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Abstract

Depending on the environmental differences among the regions, the phenotypic expression in beef
cattle may significantly vary between the progenies of the same sire, and this is an important rule to
identify the best animal. Thus, this study was carried out to spatialize environmental factors that
may help to compare and discriminate the states of Maranh&o, Para, and Tocantins and also to
check for genotype x environment interaction (G x E interaction) in these regions. The
environmental variables analyzed were: maximum temperature; minimum temperature; mean
temperature; precipitation; normalized difference vegetation index; relative humidity; altitude; and
index of temperature and humidity. Records of weaning weight of Nellore cattle raised on pasture
were collected between the years of 1997 and 2007. The dataset was constituted of 21.117 animals,
progenies of 161 sires. (Co)variance components and breeding values were estimated using the
multiple-trait derivative-free restricted maximum likelihood method. Multivariate spatialization
revealed clear distinction among the States of Maranhdo, Para, and Tocantins and allowed the
identification of important environmental variables for discrimination. The estimate for direct
heritability showed moderate magnitudes and were 0.22+0013, 0.26+0.021, and 0.29+0023, for the
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States of Maranh&o, Para, and Tocantins, respectively. The estimates of correlation between the
breeding values, predicted in different States, as well as the genetic correlation for weaning weight
showed that sire ranks changed among the States, indicating G x E interaction. There was a
variation of the genetic response of the progeny, depending on the sire and on the State. Thus, the G
x E interaction should be accounted for in the genetic evaluation of sires and the performance of
Nellore cattle under extensive breeding systems in tropical regions of Brazil.

Keywords: animal breeding; canonical correlation; cluster; heritability; Zebu.

Resumo

A expressdo fenotipica pode variar significativamente sob diferengas climéticas e deve ser um
motivo de preocupacao na identificacdo e selecdo de animais superiores no Brasil. Dessa forma, no
presente estudo objetivou-se espacializar fatores ambientais para discriminar os estados do
Maranhdo (MA), Pard (PA) e Tocantins (TO) e verificar presenca de interacdo genotipo-ambiente
(IGA) para peso ao desmame em rebanhos bovinos da raca Nelore localizados nestes Estados. As
varidveis ambientais analisadas foram: temperatura maxima; temperatura minima; temperatura
média; precipitacdo; indice vegetativo normalizado; umidade relativa; altitude e indice de
temperatura e umidade. Os registros de peso a desmama de bovinos da raca Nelore criados a pasto
foram coletados entre os anos de 1997 e 2007 e o conjunto de dados constituido por 21.117 animais,
filhos de 161 touros comuns aos Estados do MA, PA e TO. As estimativas para herdabilidades
direta apresentaram magnitudes moderadas, com valores de 0,22 + 0,013 (MA), 0,26 + 0,021(PA) e
0,29 £ 0,023 (TO). As variaveis ambientais discriminaram bem os Estados e as estimativas
revelaram variacdo da resposta genética da progénie, dependendo do pai e do Estado em questédo.
As estimativas de correlagdes genéticas para peso ao desmame indicaram forte presenca de
interacdo gendtipo-ambiente.

Palavras-chave: correlacdo candnica; cluster; herdabilidade; producdo animal; Zebu.
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Introduction

The variation of environmental factors and effects is an issue for cattle production in Brazil,
considering the enormous magnitude of beef production in this country. Meat production is
associated to the phenotype of animals, which is the relationship between genetic and
environmental components®. Phenotypical expression may vary significantly under climatic
variation and should be a matter of concern for the identification and selection of superior animals
in Brazil@®?,

Considering G x E interaction, Cooper and Dellacy® reported that only when the genetic
correlation among environments is less than one does the G x E interaction restrain response to
selection. In this sense, different thresholds have been suggested to measure the significance of this
type of interaction®. Frstly, however, it seems that checking and discussing this phenomenon is the
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most fortunate way to encourage the adoption of this approach in Brazil.

Climate and production systems vary significantly throughout the vast tropical regions of Brazil.
Therefore, consideration of G x E interaction may impact significantly the efficiency of genetic
improvement programs over the years. An effort towards research on G x E interaction will come
up against several bottlenecks at the time of implementation. However, when put into practice the
advantage is that genetic evaluations are delivered for each specific environment. This has been
demonstrated in the case of Nellore cattle breeding in several regions of Brazil @510,

The States of Maranhdo, Parg, and Tocantins are considered a privileged area to breed Nellore cattle
under extensive pastures and tropical conditions in South America, mainly because of the high
sunlight incidence and the soil conditions. The investigation was motivated under the hypothesis
that the large extent and heterogeneity of the Brazilian landscape plays a role on the genetic
evaluation of sires and the performance of Nellore Cattle raised on pasture in tropical regions of
Brazil.

Materials and Methods

The analysis was scheduled and divided into two different procedures. First, an ecologic
characterization was undertaken to detect environmental patterns of diversity. Second, a genotype X
environment interaction (G x E interaction) approach was carried out to verify any environmental
effect on both the phenotype and genotype of Nellore cattle.

The data set was composed of information describing the environmental condition of 498 Brazilian
cities distributed in the States of Maranhdo (217), Northeast of Brazil, Par4 (143), and Tocantins
(138), both located in the North Region of Brazil (Figure 1). The States of Maranhdo and Tocantins
are located in a transition zone between the Amazon and the Savannah biome®b,

The environmental variables analyzed were the annual average for maximum temperature (MAXT);
minimum temperature (MINT); mean temperature (MT); precipitation (PR); normalized difference
vegetation index (NDVI); relative humidity (RH); altitude (AL), and index of temperature and
humidity (ITH). All environmental variables were standardized by computing the Z scores
separately for each pair of States by standardizing life-expectancy data to a mean of 0 and a
standard deviation of 12, Study variables (Table 1) were obtained by the Brazilian Institute of
Geography and Statistics, National Institute of Meteorology, National Institute for Space Research,
United States Geological Survey, and the United Nations Program for Development.

The following multivariate analyses were used in this study: discriminant analysis, which computes
various discriminant functions for classifying observations; canonical analysis, used to find linear
combinations of the quantitative variables that best summarize the differences among the classes;
and, stepwise selection, used to find a subset of quantitative variables that reveal most of the
differences among classes. Also, cluster analysis was used to sort variables into groups which were
not defined a priori, so those objects in a given cluster tend to be similar to each other in some
sense, and objects in different clusters tend to be dissimilar. Hierarchical clustering was performed
using Ward's minimum-variance method, in which the distance between two clusters is based on the
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sum of squares between them added up over all the variables. At each generation, the within-cluster
sum of squares is minimized over all partitions obtainable by merging two clusters from the
previous generation. To visualize the results from the cluster analysis, a dendrogram was drawn ¢2),

Table 1. Descriptive statistic for the environmental variable in Maranhdo, Pard and Tocantins States
TMIN TMAX AT ™ PR ALT NDVI UR ITU

Variable M o
Mean 27.33 38.06 10.73 3241 179198 246.34 0.4 50.09 81.31
SD 0.71 0.98 0.28 0.84 336.47 71.18 0.01 9.73 2.14
CV 2.59 2.59 2.59 2.59 18.78 28.9 1.46 1942 264

CL25% 2723 3793 1069 323 1746.96 236.82 0.4 48.79 81.02
CL9.75% 27.42 38.19  10.77 32.52 1837 255.87 0.4 514  81.59

Pard
Mean 31.78 37.45 566 3395 2197.64 726.03 0.81 69.33 87.08
SD 1.06 1.25 0.19 1.14 91.09 145.36  0.01 10.26 2.64
Ccv 3.34 3.34 334 334 4.14 20.02 124 1479 3.04

CL25% 31.61 37.24 563 33.76 2182.58 702 081 67.63 86.65
CL9.75% 31.96 37.65 569 34.14 22127 750.06 0.81 71.02 87.52

Tocantins
Mecan 29.87 35.2 532 3191 1091.64 299.81 0.41 5495 81.51
SD 1.14 1.34 0.2 1.21 101.55 63.7 0.01 4.85 1.9
CV 3.8 3.8 3.8 3.8 9.3 21.25 2.51 8.82 2.33

CL25% 29.68 34.97 529 31.71 1074.54 289.08 041 54.13 81.19
CL9.75%  30.07 35.42 536 32,12 1108.73 31053 041 55.76 81.83

Figure 1.Political map illustrating the States of Maranhdo, Paré and Tocantins in the Northeast and
North Region of Brazil.

Cienc. anim. bras., Goiania, v.18, 1-13, e-39597, 2017



5 FERREIRA, J.L. et al.

Performance records of 21,117 animals born in the states of Maranhédo (3.653), Para (8.132), and
Tocantins (9.332) from 1997 to 2007 were used to study the effect of G x E interaction. Phenotypic
data consisted of standardized weights (205 days of age, W205) registered in the genetic
improvement program led by the Brazilian Association of Zebu Breeders (ABCZ). The progenies
included in the analysis were the offspring of 161 sires and 17.760 cows, bred in the States of
Maranh&o (2.966), Para (6.535), and Tocantins (8.159). The number of herds from each State was
142; 229; and 223, respectively. As exclusion criteria for males, only sires that had progeny in all
three States were included in the analysis.

The univariate and bivariate models included the random direct genetic effects, with the maternal
genetic effects and the maternal permanent environmental effects, as well as the fixed effects of
contemporary group (herd, sex, season, and year of birth), and age of dam at calving as a covariate
(linear and quadratic effects). As suggested by Falconer and Mackay®, the expression of the same
trait in two environments can be considered as two different traits, and the genetic correlation
between them can be estimated in the same way as for any two correlated traits, using bivariate
analysis. To estimate genetic parameters for W205 the animal model was:

y=Xf+Zia+Z,m+ Zympe +e

where, y is the vector of observations (W205); g is the vector of fixed effects in the model,
associated with the incidence matrix X; a is the vector of random direct genetic effects associated
with the incidence matrix Zi; m is the vector of maternal genetic effects associated with the
incidence matrix Zz; mpe is the vector of the random maternal permanent environmental effects
associated with the incidence matrix Zs; and, e is the vector of the random residual effects.

The maternal and the direct genetic effects are assumed to be correlated, while the residual and
permanent environment effects are not, nor are they correlated with the genetic effects.
Computations of direct genetic (¢2), maternal genetic (c2,) covariance between the direct and
maternal genetic (g,,,,), maternal permanent environmental (o7,.,), and residual variances (oZ)
were carried out using the MTDFREML software®®. The following (co)variance components and
parameters were calculated as in Willham®?: phenotypic variance (02 = 02 + 0 + 0 + 0pe +
o), direct heritability (hi = 07 /0;), and maternal heritability (h7, = 0 /05). Breeding values
were estimated using the Restricted Maximum Likelihood Method - REML, with the MTDFREML
software™?.

The effect of G x E interaction was also evaluated using the change in ranking of sires. The sires
were ranked based on their breeding values (BV) in each State. The similarity between the rankings
of sires in the three states was evaluated using the Spearman correlation®® considering the BVs of
the 161 bulls in each separate State.

Results

The multivariate discriminant analysis revealed that discrimination between States is consistent,
reinforcing the hypothesis that phenotypical expression, concerning cattle production and
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productivity, may be affected with different intensities throughout the Brazilian landscape. The
environmental variables used to characterize climate conditions were enough to guarantee no
misclassifications (0%) when assigning any city into their respective State of origin (Table 2).

Table 2. Percentage of environmental factors classified in cach group

From group Maranhdo Pard Tocantins Total of Citics
Maranhdo 100 0 0 217
Para 0 100 0 143
Tocantins 0 0 100 138
Error level 0 0 0 498

The environmental information revealed to be a real source of variation between the States of
Maranhdo, Pard, and Tocantins, but some variables where more important than others (p <0.05)
(Table 3).

Table 3. Environmental variables that best discriminate States in the comparison between
Maranhéo, Para and Tocantins

Maranhéo Tocantins
Pard MINT MAXT MT MINT MAXT ITH
PR AL NDVI PR AL NDVI
MINT MAXT ITH RH
Maranhdo
PR AL NDVI

MAXT: maximum temperature, MINT: minimum temperature; MT: mean temperature; PR: precipitation; NDVI:
nomalized difference vegetative index; RH: relative humidity; AL: altitude and ITH: index of temperature and
humidity

In parallel, the canonical analysis plot also made evident that the cities from the same State group
up together according to the similarity (Figure 2).

The distance between the clusters (Ward's Minimum-Variance Method) showed that the difference
between Maranh&do and Para is greater than the difference between Maranh&o and Tocantins (Figure
3). This result is probably due to the fact that the Amazon Forest is more abundant in Para than in
Maranhdo and Tocantins, which are both assigned to the Cerrado Forest ecosystem. The canonical
analysis was also able to point out the variables that best discriminate the three States, which
presented strong correlation with TMAX, TMIN, and NDVI, respectively (Figure 4).
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Figure 2. Graphical representation of canonical analysis considering 8 environmental variables and
498 citics located in Maranhdo (MA), Para (PA) and Tocantins (TO).
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Figure 3. Tree diagram of distances between States of Maranhdo (MA), Paré (PA) and Tocantins
(TO).
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Figure 4. Graphical rcpresentation of canonical means revealing correlation cstimates between
environmental variables and threc States of Brazil. MAXT: maximum temperature, MINT:
minimum temperature; MT: mean temperature; PR: precipitation; NDVI: normalized difference
vegetative index; RH: relative humidity; AL: altitude and ITH: index of temperature and humidity.

The multivariate analysis showed that the States of Maranhdo, Para, and Tocantins have
environmental peculiarities significant enough to reveal strong discrimination. Under this condition,
the selection of sires with progeny in all three States was the subsequent step to verify
environmental influences on both the phenotype and genotype of the animals raised in these
regions.

The estimates for direct heritability showed moderate magnitudes and the weaning weights among
the three States of Brazil revealed to be different (P<0.01) (Table 4). The difference in magnitude of
these estimates is an indication that the phenotypic response of the progeny of one sire depends on
the political region under evaluation. The maternal ability expresses the aptitude of cows to care for
their progeny. Besides being influenced by many factors, this trait has great importance in breeding
programs®. The estimates pointed low maternal heritability, indicating that maternal ability suffers
great influence of the environment effect and that the performance of daughters of the same sire
varies according to the State under consideration.

Assuming that the performance of sires varies when exposed to different environments, the draw of
the top 10% sires is helpful to illustrate the variation on the expected performance of progenies
(Figure 5). Estimated progeny difference (EPD) represent the divergence in the expected
performance of the progeny of one sire compared to other sires, included in the same genetic
evaluation program. Results in Figure 5 reinforce the statement that environmental diversity has
been interfering significantly in the genetic evaluation of Nellore sires in extensive breeding
systems in tropical regions of Brazil. It is also important to pay attention that besides the
correlations estimated using the top 10% of sires are considered high, less than 20% of these sires
where repeated. Thus, such high correlations are due to similar trend, not due to existence of the
same sire, which were all ranked differently in each State. As an example, the best sire in Tocantins
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(EPD =12 kg and rank = 1°) had progenies only in Maranh&o State (EPD = 1.04 kg and rank = 11°);
the best sire in Para (EPD = 4.98 kg and rank = 1°) was found only in Maranhdo (EPD = 1.51 kg
and rank = 5°); and, the best sire in Maranhdo (EPD = 1.97 kg and rank = 1°) had progenies in both
States of Tocantins (EPD = 6.61 kg and rank = 4°) and Para (EPD = 3.40 kg and rank = 7°).

Table 4. Weaning weight, standard deviation, cocfficient of variation and heritability for direct and
maternal effects for standardized weights at 205 days of age in Nellore calves

Parameter Maranhdo Para Tocantins
Weaning weight (kg) 167.18® 168.97 @ 16591 ¢
Standard deviation (kg) 21.02 20.49 20.87
CoefTicient of variation (%) 12.57 12.1 12.58
Direct heritability (h%) 0.22 (+0.013) 0.26 (+0.021) 0.29 (+0.023)
Maternal heritability (h?m) 0.09 (x0.053) 0.06 (£0.041) 0.12 (x0.061)

= Different lowercase superscripts for weaning weight indicate statistically significant difference (p<0.001) by Tukey
test

14 4

10 4

EPD (kg)

24 o———su_g

O O O

0 2 4 6 8 10 12 14 16
TOP 10 Sires

—e—Tocantins —e—Para —<—Maranhio

Figure 5. Expected progeny difference (EPD)for the top 10% sires for weaning weight in three
States of Brazil.

Ranking correlations between the breeding values of sires, predicted for pairs of States, revealed the
effect G x E interaction on selection for weaning weight at 205 days (Table 5). The magnitude of
the genetic correlations between States was high (0.70 to 0.82) in all cases. In the absence of G x E
interaction, the expected genetic correlation across environments is one. In this sense, even using
the top 10% or all animals, the best bulls differ among the States.

Ibi et al.®) suggested the G x E interaction is of biological and agricultural importance if the genetic
correlation for the same trait in different environments is less than 0.80. With this threshold, only
estimates of genetic correlations for weaning weight were above the threshold of biological
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importance of G x E interaction (Table 5). Thus, this provides evidence that G x E interaction for
this trait in the three States was biologically significant enough to allow abundant re-ranking of
animals based on estimated breeding values (Figure 6). This indicates a limitation point for using
weaning weight data from different States in a nationwide genetic evaluation scheme based on
predicted breeding values because such approach leads to important changes in the ranking of sires.
The stability of breeding values for weaning weight across all three States is illustrated in Figure 6
and is related to the variability of the genotypes throughout different environments.

Table 5. Estimates of the Spearman correlation between the breeding values of common Nellore
sircs and cstimates of the genetic corrclation between weaning weights of Nellore calves in
Maranhdo, Para and Tocantins

Spearman corrclation Genetic corrclation’
Geographical arca
All sires TOP 10% sires Paré Tocantins
Para Tocantins Paré Tocantins
Maranhio 033 »ee 0.2] ** 0.96%**  0.78***  (0.78+0.06 0.70+0.09
Pard D39 ke R 0.82+0.03

** (p<0.01); *** (p<0.001), ' Estimated using DFREML

o
3 4 ’
g o + ; ]
£ | g g

| - g
-0 b
-2l _ _

Maranhdo Para Tocantins

Figure 6. Stability of breeding values for weaning weight across States using 161 common sires of
23, 51 and 58 calves per sire in Maranhdo, Pard and Tocantins, respectively.

Discussion

The fine discrimination of States in terms of environmental characteristics is a prior indication that,
in some way, genetic and phenotypic expression of Nellore cattle might be influenced by the
climatic conditions of the three States of Brazil.

The environmental peculiarities identified by the multivariate approach may be strongly related to
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the genetic results, represented by changes in the relative order of the ranking of sires among States.
These results corroborate Lopes et al.? and Toral et al.(”. In practice, the implication is that a sire
presenting satisfactory results for the weaning weight of the progenies in one region may have poor
performances elsewhere. For this purpose, it would probably be necessary to carry out separate
breeding value estimates for sires in regions where ranking variation is more intense.

Small magnitudes of the Spearman correlation estimates revealed little similarity of the ranking of
sires among States. The genetic correlation estimates were high, but not strong enough to discard
the assumption of G x E interaction. The presence of G x E interaction means that inadequate
selection of sires may occur if the interaction effect is not accounted for. This is crucial considering
that genetic progress is dependent on the additive genetic effect of the selected sires along
generations.

In the presence of G x E interaction, the optimization of genetic improvement also requires
consideration to the stability of the sires selected for reproduction. The variation of the breeding
values among States (stability of sires) may be used as criteria for the ranking and the selection of
superior sires¥). Stability is related to the variability of the genotypes throughout different
environments. Higher stabilities are associated to lower environmental sensibility of the genotypes,
which may help as a conservative strategy for the selection of sires. Under G x E interaction, sires
that generate more similar progeny in different environments are considered more stable. However,
the selection of the steadiest genotypes does not necessarily imply in better performance of the
progeny (weaning weights) in all environments.

Animal performance can be affected by G x E interaction and environmental sensitivity®51), The
accuracy of the selection process depends on adjusting selection criteria to local environment
effects“®). So, estimating environmental effects on productive traits reduces information bias and
improves the accuracy of the results. But most importantly, it is essential to generate higher
production levels, consistent and appropriate to the local circumstance.

Adjusting genetic material to the local environmental conditions can be considered as an effort
towards more sustainable production systems. This more holistic approach may have positive
consequences in the differentiation of breeding goals'®. Considering the increased privatization
scenario of breeding companies and the amplified trade of breeding stock, empowered by
globalization, the differentiation in breeding goals may play an important role on the maintenance
of worldwide genetic variability in domestic animals®®. Not only the present heterogeneity of
production circumstances are in concern, but also the uncertainty and the associated risk about
future circumstances, like global warming. Climate characterization and G x E interaction
appraisals may help to encourage and map the differentiation of breeding goals and the maintenance
of diverse breeding stocks??.

Concepts of stability, efficiency, and performance have been reported repeatedly in the debate
concerning genetic improvement strategies and the success of breeding programs in diversifying
environments®?Y, However, the debate still stands on the fact that most breeding programs aim for
improvements in productivity™®, apparently disregarding the fact that the success of these programs
require also the consideration of environmental traits®. To overcome this impasse, animal breeding
programs should be designed to account for a more satisfactory level of factors that may influence
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animal production across the regions of Brazil®.

Conclusion

The environmental components were important and sufficient to reveal fine discrimination among
the States of Maranhdo, Para, and Tocantins. This emphasizes the climatic specificity and
diversifying conditions of the tropical extensive systems where Nellore cattle are produced in
Brazil. The identification of genotype x environment interaction for weaning weights is appealing
for the consideration of this effect on the genetic evaluation of sires in Brazil.
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