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Estimation of Genetic Parameters and Improvements for Growth Traits
of Selected Olive Flounder Paralichthys olivaceus

Jong-Won Park*, Da-In Lee, Hyo Sun Jung, Julan Kim, He-Rim Yang and Jeong-Ho Lee

Fish Genetics and Breeding Research Center, National Institute of Fisheries Science, Geoje 53334, Korea

The aim of this study was to evaluate genetic parameters of growth traits for improving selective breeding in olive
flounder Paralichthys olivaceus produced in April 2019. The total length and body weight at 11-, 18-, and 22-months-
old were measured for 7,479, 2,831 and 1,904 individuals, respectively. Since 2004, we have been conducting a
selective breeding program to improve growth traits in the olive flounder. Data were analyzed using the restricted
maximum likelihood method using the multiple traits animal model. The effect of sex and production period showed
significant differences in all traits (P<0.05). The heritability of all traits was 0.428—0.520, which is relatively high
by measurement month. Therefore, it is considered that individual selection will be more advantageous than family
selection. However, to maintain an appropriate degree of inbreeding and genetic diversity for future generations, it is
necessary to consider family selection adequately. Results of the correlation analysis between the same traits accord-
ing to the measurement period indicated that considering production costs such as feed cost, selection at 18-months-
old will be advantageous. Olive flounder is a major aquaculture species in Korea, and continuous selective breeding

research is essential to improve productivity.
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Fig. 1. Frequency and normal probability of total length at 11-months-old.
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Table 1. Source of the variation, mean squares and test of significance for growth traits

Age Source Sex Batch Error
df! 1 1 7476
11-months-old Total length 3676.1* 3020.2* 3.6
Body weight 7045944 .4* 3424310.0* 8353.9
df 1 1 2828
18-months-old Total length 22385.0* 1208.2* 6.3
Body weight 144371724.9* 4763172.9* 45686.5
df 1 1 1901
22-months-old Total length 19411.6* 741.3* 7.5
Body weight 388641207.7* 2110863.8* 129914.0

"Degree of freedom; *High significance (P<0.001).
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Fig. 2. Frequency and normal probability of body weight at 11-months-old.

Table 30= Z:ALE 7H §21of that 4 W AV} A]7)2] Ffo
gt 2)4A1E BdT 1 BELAE BASA 25 2 17
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Bl 1.5 em AR oH, A5-2 d7lo] 546.9 g2 427%19] 484.8
gRTh62.1 g ¥ RS 55} T 18742 ko] A% o

0] 493 cm= A9 43.5 cmE 5.8 cm 2o, A= ¢F
#0] 1,475.0 g2 4=712] 1,006.6 g& 468.4 g o] A it} 23}
T 227G 9] A9 A2 Hlo] 554 emE 42719] 48.5 cm
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Table 2. Overall means, standard deviations (STD) and coefficient of variation (CV) for growth traits

11-months-old

18-months-old 22-months-old

ltems

TL (cm) BW (g) TL (cm) BW (g) TL (cm) BW (g)
Mean+STD 34.8+2.16 525.7+99.4 47.3£3.88 1310.9+316.4 53.3+4.29 2160.5+581.1
Maximum 42.5 968.0 57.5 2338.0 64.0 4021.0
Minimum 26.5 210.0 36.3 528.0 395 804.0
Kurtosis 0.08 0.20 -0.68 -0.64 -0.49 -0.74
Skewness -0.07 0.27 -0.15 0.14 -0.37 -0.04
CV (%) 6.1 18.9 8.2 241 8.0 26.9

TL, total length; BW, body weight.

Table 3. Least-square means and standard errors of growth traits by measurement month

11-months-old

18-months-old 22-months-old

ftems TL (cm) BW (g) TL (cm) BW (g) TL (cm) BW (g)
Female 3534003  546.94148 4934006 147504522 5544007  2468.8%10.3

Sex Male 3384003 48484159 4354007 100664660 4854011  1505.2°414.4

Y 3524003 5384132  47.204006 128334525 52674008 20214110
Batch 2 33054004 49334178 4584007  1198.3%4657 5134010  19526°+13.6

TL, total length; BW, body weight. »*Means in the same column with different letter are statistically significant at 5% level of significance.
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Table 4. Heritability (1), additive genetic variance (c?) and environmental variance (c?) of growth traits by measurement month

11-months-old

18-months-old

22-months-old

ltems

o o2 02 g o2 o? o o2 o2
Total length 0.435 1.738 2.253 0.509 3.219 3.095 0.520 4.002 3.693
Body weight 0.428  3,698.0 4,930.0 0479 21,810 23,690 0.503 60,300 59,590
A2l eglo] pAlhnt A, I87dS Fotd Al Ale A FRlte 20l AT Al ol 2442 0.753 B 0.7549] =
o] 5719 o L5H7} Hl= 212 Bhershict. & OH%OML A 02 B oleh Tanctal. 011 385 872
A} A% B ARl the 1 djol o SA Uekded o & WX o)t AEe] fAms el glofA) 242} 0403}
% 7he] Al A B4 ohjet Weke] £ 1%4 Sy £ 0489 RS BBk, Livetal 011tk A
A GAE T B R Al AR AtmEch £ B ol 8 Reh & 1270y 9A) AP Al 2
Aol o8- A HeE F Abelloll AA A= glow, A Aol QlotA WA Aol 242 047 B 0.63 02 w2 A1

U A B AL AIZ7E 15 whE 13po]] AT 1ol 24}
of ke ZEHET SA ekt o9 o] A 9l A4t A7)
o QofAl AT} Al F HF FAHCZ {23t Ao] & E it
Table 4= 2 Aol A 2AHE HA] ko] £31 5 11744,
187H 2] Ell 227H °JE:I A—]Xl- ﬁ:]?ﬂoﬂ T;H‘g}— X—]_,_J;_ X]—;(]-_,_/\}-
of ok FA g veh i Slck. A AlFo] i ge ek &
11755 of] 22} 0.435 2 0.428, 187D ofl = 212} 0.509 2
0.479 12|11 227045 9] 4% 2+ 0.520 ¥ 050382 =4
A71 BE 5l 2ol4 & RHRE Welc], HEE 5
%) 0] 2A| wo] Fol 4 1 Ak A 4 ol n
H1 &S ojulaln, ol PR that fHEAb]
Fdsich AR AT 48 oFRl 2o A 9

o

18! 2| A 2] 09] b2 27] Hrh= dRbA S 2 o] 5 Atel 9] gk

2 tpehiick. A 2l0] 0-0.2 M9 WE A2, 0.4 ool
o gaeoletu Btk fAY0] 245 SHAN} £AY
ol ol o] 202 faistol o) o] 712

g 2

o wntopye £ AlYS 9
=t v} - 523 7| % A7 2 E-g-Hth(Park et al., 2020). &
T Ao do A 5t o] o HAA
o] @&t} o] = fA o] W e AA 7+9] 5 Aol

7} 22 3 el oa Yepta g 383 ghol|uk A5t
3 {AARE S F45H7] olH7] wiolch &= Aol A =
APE ZF FAL 2 fAES Hof ZjR o] fed Aloes

TotEn, S Aoke] A 2T G2 2 S AA ek &
AE flolAl= 7 2 - 8] agsof & oot {29
AF A gk &2 OJ%LQ} TARE A A S A E i Kim
et al. (2008)2 53} 3 18044 |2 9] A4 Hof gt A
T 34 B s AT ASollAl AR IS
AS 717F0.5907} 0.5642 1 115193, Kim et al. (2011)-
Aol molH | 7| 2] £33t = 1171E" o 443

A

S Bugkekglon Lietal (2018)= g x]9] &3 Ao thgt
TR ol A AT S fd8S 217 0.61 2 0.74
2 Bysg

Table 50ll+= 12 A-LollA] AR 2 S A7 54 7h
o] f4 A 9 18 Y FAE YERY ST F35E 5 1174
A O A A 52 74 A= 0.928, AT *%ﬁl#
£ 0.9358 AME|QIAL, #3515 1870w A3t Al F2] 1+

AAG=0.957, 28 F A= 0956 18] B35 &
AR B4 AT 1 R R GUARE 220934
2} 0.944= ZALERITE Kim et al. (2008)2 53} 2 180U A

Aol QoA ARat Al F2] 4 E 8 *Mzﬂ*ﬂ 7z}
0.9817} 0.954% 2 115}9) 17, Kim et al. (2011)2 5.3} & 11
ML= gl dolA A AlFe 54 9 2l A
22 771 0.9693} 0.9592 1 115199t} Liu et al. (2011} 5
3t 127099 GAE o2 At Alse] 54 4 ﬁﬁlT
£ 09622 2115} 0n, T3} Tian et al. (2011)= 5.3} 5

N g2 9] AR AFo] 4 2 28 *Pﬂzﬂ#ﬂ xdgdy
0.960 2 0.930°.& B 11519 01, Lietal. (2018)= 33} 5 12
M= Gx 2 A Ao fd E 2EY A7 242

Table 5. Genetic and phenotypic correlations' among growth traits
by measurement month

Traits?  TL11  BW11 TL18 BW18 TL22 BW22

TL11 0935 0.725 0.660 0.676 0.597
BW11 0.928 0.675 0.685 0.624 0.627
TL18 0.816 0.735 095 0972 0914
BwW18  0.780 0.791 0.957 0.923 0.936
TL22 0.766 0.643 0.985 0.905 0.944

BW22 0.764 0.767 0960 0972 0.934

!Genetic correlations are below diagonal and phenotypic cor-
relations are above diagonal. TL11, total length at 11-months-
old; BW11, body weight at 11-months-old; TL18, total length at
18-months-old; BW18, body weight at 18-months-old; TL22, total
length at 22-months-old; BW22, body weight at 22-months-old.




ofi

f
i on e X
b
o,
rr
N oo
-0l

UL SRS = = R R
A S Holug %
Ioto] wh2 vh2 P
Ao = HetHh 5
ARt A3} ot %

2
o)
24

= %
IS

S

o

u

o] ofN

o

S o

N oX T
2 10 K

S o
g rj:_‘
A=)
_IINI JIZJ., i_‘.‘
me o X ofN
a9
o

_ﬁ
T
©

=2 o

N

it

o, fo *

L > oox O
1.
[
fl

i
filo
>
N

ol

E

1o oft
o> M ]
e
x

119

oft

ol =
ot

i

i

)

i

BN

17

_ﬁ
1o

OSE, o, r\l
2

o o
1o
Jo
r>~l

i %,

-

)
)

2
el
oft
S
o%
i)
)
+
e
(o2e]
—_
N
pu)
=)
g ©
[\
D

P

>4
o

)

—_—

o0

=
Mo wie

s
o
o
=%

7
e
)

ok 227 e Rl W 2 dl Y
2742471 0.985 W 0.972 % ] =7 A E gl oH, 17195 4
SN AT - % EAF A 0.791 4 0.68
woh 187/0Y 9 Al 227199 Al #4 W 2@ A
2:7F0.972 9 09362 © =A A=} E3F 1171L
2278 ol QlolA Ao -l W 8 AT 22
0.766 2 0.676, A5 44 2 THF
21 0.627= H| 1A S 4 O] A
Table 60]+= & ALolA 2ARE Z4 A7 34 7t
o] =9l ARt B4 2 EAISHICE Ao A8 1171
T8 EHE Y fH B FEY 29 AT gl
0.718, 1871 ¥ = 2270 € 9] d A A Y =9 Al
7}10.985 2 0.9700. & Leht 187] =7t 227 95 o] %] A}
? 9]

f
)
e o~

=

Ok

=
N
(%)}

B

Table 6. Rank correlations' among growth traits by measurement
month

Traits?>  TL11  BW11 TL18 BW18 TL22 BW22
TL11 0.933 0.718 0.647 0.678 0.590
BW11 0.934 0.667 0.666 0.625 0.614
TL18 0.829 0.750 0.961 0970 0.911
BW18  0.792 0.794 0.959 0.924 0.935
TL22 0.778 0.661 0.985 0.909 0.944
BW22 0.774 0.768 0.961 0973 0.935

'Genetic rank correlations are below diagonal and phenotypic rank
correlations are above diagonal. *TL11, total length at 11-months-
old; BW11, body weight at 11-months-old; TL18, total length at
18-months-old; BW18, body weight at 18-months-old; TL22, total
length at 22-months-old; BW22, body weight at 22-months-old.
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Table 7. Genetic improvement when selecting the top 1%, 15% and 30% for breeding value of total length and body weight at 18-months old

Rate of selection

Criteria’ Traits? 1% 15% 30%
Ik AG* ES i AG E i AG E
L BY TL (cm) 1.16 2.3 4.4% 0.83 1.63 3.2% 0.62 1.22 2.5%
- BW (g) 1.16 175.8 10.5% 0.77 116.9 7.5% 0.57 86.8 5.8%
BW BV TL (cm) 1.27 25 4.8% 0.78 1.55 3.1% 0.57 1.12 2.7%
- BW (g) 1.63 246.7 13.5% 0.87 131.1 8.3% 0.59 90.1 6.0%

ITL_BYV, when selecting for breeding value of total length; BW_BYV, when selecting for breeding value of body weight. 2TL, total length;

BW, body weight. *Intensity of selection. *Genetic improvement. *Breeding effect.
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