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Fig.1 Sampling sites

1.2.2 PCR y"3%

PCR WK % :2 x ES Taq MasterMix ( FE Mttt
28,4t x) 10 pL,ddH,0 8.2 uL,Primer 0.8 pL,
Template DNA 1 pL, B&FI20 L, 51494
°C 5 min,94 C 30 5,36 C 40 5,72 °C 90 5,40 4~
53,72 °C 10 min, PCR ¥ 37=4F 1% B igks
B FEC L BRI , 235 JS-680C BRI R R 4 (15
&, L) TRBRAE

1.2.3  BdEA3E 551150

VUK B TS M T ERE R RE N 1,
[F]—fLE b 55 BN T R 808 R L i TR
fH 0, 78 i 1.0 4% % FF. F F§ POPGENE
Version 1. 32 {1 FHE N 138115 ZFEPEFRS FR LA K
FRREE) 1382 12 2 7 980, BIE 2 B A H 5
( percentage of polymorphic loci) | F ¥J 4 & &
(Nei’ s gene diversity ) . Shannon £ 4% 4 3§ %k
(Shannon’ s information index ) ) M i /& 48l &R %k
(genetic identity) B {ZHE 55 ( genetic distance) |15
368k (G,,) FEE I (gene flow) ;15 ] DCFA
1. 1" 2L &% AMOVA Version 1. 55 347 Ffi 2 ] 38
RS54 431 ; M A NTSYS 2. 10e BT E AL R
BOERER EE 5 P EE 100 A H) UPGMA R
I TFPGA Version 1.3 X} 5 ##£3E4T Mantel U35,
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2.1 35|¥fFik

FIF 3 43 A [7] i 27 B 9 R I 38 ) R AT
5195 25 , A 50 Z& RAPD 5|4 b2l 225 HL
HEMEAFH 10 X514, RAPD §3 Z 7 18 250 ~
2000 bp Z [, [ 2 9514 S12 Xt/ BBl 20
IMREY IR 510 5| 3Ly g 42 SRR,
LA 39 7K, ZBMALR AR 92.86% o
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Tab.1 RAPD primers and amplification results

519 A5 AR E 2N i EZoE
S7 GGTGACGCAG 5 4 80.00
S8 GTCCACACGG 4 4 100. 00

si1 GTAGACCCGT 4 4 100. 00

s12 CCTTGACGCA 6 6 100. 00

S17 AGGGAACGAG 3 3 100. 00

S79 GTTGCCAGCC 4 4 100. 00

82 GGCACTGAGG 3 2 66.67

S94 GGATGAGACC 4 2 50.00

897 ACGACCGACA 5 5 100. 00

$98 GGCTCATGTG 4 4 100. 00

2.2 MEANEESHYE
BT R ZEARE1T ~31 A5,
HASRMNEM BN ZSAARD, 2B MAE D
7 40.48% (B B FHE 5L R SRR 20
RHF, BZEMNARE, ZEMABE RN
73.81% AEFPHEAKF b5 DFEER PG B
F11 Shannon ZZ2AE1ETE B I TE B 435k 0.150 0 ~

0.290 9 F10.222 0 ~0.424 7, AL RS FhEE )
PR G B, TR R R B 28 6 B
%, {8 5 FPRE G Shannon SRS Bl i , SRS
FFEH) Shannon ZHEVEIERURAK. LT LE3 41
TER, B ZAEMERARI R RN B R, B 2
PR g AR PR AN RIS AP, F BLIX W0
IFRIRE ZHEER AR XTS5 MR 100
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Fig.2 The RAPD amplified pattern by primer S12
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Tab.2 RAPD polymorphisms of populations of Z. marina from different areas

PN LD ETH % Shannon ZHEPEFE K FEBIRA R
S 24 57.14 0.314 3 0.2122
M 17 40. 48 0.2220 0.150 0
(B 31 73.81 0.424 7 0.2899
NGB 28 66.67 0.344 7 0.230 0
LRV 31 73.81 0.424 3 0.290 9
SHAMA 39 92.85 0.529 0 0.359 3

2.3 WMEFEMEEXR

TR IR 358 e 0 P 35 ORI 188 1% B 5 F) ¥ R
435124 0.739 9 ~0.856 4 A1 0.155 1 ~0.301 3,
FCrp g AR DL B A AE B 13 5 i A A/
A By IR, B/ ME H BRAESEM IS FHRE A/ NG
SRR Z IR 5 3B B 1S e R i BRAE /Ny I
TSN I Z 18 , B3 /)M s BLAE 88 PR A/
A BT B IR R G,) A B
Ve EEL534319 0. 160 0 ~0.361 5 710.883 3 ~2.625 8,

AR A B i e 1 BRAE /N 5 A AN SR
PHIE PR Z 18] , B AR AEL H B 5 Fp B AN R
TR 5 2 PR O o v I ) DL B 00 Al R R SR S
T, B IR ME AR SR M B AR BE AN By PR 2
18

HT RAPD B4 9 5 R R B B9 AMOVA
IHTEER (K 4) BIR:99. 68% HAE FR IR TR
PR, T 0. 32% 19738 S R I8 T At ], HREALHE
LR s AP R 22 57 4% B (P <0.001) .

F3 FEMEBEFBHAMHEAEEECEER( L=/) MBEESR(T=/)
Tab.3 Nei’s genetic identity (above diagonal) and genetic distance
(below diagonal) between five populations of Z. marina populations

W SN ) N LR
) 0.8423 0.754 5 0.794 9 0.763 1
S 0.165 8 0.752 4 0.739 9 0.826 1
) 0.272 8 0.284 5 0.856 4 0.853 3
NG 0.229°5 0.301 3 0.155 1 0.833 9
L5 0.270 4 0.191 1 0.158 7 0.1817
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Fx4 KHZE 100 MMEES AMOVA 44
Tab.4 Analysis of molecular variance (AMOVA) for 100 individuals of Z. marina

78 5 K Y H HEE 5 22 B RS2 45Y 7B 5t L] PiH
R a] 4 39.20 0.029 0.32% <0.001
FhEEREA 95 875.55 9.216 99. 68 % <0.001
Bt 99 914.75 9.245 100%

®5 AMES HBEAREMNPEESUER(G,) (L=R)NERAR(T=/A)
Tab.5 Pair-wise estimate of G, genetic distance ( above diagonal) and gene flow
(above diagonal) between the five populations of Z. marina

AN SN 5 N5 LR
o3 0.263 6 0.268 9 0.2710 0.266 9
S 1.396 9 0.3125 0.3615 0.2450
1Y 1.3595 1.099 8 0.178 1 0.160 0
INA 1.2453 0.883 3 2.307 4 0.198 5
LR 1.373 4 1.540 6 2.6258 2.018 7
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AR SRR B AP AT 7E 1900 3, L8 A
9 19 /> 3R B H B A BT 7E B9 23 S T 2R
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Fig. 3 UPGMA tree of all individuals based
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CD-1 ~ CD-20. % B R 20 MA; LZW-1 ~ LZW-20. M ¥ Fh
20 A HQW-1 ~ HQW-20. 3155 5 Rl 20 4MA; LD-1 ~ LD-
20. {8 FhIE 20 4N ; XSD-1 ~ XSD-20. /NG S5 FIEE 20 M
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Fig.4 Result of Mantel test between genetic
distance data matrix and geographical

distance data matrix of five populations
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Analysis of genetic diversity and structure of Zostera marina populations in
Shandong Peninsula

LIU Kun'?, LIU Fu-li’, WANG Fei-jiu*, SUN Xiu-tao’, WANG Wen-jun’, DING Chang-ling’, LIANG
Zhou-rui’, MA Xing-yu'"?
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of

Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Qingdao 266071 ,Shandong, China)

Abstract: In the present study, random amplified polymorphic DNA ( RAPD) molecular marker was used to
study the population genetic diversity and structure of five Zostera marina L. populations distributed in
Shandong Peninsula: Laizhou bay, Xiaoshi Island, Li Island, Chu Island and Huiquan Bay. Based on the
obtained results, suggestions for Z. marina population protection and for seaweed meadow restoration in
Shandong peninsula were put forward. In the experiment, 42 bands were obtained by RAPD markers amplified
through 10 selected primers. The percentage of polymorphic bands was 92.86% . The results showed that the
populations in Shandong Peninsula had high genetic diversity and high genetic differentiation. The AMOVA
demonstrated that the inter-population component accounted for 99.68% of the total variation, while the intra-
population component accounted for 0.32% . Mantel tests showed that 5 populations of Z. marina L. had no
correlation between genetic distance and geographic distance. The population in Laizhou Bay that showed the
lowest genetic diversity should be given priority protection. The populations in Li Island and Huiquan Bay that
showed highest genetic diversity can be used as the first choice for seaweed meadow transplanting restoration
in Shandong Peninsula.

Key words: Zostera marina L. ; seagrass; genetic diversity; RAPD; AMOVA ; Mantel test
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