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ESTIMATES OF DIRECT AND MATERNAL GENETIC COVARIANCE FUNCTIONS FOR EARLY GROWTH OF AUSTRALIAN BEEF CATTLE

Karin Meyer

Animal Genetics and Breeding Unit, University of New England, Armidale, NSW 2351

SUMMARY

Records for birth and subsequent, monthly weights until weaning for beef calves of two breeds were analysed fitting random regression models, regressing on Legendre polynomials of age at weighing in days.  Orders of fit up to 10 were considered.  Analyses were carried out on a phenotypic and genetic scale, fitting sets of random regression coefficients due to animals' direct and maternal, additive genetic and permanent environmental effects, estimating up to 145 parameters.  Changes in variances due to temporary environmental effects were modelled through a variance function.  Results identified similar patterns of variation for both breeds, with maternal effects considerably more important in Hereford than Wokalups, and, conversely, repeatabilities higher for the latter.  For both breeds, heritabilities decreased after birth, being lowest when maternal effects were most important around 100 days of age.  Estimates at birth and weaning were consistent with previous, univariate results.

INTRODUCTION

Random regression (RR) models have been advocated for the analysis of ‘traits’ measured repeatedly per individual, when the trait under consideration or its variance structure change over time.  Applications so far have concentrated on the analysis of test day records on dairy cows or of weight records on mature cattle.  Early growth of mammals is subject to maternal effects, both genetic and environmental, which increases the complexity of appropriate analyses.  This paper presents a RR analysis of weights of beef calves from birth to weaning, attempting to separate direct and maternal covariance functions.

MATERIAL AND METHODS

Data.  Records originated from a selection experiment carried out at the Wokalup research station in Western Australia.  This experiment comprised two herds of about 300 cows each.  The first were purebred Polled Hereford (PH), and the other a four-breed synthetic formed by mating Charolais x Brahman bulls to Friesian x Angus or Friesian x Hereford cows, the so-called 'Wokalups' (WOK), see Meyer et al. (1993) for details.  Data consisted of birth and subsequent, monthly weights until weaning for calves born between 1975 and 1990.  This yielded 21,272 weights on 3416 calves for PH and 22,230 weights on 3768 animals for WOK, with up to nine records per calf.
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Figure 1.  Means and numbers of records for individual ages (weekly intervals).
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Figure 2.  Standard deviations (SD) and coefficients of variation (CV) for ages (weekly intervals, squares : original scale, circles : data adjusted for fixed effects, grey symbols :Polled Hereford, black symbol : Wokalup)

Analyses.  Data were analysed with a series of RR models, fitting RR on Legendre polynomials of age at recording in days, up to an order of fit of k=10.  This involved fitting a set of k regression coefficients for each random effect considered, and estimating corresponding covariances between RR coefficients and covariance functions.  Analyses were carried out on a phenotypic level ignoring any relationships between animals, fitting an overall animal effect only (Model P1) and both an animal effect and a dam effect (Model P2).  Genetic analyses fitted animals' direct genetic and permanent environmental effects as well as dams' permanent environmental effects (Model G1), and maternal genetic effects in addition to the former three effects (Model G2), accounting for relationships between animals.

Covariances between RR coefficients pertaining to different random factor were assumed to be zero.  If estimates of covariance matrices had eigenvalues less than 0.001 these were set to zero and estimation was continued, forcing estimated matrices to have correspondingly reduced rank (r).  Generally, this resulted in improved convergence of the iterative estimation procedure.  Residual errors ('measurement errors') were taken to be independently distributed, assuming homogeneity of variance or, alternatively, fitting a variance function (VF) to account for heterogeneous measurement error variances (2).  The latter was modelled as a regression of either 2 or log (2) on polynomials of age with v parameters.  Estimates were obtained by restricted maximum likelihood (REML) using program "DxMrr" (Meyer, 1998).  Fit of different models was compared employing likelihood ratio tests (LRT) and examining estimated standard deviations (SD).

Fixed effects fitted were contemporary groups (CG), defined as paddock-sex of calf-year-month of weighing subclasses and a birth type (single vs. twin) effect.  Mean age trends were taken into account by a fixed, cubic regression on orthogonal polynomials of age, and dam age was fitted as a linear and quadratic covariable (P1 and P2) or a yearly age class effect (G1 and G2).

RESULTS AND DISCUSSION

Numbers of records and means for individual ages (weekly intervals) are shown in Figure 1.  Almost all animals had birth weight records.  Growth for both breeds was approximately linear.  While there was little difference in size at birth, WOK calves grew faster throughout than PH with means (( SD) of 157.5(88.1 and 138.6(79.1 kg, respectively.  Corresponding SD, both on the 
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Figure 3.  Estimates of standard deviations from analyses fitting model P2, for different orders of fit (k) assuming homogeneous error variances, and corresponding univariate analyses (uni.), for Poll Hereford (top row) and Wokalups (bottom row).

observed scale and for data adjusted for least-squares estimates of fixed effects, are shown in Figure 2.  Values for both breeds were very similar and increased steadily with age.  Coefficients of variation (CV), however, decreased with age, i.e. variances increased less as might be anticipated due to scale effects.

Phenotypic analyses.  To reduce computational requirements, most comparisons between models were carried out considering overall animal and dam effects only rather than attempting to split them into their genetic and environmental components.  Polynomials of order k=4, 6, 8 and 10 were fitted for model P1, assuming homogeneous 2.  Increasing k resulted in significant increases in corresponding likelihoods (log L).  Estimates of SD for model P2 and k=4, 6 and 8 (single 2) are shown in Figure 3.  Also shown are estimates from 'standard' univariate analyses considering individual month of age (including records for months i-1, i and i+1 for the i-th age) fitting a repeatability model.  Overall, estimates for both breeds were similar, though maternal variation was clearly more important for PH than WOK.  Again, log L increased significantly with k, and model P2 fitted the data better than P1 throughout.  In spite of marked differences in log L, there was little difference in estimates of SD between k, except for k=8 at ages older than about 250 days and maternal SD for WOK.  

Estimates agreed reasonably well with their univariate counterparts at earlier ages.  Discrepancies at later ages, after 200 days of age and particularly for the last ages in the data, however, indicated that results from RR analyses were overestimates.  Potential reasons were a consistent, upwards trend in variances at earlier ages (with many records), which may have dominated at low k.  Alternatively, increasing residual variances - not modelled correctly when fitting a single 2 for all ages - could have biased estimates.

Measurement error variances.  Figure 4 contrasts estimates of and phenotypic SD (P) for PH, fitting VFs with v=3, 5 and 7 polynomial coefficients with those fitting individual for each week of age (43 components), for model P1 and k=8.  Allowing for heterogeneous resulted in dramatic increases in log L compared to an analysis fitting a single measurement error variance (log L= -49,656).  For v>3, a VF for log() fitted better than a VF for at equal number of parameters), as 

Table 1.  Log likelihoods (log L) for genetic analyses for different orders of fit (k) and measurement error variance functions (v : number of regression coefficients, l denoting log-linear model), together with estimates of the measurement error variance (2)
, the number of parameters (p)
 fitted and rank of the estimated covariance matrices among random regression coefficients for animals (rA), maternal genetic effects(rM) and direct (rR) and maternal (rC) permanent environmental effects.



Polled Hereford
Wokalup

k
p
v
rA
rM
rR
rC
log L
2
rA
rM
rR
rC
log L
2

Model G1














4
31
0
3
-
3
2
-12,218.4
17.7
3
-
3
2
-13,127.4
21.1

6
64
0
3
-
4
3
-12,146.9
15.4
4
-
4
4
-13,036.9
17.6


67
3
3
-
4
3
-11,717.1
8.8
4
-
4
4
-12,676.3
10.3


69
l5
3
-
4
3
-11,710.8
8.6
4
-
4
3
-12,666.7
11.4

8
109
0
5
-
5
4
-12,093.9
13.5
4
-
5
4
-13,001.7
16.1


112
3
5
-
5
4
-11,682.0
8.22
4
-
5
4
-12,650.6
9.79

Model G2














4
41
0
3
2
3
2
-12,216.2
17.5
3
2
3
2
-13,127.4
21.1

6
85
0
4
2
4
2
-12,141.9
15.3
4
2
4
2
-13,036.2
17.6

8
145
0
5
3
5
3
-12,084.0
13.4
5
2
5
2
-13,000.8
16.1

it was better able to model low error variances at the highest ages.  The latter reflected problems of small numbers of records and small CG subclasses at these ages.  Although log L differed substantially and significantly between models, estimates of P were virtually identical up to about 250 days and showed only small differences for the highest ages.  Estimates of P at 296 days were about 38 kg compared to values close to 50 kg for a single 2 (c.f. Figure 3), i.e. accounting for heterogeneous  removed the upwards bias at the highest ages observed above.

Genetic analyses.  Models G1 and G2 were fitted initially to a subset of the data, considering only animals with all nine weights recorded.  Analyses for the full data set are in progress.  To reduce problems with small numbers of records at higher ages records after 280 days were disregarded.  This yielded 5799 and 5934 records on 646 and 661 calves with 409 and 435 dams for PH and WOK, respectively.  Including parents without records and pedigree information gave 1140 (PH) 
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Figure 4.  Estimates of measurement error and phenotypic standard deviations for Poll Hereford (Model P1 with k=8) fitting variance functions for 2 (left) and log(2) (right), and an analysis fitting individual components for each week of age.
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Figure 5.  Estimates of direct, additive genetic (A), direct (R) and maternal (C) permanent environmental, measurement error (E) and phenotypic (P) standard deviations from analyses fitting model G1 with k=6 and v=3.
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Figure 6.  Estimates of heritabilities (h2), and the proportion of variance due to direct (r2) and maternal (c2) permanent environmental effects, for analyses under model G1 with k=6 and v=3.

and 1258 (WOK) animals in the analysis.  Table 1 summarises values of log L for different analyses.  Again, log L increased significantly with k.  For k>4, estimated covariance matrices for RR coefficients consistently had reduced rank, in particular those pertaining to maternal effects.  For the subset of data considered, attempts to separate maternal effects into their genetic and environmental components (model G2) did not result in a significantly better fit than model G1.  As for phenotypic analyses, assumptions about the variance structure of residual errors dominated values for log L.  Adding 3 or 5 parameters for the VF to model changes in measurement error variances with age increased log L dramatically compared to a model assuming homogeneity.  With ages > 280 days not included in the analysis, the log-linear model proved less advantageous than on the phenotypic scale.

Estimates of SD for individual random effects from analyses fitting model G1 with k=6 and fitting a cubic VF for 2 are shown in Figure 5 and corresponding estimates of genetic parameters are displayed in Figure 6.  As found in previous analyses (Meyer et al., 1993), weights for WOK were more variable and maternal effects for WOK were clearly less important than for PH.  Similarly, permanent environmental effects of the animal explained substantially more variation for WOK than for PH, and repeatabilities for WOK were consistently higher.  For both breeds, direct heritability (h2) estimates decreased after birth, increasing again to about 20% at weaning.  Previous, univariate estimates for these data (all animals) for h2 were 42 and 49% for birth, and 22 and 29% for weaning weight, for PH and WOK, respectively.  Maternal effects were most important around 100 days of age, which coincided with lowest h2 values.  While some effects of sampling variation, resulting in inappropriate partitioning of components cannot be ruled out, this pattern was consistent for both breeds.  Growth of beef cattle at such early ages is not often investigated, and univariate follow-up analyses for records at given ages on the complete data set are in progress.

CONCLUSIONS

Random regression analyses of early growth data, separating direct and maternal effects, are feasible albeit computationally demanding.  While inspection of the pattern of variation in the data suggested that a cubic regression might suffice to model changes over time, likelihood values indicated that higher orders of fit were required.  Variance functions provided an effective and parsimonious way to accommodate measurement error variances increasing with age.
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� For v>0 estimates are those at the mean age.


� No. given is for full rank model, i.e. does not incorporate reductions due to restraining estimated matrices to have reduced rank
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