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INTRODUCTION
Recently, analysis of test day (TD) records has received more attention in genetic evaluation
procedures than 305-d lactation models. This approach enables to account for both genetic and
environmental variations specific to each TD record. A fixed TD (FTD) model was used to
account for the shape of the lactation curve (Ptack and Schaeffer, 1993). Schaeffer and Dekkers
(1994) suggested the possibility of using random regressions (RRTD) in a linear model
(Henderson Jr., 1982) for analyzing TD data. Since then genetic evaluation models in dairy
cattle that use TD records instead of lactation records became of great interest in the area of
cattle breeding for production traits. The objectives of this study were to compare the estimated
breeding values (EBV) obtained under FTD and RRTD models against the EBV of 305-day
lactation models usually used for genetic evaluation. 

MATERIALS AND METHODS
The data employed for the genetic evaluation was retrieved from the Hokkaido Dairy Cattle
Milk Recording and Testing Association. The data belonged to cows that calved from 1989
through 2000. All cows were required to have the first lactation TD records, and only records
in the first three lactations were included in genetic evaluation. The minimum number of TD
records per lactation was 5 and the maximum was 12. After editing the data, the final set of
Holstein cows from the Hokkaido area consisted of 712,653 cows with 14.6 million TD
records. The data contained 712,653, 491,821, and 309,075 records in first, second, and third
lactations, respectively. The total number of herds was 8,737, and the number of levels for
herd-test-date effects was 916,529.
The Wilmink’s function (WLK, Wilmink, 1987) and the Wood's function (WDD, Wood, 1967)
were used in RRTD models. The breeding values were estimated with the BLUP methodology
using the program BLUPIOD (Tsuruta et al., 2001), which iterates on data using the
preconditioned conjugate gradient. In this study, two sets of EBV were obtained for each
method. The first set of EBV was for all the animals in the whole data (TD records or 305-day
lactation records from 1989 to 2000). The second set of EBV was performed only on the data
recorded until 1997 (partial data). This means that animals with milk production recorded from
1998 to 2000 were not allowed to enter the second analysis. The animals that did not enter the
second analysis were used to evaluate the accuracy of the EBV of each model. The correlation
of the EBV from the whole data and from the partial data is expected to be 0.707. In addition,
the correlation between EBV of the parents and of the offspring is expected to be 0.5. 

RESULTS AND DISCUSSION
Correlations among EBV of sires with more than 50 daughters estimated with WLK, WDD,
FTD, the Test Interval method (TIM, Wiggans and Grossman, 1980) and the Best Prediction
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method (BPM, VanRaden, 1997) for 305-d milk yield are given in Table 1. Except for WDD,
the correlations between EBV among the methods were considerably high, ranging from 0.88
for the correlation between WLK and BPM to 0.99 between TIM and BPM. For WLK, the
correlations with WDD, FTD, TIM, and BPM were 0.90, 0.94, 0.90, and 0.88, respectively. In
contrast, WDD obtained the correlations of 0.81, 0.71, and 0.67 with FTD, TIM, and BPM,
respectively. The correlations for FTD with TIM and BPM were 0.95 and 0.93, respectively.
The correlation between TIM and BPM was very high, 0.99.

Table 1. Correlations among EBV of sires for 305-day milk yield for sires with more than
50 daughters estimated with Wood's function (WDD), Wilmink's function (WLK), fixed
Test Day  (FTD), Test Interval method (TIM), and Best Prediction method (BPM).
(n=350)

Methods WDD WLK FTD TIM BPM

WDD 1.00 0.90 0.81 0.72 0.67

WLK 1.00 0.94 0.90 0.88

FTD 1.00 0.95 0.93

BPM 1.00 0.99

TIM 1.00

Table 2 shows the correlations between EBV with different methods using the whole data
(from 1989 to 2000) and using the partial data (until 1997). The correlations varied according
to the number of daughters included in the analysis. In general, low correlations were found for
the group of sires with a small number of daughters, but as the number of daughters per sire
increased, the correlations increased. In contrast, lactation models with TIM and BPM obtained
correlations greater than 0.80, which were far from the ideal value (0.707). When the data was
restricted to cows from sires with more than 25 daughters, the correlations for the RR model
via Wilmink’s function and FTD were close to the ideal correlation of 0.707.

Table 2. Correlations between daughters’ EBV from the whole data (1989 to 2000) and�
mid-parent average EBV from partial data (1989 to 1997) by different numbers of
daughters per sire

1 or more 25 or more 50 or more
Method daughters daughters daughters

n 73,348 71,240 70,353
RR-WDD 0.44 0.57 0.58
RR-WLK 0.32 0.60 0.63
FTD 0.43 0.65 0.67
TIM 0.52 0.80 0.83
BPM 0.49 0.82 0.84
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Table 3 shows the correlations between EBV of the cows and EBV of their parents. The
correlations between EBV of sires and heifers were overestimated under lactation models. Low
correlations were found when no restriction was applied to the number of daughters per sire.
These results suggest that the BLUP analysis under lactation models has problems related to
high correlations between EBV of sires and EBV of their daughters. This phenomenon was not
observed in TD models. Therefore, these results suggest that TD models obtain better or more
accurate breeding values than lactation models when a sire has a larger number of daughters. 

Table 3. Correlations between EBV of cows and EBV of their parents with five methods
using the whole data (1898 to 2000) and using two partial data (1989 to 1997) by
different numbers of daughters per sire

1 daughter or more
25 daughters or
more 50 daughters or more

Method Sire Dam Sire Dam Sire Dam
n 73,348 71,240 70,353
RR-WDD 0.16 0.45 0.35 0.44 0.37 0.44
RR-WLK 0.06 0.42 0.42 0.42 0.47 0.42
FTDM 0.12 0.50 0.43 0.50 0.45 0.49
TIM 0.27 0.51 0.62 0.49 0.66 0.48
BPM 0.25 0.50 0.65 0.48 0.69 0.47

CONCLUSIONS
The FTD model had the most preferable statistical properties at the criterion of predicting a
future daughter’s breeding value. The RRTD model via Wilmink’s function was a second
choice among the TD models .It was also suggested that the suitable TD model might
overcome the deficiency of the lactation model by emphasizing pedigree connections.
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