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SUMMARY

Variance components were estimated for a total of 3652 lactation records
obtained from 1501 Holstein cows raised in a single commercial farm, using two
procedures Multiple Trait Derivative Free-REML (MTDFREML) via restricted
maximum likelihood and Gibbs Sampling via Baysian analysis with a multiple-trait
repeatability animal model. The model included year-season of calving (18 groups)
and parity (first three lactarions) as fixed effects and additive genetic and permanent
environmental as random effects.

Records were analyzed to compare estimates for variance components for number
of services per conception (NS} and days open (DQ)} when measured once as
continuous traits and another as binary traits through the two previous procedures.

When NS and DO were considered as continuous traits, heritabiliry estimates
were 0.010 and 0.030 through MTDREML and 0.034 #0.023 and 0.054 £ 0.014
using GS, respectively. Repeatability estimates were 0.048 and 0.069 via
MTDREML and 0.054 +0.019 and 0.060 £ 0.022 through GS, respectively. Genetic
and phenotypic correlations between the rwo traits were 0.680 and .770 using
MTDFREML and .680 and .740 using Gibbs Sampling (GS), respectively.

When the rwo traits were considered as binary traits heritability estimates were
0.003 and 0.030 through MTDREML and 0.067 + 0.030 and 0.062 +0.030 using
GS, respectively. Repeatability estimates were 0.047 and 0.035 via MTDREML and
0.175 £ 0.012 and 0.127 +0.007 through GS, respectively. Genetic and phenotypic
correlations between the two rraits were 0.350 and 1.000 |, respectively through
MTDFREML and 0.990 and 0.310, respectively, via GS.

The obtained results revealed thar differences in the estimates are due to both the
form considered for the trait (continuous or binary) and the employed methodology.
The size of the variance components plays an important role in determining these
differences.
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INTRODUCTION

Estimation of variance components (VC) has iong been an important aspect for
genetic improvement of production traits. Several traits of interest in animal breeding
are measured as binary variables. Analysis of such variables by linear methodology
violates several assumptions of linear model and is not optimal {Gianola, 1982). A
more satisfactory method is based on the threshold model concept (Wright, 1934).
Recently, Gibbs Sampling (GS) has been extended to Bayesian inference in threshold
model for binary data {Albert and Chib, 1993; Sorensen et af., 1995). Statistical
treatment of the threshold model has been developed for the animal model by Wang
et al. (1994, 1997) and Van Tassell ez al. (1995). The multiple-trait Gibbs Samples
for animal model (MTGSAM) program has been developed to implement the GS
algorithm for Bayesian analysis of a broad range of animal modeis (Van Tassell and
Van Vieck, 1995,1996).

The purpose of this study was to compare posterior mean estimates using GS for
genetic parameters with those obtained using MTDFREML when a pair of traits
was analyzed as continuous and binary traits.

MATERIALS AND METHODS

Data on reproductive performance of 1501 lactating Holstein cows from a single
commercial farm (International Company for Animal Wealth) in Giza governorate,
Egypt were collected during the period from 1991 to 1998,

Measurements of reproductive performance included days open (DQ) and number
of services per conception (NS). Data included 3652 records for thel 501 Holstein
cows which were daughters of 220 sires. These cows were distributed over 18 years-
season groups. Most of cows were imported as pregnant heifers from the U.S.A.
Cows were artificially inseminated at the first observed estrus after uterine involution
using frozen semen imported from the U.S.A. Each year was divided into two
seasons: warm (March to August) and mild (September to February).

Model

The MTDFREML programs of Boldman et al. (1995} were used to obtain REML
estimates of  (co)variance components. Principles of derivative-free restricted
maximum likelihood have been described by Smith and Graser (1986) and Meyer
(1989) and reviewed by Boldman et al. (1995).

As an alternative method to estimate variance components (VC) through REML,
GS 1s investigated here. GS is one method in a larger class of methods, referred to
Monte Carlo Marcov Chain methods, Gibbs Sampling is based on Bayesian methods
for estimation of VC but is evaluated based on its frequents.

The general representation of the multiple-trait repeatability animal model is the
following:

Where:

Y=xb+Z,a+tZ,cte
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isa’'n by 1 vector of records,
Denotes the fixed effects in the model with association matrix X;
is the vector of direct animal genetic effects with association matrix Za;
is the vector of permanent environmental effects of the animal with
association matrix Z.; and

€ denotes the vector of residual effects.

The following multiple-trait repeatability animal model was used to obtain
(co)variance components for the studied traits (NS and DO) through REML and GS
procedures:

6B T

yijkl = Ai + PE] “+ Y§; + Py +3',jk|

where:

Y = records of trait 1 (DO or NS) for the k™ parity of the | year-season of
calving of the i animal;

A,; = the random effect of the additive genetic effect of the animal;

PE; = the random permanent environmental effect on the animal;

ys; = the fixed effect of the j" year-season of calving (18 levels);

px = the fixed effect of the k™ parity (3 levels representing the first three parities);
and

giju = the random residual effect associated with each observation.

The val;iance;covariance structure for the model 1s as follows:

a, Acza. o, O O
a 0aa, A02212
v o c _ Ioc O'CZlCQ o
Cs TCHCy lo“e,
€ O 11‘!]0’23[ ae; 82
e O 0] gese, In,o’es
. v
Where:
A is the numerator relationship matrix;
02a| s 02a2 are the direct genetic variance for traits 1 and 2;
02c| . crzcz are the variance due to permanent environmental effects;
In;, In; is an identity matrix of order equal to the records of trait 1 and 2;
caa; is the direct genetic covariance between the two traits;
GCiCa is the permanent environmental covariance between the two traits; and
o€ €2 is the error covartance between the two traits.

The convergence criterion used in this analysis was the variance of likelihood in
the current set of simplex value used in the derivative-free REML algorithim
(Boldman ez al., 1995). The desired range of this variance at convergence is 10 to
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107'% According to the software authors {(Boldman er al., 1995) the estimation
programs should be restarted repeatedly with the converged values and no prior
simplex information until convergence occurs to the same values that were supplied
as starting values. This approach should ensure that a global, rather than a local,
maximum likelihood estimate is obtained. All estimates were based on restarted
system where a Gibbs chain length of 250,000 was run for each trait of each case
with burn in 10,000 rounds and were considered to be an effective number of rounds
{Mousa and Van Vleck, 1998). In order to create the binary form of NS and DO from
its continuous form (NS and DQ), each of them was classified into two categories
depending on the normal range of each of them for this breed. Cows conceived after
one, two or three services (79%) were considered (o be normal and therefore they
were formed as the first category. While, cows conceiving after 4 services or more
(21%) were formed as the second category. Similarly, cows with DO less than 120 d
{33%) were considered to be normal forming the first category and those with more
than 120 d (67%) formed the second .

RESULTS AND DISCUSSION

Preliminary least squares analysis using PROC GLM option of SAS (SAS, 1990)
showed highly significant effect of year-season of calving on the two traits (DO and
NS). The mean effect for DO (220 = 3.4 d) and NS (2.8 + 0.05 services) were clearly
higher than the values frequently reported in the literature for the same breed.
Detailed results were presented by Abou-Bakr er al. (2000).

Table 1 shows heritability and repeatability estimates for the studied traits. For
the continuous form of the two traits, estimates of heritability by GS were 3.4 and
1.8 times as those by MTDFREML for NS and DO, respectively. It is clear that
estimates from both procedures were not comparable except for the repeatability
estimate for DO.

Table 1. MTDFREML and GS heritability (h” £ SD) and repeatability (t = SD)
estimates for days open (DO) and number of services per conception (NS) of
Holstein cows as continuous and binary traits

MTDFREML 0
h’ t h? t
NS as a continuous trait 0.010 0.048 0.034 £0.023 0.054 + 0.019
NS as a binary trait 0.003 0.047 0.067 + 0.030 0.175 £ 0.012
DO as & continuous trait 0.030 0.069 0.054 £ 0.014 0.060 £0.022
DO as a binary trait 0.030 0.035 0.062 + 6.030 0.127 + 0.007

The same trend was observed , but with more differences, for the binary form of
the traits as for its continuous form except for the heritability estimate for DO and the
repeatability estimate for NS. Gibbs Sampling estimates for heritability and
repeatability were 22.33 and 3.7 times as those by MTDFREML for NS and 2,07
and 3.6 times for DO, respectively.

In summary, the GS and MTDFREML estimates were quite different from each
other, but the differences were higher in the binary form than for the continuous form
of the traits.
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From these results, it appears that GS had consistently higher estimates of VC
than MTDFREML probably due to the influence of the prior distribution of the
variance component on the postrior distribution. These results are in good agreement
with those observed in a pervious study (Van Tassel, 1994). Mousa and El-Sayed
(2001) added that the effect of prior distribution decreases as the heritability or the
amount of information increase. This means that, the difference between estimates
from the two procedures is large when the heritability estimate is low and the
distribution of this trait is not continuous. The advantage of GS is the possibility to
analyse the trait under the threshoid model. Therefore, it appeared to be relatively
unbiased, that is none of estimators seemed to be superior based on biasedness (Van
Tassel, 1994 and Mousa and El-Sayed, 2001).

For the continuous form of the studied traits, estimates of heritability fer DO from
MTDFREML (0.030) and GS (0.054) are comparable to other estimates reported in
the literature (Berger ef al., 1981 Hayes et al., 1992, Marti and Funk, 1994, Rekaya,
et al., 1996, Dematawewa and Berger, 1998 and El-Saied et al., 2000).

MTDFREML estimate for heritability of NS was 0.010 and that form GS was
0.034 as compared to previous study estimates of 0.008 (Moore er al., 1990) and
0.060 (Berger er al, 1981). Therefore, the direct genetic selection to improve this
trait would be meaningless,

The small additive genetic variance of NS (0.0007) could render the genetic
correlation between this trait and DO in this study low.

Phenotypic and genetic correlations between NS and DO were 0.680 and 0.770 by
MTPFREML and 0.680 and 0.470 by GS considering the two traits as continuous
traits. For the binary form of the two traits, the comresponding estimates by
MTDFREML were 0.350 and 1.000, while by GS they were 0.990 and 0.310 for
phenotypic and genetic correlation, respectively. Although values for phenotypic and
genetic correlations between the two traits differ in their respective values from cne
procedure to another and from continuous to binary form of the trait, the same
positive relationship between the two traits existed. This trend is in agreement with
the results of Dematawewa and Berger (1998) for the same breed analyzing the
continuous form. These results indicate that the longer the DO the higher the NS.

CONCLUSION

A clear difference was observed between the estimates of genetic parameters
from the two procedures. The differences between the estimates by the two
procedures (large or small) depend on the distribution of the considered trait and on
the size of its variance components. Therefore, if the variance component is large and
the trait is continuous the estimates by the two procedures would be very similar. In
contrast, the binary traits with small variance components create more difference
between the two procedures. This is due to that the GS is adding a prior distribution
to the final estimates of variance components i.e, the posterior distribution.
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