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Using monthly test day records the genetic parameters of Iranian Holstein cattle in first lactation were studied. Data of 277400 test-day milk records from 65320 cows and 2210 sires were analyzed by an animal
random regression model using restricted maximum likelihood methodology. The model included herd-testdate, interaction between year-season of calving, days in milk (linear and quadratic) and dam age (linear
and quadratic) as fixed effects and random regression coefficients for additive genetic and permanent environmental effects. The average of 305 days milk yield was 9760 (±1324) kilogram. Differences of milk
yield among provinces were significant (P<0.05). The average of heritability estimates of milk was 0.50.
The genetic correlations between adjacent test-day records were high and decreased with increase in interval between tests.

KEY WORDS legendre polynomials, milk yield, random regression.

INTRODUCTION
The production level of milk yield is the most important
factor in the economic efficiency of a dairy farm. The production level of a dairy cow is determined by the joint effects of genetic and environmental factors. The estimation
of co-variance components is essential for the development
of genetic evaluation systems based on test day (TD) yields.
Genetic evaluation of dairy sires and cows has evolved immensely over the years. From the initial stages when simple
dam-daughter comparisons were made, rapid advances in
computer hardware improvements in computing algorithms
have made possible to implement modern methods for
analysis. The use of the test day model approach allows a
more detailed statistical model to be developed, which accounts for environmental variation specific to individual
test day yields and genetic effects associated with individual animals. It offers the opportunity to directly account for
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short-term environmental factors specific to individual
yields such as gestation period. The test day model also
overcomes the need to predict 305-day yields or for projection of incomplete lactations (Hammami et al. 2008). The
advantages of random regression test-day models over other
approaches of evaluating test-day records include
(Hammami et al. 2008) the following advantages:
1. A continuous treatment of observation over time and
incorporation of heterogeneous (co)variances among measures along time (including days that were not sampled) with
a potentially reduced number of parameters compared with
the multiple trait approach (Lidauer et al. 2003).
2. Every record contributes information at the value of the
control variable at which it is measured. Arbitrary or inappropriate corrections for the differences in the control variable are therefore unnecessary (Van der Werf, 1997).
3. With regards to estimation of variance components, random regression models facilitate parsimonious descriptions
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of changing and potentially complex covariance structures,
thereby utilizing the data more efficiently and generating
breeding values of higher accuracies (Jamrozik and
Schaeffer, 1997).
4. The random regression model also allows cows to be
evaluated on the basis of any number of test day records
during lactation. Related to this, as only 8 to 10 test day
yields per cow per lactation may be collected, this could
result in lower costs of recording (Schaeffer et al. 2000).
5. The random regression model for test day yields can account more precisely for environmental factors that could
affect cows differently during lactation (Schaeffer and
Dekkers, 1994).
6. Due to emphasis on more yield information, a random
regression model results in top animals which are less related and hence results in reduced rates of inbreeding compared to lactation models (Mrode and Coffey, 2008).
Theoretically, any function can be used in random regression model as a basic function (Meyer, 2005). Legendre
polynomials are the most common, because the correlations
between parameters are lower than with other functions
(Kirkpatrick et al. 1990). Orthogonal polynomials are able
to model lactation curves for a range of covariance structures, but they also have undesirable properties (Misztal,
2006). The fit at the extremes of the trajectories may be
poor especially for high orders of fit (Meyer, 2005) and
there may be problems of convergence for large data sets.
Cubic and quadratic orders of Legendre polynomials for
additive genetic (AG) and permanent environmental (PE)
effects, respectively, were selected (Kirkpatrick et al.
1990). Homogeneous residual variance was assumed
throughout the lactation. The use of random regression
(RR) model makes it possible to study differences in TD
records over time, and to better understand the genetics of
lactation (Swalve and Guo, 1999).
While being conceptually appealing, practical applications of random regression models in animal breeding have
been plagued by problems associated with large numbers of
parameters to be estimated, poor polynomial approximation
and therefore the necessity of analyzing much larger sets of
data, implausible estimates at the extremes values and associated high computational requirements (Meyer, 2005;
Misztal, 2006).
Milk production is influenced by exactly the same environmental factors whether a test day model or lactation
model is used in genetic evaluation. However, for a test day
model, the stage of lactation is an important consideration,
because of the curvilinear relationship that exists between
the stage of lactation and milk production (Swalve and
Guo, 1999). The test day models often use types of covariates or mathematical functions, in a regression, to account
for stage of lactation.
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The adoption of test day model over the lactation model
replaced the use of herd-year-season (HYS) with herd-testdate (HTD). The HTD accounts for the effects of herd and
the year and the season of production whereas HYS effect
is commonly used to account for the effects of the individual herd, the year, and the season of calving and interactions among them. With a test day model, further effects
that can be fitted in the analysis include age at calving, parity and pregnancy (Swalve and Guo, 1999).
The random regression test day model can account for
many environmental factors that could affect cows differently during the lactation (Schaeffer and Dekkers, 1994).
The lactation curve is split into two parts: a fixed part (average lactation curve) and a random animal specific part
(deviation from the average curve).
The objective of the present study was to estimate the
genetic parameters of milk yield in different test days (TD)
of the first lactation of Iranian Holstein cows.

MATERIALS AND METHODS
The data of milk in different test days of Holstein dairy
cows were provided by the Animal Breeding Center of Iran.
The study included TD records 5 to 300 days in milk collected from 2001 to 2014 of cows with at least one known
parent and age at first calving between 18 to 45 months
(Table 1). The data of cows with the first test day at least 60
days after parturition and TD intervals less than 15 days
were discarded. The significant fixed effects on milk yield
were determined using the GLM procedure of SAS (SAS,
2005). The genetic parameters of milk yield were estimated
by restricted maximum likelihood using a random regression animal model (Meyer, 2007). A single-trait model with
Legendre polynomials describing the trait curve in the
population was used to fit data. The days in milk values
transformed to the range of -1 to +1 using the formula 1
(Meyer, 2000):
d t *= -1 + 2(d t +d min ) / (d max –d min )
Where:
d min and d max : minimum and maximum values for the days
in milk. For the t-th standardized days in milk (d t *), the k-th
polynomials is given as (Meyer, 2000):
 ( d t* ) k 

1
2k

 k  2 k  1  * r  2 m
2k  1 k
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Where:
k/2= (k-1)/2 if k: odd.
m: index number needed to determine the k-th polynomial
(Meyer, 2000).
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The model equation for the analysis of data can be expressed as (Meyer, 2000):

Where:
Y tijk : test day milk yield record.
F i : fixed effects in the model (including herd-test date,
year-season of calving, days in milk and age of dam as covariate).
β k : fixed regression coefficients to describe the curve of
trait for the whole population.
u j and pe j : refer to the j-th animal additive genetic and permanent environmental effects, respectively.
Ø jtk : k-th Legendre polynomial for the standardized time t of
milking (days in milk).
n: order of Legendre polynomials for fitting traits curve for
the population.
e tijk : residual effect describing the unknown effects on
traits. The days in milk were partitioned into 10 equal periods of about 30 days and an independent residual variance
structure was assumed. In matrix notation, the model is:
y= Xb + Qu + Zp + e
Where:
y: vector of test day milk yield.
b: vector of solution for fixed effects and regression coefficients of milk yield on days in milk.
u and p: vectors of animal additive genetic and permanent
environmental effects, respectively.
X, Q and Z: incidence matrices relating effects to the observations. The co-variance structure was assumed as:

Where:
G: A σ2 a .
P: I σ2 p .
R: diagonal matrix containing the 10 constant variances of
residuals and A is the numerator relationship matrix among
animals.
σ2 a and σ2 p : variances of additive genetic and permanent
environmental effects, respectively.
I: denotes an identity matrix.
Genetic analysis was performed using the WOMBAT
software with REML procedure for estimation of covariance components (Meyer, 2007).
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The variance components and genetic parameters were
estimated using random regression model and restricted
maximum likelihood method.
Table 1 Numbers of records and means and standard deviations (SD) of
milk yield
Test day records
277400
Mean of milk yield ± (SD) (kg)
32.0±7.6
Cows with record
65320
Number of sires
2210
Number of herds
82
Average daughters per bull
30
Average test-day records per cow ± (SD)
5.0±0.2
Number of animals in pedigree file
74860

The best model determined through the logarithm of
maximum likelihood, the Akaike΄s information criterion
(AIC) and Bayesian information criterion (BIC). The loglikelihood of a model given the data reflects the overall fit
of the model and smaller values indicate poor fit. Because
the likelihood tends to favor complex models with many
parameters, the more conservative AIC and BIC has been
suggested (Burnham and Anderson, 2002; Schaeffer and
Jamrozik, 2008). The AIC and BIC penalizes models for
the addition of parameters, and thus selects a model that fits
well but has a minimum number of parameters (i.e. simplicity and parsimony) (Burnham and Anderson, 2002;
Schaeffer and Jamrozik, 2008). All of the above criteria
were considered and the model with the highest loglikelihood, lowest AIC and BIC, was considered to be the
most appropriate. Third order Legendre polynomials was
selected to describe the lactation curve of the animals with
respect to the genetic and permanent environmental effects
in the model (Table 2).

RESULTS AND DISCUSSION
Genetic variance of milk production was lowest on the second to fourth test days, and increased from the fourth to the
tenth test day (Figure 1). The trend of additive genetic variance of milk production was consistent with other studies
(Druet et al. 2003).
The permanent environmental variance was higher in mid
and the last two months of lactation (Figure 1). The trend of
this effect was consistent with other studies (Mayeres et al.
2004; Zavandilova et al. 2005). The heterogeneity of the
residual variance in days 5 to 305 of lactation was modeled
using 10 intervals with equal lengths. The residual variance
was almost constant across the lactation (Figure 1).
The estimated heritability of milk production decreased
in our study from the 2nd-5th test day and was highest in the
8th test day (Figure 2). The trend of changes of heritability
was consistent with other studies (Melo et al. 2007; Biassus
et al. 2010).
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Table 2 The criteria used to select the best function for milk production (the best model is indicated in bold type)
Model
Parameters
BIC
AIC
1
3
3048.532
3040.702
2
7
3023.724
3005.460
3
13
3032.485
2998.576
4
21
3143.898
3089.138
5
31
3186.321
3105.508
6
43
3243.216
3131.152

Log L
-3037.702
-2998.460
-2985.576
-3068.138
-3074.508
-3088.152

BIC: Bayesian information criterion and AIC: Akaike΄s information criterion.

The heritability estimates of first lactation milk yield estimated by random regression models is reported from 0.14
(Strabel and Misztal, 1999) to 0.51 (Olori et al. 1999).
Some authors reported higher heritabilities at the beginning
and at the end of lactation (Olori et al. 1999; Melo et al.
2007).

The attempt to improve the accuracy of estimated breeding values, reduce the generation interval and boost response to selection for dairy cattle and the quest to provide
more comprehensive management information to dairy
farmers are stimulating interest in advancing the conceptual
framework of the TDM.
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Figure 1 Trajectory of genetic (G), permanent environmental (PE) and
residual (R) variances in milk production by different test days

Genetic and phenotypic correlations between test day records were high, but decreased with increasing time differences between test days (Table 3). The trend of changes in
genetic and phenotypic correlation was consistent with
other studies (Druet et al. 2003).
The high genetic correlations between different test days
show that these changes are caused by genetic factors and
the impact of environmental factors between the test days is
not high (Figure 3).
For the south African Holstein and Jersey cow populations, Mostert et al. (2006) reported that genetic correlations between test day milk yields of different lactations
differed from one. This study led to the implementation of a
fixed regression test day model, but recommended the use
of random regression functions in the genetic evaluation of
south African dairy cattle.
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Figure 2 Trajectory of estimated heritability for milk production in different test days

The random regression model approach probably yields
the potential to realize these benefits for the Iranian Holstein dairy cattle genetic evaluation program. The future
research should be focused on 1) defining the random regression model to be implemented 2) investigating the environmental effects to be included in the model and 3) estimating the covariance structure among observations and
genetic parameters for traits to be included in the breeding
program.
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Table 3 Additive genetic (below the diagonal) and phenotypic (above the diagonal) correlation coefficients for milk production in different test days
DIM
30
60
90
120
150
180
210
240
270
300
30
0.84
0.8
0.71
0.7
0.63
0.5
0.47
0.44
0.45
60
0.91
0.91
0.68
0.64
0.6
0.42
0.4
0.28
0.31
90
0.85
0.92
0.84
0.78
0.55
0.51
0.32
0.2
0.09
120
0.81
0.77
0.91
0.92
0.87
0.76
0.64
0.3
0.15
150
0.78
0.72
0.83
0.9
0.88
0.71
0.61
0.2
0.16
180
0.65
0.68
0.67
0.85
0.92
0.77
0.71
0.3
0.22
210
0.61
0.59
0.61
0.78
0.84
0.87
0.95
0.7
0.51
240
0.57
0.45
0.47
0.62
0.67
0.73
0.93
0.9
0.79
0.93
270
0.51
0.27
0.38
0.34
0.45
0.52
0.73
0.94
300
0.5
0.24
0.19
0.18
0.33
0.41
0.57
0.88
0.95
DIM: days in milk.
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Figure 3 Additive genetic correlation for milk production in different test
days

These are the requisite steps towards adoption of a random regression model framework for analysis of dairy test
day records. Test-day records of cows collected in early
lactation and standardized for age and season are of potential value for early genetic evaluation of bulls and cows for
305-day yields.

CONCLUSION
We propose that the Animal Breeding Center uses the random regression and multitrait models for breeding value
prediction of waiting proof bulls. Comparison of the phenotypic performance and predicted breeding value of animals
selected to the results of two models can provide the information to judge the validity of the different models.
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