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ECARAIR A AL EOR , IR 2T
1738

MERAEAILEME, 280 BRI
(M %%, 2013), © 7 H B X EF (Fenneropenaeus
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(Garnier-Géré et al, 2002)%5 = AR BEAAR ) 1518 48 S50
Briff AT . e, B RS Fhrce T =A%
RGeS IR 43 BT (Alves et al, 2004; Nomura et al,
2006) Filist % % Gl 11548 £ 55 07 T (22 W1 4%, 2010),
I AT R A Ay = AT A s AL 451 B RIS sk e, AL
F =A% R 1E % (Poecilia formosa) I it 1£ 2 B 1 23 Br
(Lampert et al, 2005), [ A i oA 0L 21 A1 R T8 A2 31
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P2 — (B AE, 2013), FAFE 20 T4 80 4EAR, H
ARZEF TR T 4 6 = A5AR 0BT, I X055 5 2 1Y)
AR B HEAT T AT R A KA B %% (Kazoo
etal, 1989), —AKHAFGEAEFE N T 1995 453 M0,
IFITJE T AL T DU S, 1995) . A K (Xu et al,
2010) B PR & 5 (4%, 201 )55 T ARF9E . A
I TR 4 FhRac X AR AR S = AR AR B A st
e ZREPEIE T LB, DU BB — A5 AR 5 AR IR st
LA 225, JFHE TS0, T = A5 R A ST IR A
RS B A 77 1o B LAl 5

1 M ERE
1.1 St f&

FOF = A5AR T 2012 4578 11 2R B 2 ALK 7= )
FAB RO B S OUESE, 1995), I R B0 32 K5
A T ABAAAZHRE U AR g XoF BE 2 [R] A8 R4 T 1 B A
VIR ], R ARG DNA & JE A
P AR S ALRE S AT R PRI . HUR) AT
30 B, SRR s A A TR, A B Ay
H. DAPI et )5, AR (Partec, fE[E)II &
WEEAE, [A)ERE A A X BE B i A AR IR A
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M.

1.2 A%
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Tab.l Annealing temperatures and primer sequences of 21 microsatellite loci used in the study

75 No {55 Locus iR KR JF Annealing temperature ('C) 5| #))¥ %1 Primer sequence (5'-3")
: kop? . F: GTGACACACCTCTGCTTCCTG
R: GAGGACGTGGTTGAGATCACAG
5 kop8 . F: ACTTCACCCCAGAGACAAGCC
R: GGCTGTCAGGAAACTGTGGAG
3 kopl2 6 F: CTTGGCTGTCAGGAAACTGTG
R: CTTCCAGCAGCAACAGGTTTAC
A kopl5 - F: ACTGGATGCCTCACTTATACC
R: GATTCTCACGTTTCCATGTC
5 kopl8 . F: GAAGGATCTGGACTCATGGTGAC
R: CAGCAGCAAAGGCAGAAAGAG
. kop22 - F: GTGTATGTGTTTCGTTTCCTGC
R: TGAAGGCTGTTGTTGCTGTAG
; kop23 6 F: TCGATGAGTGTCCTCGCAACTA
R: ACCGCAGTCTGCAGTTCCTCT
g kop26 60 F: CAGTAAAACAGTCCCTCCTGAAC
R: GGAGTCTGGAACCAAATGTCTG
0 post s F: GATTGTTCAGTACCTGTTCAACCTG
R: TCATTAACAGACGGAGCACCC
10 hol 5 F: GCCTTTTGTCAGCCATTAACAGAGC
R: CTGAGGCCAGACATGACATTACCTT
. pol3 s F: CGGCCTAAACCTGGACATCCTCTCTA
R: CGGGACAACGGAGGTTTGACTGAC
. bod2 5 F: CGAGCGCTGTTTCAACTACGGTCATT
R: ATGATGATCTAACCGTCCGGCTCCAT
3 pod8 5 F: GCCTCCAGAAACATTTATGGGG
R: TGTCTTGCCTCTGGTCCTTCTT
” bo56 5 F: TCGAGCGTAAACAAACCAGCTAACA
R: GCTGAAAATCGCTTTAGCTTCCCAT
s po89 60 F: ATCAGAAGTCATCCATGCACTGGCAC
R: AGCTACTTATCCACAGGTGTCGACGG
s bo91 5 F: AGGTTTCAAGGTGTTCATTGCGAGTC
R: TAAAGGAAGTGCCTCACTGTGGAGAA
4 F: CCTCACAATGATGGCATTGAACC
17 jn900512 7.3 R: AGCCTAATGGTCAGCTGTGTT
4 F: CCTGAGCATGACACTTGCAG
18 jn900519 7.3 R: GTTTCTGTCAGGTGCGTGAG
4 F: TCACAGCCATGATGAGGAGTTTC
19 Jn900522 375 R: CATCAACTGAGGGATGTCGCTA
. F: TTAACTGCTCAGTGGGAACTGG
20 jn900527 375 R: CCTTTCTATGGATCTGGGTCCG
. F: GAGTCATAGATGGGAACCTGCA
21 jn900530 375 R: TGATATGTGGCATCCTGGCA
2 #m=@ 0.681. 0.629, FEUHFIAE 15 A>hi 5 i 1 I B9 2

i 21 X PR 5% A5 AR = 5K o 63
4% 32 BT 00T, AR S50 FE R ECH 1-2
A, AR R RECH 1-3 4, #5193
PSR 1, BIAEERR 21 AR S A ST
FE AR 2,

AT RN A AR A R A A 5 S S A
B, ARCEEN SR ZANEAA EULIE . TG
it (5 T B st A I B FR B L3 3. % iARAE 21 4
fok T A7 ARG 2] S 57 RE R 310 A4S, = A5 AK I 5]
SEALFEN 3-7 S ARSI BT 3.7 F1 2.8
A AR =R AT R ) O 2 3 R 2 A il

R, AR R A

TE ZAGRR =5 RE AT, 21 DMCLEAL Y
PIC 4351/ 0.115-0.828 #1 0.328—0.781, DP 435H
0.119-0.834 F1 0.400-0.788 , PPE 4341} 0.103-0.707
F10.169-0.627, H BRI ZE FHEAC HEBR 2 H#6
KF 0.999, J&FrHEiRa st fEbric R4 (E 4).
AR S AE R R A IR RO 0.312, A AIREL
40.732, FEHRRECH 0.971,

3 itig

L2 DNA 7ERE N2 )z m Bl A, BA
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Fig.1 The electrophotographs of microsatellite markers, jn900519(a) and po56(b) in diploid and triploid Paralichthys olivaceus

M:DNA 100bp 1 5: 2-4 6 7. 8-23: 24-39:
M: DNA 100 bp ladder; 1, 5: Paternal; 2—4, 6, 7: Maternal; 8—23: Diploid; 24—39: Triploid
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Tab.2 Allele frequencies of 21 microsatellites loci in diploid and triploid P. olivaceus

AR XN AR LN
Bind SFALEED Al LR SR SETES Dt SFOLEEIN A (7 PR A SEVEISPIES
Locus Allele Allele frequency  Allele frequency of | Locus Allele  Allele frequency of Allele frequency of
of diploid triploid diploid triploid
kop7 1 0.000 0.229 pol3 1 0.047 0.021
2 0.078 0.021 2 0.047 0.010
3 0.016 0.010 3 0.093 0.229
4 0.156 0.000 4 0.063 0.031
5 0.156 0.042 5 0.063 0.063
6 0.219 0.656 6 0.375 0.500
7 0.375 0.042 7 0.312 0.146
kop8 1 0.093 0.000 po42 1 0.110 0.000
2 0.016 0.302 2 0.359 0.281
3 0.000 0.021 3 0.046 0.344
4 0.891 0.677 4 0.453 0.052
kop12 1 0.016 0.021 5 0.031 0.323
2 0.047 0.302 po48 1 0.062 0.010
3 0.937 0.677 2 0.000 0.261
kopl5 1 0.078 0.000 3 0.172 0.000
2 0.141 0.010 4 0.766 0.729
3 0.187 0.625 po56 1 0.141 0.052
4 0.141 0.052 2 0.078 0.094
5 0.359 0.292 3 0.500 0.573
6 0.094 0.021 4 0.031 0.042
kop18 1 0.031 0.021 5 0.125 0.239
2 0.156 0.042 6 0.125 0.000
3 0.203 0.239 po89 1 0.031 0.010
4 0.250 0.094 2 0.250 0.073
5 0.266 0.583 3 0.297 0.156
6 0.094 0.021 4 0.375 0.125
kop22 1 0.141 0.104 5 0.047 0.636
2 0.078 0.125 po9l 1 0.031 0.490
3 0.234 0.104 2 0.063 0.052
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Locus Allele Allele frequency  Allele frequency of | Locus Allele  Allele frequency of Allele frequency of
of diploid triploid diploid triploid
4 0.234 0.052 3 0.156 0.000
5 0.063 0.563 4 0.031 0.010
6 0.250 0.052 5 0.391 0.219
kop23 1 0.187 0.000 6 0.266 0.125
2 0.203 0.292 7 0.062 0.104
3 0.109 0.094 jn900512 1 0.125 0.031
4 0.078 0.260 2 0.312 0.469
5 0.063 0.000 3 0.422 0.292
6 0.219 0.312 4 0.094 0.177
7 0.141 0.042 5 0.047 0.031
kop26 1 0.250 0.240 jn900519 1 0.000 0.188
2 0.110 0.010 2 0.141 0.333
3 0.063 0.083 3 0.187 0.177
4 0.031 0.104 4 0.281 0.302
5 0.047 0.219 5 0.250 0.000
6 0.250 0.042 6 0.141 0.000
7 0.234 0.302 jn900530 1 0.000 0.021
po-strl 1 0.063 0.000 2 0.016 0.010
2 0.063 0.000 3 0.016 0.177
3 0.063 0.000 4 0.234 0.042
4 0.297 0.229 5 0.734 0.750
5 0.109 0.000 jn900527 1 0.047 0.302
6 0.218 0.000 2 0.125 0.021
7 0.031 0.000 3 0.640 0.302
8 0.047 0.302 4 0.047 0.031
9 0.047 0.333 5 0.000 0.302
10 0.047 0.136 6 0.141 0.042
pol 1 0.156 0.250 jn900522 1 0.235 0.323
2 0.344 0.063 2 0.250 0.000
3 0.172 0.063 3 0.203 0.625
4 0.172 0.250 4 0.156 0.042
5 0.063 0.010 5 0.125 0.000
6 0.093 0.364 6 0.031 0.010

LA LRSS, B2 sFRGE. F
TR AL RS2 v e BB A FARIC 22— i3t
fLhric i R AN E T FH 2 28505 B& i PIC R fig i —
JEEREBL T, PIC B8 52 e Y e — ANt A bR i BT A 75 Y B
T REAS HE AL ARt (5 (5 B 25 i, 24 PIC >0.5 A, &1
AR bR DA AT R R L (5 Bk 2 0.25<
PIC<0.5 i}, FTHIZB AR CRENE 5 & Hb A
%ﬁ%;ﬁ%Pmdusﬁ TR Z AL bRiC n] R

AL AR BPE 22 (B8 A5, 2011) o AR ST X 2 6 —

FEIR R = AR DTSSR R, = =%
R Z 805 B &5 PIC >0.5 (90 S 43914 17 116
A, TR Z AR B o AR REE A R A AL
MY PIC<0.25, {H7E =SB AT, XA
PIC >0.25, {REAE AL A3 B 15 B, ORI 5T H
F AW X AL B

WL AR B B R B L AR S, ]
e = A WAV S8 NSRS d ) N
P B A R ) - BB A Ol 0.681, TAF
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Tab.3 Number of allele (A), number of effective allele (a,), observed heterozygosity (Hp), unbiased expected
heterozygosity (Hg) and Hardy-Weinberg genetic deviation index (d) at the 21 microsatellite loci assessed in
diploid and triploid P. olivaceus stocks

7 %k Diploid =A% Triploid

Locus A Ae Ho He d A A Ho He d
kop7 6 4.1 0.719 0.781 —0.080 6 2.1 0.813 0.531 0.531
kop8 3 1.2 0.188 0.204 —0.082 3 1.8 0.875 0.456 0.919
kop12 3 1.1 0.125 0.123 0.020 3 1.8 0.906 0.464 0.951
kopl5 6 4.6 0.719 0.806 —0.109 5 2.1 0.938 0.538 0.742
kop18 6 4.8 0.906 0.817 0.109 6 2.4 0.969 0.610 0.588
kop22 6 4.9 0.781 0.824 —0.052 6 2.8 0.594 0.659 —0.099
kop23 7 6.0 0.656 0.861 -0.238 5 3.8 1.000 0.763 0.311
kop26 7 5.0 0.719 0.825 —0.128 7 4.6 0.875 0.808 0.083
po—strl 10 5.5 0.656 0.846 —0.224 4 3.7 0.938 0.750 0.250
pol 6 4.7 0.875 0.811 0.079 6 3.8 0.906 0.762 0.190
pol3 7 3.9 0.844 0.765 0.104 7 3.2 0.969 0.714 0.358
pod2 5 2.9 0.500 0.671 —0.255 4 33 0.938 0.718 0.306
po48 3 1.6 0.500 0.393 0.273 3 1.7 0.813 0.413 0.966
po56 6 3.2 0.625 0.714 —0.125 5 2.5 0.906 0.621 0.460
po89 5 3.4 0.656 0.728 —0.099 5 2.2 0.563 0.569 0.021
po91 7 3.9 0.594 0.767 —0.225 6 3.2 0.594 0.705 —0.158
jn900512 5 33 0.531 0.720 -0.262 5 3.0 1.000 0.683 0.464
jn900519 5 4.6 0.656 0.809 —0.189 4 3.7 1.000 0.755 0.325
jn900522 6 5.0 0.719 0.826 -0.130 4 2.0 1.000 0.520 0.925
jn900527 5 2.4 0.406 0.596 —0.318 6 3.6 1.000 0.748 0.336
jn900530 4 1.7 0.500 0.419 0.195 5 1.7 0.625 0.417 0.499
34 Average 5.6 3.7 0.613 0.681 —0.083 50 28 0.868 0.629 0.426

Z5(2004) H 10 M T8 % 1A A BEFRFEFE AR AT
K, HOPSHEBI AN 0.731, W& A4S
By HOP AT JE DB . P34 B R AU 3
SR 5 B A1 35 W o2 T AR 9 T 20 A 1) 8 66 — 54
X ] fig S i T ARHE S 0 F 6F — AR IR B T IR 5 B
&, Zad ZAE M BT, FEORL 2K 1%
A TR ARSI, ATIFGE h A AR = A5 44 2 T
()3t 2 REPE K AT

AREFEH, BT AR A A Yk
4, WA EEWA SO, Fhais+, W
FUKIEIRE R 1 5507, B2 aF, MIRKEE S 2 4%
W W, =R & s g Ak, mukE
TWERIN 1-3 Faf o XS FEAR Y 3815 Z R P TR pr ik
TTIER, KB = AR 5 A% Z FEPE K BAR, FF3
S S PRVEL S IA RAE 6 SE RV B - A B A
PR T = IARREA, BT =R i AR 0 ik S 1
R, X —iF T B AR B TN T

PR, — b e A5 0 3 R 3 PR R 1 A IR
WREONEUR, RN, SEOXSMIM AL,
ARBFFEH, =S AREEAFE R H A R BEREA, AE
kop7. kop8. kopl5. kop23. po-strl, pod2. po48.
po356. jn900519., jn900530 %5 10 AN i34 H B
FEPBRIE, HEAE po-strl i 5 2 A7 KPR B 2E T 5 T
BRI 50%,. M2 B, = REEHRS, BI%A
FETE AR A A L, HeBl i 3.23%, HE
2 B T R S (30 B/, i A S
PR AR TE AR AR TP Bl A 21, 38 2 f T e S
IR, /R 2t — T

IS, AR AT A A 35 PR RO It B B T =A%
RBEAR, Qi 1-a 514 jn900519 7E AR dh i 14 i 8
FRIERRL . 6 AR, AR =AY 1 3 F
FEIRL 4 ANEEAFIE 21 X517 A AR A L
PR 190 FhEERAY T AR 142 B 2RI
g5 B AE = AE R 2Ok e WAL B (P. formosa)
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Tab.4 The value of polymorphism information content
(PIC), power of discrimination (DP) and probability of
paternity exclusion (PPE) at 21 microsatellite loci in diploid
and triploid P. olivaceus stocks

7 8 %A Diploid =% Triploid
Locus PIC DP PPE PIC DP PPE
kop7 0.739 0.756 0.564 0.512 0.514 0.300
kop8 0.197 0.198 0.103 0.456 0.456 0.236
kop12 0.115 0.119 0.059 0.366 0.450 0.193
kop15 0.771 0.781 0.609 0.519 0.521 0.299
kop18 0.774 0.791 0.608 0.584 0.591 0.387
kop22 0.790 0.798 0.630 0.634 0.638 0.464
kop23 0.828 0.834 0.689 0.723 0.739 0.532
kop26 0.790 0.799 0.632 0.781 0.783 0.627
po-strl 0.815 0.819 0.707 0.693 0.727 0.495
pol 0.771 0.786 0.608 0.737 0.738 0.552
pol3 0.712 0.741 0.538 0.680 0.691 0.474
po42 0.645 0.650 0.435 0.676 0.696 0.514
po48 0.346 0.380 0.194 0.328 0.400 0.169
pos56 0.688 0.692 0.511 0.594 0.601 0.398
po89 0.669 0.706 0.467 0.537 0.551 0.352
po9l 0.720 0.743 0.545 0.680 0.683 0.493

jn900512  0.657 0.698 0.465 0.619 0.662 0.418
jn900519  0.764 0.784 0.593 0.711 0.731 0.514
jn900522  0.785 0.800 0.624 0.420 0.503 0.236
jn900527  0.566 0.577 0.345 0.725 0.725 0.491
jn900530  0.346 0.405 0.187 0.402 0.404 0.234
-3 Average 0.642  0.660 0.482 0.589 0.609 0.399

(Lampert et al, 2005)F1 = f% {44145 (C. gigas) (Garnier-
Géré etal, 2002)Hr, =AEARER L AIAIEG , RIS
B ZHEER TR, R 3 LR, =A% IARRE AT
- BN A 5 T2 22 v T AR TR . #0280 T HE
PRGNS A 585 s 2 b, SR TR A S
1) — B I ] PR H 28 A, I B A R A2 A O
(Maxime, 2008; Piferrer et al, 2009), T35 — R %L
Gy BT ARG R Z R R AR T A, WU E A,
B HE S A SM s BT 25 08 P 845 ) B AT BEAS 58 42 A
[, A RIS B A o 4 38 A W Jo 5 B0 1 ) gt A% o
ATER—F, W T AR BP0 1 v IR S Ak B
5 A B HEONT ARAS 0, X A4S = A5 AR Tk A
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Genetic Diversity Analysis on Artificial Triploid Stock of
Paralichthys olivaceus using Microsatellite DNA Marker
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Abstract In this study, we compared the extent of genetic diversity of the triploid and diploid
flounders using the microsatellite method. The triploid were induced using cold shock method in 2012,
and then they were cultured under the same conditions as their diploid control. Genomic DNAs were
isolated using the high salt-extraction method from the muscle tissues of 32 triploid and 32 diploid
flounders of 11-month old. The genetic variations of the triploid and diploid flounders were assessed
based on the selected 21 microsatellite loci. The PCR products were isolated using 14% PAGE
electrophoresis, and the microsatellite alleles were artificially identified and analyzed. The results showed
that in the triploid and diploid stocks, the average numbers of alleles per locus (A) were 5.6 and 5.0; the
total numbers of genotype were 190 and 142; the average numbers of effective alleles per locus (a¢) were
3.7 and 2.8; the values of average observed heterozygosity (Ho) were 0.613 and 0.868; and the unbiased
expected heterozygosity (Hg) were 0.681 and 0.629, respectively. The values of the polymorphism
information content (PIC), the power discrimination (DP) and the probability of paternity exclusion (PPE)
in the triploid and diploid stocks were 0.642 and 0.589, 0.660 and 0.609, 0.482 and 0.399, respectively.
The accumulation of PIC and PPE both achieved 0.999, which indicated that these microsatellite loci
were very sensitive and could be used in the parentage and kinship determination in future genetic
breeding studies. The genetic distance (D), the genetic similarity (I) and the coefficient of gene
differentiation (Gst) between the triploid and the diploid stocks were 0.312, 0.732 and 0.971 respectively.
The genetic diversity of the triploid stock was moderately reduced compared to the diploid stock. There
were also some differences in the genotypes between the triploid and diploid flounders.

Key words Paralichthys olivaceus; Triploid; Artificial induction; Microsatellite DNA marker;
Genetic variation
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