
Additive, dominance, and epistatic loss effects on preweaning weight gain
of crossbred beef cattle from different Bos taurus breeds1

V. M. Roso*†, F. S. Schenkel*2, S. P. Miller*, and J. W. Wilton*

*University of Guelph, Guelph, Ontario, N1G 2W1, Canada; and
†GenSys Consultores Associados S/S Ltda, Porto Alegre, RS, Brazil

ABSTRACT: (Co)variance components, direct and
maternal breed additive, dominance, and epistatic loss
effects on preweaning weight gain of beef cattle were
estimated. Data were from 478,466 animals in Ontario,
Canada, from 1986 to 1999, including records of both
purebred and crossbred animals from Angus, Blonde
d’Aquitaine, Charolais, Gelbvieh, Hereford, Limousin,
Maine-Anjou, Salers, Shorthorn, and Simmental
breeds. The genetic model included fixed direct and
maternal breed additive, dominance, and epistatic loss
effects, fixed environmental effects of age of the calf,
contemporary group, and age of the dam × sex of the
calf, random additive direct and maternal genetic ef-
fects, and random maternal permanent environment
effects. Estimates of direct and maternal additive ge-
netic, maternal permanent environmental and residual
variances, expressed as proportions of the phenotypic
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Introduction

In beef cattle improvement programs, dominance ef-
fects associated with breed heterozygosity are generally
considered in the estimation of breeding values of cross-
bred animals through additive-dominance models,
which account for additive and heterotic effects. These
models have been used in large beef cattle populations
in Canada (Sullivan et al., 1999), Brazil (Roso and Fries,
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variance, were 0.32, 0.20, 0.12, and 0.52, respectively.
Correlation between direct and maternal additive ge-
netic effects was −0.63. Breed ranking was similar to
previous studies, but estimates showed large SE. The
favorable effects of direct and maternal dominance (P
< 0.05) on preweaning gain were equivalent to 1.3 and
2.3% of the phenotypic mean of purebred calves, respec-
tively. The same features for direct and maternal epi-
static loss effects were −2.2% (P < 0.05) and −0.1% (P
> 0.05). The large SE of breed effects were likely due
to multicollinearity among predictor variables and de-
ficiencies in the dataset to separate direct and maternal
effects and may result in a less reliable ranking of the
animals for across breed comparisons. Further research
to identify the causes of the instability of estimates of
breed additive, dominance, and epistatic loss genetic
effects, and application of alternative statistical meth-
ods is recommended.

1998), Australia (Johnston et al., 1999), and the United
States (Pollak and Quaas, 1998; Klei et al., 2002).

Justification for additive-dominance models is based
on the assumption that heterosis is mainly due to domi-
nance effects. According to Gregory et al. (1991), hetero-
sis observed for growth traits in beef cattle is likely due
to dominance effects and represents the recovery of
accumulated inbreeding depression within populations
that have been genetically isolated from each other for
many generations. Research by Gregory et al. (1991)
suggested that retention of heterosis is linearly propor-
tional to heterozygosity. A similar relationship between
heterosis and heterozygosity was observed by Arthur
et al. (1999) and Fries et al. (2000). In these two studies,
however, authors suggested that another component,
epistatic loss, could be added to the additive-dominance
model to provide a better explanation of the genetic
differences between animals of different breed compo-
sitions.

Epistatic loss in crossbred animals represents the
breakdown of favorable interactions between loci in
purebred animals, which have been built by both natu-
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ral and artificial selection within breeds (Koch et al.,
1985). Research studies to estimate both dominance
and epistatic loss in beef cattle are not abundant, partic-
ularly with field data.

The objectives of this study were to estimate (co)vari-
ance components and direct and maternal breed addi-
tive, dominance, and epistatic loss effects on prewean-
ing weight gain in a large multibreed beef cattle popu-
lation.

Materials and Methods

Data

The data used in this study were preweaning weight
gain of animals from beef herds enrolled by Beef Im-
provement Ontario, from 1986 to 1999. The dataset
after preliminary edits consisted of 869,050 records,
including records of both purebred and crossbred ani-
mals. Purebred and crossbred animals from the 10
breeds with the largest number of records, including
Angus, Blonde d’Aquitaine, Charolais, Gelbvieh, Here-
ford, Limousin, Maine-Anjou, Salers, Shorthorn, and
Simmental, were used in the analysis. Only records
of animals with complete information for calculating
direct and maternal dominance and epistatic loss
were kept.

Connectedness Analysis

An analysis to check for connectedness among con-
temporary groups (herd-year-season-management
group) across breeds was performed. The method used
was the total number of direct genetic links between
contemporary groups due to common sires and dams
(Fries, 1998; Roso et al., 2004). Contemporary groups
with more than 10 calves and with at least 10 direct
genetic links and two classes of direct or maternal het-
erozygosities were considered connected and retained
for the analysis. There were nine classes of direct and
maternal heterozygosities with an interval of 0.125,
ranging from 0 to 1. The resulting dataset included
23,059 contemporary groups, 478,466 calves, 19,908
sires, and 234,608 dams. A pedigree file of 714,220 ani-
mals was used in the analysis.

Predictor Variables of Fixed Genetic Effects

Breed Additive Effects. Coefficients for direct and ma-
ternal breed additive effects were equal to the propor-
tion of each breed in the breed composition of the calf
and in the breed composition of the dam (Rodrı́guez-
Almeida et al., 1997), respectively. The estimates of
direct and maternal breed additive effects were ex-
pressed as differences relative to Angus.

Breed compositions of the animals are depicted in
Figures 1 and 2. Figure 1 shows that less than 40%
of the calves were purebred, indicating the degree of
crossbreeding in the dataset. Most crossbred calves

Figure 1. Percentage of calves, sires, and dams with
breed composition formed by either one, two, three, or
four breeds in the data containing 478,466 calves, 19,908
sires, and 234,608 dams.

originated from various two-breed crosses. In contrast,
most sires (89.3%) and dams (61.3%) were purebred.
Figure 2 shows that breeding practices in the beef herds
studied resulted in an unbalanced number of animals
among breeds. There were substantially more Angus,
Charolais, Hereford, Limousin, and Simmental calves,
sires, and dams than Blonde d’Aquitaine, Gelbvieh,
Maine-Anjou, Salers, and Shorthorn.

Dominance Effects. Coefficients of direct (HD) and ma-
ternal (HM) dominance effects were equal to expected
direct and maternal breed heterozygosities (Rodrı́guez-
Almeida et al., 1997), respectively. Coefficients HD and
HM were calculated using the following equations:

HD = 1 − ∑
nb

i=1

Si × Di

and

HM = 1 − ∑
nb

i=1

MGSi × MGDi;

where nb is the number of breeds, and Si, Di, MGSi,
and MGDi are the fractions of the ith breed for the
sire, dam, maternal grandsire, and maternal granddam
breed composition, respectively.

Epistatic Loss Effects. For the estimation of epistatic
loss effects, it was assumed that parents with large
heterozygosities would produce more recombinant ga-
metes. Thus, the coefficients for direct (ED) and mater-
nal (EM) epistatic loss effects were calculated as the
average breed heterozygosities in uniting gametes that
generated the individual (Fries et el., 2000). Epistatic
loss was assumed to be proportional to the average
heterozygosity observed in parents, and it would have
the largest value when both parents of an individual
are F1. The ED and EM were calculated as follows:
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Figure 2. Number of purebred and crossbred calves, sires, and dams containing some proportion of the indicated
breed in the breed composition in data including 478,466 calves, 19,908 sires, and 234,608 dams. The breeds are Angus
(AN), Blonde d’Aquitaine (BD), Charolais (CH), Gelbvieh (GV), Hereford (HE), Limousin (LM), Maine-Anjou (MA),
Salers (SA), Shorthorn (SH), and Simmental (SM).

ED = 0.5 (HSire + HDam)

EM = 0.5 (HMGS + HMGD)

where HSire, HDam, HMGS, and HMGD are the expected
breed heterozygosities of the sire, dam, maternal grand-
sire, and maternal granddam, respectively. The aver-
age epistatic loss due to the breakdown of all kinds of
gene interactions involving two or more loci, as devia-
tion from the average additive and dominance effects,
will be estimated by ED and EM (Fries et al., 2002). For
illustration, Table 1 shows coefficients of direct and
maternal dominance and epistatic loss genetic effects
for different mating systems involving only two breeds,
A and B.

The distribution of observations among coefficients
of dominance and epistatic loss effects is presented in
Table 2. For ease of presentation, coefficients of domi-
nance and epistatic loss effects were grouped in classes
of 0.125, ranging from 0 to 1. Numbers in Table 2 sug-
gest that there were more observations for classes of
coefficients greater than 0.625 for direct and maternal
dominance compared with epistatic loss effects. Be-
cause approximately 10% of the sires were crossbred
(Figure 1), there were relatively few observations in
the classes of coefficients of epistatic loss effects larger
than 0.625. The observed overall mean and SD of pre-

weaning gain and weaning age were 203.5 ± 49.4 kg
and 204.0 ± 30.9 d, respectively.

Genetic Analysis

The genetic model for preweaning gain, defined in
matrix notation, was as follows:

y = Xb + Fv + Za + Wm + Sp + e

where y = vector of observations; b = vector of fixed
regressions on coefficients for direct and maternal breed
additive, dominance, and epistatic loss genetic effects;
v = vector of fixed environmental effects. This vector
included age of the calf as a covariate (linear and qua-
dratic effects), and age of the dam by sex of the calf and
contemporary group (herd-year-season-management
group) as classification variables; a = vector of random
direct additive genetic effects; m = vector of random
maternal additive genetic effects; p = vector of random
maternal permanent environmental effects; and e =
vector of random residual effects.

Incidence matrices X, F, Z, W, and S relate records
to fixed genetic, fixed environmental, direct genetic,
maternal genetic, and permanent environmental ef-
fects, respectively.
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Table 1. Coefficients of direct (HD) and maternal (HM) dominance and direct (ED) and
maternal (EM) epistatic loss genetic effects for different mating systems involving two
breeds, A and B

Sire Dam fA
a HD HM ED EM

Parental
A A 1 0 0 0 0
B B 0 0 0 0 0

F1

A B ¹⁄₂ 1 0 0 0
B A ¹⁄₂ 1 0 0 0

Backcrosses
A AB ³⁄₄ ¹⁄₂ 1 ¹⁄₂ 0
B AB ¹⁄₄ ¹⁄₂ 1 ¹⁄₂ 0
AB B ¹⁄₄ ¹⁄₂ 0 ¹⁄₂ 0
AB A ³⁄₄ ¹⁄₂ 0 ¹⁄₂ 0

Advanced generations
F1 F1 ¹⁄₂ ¹⁄₂ 1 1 0
F2 F2 ¹⁄₂ ¹⁄₂ ¹⁄₂ ¹⁄₂ 1
F3 F3 ¹⁄₂ ¹⁄₂ ¹⁄₂ ¹⁄₂ ¹⁄₂

aFraction of breed A in the breed composition of the animal.

The vectors of random effects a, m, p, and e were
assumed to have (co)variance matrices equal to Aσ2

a,
Aσ2

m, Iσ2
p, and Iσ2

e, respectively, where A is the additive
numerator relationship matrix among animals and I is
an identity matrix. Covariance between a and m was
assumed equal to Aσam. Homogeneity of variances and
the same dominance and epistatic loss effects for crosses
of different pairs of breeds, and no interactions between
genetic and environmental effects were assumed.

Estimates of (co)variance components (σ2
a, σ2

m, σ2
p,

σ2
e, and σam) and estimates of the effects included in the

model were obtained using the DMU program (Madsen
and Jensen, 2000). First, (co)variance components were
estimated by the REML method, using a data subset
containing 300,002 records from randomly sampled
herds, which overcame computational limitations.
Given the estimated (co)variance components, the esti-
mates of the effects in the model were obtained using
the complete dataset.

Table 2. Distribution of observations among coefficients of direct (HD) and maternal (HM)
dominance and direct (ED) and maternal (EM) epistatic loss genetic effects

Classa HD HM ED EM

0.000 184,115 (38.5)b 285,368 (59.6) 261,239 (54.6) 413,347 (86.4)
0.125 18,825 (3.9) 9,159 (1.9) 32,202 (6.7) 10,324 (2.2)
0.250 15,414 (3.2) 9,476 (2.0) 29,755 (6.2) 11,710 (2.5)
0.375 3,322 (0.7) 759 (0.2) 10,764 (2.3) 1,563 (0.3)
0.500 62,701 (13.1) 27,320 (5.7) 119,984 (25.1) 33,332 (7.0)
0.625 8,622 (1.8) 5,568 (1.2) 15,871 (3.3) 6,137 (1.3)
0.750 6,722 (1.4) 2,193 (0.5) 4,184 (0.9) 1,647 (0.3)
0.875 2,630 (0.6) 352 (0.1) 434 (0.1) 10 (0.0)
1.000 176,115 (36.8) 138,271 (28.9) 4,033 (0.8) 396 (0.1)

aCoefficients of dominance and epistatic loss effects were grouped in classes of 0.125, ranging from zero
to one. Every class included fractions equal or smaller than the mentioned class.

bPercents in parentheses were expressed relative to the total number of calves.

Results and Discussion

(Co)variance Components

Estimates of direct additive genetic variance, mater-
nal additive genetic variance, maternal permanent en-
vironmental variance, residual variance, and direct by
maternal additive genetic covariance of preweaning
gain are presented in Table 3. For ease of interpreta-
tion, variances were expressed as proportions of pheno-
typic variance. Estimates of h2

a, h2
m, p2, and e2 were

compared with estimates from previous studies of
Miller (1996) in Ontario and with average results re-
ported by Koots et al. (1994a) in a review of a large
number of published estimates of genetic parameters.
Estimates of h2

a, h2
m, p2, and e2 were 0.32, 0.20, 0.12,

and 0.52, respectively. Estimates of h2
a and h2

m were in
line with pooled estimates of 0.27 and 0.23, respectively,
reported by Koots et al. (1994a). The estimate of h2

a did
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Table 3. Estimates of variance components and genetic
parameters of preweaning weight gain

(Co)variance
componenta Estimate, kg2 Parameterb Estimatec

σ2
a 254.5 ± 8.6 h2

a 0.32 ± 0.00

σ2
m 161.2 ± 9.3 h2

m 0.20 ± 0.00

σ2
p 94.1 ± 5.4 p2 0.12 ± 0.00

σ2
e 408.2 ± 4.8 e2 0.52 ± 0.00

σam −128.6 ± 7.8 ram −0.63 ± 0.02

aσ2
a = direct additive genetic variance; σ2

m = maternal additive ge-
netic variance; σ2

p = maternal permanent environmental variance;
σ2

e = residual variance; and σam = direct by maternal additive genetic
covariance.

bVariance component as a proportion of phenotypic variance. For
σam, genetic correlation (ram) is shown.

cStandard errors for variance ratios were approximated by first-
order Taylor series expansion (Mood et al., 1974).

not differ greatly from that of Sullivan et al. (1999),
where a h2

a of 0.30 was used in the estimation of genetic
trends and mean genetic differences among breeds in
Ontario. Estimates of h2

a, h2
m, and p2 were lower than

the estimates of 0.44, 0.25, and 0.15, respectively, ob-
tained by Miller (1996); however, this author analyzed
a smaller data set from the same population of cattle
used in the current study.

The correlation between direct and maternal genetic
effects on preweaning gain (ram = −0.63), although lower
in absolute value than the estimate of −0.77 obtained
by Miller (1996), was still strongly negative. This result
is in marked contrast with an average estimate of −0.25
reported by Koots et al. (1994b), and larger than esti-
mates of Meyer (1992) and Robinson (1996), where aver-
age values of −0.59 and −0.47 were reported. One possi-
ble factor contributing to the strong negative genetic
correlation is the small proportion of female calves with
records that later had their own progeny. There were
only 23,508 cases where a female calf later became a
cow, corresponding to approximately 10% of all female
calves in the dataset.

Dominance and Epistatic Loss Effects

Estimates of direct and maternal dominance and epi-
static loss effects on preweaning gain associated with
breed heterozygosity are presented in Table 4. For both

Table 4. Estimates and SE of direct and maternal domi-
nance (H) and epistatic loss (E) genetic effects on pre-
weaning weight gain

Genetic effect Direct Maternal

H, kg 2.7 ± 0.2 4.6 ± 0.8
(1.3%)a (2.3%)

E, kg −4.5 ± 1.6 −0.2 ± 0.4
(−2.2%) (−0.1%)

aPercents in parentheses were expressed relative to phenotypic
mean of purebred calves.

dominance and epistatic loss effects, the magnitude of
the estimates was small. Expressed relative to the phe-
notypic mean of purebred calves, direct and maternal
dominance effects were 1.3 and 2.3% (P < 0.05), respec-
tively. Direct and maternal epistatic loss effects were
−2.2 (P < 0.05) and −0.1% (P = 0.41), respectively. Esti-
mates of maternal dominance and direct epistatic loss
effects were of comparable magnitude, although oppo-
site in sign. Standard errors of maternal dominance
and direct epistatic loss effects were large compared
with SE of direct dominance and maternal epistatic
loss effects.

Both direct and maternal epistatic loss effects had
the anticipated negative effect on preweaning gain.
However, epistatic effects for a specific trait may be
either favorable or unfavorable, depending on the selec-
tion history of the population and genetic correlations
among traits. Favorable epistatic effects may result
from direct selection for a particular trait, whereas un-
favorable effects may result from correlated response
of traits with antagonistic genetic correlation (Cassady
et al., 2002). Crossing different breeds may break favor-
able epistatic relationships established by direct selec-
tion for a trait within breeds, resulting in epistatic loss.

The maternal epistatic loss effect was not statistically
different from zero, probably reflecting the deficiency
in the structure of data to estimate this genetic effect,
as shown in Table 2. To detect a significant effect, a
larger proportion of crossbred sires is likely required.
The small proportion of crossbred sires (and grandsires)
in the dataset had two consequences. First, it decreased
the expression of epistatic loss because at least one
allele at each locus would be from a parental breed
in a large proportion of the crossbred progeny, which
decreased the breakdown of favorable interactions es-
tablished in the pure breeds (Kinghorn, 1983). Second,
it increased the dependency between dominance and
epistatic effects, causing collinearity between these two
genetic effects.

According to results obtained by Gregory et al. (1991)
in a large beef cattle crossbreeding experiment, the
heterosis observed for growth traits in beef cattle is
likely due to dominance effects. This observation allows
fitting heterosis as being proportional to the probability
that alleles at a locus come from different breeds, which
is equal to breed heterozygosity. Additional analyses
fitting only dominance effects in the model (excluding
epistatic loss effects) resulted in estimates of direct and
maternal dominance of 1.3 and 1.8%, respectively.
Therefore, estimates of dominance effects from both
models did not differ greatly. These results also were
in close agreement with those of Miller (1996), who
reported estimates of direct and maternal heterosis of
1.3 and 2.3%, respectively, assuming a dominance
model.

Koch et al. (1985) evaluated dominance and epistatic
loss effects on weaning gain of Angus × Hereford
crosses. In their study, direct dominance and epistatic
loss effects were not significant, despite the relatively
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Table 5. Estimates and SE of direct and maternal breed
additive genetic effects for preweaning weight gain, ex-
pressed as deviations from Angus

Breed Direct, kg Maternal, kg

Angus 0.0 ± 3.7 0.0 ± 1.9
Blonde d’Aquitaine 5.3 ± 4.1 −5.7 ± 2.3
Charolais 13.2 ± 3.6 −2.9 ± 1.8
Gelbvieh 10.4 ± 4.7 7.9 ± 3.1
Hereford −6.3 ± 3.6 −3.2 ± 1.9
Limousin −3.1 ± 3.7 0.6 ± 1.9
Maine-Anjou 12.3 ± 4.6 0.3 ± 2.5
Salers 0.6 ± 4.3 7.6 ± 2.5
Shorthorn −9.3 ± 4.3 4.6 ± 2.2
Simmental 14.2 ± 3.6 5.3 ± 1.9

large negative values. They stated that more data and
a more complete array of mating types would be needed
to attain statistically significant results. In a review of
a large number of experimental results including beef
cattle, dairy cattle, pigs, poultry, and sheep, Sheridan
(1981) found that, in many cases, the level of heterosis
in crossbred populations other than F1 was substan-
tially below expectations based on heterozygosities. The
conclusion of the review of Sheridan (1981) was that,
based on the performance of purebred and F1 popula-
tions, it was not possible to predict the level of heterosis
in other various genotypes, suggesting the presence of
epistatic effects.

According to Cunningham (1987), although in some
cases epistatic loss effects can be safely neglected, their
proper evaluation is one of the unsolved problems of
animal breeding research. Recent studies have reported
epistatic loss on preweaning gain in crosses between
Bos taurus and Bos indicus (Fries et al., 2000; Piccoli
et al., 2002; Demeke et al., 2003; Cardoso, 2004). Be-
cause Bos taurus and Bos indicus have a greater genetic
distance (larger potential differences in gene frequen-
cies), Bos taurus × Bos indicus crosses generally express
a higher level of heterosis compared with crosses be-
tween Bos taurus breeds (Koch et al., 1989). Conse-
quently, greater epistatic loss is expected in their
crosses.

In the multibreed genetic evaluation currently run
in Ontario, records are preadjusted for heterosis on the
basis of heterozygosity. For preweaning growth traits,
a direct and maternal heterosis of 5% is assumed for
an individual with heterozygosity of 100%, regardless
of the breeds involved (Sullivan et al., 1999). Results
from this study and from Miller (1996), however, give
evidence that the level of direct and maternal heterosis
on preweaning gain in Ontario’s cattle is lower than 5%.

Breed Additive Effects

Estimates of direct and maternal breed additive ef-
fects on preweaning gain, expressed as deviations from
Angus, are presented in Table 5. Estimates of direct
breed additive effects of Hereford, Limousin, and Short-

horn were lower than estimates of Angus. Salers
slightly exceeded Angus, whereas Charolais, Gelbvieh,
Maine-Anjou, and Simmental exceeded Angus by more
than 10 kg for direct effects.

Estimates of maternal breed additive effects of
Blonde d’Aquitaine, Charolais, and Hereford were
lower than Angus. Limousin and Maine-Anjou exceeded
Angus by less than 1 kg. Gelbvieh, Salers, Shorthorn,
and Simmental exceeded Angus by more than 4.5 kg.

Estimates of breed additive effects were in general
agreement with what was expected based on a previous
study with this population of cattle by Miller (1996).
The SE of the estimates of both direct and maternal
breed additive effects were large for all the breeds and
greater for those breeds represented by a small number
of calves (Blonde d’Aquitaine, Gelbvieh, Maine-Anjou,
Salers, and Shorthorn). Further analysis assuming a
zero genetic covariance between direct and maternal
genetic effects resulted in small changes in the esti-
mates of breed effects and no changes in the rank of
the breeds (data not shown).

Sampling Correlations

The data used in this investigation included records
from beef herds enrolled in a commercial genetic im-
provement program and therefore were not designed to
estimate breed additive, dominance, and epistatic loss
effects. Cunningham and Connolly (1989) showed that
high correlation between estimates might jeopardize
the precision of estimation of genetic effects. Even esti-
mable functions may be highly confounded.

To obtain information with regard to degree of con-
founding between estimates, sampling correlations
among additive, dominance, and epistatic loss effects
were calculated (Table 6). The sample correlation be-
tween maternal dominance and direct epistatic loss ef-
fects was very high (−0.98), likely due to a structural
deficiency of the data to separate maternal dominance
and direct epistatic loss effects and/or due to linear
dependencies (multicollinearity) involving predictor
variables of maternal dominance (HM) and direct epi-
static loss (ED) effects.

Sample correlations between breeds were generally
high (from 0.58 to 0.96 and from 0.41 to 0.94 for direct
and maternal breed additive effects, respectively). Sam-
ple correlations of direct breed additive effects with
maternal breed additive effects within the same breed
were higher than sampling correlations between differ-
ent breeds. Thus, it was generally more difficult to sepa-
rate direct and maternal additive genetic effects within
breeds than between breeds. High SE of the estimates
of breed effects and high sampling correlations between
estimates, particularly between direct and maternal
breed effects, could be a symptom of not having enough
information to estimate both direct and maternal breed
additive effects and/or multicollinearity among corres-
ponding predictor variables. With a high degree of
multicollinearity, estimates of regression coefficients
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Table 6. Sampling correlations among estimates of direct (D) and maternal (M) fixed
genetic effects

HD
a ED AND BDD CHD GVD HED LMD MAD SAD SHD SMD

HD 1.00
ED −0.01 1.00
AND 0.00 0.32 1.00
BDD −0.01 0.28 0.84 1.00
CHD 0.01 0.32 0.94 0.86 1.00
GVD −0.01 0.24 0.73 0.67 0.74 1.00
HED 0.04 0.31 0.93 0.84 0.95 0.72 1.00
LMD −0.00 0.31 0.93 0.85 0.96 0.73 0.94 1.00
MAD 0.00 0.23 0.74 0.67 0.75 0.58 0.74 0.75 1.00
SAD −0.01 0.26 0.79 0.71 0.80 0.61 0.79 0.79 0.64 1.00
SHD 0.04 0.25 0.77 0.70 0.79 0.60 0.78 0.78 0.64 0.66 1.00
SMD 0.02 0.32 0.94 0.85 0.96 0.73 0.94 0.95 0.75 0.79 0.78 1.00
HM −0.01 −0.98 −0.31 −0.28 −0.32 −0.24 −0.31 −0.31 −0.23 −0.25 −0.24 −0.31
EM −0.01 −0.00 −0.01 −0.01 −0.01 −0.00 −0.01 −0.01 −0.00 −0.00 −0.00 −0.01
ANM 0.01 −0.30 −0.96 −0.81 −0.91 −0.70 −0.89 −0.90 −0.71 −0.76 −0.74 −0.90
BDM 0.06 −0.24 −0.74 −0.89 −0.76 −0.59 −0.74 −0.75 −0.59 −0.63 −0.61 −0.75
CHM 0.03 −0.31 −0.92 −0.83 −0.97 −0.72 −0.92 −0.93 −0.73 −0.78 −0.76 −0.93
GVM 0.05 −0.18 −0.55 −0.50 −0.55 −0.77 −0.54 −0.55 −0.44 −0.46 −0.45 −0.55
HEM −0.03 −0.30 −0.91 −0.82 −0.93 −0.70 −0.97 −0.92 −0.72 −0.77 −0.77 −0.92
LMM 0.07 −0.30 −0.90 −0.82 −0.92 −0.71 −0.90 −0.96 −0.72 −0.76 −0.75 −0.91
MAM 0.00 −0.21 −0.67 −0.61 −0.69 −0.53 −0.67 −0.68 −0.91 −0.58 −0.58 −0.68
SAM 0.05 −0.22 −0.67 −0.61 −0.68 −0.53 −0.67 −0.68 −0.54 −0.86 −0.56 −0.68
SHM −0.04 −0.23 −0.74 −0.67 −0.76 −0.58 −0.75 −0.75 −0.61 −0.63 −0.96 −0.75
SMM 0.01 −0.31 −0.91 −0.83 −0.93 −0.71 −0.91 −0.92 −0.73 −0.77 −0.76 −0.97

HM EM ANM BDM CHM GVM HEM LMM MAM SAM SHM SMM

HM 1.00
EM 0.00 1.00
ANM 0.30 0.01 1.00
BDM 0.25 0.00 0.74 1.00
CHM 0.32 0.01 0.92 0.77 1.00
GVM 0.19 0.00 0.55 0.47 0.56 1.00
HEM 0.31 0.02 0.91 0.75 0.94 0.55 1.00
LMM 0.30 0.00 0.90 0.76 0.94 0.56 0.92 1.00
MAM 0.21 0.01 0.68 0.56 0.69 0.41 0.68 0.69 1.00
SAM 0.22 0.00 0.67 0.56 0.69 0.41 0.68 0.68 0.52 1.00
SHM 0.24 0.01 0.74 0.61 0.77 0.45 0.77 0.75 0.58 0.56 1.00
SMM 0.31 0.01 0.91 0.76 0.94 0.56 0.93 0.92 0.69 0.69 0.76 1.00

aH = dominance; E = epistatic loss; AN = Angus; BD = Blonde d’Aquitaine; CH = Charolais; GV = Gelbvieh;
HE = Hereford; LM = Limousin; MA = Maine-Anjou, SA = Salers; SH = Shorthorn; and SM = Simmental.

obtained by ordinary least squares methods typically
have large SE, might be highly confounded, and are
easily affected by changes in the dataset.

Implications

Estimates of (co)variance components of preweaning
gain consistent with previous studies indicated that
current parameters for genetic evaluation are appro-
priate. A large estimated negative genetic correlation
between direct and maternal effects seemed to be a
consequence of data structure rather than a true high
negative relationship. The estimated level of direct and
maternal heterosis on preweaning gain was less than
the level of 5% assumed in the genetic evaluation of this
population. Lack of information to adequately separate
direct and maternal breed additive effects and multicol-
linearity among predictor variables of breed effects may
affect the ranking of animals across breeds. Further

investigation of the causes of instability of the estimates
and application of alternative statistical methods are
warranted to improve the multibreed genetic evalua-
tion of this population of beef cattle.

Literature Cited

Arthur, P. F., H. Hearshaw, and P. D. Stephenson. 1999. Direct and
maternal additive and heterosis effect from crossing Bos indicus
and Bos taurus cattle: Cow and calf performance in two environ-
ments. Livest. Prod. Sci. 57:231–241.

Cardoso, V. 2004. Direcionando acasalamentos para maximizar a
média do valor genotı́pico de uma futura safra. Ph.D. Thesis,
Universidade Estadual Paulista, Campus de Jaboticabal, Brazil.

Cassady, J. P., L. D. Young, and K. A. Leymaster. 2002. Heterosis
and recombination effects on pig growth and carcass traits. J.
Anim. Sci. 80:2286–2302.

Cunningham, E. P. 1987. Crossbreeding—The Greek Temple Model.
J. Anim. Breed. Genet. 104:2–11.

Cunningham, E. P., and J. Connolly. 1989. Efficient design of cross-
breeding experiments. Theor. Appl. Genet. 78:381–386.



Additive, dominance, and epistatic loss 1787

Demeke, S., F. W. C. Neser, and S. J. Schoeman. 2003. Early growth
performance of Bos taurus × Bos indicus cattle crosses in Ethio-
pia: Evaluation of different crossbreeding models. J. Anim.
Breed. Genet. 120:39–50.

Fries, L. A. 1998. Connectability in beef cattle genetic evaluation:
the heuristic approach used in MILC.FOR. Proc. 6th World Cong.
Genet. Appl. Livest. Prod., Armidale, NSW, Australia 27:449–
500.

Fries, L. A., D. J. Johnston, H. Hearnshaw, and H. U. Graser. 2000.
Evidence of epistatic effects on weaning weight in crossbreed
beef cattle. Asian-Aust. J. Anim. Sci. 13(Suppl. B):242.

Fries, L. A., F. S. Schenkel, V. M. Roso, F. V. Brito, J. L. P. Severo,
and M. L. Piccoli, 2002. “Epistazygosity” and epistatic effects.
Proc. 7th World Cong. Genet. Appl. Livest. Prod., Montpelier,
France. Communication No. 17–15.

Gregory, K. E., L. V. Cundiff, and R. M. Koch. 1991. Breed effects
and heterosis in advanced generations of composite populations
for preweaning traits of beef cattle. J. Anim. Sci. 69:947–960.

Johnston, D. J., B. Tier, H. Graser, and C. Girard. 1999. Presenting
BREEDPLAN Version 4.1. Proc. Assoc. Advtm. Anim. Breed.
Genet. 13:193–196.

Kinghorn, B. 1983. Genetic effects in crossbreeding. III. Epistatic
loss in crossbred mice. Z. Tierzüchtg. Züchtgsbiol. 100:209–222.
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