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Genetic parameters of growth traits in Nellore cattle'

Parametros genéticos de caracteristicas de crescimento de bovinos

da raca Nelore

Leandro Molina Kamei?; Edson Luis de Azambuja Ribeiro’;

Nilva Aparecida Nicolao Fonseca®; Carolina Amalia de Souza Dantas Muniz*”;
Tatiane Vito Camiloti*; Natalia Albieri Koritiaki*; Ana Paula de Souza Fortaleza*

Abstract

This study evaluated non-genetic factors and calculated heritability estimates of direct and maternal
effects for growth traits in Nellore cattle raised in southern Brazil. Performance records of 4170, 1538,
3139, 1830, and 1151 calves born from 2005 to 2011 were analyzed for birth weight (BW), adjusted120-
day weight (W120), adjusted 205-day weight (W205), adjusted365-day weight (W365), and adjusted
550-day weight (W550), respectively. The components of (co)variance used to calculate heritability
estimates were determined by Derivative-Free Restricted Maximum Likelihood using the MTDFREML
software. Contemporary groups were included in the model as fixed effects, and direct and maternal
effects, permanent environmental effects, and residual errors were included as random effects. Phenotypic
correlations were estimated using the PROC CORR procedure from SAS. Overall means for BW, W120,
W205, W365, and W550 were 38, 138, 201, 270, and 376 kg, respectively. Heritability estimates for direct
and maternal effects were 0.17 £ 0.04 and 0.11 = 0.03 (BW), 0.14 = 0.03 and 0.03 + 0.04 (W120), and
0.17 = 0.04 and 0.09 + 0.03 (W205). Genetic, phenotypic, and environmental correlations were 0.79,
0.44, and 0.32 for BW and W120, 0.79, 0.39, and 0.26 for BW and W205, and 0.96, 0.74, and 0.75 for
W120 and W205. The results indicate that selection for pre-weaning weight would be more efficient
using W205, and genetic correlation coefficients indicate that selection at any age should produce a
positively correlated response at older ages. Genetic, phenotypic, and environmental correlation
coefficients between W365 and W550 were 0.99, 0.75, and 0.76, respectively. Selection for adjusted
550-day weight should produce the greatest genetic gains. Genetic correlation coefficients between
weight traits indicate that selection for weight at older ages, which could help reduce the number of
weighings and increase accuracy of selection at younger ages, produces gains at older ages.
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Resumo

Com o objetivo de estudar os fatores ambientais e estimar os pardmetros genéticos, para os efeitos
diretos e maternos, para as caracteristicas de crescimento, foram utilizadas 4170, 1538, 3139, 1830 ¢
1151 observagdes de peso ao nascer (PN), peso ajustado aos 120 dias de idade (P120), peso ajustado
aos 205 dias de idade (P205), peso ajustado aos 365 dias de idade (P365) e peso ajustado aos 550 dias
(P550), de bovinos da raca Nelore nascidos no periodo de 2005 a 2011 em uma propriedade situada no
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municipio de Amapora-PR. As médias estimadas para PN, P120, P205, P365 ¢ P550, foram 38 kg, 138
kg, 201 kg, 270 kg e 376 kg, respectivamente. Os componentes de (co) variancia utilizados para estimar
as herdabilidades foram obtidos por meio do programa MTDFREML, o modelo utilizado considerou o
efeito fixo do grupo de contemporaneos, o efeito da idade da vaca ao parto como covariavel, além dos
efeitos aleatorios genéticos aditivo direto e materno e o efeito de ambiente permanente. As correlagdes
fenotipicas foram estimadas com o auxilio do procedimento PROC CORR do SAS. As herdabilidades
estimadas para efeito genético direto e materno, respectivamente, para PN foram 0,17 + 0,04 ¢ 0,11 £
0,03, para P120 foram 0,14 + 0,03 ¢ 0,03 + 0,04, e para P205, 0,17 + 0,04 ¢ 0,09 + 0,03, P365 foram
0,14 ¢ 0,02, e para P550 foram 0,21 ¢ 0,07. As correlagdes genéticas, fenotipicas e ambientais entre as
caracteristicas PN e P120 foram de 0,79, 0,44 ¢ 0,32, entre PN e P205 foram 0,79, 0,39 ¢ 0,26 ¢ entre
P120 e P205 foram 0,96, 0,74 ¢ 0,75, respectivamente. Os resultados indicam que para o periodo pré-
desmama, a selecdo por peso seria mais eficiente para P205 e o alto valor das correlagdes genéticas
estimadas indicam que, ao selecionar os animais para qualquer uma das caracteristicas, ocorrera resposta
correlacionada positivamente para as demais. As correlagdes genéticas, fenotipicas e ambientais entre
as caracteristicas P365 ¢ P550 foram 0,99, 0,75 e 0,76. Para o periodo pés-desmama ¢é possivel obter
maior ganho genético quando a selegao € feita aos 550 dias de idade, e devido a alta correlagdo genética
entre as caracteristicas, a selecdo em qualquer idade promovera mudanga no mesmo sentido na outra.

Palavras-chave: Correlacdo. Herdabilidade direta. Herdabilidade materna. Gado de corte. Peso corporal.

Introduction

Weight is an important trait in beef cattle and
several studies have evaluated birth weight and
standardized weights at 120, 205, 365, and 550
days to estimate finishing weight (AMARAL et
al., 2014; ARAUJO et al., 2014; FERREIRA et
al., 2015; PASSAFARO et al., 2016). Birth weight
plays an important role in a calf’s ability to express
its genetic potential, but should be monitored to
prevent dystocia: in Nellore cows, calving ease is
associated with moderately low birth weights (30 kg
on average) (HOLANDA et al., 2004; MENEZES
etal., 2013; ARAUJO et al., 2014). Calf weights at
120 days and 205 days (weaning weight) indicate
a cow’s producing ability, because maternal effects
directly influence calf performance at these stages
(CARDOSO et al., 2004). The postweaning period
is important for genetic evaluation of beef cattle
because it corresponds to the life cycle stages that
best represents raising conditions, and suffers little
influence from maternal effects (CARDOSO et
al., 2004). Finally, yearling weight (550 days) is
usually the last weight measurement taken by beef
producers in conventional systems before finishing.

Genetic parameters are used to predict direct
and correlated responses to selection, determine
the genetic value of animals, and compute selection

indexes (LIRA et al., 2013). Heritability measures
the proportion of a trait controlled by genetic
variation, and heritability estimates have been used
to determine the best strategy for improving growth
traits. Genetic correlations indicate the degree of
association between two traits, helping predict how
a trait is affected by changes in a correlated trait.

Several studies have reported low to moderate
genetic additive heritability for pre-weaning
weights (BOLIGON et al.,, 2011; LIRA et al.,
2013; ARAUJO et al., 2014; FERREIRA et al.,
2015), high heritability for post-weaning weights
(BOLIGON et al., 2008; LIRA et al., 2013;
FERREIRA et al., 2015), and high positive genetic
correlations between weights at different ages,
with higher genetic correlations between adjacent
weights, decreasing as the age difference increases
(BOLIGON et al., 2009; GARNERO et al., 2010;
PASSAFARO et al., 2016).These results indicate
that direct selection can result in genetic gains. The
characteristics of weight development in beef cattle
are very important, as they reflect the growth curve
of the animals, which is key to productivity increase
in meat-producing systems. Thus, in this study, we
estimated genetic parameters for birth weight and
adjusted weights at 120, 205, 365, and 550 days of
age in a Nellore herd.
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Materials and Methods

The data used in this study were collected from a
herd of Nellore cattle raised on pasture with mineral
supplementation in a ranch located in Amapora,
northwest state of Parana, southern Brazil.

Preweaning records of 4170, 1538, and 3139
calves born between 2005 and 2011 were analyzed
for birth weight (BW), 120-day weight (W120), and
205-day weight (W205), respectively. Postweaning
records of 1810 and 1151 calves born between
2005 and 2011 were analyzed for adjusted 365-
day weight (W365) and adjusted 550-day weight
(W550), respectively.

Preliminary analysis was performed using
Statistical Analysis System software (SAS Institute
nc., Cary, NJ, USA) to check for consistency
of information and determine the model type
To estimate genetic
parameters for calf weight traits, the contemporary
group (CG) variable was created to group animals
raised under similar conditions.

for environmental effects.

Contemporary
groups for birth weight included animals with the
same sex born in the same year and Julian date
for W120, W205, W550, and W365, CG included
animals with the same sex born in the same year
and season, and weighed on the same date. Two
calving seasons were considered: spring-summer
(September 23 to March 20) and autumn-winter
(March 21 to September 22). Contemporary groups
with less than three animals and bulls with less than
two calves were removed from the analysis.

Phenotypic correlations between traits were
estimated using the PROC CORR procedure from
SAS (SAS Institute Inc.).

Estimates of (co)variance components and
genetic parameters for growth traits were calculated
using the MTDFREML software (BOLDMAN et
al., 1995). The age at calving (linear and quadratic
effects) was included in the model as a covariate and
CG was included as a fixed effect. The covariance
between maternal and direct effects was assumed
zero, as suggested by Fries and Albuquerque (1998).

Each trait was analyzed separately for the estimation
of variances and heritability values followed by bi-
character analysis is for the estimation of covariance
matrices and genetic correlations between traits.

The general model used can be written as:
y=Xp+Zd+Zm+Zp+e with(s,)=0,

where y = vector of weight records from a particular
age; X = incidence matrix relating each observation
to each fixed effect;
(contemporary groups); Z, = incidence matrix of

B =fixed effects vector

direct additive genetic effects; d = vector of direct
additive genetic effects; Z, = incidence matrix of
maternal additive genetic effects; m = vector of
maternal additive genetic effects; Z, = incidence
matrix of permanent environmental effects; p =
vector of permanent environmental effects; e =
vector of non-observable random residuals, and (s )

= covariance between direct and maternal genetic

effects. Assuming E[y]=Xp, E[a]=0, E[m]=0,
E[c]=0,and E[e]=0, the (co)variance matrix can be
written as:

- T Ao = 2 3 o H e He

20 ‘ @ e 0 0 0 0 |
Vo, |40a.q, Ade, 42 Ao 0 0 0 a
i F g w e 0 0 i 0
e |88 Ao 4 e, 8 0 |
.gg ‘ a 5 D 5 ING Oy, mrmc:;z IN'c‘ h‘\fc;“
2 Lo o o 0 0 el
= i 0 o ] 0 O 0 Nog e INc,
where N = number of dams, N = number of
observations, A = identity matrix. Covariances

between the environmental effects of different

animals were assumed zero.

Results and Discussion

Growth traits had higher mean values in our study
(Table 1) than reported for Nellore cattle elsewhere.
Average birth weights ranged from 29.5 kg to 32.8
kg in previous reports (HOLANDA et al., 2004;
MENEZES et al., 2013; ARAUJO et al., 2014),
for Nellore herds in Midwestern and Northeastern
Brazil, compared to 37.6 kg in this study. The same
was true for the adjusted 120-day weight 138.4 kg,
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compared to 119.1-129.0 kg in (BOLIGON et al.,
2008; GARNERO etal., 2010; SOUZA et al., 2011),
for the adjusted 205-day weight compare Table 1 to
(BOLIGON, 2008; SANTOS etal.,2012; AMARAL
etal., 2014; ARAUJO et al., 2014), and for adjusted
365-day and 550-day weights, compare Table 1 with
the study by (RIBEIRO et al., 2001; BOLIGON et
al., 2008; GARNERO et al., 2010).The high birth
weight measured in this study might result from the
selection criteria adopted for the analysis, which
included birth weight in the calculations of adjusted
weights at weaning. In addition, the higher 365-day
and 550-day weights observed here could be due
to the intense selection for weight traits practiced
at the ranch, which included periodic culling of
animals not meeting performance expectations.
Overall, though, the higher mean weight at all

life cycle stages may result from the good pasture
condition and the selection for calf weight traits
practiced at the ranch since 1944. It should be
noted that calves with high birth weight are more
prone to dystocia, affecting calf survival, whereas
animals with higher adult weights have greater
maintenance and production requirements, which
may be incompatible with pasture-based production
systems with low nutrient content (CUNDIFF et
al., 1984). On the other hand, the weaning weight
at 205 days of age is an important trait in selection
programs, because it is an estimate of the milking
and mothering abilities of the dam and the growth
potential of the calf (MALHADO et al., 2005). In
addition, weaning weight is important in production
system because preweaning gains have lower costs
than postweaning gains (SANTOS et al., 2012).

Table 1. Number of observations (N), mean values (+£standard deviation), coefficient of variation (CV), and range
(minimum-maximum values) for birth weight (BW) and weights adjusted to 120 days (W120), 205 days (W205), 365
days (W365), and 550 days (W550) in Nellore calves raised in southern Brazil.

Variable N Mean + SD CV Range (min—max)
BW 4170 37.53+£5.04 12.31 20.0-61.0
W120 1538 138.43 +£18.59 1.1 71.0-209.0
W205 3139 200.77 £29.63 11.56 86.0-336.0
W365 1830 270.5 £ 38.05 8.9 164.0-406.0
W550 1151 376.05 +58.28 8.2 233.0-636.0

All calf weight traits measured had considerable
direct additive genetic variability (Table 2), and
thus can be used in breeding programs for selection
for birth weight. The direct birth weight heritability
estimate recorded here (0.17) was similar to that
reported by Holanda et al. (2004) (0.22) and Silveira
et al. (2004) (0.17), but lower than those reported
by Boligon et al. (2009), Aragjo et al. (2014), and
Pedrosa et al. (2014),which ranged 0.25-0.37. For
120-day weight, the direct heritability estimate
(0.14) was below that reported in other Nellore
cattle studies (SIQUEIRA et al., 2003; YOKOO
et al., 2007; LIRA et al., 2013; FERREIRA et al.,
2015). However, for the adjusted weaning weight
(205 days of age), the direct heritability estimate
(0.17) was comparable to values reported by Amaral

etal. (2014) (0.19) and Silveira et al. (2004) (0.17),
although lower than values recorded by Boligon et
al. (2008), Lopes et al. (2008), Araujo et al. (2014),
and Ferreira et al. (2015). The adjusted weight at
210 days of age was lower than the value reported by
Lira et al. (2013). There was also a large difference
in the365-day weight direct heritability estimate in
this study (0.14) and those reported in five other
studies (0.24-0.37, reported by GARNERO et
al., 2010; AMARAL et al., 2014; ARAUJO et al.,
2014; FERREIRA et al., 2015). Finally, for 550-day
weight, a heritability estimate similar to this study
(0.21) was reported by Laureano et al. (2011) and
Amaral et al. (2014) (0.18), whereas Garnero et al.
(2010) and Ferreira et al. (2015) reported higher
estimates (0.42 and 0.43, respectively).
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Table 2. Estimates of variance components and genetic parameters for birth weight (BW) and weights adjusted to 120
days (W120), 205 days (W205), 365 days (W365), and 550 days (W550) in Nellore calves raised in southern Brazil.

Estimate BW W120 W205 W365 W550
o’ 3.53 32.39 95.32 81.60 207.12
o’ 2.25 6.40 49.00 11.17 64.15
czpe 0.20 32.46 157.37 80.34 28.36
o’ 15.29 168.21 362.44 422.78 670.25
62p 21.27 239.47 564.03 595.89 969.87
h?, 0.17+£0.04 0.14+£0.03 0.17 £0.04 0.14 £0.05 0.21 £0.08
h? 0.11 +£0.03 0.03 £0.04 0.09 +0.03 0.02 £0.03 0.07 £0.05

o2 = variance (a = direct additive genetic effects; m = maternal genetic effects; pe = permanent environmental effects; e = residual
effects; p = phenotypic effects); h? = heritability (a = direct; m = maternal).

Maternal heritability estimates (Table 2) indicate
that maternal effects on calves were largest for birth
weight, 120 day weight and 205-dayweight. In
fact, up to weaning age, the calf is more dependent
on its dam’s milk than on feed. Marcondes et al.
(2000), Holanda et al. (2004), and Aratjo et al.
(2014) reported maternal heritability estimates for
birth weight (0.09-0.11) similar to this study (0.11).
Similarly, the maternal heritability estimate for 205-
day weight (0.09) was comparable to those reported
by Holanda et al. (2004), Silveira et al. (2004), and
Laureano et al. (2011) for weaning weight, which
was 0.08. According to Passafaro et al. (2016),
even though maternal effects explain only a small
proportion of the phenotypic variation, they should
be included in models for analysis of weight data
in cattle, because their removal may result in
overestimation of heritability estimates and changes
in breeding values. The maternal heritability
estimates for 365-day (0.02) and 550-day (0.07)
weights were low (Table 2). Nevertheless, direct
selection for these traits may result in genetic gains.
In fact, according to Meyer et al. (1991), maternal

effects influence postweaning growth traits, and
should be included in models for the estimation of
genetic parameters of growth traits.

Genetic correlations between weights at different
ages were high (Table 3), suggesting that animals
that are genetically superior at a given age may
keep that superiority at subsequent ages, especially
after weaning. Moreover, selection for weight
at any age should produce changes in the same
direction at older ages. Boligon et al. (2009) and
Passafaro et al. (2016) also found medium to high
genetic correlations for weights at different ages
and, in general, correlation coefficients were higher
between adjacent weights. Estimating genetic
correlations for weight at both young and adult ages
is important because response to selection in adult
weight, which has long been practiced in beef cattle,
would be higher for higher weights at younger ages.
Our results reinforce the prevailing concern with
mature size of beef cows, because of the negative
— although weak — correlation between adult weight
and reproductive performance.

Table 3. Estimates of genetic, phenotypic, and environmental correlations for birth weight (BW) and weights adjusted to
120 days (W120), 205 days (W205), 365 days (W365), and 550 days (W550) in Nellore calves raised in southern Brazil.

Traits :
Genetic
BW-W120 0.79
BW-W205 0.79
WI120-W205 0.96
W365-W550 0.99

Correlation
Phenotypic Environmental
0.44 0.32
0.39 0.26
0.74 0.75
0.75 0.79
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Phenotypic correlations (Table 3) also suggest
that calves that are heavier at young ages should
also be heavier at older ages.

Moderate environmental correlations of birth
weight with120-day weight (0.32) and with 205-day
weight (0.26), and the high correlation coefficient
between 120-day and 205-day weights (0.75)
suggest an association between environmental
factors and calf weights at 120 and 205 days of
age. Thus, variation in a trait caused by non genetic
factors will result in changes to other traits.

The genetic, phenotypic, and environmental
correlations between 365-day and 550-day weights
were also high (Table 3), indicating that most genes
that affect calf weight at 365 days of age also affect
calf weight at 550 days of age, as observed for non-
genetic factors. Thus, heavier animals at 365 days
of age should also be heavier at 550 days of age,
which could help reduce the number of weighings
and increase accuracy of selection at younger ages.

Conclusions

Birth weight was higher than in other studies
of Nellore cattle, indicating that beef producers in
the ranch should take special care with this trait to
prevent calving-related losses.

The high heritability estimate indicates that
selection for adjusted 550-day weights could
produce the greatest genetic gains.

Genetic correlation coefficients between weight
traits indicate that selection for weight at a specific
age produces gains at older ages, which could
help reduce the number of weighings and increase
accuracy of selection at younger ages.
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