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Why BLUP?

BLUP predicts breeding value more accurately

+ BLUP corrects for environmental deviations due to fixed effects

< BLUP uses all pedigree information: accounts for selection and
genetic trends etc.

BLUP EBV can be estimated for animals without phenotypes
using information from their relatives

BLUP animal model
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Mixed linear model
y=Xf+Za+e
y - Phenotypic value E(y)=xp
[ - Fixed effects

a - Random genetic effects ~ (0,52)
¢ - Residuals ~ (0,6%)

X , Z - Incidence matrices

BLUP animal model

Mixed linear model
y=Xp+Za +e

Variance covariance of y is,
V=Z74Z'c! + Io?

A - numerator relationship matrix
I - identity matrix

BLUP animal model
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Mixed linear model

y=Xp+Za +e

BLUP (a) =(ay 42'0V ™' (y - XB)

BLUE (8) 4> (xX'v %) x'vy

These solutions are important

in genetic evaluation and breeding program

BLUP animal model

Mixed linear model
y=Xpf+Za +e
BLUP (a) < 3 4202V "' (y - XA)

BLUE (8) <53 (X'V"X)" X'V"y

These solutions can be obtained by mixed model equation (MME)

Bl [xx xz T[xy o 11
|\ 2x z2z44% |2 ==
a y a

BLUP animal model
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BLUP using MME

No need to invert V
« Usually computationally efficient

Can obtain @ and 4 simultaneously

---- Widely used for genetic evaluation, ----

BLUP animal model

Example

Herd  Animal

St Dam  Phenotype
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We want to estimate herd effects (3)
and random genetic animal effects (4 )

BLUP animal model
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Example
Herd  Animal  Sire Dam  Phenotype
I | 0 0 100
2 2 0 0 130
| 3 0 0 120
2 4 1 2 110
l 5 4 3 140
Constructing X
1 0
0 1
1 0
0 1
1 0
BLUP animal model
Example
Herd  Animal  Sire Dam  Phenotype
I I 0 0 100
2 2 0 0 130
| 3 0 0 120
2 4 I 2 i1
1 5 4 3 140
Constructing Z

BLUP animal model
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Example
Herd  Animal  Sire Dam  Phenotype
1 1 0 0 100
2 2 0 0 130
1 3 0 0 120
2 4 1 2 110
! 5 4 3 140
Constructing A (NRM)

1 0 0 05025
0 1 0 05025
0 0 1 0 05
05 05 0 1 05
025 025 05 05 1

BLUP animal model

NRM

If both parents (s and d) of animal i are known
1y =r; =0.5(r, +7,) j=1~@G-1
ry =14+ 05(r,)

If only one parent (s) of animal i is known
h=r=05()  j=1~@-1)

If both parents (s and d) of animal i are unknown
;;j:r.=0 j=1~G-1)

Ji
ry =1
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Example

Herd  Animal  Sire Dam  Phenotype
1 1 0 0 100
2 2 0 0 130
1 3 0 0 120
2 4 I 2 110
1 5 4 3 140
Constructing V
1 0000}j1 0 005051 0000 10000
010000 1 005M@50 1000 2 01000 2
0010000100500100Xo-a+00100><0e
000 1 005 05 0 1 050 0 0 1 O 00010
000 0 1[j0250250505 1J0 0001 000 01
BLUP animal model
Example
Herd  Animal  Sire Dam  Phenotype
1 1 0 0 100
2 2 0 0 130
1 3 0 0 120
2 4 1 2 110
1 5 4 3 140

After constructing the matrices, it is
straightforward to obtain BLUE and BLUP

p=x)x) Xy
i=42'0fV)" (v - XB)

BLUP animal model
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Example (using MME)

Herd  Animal  Sire Dam  Phenotype
1 1 0 0 100
2 2 0 0 130
1 3 0 0 120
2 4 1 2 110
1 5 4 3 140
Constructing X'X

5 )

BLUP animal model

Example (using MME)

Herd  Animal  Sire Dam  Phenotype
1 1 0 0 100
2 2 0 0 130
1 3 0 0 120
2 4 1 2 110
! 5 4 3 140
Constructing X’Z

BLUP animal model
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Example (using MME)
Herd  Animal  Sire Dam  Phenotype
! ! 0 0 100
2 2 0 0 130
| 3 0 0 120
2 4 | 2 110
1 5 4 3 140

Constructing Z’X
i 0
0 I
1 0
0 1
1 0

BLUP animal model

Example (using MME)
Herd  Animal  Sire Dam  Phenotype
1 1 0 0 100
2 2 0 0 130
1 3 0 0 120
2 4 1 2 110
1 5 4 3 140
Constructing Z’Z
1 0 0 0 O
6 1 0 0 O
0o 0 1 0 O
0 0 0 1 0
0 0 0 0 1

BLUP animal model
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Example (using MME)

Herd  Animal  Sire Dam  Phenotype
| 1 0 0 100
2 2 0 0 130
1 3 0 0 120
2 4 1 2 110
] 5 4 3 140

Constructing MME

[3 o][1 0 1 0 1
[0 2JL0o 1 0 1 0 }
([t oJfr o o o o
o 1ffo 1 0o o o 4
1 oflo o 1 o o +tda
o 1fle o o 1 o
1o J o 0 0o o 1
i BLUP animal model
Example
Herd  Animal  Sire Dam  Phenotype
1 | 0 0 100
2 2 0 0 130
1 3 0 0 120
2 4 1 2 110
1 5 4 3 140

After constructing the MME, it is
straightforward to obtain BLUE and BLUP
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BLUP accuracy and response

o|xx xz T @I
| Z2X 77+4' TR )

Let the diagonal for animal j be C'
The accuracy of the EBV= /(1-C"«a)

The selection response R =i0 g,

Practical session

We will try
1. Simulating pedigree and phenotypic data
2. Estimating GLS and BLUP solutions with true h2

Compare TBV and EBV
+ with varying herd effects
« without pedigree
« without herd record
+ with wrong pedigree

Compare MME method and iterative BLUP

Selection response from BLUP or from phenotypes

BLUP animal model
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Practical session

If you are keen to learn more genetic analysis,

+ Estimate V,, V, and h? with simulated data
« Standard error of estimates

< Compare EBV with estimated and true h2

<+ Family design for better estimating h?
« Afew large families or many small families

< More replicates would give more reliable results

BLUP animal model

Simulation study:
Correlation between TBV and EBV
(phenotypes)
I .0 ". |sl g &
] 1, 2
¢ 5:‘:4:"~ B ! ] ;g: ' :
SR .’.-m ?3'0':0' » ) 0D g0 k LA ) )
# ot ' . ]
IAAREY M l.l %
BLUP solutions (r=0.83) Phenotypes (r=0.81)
When herd effect is 0
BLUP animal model
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Simulation study:
Correlation between TBV and EBV
(phenotypes)
Y e
R 0’0” i 8
SN 4. W, 1 _‘_&_,ﬁ ] % !
] Y ..5- f:. .;& 2 kS =] a2 0 R R )
.0' ‘. 1 ' . e yd
* ¢ ¥
) vt
BLUP solutions (r=0.7) Phenotypes (=0.2)
When herd effectis~20,
BLUP animal model

Simulation study:
Correlation between TBV and EBV

" Ty b
3 ¢ + Bl 4 4
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Considering herd (=0.73) Without considering herd (r=0.56)

Herd effect should be corrected for BLUP estimation.
Otherwise, they are confounded.

BLUP animal model
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Simulation study:
Correlation between TBV and EBV

i @’ O" ¢+ When two
. .
$ 5
ires are
: O\ Sires
0 5 U ¢ o " 5 ws‘ I substituted
] 4

in pedigree

Correct pedigree (r=0.82) Wrong pedigree (r=0.63)

Pedigree record is important for BLUP estimation

BLUP animal model

Estimated A° and true A for BLUP

solution
20
15
10 ’ ‘.
d o
20 15 -10 ‘ ;MS 10 15 20|
¢

" 0" 10
-15
-20
r~u.y

Correlation of BLUP solutions with estimated 42
and true A2 is very high

BLUP animal model
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