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Abstract: The red spotted grouper has been considered to be at risk of being overexploited in China and
its artificial seeds had the low larval survival rates and low stability. Efficient measures therefore must be
taken for surveillance, conservation and utilization of this species with its available genetic resources. In
this study, a total of 7 simple sequence repeat (SSR) markers were used to assess genetic diversity for
the red spotted groupers from 7 different typical fishing grounds across Southern China Sea and East China
Sea. The high polymorphism information contents at the 7 markers implied that the red spotted groupers
keep natural variation from different offshore fishing grounds in China. Analysis of genetic differentiation
indicated substantial divergence among the red spotted groupers. Phylogenetic analyses displayed a re-
markable degree of consistency between geographic locations and the pattern of genetic differentiation.
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Fig. 1 The geographic locations of 7 fishing harbors
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Table 1 The detail of collection information of

red spotted groupers used in this study

X3 & WA A%
FHil 21.11 °N, 110.24°E 2004. 9 11
R 25.48°N, 119.78°E 2004. 10 15
I 24.27 °N, 118.06°E 2005. 1 10
FHAR 23.60 °N, 117.03°E 2004. 11 13
A 22.45 °N, 114.54°E 2004. 12 5
PSR 21.11 °N, 110.24°E 2004. 10 15
=iF 18.14 °N, 109.31°E 2005. 1 18

1.2 EREHH

MATBELTT 4 1) 25 4> SSR 514 3 i 328 78 A5
APt (£2). 5 ADGIYE T B YR R 1
Wi (3, 4) . PCR % 1E GeneAmp PCR System
9700 PCR Y L i#17, PCR IR AW %) 20 ng
[(IRHR DNA, BS54 0.2 M, £&Ff ANTPs 200
M, 2.0 mN MgCl,, ExTaq B4 Miff 1U (TAKARA),
B MMA T x PCR Z& il (£ 81 25 L, PCR
RN FEIF e 95 CHIAEYE S min, SRJEH#E1T 35 4>
TER, BAMEAEFE 95 C 30 s, IBA30s (F4),

#£2 LA TEC
Table 2 SSR markers used in the study

TS, . 2%
(EENEY 7T KR -
Mbo029, Mbo048, Mbo061 , Mycteroperca
Mbo066 , Mbo088 bonaci [25]
Epinephelus
Em-1, Em-3, Em-8 [7]
merra
CA-1, CA-2, CA-3, CA4, Epinephelus
CA-6, CA-7, GA-1, CT-1, GAA-1 quernus 6]

GAGO07, GAG10, GAGO13, GAGO23, Mycteroperca

26
GAGO31, GAGO38, GAGO45, GAGO49  microlepis [26]
®3 SO BEEM I ERCE YR
Table 3 Cross-species amplification of SSR
markers in the red spotted grouper
iRl B
fAI B e e TR
PR T T WM
Mbo Mycteroperca bonact 5 3 2
Em Epinephelus merra 3 2 1
CA, GA, Epinephel 9 7 2
CT. GAA pinephelus quernus
Myct
CAG ycteroperca 9 s 3
microlepts
DL-1 1 1 0
Total 26
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Table 4 Seven SSR markers used in genetic analysis
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5 0 NIRRT L IE N R 4 1 Hardy-
Weinberg *E-ffif (HWE) , #3344 GENEPOP #5 i
A 46 #6473, Bonferroni K¢ 1E v #4722 1
Fout gt sdad 2. 9.3 A FSTSAT B34 b
BEZ I AR (Fg) ™o AR BEIR Z 0] Nei's
PRAEEEEE D, T HZ AL KR, I
F MEGA %t (3.1 /i) 21l UPGMA A

MHAb AT BE T A Y 25 4> SSR ARid, Hrp 15
A (60% ) TEFTABIEER Py 8 (K1), xLe
WHERARIC (R 2 R RIZERR) 22 EME,
AR e — P B 8L o Ao A BRE £ v 3R A5 1Y
SSR-PCR F=#y /NG HIARMRL, W] 15 4> SSR #rid
REA RN B R sl A B, J)— i, Ay 10
A~ SSRARIE (40% ) BATFEIT HE .

SESCAT G AT DA AR RO s, O HoE
AWFFEIERIXS T SSRs it 2 AR . A HRIEFR,
35. 7% HYAREDR TR Y I 2 SRR S 2 R
ff) PCR Pyt e —3 U, 2 fife Ho b 4y A 3 i
Bk, SSR ] e AT P R a] e R AR T
AR TESRYT, BIES & AL JE A 41 DNA A] fETE
RIS RO B7i A R S S B 1 B DA E R TR 2 AR E PO
Penaeus monodon BT 138 I 5| % HAH 3z B B
B35 WP E B XTEF Fenneropenaeus chinensis, MLANTE X
WF Litopenaeus vannamei F1 H 7R #£ X} MR Marsupenaeus
Japonicus FEAT G TR 23 M, L2 — AR 4 Y B
T AR, B EARICIRE 10% (3 /



86

iR E 4 (FASARRERR)

051 %

30) DUIAT A R R T = AN A G B R R R WL bR
0o T T AR B R A48 14 ey AR T DA o ] 438242 ¢
e . mHE, BF5T H A4 BT A SSR AR
ICA FTRIFSE AR A BB AT 5T
2.2 WIERESHEMEST

A7 X RRICXT 7 DREAR R 87 MERY
IR A PR RE R ZREE AT 00 . EFRIX 7 > SSR
bic, RN BN ZEEREL R, WM
Mycteroperca HY 3 A~ SSR Fri ( Mbo061, Mbo066
1 GAGO07) , f1B&ff Epinephelus () 3 > SSR #ricd
(EM-1, CA-2 1 CA-6), LA Ky FRATAHY S 56 % AR
P B A IBE FEBHRY DL - 1, Z5RBR H
AR5 (CA2) TR FHETL PR Y 1Y
LR, HARM A2, X 8T N RIEAT U

#*5

5%, FESEPRIGAA LA B 45 S AET S, P
g A gl W ikAd 6.4 SRR, Hoh, 51y
Mbo066 FKA5 11 A4~45 {7 3L R, %5 {7 3 R S e &2
Em-1 3845 4 NSRS R BR D, S0
B TR AR (Ay) 1E2.4 ~3.7 Z[A], =WAh
TERY Mbo066 7 i Z- v 6P F 3 BEFR B R (Ar =
6.3) o 7T AFEPGSE B0 3 R BER/NTE 102
~781 bp Z i), 7EHTAFPEEH EM-1 {7 85 7R 4
R (B) LR S m i, eI 6 A7 Ak
TR 27 FE R B AR —, CA-2 =4, CA-6 .
A, DL- 1 PU4~, GAGO07 =4~, Mbo061 =4,
Mbo066 FA~, S FE BRI KN, e it L I 5 7 &
BRI, AEA 0 LB S5 SE R RN 5 FF
7N o

MRERFR, SRR BRI BURZRGRE . W85

FEIH = BEAR R, AR SLEE B Hardy-Weinberg K246 P {H

Table 5 Population names, number of alleles, allelic size range in base pairs, size of the most common allele, frequency of the

most common allele at each locus, the expected and observed heterozygosity and the probability of Hardy-Weinberg equilibrium

A
i CA-2 CA-6 DIL-1 E{ﬁ -1 GAGO07 Mbo061 Mbooss 1AM
A 2 2 5 4 4 2 2 3.0
Ar 2.0 2.0 4.2 2.8 2.9 2.0 1.5 2.5
S —
s S/bp E C C B C F I -
th F, 0.590 9 0.5455 0.409 1 0.772 7 0.590 9 0.772 7 0.9945  0.668 0
Ho 0.272 7 0.545 5 0.1818 0.1818 0.363 6 0.272 7 0.0909  0.2727
He 0.483 5 0.495 9 0.727 3 0.380 2 0.545 5 0.351 2 0.0868  0.438 6
0.107 1 0.861 8 <0.001 0.0118 0.509 8 0.345 6 1.0000  0.4953
A 2 4 5 3 6 4 2 3.7
Ar 1.6 3.1 3.9 2.3 4.6 2.7 1.5 2.8
S —
5 S/bp D B C B D i I -
i F, 0.933 3 0.633 3 0. 400 0 0. 600 0 0.333 3 0.766 7 0.8667  0.647 6
Ho 0.1333 0.466 7 0.133 3 0. 400 0 0.466 7 0.200 0 0.1333  0.2762
He 0.124 4 0.5356 0.702 2 0.504 4 0.766 7 0.388 9 0.2311 0.476 8
0.847 4 <0.001 <0.001 0. 605 9 <0.001 <0.001 0.0513  0.3163
A 2 3 3 3 4 3 3 3
Ar 2.0 2.4 3.0 2.8 3.2 2.9 2.8 2.7
S —
w S/bp D B c/D B D F J -
I F, 0. 650 0 0. 800 0 0. 400 0 0. 500 0 0. 650 0 0.550 0 0.5000  0.578 6
Ho 0. 100 0 0. 400 0 0. 400 0 0. 000 0 0. 400 0 0. 400 0 0.0000 0.2429
He 0.4550 0.3350 0. 640 0 0.580 0 0.5250 0.595 0 0.5800  0.5300
P <0.001 0.929 7 0.1356 <0.001 <0.001 0.023 1 <0.001 0.1276
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(ELER)
VLA
i CA-2 CA-6 DL-1 E{ﬁ -1 GAGO07 Mbo061 Mbo066 el
A 2 4 5 2 5 3 3 3.4
Ar 2.0 2.6 4.4 2.0 3.9 2.8 2.9 2.9
S /bp -
W S/be D B E B D F J -
L F, 0.762 9 0.807 7 0.307 7 0.653 8 0.423 1 0.576 9 0.5000  0.576 0
Ho 0.153 8 0.384 6 0.384 6 0.384 6 0.538 5 0.230 8 0.0769  0.307 7
He 0.3550 0.331 4 0.766 3 0.452 7 0.707 1 0.5529 0.6183  0.5414
0.023 1 0.996 9 <0.001 0. 488 2 0.220 3 <0.001 <0.001  0.150 9
A 1 2 4 3 3 2 3 2.6
Ar 1.0 2.0 4.0 3.0 3.0 2.0 3.0 2.6
S /bp -
K S/bp D C G B D D G -
% F, 1.000 0 0. 600 0 0. 400 0 0. 600 0 0. 600 0 0. 900 0 0.6000 0.6714
Ho 0.000 0 0.800 0 0.000 0 0.200 0 0.400 0 0.200 0 0.0000  0.228 6
He 0.000 0 0.480 0 0.720 0 0.540 0 0.540 0 0.180 0 0.560 0  0.4314
Mono 0.205 9 <0. 001 0.093 6 0.493 6 1..000 0 <0.001  0.443 8
A 1 3 4 2 5 2 3 2.9
Ar 1.0 2.4 2.9 2.0 4.2 1.8 2.4 2.4
S /bp -
g S/bp C B D B D D H -
L F, 1.000 0 0.800 0 0.733 3 0.567 7 0.3333 0. 866 7 0.8000 0.7287
Ho 0.000 0 0.266 7 0. 066 7 0.333 3 0. 466 7 0. 266 7 0.1333  0.2190
He 0.000 0 0.340 0 0.430 0 0.508 0 0.770 1 0.239 1 0.3378  0.3683
P Mono 0.026 7 <0. 001 0.167 4 0.013 5 0.611 1 <0.001 0.1721
A 6 4 2 3 5 4 9 4.7
Ar 4.6 3.1 2.0 2.9 3.7 3.3 6.3 3.7
S/bp -
- S/bp C C D B B B E -
3 F, 0.361 1 0.388 9 0.388 9 0.500 0 0.416 7 0.500 0 0.2222  0.39 8
Ho 0.611 1 0.611 1 0.2222 0.388 9 0. 444 4 0.555 6 0.7222  0.5079
He 0.762 3 0.631 2 0.475 3 0.623 5 0.688 3 0.634 3 0.8673  0.668 9
P 0.023 6 0.871 6 0.016 9 0. 085 4 0.047 8 0.542 9 0.0724  0.403 0

Ho # He WEAEZR S HH . BR T i CA- 2,
X A T R YT RN AE A 47 X454 56 K E 4T Hardy-
Weinberg “F-fiiill i, Z5R KW, Hord 16 APk
nhZe Bonferroni 2% 2 B AL IE 5 HAT S8 1127
o i m I RPEPE RS Fo B0 2 Hardy - Weinberg
AT

6 K5 7 DFPRERY FST fEEEAT TPV ILEL, 2
st AL A AR o, R B IREAT 22

Mgtz . HA 4 a2 AP
W, ORIV RIS, ETTRARAR, ARARRIRIE T
IR, i PO A PRI AR, PR T
PR MR L 255 RS o B AT A
Frilr, BETTRBARE TSR 2 (1) 504, HE T
REVRIEE MR BE R (DA) HEAY UPGMA B (WL
2), T AEEARZ IR AR, SRS AFLP
Es A5
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Table 6  Genetic distance (above diagonal) and F, (below diagonal) values for pairwise comparison among

different populations of the red spotted grouper based on seven SSR markers

LN Fril -5 1] Ak PNIAE T =

Sl ok oE ok ok 0.116 9 0.349 7 0.319 8 0.643 2 0.952 0 0.707 2
P 0.079 9 I 0.176 0 0.170 4 0.407 0 0.778 0 0.709 3
J5i] 0.193 9 0.101 0 ok oE ok k 0. 066 5 0.420 3 0.590 8 0.5812
Hidk 0.1822 0.101 5 0.004 8 ok ok % 0.302 6 0. 600 1 0.643 5
PN A 0.3197 0.229°5 0.184 9 0.140 3 Bk ow ok k 0.5415 0.661 5
LN 0.4512 0.405 8 0.3292 0.3272 0.346 4 * ok ok % 0.509 2
=l 0.255 8 0.255 6 0.189 0 0.205 9 0.214 2 0.254 7 B ok ok x k

G:Zhoushan
{ F:Pingtan
|: E:Xiamen
D:Zhelin

— C:Dayawan
B:Zhanjiang
A:Sanya
0.05

K2 s B 7 DEHAR UPCGMA BH)
Fig.2 A dendrogram of 7 populations of the red spotted
grouper using UPGMA method based on the genetic distance
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