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ABSTRACT

Crassostrea gigas is a sessile bivalve commonly found in intertidal and subtidal zones. Due to its high
environmental adaptability and rapid growth, it has become a commercially important aquaculture species
worldwide, particularly in Asia. In South Korea, oyster farming is a major sector of marine aquaculture, with a
production volume of approximately 267,000 tons in 2021. However, concerns over potential inbreeding
depression caused by long-term monoculture practices highlight the need to maintain genetic diversity in cultured
populations. This study aimed to assess the genetic diversity and population structure of C. gigas in South Korea
by using 16 microsatellite markers. A total of 288 individuals were sampled from six locations: Ganwoldo (Taean),
Iwon-myeon (Taean), Jindo, Shinan, Gunsan, and Tongyeong. The number of alleles per locus ranged from 4 to
27, with an average of 10. The observed and expected heterozygosity values were 0.541 and 0.592, respectively,
indicating a relatively high level of genetic diversity in the populations analyzed. Analyses of genetic distance,
pairwise FST values, UPGMA clustering, and principal component analysis (PCA) revealed little genetic
differentiation among the Ganwoldo (Taean), lwon-myeon (Taean), Jindo, Shinan, and Gunsan populations.
However, the Tongyeong population exhibited a low but statistically significant genetic divergence (p < 0.05).
These findings provide a valuable genetic baseline for the conservation, evaluation, and sustainable management
of C. gigas resources in South Korea.
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Microsatellite OtHE 0|8% H= HTC RTA LIt ASHH 2A =4

d Eol otk 2 A= A= HetdEE 12
g, o] F AAEET AA BAFFe oF 81.7%E, M=
7} oF 15202 2A|5H= Zo=2 Uehgth (NIFS, 2022).
ojgt Zro] I FZF FAYL ¥ BAH 7HAE AU
lom, ZZos 4| £29] AL F7to| wet T2} A
Ab Bl of/dell e AT 5] o]FojA| 2 Qi J2u ¥
A FAol gEHE FE FAY iR }0401]/\1 AHHE
Ao, oz Qs A 1fo] 2HA 2+ Ol asekal
A= AHoltt. Ed], 715 Wl 9 s 3
2 Qs AL FAk) Mg A R EEI}
on, o] FF FAYUY A& 7ol S
2 283 4 Qltd (Nagano et al, 2017). E—]goi,
A3 WAl H H7|ZH HEHO S o|ZolL A
o] §14 e AstAZ 4 daon, B4 FHo 1nYst
2 sl 9435t ofn] 2plo] FHE ofFA gheth, o 7)o 2}
A ARG Zacet Ak midn 2 &3A 20lo] 53HA
ZH ZALE FAR] M AQl a2 HE S
o, o]Z Qg oAUS9| &= WA A
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go] 44 9¥el ML, FIMeE: Imop
(inbreeding depression) 7} g 4 9ot (Rudnick
and Lacy, 2008).

S A7 BT A JhAe EE 9 W
Elo] A He A9 At H/dol 7

o 4 9l (Kim et a] 2015) }%Ei, |43 ok
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, 3% ]‘_, g;‘jc’ A S ookl A=A
EA7 e 4 It} (Frankham et al., 2004; Allendorf
et al., 2013).

5 FAo dix F59 %, Algte 2A Hdo
Z25E] ofg] Aldjol] 2 F Ykl w2, A AL
of vlsl FAl A FAA HlE B {271 A
5] 4% 7oz HuE b Qo (Hara et al, 2006;
Kobayashi and Kijima., 2010; Park et al, 2014). o]2{gt
A F2 PAANE SABPI dehe 4+ glon, U
SR e] £2E A7 HHE A o 7 AL_SH AL
ko] ZhAsty EA PEo| IAEE BEA7F EHA
o}, etr FF 2219 A7) Ao w2 A5 754
Aol =3t Ao} A4 FH5a o] &2 g3 fAH Tk
X 5 wotel] ofeF A7vk 2 7HL o2 £1s) Ak AR
23 FA AAE 7o) fAF 222 Ha BAska, oA

LR

(o]
oz
m&"

mo 4> X
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Astel Ple FEFT FAlo| AAH 2 B Ak
5 3|

ojof] & AoX= E]"F‘—‘}-J T P BN A2
Aoz, 20228 FPSAdTEolA A F7IHE 24
(Next-Generation Sequencing, NGS) 7[qto.2 7kt 147}
o] E2-& microsatellite "F (Dong et al, 2022) & 71&
o] AFLP (Amplified Fragment Length Polymorphism)
2 EST (Expressed Sequence Tag) £4g Sdf 7i2d 2
W] wbA (Li et al, 2003) & 37 E-&sto] AT AT}
4 BAE ekl olf B8l Ul FE ALY A o
P A T {AVAE meleta, FF FA A AL
7Fsdt o8-S T FATHE 7= HEE FHslalat shgid

5

o
Ee)
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1. A8 &1 9 genomic DNA &

2 ol AMSH HaE AlEE FELATE et
AFA2RE 20229 HPE ABA FA 4 IS (BE
59 (TY), n = 48) o zAALY T2 571 A (FF Eit
ZHE (TG), n = 48; 39 Bt oYW (TE), n = 48; A
% (JD), n = 48; A Aok (SY), n = 48; HE ZAF (GS),
n = 48) & FHsto] FAMo] A&

Genomic DNA+ DNeasy® 96 Blood & Tissue Kit
(Qiagen GmbH, Germany) & ©|-&3to] & U AA|513
tt. ZF A& 15 mge E-tubeoll Y11, AZAR] 2|30 uhe}
ATL Buffer 140 pl®} Proteinase K 10 plE 7lsto] &3t
g ¥, 56°CollA 3AIZF FQF BRSAIZITE ©]%, AL Buffer
150 ul?t 99% ethanol 150 ulE #715te] S-Blocks9)
DNeasy 96 plates &% & 8,000 rpm (6,000 X g) oA
1027 gAEsIIt o]of column platesE AT &
AW1 Buffer 400 ul& d7ksted 8,000 rpm (6,000 X g) ol
A 1087 AR gon FUst WHoE  column
platesS ThA| wA$ & AW2 Buffer 400 plS #7}sko
20,000 rpm (14,000 X g) oA 387 YAEasigct,
EthanolZ 23] AA37] 93l column platesE 57| &
of ZAZAZ1 &, AE Buffer 80 ulE %7}sto] genomic
DNAE 34319t} 84" genomic DNAE E-Graph Gel
Documentation System (ATTO, Korea) & ©]-83}o] DNA
TS 239lon, o]& 2% (w/v) agarose gel A7|95
S 3] DNA #E9] {75 2RIk

2. Microsatellite o}A & 0] 23 PCR Z= 9 oty B A
NGS7|H& &835to] 49 14719 microsatellite U}
(Dong et al., 2022) ¢+ 7]1& AFLP ¥ EST 24 W& &
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Table 1. Genetic Diversity and Population Structure Analysis of Crassostrea gigas Using Polymorphic Microsatellite Markers

GenBank
No Locus Primer sequence (5'-3") Motif Label C0) accession
no.
1  ucdCg 109 F-GCTATGGTTGTCATCCTCGAA R-TGCCTTTATCGGTTTTGCTT (CAT)N AF468525
2  ucdCg 175 F-GGGCATGGATCAACTCCTAA R-CCAACCAGCCCTAGTCTGTG (CAT)N AF468573
3 CG11 F-CTTGGCAGGTTCTATGTCTT R-TGATATCGCTAAACTGGTGG (CTC)6
4 CG18 F-CAATCACCGTAACAAAGACG R-TGTTTTGATTCCGTGGATCT (TCC)7
5 CG36 F-GTGAAATCCCAAGAGTAGCA R-CAACATCACTGTGTTGTCAG (TGAA)4
6 CG46 F-ATGCATCCTGGTTATTCTCC R-CCATTGGGCACTAGAATGAT  (AT)6
7 CG18N  F-AGCACTGCAAGATGACAATA R-AGGAATGCGTTCTATCCAAA (TTTA)5
8 CG23'N  F-TGGTGGGAATGATACCAATG R-CAAGAGTGTCGGTTTTAGGA (CCT)6
9 CG22-2 F-AAACAGATCTTTCCCCGAAA R-TTTCGTAAAGGTCACCCAAA (TG)10 L6
10 CG22-5 F-TGCCAAAATCACTGTGAAAC R-TTGTCCTGTTATACATGCCC  (AC)7
11 CG22-17  F-TACACAGTAATCGCATTGCT R-GGAGGAAAATGCTAGCTCTT (CT)8
12 CG22-59 F-GCGTTTTGTGGAGTTTGTAT R-CAACTTATGGGGTGGGTTAA  (CA)8
13 CG22-67 F-CATTTCACAGACGCTGATTC R-ATTTCCACAAAGACCCAAGT (AT)6
14 CG22-32 F-GGGAGCGGTATCCAATTTTA R-ACAATAATGTGGGCAGGAAT (AAT)5
15 CG22-3 F-GTTCGCGCTATCTTTTCTTT R-ATCAGCGCTTTTTCAGACTA (AATA)5
16 CG22-7 F-TCTGCATTACAACGGATGAA R-TAAAGATGGAAATCGGGAGC (ACAG)5

3] 7" 2709 microsatellite BFA (Li et al, 2003) &
o] gsto] PCR &A1& +3sI3ltt (Table 1). PCR W32 &
10 pl ¥H3 §Fo = #P=gom vhg 2L o33} 2k
10X Ex Taq buffer (Mg* plus, 20 mM) 1.2 ul, dNTP
Mixture (2.5 mM each) 0.7 ul, TaKaRa Ex Taq (5 U/ul)
0.2 ul, forward ¥ reverse primer 2z} 0.5 pl (10 mM),
template DNA 1 pl, 18]1 2 Ru)5 $37] g
545 UKk PCR Veriti™ 96-Well Fast
Thermal Cycler (Applied Biosystems™, USA) & o|-83}
o] £3¥=|glct. PCR 2742 95°CollA 1187 DNAS 27|H
/d  (preincubation) ¥ &, 95°CollA 50&7 WA
(denaturation) 3}tk 54°ColA 5027t primer Zg
(annealing), 72°CollA 50&7t A% (extension) HHF& £
353 WHEst & 2F A% (full extension) BAE 72°Col
A 7—%7} AA5}. PCR AHE-2 1.5% agarose gel 7|9
RS st FHo] FUH A5 of
oHH% AefE mlcrosatelhte n}79] forward primerol 3
E'J-%xl (HEX TAMRA U—'6-FAM) o 61-1\45].0:] _?,]9_} 7EF% Hol-
O & PCRE T}A] 43¥5}9itt (Table 1). 2Z PCR AHE2

BFEA (size standard, GeneScan 400HD ROX,

nTaEE

=z o
o 1w

E =z
&% T

37]

Applied Biosystems, USA) 3} Hi-Di FormamideE &%
g 5, 95°CollA 327t WAE. o] MAH A&+ ABI
PRISM 3730XL Genetic Analyzer (Applied Biosystems,
USA) & o]&sto] 24=len, of HAHojx Z AE=RE
e B8 A2t AEEA
3. Microsatellite 7}#H & 53 3% E4 £4

H&29 ¥4 ASE ZF microsatellite TPAEE 25 2
AEEJ, P & 37] (fragment size) &
GeneMapper AZEHo] (version 4.0, Applied
Biosystems, USA) & o|&sto] Aoz wEEICh &
=49 dlojg+= ZHAE °7‘4Z}5" (genotype) 2.2 Ao
o, o|& 7|Rtez [ 7t FATG 240 28 £ Qe
FA2 HEYAS 51—3}9";‘:}.

Microsatellite wA2] o¥4d AHEZF (Polymorphic
Information Content, PIC) 2 Cervus ver. 3.0.7
(Kalinowski et al, 2007) 9 tj@gAz} vl t'*'“é‘g 3

gsto] Axtstlon, Null thigdfdzte] &4 of
MICRO-CHECKER (v 2.2.3; Van Oosterhout et a].,
2004) & o]&sto] Hrbsileh. tid-f-32 4 (Number of
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Alleles, NA) ¥ FAzZ=2E o|FHF=E BA5H7] el
Arlequin version 3.1 (Excoffier et al, 2005 %
GENEPOP version 4.0 (Rousset, 2008) & Arg3lo] &
" o|¥HEE (Observed Heterozygosity, HO) It
Hardy-Weinberg %3 (Hardy-Weinberg Equilibrium,
HWE) ollx2] 7]t} o]gX&E (Expected Heterozygosity,
HE) & AXeith. §43 odd 24E 9l FSTAT
version 2.9.3 (Goudet, 1995) & &83lo] It 27|12 &2
4 (Inbreeding Coefficient, FIS) & ZAsI¥om,
GENEPOP version 4.02 ©]83sto 1,0008] ¥H5-Z
FIS9| fold AAE syttt A 2t 43 {FATA
BA5}7] 913 FSTAT version 2.9.38 AHgsto] Hgh 7t

of

watgnt. =3 Arlequin version 3.1& ©]-83ko] Markov
Chain W< #&3% Hardy-Weinberg B3 o|g oREZ
715l o, FSTAT version 2.9.3& 53 PCR AHE 37|
(Product Size Range, S) & At&3tith. §374 Ho| £x
£ 7|ftez Hd 7+ 7S BAE AZEkelr] 9fgt
Principal Coordinate Analysis (PCA) £42 GeneAlEx
6.4 Z2IS AMgSto] £3Ysilen, §A A 7]HE Al
E3t2 gAA Bl Populations 1.2.32 (Nei, 1972)
Z2I3Z o]gsto] Neid] 44 7 (Dis) £ 7Altst,
o|& Higt e 2 UPGMA (Unweighted Pair-Group Method
with Arithmetical Average) W& Z-g3to] A54E &
gstAct.

7E=!]|_|. =1} :l_*l-

1. Microsatellite a}# 2] 24 E4 &4

2 AFolME= NGS 7S Bl MEA &
microsatellite ot} 7]& AFLP 9 EST 43
H 2709 microsatellite TS EFst] = 16719
microsatellite PFHS AMESFYCH (Table 1). ©] uAHES
g-83sto] 202290 AP F2F AHBA I ) JD (B
59 (TY), n = 48) 3 AALY T2 57 A (5 =it
THE (TG), n = 48; 35 EiRE o|Y™ (TE), n = 48; Ad
AE (D), n = 48; Ay Ak (SY), n = 48; AE 24 (GS)

= 48) & UCE fAA g 2 AY T fATA

>

i

Microsatellite 1}712] §44 tFde H7lst7] gl 2
o7l tyd  AHEF  (Polymorphic Information
Content, PIC) #t= wAJgt 23} 1670 microsatellite 1}
L& 0.536004 0.5869] ®9lE Uetiglen, H+ PIC 7

(93]
[l
N
o
fru
ol
»

QI=]iTt (Table 2). ¥yFH o=z PIC Ftol
g mhA= 7 Ao S23 /34
ok2j#] 9lom (Botstein et al, 1980),
AFSE TS 9 =2 JHA AEEE TR
th. ol & Aol ARGE miEo] A= A

N rlr B 2 rfo
9 2 o
c
e
e 2
i‘l.‘lj:o[-_l“_},]
N s
Il oy
O
O ol

1o |o

$74 Aoz TEsHT] ARSI A2 AlAHE
2 Aue 844 e WAs] 98 Arequin

version 3.1 software (Excoffier ef al, 2005) % FSTAT
version 2.9.3 (Goudet, 1995) ZzI1lg &3t
Arlequing ©|-&3to] tiHRA2 4 (Number of Alleles,
Ny), & o|g-dF¥E (Observed Heterozygosity, Ho), 7]
o o] AT (Expected Heterozygosity, Hy) & AH&3I%
o, FSTATS &af 7t Aol tidfxa TR (Allelic
Richness, Ag) o WH] A4 (Fis) & F4stih 4 2
3, 7} microsatellite oA oA9] Ha HH A2 4= (N,)
ot AR FRE (Ar) & 42 1022 Y, & A7)
AHEE B S0l H1 A £ 39 /e ERSHL g
S AR B B ol PHTE (Ho) & 71H ol FHF=
(Hp) £ ZH2} 0.5413F 0.5922 AHZEglon] Ackdze o
Z o]PHIE (Ho) 7F A (SY) HellM 7 W2 0.526
S HQUA, F4F (GS) AelA 7P =2 0.573& YEHH
71t olFAHFE (Hp) + Bt ol H=2A (TE) HTolA
0.57622 7P @on, 24+ (GS) HeelM 0.6222 71
=2 7k UEhdth (Table 2). A¥bdgoz Ak 7+ 44 ot
G/ AFoM FatF zpol= UeA| fgken, 2E M
oA Y Y #E2 v YA Aoz Hried
o}, o2jdt A= Qi er al. (2009) o Huel SANSE AFS
Holm, g AFolMe FF Jee o /A £7t
397, ¥ o|FHFE (Ho) & 0.480, 7|t olFHIAE
(Hp) & 0.525 {92 BuH v} 9ok

WA ZF 2 EE yelle dwd] Ag (Fi,
inbreeding coefficient) & A% A, B+ 0.0882 U
ghgon), Y nl 7]R202E CG22-2-59904 ikl
0.3030] T&=|QIth (Table 2). YurHo2 Fis Zho] ¥ (+)
o] 9= 7Idl olFAHAE (Hp) o HIsi FF o|FHd=
(Ho) 7} Rot o|F A Z2h8s AulsiH, 2 (-) 9 B¢=
olg el #Ye uehATt (Waples and Zhivotovsky,
2015). 2 AolA 59 (TY) AT Fis 2 AWtz &
(+) 9 e Eof oA 28 BFS HloH, o= A
S A W ael, 91F AR == ¥WEHA (bottleneck
effect) 5ol 7|0st oY 4 Yo} (Frankham, 1995;
Balloux and Lugon-Moulin, 2002). 3t £Xof A&
167§ microsatellite 9t % 67§ (UCDCG175, CG18-N,
CG23-N, CG22-59, CG22-2-2, CG22-2-17) oA o] @A A

- 186 -



Korean J. Malacol. 41(3): 183-192 2025

Table 2. Genetic Diversity Assessment of Six Crassostrea gigas Populations Using Sixteen Microsatellite Markers

Locus
U%’gc’ U(i]?gG CcG11 CG18 CG36 CG46  CGI8-N  CG23-N  (G22-2-2
Na 23 30 5 5 6 10 7 9 10
Ar 23 30 5 5 6 10 7 9 10
R 157-229  194-317  184-202 218230  177-197  252-282  126-162  170-197  179-203
TG Ho 0.896 0.896 0.521 0.292 0.604 0.479 0.313 0.604 0.708
(N = 48) Hg 0.949 0.952 0.607 0.268 0.589 0.446 0.446 0.660 0.726
PIC  0.936 0.939 0.545 0.257 0.553 0.428 0.412 0.621 0.685
Fis 0.057 0.059 0.143 -0.09 -0.026 -0.076 0.301 0.086 0.024
HW  0.212 0.056 0.117 1.000 0.843 0.698 0.005 0.193 0.614
Na 26 26 4 4 7 9 6 8 9
A 26 26 4 4 7 9 6 8 9
R 145-235 215335  193-202  221-230  177-209  252-296  126-146  170-191  181-201
JD Ho 0.854 0.833 0.646 0.313 0.604 0.438 0.292 0.604 0.688
(N =48 Hg 0.950 0.950 0.594 0.281 0.600 0.510 0.361 0.585 0.717
PIC  0.936 0.937 0.516 0.265 0.563 0.483 0.337 0.554 0.680
Fis 0.101 0.124 -0.089 -0.112 -0.007 0.144 0.194 -0.033 0.042
HW  0.044 0.097 0.246 1.000 0.826 0.018 0.038 0.809 0.347
Na 22 %5 6 5 6 10 8 9 11
A 22 25 6 5 6 10 8 9 11
R 145-226  203-311  184-202  221-233  177-197  264-292  114-166  167-194  175-203
SY Ho 0.875 0.750 0.625 0.250 0.604 0.521 0.375 0.604 0.604
(N =48 Hg 0.948 0.938 0.670 0.267 0.693 0.570 0.364 0.714 0.777
PIC  0.934 0.924 0.601 0.254 0.64 0.537 0.343 0.679 0.735
Fis 0.077 0.202 0.067 0.063 0.129 0.086 -0.031 0.155 0.224
HW  0.275 0.001 0.144 0.208 0.280 0.662 0.914 0.107 0.002
Na 23 25 6 4 6 11 6 9 3
A 23 25 6 4 6 11 6 9 8
R 145-241  227-347  190-205  221-230  177-197  234-284  134-174  170-194  181-199
TY Ho 0.854 0.896 0.646 0.438 0.583 0.583 0.292 0.458 0.646
(N = 48) Hg 0.933 0.947 0.636 0.407 0.617 0.603 0.420 0.679 0.662
PIC 0918 0.934 0.582 0.38 0.575 0.577 0.359 0.65 0.624
Fis 0.085 0.055 ~0.015 ~0.076 0.055 0.033 0.307 0.327 0.025
HW  0.079 0.061 0.051 0.963 0.168 0.582 0.000 0.001 0.414
Na 22 27 4 5 6 8 3 7 10
A 22 27 4 5 6 8 3 7 10
R 163-235  212-314  193-202  221-236  177-197  260-278  134-142  155-188  179-203
TE Ho 0.979 0.917 0.729 0.354 0.583 0.292 0.188 0.729 0.792
(N = 48) Hg 0.942 0.941 0.692 0.331 0.595 0.400 0.243 0.633 0.777
PIC  0.929 0.927 0.626 0.311 0.553 0.383 0.223 0.595 0.734
Fis  -0.040 0.026 -0.054 ~0.071 0.019 0.272 0.231 -0.154 -0.019
HW  0.862 0.742 0.801 0.865 0.902 0.013 0.028 0.682 0.986
Na 24 27 7 4 8 11 6 7 10
A 24 27 7 4 8 11 6 7 10
R 160-229  212-338  187-208  221-230  137-209  252-290  114-142  170-188  187-205
( GS , Ho 0.917 0.958 0.708 0.542 0.583 0.521 0.271 0.729 0.521
N=48 g 0.945 0.935 0.659 0.459 0.664 0.515 0.451 0.707 0.710
PIC  0.931 0.92 0.59 0.424 0.621 0.493 0.408 0.664 0.669
Fis 0.030 -0.026 -0.076 -0.182 0.123 -0.012 0.402 -0.032 0.269
HW  0.266 0.945 0.978 0.715 0.277 0.172 0.004 0.615 0.045
Na 23 27 5 5 7 10 6 8 10
A 23 27 5 5 7 10 6 8 10
M . R 0.896 0.875 0.646 0.365 0.594 0.472 0.288 0.622 0.660
elan.a Ho 0.944 0.944 0.643 0.335 0.626 0.507 0.381 0.663 0.728
oc Hg 0.931 0.930 0.577 0.315 0.584 0.484 0.347 0.627 0.688
PIC  0.052 0.073 -0.004 -0.078 0.049 0.075 0.234 0.058 0.094
Fis 0.290 0.317 0.390 0.792 0.549 0.357 0.165 0.401 0.401

Na = number of alleles per locus; Ag = allelic richness; Ho = observed heterozygosity; He = expected heterozygosity; PIC = polymorphic
information content; Fis = inbreeding coefficient. *Not in conformity with Hardy-Weinberg Equilibrium (p <0.003, Bonferroni-corrected value)
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Table 2. Genetic Diversity Assessment of Six Crassostrea gigas Populations Using Sixteen Microsatellite Markers

Locus
Mean all
CG22-2-5 CG22-2-17 CG22-2-59 CG22-2-67 CG22-3-32 CG22-4-3  CG22-4-7 loci
Na 8 17 8 4 7 4 6 10
Ap 8 17 8 4 7 4 6 10
R 196-216 224-272 285-313 210-216 179-197 282-306 99-131
TG Ho 0.646 0.646 0.333 0.146 0.583 0.333 0.625 0.539
(N =48  Hg 0.560 0.805 0.442 0.226 0.619 0.385 0.657 0.584
PIC 0.520 0.779 0.420 0.206 0.551 0.352 0.594 0.550
Fis -0.155 0.199 0.248 0.356 0.058 0.136 0.049 0.086
HW 0.964 0.005 0.050 0.019 0.401 0.370 0.953 0.406
Na 7 21 8 6 6 4 5 10
Ag 7 21 8 6 6 4 5 10
R 198-214 222-280 293-307 182-216 176-200 282-294 115-131
JD Ho 0.563 0.688 0.563 0.229 0.438 0.292 0.521 0.535
(N =48) Hy 0.601 0.780 0.613 0.214 0.610 0.294 0.574 0.577
PIC 0.556 0.757 0.577 0.204 0.540 0.270 0.495 0.542
Fis 0.064 0.120 0.083 -0.074 0.285 0.007 0.094 0.059
HW 0.587 0.071 0.315 1.000 0.005 0.778 0.734 0.432
Na 10 19 8 3 5 4 5 10
Ar 10 19 8 3 5 4 5 10
R 198-224 216-278 293-315 210-214 185-197 278-290 99-131
SY Ho 0.521 0.708 0.438 0.188 0.604 0.271 0.479 0.526
(N =48  Hg 0.552 0.788 0.510 0.173 0.611 0.247 0.509 0.583
PIC 0.516 0.764 0.482 0.16 0.553 0.232 0.446 0.550
Fis 0.057 0.101 0.143 -0.082 0.011 -0.098 0.058 0.073
HW 0.270 0.646 0.052 1.000 0.006 1.000 0.663 0.389
Na 6 13 6 6 6 3 5 9
Ar 6 13 6 6 6 3 5 9
R 206-216 224-290 293-307 196-218 185-221 282-290 115-131
TY Ho 0.604 0.688 0.354 0.146 0.458 0.375 0.583 0.538
(N =48  Hg 0.620 0.766 0.594 0.214 0.641 0.455 0.613 0.613
PIC 0.581 0.737 0.544 0.206 0.594 0.366 0.53 0.572
Fis 0.026 0.104 0.406 0.322 0.287 0.177 0.049 0.135
HW 0.521 0.132 0.000 0.038 0.004 0.306 0.029 0.209
Na 6 20 4 8 6 3 7 9
Ap 6 20 4 8 6 3 7 9
R 206-222 230-284 293-303 196-218 185-200 282-290 99-131
TE Ho 0.500 0.688 0.292 0.188 0.479 0.438 0.458 0.538
(N =48 Hg 0.512 0.784 0.457 0.318 0.580 0.410 0.602 0.576
PIC 0.462 0.766 0.394 0.304 0.486 0.369 0.52 0.536
Fis 0.023 0.124 0.365 0.413 0.176 -0.069 0.240 0.093
HW 0.079 0.118 0.002 0.001 0.063 0.609 0.003 0.422
Na 11 17 7 7 8 5 7 10
Ag 11 17 7 7 8 5 7 10
R 190-218 226-264 293-305 182-216 152-200 282-298 99-135
st Ho 0.667 0.729 0.250 0.229 0.625 0.271 0.646 0.573
(N =48 o 0.604 0.820 0.583 0.248 0.687 0.298 0.668 0.622
PIC 0.569 0.796 0.552 0.234 0.63 0.279 0.601 0.586
Fis -0.105 0.111 0.574 0.075 0.091 0.091 0.033 0.085
HW 0.903 0.0031 0.000 0.621 0.035 0.466 0.666 0.420
Na 8 18 7 6 6 4 6 10
Ar 8 18 7 6 6 4 6 10
Mean al R 0.583 0.691 0.372 0.188 0.531 0.330 0.552 0.541
o Ho 0.575 0.790 0.533 0.232 0.625 0.348 0.604 0.592
ocl Hg 0.534 0.767 0.495 0.219 0.559 0.311 0.531 0.556
PIC -0.015 0.127 0.303 0.168 0.151 0.041 0.087 0.088
Fis 0.554 0.162 0.070 0.446 0.086 0.588 0.508 0.380

Na = number of alleles per locus; Ag = allelic richness; Ho = observed heterozygosity; He = expected heterozygosity; PIC = polymorphic
information content; Fis = inbreeding coefficient. *Not in conformity with Hardy-Weinberg Equilibrium (p <0.003, Bonferroni-corrected value)
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Table 3. Pairwise Fsr Values and Genetic Distances Among Six Populations of Crassostrea gigas Based

on Microsatellite Markers

TG JD SY TY TE GS
TG -0.0012 0.0025 0.0057* 0.0021 -0.0015
JD 0.014 0.0002 0.0065* 0.0034 -0.0009
SY 0.019 0.016 0.0120* 0.0037 0.0027
TY 0.025 0.026 0.035 0.0144* 0.0080*
TE 0.019 0.02 0.021 0.037 7 0.0035
GS 0.014 | 0.014 0.02 0.032 0.02
* Fsr; Significant at 5% nominal level (p <0.05)
Aoz Qs e Hardy-Weinberg @2 |23t o2 Hete =2 IS H3oh (Fig. 1). UPGMA £40M &
o] FFLJUL (P < 0.003). F (TY) A FlotA 22€ 7ol fx|ste] =2l
FALZE 23 50| BEeA Yehgton, ol Fsr 4ol
2. AR 22 £ SAHCR foatA =2 At dod ZAatolct
da A 7] /A 23 9 fATAIE Frkel] fel, q T {44 BAE ANZHog ERlIst= PCoA &40
A 7F 2324 (Fsr) o /84 718 (Dis) & AEstle A 59 (TY) A& A1FAE (Coord. 1, 38.48%) Zol
o, 0|5 AWE A4 o2 FH517] sl FAHEEA (PCA) A o2 ATE 95| 2eEo] AHE fxlo] ZHste
= FYolAth. For 2 /34 78 243 41, 89 (TY) o, YA Hee A2 24 fix]o] BHste] ERxsH
Ae ZHYE (16), 2= (ID), Ak (SY), eigt o] %34_11] (Fig. 2). °l2i3t 23t 59 (1Y) Weo] ALY =k )
(TE), 24 (GS) 5 TE ZE Qoo vmoly geld By A 29l oJsh $HH02 DYeo] 918 A,
Pe Ho, 58§44 235 Y (p < 0.05). §3l, FF AT e A4 fAM T 7Hiﬂ HEAE B AY
59 (TY) Aat efigh o] =24 (TE) A 7+ For 42 stA mhetstr] flste] A +& £4 (STRUCTURE) 3+ 3
0.01442 7} =%o, o= 59 (TY) A9 53H /4 o g9 24 (Population assignment analysis) = 4335}t
TZE Wgohs 2tz siAE. §3A Ag BAoME %dtt. STRUCTURE 24 Zm} Ao 122 714 AAsH
59 (TY) A<t eieh ol ®WxA (TE) HE 2+ A7t Agsts A4 24 = K =2 2 ol 7P =7 Yeste
0.0372 7H =7 Uetgten, ARty oz & (TY) Mol ™, A oM Fridez Zd 73°k°l UE HHES
O Aol Bls] 44 Ag Aolzt 7 2 AoR Wty oy, =48 4 JAdor HFo7lole 23 #F0] Al
ok HhH ) CEfQh A E (TG) FEa #4F (GS) A 7t Zoldt (Fig. 3).
For 42 -0.00152 & (-) 9 g2 Eem, 44 7 Ty A &9 24 23 &9 (TY) d92 o0& I
AME 0.0142 7 Yol o5 AT e f8A fAMIo] S3} vlwste] A 5& (Gene flow) ©] A= o] IA

2 22z Uit (Table 3).
ol2{3t Fsr 7|Hte] 704 £3t P2 Nei 44 A2

MR A |
7I§to & S UPGMA Alszel F4&2xE 24 (PCoA) Z

TY

sy

TG

D

TE

GS
L]

Fig. 1. Dendrogram Based on Nei’s Genetic Distance Using the
UPGMA Method for Six Populations of Crassostrea gigas.

Principal Coordinates (PCoA)

* 16

Coord. 2: 19.43%

Coord. 1: 38.48%

Fig. 2. Biplot of Principal Coordinates Analysis Based on Nei’s
Genetic Distance for Six Populations of Crassostrea gigas.
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Fig. 3. Analysis of Population Structure of Crassostrea gigasIndividuals Using STRUCTURE (K =2).
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Fig. 4. Population Assignment Analysis Results of Individual Crassostrea gigas Samples.

Sze) 924 2o P4 B (Fig. 4). ol HEAIA
AR £9 (TY) Zsto] Ay Aake ke g4 7]
whe U3 EREE 98 Holn, QgiHel FA A4 B

AollA At |- ARgo]l 1 A THeAdol e
AJAFgtE} (Sekino et al., 2003; An et al.,, 2012; An et al.,
2014; De Meets et al., 2018).
2 d1E &6 Ul 2 s FF " (
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