(environmental)

( )

(phenotypic  value)

(genotype)
(non - genetic)

(particular assemblage of genes)
(Falconer and Mackay 1 1996)

Phenotypic observation - environmental effects + genetic effects + residual

effects

Mrode (1996)

+Qiteo 2.1

VY

— J |
(fixed effect)
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(additive 1ga) (dominance 1gd)

(epistatic , ge)

( -
)
(transmitting ability)
( locus 1 intralocus)
(interlocus)
en
yj= + ,+€u (2.2)
eil
(2.2) (linear model)
(assumption) y
(multivariate normal distribution)
(Var(ga)) (Var(e*))
(covariance) ga €
0Cov(gal e* :0)) eyek (Cov(e*.e'k = 0)) [X

i {al

=ga=2ab5+2°d+m'

as ad ,
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1 Mendelian sampling (Segregation of alleles)

(Independent assortment of different genes)

1 2 (Lewin 11994)
L
)
(Performance
test) ] 2
1 2
1.1 1 (single record)
(cij) [ (2.3)
fl, = by,- ) (2.3)
b (regression coefficient) a y ( y
a)

b = Cov(a,y) Var(y) = Cov(a,a+e)/Var(y)
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( Expected e E{e) =0))
= <*/<$
= h2
(2.3)
a=h2(yt-[i)
(accuracy) 2
(Wilmink and Dommerholt 1
1983) reliability repeatability (r2)

ray = Cov(a,y)/ (Ta(Ty
= h
(selection response, R ) 1
R=ih2gy ; h=<® <V
R = ihaa
i (selection intensity) (Falccner and
Mackay 11996) : (Far(al)

Varial) = Var{by) = Var(h?)
h*or2

:-|*2*,2 =)
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K; X! (2.4)

1.2 (repeated records)

(between - individual variance)
( , permanent
environmental and contemporary environment)
(parity)

(Var(y))
(Mrode, 1996)

Var(y') = Var(g) + Var(pe) + Var(te)

Var(g) =
(Non - additive genes)
Var(pe) =
Var(te) =
(intraclass correlation 1t )
(2.5)

t = Var(g) + Var(pe) Varly) e (2.5)
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Var(te) ! var(y) =121 (2.6)

(2.5)(2.6)

(genetic correlation)

! @.7)

al= (y- ) 2.7)

b - Cov(a 1ly)/ Var (y)

Cov(a,y) = Cov(a,g +pe+'Yjte/ )=Cov(a,g) -

Var(y) - Var(g) + Var(pe) + Var(te) /

(2.5) (2.6)

Var(y) =[t+(1- 1) ]0%

b= Cov(a,y)/ Var(y)
=a&/[t+(1-0 ]a)
=nhl nt+{\-t)

= nh2/[! + (« —)r]

b (heritability)

(parity)



(Khan and Shook 11996)

(Mrode, 1996)

r - =Cov(ayy) a,ay

=°] oo +¢-0/ ]

:j[nhZ/ L+ (/2- DO]

= Vo

(rj (R

(within individual variance)

(Mrode, 1996)

r_\t+{\-t)!n 1
~ 1+¢
h h z+( )
n

21



2.1
t value Number of records
2 4 6
0.2 29 58 73
05 15 26 31
0.8 5 8 10

: Mrode (1996)

R=ir2oy-sjt+ (1-t)

(progeny selection)

(progeny testing)

(parternal half sib)

ai=b (y-\1)

b= Cov(a ,y) Far(y)

Cov(a,y) = Cov(a,"as+"ad+YjC )

83

33

10

10

89

35

10

2.8

19



as ad

Cov(a,y) =- Cov(a,as) =1 cr

1.2 (

Var(y) =[t+ (I-t)/n]cT2

-1*2

2a°

noho2 1
[(y +0o-7~ )/

\nh'-

onoho2

nh2+(4 b

I

L

20
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1
=2n/n+(A-h2)/h2
=2 n+k
k=(4-h2) h2
b
[ 1

r . = Cov(a, Y. \/ (Var(a)Var(y))

éhzo'f

1
2.2 1 2 (I_ZhZ) 2
W} (1 +——FAd]

Cov(a,y) = —C2 1Var(a) = h2G2 1h2=—J(Hammond et al., 1992)
2 Vy

Reliability /(n+ k)

1.2 / intraclass correlation



(a daugh)

o 08
b = Cov(adughy) !Var(y)

Cov(adaugh y) = Cov(l-as+ )\a ,,)Aa s+)A-ad + Yn]e n)

J* {d)

Cov(adarhy) =Covinai,ad = ~Cov(as,as) =" 0

b=\ Cal[t +(\-t)/n]ag

29

b-nl(n +k)

y - - daugh

22



r -=Cov(adaghy) i~ (Var(a)Var(y))

Qaugh 3y
L3
Zh'O'y
= ! o
{ I (l__hu)
|HarGh + %
1 2
=
\/1 - e i)
—h
4 " n
11
2\n+Kk
reliability
reliability
3.
(o)

an= {ad+as)| 2

/ a0 = (cid+cis) 2

0.25n/(n+k)

va



Cov(a0 abt+ ) ad)

Na-Var(Mas+™ad)

Cov(a0,)-a5+)-ad) = Cov(a0,)-a5) + Cov(a0,)-al)

=Cov(-fi5+"  a*+Qy " +ok-24])

Cov(a05 a5+ ad)=="Cov(a,5,)+ Cov(ad,ad)

=~Var(ab) +- Var(ad)

! 2.4)

Cov(ao, M flJ+ A flrf) =~ (r/ +rj)ae

4102+ 02K 2

rA -
301 1
s+

= °J

07 =J[Far( as+ ")]

24
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(r)

' | o 1 ' i = o @ o 1 i '
AN ;\/5: 0.7 witiunisdsziivaniugissiRansiantnismagauans

<

(Proven sire) NMsszifiuAinIsNaNRugaslAMLINgAIaNNTS

1 1
B =5 re =éwln/(n+k)
(2.3)
R=< jaa
r=—
Ca
R = icrf
4,
(genetic correlation)
y i X
X (2.9)
= b(y - fi) (2.9)
b = Cov(ax,measurement y) / var{measurement y) (2.10)
Xy (roej,)

raxy=Cov{ax,ay) | axzy

Cov(ax,ay) = o (2.1
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(2.11) (2.10)
b=ragaraol9a&dy e (2.12)
X y (2.12)
2
b=\craaahxhyl g e (2.13)
sravW ytrJay e (2.14)
b
X y
raxy = Cov(ax, measurement y) / G&rGv
= rayChy aax /axay
= Tayhy
X y
\Y)
(correlated response 1CR) y X
CRX=iKKVy
hxhyr@®, (coheritability) (Falconer and Mackay 1
1996)
5. (selection index)

()
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ylly2 ya
[
[ (2.15)
h =a> = bl(y,-jU) + b2(y2- ju) + b3(y3- ju)------------- (2.15)
bx,b2 b3 (weight)
(Falconer and Mackay,1996) (2.15)
[
1 ( -<’3)2
(Dale Van Vleck et al. 11987)
2 (r A
da S
(accuracy of
prediction)
3.
b (2.15) (a-1)2 ral
multiple linear regression b
partial regression coefficients b
multiple linear regression
b\P\ +b2Pn +b2Pn +...+bhP11= gn
b\bA +b2P2 +b3p23+...+bhP2 = g2
b\ P\ + b2P2 + b3P3+.. ,+bbp\n = g31 (2.16)

b]P'] + b2Pr2 + b3Pn3+. ..+bhPm = g]n



Pn gu
i
(216)
Pb =G
b=p-IG
P

| =a=P-IG(y- /U

=b'{y-n)

f.

{ral)

rg = Cov(a,l)/aaGl

28

Py g | J |
(Metrix form)
1)
218)
217) (219)
C ov(a,l)

a] = Var( >’l) tTvar(b2y2)+...+2b]b2Cov(y Iy 2)+...



= b*Var(>1 + b]Var{b2)+...+2b»2Cov(y*y2)+...

—72f] +b Pe.+.. H26)E52p\2 +eom

j-p(p .+ < LpWwW *.

(2.19)

<l - b'Pb
b= P~]G
b
(R = G'P~]G
=0 ..., 0+ b2COV(a, >2)+.. +bje . )

Cov(anl) =Y jbjSij

gy i

Cov(all) =b'G

(2.20)

29
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P~'G =b
Cov(a,J) = G'P-'G
=
raJ =a) 1
= 1°a

jeij

- icr,

(Prediction of aggregate genotype)

Philipson (1994)
aggregate breeding value (H)
H = ,a, +w?2al+..+ mam  ToTTomesmosessaseses (221)
al i 1
i (H )

(Hazel et al.,1994)



=P ~xGw(y-fu)

 Val UE)

.17

(economic weight)
(olution)

b\P +b2Pn + -+bmP\, = w1l N+ w2 12+eeetm

b\P2\ + b2P22+-+bnP2, =

bIP || + b2P 2+ -+ b ,p ,

sub index

| =£ 7/,

1= P~xGt(y -ju)

, = Wi

subincex

121 +

20 22+..41 mg 2m

W2 24 aen

(2.22)
sub index

(2.23)l

| H

(2.23)



(2.23)

(2.22)  (2.23) 2
(2.23)

[ =/, 1+12 2

= P~'GX Xy-fi) + P~IG2 2{y-/ )

G, I
| =p-\Gx X+tG2 2){y-/U)
=P~1G {y- )
(2.22)
(relationship coefficient)
(Probability that a random gene from on individual is alike by descent to
a random gene from another individual)" ( , 2530)

(genetic covariance between individuals)
(genetic variance matrix)

Best Linear Unbias Prediction (BLUP)

(additive genetic variance)

(dominance variance ) (epistatic variance)



1 (The numerator relationship matrix)
numerator
relationship matrix ( ) A (symmetric)
diagonal i (a,7) 1+ F F
(inbreeding coefficient) [ off-diagonal (a0)
i J
(cr2) (Ac]) -

Var( ,)=alkt] =(\ + Fi)c]

Henderson(1976) 1 A path coefficient
1
;! ( d) I
0 i :&y : 0.5ra13 +z]a‘w 3 1,2,3,...9' 1
=1+ 05( )
{) id)

NI :0.5”“1«1 : 1,2,3,...,/' 1

a, =1

=0 = 1,230

a» =1
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2. (Decomposing the relationship matrix)
A Henderson (1976)
A (2.24)
A=TDT e (2.24)
T lower triangular matrix D diagonal matrix ty
i j
T (parent -
offspring)
i
tu=1
( and d)
ty =0.5(tsj+ td)
ty =0
diagonal matrix D
Mendelain Sampling m (2.25)
mj= 1- 05(5+ /) e (2.25)
, Mendelian sampling i 1 5 d



Var(m,) = Var( 1) - raros 5+ 05 0)

= Var(,)- Var(0. - Var(05ad) - 2cov(o.5«g0.5a0)
=@+F)(p- 0252y - - 0.25ac82- 0.5850j2

asadl  ad ] A P

|
Varm, )/ a2= 1= @+FY- 02583 - 0258l - 0sadl

F - 054
AU = 1- 0250 +F9~ 025 + Hl)
du=0.5-0.25(Fs-Fd)

K rd
dagrl

du=1-025(1 +FY
dU=0.75- 0.25(FJ

(Computing the inverse of the

relationship matrix)

A (A")

A Hendersor (1976)
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A A
(2.24)
A~ = (T~]lyD ~'rl (2.26)
(2.26) D
diagonal matrix (Y-1)
(Identity matrix) M lower triangular matrix
05 (
) T'x / M {I- M)
(Schaeffer et al. 11989)
31 A (Inverse of the

relationship matrix ignoring inbreeding)

(2.26) A~
ZT1 2 14/3 1
diagonal D'1
Vi |
-al 2 ( 1|)1(|1 )1(d!|) (I’d)
- al 4 (5,5'),( 1d 1( ! ) (d!d)
«/ (m)

- all2 (L)1, )



3.2

of the relationship matrix taking inbreeding into account)

A~]
31 D D~x
A~l
' Quass(1976) diagonal element
A=TDTe
1 =t4d
L lower triangular matrix D diagonal -Jd
diagonal element D (2.26)
element A
&K =
(pedigree)
au* Al
a2 ‘ Al + IQ
B = RT2F =

2
“LlI+L2+LI+---+mm

37

(Inverse

(2.25)

A A

diagonal



(2.26) diagonal element L
i
hi ~ 4d,
hi = V[0.5-0.25{Fs + Fd)}
lu=V1.0-0.25K+ add)]

as= 1+ FS add = 1+ Fd

(2.27)
4=)[1.0-025(E/i +E[i)]

diagonal elements £*' (a,.) i v/
A~I
off-diagonal element ! i

hj = 0.5(19+ Idj); and d > j

4, sire maternal grandsire (Inverse of the

relationship matrix for sire and maternal grandsire) (morde 1 1996)

sire and maternal grandsire (MGS)

model

all=1+Q25ak e (2.28)

atl= 05ag + 0.25a e (2.29)

(base animals)
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A (2.26) T~x (lower
triangular matrix) diagonal 1 diagona
i -0.5 -0.25
D E)m 31
3.2 diagonal elements D i
- () (k)

dil=War( I)- Var(| 5+ )N/

d“=T6~4Fs~J6Fk

Fs Fk

di=War{ - Var( 1]/ ,

- dii
3.2
1 r1 D
0) (k) i
d:1 (/.1)
- 2 ) (i,)
- /4 (ki) (i,k)

4 (,)



”'/8

"'116

/16

14

1

with one random effect)

prediction)

(/./)
(ki)  (LE)
(k.k)

(/m)
(5,) (/,5)
(£, 9

(1)

Best Linear Unbiased Prediction (BLUP)

BLUP ( Univariate model

(best linear

(fixed effect)

(index equations) ' ;
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Best Linear

Henderson (1949) ( Mrode 11996)

Unbiased Prediction (BLUP)

BLUP
Best = (true breeding
value 1) (predicted
breeding value 1a)
(  injmizes
prediction error variance 1PEV, (Var(a- a)))
Linear = linear function
Unbiased = (random effect)
(E(ala) = a)
Prediction =
11 (Theoretical Background)
mixed model equation (MME)
y=Xb+Za+e e (2.30)

y= ((X_’L ] =

b - px 1,;p=

a= ax1l;q=

e= error residual wxl,

X = nxp,

Z = nxg,

X z incidence matrices
y la e

11
o

EOO=.. E(a)=E(e)
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resical effects random environmant non-adlitive

genetic effects NID - (0.a8) Var(e) - la] - R
Var(a) = Aa] = G Cov(a,e) = Cov(e,a) = 0 A
Ve fy )= :‘.‘a'lla+e}
= ILVoara )l +“.‘1!{e\+towla 5)+Cnvﬂi
- 161 +R+ZCavﬂae)+Cov\ea)Z
Coowv (4 e ) = Coov(e a)-0
V=:¢:. +R e (231)

Cov{y,e) = Cov(Za + e,a)
= Cov(Za, e) + Cov(e, €)

= ZCov(a, e) + Cov(e, e)

=R

Var(y) =V =2ZGZ'+R,Cov(y,a) =ZG,Cov(y,e) =R

X b (BLUE(Xb) ,Best Linear Unbiased Estimation for Xb)

BLUE (Xb)=X(X'V-IXyX-V~ly
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(XV-'xy XV -'X(XV~'X)-XV-'X = X'V-'X BLUP (Best

Linear Unbiased Prediction) a

BLUP(a) = GZ'V~'(y-BLUE (Xb))

----------------- (2.32)
a b (2.32) Fr1
Henderson (1985) mixed model equation b a
V~X (2.30) MME
A
X'R-'X X'R-]Z b 'X'R-'y
A
_ZR-X ZR-Z+G"l_a _ZR-y_
Xb = BLUE(Xb)
a=BLUP(a)
R G non-singular matrix R-]
Identity matrix
A
XX Xz b ~xy
ZX Z'Z+xTa. Aa zy. (2:33)
a=of/(; (\-h2)/h?2
MME BLUE(Xb) BLUP(a) ,
1. (distribution) y,a e
(multivariate normal distribution)
(many additive genes of infinitesimal)
2. {R G)
REML

(Restricted Maximum  Likelihood)

infinitesimal model

3. MME
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12 BLUP

. Animal model

Animal model

(accuracy 1)

reliability (r2)

coefficient matrix MME (2.33) (Wilmink and Dommerholt 1

1983)

c»  f12 X'z
Qi &2 _ZX 77+ a

generalized inverse (g - inverse) coefficient matrix

ct ¢l X Z
cd ¢2 .zx zz+A-la

cC2=[Z2'Z+A~a- (Z'X(XX)-XZ)]-]

PEV (Prediction error variance) (Henderson, 1975)

PEV = Varia-a) =C2We e (2.34)

PEV=C2 é:(|-l’2)0;

r2

dye=(1-r 2cra

di i thdiagonal element c2



N O=1-r12

r2- 1- dicL

(2.34) standard error

SEP: Varfa o-oa)

. Sire model

sire model

Y=Xb+2Zs+6

(2.35)
Var{ ) = Ac%

Far(y) = ZAZ'al + R

A

=foMa=cMeh oo

. Reduced Animal model (RAM)

animal model

45

prediction (SEP)

sire model
animal model

sire  model
................ (2.35)
1 = 0.25cr;

Reduced Animal Model



a, =2(a +ad) + mi

as ad

Vart) =(0.5-025(FS+F 1))~

F = (FS+ Fd)/ 2

Var(mi) = (0.5-0.5(F)ta
= 051-F tf

yk=Pi+\as+\ad+m +ek

eijk

ek=mj + eik

Var(e*jk = Var(rrij) + Var(eik)

(2.38)

Var(e{jk) =~ (\-F )J a+c?e

Var(mJ) = dJ(\-F J)aa

dj 1/213/4 1

yp=Xpb+ Zap+e

yn=Xnb+zxap+e¢€

mj

1

ek

46

Mendelian Sampling

residual
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ap 2 RAM

Var(y) = ApW'a] + R

Varial) = Apa]

Ap D
diagonal matrix dj MME
A
b ~XR~IX X'R~x IX'R-'y
a. _WR-'X WR-'W +A-\1/0jj). ‘R~ y.
2. BLUP ( Model with

random environmental effects)

(common environmental effects)

(permanent environmental effects)

BLUP repeatability model

repeatability model
(litter size)
(lactation)
(phenotypic variance)

(additive and non-additive) (permanent
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environmental variance) (temporary

environment variance)

M <+<+°f < 4 = < + 8
Var y2 = < 4+ * < + K 4+ *
J>3 < 4+ % < + ¥ <+ <+ 8
< - .
repeatability ( "+{"D/ay

repeatability model

y=xpo+Za+Woete (2.40)
y =
b
a-
pe =
e- random residual effect
X,Z PF 1
1 residual effect
=0 o’e (o}

Var(pe) = I(Te
Var(e) =loi =R
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Varia) = Aal
Var(y) = ZAz'al + Whpe '+R
MME b(BLUE) a pe (BLUP) 1
A -
. XX X z X'W &
zx Z'Z+A'R, Z'W Z
pe X 'z +/a2_ y_
a, =al /al a2= /oM
3. BLUP (Multivariate animai
model)
Multivariable Best Linear
Unbiased Prediction (MBLUP) MBLUP
1. genetic residual correlation
2. residual correlation

residual correlation

(Schaeffer 11984)

MBLUP

(single trait)

y\ = X A +z\°\ +6|

( traits)

(multivariate  analysis)

1



y2= x w2t z2a2t €2

LY 'zt o' Q,
"0 X2, L 2 2" g (2.42)
y1= I
bt = I
at = |
e= residual i

ax A A 0 o’
a2 A 2 A 0 0
Var
ei 0 0 r r
M 0 0 ri\ 22
ay G
gu - 1
g2 = 2
Yy R
resicual) MVE
’ A
X'R-xX XR-]Z b XR-ly
A
_Z'R-]X ZR~X+ A~'G~]_ 5 _ZR~-y _



k R ., X'XRnX:z X XRUZx XXRnZ
k X2RmXx X2RzX2 X2R2]Zx X 2r 222
k ZXRnXx ZxRuX2 ZXRUZX+A~Jgu z[r}2Z2+ A~:gu
K- _Z2R2AX X Zarfox2 Z2R2ZXtA-'gz 12R2Z2+ A~'gz_
X XRuyx+X2Rny2
X 2R2ly x+ X 2 R2Y 2 .
Z\R Yy x+z'xRny2
A 2RAYX+Z2RY2
gy Gl M2i?2lgk g2

(2.43) 2

ol



	บทที่ 2 ทฤษฎีพื้นฐานการประมาณค่าการผสมพันธุ์
	2.1 ทฤษฎีพื้นฐานการประมาณค่าการผสมพันธุ์
	2.2 อัตราความสัมพันธ์ระหว่างเครือญาติ
	2.3 การประเมินค่าการผสมพันธุ์โดยวิธี BLUP


