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Introduction: The profitability of dairy cattle herds mainly depends on the reproductive performance of cows.
Because reproductive performance is effective on the amount of daily milk and calf production per cow, increasing
the number of inseminations per conception, lengthening the calving interval in the herd, and causing the voluntary
(due to the age of the animal) and involuntary (due to illness or fertility disorders) elimination. For evaluating
fertility traits, we sometimes come across domains whose records were incomplete at the time, out of range, or
delayed. These records are called censored records. The typical way to deal with such records is to delete them
from the data set. However, this reduces the information available for genetic evaluation and may affect trait
variance by masking actual genetic differences between animals. Another way is to use appropriate statistical
methods to place censored records in genetic evaluations. The use of censored records in genetic evaluations
yields more reliable genetic parameters, and it can increase the estimation accuracy of breeding values giving the
support that the breeding value estimation is close to the true breeding value. The present study aimed to
investigate the role of censored records in the estimation of genetic parameters of the number of inseminations
per conception in Iranian dairy cows.

Materials and methods: The dataset included 29621 records collected from 2005 to 2019 by the Vahdat
Cooperative of Isfahan in Iran. FoxPro software (version 9.0) was used to edit and prepare data, remove incorrect
records and create contemporary groups. Five animal models, including Threshold Model (TM), Penalty Model
(PM), Modified Penalty Model (MPM), Threshold-Threshold Model (TTM), and Modified Threshold-Threshold
Model (MTTM), were used for the genetic evaluation of this trait. The predictive ability of the models was
assessed using cross-validation. Also, a simulation study was performed to determine the appropriate model.
Results and discussion: The estimated heritability using different models was 0.3 (0.013), 0.07 (0.013), 0.07
(0.013), 0.3 (0.13), and 0.4 (0.012) for TM, PM, TTM, MPM, and MTTM, respectively. The highest correlation
of breeding values for all animals was between MPM and TM (0.98). The same result was obtained for the best
sire (sire with at least 20 daughters). The high correlation shows that these models work similarly in selecting the
best sires. The low correlation between models indicates that the models rank sires differently. Therefore, the
choice of model can affect the ranking of males. The top 10 sires showed less correlation between models than
the active sires. When the number of males decreases, the selection becomes stricter. The prediction accuracy in
models with censored records is higher than in models without censored records because the use of models that
include censored records is due to the increased information about the trait, and the absence of bias due to deleting
records improves the accuracy of estimating breeding values. Consequently, if the censoring status is not taken
into account, animals with superior breeding values may be biased. The low ratio of common superior animals in
different percentages between models showed that these two models rank the animals differently. Still, the high
proportion of common superior animals indicates the similarity of the two models in choosing the best animals.
So, model selection can be effective in ranking superior animals because when the censored record is used, the
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information is increased and the situation would be closer to reality. The cross-validation showed that the accuracy
of the breeding value prediction by different models was higher in models with censored records than in models
without censored records. The results of the simulation study showed that the models with censored records
provided better genetic parameter estimates. TTM has been able to estimate expected heritability better than other
models. The percentage of top animals in common between the top 10 and the top one percent of simulated animals
with different models showed that the ability of the TTM model to select real top animals is more than other
models, which shows that this model has identified top animals better.

Conclusions: The results of the present study showed that the censored records are important for estimating the
genetic parameters of the number of inseminations per conception in Iranian dairy cows and ignoring those led to
a biased estimation of the parameters. Data simulations also showed that using censored records provided more
realistic genetic parameter estimates.
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Table 1. Pedigree structure used in this study

Item Number
Total population 121856
Inbred animals 90085
Number of sires 3267
Number of dams 70213
Average family size 2.03
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Table 2. Descriptive statistics of the number of inseminations per conception

Item N Min Max Mean SD
Uncensored records 28401 1 5 1.59 0.93
Censored records 1220 6 10 7.2 101.3
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Table 3. Pearson correlation of all animals’ breeding value (above diagonal) and Spearman correlation of
active sire breeding value (below diagonal and top 10 sires in parentheses) between different models and
estimated heritability (SD) for each model (on diagonal)

Model' ™ PM TTM MPM MTTM
™ 0.03(0.013) 0.79™ 0.717 0.98™ 0.79™
PM 0.797(0.36™) 0.07(0.013) 0.97" 0.90" 0.96"
TT™ 0.66™(0.29%) 0.91"(0.90) 0.07(0.013) 0.83" 0.96”
MPM 0.987(0.96™)  0.887(0.55)  0.76"(0.47™) 0.03(0.013) 0.89
MTTM 0.757(0.41™)  0.917(0.84)  0.917"(0.84™) 0.82"(0.57") 0.4(0.012)

1: TM: Threshold Model, PM: Penalty Model, MPM: Modified Penalty Model, TTM: Threshold-Threshold Model, MTTM:
Modified Threshold-Threshold Model. **:  P<0.01
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Table 4. The ratio of common animals between models in 1% (above diagonal) and 10% (below diagonal) of
best animals and accuracy of predicted breeding value (SE) for total animals (on diagonal)

Model! ™ PM TT™M MPM MTTM
™ 0.25(0.0002) 0.36 0.32 0.86 0.35
PM 0.58 0.36(0.0003) 0.87 0.45 0.16
TT™M 0.53 0.88 0.37(0.0003) 0.41 0.77
MPM 0.87 0.71 0.65 0.28(0.0003) 0.43
MTTM 0.57 0.84 0.84 0.69 0.34(0.0003)

I TM: Threshold Model, PM: Penalty Model, MPM: Modified Penalty Model, TTM: Threshold-Threshold Model, MTTM:

Modified Threshold-Threshold Model

ool 350 sl Joe b3l (2555 -0 Jgor
Table 5. Cross validation of the used models

Model! MSE? r(v.,9)°
™ 5.82 0.29
PM 4.46 0.58

TT™M 5.74 0.59
MPM 4.55 0.36
MTTM 4.53 0.36

! TM: Threshold Model, PM: Penalty Model, MPM: Modified Penalty Model, TTM: Threshold-Threshold Model, MTTM:

Modified Threshold-Threshold Model
2 Mean Square Error

3 Correlations between observed and predicted phenotypes
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Table 6. Evaluation of different models in estimating simulated parameters

Parameter Model

™ PM TTM MPM MTTM
Heritability 021(0.012) 023(0.013)  024(0.012) _ 0.22(0.011) 0.22(0.011)
Correlation 0.91™ 0.94™ 0.99™ 0.96™ 0.95™
Active sire 0.95™ 0.99™ 99.0™ 0.95™ 0.97*
correlation
Top 10% 41.3 90.3 93.1 51.04 72.2
Top 1% 21.8 61.4 63.5 60.03 61.06
Accuracy 0.73(0.0002)  0.76(0.0002)  0.77(0.0002)  0.73(0.0002) 0.74(0.0002)

I TM: Threshold Model, PM: Penalty Model, MPM: Modified Penalty Model, TTM: Threshold-Threshold Model, MTTM:
Modified Threshold-Threshold Model
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