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ANIMAL BREEDING NOTES
CHAPTER 16

ANIMAL AND REDUCED ANIMAL MODELS

Animal Model (AM)
Objective: to predict the breeding value (BV) of animals based on their own records and(or)
records of their relatives.
Assumptions:
(1) Animals belong to a single population,
(1) Animals may have 1 or more records and covariances among records are due only to genetic
factors, and
(111) There is either no selection in the population, or:
(a) If selection occurred based on records, the selection was within fixed effects, and

(b) If selection occurred based on the BV of animals, the relationship matrix is complete.

The AM is:
y = Xb+Zu+e
Efy] = Xb
u G 0
var =
e L 0 R
[Ash 0
= , because of assumptions (i) and (i1).
L 0 Ie:
= var(y) = ZGZ' +R,
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= ZAZ'c\’ + oo,

where
y = vector of animal records,
b = vector of unknown fixed effects,
u = vector of unknown random BV belonging to the animals making the records,
e = vector of unknown random residual effects,
X = known incidence matrix relating records to fixed effects in vector b,
Z = known incidence matrix relating records to BV in vector u.
Let
o=
o

Then, the mixed model equations (MME) for the AM, after multiplying both sides by o, are:

X°X X°Z1Tb X’y
Z’X Z72°Z+A o | Lu 7y

where A™' is the inverse of the matrix of additive relationships among the animals with records. If
animals in the pedigree of animals with records did not have records themselves, their BV would
not be included in vector u. This would prevent the use of Henderson's rules to compute A™'
directly. However, Henderson’s rules could be used if we included the BV of the animals
without records in vector u, which can be accomplished by using the following Equivalent
Animal Model (EAM):

y = Xb+[0 Z]{uo}—ke

1851

Ely] Xb
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Uo Awor  Auoa 0
var | u | = | Aica  Aiica 0
e 0 0 Is
where
u; = uofthe AM,
up = random vector of the BV of animals without records which are relatives of the animals

with records.

The variance of y is:

Ao Aol 0
[0 z] catlo
Ao An L Z°

ZA, | Zcrt]1o:

var(y)

Thus, the E[y] and the var(y) of the AM and the EAM are the same, proving that they are

equivalent models.

The MME of the EAM are:
XX 0 X’Z b X’y
0 A%y’ A% o |= 0

Z’X Aloa—l Z’Z+Alla—l u Z’y

where
A00 A01 Aoo Aol B ‘
= , computed using Henderson's rules.
Al Al Ao An
Remarks:

(1) Absorption of the equations for uy into b and u; yields:
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X’X XZ|[bv] [Xy
7°X Z’Z+(AII'AIO(AOO)-IAOI)(X-I u 7’y

where
(A2 A1 (A%)T A% ! = Aylo!
— Al
Proof:
A" A" Aw Aa| [T 0
{A” A“}{Am A“}_{o 1}
AP A+ A" A = 0 [1]
AV Ap+A"M AL = T 2]
From [1]:
Ag = -(A"TA" Ay [3]
Substituting [3] for Ay, in [2] yields:
AP ARYTAY AL+ ATA, = T
AT-AP AT AN A, = T
. Ant = (A= AT (AP)T A
= K'b°e AM = K'b° ¢ EAM for estimable K’

= 0 from AM = 1; from EAM
(2) From the equations for uy of the MME for the EAM,

00 -1 01 -1
A o g = A" o 0

- 0o S(A%)T A g,

or
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fio = _(AOO)—l A%
where

110 BLUP of u; (=u) from the EAM, and

il BLUP of u (= u;) from the AM.
Thus, Gy 1s the BLUP of ug, because uy is a linear combination of 4; =1, the BLUP of u.
Also, notice that:

G = —(A%)! A% g,

= Ao An’

Proof:
Equation [1] above is:

AV A +A" A = 0

- A% = -A"Ap A

Substituting —AOOAm A for A% in Gy = —(AOO)_l A 0, yields:

o = A" (A%) Ay Ay 0y
= 1N} = Ap A’y
or

o = AnAnla

(3) This method used to obtain the BLUP of uy is actually a general method to predict the BV of
animals not represented in vector u, but correlated to some of the elements of u (see
Henderson, 1977).

(4) Advantages of the EAM:

(a) all additive genetic relationships are used, and
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(b) the MME are easy to construct.
(5) Disadvantages of the EAM:
(a) there are usually more equations (i.e., more unknowns) than there are records, and
(b) sometimes the MME do not behave well in iterative solutions (probably as a

consequence of disadvantage 5a).

Reduced Animal Model (RAM)

Objective: same as the AM (or the EAM), i.e., to predict the BV of animals with and without
records. However, the set of equations used to compute the BV will require less number of
computations. The reduction in computations is achieved by exploiting the structure of A.
Assumptions: same as the AM.

Derivation of the RAM

Denote the EAM:

Uo
y = Xb+[0 Z]{ :|+e [4]
m

y ~ (Xb, ZAWZ' A +167)

as:
y = Xb+Zu+e [5]
y ~ (Xb, ZA Z A +16)

where

Z=[0 Z]
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L]

Consider ordering the y and the u vectors of the EAM as follows:

y u
y = ’ , and 1'1=[ p},
Yn un

where

Yo
¥n
Up

Un

= subvector of y containing records of animals that have progeny with records,

= subvector of y with records of animals that are nonparents,

= subvector of u representing the BV of parents with or without records of their own, and

= subvector of u holding the BV of nonparents.

The EAM corresponding this partitioning of the y and u is:

R IR
oL )L

up _Appa Apna‘ ‘ O O

Un Anp® A | 0 0
var|----| = -—-- SRR I EEEP Gg

e 0 0] 1, O

e 0 0] 0 1,




ZAZ R+

= var(y)
= the EAM [5] and [6] are equivalent models.

The MME for the EAM [6] are:

X, X T X Xa X Zp Xo Zn
7’ Xy 7, Z,t Ao’ -A™ o
Zn Xa -A"al Z)Zet Ao

where

AP AP App  Apn ) '
= = A_ .
A" oA™ Anp Am
However,

Al = (I-%P)D'(I-1%P)

where

Pp 0 D, 0 L
P = N D_l = N I =
Pnp Puon 0 D;ll 0

But P, =0, because animals in u, have no progeny.

Thus,

and

Al _ (I —" Ppp’) — /2Py’ D;JI 0
0 I 0 Dp;

b

Up

Un

0i|
In

(Ip ez Ppp)

_I/ZPnp

XP’Yp—’_Xl‘l,le

0

In

'Y,

7.y,

[16-8]

[7]
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i (Ip — Ppp’)I)Io1 (Ip —% Ppp)+ (1/2 Pnp,)Dﬁ1 (1/2 Pnp) | - (1/2 Pnp,)D;ll
I ~D (4P | D;
AL AP, DR Py | — %Py DY
= (8]
. —%Dn Pup | Dx
B AP AP
i Anp Ann
Substituting [8] for the submatrices of the A™ of MME [7] yields:
Xp’Xp +Xn,Xn Xp,Zp Xn,Zn b XP’Yp+XH,Yn
Z,’Xe 7y Zyt Appa T Puy Da Py’ —%Puy Dia || Up | = Z)y, |[9]
Zn ’ Xn - 1/2 D1-11 Pnp Ot_l Zn ’ Zn + D;11 (X.-l un ZU,YH
Remarks:

(@) The BLUP of u,, i.e., 0, can be easily computed based on b° and 1, i.e., from the third

equation of [9],

Oy = (Za'Zo+ Dy oY (Za'yn = Za'Xob® = V207 ' D ' Py )

Oy = (Zo'Zo+ Dyl a7 (Za'yn - Z2'Xib®) } data
+(Zy'Zy+ Dy o) (%2 a'D,! Pop Gp) } pedigree

The BLUP of the BV of the i nonparent is:
ﬁni = (n-i + d;11 OL_I )] L Yeio ~ z Nki bk ° J+ (n-i + d;ll Ot_l )_l [ =% (x_l dl_ll ( SSi ﬁSi + Sdi ﬁdi ) ]
k

where § and §, are Kronecker deltas,
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1 -y
(n.i+diiOL ) 1

and

(i)

a4 Y[ o1 - N4 S
(noi+diil(11) (Ot dii) (mj
dii
_ o
nadi to’
Thus,
. di . 5 . .
Uy, = mi‘}hio_gnkibk“ + ﬁ [_1/2(8& Us; +8di Ug; )]

If nonparents have only one record each, n.; = 1, then

A _ dii o a—l i A
—m[ Yi-bi ]+d~+o{1 [-v4(s, 6, +8, 64) |
Let
i dii
Win = -
dita
Note that,
i = [Gfal | ([ _di
e ditao di o’
o

di t o'
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Thus,
o= wh( - b0+ (1-wh) [ (6, 6, + 8 Ga) ]

(b) The matrix Z,'Z,, + D, olis diagonal. Thus, the equations for u, can be readily absorbed
into b and u, (Hint: obtain (¢Z,D,Z," + l)'1 in all equations). The absorption of u, into b
and u, is as follows:

i) Xp'Xp+ X' Xn = Xo'Zo(Z0'Zo + Dy o) 20 X,
= Xp'Xp+Xo'[1 = Zo(Za'Zo + Dy o« ' 20 1X0
= Xp'Xp+ X0 (0ZuDuZy' + 1) ' X,
(i)  Xp'Zp-Xo'Zo(Z0'Zo + D, 07 (<D, Ppar™h)
Xo'Zp + Xa'Zo(Zn'Zn+ Dy 0 (=D o7 + Zi'Z = Za' Z0)(VoPrp)
Xp'Zp + Xa'Zu[l = (Zo'Zo + Dy 071 20" 2] (VPyp)
Xp'Zp + Xo'[L = Zo(Zn'Zn + D 07 ) 2, 1(V2ZPrp)
= X,'Zp+ Xo'(0Z,D,Z," + 1) (VoZyPrp)
(i) Z,'Z, + Aa™ + (VePop YDy o) (VaPyp)
— (VoPop YDy 0 )(Z0'Z, + D a7y (D o) (VePyp)
= Z,/Z,+ Ad” + (VoPpy Dy o )[Datt = (ZZy + Dy o) (DL a7 (VaPrp)
= Z7,'Z,+Ad" + (VaPy, YDy o
+Z0'Zn = Z0'Zo) Dot = (Zo/'Zy + Dy o) (D0 o) (VaPyp)
= Z,/Zp+ AT + (VP I = 1+ 24 Zo(Z' Zen + Dy 7)™
(Dn o' + Zo'Zn = Zo' Z0)(V2Prp)
= 7,7, + Ad + (VoPup N Zn'Zn = Zo' Zo(Zo' Zoy + Dy 07') ' 2" 2] (VoPrp)

= Z,/Zp+ Ad” + (VoProp' Zo )1 = Zo(Zo'Zo + D 07 ' 20" 1(VoZPrp)
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= Z,/Zy+ Ad” + (VePrp'Zo') (02D, 7y + 1) (VaZuPup)
(V) Xp'¥p+ Xa'Yo = Xo'Zo(Z0'Zo + Dy o) Zy "y
Xo'Yp + Xo'[1 - Zo(Zo'Zo + Dy a7 ' Z0' Iy
Xp'Vp + X' (aZ:DyZy' + 1)y
V) Zy'yp - (P YDy @) Z0'Zo + Dy @) 2"y
Zy'yp - (VePup Y(~Zn'Zn+ Zo'Zoy + Dy 07N Z'Ze + Dy 7Y ' 20y
= Z,"Vp + (VoPop )M Zn'Zo(Zn' Z0s + Dy 07 ' Z0' + Z' 1y
Zy'Yp + (VePup' Zo I+ Zo(Zo'Zo + Dy 07) ' Zo Ty
Zy'yp + (VoPuy'Zo' ) Z,Dy 7, + 1)y
LetR, = (0ZyDyZy' +1)

Then, the MME after absorbing u, are:

Xp" X+ Xa R Xa Xp" Zp+ X R2 Zo Pup(2) {b" } Xp ¥, P X R |10
7y Xp T (AP Z ' RIXe  Zy Zp+ At + (V2) Puy’ Z R3' Za Py’ (V2) || Ty 7)Y, ()P Z R Y,
The MME [10] are those for the model:
y X Z e
I e P P up+ P [11]
yn Xn 1/2 Zn Pnp Zn (I)n + €n
Bl - {X" }b
Yo Xa
| Up I Apo |0 0]
------------- R e I
var = Ge¢
Cp 0 | I 0
| Za0,Fen | [ O [ 0 ZDiZiotl]
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Yy Z I 0

p P s 1 D) H 2 2

= var = App@ [Zp /2Pup’ Zn"Joe Ge
Yo V27 Prp 0 ZiDnZi atl

The EAM [11] is called the Reduced Animal Model (RAM).
The RAM can also be derived starting from the EAM [6] by expressing the BV of the nonparents in

terms of the BV and the Mendelian sampling of their parents, i.e., let:

u, = V2Ppu,+ o, [12]
where
Pyp = incidence matrix relating nonparents to their known parents,
¢n = vector of Mendelian sampling terms for nonparents, where
Vag, tVagy, if s, and (, are known
Vaug TVag, T2 gy if 5;is known only
w7y, u, +Yhe +Ye,  if diis known only
w if s, and {; are unknown

Substituting u, in the second set of equations of [6] for expression [12] yields the EAM:

R MM
= b+ + [13]
Ya X 2ZaPop Zn || O, €n

Up Appl 0] 0 0
o, 0 Do | 0 0
var | --- = _——— R | o . Gg
€p 0 0| 1, 0
L €n L 0 0| 0 1,




[16-14]

Yo z, 0 {Appa OHZP’ /Pzn} . {Ip 0} .
var = c. T Ce
y, VoZuPup  Zn 0 D,a 0 Z 0 I,

The MME for the EAM [13] are:

Xp " Xp T X" Xa Xy Zp+ "2 X0 Zn Prp Xo'Za || b° X Yy T XnYa
[14]

Z)Xo TP Zn' Xe 2y Zy T A TYaPuy 20 Za Py 2P Za"Za || By || Zy Y, TPy 2,
Zo Xa 270 ZaPr  Z:'ZotDia’ L Z:'Y,
Notice that ¢, is uncorrelated to up, thus, it can be placed together with e, to form a new
residual, é,, where
én = Zngnte,
The resulting EAM is the RAM shown in equation [11] above.
Remarks:

(a) If nonparents have several records for a trait, the var(¢) = var(Z,p, + e,) is block-diagonal. For

. . .th -
instance, if the i" animal has two records:

[eil} { 1 :I { eil :l

var var [d.]+

€ 1 en
1 1 0

= [dia][l 1]+ oo
L1 0 1

_dii o+l dio
- E
| dia diyatl

2 2 2
l: diica T o diioa :l

2 2 2
dica diocato:

If nonparents have only 1 record, then

var(e) = var(p,+ ep)
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= diagonal matrix

Thus, for the i animal with 1 record
var(€) = (djo+ 1o

= (dioa” +05)

(b) The number of equations for the RAM will be fewer than for the other EAM which include
either u, or @, thus they are solved faster than the other EAM. If the BLUP of some nonparents
were wanted, they could be backsolved using the formulae developed in remark (a) for the
MME in equation [9]. Also, backsolutions can be obtained using the MME in equation [14]

for the EAM [13]. From the equations for ¢,, the BLUP of ¢, is:

@y = (Za'Zot Do) [Za'yn— Zo'Xub® = VoZy'ZoPry ]
(bn = (Zn,Zn + Dla_l)_l[znl}’n - anano] } data
+(Zn'Zy + Dlot'l)'l(szn’ZnPnp 0p] } pedigree

From equation [12], the BLUP of u,, is:

0, = V2Pu0,+ @n

For the i animal with n.; records:

Nl . [1/2(6Si u,, T3, ﬁdi)]

|:y.1. Z Nki bk :| -
+ - Nel + af

du dii

At
B
I

>

di o dii . N
d)ni = e du+(1 \‘ Yeie — anl bk J - m[%(ssl uSi+8di udi)]

and

ﬁni =72 (SSi ﬁSi + 8di ﬁdi) + (,I\)n-



Example for the AM and the RAM
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Animal Sex Weaning Sire Dam Mgs
Weight (kg)

1 M

2 F 1

3 M 292 1 2 1
4 M 286 1

5 M 304 1

6 F 256 3 2 1
7 F 261 3 6 3
8 F 266 4 7 3
9 F 270 5 8 4
10 F 275 5 9 5
11 M 289 3 6 3
12 M 285 4 7 3
13 F 265 4 8 4
14 M 290 5 9 5
15 F 288 5 10 5




Assumptions

oa’ = 22kg’, o = 88kg’, op’ = 110kg’

[A] Consider
Yik =
Elyii] =

var(yi) =

cov(YijksYijr) =

2
= "—f; =025 = o' =40
Oc

u + sex; + animal; + residual

i + sex;

var (animal;) + var (residual;j)

ajj GA2 + Gez

cov(animal;, animal;’) + cov(residualiy, residualij’)
aj 65> + & 6,7, where

{1 if ijk = i'j’k' (diagonal element)
o =

0 otherwise (offdiagonal element )

In matrix notation, the AM is:

<
Il

Xb+Zu+e
Xb
G 0}
L 0 R
AGa 0
. 0 Io?
Aa O

Ce
L 0 1

[16-17]



0

{A(O.ZS) 0} .
I

Explicitly, the vectors and matrices of the AM model are:

and

G

286
304
256
261
266
270
275
289
285
265
290
288

= Ccov

[292]

1o
10
10
01
01
01
01
01
10
10
01
10

us

U4

uis |

LO 1]

b
bz

. ,[LI3 u4---u15] .

1
1

us

U4

Us

Ue

uz

us

U9

Uio

Ui

U2

U3

U4

Uis |

+e

[16-18]

However, to build A™ (and A) directly using Henderson's rules, we need base animals 1 and 2.

Thus, instead of AM, we will use the following EAM:



where
Uo

Ur

Thus,

[292]
286
304
256
261
266

275
289
285
265
290

288

107

270 |=

Uo
= Xb+][0 Z]{
Ur
= [uu]
= [usug..ups]

10
10
01
01
01

01
10
10
01
10

i

}e

b
b,

13 x 2 submatrix of zeroes for ug

00

00
00
00
00
00
00
00
00
00
00
00
00

Us

Ue

uz

us

U9

Ui0

U2

ui3

U4

Uis |

+e
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and
Uo Ap0(0.25) A, (0.25) 0
var | u, = A0(0.25)  AL(0.25) 0 | (88)
e 0 0 |

The inverse of the relationship matrix A is:

Al = (I-%P)D'(1-1P)

The diagonal elements of A and the elements of D and D™ are:

1 diagonal of A diagonal of D diagonal of D™
1 1.0 1.0 1.0

2 1.0 0.75 1.3333
3 1.25 0.5 2.0

4 1.0 0.75 1.3333
5 1.0 0.75 1.3333
6 1.375 0.4375 2.2857
7 1.5 0.34375 2.9091
8 1.171875 0.375 2.6667
9 1.1484375 0.45703125 2.1880
10 1.32421875 0.462890625 2.1603
11 1.5 0.34375 2.9091
12 1.171875 0.375 2.6667
13 1.3359375 0.45703125 2.1880
14 1.32421875 0.462890625 2.1603
15 1.412109375 0.4189453125 2.3869

The matrix (I - "2 P) is:




—2
—2
—
—2

o o o o O

o o o o O

S o o o o

—
)

—"
—

0
0

—
0
0

o o o O

)

o o o O

[ R - R =)

[16-21]




The A™' matrix, built by Henderson's rules, is:

(2.5

-0.167

-1.0
-0.429

Sy mmetric

-0.667
0

0
3.214

-0.667

0
0
3.557

0.312
0
0
3.740

-1.455
1.333
0
-1.455
4.242

0 0

0 0

0 0
-0.786 0
0.547 -0.0138
0 0
-1.333 0
3.761  -1.094
3.268

0
-1.080

2.757

[16-22]

2.909

2.667

2.188

2.160




The MME for the EAM are:

6 0 0 0 1 1 1 0 0
7 0 0 0 0 0 1 1
10 -0.667 -4 -2.667 2.667 0 0
9.619 -1.714 0 0 -4.572 0
17.104 0 0 1247 -5.818
13.855 0 0 5333
15.229 0 0
15961 -5.818
17.97

Sy mmetric

-5.333
16.043

-0.0554
0

0
-4.375
14.073

-4.321
12.028

12.636

[16-23]

11.667

9.752

9.641

10.548 |

Ui4

L Wis]

[ 1746
1881

292
286
304
256
261
266
270
275
289
285
265
290

288 |



The vector of solutions for the EAM is:

bi°
b.°

ur1
ui2
uis3

Ui4

L Wis |

291.6375 |
269.0400
-0.4410
-2.0758
-2.1405
-1.5212
3.5970
-3.5008
-3.3839
-2.4499
0.9258
3.3714
-2.8061
-2.8113
-2.1962
1.8570

4.9514 |

[16-24]



The MME for the AM (i.e., the EAM with uy absorbed into b and u;) are:

6 0 1 1 1
7 0 0 0
15.094 -1.103 -1.103
13.140 -0.714

14.515

0.301
-0.085
-0.085
13.788

Symmetric

-5.818
17.97

0 0

1 1

0 0
-3.145 0
2.188 -0.055
0 0
-5.333 0
16.043 -4.376
14.073

-4.321
12.028

-5.818
0
0
0
0
12.636

[16-25]

1 0

0 1

0 0
-5.33 -4.3760
0 0

0 0
-5.333 0
0 -4376

0 0

0 0

0 0
11.667 0
9.752

9.641

-4.774

(= - =)

10.548 ||

us

Ue

u7

us

U9

Uio

Ui

Ui2

U3

Ui4

Uis |

[ 1746 |
1881
292
286
304
256
261
266
270
275
289
285
265
290

288



The solution vector for the MME for the AM (i.e., the EAM with uy absorbed) is:

Ui1
Uiz
U3

Ui4

L Wis |

291.6375 |
269.040
—2.1405
-1.5212
3.5970
—3.5008
—3.3839
—2.4499
0.9258
3.3714
—2.8061
-2.8113
~2.1962

1.8570

4.9514 |

[16-26]
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The BLUP of ug based on the solution vector of the AM are:
G0 = Ao An Oy

-2.1405 |
-1.5212
3.5970
-3.5008
-3.3839
0.4138 02679 02679 0.0318 | 0 0 0 0 0 0 O 0 O] -2.4499
0.2069 0.0186 0.0186 04775 | 0 0 0 0 0 0 0 0 O 0.9258
3.3714
-2.8061
-2.8113
-2.1962
1.8750

4.9514

[B] The RAM is:

yp Xp Zp ep
= b+ up +
yn Xn 1/2 In Pnp In (Pn + Cn



Ap(A) |0 0]
Up
va|  el=| T T (88)
0 | 1 0
Pt en
i 0 [ 0 D,(A)+I]
The diagonals of A,, D, and D" are:
p App dpp dpp_l
1 1.0 1.0 1.0
2 1.0 0.75 1.3333
3 1.25 0.5 2.0
4 1.0 0.75 1.3333
5 1.0 0.75 1.3333
6 1.375 0.4375 2.2857
7 1.5 0.34375 2.9091
8 1.171875 0.375 2.6667
9 1.1484375 | 0.45703125 | 2.1880
10 1.32421875 | 0.462890625 | 2.1603

The App_1 matrix is:

[16-28]
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[25 -0.1667 -1.0 -0.6667 -0.6667 0 0 0 0 0]
2.4048 -0.4286 0 0 -1.1429 0 0 0 0
3.2987 0 0 -0.4156 -1.4545 0 0 0

2.0 0 0 0.6667 -1.333 0

2.4204 0 0 0.547 -0.5539 -1.0802

3.013 -1.4545 0 0 0

3.5758 -1.3333 0 0

32137  -1.094 0

27281 -1.0802

L 2.1603

The diagonal elements of D,, and D! are:

n din dun”
11 0.34375 2.9091
12 0.375 2.6667
13 0.45703125 2.1880
14 0.462890625 2.1603
15 0.4189453125 2.3869

The matrix Py, which relates parents to progeny, is:

o o 1 0 0 1 0 0 0 O
0 0 0 1 0 0 1 0 0 O
Pp={0 0 0 1 0 O O 1 0 O
0 0 0 0 1 0 0 0 1 0
o o 0 o0 1 0 0 0 0 1.

Thus, the RAM looks like:

yP Xp ZP ep
= b+ up +
Ya Xa 7 Pnp (I)n *en



The matrix Ry = D, (Va) + L is:

1.10473633 |

[1.0859375
1.09375
R, = 1.11425781
1.11572266

The MME for the RAM are:
[5.731 0 | 0 0 1460 1.457 1448 0.460 0.457
6.803 | 0 0 0 0449 0.4533 1.0 1.0
| 10.0 -0.667 -4.0 -2.667 -2.667 0 0
| 9.619 -1.714 0 0 -4.571 0
| 14.425 0 0 -1.432 -5.818

9.453

The vector of solutions for the RAM is:

0 0 2.895
11.32 0 0
13.282 -5.818

15.532

0
1.449

-5.109
2.188
0
-5.333
14.079

0.448
1.0

-4.376
12.137

-4.321

9.868 |
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[1668.622]
1826.511

425.065
535.200
564.308
389.065
391.286
384.913
399.961

405.348 |
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[ b° | [291.6375]
b,° 269.0403
iy -0.4410
i -2.0758
0 -2.1405
i |=] -1.5212
Qs 3.5970
Q6 -3.5008
{is -3.3839
Qs -2.4499
Qo 0.9258

G L 33714

The vector of deviations of the BV of the nonparents from the midparental BV, i.e., the vector oy, is:
on = (I+ D, 0(1)_1 [yn = Xnbn = V2 Prpup]

On = W '[ya= Xubn -2 Prpuy]

diag {waii}

. d..
d —ni
1ag {dm n oc'l}

0.34375%(0.34375+4)"
0.375%(0.375+4)"
W' = diag{ 0.45703125%(0.45703125+4)"
0.472890625 * (0462890625 + 4 )"
0.4189453125*(0.4189453125+ 4)"

%
I

gl.
Il
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The BLUP of o, for the it nonparent is:
~ i 1A ~
(pl’li = W;ll [YHi - btoll - 5 (uSi + udi)]
Thus,

o [ 0.0791[289-291.6375 - ¥4(-2.1405-3.5008)] |

0.0857[ 285-281.6375-"4(-1.5212-3.3839)]
O, = | 0.1025[265-269.0403 - 15(-1.5212 - 2.4499)]
0.1037[ 290 -291.6375-4(3.5970 + 0.9258)]

(P!

Pra | 0.0948[ 288 -269.0403 - /4(3.5970 +3.3714)] |
| Oy |

[ 0.0144939 |

-0.3586502

= | -0.2106119
-0.4043159
1.4670774 |
and

ﬁni = l/z(ﬁsi—i_ﬁdi)—i_&)ni
it [ —2.82065+0.01449 | [ —2.8061 |
i —2.45255-0.35865 —2.8113
O | = —1.98555-0.26061 | = | —2.1962
Qe 2.26140 —0.40432 1.8570
s | 3.48420+1.45708 | | 4.9514 |
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