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Estimation of Family Variation and Genetic Parameter for Growth
Traits of Pacific Abalone, Haliotis discus hannai on the 3th
Generation of Selection
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Genetics and Breeding Research Center, NFRDI, 89-1, GeojeNamseo-ro, Geoje 656-842, Korea

ABSTRACT

The purpose of this paper is to compare and analyze family variations for growth-related traits of Pacific abalone,
Haliotis discus hannai. Genetic parameters and breeding values were estimated using all measurement data like
shell length, shell width, and total weight as 18-month-old growth traits of 5,334 individuals of selected third
generation’s Pacific abalone produced in 2011. Family variations of 865 individuals of the upper 10 families with
the largest number were inspected. Overall mean in phenotypic traits of 18-month-old Pacific abalone which was
investigated in this study showed 54.5 mm of shell length, 36.8 mm of shell width and 21.3 g of total weight
respectively. And, variation coefficient of total weight was 51.0%, so variability of data was shown to be higher than
21.1% of shell length and 20.7% of shell width. The family effects showed significant difference by each family (p <
0.05), and heritability of shell length, shell width, and total weight was medium with 0.370, 0.382, and 0.367
respectively. So it is considered that family selection is more advantageous than individual selection. On the basis
of breeding values of estimated shell length and total weight, to investigate distribution and ranking by each
individual about the upper 10 families with the largest number of individuals, the values were used by being
changed into standardized breeding values. Based on shell length, it was investigated that the individual number
of the upper 5.4% is 152 and the number of the lower 5.4% is 8. In case of total weight, it was inspected that the
individual number of the upper 5.4% is 164 and the number of the lower 5.4% is 1. Like these, phenotypic and
genetic diverse variations between families could be checked. By estimating genetic parameters and breeding
values of a population for production of the next generation, if they are used properly in selection and mating, it is

considered that more breeding effects can be expected.
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olell AE- kA Akgdell ol AHE F= AT vFt F
TATt FHgHez  $=z 9lew (Hara and
Kikuchi, 1992; Vinna, 2002; Park et al., 2012), &3] A
w530 AP AR A e ' MY 29A
o WElEA AF7HA W dA7vh AldEe] g
(Gjedrem, 1983, 1997, 2000; Argue et al., 2002; Gjerde
et al., 2004; Lucas et al., 2006; Zheng et al., 2006). 24t
How ARe LW AB S-S Fo ALs7t Yol SAEE
o} ASEe] gyl aday 2uEy 9ot (Olesen et
al., 2003). AEEe] FEAHL 43 A4 A S
Sefsele Aolel, SAAS S FHA] AN A
sah el Sl ARl ARl Lasie wa oA
AAYA nT A A Q9lo] EAo) ALslng SAA

S35} T¥o] A%5e W W o] BAa U JE
A efsliof gk el A E AR kA F A 9
A FASEHIE S8 AdEEel B A7) AsEe] &
©1 (Choe et al., 2007; Yang, 2007; Choe et al., 2009,
Kim et al., 2011), A&2] 5 9 AFFAe izt ASA=

o] 43te] 4% AR FE7H T B A 21
o % ol IS L S AN 2k
o o]&

= Gise
£ S7MIA AR A Pt AAA °l % EAlel
23 4 glok

upebA, & dTellAs S Addd 34| ASA
BE &3l x¥dY ¥4 Eﬂ%ﬂ 49 AR £
7He Bz 7Pk WelE 4 W AdEekale] Ak

A B D ARRAL 5 NS 919

A 44 gk,

1. A=

o=, 18449 4494 44, 4% 2
wao} 7 A 57 24E 916 AR 2 A
334712 E ol8319%, 1 F 7P Al $7F B A
107HAe) seselelE A4RA HIE o] B4l o)%
sk,

i
1
1

0

2. 599 W B AS
el o] &% FARL Ak 744 t Al wAE
413l microsatellite DNA "[AE o] 43}e] 744 7+ #4114
WA EAE AAEkL, o] E nige 3 wulAAe|
= 11 welz A glen, Aaka)7lel whe AakelH el
SaE Eo)7] H3l ojvle] A AR 9 #AE s, 3
sl gzt dFe Hastelr] fal §UT FA A A

3tk AB 5 1871490 54 A AEskr AL Al
¥4 45 93 2AY dAE el et AARA
25 o] g3te] 4RI Z4EL 0.01 mm 8, FFL 001 g
S92 7 AAEE SAESICh FARS W S5 FA
AlM SA 2w oA AAE 3] FFEHARS] +3u<]
Ame FANA ALl
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A S AR el gt - AR S

2+ A Hato] 27 dvke AFE 2o
74, 72 9 Fop] it e £9E 24%)7] Slel SAS
Package (Ver. 9.2) 2] GLM (General linear model) 2.2
AR AAEG o H, HaAeH]w A oA ARE
AN Hy: LSM() = LSM(j) o 2& AFAAE ol5e
5%% Pairwise T ZAS slgth o714, LSM(i(5)) &
i(j) A &Ik F A w0l

o

l‘f'
-11::

27, % 1l Skl Uigt fAEg W 7 A S5U1E
F43b7] S8 AAIIE 2AsHE AEEGle

EM-REML (Expectation Maximization-Restricted
maximum likelihood) algorithm= AAF = 23}t
REMLF90 (Misztal, 1990) & o]-83}] HAAFERAANS

H (Best linear unbiased prediction : BLUP) ol <& ¢}
w7 e d¥A AR

model) & °]&3}3ich

& (Multiple traits of animal

yiﬂw‘,:ut + BY + az}k + 6

A7NA, e A BARAA JHA BakA 7]l Sk kY
A A A FAA, p= 09 FA AA HE, BY, =
A FAe A A7) &3 (= 1, 2), aE ZNA
g it -N (0, G) 2L e ® Ao -N (0, R)
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o FARFEAbeH, FAHE o] A9 AHdZE  (Local
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Table 1. Overall means and standard deviations (STD) of phenotypic value for shell length, shell width and total weight

in pacific abalone

Phenotypic value

Item
Shell length (mm)

Shell width (mm) Total weight (g)

means += STD 545 + 11.4 36.8 £ 7.6 21.3 £ 10.9
Maximum 77.9 53.9 57.5
Minimum 19.8 15.9 1.2
CVY (%) 21.1 20.7 51.0

STD
CV : Coefficient of variation (CV = Vean 100)

TR FAAE AR HOR 3t 1Ao7} 107 ¢]EtR =

£ 49 gew Agslech Fel BT e
o]-gste] A1 FARA (07) T B AL (oF) O &7
AY (hY) Arke g3t 72o] #3445t} (Groeneveld and
Kovac, 1990).

3) A 54
kel FEE ¥ gt A4 ZHAA (Normality test)
23 SAS Package (Ver. 9.2) 9] Univariate proceduers

wla e

01%' , 2R 2 3A ke 38 Al (rp), 2
%JJrﬁll—r (ro) = oleliel 22 TS o] 833t
cov,;
Tp= a 1J2 ’ (1 ¢])
() X T53)
OV, .
T¢= 5 ”2 , (i=])
Ta(i)  Ta(j)
o714, Uf, 9} o’ Z7 2¥3F FA (Phenotypic
variation) ¥ A7} FAEAF (Additive genotypic
variation), COV,,) 9 COV, = F 821 ¢ 74

-]

%383 Z¥AF (Phenotypic covariance) I} 4 ZEAb

(Genotypic covariance) ©|t}.
4 3

1. QY W 4RYA A
S EERE R E R

JAE] 18714 A%
FA| i 2dFe] AAH T} 2EHA

A
Ak 223 ol A

£ AR A3 W A Y SRk AAETS 47 5456
mm, 36.8 mm % 21.3 g2 Yeptu, 7 A Hjzta} F
27k AS AL 27 77.9 mm, 19.8 mm, ZEL 53.9
mm$} 15.9 mm 28|32 FHE 57.5 g7} 1.2 g2 YR} (
Table 1). HolAlg= EFHARS] HdAlol gt v]&E2A 5
A7t v ARE HEAE vasked o] 8Hm, 1L 5
27} A& E HiA e 7P 23 vk As ofvjgt
th F3Yol olojA 2, A4F 9 FFe| HolAlr) 74t
21.1%, 20.7% % 51.0%% Y} S| thE 7 FAl ¥
8 Ame] HEAe] 7 2A Yelich

AAF7} w2 A8 10715 ez 4, 4% 9 5%
o] WA AR BT A A} Tk Al
TW = 0.0002SL>%™ (R? = 0.9864) 7} o] A|pFAA 02
FA= 3, A7} ] A A2 SW = 0.6585SL +
0.9836 (R* = 0.9787) 22 12} 944l (Linear equation)
o7 A= 9} (Fig. 1A, B).

2. 339 A A8 7HA &

A 3l Hepae) 1872 ARY A mlAE PR
I F437] S8k 7l EHE AT (Fixed effect) 2
ATl BAHEAE A @ A7 AR, A5 9 Foe) mE
FAolM 1% F24 (p < 0.01) ©] 1A=} (Table 2).
Az AR 4 AR ) 2, A4S e B
Yol glojA Z+ AP A et 7HAME HAaATH a1
RELAE AR 23} AL FAd Aol w5 o
< 0.05). 53], 2} 452 75 C 7HA7F 22t 63.2 mm
£} 42.6 mm= 7V =4 YeRt, G 7HA7F 42 45.0 mm
9} 30.56 mm% 71 WA yepgen, C ¢k G 7HAle A7t
7o) 27t 182 mmst 12.1 mme] AFAIE wYk
o] A$E= C 7M7) 30.3 g2 7 =4 UEldy, G 7H
7} 13.2 g= 7P v Yehyteh 53], C 7HAle] A5 Al ¥
A w% e shlel vls) Sl A 2o et A
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Fig. 1. Relationship between each traits of phenotypic value. A: Shell length and Total width. B: Shell length and Shell width.
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Table 2. Source of the variation, degree of freedom (df), mean square and test of significance for shell length (SL), shell

width (SW) and total weight (TW)

Phenotypic value

Breeding value

Source df
SL SwW T™W SL SW TW
Family 9 2773.4" 1266.5™ 2651.4" 2512.4™ 1142.2 2291.8"
Error 855 103.9 45.6 92.4 5.6 2.5 5.2
" P<0.01

Table 3. Least-square means and standard errors of phenotypic value for shell length, shell width and total width by

family in pacific abalone

Phenotypic value

Family - -
Shell length (mm) Shell width (mm) Total weight (g)
A 59.0" + 1.04 39.7% + 0.69 26.4" + 0.98
B 52.5° + 0.96 35.7° + 0.64 18.4° + 0.91
c 63.2° + 1.04 42.6* + 0.69 30.3% + 0.98
D 53.8° + 1.09 36.5% £ 0.72 20.0° + 1.03
E 60.3% + 1.07 41.0% + 0.71 27.8" + 1.01
F 46.9% + 1.05 31.6" + 0.69 14.7% + 0.99
G 45.0% + 1.24 30.5 £ 0.82 13.2¢ + 1.17
H 55.1° + 1.25 38.1% + 0.83 21.1° + 1.18
I 52.7° + 1.13 35.0° + 0.75 18.9° + 1.06
J 53.4° + 1.22 36.3% + 0.81 21.2° + 1.15

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



Korean J. Malacol. 29(4): 325-334 2013

Table 4. Heritability (h?), additive genetic variance (03) and environmental variance (az) of shell length, shell width and

total weight in pacific abalone

Item Shell length Shell width Total weight
o’ 42.6 19.2 37.1
o? 72.6 31.0 63.9
n? 0.370 0.382 0.367

Table 5. Phenotypic and genetic correlations among shell length, shell width and total weight in pacific abalone

Traits Shell length Shell width Total weight
Shell length 0.989 0.968
Shell width 0.996 0.965
Total weight 0.990 0.984

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

Table 6. Overall means and standard deviations (STD) of breeding value for shell length, shell width and total weight in

pacific abalone

Breeding value

Item

Shell length (mm)

Shell width (mm) Total weight (g)

means = STD 0.77 + 4.96 0.52 + 3.32 0.80 + 4.73

Maximum 14.5 9.4 14.7

Minimum -16.1 -10.5 -14.1

CVY (%) 644.1 635.2 587.2

DCV : Coefficient of variation (CV = STD 100)
Mean

R 4 oleh 2 Aol 25 AN sl BAnel 18 B0 Edz AL Be A9 107109 Ber vlag
H% AR T AR, DA W GRS 2 S 4 P $5e) AadeREAst 1 BEeAS ®
3t Az} 2A 7k 0.382 4 AkeE A3 7 7F 9 Ael 2folE Rt (p < 0.05). C 7}

| Z37} 25 7o Ag ) (Table 4). E3

B 8 GWAS % FU DA B9 2

0.990-0. 996«] H-qui uH_‘,’_ 71—6]— ZJ,] }\1—34-34-

74] L}E‘r‘ﬂﬂ P @A fEnte zy v A et
£ Al 71HE 4 s AR AlE =k (Table 5).

2 Aol 2A4E A A $RAR) FARSE o]
Asle] 18709 AR A 2 A 557 24
Ay} A, AE 9 Fg| yjgt L7l AxFFE 27
0.77 mm, 0.52 mm Bl 0.80 g= ety 7 Al FHr
7 2 Ao A e 47 14.5 mmé} -16.1 mm, 2
o] A% 27 9.4 mméE} -10.5 mm 18|31 L 77 14.7
g% -14.1 g2 AT B3 7 Ao djdt §571e) A
ol Al 587 2%-644. 1%4 “‘HE Al 84 2% §57)9

°® i"}ﬂ“ﬁ} (Table 6) = °4:rL°1W F4 7 AR

Ao A, ZHE wl Zego| fjdt S£re] FHo] ZH 9.45
mm, 6.08 mm % 9.33 gZ thE JHA9 v|E FejHo R 7}
A =93, G 7MY A% 47 -8.33 mm, -5.72 mm %
-1.22 g2 7P Gl YEhd C 7HAZL o ZHAle) vls A
Ao g $53t 712 2AE G Table 3049 7o) &
Fe =8 FAALEE MY S8 7l C 7HAlolH, B
2 7P £ 7= G 7R 24RE Sl (Table 7).
7he ARl gk ¥ AdiAQl grel obyr, SAESII}E A
2 o2 349 58 v s s 002 sfa HAab +
10] =& BFE537HE 7ol Ad o AArE 915 At
71 3, o]t REIETI e AN dAdE A TEAE
F-oystr] Sl AdAl Sol= o] &=t} & el A
7k gk A9 107119 865t S e 2Pgat S
F57tel w2 HAPE W= et =95 24k 3 olE B4
9 F571E EFEshele] E490 o]&315ict (Fig. 2 and Fig.
3). 7] FF3HEIE VIFe R e W A9 5.4%2 A

2
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Table 7. Least-square means and standard errors of breeding value for shell length, shell width and total width in pacific

abalone
Breeding value
Family
Shell length (mm) Shell width (mm) Total weight (g)
A 4.04° + 0.24 2.31° + 0.16 4.17° + 0.23
B -1.08" + 0.22 -0.72" £ 0.15 -1.91 + 0.22
C 9.45% + 0.24 6.08% = 0.16 9.33% + 0.23
D 0.30° + 0.25 0.16° + 0.17 -0.20° + 0.24
E 6.57° + 0.24 4.43" + 0.16 6.50° + 0.23
F -6.36% + 0.24 -4.47" + 0.16 -5.528 + 0.23
G -8.33" + 0.28 -5.72' £ 0.19 -7.29" + 0.27
H 1.50 + 0.29 1.54% + 0.20 0.71¢ + 0.28
I -1.00f + 0.26 -1.398 + 0.17 -1.50f £ 0.25
J -0.15° £ 0.28 -0.17° + 0.19 0.56% + 0.27

Frequency

Frequency

Means in the same column with different letter are statistically significant at 5% level of significance.
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Fig. 2. Frequency and normal distribution by standardized Fig. 3. Ranking by standardized breeding value (SBV). A:
breeding value (SBV). A: Shell length, B: Total weight. Shell length. B: Total weight.
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57 7152 ® P= 9 9] 5.4%2] 7Hzﬂ = % 164‘3}
g1z 2ARE S, 819 5.4%2 A 5 F 1vEE 24
At} (Fig. 2B). & 7oA 734 2F rmﬁ}— o]-g-3}o]
AA 1074418 2 AAE =915 EAM Az} 23} 5%
T 34 25 ZF AAE Y] Ade] A Yeled (Fig.
3A, B).

X}
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Tt #AHE 2000 elell Eof AR 2 AEE
A g8l AR 371E Y AR HE e slEEka A1
Aol 155 i} olfdt SA|A <l Wt SEAoR o
A3}7) S1ete] Az At 71Eo] AA3] 27E I Qe wl,
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e FASHRE S SE A A i AR
9 §F571E FAske] Ay} walel o] 83l J|e Ed T8
3t} (Su et al., 1996).

Aol o3t Ao A NS F57Fe] Agre|
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ol e o] 8=]o] Ar}. o9} Fro] Al T
At A Q7 & + o

2F ol 5]"19"“/} 5‘—%}, Z7F FA4S 9E o
ol o]g=+= W= ARl (Selection index), %
AH4H (Least-square method) % A &EH S
Sk 53], FAAYERASHS 557 4 A Bag
AL WA 7P e Ao, fAA o] ol 2
o 27& wEAIEH P frEld e dEA
(Henderson, 1974).

AF7HA] Ao FFA7ol et g2 Ky
%ol Hara and Kikuchi (1992) + 5HAE-9] 4
AdellA 7] 735 63%] A= depiglvkr ®Bslgl
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oI AL ol A 2509 S A 1S
B33k vk gk ARl Fei o] WHe Hx) &
of Ahgel ofeeld 7SREAE BEASAT, ofue

Quaas and Pollack (1980) & 4 A Z 8] R oA 7]
olgk 1o 2 <& A 9t} Henderson (1986) & 7)A| %32
Aoz Aol Al o3k HJE HE 4 gle
o848 4 3= ARY 5 T/MA FF7F FH AF=E
A 4 ok B ugl vl glok

ol ® Od?% el A4YAU A, A% 9 59
g3

ot

RS
=
o
N
ox
)
oflt
inay
lo
o lr
—u 1%
*odt
o
o
Ho
ok
X~
h’i
)
2y
1
5
Ok
=
3

AR ASAES o a5s 013—6}0% vxﬂ o &% }—
AR, T AR W 39 1071419 x}g-.g 74

o] EHFP 3 fgu ﬂ*ﬂﬁﬂ- 747—} 54.5 mm, 36.8
mm ‘;1 21.3 g% Yepyton] el WEA e glojx] Fko]
71 9 ZhEof| s 71t 2A| veet o] A= A9 Ab
Sz A A A= 2F o]} 9 4 9o
2 At o] &= A 3 EPAEL oFAddT H ot
Ak 3R elA AREEGleH, Ak AR ek FAE
gt A3 Agwafel o3t Az Alms
2 AFolA 24 AR ko] BACA D S5
WAE AMxE vepd Ay AgaAAe] TW
0.0002SL*#™¢ (R* = 0.9864) 2| A|FFAxe 2 A=
™, Yang (2007) & 21705l glojA] wajz3d %%*Zd%
o] 2t o] WAIE AR e} A|eFAA 0w FAT A
3} Aed Ak x 2}l Ak TW = 0.00011SL*%% (R? = 0.9786),
Al x gkAlARe TW = 0.00014SL>9%%¢ (R? = 0.9656),
Al x 2k Ake TW = 0.00008SL*1%%% (R? = 0.9801) 18]
I oFAAL x oFAlARe TW = 0.00009SL*™° (R? = 0.9750)
2 233 v} oy, 2AE AR 383 sl 71AE
v IEAE 93l i ATelA] A AP RYS o8t A
C 7Hle] A5 2, 2% 9 F%e] 27 63.2 mm, 42.6
mm ¥ 30.3 g2 7P ¥ty G 7MY A$ A 45.0
mm, 30.5 mm ¥ 13.2 g2 7P 9 el TA3 AbEx
ZANA=E 2t 7HAMEE R -]l folE B 3ol gk 3k
Bobe AR o] o 2A #43 ez Ams
A AAAQ] AL AAFAL] FAHA e,
3 3 ]

o7

¢

i

.
Hql galo] o8] Az e FHYew WAl (Yang,
2007). Wb 2 Qe $5 oEAe] 44 2ele] o
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S MU SYA=2 dFFE0 et JHAE0 E =

=
= 00|48 17px]o]H, o] A5 %= FA|
st 0ol A F-E 100%7H4]7} =7, 0.2 °]31E A=
0.2-0.49] H9l= F=°] 4 12| 0.4 o] W]
=9 FAgolgta sh=tl, BE Ao g Ay 7
<, 7AY] =& A5 AMAAEE 3= 2] rE3lt)t (Park
et al., 1999). rAFo] W& Ao glojAl= JAIZES] Afo]
7} F2 37 Al Aol oty yeuEE shAe] 2o
ub FAsk 2 A FAAEE AEEHA 437 ok
ole] & AFellA AR Al 34l HabAE-e] 1870 A4
APl gt FAYE FAT A9 A, 4 9 TRl &
7} 0.370, 0.382 ¥ 0.367% F=° FAZS o] AL
Rohs ZHAe] fe# Ao R AlaSh o|9}f frAlRE A
& Choe et al. (2009) + 97143 FAEe] glojA 24,
ZHE 9 2ol fAHo] 27k 0.29, 0.29 X 0.31F FX
TAES Yelgty R uslg, Lucas et al. (2006) =
microsatellited]] <8t &S ]8435l AP
SARSS 2A% Ag AR, 24E 9 Feko] SAHo] 77t
0.48, 0.38 ¥ 0.362% Ru3lglow Jonasson et al.
(1999) °] 75 187045 2 24704 & FAAE 72 Al df
g 7o) frAge] 47 0.273 0.34% Hashglct. E3t &
Aol 2AE AFEAT 3899 W A4 AT E F
A% A 27k 0.965-0.989 L 0.990-0.9960. % wl$- L&
4] AAAE Ho g FA sfgte sy o2 FA e A
FaAE FE3 VI 5 s AoE wH
A7 A ] Hgk A FAA HolE wider FF
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