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Summary

Environmental conditions have been shown to impact several economically important traits in
beef cattle. In this study, genetic x nutritional environment interaction has been evaluated in a
composite beef cattle breed (50% Red Angus, 25% Charolais, 25% Tarentaise). Four nutritional
environments (MARG-RES, MARG-CTRL, ADEQ-RES and ADEQ-CTRL) were created
based on 2 levels of winter supplement provided to dams grazing winter range during gestation
(MARG and ADEQ) and 2 levels of input to offspring during post-weaning development (RES
and CTRL). Genetic parameters of average daily gain during the 140-d post wean trial (ADG),
yearling weight (YW), and ultrasound measurement of fat depth over the rib (FAT) and
intramuscular fat (IMF) of 3,020 individuals in the four environments were estimated. The
heritabilities estimated using a single trait mixed linear model were: ADG: 0.21, 0.23, 0.19 and
0.21; YW: 0.27, 0.33, 0.20 and 0.26; FAT: 0.30, 0.29, 0.29, 0.55; IMF: 0.45, 0.51, 0.33, 0.53 for
MARG-RES, MARG-CTRL and ADEQ-RES and ADEQ-CTRL respectively. To evaluate the
extent of genotype x environment interaction reaction norms was implemented. The correlations
between the intercept and the slope were -0.19, -0.34, 0.98, and 0.05 for ADG, YW, FAT and
IMF respectively. High correlations between intercept and slope indicate that animals with high
genetic merit respond better to improvement of the environment. Low correlations between
intercept and slope could potentially mean re-ranking of animals. The heritabilities were higher
in high feed inputs during post weaning period (ADEQ-MARG, ADEQ-CTRL) for ADG, YW
and FAT. Furthermore, the reaction norm model results showed that genotype by environment
interaction had a higher effect on traits with a lower heritability.

Keywords: Environment, reaction norms, fetal programing

Introduction

Several traits in beef cattle are under the control of genetic and environmental factors and their
interaction. This key factor has long been ignored by national cattle evaluation systems, it is
crucial that genetic sensitivity is taken into consideration in the selection and improvement of
beef cattle (De Jong and Bijma, 2002; Huquet et al., 2012). Several studies have shown
differences in genetic response and trend across different environments. Williams et al. (2012)
observed genetic correlations between WW and PWG measured at low and high altitude lower
than 0.8 suggesting genetic by environment interaction and re-ranking in their performance
across different altitudes. Moreover, Raidan et al. (2015) observed changes in estimated additive
genetic variance and selection to response of average daily gain and weaning weight between
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pasture and feedlot.
The objective of this study was to evaluate the extent of genetic by nutritional

environment interaction on growth and carcass traits in composite beef cattle breed using norms
models.

Materials and Methods

A single trait model was implemented in order to estimate variance components of post weaning
average daily (ADG), yearling weight (YW), live animal ultrasound measurements of fat depth
over the rib (FAT) and intramuscular fat (IMF) phenotypes in each of the four environments. The
number of observations was 729, 778, 756, and 757 for MARG-RES, MARG-CTRL, ADEQ-
RES and ADEQ-CTRL respectively. The model we used is as follows:

(1)

in which y is the vector of observations, X is the incidence matrix of fixed effects consisting of
sex effect, pen and contemporary group effects (year and age-of-dam subclasses), b is the vector
of solutions of fixed effects, Z is the incidence matrix of random additive effects, a is the vector
of solutions of animal additive effects and e is the vector of random residuals. The analysis was
carried out using the BLUPF90 package (Misztal et al., 2007).

The model used to evaluate genotype by environment interaction is a reaction norm
model. Due to the lack of a continuous environmental co-variable, we adopted a two-step
procedure. In the first step, the four nutritional environments were added to the fixed effects and
were estimated using the model described above. In the second step, a random regression model
was fit using the previously estimated nutritional environments as the environmental gradient
(Calus et al., 2002; Kolmodin et al., 2002) to express the genetic performance of each animal as
a function of the environment gradient in which it was reared. The reaction norm model analysis
was carried out using the BLUPF90 package (Misztal et al., 2007).

The additive genetic variances were calculated using the following formula:

(2)

where is the intercept, is the slope of the reaction norm and env is the environmental co-
variable.
The heritability estimates were obtained by:

(3)

where is the additive variance, is the residual variance and env is the environmental co-variable.

Results and Discussion

Due to the lack of continuous environmental gradient, estimated fixed effects of the four
environments were included as a co-variable and considered as the environmental gradient.
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Variance components obtained from the reaction norms model are presented in table 1. The
correlations between the intercept and the slope were -0.19, -0.34, 0.98, and 0.05 for ADG, YW,
FAT and IMF respectively. Higher correlations between intercept and slope indicate that animals
with high genetic merit respond better to improvement of the environment (Corrêa et al., 2009;
Cardoso et al., 2011). Lower correlations between intercept and slope could potentially mean re-
ranking of animals (Pegolo et al., 2011); however looking at reaction norms graph we didn’t see
evidence of re-ranking in IMF which had a correlation of 0.05 (Figure 1).

In general, higher heritabilities were observed in higher feed inputs during post weaning
period (ADEQ-MARG, ADEQ-CTRL) for ADG, YW and FAT (Figure 2). This trend was more
apparent for FAT. On the other hand, no change in heritability estimates was observed for IMF
trait which is in concordance with the multi-trait model results.

The reaction norms of ten random animals were plotted. Patterns indicative of genotype
by prenatal environment interaction on ADG, YW and FAT are evident. All 3 of these traits
exhibited greater magnitude of spread between EBVS of animals born from dams provided
greater level of winter supplement (ADEQ) than in animals from dams provided less winter
supplement (MARG). Reaction norms for IMF didn’t show an effect of genotype by
environment interaction which supports the argument that highly heritable traits are less
susceptible to G x E. From the results presented in this study, it is clear that genetically superior
animals in a certain environment are not necessarily superior in another. Furthermore, having
higher inputs of feed doesn’t necessarily result in higher genetic response.

Visual comparison of reaction norms indicate greater occurrence of re-ranking of EBVs
across prenatal and post-weaning nutritional environments when evaluated. In contrast, patterns
in Figure 1 provide indication of prenatal environmental effects on EBVs, primarily manifested
by influence on magnitude in differences among animals, being greater in offspring from dams
provided higher levels of winter supplementation. Evidence that level of supplement provided to
the dams resulted in fetal programing for phenotypic measurements collected on offspring
beyond 1 year of age in these animals has been shown previously (Roberts et al., 2016).
Moreover, the observed environmental effect on genetic response could also be due to
epigenetics. However, regulation of gene expression is a complex process and techniques such as
DNA methylation and histone modifications processes should be carried out to validate and
evaluate the extent of epigenetics impact.

From the present study’s results, it is crucial to consider both prenatal and postnatal
nutritional environment when developing breeding and selection programs. Mulder et al. (2006)
studied genotype by environment impact on several traits in dairy cattle and showed that when
having genetic correlations less than 0.8, it is optimal to have production system specific
breeding programs.

Conclusions

All methods applied in the present study demonstrated the existence of genetic by nutritional
environment interaction for growth and carcass trait in beef cattle with genetic correlations well
below the 0.8 threshold. Further, traits with higher heritability suggest lower susceptibility to the
effects of genetic by environment interaction. Furthermore, genetic variation exists in the
response of animals to the environment; this key factor could be utilized to select more robust or
plastic animals.
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Table 1. Estimated variance components of average daily gain (ADG), yearling weight (YW), fat

depth (FAT) and intra muscular fat (IMF) using the reaction norm model
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Trait * ^ δ ζ

ADG 0.099 (0.013) 0.00207 (0.001) 0.32 (0.22) -0.19 (0.15)
YW 0.063 (0.024) 541.56 (59.08) 1664.0 (927.36) -0.34 (0.37)
FAT 0.53 (0.16) 0.0005 (0.0002) 0.0072 (0.0035) 0.98 (0.45)
IMF 0.073 (0.028) 0.075 (0.029) 0.13972 (0.09) 0.05 (0.06)

*Direct additive genetic variance of the slope
^Direct additive genetic variance of the intercept
δResidual variance
ζCorrelation between intercept and slope of reaction norm

Figure 1. Reaction norms of 10 random animals for average daily gain (ADG), yearling weight

(YW), fat depth (FAT) and intra muscular fat (IMF) using reaction norm model. Animals were

born from dams that were provided levels of winter supplement considered to be marginal

(MARG) or adequate (ADEQ), and animals were fed either a control (CTRL) or restricted

(RES) amounts of feed after weaning
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Figure 2. Heritability of average daily gain (ADG), yearling weight (YW), fat depth (FAT) and

intra muscular fat (IMF) in different environments using reaction norm model. Animals were

born from dams that were provided levels of winter supplement considered to be marginal

(MARG) or adequate (ADEQ), and animals were fed either a control (CTRL) or restricted

(RES) amounts of feed after weaning


