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ABSTRACT

This study estimated the genetic parameters of growth-related traits from 11-month-old olive flounder (Paralichthys olivaceus)
base population in which wild and cultured broodstocks were introduced. The heritability of body weight, total length, body
height, body shape, and condition factor of the base population was estimated to be 0.754, 0.753, 0.789, 0.438, and 0.369,
respectively. Genetic correlations between body weight and total length, between body weight and body height, and between total
length and body height were 0.969, 0.960, and 0.960, respectively, showing highly positive correlation. Genetic correlations
between body weight and body shape, between total length and body shape, between body height and body shape were —0.403,
—0.344, and —0593, respectively, showing low negative correlation. Overall, olive flounder might be an appropriate selective
breeding species with the high heritability of the traits in an 11-month-old population.

(Key words : Olive flounder (Paralichthys olivaceus), Growth-related traits, Genetic parameter, Heritability, 11-month-old)
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=qjo] Bpajoln, ofs} tiEo] Aud PO I (genetic
parameter) < %42 (heritability), fr71/d¥ (genetic correlation)

o] At FAo] o]Foixjol ¢} (Gall and Huang, 1988;

Mclntyre and Amend, 1978; Hussein and Joyce, 1978). o1F%
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T2 Al o]dE 7ML Sl AT, A T o7 T2 A
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(Gjedrem, 1997; Refstie, 1990). ulehd &5A8 ¢ 2 A
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A5 21, microsatellite DNA maker?] =7] % &34 349

2 primer 2§02 SAd] 8719 4AHYE ZZ519th(Noh

at al., 2008). FHAMLEEA7](ABI 3100)5 ]85}
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g4 Ang olgaiglon, MV, wileA FHgLE, i

Table 1. Number of families produced by scheme with wild and cultured P. olivaceus boodstocks at three times

trials
Batch Mating group™ Total
CxC CxW WxC WxW
Bl 78 56 16 8 158
B2 72 31 35 7 145
B3 77 29 62 13 181

*CxC: cultured ¢ xcultured 4, CxW: cultured ¢ xwild 4, WxC: wild ¢ xcultured 4, WxW: wild ¢ xwild &, Bl: the
families produced at April 6. 2005, B2: the families produced at April 19. 2005, B3: the families produced at April 28. 2005.
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Table 2. Number of records by sex, batches, and collected location of sire and dam

Sex No. of Batch No. of Locatjon No. of Location No. of

fishes fishes of sire fishes of dam fishes

Female 3,490 Bl 757 CA 559 CA 2,501

Male 3,722 B2 2,287 CB 979 CB 1719

B3 4,168 CcC 4,403 CcC 1229

WB 648 CD 500

WE 101 WB 634

WG 284 WE 261

WT 238 WG 180

WT 188

Total 7,212 7,212 7,212 7,212
kAo gAY T4 A= Table 29 2tk deAE gy (Al okl CBXWG, WBxXWD,
A 2E A% (BW), A4 (TL), A (BH), AP (body WBXxWG, WBXWT, WDxWB, WGxCC, WGXWD,

shape; BS), HITE= (CF)olH, olwf AFX|4¢} nHvtEs o<
NS ol 4she] AT

7% (Total length)
AL (Body height)x3.65

A#A] 4 (Body shape) =

A= (Body weight)
A% (Total length)’

H|% (Condition factor) = x 100

Yitm = 11+ S + B + LSy + LDy + LSXLDy + ejjtim

P71,

Yy © A S, AN BRG] A SRS SR, 1
WA SulolAe] o] ek o] i 2 3
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. AA B,
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LSXLDy: kA a7l 3720k A el 37449

& =

€ijkim
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&35 007 sk AFS 78kgl
2 PC# SAS Package (Ver.
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& FA TYPE I Al
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3 REMLF90 (Misztal, 2002) o]g-38to] A7Fa fA%A 2 & +82.74g, A% 28.49+2.59 cm, AL 10.35+1.02 cm, AR
AL 39 on, FEHEE 10V ojdk B4R TEth 1007038, HRHE 12.15+0.92% LHERITH (Table 4).
=

LIS =1
o BAgE olgsle] fA fRe The

o|5 F3lo] o d
3} o] T8kt 2. M9 MAMAZ|, wmHiZd 2 e ts = Ao
- s
. o A7N, Ta= A7 fHAEA
o, ta; 0 = AR (1) Ao =1
o o R ot & 10EE g9 AgE A dig A HAASH A
T Vo rong 7)) ) 2 Asn, 2AE o] WdolA o - 4:7be] Fag EAH
. r¢ = A TS 2t (Table 5). Aol w2 A%, A 2 A9 HAa
= (i #)) ;- BAY ASHTEAE AuEy, Aol 27t 28636+ 1.96g, 2840+
e 0.06cm, 10.21+0.02 cm® LFEREaL, $270] 242} 262.67 +2.00
g, 27.63+0.06 cm, 9.97+0.03 cm®z YEPITE A1) ##o) =
| iy & FA9 AT, A% 2 Ans 9ol FHdl wisl 47 9.1%,
2.8%, 2.4% =& AOoR Yt
1. 242N ¢ Uksd A HAdo] =& APAFet wwtEo] o] wE HAAE
JEAE 9ol 27 10.17+£0.01, 11.90+0.030.2 Ve,
(1) 1MHLE NEEE BAEA S0l ZH7E 10.13+0.01, 12.05+0.030.2 ettt dao] o
BoATelA AR AP AT, A, A, AFAE, Bl @ A R geRd AFATe] A, FA HlE o] o
gheo] 7o) R fdel tigk A, AAAY), wileAle] £ Ao EA JERd o, vivte] ARE FAske HvhEe] A9
Z, WY e aleAlst il gl A ol HlEl] i) oM o A VERTTH (p<0.01).
Tg3 BFoM 129 {94 (p<0.001)& HERASITH(Table 3)
(2) dLHA 719 =3t
(2) 1MHEE dEddel Yurs= Fa & 110€% bxe 4 el digt A HAaAks
dxe] 53k 117095 Aol ek 72 AT 288.70  WHAES Aun, Zabg i FAdA Aakar) gk F

Table 3. Source of variation, degree of freedom (d.f.), mean squares and tests of significance of growth-related
traits from 11-month-old populations

Source at wogt  nah  heieh Goe hewr |
Sex 1 962998*** 1020.4*** 100.49%** 3.0203**x* 39.289%*x*
Batch 2 3052664*** 2824.5%** 287.58%** 5.7853%** 12.336%**
Location of sire 6 13921 5%** 182.9%** 28.15%** 0.5272%** 2.927**
Location of dam 7 107604%** 142.0%** 23.77H%* 0.5993**x* 2.174**
LSxLD 32 11795%+* 16.40%** 2.7 0.294 5% 2.361***
Error 7163 4448 4.406 0.7147 0.1336 0.7922

#4% p<0.001, ** p<0.01

Table 4. Overall means and standard deviation of growth-related traits from 11-month-old P. olivaceus

populations
Source Body weight Total length Body height Body Condition
(2 (cm) (cm) shape factor
Overall mean 288.70 28.49 10.35 10.07 12.15
Standard deviation 82.74 2.59 1.02 0.38 0.92
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Table 5. Least-squares means and standard errors of growth-related traits from 11-month-old P. olivaceus
populations by sex

S Body weight Total length Body height Body Condition
ex
(2) (cm) (cm) shape factor
Female 286.36+1.96" 28.40+0.06" 10.21+0.02° 10.17+0.01° 11.90+0.03°
Male 262.67+2.00° 27.63£0.06° 9.97+0.03" 10.13£0.01° 12.05+0.03°

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

Table 6. Least-squares means and standard errors of growth-related traits from 11-month-old P. olivaceus
populations by batch

Body weight Total length Body height Body Condition
Batch
(2) (cm) (cm) shape factor
B1 336.87+2.93" 29.94+0.09" 10.710.04° 10.22+0.02° 11.98+0.04™
B2 255.2542.04° 27.35£0.06° 9.85+0.03" 10.15£0.01° 12.05+0.03"
B3 231.44+1.86° 26.75+0.06° 9.70+0.02° 10.09+0.01° 11.90:£0.02"

Note: Means in the same column with the same letter are statistically insignificant at 1% level of significance, Bl: the families
produced on April 6. 2005, B2: the families produced on April 19. 2005, B3: the families produced on April 28. 2005.

o FAA FYAE BT (Table 6). A7
Aae] H2AGHIAE ¥y, Bl 7

29.94+0.09 cm, 10.71£0.04 cmZ L&}

1
+

Ag, A% 4
336.87+2.93 g,
B2+ 7+ 255.25

+2.04g 27.35+0.06 cm, 9.85+0.03 cm® UEROH, B3 7t
7} 231.44+1.86 g, 26.75+0.06cm, 9.70+0.02 cm% UERsITE

AT BRol w2 A AT, A B Aas A7l wet

Bl, B2, B3 A2 AR 77}

e,

A} gelo] e

s A Y

—

Table 7. Least-squares means and standard errors of

P
ET5

el e Aoz v

AFA) e} Hlghee] A7 Haked
TAZ AHEH Bl 217 10.22+0.02, 11.98+0.04% YERE
i, B2E 27 10.15+0.01, 12.05+0.0322 Ueton B3E
7¥7F 10.09+0.01, 11.90+0.022 el Ao gt A1
|2 AXEE ABAFY AE, AL BE Blo] frefde

populations by collected locations of sire

o lo 1o b

_[

D
TTE 3
=5 SV

48
pL)
%

&
K
=
&
4

Ao 21t

9] AR g kR Y
W, ZAME el YA FPR
=

o

2 = vehgen, vke] JxE gASHE HviEe] 49, B27}
B3o H3| fejdoz A e (p<0.01).

2 Bt (Table 7). AF, A% 2 A
H A A

T oA, Pt

H o
CA7} 747y 323.92+£3.14 g, 29.52+£0.10 cm, 10.82+0.04 cm

gk AP Junc} fojqoR A
Eigton, zpelite] A9 AL (WG)o] ZH} 227.65+430¢,
26.41+0.14cm, 9.36+0.05cmz Yeh} B el 513 2}
At Hewnk foHor v vepgth Ao 4 d

growth-related traits from 11-month-old P. olivaceus

Location of sire Body weight Total length Body height Body Condition
(2 (cm) (cm) shape factor
CA 323.9243.14° 29.52+0.10° 10.8240.04° 9.97+0.02° 12.24+0.04%
CB 300.76+£2.75° 28.79+0.09° 10.4120.04° 10.10+0.02¢ 12.11£0.04%
cC 300.35+1.66° 28.81+0.05 10.370.02° 10.16+0.01° 12.09+0.02°
WB 250.7043.11¢ 27.26+0.10° 9.77+0.04° 10.19+0.02" 11.88+0.04°¢
WE 243.09+6.76% 27.27+0.21¢ 9.68+0.09° 10.28+0.04% 11.7240.09¢
WG 227.65+4.30° 26.4120.14° 9.36+0.05° 10.27+0.02° 11.76+0.06°
WT 275.15+4.55° 28.04+0.14° 10.1620.06° 10.09+0.02° 12.02+0.06™

Note: Means in the same column with the same letter are statistically insignificant at 1% level of significance.
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Table 8. Least-squares means and standard errors of growth-related traits from 11-month-old P. olivaceus
populations by collected locations of dam

. Body weight Total length Body height Body Condition
Location of dam (2 (cm) (cm) shape factor
CA 304.22+1.83° 29.04+0.06° 10.5120.02° 10.10£0.01° 12.07+0.02°
CB 309.65+2.13° 28.99+0.07° 10.55+0.03° 10.040.01¢ 12.28+0.03
cC 203.13+2.47° 28.69:£0.08° 10.35+0.03° 10.12+0.01° 12.07+0.03°
CD 325.6343.36° 29.66+0.11° 10.7940.04 10.04+0.02° 12.13+0.04°
WB 253.1743.60° 27.48+0.11¢ 9.8240.05° 10.23+0.02% 11.77+0.05°
WE 241.25+4.49% 26.62+0.14° 9.60-£0.06° 10.25+0.02" 11.77+0.06°
WG 233.3445.23¢ 26.72+0.16° 9.61+0.07° 10.16+0.03™ 11.76+0.07°
WT 235.74+5.40° 26.59+0.17° 9.47+0.07° 10.26+0.03 11.95+0.07™

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

°f =& AT, A B A At el s A A9e]l  Taple 9. Genetic variance (0%), residual variance (0%)

Aoz A YeRdth and heritability (h?) on growth-related traits
A Ao =& AYA G5 vwee zh walsA FAFA from 11-month-old P. olivaceus populations
B HaAsEA glolA, WEZF 27 10.28+0.04, 11.72+ , .
Trai Genetic Residual Heritabili
0.09% Ueton, CAZF b2 9.97+0.02, 12.24+0.045 vt Irais variance variance eritability
Wtk ABAGE] g WEZE frelH oz v wA GEROM,  Body weight 4254 1387 0.754
Hteo] 49 CAZE froldow 7P =4 YeRdth (p<0.01). Total length 4.344 1.428 0.753
Body height 0.7516 0.2016 0.789
(4) wHiLA L0 B Body shape 0.0639 0.0819 0.438
F3b F 11EE gxe A digk weiesl #3444 Condition factor 0.3066 0.5240 0.369
HArASHAANE Avnd, 2AbE e FhoM S
7k AY 28 HAtH(Table 8). g, A3 2 A ¥ HALASHTAE HMF (WDl 24t 10.26+0.03, 11.95+

I~

T [e]
S
19 7F wejekA SRR E HAAegTER ] glojx, CD7F 2+ 0.072 JUEREoem, CB7F Z4H7t 10.04+0.01, 12.28£0.03% e
25.63+336¢g, 29.66+0.11cm, 10.79+0.04cmZ Yeh} Witk APAF 74 vighito] FojHow 7P w7 dehston,
E} Gtk fojdos A yepgon, Ak HRREe] A CB7F frofAo® 7MY A UeRsTh
o] A9-E AAX(WG)7F 242 233.34+£523 g, 26.72+0.16 cm,
9.61+0.07 cm= YER} B oA 5 Juunt fojHor 3. RUET
Al et dAdo® e dde] & AlF, A 2 A

B
12
=
X
-
Y
ot
o
0,

= Aol el wa) FA el tAHoR A ekt (1) REH
AR pelo] e ARATe viwkeel 24 ek £044  BE F 1KY 9XS) 43R g 448 F408 4

Table 10. Genetic and phenotypic correlations among the growth-related traits from 11-month-old P. olivaceus

populations
Traits Body weight Total length Body height Body shape Condition factor
Body weight 0.959 0.952 —0.182 0.364
Total length 0.969 0.925 —0.020 0.138
Body height 0.960 0.960 —0.396 0.412
Body shape —0.403 —0.344 —0.593 —0.749
Condition factor 0.623 0.469 0.619 —0.726

Note: Genetic correlations are lower left section and phenotypic correlations are upper right section.
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HEW, 4G B-he] =2 FH AT,
0.789% %Zé&]?*

g4l xﬂ"'ﬂX]Tg} HYHe =

(Table 9).

xaxor 9 30 7

el & 11/19EE g9xe A% 9 A JHe e 4
F3Y AHS AWEE (Table 10), A A4, A, AFA
T 2 HRERY SRS 27 0.969, 0.960, —0.403,
0.623°]0x, EdE A4#E 0.959, 0.952, —0.182, 0.364°]%

w1k fAde 77t
0.960, —0.344, 0.469°]

0.1380]%oH, #ae}l EL

—0.593, 0.619°1%11, EdEF TS —0.396, 0.4120]Uct. A
R R A 3 ¥
—0.749°]%

FUT AR F3t & 1Y S AR WA Sl
T AFS 747F 286+2¢g, 263+2 g0 E FAY AFo] IA
ANZF2 92%°l £33 o]i= Kim et al.(1997)°] R.agk 127)
2 SR AR WA A A AlTol A4 622437 g, 472
+£31 g0 FH ATo] WA AT 75%°l Edetrtal Bk
the sHlat 39 Aol A4 B2 AoR Ytk

el AR Fojo] FHAAER AT WAE vug 24
I AAR et wle] FAA FHeE ojw|= o]gsto] ik 1
Ahe] Aol frefAo® EA lt FAT A
HA Adebge] A FHoE %J%JEEJ 7

Thodesen et al. (1999)°] B3 Z}Odﬁﬂr gl =
ol-gsto] Ak Fujo] AF JJr AT s7kes vk 43, 2
= i3

ful
U
_E

A 743 £23 g1 Whe] AukE ddofi= 1,455+£32 g2 UE}
the A fARRE Z23E Beth

A 532 FES A NS A9 7P dubela &
TAQl Wow o]§HIL glom, 01‘2 2 ol {FEAA T8
%‘xﬂ%@%q} tﬂ:l- 01:14 Oxiabq ,117].7]. }ﬂlggl— %% gl %%‘E‘%
=g Exow HgFojzx|al 9t} (Argue et al., 2002; Gjerde
et al,, 2004; Zheng et al., 2006). F33, FANT 5o AL
T ¥4 B4 FAdS dATel, Ve AdEEY] §55 ¢

M= 78] He 8% FRo|t) (Lee at al., 1998). 44
A7 o] 24 H%EL %xj 1 0.5 o9 1ol FAES 77
P4l disir=
o) S A0 A e A 50 o 2
0]
A

o

7] 9)t}(Falconer and Mackey, 1996).
B oA dxe 1i€E 433 Ao digh fEe
0.753~0.789 9= FAHYCH, AP FHo| g 49
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