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ABSTRACT: A study was undertaken to quantify the 
effect of daughter misidentification on the bias of genetic 
evaluation of sires.  Breeding values (BVs) were estimated 
using data on 479,421 cows that were DNA-verified to sire.  
The BVs were used to calculate a breeding worth (BW) 
index of seven traits (referred to as BW_DNA).  Sire 
selection was done within breed (Friesian, Jersey or 
Friesian Jersey Cross) and year of birth (2000 to 2009) on 
either the national BW (BW_NAT), based on data in which 
paternity is primarily determined through mating records, or 
BW_DNA. The correlations between BW_NAT and 
BW_DNA were close to the expectation of 0.85.  Selection 
of the top 10 sires resulted in a difference in BW_DNA of 
15 to 21 BW.  When there is a substantial increase in the 
number of DNA-verified cows, evaluating sires based on 
this data will result in improved genetic evaluations and 
rates of genetic gain. 
Keywords: DNA-verified; Sire evaluation; Within-herd 
heritabilities 
 
 

Introduction 
 

Internationally, estimates of the percentage of 
dairy cows that are misidentified to sire range from 5% 
(Ron et al., 1996) to 23% (Geldermann et al., 1986).  The 
rate of misidentification in some New Zealand (NZ) herds 
in which progeny are assigned to sires based on mating 
records is hypothesized to exceed 25%.  The problem 
generally arises with the seasonal calving that is common in 
NZ, where as many as 15 to 20 calves are born per day in a 
calving field during the peak of the calving season.   Under 
these circumstances, it is not uncommon to make errors in 
assigning a calf to its dam.  When mating records are used 
to determine the sire, the assignment of an incorrect dam 
can lead to an assignment of an incorrect sire. Research has 
shown that sire misidentification results in biased genetic 
evaluations and estimates of genetic trends (Van Vleck, 
1970; Geldermann et al. (1986) as well as reduced estimates 
of heritability (Banos et al, 2001).  A number of approaches 
can be used to assess the impact of daughter 
misidentification on the genetic evaluation of sires.  
Winkelman (2013) compared sire progeny group means of 
DNA-verified cows to sire progeny group means of cows 
that had paternity determined through mating records.  
Estimates of progeny group means of the production traits 
of DNA-verified daughters were, on average, higher than 
those of daughters for which paternity had been assigned 

via mating records.  The effect was greater for high genetic 
merit sires than low genetic merit sires.   

 
This study uses the data of Winkelman (2013) but 

with one more year’s data (approximately 22% increase in 
the number of cows) to investigate the effect of daughter 
misidentification on dairy sire evaluations by comparing 
their breeding values (BVs) calculated using data 
exclusively on cows that were DNA-verified to sire to those 
obtained through the national evaluation. Additionally, the 
method of Dechow et al. (2007) was used to calculate 
within-herd heritabilities using national data, thereby 
including herds in which cows were DNA-verified to sire, 
to determine whether the magnitude of the heritabilities can 
be used as a measure for identifying herds that have better-
than-average recording of calf to dam, and hence sire.  

 
Materials and Methods 

 
Data and Breeding Values for DNA-verified 

Anaysis. BVs were estimated using data on cows that were 
DNA-verified to sire.  Only data where the entire 
contemporary group (herd-year-season) was DNA-verified 
were included in the analysis.  The data set contained 
479,421 cows with herd test data, which were the daughters 
of 10,354 sires (3876 Friesians, 4356 Jerseys, 1018 Friesian 
Jersey (FJ) Crosses, with the remainder being other 
crosses).  The traits analyzed were milk volume, fat yield, 
protein yield, SCS, total longevity and fertility.  The data 
contained too few cows with actual live weight data to do 
an analysis of this trait.  The models and genetic parameters 
for the analyses were the same as those used for the 
national analyses (Harris et al., 2006).  Residual survival 
was calculated using the BVs obtained from the DNA-
verified analyses and the regression coefficients used the 
national analysis.  A breeding worth was calculated using 
the six traits with DNA-verified BVs and the live weight 
BV from the national evaluation and will be referred to as 
BW_DNA.  The relative economic weights for each trait 
were the same as those used by the national evaluation.  All 
reliabilities were calculated using the method of Harris and 
Johnson (1998).     
 

Data for Within-herd Heriabilities.  Herds in the 
national database from years 1995 to 2012 where included 
in the analysis (i.e. 18 years worth of data). Herds in which 
80% of the dam and daughter pairs completed first 
lactations in the same herd, had at least five sires 



represented and had at least 10 cows, were chosen.  The 
data contained a total of 5004 herds (around 40% of the 
dairy herds in NZ), 310 of which were part of the progeny 
test scheme. The progeny test herds are specialized herds 
that are used to prove the young bulls.  The expectation is 
that the quality of animal management in these herds 
exceeds that of other herds, thereby lowering the 
probability of parentage errors. The average herd size was 
429 cows. Daughter-dam (DD) and daughter-sire (DS) 
heritabilities were calculated according to the method of  
Dechow et al. (2007).  A total of 1.99 M daughter records 
were included in the study.  The daughter and dam records 
were first-lactation yield deviations adjusted for breed 
proportion and heterozygosity.  The sire record was the 
national BV with the genetic group removed.    
Heritabilities for milk volume, fat yield and protein yield 
were calculated.   
 

Comparisons of DNA-verified BVs.  The BVs 
published by national evaluation are scaled so that the base 
population (cows born in 2000) has a mean of zero for each 
trait.  The base population contains 38,684 cows, 835 of 
which were in the DNA-verified analysis.  This number was 
deemed insufficient for scaling.  Hence, direct comparisons 
between the magnitudes of the BVs and BWs from the two 
analyses are not meaningful.  Instead, analyses were done 
to compare the genetic merit of sires selected on BW_DNA 
versus BW_NAT.  Selection was done within year-of-birth 
(YOB) and breed.  Sires born in years 2000 to 2009, with a 
minimum BW_DNA reliability of 50%, were included.  
The difference between the mean BW_DNA (i.e. mean 
BW_DNA when selection was on BW_DNA minus means 
BW_DNA when selection was on BW_NAT) of the two 
groups was calculated as a measure of how much was lost 
(or gained) by using BW_NAT instead of BW_DNA.   A 
positive difference indicates that the BW_NAT is biased 
downwards.  Additionally, the BVs_DNA of the two groups 
of sires were compared to determine which traits had the 
greatest impact on the BW difference.  The assumption for 
this comparison is that even though the sires in the DNA-
verified analyses are evaluated on fewer daughter records 
than in the national evaluation, and hence have a lower 
accuracy, their BVs are not biased by having progeny 
incorrectly assigned to them.     

 
Three selection intensities were investigated.  Two 

involved a constant number, either 10 or 20, regardless of 
the size of the population from which the selection was 
done.  The third intensity was 10% (with a minimum of 5 
bulls selected) within each year and breed of sire. 

 
Comparisons of Within-Herd Heritabilities. 

Within-herd heritabilities were summarized by the herd 
fraction of DNA-verified cows or progeny test cows.   

 
 
 
 

Results and Discussion 
 

DNA-verified analysis. The reliabilities of the 
BW_DNA ranged from 60% to 75%.  Those of BW_NAT 
ranged from 74% to 91%.  Given that the reliabilities of 
BW_NAT are calculated under the assumption that there 
are no pedigree errors, they are likely overestimates of the 
true situation. The correlations between BW_NAT and  
BW_DNA were 0.89, 0.82, 0.81 for Friesians, Jerseys and 
FJ Crosses, respectively.   The DNA-verified analysis is a 
subset of the national analysis.  Using selection index 
theory for the correlations between BVs estimated in a part-
whole relationship, the expected correlation between the 
BWs produced by the two analyses is 0.85. The results are 
similar to expectation.  Within-breed correlations for the 
production traits (milk volume, fat yield and protein yield) 
ranged from 0.83 to 0.88.  The expected correlations are 
0.86 for milk volume and 0.85 for the yield traits.  Those 
for SCS ranged from 0.77 to 0.81. A total of 2935 sires 
(1259 Friesians, 1109 Jerseys, 567 FJ Crosses) were born 
between 2000 and 2009 and had a BW_DNA reliability of 
at least 50%. On average, the numbers of sires available for 
selection within each year was 126, 111 and 57 for 
Friesians, Jerseys and FJ Crosses, respectively.  The 
difference in the mean BW_DNA when selecting on two 
indices (i.e BW_DNA versus BW_NAT) were positive in 
all cases, indicating that BW_NAT are biased downwards. 
There was year-to-year variation in the magnitude of the 
differences, with the biggest differences occurring in 
different years for the breeds.   

 
Table 1 shows the within-year BW_DNA means 

weighted by number of sires in each breed and year of birth, 
for each selection intensity.  Table 2 shows the results for  
protein BV_DNA.  The results show that there is a potential 
loss of 16 to 19 BW points and 2.0 to 2.5 kg of protein 
when selecting on sires whose evaluations do not exclude 
daughters that are not DNA-verified.  The selection 
intensity had little effect on the magnitude of the difference. 

 
 

Table 1. Difference in BW_DNA when selecting on BW-
DNA or BW_NAT (weighted averages across year of 
birth and breed). 
Selection Friesians Jerseys FJ Xs All 
Top 20 18.0 14.2 15.0 16.0 
Top 10 21.4 15.5 20.0 18.9 
Top 10% 19.6 17.6 21.5 19.2 

 
Table 2. Difference in BV_DNA for protein yield when 
selecting on BW-DNA or BW_NAT (weighted averages 
across year of birth and breed). 
Selection Friesians Jerseys FJ Xs All 
Top 20 2.68 1.62 1.64 2.08 
Top 10 2.44 1.52 2.04 2.02 
Top 10% 2.81 2.27 2.28 2.50 



Within-herd heritabilities. The average DD 
estimates for milk volume, fat yield and protein yield were 
0.43, 0.30 and 0.31, respectively.  The averages for the DS 
estimates were 0.080, 0.051 and 0.067. The DS estimates 
may be lower than the DD estimates because the sires in the 
study were a highly selected group. The estimates for first-
lactation used in the national analysis are 0.36, 0.33 and 
0.31.   

 
Within-herd heritabilities of selected herds.  

Herds had data in an average of 10 years, indicating that 
there were gaps in the herd test records and some herds did 
not have data in the national database until after 1995. The 
310 progeny test herds included in the analysis had data in 
an average of 5.4 years.  Only one herd contained DNA-
verified cows across all seasons included in the analyses 
(but just three seasons).   Few herds contained entirely 
progeny test cows or DNA-verified cows.  Hence, herds 
were classified by decile of the fraction of cows that were 
progeny test or DNA-verified animals.  The result for DD 
heritabilities are shown table 3 for decile of progeny test 
cows and table 4 for decile of DNA-verified cows.  An 
increase in the number of progeny test cows or DNA-
verified cows did not result in an increase in heritability for 
any of the traits.  The results indicate that the magnitude of 
the within-herd heritability is not a useful measure of the 
degree of correct sire identification.      
 
Table 3. Mean within-herd heritabilities for production 
traits by decile of the number of progeny test cows. 

Decile N milk fat protein 
0 4681 0.43 0.30 0.31 
1 57 0.41 0.30 0.31 
2 46 0.44 0.29 0.32 
3 39 0.43 0.31 0.33 
4 31 0.46 0.29 0.33 
5 22 0.44 0.29 0.32 
6 23 0.45 0.30 0.32 
7 20 0.43 0.30 0.33 
8 22 0.44 0.31 0.32 
9 17 0.44 0.32 0.33 

10 46 0.45 0.31 0.32 
 
 
Table 4. Mean within-herd heritabilities for production 
traits by decile of the number of DNA-verified cows. 

Decile N milk fat protein 
0 4575 0.43 0.30 0.31 
1 174 0.44 0.30 0.32 
2 105 0.43 0.29 0.31 
3 66 0.45 0.30 0.33 
4 46 0.44 0.31 0.32 

5 24 0.43 0.30 0.31 
6 8 0.48 0.32 0.32 
7 2 0.55 0.30 0.36 
8 0 NA NA NA 
9 3 0.58 0.29 0.37 

10 1 0.36 0.27 0.26 
 
 

Conclusion 
 
The correlations between BW_DNA and 

BW_NAT were similar to the expectation of 0.85.  
Selection of the top 10 sires resulted in a difference in 
BW_DNA of 15 to 21 BW.  The numbers of cows DNA-
verified to sire is increasing with each year, with around 
200K young animals DNA-verified which will calve in the 
next year or two.  Including these animals in future analysis 
will increase the accuracy of the sire evaluations and the 
rate of genetic gain.    

 
The within-herd heritabilities did not vary much 

with the degree of daughter misidentification. These 
estimates are obtained with limited data and do not have the 
same level of accuracy as estimates obtained using multiple 
herds.  They do not provide a means of identifying herds 
with better-than-average recording.    
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