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Isolation of microsatellite DNA markers from southern flounder,
Paralichthys lethostigma ,and its application in genetic structure analysis
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ABSTRACT A repeat-enriched genomic library was constructed from southern flounder Paralich-
thys lethostigma in order to evaluate the level of genetic diversity and population structure. In the first
batch, 45 positive clones were successfully sequenced and 43 sequences were found to contain repeat
motifs. According to Weber(1990) classification rules, the sequences were divided into three catego-
ries: 26 perfect repeat sequences without interruptions in the runs of CA or GA dinucleotides
(60.5%), 14 imperfect repeat sequences with one or more interruptions in the run of repeats
(32.6%), and 3 compound repeat sequences with adjacent tandem simple repeats of a different se-
quence (6.9%). Fourteen pairs of microsatellite primers were selected and used to analyze the poly-
morphism and genetic structure of the wild and cultured population of southern flounder from Ameri-

ca. The results were shown as follows: two loci were monomorphic, and 12 loci were polymorphic, in
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which 7 loci showed high polymorphic levels judged by PIC value (PIC=>0.5). The averages of ob-
served and expected heterozygosities of the 12 polymorphic loci were 0. 36 and 0. 57, respectively. In
addition, a total of 90 alleles (50 effective alleles) were detected at 12 loci in total samples. The Har-
dy-Weinberg equilibrium (HWE) analysis showed that 9 loci deviated from genetic equilibrium to dif-
ferent extent in the two populations and heterozygote deficiency occurred in total samples (Fis™>0).
The level of genetic diversity in the wild population was significantly higher than that of the cultured
population, and the genetic distance between two populations was 0. 111 5, which indicated that the
genetic differentiation between two populations was quiet weak. Twelve polymorphic microsatellites
were identified in this study. and these microsatellite loci would be usful to analyze genetic diversity,
and protect germ plasm resource of southern flounder.
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Table 1 Motif, primer sequences and primer annealing temperature for microsatellite DNA markers of P. lethostigma developed in this study

7 2 7 5 3RS iR FIYFEF (5" —>3" IR Ty Bk

Locus  Accession No. Repeat motif Primer sequence Tm(C) Expected size(bp)

BCA27 JF502035 (AC) 23 F. ACAGTGAGCAGGAAGCCATTAT 57 279
R: CTGGGTGTAAACCTGAGGAGTG

BCA50 JF502039 (CA) 12 F. CAGATACAGTCCCTCAGCGTTAC 54 88
R: GACTGCCGCCATTTAGCC

BCA52 JF502040 (AC) 2 F. ACGATGACTGGGCTGTGAG 57 182
R: TGGATGGGTAATGGGATAG

BCA65 JF502041 (AC); AACAC), F. GCTTGTTATCCCTCTTTCTGT 54 146
R: GAGTGGTGCTCATGTTGTTT

BCA68 JF502042 (CA) F. GCATAGAAGACGGCGCAGAC 57 118
R: CAGCGTTATTGCCTCTTGTCA

BCA70 JF502044 (AC) 1y F. TTCCAAAACCCAATGATGC 54 366
R: AGAAAAAAGGAAAATATGTGGTC

BCA83 JF502045 (AC); F. CATATTTCACGACTTTTCCTGCC 57 153
R: CCATCCCACCCTCCTTGACT

BCA84 JF502046 (AC), F. ACCACTGAGCCACAACCACCA 57 112
R: GGCTTTGTCCGCCACATCCT

GAS JF502048 (GA)g F. GAATCCGATATGTTTTATGACCT 54 220
R: GCAAAGTTTAGGAACCACCA

GAl12  JF502050 (AG) s AACAT) F. CCCGTACTCCATCCAATCA 57 188
R: TGTCTACTTTTCAGCAATCCA

GA13  JF502051 (GA) F. CCCTGGCGATGAGGAAAT 54 90
R: GCCGTGCTGAATAATAGATGC

GA31  JF502053 (AG);GC(AG), F. GCAACAACATCAAAGACCCAGA 57 180
R: TTCCTAAACCGATTCCCTCCA

GA34  JF502054 (GA)y (AG); F. ATTGTGAAAGGGATCAAGGGTG 54 133
R: GTGTTTCCTTCTGTATTGTTCCCA

GA94  JF502058 (CA) 17 F. TACAACCAACCCCTCCATTATTT 54 141
R: GCTGGTCTCACATCGTTCACTG

gi gk 2 s, B BCASO M GAL2 {5 & P 40, oy 12 X5l &y i e it g 2851,
BCA65,.GA13 HAKEE L1 5 (PIC<<0. 25) ,BCA68,GAS5 Fl GA31 Ky BE £ 257 £ (0. 25<<PIC<C0.5), H:
BT AL R 2 AL (PIC>0.5),

IFGASFEAR AR F 12 X 28526 P BE R of 2L A6 0 1 90 A48 A7 35 (Na) S R 2(GA13) ~
16(BCA2 AN, B AERFASF- I 0 FE R 7.3 A F 34 R0 07 L KR 4.3 A 5 5% 58 1F A 1) 7 38 55 67 JE R oy
48 A CE AR N 2.9 A, 12 NG0B A AR WEBE 2 6 P S BE AR W 4% 24 & B (Ho) 2y 0(GA13)
~0.65(BCAT70) .33 0. 36 WA FE (He) Jg 0. 07 (GA13) ~0. 90(BCA27 ,BCA52) , 44 0. 57 ; B A= #E1A
FFEGHRE R (0 - X W BB 4 5 B 43 0 0 0. 58 1 0. 52 FR BHE 434 AT 60 B A6 A 55 o7 5 PR 50 A 80 56 A6 356 [
KA BEX W T IR FH AR BF AR AR 2 808 TR p e

X 12 A TR A A I TR A A% A (HWED 43 81 & 3R, 6 5 5 2 87 1) B A= B 4k b, BCA27 . BCA65,
BCA68.BCA83 .GA3L.GA4 fif ki fF & M FE-IRAA 4% 1Al (HWE) (P=>0. 05) ; fEF# JH FF K 1, BCA65 . BCA68
BCA70.GA5.GA31.GA34 {i 5454 W5 A0 K E 4 (HWE) (P=>0. 05) ; W AN BERE . [ BCA27 .BCA65.,
BCAG68 £74 HWE &b, Hiflh 9 47 5 10w 85 HWE(P<C0. 05) , % 4 A -4 46 I 25 5 2 B 12 > 228 PE 7 5 2 )
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Table 2 The genetic diversity indices of 12 microsatellite DNA markers for the two populations

e g f A= B4R Wild population FH FEAR Cultured population MR Al
Locus Na Ne Ho He PIC P Na Ne Ho He PIC P Na Ne Ho He PIC P
BCA27 16 9.0 0.67 0.90 0.88 0.922 7 4.9 0.78 0.81 0.77 0.037 16 9.1 0.72 0.90 0.88 0.147
BCA52 12 8.9 0.41 0.90 0.88 0.013 8 5.1 0.44 0.82 0.78 0.015 13 9.0 0.42 0.90 0.88 0.000
BCA65 2 1.1 0.10 0.10 0.09 0.746 2 1.0 0.03 0.03 0.03 1.000 3 1.1 0.07 0.07 0.06 0.991
BCA68 6 2.1 0.47 0.53 0.49 0.363 4 1.5 0.37 0.33 0.30 0.89%4 6 1.8 0.42 0.44 0.42 0.714
BCA70 9 7.3 0.60 0.88 0.85 0.003 5 3.6 0.70 0.74 0.67 0.243 9 5.4 0.65 0.82 0.79 0.000
BCAS83 3 2.1 0.47 0.54 0.47 0.105 3 2.8 0.37 0.66 0.57 0.008 3 2.5 0.42 0.61 0.53 0.007
BCAS84 6 2.3 0.28 0.57 0.53 0.011 4 3.3 0.50 0.71 0.64 0.000 6 3.3 0.39 0.71 0.65 0.000
GA5 4 1.4 0.13 0.27 0.25 0.002 2 1.4 0.23 0.30 0.25 0.218 4 1.4 0.18 0.29 0.27 0.000
GA13 2 1.1 0.00 0.13 0.12 0.000 1 1.0 0.00 0.00 — 2 1.1 0.00 0.07 0.06 0.000
GA31 3 1.6 0.23 0.39 0.32 0.113 3 1.4 0.23 0.27 0.25 0.094 3 1.5 0.23 0.33 0.29 0.047
GA34 10 4.8 0.32 0.80 0.76 0.017 11 4.4 0.53 0.79 0.75 0.302 11 5.2 0.43 0.82 0.79 0.000
GA9Y4 14 10.3 0.53 0.92 0.90 0.463 8 4.4 0.33 0.78 0.74 0.000 14 8.7 0.43 0.89 0.87 0.000
ifij 7.3 4.3 0.35 0.58 0.54 — 4.8 2.9 0.38 0.52 0.52 — 7.5 4.2 0.36 0.57 0.54 —

W Na: B0 FE B Ne BN LB Ho: WA A BE , He B3 A B, PIC: 2545 B & & . P WS 18R A0 48 °F 5 16 56
Note: Na: Allele number, Ne: Effective allele number, Ho: Observed Heterozygosity, He: Expected Heterozygosity,
PIC: Polymorphism index content, P; P value for Hardy-Weinberg test

2.4 BfEEBEEXR
X R A 1) 1A (A D9 09 352 15 22 0 0 i 29 2R DL e 3 o ol R 3 AT R L 1 BE O B R O DN 0 R 0 A 2 AR TR AR B

®3 EHIEFFERENFERENEECSHFEMEESL

Table 3 Genetic diversities and genetic differentiation of the wild and cultured populations

Shannon's {55 B 15 5 Nei's 5 £ B 4

LK ‘ Shannon's information index ‘ Nei's gene diversity
focus ﬁiﬁiﬁi ffiffﬁ BHA Hwp Hbp Gb ﬁ%ﬁiﬁi a(%fifﬂ?; BHA Hwp Hbp Gb
population  population Total % population po/pulation Total %
BCA27 2.46 1.76 2.43 2.13 0. 30 12.39 0. 89 0. 80 0. 89 0. 84 0.05 5.09
BCA52 2.31 1.79 2.34 2.06 0.27 11.69 0. 89 0.81 0. 89 0.85 0. 04 4.54
BCA65 0. 20 0.08 0.16 0. 14 0.02 14. 10 0. 10 0.03 0. 06 0. 06 0. 00 1.54
BCA68 1.09 0. 67 0. 96 0. 88 0.08 8.76 0.52 0.32 0.43 0.42 0.01 3.22
BCA70 2.08 1. 39 1. 87 1.73 0.14 7.30 0. 86 0.72 0. 82 0.79 0.02 2.70
BCAS83 0.91 1.07 1. 01 0.99 0.02 1.70 0.53 0.65 0. 60 0.59 0.01 2.11
BCAS84 1.19 1. 26 1. 36 1.22 0.14 10. 08 0.56 0.70 0.70 0.63 0.07 9.99
GA5 0. 56 0.48 0.57 0.52 0. 06 9.58 0.27 0. 30 0.29 0.28 0.01 2.24
GA13 0.24 0. 00 0.15 0.12 0.02 16. 19 0.12 0. 00 0. 06 0. 06 0. 00 3.42
GA31 0.62 0.52 0.59 0. 57 0.02 3.32 0. 38 0. 27 0.33 0.32 0.01 2.17
GA34 1.79 1. 87 1.94 1.83 0.11 5.57 0.79 0.77 0. 81 0.78 0.03 3.41
GA94 2.46 1.70 2.34 2.08 0.26 11. 00 0.90 0.77 0. 89 0. 84 0.05 5.37
/tfie 1.33 1.05 1. 31 1.19 0.12 9.33 0.57 0.51 0. 56 0. 54 0.03 4. 44

T Huwp BRI AE ZHE0E . Hop: BEMR RS 2 HE 4k, GD IR ] 8 4% 310

Note: Hwp: genetic diversity within populations; Hbp: genetic diversity between populations; GD: genetic differentiation
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P340 9. 3394 s 76 Nei's JEPH 2 FEHE 1, 1505 2 67 1% 04 () BB X 2 A MR R B0 0. 56, 5 27 6 1 Py (1) 5 P
ZREPERRBUR 0. 54, T RE 1A (5] 352 1% 22 REVE R BIOR 0. 03 B A F 1A R0 5% AR RF AR 1] 1) 382 1% 40 A6 T34 R 4. 44 %

F-Ge i R A 50 R 1 3 A2 0 AL I T B4R AR . 0 3 D2 BOIE R R B (Fi) AN IE S R B (Fis)
PRI A R B (Fse) o BEGESF SFHF A FFRFREAR 12 A ZBVE AR F-SEi B Mrai R R 4. LT 12
TR A B ]38 45 20 A BB Fst i 0. 043 8(Fst<C0. 05)  BF A= AR I 52 58 B A 20 AL B 55 s BEAR P YO 22 2R
B Fis 29 0.355 5. FERIN A G 78R 35 o 15 O 6 7O A AR (8] B9 382 A5 R RLBE O 0. 894 5(3 5) it fE IR E
(Ds) 2y 0. 111 5, WA FEAR ] 73 AL 55
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Table 4 Effective number of Fixation index (F) of 12 microsatellite DNA markers in the two populations

Jk TR pES i e N B FER 5L H A 3 pES i e A P 3 HEMAR A1k
Locus ZH Fit LR Fis R Fst Locus R Fit LEK Fis R Fst
BCA27 0.142 2 0.186 1 0.051 1 GA5 0.353 6 0.368 1 0.022 5
BCA52 0.499 5 0.522 3 0.045 6 GA13 1.000 0 1.000 0 0.034 5
BCA65 —0.043 5 —0.027 8 0.015 0 GA31 0.279 6 0.295 3 0.021 8
BCA68 0.008 6 0.040 6 0.032 3 GA34 0.452 9 0.471 5 0.034 1
BCA70 0.180 7 0.202 9 0.027 1 GA94 0.482 6 0.510 4 0.053 7
BCAS83 0.2915 0. 306 4 0.021 0

BCA84 0.382 6 0.444 4 0.100 1 Mean 0. 326 0.355 5 0.043 8
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3 -I'TJ- -i'/l'-\' Table 5 Genetic identity and genetic distance in wild and cultured populations
BEBE S B T 21 20 %) A ZE = 5| A B fk Population BF A PR Wild Fe A BE A Cultured

FNE NG HARH A E LY K, &k Tp A B Wild - 0.894 5

10 4F Y3250, © 208 B LA T2 4k 37 56 i FRIUHER Cultured 0.111°5 -

WHE T A ST R, FE AT EE T HE AR LTS R BE B . 02k DL L B S L 4 8
ﬁ,r— IIEJ i ﬁtﬁ'ﬁ s Eﬁﬁﬂéki%ﬁﬁﬁ'ﬁ: Notes:Data below diagonal are genetic distance ; Data above diagonal are genetic identity
Tofr J5T 235 ) 5% W) ) PEAN A AR AT S Ry

PR I3 G 2ok 5 XoF JH: ol 52 45 440 194 52 1) o A AT 5% DA VBE RE F 6 66 PR 24 DINA i 32 s 10 AR A6 i IR T BT T & i 1 T 2
PR ig R SR 1 32 [ 0 155 B 2 0 B A R RN 55 98 R AR 388 4% 22 28 PR I LA 43 A s DA IDS SR 3K VB 50 2F 6 g 5 A f B R
AT HFEL R AR RN %,

Blandon & (2001) 1) FH [F] T il 7 32 %o 56 [ JLAS 15 DX %) 160 BF 2 6 M5 A AR AT T st 4% 22 28 40« R 0 1) G
BRI Z2 25 AT Bl 4. 419 ~10. 29% (Po.go) s 38 7. 5% s P39 42 5 BESE I 0. 03~0. 12, 2= ® 5
(2006) [F)E F1) FH [) T it %) 5 92 R V50 508 2F 6 5 | 2 b R 26 A7 38t 4% 2 8R40 A R IAE 15 Fhm) T 290 5 9 33 4
PSR H 1 NN RS WA E R 0. 121,

Ju o BAFE(2006a) FI A -G TR 51 40 RSB A 6 55 5 B 1A 388 4% 22 S PR R AT 40 B o A0 3] 95 B 2F 66 5 4
REAR G FE B 2~6 A ULEE T B BE(E N 0. 291 7~0. 958 3, IR & BE{E o 0. 405 3~0. 755 3; 285 H
Tt PIC 9 0.353~0. 746, 6 ARy FEZ BN AL F3 5 4 AR EEZ A s, Shao 4 (2008) FF & T 10
X B B 22 25 MR 0 I X L AL S M H A B, 45 SRR L A 7 3 PR [ 2~ 9, W A% A B I T
0.250~0. 900, W B2 % &5 FE Y ] 2 0. 446 9~0. 851 4, ASSLIG P45 45 407 S RIS [ 2 2~16, WA+ 5 FE ol 0~
0. 65CF-17 0.36) AR 0. 07~0. 90CFH 0. 57) 45 B 50 #%5(2006a) ,Shao 45 (2008) 45 53 A W)
G HEAE /N 22 5 0] B 5 R FR M BB SERFIA 22 S A OC WA TR R D E A U Z | 22 5. B i i,
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AR T2 5 36 0 8 0 24 O (1) 388 e 4 4 249 o o ) Tl 45 2R 2R A0 B8 50 o 1) T 22 20 7 0 E T A M i
R AR

YRR P9 A 2RI R HRA IR A UK (I 22k 8 . PIC.Na.Ne,Ho,He Nei's #§ 4% . Shannon's $§ 4 Al
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