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ABSTRACT

The purpose of this study is to estimate the effects of environmental factors such as sex that affect the growth
traits of the Pacific abalone (Haliotis discus hannai) breeding group and the trend of genetic change by generation.
Phenotypic and pedigree data of shell length, shell width, and total weight at 30 months for 12,783 abalone
breeding groups (F1 to F5) produced from 2005 to 2017 were used. To estimate genetic parameters, heritability,
and breeding values for the growth traits, generation and sex were treated as fixed effects, and the AIREMLF90
and BLUPF90 programs were used. The heritabilities of shell length, shell width, and total weight were 0.461,
0.469, and 0.346, respectively. As a result of estimating the genetic change trend for growth traits, a clear genetic
increase trend was shown as generations passed. In order to improve the accuracy of dam selection and genetic
improvement of future generations, it is especially important to minimize inbreeding by maintaining the genetic
diversity of the population. In addition to systematic pedigree management of the population, continuous breeding
research using genetic parameters and breeders is necessary.
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Table 1, Overall means for growth traits of the Pacific, Haliotis discus hannaifor all generation at the age of 30-months

Traits Means = STD Minimum  Maximum  Kurtosis Skewness CV? (%)
Shell length (mm) 80.28 + 9.52 33.00 110.80 -0.22 -0.27 0.119
Shell width (mm) 52.79 + 6.70 24.00 73.40 -0.43 -0.28 0.127
Total weight (g) 62.99 + 20.2 4.50 148.90 -0.08 0.35 0.321

' QV : Coefficient of variation (CV = STD / Mean)
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ek,
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o]7]4, PEVE 343 §Z71e] o) o4 = AvHA
FAEAE (Addltlve genetlc variance) ©|t}.
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Table 2, Source of the variation, degree of freedom (df), mean square and test of significance for growth traits at the age of
30-months for all generation

Source df Shell length Shell width Total weight
Generation 4 161564.9 81480.0" 572065.3"
Sex 1 5259.9" 2514.3" 47571.6
Error 12867 40.2" 19.5° 228.4"
*:P (0,001

Table 3, Least-square means and standard errors for growth traits of the Pacific, Haliotis discus hannai at the age of 30-months
by genration

Generation Shell length (mm) Shell width (mm) Total weight (g)
F1 60.28° + 0.540 41.61° + 0.376 28.04% + 1.292
F2 71.67% £ 0.095 46.38% + 0.066 47.18° + 0.227
F3 83.20° + 0.120 55.97° + 0.084 68.28" + 0.288
F4 84.04" + 0.118 55.36° + 0.082 67.96" + 0.283
F5 88.90° + 0.125 58.21* + 0.087 80.99% + 0.299

Means in the same column with different letter are statistically significant at 5% level of significance

Table 4, Least-square means and standard errors for growth traits of the Pacific, Haliotis discus hannai at the age of 30-months

by sex
Sex Shell length (mm) Shell width (mm) Total weight (g)
Female 78.18" + 0.127 51.89" + 0.088 60.17* + 0.302
Male 76.88" + 0.133 51.00° £ 0.093 56.29° + 0.317

Means in the same column with different letter are statistically significant at 5% level of significance

g Al 2 A FEAMe gt t- AR AT A B4
o] 27 dvh= AAE Bk AAEA 4, 4=
FEFE AT AN % A ZHE FA3] 98 SAS
Package?] GLM (general liner model) ©2 #24S 4

oo A, A%, F) 4 PR

1 4
0.05) & Uebd AL WA BEes} Ao HetAl §

P

gk A, W, A& A Sl A A BF 150 {004 72 AlEFh
(P < 0.001) ©] 214=|3ic} (Table 2).
3.4¢ a3}
2. Ao el &9} Table 40l AR 7S o] 83fo] & dF-olA =1
Table 3ol HAREA ZAAE wigo s SAE 54 EabAs ST AAC] Ao mrtel] glojA HAiAFHET
o Ao matol gt HAAFHEH 1 FEAE FAS} 7 1 ZFAE AT 4] A 9kle] 78.18 mm

52.95 g (188.8%) FA=|Sltt. o]et o] Aldl7} 7 =}shol| u}
He 7 F7} (p <

A5eRE wige s o 7ke) Ads) A mele] olg A

gom, A7t Aegtel wlet mE Qg Ae] folHdes F
7¥epdek. 4o 74 A9 (F5) 7} 88.90 mm=E 1A4ch
(F1) 9 60.28 mm®c} 28.62 mm (47.5%) T4 =geH,
Z+Zo] 7% 5AY (F5) 7} 5821 mm= 1A (F1) 9
41.61 mmX=c} 16.60 mm (39.9%) A ek E3), S
2] 7% A (F5) 7} 80.99 g2 1Ad] (F1) <] 28.04 g&t}

Z 5719 76.88 mm¥E.r} 1.3 mm t©] Aglew, 7] AL
9}710] 51.89 mm= 712 51.00 mm*Et} 0.89 mm 2
o} ko] A9 97le] 60.17 g2 719 56.29 gHr} 3.88
g ° FAZh o]gt Zro] kA Ee| glojA sld} #71e]
949l AelE 2ugt AFA%E AsRW Park et al.
(2012) < 3} ¥ 3™ HabdEe) A3yl g A
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Table 5, Heritability for growth traits of the Pacific, Haliotis discus hannai at the age of 30-months

Item Shell length Shell width Total weight
Genetic variance 20.53 9.02 71.41
Residual variances 23.92 10.21 135.19
Total variances 44.45 19.23 206.60
heritability 0.461 0.469 0.346

Table 6. Genetic and phenotypic correlations among growth traits of the Pacific, Haliotis discus hannai at the age of 30-months

Traits Shell length

Shell width Total weight

Shell length
Shell width 0.961

Total weight 0.953

0.938 0.897
0.893
0.935

Upper diagonal : genetic correlation coefficient, bottom diagonal : phenotypic correlation coefficient

kg FA e Agk ATellA 2, A, T Be A A
olzlo] $7 R}t Z7F 2,50 mm, 1.57 mm ‘;»l 5.46 g% T
Ak B UG o Park et al. (2016) & EHPAE-S it
o7 Al e AAEA dATelA F3t F 3071€E% 2,
4E S BE ﬁé oA sHle] #7R Y ZH7; 4.20 mm,
3.50 mm % 12.60 g t] Hrtn B usle] X o] Axnke}
o x)3}ich ZIE].TL Park et al. (2020) 2] SAE A4
Ao FA4 ANFF FA watk AFelA 33 $ 30704

2R, 242 FEF RE FAA gFle] AR 247 1.22

mm, 0.86 mm % 4.81 g2 ¢t Zt}y 23} or, Kim et
2upanel 35} F 3071409 AR AL
S0 Es 4 Q7oA A, A, 5% 2T Aol
A 7+7} 2.40 mm, 1.50 mm ‘;‘6.20giﬁ‘]
kL S bz A oK) B9 A o
01

Table 591 & A7olA 2A SAE S54Te] 531
3 307043 AP g fAEse fAES 34
o} A 2o 2 YL 3AQY) FA] 3F e
2 Yehded 549 93 wol ke 347 fA19 9
A Wz FA-o] glom o] YAEC] HelE Uos]=d 9l
ol FAeql7t FA9 AAql TS FAHe R e
A 4= 9t} (Park et al., 2013). ¥ Ao AL BabAE
ST F3} F 307099 AR fAgE F4% 2
3} 2 ZFE Feko] Zb7) 0.461, 0.469 X 0.346°0.F F -1
o FAEL B 7 Y RS o83k Zlo] MFE
o] Fed Ao gl dubren FAFe W=

0-10]7, dnbd o= 0.2 oJs} Axe] F41, 0.2-0
g FEe| §AY 293 04 ol 1Ee FAY
g} (Park et al., 2020). BAFAS] FAdgo] @& wel=
AR Selsta fAEe] ¥ Helt AAALe] fel
s}u} ol Aol e HA) A% 5UY Aolrt FE &
23le] 9ste] Uehtmz Al gdelut 2Aste] &
xﬂ_x}r Aash) 2Ash7] o197] wleldt (Park et al.,
2020). AEE hoz §AYE AT QTS Aviny
Jonasson et al. (1999) < °FAit & 5 ez 7
A9 §Ae] 3 ¥ 1871414 027 1813 24712 el
A 0.34% B33k v} 3l2™ Lucas et al. (2006) = /HA] &
o7 AR 3t FAEE A3 A3t 7o) 0.48,
Z4E2 0.38 28| FEF2 0. 36£E B 13}gict Choe et
al. (2009) H‘C:":J_ uo _1 r,H/\}oi 71—%}_ 0.29, 71—
o] 0.29 13l T 0.31% %uﬂ A Eugk \p
Nem, Park et al. (2013) = Al A} 5] 1870
48 42 0.370, ZZFo] 0.382 1 FH| FAE
0.367% B.13}9ic) Park et al. (2020) < S57} 7|4F &4
AE QA A AFE FA ol A3 AellA F3t
187hEd=elA 2, A5, F7e] 47 0.253, 0.261 %
0.282 123 -3+ ¥ 3070€H A= 22} 0.303, 0.354 L
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Fig. 1. Relationship between each traits for phenotypic value, A: Shell length and shell width, B: Shell length and

total weight,
o] Al A, 4E, T 28y W 544 Al 8.2512 (R* = 0.923) 9] 13} A4 FAA R e}
5 BABISICE 4 AAYA digt 3293 Al W (Fig. 14), % %) o 23 ) o A93A
0.935-0.961 18|31 42 AAS7} 0.893-0.938% <] 0.0004x>7% (R* = 0.937) & AFAFAS FAlAL
ARBAE Hepdo] shte] AAEA Ao EE oOE T v} (Fig. 1B).
AFPFAR FAol o] & Zlow sk & ATl
FAbE AR $2AG (F1-F5) AA A2E o]&sle] 7+ 5. 5571 Al AgE ¢ 44 WA
Aot 2E, A Tk 389 RS A ER 343 Table 70l & A7olA 2AR SIS 57
A, A (vF) F A4F xF) o Aoy = 1.3642x + = 30/0€s EAEe] A gt A S5

Table 7. Accuracy of breeding value for growth traits of the Pacific, Haliotis discus hannai at the age of 30-months by

genration
Traits" Generation EBV SEY Accuracy
Min Max Min Max Average Min Max
F1 -19.76 7.57 2.09 3.12 0.797 + 0.034 0.726 0.887
F2 -8.10 10.52 1.91 3.08 0.813 + 0.017 0.733 0.907
(nsli) F3 -6.38 12.67 2.02 2.98 0.808 + 0.021 0.753 0.895
F4 -5.97 13.21 2.00 2.91 0.805 + 0.020 0.766 0.897
F5 -1.65 15.52 2.62 2.92 0.801 + 0.011 0.765 0.816
F1 -12.7 5.23 1.38 2.06 0.799 + 0.033 0.729 0.888
F2 -5.12 8.40 1.26 2.03 0.815 + 0.017 0.737 0.908
(Slz) F3 -4.86 8.84 1.33 1.97 0.810 + 0.021 0.756 0.896
F4 -3.76 10.45 1.32 1.92 0.807 + 0.020 0.769 0.898
F5 -1.08 11.45 1.73 1.93 0.803 + 0.011 0.768 0.818
F1 -23.15 9.14 4.26 6.46 0.749 + 0.047 0.645 0.864
F2 -13.75 21.05 3.91 6.37 0.776 + 0.021 0.657 0.887
'I(‘;?;/' F3 -11.15 24.40 4.13 6.10 0.766 + 0.027 0.692 0.873
F4 -8.67 33.24 4.07 6.03 0.762 + 0.026 0.700 0.876
F5 -3.74 38.92 5.25 6.07 0.759 + 0.019 0.696 0.784

SL : shell length, SW : shell widht, TW : total weight, *EBV : estimated breeding vlaue, ¥SE :

- 184 -
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Table 8, Correlation between phenotypic and breeding value for growth traits shell length (SL), shell width (SW) and total weight
(TW) of the Pacific abalone, Haliotis discus hannai at the age of 30-months

Sex Pearson correlation Spearman correlation
SL SW T™W SL SW ™
Female 0.857 0.830 0.836 0.856 0.832 0.841
Male 0.853 0.820 0.815 0.850 0.821 0.816
Total 0.853 0.823 0.822 0.851 0.825 0.827

F9zke] W9 18]1 $E7)e] A S gAML A & ARAleE 27 0.851, 0.825 2 0.827% UElyit) o]epzt
T7he 7 AR -19.76-15.52 mme] W9 FAE o] A¥Ae ndFrtek FA4H S5t duwAR *d%
o, AEE 4 0.726 (72.6%) oA Hf 0.907 (90.7%) o Wigt A=E F5 5 e, £ AFellAe} o] =

2 FAE 2 S5 A5 2 AldER -12.70-11.45 Ao glojA HH ket FE7171 0.8 (80%) o]l HlaL
mm®] W92 FAFeH, AFgEE Hi 0.729 (72.9%) =& A

oA Hd 0.908 (90.8%) & FA= T} Feke] §F7h= - $3o] AAA s A=Ay Heku)
23.15-38.92 g9| WHE FAE 0w, ALEE H4 0.645 & d7elA =AM BAE S5A0de] Al
(64.5%) oA Hh 0.887 (88.7%) % FAHE ¥ Aol 7 Forol ot A4 A3 2AE BANAT} (Fig. 2. ZA
AT LU URARE N0OR A AYRA ST AR BT A S G AL o
zAelgon, FF 444 42T AR $5710 4% 7] Sla Bl 00T A} = 10] HE EES £57)
B vs P Jew ddsEi (standized breeding value) & AAFeISith 2F3 §571
Table 8oll= & Aol xAbgl 2313 3070498 44 A A A = TP ] pAAESE AAee d 28
% gegve] 4494 24, 4%, 290 2 2 @ 4 9low (Park et al, 2013), % o WA e e
AR FENE olgal JoiL AWALG Aslolut AWAS ol wep AR AEAT 2ese] AIAFAS Ao o)
£ Bl el QoA A A o e 29 o= 01%%\4. = A7l A USRS AR 2A41E
F7heh £E7ke ol b AAlsE 247 0857, 0.830 o] &3 AMEEES B3 AMRH SERTeRA 39 FUR
% 0.836°% yelta, Avujojuke] 9] WA A4 Fdf AlE Aakste] gt 2005 Ak 149 (F1) ¢
0.856, 0.832 ¥ 0.841% Yelyitt. 710 QlojA 24, 7= 2017Lﬂ A 5Ad (F5) 7HA] Al 2 AR Ael djgt
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Fig. 2. Genetic trend of growth traits by generation, A: shell length, B: total weight.
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