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INTRODUCTION 
Heritability and genetic correlations among traits and effects may change over time due to 
selection and changes in trait definition. Such changes can be modeled by random regression 
models (RRM) on year of birth. However, estimation of parameters with RRM requires 
sufficient number of records and pedigree. For production traits in dairy cattle, about 10 test 
day records within lactation can be used, but for type traits, about 1.5 records per cow in 
lifetime are available (Uribe et al., 2000 ; Tsuruta et al., 2002). With random regressions on 
year of birth or year at classification for type traits in the first lactation, the estimation is based 
on relationships only. The objective of this study is to investigate properties of parameter 
estimation for type traits with random regressions on year at classification. 
 
MATERIALS AND METHODS 
Sample data. Final scores and linear scores were provided by Holstein Association USA Inc. 
Two data sets of about 15 000 final scores of the first lactation cows classified from 1955 to 
1999 and from 1981 to 1999 were randomly extracted from the original data file. Also, a 
separate data set included about 30 000 records on production (milk, fat, and protein yields) 
and productive life provided by USDA-AIPL, and 14 linear scores of first lactation cows 
scored from 1981 to 1996 (Lawlor et al., 2002). Some records were missing. 
 
Random regression model. The following mixed model with random regressions on year at 
classification was applied for estimation of (co)variance components for final score : 
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where yijkn = observations for final score ; mtgi = fixed effects of management group i ; agej = 
fixed effects of age group j ; solk = fixed effects of stage of lactation k ; amn = random 
regression coefficients m for animal n ; zm  = Legendre polynomials (m = 0 to q) ; and eijkn = 
residual effects. Linear, quadratic, or cubic Legendre polynomials standardized to the range of 
–1 to +1 for year at classification were applied to the RRM. 
 
The multiple trait model included additional random effects described by Lawlor et al. (2002). 
(Co)variance components were estimated with REMLF90, which uses the EM algorithm (EM-
REML) and with GIBBS2F90, which uses Bayesian approaches via block Gibbs Sampling 
(GS) with joint sampling of correlated effects (Misztal, 2001). 
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RESULTS AND DISCUSSION 
EM-REML. With EM-REML, (co)variance components were estimated using many starting 
values including ST1 (large) and ST2 (small). When ST2 or smaller values were used as 
starting values, convergence was always to a different estimate despite strict convergence 
criteria : the largest differences were for the linear term and then for the covariable. Using 
starting values of ST1 or larger, the convergence was always to the same point, and the –2 log 
likelihood was at its smallest. 
 
Using ST1, genetic parameters were estimated with linear, quadratic, and cubic random 
regressions. Correlations between variances of additive genetic effects in the last year (1999) 
and previous years (from 1955 to 1998 and from 1981 to 1998) are shown in figure 1. The 
correlations obtained from the RRM with higher order polynomials may have created artifacts 
because the smallest eigenvalue was close to zero (0.07), and a small number of records were 
scored before 1980. Estimation of random regression on year beyond the order of one may not 
be accurate because of insufficient information. 
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Figure 1. Correlations between additive genetic variances estimated in 1999 and previous 
years using linear (LP1), quadratic (LP2), and cubic (LP3) random regressions for 1955-
1999 data (left) and for 1981-1999 data (right) 
 
Gibbs Sampling. CPU times of EM-REML for general models increase drastically with the 
number of traits and the order or random regressions ; computing with more than 3 - 6 traits is 
unrealistic. With optimizations such as iteration on data or recreation of multiple trait 
coefficients from single-trait matrices, Bayesian methods via GS can potentially be applicable 
to much larger number of traits. However, a large number of samples may be required resulting 
in long computing time. 
 
Posterior means estimated with Gibbs samples from ST1 and from ST2 were very close to 
those estimated with EM-REML for ST1. However, the convergence (50 000 samples) took 40 
hr while EM-REML needed 4 hr. Few records (23 %) were by animals born before 1981. 
Figure 2 shows 50 000 Gibbs samples for genetic (co)variances from ST1 and from ST2 for 
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the original data (1955 to 1999) and for the data in years 1981 to 1999. The burn-in period and 
the fluctuations were smaller for the 1981 to 1999 than for the 1955 to 1999 data. When 
records are distributed unevenly, the convergence rate in GS may be poor. 
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Figure 2. Gibbs samples of additive genetic variances (G00 : intercept, G10 : covariance, 
and G11 : linear) using two (ST1 : large and ST2 : small) starting values for 1955 to 1999 
data (left) and for 1981 to 1999 data (right) 
 
Multiple trait model. Parameters of the 18-trait model were calculated with linear regression 
on year and separate contemporary groups for production, type, and productive life. 
Computing was slow but possible as it took about 4 min per round and 50 MB of memory. 
Table 1 shows sampling SD, which are posterior SD relative to residual SD for selected 
parameters of this model and the earlier model. The sampling SD are similar to those for final 
score for years 1981-1999, indicating that the convergence properties of the larger model are 
satisfactory. Thus, changes in genetic correlations over time can be estimated for very large 
models. 
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Table 1. Relative posterior SD (× 100) for Final Score when using large starting values 
for two data sets (1955 : 1955-1999 and 1981 : 1981-1999), for milk yield, and for linear 
scores (Stature and Dairy Form) 
 

Final Score  Variance 1955 1981  
Milk 
(M) 

Stature 
(S) 

Dairy 
Form Cov(M,S) 

Additive        
    Intercept 0.435 0.230  0.273 0.281 0.186 0.203 
    Covariance 0.350 0.181  0.128 0.152 0.102 0.438 
    Linear 0.782 0.053  0.251 0.309 0.406 0.301 
Residual 0.289 0.168  0.198 0.343 0.162 0.162 

 
CONCLUSION 
Different genetic correlations were estimated over time by using linear, quadratic or cubic 
random regressions on year, while those heritability estimates were similar. Estimates with 
more than linear random regression models may be poor due to a limited amount of 
information. In models with very limited information, EM-REML may not converge properly 
if starting values are very low. Bayesian methods via Gibbs Sampling may take longer time to 
converge than EM-REML for simpler models but are applicable to large models. 
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