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T YA 3 B R AR X, AL 1) AR U T 7 O
L EE HHE AR R%, U ERERH
WRITE R R IR C A B Mg (B 1) o BR T
AYE A RETER N 29 MK, HERR S 30

AMR(R D) o ARSI L5 %5, 15 AR F
HIZENL, BT - 70 CHRRIR kA P RTE, T2
PR 4H DNA 425

F1 ATRESHTHERESEETHIFFERE
Tab.1 The information of cultivated Crassostrea angulata populations used in the study

FEA £ HIRIRIR PRAEK MR X i [e]
THEALY ND ATH 30 =0 2011 -11
LA L JNN:) 30 H sl v 2011 -11
T HART FQ BT 30 HRH T 2011 -06
HH B AR PT AR 30 GV 2011 -04
AV SSR ATH 30 WP 2011 -04
AU E AR SSZ AR 29 SIANE 2011 -04
BT AR XM HART 30 [F) % 2011 -04
WENLE ZA ANTH 30 R 2011 -04

WARIEB(FEK2) .

R

1 EREBEATHFFRERERERSH
Fig.1 Sampling sites of cultivated Crassostrea
angulata populations along the coastline of Fujian

1.2 ReAH=*
1.2.1 ZEFZH DNA $2HL

R FRAR ¥ ¥ 3h ) 41 28 DNA 42 B &,
BTSRRI S UL B, E 5 b
TR DNA Fv BE R SEBE , 46 F IO OB (A
An)FE 1.8 ~2.0 Z A ALK 4 DNA, 4335 T
-20C A
1.2.2 AFLP &R HE

S0 VOS %7 [y Jr ik HIEE AFLP #8403
RIF FH ) EcoRI NV Msel N1E§.T4-DNA
B R R AN Taq B§34R Fermentas /3 w] 7 & , T FH K
Bk Ty AR B S R E A

F2 AFLP {5 AT ARHEESL Ty 10
EFEEY S F S
Tab.2 Sequences of adaptors, pre-amplification primers
and second amplification primers used in AFLP analysis
519 Fr3)
1. #ek
EcoRI adapter

5'-CTCGTAGACTGCGTACC-3’
5'-AATTGGTACGCAGTCTAC-3’
5'-GACGATGAGTCCTGAG-3’
5'-TACTCAGGACTCAT-3’

Msel adapter

2. Y514

EcoRI 5'-GACTGCGTACCAATTCA-3'

Msel 5'-GATGAGTCCTGAGTAAC-3’

3. Y HEI1Y

E-ACG/ M-CAC 5'-GACTGCGTACCAATTCACG-3’
5'-GATGAGTCCTGAGTAACAC-3’

E-AGC/ M-CAT 5'-GACTGCGTACCAATTCAGC-3'
5'-GATGAGTCCTGAGTAACAT-3’

E-ACT/ M-CTC 5'-GACTGCGTACCAATTCACT-3'
5'-GATGAGTCCTGAGTAACTC-3’

E-ACC/ M-CTT 5'-GACTGCGTACCAATTCACC-3’

5'-GATGAGTCCTGAGTAACTT-3’

1.2.3 BS540

PEECI I ik (9 AFLP 45 20 & 38 v i85 i L
—BERGR I FAR AT G, B AR e R
1, A K BIE R 0, % AFLP 4540 B35 5% 0 i B
1 #7110 ¥ iR B F4E %, A POPGENE 1. 32 #k
S B RAB Y 8 B R 2 SR S R
] Nei” s 38 15 B B Rt A5 AR R B 1%
ZREVEFE B, FIFH GENALEX 6 #4147
AMOVA Jt PCA 534, MRYEFFARE BAEIER,

http: //www. shhydxxb. com



330 B\ W ¥ K ¥ % #H 22 %

MEGA 5. 05 /414 UPGMA B:Ah % H B4 8] 1y &
ES 7i L

2 R

2.1 8/ \FRIEBER AFLP J B4R

TEBUR/MLT 50 ~ 500 bp 22 [6] 1 i AT 9% |
AIEEMEMFHT T, E 2, 4 X594
ALY 331 AL, 82,75 A, Rk
3P, HH,98 ML (29.61% ) 2 8 AMEE(K
I ,233 4~(70.39% ) W EZSHEALS . BT
HEY WD BN 64 ~ 114 A, Z57 3 H
Jg 61.40% ~78.75% KR, H o, E-ACG/ M-
CAC P38 7 5 BB B £ 114 4, E-AGC/ M-
CAT 2351 s Ll 5 & 2 78. 75% ; E-ACC/ M-
CTT 3" Bé {57 S5 8 B/ 64 4, E-ACG/ M-CAC
ZENLE B RAL R 61.40% .
2.2 SAFEBENBEESHERBEEIL

8 INFRFHREA P () 2L H o] \Nei” s A
ZAEVERE SR Shannon ZAEMEFREANE 4 PR,
eS8 NFRFEA A, H T B AB B A(XM) £
AL B 5 55 (69. 54% ) , R % N LB B A
(ZA) W Z 357 25 L AR (57.10% ) 5 )\ Nei” s
HEEZHERPORE , A B R W RHA(SSZ) &
K(0.2492), 718 N T # & (ND) &/
(0.196 7) ; # & N #y Shannon 2 1 5 $ 1
Nei’ s ZER ZHEVETE BB L HAE, A0 84
T REIA (SSZ) J K (0.362 6), T8 N T B &
(ND)#/M(0.290 2) , TEZABNLA L] | Nei’s

FN ZFEPEREHOR Shannon ZAEPEREELE, AR
B (67.93% ~69.54% , 0.236 4 ~0.249 2,

0.347 2 ~0.362 6) ¥y& T AN T B4 (57.10% ~
60.36% ,0.196 7 ~0.233 3,0.290 2 ~0.3319) ,,

M #ﬁ?%?%ﬁﬁﬁi M ?ﬁ%ﬁﬁﬂi .
450 bp |

400bp %,
350 bp

300 bp
250 bp

200 bp

100 bp

B2 E-ACG/ M-CAC 3| A&# HEEM
TEFEHES R AFLP 55 E %
Fig.2 AFLP bands pattems generated by primer
combinations E-ACG/ M-CAC in Fuqing
and Ningde populations

F3 43T AFLP 5|AAKITHER
Tab.3 Amplification results of generated
four AFLP primer combinations

s 'Ffw% ?zi& FALLL
PLREL (AL Bl %
E-ACG/M-CAC 114 70 61.40
E-AGC/M-CAT 80 63 78.75
E-ACI/M-CIC 73 52 71.23
E-ACC/M-CIT 64 43 75.00
A i 331 233 70.39

F4 BWELGBAEHTHIFS N FEBEHEEESE
Tab.4 Parameters of genetic diversity of eight cultivated Crassostrea angulata populations along the coastline of Fujian

A LA B % Nei’ s 3t [N S REVEREL Shannon ZREM:FEE  WEMLRE(G,,) FEEF(N,)
ND 59.21 0.196 7 0.290 2 - -
LJ 60.36 0.211 8 0.307 1 - -
SSR 58.61 0.233 3 0.3319 - -
ZA 57.10 0.224 5 0.320 5 - -
FQ 67.93 0.2422 0.354 1 - -
PT 69.18 0.236 4 0.347 2 - -
SSZ 68.88 0.249 2 0.362 6 - -
XM 69. 54 0.245 4 0.357 5 - -
8 NEEA 70. 39 0.2555 0.380 1 0.100 3 4.4870

8 A~ IF FH HF AR E] I ® 2 L R B G, R
0.100 3, Z i Hy 4. 487 0, ffi%5 i3k B A
[B] Fy 8t 15 A2 53 10. 03% , Tiif 89. 97% HIIBAE AL 5+
RIETHAEANARMEZ I, HRS G-,
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772504 (AMOVA) 15t 85.39% Ry 1448
SR BRERN, OUE 14.61% RIREERFET
HEIRIE] , SR IR 0 8 /IR BB AR A 2 ] Y8t
RSB L 5 Bk A RHA P AMATE o
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2.3 S FEBENEEERERBEN N

HRHE 8 NIRFHAR M B IE IR (K 6) , FIH
MEGA 5.05 4k UPGMA B3 17 B4 #T , 45
RILE 3, M UPGMA BEE R LIEH ,8 N5
A E Sesr b AT Hi#EAR(ND LJ.SSR.ZA) Fl H
SR BER(FQ.PT.SSZ.XM)2 %, Z Ja N TH ##
437 2 32 (ND 1 LI, SSR 1 ZA) , B SR BE(A

5329 2 32 (FQ 71 PT,SSZ il XM) o FE AR H7
(PCA) Z5 R R M, 55— E AR (coord. 1) (5 2 ifAE
51 46.06% , 55 — F AR (coord. 2) (512.02% ,
It 5 e ERAE R 58.08% . M\ PCA K (& 4)
AT LA .8 AN FREERHA AT LB B2 A iR, B A
SREREAC T ) MATERHACL) .

x5 BEBSEETHIS MFHEMEEKEH AMOVA 1
Tab.5 Analysis of AMOVA in eight cultivated Crassostrea angulata populations along the coastline of Fujian

A SRR A B df J5 2 B ARH 5y BT 5 He )
AR 7 1226.422 4 7.2153 14.61%
FHIIN 231 9743.293 1 42.178 8 85.39%
il 238 10 969.715 5 49.394 1 100%

F6 WEBBAEHTHIS NFEMENEEESR(T=/A)
Tab.6 Genetic distance (below diagonal) of eight cultivated Crassostrea angulata populations along the coastline of Fujian

ND LJ SSR ZA FQ PT SSZ XM
ND -
L 0.016 0 -
SSR 0.0247 0.0135 -
ZA 0.021 5 0.014 5 0.007 9 -
FQ 0.046 1 0.056 1 0.068 7 0.066 7 -
PT 0.042 1 0.050 7 0.063 3 0.062 2 0.005 1 -
SSZ 0.0460 0.0547 0.065 4 0.064 3 0.004 6 0.006 0 -
XM 0.0474  0.0559 0.065 2 0.065 1 0.005 7 0.007 7 0.005 3 -
— F R F 8 B TR %07 T O BFSE T, 5
B BALUT K A TR 7 | A5 SR IR O
ZA N ek B Ps B B A
7 0 B AR PR , 2 75 T W i 0T 3 52 5630 2%
e WES TR LT SRR
" Wi A L 95 B 0 1 2 REHEBF 9% R

0.020 0.015 0.010 0.005  0.000

3 ERAEAEHTHES N FEMHE
1 H) UPGMA R Gt (L
Fig.3 The phylogeny tree of eight cultivated
Crassostrea angulata populations with UPGMA

Principal Coordinates

g 17
5 s*& T
‘:’ ’? #gz‘ ’k & g ? :,. % i%g
o5l s wy by b ,L,"‘v‘ )
oM og B . - ~.n p
Bl o 'v ) ; T
8 I T ‘“_m" J/ 14SSZ

Coord. 1 (46.06%)

4 BRABEEHTHES N FEMHE
ey PCA REE
Fig.4 PCA dendrogram of eight cultivated Crassostrea
angulata populations along the coastline of Fujian

3 e
FAE 20 a0 80 R4, 8 E kB T R4t

RAPD2-16)  AFLPI7-®)  SSRI®-) & 95 p_
AFLP FRic R B Z R Tk = sh#ist % 2+
PERFZE ' ) L A 0LE B A e 2 B 0k
i ARRHAB L SR AR R X R 5t
fEBE B4, AT LASR B S HLB R B R
AWFFR A 4 X551 907E 8 1% T WA R AE
BEOR L3 331 LA, 233 A BB HEAL
AL A B 70.39% AR T AN YL
3T VL 4t W5 ( Crassostrea rivularis ) B A= B 1K
(89.57% ~89. 62% )"'*) | it H = T 4L 45 3% 7 ¥
14(93.85% ) B A B (100% ) 1), 5 £ P 4L
W5 ( Crassostrea virginica ) 3% ¥ B 1K (62% ~
T4% ) AR, X S5 7 BB AT A2 R )
AR, NLH#A(ND LJSSR.ZA) 7E LA
ot \Nei” s &K 22 £ 46 $0 % Shannon 38 1% %
FEPERE B B R T B 2R % BF K (FQ. PT, SSZ,
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XM) , 3% 5 5 e 42 251 %t T (G Bk 8 D ( Pinctada
martensii) a2 2 St SCHA ( Meretrix meretrix)
IR 2R . RS 30 ZEFEHANL
T, NLE#HAR B ZHEEKFER TREE
P WENTERZEHGFESET HLES,
A B — A rp Pk e B I 36 DL, L3 DU R
RIS, W T 38 3R 5 W Y 7T Re M, 3
N L RHAR ) 38 1% ZAETEREAR .

MBS 7 S 1) A R, 18 3 X 5 B R A 0
WAL o3 A R B G, AR AK E] B9 4 5 JF 22 20
(AMOVA) , 3R B 3 %5 5 4145 8 A% 7 B 44 1) 38t
fBAE s FER A TRAANAKE, ER T N,
(4.487 0) 7~ 8 N FRFEBEAR E] 77— E M ZE A
R, X 5T H % Xt 4F 35 5 0 ( Patinopecten
yessoensis) , 2 T % %t M5 LB W ( Chlamys
Sfarreri) ) BF 5T 45 R Lo WRIGHTS A st 1%
SHERBUETE 0.05 ~0. 15 Z[a], KRB Z (A1
B T ERE, KRG 8 MR
BEARE ) G2 0.100 3, AMOVA 4t Rk —H
R 8 ANFRIEBEARIE] K AE T — 812 BE I 8% 7
fbo MBMEBEES AT LAE M, At A T #E ke
S AR RE AR, B A (B] B 38t 1% 22 5 0 DR /D o
UPGMA K Bn N THE#HAM B A RAZ
[ FETEE MBS, PCA Zp Mr itk — 2B AR IE S5 2R,
XA AR AL B AS S KM AT T3, K6k
J2 e DY A A o 308 B SR A Of Bl AR AR 11 3t 1%
fEBo 4 NMATLHEBHAZRIFAAES —E KB % 4
6, B T8 GEVL R AR Z AR 2
] Y SR A S P A A , AN [ 3R AR IX. 22 (8] B i 3
AIE . 4> BREREEXAERES CFEE R
P R 22 22 [6] ) b B 7 A B AR 3, =2 4
R IR S R A BRI Y R 1 R
SRR B ¥ X 2 1) I AR AR B AS I, IR TE B R
MEEF T, X7 RER T2 4 SR8 X # K
Z I 38 A% 22 S 9Bl/0N , B ) 3t 38 R AR A 4L, 382
e ZREMEALE T R — K P FZRE

AR A R A 5 R A A R R K AT
FREE MR R , DR T 41 05 77 FE R A0 R AR, B Ak
ANLEE Fs B mal 3 =R B EEfaE -
AL EANTE R, S50 OR 25 1) R AR5
BRGEAGT . BEAb, 38 O s X 41 055 B A B4R
PR GEIR A AR AP, LR A S AR 3 X, 3k o Y
AR AP B IR 32 275 3, W IR BT AR BEAAAL T8
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Genetic diversity analysis of cultivated Crassostrea angulata populations along
the coastline of Fujian by AFLP

WU Qi-sheng"?, NING Yue', ZENG Zhi-nan', WANG Xiao-qing®, QI Jian-fei', MA Xiao’, LIN Feng-fei'
(1. Fisheries Research Institute of Fujian, Xiamen 361013, Fujian, China; 2. College of Animal Science and Technology,
Hunan Agricultural University, Changsha 410128 ,Hunan, China )

Abstract: Genetic diversity of cultivated Crassostrea angulata in coastal sea of Fujian was analyzed by
amplified fragment length polymorphism ( AFLP). A total of 331 loci reproducible bands amplified with four
AFLP primer combinations were assessed from 239 individuals in the eight domestic populations including four
natural seeding cultivated populations and four artificial breeding populations, of which 233 (70.39% ) were
polymorphic. The proportion of polymorphic loci, the Nei’s gene diversity and Shannon’ s Information Index
of 8 cultivated populations were 57.10% -69.54% , 0.196 7 —-0.249 2, 0.290 2 -0.362 6, respectively.
Gst value and the AMOVA analysis indicated that the genetic variation mainly came from different individuals
within the population. Cluster analysis based on UPGMA and PCA showed that genetic variation occurred
within groups for each population, and there was no distinct boundary within the four natural seeding
populations. Results showed that the genetic diversity of natural seeding cultivated populations had higher
genetic diversity compared with artificial breeding cultivated populations, and a certain degree of genetic
differentiation among populations was observed.

Key words: AFLP; Crassostrea angulata; cultivated populations; genetic diversity; genetic differentiation
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