%. The polymorphic loci within
populations varied from 54.17% to 65.63%, with an average of 60.53%, and the mean heterozygosities ranged
from 0.164 to 0.236, with an average of 0.202. AMOVA analysis revealed that 51.79% of genetic variations
derived from populations , the estimated @gr value over all polymorphic loci across the seven populations was
0.518, indicating significant genetic differences between populations and strong population structure. Furthermore,

these results could provide theoretical supports for germplasm improvement of L. Vannamei..
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