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INTRODUCTION 
The merits of random regression (RR) models for genetic analysis of test day (TD) data have 
been discussed by Schaeffer and Dekkers (1994). RR models fit time-dependent coefficients to 
the animal effect(s) thereby allowing a separate lactation curve to be estimated for each animal. 
Early work fitted coefficients only to the genetic effect while modelling constant permanent 
environmental (PE) and error variances. More recent work has considered modelling both 
genetic and PE effects as continuous functions of time (Haile-Mariam et al., 2001 ; Pool et al., 
2000 ; Schaeffer et al., 2000). If both the genetic and PE effects are continuous functions of 
time, the error variance would likely vary with time as well. Heterogeneity of error variance 
can be modelled by fitting separate variances to specified time intervals within the lactation 
(Jamrozik and Schaeffer, 1997). Jaffrezic et al. (2000) describe a link function approach to 
model heterogeneity of error variance as a continuous function of time.  
The objective of this study was to compare genetic parameters for somatic cell score estimated 
using multiple trait (MT) models to those obtained using repeatability and RR models with 
constant or heterogeneous error variances. 
 
MATERIAL AND METHODS 
Data for the analyses were obtained from Livestock Improvement’s Sire Proving Scheme herds 
in seasons 1987 to 1998. First lactation records on 87 117 cows (progeny of 1 789 sires) were 
used for this study. There was an average of 3.8 herd tests per cow. The breed composition of 
the cows was 1 % Ayrshires, 52 % Friesians, 22 % Jerseys, and 25 % crosses of these breeds. 
The distribution of the somatic cell count measurements was positively skewed. For this 
reason, the trait analysed was the log transformation (base 10) of somatic cell count, which 
will be referred to as the somatic cell score (SCS). Data from herd tests where days in milk 
(DIM) ranged from 3 to 270 days were included in the analysis as this range corresponds to the 
standard lactation length in New Zealand.  
Three classes of sire models were fitted to the data : repeatability (REP) models, with constant 
sire and PE variances ; a MT model where the 270-day lactation was subdivided into six traits 
based on 45-day intervals (first interval from 3 to 45 DIM) ; and RR models. All models 
contained the fixed effects of breed (Friesian, Jersey, Ayrshire), breed heterozygosity, 
contemporary group (herd-season-TD) and age of cow at calving (months). The MT model 
additionally contained the fixed effect of DIM. The fixed effect of stage of lactation in all other 
models was accounted for using a 5th order Legendre polynomials of DIM (where order is 
degree + 1). For the RR models, Legendre polynomials of DIM were fitted to the sire and PE 
(cow) effects. Orders 2 to 5 were used, with the same order fitted to the sire and PE effects 
within each model. The error variance for the REP and RR models was modelled in three 
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ways : constant variance ; homogenous within and heterogeneous across six 45-day 
subintervals of the lactation curve ; and as a continuous function of time using the link 
function approach described by Jaffrezic et al. (2000). The link function approach was a two-
stage process. A residual (actual – fitted value) for each observation was obtained from the RR 
model. Next, the squared residuals were fitted to a third order Legendre polynomial of DIM 
using a log link and assuming a gamma distribution. The predicted error variance for each 
observation was used to form weights for the subsequent RR analysis. Weights for the first run 
were estimated using the residuals from the model with constant error variance. Four 
additional runs were performed where the weights were obtained by modelling the residuals 
from the previous run. The notation RR (m,n) will be used refer to RR models, where m is the 
order of fit of the sire and PE effects (2 to 5) and n is the method of fitting the error variance 
(C,S, and W for constant, six and weighted, respectively) (e.g. RR(2,W) for an order 2 fit of 
sire and PE effects and weighted error structure). Analogously, the notation REP(n) will be 
used to refer to error structure of the REP models.  
Variance components for the MT model were estimated using the average information REML 
procedure described by Johnson and Thompson (1995). ASREML (Gilmour et al., 2001) was 
used to estimate genetic parameters in the repeatability and RR models. Comparisons between 
models of increasing orders of fit were made using Akaike’s Information Criterion (AIC) 
(Akaike, 1974). 
 
RESULTS AND DISCUSSION 
The heritabilities, genetic and phenotypic correlations obtained from the MT model are shown 
in table 1. The heritabilities increased from the beginning of the lactation, up to the 5th interval, 
and dropped slightly in the 6th interval. Genetic correlations between the adjacent traits were 
high (≥ 0.86) but decreased as the length of time between intervals increased. The results 
indicate that the degree of genetic control of SCS is not constant over the lactation. A similar 
trend was found by Haile-Mariam et al. (2001).  
 
Table 1. Heritabilities (on diagonal), genetic correlations (below diagonal) and 
phenotypic correlations (above diagonal) for SCS obtained from the MT model (traits 1 
to 6) 
 

 SCS1 SCS2 SCS3 SCS4 SCS5 SCS6 
SCS1 0.070 0.396 0.390 0.336 0.295 0.284 
SCS2 0.860 0.076 0.536 0.508 0.451 0.409 
SCS3 0.737 0.927 0.102 0.622 0.588 0.532 
SCS4 0.700 0.868 0.979 0.142 0.681 0.656 
SCS5 0.575 0.778 0.934 0.966 0.160 0.659 
SCS6 0.522 0.752 0.912 0.938 0.969 0.154 
 
Estimates of the coefficients of the log link regression used to model the error variance 
changed little after three cycles of the two-stage procedure. The AIC improved as the order of 
fit of the Legendre polynomial increased (table 2). The magnitude of the increase in the 
likelihood when going from one order to the next differed across the method of fitting the 
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errors. Improvement was greatest when using a single error variance and generally smallest 
when using heterogeneous error variances. Allowing for heterogeneity of error variance 
improved the AIC for the REP and RR models. The benefit was greatest for the REP models 
and smallest for RR(5). For RR models of orders four and five, the AIC did not show a benefit 
in using a continuously varying error over six levels of error variance. Regardless of the 
method of fitting the error variance, there was no necessity of fitting a Legendre polynomial of 
order greater than four to the sire and PE effects. 
 
Table 2. Log likelihood (Log L) and AIC for increasing orders of fit for RR models using 
constant and heterogeneous error variance 
 

 1 Error Variance  6 Error Variances  Continuous Error Variance 
OrderA Log L AIC DiffB  Log L AIC Diff  Log L AIC Diff 

1 183734 -367462   186723 -373430   187187 -374364  
2 188311 -376608 -9146  190866 -381708 -8278  191013 -382008 -7644 
3 191614 -383202 -6594  193050 -386064 -4356  193166 -386302 -4294 
4 193218 -386394 -3192  193592 -387132 -1068  193544 -387042 -740 
5 193466 -386870 -476  193709 -387346 -214  193677 -387288 -246 

A Order 1 is the repeatability model. Orders 2 through 5 are the RR models.  
B Difference in AIC between order and the order below.  
 
Figure 1 shows the variances of the random effects obtained using the RR (4,W) model. 
Heterogeneity of variance was evident for all three random factors. Heterogeneity associated 
with the PE and error variances was far greater than that associated with sire effect. Order four 
was fitted to both the sire and PE effects. The relatively constant sire variance suggests a lower 
order of fit would suffice for this effect. The results indicate that ignoring the heterogeneity of 
PE and error variance would reduce the accuracy of genetic evaluation.  
Figure 2 shows the heritabilities obtained from the REP(C), MT and RR(4,W) models. There 
was good agreement between MT and the RR(4,W) estimates. The change in heritability over 
the lactation is more a function of changes in the PE and error variances over time than a 
change in the genetic variance (figure 1). Estimates of heritabilities obtained from RR (4,S) 
were similar to those obtained from RR (4,W) except at the end of the lactation where the 
estimate remained constant after 225 DIM. Genetic correlations calculated from RR (4,W) at 
the midpoints of the 45-day intervals of the lactation were similar to the MT estimates shown 
in table 1.  
Correlations between the BVs obtained from the simple repeatability model with those 
obtained at six points in time from the RR (4,W) were calculated within breed. The points 
corresponded to the midpoints of the 45-day intervals of the lactation. The lowest correlations 
were associated with the first interval, ranging from 0.87 (Jerseys) and 0.91 (Ayrshires). The 
next lowest correlations occurred at the last interal, ranging from 0.90 (Jerseys) to 0.94 
(Ayrshires). Correlations between BVs calculated at the third interval were 0.99 for all breeds. 
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Figure 1. Sire (small dashes), PE (solid), 
and error variances (large dashes) 
estimated using RR(4,W) 

 Figure 2. Heritabilities estimated using 
REP(S) (solid), MT (▲), and RR(4,W) 
(dashes) models 

 
CONCLUSION 
There was evidence of heterogeneity of sire, PE and error variances across lactation for SCS. 
The heterogeneity was greater for the PE and error variances than the sire variance. RR models 
should allow for heterogeneity of all these variances. There was little benefit in fitting a 
Legendre polynomial of order greater than four to the sire and PE effects. RR (4,W) provided a 
better fit to the data than RR (4,S) at the end of the lactation. Accuracy of the BVs calculated 
using a simple repeatability model was compromised the most at the beginning and end of the 
lactation. 
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