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(Plectropomus) i %H J A 5% (Richard et al.,2006;
Sattar et al., 2012; Khasanah et al., 2020) - FHASEE
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Table 1 Characteristics of 8 microsatellite loci for Plectropomus leopardus

NO. Loci ID  Label Repeat motif Sequence (-[21) F;rggl Na g\é\;t:)t Aﬁﬁ::égn

P2 PL3007  VIC (AC)22 ATTGATTCACTCAGCCCCTCTC 61 517 11 024 HMB07488.1
CTCAGCAGCTATTGGATACATT

P6  PL3066  VIC (€11 CACGATGGTCTAAATCCTGTCC 65 221452 4 096 HMB807495.1
CCTGTAACCCAAGACACAAAAC

P7  PL68  NED (AC)5....(TG)10 TGACCACAAACCAAACAAC 58 i‘;%’ 15 019 KC602389
ATTTCCCAAACCTCCTTAC

P8 PLS3  PET (TGTCCATGI7TT(TG)S AAGCCGCACGATGTGGAAAC 59 200 11 047  KC602387
CAGATGGAGAAGAAGCAGGAA

P9 PLI473  FAM  (TOG(CTI6(CA6...(CAIS CTGAACGGATAAGCTGTGGC 65 /0 3 041  KC602382
CTGTGGGTTTGGATGGAGAT

P11 PLIT  NED (TO)6(TG)3 CACTCATGCTGTCCCTTTTCTC 57 112% 4 003" GU724997
TGCGAGGACACAGAGCAAGAA

P12 PLO9  PET (TG)16T(GTGC)4  CCACAAACCTGCTGGTCATAT 55 11359‘ 13 009 GU724995
CAATCACCTGGTCCGAAGTCT

P14 PLLI2-Ding VIC (AC)19 CTTGATGACTCGGGCTCCTTTC 50 %02 13 048 FI548650

GTGTTTGGCAGGACCTTGAGTG
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DNA JERU B EBR AT - FFEAT BRI
AR IERY -

(=) ATZIEEREEA (PHF]) £]RE

AL AR A Ty A B B2 Wi TR AR P BT 92 ohoL R
103 SRS F1ERE - $REEE T
HULEE A FRP /KA - BERIREE 34 AlE = LLS
HST AR BRI TR -

HEERER - HAEAE LRIk
(voucher number) - HIEFEEPE B fE{ - SREEAL
A (7 0.5X0.5 em) ~ EFHAR ~ B REAAFHEA -

.~ 25 genomic DNA

0 5 - 10 mg FINIARHARERS 1.5 ml HEO
Erh o FRIREEE % > fEF PUREGENETM DNA
Purification Kit (Gentra systems Co., Nottingham,

UK) ZEHVUELKIFH DNA » F£fE0A-20°C vkAR i -

fR#% Zhu et al. (2005) ~ Ding et al. (2009) ~
Zhang et al. (2010) ~ Van Herwerden et al. (2000) -
Liu et al. (2013) % Harrison et al. (2014) Z&fiff3e
Fragse 79 #H3YAEEOR] SRR (i AR KRR S |
THETTHIEL (Table 1) -

R LIERS PCR EEPIHY 18 #H5 1 45 PCR
FEV . TR Fr B R FEEE T 204 23 BRI FAM ~
VIC ~ NED J PET 55 4 DA SRR ET [
(Table 1) - FI| F 5 56 5[ 7 T ill 7 vk 70 At £ 1l
(capillary electrophoresis with fluorescent-labeled
technique) AT T BEA R Gl 2 ALK Fr B R
JEFIFE B AT -

VY ~ SEEZ B R E S AT

FJF Genepop 4.0 (Raymond and Rousset,
1995) % FSTAT version 2.3.9.2 (Goudet, 2001) #x
e A T 18 S AT 2 A5 AT S IS IR S (Hardy-
Weinberg equilibrium) ~ SEEHAR E# 5 E (linkage
disequilibrium) ; i 2 2 RIMF58 (polymorphism
information content; PIC) >0.5 FrRrEAG =% R4 »



Table 2 Polymorphism information content (PIC) of microsatellite loci of Plectropomus leopardus for all sample sites

Locus number

Population
P2 P6 P7 P8 P9 P11 P12 P14
All populations 0.82 0.55 0.84 0.87 0.36 0.2 0.83 0.75
Wild population (PHW) 0.78 0.46 0.87 0.76 0.39 0.25 0.77 0.79
Broodstock (PHB) 0.83 0.56 0.84 0.75 0.35 0.03 0.75 0.76
Offsprine (PHF1) 0.73 0.57 0.75 0.73 0.32 0.31 0.69 0.65

0.5>PIC>0.25 &R EA T EZ R PIC <0.25
ForREH{EEZ R (Botstein et al., 1980) - |
WMEF K8 Arlequin Version 3.5 (Excoffier and
Lischer, 2010) J: GENEPOP (Raymond and
Rousset, 1995; Rousset, 2008) {5 B 1 By B AU
BFHUEIZHE (Ho) MIIEEME (He) R¥HBELX
B (number of alleles) (A) ; FEEERSIATEE M LIEE
(Fst) FRAR$E Fst=1/(1+4Nm) BYAZ flidHE s
{LRERE  Hrp N RRREE P AR R - m FoR
e B IEER - & Fst {HAE @ BUrE s uiE
EEfiA (Wright, 1965, 1978) ; i STRUCTURE
HEHETT bayesian-clustering assignment test » {if
el #8 J& 1 b o3 B BT A AR R (& T RS A A
(Pritchard et al., 2000; Falush €t al., 2003) - 3i{KHE
W ERYAERGETTREE R - HEM AT RE R R
DIAFIBA AR A R B A - AR EHE AR
SEERIIREAR Sl - SAERe ARG —REIViaRA -
FH IR BR 0 3R R B A B B R KR - DL
MCMC #: (Markov chain Monte Carlo) #{T7EE%
H&R{E (likelihood L - JAfHETT 10,000 KA HEET
o WEE 10 JGERERNAOME - 2hEE SR
(K12 38 ISERERIE - BEEE
3T 0 BRI KBS BRSBTS S M2 Structure
Harvester #3 F#REGHETT Evanno {5 35 Difkm ik
(EERpapita (@

T

AWTFEHETREE 33 ¥4 ~ 60 RIS K
34 R ATEIHSNG - 5T 127 BEAMET AT
W o SER 79 HHFY il SR R S £ e 2 AR KR |
TR > o 18 GRS [T ~
TR AT BIEE 3 (MRS PCR EY) -

BEARAAIF 18 AR O 2 S [ e T BRI A
i HpfE 8 MR HEVER R R RN B R
% RN > PIC fHAH 0.20 (P11) % 0.87 (P8) » |&
T P9 J P11 4} FiAttAH 5 [ 72 PIC {HE =i 0.5
CEVNER L ()R YN R NI ENE ) - NI =
HREGE LRI (Table 2) o SRS rha il RAH
7~ {# P8 Bl P11 HEAEREE (p < 0.05) - HaRE
RIS AR 5 S sl - P12 Bd P14
AREESEEH (p<0.05) » HERELKIEE R RR[E 22 M
PHRAE -

J\HH e 2 R IR SR A R AR B (A) R 3
#H (P9) £ 204H (P12) » P45 12.25 #H - FLAb > HL
¥/ (PHW) ~ fiifa (PHB) K A T.%JH (PHFI)
% 3 EREHERIKRE » 5 3 R 2BUEA]
FrEeZ A - PHW fEEFHLL PO B P11 EARA
HUEHMEERIEL (3 #H) » P7 B EHEERI B
(13 #H) s PHB J&HEFLL P9 K P11 BAG /DR EHE A
K% 2 #H) - P7T EE&ZHVEHMBERSE (17 #)
PHF1 fEHFLL PO B R RS EERE 2 1)
P2 HAARZHIEHBREAE (10 #H) (Table 3) -

FIRE 8 HH o fiy 2 F IR P £ & (B 3V i@ 7
PHW - PHB J¢ PHF1 2 3 {lijiiE11 Ho {HAR
0.18 - 0.81 > SEH{f ks 0.64; He {E/ M 0.21 - 0.88
SHE Ry 0.68 - PHW JERERY Ho BT 0.26 -
0.82 > SFHI{E Ry 0.64 5 He {HATHA 0.27 - 0.89 » S5
Bk 0.68 » Hrpg 1 fHEMGFEISHEARNRIHE
fH - PHB J&E¥HY Ho {H/MH 0-0.83 » SEI{E R
0.62 ; He fH/1A 0.03 - 0.86 » SE¥{H J 0.65 » Hirp
{8 1 FHEA G FBIZEARNIHEE - PHFL R
Ho {HA A 0.26 - 0.82 » SEHE By 0.66 5 He {HA A
0.37-0.79 » SPEEE By 0.65 > Hpfg 5 {HRAIS T
BIREARNIAL(E (Table 3) -
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Table 3 Summary table of microsatellite loci genetic variability
Population Parameters Locus number
P2 P6 P7 P8 P9 P11 P12 P14 ALL
A 14 6 18 18 3 4 20 15 12.25
ALL Ak 418 277 438 450 194 161 427 3.75
(n=127) Ho 078 0.60 081 073 045 0.18 077 077 0.64
He 0.83 0.60 0.86 0.88 0.46 0.21 0.85 0.78 0.68
A 9 4 13 11 3 3 11 11 8.13
Wild population (PHW) A 399 249 465 383 206 1.76 4.01  4.05
(n=33) Ho 0.82 0.50 0.75 0.76 0.48 0.21 0.79 0.82 0.64
He 0.81 0.50 0.89 0.80 0.51 0.27 0.81 0.83 0.68
A 12 6 17 13 2 2 14 12 9.75
Broodstock (PHB) Ak 426 281 413 371 192 110 376  3.85
(n =60) Ho 0.80 0.60 0.83 0.73 0.53 0.00 0.75 0.72 0.62
He 0.85 0.61 0.86 0.78 0.45 0.03 0.79 0.79 0.65
A 10 4 9 6 2 3 9 8 6.38
Offsprine (PHF1) A 3.74 283 381 357 1.87 1.88 3.55 3.23
(=34 Ho 0.71 0.68 0.82 0.74 0.26 0.47 0.76 0.82 0.66
He 0.76 0.63 0.79 0.78 0.41 0.37 0.72 0.71 0.65
A: number of alleles
Ar: allelic richness
Ho: observed heterzygosity
He: expected heterzygosity
7 | Lo (mfa”iSD) PHW-PHB J PHF1 % 3 R [H Ft 5
i A% 0.062 (PHW vs PHB) ~ 0.062 (PHW vs PHF1)
k2 0.087 (PHB vs PHF1) » i3t b7 S BB %
=g (p<0.05) - fEREEERHIH I TREREUR » B k=
- 3 BT S T 0 T 1
g (likelihood) = -3258.7 (Fig. 1) » Evanno {5 L
g s R or Ry 3 BER LRGSR (Fig. 2) ©
- SO
. ke A AR B E B R RE
; ; ; B A AR~ BVRRT ~ PR - 1
K AIRFEH PG I S SRR A AL SR Bl AT - #iy
Fig. 1 Mean of the estimated Ln probability

(likelihood) of K=1, 2, 3.

sOBARAEN BT IRE (Duncan etal., 2013) - E4[]
REAEE (maternal effect) FUEZ2E » REFAGETEA
/NS R BN A N T R AR
YA IEREYEAR K (Messina and Fox, 2001;
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Fig. 2 Genetic clustering patterns of Plectropomus leopardus from different sample sites as inferred by Bayesian

methods implemented in the STRUCTURE program.

Rollinson and Rowe, 2016) » [th4h » ARSI ~ 7NR
R AR B B R A A e B U S R
IS MgenE s TR EBULE B ERE > i
A REIRIIAE ~ PURRE )T BB 32 18 2= 1Y
IR (Waples et al., 1990; Taniguchi, 2003) - R[J{#
FEE WA Fa B B AR e LA AR R TR (L R
AT RERD RN E B B 22 45 P B BT TR - B
il B THAC P A B S TG FR (Taniguchi,
2003) -

AW R RENE A BT BB b 2 1% 0 55 3 1l
TEATHY AR BN TR T R (I S LR S T
HIABE U o ARBIFFERTER A 79 RH G 2 R s
ReZ BT RERZ SO WA T W7
HRHBEEERE 10.1% (8 #H) » HES T BRIRIEE & FEK]
Fr B RIVERAR - S PTRES S B TS SR « R2RAT)
o i de HL 26 U i Bt B B ORI R DA T
e SR WA - IR AR R AT Rk
Hridls (fingerprinting technique) » #ELUEEFT 73 745
GeE A o EE BRI R B TR L (A
Ry tE £ > BOE TR A TR A A E TR
BRI BFIMNEE - AT b B TR AL G A R B
SREMIFEE (Coughlan et al., 1998; Lundrigan et al.,
2005) -

R 42 8 o 2 G KRR 4y S 41 25 KT S ) Pl i
0 By AR A A R LA T R BRI SE - AT
FIAREAE P7 ~ P8 ~ P12 J P14 Bt B ALK
JBE HIAS BHERR R A 884 3 MG Ry A &
FHYEISE - B 3 (AR R B e 2 B RE
fELIEE SR - AER A LA AR BT A B R SN
figy 7 A= B A £ AR BE RO S R B A BE Y A B

ERRE N A DRSS - (HAE SR & 8 s AU AR
AR5 o N TBIHIGREREITESY » $UAG BB 4 B
BEME ORI 5 5 DI B AR IR
LR o B RAL SR T W o3 ERAS [F] fadE Y
ALK B - T SRR 3 68 BH B S R A
(critically endangered, CR) ZE#i iy ZEE LB (E.
striatus) ~ #Hf& (endangered, EN) Z5fiv7RESL DT
(E. akaara) ~ fif& (least concern, LC) ZE#kAYFEEHL
B (E malabaricus) BLRERCAEE (E. merra) -
AHAREECHY LC S yRIE At (E. quoyanus) Bt
feikfie (Cephalopholis boenak) (Table 4) - ANHf%E
B AR - o2 ] B E e
EENIEEEE - BT RhIVE B R
Sk ERT S - B LB DU Bl s
ZWEEVTEH ARE - HAh KA EeREZ A
T SE AR TR - $HE B MR IR BB
A B e i e A A ) A R B A R T S R
& o JkiE R AR I R A R R -

AR FEs M N LB ERS b F1 74 BER
AR Ry B B AMR SR 1S - HEARIE R E RS
R o B R U BT YRS R R » B
4~ MR A TEESE 3 AR 2B
AR RS - BRI EE MG - B A Bl iR Fa
S FERE RS - Hiam T Re 2 R IRE B )
TSR EIRGRRERTEL - ARIBESE (2014, 2018) 1Y
WFER - EERERA S I8 B SE A E g R R
BEAAHERE YL - BE TR I AR (L -
ANER R SRR o LS SR R B
TR AT REAAAE A N R R ARSI EE IRRE - [RIRR 53
AT bk S ER A [ ARG IR R AR AR
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Table 4 Genetic variability inferred from microsatellite loci of groupers and some aquaculture species

IUCN Red

Species A Ho He list status Reference
Plectropomus leoaprdus (PHW) 8.1 0.64 0.68 LC this study
P. leoaprdus (PHB) 9.8 0.62 0.65 LC this study
P. leoaprdus (PHF1) 6.4 0.66 0.65 LC this study
Epinephelus striatus 4- 25 0.11 -1 0.61 -1 CR Jackson et al., 2014
E. akaara 4.3 0.58 0.45 EN Koedprang et al., 2007
E. polyphekadion 14 0.59-0.92 0.78-0.95 VU Rhodes et al., 2003
E. morio 8-27 0.44-095 0.54-0.93 VU Zatcoff et al.,2004
E. marginatus 10.3 0.61 0.74 VU De Innocentiis et al., 2001
E. malabaricus 3.7 0.67 0.72 LC Yin et al., 2012
E. coioides (Thailand) 3.6-5.1 0.36-0.55 0.5-0.66 LC Antoro et al., 2005
E. coioides 6.4-12.9 0.64 - 0.81 Wang et al., 2011
E. coioides (Aquaculture) 6.7 -8.8 0.65 - 0.73
E. coioides (South China Sea) 3.6 0.68 0.7 Yin et al., 2012
E. merra 4.6 0.75 0.78 LC Yin et al., 2012
E. merra 14.6 0.56 0.73 Muths et al., 2015
E. quoyanus (Australia) 18.4 0.75 0.81 LC Al-Salamah, 2014
E. quoyanus (Taiwan) 11.6 0.76 0.78 Chen et al., 2015
Cephalopholis boenak (Taiwan) 18.9 0.68 0.75 LC Shiao et al., unpublished
E. lanceolatus 74-7.8 0.34 - 0.35 0.66 DD Wang et al., 2016
E. lanceolatus (Aquaculture) 6-7.6 0.36-0.45 0.54-0.64
Pampus argenteus 5.5 0.71 0.77 VU Qin et al., 2013
Lates calcarifer (Aquaculture) 10.2 0.8 0.78 LC Senanan et al., 2014
L. calcarifer 12.2 0.79 0.79

BRI FLAH] (Acroporahyacinthus) » Uiz R Al
BRI e 2 1 W BE TRT 70 B s SR BRI A L BT B B
Bl E TR R RIRY BRI - JCERHE A R
B AR L - Fe e I B [ AR S S A -
HEE Ry 2 FI3 g JEC i BLEE I RARE (barrier) 2
R b A |
differentiation) FYERZ (Suzuki et al., 2016) - [LIR
RUAEFT 2 A P B R UIRG - IS iE
FBE (E. marginatus) (Schunter et al., 2011a, b) ~ &
E% H BT (Jackson et al., 2014) - BN EfE
(Hyporthodus acanthistius) (Beldade et al., 2014) ~ 7%
L3 f (E. fasciatus) (Kuriiwa etal., 2014) ~ §85075
PEfa (Muths etal., 2015) - $YfefERAIEE 56

(parapatric genetic

IR Ry 7k SCEF B A 13 B R 2 2 H
hirgehgaE -

i fR B N THEIARE B3 AN R AR - e
FIRE R BETE R 1F U5 X B 50 e i BT A DR AT Ry iy
B o BUTAFTSIAGBE U7 =0 il A Rl e B
WGl > SRR S AT RS R R ORI TR
IRERRET T E RO RO - AR9% Samoilys
and Squire (1994) HYFHAEEH - SYBELEID BT RE
(spawning aggregation) > B {3 A FIE LI
1 HAMREFRSELT - AR AR SRART T Ry Bl e
%’ Bt RS RE - AERSITKRIE FIRF RS
N« SRIMAEA THYEREEA - Sl SR L T 5
WIEIAERYRITIE - TEARWTTERRE R AR - BIBEHS 2



FE3VietEfa e TR - HER LATREEE A H
HIME B BRI T Ry - TS BT s
et B R RS AR A - 59— 5T » B15F (2004)
RHURUETE A TR N - MRy Mt T
Ry@r 2 [Fl—t A S M A R A e 8 - 12
A AR - S R R TRy - i
# 2 BRI ERE AR - AlEnd sl T i
P i 55 24 A9 {18 98 B3 B ME & (bidirectional sex
change) #pifEfE - B EGH —RBARRITE
AE o JEAEAT A B £ [ o AR B e th R AR R B
11 B #% B8 38 (Okumura, 2001; Sadovy and Liu,
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ABSTRACT

Coral trout, Plectropomus leopardus, is one of the high-priced groupers. However, wild populations of P.
leopardus are facing population decline due to overharvesting and habitat destruction. In order to restore the wild
populations, we established a breeding program to artificially propagate P. leopardus, and subsequently examined
the genetic diversity and differentiation among the breeding stock, artificially bred stock (F1), and wild populations
around the Penghu Islands of Taiwan. A total of 127 individual specimens of P. leopardus, including 60 individuals
from the breeding stock, 34 F1 fish, and 33 fish from the wild populations were examined using 8 nuclear
microsatellite (MST) markers. The results of the MST analyses revealed that the number of alleles (A) ranged
from 3 to 20, the observed heterozygosity (Ho) ranged from 0.18 to 0.81, and the expected heterozygosity (He)
ranged from 0.21 to 0.88. The allele and heterozygosity results revealed that the genetic diversity of the F1 fish
was not significantly decreased in comparison to that of the breeding stock and wild populations. However, the
pairwise population differentiation index (Fst) ranged from 0.021 to 0.087, and all the population pairs were
significantly different (p < 0.05) from each other. Furthermore, the genetic structure analysis results revealed that
distinct genetic structures existed among the breeding stock, F1, and wild populations (when k = 3 with maximum
likelihood value = -3258.7), suggesting the effect of artificial selection on the breeding stock. Our results will be

useful for the future management of the breeding stock and the conservation of coral trout in general.

Key words: Coral trout (Plectropomus leopardus), microsatellite locus, genetic variability, population
genetic structure
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