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Summary 
This study investigated the effect of including cow genotypes on the predictions of breeding 

values for novel traits with comparisons to traits having more historical data and either low or 

moderate heritability. Three novel claw health traits were included in the analyses (laminitis-

related claw disorders, infectious claw disorders and corkscrew claw) along with three traits 

with historical data (kg protein yield, interval from calving to first insemination and number of 

inseminations). Accuracy of breeding values were obtained from a 10-fold cross validation with 

500 sires assigned to 10 validation sets by clustering half-sibs. The results indicated that 

including cow genotypes had a positive effect on the accuracy of the breeding values for claw 

disorders, compared to using only sire genotypes. In addition, this gave a better prediction as it 

reduced the bias. Compared to a previous study which had fewer cow genotypes included in 

the analyses, our results indicated that increasing the number of cow genotypes in the analyses 

improved the predictions of breeding values. The results from this study showed that novel 

traits could obtain accuracies of breeding values in the same range as traits with more historical 

data. 
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Introduction  
It has been shown that inclusion of cow genotypes improves the accuracy of breeding values 

for different traits, including low-heritable and novel traits (Egger-Danner et al., 2014, Jenko 

et al., 2016). The breeding scheme of Norwegian Red includes many health and fertility traits 

and the routine genetic evaluation is performed with single-step GBLUP (ssGBLUP). The 

increasing number of cow genotypes in the reference population of Norwegian Red contributes 

to the prediction of genomic breeding values. Ødegård et al. (2016) showed only a slight 

increase in accuracy of genomic breeding values of claw health traits in Norwegian Red when 

including cow genotypes. However, the number of cow genotypes has increased since these 

studies. 

The aim of this study was to investigate whether including cow genotypes improved the 

predictions of breeding values for claw health traits with limited historical data in Norwegian 

Red, with respect to accuracy and bias. For comparison, protein yield (kg) and two fertility 

traits (interval to first insemination and number of inseminations) were also included in the 

study.  

 

Materials and methods  
The data provided for the analyses were from the Norwegian Dairy Herd Recording System 

and the data edits were the same as used in the routine genetic evaluation. The traits included 



 

 

in the analyses were laminitis-related claw disorders (LAM), infectious claw disorders (INF), 

corkscrew claw (CSC), protein yield in kg (Prot), interval from calving to first insemination of 

cows (CFI) and number of inseminations per lactation (NIC). Summary statistics and 

heritabilities of the traits are presented in Table 1. The claw disorder traits LAM, INF and CSC 

are included in the total merit index of Norwegian Red as a claw health index, and LAM and 

INF are groups of claw disorders. The claw disorders were recorded at claw trimming and 

reported mainly by claw trimmers and farmers. The recording of claw health started in 2004, 

and the traits therefore had a limited amount of historical data available. The other traits, Prot, 

CFI and NIC, had data from 1978 and Prot had higher heritability than the claw disorders, 

whereas CFI and NIC had about the same heritability. These traits were used as comparison, to 

see the effect of cow genotypes between traits with historical data and traits with limited 

historical data. 

 The traits were analysed in two multivariate, repeatability linear models with ssGBLUP, 

where the first model included Prot, CFI and NIC and the second model included CSC, INF 

and LAM. The fixed and random effects, as well as genetic parameters, were the same as in 

routine genetic evaluation of Norwegian Red. In total, 12,174 bulls and 11,736 cows had 

genotypes.  

 

Table 1. Total number of records, number of cows with phenotypes, number of genotyped cows 

with phenotypes, mean frequency (mean) and heritability (h2) of the traits included in the study.  

Trait  Number of 

records 

Number of 

cows 

Number of 

genotyped 

cows 

Mean h2 

Kg protein (Prot) 6 992 330 3 468 342 9 955  0.23 

Interval calving to first 

insemination (CFI) 

6 480 686 3 224 097 9 644  0.06 

Number of inseminations per cow 

(NIC) 

2 666 484 1 265 260 9 040  0.02 

Laminitis-related claw disorders 

(LAM) 

622 222 366 670 5 993 0.12 0.02 

Infectious claw disorders (INF) 622 009 366 584 5 989 0.10 0.03 

Corkscrew claw (CSC) 622 081 366 591 5 990 0.11 0.06 

 

Validation method 

A 10-fold cross-validation was performed. Five hundred validation bulls, born between 2006 

and 2011, were assigned to 10 validation sets, where half-sibs were clustered in the same group. 

The phenotypes of their descendants were masked in each of the validations. The 500 validation 

bulls were selected based on number of daughters with phenotypes. For CFI, NIC and Prot the 

minimum number was 100, and for INF, LAM and CSC, it was 30. Two G-matrices were built 

and used in ssGBLUP, one included genotypes of sires only, and the other included genotypes 

of sires and cows. Breeding values were predicted using the MiX99-software (MiX99 

Development Team, 2015).  

  

Accuracy and bias 

The accuracy of breeding values from the 10-fold cross validation was calculated as:  

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛(𝐷𝑌𝐷,𝐺𝐸𝐵𝑉)

𝑟𝐷𝑌𝐷
        (1) 



 

 

where DYD is the daughter yield deviation (from full dataset), and GEBV was the predicted 

genomic breeding value of the validation bulls. rDYD, the mean reliability of DYD, was 

calculated as:  

𝑟𝐷𝑌𝐷 = √
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑢𝑔ℎ𝑡𝑒𝑟𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑢𝑔ℎ𝑡𝑒𝑟𝑠+
4−ℎ2

ℎ2

         (2) 

where h2 was the heritability of the trait, and number of daughters was the number of daughters 

with phenotypes of the validation bulls.  

The regression coefficient from a linear regression of DYD on GEBV was used as a 

measure of bias (Olson et al., 2011). Regression coefficients different from 1 indicated bias. 

 

Results and discussion  
The accuracy of breeding values increased from 1 (NIC) to 3 (CFI) percentage-points when 

including cow genotypes compared to using sire genotypes only (Table 2). These differences 

were all within +/- 1 standard error (SE) and not statistically significant. Although the increase 

in accuracy was not significant, including cow genotypes had a positive effect for all traits. The 

claw health and fertility traits benefited in the same range as the production trait (Prot). The 

claw health traits are novel traits with both low heritabilities and low frequencies. When 

comparing these results with the other low heritability traits, CFI and NIC (with more historical 

data), the improvement in accuracy was about the same when including cow genotypes. The 

mean accuracies were in the same range among the low-heritability traits, which indicated that 

also novel traits performed quite well in a genomic selection scheme. A study performed in 

2016 on claw health traits with approximately 2,500 cow genotypes, showed marginal 

improvement in mean correlation between genomic breeding values from validation sets and a 

full dataset (Ødegård et al. 2016). Compared to the present study where almost 6,000 cow 

genotypes were included, the results indicated that increasing the number of cow genotypes had 

some positive effect on the accuracy of genomic breeding values.  

 The standard deviations (SD) of accuracy from the 10-fold cross validation were larger 

for the low heritability traits compared to the production trait, Prot (Table 2), illustrating more 

uncertainty in validation of accuracy. For CFI, INF and CSC, the SD decreased when including 

cow genotypes, whereas for NIC and LAM the SD increased. For LAM, the SE increased with 

0.1 when including cow genotypes.  

For all the claw disorders, including cow genotypes reduced the bias in genomic 

predictions (Table 2), with the results for INF being most biased. For Prot, inclusion of cow 

genotypes resulted in more bias, and the regression coefficients for Prot and CFI indicated that 

the predictions were overestimated. The bias for the claw health traits decreased when including 

cow genotypes, but was in general underestimated. This suggested that the model for claw 

disorders underestimated the breeding values. 

The increase in accuracy when including cow genotypes partly depends on the 

relationship among the genotyped cows and the selection candidates. Some of the traits had a 

large interval from minimum to maximum accuracy (Table 2), meaning that the validation sets 

gave diverging results. Because half-sibs were clustered together in the validation, some 

validation groups may be closer related to the cow genotypes than other validation sets. The 

genotyped females would therefore contribute with more information if the relationship among 

the genotyped females and the validation bulls are closer. A strategy of selecting females for 

genotyping could therefore be to make sure that sires of selection candidates have a similar 

number of genotyped daughters with phenotypes. Plieschke et al. (2016) showed that 



 

 

genotyping an evenly number of genotyped daughters of all sires was beneficial for reliabilities. 

It should be avoided that some sires have many genotyped daughters, whereas others have no 

genotyped daughters. This latter scenario could give biased ranking of sons of the sires, because 

some sires have more accurate information than others.  

 

Validation bulls 

In this cross validation, half-sibs where clustered in the validation sets. If the half-sib groups 

were large, one validation set (of 50 bulls) consisted of only one half-sib group, whereas other 

validation sets consisted of several half-sib groups. This could partly explain the large range of 

accuracy estimates obtained from the 10 validation groups as shown in Table 2 (minimum and 

maximum accuracy). Preliminary analyses showed that randomly assigning the bulls to 10 

groups gave very similar mean accuracy of breeding values. However, increasing the number 

of validation bulls changed the mean accuracy, but the effect of including cow genotypes was 

in the same range. One of the challenges using cross validation is that bulls closely related to 

the validation sires (e.g. half sibs) could still be in the reference population and have a large 

effect on the results. Clustering half-sibs into the same group was chosen as an attempt to 

eliminate some of this effect.  

 

Table 2. Accuracy, mean, standard error (SE mean), standard deviation (SD), minimum 

accuracy (min), maximum accuracy (max) and regression coefficient (reg coeff) of the selected 

traits from 10-fold cross validation for genomic predictions based on genotypes of sires only 

or both sires and cows (all).  

  Accuracy Reg 

Trait1 Genotypes2 Mean  SE mean SD  Min Max  Coeff 

Prot Sire 0.77 0.02 0.07 0.60 0.84 0.94 

All 0.79 0.02 0.07 0.67 0.86 0.90 

CFI Sire 0.51 0.04 0.13 0.25 0.68 0.72 

All 0.54 0.04 0.11 0.32 0.71 0.72 

NIC Sire 0.75 0.04 0.11 0.62 0.90 1.10 

All 0.76 0.04 0.13 0.61 0.94 1.09 

LAM Sire 0.59 0.04 0.13 0.41 0.83 1.13 

All 0.61 0.05 0.14 0.40 0.88 1.09 

INF Sire 0.70 0.05 0.16 0.37 0.94 1.27 

All 0.72 0.04 0.14 0.41 0.95 1.25 

CSC Sire 0.67 0.04 0.13 0.46 0.83 1.05 

All 0.69 0.04 0.12 0.51 0.87 1.00 
1 Prot - Kg protein, CFI – Interval from calving to first insemination, NIC - Number of inseminations, LAM - 

Laminitis-related claw disorders, INF - Infectious claw disorders, CSC – corkscrew claw 
2 Sire – only sire genotypes included in the H-matrix, All – both sire and cow genotypes included in the H-matrix 

 

Conclusion  
Including cow genotypes in the prediction of breeding values gave a small increase in accuracy 

of breeding values. Obtaining an increase in accuracy seems to require a large amount of 

available cow genotypes. For the claw disorders with limited historical data, the mean accuracy 

of breeding values was in the same range as for other traits with more historical data, compared 

to both the low and moderate heritable traits. This shows that it is possible to include and 

improve novel traits in the breeding program.  
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