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ABSTRACT

This study was conducted to estimate the general
genetic parameters, heritabilities, and genetic and
phenotypic correlations on growth-related traits by
studying multiple trait animal model in two Korean
abalone species, Haliotis discus hannai and H. discus
discus. The data was collected from the records of
3,795 individuals produced from 54 sires and 74 dams
in Haliotis discus hannai and 399 individuals produced
from 7 sires and 7 dams in Haliotis discus discus.
The data was evaluated by the Genetics and Breeding
Research Center, National Fisheries Research &
Development Institute (NFRDI). Genetic parameters
were estimated for two abalone species raised in
Bukjeju branch, NFRDI, from May 20 to November 1,
2004. The heritability estimates for growth traits of
shell length, shell width and body weight obtained from
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restricted maximum likelihood (REML) were ranging
from 0.73 to 0.78 in Haliotis discus hannai, and from
0.87 to 0.89 in H. discus discus. The heritabilities for
shell shape and condition factor were ranging from
0.17 to 0.20 in Haliotis discus hannai, and from 0.01 to
0.45 in H. discus discus. Genetic and phenotypic
correlations were over than 0.96 between shell
parameters and weight in both of abalone subspecies,
indicating that breeding for weight gains could
successfully be achieved by selecting for shell length.

Key words: Haliotis discus hannai, H. discus
discus, Selective breeding, Genetic parameters,
Growth, Heritability.
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Fig. 1. Map showing collected locations of wild type and
cultured type of two abalone subspecies.
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Table 1. Overall growth-related traits of two abalone species,
Haliotis discus hannai and H. discus discus at 5
months of age.

Haliotis discus  Haliotis discus

Traits hannai discus
Shell length (mm) 15.11 + 4.04 14.57 + 4.01
Shell width (mm) 10.64 = 2.70 10.19 + 2.67
Body weight (g) 0.44 + 0.33 0.40 + 0.30
Shell shape 1.42 + 0.062 1.42 + 0.043
Condition factor (%) 10.63 + 2.33 10.96 + 2.84

No. of Haliotis discus hannai recorded was 3,795 in 76
families and No. of Haliotis discus discus recorded was
399 in 8 families
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Table 2. Source of variation, degree of freedom (df), mean squares and tests of significance for growth-related traits

of Haliotis discus hannai at 5 months of age.

Source df Shell length Shell width Body weight Shell shape Condition factor
Density 1 5377.07""  2461.60™" 41.59™ 0.07"" 52.78"
Location of sire (LS) 2 501.25 223.22"" 2.87" 0.06™" 15.04
Location of dam (LD) 2 36.20 20.27 0.77" 0.04™" 13.21
LS x LD 1 6.39 5.04 0.72 0.006 78.46"
Wild/Cultured (W_C) 3 446.71"" 225.92"" 1.617" 0.001 2.79
Batch 2 110.717 88.03"" 0.68" 0.13™ 23.23
LS x (W_C) 1 37.74 21.94 0.02 0.000 8.36
LD x (W_CO) 2 182.85" 101.95" 0.89"" 0.04™" 14.96
Error 3,780 13.49 6.01 0.09 0.004 5.35

"p < 0.0001; “p < 0.001; p < 0.01

Table 3. Source of variation, degree of freedom (df), mean squares and tests of significance for growth-related traits

of Haliotis discus discus at at 5 months of age.

Source df Shell length Shell width Body weight Shell shape Condition factor
Wild/Cultured (W_C) 2 108.03" 50.12" 0.20 0.01" 106.58""
Error 396 15.65 6.91 0.09 0.002 7.57
p < 0.0001; “p < 0.001; p < 0.01
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Table 4. Significances by Duncan's multiple range test and means for growth-related traits of Haliotis discus hannai at 5
months of age.

Source Duncan eroupin Shell Shell Body Shell Condition
v v grouping length width weight shape factor
Densit 1 16.67° 11.69° 0.57° 1.42° 10.74%
ensil

Y 2 14.04° 9.91° 0.35" 1.41° 10.46°

. . East sea 12.99" 9.31" 0.28" 1.39¢ 10.36"

Locat;iré)(’f sire South sea 15.49" 10.85" 0.47° 1.49° 10.61%

West sea 15.14% 10.67° 0.44% 1.42° 10.67°

. East sea 13.82" 9.77" 0.33" 1.41° 10.77°

Location of dam South sea 15.08" 10.62° 0.43° 1.49° 10.62°
(LD)

West sea 15.30% 10.76% 0.46% 1.42% 10.63%

W () x W (2) 15.58 10.96° 0.48° 1.42° 10.62°

Wild/Cultured W (3) x C ($) 14.24° 10.09" 0.36" 1.41° 10.61°

W_0O C(3) xW (%) 10.66° 7.65° 0.15° 1.39° 10.82°

C (%) x C (%) 15.24° 10.69% 0.44* 1.42% 10.63*

1 15.49° 10.84° 0.47* 1.43% 10.67*

Batch 2 14.60° 10.39° 0.40° 1.40° 10.57°

3 14.17° 10.08° 0.35° 1.40° 10.52*

Means with the same letter are not significantly different; W = wild abalone, C = cultured abalone

Table 5. Significances by Duncan's multiple range test and means for growth-related traits of Haliotis discus discus at 5
months of age.

Source Duncan grouping Shell Sbell B(?dy Shell Condition
length width weight shape factor
W () x W (3) 15.19° 10.66° 0.43" 1.43° 12.84%
Wﬂd(/v(i,ug;“ed W (8) x C (%) 14.54° 10.12° 0.40% 1.42% 10.90
N C(3) xW (%) 12.79° 9.05" 0.33 1.41° 10.54"

Means with the same letter are not significantly different; W = wild abalone, C = cultured abalone

T PR} TR A4 9 BYY AR Table
3. RS 27 73k 8¢l 747 vehdgick.

t}8 4 EL-REML 3% o] we 4gzaadgde) Hu EAna g% Agagde] Ha fAadee 7%
F 574 W FPARY TR fAY FAAE gl 2=, A%l 59 9 223} 59 7ol 247 0.99, 0.96,
Table 6¢ Uehf3ict. 0.96, 0.99, 0.90, 0.98% F4=|o] F F 7oA A5 7t

SUARe) A, BARY AR B3 siresh dam o) wo AARS vehlsith 299 Awe) ASeNE F
o) $AHANAE, Aate A sivest dame] TUERIE 2 mmeld ZAw 4E, 2w % 9 2425 FY
g A EE pAEAR AR FA 2 A, 0,93 o)) e A Vel e Bupaie) A4S
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Holvh STARE M, A Y Sl 0.87 ol A& gae)A gof ABe Yepfgih mak FTARL] A9
o fAge] FAHNL AL 0452 F=2] fAel, = mapaRelAs) Po] Ao ARBAL Fre] e vl
Hlatel A= 0,012 A GAge] 2453 WYL vjeE N AE e 2o AwuAg Jehigin,

B dgelx 49 A, A%, 5%, 49 F vk o
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Table 6. Genetic variance (oza), residual variance (029) and heritability (hz) of growth-related traits of
two Korean abalone species at 5 months of age.

Haliotis discus hannai

Haliotis discus discus

Traits 5 . 5 5 . .

O’ 0% h O 0% h
Shell length 11.47 3.56 0.76 15.55 2.01 0.89
Shell width 5.23 1.51 0.78 6.75 1.04 0.87
Body weight 0.075 0.03 0.72 0.085 0.011 0.89
Shell shape 0.0018 0.003 0.20 0.001 0.001 0.45
Condition factor 0.95 4.54 0.17 0.04 7.54 0.01

Table 7. Genetic and phenotypic correlations among the growth-related traits of Haliotis discus hannai at 5 months of

age.

Traits Shell length Shell width Body weight Shell shape Condition factor
Shell length 0.99 0.94™" 0.38™" -0.12"™"
Shell width 0.99 0.93™ 0.247™" -0.08™"
Body weight 0.96 0.96 0.31"" 0.03"
Shell shape 0.51 0.44 0.47 -0.27""
Condition factor -0.24 -0.22 -0.14 -0.35

P

p < 0.0001; *p < 0.01; Genetic correlations are lower and phenotypic correlations are upper diagonal.

Table 8. Genetic and phenotypic correlations among the growth-related traits of Haliotis discus discus at 5 months of

age.

Traits Shell length Shell width Body weight Shell shape Condition factor
Shell length 0.99™ 0.95"" 0.48"™" -0.20™"
Shell width 0.99 0.947™" 0.39"" -0.19”
Body weight 0.90 0.98 0.46™" -0.06
Shell shape 0.67 0.62 0.78 -0.18"
Condition factor -0.02 0.01 -0.05 -0.30

wkk

WA 8 AL E AR Fed YA el o
A YAEA, A G4 A5 1 2AY gho] A% We)S
ez, 2 doeleli §A49) Wolsh 8744 We] ol

p < 0.0001; *p < 0.01; Genetic correlations are lower and phenotypic correlations are upper diagonal.

o] F Folel FAz= AL 734 wolo]x] IAA ] Helr}
ofuth. wpebd FA¥ §F59 BANE AA 28Y A F
FAAQ] Wo 7l AA|FE vlE ol Tale] glew, ol
ARE AFsle 748 (heritability), A4 (
parameter) 52 AR} FAAQ] NFFE ANE AA
AR 7 ZIMA7|A s % ATl o]&FHI 9
(Gall and Huang, 1988). S4t 5 4ib4ql &

Toll oM FAA ANFFE AdE AA FAAoR A7
Al B A 3] F2 o] glow, &
g AFFe] 72AEEA £, AN, $571 5
FAEG7L o] &=L Qle} (o714t 5, 1998). wEbA &%
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5 Fol7] iAE AEdE ARG FAo] o]Foj Aok
gt} (Su et al, 1996). REML (restricted maximum
likelihood) el 2|3t fARx4 342 Patterson and
Thompson (1971) o] A|ek3t ¥H o 2 animal model®l] <]
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F71 "“7’}5}‘4*— e °‘Jr A eE w5 AL

ﬁﬁh U HWOM %61, HlnA FHE | Afe]o] aks
o= =3JE7] AlAEte] AR o A £ v
A REML FA¥hgo] §ARSGe] FA4e o]gx1 9lon)
29 PAsE FEATIA TRl 74
58 Frlzzase) AR A ARs Qe otk

£ dFellAs FAE 79 7HAle] 3,795 wie]eh TS
8 7HA1¢] 399 wlE|2He] 27]4FA7]Ql ABF 5 HLH

_l

A AR FAS g SAS AL FARFE 34
33k o] F FolA e 27] AL %dewﬂ*ﬂ BAF + &
FHx7} 242F 274 1511 + 4.04 mm, 2 10.64 + 2.70
mm ¥ 5% 0.44 = 0.33 go]3l tr] —ggaqgoﬂ,q% Favas
244 1479 + 412 mm, 2= 1041 + 2.79 mm 2 5%
0.43 + 0.33 g o]gth o]&= & A7} AkdAQl SHofA A

B kAR S st A@AA} o] FofAl HeE, F
Ay Az A 0] AT va Aolrt 9& = Sl

2 dTelA FA4% AR FEAE 5/dH A A
AR g A gk FAYL F & EFelA 2, 4E Y F
FolA > 0.730.2 1x o] FAEE Yegith o] 7]Ee
3 1H red abalone, Haliotis rufescens®] 0.34, tropical
abalone, H. asinina®] 0.48 (shell length) ®.th= v =
2 Zeoltt (Jonasson et al, 1990 and Lucas et al,
2006). = 7ol slojA] qhef Abd Al A9 A 270
o] A JHAIEZY] S T ARLAAE oploH
(Vandeputte et al, 2004), 715 We|4e] HolE Z7lA#
71E7E 2po) S AN S glomF o7 qldle] SAHo)
A FA=oA +% 3t} (Falconer and Mackey, 1996).
weba] Ko} diafr A A o] Ak A]l oA 249
xR AdRAES FA Aol nigAE ot
(Lucas et al., 2006).

AvbA o2 PARGFATANAE AelA S He7lEe w
g} AR Skl o @ WAl JPIch E dgellAg
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%] NFaTE 7 % 4 9lt} (Table 6, 7, 8). Hara
and Kikuchi (1992) & F4A52] A 55 3A|djellA] 7
7ol digte] 63%2] M ‘4’5}‘41 thi ®Rusla glow,

Lucas et al. (2006) 2 animal model°] 2|3 ANPts
5% AT 25%2] +AA Mgs Buslgl o]g2 &
AfoA FAE 15 FAHYCZHE & SEa) 7|
Aok 23 vy F3EE Aaselth

ESE 2 dFellA —?7‘454 WS FEAE 570450
g FAETES 712E FeuRte] 3AE
Ackatel AL 2 FEEW) 7|dEoE s s
A AR 9iv}. Falconer (1989) ol 23h4, #-733¢] 0.5 ©]
4o 1= FAYE M A s ATl 8
3k, 0.5 H|eke] F&, T AR FAYE 7H P4 o
e 7S] 85 Easkgich upeba] - dhel|A
749 A A HF 0.73 o]
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