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Abstract

A mixed model simultaneous procedure is described to estimate location
parameters for the right-censored and uncensored traits in the practical animal
breeding data set for herd-life and milk production. Location parameters of fixed effects
represented by herd -year effects and random effects represented by sire additive
genetic effects were given as the mode of posterior distribution resulting from a
combination of a multivariate normal density and a standard normal cumulative

distribution function. An iterative method for solving mixed model equations is
presented for this kind of data analysis without explicitly setting up the equations.

Additional key words: sire model, censored data, herd-life, milk-yield

Introduction

Low genetic potential is often quoted as a
major constraint to improving milk and meat
production in Africa. Consequently, most livestock
improvement programmes have, over the years,
resorted to importation of exotic breeds for
crossbreeding or for direct replacement of

indigenous genotypes. This trend continues as
human population and urbanisation increased and
demand for animal products mounts.
Consequently, indigenous breeds of livestock
continue to be at risk. Fortunately, there are some
pockets of pure indigenous breeds left, particularly
in the harsher environments. Moreover, the

general failure of livestock development projects
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based on imported ‘high producing’ breeds is
increasingly shifting attention to the adapted
breeds. For example, helminth resistance, tick
resistance, trypanotolerance, ability to survive long
period without feed or water, and resistance/
tolerance to many other biotic and abiotic stresses
have been reported in some African livestock

I (T generally realized that

breeds
adaptation is a crucial component of overall
productivity in stressful environments. Thus,
increased utilization is the most rational
conservation strategy. There has, however, been
limited research into how genetic adaptation can
be harnessed in practical breeding programmes.
There is a need to implement genetic evaluation
methods which incorporate productivity and
adaptation traits. In stressful environments and
especially in smallholder systems, selection
pressure on females for such production traits as
milk yield is nearly zero . Thus, how long a cow
remains in the herd is closely linked to her overall
adaptation. Under such circumstances herd-life
can be considered a measure of adaptation. At any
point in time, the period during which a particular
animal has stayed in the herd can be regarded as
its herd-life. However, any such animal still has the
possibility of staying in the herd beyond the period
of measurement. Thus, herd-life is right-censored.
Togashi and Regew reported that heritability for
herd-life and genetic correlation between herd-life
and milk yield using a similar data set were lower
in treating right-censored points as continuous
measurements than in treating them as right-
censored data. Censoring, if ignored in analyses,
can cause loss of information and has a potential of
introducing bias.

Several methods have been proposed for
analyses of survival data in cattle (e.g. van Vleckzs),
Famula3), Smith and Quaaszo), Delorenzo and
Everettz), Smith and Allairezl)). However, none of
these account for censoring. Carriquiry et al.”
presented a mixed model procedure for censored
data in a univariate case. With regard to obtaining
solutions for location parameters, Schaeffer and
Kennedym and Misztalm) proposed indirect

procedure in continuous traits without explicitly
setting up the mixed model equations.

The present paper presents a procedure to
estimate, simultaneously, location parameters for
censored and uncensored traits in a mixed
bivariate model accounting for a censored trait
without explicitly setting up the mixed model
equations.

Materials and Methods

1) Statistical model

The model (model 1) for one continuous
uncensored trait(yl) and one right-censored
trait(y2) is represented as:

yl bl ul el
=X +7Z +
y2 b2 u2 e2

where y1 and y2 are q x 1 observation vectors, bl
and b2 are fixed effect vectors for a continuous trait
and a right-censored trait, respectively, ul and u2
are s x 1 vectors of random additive genetic effects
of animals for two respective traits, such as ui ~ N
(o, Acfzui), Ais a known s x s matrix of additive
genetic relationships, ei is a q x 1 vector of
unobserved random residuals for ith trait so that ei
~ N(0, chrzei), X and Z are the known incidence
matrices. That is, censored data are treated as data
from normal distribution whose errors are
normally and independently distributed with
constant variance.

The model (model 2) for one continuous
trait(y*1) and one uncensored trait(y*2) is

y*1 bl ul e*1
y*2 b2 u2 e*2

where y*1 and y*2 are p x 1 vectors, e*iisapx 1
vector of residuals for ith trait so that e*i~N (0,
IpaZei), X* and Z* are known incidence matrices.
The levels of fixed effects for bl and b2 in model 1
and 2 are defined equally and the size of these
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vectors is defined as the maximum number in
model 1 or 2. This definition also applies to levels

Expectations and variances are:
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or subscripts for random effects of ul and u2, and
maximum number of level is defined as s.

ut| |o el 0 ul AG, AG
E = JEle2 | =10, var =G=
wl| o e*1 0 u2 Ady AG,,
e*2 0
Gy o
G=G,®A, G,=| “ %
Op1 Ow
el Iqd’y Iqo.. 0 0
var e2| | laoe lgde O 0 | Ry®Ig 0
ex1| | o0 0 Ipd, Ipows | 0 R@lp
e*2 0 0 Ip0es; Ipd?ez
Gy O
R, = e e 1 @ is direct product operator of Searle'”.
Oc21 Oe2
Likelihood function: y*2 can be written, by assuming that residuals

With location and dispersion parameters
known, the probability density function of y*1 and

*1 * bl YA
(a3 2l |22
y*2 0 X+ | |b2 0 Z*
R @ Ipx y*1 _"X* 0 lb1’_
y*2 0 X* | |b2

The probability density function of y1 and y2 is

{(y1,y2/parameters)=f(y1l/parameters)xf(y2/y1,par
ameters) can be similarly presented, noting that:
f(y2/yl,parameters)= II; Q(x), i=1,..,q
where Q(.)=is the standard normal cumulative
distribution function, and x=(t; - t,) /o".,
t; is the right censored point for ith observation, t,
=by(y1; - x;" bl-z;'ul)+x;'b2+z;'u2, b0=aelg/a2el,
0* =0 (111, v1, is the ith element of vector of
v1l, x;" and z;" are ith row vector for X and Z,
respectively, r.,, is the residual correlation
coefficient.

follow the multivariate normal distribution, f(y*1,
y*2/parameters) as:

ul ||’

u2

l 7 0| |ul
0 z* u2

Random additive genetic effect vector
(U'=(ul,u2)’) is assumed to follow a priori a
multivariate normal distribution, i.e., U~N(0,G)
which is independent of the distribution of fixed
effects. Assuming flat priors for fixed effects, the
prior distribution is taken to be uniform over the
whole space. If dispersion parameters are known,
the joint posterior density function for location
parameters, that is,
f(b1,b2,ul,u2/vyl,y2,y*1,y*2,dispersion
parameters) can be written as:

oc f(y*1,y*2/parameters)xf(yl/parameters)xf(y2/y1, parameters)
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Therefore, log-posterior likelihood function (L), given data and dispersion parameters, are expressed as:

vi| | x* o] b1 7+ 0
w-1/2 - -
v2l T 1o x* | b2 0 7*
X[ y*1 ‘X* 0 Ibll Z* 0
ve2l Tlo x| b2 0 7+
e 117 -
~1/2(y1-Xb1-Zul) R (y1-Xb1-Zul)-1/2 22 G

where R=R,®Iq.

Taking the joint posterior model as point
estimator of location parameters requires
maximizing the log-posterior likelihood function

X+ X*+X'SX

symmetry

Equations in RHS

blie'X* y* 1+e'2X* y2+(1/ ozel)X’yl
+X'S( Xb1P+b fZul“ P hs Ph*?
_b Osz(t—l)_b OZUZ (t-l))

b2:e”X* 'y*2+e1?’X* y1 L G ®b OXbl(H)
+b OZU 1 (t—l)_Xb 2 (t—l)_Zu 2 (t—-l)_s—l (t—l)h (t—l))

ulie"Z*y2*+eZ* y2+(1/del) Z'y1
+Z'SPm OZXbl(H)+b OZZul(H)

b OXbZ(H) b §IEDRED_y ozuz(t—l))

_ b, .

u2:e?zry2*+eZ2* y1*-2'S" (b oXbl D
+b ()Z u 1 (t-l)_Xb 2 (t—l)_Zu 2 (t—l)_S-l (t—l)h (t—l))

where S is a gqxq diagonal matrix with ith diagonal

e"X*X*+(1/6e )X X+b X'SX  €X* X*-b,X'SX ¢

X*Z*+(1/ Fe)X Z+b X'SZ  €“X*'Z*-bX'SX | | bl
e"X* 7+ b X'SZ eX*'7*4X'SZ b2
by Z'SZre ' Z* 7 ~boZ'SZ+e"7*7* | | ul
+(1/ 0'2el)Z’Z+guA'1 J«gle_1
7'Sz+e%7*'7* u2
22 ,-1
+g"A

ul
u2

} xR

|

ul
u2

+ 2 log(Qx)) ....(D)

(1) with respect to these location parameters.

Maximization of the log-likelihood function
can be done using the Newton-Raphson algorithm.
The equations are;

element denoted as s, given by

s=h;(hyx;/ o e*), and h is a vector of order g

the ith value of which is :h; ={Z(x)/Q(x)}/c e*,
where Z(.) is the standard normal probability
density function.

The €’ and gij in the above sets of equations for
maximization of log-likelihood are elements of the
inverse R, and G, respectively, that is:

1n 12
e

21 22
e €

g11 g12
gZI g22

is inverse of R,, and

is inverse of G,.
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2) Iterative procedure

As has been shown above, the diagonal
elements of matrix S are defined as s=h;(h-x./c*,).
And the elements of a vector h are defined as
h=(Z(x)/Q(x))/0*.. These values can be quite
small. One way to avoid this is to standardize the
data to N(0,1) values. The other possibility is to
eliminate the denominator from these equations by
multiplying both left hand side and right hand side
(RHS) by O'Ze*. When either is done, s, and h; do
not become so small. Moreover, when this is done,
s, and h; can be represented more simply as
:s=h,(hyx) and h=Z(x)/ Q).

The implementation of this procedure
requires that data be prepared so that the levels of
each factor(fixed and random) are numbered
consecutively. Additionally, the data must be
sorted by levels of fixed effect. Within the same
level of the fixed effect, data from model 1 are
followed by data from model 2. Initial solutions for
fixed and random effects are set to zero.

Illustration of Method

1) Sire model

Pedigree information is not always available.
Sire model can be adopted by replacing the
random additive genetic effect in animal model by
sire genetic effect. In this case G, in the coefficient
matrix is replaced by G,, the sire genetic variance-
covariance matrix and new residual (co) variances
corresponding to the sire model.

2) Numerical example

A subset of data on Kenyan Friesian analysed
by Regem) was used to illustrate this procedure.
The traits analysed were first lactation milk yield
(trait 1) which was corrected by adjustment factors
of Rege and Mosi' and herd-life (trait 2). Herd-life
was calculated as the number of days a cow stayed
in a herd since first calving. In practice herd-life
data can have definite length or can be right-
censored if recording is terminated before cows
left the herd. Therefore, herd-life data are a
mixture of censored (model 1) and uncensored
(model 2) data. Only data from one herd were
used to illustrate the procedure.

The numerical example applied a simple sire
model with only one fixed effect. The data
structure is given in Table 1. The linear model to
describe both traits is:

Yij = by + 85 + €y,

where b; = fixed effect of calving year (i=1,2) and s;
= random effect of j-th sire(j=1,2,...,9). Heritability
for milk yield, heritability for herd-life, genetic
correlation and the residual coirelation were
assumed to be 0.36, 0.21, 0.24 and 0.21,
respectively.

All the relationships in the pedigree were
ignored; i.e. A= 1. Sire and fixed effect solutions
were obtained by the iterative method. Stopping
criterion for convergence in original scale was
defined as the sum of squares of the difference of
the present and previous estimates divided by the

Table 1. Data structure of numerical example

First lactation milk yield Herd-life

Total (N) 60 60

Sires 9 9
records/sire 6.7 6.7
No. of uncensored data 49 49

No. of censored data 11 11

mean 3697.9 kg 2800.8 day
O X 781.2 390.1
Minimum value 2441 2256
Maximum value 5561 4030
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sum of squares of present estimates. Convergence

was considered to have occurred when a value of
-6

1.0 x 10~ was reached.

3) Iterative procedure in numerical example
Firstly,the data are normal-standardized and
first solution for random and fixed effects set to
zero. Mean and standard deviations for milk yield
and herd-life were assumed to be 3637 and 644.5,
and 2856.2 and 761.6, respectively, these values
having been obtained from the entire data set of

Regew) .

3)~1: Model 1 iteration

1. As an example of one right~censored datum in
the first level of fixed effect, x,, h, and s, are
calculated:

Milk yield (y1,) : (3023kg - 3637)/644.5

Right - censored point for herd-life (t,) : (3178 days

-2856.2)/761.6

G, as normal-standardization~
1 0.0900 0.0165 l
0.0165 0.0525

R, as nomal-standardization~
’ 0.9100 0.1950 l
0.1950 0.9475

f,pp = 0.1950/(0.91 x 0.9475) = 0.21
07 = 0.9475(1-1°,,), t,1=bo (11, 0-2, 0)
+%X,0+2,0=Dbgyl,

b, = 0.1950/0.91

x; = (t-t,)/ 0% = 0.698280

Q) = 1/V27 - exp(-x,2/2) /dx = 0.255002

h, = 1/27 - exp(x,"/2)/Q(x,) = 1.25991

s, =h, (h, - x,) = 0.757645.

The other right - censored data are processed
in the same way.

2. The elements of a 2 x 1 work vector (B) for the
observation in the first level of fixed effect are
calculated and accumulated as:

2
B= ’ bo “'bo Sllbl(l)
—bo 1 G*e'h1+51'b2(1)
2
+ 1/0) - 1, -ulg) B
0
_ l bzo —bo SI'O l
b, 1 0% -h;+s,-0
1/0.91) - 31,-0
+oe W )O(YI ) }+B

where bl and b2, are the first level of fixed
effects for bl and b2 ; uly, is the 9-th level of sire
effect for ul, and sire number of the first
observation is 9. The multiplier 0 in the value s, - 0
of the above equation represents the starting
values of the fixed effects. For the other
observations in model 1 in the first level of fixed
effect, calculations proceed in the same way.

3. The elements of a 2x2 work matrix (D: for the
observation in the first level of fixed effect) are

1/c%e1l 0 b’ —b
D=0'2*e! o o I+ *t;)o 1° s;+D
) 1/091 0 I lbzo—bo
=o* D.
° 0 0 |T| b 1Y

Same process is applied for the other observations
in the first level of fixed effect.

4. A 2x1 work vector (E) for the first level of fixed
effect, after accumulating the elements of D and
B in model 1 and 2, is obtained as:
-1 -952677
E=D B- ' 1.378386 I

5. A 2x1 work vector (Cy) is created and C; is
calculated and accumulated for the other
observations in the first level of fixed effect. Sire
number () of the first observation is 9.
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+Cg

2, { (1/c%e1) - (y1, - b1y)
Cg =0 "€
0
2
+ ' b 0 '—bo t Sl N b1(1)+31 N ul(g)—51 N bl(l)
‘—bo 1 G*eh1+sl N b2(1) +Sl * uZ(g)—Sle(l)
R (1/0.91) - {(3023-3637) /644.5+0.952677} t
= e
0
‘ b’, b, l S0+ 0-s, (952677) |
~by 1| |o*hs+s, -0+s, - 0-s,(1.3783864) |

where b1, and b2, are updated solutions for b1,
and b2,.

6. Calculation within the next level of fixed effects,
until the final level of fixed effects, i.e. steps 2 to
5 are processed similarly.

7. A 2x2 work matrix(F,) for 9th sire effects is
calculated as:

. l b’ b, \ o 1/d%€l 0 l
by 1] 0 0
) t b% ~b, 2, i 1/091 0 !

by 1|77 0 0

The same procedure is repeated for all the
observations and the elements are accumulated for
the corresponding sire in the F matrix.

8. Calculate k from the pedigree information of the
sire.
k=(n1/3)+
1, if the male parent of the sire is not known
4/3 ,if the male parent of the sire is known

where nl is the number of male progeny of
the sire assuming no inbreeding and only
male-side information is available.

In this example, there is no inbreeding and no
relationship among sires, i.e. nl = 0. Therefore k is
unity for all sires. After that add ko™*eGs ™ to the

present F, i.e.
F,=ko'*eGs +F,
t 0.09 0.0165
“| 0.0165 0.0525

-1 2
c*e+F,

9. Add some contribution to C,.
Type of contribution to C, is as follows;
Parent
male parent known: (2/3) GS'1

prl o’re.

pr2
else 0

Progeny

male progeny known: (2/3)G,” | pgl ‘ o *e.
pg2

else 0

where pri= effect of male parent on i-th trait,
pgi=effect of male progeny on i-th trait.

As there is no inbreeding and no relationship,
the contribution to C, is zero.

10.Sire solution vector(R,) is calculated after
accumulating the elements of Fy and C, in
model 1 and model 2:
R, = F,"C,.
The remaining sires are processed in the same
way.

The next round of iteration is continued until
convergence.
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3)-2 : Model 2 iteration

Matrices B, D, C and F are calculated
differently from the process outlined for model 1.
There are, however, many similarities between
models 1 and 2.

As an example of one observation in model 2,
in the first level of fixed effect, a work vector (B) is
calculated as:

112 y*1-ul
B= 2* 2 2 ' o B
°F e e y*2-u2gq, *
), , 091 0195 "1 (3956.5-3637) /644.5-0
=0 "€

0.195 0.9475 (2427-2856.2) /761.6-0 ¥
where ul, and u2, are 7th sire effects for ul

and u2, and sire number of the observation is 7.
Matrix D is calculated for the data in the first

level of fixed effect:

-1

+D.

11 12
€

0.91  0.195
0.195 0.9475

24

2
D=0c"e =Gel

21 22
e €

Sire number(j) of the first observation in
model 2 in the first level of fixed effect is seven,
therefore a work vector (C;) is created and C; is
calculated and accumulated for the other
observations in model 2 in the first level of fixed

effect:
u 12 *
: € y*1-bly,

C,=c*e| . I C

7=0"¢€ o o2 v*2-b2,, s
2, 091 0195 |~ (3956.5-3637) /644.5+.952677 ’+ c
=0 *e 7
0.195 0.9475 (2427-2856.2) /761.6-1.378386 !

and F, is obtained as:

-1

091 0.195
0.195 0.9475

2 2
F,=0""e =0 *e +F.,.

The process is repeated for all data points and  Table 2 which shows that, for this example,
slements of F matrix are accumulated. convergence was achieved at the 67th iteration.
Solutions by round of iteration are listed in
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Table 2. Solutions by round of iteration®

59

Paramaters’ 37 47 57 67

bl 3648.1 3645.7 3644.2 3643.1
bl 3625.2 3627.7 3629.4 3630.5
b2, 2853.1 2853.8 2854.2 2854.5
b2, 2868.9 2866.3 2864.5 2863.3
sl 48.5 48.7 48.9 49.1
slo 62.5 62.8 63.0 63.2
sla 30.2 30.2 30.2 30.2
sl ~100.6 ~100.9 ~101.1 ~101.2
sl 64.3 64.6 64.9 65.0
sle ~778 ~78.0 —78.1 ~78.3
slg 403 40.5 40.6 40.6
slg 24.7 24.7 24.7 24.6
slg, -396 -39.7 -39.9 -39.9
20 15.0 15.0 15.0 15.0
20 55 5.5 -5.6 -5.6
20 6.9 7.0 7.0 7.0
2 6.9 7.1 72 7.3
2 -15.0 ~15.0 ~15.0 -15.1
26 18.4 18.5 18.6 18.6
20, 0.1 ~0.1 0.1 -0.1
26 8.7 8.7 8.7 8.7
$20) 9.2 9.2 9.3 9.3

a) unit: kg for the first trait (milk yield); days for the second trait (herd-life)
b) bj, indicates fixed effects solution for ith level of jth trait and sj;, indicates sire solution for

ith Ievel of jth trait

Discussion

Censored data of herd-life(y2) can be written
as y2=-bXb1+Xb2-b,Zul+Zu2+S"'h. With this
modification, the coefficient matrix and LHS are
directly analogous to Henderson’s” mixed model
equations. This correspondence has previously
been recognized (Foulley and Gianola4);Carriquiry
et al.l)). The diagonal elements of the matrix S can
be considered as the relative reduction of variance
in a normal distribution truncated at the point of
censoring and the variance of h; is restored by
multiplying s™, by the variance before the
truncation. That is, the matrix S can be a matrix of
weights that takes into account loss of information
due to censoring. In this paper, it is assumed that
each animal has both traits (milk yield measured

on a continuous scale and herd-life either censored
or uncensored). Not every individual will have a
complete set of records on both traits. However,
the procedure can be easily extended using the
generalization applied by Togashi et al”.

The complexity of the Bayesian approach in
the context of the given model and data structure
often necessitates the use of certain assumptions
(Simianer and Schaefferw)). Basing the inference
about location parameters on the conditional
distribution of the dispersion parameters has
proven to be very useful (Gianola and Femandos),
Gianola et a1.7), Hoeschele et al.g)) but this requires
that the marginal posterior distribution,
f(dispersion parameters | Y), be sharp so that
“most of the probability mass is concentrated over
a small region about the mode”, implying that the
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approximation will hold in “large” data sets
(Hoeschele et al.g)). Thus, in the present study, the
location parameters were made conditional on the
value of the (co) variance component which was
assumed to be the mode of f(dispersion
parameters [ Y).

The joint posterior mode is taken as point
estimators of location parameters because the
integration of fixed effects-nuisance parameters out
of the joint posterior density function for location
parameters is technically complex. Lindley and
Smithm suggested that the mode of the joint
posterior density of location parameters was an
approximation to the mean of posterior function for
location parameters. However, posterior mode
may not have general invariant properties. An
alternative approximation to the mean of location
parameters would be to apply Gibbs sampling
method (Gelfand and Smiths)) which would
eliminate the necessity for integration as a means
of making inferences on location parameters.
However, Sorenson et al.ZZ) have alluded to the
need for more research to facilitate full exploitation
of the benefits of the Gibbs sampler.

The data set of the numerical example is very
small. Furthermore, the number of progeny per
sire was also small. This could have caused bias in
estimating location parameters. However, the
location parameters converged satisfactorily. In a
practical application of an iterative precedure, there
would be some room to clarify the relationship
between the aspect of convergence and data
structure. Application of relaxation factors or
common intercept approach may become
necessary. However, the numerical example
presented is simply to demonstrate the procedure.
Censored data are treated as right-censored in this
paper. The extension of this procedure to the left-
censored case, for example, age at the onset of
puberty, should be straightforward. In that case,
Iog Q(x;) in the likelihood function would be
simply replaced by log (1-Q(x)). In any censored
data, the effect on inferences of treating the data as
censored would depend upon the extent to which
observations are censored. However, most of the

survival data in dairy cattle would be right-
censored. Therefore, genetic evaluations taking
account of the covariance of both traits by using
the proposed procedure would lead to more
correct inferences. The simplicity of the proposed
iterative procedure would make it possible to
evaluate a large number of animals.

Examples of endurance measures are
longevity, productive life span, survival from birth
to breeding, prenatal and postnatal survival. These
traits can be measured on continuous or discrete
scales. The “all or none” scoring on the basis of
whether an animal has survived to some
prescribed age has the effect of reducing
information. Loss of information in treating such
traits as censored with different censoring points
would be lower than treating them as discrete data.

One might argue that selection for herd-life is
likely to increase generation interval and decrease
annual genetic progress accrued in such traits as
milk yield. However, genetic evaluations which
include both herd-life (a measure of adaptability)
and productivity (e.g. milk yield) would make
significant contributions in situations where
adaptation is considered crucial. An understanding
of the mechanism responsible for each component
that constitutes the adaptability such as
trypanotolerance, heat-tolerance, food-utilization
and water conservation was not examined
individually. However, total benefit of each
component is key criterion for survival of African
cattle in harsh environment.
countries place their indigenous livestock
populations at risk through programmes of exotic
breed importation and/or crossbreeding. Rarely
has adequate attention been given to evaluating
and setting realistic and optimum breeding
objectives prior to embarking on breed
improvement programmes. Therefore, breeding
programmes should be based on the fact that
indigenous cattle are genetically very adaptable to
African conditions as well as on improving
productivity. From this point of view, simultaneous
estimation procedure for adaptability and
productivity is crucial for African cattle. Any

Many African
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measure can not be processed properly without
simultaneous estimation procedure for productivity
and adaptability developed in this study. It is not
too much to say that African indigenous cattle have
a high degree of heat tolerance, resistance to many
of the diseases represented by trypanosomiasis
and the ability to survive long period of feed and
water shortage through natural selection over
hundreds of generations. It is, however,quite
obvious that the potential for milk and/or meat
production is poorly developed in African
indigenous breeds of cattle. Therefore, breeding
programme to improve this potential to a
satisfactory level without sacrificing adaptability
should be initiated and continued as exemplified by
the international collaboration efforts.
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