2.1

(variance)
(phenotypic variance 1 Vp)
(genotypic variance , VG

(environment variance , VB



! 1
» » » - Yitnnfl

W = VG+VE
VG = VA+\D+Y,
o = VA+\p+V +VE

VA =

(additive genetic variance)
VO =

(dominance variance)
v, o=

(epistasis variance)

(Falconer and Mackay , 1996)

2.1.1.

( . 2530)



1

2. (mating system)

3. (selection system)

4, (selection

index)

(heritability in- narrow sense) ,

(2530)



(>509%) (20 - 40%)
(<20%) ( 1 2534)

(set of relation)

(half sib correlation) (paternal half
sib) (maternal half sib) (full sib
correlation) (regression)

(regression of offspring on sire)

(regression of offspring on dam)

Robinson Berruecos (1973)
76 93.5
0.48 + 0.26
Young (1978) 2,095
0.30 + 0.12
Bates Buchanan (1988) 1,792
318 . 1043 . Realized heritability
estimate (R) 0.52 £ 0.20
Bryner (1992) 7,951

36.0 . 1045 . Restriction



Maximum  Likelihood (REML)
0.24

model

103.6

1,048

ANOVA
ANOVA

REML
REML
ANOVA

Lo

2.1

ANOVA
REML

(1992)

(2527)

D,Y

Y 1H

D,L

Restricted maximum likelihood

REML
0.36+0.07

829

0.53+0.14,0.70£0.09

2,095
1,762
7,951
5,649

419
1,048

829

Realized heritability

0.47£0.10

h2+ SE.

0.48 £ 0.26
030+ 012
0.52 £ 0.20
0.24
0.36 £0.07
053+0.14
0.70 £ 0.09
0.47 £ 0.10

8

Sire-maternal grandsire

5,649
39.5

419

Robinson and Berruecos (1973

SE.

1978
1988

)

Yonug et al. )
)

Bryner et al. (1992)
)

)

Bates and Buchanan

(
(
(
(

Loet al. 1992
(2527

standard error

Duroc

Landrace

Yorkshire

Hamshire



Park (1965)
0.20£0.08  0.34£0.08
Robinson Berruecos (1973)
321 65-79 65-93
65-107 65-121 79-93 79-107 79-121
0.09+0.21, 0.38+0.24, 0.54£0.25, 0.23+40.27,
0.64+0.1 3, 0.78+0.27 0.45+0.29
(2527) 419
1,048 829 0.63+0.26,
0.95+0.19  0.79£0.20



2.2

ho+ SE
ANOA  H 0.20 + 0.08
0.34 + 0.08
ANOA DY 21 0.00£0.21
0.38 + 0.24
0.54 + 0.25
0.23 + 0.27
0.64 + 013
0.78 £ 0.27
0.45 £ 0.29
ANOA D 49063+ 026
Y 1,048 0.95 + 019
] 820 0.79 + 0.20
h? -
NOA =

(Falconer and Mackay, 1996)

Park (1965)

Robinson and Berruecos (1973)

(2527)

SE.

—r T O <

= standard error

65
65
65

79
65
65

Yorkshire
Duroc
Hamshire

Landrace

93
107
121

93
107
121



Reutzel

Sumption (1968)

140 0.27+0.16
Cox Smith  (1968) 7,463
1,411

154 041012  0.38+0.12

Flock (1 970)
12 1964 6,820

0.530.05
Young (1978) 2,095
140 0.89+0.13
David, Johson Socha  (1983)
1979 18 101,606
-0.22
0.16+0.03

Bereskin, Steele Mitchell (1990)

472 91
0.24£0.21
Kuhlers Jungst (1982)
105 135

0.76+0.07 0.58+0.08

Kuhlers Jungst (1983)

105 135

1,192

1971
100
0.51

355

552



0.79£0.09  0.58+0.06
Reutzel Sumption (1968)
140
0.33£0.07
Pumfrey, Cunningham Zimmerman (1 975)

1,253

0.46£0.05
Hutchens, Hintz Johnson (1981)
137

Henderson's method Il
0.55+0.14
Kennedy, Johansson Hudson (1985)

1977 1984 Henderson's new method
method i
(Henderson 1 1980)
46,347, 16,860 13,697
0.44,0.61,0.44 0.40

10 (1992)
Real - time 103.6
model REML 0.54£0.09
(2539)

5,305

5,600

12

1,192

140

90.7

0.51£0.15

Henderson's

74,661,

90

Animal

104.54



230 Derivative Free Restricted Maximum Likelihood

(DFREML) 0.44+0.05
Berruecos, Dillard Rohinson (1971)
297 130
0.27+0.09
Kuhlers  Jungst (1983) 522
2 105 135

0.7840.09 0.65+0.1 6
Fredeen  Mikami (1986) 541
9 0.28£0.04



2.3

ANOVA

ROMP

ROD

Henderson's
method I

REML

DFREML

PHS
PHS
PHS
PHS
PHS
PHS
PHS

PHS
MHS
PHS
PHS
PHS
PHS
AM

7]

S

lYl )LlX
lYl )LIX

Y
L

1,192
7,463
7411
6,820
2,095

101,606

472
355
355
522
522
1192
1,253
131
137
74,661
46,347
16,860
13,697
5,649
297
522
522
541
5305

h2+ SE

0.27 + 0.16
041 £ 012
038+ 012
0.53 £ 0.05
089+ 013
0.16 + 0.02
024 £ 021
0.76 £ 0.07
0.58 + 0.08
0.79 + 0.07
0.58 £ 0.06
0.33 £ 0.07
0.46 + 0.05
051 £ 015
0.55  0.14
0.44
0.61
0.44
0.40
0.54 £ 0.09
0.27 + 0.09
0.78 + 0.09
0.65+ 016
0.28 + 0.04
0.44 + 0.05

Reutzel and Sumption (1 968)
Cox and Smith (1 968)
Cox and Smith (1 968)

Rock (1970)

Young et a. (1978)

David et al. (1 983)
Bereskin et al.(1 990)
Kuhlers and Jungst (1982)
Kuhlers and Jungst (1982)
Kuhlers and Jungst (1 983)
Kuhlers and Jungst (1 983)
Reutzel and Sumption (1968)
Pumfrey et al. (1975)
Hutchens et al. (1981)
Hutchens et al. (1981)
Kennedy et al. (1985)
Kennedy et al. (1985)
85)

85)

Loetal (1994)

)

)

)

)

)

— =
[{o e ]

Kennedy et al.

Berruecos et al. (1971
1982
1982
Fredeen and Mikami (1986
2539

Kuhlers and Jungst

[{ol{e)

Kuhlers and Jungst

(
(
(
(
(
(
(
Kennedy et al. (
(
(
(
(
(
(
(



h = SE- = standard eror
AV, = Animal modl X = crossbred
PHS = Patemal half-sib eatimate Y = Yorkshire
MHS = Maternal half-sib estimate D = Duroc
REML = Restricted maximum likelihood H = Hamshire

L = Landrace

= Spot
Sn o=
90
90
Kennedy, Johansson Hudson (1985)
74,661 46,374 16,860
13,697 90 REML
0.36 ,0.40 10.27 0.46
Van Diepen Kennedy (1988)
3,913 13,760
28,203
90.0 Minimun Variance Quadratic Unbiased Estimator (MIVQUE)
022 10.19 0.25
Lo (1992) 103.6
5,649 REML

0.43£0.08



Xeuwel Kennedy (1994) '
100.0 47,360 28,762
14,020 9,983 DFREML
031 10.30 10.26  0.32

2.4 90
h2+ SE.
REML Y 74,661 0.36 Kennedy et al. (1985)
L 46,374 0.40
16,860 0.27
H 13,697 0.46
MIVQUE Y 45,476 0.22 Van Diepen and Kennedy (1 989)
REML D 1L 5,649 0.43+0.08 Loetal (1992)
DFREML Y 47,360 031 Xuewei and Kennedy (1994)
L 28,762 0.30
D 14,020 0.26
H 9,983 0.32
h2 = SE. = standard error
REML = Restricted maximum likelihood Y = Yorkshire
DFREML = Derivative free Restricted maximum likelihood L = Landrace
MIVQUE ~ =Minimun Variance Quadratic Unbiased Estimator D = Duroc
H = Hamshire

(Estimation of genetic parameters)

L (Regrssion of

offspring on parent)



(sire-son)
(sire-daughter) (dam-son)
(dam-daughter)
( , 2530)

2. (Analysis of variance : ANOVA)

(phenotypic covariance”

(family structure) (paternal
half sibs) (full sibs)

(variance  component)
sum of squares ( )
Mean of squares (MS) SS

(degree of freedom, df) (balanced data)

(unbalanced data)
Henderson’s method Ill (1 953) “fitting constants’ SS
quadratic forms Least squares
Least squares
(Meyer , 1989)



3. Maximum Likelfhood (m1)
(selection experiment)

(random sample)

(bias)
ML
ML ANOVA
ML (distribution)
ML
multivariate normal distribution
ML (mixed model)

(df)

(Meyer, 1989)

4, Restricted Maximum Likelihood (REML)
ML

ML ()



Patterson Thompson (1971) ML Restricted
Maximum Likelihood (REML) maximize likelihood
error  contrasts
(expectation) generalized least-squares
REML ANOVA
(Meyer, 1989)
4.1) Derivative-free Restricted Maximum Likelihood (DFREML)
REML Patterson
Thompson  (1971)
Henderson (1986) REML
Animal Model (am) Reduced Animal Model (RAM)

generalized inverse  coefficient matrix

Graser, Smith Tier (1987) Derivative Free Restricted Maximum
Likelihood algorithm (DFREML) Animal Model Reduced Animal Model
Model

y =xp t+tzU+e

y = nx1

P = px1
= O

e = nx1

X,Z=

Animal Model Equation



XX X'Z 2]
L'X L'Z+AX a
X=(] G2

Cf=r

?  likelihood

L = -— [ constant +ogji<72 | +log Ao] | +ogc | +y'Py]
= -\ [ constant +m logCT2 + loga +log c | +y'Py
A= (Numerator relationship matrix)
p=  -V-"X(X'V-"XyJTV-
V=ZAZ" -y +1I
G =
R =

coefficient matrix

X'X X'Z X'y

M= Z'X Z'Z +A~X z:\-:/c. '
1y X yz yyl Y
X =¢ 2/ CR C
C 1/3

yPy

20

ypy



Solution (T2
2 y P
e_[m-r%nK(X)]
=N e
Graser (1987)
Log L
, 1987 Kennedy, 1989)

Kennedy (1 989)

Model

2.1.2
Phenotypic Correlation 1rgand r)

(crossing over)

(iterative)

fit quadratic function X

(

ttoifjjUfiftu vn aidl '

™ lime »,tn,*,

21

X log likelihood (L)
log likelihood

convergence (Graser

DFREML

DFREML Animal

(Genetic and

1 2530)



Bereskin (1975)
9 100 -0.40
(2527)
419 1,048
-0.24+0.03

Bereskin (1983)

90.7 0.31
Bates Buchanan (1988)
100
Keplon (1991)
114,347 REML 0.25  0.23
Lo (1992)
REML

0.21

22

128

829
-0.22+0.13

8-9
0.44+0.14

0.28+0.18



90
10 (1992)
REML
-0.130.12
Kaplon (1991)
114,347 REML
(2527)
419 1048
-0.23+0.03
90
Lo (1992)
-0.13+0.12
Xuewei  Kennedy (1994)
28,762

9,983 DFREML

103.6

-0.10

110
-0.99 -0.99

829
-0.09+0.14

103.6
-0.10
47,360
14,020

23



24

100 -0.13
110
-0.21 -0.20
(2527)

-0.08
Keplon (1991)
114,347 REML
2.5
ANOVA cv, o -0.24+0.03  -0.22+0.13
ANOVA v 031
R no 0.44+0.14
REML Y 0.23 0.25
REML L, 0.21 0.28+0.18
90
REML L, -0.70 -0.83+0.08
REML Y -0.99 -0.99
ANOVA oLy -0.23+0.03  -0.09=0.14
90
REML Lo <010 -0.13=0.12
DFREML v, -0.08 -0.13
REML Y -0.20 -0.21
ANOVA  =Analysis of Variance
R =Realized heritability estimate.
REML  =Restriction Maximum Likelihood

DFREML = Derivative Free REstriction Maximum Likelihood

Bereskin (1983)

Bateslt Buchanan (1988)
Keplon et al. (1991 )
Loetal (1992)

Loetal (1992)
Keplon et ai. (1991)

(2527)

Loetal (1992)
Xueweiu  Kennedy (1994)
Kepion et al. (1991)
Y =Yorkshire
L =Landrace
=Duroc

H = Hamshire
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2.2 (Estimated breeding value , EBV)
2

(Kennedy, 1988)

Henderson (1973)
(prediction) prediction
(Henderson, 1984)
(Scheaffer, 1992)

2.2.1



Henderson (1984)

1. Best Prediction (bp)

() (y)
2 (jointly distribution)
Minimum Square Error Prediction Best Prediction

2. Best Linear Prediction (BLP)

multivariate normal

a'y +h
(scalar) E( - "2
3. Best Linear Unbiased Prediction (BLUP) BLUP
BLUP
L. E()=E( )

2. maximize

3. multivariate normal E(, )=

26

(vector)

BLUP



21
2.2.2 BLUP
BLUP 2

(Henderson, 1973)

(Kennedy, 1988)
BLUP BLUP

Henderson (1973) BLUP

(Kennedy, 1987; Belonsky Kennedy, 1988; Daryl
Kennedy, 1992) BLUP

2.
( contemporary group )
3.

4, BLUP

2.2.3



28
(Linear model)
(Schaeffer 11992) 1

(Schneeberger, 1992)

L
- Sire Model
- Animal Model
2.
- Single-Trait Model 1
- Multiple-Trait Model 1

Animal Model  Animal Model

(Schaeffer, 1992)

Animal Model

Animal  Model

(Conlin Steuernagel,
1997)

2.2.4 BLUP

Best Linear  Unbiased
Estimation (blue) BLUP Henderson (1973)



(Henderson, 973

y

Schaffer , 1992)
=XP+Z +C

nx1

matrix notation

nx1

y NXp

g

29
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