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Microsatellite marker analysis of genetic structures of three populations
of cultured Japanese flounder Paralichthys olivaceus
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ABSTRACT The genetic diversity of cultured Japanese flounder Paralichthys olivaceus from
three countries (China, Japan and Korea) was studied by using five microsatellite markers. The
results showed that the average number of alleles per population ranged between 4. 8~5. 6, and
the mean observed heterozygosity (H,) was 0.391 7~0. 564 3, while the mean expected het-
erozygosity (Hg) was 0.598 1~0.626 4. Hardy-Weinberg Equilibrium (HWE) test revealed
several loci in some populations deviated significantly from HWE balance. Genetic distance a-
nalysis showed that the smallest distance was between Chinese and Japanese populations and the
largest distance was between Korean and Japanese populations. The Fst values between popula-
tions indicated that there was significant genetic differentiation among the three cultured popula-

tions.
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F 8 Paralichthys olivaceus FBEAM THREHE . HE . KE. HELAGE . AAXA REFEFEREK,
REAVHRZFNMGTEH HAEAMBENFEBKFEHEAL, BEAITHRANEHEIRLBRARE, N, K
ik 25~50 d WBR AP M4 A SR E R W R R E R E T Z 44 R E (Ochiai ez al.  1997). AR E
B, THERSERTFERS ENEYEFE T ERE T — 8245k, flInfr S AN TR EXKE R
W (Kinoshita ez al.  2000) LA A K B E M E W 1 AW (Minami  1997), 7€ # % 45 ¥ 57 11 » Masashi %
QOODF M BERIC/HH T HA 7 AR b K 0 B E S50, IA 8 A 5] 1b 38 3 44 2 [B] 38 1% 45 W K F-
A Nz B Q2005 a4 T A 6 BFRFEB RN B2 51, K& 2R 8K T 8 R 8 & (Sekino ez al.
200D , X FERHE T ATRBESKHTHHARKL B RBEER S & 4 T8N I 38 518 0% W bn s f R
B TR AL, T B AR T B AR B985 R . D T RIS T S BT UR 09 WT RS2 A AI LA B B Ak 3 32 53R , B BA 28 7 K ()
BHENBREEN SR EHENREUITER., EXRPE D 1EE M Sekino % (2000) FF K B 2F 6154 T EARiC P
WHETSALZEMNEA AU REFTE. BANSGEN 3 MEHEFEFHBENBEERNSRIESEE. U
BERERMALERNTHRESEHIR, 3 THFERFENRPULEMHESEEMEE.

1 HHEMFAE

1.1 H#

FEEhECH . BAJPD) 5HE#EKE YA IWREEREEKZHRAF . EK 6~10cm, FH&
9. 5g, HP BARBEARN B AT H X 5] 3B A REK T — MK R R A NS E SN &5 8 A
AN TR PEBEAREFEAR AN T RNME. BIMEAER30EE, RFEANCEHERFAN
SHRETEKCES.

1.2 A&

1.2.1 Fé A Ea DNA ¢4 IK

HF 4 DNA FE @I HE R (Liao ez al.  2007), M A k5, B 100mg H4, Ri5 A IR ER
B, A 400l TNES Z/# ¥ (10 mmol/L Tris-HCl, pH 7.5, 400 mmol/L NaCl, 100 mmol/L EDTA, 0. 6%
SDS) M 5l HEH M K(20mg/mD ., IREBETFT S5 CRBHEAAZTALHE LT HRAIFAN RS, REMA
120yl 6mol/L NaCl #8415 4°C,12 000 r/min B> 30min., B L&A BB —20C H% KT KZ BT
wECRERAREERIED Y, A 700 BB ERMIK. RENELRT LS, M 100l TE(1I0 mmol/L Tris-
HCl, 1.0 mmol/L EDTA, pH 8. 0){#f#.

1.2.2 Fe A B4 DNA GBI EZSH

M Sekino % (2000) F X HIH P EVCHEZET 5 M EHMA, B EBFEEARSGRGEGE D, 250 PCR R
MR ZE P, & 40ng FEE 4 DNA, 10pmol 3|#, 100umol/ L dNTPs, 1.5mmol/ L # Mg* ", 1 X PCR &
W, 1 UM Tag DNA B48. PCR RMEFN 94 CHAM 5min ,RJF 94 CAH 455, 54~58 CiRk 40s(K
1),72°C3EM# 1min, 3£ 35 NEF; &5 72CAREM 5 min, RMFEEET H{LPTC-200) Ei#TT.

PCR R JG, A 12p] 6 B BERE 28 ¥ (98 % HI Bt Bk, 10mmol/ L EDTA , 0.05% —_H %%,
0.05% W E %) T 95°CA M 5 min, RIGLBIKE. UYWL W EHRNHBRERBEKIE, 835
DNA 4 F B3 #: (pBR322DNA/MspD) LA S HIE E M E H K/, 2% Caetano-Anolles % (1997) 238 K J5
BHREA,

1.2.3 KESRITHH
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Table 1  Primers of five microsatellite DNA marters and conditions of PCR

BAKBECC Z4#EEKAND Genebank BFE

ok % FI(57-37)
£ HERT ek Annealing 5 (bp) Genebank

Locus Repeat motif Primer sequence . .
temperature Size range accession no,

F-GTTGGTTTAACTGATTCATCTGCAG
Po33 (TG)s T2(TG 1o 55 260~290 AB046752
R-TTACATATCCCACAATGCTTCACTC

F-TGGTTCTAGTGTTTGTCTGGTGA
Po35 (CA): 54 286~310 AB046753
R-CCTACAGCACAGATATGACCTTT

F-GCCTCCAGAAACATTTATGGGG
Po48 (CACG):(CA)s 55 130~142 AB046755
R-TGTCTTGCCTCTGGTCCTTCTT

(CAY5s AG2(CG)2 (TG F-TGCGGTCATCATGTCTTTAAAATA
Po83 56 254~290 AB046759
(CGH2(CA) s R-AGCAAATGTTTGCTTTTGGATACA

F-ATCAGAAGTCATCCATGCACTGGCAC
Po89 TA;(CA); 58 250~300 AB046760
R-AGCTACTTATCCACAGGTGTCGACGG

FIFH Popgene BB EBEAZEM A EMERNE (A AREMERRA) T4 E (Hs) WM
MEE(Ho) HEBKE G URYEY FE, A AZRANR TSN ELE M EMRA- BAKTE
(Hardy-Weinberg Equilibrium, HWE) ., F|f4F F Z 2 #7 (Analysis of Molecular Variance, AMOVA) gk
(Excoffier etal. 199 EREBRELEH KPP A BETRESBABEARETRFMBARARELER. H
Arlequin HWE B E R F. FHREE BRI B K Nei’s BIEHE 2, R Nei’s BEEE A MEGA(Ver-
sion 3. DT UPGMA (Unweighted Pair Group Method using arithmetic Average) R4t (B 1),

2 H#ER IF

I

L CF
2.1 FHEI I HFHABAYMIECAN KF

Bt : t : : i
0.08 0.06 0.04 0.02 0.00
5 AP v He i&ﬁl A

e ﬁﬂf&i‘# ) i * /'\% 1 BT Nei's 6B RWRE 3 F SFHRABHK UPGMA
DR H A {M““ﬁ‘ig Hey 6 A% Fig.1 UPGMA dendrogram based on Nei’s genetic distance
frZEH . 3 AT IFRAT RS2 H for three populations of Japanese flounder

¥E 4.8~5.6 Z [, Pod8 i my WHE

S EHEBED Q2 D), Po83 (P WH M FEMBEEEZEL G M) B EF K K/IE 130~310bp Z A,
- S R R BB B B R SR Po89, 2 5. 50 4N B E M BB N SR Pod8, 1. 34 4>, KEBK
B/ B SR Pod8, A s IR B L AR Po83 Ml Po89, ¥R 14 A, 3N FHERIKK T F.E#HEE WK
B4 0(P<C0.05), 4 3 A (Po33,Po48 H1 Po89) il 8] T 24 & F 85k , B % £ (Po35 1 Po83) K 1l 4
HEFHFGE 2),

2.2 B nMBgEAEBEATR

HEARBEREEMSMERNZEE(EMANSENEREBDEFEHANAEERNEESH,
HENRNERBARESESNOERGE K% 2000, AER3TH. S/ NHENEHERSMERAE
2.75~3.28 Z 8], T Wi 42 & B (H,)TE 0. 391 7~0.564 3 Z[d], FHHEIL A BF (H)EE 0. 598 1~0. 626 4
Z 8. f Po33 fl Pod8 TEfT A 3 N FHBEP IS HWE(P>0.05), {4 Po89 7 F #F +h M B ik M
EBEFS HWE(P>0.05), £ B AR KD ME HWE, {4 Po83 A RB& T H4 HWE(P>0.05), i
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FEHAPABA TR HWE, 4 Po35 # 3 M EFHARFE HWE(P<<0.05), T VLHEE BN
B, 8 E B AR (KF=0. 604 610. 354 2), 7l P EBHR B K (CF=0. 581 540. 357 2)(3& 3), AMOVA 4#f
HFRER BEAMREER L BBEERE 2. 44%, X FU T F 67 3 AR 6 55 Bk 4 K 340 8 &
TR EHBANNBREEREBEN,

2 3NMTEAFAHRFHSIRIBHALHEHSFER

Table 2 The analysis of five microsatellite loci in three populations of Japanese flounder

:oi Pafxiter Po33 Po35 Po48 Po83 Po89 S';/Iji{ji

JF n 30 30 29 30 29 29.6
A 4 6 2 7 _ 5 1.8
A, 1. 81 3.56 1.82 3.89 2.70 2.75
G 6 9 3 11 7 7.2
Hg 0.446 1 0.719 4 0.451 8 0.742 8 0.630 2 0.598 1
Ho 0. 546 3' 0.268 4 0.540 2 0 0.244 6 0.358 7 0.3917
P 0.955 6 0.000 0 0.054 2 0.000 4 0.001 6
Fi —0.120-8 0.258 7 —0.3737 0.326 9 —0.313 2 —0.044 2

CF n 30 30 30 30 28 29.6
A 4 6 2 7 7 5.2
A. 2.11 4,26 1. 34 3. 87 4.80 3.28
G 5 10 2 9 13 7.8
He 0.56339 0.778 5 0.259 3 0.754 2 0. 805 8 0.626 4
Ho 0.566 7 0.666 7 0.300 0 0.466 7 0.821 4 0.564 3
P 0.446 8 0.000 0 0.365 5 0.000 0 0,403 3
Fi —0.079 14 0.129 2 —0.176 5 0.370 8 —0.037 9 0.412 4

KF n 30 30 30 30 29 29.8
A 5 5 3 8 7 5.6
Ae 1.97 1.79 1.97 4. 60 5.50 3.17
G 6 6 5 14 14 9
Hg 0. 500 6 0.448 0 0.5011 0.796 0 0.832 4 0.615 6
Ho 0.566 7 0.2000 0.533 3 0.766 7 0.689 7 0.551 3
P 0.724 0 0.000 0 0.962 5 0.083 3 0.157 3
Fi —0.151 2 0.546 0 —0.082 3 0.020 6 0.157 0 0.098 0

HEeon HEMBENEGA BNSUREE A AARSMER G AXBREG He IBYPRAE  Ho R MBS E; P HART X Hardy-Wein-
berg VM B ERRE; FRAEXRK

MuREH . BEEERGRBERENBREEREENVTRESR. BERFEZXZMRL, NRETFEBRK,
MR AR K, B IER /N (Plosky etal.  1993), F#F 3 MFRB KR MBEEELE 4, Kb, Bk
MEEEER RN N EABASHEREAO. 198 2), HHXA I HAEREEZFBEAPEBKS B A 8K&
FBMEIE B B&/NO0.073 4), B 1 BETF Nei’s MAEEWEN UPGMA R , Kt EHESHARETER
B REASHEHERE—E. AMOVA S8 REH, HEARMNBREER S EBRELRN 7.56 %0 (K
5), 6% 3 AR EE BB (F,) N 0.075 2(P<<0.001), P F 6P ch MRt A M H AR A E Z RB(FOR/DR
0.034 9(P<<0.00D) , Wi BARARH S HBERE RO,
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Table 3 Genetic variation in three populations of Japanese flounder

Bk RRRUS B S FHPEREE FHEREMER PHEE SRR
Population Ho Hg Average no. of alleles Average gene diversity
JF 0.3917 0.598 1 2.75 0.593 940,349 0
CF 0.564 3 0.626 4 3.28 0.581 5+0.357 2
KF 0.5513 0.615 6 3.17 0.604 610,354 2

. JF N HARECF AR EREKF hEEREK
F4 FREWNOBEZEMD Nei’s iB1E
ERNBEERM(F,)

3 itig Table 4 Nei’s genetic distances and FST between
AN RRB AR ERGEE SN, HA popelations o Japenene Fovnder

ANTLUR RBHER AR SR, e R 00k P cF KF

R EEEERRANSFUERAAKERESMNER

FIEER HE RI MBI SRR F Y REERRK, JF 0.0349%* 0.0967**

fMSERYHRAERKREENRFEAINTRGE %

2004) , AT P 3 N FEEBIKR AN FH R BB E CF 0.073 4+ 0.091 4"+

BEHEAKBHARE. TEBGRSHEHENEHSEN

HEEFEHH 4.8 4.5.2 4 5.6 4, B BT Sekino KF 0.198 2 0.193 9

5 (2001 HATE) 16.5 4, 57T REBR BT KL 191 4 B
AX EREERETRBRFFRABEEH TP HyA T RTERIARUTORERREROREER,
THS AHFARRES SHTRATUERNER, g nr o e RBRNE e
BIESRAMA, AABRKNTFSSTERBERS X ppon

T .55 F A S £ 0 55 B 46 K

SR A TH B ST 0N SEIEMERE L, 7 5 9 TRAEF L& Pos3 F1 Pos9 EH 4
LABEBR R HWE, T8 Poss 15 3 MIHh 7R & HWE, M mch MM R EA RS B4 A 0H
AT B PP S (Shao et al.  2008). T HI £ B ML BB 05 B A6 2 B8 1 00 B B A6
2. 15 3 ABIRBT R SRR B BB TR B SR BB T F MR TR Z R
LB U S 2 B VA, 09 6 0 BB 25 BEHEAK -0 o OB FL ARG B M 5 8 B0 T A
FURAEH R S CBALRS  2005).

£5 FEINFABKN AMOVA FHER
Table 5 AMOVA analysis of three populations of Japanese flounder

TREE BHE 75 Al FRAR EREHE
Source of variation Degree of freedom Sum of squares Variance components Percentage of variation
B k|
2 17. 98 0.123 7.56
Among populations
B PR
o 177 276.1 1. 505 92, 44
Within populations
&3t Total 179 284.1 1.628

RISIRIUT LB T MBI R G % R AR E RHFES 2003 HIBTE 2007, FEhEMKSHA
BREARE 3 RARASHEBARE—2, XRAFHFERGCS A AHAEE X AR, MSSEH
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RERBIT, FHF 3 MEKEERE(F,)H 0.075 2(P<<0. 001) , RBAKE ML BE RS, Kb EBAM
HABEREE ZB(FO /DA 0.034 9(P<C0.001) , BB b FBE AR R B AR B R BE LB/, X 5B LSS
R—. SR, FEE 3 SR BEK K 18 A5 ZHEHEK T RS 5 28 R RE A XY B R B IR ER A BT % & (Sekino e
al. 2001)., HEL, EERETS, A TREATHFREEHEENRE AN ENEEEE AT WESHEHE
AP ER . GIEATEFIBRPRETRHEUGRTES, AL ESIHESFARE, BEFERESHE
oM TRV REARAEAEER L.
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