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Estimation of Genetic Parameters and Reproductivity Test of
Genetic Evaluation for Growth-related Traits of olive Flounder
Paralichthys olivaceus at 180 Days of Age
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This study estimated the genetic parameters and breeding values for the growth-related traits of the 1st gen-
eration produced in 2005. The heritability of body weight, total length, body height, body shape and condition fac-
tor of 180 days old olive flounders Paralichthys olivaceus, the 1st generation of selection, was estimated as 0.564,
0.590, 0.588, 0.306 and 0.332, respectively. And reproductivity of genetic evaluation for crossing superior floun-
ders and inferior ones was tested using the subsequent generation produced in 2006 based on the breeding values
of 1st generation. In the least-squares means of body weight and total length for each group of crossing, the values
of crossing group between superior flounders (SxS) showed 145.6+1.8 g and 22.4+0.1 cm, respectively. The values
of crossing group between superior and inferior flounders (SxI) showed 133.2+2.5 g and 22.1+0.1 cm, respec-
tively. The values of crossing group between inferior flounders (IxI) showed 114.0+2.1 g and 21.08+0.12 cm,
respectively. In the results, flounders are determined as appropriate selective breeding fish with the high heritability
of flounders in early ages at 180 days old, and the reproductivity of genetic evaluation was also high.
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Table 1. Number of parents and means and standard deviations of growth-related traits by collected location and sex

Collec;tcd Parentage No. of Body Total .Body Body shape Condition
location fishes weight (g) length (cm) height (cm) factor

CA Dam 57 3463604 64.7+£3.5 25.3+1.5 9.6+0.28 12.7+0.9

Sire 17 2315+461 57.4+3.6 21.9+1.3 10.0+0.33 12.1+0.9

CB Dam 43 2903688 63.2+4.3 23.3+1.9 10.1£0.34 11.3£1.0

Sire 18 1736+280 53.3+£2.9 19.4x1.3 10.5£0.26 11.4+0.6

CC Dam 24 3090+242 62.4+1.5 24.3+0.9 9.5+0.38 12.7+£0.6

Sire 91 1631+421 51.0+£3.9 19.1x1.7 10.2+0.38 12.1£1.0

CD Dam 23 22944337 57.6+2.5 21.5+1.1 10.6+0.36 11.9+0.6

WB Dam 27 1964+474 54.9+3.1 20.5+1.8 10.9+0.46 11.7+0.8

Sire 35 1304+331 48.9+3.3 17.5¢1.6 11.1+0.38 10.9+0.9

WE Dam 20 1890+448 55.9+4.9 20.6+1.7 10.9+0.33 10.7+1.2

Sire 17 1322+228 50.0+£2.5 17.8+£0.9 10.9+0.44 10.5+0.7

WG Dam 13 2799+731 62.3+£5.2 23.4+1.9 10.5+0.34 11.3+£0.8

Sire 10 1926+359 55.6+3.6 20.5+1.5 10.7+0.42 11.1+0.3

WT Dam 11 2501630 60.0+5.1 22.4+2.0 10.9£0.30 11.4+0.6

Sire 9 17174629 52.245.1 19.4+£2.4 10.9+0.45 11.5+1.0

Total Dam 218 2870+£779 61.7£50 23.442.3 10.2+0.65 11.9+1.1

Sire 197 1632+476 51.5¢4.3 19.1£2.0 10.5+0.54 11.6+1.1

Aulo]| o] &5 ojA 4= QtHGjedrem, 1997; Refstie, 1990).
A SFAE £ L AU FE S (accuracy of selection)E
Fol7] e FARTFE AgsA Fgslok sk, o1F 9
A AA B Wo] FollA £ A7H {adEAtadditive
genetic variance)S SJ5h= 7] ulle- F231H(Su et al., 1996).
2 AT 180039 WNE o 27] el delne)
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g TAZ wilAAS A3t 2AdE RS ]88t

o] 20053 42 19Y(batch 1; B1) 9 48 28%U(batch 2; B2) 2

2 A BR gupgog 7hzk Wil AAs =535
Ho g o FsA-S AL Batch 1, batch 20114 242} 145
A 2 181I7HAIE BRI oH, S5 HAIE Aeet & A
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Froll 31515151, K31 & 3UAFEIE rotifers FE3IR O,
23748l Wt artemia®} WIFAIEE FHEBISICH AT &
g iR 37 olXells AFA0E, 1 o|FREE 47
o) A2 02 ST A7 Bk 2 15.7-27.0,
AR 30.7~34.8 psu, 12| DO= 6.0~7.9 mg/L AT

(3) A

AR AEE AZPA 2] gA 7R =R
2] 100 pg S 5% Chelex 100 845 |2} #55F 96 well plate
of Wil 55°CellA 307} proteinase K *]218}31, 100°Cei|A]
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o e
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Z3190th. ABI 3100 (Applied Biosystems, USAYS ©]8-3]
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1,536, batch 2: 1,824) % X}&Rlo] & 3113w} (batch 1:
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7} o, A¥X]9=(body shape; BS)®} H]%HE (condition factor;
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2% (Total length)
A i(Body height)=3.65
A%E(Body weight)
ZZH(Total length)3
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Fig. 1. Scheme of measurements for olive flounder Paralichthys oli-
vaceus.
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Table 2. Number of records of 180 days olds by batches, collected location of sire and dam

Batch No. of fishes Location of sire No. of fishes Location of dam No. of fishes
Batch 1 1,350 CA 277 CA 992
Batch 2 1,763 CB 401 CB 778

CcC 1,868 CcC 468

WB 329 CD 219

WE 37 WB 271

WG 95 WE 194

WT 106 WG 96

WT 95

Total 3,113 3,113 3,113
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714, of = Additive genetic variance
op = Residual variance
W= Heritability
r¢= Genetic correlation
rp=Phenotypic correlation
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(1) 180€% A ] BAE

£ Aol B4 AREA A, 27, Aa, AFyA L,
HIREE Fo oiyi-e] el vjst At A, wHigeRle] 4=
A A4, gAY oA A 9 R e s w
Hj971) =7 ) As ad) Bl a1E9) §-2)4 (P<0.001)
S YehSItH(Table 3).

(2) 180¥% 434 gursd

gx1e] 731 £ 180U%H Y 4FE Ao gt By} 2EH
AR A 85.5+25.3 g, A4 19.63+1.85 cm, AT 6.83+0.73 cm,
AFR4 10.52+0.46, BITHE 10.98+0.87% LFEFFTH Table 4).

2) W& A7), wHllpZd G mHiQIZY F] HAO] §3f

(1) 8%t 2719 &)

B3l & 1809% Wxe] Al sk A AP i
ASHAAE AR, 2ARE 2] FdoA Ak A7)
7re) g BAA Fo2ks EAh(Table 5). A%, B3 2
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Table 3. Source of variation, degree of freedom, mean squares and tests of significance for growth-related traits at 180 days old

Source df Body weight Total length Body height Body shape  Condition factor
Batch 1 112054%** 164.22%% 23.296%x* 15.267%*+* 368.81***
Location of sire 6 5518%*% 36.00%*x* 1.574%%+ 0.964*** 2.75%**
Location of dam 7 3940% %% 29.50*x* 4,492%*# 0.611%* 0.74
RSxRD 23 1353*%*# 8.70**x* 1.566%** 0.518%** 1.27%%
Error 3075 517 2.88 0.443 0.0144 0.59
*¥**P<(.001, **P<0.01
Table 4. Overall means of growth-related traits at 180 days olds and their standard deviations
Source Body weight (g) Total length (cm) Body height (cm) Body shape Condition factor
QOverall mean 85.5 19.6 6.83 10.52 10.98
Standard deviation 253 1.8 0.733 0.46 0.87

Table S. Least-squares means and standard errors of growth-related traits of olive flounder Paralichthys olivaceus at 180 days old by batch

Batch Body weight (g) Total length (cm) Body height (cm) Body shape Condition factor
Batch 1 84.240.1° 19.2+0.1° 6.72+0.03* 10.47+£0.02° 11.36+0.03"
Batch 2 71.2+0.1° 18.7+0.1° 6.4540.03° 10.62+0.02° 10.61£0.03°

Note: Means in the same column with the same letter are statistically insignificant at 1% level of significance.
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Table 6. Least-squares means and standard errors of growth-related traits of olive flounder Paralichthys olivaceus at 180 days old by

collected locations of sire

Location of sire Body weight (g) Total length (cm) Body height (cm) Body shape Condition factor
CA 90.1+1.5 19.8+0.1° 7.00+0.04° 10.36+0.03° 11.21£0.05°
CB 82.3+1.4° 19.3+0.1° 6.76:0.04° 10.4620.03% 11.07+0.05%
CcC 84.0£0.7° 19.5+0.1° 6.75+0.02° 10.55+0.01* 11.01+0.02°
WB 70.1+1.4° 18.4+0.1° 6.37+0.04° 10.59+0.03" 10.9420.05°
WE 64.5+3.8° 18.0+0.3¢ 6.14+0.11° 10.70+0.07* 10.87+0.13%
WG 68.8+2.4° 18.3+0.2° 6.30+0.07° 10.64+0.05° 10.85+0.08"
WT 83.8+2.3% 19.4+0.2% 6.76+0.07° 10.51:£0.04% 10.92+0.08°

Note: Means in the same column with the same letter are statistically insignificant at 1% level of significance.

Table 7. Least-squares means and standard errors of growth-related traits of olive flounder Paralichthys olivaceus at 180 days old by

collected locations of dam

Location of dam Body weight (g) Total length (cm) Body height (cm) Body shape Condition factor
CA 86.6+1.0° 19.7+0.1° 6.86+0.03" 10.53+0.02% 10.95+0.03%
CB 82.5+1.1° 19.3+£0.1° 6.74+0.03° 10.46£0.02° 11.11£0.04*
CcC 81.4+1.3° 19.3+0.1¢ 6.70=0.04¢ 10.55+0.03% 10.92+0.05%
CD 94.4+1.8° 20.2+0.1° 7.07+0.05° 10.47+0.03% 11.03+0.06®
WB 73.0+1.8¢ 18.7+0.1¢ 6.46+0.05¢ 10.59+0.03° 10.81+0.06°
WE 69.7£1.8% 18.2+0.1° 6.310.05% 10.59+0.04% 11.05+0.06™
WG 65.14£2.4° 17.9+0.2° 6.22+0.07° 10.51+0.05%¢ 11.20+0.08
WT 68.7£2.6% 18.3+0.2% 6.30+0.08% 10.64+0.05® 10.80+0.09>¢

Note: Means in the same column with the same letter are statistically insignificant at 1% level of significance.

Aol zF A A7PE HaxlsSgF 2o QloA, bateh 19114
£ 247} 84.2+1.0 g, 19.2+0.1 cm, 6.72£0.03 cm®E LJERGEO
batch 20141= 242} 71.241.0 g, 18.7+0.1 cm, 6.45+0.03 cmE
et A Bo] 22 A A, A% 9 e A
2717 94 W batch 1914 & 02 =A] Yekit.
AP Fo] =& APA T} vT=e] 2 A E
2ZFEHFA o Qo] batch 1914+ 22 10.47+0.02,
11.36+0.032.2 e, batch 20141% 2+ 10.62+0.02,
10.61+0.030F Yeptrt. Aol gt Al vz vepd A
x5 49 A 717F =@ batch 2014 FJH o2 FA
UeRton, vltke] J=g HAEe HITES] A5 AR
717} WhE batch 1914 Fr2HoF A vhERRTHP<0.01).
) AR 7 A4l 59
3l 3 1804% WX A gt w3 &
2 HAASEAAE AR, IAF o] Ydelx 5
A 2] FEE A FAE HATK(Table 6). AlF, %
29 A3 7 wHlER R A HAAEE A ol %101
A, gkalak A 217 90.1£1.5 g, 19.8+0.1 cm, 7.00:0.04 cm=
et Bf 2 Heflr] A5 ket oA 0F A VER
o, AJdeM 5718k FaIEE 217} 64.5+3.8 g, 18.0+0.3 cm,
6.14+0.11 cmZ VR B} X]¢ollx] 38 Fdrrt fo 3o
2 37 el dAH g e Byo] 2 AlF, A%
9 A= AAAE AHWB, WE, WG, WT)el vl 24k 2
THCA, CB, CCP] tAIF o2 FA VeRdth

iﬂfﬂﬂr PHo] &2 AP} Himro] 7+ wulA 54
bl HAaAsEatz]ol QlojA, FEllkE ZH2E 10.7040.07,
10.87i0.13£li YERR oA, A7} 10.36+0.03,
11.21£0.05Z YEFSTE APA|G2] A5 Falishteo] welde
2 7P =4 vehged, e e] - okak AV RoH o
2 7 A JERTHP<0.01).
() THPA £ FAe 57
B3l T 18049 gxo g gt w2
A HAASHARE AR E, 2AME o] oA 4
A Az FEs A FoAE BT (Table 7). 2%, &
7 dl Aae] 7F welgR A G ARG glof
A, ok D= 242t 94.441.8 g, 20.2+0.1 cm, 7.07£0.05 cmZ
YeR} Bf Xedold =48 Adint fF 07 A vebt
o, AAl A e AAAte] 77} 65.1£24 g,
17.9£0.2 cm, 6.22+0.07 cmE YER} B} XA 3% &
R folg o vAl Yelht) AAlF ez AJaku) #o]
& A, A4 9 Alaie AAt Aw(WB, WE, WG, WT)ell
Hlafl $F214k FTHCA, CB, CC, CDY| tiAlE o 2 7] vielhdt,

A,
obﬂ AF z_llzlL

A} Fo] w2 AAee} viwkEe] 74 il 4
B HaAeg Aol gloiM, Btk ZH2) 10.64+0.05,

10.80+0.092 YEGor, okAA B7F ZHZE 10.4620.02,
11.1120.04% VFEPSTE AP A52] A9 HRle] foAos
W A vERteH, vRkEe] A9 AL B7F oA e R
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g Fd9) A ATsrHes vlad g3, Adde 44
743+20 g, 39%, ALH Hol= 22t 1455432 g, 79%E Wb
e A AR A9E Hol &0

3) RE=Es

(1) #49

B3l 3 18047 {x12 Aol dist /-8 FGXE A
HEH(Table 8), 437 Hlo] 2 FA }
32 FA8L ZH2F 0.564, 0.590, 0.588F AN, A7
o] &2 FARQ) AFA|+H v|v== 22 0.306, 0.332%
ZA5]]tH(Table 8). ©]= Hong et al. (1999)°] B3+ 1}elE]
glgjote] ¥3} 5 604% Aol thet f-413 0.28~0.51 HHE
t} =& ZA3o)a1, Choe et al. (1998)°] B3t 017 Alwjio
o1 77HEE Aol st 1Y 03504750 2 FHAE 2
G}, 0)9} 22 Aap= A A 14d] ak Al o= 2pd
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Table 8. Genetic variance(a? ), residual variance( o7 ) and heritability(#)
on growth-related traits of olive flounder Paralichthys olivaceus at
180 days old

Residual

Traits Genetic variance . Heritability
variance

Body weight 337.30 260.80 0.564

Total length 2.0380 1.4160 0.590

Body height 0.3110 0.2177 0.588

Body shape 0.0046 0.0105 0.306

Condition factor 0.2030 0.4081 0.332
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Table 9. Genetic and phenotypic correlations among the growth-related traits of olive flounder Paralichthys olivaceus at 180 days old

Traits Body weight Total length Body height Body shape Condition factor
Body weight 0.954 0.929 -0.230 0.379
Total length 0.981 0.916 -0.105 0.130
Body height 0.976 0.963 -0.492 0.336
Body shape -0.387 -0.288 -0.535 -0.549
Condition factor 0.373 0.213 0.397 -0.740

Note: Genetic correlations are lower left section and phenotypic correlations are upper right section.

Table 10. Least-squares means and standard errors of growth-related traits of olive flounder Paralichthys olivaceus at 180 days old by mating

group
Mating group Body weight (g) Total length (cm) Body height (cm) Body shape Condition factor
SxS 145.6+1.8" 22.4+0.1° 8.15+0.04° 10.06£0.02° 12.74+0.04°
SxI 133.242.5° 22.1+0.1° 7.84+0.06° 10.28+0.03° 12.20+0.06°
I>1 114.0+2.1¢ 21.1=0.1° 7.38+0.05° 10.45+0.02° 11.90+0.05°
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Table 11. Breeding value of mating sire and least-squares means and standard errors of growth-related traits at 180 days old by mating sire

Breeding value

Growth-related traits

Sire BW (rank/total) BS CF BW(g) BS CF
CC168 35.56( 2/140) 20050 -0.003 148.5£5.1° 10.1620.06° 12.4820.12%
CCo55 33.09( 3/140) 0.007 0.194 139.9+3.5° 10.1320.04° 12.2520.08"
CCl142 27.34( 6/140) 0.024 0.478 138.7::4.6% 10.1240.05° 12.9120.11°
cclit -12.60(116/140) 0.015  -0.001 118.3+3.7° 10.36:0.04° 11.97:0.09¢
CB067 -21.05(133/140) 0015  -0.263 127.343.5% 10.33£0.04° 12.090.08°

Note: Means in the same column with the same letter are statistically insignificant at 1% level of significance.

Table 12. Breeding value of mating dam and least-squares means and standard errors of growth-related traits at 180 days old by mating dam

Breeding value

Growth-related traits

Dam BW (rank/total) BS CF BW BS CF
CAO014 20.81(6/161) 0.000 0.087 142,424 8° 10.2940.05™ 12.3950.11%
CA093 20.15(8/161) -0.052 0.448 130.0+8.4% 10.130.09%¢ 12.65:0.20°
CB003 13.11(19/161) -0.062 0.441 141.3+4.2° 10.100.05° 12.4520.10°
CA053 12.21(23/161) -0.017 -0.113 141.125.7% 10.29:0.06" 11.97+0.13°
CB105 -8.08(125/161) 0.026 -0.293 125242 40 10.350,03° 12.1720.06®
CA045 1229(142/161)  -0.025 0.097 127.34.9% 10.17+0.05% 12.43£0.11%

Note: Means in the same column with the same letter are statistically insignificant at 1% level of significance.
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