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Boag® # o w ' OBREW T BT EFA!
(1. RIEBWHERFKTT SR KIE 116023; 2. LAV FBEFERD TS L B R ETRE P EUKFERETTR B
KPR B 2660715 3. LI EERFKE Shmb LiE 2013065 4. F R ERESHERERLRE
WL R S EY - B RIS E TN 2660715 S. MR KRE BB 68 214081)

HE 7 8 (Paralichthys olivaceus)f: B 7= 78 %7 & Fb 55 7 & Iy b 30 % AR AL An 4R & & 5 R a2 09 £
R, BEURAETHEETHEMNEE Sz —, ARFE OB T L BEARE T
2ANFEREZ, 270E 140, 170, 200, 380 HH AKX REKAXEREE, 2KET), &
it MINQUE., REML #n BLUP 7 % X EH# AT H ER Lo, R EF, FREREHEKERN TR
R 10.56%-38.62%, HH, RENERFRAHEA, 2K MEEHERZEAED, FERMERS
S AR AR B A TR D o 3 APk By e b 7 2 4B H 2 8(0.13£0.01)—(0.29+0.06), AL
U7 # 4 & F 7 (0.7140.06)—(0.87+0.01), & XL 3% % 4 4 (0.13+0.01)—(0.29+0.06), |~ X i % 4 K
(0.15+0.01)—(0.54+0.06), DA b3t 2 2 3k 4R B 3 M AKSF(P<0.01). 476 B 3 /MR 2 1 Bl B A
Wy, 42 & FL, F0990 ., F1005, KS #1 FO719 3% 4 NEEK 35 A # 4 # B 2 IF w205, FO751,
F0768. F0780. F09121., F0927 71 RS 3X 6 /MEHK 3 A4 A AR B 3 il 14 B BL(P<0.01), H A& FE K
B h — R, R A K R B 0.82-0.96 = 7], i fE A% R 0.72-0.97 = &, F|H BLUP ¥ %
X380 B EWBEHATHMEMGE, EREAN, FEKEFMAEN 14.63-100.05, Hd4, KE
B A B 3E £ ANMK A F1005-8., FO9119-11, F09125-4, F0915-57, F09104-12, F1264, F0908-38
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1 Fl446, UAREFMENRELTNZ A THAEEREXAEATNEZATHAELRTH: KE
EMEABLERAENEEREE 81.91%, FHELETEN . AHRNTERRBRXEANE LR
FREMNETHEN T ERERNERMRR, BN FEF TR GH 2 RET EEEBKE,
XA FE, XA, mteh; £kBER; FAE

FESHES S961.2 XERIEEE A XEHS  2095-9869(2017)03-0039-12

FtF-(Paralichthys olivaceus) & & . H A F15f [ v 5L M A (A 0E 55 A5, 2009; K B S,
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BF TR AR 135 4% Z FEPERRAR . R BTR AL f, 2%
T ARG | R0 B TR SR AT
SRR (R 4255, 2010), PG, BEEAER. Bt
30075 A A G SR GE R A M K S I TR oK

WEHH R C KTERZ AT Fh N HIES T
BEVEMRCE, W8 (Cyprinus carpio L.).
MLE LT (Cyprinus carpio var. singuonensis), £H &
F, B3k i (Megalobrama amblycephala) . “JHiL 157,
K fli(Pseudosciaen acrocea). KZZ6F(Scophthalmus
maximus) A2 (B AL &R, 1999; WX F 4, 2010;
R4 2012), HEHEE R F B i EE W F AT
B, “BER 157 SUEAHEFEFEM . KR ILE
E5 % NI = W R 8 ISV N A T = R A T U
I 20%-30%(XNIE5F, 2013), BR TEGME 5
2, HETE WA A R L 2= . s iR S5
AW 2B RO EX A AR . Piw . PLiiE— R
SIPRARBEATOISE, JEHUS T —E #E R, Woe T G
£h M (Shimada et al, 2007), YUERXT 2 6P S HRE 1) 52
Wi (Park et al, 2007), 3 A~ BERE(AR ISSR (& ZHEE
S3HT(Liu et al, 2006), X 2 87K 5 FIAK 1935 1% Ak
BZH AT (Tian er al, 2011), ZFSEA R 5 R AE KPR
FeAE B It R SRA e (K IESE, 2009), “F 65T #F
TR 58 R By N7 M A K R e M e ) A6 e
(RAAAREE, 2008)7F

B AL 2w R B S ge it 0y O vE N B A
T A B PR Y 35t L KL AR 20 B o R b O G TR 5
1999), i A 7€ ) e85 14 7 U2 im A b H A Ak
PANUE R SN TN 2% = S N RS R L o A 6 8
2 BB —AEE T B, i Bm st e i, b
TR Ty BHEAC . BMESE S RESHOAMU
RERSHE FIEREE R TAE, AT A S 500 S 2
P o ML S HUh T A MERA T BE 2 4 A L 4% 5 b
(R e , WERR G BRI 548 S0 € B AR i Bs
FER ARG $2 (4@ SE, 2013), XNIEZE(2013)%) 450 H i
1) “BEOL 157 AR FIE MPERE ST, K HESE(2015)
XF 196 HIEI A6 Fy QB SHOTAL S, #8 Rk
BUT 1 ASEE] S, EL RSO, 6 A W i A 7 2 67
S0 o VIl S B 5 3 B el L1 WO N 1 B B D5 I N M g
2014 AEHST R A EEZER, GlIEXF 4 AR Y A
KRBT 1845 70 #r . DUBIIR R P 8 % & 3 2 b i gt
1A AR, N o B A TAE SR AR

1 HRETE
11 KRZREIL

SEI 2 SEBL 62 9 (Vibrio anguillarum)id&ye

FER(RS) . #hE F BERFIAKS) . Fy AR &R (KIS,
2009; FRIABKAE, 2008), Fy [RR R Fs (KR A
(HKMESE, 2015), Fy AREZRPEBAERKD ., Sraitk
SRR K AR FO719, F0751. F0768. F0780; F, 1t
FEAPTHEBEARKN . BUERE LR ZX R F0908 .,
F09104. F09119. F09121. F09125. F0915. F0917.
F0927. F0990. F1005 1 F1010; FiftK &R hikk
K. BEHENIE % % F1264. F1206. F1226
M F1211, 2014 4E 4 H 20 HAEB K= HRA A,
it N T8 e AR T A R B R A2 RS 1 B RORS
W, AR RE AR ZAE D 100 ml XS
N HEFORT I 1 ml, TIE32K, REIARE 2L RACETT
KET KR 42 1 #2595
U F1401. F1402. F1403 %5,

12 RRES

W52 K5 00 B F 50 cmx50 cmx100 cm 4574k 46
i, TE 14-17CRIZKHEL 2 24 h, RAEE LVRDY, %
BERBN 3 m’ MG P T A TR, A6 Xt
N—AFKE, WIHRENE A 20 ml, BHb)E, BE#E M
WK, BERHEGEE A AR EAL T AR, A5 5 cm B}
PEEEZE 2000 B2, ik 10 cm BHEHEZE 1000 B, RERIE
AR R AR — 2 (HK S, 2015), fEi4
AR ENZ) 15 em B, #1728 RE, BAR RBEYLAR
i€ 200 L, FIIRAZBUR 30 m® () 5 Kt PR E .

13 REEKMRBFENERKE

AR S 140, 170, 200 H#BEF, 20 9N EF
MRAZPBEYLREE 50 B, im0 I 2 A 4 A e
W, UFEEK . RIEAAE ., 7 3 IR RER, F
BER R R BN SE, 200 HERET, WS 79
Jebric. FRidhE, TRIBMESE, A K3 380 HidAf, XF
JITAT o R I A AR MR [R] B e SR T A Y 5
S GRS o X BRI T A AT, dE A LA AR
2 B A ) S5 80

14 BESHMEITAE

fifi FH 356 DX B0 5 3R 85% HAE A n 35E A% B 7 (Zh,
1995; Atchley et al, 1997)%F F 640 m AR IEFT 0B,
FAUE A)F R =

Y=u+E+G+GE+e

K, Y RRIAIE , w0 0 SRR, E
RIREER, G NFEN ARV E, GE NEHE
IR EAERNAE, e HLER o (8 B/ INEEL (/N
JLHAR 80 Z W T A Al 112 (MINQUE) Al 45 5 7
#4043 (Rao, 1971),

FFH 25 o1 B K 2L 8% 5 (Restricted maximum
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likelihood, REML) #l BLUP (Best linear unbiased
prediction)ffi it e S8k, BAIEAN .
Y=uta+t;+bixite;

L, Y 08 DA RRIADRIE, » RRE
RIME, a W5 DEREME, o 85 kDK
ROBE(5 ANk, xRy b — Y s i ) E, b,
NNAZREL, e HEENLERZERON . FEFFIE AR N

y=Xb+Zute

A, y ARBE R b N EEBO A, A
ERARIIE s w BRSOV I i, A RS A
RONEA 42 AR R ILEIREERN 5 e N BEAILER 2% ] i
X Z 53 50 Ry b LT [ R 280 1) i b FIBEALAEON 7] 1w
R IR REL I o DTGRP rh A 475 A R AL SR Y SR A
AR A SR B R AR A

HRESW

21 #iREST

42 ANTRDH i 00 2 6 58 2 00 AR K PR i ik
PEGITEE R ILE 1. 25 RECH 10.56%-38.62%, H
W, RIS S R EUROK, SR ARTERE/N . AH
RN i e e OB I NTTR WA N T
140 H & 19328 B R e
22 HKMERHAESENEED

X A BE 58 R AE KR 7 22 0 i L 22
g3i LR RAL S AT 25 R W3R 2. 25 R, RER
SRR TE BN T 22 5305k L 7 25 0 1k LU 834 R B
K (P<0.01),

4 AP SRR SR ARTE 3 ARk
J7 2235 3AE(0.1340.01)—(0.29+0.06) Z [6] , FEHL T
2R R TE(0.7120.06)—(0.87+0.01) 2 6], B gt

2

JITE(0.1340.01)—(0.29+0.06)Z [l , 3 PHRHER s A%
WAL, T SGBAE J11E(0.15£0.01)—(0.54+0.06) 22 ],
Pk B 8 25 K- (P<0.01),

3 2 0 14 38 L

F3-FKSHHIH T 18 NFEEEAREARARE |
SRAMRTE 3 AR MRS [R) B3 8 i 5 A 11
18 o AT IR 7E (-33.88+2.55)—(28.27+2.13) 2 ],
>0 MIE RN, <0 M, 456G 4 AR
gE LB, FO719. F0908. F0915. F0917. F0990.
F1005 Fl KS iX 7 MHEAEA Y R i 1 25 1F ] 800
(4 s AA 3 B >0), RS, FO751, FO768.,
F0780., F09121 11 F0927 iX 6 MR EAI Mk i 2
T RN (4 DR ADAE 3 AEHY<0), HAaEh—
PR o 4 KRN FE (—1.7840.26)—(1.14+0.22) 2
6], 454 4 A5 2, F0915. KS. F1005., F09119 .
F0908. FO719 F1 F0990 iX 7 MNEMACEAL Mk B 3%
1E 800 (4 A A 3 SaHE>0), RS, F09121
F0751. FO768. FO780 Fll F0927 X 6 MEEMAEA T H
W 2 3 RN (4 AR DA 3 AN EHH<0), HA
¥R — RN o AR TE I 500 7E (—0.67+0.03)—(0.73+
0.14)2Z 8], 254 4 &5 &P, F0990 . F1005 . F0917 .
KS Fl FO719 iX 5 DEFAFEAIL 525 1E M RN
4 N ED A 3 EF>0), FO751, FO768. RS,
F09121. F09119. F0927. F0780. F09125 I F1264
X9 AFEACEAI R 2 T RN (4 A D
A 3 AEHH<0), HARBH RN o LG AN A
3 APERBYZE SR AL, F0990. F1005. KS H1 FO719
X 4 ANFEACEAR Y R i 8 3 1 81300, FO751 . FO768
F0780. F09121. F0927 Fl RS iX 6 M A2 M
I 27 1) RO

2.3

R 1 AR BT EE KRR po R 14 50t

Tab.1

Descriptive statistics of growth traits data of P. olivaceus at different day age

H % Day age (d) % Number #%/ME Minimum # K Maximum #J{H Mean+SD

AR5 R E CV

PEAR Traits
1 Body weight (g) 140 2197
170 2183
200 2037
380 5324
4+ Total length (cm) 140 2197
170 2183
200 2038
380 5324
£ 5E Body width (cm) 140 2197
170 2183
200 2038
380 5324

3.7
7.4
12.0
43.0
6.2
10.0
11.8
16.2
2.3
3.5
3.2
5.5

59.6 21.04+8.12 0.38
115.2 39.81+14.30 0.35
161.7 65.52+21.91 0.33
527.8 231.76+76.08 0.33

17.7 12.84+1.60 0.12

224 16.35+1.82 0.11

24.8 18.65+1.96 0.11

38.3 28.47+3.09 0.11

6.5 4.16+0.58 0.14
9.2 5.82+0.85 0.15
9.0 6.48+0.75 0.12

17.3 10.34+1.41 0.14
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Tab.2 Estimation of the genetic analysis of growth characteristics of P. olivaceus at different day age (Mean+SE)

AR Hi6 Day  Jr2E4hht i1 I RS By )
Traits  Age (d) Variance components Estimate value Variance component ratio Narrow heritability Generalized heritability
hE 140 hntk: Additivity 11.75+0.83%* 0.21£0.01%* 0.21£0.01%* 0.36+0.01%*
Body #Lli% Random error  43.72+1.37%% 0.79+0.01%*
weight (g)
%74 Phenotype 55.47+1.78%%
170 JindE Additivity 27.33+£2.47%* 0.15£0.01%* 0.15£0.01%* 0.17+0.01%*
HLi% Random error  160.94+6.21%* 0.85+0.01%*
Z27 Phenotype  188.27+6.43**
200 JinE Additivity 86.09+£8.013** 0.19+0.02** 0.19+0.02** 0.23+0.02%*
L% Random error 367.82+12.20%* 0.81+0.02%*

%27 Phenotype ~ 453.90+17.20%*

380 Jiikes Additivity 1489.15+£372.91** 0.29+0.06** 0.29+0.06** 0.54+0.06**
#Li% Random error 3520.81+205.21%* 0.71+0.06%*
# %I Phenotype  5009.96+£465.89%*
LK 140 yilikes Additivity 0.43+0.03%** 0.19+0.02%* 0.19+0.02%* 0.30+0.02**
lzgtgﬂl HLi% Random error  1.89+0.07** 0.81:£0.02%*
(cm) F# Phenotype 2.32+0.08%*
170 e Additivity 0.44+0.04** 0.14+0.01%* 0.14+0.01%* 0.15+0.01%*
#Li% Random error 2.79+0.12%%* 0.86+0.01%**
%74 Phenotype 3.23£0.12%*
200 i Additivity 0.67£0.07** 0.18+0.02%* 0.18+0.02%* 0.20+0.02%*
Hli% Random error 3.13+0.09%* 0.82+0.02%*
%27 Phenotype 3.80+0.12%*
380 ik Additivity 2.13+0.54%* 0.25+0.06** 0.25+0.06** 0.38+0.06**
HLi% Random error 6.25+0.31%* 0.75+0.06%*
%27 Phenotype 8.38+0.68%*
N 140 fintE Additivit 0.05+0.00** 0.19+0.01%* 0.19+0.01%* 0.39+0.01**
y
'Body #Li% Random error 0.24+0.01** 0.81+£0.01**
width (cm)
Z A Phenotype 0.29+0.01**
yp
170 P Additivity 0.13+0.01** 0.19+0.01%* 0.19+0.01%* 0.20+0.01%*
#Li% Random error 0.55+0.03** 0.81+0.01%**
7 Phenotype 0.68+0.04%*
yp
200 Jin Additivity 0.07£0.01** 0.13+£0.01** 0.13+£0.01** 0.14+0.01%*
Hli% Random error 0.48+0.02%* 0.87+0.01%*
%7 Phenotype 0.55+0.02%*
380 Jin: Additivity 0.62+0.15%* 0.27+0.07** 0.27+0.07** 0.44+0.07%**
HLi% Random error 1.13+0.08** 0.73£0.07%*
22 Phenotype 1.75+0.19%*

RN 2T (P<0.01); *FIR 257 13 (P<0.05). F[A
**indicated highly significant differences (P<0.01); * indicated significant differences (P<0.05). The same as below
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Tab.3 Additive effect of prediction on body weight of P. olivaceus at different day age (Mean+SE)

2E7K Parent H 5t Background 140 d 170 d 200 d 380 d
F1005 Fo % 1.14+0.21%** 3.29+40.64** 5.30+0.76** 3.26+0.25%*
F0917 Fo % 4.32+0.30** -0.30+1.34 15.32+1.15%* 12.42+0.94**
F0915 Fo 1t 1.00+0.36%* —3.14+0.74%* 4.42+0.82%* 5.1540.39%*
F09121 Fo 1t ~2.78+0.31%* 0.68+0.94 ~2.9240.84%*  _33.884+2.55%*
F09119 Fo 1t —0.70+0.29* 2.55+0.51** —3.21£1.04%** 1.4740.11%*
F09104 Fy 1t 1.37+£0.35%* —3.42+0.48** 4.74+0.96** —2.99+0.23**
F0780 F, 1t —3.1240.56%* ~3.3240.39%*%  _2.55+].40% —5.90+0.45%*
F0768 F 1t —1.88+0.42%* 3.51+0.46%* —3.40+1.27* —28.05+2.11%*
F0751 F R —2.18+0.5%* 6.09+0.64** —10.9£1.36*%*  -30.034£2.26**
F0719 F, 1t 3.43+0.36** 4.85+0.68** 11.44£1.01%* 23.48+1.77**
F0908 Fo 1t 2.36+£0.53** —5.36+0.55%* 2.20+1.21% 28.27+2.13%*
F09125 Fo 1% —2.10+0.42%* —0.01+0.89 —7.87+1.12%* 7.11+£0.53%*
F0990 F, 1t 4.61£0.5%%* —7.8340.47%* 9.86+1.29%* 19.62+1.48%*
F0927 Fo 1t —5.47+0.37%* —-1.35+0.94 —10.34+1.04%* —6.45+0.49%*
F1264 F5 1t —2.37+0.45%* 8.74+1.44%* —6.15+1.29%* 15.80+1.19%*
RS *ﬁ@%%%%@%ﬁw‘ Population 5 ga1 g1 _5.36+0.69%%  —20.87+2.55%%  _14.85+1.12%*

against V. anguillarum infection
KS ii‘jﬂiea population 5.95+1.09%* 8.68+1.94%* 10.34+2.78%** 13.02+0.98%*
F1010 Fo % 2.11+0.78** —8.30+1.68%* 4.57+1.93* —7.44+0.56**
x4 A [FE B 8 T 8 £ A0 1% 805 UM CF- B AR fEDR)
Tab.4 Additive effect of prediction on total length of P. olivaceus at different day age (Mean+SE)

SEZR Parent & Background 140d 170 d 200 d 380d
F1005 F, 1t 0.45+0.04%* 0.2620.09%* 0.6140.07**  0.32+0.02%*
F0917 Fy 1t 0.86+0.06%* —0.20+0.16 1.11£0.09%* 0.4140.03%*
F0915 Fo ft 0.19£0.07* -0.234+0.11%* 0.43+0.07** 0.08+0.01**
F09121 Fo X —0.37+0.07%* —0.17+0.13 —0.24+0.08**  —1.354£0.09**
F09119 Fy 18 0.29+0.06** 0.284+0.08** 0.03+0.09 0.524+0.04**
F09104 Fo X 0.26+0.07** —0.05+0.08 0.27+£0.09**  —0.01£0.00**
F0780 F R —0.49+0.13%* —0.46+0.06** —0.24+0.14*  —0.42+0.03**
F0768 F R —0.31+0.09%* 0.41+0.06** —0.19+0.12 —0.73+0.05%*
F0751 F R —0.32+0.11** 0.90+0.08** —1.02+0.14**  —1.05+0.07**
F0719 F R 0.48+0.08** 0.77+0.10%* 0.64+0.09** 0.86+0.06**
F0908 Fy R 0.18+0.11 —0.75£0.09%** 0.24+0.11%* 0.85+0.06**
F09125 Fo At —0.41+0.11%** 0.2940.05** —0.85+0.13** 0.234£0.02**
F0990 Fy 1t 0.88+0.10%* —1.00£0.08** 0.90+0.12%* 0.87+0.06**
F0927 Fy 1t —1.05+0.08%** —0.28+0.12% —0.87£0.10%*  —-0.10+0.01**
F1264 Fy % —0.83+0.11%* 0.88+0.19%* —0.87+0.15** 0.414£0.03**
RS b 88 5L Uk % BEME Population ;5140 53 C0.81£0.12%%  _1.78+£0.26%*  —1.00+£0.07**

against V. anguillarum infection
KS itllilfi{i:rea population 0.99+0.19%* 1.14+0.22%* 0.95+0.23%* 0.31£0.02%%*
F1010 Fy 1t 0.41+0.16%* —0.98+0.25%* 0.87+0.18**  —0.20+0.01**
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Tab.5 Additive effect of prediction on body width of P. olivaceus at different day age (Mean+SE)

JEZR Parent % Background 140 d 170 d 200 d 380d
F1005 F, 1% 0.06+0.02%* 0.38+0.04** 0.10+0.03** —0.03+0.01**
F0917 F, 1t 0.28+0.02** 0.31£0.07** 0.34£0.04** 0.14+0.01**
F0915 F, 1t —0.04+0.02* —0.28+0.04** 0.04+0.03 0.04+0.00**
F09121  F,ft ~0.10£0.02%* ~0.240.04**  —0.04%0.03 ~0.52£0.04%*
F09119 F, 1t —0.08+0.02** 0.15+0.03** —0.26+0.04** —0.10+0.01**
F09104 F, 1t 0.10+0.02** —0.15+0.03** 0.18+0.03** —0.09+0.01**
F0780 F, 1t —0.10+0.04* —0.30+0.02** —0.03+0.05 —0.03+0.00**
F0768 F X —0.15+0.03** —0.07£0.02** —0.18+0.05%* —0.53+0.04**
FO751 F 1t —0.21+0.04%* 0.53+0.04%%  —0.34+0.05%%  —0.55+0.04%*
F0719 F, 1t 0.28+0.03** 0.52+0.04** 0.41£0.04** 0.56+0.04**
F0908 F, 1t 0.18+0.03** —0.18+0.04** 0.20£0.04** 0.56+0.04**
F09125 Fy 18 -0.01+0.03 —0.07£0.02** —0.17+0.05%* 0.28+0.02%*
F0990 F, 1t 0.33+0.03** —0.67+0.03** 0.26+0.05** 0.41+0.03**
F0927 F, 1t ~0.39+0.03%* Z0.37£0.05%*  —0.30£0.04**  —0.08+0.01%*
F1264 F51C —0.25+0.04** —0.05+0.06 —0.16+0.05** 0.324+0.02**
RS BLUR AL e BE AR Population g 4o, ggues —0.15£0.05%%  —0.540.11%*  —0.52:+0.04**

against V. anguillarum infection
KS itllilfii:rea population 0.32+0.06** 0.73£0.14** 0.22+0.09** 0.26+0.02**
F1010 F, 1t 0.17+0.05%* —0.10+0.11 0.28+0.06** —0.11+0.01**

2.4 BEfEHEXFRBEX

AN st 90 2 S5 PR 22 ) ) 2 AR AH OGN it A4 4 5%
FELFE 6, AFBHY A EHAE . S KFATE 3 AR
PR 2 0] AR i R AR AL A G, Ho, A E
FEE 0.82-0.96 Z 0], BEAHCTE 0.72-0.97 Z[f],

25 BWE

Wk BLUP 43875 6 i shi i & FE2E 1T
TN o SR R WL 7 N 8, MEME R Ak
Y E MM N (—73.65+20.86)—(100.05+21.33), 2K

HAE R (-3.0120.70)—(4.31+0.73), EARIKTENE
FfE 4 (~1.5140.39)—(1.59+0.39); MMk R aKENH
P 47 (~50.26+14.66)—(72.06+18.02), 4K [ Fll
H(<2.17£0.58)—(2.89+0.71) , ZEAIK TE i & FhH N
(—0.98+0.30)—(1.42+0.38), Hrp, 1A F FHE M &
BR, MUMEESEZMR. 3 MEREGE IR,
F1005-8 .F09119-11,F09125-4 ,F0915-57 ,F09104-12
F1264. F0908-38. F0927-20. F1005-53. F0990-6.
F09125-7, FO751-14 £l F1005-42 iX 13 3 FH MH
Herm, BIIE, ATRLRRX 13 Rt i, kel onfa.

*6 ARBRKITHFZMERZERREBRIMEEBLRY

Tab.6  Phenotypic and genetic correlation coefficient between the traits of P. olivaceus at different day age

FEtk 140 d 170 d 200 d 380 d
Traits PC GC PC GC PC GC PC GC
RE 54K BW_TL 0.95%* 0.96%* 0.95%* 0.97%* 0.96%* 0.97%* 0.95%* 0.95%*
hE 5{k% BW_BL 0.94%* 0.96%* 0.83%* 0.72%* 0.92%* 0.95%* 0.95%* 0.96%**
&K 5% TL_BL 0.91%* 0.94%* 0.82%* 0.75%%* 0.88%* 0.91%* 0.88%* 0.92%%*

TE: GC MBI, PC RN

Note: GC abbreviated for genetic correlation, PC abbreviated for phenotypic correlation
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Tab.7 Breeding values of female P. olivaceus parents (Mean+SE)

AR G 5 R ESN AR5 AR G5 R ESN LS
Female parent Body weight Total length Body width | Female parent Body weight  Total length Body width
number (2) (cm) (cm) number (2) (cm) (cm)
F0990-6 100.05+21.33  4.31+0.73 1.59+0.39 F0719-105 -4.76+27.5 —0.23+1.07 0.06+0.57
F1005-42 64.73+23.57 -0.03+0.82 0.83+0.47 F0719-8 -5.31427.69  -0.21+1.07 0.26+0.57

F1005-53 42.98422.85  1.65+0.83 1.01+0.42 F09119-6 -8.18+22.74  —0.28+0.82 -0.66+0.44
F0927-20 30.91+£27.52  1.04+£1.07 0.60+0.57 F0917-13 -8.98+23.51  —0.06+0.83 —0.35+0.47
F09119-11 27.63+27.63  0.95+1.07 0.44+0.57 F1005-27 —9.28+23.58  —0.72+0.86 -1.01£0.50
F09104-12 25.03£20.34  0.50+0.66 0.53+0.38 F1005-66  —15.32+21.89  —0.57+0.75 —0.33+0.42
F0751-14 22.14+25.79  0.20+0.95 -0.41+0.51 F0927-36  —15.68+21.06  —0.14+0.71 0.10+0.40
F1005-8 14.63£20.69  0.55+0.69 0.36+0.38 F0719-22 -16.31£24.94  —0.43+£0.93 0+0.50
F0915-53 13.29£22.60  0.73+0.80 0.18+0.44 F0780-1 —19.09+24.94  —0.80+0.93 —-0.49+0.50
F0719-97 13.18+27.72  0.32+1.08 0.02+0.57 F0915-30 -21.76+£25.28  —0.83+0.94 -0.52+0.51
F09121-11 8.41+28.35  0.40+1.10 0.56+0.58 F0917-15 -25.35+25.84  —-0.74+0.97 —-0.08+0.51
F0719-100 7.80+£27.65  0.77+1.07 0.26+0.57 F0917-29 -26.21+£21.85 -2.00+0.77 —-0.09+0.41
F1005-34 6.40+£25.26  0.30+0.94 0.32+0.51 F0917-18  -28.01£25.09  —0.48+0.92 —-0.06+0.49
F0719-10 2.77£27.60  0.41+1.07 —-0.15+0.57 F0768-26  -32.70+£23.05  —0.32+0.84 —-0.20+0.45
F0719-14 1.31£27.54  0.40+1.07 0.15+0.57 F09104-6  —67.02+24.77  —1.93+0.93 —1.78+0.49
F0917-35 —0.20+25.77  0.25+0.96 0.61+0.51 F09121-3  -73.65+20.86  —3.01+0.70 -1.51+0.39
F0917-36 -3.46+25.25  0.03+£0.94 -0.25+0.51
*8 MR A BMECHIELIREDR)
Tab.8 Breeding values of male P. olivaceus parents (Mean+SE)
S Gt 5 R EN (LN A Gt 5 {LNCE €N LS
Male parent  Body weight  Total length Body width Male parent ~ Bodyweight  Total length Body width
number (2) (cm) (cm) number (2) (cm) (cm)
F1264 72.06+£18.02 2.89+0.71 1.42+0.38 F0751-129 1.31£27.54  0.40+1.07 0.15+0.57
F0908-17 40.494+22.71 1.23+0.90 0.34+0.47 F0751-36 —2.67£23.19 -0.07+0.92 0.11+0.48
F0908-38 30.91£27.52 1.04+1.07 0.60+0.57 F0915-8 —4.14+18.61 -0.92+0.75 0.13+0.37
F09125-4 27.63+27.63 0.95+1.07 0.44+0.57 F0780-56 —4.76+£27.50 —0.23£1.07 0.06+0.57
F09125-7 21.94+23.60 0.44+0.91 0.20+0.48 ks-188 -5.31£27.69 -0.21£1.07 0.26+0.57
F0915-57 18.59+19.26 0.06+0.75 0.53+0.38 F09104-13 —7.17£21.77  0.02+0.85 0.14+0.43
F09119-33 14.26+15.37 1.37+0.61 0.03+0.31 F0768-33 -16.41+£23.14 -0.73+0.91 —-0.60+0.48
RS-45 13.18+27.72 0.32+1.08 0.02+0.57 F09119-20 —28.43£18.11 -1.40+0.74 —0.45+0.36
F1005-4 12.87+23.34 0.57+0.92 0.43+0.48 F0768-76 —29.19+£23.14 -1.00+0.91 —-0.43+0.48
F0915-42 8.41+28.35 0.40+1.10 0.56+0.58 F1010-82 -30.13£21.76 —-1.22+0.86 -1.21+0.47
F0908-25 7.80+27.65 0.77£1.07 0.26+0.57 F0917-48 —47.11424.07 -1.584+0.92 —0.59+0.49
F0908-23 2.94+23.62 0.33+£0.91 0.08+0.48 F09121-26 —49.57£16.02 —1.68+0.63 —1.34+0.30
F0768-46 2.77+£27.6 0.41+1.07 -0.15+0.57 F1005-23 -50.26£14.66 —2.17+0.58 —-0.98+0.30
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KT HERRZNBEMEREZES, WX RNEFE
AT R EE . ST R BB, BN R R E FiiE
et ER K225 . W o i, (RE A& FVE
7E-62.88-35.60 Z[H], KM EMEE-2.62-1.45 Z
6], A5 ERMEAE-1.27-0.61 Z[E, 3 MERE R
{HEYRT 0 FIZE R A F1402 . F1408 \F1415 .F1416 .F1423
F1427. F1428. F1439. F1440. F1441. F1442. F1444
F1446, 3 MERFFMELVNT 0 IR R4 F1401 . F1404
F1405. F1406 . F1407 . F1410. F1417 . F1420. F1424 ,
F1426 .F1429 F1430.F1431.F1435 F1443 1 F1449,
REFMEIE KT 2K MATEEME, T A E
BAMEE N FESHHER, %I 20% AR, &5
BF MK R N F1416, F1428, F1442 ., F1418. F1427.
F1408 . F1402. F1412 F1 F1446, a[{ENEH BnK % .

10 2 380 H & A BEAATE AR A M AT a2,
A Y {E 7E (149.36+54.42)—(309.88+99.11) 2 1], 748
SERECH 0.20-0.38, AT REENSHNE,
T I8 20% R Fl R, G331 &0 Fl444, F1430,
F1423 .F1421.F1425 F1446 .F1427 .F1417 1 F1441,
AMEERRRSRAMEERBRRZ DA 2 M, B
2 kR R BAT 22.22%R0 MR o DL FE AR I
AKX ZEME SRR EERNEREFME
FLEmT 15 . AR B AP PR L R AV I B ACR =
81.91%.,

3 itig

1960 4F* Falconer &% | (Hitigtfh it ), &
6 sy iae N NEBLINYINR 6 s = (B
HN—TTRGERI B 70 SRR T B 5L 5 I
BE S Z H W AETVE 2K SR B ah A, g
(Carassius auratus gibelio)(Gheyas et al, 2009), K&
i (FFHEAE, 2013), P HEff(Oreochromis niloticus)
(Gall et al, 2002; Rezk et al, 2009) . & [CTHEN Macrobrachium
rosenbergii)(Thanh et al, 2009; Pillai et al, 2011), /NE
YR (Cherax destructor)(Jerry et al, 2005) . i fH
(Strongylocentrotus intermedius)(Chang et al, 2012)% .

TEMZRN R E AR, B s L o 2 0280
R A%, B i — I AR AR A R A Y 5t L

SR, WEE R EATHRIEAL S L BEHIE . B
EREB EAEFBAE S5, ik — AR AL 55
FT A 22 M R 25 6 BE B 48 B 15 3L Al (Eknath et al,
1993), 1971 4F Patterson 1 Thompson 2 £ s K
IR L (REML)fh 15t % 5 224145, B N A K i
FEUEH, REML J5 k02 H mi sh# & b st A& 250k 11
FOAHRAR B 7 R (W AR, 2001) .

XHAEE 140, 170, 200, 380 HRRZAKAMK
PRIRPEAT AL 0T, S5 B, A KMok i %
F15r BRI EE 0.15-0.29, 426K 0.14-0.25, K5% 0.13—
0.27, ¥WRMKHAIE 1, BEEFBEAWER, L))
/NS B A B 8, 380 HAIT 3 ANPRIR Y AL S1 24
KB A, o DME AR AR IE T e BE R A, AR as
ek, XTI 6F A KRB AL T uEsE, XU
(2009) 43, FHEALT 180, 240 Fl 360 H AR, 4
R MR 0L T 0 AR E 0.13-0.35 0 (R K
0.29-0.32. KM 0.35-0.39, 1K #AL 1w TR &
AR, 180 HRHS 3 ML J1iE K FREIAK
(2015)4RIE, FHEALT 93, 141 H1 203 HEARHF, 4
KRR B AL o B o R E 0.25-041, &K
0.19-0.36, 1A% 0.23-0.39, 141 H S E 3 MR AL
FRER K LA R, BEE AR K, 5
& 330 BN B BE K, (H 8% 3k B B KR G H i
AN, ST R —EES, HEEFEH
SRR BB AL | R AL SR T AR FRIE IR BTN
A), 0 R A5 A ) s R T), DASCR FH st % 2 8000
TR,

55 At 2 A i) s 3 AR MR 1 38 A D ST
Fo, KZEBE 3. 6. 9. 12 A1 15 H S ARE#E 130
B2 0.25-0.34, UTH8(Oncorhynchus mykiss) 1.5, 2 Fll
4 AR ISR ER (545 S5 R 0.38-0.46 (McKay et al,
1986; Quinton et al, 2002; Perry et al, 2005), K P L
(Salmo salar) 2-3 - R ()% S A HE 2 0.1-0.3
(Standal et al, 1987); K 17121 (Micropterus salmoides)
4 R 6 HIMARE L T2 0.28-0.29 (Z44,
2010)7, 53 s fn 2OA ] i3 A K MR A58 1A e
B, AL AR —KE, ARREE A AT A K
ANV PR R, (B AL T B KNERAS AT, o B R

1) Liu YX. Genetic analysis for growth traits in Japanese flounder selection and breeding family. Doctoral Dissertation of
Northeast Agricultural University, 2009 [XI7GHT. A 8L R R A KMERIRG 0T, ARICA KA L5 24407183, 2009]

2) Chen HL. Quantity genetic analysis of Paralichthys olivaceus families and QTL mapping for metamorphosis direction.
Master's Thesis of Shanghai Ocean University, 2015 [FRZLAR. A8 R E st % At X AR S 0w 7 17 ) QTL /e . il

TN 58 A 28 3, 2015]

3) Li R. Estimates of genetic paramaters and breeding values for growth traits and analysis for genetic structure during
selection of largemouth bass (Micropterus salmoides). Master's Thesis of Guangdong Ocean University, 2010 [ZR45. 1 26

A R AR AL 2 BN T LA T Sk T R st AR A5 A T ) AR IR R 2 9 A 2 (38 3, 2010]
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Tab.9 Breeding values of each family of P. olivaceus (Mean=SE)

KBS {k#H Body &K Total  {A%E Body RERG S {KkH Body 4K Total A% Body
Family number  weight (g) length (cm) width (cm) |Family number weight (g) length (cm) width (cm)
F1416 35.6+£12.63 1.45+0.42 0.57+0.28 F1445 —1.38+9.53 0.60+0.39 0.06+0.24
F1428 31.874+9.38 1.30+0.32 0.37+£0.22 F1411 —1.59+10.13 0.08+0.35 0.22+0.20
F1442 31.1749.57 1.05+0.31 0.61+0.22 F1403 —2.89+12.41 0.00+0.40 -0.15+0.27
F1418 30.87+11.50 —0.48+0.41 0.49+0.21 F1438 —4.80£10.31  —0.23+0.36 0.06+0.28
F1427 27.92+12.33 0.96+0.38 0.44+0.24 F1448 -5.35+14.08 -0.21+0.44 0.27+0.31
F1408 27.10+9.16 0.99+0.38 0.26+0.25 F1430 —6.65£16.11  —0.49+0.47 -0.12+0.36
F1402 25.59+11.35 1.10+0.40 0.31+0.25 F1417 -8.04£12.71  —0.35+0.38 —0.44+0.26
F1412 22.17+8.35 0.32+0.31 —0.11+0.21 F1426 —10.90+9.52 —0.43+0.35 -0.19+0.23
F1446 20.87+11.49 0.97+0.40 0.31+£0.24 F1404 —12.88+8.93 -0.61+£0.34 -0.41£0.21
F1440 13.31+£10.43 0.32+0.37 0.02+0.27 F1449 —17.12+14.63  -0.55+0.53 —0.49+0.34
F1423 10.87+12.75 0.35+0.38 0.41+0.28 F1425 —17.85+11.57  -0.23+0.35 0.04+0.25
F1444 8.52+15.34 0.41+0.45 0.57+0.35 F1435 -17.90+10.76 ~ —0.77+0.39 —0.55+0.25
F1441 7.87£9.17 0.78+0.29 0.26+0.23 F1406 —18.04+14.26  —0.83+0.49 -0.31£0.30
F1415 4.72+10.94 0.31+£0.37 0.20+0.24 F1410 —18.76+10.70  —0.62+0.38 —0.04+0.24
F1422 4.30+£10.16  —0.10+0.35 0.15+£0.23 F1405 —19.94+12.82  -0.98+0.44 —1.12+0.27
F1414 2.79+8.54 0.41+0.34 —-0.15+0.20 F1429 -22.994+14.23  -0.72+0.50 -0.22+0.33
F1421 2.21£14.24  —0.02+0.43 0.34+0.31 F1401 -24.59+10.03  -0.95+0.37 —0.63+0.25
F1439 1.32+£8.51 0.40+0.33 0.15+0.20 F1443 -34.59+11.91 -1.21+£0.42 -0.56+0.27
F1420 -0.24£11.37 -0.03+0.41 —0.03+0.26 F1424 -36.49+14.93  —1.17+0.51 -0.34+0.34
F1409 —0.29+10.46 0.18+0.36 —0.09+0.25 F1431 -38.15+11.49  -1.86+0.45 -0.72+0.29
F1419 —0.63£12.33 0.40+0.43 —0.15+0.26 F1407 —62.88+9.31 -2.62+0.38 —1.27+0.22
< 10 380 BiRFEFR RAERYFEIA IS 4R
Tab.10 Descriptive analysis of body weight of P. olivaceus family at 380 day age
Family Number Mean+SD CcvV Family Number Mean+SD ()%
(€] (€] (& (€3]
F1444 77 82.0 459.2  309.88+99.11 0.32 | F1438 140 115.0 423.4  241.83+61.01 0.25
F1413 72 97.2 532.8  309.38495.71 0.31 | F1429 132 65.8 421.6  236.48+79.95 0.34
F1430 107 68.8 567.2  296.76+101.16 0.34 | F1410 104 64.0 382.6  236.41+65.26 0.28
F1423 131 48.2 493.4  286.85+79.21 0.28 | F1406 111 83.4 438.0  232.99+85.70 0.37
F1421 119 113.4 527.8  284.41+84.14 0.3 F1409 136 99.8 398.2  231.34+63.69 0.28
F1425 116 56.0 473.8  282.84+72.91 0.26 | F1440 102 76.6 396.4  229.71+61.94 0.27
F1446 114 80.0 465.6  279.44+73.44 0.26 | F1402 194 84.6 399.0  226.89+67.31 0.30
F1427 103 136.8 520.2  273.84+74.17 0.27 | F1405 134 62.0 428.6  225.07+£77.98 0.35
F1417 120 95.8 417.0  272.32+75.81 0.28 | F1449 115 65.6 4234  221.81+83.19 0.38
F1441 114 95.4 387.8  271.67+54.53 0.20 | F1412 171 61.4 349.0  215.93+51.36 0.24
F1448 134 75.6 429.6  271.18+85.00 0.31 | F1443 141 63.6 427.0  209.29+68.09 0.33
F1442 129 99.4 437.8  268.42+58.72 0.22 | F1419 158 81.6 413.4  207.83+£73.02 0.35
F1434 105 117.8 459.6  267.70+75.32 0.28 | F1445 153 43.0 360.0 206.47+59.12 0.29
F1418 119 39.6 402.2 264.61+£71.10 0.27 | F1435 115 65.4 4274  204.61+64.12 0.31
F1416 136 72.8 4574  262.99+78.86 0.30 | F1420 145 64.4 399.6  203.18+67.67 0.33
F1411 106 91.8 428.8 262.87+61.49 0.23 | F1414 169 61.6 414.6  203.17+54.96 0.27
F1403 110 70.4 488.8  257.21+70.05 0.27 | F1426 134 56.2 435.6 196.64+61.97 0.32
F1428 119 84.4 404.6  254.96+54.84 0.22 | F1408 195 44.0 403.0 192.69+55.54 0.29
F1415 134 90.0 405.2  250.41+64.02 0.26 | F1431 110 57.4 352.4 185.14+65.08 0.35
F1424 111 52.2 448.4  249.95+90.98 0.36 | F1401 184 66.0 463.2 175.86+59.07 0.34
F1422 101 79.8 425.6  247.95+60.86 0.25 | F1404 178 49.8 391.2 173.62+55.50 0.32
F1439 124 135.2 383.8  243.55+51.73 0.21 | F1407 167 55.4 336.0 149.36+£54.42 0.36
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Abstract Breeding new varieties is a main approach to prevent the genetic degradation and improve
traits for the purpose of economic benefits. Quantitative genetics evaluation is one of the main methods
used in Japanese flounder (Paralichthys olivaceus) breeding. By using the core populations from the
established breeding program, this research evaluated three growth related traits (body weight, total length,
and body width) among 42 newly-generated families on 140 d, 170 d, 200 d (before mixing pool) and
380 d (after mixing pool). The quantitative genetic analysis was carried out using MINQUE, REML and
BLUP. The results showed that the variation coefficient of growth traits ranged between 10.56% and
38.62% at different day age. Among three growth traits, the variation coefficient was the largest in body
weight, and was relatively small in total length and body width. The variation coefficient of different traits
decreased with the increase of day age. The additive variance component ratio for the three traits was
between (0.13+£0.01) and (0.29+0.06), whereas the random variance component ratio was between
(0.71+0.06) and (0.87+£0.01). By contrast, the narrow sense heritability ranged between (0.13+0.01) and
(0.29+0.06) and the generalized heritability was from (0.15+0.01) to (0.54+0.06). All of the above genetic
traits were highly significant (P<0.01). Comparison of genetic effects on three growth traits during
different developmental stages revealed that four parental groups (F0990, F1005, KS, and F0719) showed
significant positive effects, whereas six groups of parental groups (F0751, FO768, F0780, F09121, F0927,
and RS) showed significant negative effect (P<0.01). By contrast, the rest of 32 parental samples showed
no significant effect. The correlation coefficient was between 0.82 and 0.96 in phenotype and between
0.72 and 0.97 in genotype. The phenotypic and genetic correlation coefficient of different day ages were
maintained at a relatively stable level. Breeding value of the 380-day age was estimated using the BLUP
method. The results showed that breeding value of the parental fish body weight was between 14.63 and
100.05. Among all the families, the highest breeding values for body weight were found in F1005-8,
F09119-11, F09125-4, F0915-57, F09104-12, F1264, F0908-38, F0927-20, F1005-53, F0990-6, F09125-7,
F0751-14 and F1005-42, average between 20.87 and 35.60. The families with the highest average weight
breeding value were F1416, F1428, F1442, F1418, F1427, F1408 F1402, F1412 and F1446. Compared
with the method of phenotypic selection, the breeding values obtained from growth-based selection were
better for improving growth traits since the selection efficiency was up to 81.91%. In this study, parents
and families with superior growth traits were selected to improve the genetic quality and new varieties of
P. olivaceus. Meanwhile, it provides an important theoretical basis for the development of P. olivaceus
breeding program.
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