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INTRODUCTION 
One of the criteria examined by countries moving their genetic evaluations from an animal 
model (AM) to a random regression model (RRM) is the correlations between evaluations from 
both models. The correlations tend to be high for bulls and usually vary from 0.90 to 0.98 (Van 
Doormaal and Kistemaker (1999), Lidauer et al. 2000).  However, the correlations between 
cow evaluations are usually lower varying from 0.80 to 0.88, which is indicative of high re-
ranking especially in top cow lists. This could have implication in terms of selection of bull 
dams and dams to breeds cows and therefore the efficiency of the national breeding 
programmes.  An understanding of the factors contributing to this high re-ranking and the 
implications are therefore important. Intuitively, a possible explanation is that cow evaluations 
are based on more limited information relative to bulls and are therefore affected more by 
differences in the models in terms of effects fitted and genetic parameters. However, in a 
preliminary study, Mrode et al (2000) suggested that compared to AM evaluations, RRM 
places greater emphasis on yield relative to pedigree information.  The greater emphasis on 
yield may imply that top lists of cows could include individuals with higher Mendelian 
sampling effects, which are likely to be less related and thus have lower levels of inbreeding. 
This study was carried out to examine the relationship between cow evaluations in the top cow 
lists from the analyses of first lactation Holstein milk yield fitting an AM with two different 
levels of heritability (h2) and a RRM.  Relative weights on pedigree, yield information and 
Mendelian sampling effects were examined to better understand cow evaluations from these 
models. The degree of relatedness and levels of inbreeding were studied in the top 2000 cows 
from the various evaluations.   
 
MATERIALS AND METHODS 
The 305 day (305d) first parity milk yield of 2477807 Holstein cows were analysed with an 
AM equivalent to that used in the UK prior to the adoption of the RRM (Interbulll, 2000). The 
fixed effects consisted of herd-year-season, age at calving by season of calving, heterosis and 
recombination loss. The h2 of 0.35 used in the national AM evaluation was employed (AM1). 
The analysis was repeated using a h2 of 0.57 computed for 305d yield from the RRM genetic 
parameters (AM2). The RRM used to analyse test day records (TDs) of the same cows was: 

where ytijk is the  TD of cow j made on day t within herd-test-date(htd) subclass i in the cth 
herd(hd); Htd(random) and hd(fixed) effects depended linearly on DIM, with an intercept and a 
slope; Fix are other fixed effects in the model including heterosis, recombination loss and days 
pregnant by stage of lactation; βk are fixed regression coefficients nested within age-season 
subclasses; ujk and pjk are vectors of the kth random regression for animal and permanent 
environmental effects respectively for animal j; φjtk is the vector of the kth Legendre 
polynomials for the test day record of cow j made on day t and etljk is the random residual. 
 
On convergence, 305d predicted transmitting abilities (PTAs) for the RRM were computed 
from the regression coefficients for each animal. PTAs were computed from the breeding 
values from AM1 and AM2. Correlations between cow evaluations from the three analyses 
were computed using all cows with yield information. A 4 generation pedigree was built for the 
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top 2000 cows from each analysis and the degree of relatedness and inbreeding were computed 
for each cow.  
 
For a cow with no progeny, the equation of VanRaden and Wiggans (1991) below was used to 
compute the relative weight on pedigree and yield information in AM1 and AM2: 
PTAcow = W1 (PA) + W2 (YD/2)           [2] 
where PA is the parent average PTA, YD is the yield deviation and W1 and W2 are relative 
weights on PA and YD respectively that sum to unity. The numerators of W1 and W2 are αupar 
and n respectively, with α = σ2

e/ σ2
a, upar = 2, 4/3 or 1 when both, one or neither parents are 

known and n is the number of records. The denominator of either W1 or W2 is the sum of the 
two numerators. The relative weight on Mendelian sampling (MS) can be calculated from [2] 
as 
PTAcow = W1 (PA) + W2 (YD/2 - PA).  Since W1 and W2  sum up to one, then 
PTAcow = PA + W2 (MS)        [3] 
 
Similar equations to [2] and [3] (Mrode and Swanson, 2004) were used to calculate relative 
weights for PA and YD or MS for the RRM.  However these relative weights are matrices of 
order 3.  The use of Legendre polynomials in [1] implies that the majority of the information 
for 305d evaluations would be coming from the relative weights on the intercept for PA and 
YD. Thus the relative weights on the intercept were used as approximate weights on PA and 
YD. The summation of the actual information contributed by PA and YD as a ratio of overall 
PTA over a large number of cows should approximate W1 and W2. This was done for all 3 
analyses and the summation was over 1434516 cows with no progeny.  
 
All PTAs were adjusted to the mean of cows born in 2000. Using [2] and [3], random samples 
of cows were studied in terms of contribution from PA, YD and MS.   
 
RESULTS AND DISCUSSION 
The correlation between evaluations for cows with observations from AM1 with AM2 and 
RRM were 0.97 and 0.92 respectively. The rank correlations for milk PTA of the top 2000 
cows in the AM1 were 0.80 and 0.68 with AM2 and RRM respectively.  
 
The relative weights on PA and YD from [2] were 0.74 and 0.26 for AM1. Corresponding 
estimates were 0.28 and 0.72 for AM2. The information contributed by PA or YD as a ratio of 
overall PTA summed over the 1.4 million cows was 0.68 or 0.22 for AM1. Similar estimates 
were 0.31 and 0.69 for AM2 and these are not very different from the relative weights 
calculated. For the RRM, the relative weights for a cow with 10 test days approximated by the 
weights on the intercept were 0.11 for PA and 0.89 for YD. The ratio of the actual contribution 
from PA or YD to 305d PTA summed over the 1.4 million cows was 0.14 or 0.86. These are 
not very different from the relative weights based on the intercept.  Thus as expected, as 
heritability increases, the relative weight on pedigree information decreases in the AM 
analyses. However, a greater reduction on the relative weight on PA with the RRM, indicates 
that at the same level of heritability, RRM places more emphasis on yield and therefore on 
Mendelian sampling.  In fact the relative weight on PA for a cow with 4 TDs is equivalent to 
that in AM2.  Thus at the same level of heritability, the emphasis placed on pedigree and yield 
in the AM is similar to that in the RRM for a cow with 4 TDs. In the case of lower heritability 
as in AM1, the relative weights are approximate to that for a cow with one TD in the RRM. 
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Table 1. Yield deviations, predicted transmitting abilities (PTA) and proportion 
contributed by Mendelian sampling (MS) for 3 categories of cows.  
 

 Yield deviations (kg) PTA (kg) MS 
Cows AM2 RRM AM2 RRM AM2 RRM 

Category  A* 
 A 945 923 113.3 189.8 0.18 0.41 
 B 961 981 178.2 350.3 0.05 0.25 

Category  B* 
 A 1011 1019 207.0 153.3 0.10 0.09 
 C 228 232 -508.9 -601.0 -0.28 -0.58 

Category C* 
 A 898 904 65.4 61.8 0.21 0.24 
 B 1199 1227 369.3 367.0 0.14 0.16 

*RRM PTAs are higher in A, lower in B in RRM and similar in C compared to AM2 PTAs. 
 
For the samples of cows studied, differences in yield deviation was the main factor influencing 
the relative ranking of cows in the AM2 or RRM. For instance, cows with higher 305d YD in 
the RRM, tended generally to have higher PTAs predicted in the RRM relative to AM and vice 
versa.  However, for cows with similar 305d yield deviation (≤5% different) in the RRM and 
AM2, the role of the relative contribution of PA and MS on the predicted PTA is illustrated for 
some cows in Table 1.  For cows with higher PTAs in the RRM (≥ 50kg; Category A), these 
had higher (about 30 to 80 % higher) positive MS relative contribution in the RRM. The 
relative MS contribution summed over a sample of 2500 cows in this category were 0.14 for 
AM2 and 0.22 for RRM. For cows with lower PTAs in the RRM (≤ 50kg; Category B), this 
was either due to a similar MS relative contribution in both models such that a higher emphasis 
on PA resulted in a higher PTA in the AM2 or a higher negative MS contribution in the RRM. 
The relative MS contribution summed over a sample of 2500 cows in this category were -0.04 
for AM2 and -0.13 for RRM. Category C cows had similar PTAs in both models (± 10kg) and 
MS contribution tended to be very similar also. However, a higher contribution from PA in 
AM2 meant similar PTAs were obtained from both models. The relative MS contribution 
summed over a sample of 2500 cows in this category were 0.21 for AM2 and 0.20 for RRM. 
 
With lesser emphasis on parent information, we expect the RRM to result in the selection of 
top cows which are less related and therefore less inbred relative to both AM analyses. 
Summary statistics on the level of relatedness and inbreeding in the top 2000 cows from the 
three analyses are in Table 2.  The RRM increased the number of sires represented in the top 
2000 cows by  78% and 15% relative to AM1 and AM2 respectively, thereby increasing the 
genetic selection base.  However, corresponding increases in the number of dams were only 
6% and 3% relative to AM1 and AM2. The average additive genetic relationships between the 
cows in AM1 was twice that in RRM but was only 22% higher in AM2 than RRM. The 
number of related individuals decreased from 1836 in AM1 to 1716 in the AM2 and 1536 in 
the RRM with corresponding average inbreeding coefficients of 0.72%, 0.68% and 0.43% 
respectively. The proportion of the top 2000 cows with greater than zero inbreeding 
coefficients were 0.50, 0.44 and 0.34 for the AM1, AM2 and RRM respectively. The 
distribution of cows by the level of inbreeding coefficients indicated that at each level of 
inbreeding ranging from 1 to 13%, there were fewer cows from the RRM compared with AM1 
and AM2.  
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Table 2. Summary of results for the top 2000 cows from the three models. 
 

Item AM1 AM2 RRM 
No. of Sires 249 384 442 
No. of dams 1832 1886 1944 
No.  related 1836 1716 1536 
Av. relationship (%) 4.4 2.7 2.1 
No   inbred. 1005 870 675 
Av. inbreeding (%) 0.72 0.68 0.43 

 
CONCLUSION 
The major factor for the differences in ranking of cow evaluations between the AM and RRM 
is the larger emphasis on yield deviation and Mendelian sampling even at the same level of 
heritability by RRM. This resulted in the selection of top cows with higher Mendelian 
sampling and these were less related. This could result in a slightly more genetic progress in 
the dam path way to breed bulls and cows but could also be a problem if there is preferential 
treatment. For countries moving from AM to RRM, the difference in heritability estimates used 
in both models is another contributing factor to differences in cow ranking. 
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