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GENETIC ANTAGONISM BETWEEN GROWTH AND MATERNAL ABILITY
IN NELORE CATTLE
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ABSTRACT

This study evaluated direct and maternal effects on 205 and 365 day weights (W205 and W365) of 7415 Nelore calves, sired by 59 bulls
and raised on pasture in the state of Sdo Paulo, Brazil. Thirteen variance and covariance components for several different sets of related animals
were estimated by least squares procedure and equated to their expected causal components. The system of equations gave estimates of heritability
for direct effects (h(2,) and for maternal effects (h,2n ). Estimates of h<2, were 0.26 for W205 and 0.18 for W365. The estimates of h,2n were 0.28 for
W205 and 0.18 for W365. The estimates of genetic correlations between the direct and matemnal effects (raoam) were -0.91 for both traits, suggesting

a severe antagonism between the effects of genes for growth and genes for maternal ability. Estimates of total heritability (h%) were only 10% of
those obtained by the usual paternal half-sib correlation. These results suggest that analyses that do not consider maternal effects in the Nelore breed

overestimate genetic progress and long term response may be less than has been predicted.

INTRODUCTION

Nelore is the most common of the Bos indicus
breeds in Brazil and selection for increased weight has been
widely applied.

Birth and weaning weights are controlled by two
kinds of genotypes in beef cattle. There are two routes of
gene expression: the first, direct, is the expression of the
genes in the same individual in which the trait is measured
(direct animal effect). The second, indirect, is the
expression of the genes in the mother of the animal, related

to its maternal ability (maternal effect, i.e., the capacity of

the mother in providing some environment to the progeny,
during gestation and nursing).

Several authors (Dickerson, 1947; Koch and clark,
1955; Hohenboken and Brinks, 1971; Beltran Bru, 1978)
reported negative correlations between direct and maternal
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effects in beef cattle, which was also found in Nelore cattle
raised in the tropics by Eler et al. (1989). The negative
correlation should reduce the response to selection for traits
for which maternal effects are important. In phenotypic
selection, a positive response to selection for increasing
growth rate should be associated with a decrease in
maternal ability and part of the genetic progress obtained
in one generation should be canceled in the next generation,
due to proorer maternal ability of the cows.

The objectives of this study were:

a) evaluate the maternal effect and the relationship
between direct and maternal effects on weights of Nelore
calves;

b) estimate heritability coefficients for those
weights, considering both the direct and maternal effects;

¢) estimate the genetic correlation between direct
and maternal effects.

MATERIAL AND METHODS

Records of weights at 205 and 365 days (W205
and W365) from 7,415 calves, sired by 59 different bulls
of Nelore breed, born from 1975 to 1987 and raised on
pasture in a herd of the state of Sao Paulo, Brazil were
analysed. The data set came from the recording system of
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Associagéo Brasileira de Criadores de Zebu (ABCZ), the
breeders’ association for zebu breeds in Brazil.

Due to the types of analysis and some restrictions
imposed, eight different files were generated, each
analysed by least squares methods (Harvey, 1985),
according to four linear models. The effects included in the
models were:

Yijk = W205 or W365

g =overall mean

aj =random effect of the i bull (cow, maternal
grandsire or family of full sibs or 3/4 sibs). 3/4 sibes
are paternal half sibs with dams that are paternal
half sibs.

Fj = set of fixed effects (sex, year, season of birth and
age of dam at calving)

X = weight of sire or dam

MX = mean weight of sire or dam

eij = random error NID (O, 02)

The different models used were:

Yij =u+Fj+ejj Model 1
_This model was used to estimate the phenotypic variance
(oB). As the data are adjusted for the fixed effects, the error
mean squate is the phenotypic variance (MSE = o¢ = ofs).

Yik =p +aj+Fj+eijk Model 2

Model 2 was used to estimate:

a) the variance components for sires (og) and
progeny within sires (ofvs). Assuming no inbreeding and
random mating, o8 is the covariance among half paternal
half sibs (covpHs).

b) the least squares constants for fixed effects.

c) in another data set in which the family structure
was based on the dam, this model was used to estimate the
variance components of dam ( ob) and progeny within dam
(GGVD). In this case, the expected value of of) is the
covariance among maternal half sibs (covMmHSs).

d) the variance component for 3/4 sib families
(0%Qs) and within 3/4 sib families (o%vTQs). In this case,
the expected value of 01Qs is the covariance among 3/4
sibs.

e) the variance component for full sib families
(ofs) and within full sib families (ofvFs), where the
expected value of ofs is the covariance among full sibs.

f) the variance components for maternal grandsire
(o%/[Gs) and within maternal grandsire (O'%VMGS). In this
analysis, oMGs is the covariance among cousins with
dams that are paternal half sibs.

Yijk = u +aj + b(X-MX) + ejjk Model 3

This model was used to estimate the covariance offspring
- dam (covop), from data previously adjusted for fixed
effects, with the least squares constants from Model 2.
Yijk = p + b(X-MX) + ejj Model 4
Model 4 was used to estimate the covariance offspring-sire
(covos), from data previously adjusted, as in Model 3.

The causal (co)variance components were
estimated using the method described by Willham (1963).
The method consists of equating the different variance
components for groups of relatives to their expected
values. These components and their expected values are
shown in Table I. This results in a system of equations
which estimate each causal component of variance and
covariance. As the number of relationships available (n)
was larger than the number of components to be estimated
(p), these solutions were obtained by least squares
procedures, as proposed by Eisen (1967) and Beltran Bru
(1978). The solutions were obtained by:

b = (X’X)'lx’y, where

b = vector of causal components

x = matrix of theoretical expectations for
(co)variances of each group of relatives (family).
Y = least square estimates of the (co)variance

components for each family.

The description of this method can be found in
Willham (1963) and Eler (1987). The causal components
estimated, directly related to the genetic parameters, were:

a) the variance component of the direct additive
effects of the own genes of the calf (0%‘0);

b) the variance component of the additive effects
of the genes of the cow, responsible for its maternal ability
(ohm);

c) the covariance component between the direct
and maternal effects (cA0Am).

Heritabilities for direct effects (h(2>) and maternal
effects (hlzn) were estimated, respectively, by the ratios
o40/cp and o%tn/ of, where of is the phenotypic variance.
Heritability of the total genetic contribution of the
individuals (h) for each trait can be estimated by the
regression of additive breeding value on the phenotypes,
as proposed by Dickerson (1947): h% = (0%0 +3/2 cpooam
+1/2 0Am ).

The genetic correlation between direct and
maternal effects is given by:

rA0AmM = voAm/(oﬁo . o%\m )1/2

The regression coefficient of the direct breeding
value on maternal breeding value is:

baoam = GAoAm/CAM.
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Table I - Expected values of the variance components in terms of causal variance components (based on Dickerson, 1947).

Least squares mearts, heritability and correlations

The least squares means were 157.6 + 0.4 kg for
‘W205 and 220.8 + 0.6 kg for W365. The heritability
coefficients, estimated by correlation among paternal half
sibs were 0.36 + 0.06 for W205 and 0.18 + 0.04 for W365.
The estimate of genetic correlation (rG) between W205 and
W365 was 0.32 £ 0.15. The phenotypic correlation (rp) was
0.62.

Causal (co)variance components

Table II gives the estimated variance and
covariance components. These values were used in the Y
vector to estimate the causal components. The estimates of
causal (co)variance components for W205 and for W365
are presented in Table III. The phenotypic variance is the
sum of all the causal components except the environmental
covariance (CEOEm).

Direct and maternal genetic effects

In the extensive system of beef cattle production,
normally used in Brazil, maternal ability is mainly milk
production.

Estimates of heritability coefficients for direct
genetic effect (hcz,) and maternal genetic effect (h;zn) are
presented in Table IV. The estimates indicate that both

Component oon 012)0 GAOAM opopm U,Z\m 012)m o%o OEOEmM o%m
o} 1/4 0 0 0 0 0 0 0 0

otvs 3/4 1 1 0 1 1 1 0

ob 1/4 0 1 0 1 1 0 0 1

oD 3/4 1 0 0 0 ()} 1 0 0

otias 1/16 0 1/4 0 1/4 0 0 0 0

o%Mas 11/16 1 3/4 0 3/4 1 1 0 1

otos 5/16 116 4 0 1/4 0 0 0 0

otvros 11/16 15/16 3/4 0 3/4 1 1 0 1

ofs 12 1/4 1 0 1 1 0 0 1

otrs 12 3/4 0 0 (] 0 1 0 0

oop 12 0 5/4 1 12 0 0 1 0

oos 12 0 1/4 0 0 0 0 0 0

op 1 1 1 0 1 1 1 0 1

RESULTS AND DISCUSSION Table II - Variance and covariance components of 205 (W205) and 365

(W365) day weight of Nelore calves (kg?).

Component W205 W365
o% 39.56 36.24
otvs 397.21 745.86
od 90.03 95.92
oWD 326.52 688.02
otias 1131 11.19
otMas 400.66 766.21
ofqs 39.33 49.76
oWTQs 389.85 722.05
ofs 113.04 127.73
 ors 290.74 626.55
oo 35.96 87.80
oos 28.70 36.98
ob 417.95 780.01

W205 and W365 are affected by genes of the own calf and
genes from its mother for maternal ability, in
approximately equal parts. The estimates for W205 ate
similar to those reported by Deese and Koger (1967) for
Brahman calves. Hohenboken and Brinks (1971) in
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Table III - Estimates of causal (co)variance components for 205 (W20S
and 365 (W365) days of Nelore calves (kgz).

Component W205 estimate % of o% W36S estimate % of o%
oho0 109.40 26 138.18 18
obo 0.24 0 51.98 7
GA0AM -104.00 25 -128.42 -17
ohm 118.67 28 143.04 18
ofo 244.12 58 528.92 68
GEOEM 51.92 - 107.72 -
ofm 49.88 12 42.35 6
ot 41831 100 776.05 100

Table IV - Estimates of genetic parameters for 205 (W205) and 365
(W365) day weight of Nelore calves.

Genetic parameter* w205 W365
n 0.26 0.18
h 0.28 0.18
TAOAM -0.91 -091
baoam -0.88 -0.90
n} 0.03 0.02

*This method does not allow estimation of standard errors.

Hereford breed, Beltran Bru (1978) in Brahman and Eler
et al. (1989) reported a larger contribution of maternal
genes to W205 for Nelore.

The estimates of heritability for W365 point to a
significant contribution of genes for maternal ability
(18%). Persistence of maternal influence on post weaning
weight would indicate that compensatory gain is not
enough to cancel the differences that occurred at weaning.
This point should be carefully considered if W365 is a
selection criterion.

Although the heritabilities are low to moderate, for
both traits (0.18 to 0.28), response to selection is expected.

Genetic and environmental correlations between direct
and maternal effects

The values for these parameters are presented in
Table IV. They are directly related to the covariance
estimates. The covariance between direct and maternal
genetic effects (0A0oam) was negative for both traits.

Several papers (Deese and Koger, 1967; Hohenboken and
Brinks, 1971; Foulley and Lefort, 1978) consider the
possibility of this covariance being inflated by a negative
environmental covariance (0poEm), although those
authors did not report estimates for this component. In our
study, oEoEm was estimated. Due to the extensive system
used in this herd, without any supplementation, probably
the heifers were fed at a limited level, so that their future
materhal ability was not affected.

As the covariance between direct and maternal
genetic effect was negative, the correlation between those
two effects (raoAm) and the regression of the genetic direct
effect on the maternal genetic effect (bAoam) was also
negative for both traits (Table IV). The regression shows
the magnitude of the linear dependency of direct genetic
effects on maternal ones, while the correlation shows the
strength of that dependency. The observed negative genetic
cotrelations suggested an antagonism between the genes
for growth and the ones for maternal ability. These results
confirm reports by Deese and Koger (1967), Brown and
Galvez (1969), Hohenboken and Brinks (1971), Vesely
and Robison (1971), Beltran Bru (1978) and Togashi and
Yokouchi (1982). The values obtained in this analysis are
in agreement with those of mixed model procedures
(Bertrand et al., 1987; Wright et al., 1991; Johnson et al.,
1992).

Total heritability

The estimates of total heritability (h%, Dickerson,
1947) were 0.03 for W205 and 0.02 for W365, due to the
highly negative covariance between the direct animal
effect and the maternal genetic effect. Compared to the
values of heritability, obtained from cotrelation among half
sibs (0.26 for W205 and 0.18 for W365), the estimates of
h% corresponded to about 10%. The main effect of this
severe reduction in the estimates is on selection programs,
generally based on estimates from half sib analyses. If
selection programs do not consider the maternal effects,
response to selection can be much smaller than originally
predicted. Part of the direct genetic gain in one generation
is offset by a reduction in maternal ability, expressed in the
next generation.

Permanent and temporary environment and dominance
effects

The component ofm accounts for the part of
variance, due to permanent environmental effects on the
maternal ability of the cow. The values of this parameter
show that this effect was the cause of 12% (W205) or 6%
(W365) of the total phenotypic variance. There is some
possibility that cows, with some handicap due to past
diseases or even lost have, therefore with reduced milk
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production, could habe contributed to differences in
maternal ability, reducing the phenotypic variance of
W205. Also one group of cows had a low nutritional level
when calves, that could have affected their maternal
petformance. As the animals of this herd were raised on
pasture, without any supplementation, there is no chance
that a group was overfed as calves. The permanent
environmental effects should affect mainly milk
production and W205, which is reflected in W365.

The variance component due to dominance
effects (oﬁ), was close to zero in W20S5 and explained 7%
of the vairability in W365, which agrees with Hill (1965),
who reported that this component should be small for
growth traits. Deese and Koger (1967), analysing weaning
weight of Brahman, also did not find any variability due to
dominance effects.

The residual component (oEo), the variance due to
the temporary direct effect of environment on weight of
calves, contributed 58% of the phenotypic variance of
W205 and 68% of W365. The magnitude of this
component should indicate that those traits were strongly
affected by non genetic causes, which makes the
considerations of breeding programs to select for those
growth weights still more complex.

Limitations of the model

According to Foulley and Lefort (1978), the
limitations to the model of Wilham are related to:

a) confounding of components
- b) errors of specific sources
¢) unknown accuracy of estimates

In this analysis, there were confoundings between
oﬁ:m and oﬁm ,and also between opogm and epopm. The
results obtained were, actually, joint estimates of both
components.

Epistasis is one of the specific sources of errors in
this analysis. In the theoretical development of the model,
it was assumed that epistasis was not important. However,

this component is part of the expected values of some -

covariances among relatives, such as full sibs and some
cousins. Therefore, the assumption of no importance of
epistasis can bias the estimates.

Hohenboken and Brinks (1971) did not find
epistatic effects to be important for cattle weight. This
method does not allow calculation on standard etrors of
estimates. This is probably the biggest weakness of the
method. Some individuals are present, simultaneously, in
different groups of animals (different relationships), what
could also induce etrors in the estimates (Eisen, 1967).
Foulley and Lefort (1978), based on this information,
concluded that the Method of Willham is only justified due

to the practical difficulties of geneticists in interpreting the
biological phenomena involved in selection.

It is necessary to develop better methods to
estimate maternal effects, possibly based on embryo
transfer or mixed model procedures (Crow and Howell,
1982). In this analysis it is unknown if the genetic
correlation of -.91 is true, but the negative sign of the
estimate is probably correct.

CONCLUSIONS

The conclusions of this study were:

a) maternal effect is an important source of
variation for weights of calves at 205 and 365 days;

b) the genetic correlation between direct and
maternal effects was negative for both traits and the values
of estimates were around -0.9, which indicates a strong
antagonism among the genes involved in the determination
of growth of calves and maternal ability;

c) the permanent environment effects were
important for maternal ability expressed as weaning
weight of calves, indicating that problems related to health
and management should affect milk production of the cows
in this herd;

d) the environmental correlation between direct
and maternal effects (rEogm) could not be detected in either
W205 or W365; and,

e) due to the negative genetic correlation between
direct and maternal effects raoam), maternal effects
should be included in any breeding program, to improve
genetic progress.
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RESUMO

Com o objetivo de avaliar os efeitos genéticos direto e
materno em um rebanho da raga Nelore, treze componentes de
(co)varidncia de virias familias de individuos aparentados
(componentes entre e dentro de familia) foram estimados em sete
andlises separadas. Os valores obtidos foram igualados is suas
respectivas esperangas tedricas (componentes causais de variincia e de
covariincia), formando um sistema de equagdes cuja solugio pelo
método dos quadrados minimos forneceu uma estimativa dos
componentes causais € dos parimetros genéticos. As caracteristicas
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avaliadas foram peso aos 205 (W205) e 365 (W365) dias de idade. Para
o componente genético direto, os valores estimados para o coeficiente

de herdabilidade (hg) foram 0,26 (W205) e 0,18 (W365). Para o

componente materno (h,zn), os valores foram 0,28 e 0,18
respectivamente. O método utilizado nao permite obter os erros-padrao
das estimativas. A correlagao genética entre os efeitos direto e materno
(taoam) foi estimada em -0,91 para ambos os pesos analisados. Isto
indica um antagonismo entre os efeitos dos genes para potencial de
crescimento e dos genes para habilidade materna. A herdabilidade

baseada na contribuigao genética total (h'2r) correspondeu a 10% do valor
dos coeficientes de herdabilidade obtidos pelo método usual de
correlagio entre meio-irméos paternos, indicando que se os programas
de selegio forem estabelecidos com base nos valores estimados pelo
método usual, que nio considera o efeito materno, a resposta a selegao
poderd ser menor do que prevista.
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