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SSR FARTE E N AN AR 2 0 58 i . 32 7F B R
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1.1.1 A HH
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22°54'36. 38"N,113°32'52. 40"E) . J” R #EIT.(GDZ]
Zhanjiang, Guangdong; 21° 27" 43. 70" N, 109° 58’
25.26"E) . J7 76 B 3 # ( GXFC: Fangchenggang.,
Guangxi;21°30'59. 30"N,108°13"36. 09"E) M ¥ [ ¢
B (HNWC: Wenchang, Hainan;19°37'40. 29"N, 110°
A7'13. T1"E) /N6 2 BUB HEAT R A . /NME 2 B TE
A1 R,
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5 i 32 B0 S A 9 2k K 2H DNA $2 Bt
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& K Fermentas 2\ d)) .

K1 MEERBIES
Fig. 1 Morphology of Acanthus ebracteatus
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x1 IWMHMIESIWER

BHT A D B BR S w)D 56 K AL (3730X 1L,
ABL 2 HD » 5 3 % VR B0 ML (Allegra 25R, 3¢ [H
Beckman 2 7)), il & 5 20 & 0 AL (Micro 17R, 3 [
Thermo Fisher Scientific 2 H]) , B, #41H J& /K i (DK-
8B, iR R SR & A R A WD, sn AR ) 28R K
B A (YXQ-LS-50SI1, b i it sl A BRY Bl B2 97

%1,
1.2 A%
1.2.1 H&RE

TE AR X 40 ASASRPEFT R A, 33t 160 4>
AN, SRR 2D 10 m, REMWA LM, A
R it Sz BV AT DR AR B T IR AR Hhos [0l 25 28 e
—80 CT#Afr. HIT vkiz ki 3w ot 4R 2T A= W B
FABRA R AT STR 3B AE RIS AR I 20 H7 .

1.2.2 HAevt kM EZRE A

FHAE P B I 40 DNA 2 B0 0] & 4 IBORE o
DNA.,Jf1E—80 C TR AT,

R TR 6 D ZEEMTLE (nS-
SROFRIC A K 3 A2 AT TR (epSSROBRIC X /M E
& U AR A JEAT B R A3 AL, B Y nSSR FRid A
Acill3, Acai02, Acai08, Acaill, Acail2, Acail3"",
cpSSR 45 i8 H Acaicp02. Acaicp03. Acaicp04"* (32
D, PCRYHIFMMT 15 pL PCR WA R &A1
pL DNA, 1 X 2 ¥, 2.5 mmol/L Mg"", 0.2
mmol/L dNTP.1 pmol/L 514 #1 1.5 U Taq DNA
AW, PCR %M 94 °C 3 min, 35 MFIF (94 C
15 5,55 °C 15 5,72 “C 30 s),72 “CHEMH 3 min,

Table 1 Information of 9 SSR primers
o7 1 ) ?vl%f?ﬁU(S'ﬂB/’) ) T /C POt Y R
Locus Primer sequence (5'—3") " Fluorescent dye
Acill3 AATOTGOAGAATTTGOCATCTGGTGEG 59 FAM
AcechcacaCTaTeTeTCTE .
S e .
I .
A .
EmTmone .
RS :
SR .
Acaicp0d CATAGACAGCGTAATCTAAA 50 HEX

AGATGCTGTCTTGCTAAGAC




W& A 12.5 pL @i LB H BN, 0. 25 pL
ROX #RiC 4> FEARCH 1.5 L 10 f5F B 1 PCR
P B REINAE G, BT DR SRR AR B A
1.2.3 it 3 AR IATLG
1.2.3.1 B st ZREERR ARGt

SSR 53 5 K5 4l AR 45 A R A s B SR R AT B 4
) GenAlEx 6. 51b2 B{F 5 4> SSR N7 mi 74
AR I A B B (Na) A 3F AL S (Ne) |
WL 2% 45 B (Ho) (W B %% A & (He) 1 Shannon's £
FEMF8%0(1) . i | Popgene 1. 32 #4115 £ 7 45
SR B Fis) 450 R Fat) i 457 1
R ZRB(Fit)., il Powermarker 3. 25 &4 g i)
Summary Statistics IRE T B &M S Z A MHE B
&1 (PIC) M A 2 B4 (Gene diversity) , fif ] Ge-
nePOP 4. 7 B3T3 J0 84 55 A B R (Fra) » %
A AR IR S5 {7 35 DR T 23 A0 A8 67 5 R 50 1 72 £ o B
Z MR R A R DR R AL B ARG
F LA D) O, 2 it 0 3 A% 1R S R . Botstein
SELI R MG T R DR R SRR B R 2 A A B AR
B 24 PIC > 0.50 W, % A7 s Ry e BE 2 507 45 24
0.25<CPIC<C0.50 B, A0 25 K v BE 2 35 1 a5 2
PIC<C0. 25 ff WK Z A1 A .
1.2.3.2 JERERE SRR IR

FIH GenAlEx 6. 51b2 #4437 & A~ BF 1A 1 55
A7 PRBSC A A0 o e TR R e S R L I R e
J# .Shannon's ZFE 8 BRI 3C RE(F) .
1.2.3.3 Jaccard AL HI LR BOEFE I

i FH Ntsys 2. 10e K1 9 Qualitative data I
AETTHE Jaccard 8 /Z AH L R B (Jaccard similarity co-
efficient) ; & T Jaccard 38 4% AR H0 A A #F b i
Clustering ZIfE T A9 SAHN #A7IE AL S 1 TR 21
% (UPGMA) B 5 B AF 1 9 Graphics JIRE T
B Tree plot IREHEATLA .

1.2.4 RESH
L2.4. 1 DREREED

AR B K Ay B ] PowerMarker 3. 2.5 # {4 th
) Compute Frequency T BT H & A T & bric 9
S5 BE BB 2R, 8K J5 {# ] Frequency Based Distance
IREHE T 45 LR U A TH 3 Nei's (1983) 8 AL HH B
B J5 A A 1 UPGMA/NJ Tree g 1T UPG-
MA F 45 457 A 3% 2 25 1 (Neighbor-Joining cluste-
ring) P J7 ¥ 2 i SRS IR ] MEGA 7. 0 % fF
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1.2.4.2 BHERZESH

PR R M7 B PowerMarker 3. 2.5 #4411
BT AR FE R R Y Nei's(1983) it /4 155 L i
A4 AH i B H UPGMA P Rh 7 B 22 IR 25,
1.2.5 & F##EFF £5H(AMOVA)

FIF GenAlEx 6. 51b2 #1770 F it i A 52
J5 50 HT o VT 5 AR AR 0] FURE AR 9 1 20 T s AL A8 57
SR RI(SS) V¥ U (MS) A8 507 2 (EST. Var.), If
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1.2.6 BRZEMHyI A4 2 L AR

FIR Structure B TR B AR MN )T AR
VLTV B 3k s Bt S0 A4 AR 160 AS/NE#
B 32 R P BE AR 2549 . R GenALEX 6. 51b2 4K
PR AL B B B L 3 T GD M E AT — 4k 3 Ak
43 #1 (Principal Co-ordinates Analysis, PCoA), 3%
il FEARR 1 M AR 2 B PCoA HLA K, I 4 TS #E
AN TR) B G 7 Pl b b e 3 B AT 100 A4 28 B 43 X i
i) PCoA JE %,
1.2.7 o5 iR 14 4540

FIH Genepop 4. 7 B A BEAT & AR FLE AR AR i
F14) A o LAY 5 A T A0 TG 0 5 Ao 3 R 4 A

2 HRE5SMH

2.1 MIERMESH

MR 2 AU L9 A TR Al — A 61
AN EFEALHE PR AL Y ST 2 45 L TR O 6. 778,
256 DRR A LA 2 CAccaicp02) #1] 14 (Acill3) .
Shannon's Z#E P8 5 R 0. 304 (Acaicp04) — 2. 067
(Acail2), W A% & FE 7E 0. 000 ( Acaicp02, Aca-
icp03, Acaicp04) Fl 0. 744 (Acill3) Z [a], B4
FE ) BU(E AE 0. 150 (Acaicp04) i 0. 840 (Acail2) Z
], {6 N 0. 638, ZABPEfE B & | AL 0.140 7
(Acaicp04) F1 0. 823 0(Acail2) Z 8], 6 MM T A2
A7 A CAcill3, Acai02. Acai08. Acaill, Acail2.
AcallD M ZSMHGFE LT EY AR T 0.50, #E I &
FEZZSVE . PR, a3 SE A i AT DL 3t 1 35 4% A5 R X
%, INMEEZ RN cpSSR 815 £ FEPE AL T Ik K
¥, Acaicp02 (PIC=0.374 0) Fll Acaicp03 (PIC=
0. 467 3) N EE L A7 5 . Acaicp04 (PIC=0. 140 7)
FARIE Z 3500 5
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Table 2 Analysis of microsatellite characteristic loci of A. ebracteatus

N , o - ~ ) ToR
fi  HALE gé 52?%%2 . LY %&u; %EE %ﬁf A I T
Locus Na R E Eig 3 "I_?OX '\I_Ellex g\ﬁ ﬁd/%’xﬁ'k RE o Gene Pt % Nm
Ne 1 Fis Fit Fst PIC diversity Fra
Acill3 14 6.204 2.005 0. 744 0. 839 —0.484 0.113 0.403 0.819 4 0.838 8 0.051 8 0.371
Acai02 9 3.378 1.543 0. 644 0. 704 —0. 281 0. 085 0. 286 0.672 8 0.703 9 0.056 4 0. 624
Acai08 6 3.556 1.421 0. 688 0.719 —0. 060 0. 044 0.098 0.670 4 0.718 8 0.059 8 2.313
Acaill 6 3.442 1. 399 0. 400 0.710 —0.239 0. 436 0. 545 0.660 3 0.709 5 0.473 6 0.209
Acail2 12 6.248 2.067 0. 681 0. 840 —0.120 0. 189 0.276 0.823 0 0.839 9 0.176 2 0.656
Acail3 6 3.571 1. 386 0. 406 0.720 —0. 348 0.436 0.581 0.671 5 0.720 0 0.201 5 0. 180
Acaicp02 2 1.992 0.691 0. 000 0.498 1. 000 1. 000 0.117 0.374 0 0.498 0 0.684 7 1. 884
Acaicp03 3 2.281 0. 902 0. 000 0.562 1. 000 1. 000 0.077 0.467 3 0.561 6 0.726 6 2.982
Acaicp04 3 1.177 0. 304 0. 000 0. 150 1. 000 1. 000 0. 089 0.140 7 0.150 2 0.958 6 2.561

Mean 6.778 3.539 1.302 0.396 0.638 0.163 0.478 0.275 0.5888 0.6379 0.376 6 1. 309

2.2 BEZHEEDN Kb TR R MR LB R KL SR
WAL ZREMETPAG &5 S (3R 3) WR L & A4 55 7 3 WL —K,

HBEE R 2. 444 (GDGZ) £ 4. 111 (HNWC) , F 0.25 GDG7

620 5,167, 47 %% f 3 P BCK 1881 — 2. 262, T o

Shannon's Z B V18 B AR H 0. 632 (GDGZ) » Jit 5 My 017 e

0. 851C(GDZ]) » WL 2% 5 B FI Y B 2% & B2 9 7 2

{EL 43914 0. 396 F1 0. 442, 0.05

£3 EFINMNSTIERIMNANNEZRGEHENEES GDGZ : Guangzhou, Guangdong ; GDZ] : Zhanjiang , Guang-

RE T £ dong; GXFC: Fangchenggang, Guangxi; HNWC. Wenchang,

Hainan.
Bl 2 3EF UPGMA [/NEE BB 4 DR 8L RIS E

Fig. 2 Dendrogram of 4 A. ebracteatus populations

Table 3  Genetic diversity estimates of 4 A. ebracteatus popula-

tions based on 9 microsatellite loci

y e e A Shan- 5
AU A o KA Ahk based on UPGMA
i Na Ne Pram 0 e » 3 Y
lation N N I H H 2.4 BEEEMEESINCEBEESERMGT
GDGZ 2.444 1. 881 0.632 0.453 0.399 4 /rg%éﬁg E{J SSR %&?ﬁj E@é}g& AMOVA B/~ .4

GDZ] 2.889  2.262  0.851  0.667  0.522 ASINAE 3 B B A ) S Sy 3694, BE IR N AR Sy
GXFC  3.222 2,003  0.763  0.186  0.443 64% ., B s B ok H BER N AR R B A 1A A

HNWC 4,111 2.062  0.754  0.278  0.405 (F 4,

Mean 3.167 2.052 0.750 0.396 0.442 2.5 EAEESHa
Note: GDGZ indicates Guangzhou, Guangdong; GDZ] indicates Zhan- i F Structure FE7E K =4 B REEIF M50 4
jiang. Guangdongs GXFC indicates Fangchenggang. Guangxis HNWC ANET A, U RMN K AN 4. W08 1A
pcates Wenchane, Hainer. AT AT P I € e 0 0 52 2 — 2 (1] 3) . 2 ]

2.3 RARMBEEIMS RS /1T U 1 e . o T

FIFH PowerMarker 3. 2.5 84, 5T Nei's & B NG BB R S FE R (4. 111) B T HAb BEAA
BB XS 4 A REAHIE UPGMA B (B 2) REERE o) s

e e N G AN RO Structure FF 2 B L AIE W
N4 Eiﬁiﬁﬁjﬂﬁj(ﬁ,rﬁ:\f‘m%ﬂ%ﬁ—ﬁ, @T'ﬂj(%ﬁ@d\ﬁ%ﬁ%iﬁ1§£ﬁ—‘ﬁ%§o
AR TV B s A SR RO —2 . TR
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Table 4 AMOVA of A. ebracteatus estimated by microsatellite markers

A 5 IR 1 H B 227 Al oy vt 2 ASFEII/ %

Source of Degree of Sum of MS Estimated Percentage

variation freedom squares variation of variation/ %
Among populations 3 281. 863 93.954 1. 149 36
Within populations 316 636. 663 2.015 2.015 64

Total 319 918.526 3.164 100
¢ N L ¢ N
& o0 & o INTE A B2 TR R T T 2R A P A A

GDGZ: Guangzhou, Guangdong ; GDZ] ;: Zhanjiang , Guang-
dong; GXFC: Fangchenggang, Guangxi; HNWC. Wenchang,

Hainan
B3 160 AS/INAE A R85 5t R 2 po B A 45 4
Fig. 3 Population structure of 160 genotypes of A.
ebracteatus

2.6 “HEFRERSW

FIH GenALEX 6. 51b2 4%} 160 By FEA k47
F b (B 4), 3E— 2 B IE Structure 1Y BER 43>
Bres s, bR 1 M E AR 2 2 348 R B2 R 1
21. 4426 F1 16. 95 % . HE5H 5 UPGMA i HE A — 3
(1) ,GDGZ 5 H A B 4 = 18] A W & 19 35t 1% 43 4k
Hop 3 MR Z Ak

0.75
Groups
* GDGZ
4 GDZJ
+
0.50 = GXFC
-+ HNWC
$ 025
Vsl
[=)}
©
= °
<
S 0.00
@]
=]
-0.25
L WA )
-0.50
-0.4 0.0 0.4

PCOAT1(21.44%)
GDGZ : Guangzhou, Guangdong; GDZ] : Zhanjiang , Guang-
dong; GXFC: Fangchenggang, Guangxi; HNWC: Wenchang,
Hainan
P4 o S A bR T A R

Fig. 4 Plot of principal co-ordinates analysis

i T SC B T T R A v A DX, = AR AR ) /N AE
LR E & K4 NS RR BB A DT,
T H AR S RO M S A A 4 /NAE S B
B AH 2 A SR AR I AT R BN AE 2 R AR .
W AT GEACER DS TR N LT AR VL P By S K
MR SCE 4 /INMEE BB

AW 9 X SSR ARIEXT AT T AR
VL)V By s e SC B B /INE 2 R R AT gL 2
FEPESIHT . 9 DR BRIk A /N E & B rY i
Zerhe B o 6 MR L RARIC SIS Geng
Y IE S 1 2 BB O B TR 1 — 3, 3 Ak
MRS SIS Geng %7 IF % 1) % B 1T 4
WM D 25 Y — 3. Geng %57 M & BB f b 2=
(Lumnitzera racemosa) 143 73 25 2] 8 1 9 %
TR B DR A e PR A 1) 5 L s [ T S U T AT
28] 8 MM TN 2 8 9 MAREEREM
WL 24 A B Ry 0. 200—0. 875, #52= k 0. 025—0. 350,
X SEAZ A T AR I RE AT 28023 A 3 1 Rl £ R A ) 1) 3
e ZREVE R BRI AL 2500 . Geng %55 M BUH LA
T (Aegiceras corniculatum) . 1% ME (Awvicennia
marina) FIREA I K 22 35 1 i R Bl TL R it o
229 PR BUE 509 BRHd AL 369 bR EEHEMER 216 PR
B2 AT 5 R B ARICA 2—4 DR AR, Sk
R ZREPELE 0,005 3] 0. 675 Z[H], 3% £ cpSSR Frid
oA B T orrix 4 A9 B il Bk 28 20 A AR R 5t 1% 25
o AT ST AT F AR O RS D ) B A AL R KO 2 — 14
Ao AWM 6 MM LRSI ZEERE R
B EBRTF 0. 50, HHE Botstein % (b5 , 35 2 B
e 28, P, 3 S8 7 i mT L3RR A9 352 4% £ 5L
X8 Z . INMEZ R cpSSR B & ZREIELL T
K 7K . Acaicp02 (PIC = 0.374 0) 1 Acaicp03
(PIC=0. 467 3) o4 1 i Z 45 5+ Acaicp04 (PIC=
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0. 140 D NLE Z BN . 5B FHRFENEFE . £
ASYERS B 5 M2 Shannon's Z REMEH8 %L 3 4845
Acill3,Acai02., Acai08. Acaill, Acail2. Acail3 %
SSR 7 4378 B0 1 85 /5 1 st A% 22 R L 3R B Ok 2B 67 4
BEUF b S BIET AR TN T AR L T VS B s B T
FSCER/NMEE R s Z M0 S G0N H TR
J7IM T ARV B s KO e S B /N R
B 1 5% Z AR PR A

FEA B 1L Z R PRI, 4 AN /INAE 2 B0 1 A4 1 3
2R ER  FAIEHECN 2. 444— 4. 111,78
fH 0 3. 167, NI 2% A B F b 22 2% A i A F 249 {8 4%
B2 0.396 F1 0. 442, 7R )T AR BEIL TP B
Ik s K RS SC B 4 A TR Y /N AE 2 B Y st 1% 2R
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Genetic Diversity of Acanthus ebracteatus Based on Microsatel-
lite Markers

GAO Tingwei, TONG Lihao,ZHONG Yunxu, YAN Bing,CHEN Siting " "

(Guangxi Key Laboratory of Mangrove Conservation and Utilization, Guangxi Academy of Marine Sciences (Guangxi Mangrove

Research Center) , Guangxi Academy of Sciences,Beihai, Guangxi,536000,China)

Abstract: Nine polymorphic microsatellite loci were selected to study the genetic diversity of 4 populations of
Acanthus ebracteatus ,and the endangerment causes of A. ebracteatuswere identified. The results showed that
61 alleles were detected at 9 polymorphic microsatellite loci in 4 populations,with an average of 6. 778 alleles
per locus and the Polymorphism Information Content (PIC) of 0. 589. The mean number of alleles per popu-
lation was 3. 167, and the mean observed Heterozygosity ( Ho) and expected Heterozygosity ( He) were
0. 396 and 0. 442, respectively. The analysis of molecular variance (AMOVA) showed that 36% and 64% of
genetic variation were among and within populations, respectively, which indicated that the genetic variation
mainly came from different individuals within populations. The results of cluster analysis and Principal Co-
ordinates Analysis (PCoA) were consistent. The four populations were classified into two groups. The popu-
lation from Guangzhou, Guangdong was clustered into one group, while those from Zhanjiang, Guangdong,
Fangchenggang, Guangxi and Wenchang, Hainan were clustered into the other group. The four populations
had rich genetic diversity,and the clustering results were consistent with the geographical distribution of each
population. The endangerment of A. ebracteatusmay be caused by human activities, breeding, diseases and in-
sect pests rather than the low genetic diversity. This study provides a theoretical basis for the conservation,
development and utilization of A. ebracteatus.

Key words: Acanthus ebracteatus; microsatellite; genetic diversity; population characteristics; conservation

strategies
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