
 

 

INTERPRETIVE SUMMARY 1 

Foot and leg conformation traits have a small impact on genomic predictions of claw 2 

disorders in Norwegian Red cows. Ødegård et al. Predictive correlations of genomic breeding 3 

values (GEBV) for corkscrew claw, infectious claw disorder and laminitis related claw disorder 4 

were calculated using information on claw disorders only (recorded at claw trimming); and by 5 

analyzing claw disorders together with genetically correlated foot and leg conformation traits. 6 

Including the correlated traits gave a slight increase in the predictive correlation of GEBV for 7 

corkscrew claw, but had no effect on the other claw disorders.  8 
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ABSTRACT 29 

The aim of this study was to evaluate whether the predictive correlation of genomic breeding 30 

values (GEBV) for claw disorders increased by including genetically correlated traits as additional 31 

information in the analyses. Predictive correlations of GEBV for claw disorders were calculated 32 

based on claw disorders only and by analyzing claw disorders together with genetically correlated 33 

foot and leg conformation traits. The claw disorders analyzed were: corkscrew claw (CSC); 34 

infectious claw disorder (INF), including dermatitis, heel horn erosion and interdigital phlegmon; 35 

and laminitis related claw disorder (LAM), including sole ulcer, white line disorder and 36 

hemorrhage of sole and white line. The foot and leg conformation traits included were: hoof quality 37 

(HQ), foot angle (FA), rear leg rear view new (RLRV_N) and rear leg rear view old (RLRV_O). 38 

The data consisted of 183,728 daughters with claw health records and 421,319 daughters with foot 39 

and leg conformation scores. A 25K/54K SNP dataset containing 48,249 SNP was available for 40 

the analyses. The number of genotyped sires with daughter information in the analyses was 1,093 41 

including claw disorders, and 3,111 including claw disorders and foot and leg conformation traits. 42 

Predictive correlations of GEBV for CSC, INF and LAM were calculated from a 10-fold cross-43 

validation and from an additional validation set including the youngest sires. Only sires having 44 

daughters with claw health records were in the validation sets, thus increasing the reference 45 

population when adding foot and leg conformation traits. The results showed marginal 46 

improvement in the predictive correlation of GEBV for CSC when including HQ and FA, both in 47 

10-fold cross-validation (from 0.35 to 0.37) and in the validation including the youngest sires 48 

(from 0.38 to 0.49). For INF and LAM, including foot and leg conformation traits had no effect 49 

on the predictive correlation of GEBV. Claw disorders are novel traits with a limited amount of 50 

historical data and therefore a small reference population. Increasing the reference population by 51 
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including sires with daughter information on foot and leg conformation traits had small impact on 52 

the predictive correlation of GEBV. However, the small increase in predictive correlation of 53 

GEBV for CSC show a possible gain when including moderate to high genetically correlated traits.  54 

   55 

Keywords: dairy cow, genomic breeding value, claw health, Norwegian Red 56 

  57 

INTRODUCTION 58 

Claw health is important for animal welfare (Bruijnis et al., 2012) and for dairy production 59 

economy (Bruijnis et al., 2010) by influencing milk production (Sogstad et al., 2007), fertility and 60 

production diseases (Sogstad et al., 2006). In Norway, claw health status at claw trimming has 61 

been reported to the Norwegian Dairy Herd Recording System since 2004. The frequencies of claw 62 

disorders in Norwegian Red are in general low, ranging from 0.2% (interdigital phlegmon) to 10% 63 

(corkscrew claw (CSC)) (Ødegård et al., 2013). Heritabilities (on the underlying scale) of claw 64 

disorders in different breeds ranged from 0.06 to 0.23 (e.g. Swalve et al., 2008; Buch et al., 2011; 65 

Ødegård et al., 2013). Estimated genetic correlations between claw disorders and foot and leg 66 

conformation traits are low to moderate, but with some variations between studies and breeds (e.g. 67 

Uggla et al., 2008; Van der Waaij et al., 2005; Ødegård et al., 2014a). Ødegård et al. (2014a) 68 

showed that 7 out of 15 genetic correlations between claw disorders and foot and leg conformation 69 

traits in Norwegian Red were significantly different from zero, ranging from -0.86 to 0.26. The 70 

strongest genetic correlation was found between CSC from claw trimming and hoof quality (HQ) 71 

from conformation score, which are supposed to measure the same trait. Hoof quality has the same 72 

definition as CSC, but are recorded by breeding advisors when the cow is standing.  73 

 74 
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Genomic selection has a huge potential to increase genetic gain (Meuwissen et al., 2001). In the 75 

selection program for Norwegian Red, the accuracy of genomic breeding values (GEBV) are low 76 

compared to the accuracy of estimated breeding values (EBV) from progeny testing, especially for 77 

health and fertility traits (e.g. Luan et al., 2009; Svendsen et al., 2013; Haugaard et al., 2014). The 78 

accuracy of GEBV, calculated as the correlation between EBV and GEBV, ranged from 0.16 79 

(stillbirth, direct) to 0.77 (slaughter classification) in Norwegian Red (Svendsen et al., 2013). 80 

Similar results were found in other studies, where production traits showed higher accuracy or 81 

reliability of GEBV than functional traits (e.g. Solberg et al., 2011; Gao et al., 2013; Zhou et al., 82 

2014). With novel traits such as claw disorders, the historical data and reference population is 83 

limited making genomic selection challenging. One way to improve the accuracy of GEBV is to 84 

increase the size of the reference population (e.g. Hayes et al., 2009) by including genetically 85 

correlated traits. Svendsen et al. (2013) calculated relatively high accuracy of GEBV for foot and 86 

leg conformation traits, ranging from 0.60 to 0.71. Foot and leg conformation traits that are 87 

genetically correlated to claw disorders may contribute additional information and thereby 88 

improve the predictive correlation of GEBV for claw disorders.  89 

 90 

The aims were: 1) genomic analyses of claw disorders in Norwegian Red. First to evaluate 91 

predictive correlation of GEBV for CSC, infectious claw disorder (INF) and laminitis related claw 92 

disorder (LAM) and 2) to examine whether including genetically correlated foot and leg 93 

conformation traits in the analyses increased the genomic prediction of CSC, INF and LAM.  94 

 95 

MATERIALS AND METHODS 96 

Data and editing 97 
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Claw health. Claw health status at claw trimming reported to the Norwegian Dairy Herd Recording 98 

System from 2004 to 2013 were included in the analyses. Nine different claw disorders were 99 

recorded at claw trimming; CSC, dermatitis, heel horn erosion, interdigital phlegmon, sole ulcer, 100 

white line disorder, hemorrhage of sole and white line, lameness and acute trauma. Cows with no 101 

claw disorders present at claw trimming were recorded as having normal claws. Based on 102 

frequencies of and genetic correlations among claw disorders (Ødegård et al., 2013); 1 claw 103 

disorder and 2 groups of claw disorders were included in the analyses: CSC, INF (including 104 

dermatitis, heel horn erosion and interdigital phlegmon) and LAM (including sole ulcer, white line 105 

disorder and hemorrhage of sole and white line). A cow was defined as unaffected (0) or affected 106 

(1) for CSC, INF and LAM in each parity in which the cow had at least 1 record from claw 107 

trimming. The claw trimming practice varies among herds; in some herds all cows are routinely 108 

claw trimmed once a year, whereas in others, claw trimming is carried out occasionally on selected 109 

cows only. In Norway, claw trimming is performed by: professional claw trimmers (with 110 

certification), other claw trimmers (working as claw trimmers without certification), farmers or 111 

others (e.g. veterinarians). More details of claw health data in Norway can be found in Ødegård et 112 

al. (2013).  113 

 114 

Data was edited as described by Ødegård et al. (2013): only lactating cows with recorded claw 115 

health records; daughters of Norwegian Red AI sires; at least 1 claw health record in a parity; and 116 

herds reporting at least 10% or 10 normal claw records from 2004 to 2013 (this to exclude herds 117 

reporting only affected cows) were included in the analyses. Sires were required to have at least 118 

30 daughters with claw health records. Data included in the analyses consisted of 281,835 claw 119 
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health records from 183,728 daughters of 1,093 sires and the number of herds were 6,976. The 120 

mean frequencies of CSC, INF and LAM after editing were 11%, 7% and 8%, respectively. 121 

 122 

Foot and leg conformation. Foot and leg conformation was scored on 1st parity cows and reported 123 

to the Norwegian Dairy Herd Recording System. Breeding advisors, at present about 50 people, 124 

score 4 defined foot and leg conformation traits: HQ, foot angle (FA), rear leg rear view (RLRV) 125 

and rear leg side view (RLSV) on a linear scale from 1 to 9. The definition and optimal value of 126 

RLRV changed in 2010, hence 2 traits were defined: RLRV new (RLRV_N) and RLRV old 127 

(RLRV_O). The optimum values were: 9 for HQ, 8 for RLRV_N, and 5 for FA, RLRV_O and 128 

RLSV. Based on results from Ødegård et al. (2014a), the foot and leg conformation traits included 129 

in the analyses were: HQ, FA, RLRV_N and RLRV_O (these traits had a genetic correlation 130 

significantly different from zero for at least one claw disorder). Available foot and leg 131 

conformation score were: HQ from 1996 to 2013, FA from 1987 to 2013, RLRV_N from 2010 to 132 

2013, and RLRV_O from 1987 to 2009.  133 

 134 

Data was edited as described in Ødegård et al. (2014a): only daughters of Norwegian Red AI sires; 135 

age at first calving between 18 and 33 months; and conformation scored within a defined time 136 

period (months after calving) were included. The data analyzed consisted of 305,195 daughters of 137 

2,183 sires for HQ; 421,319 daughters of 3,111 sires for FA; 52,330 daughters of 571 sires for 138 

RLRV_N; and 368,834 daughters of 2,710 sires for RLRV_O. Number of records for each 139 

combination of claw disorders and foot and leg conformation traits are given in Table 1. 140 

 141 
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SNP dataset. An imputed 25K/54K SNP dataset was available for the analyses. Not all SNPs 142 

included in the 25K SNP-chip are in the 54K SNP-chip, so to exploit all available SNPs the dataset 143 

was imputed from 25K to 54K and vice versa. For details of the imputation refer to Solberg et al. 144 

(2011). After standard editing: removal of animals with an individual call rate < 97 %, deletion of 145 

Mendelian errors for animals with known parents, removal of SNP with Mendelian error rate > 2.5 146 

%, deletion of SNP with a call rate < 25 %, and removal of SNP with MAF < 0.05, the dataset 147 

contained 48,249 SNP for a total of 3,768 Norwegian Red AI sires. Sires with genotype and 148 

informative daughters (with data on claw disorders, foot and leg conformation traits or both) were 149 

included in the analyses. Number of sires for each trait combination are given in Table 1. 150 

 151 

Statistical analyses 152 

Three sets of trait combinations were analyzed: (1) CSC, INF and LAM (CH); (2) CSC, INF, 153 

LAM, HQ and FA (CF1); and (3) CSC, INF, LAM, RLRV_N and RLRV_O (CF2). Because of 154 

convergence issues it was not possible to analyze all the claw disorders and foot and leg 155 

conformation traits together.  156 

 157 

Estimated breeding values. Breeding values for CSC, INF and LAM were predicted using a linear 158 

sire model including effects as described in Ødegård et al. (2013). The model in matrix notation 159 

was: 160 

shy=Xβ+Z h+Zs+e  161 

where y is a vector of observations on the trait, β is a vector of systematic effects, h is a vector of 162 

random herd effects, s is a vector of sire effects, e is a vector of residuals, and X, Zh and Zs are the 163 

corresponding incidence matrices. The systematic effects were: parity with 4 classes, where the 4th 164 
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class included parity 4 to 13; year and month of calving with 119 classes; time of claw trimming 165 

(in months after calving) with 12 classes; and claw trimmer with 4 classes: (1) professional claw 166 

trimmer, (2) other claw trimmer, (3) farmer and (4) other person (e.g. veterinarian). The herd 167 

effects included 6,976 levels.  168 

 169 

Breeding values for HQ, FA, RLRV_N and RLRV_O were predicted using a linear sire model 170 

including effects described in Ødegård et al. (2014a). The model in matrix notation was:  171 

shyy=Xβ+Z hy+Zs+e  172 

where y is a vector of observations of the trait; β is a vector of systematic effects including year 173 

and month of calving, time from calving (months) and time from milking (hours) to scoring, and 174 

age at scoring (in months); hy is a vector of random herd-year effects; s is a vector of sire effects; 175 

e is a vector of residuals; and X, Zhy and Zs are the corresponding incidence matrices. Year and 176 

month of calving had 216 levels for HQ, 315 levels for FA, 51 levels for RLRV_N and 275 levels 177 

for RLRV_O; time from calving (months) and time from milking (hours) to scoring had 96 levels 178 

for HQ, FA, RLRV_N and RLRV_O; and age at scoring (in months) had 7 levels for HQ, FA, 179 

RLRV_N and RLRV_O. The herd-year effect included 98,820 levels for HQ; 149,249 levels for 180 

FA; 12,661 for RLRV_N; and 136,566 for RLRV_O.  181 

 182 

The 3 datasets were analyzed using multivariate models with (co)variances: var(h) = H  I, 183 

var(hy) = HY  I, var(s) = G0  A, and var(e) = R  I, where H is the 3×3 herd (co)variance 184 

matrix; HY is the 2×2 herd-year variance matrix (co-variances were assumed to be zero); A is the 185 

additive genetic relationship matrix; I are identity matrices; G0 and R are the 3×3, 5×5 and 5×5 186 

corresponding genetic and residual (co)variance matrices for the datasets CH, CF1 and CF2, 187 
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respectively. The residual covariance between RLRV_N and RLRV_O was assumed zero, because 188 

no cows had observation on both traits. The pedigree of sires were traced as far as possible resulting 189 

in a pedigree file of 15,172 animals for CH and 26,120 animals for CF1 and CF2.  190 

 191 

Deregressed proofs. To calculate deregressed proofs (DRP) (Lidauer and Strandén, 1999; Vuori 192 

et al., 2006), the EBV was used as the response variable and the residuals were weighted by 193 

effective daughter contribution (Fikse and Banos, 2001) calculated from reliabilities of EBV.  194 

 195 

Genomic breeding values. Genomic breeding values were predicted using GBLUP (Meuwissen 196 

et al., 2001). Deregressed proofs were used as response variables for genomic predictions. The 197 

model in matrix notation was: 198 

y=1μ+Zg+e  199 

where y is a vector of DRP, 1 is a vector of ones, µ is the overall mean, g is a vector of genomic 200 

effects, Z is the incidence matrix of g, and e is a vector of residuals. It was assumed that var(g) = 201 

G0  G and var(e) = R  D; where G is the genomic relationship matrix; D is a diagonal matrix 202 

containing weighting factors for the residuals; G0 and R are the 3×3, 5×5 and 5×5 corresponding 203 

genetic and residual (co)variance matrix for CH, CF1 and CF2, respectively. The residual 204 

covariances between claw disorders and foot and leg conformation traits in CF1 and CF2 were set 205 

to zero. The residuals were weighted by reliabilities of EBV. The inverse G-matrix used in 206 

prediction of GEBV was obtained using the G-matrix package (Su and Madsen, 2012) and 207 

consisted of 1,093 sires in CH and 3,111 sire in CF1 and CF2. 208 

 209 
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Predictive correlation of GEBV. Predictive correlation of GEBV was calculated as the correlation 210 

between GEBV and DRP, where DRP was calculated from EBV predicted with all available 211 

information for each of the 3 datasets (CH, CF1 and CF2).  212 

 213 

10-fold cross-validation. A 10-fold cross-validation (CV) was performed to assess predictive 214 

correlations of GEBV for CSC, INF and LAM from the datasets CH, CF1 and CF2. The 1,093 215 

sires with daughter information on claw health were randomly assigned to 10 groups, including 216 

109 or 110 sires. Therefore a sire was only represented in 1 group. In the CV, 1 group was used as 217 

validation set and the remaining 9 constituted the reference population. Sires having daughters 218 

with only foot and leg conformation scores were included in the reference population. The 219 

reference populations consisted of 983(984), 3,001(3,002) and 3,001(3,002) sires for the datasets 220 

CH, CF1 and CF2, respectively. 221 

 222 

Validation by youngest sires. An additional validation set (VAL) consisting of the youngest sires 223 

having daughters with claw health information was analyzed. This validation set included 190 sires 224 

(born in 2007, 2008 and 2009), and the reference populations (sires born before 2007) consisted 225 

of 903, 2,797 and 2,797 sires for CH, CF1 and CF2, respectively.  226 

 227 

The DMU software (Madsen and Jensen, 2010) was used to estimate (co)variances and predict 228 

EBV and GEBV. (Co)variances estimated from the full datasets were used in prediction of EBV 229 

for each of the reference populations in CV and VAL. Estimated heritabilities and genetic 230 

correlations are given in Table 2. The MiX99 software (Lidauer and Strandén, 1999; Vuori et al., 231 

2006) was used to calculate DRP and reliabilities of EBV.  232 
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 233 

RESULTS AND DISCUSSION 234 

Predictive correlation of GEBV 235 

10-fold cross-validation. The mean predictive correlations of GEBV for CSC, INF and LAM were 236 

low, varying from 0.27 to 0.37 (Table 3). The mean predictive correlation of GEBV increased 237 

slightly, from 0.35 to 0.37, for CSC when including HQ and FA as correlated traits (CF1), whereas 238 

including RLRV_N and RLRV_O (CF2) slightly decreased the mean predictive correlation of 239 

GEBV. Including foot and leg conformation traits (CF1 and CF2) decreased the mean predictive 240 

correlations of GEBV for INF and LAM compared to using CH (Table 3). The results suggest that 241 

these genetically correlated traits may introduce more noise than additional information to the 242 

prediction of GEBV. This may be because few cows had records on both claw disorders and foot 243 

and leg conformation traits (Table 1), and that the genetic correlations among these traits were in 244 

general low (Table 2). The standard deviation (SD) of predictive correlations of GEBV ranged 245 

from 0.06 to 0.13 among the traits and datasets (Table 3), showing relatively large variation among 246 

the folds (Figure 1). The highest SD for CSC, INF and LAM occurred using CF2, which had the 247 

lowest mean predictive correlation of GEBV and lowest number of cows with records on both 248 

claw disorders and foot and leg conformation traits (Table 1). All mean predictive correlations of 249 

GEBV for CSC, INF and LAM using CF1 and CF2 were within the range of one SD of the mean 250 

predictive correlation of GEBV using the dataset CH. The overall best result for CSC was obtained 251 

using dataset CF1 (Figure 1), whereas for INF it was obtained using dataset CH (Figure 1). For 252 

LAM, datasets CH and CF1 gave very similar results over all folds (Figure 1). The large 253 

differences in predictive correlations of GEBVs among validation sets in CV could be due to 254 

unequal amount of information for sires in the validation set, or differences in the relationship of 255 
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a sire to the reference population. By using CV, and randomly assign sires in groups, some sires 256 

in a validation set may be older elite sires having sons with information in the reference population, 257 

and thereby gaining a lot of information in the CV compared to young sires with less data. This 258 

could lead to overestimation of predictive correlation of GEBV, therefore an additional validation 259 

set including the youngest sires were analyzed. 260 

 261 

Validation by youngest sires. Including foot and leg conformation traits increased the predictive 262 

correlation of GEBV for CSC in VAL (Table 4), and the highest correlation was achieved using 263 

the dataset CF1 (0.49) which included HQ that had strong genetic correlation to CSC (Table 2). 264 

For INF the predictive correlation of GEBV was 0.33 to 0.34 in all 3 datasets, whereas for LAM 265 

the predictive correlation of GEBV decreased when including foot and leg conformation traits 266 

(Table 4). The predictive correlations of GEBV for INF and LAM from VAL (Table 4) were within 267 

the range of values found in CV (Table 3). For CSC the predictive correlations of GEBV from 268 

CF1 and CF2 were above the maximum value in CV. Infectious claw disorder had low genetic 269 

correlation with foot and leg conformation traits (Table 2), and was therefore expected to benefit 270 

less from including these as correlated traits in genomic prediction. This is reflected by the results, 271 

where INF had the lowest predictive correlation of GEBV among the claw disorders and no gain 272 

from correlated traits. The predictive correlations of GEBV for CSC, INF and LAM from 273 

validation based on the youngest sires were similar as those obtained in CV, indicating that 274 

overestimation was not a problem in this study. A benefit of using CV, compared to VAL, was the 275 

obtained variance of the predictive correlation of GEBV, which is a measure of precision.  276 

 277 
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It was beneficial to include the foot and leg conformation traits HQ and FA in genomic predictions 278 

for CSC, whereas for INF and LAM including foot and leg conformation traits introduced more 279 

noise than additional information. Ødegård et al. (2014b) calculated the predictive ability of GEBV 280 

(correlation between GEBV and daughter yield deviation) for CSC in a univariate (0.29) and 281 

bivariate model (0.32), including CSC and HQ, showing similar results as in the present study. 282 

The higher predictive correlation of GEBV for CSC found in the present study (Tables 3 and 4) 283 

compared to Ødegård et al. (2014b) could be due to different response variables and additional 284 

traits included in the analyses. Karoui et al. (2012) showed that accuracy of GEBV increased 285 

slightly in small breeds when highly genetic correlated traits from larger breeds were included in 286 

the analyses. The low genetic correlation among most of the claw disorders and foot and leg 287 

conformation traits (Table 2) could explain the small effect on predictive correlation of GEBV in 288 

the present study. Buitenhuis et al. (2007) detected 4 QTL associated with lameness (group of claw 289 

disorders), and these had small overlap with QTL found for foot and leg conformation traits. This 290 

indicate that different genes affect claw disorders and foot and leg conformation traits, which is 291 

also consistent with the low genetic correlations among these traits (e.g. van der Waaij et al., 2005; 292 

Ødegård et al., 2014a).  293 

 294 

The accuracy of GEBV for other low heritability traits in Norwegian Red (e.g. Solberg et al., 2011; 295 

Svendsen et al., 2013; Haugaard et al., 2014) were in the same range as the predictive correlation 296 

of GEBV calculated in the present study. Haugaard et al. (2014) found accuracy of genomic 297 

predictions (correlation between EBV and GEBV) for 4 fertility related disorders in Norwegian 298 

Red ranging from 0.17 to 0.65. In Norwegian Red, correlations between GEBV and EBV were 299 

predicted for milk production traits to be around 0.6, whereas for health and fertility traits the 300 
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correlations ranged from 0.2 to 0.4 (Svendsen et al., 2013). Similar results were found in other 301 

breeds (e.g. Karoui et al., 2012; Pintus et al., 2012; Zhou et al. 2014), where the accuracy of GEBV 302 

were lowest for low heritable traits. Despite the limited historical data and the small reference 303 

population available for claw disorders, the predictive correlations of GEBV for CSC, INF and 304 

LAM were in the same range as accuracies of GEBV obtained for other low heritable traits in 305 

Norwegian Red.  306 

 307 

Increasing the predictive correlation of GEBV 308 

Claw disorders are novel traits with limited historical data and therefore fewer animals in the 309 

reference population. Including foot and leg conformation traits had little or no effect on the 310 

predictive correlations of GEBV for CSC, INF and LAM, despite the increased number of sires in 311 

the reference population. This could partly be because most sires had few daughters with claw 312 

health information (average 168, minimum 30) and few cows had information on both claw health 313 

and foot and leg conformation score. The high effective population size in Norwegian Red (Geno, 314 

2013) and the low genetic correlations among the traits also affected the results. Better predictive 315 

correlations of GEBV could possibly be obtained by increasing the number of animals in the 316 

reference population, increasing the number of phenotypic records (claw health records) and by 317 

genotyping of cows.  318 

 319 

Genomic predictions across breeds and populations is one approach to obtain larger reference 320 

populations (e.g. Brøndum et al., 2011; Heringstad et al., 2011; Lund et al., 2011) and thereby 321 

increase predictive correlation of GEBV. Reliabilities of GEBV for Norwegian Red calculated in 322 

a joint Nordic reference population (including Norwegian Red, Swedish Red, Finnish Ayrshire 323 
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and Danish Red) increased slightly for production traits compared to a reference population 324 

consisting of only Norwegian Red. However, for health traits there was no gain in reliability and 325 

for fertility traits the reliability of GEBV decreased (Heringstad et al., 2011). Lund et al. (2011) 326 

showed increased reliability of genomic prediction using a common reference population within 327 

breed, and Hozé et al. (2014) found increased gain in accuracy of genomic evaluation methods 328 

using a multi-breed reference population in a small breed where bulls had missing sires in the 329 

reference population. The results in these studies varied among breeds and populations, which 330 

partly could be explained by variation in relationship among animals, as confirmed by Brøndum 331 

et al. (2011) who concluded that reliabilities of direct breeding values increased when strong 332 

genetic links between animals in a multi-breed reference population were present.  333 

 334 

The number of yearly claw health records has increased since national recording started in 2004, 335 

to approximately 70,000 records per year. There is however a huge potential to further increase 336 

the recording of claw health in Norway, as only 33% of the herds recorded claw health at claw 337 

trimming in 2013. Number of daughters with claw health records for the 1,093 Norwegian Red 338 

sires in the present study varied from 30 to 6,524, and reliabilities of their EBV for CSC, INF and 339 

LAM varied from 0.20 to 0.99. Mean reliability of EBV for CSC increased from 0.67 (using CH 340 

and CF1) to 0.72 using CH1, whereas for INF and LAM it did not change between the 3 datasets. 341 

The increased reliability of EBV for CSC using CF1 can be explained by more informative 342 

daughters available for analyses, because of the strong genetic correlation between CSC and HQ. 343 

In the present analyses only sires having at least 30 daughters with information were included, 344 

whereas in routine genetic evaluations most sires have less than 30 daughters with claw health 345 

records at the time of their first official proof. However, claw health information from more herds 346 
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can contribute with more information per sire and increased reliability of EBV, and thereby 347 

improved phenotypes for genomic prediction.  348 

 349 

Genotyping of females to be included in the reference population is another possibility to increase 350 

the predictive correlation of GEBV. Several studies have shown that genotyping of females are 351 

beneficial in genomic predictions (e.g. Mc Hugh et al., 2011; Pryce et al., 2012; Egger-Danner et 352 

al., 2014), especially in breeds with small reference populations or for novel traits. In a study where 353 

the reference population consisted of genotyped cows with phenotypic records on new traits, 354 

including genotyped bulls in the reference population with records on a positive genetic correlated 355 

index increased the accuracy of selection (Calus et al., 2013). Egger-Danner et al. (2014) stated 356 

that for novel traits, the reliability of GEBV would increase if genotyped cows with reliable 357 

phenotypes were added to a small reference population, because bulls in the reference population 358 

would have few daughters with records on the novel traits, and thereby less reliable GEBV. For 359 

claw disorders in Norwegian Red, it might be beneficial to genotype cows with claw health records 360 

to increase the reference population and thereby improve genomic predictions. 361 

 362 

This was the first genomic analyses of claw disorders in Norwegian Red. Although claw disorders 363 

are novel traits with limited historical data and small reference population, the predictive 364 

correlations of GEBV for CSC, INF and LAM were in the same range as for other health traits in 365 

Norwegian Red. Further increase in predictive correlation of GEBV may be achieved by getting 366 

more herds to record claw health, and by genotyping cows to be included in the reference 367 

population.  368 

 369 
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CONCLUSION 370 

The predictive correlations of GEBV for CSC, INF and LAM were in general low, and including 371 

genetically correlated foot and leg conformation traits had little or no effect, despite the increased 372 

reference population. The predictive correlation of GEBV for CSC increased slightly when 373 

including HQ and FA, whereas for other traits a small decrease were observed when including the 374 

correlated traits. The results illustrate the challenges related to genomic selection of novel traits 375 

with limited historical data and a small reference population. Including traits with strong genetic 376 

correlation may have some slight, positive influence on the predictive correlation of GEBV.  377 

 378 
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Table 1. Number of claw health records above diagonal and number of Norwegian Red sires 485 

with genotype and informative daughters (claw health records, foot and leg conformation scores 486 

or both) below diagonal for each combination of corkscrew claw (CSC), infectious claw disorder 487 

(INF), laminitis related claw disorder (LAM), hoof quality (HQ), foot angle (FA), rear leg rear 488 

view new (RLRV_N) and rear leg rear view old (RLRV_O). 489 

 CSC INF LAM HQ FA RLRV_N RLRV_O 

CSC 

       281,835 

1,093 

281,835 281,835 25,598 25,598 11,803 13,795 

INF 

1,093 

      281,835 

1,093 

281,835 25,598 25,598 11,803 13,795 

LAM 

1,093 1,093 

      281,835 

1,093 

25,598 25,598  11,803 13,795 

HQ 

1,093 1,093 1,093 

       305,195 

2,183 

305,195          52,330 252,865 

FA 

1,093 1,093 1,093 2,183 

       421,319 

3,111 

         52,330 368,834 

RLRV_N 

447 447 447 571 571 

         52,330 

571 

0 

RLRV_O 

816 816 816 1,782 2,710 170 

       368,834 

2,710 

 490 

 491 

  492 
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Table 2. Estimated heritability of corkscrew claw (CSC), infectious claw disorder (INF), laminitis 493 

related claw disorder (LAM), hoof quality (HQ), foot angle (FA), rear leg rear view new 494 

(RLRV_N) and rear leg rear view old (RLRV_O) and their genetic correlation (standard errors) to 495 

claw disorders. 496 

  Genetic correlation 

Trait Heritability CSC INF LAM 

CSC 0.06    

INF 0.03 0.09 (0.07)   

LAM 0.03 0.26 (0.06) 0.25 (0.08)  

HQ 0.03 -0.79 (0.04)  -0.09 (0.07) -0.27 (0.07) 

FA 0.09 0.08 (0.05) 0.10 (0.06) 0.11 (0.06) 

RLRV_N 0.08 0.03 (0.08) -0.09 (0.09) 0.15 (0.09) 

RLRV_O 0.07 0.14 (0.06) -0.02 (0.07) 0.14 (0.07) 

  497 
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Table 3. Mean, standard deviation (SD), minimum value (Min) and maximum value (Max) of 498 

predictive correlation of genomic breeding values (GEBV) for corkscrew claw (CSC), infectious 499 

claw disorder (INF) and laminitis related claw disorder (LAM) from a 10-fold cross-validation. 500 

Correlation between GEBV and deregressed proofs from multivariate models using 3 datasets: 501 

CH1, CF12 and CF23.  502 

 CSC INF LAM 

Dataset Mean SD Min Max Mean SD Min Max Mean SD Min Max 

CH1 0.35 0.07 0.25 0.45 0.32 0.10 0.13 0.52 0.33 0.06 0.24 0.42 

CF12 0.37 0.07 0.28 0.47 0.29 0.08 0.17 0.49 0.32 0.06 0.22 0.41 

CF23 0.31 0.10 0.15 0.42 0.27 0.13 0.00 0.53 0.29 0.07 0.16 0.36 

 503 

1CH – dataset including CSC, INF and LAM.  504 

2CF1 – dataset including CSC, INF, LAM, hoof quality and foot angle. 505 

3CF2 – dataset including CSC, INF, LAM, rear leg rear view new and rear leg rear view old.  506 

   507 
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Table 4. Predictive correlation of genomic breeding values (GEBV) for corkscrew claw, infectious 508 

claw disorder and laminitis related claw disorder from validation by the 190 youngest sires. 509 

Correlation between GEBV and deregressed proofs from multivariate models using 3 datasets: 510 

CH1, CF12 and CF23. 511 

 CH1 CF12 CF23 

Corkscrew claw 0.38 0.49 0.43 

Infectious claw disorder 0.33 0.34 0.33 

Laminitis related claw disorder 0.41 0.36 0.36 

 512 

1CH – dataset including corkscrew claw, infectious claw disorder and laminitis related claw 513 

disorder. 514 

2CF1 – dataset including corkscrew claw, infectious claw disorder, laminitis related claw 515 

disorder, hoof quality and foot angle. 516 

3CF2 – dataset including corkscrew claw, infectious claw disorder, laminitis related claw 517 

disorder, rear leg rear view new and rear leg rear view old.  518 

 519 

 520 
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 521 

Figure 1. Predictive correlations of GEBV for corkscrew claw (CSC), infectious claw disorder 522 

(INF) and laminitis related claw disorder (LAM) from 10-fold cross-validation using 3 datasets: 523 

CH (CSC, INF and LAM); CF1 (CSC, INF, LAM, hoof quality and foot angle); and CF2 (CSC, 524 

INF, LAM, rear leg rear view new and rear leg rear view old). 525 




