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SUMMARY

1. Title

Study on the genetic parameter estimate on economic traits in fish

II. Objectives and Significance

Recently, rapid decrease of productivities for most of commercial
culture species with decreased growth rate and resistance to disease
has become serious problems to aquaculture industry in Korea. General
indifference to fish genetics and.breeding has resulted in this situation
by cumulative inbreeding. In fact, since the early part of 1980's, most
studies on fish genetics and breeding in Korea have not been focused
on genetic improvement but on production of polyploidy, sex reversed
fish and transgenic fish to develop high productive fish stock.

To improve productivity of aquaculture, systematic management of
brood stock to prevent inbreeding and establishment of selective
breeding technique cohering with specific environmental characteristics
are needed. In addition to this traditional method, if some efforts for
finding biochemical genetic markers for some economic traits were
made, we could increase an accuracy of selection and will get maximal

amount of genetic improvement.
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M. Contents and Scope

- Production of full-sib and half-sib families.

~ Application of statistical model for the estimation of genetic
parameters.

- Estimation of heritabilities, genetic correlations and phenotypic

correlations among various metric and type traits.

IV. Results and Recommendations

1. Data used in this study
Total 2,873 individual records containing 51 full-sib families for 60
day old tilapia and 68 full-sib families for 90 days old tilapia were used

in this analysis.

2. Metric traits

Heritahility estimates (h%) on TL and BHI at 60 days of age were
higher than 0.23 and that on BW was 0.27 with both sire and dam
components. At this age, those on SL, SNL and BW with dam
components were higher thaﬁ those with sire components, and standard
errors of heritability were generally higher than heritability. At 90
days of age, heritability estimates with dam components on the most of
metric traits were higher than those with sire components. Especially,
heritabilities on major traits, TL, SL, BH1l, BH2 and BW, were
estimated as higher than 0.40.
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Genetic and phenotypic éorrelations between metric traits were
higher than 0.90 at 60 days of age, and decreased remarkably at 90
days of age. Among them, BW was closely correlated with TL and
BHZ at 90 days of age. BH2 also showed higher regression coefficient
on BW than BHI1, and it would be available as a new metric trait

related productivity in fish aquaculture.

3. Type traits

The ratios of TLBH1, TLBH2 and HLSNL were increased at 90
days of age compared with those at 60 days while TLHL, TLBD,
BDBHI1, BDBH?2, BH12 and fatness were decreased. There was no
significant difference in type traits between sex except in HLSNL
(p<0.01) at 60 days of age. On the other hand, at 90 days of age, 6
type trais including TLHL showed highly significant differences
between sex (p<0.01).
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ASFE2d EAL Table 13 Zh

T, 4 Fole AxMEE AddR, w$A 2 AR (spawning
sequence) 5 715 #E &)

1997 @ 2 €8E 8 97A Fig. 1% 22 Fgoz AAFAR
T4E HYsHA BA 4 2A vy sHAE AAdssd. AdAs+A

Mol Arzk frElez (200 2)°l sire 19HE] 9k dam 3-4vhE]4 S8-5ho

AANFE FEIFeY, JAFFAL AANF AHY dames vHF 5k
NHS I F eggE FTEF & sire 3-4 wEgt AxHow z+zt
TRy FA BRPLKFR (maternal half-sib families)E XA
. T3 osires AARPRHER (paternal half-sib families) BAHE 9 &)
A&HoE 7242 & damFo wHlE FE3AT. ¥t AFHIE
A zrste] ALgst o™ H3 F22 28 £

ol

Mo

(]



E1. 09 AZyA8 97 2 gzud
Table 1. Summary of sire and dam’s metric traits

Trait™ Records ‘zDam Sire
Mean SD Mean SD
TL 102 238,12 25.80 268,63 30.25
SL 103 190.72 22.17 213.36 23.89
HL 103 61.85 14.97 66.53 7.50
SNL 103 18.60 2.62 20,67 2.7
uJ 103 16.20 2.25 18.30 2.92
BH1 103 68.71 9.18 80.59 9.76
BH2 103 101,47 13.25 117.85 14.31
BD 103 36.57 4.54 41.06 4.43
HW 103 22.33 2.67 25,80 3.31
BW 103 266.75 98.79 391.15 128.09

*' TL; total length, SL; standard length, HL; head length, SNL;
snout length, UJ; length of upper jaw, BHI1; body height 1, BH2;
body height 2 (length of anus to the orign of dorsal fin), BD;
body depth, HW; head width

*2 Unit : mn except BW (g)

3 S1 S2 S3 ... Sn
2
D1 S1iD1 S2D1 S3D1 . ... SnD1
D2 S1D2 S2D2 S3D2 .. ..SnD2
D3 S1D3 S2D2 S3D3 . ... SnD3
Dm S1Dm S2Dm S3Dm . ...SnDm

g 1. A L 24 iya) S AT ey 2 E
Fig. 1. Mating scheme to produce paternal and maternal half
-sibs in Oreochromis niloticus. (S; sire, D; dam)



2) AIE (Stocking)

gdatujols FAF 3 Yol R3lsigen FsF o 3 A whe] FA4st
Aach. 24 AF deiyol zojg ¢FARY 2 E FFAA 190x130
%105 mm<) floating cageol &3t ¥3%F < 25 47 AHSE v 200
X300%400 mne cageZ A 90 X ALS3IAT. o] @ cage ¥
Ur= 23F 60 Y7AE 60 vhE, 90 A7AXE 25 FiE AEE {FAF
At AlRE REF 25 7K Hdode 49 5 Y Fo A& A=

2 F9391, FY L oftolls WHolE FTLRARE 08T WFAER
2 9L FAstgh. 2 wol AR A AV 47 F8 BB
oz A nXE AL BA s A AL AAY F A7E 7

zoz ang @ wA A& dF =719 A8E F 33 FolsAoh
g4ee 27~31T, &4 (DO)E 35~55 m/ L& #AsAt
e 2@ 2Y UdA A% RESE FIFRAOY dRd BL
N AeH AF7)E Fohe] AFAAT. Vg RE BAL FIF A

3) FEAE (Sampling)

23% 60 YPol o 30 ulAY FFHHE FEE FEEPen, 0UF
ol = BF H3ste oo Ao dd ASE AAsdd. AAE AF
#Ae Fig. 2ol Ve es o3 Zoh A% (total length, TL), A7
(standard length, SL), ¥% (head length, HL), F%°]Zd ] (snout length,
SNL), $]gZ¢] (length of upper jaw, UJ), A3 1 (body height 1, BH1),
A3 2 (body height 2, BH2), A% (body depth, BD), % (head width,
HW) 2 A% (body weight, BW) T 10 7Hol™, X3 sexE &4
Sex¢] BAL AZF BRE A% gonadd AET T slide glassol

X
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£ cover glass® spreading-outdte] @] A3t (x100)o)A] YAFe] §F
2 ZAsAo

AFel EAES <otr7] f3 TLA oid HL, BD, BH1, BH29] #&&
(%), BDdl w3t BHI, BH2¢ #W&& (%), BH1d Wid BH2Y #WE&
(%), HLol dig SNL, UJ, HWS WE& (%) % 10 7t & 44 ANg¥
2 (type traits)2A T3l o9, BT % (fatness)E Al4Hs ot

olF ol ASFYAEH AFFZE Brle B =794 HYL AZH
o] AS & 2 3 (d : TL, HL %), A¥FAL 7z TLHL,
TLBD, TLBH1, TLBHZ2, BDBH1, BDBH2, BH12, HLSNL, HLU]J, HLHW
To2 ®75712 3ot (Table 2).

2 ojo AFP4E BT ¢ U

Table 2. Summary of sire and dam’s type traits

Trait™ Records Dan Sire
Mean SD Mean SD
TLHL 102 25.97 5.02 24.80 1.34
TLBD 102 15.36 0.70 15.31 0.80
TLBH1 102 28.81 1.27 29.99 1.28
TLBH2 102 42.59 2.68 43.84 1.29
BDBH1 103 53.33 2.22 51.07 2.25
BDBHZ 103 36.23 3.81 34.92 1.60
BH12 103 67.98 7.01 68.42 2.25
HLSNL 103 30.52 3.10 31.07 2.31
HLUJ 103 26.62 3.02 27.46 2.69
HLHW 0 - - - -
FATNESS 102 18.96 1,42 19.56 1.92

(Ratio between metric traits (%) except fatness).

*' TLHL; HL/TL, TLBD; BD/TL, TLBHI; BH1/TL, TLBHZ2;
BH2/TL, BDBHI1; BD/BH1, BDBH2; BD/BH2, BH12; BH1/BH2,
HLSNL; SNL/HL, HLUJ; UJ/HL, HLHW; HW/HL,

Fatness = BW / TL(cm)® * 1000

-7 -



29 2 98l A2 Y
Fig. 2. Diagram of several metric traits in Oreochromis niloticus.
A : TL; total length, SL; standard length, HL; head

length, SNL; snout length, UJ; length of upper jaw,
BHI; body height 1, BH2; body height 2
B : HW; head width, BD; body depth



AZgdn APYPZA] g EAE4 (ANOVA)FH 244 (variance
component)S FA37] Y48l Henderson’'s Method 3& A &3te] dut &
353 (general mixed model equation, MME)S o]&33H o
(Henderson 1984), REML (restricted maximum likelihood) F# 3]

(estimaton) & T3t A

1) 60 €3 detgole] AFY A Uit FAREH
Yijimn = # + Si + D + 7ej + Xoe + Cu + Hom + Etijiimn
el A,

Yigumn: ¢ A BZ) AN @ WA sirest j WA dame] F<&

A n AA AAL FZA AT, AF T)

u AP

Si i WA sired] dYgaH

D; :j WA dam® dEFH

yg 1 HA sirest j A dam®] interaction

Xoe kA sexd nAEFH

Cu : | YA hatching month W cage?] A&}

Hm m WA 27] 259 1H a5

Etjimn - residual error



2) 90 4% 2igolo] AZFA U3 FAEH

Yiikimn = # + Si + Dy + 74 + Xae + Cu + Qm + Ebjjiamn

9 el A,

Yijkimn: ¢ AA Ao dojA | HA sire$} j HA damd] F&
A n WA A BEFX AT, AF F)

p  AAHET

Sii D1 WA sired] 4987

D; :jHA dam®] A EH

7 -1 AA sire®} j HA dam$ interaction

Xoe kWA sex9 nAZRT

Cu : 1 WA hatching month W cage® 1A &7}

Qym J HA dame] m WA Azre] nHE I

Etjjiimn - Tesidual error

3) 60 4= 90 9dH ol HFYP A g FAERY
Yigg = # + St + D + 7o + Xa + Eju

71M,
Yiw ©t A8 dA oA | HA sire FEA ]
" A #EFHX AF, A7 F)
g L AAFT
Sei i WA sired] dEF
Dy  j ¥A dame YA H
7o -0 AR sires} j WA dam®] interaction ¥ A

_10_



Xoe kAR sex o TAHEY

Evju residual error

4) §A¢ (heritability, #) %7 (Falconer, 1985)

, 40°%
Hs = p
Ot
p 40 2d
fla = ——
O'r
, 2(c% + o%)
hs+d = p
Ot
7],
o% sire®] BAMAAE
6% dam?®] EAAE
o?r  2BA0Z Q9 EH (random effect)d] EAAEEF}
2R EF (fixed effect) @ o0 LA
6% ¢ A (full-sib) A2 2 sire$} dame] A E <)
g
BH, §Ago e FFQA (standard error of heritability)= Becker

(1984)8] Hel &3] TR

- 11 -



5) A4 (genetic correlation, 7 ¢)

a. Sire components of variance and covariance

76 = COVs / ¥ (0% + 0%sm)

b. Dam components of variance and covariance

r¢ = COVp / v (o) + o)

oA,
re @ T AGBASF
COVs : Sire W &&4 F43|
COVp : Dam W 3#4F A X
V(0% - o%smw) ¢

2 2 )
v (0D * 6°py) -

6) @3 A (phenotypic correlation, rp)

COVw + COVs + COVp

re =

2 2 2 2 2 2
J (o%wx* 6%sw+ 0°px) ¢ ¥ (0wt 0 st 0 ‘D)

_12_



o} 7)1 A,

rp . REEATA

22

2
COVw : progeny W F&2F F3H 3

COVs : sire W &4t FA A

COVp : dam W F&A FHA

J (62wt 0wt obx) @ X A t¥ within progeny, sire

am AR de] A FZ

we
o

J(o%wpt ot olp) @ Y Ao i within progeny, sire

_13_



A 3 Ay % uz

Al1Ad AgY 74

2% 33 w2l 9] sirest 41 #E] 9] dame ZHZ A&t 60 ¥HE A
51 7§, 90 4= B 68 7/ AFw) 7HA AAME dFoE 74 ASHA
o et =F 2873 7/Hel AZF7EE REAUY (Table 3). Sexw= M
F2 FE3593, 7 cagee 247 Agd] A (full-sib family) 2.2 %3}
43 recordd & 13N 2 93 3 Ho] £33 T2 ‘group 1), 4
43 5 9 B3t= ‘group 2, 6 €2 ‘group 3, 7 €A ‘group 4, ¥ 1
8 ¥AL ‘grout 52 grouping3dl™ cage within month (MO)EZ4 IAZ
7 (fixed effect)ell EFAZT. 60 4B 71Sde 2REHREZHN 27] 3
2E 2 27 ASEE D)7F EFFHALH, 90 4¥ JFY B

dam®] Aka} (spgwning sequence, SSQ)9) parityS E3HA Ao}

£ 3 Az TE
Table 3. Data classification (total = 2,873 records)
No.of
Age | MNo. of No. of fiiisib Sex  Mo™ D*  ssa¥
(days) | Sire Dam .
family
M H
60 23 32 51 3,4, 5 M -
F .
L
90 30 36 68 F - ! .
4, 5
Total 33 41 74 2 5 3 7

Fixed effect group of cage within hatching month
Initial rearing density (high; H, medium; M, low; L)
**  Parity of dam’s spawning sequence

_14_



L A89 £2 9 71284

60 A&l AZFFA i V12L& F 1454 M2 YRAo] 461, A
992 7} feH, 90 dHe] H¢E F 1,419 N 71EF Ao 431, A
°l 940 /it olE AZYE A8 BE L J|ZSARE Table 49
o8kt 60 4% 71 Eel= TL U BWE H£351 8 71x] A= o]
A W RFHEAE FIAL, 90 4H] A$E BF 10 71X A=F Ao
et 712 A FE F3A |

Table 59 Table 6 ol 60 L7 90 YH Yatgole] ojr] z+ A=
FAol hatd EFEHWAAY (mixed model equation, MME)e] ¥3+g
A2l THEF (fixed effects)o] h¥ H2A5H T (least square mean,
LSMEAN)# 1] th3 #F QA (standard error, SE)E F3t3omd,

3 2 14 &3EZ Duncan’s multiple range test (a=0.05 $32)2 A4
st

60 €% A4 TL, SL, SNL ¥ BWolx& &7 Fagtols oot
= H3ou, 1 w9 FAdAHe g5 f9x7 9l Cage
within month (MO) ZFel&= 2t Fo4A71 gllen BE AZx¥Ad)
A MO 5 a2Fo] 7b & Ao Yey o839 8 o] R3s F7ho
ARE 7MY 58 A2 JElgY (Figd). @98 27] A8 2=
medium group®] 7F& A YERR I I t&€ high, low group?) 9]

=dl (Table 5, Fig. 3), ol Z7]de LYE A1S BUE (UYL ALS
o] A A3t ade] B F YLE AJALET)

T, 90 LdFNME ZE ASFFAAAM G5 Aol mgod, 60
BellMete 28 £ ¢AFR E Fo)& Yez Yot (Table 6).
4E3% MO9 7% TL, SL, BD, BH], BH2, HW ¥ BWd|A = MO 3,

TR
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X 5 60 €% degdoldMe nAEIAY JAASHFH FF oA
Table 5. Least square means and standard errors of fixed effects in

Oreochromis niloticus at 60 days of age (No. of records = 1402)

TL SL HL BD

Bffects "ISMEAN SE  LSMEAN SE  _LSMEAN SE_ LSMEAN SE

SEX F 73.85" 1.47 59.27° 1.18 18.47" 0.36 12.02" 0.32
SEX M 74.90° 150 60.14°> 1.20 18.74* 0.36 12.21" 0.33

MO™? 69.87° 190 55.90° 1.54 17.64° 0.46 11.19° 0.42
MO 75.54* 142 60,88 1.15 18.90" 0.3¢  12.47° 0.31
MO 5 77.72° 2,01 62.34° 1,60 19.29° 0.49 12.70° 0.44

oW

D H 70.69° 1.44 5687 1.18 17.62° 0.36 11.81° 0.32
D 86.05° 3.72 68.87 3.03 21.44° 091 13.65° 0.82
D L 66.39" 094 5338 073 16.76" 0.22 10.89" 0.20

=

BH1 BH2 SNL BW

Effect “7oWEaN SE  LSMEAN SE  LSMEAN SE  LSMEAN SE
SEX F 23.38% 0.56 31.03* 0.72 4.66" 0.11 8.96" 0.46

SEX M 23.82" 057 31.54% 0.73 4.77° 0.11 9.33° 0.47

MO 3 21.94° 0.72 29.08 0.94 4.33¢F 0.14 7.84° 0.60
MO 23.90* 0,54 31.91* 0.70 4.86" 0.10 9.46" 0.45
MO 5 24.98 0.77 32.87° 0.97 4968 0.15 10.14® 0.62

>

D H 22.33% 0.5¢ 29.39° 0.72 4.49° 0.10 7.60° 0.46
27.54° 1.40 36.85° 1.84 5.41° 0.27 13.55° 1.18
D L 2094 03 27.57" 0.44 4258 0.07 6.30" 0.28

o
=

Unit : mm except BW (g)

" Duncan’s multiple range test grouping using the means not adjusted for
other terms in the model Means with the same letter are not
significantly different and without letter are significantly different each
other (a=0.05).

" Fixed effect of cage within month effect.

! Fixed effect of initial density.
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80 |

70 I % ‘

Length (mm) except BW (g)

TL SL HL BD BH1 BH2 SNL BW
Trait

29 3. 60 ¥ @voliNe nAFERY HAaATHTE
Fig. 3. Least square means of fixed effects in Oreochromis niloticus at
60 days of age.

4, @ MO 57+9] o|7} gl ey HLE ¥ %@ SNL, UJ 5 7% 32l
e ols UET (2=005 Fig. 4. EF SSQolMt dAz =&
AzgANA 5 WA A4 2§l 7MY F AR YEwen adsel 3,

4,6 A 2gx 7 AA £oled, 1 # 2 WA e Mg AA U

60 Qa3 90 ¥H Yatgolo] dojA EF MO group ol 4BE

gAE R AL FAT AE A4 WANE A9HA B Aol
B3 99 Te R ARE 876 @ Rk 27 4% L AMA
2o 87 2902 18¥ & AL ANV ED Aoz FE



X 6. 90 U HayolodMe nAHEHRY HAASHTY BEA
Table 6. Least square means and standard errors of fixed effects in

Oreochromis niloticus at 90 days of age

TL(1,297)™ SL(1,304) HL(1,304) BD(1,304) BH1(1,304)

Effect —TSWMEAN SE LSMEAN SE LSMEAN SE LSMEAN SE LSMEAN SE
SEX F 106.58";z 1.92 86.07'; 1.58 26.36i 0.44 16.63: 0.40 33.73‘; 0.72
SEX M 115.52" 1.95 93.19* 1.60 28.27" 0.45 18.03" 0.40 36.87" 0.73
MO 1 103.37f5 5.89 82.78§ 4.83 25.752 1.33 14.95° 1.22 32.16° 2.20
MO 2 110.10° 4.17 88.92) 3.43 26.93° 0.95 17.17° 0.87 34.45° 1.56
MO 3 112.44' 2.26 90.76, 1.85 27.50 0.51 18.06i 0.47 36.on 0.84
MO 4 115.03' 1.74 9335 1.44 28117 0.41 18,107 0.36 36.63' 0.67
MO 5 114.31* 2,01 92.31* 1.67 28.31" 0.48 18.35" 0.42 37.2¢" 0.77
SsQ™ 1 103.712 2.50 83.67§ 2.04 25.412 0.55 16.292 0.52 32.68§ 0.92
SSQ 2 109.96° 2.40 8895 1.98 27.05. 0.54 17.46. 0.50 35.07' 0.90
SSQ 3 113.99% 2.65 91.84° 2.17 27.67° 0.59 17.17° 0.55 35.62° 0.98
BC B C BC B
SSQ 4 112,357 3.09 90.78) 2.52 27.23, 0.68 17.64° 0.64 3550, 1.14
SSQ 5 116.27" 4.21 93.86" 3.39 28.96° 0.91 18.02° 0.86 37.03" 1.52
BC B B BC A

SSQ 6 112.187 3.32 90.73) 2.73 27.84, 0.74 17.587 0.69 36.08] 1.24
SSQ 7 108.89° 4.33 87.55° 3.52 27.07° 0.94 17.11* 0.90 35.12" 1,58
Pefect BH2(1,304)  SNL(1,304)  UJ(1,302) HW(1,299) BW(1,304)

LSMEAN SE LSMEAN SE [LSMEAN SE LSMEAN SE LSMEAN SE
SEX F 45.21° 0.94 6.91: 0.15 6.46§ 0.13 9.68° 0.19 24.98° 1.60
SEX M 49.40* 0.95 7.54* 0.15 7.22* 0.13 10.62" 0.19 32.03" 1.63
MO 1 42.16° 2.89 6.712 0.46 6.68: 0.41 9.51° 0.58 21.83° 4.88
MO 2 47.16§ 2.03 6.87. 0.32 6.80 0.26 9.97i 0.43 27.28*: 3.48
MO 3 48.37, 1.10 7.320 0.17 6.75, 0.14 10.297 0.22 29.95 1.88
MO 4 49.3¢" 0.85 7.54 014 7.100 0.11 10.50; 0.18 31.41° 1.47
MO 5 49.48* 0.98 7.69" 0.16 6.88° 0.12 10.47* 0.21 32.05" 1.70
SSQ 1 44.55° 1.21 6.502 0.18 6.51;c 0.16 9.41° 0.24 23.07° 2.07
SSQ 2 46.88° 1.17 7.200 0.18 6.84° 0.15 10.053 0.24 28.312 2.00
SsQ 3 48.41§°C 1.20 7.190 0.19 6.75° 0.16 10.26) 0.26 29.507 2.19
SSQ 4 47.64% 1.50 7.090 0.22 6.84°° 0.19 10.07, 0.30 29.52/ 2.55
SSQ 5 49.61% 2.01 7.77, 0.29 7.32] 0.25 10.66; 0.41 32.79 3.43
SsQ 6 47.76. 1.62 7.48% 0.25 7.00° 0.21 10.35* 0.33 29.28iB 2.77
SsQ 7 46.26™ 2.10 7.33* 0.31 6.62° 0.27 10.25" 0.42 27.07"® 3.57

(Unit : mm except BW (g))
Degree of freedom
*2 Duncan'’s multiple range test grouping using the means not adjusted for
other terms in the model. Means with the same letter are not
significantly different (a =0.05).
3 Fixed effect of cage within month effect.

* Parity of spawning squence of dam.
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Length (mm) except BW (g)

Trait

29 4 90 9% LaHoliAe] DAL (MO)S HiERTE,

Fig. 4. Least square means of fixed effects MO in Oreochromis niloticus
at 90 days of age.

110 WSsQ (1)
- - WSSQ (2)
3 gssQ ) oo
= 90 ossQ (4)
§ |SSQ (5)
- ESsQ (6) —
s msSsQ (7)
- !
E 50
£
O
c
9 30

10

TL sL HL BD BH1 BHz B
Trait

29 5 90 9 "gagololMe nAEY SSQY HarATHT.
Fig. 5. Least square means of fixed effects SSQ in Oreochromis niloticus
at 90 days of age.
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EF 90 dHY A dame] AALAE Fogd oz YEgd Rez ®o}
3 o|F datdets A9 FEANS AMAE 0 Ao AL A
A= Al WA Az} o]F o dAL AHsE Ho] WAL Eol=y &

o] € Aoz wuHT

>

V)
Mz

A4 & (variance components) 2 € (heritability)

60 4% detgole 8 /) ASYE £ 90 ¥ gl 10 N A=Y
2ol A sire?t dame FAPE 2L FHLL FAHHYY (Table 7,

Table 9). °l5 AZYASL FAIFE AAHL B2 P 7hxo)

FAPA 3 FHLo] 025 ojAtolH Awre] <]
EHAHJA A1 Mol 753 Aoz BEY, F8 AMARRAQ TLH
BH1& 60 9% 7% sire, dam-component ¥ full-sib componentol A]
023 oj&e & FH&E Yeles BWE dam-componentol] A 0.27
< 7153 d oy sire}  full-sib componentol A E 020 o5 ZE Eetu}
(Fig. 6). 39, 60 #HAAM ] o]F FHLo] I FFoxE ANPoz
TAERT o A JEgd. B3 45§32 Yy E (Table
5) SL, SNL ¥ BW9 {H-&<& sire Xt} dam componentd] X =5 =4
Uetst=d, °]E ¥ AoA & maternal effect7t ZA ZEeE Aoz R
At
90 4% Hotvlete] A9 HLE AYT BE AZFAANA sire B}
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dam® #FA&o] T3] E}om (Fig7). HXEL3E 60 dHo wls) 4
33 ZA detwth. §3] TL, SL, BH], BH2 € BW % F2 At3a
¢] dam component FA& 040 ooz wi$ EHgEd 90 AR
o] #Ad| thdted maternal effect’t Aoz AA FHLse Ao
Y.

F12 dam® EAENE sired] H|A Y4 Va (additive effect) €]l
%= %4Vp (dominance effect) ® Vg. (common environment effect)7} 3
H22 dam¢ FHE&S FA7] AdlAE 4 Vot Vees AYstn 4rt
2 A dig E4nE A3 BAse Aol FAERY Fadt
(Falconer 1989).

@, 60 4B 90 €% €tgole TLo floiA @ mjdad (half-sib
correlation)= 2t2} 0.073 2 0.047 o] BWlA = 27} 00267 0.052%
ok =3 AFw] AP (full-sib correlation) TLeo] 0.134 2 0.130, BW7}
0.094 ¥ 01572 epTh

x 7 60 9% gayole] AZYAE BANE 2 F4L H)
Table 7 . Variance components and heritability estimates on metric traits in

Oreochromis niloticus at 60 days of age

Trait % o4 0 % o o n% h% b
TL 4.59 3.89 15.27 39.37 63.12 0.29 0.25 0.27
SL 1.38 2.37 11.78 27.25 42,79 0.13 0.22 0.18
HL 0.17 0.37 0.90 2.29 3.73 0.19 0.40 0.29
BD 0.17 0.29 0.72 1.69 2.87 0.23 0.40 0.32
BH1 0.85 0.49 2.13 5.19 8.66 0.39 0.23 0.31
BH2 0.31 1.45 4.11 9.57 15.44 0.08 0.38 0.23
SNL 0.06 0.04 0.05 0.22 0.36 0.70 0.41 0.55
BW 0.17 0.44 1.79 4.11 6.51 0.10 0.27 0.19
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Table 8. Variances and standard errors of variance component estimates and
heritabilities on metric traits of Oreochromis niloticus at 60 days of

age

Varo’ Varok UES°"GZS) SE'c% SEc% SEh% SEh% SE b

TL 57.10 35.30 -19.97 7.56 5.94 0.48 0.38 0.23
SL 26.70 17.40 -10.65 5.17 4.17 0.48 0.39 0.22
HL 0.18 0.15 -0.06 0.42 0.39 0.45 0.42 0.25
BD 0.35 0.23 -1.88 0.59 0.48 0.82 0.67 0.82
BH1 2.00 0.75 -0.50 1.41 0.87 0.65 0.40 0.31
BH2 2.98 2.31 -0.58 1.73 1.52 0.45 0.39 0.26
SNL 0.00 0.00 0.00 0.04 0.03 0.50 0.31 0.25
BW 0.69 0.37 -0.11 0.83 0.61 0.51 0.37 0.28

* Standard error

¥ 9 90 9 Yatslete] AZHAE BAHR 2 £AE B
Table 9. Variance components and heritability estimates on metric traits in

Oreochromis niloticus at 90 days of age

Trait 0% o4 O %sa g% o% h% h% h%
TL 4.42 14.30 31.47 94.06 144,25 0.12 0.40 0.26
SL 4.42 9.87 19.48 64.69 98. 46 0.18 0.40 0.29
HL 0.78 0.75 1.08 5.62 8.24 0.38 0.37 0.37
BD 0.22 0.70 1.32 3.42 5.66 0.16 0.50 0.33
BH1 1.36 2,19 3.48 13.50 20.53 0.26 -0.43 0.35
BH2 1.24 3.69 6.92 23.15 34,99 0.14 0.42 0.28
SNL 0.10 0.12 0.08 0.63 0.94 0.4 0.52 0.48
uJ 0.02 0.11 0.08 0.56 0.76 0.08 0.57 0.33
HW 0.12 0.12 0.26 1.19 1.68 0.28 0.30 0.29
BW 5.01 10.25 19.86 62.01 97.13 0.21 0.42 0.31
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Table 10. Variances and standard errors of variance component estimates and
heritabilities on metric traits of Oreochromis niloticus at 90 days of

age

oV sE'6% SEc% SEh%S  SEh%  SE bl

% %
Var o
Var o s d (O.ZS a’

TL 102,1700 97.0000 8.7600 10,1079 9.8489 0.2803 0.2731 0.2041

SL  43.2500 44.7400 4.4300 6.5765 6.6888 0.2672 0.2717 0.1999
HL 0.4700 0.2600 -0.2900 0.6856 0.5099 0.3328 0.2475 0.0940
BD 0.1040 0.2020 0.0112 0.3225 0.4494 0.2279 0.3176 0.2025
BH1 2.0600 1.9900 -0.0400 1.4353 1.4107 0.2796 0.2749 0.1941
BHZ  4.3400 5.9400 0.5600 2.0833 2.4372 0.2382 0.2786 0.1930
SNL 0.0050 0.0030 -0.0003 0.0707 0.0548 0.3009 0.2331 0.1830
uJ 0.0010 0.0020  0.0003 0.0316 0.0447 0.1664 0.2354 0.1579
HW 0.0110 0.0090 0.0003 0.1049 0.0949 0.2497 0.2259 0.1709
BW 41,8600 46.0300 2.7500 6.4699 6.7845 0.2664 0.2794 0.1990

* Standard error
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Fig. 6. Heritability estimates on metric traits at 60 days of

age in Oreochromis niloticus.
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3. FALT 4 THHLH (genetic and phenotypic correlation)

APEAE 5 4 PAERY 4F (correlation)2 major

2% (pleiotropy)® #AIZF low, £ AL{Fo glojA

ol® F FATe] F#ol & AL @A Ao Ui FHA AFe] F

Al & Fdd dFd AFS /2 F dve FAA uE e,
7 %

448e AddAey 38

©O:

FYBASE ARA PRel 9% FBA
WA Yeslol gae) Uwd AZPARS AW A#ASE Table 11
Table 1291 Wehhgich. 60 AR E ¢4 25 ZE ASYAoIA

o

c
o
2
3
2
o
3
-
=
Ef
A%
HE
30
A
5
(=X
®

p—
=
o
S
e
ol

o] A, BWE 60 €% ¢A#dE 2 BDS 094382 Aol ¥4k,
vre] TL, SL, BH1, BH2, HL, SNL $3% Z7} 0.9653, 0.9606, 0.9682,
0.9519, 0.9541 ¥ 091082 ¢ANMRT v ¥A Yeygd. BDE TL,
SL, BH1, BH2 ¥ BW<} Z+Z} 09159, 0.9126, 0.9473, 0.9213, 094382
L 48e 2y, 5 32 HL 2 SNLE Z+7 0.89463} 0.8880L.2
LIRS IR S ie=
90 YHANHE= AAHog z+ ASPAT] Aol 6
ttk. £3 HLS 7% &322 BWE Adsines g2 FAE7 Aol
090 °olst¥em, SNL 2 UJ 22 vE FR¥EdAF JaAx
2 Jvehwt. BWE TL, SL, BD ¥ BHIY ¢4 EFoM & 43L&
GEMIE, T F BH19 4HeA 0974022 714 %t} (Table 12).
T, ASPAT] d8d 589 ¢ FAARAGE Table 137 Table
140] etk 60 4# 3 90 AN TAFITL A& g
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4. AAATF F4

A z7) daulole] AFd e 4 ASFRES FHH FLEE &
olRIAt 60 Y L 90 U ot N Z AZFE e BWe A
AA42 SASS Backward Elimination Procedured] @t FAs it
(Table 15).

602H e AL UJY HWE AYe 7 /e ZE AZRAEc] IAYA
A mde] AP (p<00D), BAAFE 478 24 dEd ®
- 09543). BH1¢ 3AAF7E 03311 (EFLA 002192 7H8 =}
t}2 o] BD (0.1855), HL (0.1319)9] oIt H, BWo| distd SNL&

o B ()9 FHAASFE (-0.2543 £ EFE LA 0.0641) ZHA L e,
TL 2@ SL zHzh 00773 (£0.0103) 2 0.0345 (£0.0104)= aiesy

g0 AL 9 A AZYAESF SL, HL, U] 5& fFraFFEol ¥t
A (p>0.05) Backward Elimination Proceduredl &3] & ARG A A
9519tk (Table 9). 2 9 6 719 A& Aol TFHJEH (p<0.0D), 2
AA% A4 g =2A Jehgt (R = 09724). AAATE 60 dPNA
o= g BD7F 09427 (£0.0458)% 1A =gom, 1 ©&oE HW,
BH2, SNL, BH1, TLY <ot 9 BWol| tig BH29) 3 #AAF7
Jze] Quizel AZPA da o845 oW BHI Bt ¥A UEhd A
o BH2el m&E&AATe] BHI Boh ¥4 vehd Z3 (Table 148 A

= e davele AARA #H AZFEA=R ol8E 7 UE

ol oA e AFER Sol R FARFs o] A%E AAA

= Fart 8 Aeg AzdEn.
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1. 59 X % 72FAF

60 92 "etmele A AFFAL H|vtE (fatness)E EFstH EF
9 1A gov 7129 FE o4 747 992 E 461 AR 90 dF2 11
AR el ABERA gt &+ Z+z 940 2 431 MEAN F 1,419 MY 7]
29 2As4th oo U3 d2E d¥dE HF L FFHXE Table
160) GEUIQITH BW, A sz viE Aol g2 @

60 Qe 90 YHL ume w, ¢5 2FAN TLBHI, TLBH2 %
HLSNLE 90 ¥8Hez 7bAA <zk grel F7hstsiey, TLHL, TLBD,
BDBH1, BDBH2, BHI2 2 FATNESSE #4astdth  ol: gdetgjolr}
QRS ALe42 pumerator B2 AhA o] g awF H|Fo] @
olA = AL oungt, = TLE FAo= Z u, TLA tiste A3to] A
U422 HL BD $¢ uFo] gelxe wwel BHI® BH29) uFo] 73
o). w3 BHI® BH2Z 3 % @ BHIo] BH2el Hjs) Aigos v
Zo| 7AsE AL B F gtk ¥wEY #gAE Hded ¥ (Table 15)
g} 7to] 90 YHoA BDS BWol tig 3AAF7 %W A& #A¢siw
60 Ao nvls] BDQ H]Fo] Fol=i wE ZAAHoZ BWO HdH

HaE A48 7} 3ok
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2 AYHAL A

El

2

AFEAY denjaed A 4 ASHA HALASHETE (Ismean) Z
d#E, A4¥ F-test® Table 173 Table 181 YeEH AT

DREHREAN sexd HAASTHTE BWE 60 dHNA TLY BE A
°] 69.10 mm G LA} 67.99 mE FFTtel Aol7b ARew (p<0.01)
o] o] FFELAE ¢ BT 1430t (Table 17). BDE +3#
1142, ¢H o] 11222 437 Aol& UEAL (p<0.05), BWE H %
I ] AZFAGHE BF 159 FIXE BET (p<0.01). A, F
A2AE5ZEAXNE DARAEHREAXN sex 9o cage within month (MO) %
initial density (D) & Edo] X FA|HE 4-F (Table 5) BT 23]
SA YEst

Fig 8o &3t T8 ASF A AxdE Wolg Yeiled, 90 €3
N ge3re] Aolrt 60 dHAMET BE ASFHAA dFA =
A YEbgth (p=0.0001, Table 18). &, H&ASFHAT LAHIHEA

o

—

(o

sex 9o cage within month (MO) @  vparity of dam’'s spawning
squence (SSQ) 5& Edd ETFAIHE HF (Table 6) Bo} 238 237t
=A YErR

d#HEE APFA dF HaASs FAA R sex MY F-AAH BHE
Table 19 % Table 209 895t o™, Fig 9olA= TL #&H AP A
d#EdE vaE Yeh A

60 dE9 A5 EE ASF AN FoAE B Wl (Table 17) A
g Ao HLSNLY ¢zt o7 ARNE ¥ (p<0.0l, Table 19) ©
2 8 7IA 9 AFPAAAE F94d0] M8 At F 60 €438 "dtglot

90 d# 9 4ol TLHL, TLBHI1, TLBH2, HLSNL, HLUJ ¥ HLHW
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F 17.

60 4% Qeislol AZYA 48 HaASAT % F-AA

Table 17. F-test on sex and Ismeans of metric traits in Oreochromis

niloticus at 60 days of age

Male (461)°

Female (992)

F-value Pr>F

Trait
LSMEAN SE LSMEAN SE
TL 69. 10 1.43 67.99 1.43 7.47 0.0064
SL 55.54 1.16 54.63 1.14 7.20 0.0074
HL 17.38 0.33 17,10 0.33 8.19 0.0043
BD 11.42 0.29 11.22 0.29 5.82 0.0159
BH1 21.90 0.53 21.45 0.52 9.59 0.0020
BH2 28.81 0.69 28.28 0.68 7.05 0.0080
SNL 4.45 0.11 4,33 0.11 15,84 0.0001
BW 7.19 0.45 6.80 0.44 8.57 0.0035

Unit : mm except BW (g)
* No. of records.

#* 18

90 9= doinjol AFHAY 4 HaATHT £ F-AA
Table 18. F-test on sex and lsmeans of metric traits in Oreochromis

niloticus at 90 days of age

Male (431)°

Female (940)

Trait F-value Pr>F
LSMEAN SE LSMEAN SE

TL 116,65 1.31 107.79 1.24 174.17 0.0001
SL 94.26 1.11 87.20 1.06 161.75 0.0001
HL 28.34 0.31 26.45 0.30 133.37 0.0001
BD 18.48 0.27 17.10 0.26 116.90 0.0001
BH1 37.35 0.51 34.24 0.49 151.12 0.0001
BH2 50.28 0.64 46.13 0.60 156.66 0.0001
SNL 7.57 0.11 6.94 0.11 136.06 0.0001
uJ 7.23 0.08 6.48 0.07 219.84 0.0001
HW 10.07 0.13 9.74 0.12 153.17 0.0001
BW 33.11 1.09 26.14 1.04 164.90 0,.0001

Unit : mm except BW (g)

* No. of records.
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—&— 60 days Male
i —&—60 days Female :
: | —m—090 days Male :
. ~B-90 days Female

LSMEAN (mm)

TL SL HL SNL uJ HW
Trait

I¥ 8 60 ¥4 90 €% EEdol 4 AZFAY HaAsHT.

Fig. 8. Least square means on metric traits of Oreochromis niloticus
at 60 and 90 days of age.
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Table 19. F-test on sex and Ismeans of type traits in Oreochromis

niloticus at 60 days of age

*1

Male (461)™

Female (991)

Trait F Pro>F
LSMEAN SE LSMEAN SE

TLHL 25.17 0.08 25.16 0.08 0.01 0.9087
TLBD 16.40 0.16 16.38 0.16 0.06 0.8105
TLBH1 31.55 0.17 31.43 0.17 1.92 0.1657
TLBH2 41,54 0.18 41.44 0.17 0.72 0.3950
BDBH1 52.07 0.40 52.22 0.39 0.79 0.3742
BDBH2 39.54 0.33 39.57 0.31 0.03 0.8671
BH12 76.10 0.32 75.98 0.28 0.21 0.6458
HLSNL 25.57 0.27 25.33 0.26 8.52 0.0036

FATNESS 20.28 0.20 20.22 0.19 0.36 0.5480

*! Refer to Table 2.

E 2.

*2
No of records.

90 4% gekdote] AFFH @
F-4274

ArASAT +4

A

N

Table 20. F-test on sex and lsmeans of type traits in Oreochromis

niloticus at 90 days of age

Male (428)%

Female (936)

Trait™ F ProF
Mean SE Mean SE

TLHL 24.38 0.09 24.61 0.09 18.57 0.0001
TLBD 15.83 0.12 15.85 0.12 0.24 0.6239
TLBH1 32.02 0.10 31.75 0.16 6.87 0.0089
TLBH2 43.10 0.15 42.77 0.14 13.57 0.0002
BDBH1 49.60 0.37 50. 04 0.30 1.70 0.1925
BDBH2 36.73 0.21 37.04 0.19 6.14 0.0133
BH12 74.42 0.38 74.30 0.35 0.23 0.6301
HLSNL 26.62 0.17 26.17 0.17 24.52 0.0001
HLUJ 25.47 0.22 24 .42 0.21 94, 61 0.0001
HLHW 37.58 0.15 36.74 0.13 57.76 0.0001

FATNESS 20.10 0.18 20.09 0.17 0.01 0.9053

*!I Refer to Table 2.

*2 No of records.
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[N 60 days Male
.| M 60 days Female |
| —#—90 days Male
| =090 days Fema

TLHL TLBD TLBH1 TLBH2
Trait

a9 9 60 9T 90 9 dPd ol g5 APFA] HaASHT.
Fig. 9. Least square meéms on type traits of Oreochromis niloticus

at 60 and 90 days of age.

_40_



S 6 7he] AP FAAN g5 1x9 F928 YR e (p<0.01),
BDBHZ2 M= 43t Zbolzb 1A AT (p<0.05, Table 20). wHH o,
TLBD, BDBHI, BH12 2 fatness § BD #d A= Q47 xpo)=
A9 B & A
3. B4

[e] o)
2 FAE

Shd

variance component estimates) 2 ©|E£7te] FEAt (covariance)¥} T &L
2, 283 F31E& FAAY Ui EFLAE Table 233 Table 249 A g
3t ot .

60 Y# ol TLHL h% 7} 027 b’y & 022 4o Z fdgd s
FFELAE EF 020330t =@ APl Ao glojMe HHe
(h%.0)2 024 (£0.1086)2 FAHHAT}. &%, TLBHIINE hi 2 hol
Zkzb 0.11 2 066°1Rev, = TLBH20 A= 0.12 2 02002 el oy
olgdl tE EELAI B A UEUA 2 gurt gle Ao B9
o}, TLBD9 7 dame] #4Feo] 0.4838% sire 7} 0.032121 6] Hl&td o2
9] 1.8409414 UF & H]F & AA8t QA over estimated® RO =
Bt o9 W2 HLSNLAAE o% 7} 131392 o’ 3.35399) 39
%S A3t Qo o] HA] over estimation®E Xl 3 BDBH2 ¥
BH129] A%+ sire component’} 0.0022 Yeld FH&E AT 7}
A}t 2AL REMLY w& A E4489 AA L positive (+)
Hl W3l negative estimateZt ® Z-$-Q1dl ol BDE ®Holrl & Ao
Yoz ARG (Fig. 10).

WA Z 60 dFANME FALEY FAHo| FA wekr ufe EAAS
A Ao 2 vetged], old dalAdes A5 FA We] FHo] nud 7
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S oF A 27 9 EHEL g A HEJ 28% A2z A}
=20

90 9@l A TLHLS A% b b, 2 hi.q©) Z+z 025 (£0.2312, SE),
0.34 (£0.2621) 2 029 (+0.1416)2 Jet} 60 AF AN BT Wi Zast
A3 hE 2318 F718tgt (Table 22, 24). TLHLS ®l %39 TLBD,
TLBH1 2 TLBH2 5 TL°| denominatord] AM¥¥ZL EF h%o] hix
t E=gom, ol AYFu] BEAFE g FHE&ELS AF 029 (£
0.1426), 047 (+£0.2027), 025 (£0.1571) 2 0.34 (£0.1549)%}. BDBHI
& sire, dam 283 AT} ARl o FH&ol 27 003, 0.08, 006
z AYFRAF N3 9gen, BFLAE AYHA A9 09 JART
(Fig. 11). &%, TLBH2 ¥ BDBH2 % BH27} denominatoro]ql A& 3
ol GALL h%, hly 2@ h%qolA BHI1°] denominatord] HARTH %3
o} E% BHI2E h% 2 hlol 27 045 (£0.33) % 022 (£015)2 &3k
ow], HLSNL, HLUJ § 232X E h%el #s8l 't 453 s
00 d#He HBEAHE 60 AN} mAIIAZ b o] 0442 EA W
ehutt.

AFHA FRGHoz FAoiF APFFA B} AT Hie A9
AR, 58 Savery 3, dRee FAoRd oM AFFAL
2 AAZA FLE dUE A2 $7b Qo F, @A Tl 4@ HL,
BD, BHI, BH2 5<& o]§9 H|9%E (fatness)E B gste] 2 go2x HA
FARge) das BAGE HE2 B4Y 5 don, 0 FAYNE S
Aue 2de 43S FAT W, ojFel ;o] @ AujAe F)Fe) ¥
g3t AE A E FVAT HAH AP ZE2 08T F Utk
Aotk EF UREY oFAM SAoE e FEAVF WS oEe
g, 7+ Fol AoIM Pzt AYYL) Y WL WRATE drhd

2rz gjsd Barlg JAANNA FAME & TEES F A= 7T

il
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E 21 60 97 delvjole] A FAY ZAHE 2 H4L H)
Table 21. Variance components and heritability estimates on type traits
in Oreochromis niloticus at 60 days of age

Trait 0% o4 0% o% o4 h% h% h%a
TLHL  0.0609 0.0493 0.0630 0.7286 0.9018 0.2701 0.2187 0.2444
TLBD 0.0321 0.4838 0.3308 0.9942 1.8409 0.0699 -  0.5605
TLBH1 0.0780 0.4319 0.3931 1.7099 2.6129 0.1193 0.6612 0.3903
TLBH2 0.1290 0.2145 0.6040 3.2987 4.2463 0.1215 0.2021 0.1618
BDBH1 0.7056 2.1540 1.6516 7.5001 12.0113 0.2350 0.7173 0.4762
BDBH2 0.0000 1.3017 2.2798 7.7388 11.3203 0.0000 0.4600 0.2300
BH12 0.0000 0.1881 2.6517 17.4888 20.3287 0.0000 0.0370 0.0185
HLSNL 1.3139 0.1738 0.2058 1.6604 3.3539 -  0.2072 0.8871
FATNESS 0.1811 0.3874 0.5555 2.5720 3.6960 0.1960 0.4192 0.3076
X 22. 90 9% "edole MY FAE BAPE L FHE H)

Table 22. Variance components and heritability estimates on type traits
in Oreochromis niloticus at 90 days of age

Trait o% o4  0%. 0% o4 J A h% b

TLHL 0.0574 0.0793 0.1869 0.5920 0.9156 0.2507 0.3464 0.2986
TLBD 0.1176 0.1583 0.2344 0.6527 1.1631 0.4045 0.5445 0.4745
TLBH1 0.2054 0.2196 0.5983 2.2761 3.2995 0.2490 0.2662 0.2576
TLBH2 0.1411 0.2748 0.3050 1.7147 2.4357 0.2318 0.4513 0.3415
BDBH1 0.2790 0.6410 1.7530 26.3788 29.0518 0.0384 0.0883 0.0633
BDBH2 0.3851 0.1103 0.9321 3.3537 4.7812 0.3222 0.0923 0.2072
BH12 1.7701 0.8940 0.8991 12.0837 15.6469 0.4525 0.2285 0.3405
HLSNL 0.3503 0.1290 0.5297 1.7799 2.7889 0.5024 0.1850 0.3437
HLUJ 0.7849 0.1944 0.4905 2.4712 3.9410 0.7967 0.1973 0.4970
HLHN 0.1482 0.0920 0.3221 2.6860 3.2483 0.1825 0.1133 0.1479

FATNESS 0.2438 0.3139 0.5735 1.6943 2.8254 0.3451 0.4444 0.3947
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Fig. 10. Heritability estimates on type traits at 60 days of age

in Oreochromis niloticus.

Heritability (h?)

Trait

aY 11, 90 ¥ "elyol AFFAY FH& (h).
Fig. 11. Heritability estimates on type traits at 90 days of age

in Oreochromis niloticus.
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53 detdoles £ d7ZEF 90 ¥#eA TLHL, TLBH2, HLUH ¥
HLHW 5& ¢ Adg A% AFFAZY o|& 714 S Bey, #3i&
= a4 YedA FRAH AFS A AT ddFERY o & JHeAd
S Bt =g olzg Aole 90 ¥UH olF AL AFESFE WS AA
Uehd RAolmg ol tidt A& AT E F3 ofFY AAdAEE Hgd
AT g otdd Fart gioh

Kronert et al. (1989)2 136¥% d€etyole] rign) BAFES] #FH&o
03-04%o1 AL ZAE F mass selection® 7Fe8E AA ST
T A dgs 4Fae fAdde] dARAAME 0, FARAME £ A
& (negative correlation)] oA B yjole] s AAS AT SFAIYA
= 7MAAYE (family selection)o] & Holx, Aol AT FAH MFS sl
Me WAL (individual selection)e] frejstctn EH3tH.  E& Oldorf
et al. (1989)° 9jstd "etgote] A3 YA (A=) F#d&° AT
vl A Aolzb 9e.w, lab condition® field condition Ztll%E A3 A}
ol Hti 3ttt

Tave and Smitherman (1980)2 454# 3 90 4% "etgoty AF 2 A
Z o 3 FHLL Adsged vhe A$ 4593 90 ¥¥ EF 0.04~0.10
o WoZ o}F wgton FEFOAE AA dehyth hWad A$ 45 dFIA
= AFo] 054, AFo] 03B EUW W 90 HAAME Aol -0.02, A
o] 0042 B AT At F AolE Hol: Yt 53] 90 HAAY @
& FAY 99L e go] By e, F, 45 dHNA 90 @R s}
HA gepyeole F&3A 4% 344 T AdAY ¥
7} o) FojR A HEd wetd 45 dHole 73 dominance genetic variance
7} 53 BE@Hol AA FFS VA, 0 dHde BEEN] M 2 ¥

S PG AHaRY. 2t £ FH Wolk AW o fE TAlolFe

o

_

of
N 2

tjo
21'.
=}
-
N
o)
of)
=

S
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<% (inbreeding)® <dAST o ¥, Teichert-Coddington and
Smitherman (1983)% Hulata et al. (1986) 52 mass selection®] @& o}9]
Eoll oig FAA JMF ZA =gl HA ken I FFaurt &3
Holgtn s, ol 259 AF A3} FH & (realized heritability)o] U
T 2A FAHAY HEoth
a2}, Tave et al. (1989, 1990)0] <&t ZA XA (quantitative trait)e] 3t
ol "etyole] WA (cold tolerance)ol WM E AT Bt A7HH {3
37t o 222 ddd g3 F334 AFe] sbesrta 33t Huang and
Liao (1990)2 ®elyjole) A5} Aol th3le bidirectional selections A Al
stge v AEgast ZASEY olyet F4& (realized heritability) = vl
gl Aoz »uddh. SU et al (1996)2 animal modelS ©] &3t #F
ANEele AFd e FAE&E FANASH 003~01322 HAH i
Uehgon 3 fFHELS AP0 224E HolAE ALE HAusH
gy B AT 2R APF A A FART £ AT AHde A
o] ZFolE £ QRen ot Gunnes and Gjedrem (1978)¢] Wi Fdej el
o] 3 A& FANHEH 003~0052 ¥yed, ¢ AFH AG
o g FAE&L 247 031 2 0282 =34
A, Tave (1986)= Eetote] 2AHETF 4
g v} Qi
A4 AFE A AE8FT AGY HAA A2 FAZEE 2 AA
24 o9 g2 Aggae 2 #A7 d+=d (Huang and Gall 1990),
Tave (1980)ol 2lstd A AFzhe) FAFH (7)ol HUBAME 109K
i 90 dFEAAE 1128w, REF4E (rp)2 47 0949 1018 Eudnt
Ath. Maria et al. (1992)2 A7l doiA ©etgote] AF 7 poor nutrition
of M3 RPN FHF #F 9 F5 AL (interaction)®] &I} A 7
4301 e, ol9= 22l Eknath et al. (1993)2 ol A2 27 oA

[0

R

Ao O FAEE F4

P

o)
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AEe A3 e AH strainF A4 A9 interactionS HTIL B
st .

g3 Tave et al. (1990)2 Zetdote] AE wFFol distd AF 2 A
Zo e tF3A B4 23 F FFA individual $ maternal heterosis®]
partial regression coefficient7t 7}4 Atz B3¢ b ded, v 3
ST FIAPNAEL Eolz YIAYE FuA A8 JFEFAAE ol &=
EE Z93% Ao BT

3 o8 SEA FYslodol & HLE ZX (inbreeding)¢ld, FAEA
o] o] o) F& AMAHANAM genetic variationo] FFASHAE AL
(Tave 1980), Z 3 inbreeding depression®] & F7F 7] @&l (Su et al
1996) §ZAEL 4AE d& oo U nE e A= WE T8I

39, o]Fo Aol BAFAGH 7l&S BTt Ao FEE w4
%7} &4, Palti et al. (1997)2 DNA fingerprint”7] €& ©] 839 multilocus
DNA markerg 249 oJF399 4 Wol AU SFAYEA 28T + 3
ttn &9t 2 ¥wol%  microsatellite DNA marker& Bty o} 244 ol
X AAE, carcass quality 34 5 AAH #2329 marker® ol §stnA 3
= A750] Buwa o] Ytk (Lee and Kocher 1996).

olAel AFE Fx B w Add 3 FAF FY MFE A BE
ko] A3 AZ Ayt BFHY, B o|ZHE FA AU EFE wiA
3} 53 FARSFTHE FAE Aol W FadT o A= AA
Z Ef9 HAL AEs oFsta, 98 /A FARLE A& FolF
A2 42 7hsd ZE 29 did EFIF LA olFolAHof 31, Fof

#

A BAWAA dEFel e b FelHoln 4% nfe 2UE FYs

0,
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