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Summary

For this study, data from 800 first lactation Holstein Friesian cows that calved between 1997
and 2013, comprised of 6850 test day milk yield records, were used to select best test day
model (TDM) and estimate genetic parameters for milk yield. In the model comparison,
TDM with intercept, linear, quadratic (RR2) and cubic (RR3) orders of Legendre
polynomials fitted for additive genetic and permanent environmental effects were compared.
The log-likelihood, Akaike's information and Bayesian information criteria favored RR3
model. However, the analysis of eigenvalues of additive genetic covariance matrix indicated
that the addition of a third order explained only 0.07 percent. Moreover, the estimates of
genetic parameters from RR3 model were biologically implausible. On the other hand, RR2
model was less parameterized and gave biologically reasonable parameter estimates and was
best fit to the variance structures of the data set. The heritability estimates from the best RR2
model ranged from 0.17 to 0.29. The genetic and phenotypic correlations between milk
yields at different test days ranged from 0.37 to 0.99 and 0.29 to 0.71, respectively.
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Introduction

Accurate estimation of the genetic merit of dairy animals has long been the subject of many
studies and great advances have been made in the last several years. In recent years, several
countries have introduced test day model (TDM) for genetic evaluations of dairy cattle
(Schaeffer et al., 2000; Lidauer et al., 2003). The advantages of TDM are accurate
accounting of the test day environmental effects affecting all cows on the same test day,
avoids the use of extended records for culled cows and for records in progress, and makes
genetic evaluation for persistency of lactation possible (Jensen, 2001).

The type of TDM and functions used for modeling the genetic and environmental
variations in test day data varied with the type of trait, data structure and the population in
question. For instance, for Finnish cattle Lidauer et al. (2003) reported genetic evaluation for
milk yield using random regression models fitting second and third order Legendre
polynomials for modelling the additive genetic and permanent environmental effects whilst
for somatic cell score second order Legendre polynomials were used for modelling both
effects (Negussie et al., 2006). Bignardi et al. (2009) also reported genetic evaluation of test
day milk yield that was based on sixth order Legendre polynomials for additive effects and a
seventh order polynomial for permanent environmental effects for Holstein cows.

So far, however, reports in literature are scanty regarding which TDM is appropriate
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for estimation of genetic parameters and prediction of breeding values for Holstein Friesian
herds in tropical environments. Identification of a TDM that is appropriate to the population
and data structure of a particular dairy production system in the tropics is essential for
accurate estimation of the genetic merit of animals and the rate future genetic progress.
Therefore, the objective of this study were to compare different TDM for estimating genetic
parameters for test day milk yield from Holstein Friesian cattle in Ethiopian dairy herds.

Material and methods

Data

The data for this study was from the Ethiopian national dairy cattle milk recording database.
It consisted of test day milk yield records of first lactation Holstein Friesian cows that have
calved from 1997 to 2013. The calving season were divided into three distinct seasons. The
final data set used consisted of 6850 first lactation test day milk yield records from 800 cows
and the pruned pedigree had 1779 informative animals.

Models

Repeatability test day and random regression animal models were tested for estimation of
genetic parameters for test day milk yield using first lactation Holstein Friesian data. Brief
descriptions of the models are given below:

The REP is a special case of the general RRM where only an intercept term is
included in modelling the additive genetic and permanent environmental effects.
The REP model as used in this study can be described as follows:

Where, is the test day record o of cow n made at DIMno of lactation; is the fixed effect
of herd i; is the random sire*calving year effect k; is the random effects of herd test day
month l; is the random permanent environmental effects; is the random additive genetic
effects;is the random residual effect; are regressions of phenotype on DIM for the j season
of calving.

Random regression models that fitted different order of Legendre polynomial were tested
for estimation of genetic parameters for test day milk yield. All RRMs had the following
general description:

Where, is the test day record o of cow n made at DIMno of lactation; is the fixed effect of
herd i; is the random sire*calving year effect k; is the random effects of herd test day month
l; is the random permanent environmental effects; is the random additive genetic effects; is
the random residual effect; ,, and are regressions of phenotype on DIM for the j season of
calving, and the nth cow's random permanent environmental and additive genetic effects,
respectively, and are the corresponding orders of fit for permanent environmental and
additive genetic effects, respectively.

In both REP and RRM the DIM were standardized from -1 to 1 for all Legendre
polynomial functions; is the corresponding mth coefficients that describe the shape of the
fixed lactation curve. The is the corresponding mth Legendre polynomial coefficients that
describe the shape of the random lactation curve. The fixed regression lactation curve was
modeled by a combination of Legendre polynomial and Wilmink functions using covariables:
=0.7071, =1.2247* DIMno, =2.3717* DIMno

2 - 0.7906, =4.6771*DIMno
3 -2.8062* DIMno,

=exp-0.05DIMno

Where; represent coefficients of the first three orders Legendre polynomial at DIM d
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plus a Wilmink function (Wilmink, 1987). In the Wilmink function, the exponential term is
considered constant and in this study it was calculated to be -0.05. Wilmink function with
the combination of Legendre polynomial in modelling for milk yield traits has been used by
several authors (Lidauer et al., 2003; Negussie et al., 2008; Santos et al., 2013).

In this study, both permanent environmental and additive genetic effects were
modeled fitting random regressions on DIM using Legendre polynomials of either first,
second, or third order, resulting in models denoted as RR1, RR2, and RR3, respectively. In
each of these models the same orders of the polynomials were used for modeling both the
permanent environmental and additive genetic effects.

Genetic parameters were estimated based on the variance components using DMU
program (Madsen and Jensen, 2013).

Model comparisons

Performances of the different competing models were compared using residual variance, log-
likelihood, the Akaike information criterion (AIC) (Akaike, 1973) and the Bayesian
information criterion (BIC) of Schwarz (1978). The better model has a lower residual
variance, AIC or BIC and highest log-likelihood. In addition, eigenvalues of the additive
genetic and permanent environmental covariance matrices were analyzed to assess the
importance of adding further parameters and the plausibility of the estimates of variances and
correlations were also examined.

Results and discussion

Model selection

Estimates for the different model selection criteria used in the model validation: residual
variance, log-likelihood, AIC and BIC solutions for the various TDMs, REP, RR1, RR2 and
RR3 models, are in Table 1.
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Table 1. Model, number of parameters (Np), residual variance (RV), log-likelihoods (Log L),
Akaike's information criteria (AIC) and Beyesian information criteria (BIC) with different
orders of fit for milk yield.

Model Np RV Log L AIC BIC

REP 4 3.35 -8992.72 17993.45 18000.79

RR1 8 2.66 -8734.91 17485.81 17500.50

RR2 14 2.33 -8618.49 17264.97 17290.67

RR3 22 2.06 -8535.02 17114.03 17154.42

The eigenvalues of the additive genetic and permanent environmental covariance matrix and
their relative proportions for the REP, RR1, RR2 and RR3 models are in Table 2. The
additive genetic and permanent environmental variation explained by adding third order
Legendre polynomials were insignificant (0.07%) for the additive genetic effect and small for
the permanent environmental effect (6.64%).

Table 2. Eigenvalues with proportions (in brackets) of estimated covariance matrices of
random regression coefficient for additive genetic and permanent environmental effects with
different order of Legendre polynomials for test day models.

Models Additive genetic effects
Intercept Linear Quadratic Cubic

REP 2.46 (100.00)
RR1 2.83 (87.88) 0.39 (12.12)
RR2 2.62 (88.63) 0.27 (9.14) 0.07 (2.23)
RR3 2.89 (84.04) 0.51 (14.82) 0.04 (1.06) 0.002 (0.07)

Permanent environmental effects
REP 3.58 (100.00)
RR1 3.54 (70.30) 1.50 (29.70)
RR2 3.48 (57.23) 1.83 (30.18) 0.76 (12.59)
RR3 3.47 (47.47) 2.39 (32.61) 0.98 (13.36) 0.49 (6.64)

Heritability

The heritability of test day milk yield for REP, RR1, RR2 and RR3 models are in Figure 1.
The overall level of heritability between TDMs showed slight differences. The heritability
estimates from the REP model was 0.26.

The size of heritability estimates for milk yield form RR1 model was lowest at the
beginning and was highest at the end of lactation. For RR2 model an increase in the
heritability estimates was observed up to DIM 230 and followed by slight decrease in late
lactation. The heritability estimates from RR3 model shows undulating pattern with ups and
downs compared to the other models. Especially, at the beginning of lactation the estimates
of heritability from RR3 were erratic composed to that of RR1 and RR2 models.

Figure 1. Estimates of heritability for milk yield at different days in milk from REP, RR1, RR2
and RR3 models in first lactation Holstein Friesian cows.
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Genetic and phenotypic correlations

The result showed that genetic correlations between different test day milk yields ranged
from 0.44 to 0.99, 0.37 to 0.99, and -0.03 to 1.00, whilst estimates for phenotypic
correlations ranged from 0.22 to 0.68, 0.29 to 0.71 and 0.19 to 0.69 for RR1, RR2 and RR3
models, respectively (Table 3). For RR1 and RR2 models, the highest correlations were
observed between consecutive DIM, whilst the lowest correlations between milk yield at
early and late lactation periods.

In general, the results from this study also showed that phenotypic correlations were
higher for adjacent test days and decreased with increasing distance between test days.
Phenotypic correlations from the RR1 and RR2 models were lower than the corresponding
genetic correlations. For RR3 model, however, starting from about DIM 90, the genetic
correlation was lower than the phenotypic correlations. This could be due to the increase in
the order of Legendre polynomials from quadratic to cubic resulting over parameterized
model.

Conclusions

In this study, the combinations of model selection criteria indicated that a random regression
test day animal model that fitted second order Legendre polynomials was found to be
parsimonious for the estimation of genetic parameters for milk yield in tropical Holstein
Friesian. Estimates of heritabilities for test day milk yield from first lactation analysis were
from 0.17 to 0.29, indicating a sizable genetic variation that could be utilized through
selection of best breeding animals. In addition, the estimated genetic correlations at different
stages of lactation ranged from 0.37 to 0.99 and confirm that pooling test day milk yields into
a single lactation yield lead to a less accurate evaluation of the genetic merit of dairy animals.

Table 3. Additive genetic correlation (below diagonal) and phenotypic correlation (above
diagonal) estimates for milk yield at different days in milk from RR1, RR2 and RR3 models.

RR1
5 65 125 185 245 305

5 0.66 0.58 0.48 0.35 0.22
65 0.97 0.61 0.53 0.44 0.34
125 0.87 0.97 0.58 0.53 0.46
185 0.73 0.87 0.97 0.59 0.56
245 0.57 0.76 0.90 0.98 0.64
305 0.44 0.65 0.82 0.94 0.99
RR2
5 0.62 0.43 0.32 0.29 0.31
65 0.84 0.62 0.55 0.47 0.33
125 0.56 0.92 0.65 0.57 0.36
185 0.40 0.83 0.98 0.62 0.43
245 0.37 0.80 0.96 0.99 0.57
305 0.44 0.81 0.92 0.95 0.97
RR3
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5 0.51 0.34 0.35 0.37 0.19
65 0.57 0.65 0.53 0.42 0.39
125 0.26 0.94 0.64 0.53 0.42
185 0.27 0.92 0.99 0.66 0.41
245 0.27 0.89 0.96 0.99 0.50
305 -0.03 0.76 0.93 0.95 0.95
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