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INTRODUCTION 
Studies of lactation performance of dairy cattle (Kennedy, 1985; Boettcher and Gibson, 1997; 
Albuquerque et al., 1998) and weights of beef cattle (Tess et al. 1987; Tess and Robison, 1990) 
with models that account for genetic drift have shown that cytoplasmic effects accounted for 
negligible fractions of phenotypic variance. More recently, interactions of the mitochondrial 
and nuclear genomes have been identified (Wolz et al, 1997). The main objective was to 
estimate variance accounted for by cytoplasmic line and cytoplasmic line by genotype (sire) 
effects on representative traits (birth weight, 120-d weaning weight, fleece weight, and litter 
size born) for Columbia, Rambouillet, and Targhee breeds of dual-purpose sheep. A secondary 
objective was to determine the effect of an indicator of misidentification (a dam by year effect) 
on estimates of heritability and the direct-maternal genetic correlation (Robinson, 1996; Lee 
and Pollak, 1997; Meyer, 1997; Dodenhoff et al., 1999; Van Vleck and Dodenhoff, 1999). 
 
MATERIALS AND METHODS 
Records were available from 1950 through 1998 from the United States Sheep Experiment 
Station (USSES) near Dubois, ID. A summary of management and description of traits (with 
means) are in Hanford et al. (2002). The usual models in Hanford et al. (2002) were expanded 
to include cytoplasmic line effects and genotype (sire) by cytoplasmic line effects by tracing 
back to founder ewes originating a cytoplasmic line. Sire by dam effects were included as an 
indicator of dominance effects. The possible indicator of misidentification (parent by year 
effects) was dam by year effects as sires were used in only one year. An unexpectedly large 
variance associated with dam by year effects for birth weight led to adding dam by number 
born to the model because a dam could have more than one lamb in a year only by having 
multiple births. The maternal permanent environmental, dam by year, dam by number born, 
and sire by dam effects were expected to be confounded. Thus, various models with and 
without these effects were analyzed (numbers are shown in Table 1). Only estimates from the 
usual and full models (all effects included) are reported. Models including fixed genetic groups 
used to account for when parents entered the flock had little effect on estimates of genetic 
parameters and are not reported. Effects in the full and usual models are as indicated in tables 
of estimates. All analyses were with full numerator relationship matrix. A derivative-free 
REML algorithm (Smith and Graser, 1986) was used (Boldman, et al., 1995). 
 
RESULTS AND DISCUSSION 
Birth weight. Estimates of parameters for the usual and expanded (full) models (Table 2) are 
remarkably similar for all breeds. Estimates of a2, ram, and m2 are essentially the same for the 
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usual and full models. That was also true when the additional factors were added to the model 
one or more at a time. Components of variance due to cytoplasmic line and to genotype (sire) 
by cytoplasmic line are near zero for all breeds. Relative variances associated with sire by dam 
effects are significant with standard errors of about 0.02. The improvement in the likelihood 
with only sire by dam effect added to the usual model was highly significant (LRT = 211, 200, 
and 230). Because the reason for the significant improvement in the model when dam by year 
effects were added was unknown, another random effect, dam by number born, was added to 
the model. By itself, dam by number born is highly significant but fit the model less well than 
dam by year. In all combinations, adding all three interactions with dams improved the model 
compared with adding two terms. Addition of the interactions involving dams to the model did 
not affect estimates of the direct-maternal correlation. 
 
Table 1. Summary of numbers of levels for birth weight by breed 
 
  Columbia  Rambouillet  Targhee 
Animals  26,623  38,161  35,684 
Records  24,741  35,604  33,994 
Sires  1,020  1,830  1,535 
Dams  6,385  9,484  8,418 
Cytoplasmic lines  590  1,577  892 
Dam x year  18,336  26,656  24,801 
Sire x dam  17,773  25,534  23,924 
Sire x cyto line  12,831  20,293  17,557 
Dam x no. born  9,836  14,329  12,944 
Genetic groups  84  79  91 
 
Table 2. Estimates of parametersA for birth weight for the usual and full models by breed 
 
Breed Parameter estimates 
 Model a2 ram m2 p2 c2 dy2 dn2 sd2 sc2 e2 2log L 
Columbia            
 Usual 0.26 -0.05 0.24 0.06 − − − − − 0.45 0 
 Full 0.26 -0.05 0.24 0.02 0.00 0.08 0.04 0.04 0.00 0.33 252 
Rambouillet            
 Usual 0.26 0.02 0.19 0.07 − − − − − 0.47 0 
 Full 0.26 0.05 0.19 0.03 0.00 0.06 0.04 0.03 0.00 0.37 250 
Targhee            
 Usual 0.25 0.10 0.20 0.08 − − − − − 0.45 0 
 Full 0.24 0.11 0.19 0.05 0.00 0.06 0.04 0.05 0.00 0.35 284 
AProportions of phenotypic variance: a2, direct genetic; m2, maternal genetic; ram, direct-
maternal correlation; p2, maternal permanent environmental; c2, cytoplasmic line; dy2, dam by 
year; dn2, dam by no. born; sd2, sire by dam; sc2, sire by cytoplasmic line; e2, residual. 
 
Weaning weight. The second trait analyzed was 120-d weaning weight (Table 3). The 
expectation was that the pattern of estimates would follow those for birth weight. The estimates 
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of parameters are the same for models with and without genetic groups. The estimates are also 
generally the same for all breeds except for the direct-maternal genetic correlation for Targhee. 
As with birth weight, there is no evidence of variance due to cytoplasmic lines or genotype by 
cytoplasmic line effects. What was different is that all of the additional terms had variance 
components of near zero. The dam by year effects were not important.  
 
Table 3. Estimates of parameters for 120-d weaning weight for usualA model by breed 
 
 Parameter estimates 
Breed a2 ram m2 p2 e2 

Columbia 0.14 0.23 0.09 0.04 0.71 
Rambouillet 0.18 0.30 0.10 0.05 0.63 
Targhee 0.18 -0.02 0.12 0.06 0.65 
Ac2, dy2, sd2, sc2 all zero for full model for all breeds. 
 
Fleece weight. Estimates of parameters are in Table 4. The direct-maternal genetic correlation 
was not estimated because of the small maternal genetic variance. As with the body weight 
traits, estimates of parameters are similar for all breeds. Total maternal variance is small. 
Variance due to cytoplasmic effects is near zero for all breeds. Addition of the interaction 
effects with dams improved the model for all breeds although most of the variance due to these 
effects seemed to have been partitioned from the animal permanent environmental variance, 
especially for Targhee. The fraction of total variance due to sire by cytoplasmic variance was 
larger than the standard errors for all breeds and having the effects in the model improved the 
likelihood significantly. Nevertheless, a model with only additive genetic and permanent 
environmental effects would seem satisfactory to use for genetic evaluations. 
 
Number born. Estimates of parameters for litter size born (Table 4) are similar for all breeds 
and do not provide evidence for maternal effects or for cytoplasmic effects. Estimates of 
variance for interaction effects are partitioned from animal permanent environment variance. 
There is no evidence for dominance effects. A model including as random effects only animal 
direct genetic and permanent environmental effects would be sufficient. 
 
CONCLUSIONS 
No evidence was found for cytoplasmic influence on four representative traits: birth and 
weaning weights, fleece weight, and litter size at birth. Dominance effects were found for birth 
weight and less convincingly for fleece weight. The usual models for genetic evaluation seem 
satisfactory except for birth weight. Reasons for why random effects of dam by year and dam 
by number born accounted for about 10% of phenotypic variation for birth weight when added 
to the usual model require further study. 
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Table 4. Estimates of parameters for fleece weight and number born for usual and full 
models by breed 
 
Breed Parameter estimatesA 
 Model a2 m2 p2 ,m p2 ,a c2 dy2 sd2 sc2 e2 2log L 
 Fleece weight 
Columbia  
 Usual 0.53 0.01 0.02 0.12 − − − − 0.33 0 
 Full 0.52 0.01 0.00 0.06 0.00 0.00 0.02 0.06 0.33 34 
Rambouillet           
 Usual 0.55 0.02 0.01 0.10 − − − − 0.33 0 
 Full 0.55 0.01 0.00 0.03 0.00 0.02 0.05 0.02 0.33 24 
Targhee           
 Usual 0.57 0.02 0.00 0.09 − − − − 0.31 0 
 Full 0.57 0.02 0.00 0.02 0.00 0.05 0.00 0.02 0.31 23 

 Number born 
Columbia           
 Usual 0.08 0.00 0.00 0.03 − − − − 0.89 0 
 Full 0.08 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.89 1 
Rambouillet           
 Usual 0.08 0.00 0.00 0.04 − − − − 0.87 0 
 Full 0.08 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.87 0 
Targhee           
 Usual 0.10 0.00 0.00 0.04 − − − − 0.85 0 
 Full 0.10 0.00 0.00 0.01 0.00 0.02 0.00 0.01 0.85 10 
AProportions of phenotypic variance: p

2 
,m, maternal permanent environmental; p

2 
,a, animal 

permanent environmental. 
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