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Quickly, unfair comparison because herdmates of daughters of

young bulls are often daughters of selected (better) bull:
] Modified herdmate comparison O 1989 in the USA... L& -
Meanwhile: 1949-1952: 'S thesis ‘1.
The basis of « mixed models » and variance component estimatiol

1959: a theoretical statistical treatment of mixed models
1963: a first presentation of BLUP
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BLUP: relationship with BLP
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Mixed Model Equations
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Mixed Model Equations: example
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Mixed Model Equations: Construction

:E?zé INRA  vincentducrocq@inra.fr Introduction to Mixed Linear Mo l% L

IAR | &=

November 20-24 2017

—=  SCIENCE & IMPACT


mailto:vincent.ducrocq@inra.fr

Mixed Model Equations: Construction
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A : the Numerator Relationship Matrix
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Henderson’s rules : application
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When the base population (= population with unknown parents) is
not related, not inbred and not selected
and when all the data used for selection and planned matings

are included in the BLUP evaluation,
the use in the mixed model equations of the complete relationshi

matrix A and the additive genetic varianc®: of the base populati

(Sorensen et Kennedy, 1982).
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animal model
fixed and random effects are estimated together
all pedigree information is used
all data on which selection was based are used
(including on correlated traits) [1 multi-trait evaluation
needsT; in the base (not selected, not related, not inbred)
population

Multi-trait BLUP animal model (t traits x (na animals + nf fixed
effects)
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:Bj+ai+ei /s Yi :Bj+us+ei
records from dams 2 and 4 can’t be used (unknown sire)
assume each dam unselected unrelated with at most one

(@)

*

*

G= Var(u)—%GZA with A™' =

s Eg
i
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Vg :Bj+ai+ei o Yi :Bj+us+e?
records from dams 2 and 4 can’t be used (unknown sire)
assume each dam unselected, unrelated with at most one

pro 0 0 O
. 0 1 0
: 1 0 1
0l 1 .
10 0 gﬁy
0 1 0 VOO
Yo
0 0 1 %}@
1 0 Ys
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Groups of unknown parents
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Quaas’ rules to constry
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When we have repeated records on a same animal, all these
records

share a same « permanent environment »
= same non (additive) genetic characteristics of the animal,
which
are affecting each record in the same way (e.g.,

C%ﬂéeﬂuﬁﬂc-?g.d uith Va'a(la.) =g, var(p,) =0’ Var%j) ): o:

poor growth’rate, or a diséase: a lost quarter, e

y=Xb+Za+ Wp+e

500
000

STt e
500 . @

600
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g o 0 O
Var 0 Iol O
g 0 0 Io,

Mixed Model Equations:
€ 'X X'Z X'W
'X Z'Z+a A" Z'W

X  WZ  WW+a,l
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Maternal effect = all (gengtic or not genetic) characteristics of
the dam which influence tlje observation of a progeny

Example: birth weight:
Format = characteristics of the dam

Sire Bl Gestation length with immediate effect on
Uterine capacity birth weight

2>Act as an environmental
effect on progeny

(y = birth weight)

direct effect L1 animal mddel (y = record of the progeny)
maternal effect [J repeatqbility model (y = record of the dam)
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y = fixed effect affecting the progeny or the dam
+ direct effect (additive genetic value of the progeny)

+ maternal effect (additive genetic value + perm. environ. effect of
the dam)

yvEXB + Ua+ Zm + Wp +e

Adding columns of O to U and Z, a and m can be made of
same length = they represent the same (all) animals. Then for
any pair of related animals i, | with relationship coefficient gij :

cov(a;,a;) =g, 0 ‘A o, A 0
cov(m;,m,) =g, O H A oA 0
cov(a;,m,) =g, 0 ol
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Start with y=Xp +Ua+ Zm + Wp +e

|eY1 :XiB + ai T mdam T pdam T ei

. 1 1
USIng d; — Easire +§adam +¢i
. 1
Yi _XiB . Easire . Eadam-l_ IIldam T pdam t (¢i+ei)

. 1 1 1

Yi _XiB i Easire i i Zamgd-l_z(l)dam v (¢i+ei)
1 - B
i i Emmgd dam
g pdam

' ] (should have 1 daughter

y, = XiB +u, + +t,. te per maternal grand dam)
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Animal sex contemporary Backfat ADG

group thickness
T I T 44 i 050
2 2 1
3 1 2 19 590
4 2 2 24 700
5 2 2 21 620

model for animal i, trait | :
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The hypotheses required to get the « ideal » properties of
Animal model BLUP are better fullfilled
[1 Correction of bias related to selection on correlated traits

Better accuracy [] stronger genetic gain

(except when genetic and residual correlations between two traits are the
same)

Better data structure (less disconnexion)

Optimal weights for a multiple trait selection objective =
economic weights (no need to worry about combining univariate
(but correlated) predicted breeding values)
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Estimation of genetic parameters (covariances): difficult, costly
and needs a lot of data to be accurate

parameters can be wrong LIsometimes worse than univariate
(but in univariate analyses, we assume covariances = 0)

Computing work for t traits : X computing work for 1
trait
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Discrete data: several types
Binary (0/1, dead/alive, sick/healthy)

Ordered categorical (1/2/3; no help/easy calving/difficult
calving)

... many others
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Calving ease: no help = 1/ easy = 2 / difficult = 3
Assume a non observable underlying variable for animal |

[, =Prob(t, <y, <t))

9

[
1 ‘2
« link function » =F = probit = integral of the normal density
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Example: growth, test day milk production...
Random regression models + BLUP
Consider one genetic value « per day » and describe it as a function

of time t
= + A t+A T+ t3+t kg of

\ - _

Zkg —_— D o,

- %(t)ﬁ}%(t)@ - :
0 50 100 150 200 250 300

! Persistenc .
production y 2Ky | Days in milk
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birth death
v A v
R ‘Jncensored
C -~ ~» Censored
D ____ > '
_____ -
Truncated

1/1/2007 1/10/2017

Bayesian approach prior x likelinpod
In the likelihood construction, special treatment of censored
records
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