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I, 1 B A i W E AT R BESRAUE B 2
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Wi A BEAR S AR 2 ) s e 22 7, A e
TP SR 6 5% Z e H 5 DNA 20 FARi0H R B4
BRI A T EE
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WF5E g AL BT Hp o0 52 36 0 OF 9 5L Al A AR, SRR
PRI 11 B U R A B L IR 3R TG A A L 3 B IR B
U o SRAIMERE 1+ 1 B 20 A9 J7 il & 42 1R i K &
10 A~ WE B 26 A< %% %5 73 %) 8 F, ~ Fo Ml M, ~
M, , B AR I5 T 0057 09 35S B9 K M o [R]
I, HUREA 5 R 12K 0 29 30 mL iR A 1E— 1
R B F B Kl rp BEAT AL NG 77 o B A IR
o AR R ML ik BEAT T VR B L, Z )R
B 1, PR M e e 0 pd LS N T A
BRDRE, B 1> BT B0 K TR R ) R A% OF R AR DR 1R
— . 10 eFME R TARIFZE 90 HER
i, 5K A B HLEE B 30 A A 41 A 4 [ i ¢
ARR ZAHA RIS WO MR GRS H
f14 T A BB L 126 B 200 R AN TR 2L IR 5 K R R IR
AR AR ZR 3 2 A R A
1.2 EF4 DNA pIiREL
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NaCl,30 mmol/L Tris-HCI( pH 8.0) ,200 mmol/L
EDTA(pH 8.0),1% SDS,200 wg/mL Proteinase
K] A BB 1) 8 2% b, 50 C s b 2 8, S A
AT AN S5 SR (250240 1) il —il,2.5
FEAR TRV 19 5% N B DLTE ,0. 1 mL 70% £ ¥ Uk
UUVE, TE ¥ i, —20 CLRAFRE A DNA 42 HU5E
IR DNA K 5t i A1) FH 35015 B 55 e v VK 2R 47 46
I, OD, fE A F 5 41 73 06 6 BE 11 i 47 DU 5E |, 1
DNA K JZ
1.3 HIEHRIE

FH 6 405 AR5 A i R 3 e 48 AN
TBREARC, B EBRE 2 Mrid. 1Y 51 8
PRF Y KRB GenBank, 5| ¥ ¥ i 8 4 £ 45
SSRHunter il Primer 3. 0,5|¥)& s | 4E T4
P TR AR MR 55 A R 7] 58 . 48 ANt T & AR
WA AR % BURE 0 7 91 ) GenBank % 5 5
T,
1.4 PCR [ R K% Eik

PCR JZ Jii 1K % 3 15uL, f1 4% 10 x Buffer
2.5 WL Mg>* (25 mmol/L) 1 pL.dNTPs (4
2 mmol/L)1 pL., I Fi#5 % (10 mmol/L) £%
0.6 wL B f 1 wL(30 ~50 ng) .Tag DNA &
LU, Jinid it ddH, O 2 W A% P A 45 : 94 C il A8 14
3 min,94 CTA4E 30 s, 3B k 30 5,72 C #Efd1 30 s,
25 NMEW , i 5 ZE i 10 min, #] A PE9700 %! PCR
IX5E i PCR ¥ 4%, PCR 9" 1 7 ¥ 28 8% 75 1
SR DA M T i 58 S VR DKL DN, HL KOS 1% i R R
Jes 10 min, B 4 2 4 10 min, & K & HP
scanjet G4010 49 1% il 1% , Gel-Pro Analyzer 4.5
HE I 3 BT B4 X6 F DK 1% ol R AT 000 R A A A o
L5 SHitHHh

F]F CERVUS ( Version 3.0) i+ 8 & M T
B AR id 2R A HE BR B % ( probabilities  of
exclusion ,PE) " 1 AT FAUME BT M9 &1 T
AT B HEBR AL A FR 4 Excl 1, fEXCE A — 1K
AR CHN S50 R R 15 10 HE PR BE R FR Ol Excl 2,
LA S 1) B HEER A8 2R ( combined probabilities
of exclusion, CPE) i+ & A ' . PE =1 -
(1=-P)(1L=P,) (1L =Py)(1=-P), 5\ P, hy
5k LR EAHEBR AR . SEAR R R
&2 By gt i 48 b £ 45 55 £ 5 5 % ( number

of alleles,A) . W M 2% & J&F ( observed
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F1 BAUIERICHBEMRGEDE XD F 5 GenBank BR S

Tab.1 Locus,core sequences,linkage group and accession number in GenBank of 48 microsatellite loci
Ric IR BLPF 'S GenBank ric IR [ % 35 GenBank
locus linkage group core sequence  accession No. locus linkage group core sequence accession No.

Poli184TUF 1 (TG) 5 EF112749 Polil446 TUF 13 (TAG) 4 DQ889011
Polil30TUF 1 (CA),, AB037996 Poli966TUF 13 (CA) 5 EF112892
Poli23TUF 2 (CA) AB037985 Polil260TUF 14 (TG) , EF113016
Poli866TUF 2 (TG) 54 EF112814 Polil41TUF 14 (CA),, AB086537
Poli2d MHFS 3 (CA),, AB459326 Poli134TUF 15 (CA) EF112723
Polil8 TUF 3 (CA),, AB037983 Poli39MHFS 15 (CA) 5 AB459333
Polil393TUF 4 (GCA), DQ888958 Polil503TUF 16 (TGC), DQ889063
Polil359TUF 4 (CA), DQ888932 Po25A 16 (GATG) AB046749
Polil120TUF 5 (CA) 33 EF112916 Polil407TUF 17 (CA) DQ888972
Poli9TUF 5 (CA) 4 AB037980 Polil534TUF 17 (CA) AB458955
Polil34TUF 6 (CA) AB459410 Polil966 TUF 18 (CA) 4 AB459226
Polil07TTUF 6 (CA) AB037990 Polil6-19TUF 18 (CA),, AB459369
Polil8-55TUF 7 (CA) 4, AB459376 Polil425TUF 19 (AGC),, DQ888990
Polil59TUF 7 (CA) AB459431 Polil490TUF 19 (CTT), DQ889052
Poli840TUF 8 (GT) EF112795 Polil23TUF 20 (CA) 35 AB037994
Polil825TUF 8 (GA), AB459110 Polil39TUF 20 (CA),, AB459413
Polil82TUF 9 (CA) AB459453 Polil827TUF 21 (CA) AB459112
Polil1392TUF 9 (TGC) DQ888957 Polil925TUF 21 (CA) AB459193
Polil01 TUF 10 (CA) 55 AB086493 Polil451TF 22 (AGC) , DQ889016
Polil412TUF 10 (AT), DQ888977 Poli2TUF 22 (CA) 55 AB037978
Polil195TUF 11 (CA) 6 AB459082 Polil643TUF 23 (CA) 5 AB458986
PolilT4TUF 11 (CA) o AB459445 Polil93TUF 23 (CA),, AB459463
Polil TUF 12 (CA) 5 AB037977 Polil906 TUF 24 (CA) AB459179
Poli212TUF 12 (CA) 5 AB459478 Polil872TUF 24 (CA) 5 AB459147

heterozygosity, H, ). ] B 7% &5 & ( excepted REFIAR R 25 I35 E S BOROR A HE R R, T A

heterozygosity, H., ) 1 % & 7 B & & Fric B S 5L R Bl ol 2 ~ 24 I 2 5 B

( polymorphism information content, PIC) , #| H
Popgene ( Version 3. 2) {1 5 56 il & 4t 1145 b
M. M5 MBERGEMEZEEFERE
AL

H, =1-3 P

H = N(1-3P)/(N-1)

n n-1 n
PIC =1 - Y P, =% % 2PP;
=1

A n SR R, @ O B, PPy R AR
2 RS0

2.1 PFTiEEHIDERICHFEARHERBER
48 ANARICAE 10 Ao 5l AL 15 7 Y 42 [ K

WA 2% 4 B 4y B 0.032 ~ 1.000 I 0.079 ~
0.922 (% 2), 46 il T EArid B PIC h
0.555 ~0.914, Jy i B 28R s AUH 2 M Rid i)
PICLT 0.1, K E ZERid. 16 10 D hRid W
M%) 25 Excl 1(0.655 ~0.719) il Excl 2(0.792 ~
0.837),22 /> Fric WL Il £ H £ Excl 1 (0.505 ~
0. 645) 1 Excl 2(0. 676 ~0.784) ,16 /7 ic Vi
2% K # Excl 1 (0.003 ~ 0.480) F1 Excl 2
(0.038 ~0.653) , i1 HE B WE 5 Bl b5 10 B 1)
B 2 P G A, N3 B 6 A hRid BT HEER A
T E N 6 F) 10 S Rid Bt HEBR A S 4
A T g2, o 7E 8 AL s Ad R HERR A
RO AKRF 100% (E 1),
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Tab.2 Genetic statistical data observed in ten full-sib families at forty-eight microsatellite loci
kein df o I W b dify W I
lj;ls B AEE MG PIC Excll  Excl2 I?;S B AEE MAE PIC Excll  Excl?2
A H, H, A H, H,
Poli184TUF 19 0.986 0.920 0.911 0.712  0.832 Polil446TUF 11 0.904 0.870 0.855 0.581 0.737
Polil30TUF 15 0.991 0.899 0.888 0.655 0.792  Poli966TUF 13 0.977 0.871 0.857 0.590 0.743
Poli23TUF 22 1.000 0.914 0.905 0.696 0.821 Polil260TUF 18 0.894 0.873 0.858 0.591 0.744
Poli866TUF 21 0.995 0.922 0.914 0.719 0.837 Polil41TUF 24 0.991 0.917 0.909 0.710 0. 830
Poli2d MHFS 17 0.858 0.869 0.855 0.585 0.739  Poli134TUF 11 0.867 0.775 0.741 0.396 0.574
Polil8TUF 14 0.986 0.871 0.855 0.584 0.739 Poli39MHFS 19 0.826 0.858 0.845 0.57 0.728
Poli1393TUF 5 0.693 0.639 0.581 0.219  0.381 Polil5S03TUF 7 0.913 0.840 0.818 0.505 0.676
Polil359TUF 10 0.853 0.804 0.777 0. 444 0. 620 Po25A 9 0.807 0.776 0.746 0. 402 0.582
Polil120TUF 16 0.908 0.886 0.874 0.624 0.769 Polil407TUF 2 0.083 0.079 0.076 0.003 0. 038
Poli9TUF 13 0.835 0.853 0.837 0.552 0.714 Polil534TUF 5 0.514 0.684 0.629 0.267 0.433
Poli1l34TUF 8 0.844 0.774 0.741 0.393  0.573  Polil966TUF 20 0.936  0.890 0.880 0.645 0.784
Polil07TUF 16 0.913 0.846 0.829 0.536 0.701 Polil6-79TUF 21 0.963 0.916 0.908 0.703 0. 826
Polil8-55TUF 17 0.945 0.916 0.907 0.704 0.826 Polil425TUF 11 0.986 0.822 0.797 0.474 0. 647
Polil59TUF 7 0.569 0.703 0.665 0.304 0.485 Polil490TUF 6 0.537 0.671 0.630 0.263 0. 441
Poli840TUF 10 0.665 0.841 0.821 0.518 0.686  Polil23TUF 12 0.972 0.862 0.844 0.554 0.716
Poli1825TUF 10 0.917 0.826 0.802 0.48 0. 653 Poli139TUF 17 0.995 0.909 0.900 0.684 0.813
Polil82TUF 17 0.959 0.893 0.881 0.637 0.780 Polil827TUF 6 0.739 0.635 0.589 0.228 0.399
Poli1392TUF 7 0.803 0.776 0.738 0.379 0.558  Polil925TUF 11 0.862 0.850 0.831 0.536 0.701
Polil01 TUF 10 0.885 0.821 0.796 0.473  0.646 Polil451TF 3 0.032 0.097 0.094 0.005 0. 048
Polil412TUF 6 0.546 0.611 0.555 0.206 0.364 Pol2TUF 18 0.917 0.871 0.858 0.595 0.747
Polil795TUF 14 0.995 0.878 0.864 0.603 0.753 Polil643TUF 12 0.807 0.875 0.860 0.589 0.743
Polil74TUF 20 0.959 0.889 0.878 0.637 0.778 Polil93TUF 18 0.995 0.906 0.896 0.676 0. 807
PolilTUF 20 0.940 0.875 0.862 0.599 0.750 Polil906TUF 21 0.899 0.883 0.873 0.629 0.773
Poli212TUF 20 0.950 0.908 0.899 0.680 0.810 Polil872TUF 14 0.849 0.844 0.826 0.529 0. 695
TARAF AW, K Fo 5 M, Fy 5 M, 1)
P TAUERZ B B0 17.5% 5 R, Fy 5 M, T
g2 " o5 14.5% ,F, 5 M, T/ 5 1% ,F, 5 M, T
S ES oon0) R 10% JoI A 50 AR 414 1 T OB 15 A9 4 4
ﬁ%&%y e Excl | 6% LA (£ 3) o FEASTEM A 7 FURE M 1Y 4% T 35
§ 0.980¢ —— Excl2 2SR R, PIA BEUR 2 ] 9 38 % 22 57 9F R 0
097 5 9 10 AC XD E SR IE SISk QeI L Pty £ 1P7
. A A LT L RGN B T T AR T 7
SR 2% 5 BE D TR S A BE AU AR T AR
B1 AEASHNERHREEE BEMK
Fig.1 Combined probabilities of exclusion for
different number of loci 3 Iﬂ‘i/t\,
2.2 REMUEBERRABENEEXRSM KT S R SRR SE R TR LR B B
R A BN TR R 30 2R A HE B A 4 1) 45 o 8 R B, gl 2 FH ) ) o L Ok £ 2 2
WEPEHRFFAERTAY 8 MR HEATIR & %%PK*§ T Z A E & R IR K f 28 A, g

ARG R R E . R A 6 D REA
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Tab.3 Percentage of offspring related to each parent contributing to reproduction

F: 4 female AL A male FACAAE number of offspring H4r /% percentage
F, M, 5 2.5
M, 5 2.5
M, 7 3.5
M, 22 11
F, M, 10 5
M, 6 3
Mg 5 2.5
Fs M, 12 6
F, M, 35 17.5
Fq M, 29 14.5
M, 35 17.5
Fy M, 20 10
M 4 2
M, 5 2.5
iz—l 200 100
£ FREMTREEIEESHIER
Tab.4 Genetic statistical data of parental and offspring population
. 7 j5 Locus
e ‘ st
population index Poli866- Poli784- Polil41-  Polil8-55-  Polil6-79- Poli23- Polil39- Poli212- Mean
TUF TUF TUF TUF TUF TUF TUF TUF
FA FAHEEE A 18 18 21 16 20 20 16 20 18.625 0
parent il Je & B H,  0.944 4 0.833 3 1 0.944 4 0.888 9 1 0.944 4 0.888 9 0.930 5
WG H, 0.939 7 0.938 1 0.947 6 0.9429 0.963 5 0.950 8 0.942 9 0.960 3 0.948 2
PIC 0. 907 0. 904 0.917 0.911 0.933 0.92 0.913 0.93 0.916 9
TR S A 17 16 19 15 15 19 15 16 16.500 0
offspring sy i) 7 4 ji¢ H, 1 1 0.99 0. 945 0.97 1 1 0. 955 0.982'5
WM. ATE H, 0.920 4 0.918 7 0.9152 0.913 4 0.9119 0.91 0. 906 8 0.904 6 0.912 6
PIC 0.912 0.910 0.907 0. 905 0.902 0.9 0.897 0. 894 0.903 4

taimen) " g % % HE 4 ( Tilapia nilotica) ™' 4>
.4 ( Sparus aurata )’ | K 3% 6} ( Scophthalmus
oK B
crocea) A HERW RPN E EBE RN ETEE
HRFRFRIEIIE A E5H 51 Bk 58 50 #r LKA
REEFHIRE L B E G, I AR KPR
WESH . KR O A STHR X F BT SR AUC & Y 52
B 43 A, 5 H A # 28 R AT R BE AR [A] , 4R P A TR
VOREUR B R 38 N TSR R R S AR 3 T AR
BRI BN A LR R B R RN E T %
BV SRR A RGO R . e
AR ks dig JE R, B A Y G TL R DNA BRAC
SRR B AT B, 28 0 A i 22 25 L T R CE AR

maximus )" (' Larimichthys

HEBRAE 2 (PE) i 11 22 )5 I F S5 b o3 A 3 B v
AR KIGHE H#EA7 B A & R A HE R (PE) 1 AR
OO S TR ICB B AR Z ., 5
HOARTR] AR S50 M 48 AT 35 2 6 4 350 3% B0 119 1k
T RARE T ST R A H RS (PE) 115,
L F] 10 MRic 1A & Excl 1 F1 Exel 2 frid, He
ARG THE 43 A #E 0. 655 Fi10.792 Z |, iX 10
ARG 5] o3 AT AL BF 8 AN SR b, o 1
SR 2 SHEHHES A 2 MRl drid BRI HERR
WES (CPE) 25 R %W .6 Mric T ik # 9% ,8 4
FRICIGE 2] T 100% , 1 5 Fric 280 H 5 54 i 25

JoA Ak, FIH 8 AbRic HEAT 42 W) i 5 R A SR A
5FARBI SRR BT, % 8 AR5 BRI &R 4
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SEA . HIESE R X AR 5 7k R 5 A AN
BB AILE BOPR 10 00 B H M, B AR EAUOC 3R %08
i FH A B T 4 [ B g 5 5 R 1 A 1

R AR ICAU A = B R AHEBR R (PE) IF
ANBEE T 2 % A 1 SE PR T oK, 2 A BT R 8 1Y ikt
el T HESFEM N HNE. EEH
RS AL Y A R 5K R B IR 1 S0, 48 AR
e T DNA R c 9 46 K 22 BORR 9 7 ¢ v 1) 3ok
geit e bn . B3 RAHEBRBEAE (PE) H 10 £ 1)
Fric, o d5 AR 0 S A 56 B A (A) 0 2% A
(H,) W#ERAE(H,) Z25FEE &R (PIC)HE
IR F] T 15.0.991.,0. 899 0. 888, DUl &t A5 i i5t
Rfs B &SI FE S8 PIC i 5% CH
SCHR A 5E , PIC <0.5 B H g2 1% bR ]l A s rp
ZAFRIE; PIC >0. 5 B A E bR 10 K & B 2 &6
0 i, T B X AR T I £ A8 T S
B IE AR Ll R S S B B AL e R . ok
ARG IR G WL T R RZBRR G LR
ras R it R B 13 MR SRR K F 14
XA AT EAR, ARG WG R
FEAE— T 10 28 S 1, 3 32 22 55 i B AR O Bl ML R A
BEARAG G SRABER S FACREHR Y 5t % S 808 1t
Fe R BT, P Z [ AN A AE W] S i 25 S, RWDE A
FEMR 20— AR B ™ A 1 A B 3 sk
e ZREME o ZOEAS R AT LIAE 2 BT A R 5 Fhik
B SRR R B A O B A T T A B AR TR R
A LME R & BA R BRI R X R W
R [RIB TR A R R BRI 5255 4 B L 50
UE 7T 0 8 8 SR AR HEBR 3 (PE) 3% TL 22 DNA
PRI B A50HE RS A M o A S U A R 1
A e EAHEBR A AR D AE S B P 10 K R &
PR A BHAIEAT TRUE, RS REREFT W
P10 MR RZINEARR G EF G AF X
bR AT TR T A, I 45 R R B A b
T [ L A 11 S 0 R o o 3 A O R A Y
PRICTESE PR Rl B B — s MR (.
A, T 1 I A bR It R A IS T R 2 6 3 A i
TS R I R 5 O R E AR R R MW
U] GRS 5 5 R BRI 8% S5 4 5 R AE 4
Bt 4 AR e e 35t 5 hic

X OK S R SR R L 5, R R &
IR FR BT AT LA W 7 A% O B R P AR 22 T 1 it
B B 30 6 5 A B B A X 458 e 1) A AR 22 R k£ T
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T 2, DT A 4550 £ P Ay 0T 6 A8 T i R 1 b J5
K o= B, £ H %k &
amblycephala )" | 4T
mykiss) "> F1 &5 9 ( Cyprinus carpio) * 2 2 4~k
FRYIRR EARE GBS T B RN . I,
TPy FhRicHi B & Fh 5 R MR Rk & ML &
IR e T BE 8 12 JE 3t 1% i RBOR R £, AT
A B BOR MERR TC R M X 4 R R K &, XA
TER Z 5 R vhoa] LUK R K &R 0 A 1D 8
JUAS W A FEAT ) 3%, 0 1 B D R R AR
A 37 SR GE BT Y A3 AR 2, R R BREAR TN A B
SR SR B 5 [ DR OA ) b AR 3R % A K R AR
F7 560 58 A DR AF — 30, W R A T A LR A5 1
X TR 2 B a0 22 5, K R Z ) B 22
SR Bt ZRE W, T AN TRERR
FIASR 22 55 PR A 38 A% 70 A S HERR AP 2 o H AR
IF ( Penaeus japonicus) "™ | = ff W i ( Hyriopsis
cumingii) " % KO il ( Sebastes schlegelii) ™
TG Bk £} 0 ( Pinctada martensii ) WF 35 F§ 0
( Patinopecten yessoensis)'*"' . F 1 2 fifi ( Microp
terus salmoides ) ' Fl = P& ¥ T 8 ( Portunus
trituberculatus) ™ 2 Bl C 22 B L o D 3
TR AERRARY) 15 N T3 18 AE /Y [a] I e 1
T HERE SR T R A 5 AL R R A B AR
T 3 A 5 i o R AT RGHEAT SRAN SR 2R 0 BT 19 R R
AHERRAE R TR DNA #rid, IR IE T 4> T 45
TCTE S A 0 3% 1 56 RN IX A3 AN TRl 8 & 5 T g 52
MPE, WS TERAERET 50 THRICHEARIT R
)20 & R, 85 5 00T L ™ BT () 19 2 855
P it 7 — 5 1 B BOUE SRS R R R AR D
fili 7 o

( Megalobrama
( Oncorhynchus
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Parentage determination in Japanese flounder ( Paralichthys olivaceus)

families by microsatellite DNA marker analysis

LIU Yongxin'“, SUN Zhaohui’, WANG Yufen’, LIU Yi’, LIU Yingjie'"
(1. Chinese Academy of Fishery Sciences,Beijing 100141, China;
2. Beidathe Central Experiment Station ,Chinese Academy of Fishery Sciences,Qinhuangdao 066100, China;
3. Pearl River Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Guangzhou 510380 ,China)

Abstract; To carry out accurately the parentage determination on different families in Japanese flounder and
select the microsatellite DNA markers with higher parental probabilities of exclusion,in this study,10 mature
females and 10 mature males chosen from the selection and breeding founder were used to produce 10 full-
sib families of Japanese flounder. 30 individuals from each family separately raised were random selected to
construct the family population whose pedigree structure was known. 200 individuals from the families raised
together were random selected to construct the mixed population whose pedigree structure was unknown. A
set of 48 microsatellite DNA markers distributed evenly on 24 linkage groups were selected from the second
genetic linkage maps of Japanese flounder, furthermore,2 markers were located on each linkage group. The
results showed that 10 microsatellite DNA markers took on the higher parental probabilities of exclusion and
richer genetic polymorphism based on the genetic analysis of family population, and their range for Excl 1
and Excl 2 was from 0. 655 to 0. 719 and from 0. 792 to 0. 837 ,respectively. The combined probabilities of
exclusion gradually increased as the number of markers identified increased. It reached 100% when 8
microsatellite DNA markers were jointly used. The results of parentage determination of mixed population by
using these markers demonstrated that 13 females and males contributed to the reproduction in total. To some
extent, there were differences in the number of offspring from the combination of different parents.
Moreover, significant differences did not exist in each genetic statistical data between the parental and
progeny populations. The research demonstrated that these microsatellite DNA markers selected with higher
parental probabilities of exclusion can effectively perform the parentage determination on family in Japanese
flounder, therefore , they are designated as candidate markers to develop joint breeding by combining the
family selection with DNA molecular marker in future.

Key words: paralichthys olivaceus; microsatellite; family; parentage determination; probabilities
of exclusion
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