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Genetic Evaluation

• Purpose

– Selection of parents from a pool of potential
parents

– Most likely to produce the “best” progeny

• Interested in performance of future offspring

• Two components of an animal’s phenotype Pi

Pi = Gi + Ei

– Genetic Gi
– Environment Ei

• Individual has a sire and a dam
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Genetic Component
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• Half of the genes from the sire and half from the
dam

• Which half is a random process

• Many genes each with a small additive effect

GI ∼ N(0, σ2
G)
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• Each animal will have a genetic merit

Including animals whose phenotype was not
observed

– Bull will have a genetic merit for milk
production

• Covariance structure will depend on the
pedigree

u ∼ N(0,G = Aσ2
G)

• A

– May be fairy “small” 10,000’s
– May be fairly “large” 1,000,000’s
– Fairly complex structure

• All of this leads to solving a large set of mixed
model equations
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Computing

(
X ′R−1X X ′R−1Z
Z ′R−1X Z ′R−1Z +G−1

)(
β̂
û

)
=
(
X ′R−1y
Z ′R−1y

)

• Packages such as SAS are not appropriate

• Lead to the development of a number of
specialized programs

• Focus is typically on computational speed and
memory footprint

– Full storage of 10,000 equations ∼ 3/4 of a
Gigabyte

– Full storage of 1,000,000 equations ∼ 8
Terabytes

• While general packages are becoming more
capable

– Specialized programs are still important
– Computational speed and memory footprint

are both important issues
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Environmental Component

• Linear Mixed Model assumed

– Linear responses
– Constant variances
– Normality

• Partition the phenotype into a

– Systematic component

η = Xβ +Zu

which would include all the genetic
component and part of the environmental
component.

– Residual component
Which would describe the relationship
between the systematic component and an
individual’s phenotype.
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Generalized Linear Mixed Model
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Examples

Threshold models

Calving difficulty
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Survival models
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Non-linear models

Growth curves
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Estimation/Prediction

• Primary interest is in the random effects
(Genetic merit)

• Penalized quasi-likelihood

• Posterior means (Markov Chain Monte Carlo)

Model:

y|u ∼ f
(
µ = h(η)

)
η = Xβ +Zu

u ∼ N(0,G)

Prior:

π(β)∝̇1

σ2
i ∼ Γ−1(κ, θi)
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Penalized quasi-likelihood

(
X ′H ′R−1HX
Z ′H ′R−1HX

X ′H ′R−1HZ
Z ′H ′R−1HZ +G−1

)(
β̂
û

)
=
(
X ′H ′R−1y∗
Z ′H ′R−1y∗

)
H =

∂µ

∂η′

R = var(y|u)

y∗ = y − µ+Hη.

• Very similar to the mixed model equations

MME PQL
R−1 H ′R−1H
R−1y H ′R−1y∗
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Programming

• Heavy use of specialized programs within the
field

• Predominantly set up to solve the mixed model
equations

Basic structure:

DO I=1,N ! Loop to read in the N records.
Read in record
DO IEFF=1,NEFF ! Loop across the

IROW=IPOS(IEFF) ! NEFF effects.
RHS(IROW)= RHS(IROW) ! Update

+WT*Y ! the right hand sides.
DO JEFF=1,NEFF
JCOL=IPOS(JEFF)
LHS(IROW,JCOL)= ! Update the

LHS(IROW,JCOL)+WT ! left hand sides.
END DO

END DO
END DO
Solve the mixed model equations.
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Modifications for a single round of PQL:

DO I=1,N ! Loop to read in the N records.
Read in record

ETA=0 ! Calculate the risk factor
! ηi =ETA based on the

DO J=1,NEFF ! solution for the NEFF
JCOL=IPOS(J) ! fixed and random effects
ETA=ETA+SOL(JCOL) ! SOL and the design matrix X.

END DO
CALL LINK(Y,WT,ETA,MU,W,HRY)

DO IEFF=1,NEFF ! Loop across the
IROW=IPOS(IEFF) ! NEFF effects.
RHS(IROW)= RHS(IROW) ! Update

+HRY ! the right hand sides.
DO JEFF=1,NEFF
JCOL=IPOS(JEFF)
LHS(IROW,JCOL)= ! Update the

LHS(IROW,JCOL)+W ! left hand sides.
END DO

END DO
END DO
Solve the mixed model equations.
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Link subroutine: Univariate Logit

µi =
eηi

1 + eηi

∂µi
∂ηi

= µi(1− µi)

var(yi|u) =
µi(1− µi)

n

can be translated into a FORTRAN subroutine as
follows

SUBROUTINE LINK(Y,WT,ETA,MU,W,HRY)
REAL*8 Y,WT,ETA,MU,W,R,VAR,H

MU=EXP(ETA)/(1.+EXP(ETA)) ! Inverse link function
H=MU*(1.-MU) ! ∂µi/∂ηi
VAR=MU*(1.-MU)/WT ! Variance function.

W=(H/VAR)*H
HRY=(H/VAR)*(Y-MU)+W*ETA
RETURN
END
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Difficulties

• In practice it is not unusual for ηi → ±∞.

• Because of the size of the models and data sets
involved the estimation procedure needs a
graceful way of handling these situations.

– Edit the data set to remove the troublesome
cases.

– Treat all fixed effects as random effects.
– Place boundaries on the size of ηi.

SUBROUTINE LINK(Y,WT,ETA,MU,W,HRY)
REAL*8 Y,WT,ETA,MU,W,R,VAR,H
IF(ETA > 10) ETA=10
IF(ETA < -10) ETA=-10
MU=EXP(ETA)/(1.+EXP(ETA))
H=MU*(1.-MU)
VAR=H/WT
W=(H/VAR)*H
HRY=(H/VAR)*(Y-MU)+W*ETA
RETURN
END
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Markov Chain Monte Carlo

• Sample from(
β
u

)∣∣∣∣y∼̇N
[(
β̂
û

)
,C

]

• β̂, û, and C

– Update each round
– Hold constant
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Modifications

DO I=1,N
...
END DO
Solve the mixed model equations.
CALL ZEROS(Z,NEFF)
OLD_LIKE=LIKE(THETA,Z)
DO MCSMP=1,NSAMPLE
CALL GENNORM(Z,NEFF) ! Generate NEFF N(0, 1)
DO IEFF=1,NEFF

PROP(IEFF)=SOL(IEFF)
DO JEFF=1,IEFF

PROP(IEFF)=PROP(IEFF) !β̂ +Lz
+L(IEFF,JEFF)*Z(JEFF)

END DO
END DO
NEW_LIKE=LIKE(PROP,Z)
IF LOG(RANUNI()) < NEW_LIKE-OLD_LIKE THEN
THETA=PROP
OLD_LIKE=LIKE

END IF
Save THETA

END DO
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REAL*8 FUNCTION LIKE(PAR,Z)
LIKE=0
DO I=1,N
ETA=0
DO J=1,NEFF
JCOL=IPOS(J)
ETA=ETA+SOL(JCOL)
END DO
LIKE=LIKE+LINKLIK(Y,WT,ETA)

END DO
DO IEFF=1,NEFF
DO IPOS=ISTR(IEFF),IEND(IEFF)
LIKE=LIKE+.5*Z(IEFF)*Z(IEFF)
IF SIG(IEFF) > 0 THEN

LIKE=LIKE
-.5*PAR(IPOS)*PAR(IPOS)/SIG(IEFF)

END IF
END DO

END DO
END

REAL*8 FUNCTION LINKLIK(Y,WT,ETA)
MU=EXP(ETA)/(1.+EXP(ETA))
LINKLIKE=WT*(Y*LOG(MU)+(1.-Y)*LOG(1.-MU))

END
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Summary

• Linear mixed model programs can modifies to
do PQL or MCMC

• Penalized quasi-likelihood tends to take less
time

• Markov chain Monte Carlo better statistical
properties

• Once developed it easy to add new error
distributions and link functions.
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