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RESUMO

Os objetivos deste trabalho foram estimar os efeitos genéticos fixos atuando
sobre uma populacdo sintética e testar diferentes modelos e metodologias
neste processo de estimacdo. Os efeitos genéticos fixos testados foram os
efeitos aditivos direto e materno de raca e ndo aditivos diretos e maternos de
heterose, perdas epistaticas e complementariedade. Os modelos testados
incluem alternada e conjuntamente todos estes efeitos. As metodologias de
regressao de cumeeira e regressao por quadrados minimos foram comparadas
assim como dois métodos distintos para determinacdo do ridge parameter.
Uma populacao sintética, envolvendo as racas Angus e Nelore foi utilizada.
Foram utilizados 294.045 registros de desmame e 148.443 registros de
sobreano de uma populacdo sintética envolvendo as racas Angus e Nelore.
Foram estudadas as seguintes caracteristicas: ganho de peso do nascimento
ao desmame (WG), escores de conformacédo (WC), precocidade (WP) e
musculatura (WM) coletados ao desmame, ganho de peso do desmame ao
sobreano (PG), escores fenotipicos de conformacao (PC), precocidade (PP) e
musculatura (PM) e perimetro escrotal (SC) coletados ao sobreano. Na maioria
das analises, os efeitos genéticos fixos estimados foram estatisticamente
significativos. O modelo completo, incluindo todos os efeitos genéticos fixos foi
0 mais indicado nas duas metodologias testadas. Na estimacao por regressao
de quadrados minimos, o0 modelo mais parcimonioso foi 0 que incluiu apenas
os efeitos aditivos de raga e nao aditivos de heterose (dominancia) e na
estimacdo por regressdo de cumeeira 0 mais parcimonioso foi o aquele que
incluiu, além dos dois ja referidos, os efeitos ndo aditivos de perdas epistaticas.
As metodologias mostraram-se equivalentes, para os modelos que incluiram
apenas efeito aditivo de raca e nao aditivo de heterose. Todavia com a inclusao
dos efeitos ndo aditivos de perdas epistaticas e/ou complementariedade, a
regressdo de cumeeira mostrou-se mais indicada até o momento em que 0sS
dados atingiram um determinado volume e estrutura, com grande parte das
classes de composicdes raciais representadas na amostra e, a partir dai os
modelos se mostraram equivalentes. Na comparagdo entre os métodos de
determinacao do ridge parameter, o0 mais indicado foi o0 método que identifica o
menor valor possivel que produz fatores de inflagdo de variancia abaixo de 10
para todos os regressores estimados.

Palavras-chave: Bovinos de corte cruzados; complementariedade; efeitos
genéticos; heterose; perdas epistaticas regressdo de cumeeira;
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ABSTRACT

The objectives of this study were to estimate the fixed genetic effects acting on
a synthetic population, as well as test different models and methodologies in
this estimation process. The tested fixed genetic effects were the direct and
maternal breed additive and direct and maternal heterosis, epistatic loss and
complementarity non-additive effects The tested models include alternate and
together all these effects. The ridge regression and least square regression
methodologies were compared and were also compared two different methods
for determining the ridge parameter to use in the ridge regression. A synthetic
beef cattle population, involving Angus and Nellore in several breed
combinations was used. 294,045 records at weaning and 148,443 records at
yearling were used. The traits of weight gain from birth to weaning (WG),
phenotypic scores of conformation (WC), precocity (WP) and muscling (WM)
collected at weaning, weight gain from weaning to yearling (PG), phenotypic
scores of conformation (PC), precocity (PP) and muscles (PM) collected at
yearling and scrotal circumference (SC) were used in the analyzes. In most of
analyzes, the estimated fixed genetic effects were statistically significant. The
complete model, including all fixed genetic effects was the most suitable in the
two tested methodologies. In the estimation by least squares regression, the
most parsimonious model was the model that included only breed additive and
non-additive heterosis (dominance) effects and in the estimation by ridge
regression the most parsimonious model was that included, besides the breed
additive and non-additive heterosis (dominance) effects, the non-additive
epistatic loss effects. Comparing the two methodologies, for models that include
only breed additive and non-additive heterosis effects, methodologies proved to
be equivalent; with the inclusion of non-additive epistatic loss and / or
complementarity effects, ridge regression was more indicated originally. After
reached a certain volume and structure, with much of classes of breeds
represented in the sample. Both least squares and ridge regression were
equivalent. Comparing the methods for determining the ridge parameter, the
best method was that which identifies the smallest possible value that produces
the variance inflation factors below 10 for all estimated regressors.

Keywords: Complementarity; crossbred beef cattle; epistatic loss; genetic
effects; heterosis; ridge regression.
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INTRODUCAO

O grande beneficio dos cruzamentos entre diferentes racas nos
animais de produgéo inclui melhora na performance reprodutiva, aumento no
ganho de peso e sensivel diferenca nas caracteristicas de carcaca. Muitos
pesquisadores, ao longo das Ultimas décadas tem se dedicado ao estudo
desses cruzamentos, buscando as melhores formas de identificacdo e
distincdo dos efeitos ali existentes. Estes efeitos genéticos resultantes dos
cruzamentos inter-raciais sdo tanto aleatérios (direto, materno, ambiente
permanente) quanto fixos, aditivos (ragca) ou ndo aditivos (heterose, perdas
epistaticas, complementariedade entre racas).

O desafio do melhoramento genético de populac¢des cruzadas reside
na comparacao justa entre reprodutores de distintas composicdes raciais para
fins de sele¢cédo visando producdo. Para que esta comparacdo seja realmente
justa, uma avaliacdo genética multirracial incluindo as racas puras e as mais
diversas composi¢cdes raciais de animais sintéticos se torna
necessariaconforme proposto por Arnold et al. (1992) j. De la para ca muitos
avangos tem acontecido sem, no entanto, estas avaliagbes tenham se tornado
corrigueiras na maioria dos programas de avaliacao genética comerciais.

Uma andlise multirracial envolvendo animais puros e cruzados exige
a inclusdo de uma série de efeitos tais como: efeito genético aditivo de raca e
os efeitos genéticos ndo aditivos de heterose, perdas epistaticas e
complementariedade, considerados tanto nos seus componentes diretos
quanto maternos. Da mesma forma, o efeito genético aditivo para cada raca
envolvida e sua habilidade, geral ou especifica, de combinacdo deve ser
considerada.

O efeito genético aditivo para cada raca envolvida e sua habilidade,
geral ou especifica, de combinacéo deve ser considerada. A simples incluséo
do componente racial de cada raca envolvida pode ser um problema. A
formacdo de grupos de racas geneticamente semelhantes tém sido usadas
como alternativa. JA os efeitos genéticos ndo aditivos normalmente sao
incluidos como covaridveis no modelo estatistico. Os coeficientes utilizados
como regressores para estas covariaveis sao derivados de distintas
combinac¢fOes das composi¢cdes raciais dos animais avaliados, de seus pais e
avos.

Além da superparametrizagdo, a inclusdo de todos estes efeitos
genéticos fixos (aditivo de raca, heterose, perdas epistaticas e
complementariedade) como covariaveis do modelo, traz a tona um novo
problema: a colinearidade ou multicolinearidade. Quando existe forte relacao
linear entre as covariaveis de um modelo de regresséo, as estimativas obtidas
pela tradicional metodologia dos quadrados minimos tendem a ser instaveis,
frequentemente apresentando grandes erros-padrdo. Nestes casos, 0sS
coeficientes de regressao podem, frequentemente, cancelar uns aos outros.
Além disso, estimativas com estas caracteristicas podem levar a inferéncias
errbneas e, consequentemente, afetar os rumos da selecdo nos programas de
melhoramento genético.

Muitos estudos propdem a regressao de cumeeira como alternativa
para contornar a colinearidade. A regressao de cumeeira consiste na inclusao
de um valor positivo na diagonal principal da matriz X'X, onde X é a matriz de
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incidéncia dos efeitos genéticos fixos para quebrar a colinearidade entre eles.
Embora este método introduza um viés nas solugbes, este pode ser
compensado com a maior estabilidade nas estimativas dos valores genéticos e
na reducdo dos seus erros-padréo.

O objetivo deste trabalho foi fazer uma anélise comparativa entre
diferentes modelos estatisticos incluindo os efeitos genéticos aditivos de raca e
nao aditivos de heterose, perdas epistaticas e complementariedade, estimados
tanto sob a tradicional metodologia dos quadrados minimos como sob a
metodologia de regressao de cumeeira, buscando orientar futuras avaliacdes
genéticas multirraciais.
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REVISAO BIBLIOGRAFICA

Cruzamentos

O uso de animais cruzados vem, gradativamente, ganhando forca na
producdo de carne bovina. As racas puras estdo pouco a pouco dividindo seu
espaco com populacdes multirraciais. Uma populacdo multirracial € uma
populacdo composta por animais de racas puras e cruzados que acasalam
entre si (Elzo & Wakeman, 1998). Estas populacbes s&o o produto dos
Sistemas de Cruzamentos, amplamente usados em programas de
melhoramento genético, tanto de plantas quanto de animais. Esses sistemas
consistem em um programa de acasalamentos entre animais de distintas
composicdes raciais, com o propésito de explorar as diferencas genéticas entre
racas ou linhagens e/ou tirar vantagem da complementariedade entre elas para
as diferentes caracteristicas.(Cunningham e Connoly, 1989). As estratégias de
cruzamentos podem tomar muitas formas, desde o cruzamento simples até a
formacao de populagdes sintéticas. (Cunninham e Connoly, 1989).

Melhoristas do mundo inteiro tem se utilizado dos programas de
cruzamentos entre racas para tirar vantagem dos efeitos de heterose e da
combinacdo de caracteristicas de interesse das racas parentais na progénie,
chamada de complementariedade racial (breed complementarity) (Weaber,
2005). Estes efeitos ocorrem nos cruzamentos em varios niveis de intensidade
e, embora importantes, sédo frequentemente negligenciados nos programas de
avaliacdo genética para melhoramento animal. Nos paises de clima tropical e
subtropical, os sistemas de cruzamentos sdo baseados na exploracdo de
varios efeitos genéticos resultantes da diferenca existente entra as racas
zebuinas (Bos indicus) e taurinas (Bos taurus).

O grande beneficio dos cruzamentos entre racas inclui melhora na
performance de caracteristicas de crescimento e de carcaga (Williams et al.,
2010) e tem sido estudado por muitos pesquisadores ao longo da ultima
década (Cardoso et al. 2008, Roso et al., 2005a,b; Carvalheiro et al. 2006; Dias
et al., 2011). O desafio atual do melhoramento genético de populactes
cruzadas reside na comparacdo justa entre reprodutores de distintas
composicdes raciais para fins de selecdo visando producdo. Para que esta
comparacao seja ndo viesada, uma avaliacdo genética multirracial incluindo
individuos puros e cruzados no mesmo conjunto de dados é necesséaria. No
século passado, Arnold et al.(1992) ja propunham este tipo de analise.

Além da utilizagéo de individuos puros e cruzados no mesmo banco
de dados, a quantidade e estrutura desses dados sdo muito importantes e
devem ser adequadas a avaliacdo genética (Hill, 2010). Base de informacédo
adequada € necessaria para dar suporte aos programas de avaliacdo genética
multirracial. E importante ter representados diferentes grupos raciais (F1, F2,
retrocruzamentos) para garantir acuracia suficiente (Cunninham e Connoly,
1989). Isto nem sempre € possivel mas € importante lembrar que nenhum
sistema de cruzamento pode prescindir de uma selecdo cuidadosa, geracao
apos geracao (Olson, 1998)

A combinacéo de genes de diferentes racas pode levar a inGmeros
efeitos além do efeito aditivo direto e materno de cada raca envolvida no
cruzamento. Interacdes positivas dentro de um mesmo loco podem levar a
ganhos por dominancia (heterose) e interagdes entre alelos de locos diferentes
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ou perda de ligacdes favoraveis construidas pela selecao (perdas epistaticas).
Ha ainda o efeito multiplicativo (Cardoso et al., 2008) especifico das racgas
envolvidas (complementariedade). As diferencas genéticas aditivas entre as
racas, a escala dos efeitos de dominéncia que vao culminar em heterose e a
extensdo dos efeitos epistaticos precisam ser bem conhecidos para 0 sucesso
da estratégia de cruzamentos escolhida. (Cunninham e Connoly, 1989). Se a
epistasia puder ser ignorada,ou seja, se a pressuposi¢cao que que seu efeito
desprezivel é verdadeira, entdo as estimativas dos efeitos aditivos de raca e de
heterose podem atingir boa precisdo, caso contrario, novos desenhos
experimentais necessitam ser feitos.

Efeitos genéticos fixos

Em animais cruzados todas as formas de acdo génica e interacdes
podem estar presentes. De acordo com VanRaden (2006), quando se trata de
animais cruzados, se os efeitos ndo aditivos sdo subtraidos e sO os efeitos
aditivos séo considerados, a sele¢cdo pode ndo ser oOtima. Kinghorn (1987)
sugere que onde o produto dos genes de importancia é desconhecido e a
heranca € aparentemente poligénica, esta questdo precisa ser analisada em
nivel de populacéo, pela estimacdo dos parametros que se relacionam com a
interacdo epistatica dos genes. A interacdo epistatica 2-locus pode ser de
maior importancia do que interacdes de ordem maior (Kinghorn, 1987).

Uma andlise multirracial envolvendo animais puros e cruzados
exige, portanto, a inclusdo de uma série de efeitos genéticos fixos. Estes
efeitos genéticos fixos sdo: efeito direto e materno aditivo de racga, direto e
materno ndo aditivo de heterose (Williams et al,. 2010, Carvalheiro, et al.,
2006; Cardoso et al., 2008; Kippert et al., 2008), perdas epistaticas (Dias et
al.,2011; Cardoso et al., 2008; Carvalheiro et al., 2006) e complementariedade
entre diferentes ragas (Cardoso et al., 2008; Carvalheiro et al., 2006; Piccoli et
al.et al., 2002). A inclusdo de todos os efeitos simultaneamente pode,
eventualmente, mostrar-se complexa. O que existe a seu favor é a evolucdo da
informaticacomputacional e o conjunto de dados confidveis, que com o passar
das geragbes, vai se acumulando junto aos programas comerciais de
melhoramento avaliacdo genéticao.

Efeito aditivo de raca

O efeito genético aditivo para cada raca envolvida e sua habilidade,
geral ou especifica de combinagéo deve ser considerada. Quando a populacéo
multirracial compreende um numero muito grande de ragas envolvidas, este
efeito pode se tornar problemético. Alternativas como formar grupos de racas
geneticamente semelhantes tem sido usadas como alternativa (Dias et al.
2011).

O efeito aditivo de raca compreende os efeitos individuais de cada
uma das ragas envolvidas no cruzamento. A selecdo natural e/ou atrtificial
ocorrida em longo prazo dentro de cada raca aumentou a frequéncia de genes
nao alélicos que, juntos, produzem efeitos favoraveis extras (Fries et al., 2002).
Este efeito € considerado na maioria dos modelos que envolvem a avaliacéo
de animais cruzados (Arthur et al., 1999; Piccoli et al., 2002; Abdel-Aziz et al.,
2003; Demeke et al., 2003a,b; Pimentel et al., 2006; Carvalheiro, et al., 2006;
Cardoso et al., 2008; Kippert et al., 2008; Vergara et al.,2008b; Cunha et al.,
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2009; Vergara et al., 2009; Williams et al. 2010; Bueno et al.,2011; Lema et al.,
2011;). Quando este efeito ndo é incluido no modelo de avaliacdo genética,
tabelas de fatores de correcdo podem e devem ser utilizadas para permitir
comparacao entre touros de diferentes ragas (Elzo & Wakeman, 1998)

Heterose e dominéncia

Heterose pode ser definida como interacdo interracial intralocus
entre alelos originarios de diferentes racas. portanto o efeito de heterose
estimado corresponde a média das interagcbes entre as racas de todos as
racas parentais disponiveis. (Vergara et al., 2009a). O efeito da heterose é
devido, principalmente, aos efeitos de dominancia dos genes e pode ser
considerado como a recuperacdo da depressdo por consanguinidade
acumulada. Uma relacéo linear entre heterozigose e retencdo da heterose foi
relatada por Fries et al. (2000) e por Gregory et al.(1991). Este efeito &
favoravel para a maioria das caracteristicas de interesse (VanRaden, 2006).

O efeito de heterose € incluido na grande maioria dos modelos de
avaliacdo genética multirracial (Arthur et al., 1999; Piccoli et al., 2002; Demeke
et al., 2003a,b; Carvalheiro et al., 2006; Pimentel et al., 2006; Cardoso et al.,
2008; Vergara et al, 2009b; Bueno et al., 2011;). Programas de avaliacao
genética de populagdes bovinas sintéticas ja utilizam estimacéo simultanea dos
efeitos diretos e maternos de heterose nos Estados Unidos (Klei et al., 1996),
Australia (Johnston et al., 1999) e Brasil (Roso & Fries, 1998).

Efeitos de dominancia e epistasia muitas vezes sdo estimados e
interpretados de maneira conjunta, como sendo heterose(Arthur et al. 1999).
Na verdade o efeito estimado aqui € um balanco dos efeitos positivos da
heterose dos efeitos negativos das perdas epistaticas.

Perdas Epistaticas

Se a heterose é o beneficio advindo da recuperacdo da depressao
por consanguinidade presente em populacfes puras, as perdas epistaticas sdo
o balanco negativo trazido por esses beneficios e que vai seguir agindo nas
geracoes seguintes (Fries et al., 2000c).

O efeito de perdas epistaticas compreende um desvio adicional do
valor fenotipico, ocasionado pela combina¢édo ndo aditiva, quando mais de um
locus é considerado na andlise (Falconer, 1986). Segundo Kinghorn (1987),
perdas epistaticas sédo "efeitos negativos, em animais cruzados, resultantes da
acao connjunta de genes, com fungdes diferentes, que nao estdo acostumados
a interagir entre si". Para estimar os parametros de epistasia, ou testar modelos
de epistasia com acuracia, grandes conjuntos de dados com boa estrutura sdo
requeridos. (Kinghorn, 1987)

A inclusdo dos efeitos de perdas epistaticas no modelo aditivo-
dominante foi sugerido por Fries et al. (2000) e confirmado por Piccoli et al.
(2002) com o objetivo de obter uma melhor explicagédo para a variagdo genética
existente entre as distintas composi¢cdes genéticas dos animais cruzados. O
gendtipo de um lécus pode influenciar o efeito genotipico de um segundo l6cus
e pode, eventualmente, inibir a expressdo génica deste segundo locos no
fendtipo. Estudos recentes sugerem que o efeito das perdas epistaticas
influenciam forte e negativamente os niveis de producdo dos animais cruzados
(Piccoli et al., 2002; Demeke et al., 2003a,b; Cardoso et al., 2008, Lema et al.,
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2011; Bueno et al.,2011) embora alguns pesquisadores optem por ndo incluir
perdas epistaticas nos modelos utilizados, como Vergara et al. (2009b),
Legarra et al. (2007) e Arthur et al. (1999)

Segundo Hill (2010), em popula¢des com acasalamento aleatério é
muito dificil estimar a variancia epistatica porque os coeficientes sdo muito
pequenos e muito correlacionados com 0s componentes ndo epistéaticos.

Complementariedade

O efeito ndo aditivo da combinacdo entre as diferentes racas
envolvidas no cruzamento e que causa uma relacdo multiplicativa nas agcoes
aditivas dos genes foi definida por Kinghorn (1993) como profit heterosis. Este
efeito também foi denominado de joint-additive effect (Fries et al.,2000c) ou
simplesmente complementariedade (Piccoli et al., 2002, Carvalheiro et al.,
2006; Cardoso et al. 2008).

A incluséo do efeito de complementariedade no modelo de avaliacao
genética de bovinos sintéticos foi sugerida por Fries et al. (2000c) e seus
resultados foram confirmados por Piccoli et al. (2002). Segundo Pimentel
(2006), quando nos referimos a animais cruzados, criados em ambiente
tropical, nés podemos considerar como se dois grupos de genes estivessem
agindo sobre o desempenho desses animais. Um grupo relacionado as
caracteristicas de potencial de crescimento e outro grupo relacionado a
adaptacdo destes animais ao meio ambiente em que estdo inseridos. A
relacdo multiplicativa entre seus efeitos, como demonstrado por
Kinghorn(1993) em exemplo para bovinos leiteiros, pode ser interpretada como
a complementariedade.

Muitos estudos que utilizam modelos para avaliacdo genética
multirracial usam (Pimentel et al., 2006; Cardoso et al., 2008; Carvalheiro et al.,
2006; Piccoli et al., 2002; Fries et al., 2000b,c ) e outros tantos nao incluem
este efeito nos seus modelos. Piccoli et al. (2002) relataram que quando a
complementariedade (interacdo multiplicativa entre os efeitos aditivos) €
incluida no modelo a magnitude do efeito da heterose estimado € reduzido,
indicando que sob modelos aditivo-dominantes a estimacdo da heterose pode
incluir um componente aditivo ndo linear. Segundo Piccoli et al. (2002) este
efeito se torna mais evidente quando o modelo também inclui o efeito de
perdas epistaticas.

Modelos

De forma geral ndo existe um unico modelo estatistico apropriado
para todas as situacbes que envolvem a avaliagdo genética dos animais
objetivando selecdo. Os modelos que apresentam os melhores resultados do
ponto de vista tedrico, muitas vezes ndo sdo aplicaveis na estimacdo de
parametros de cruzamentos em bovinos de corte (Queijo, 2011).

De acordo com Albuquerque & Pereira (2006), ainda existem
diversas limitacbes e/ou dificuldades na aplicacdo dos modelos de avaliagao
genética multirraciais para os quais uma das alternativas seria o uso de fatores
de ajuste previamente estimados. Miller (1996) sugeriu o super-breed model,
proposto por Van Raden (1992), para avaliagdo de populagbes bovinas
compostas de animais puros e cruzados, o qual possibilita incluir as variacdes
genéticas epistdtica e de dominéncia entre e dentro de ragcas, bem como
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considerar endogamia. Roso et al. (2005a) detectaram problemas de
multicolinearidade entre as variaveis preditoras. Roso et al.(2005b) utilizando
regressao de cumeeira conseguiram reduzir estes efeitos nas estimativas dos
efeitos aditivos utilizando um modelo complexo, considerando dominancia e
epistasia entre racas. Hoje muitos pesquisadores estdo utilizando estes
modelos em pesquisas (Cardoso et al., 2004; Carvalheiro, 2006; Legrra et al.
2007;Cardoso et al., 2008; Kippert et al., 2008; Vergara et al. 2009a; Lopes et
al., 2010; Bueno et al., 2011, Lema et al., 2011). No Brasil os Programas Delta
G (Hereford X Nelore) e NATURA (Angus X Nelore) utilizam os efeitos de
dominancia na predicdo das DEPs para uso comercial (Piccoli et al., 2015;
Roso et al., 2015).

Albuquerque & Pereira (2006), fazendo uma retrospectiva sobre a
evolucdo dos modelos de avaliacao genética concluiram que os desafios atuais
sao tdo grandes quanto se apresentavam nas primeiras avaliagées de animais,
embora sejam diferentes. Na bovinocultura de corte, por exemplo, modelos
cada vez mais complexos sdo necessarios e precisam ser desenvolvidos,
acompanhando a evolucdo dos métodos estatisticos e computacionais para
tratamento dos dados oriundos de animais cruzados e/ou gendmicos.

A predicdo dos valores genéticos dos animais € um componente
fundamental dos programas modernos de melhoramento genético animal (Hill,
2010). Henderson (1950) prop6s a metodologia BLUP (Best Linear Unbiased
Prediction) e incorporou efeitos genéticos fixos e aleatérios num modelo misto.
Com o avanco da computacdo o modelo animal passou a ser largamente
utilizado na estimacdo dos valores genéticos para todas as caracteristicas,
permitindo solucdes simultaneas para animais de diferentes idades, rebanhos,
nameros de registro e nimero de parentes presentes na mesma analise (Hill,
2010). Todos os candidatos passam a ser diretamente comparaveis quando
presentes na mesma analise.

Os modelos que estimam os efeitos aleatérios simultaneamente aos
efeitos genéticos fixos ou aqueles que os estimam apos ajuste dos dados para
estes efeitos genéticos fixos, baseados principalmente na heterozigose
esperada, sdo os modelos béasicos mais comuns nos programas de
melhoramento genético de populagcdes multirraciais de bovinos de Corte.
Modelos de estimacao incluindo os efeitos genéticos fixos aditivo de raca e nao
aditivo de heterose, perdas epistaticas e complementariedade)
simultaneamente aos efeitos aleatorios e ambientais tem sido usados em
populacdes cruzadas no Brasil (Bueno et al, 2012; Lopes et al., 2010; Cunha et
al. 2009; Cardoso et al., 2008; Kippert et al.,, 2008; Carvalheiro et al. 2006;
Pimentel et al., 2006),na Africa (Theunissen et al., 2013; Abdel-Aziz et al.,
2003; Schoeman et al., 2002), na Australia (Arthur et al., 1999), no Canada
(Roso et al., 2005a), na Colombia (Vergara et al.,, 2009a,b), na Etiopia
(Demeke et al., 2003a,b), nos Estados Unidos (Williams et al., 2009; Elzo and
Wakeman, 1998) e no Uruguai (Lema et al. 2011).

Estes autores concordam que os efeito direto aditivo de raca e o
efeito de heterose sdo muito importantes e devem, necessariamente, estar
presentes no modelo estatistico na avaliagdo genética de animais oriundos de
populac6es multirraciais. Em relacdo aos efeitos de perdas epistaticas e
complementariedade € quase consenso entre 0os autores, embora nem todos
estes efeitos tenham sido usados em todos os estudos revidados. Em relacdo
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a complementariedade, esta parece ser importante, porem maiores estudos
sdo necessarios acerca deste efeito (Carvalheiro et al., 2006)

Os efeitos genéticos fixos (aditivo de raca e nao aditivo de heterose,
perdas epistaticas e complementariedade) normalmente s&o incluidos como
covariaveis, onde os coeficientes utilizados como variaveis preditoas na
regressdo sao todos derivados de distintas combinacées das composicoes
raciais dos animais incluidos na analise (Roso et al., 2005a,b; Cardoso, 2008;
Carvalheiro, 2006; Dias et al., 2011). Esta origem comum dos regressores
pode levar ao problema da colinearidade ou multicolinearidade (Roso et al.
2005b), exigindo escolha adequada da matodologia a ser utilizada na sua
estimacao.

Multicolinearidade

Como o principal objetivo dos sistemas de cruzamentos € tirar
vantagem dos efeitos ndo aditivos entre as diferentes racas, obter estimativas
confidveis dos parametros envolvidos nos sistemas de cruzamentos e assim,
estar apto a predizer a performance dos genétipos cruzados € um importante
passo para o sucesso de um programa de cruzamentos. (Cardoso et al., 2008).

A inclusdo destes efeitos genéticos fixos como covariaveis pode
trazer a tona o problema da colinearidade. Quando existe forte relagao linear
entre as covariaveis em um modelo de regressédo, as estimativas obtidas pela
tradicional metodologia dos quadrados minimos tendem a ser instaveis,
frequentemente apresentando grandes erros-padrdo (Schebenberger et al,
2002). Nestes casos os coeficientes de regressdo podem, frequentemente,
cancelar uns aos outros (Roso et al., 2005b). Estimativas com estas
caracteristicas podem levar a inferéncias errbneas (Dias et al., 2011) e,
consequentemente, afetar os rumos da selecdo nos programas de
melhoramento genético. A colinearidade existente entre as variaveis preditoras
dos efeitos fixos também tem sido alvo de muitos estudos cientificos (Roso et
al., 2005b; Dias, et al., 2011; Petrini et al.,2012; Schoeman et al., 2002).

Quando se usa modelos ndo aditivos, a composicdo racial do
individuo, de seus pais e avOs é utilizada para estimar todos os coeficientes
(direto e materno aditivo de raca e ndo aditivo de heterose, perdas epistaticas e
complementariedade). Possivel colinearidade pode estar presente entre todos
os estimadores, uma vez que a composi¢ao racial de cada individuo possui a
restricdo de somar a 1 (Roso et al. 2005b). Somando-se a isso existe o fato de
que a composicao racial de um individuo € igual & média da composicao racial
de seus pais, aumentando ainda mais a possibilidade de multicolinearidade. Na
pratica, a mesma informacado € usada para predizer diferentes efeitos, vistos a
partir de distintas perspectivas.

Metodologias

Numa andlise de regressdo multipla, multicolinearidade existe
gquando uma ou mais variaveis expressam uma combina¢do linear com as
outras variaveis usadas no mesmo modelo (Schebenberger & Pierce, 2002).
Na regressao multipla, as colunas de X quase nunca séo totalmente ortogonais
e dependéncias exatas entre as colunas também raramente existem.
(Schabenberger & Pierce, 2002). Para estimar esta colinearidade, correlacfes
entre os pares de varidveis podem ser estimadas, mas esta informacédo nem
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sempre € suficiente para indicar uma situacdo de colinearidade. Altas
correlacdes entre pares de variaveis podem indicar multicolinearidade, mas
ndo sdo indicadores absolutos (Roso et al., 2005b). Quanto maior a
colinearidade, maiores seréo os erros padroes e mais amplos os intervalos de
confianca (Roso et al. 2005b). O Célculo dos fatores de inflacdo da variancia
(FIV) oferece um diagndstico alternativo, simples e eficiente, para detec¢cédo da
colinearidade. Quando colinearidade € encontrada, uma das opc¢bes € deletar
uma ou mais variaveis que estdo provocando esta colinearidade, ja que esta
condicdo gera estimativas instaveis e elevados erros padrao (Schabenberger &
Pierce, 2002), outra opgdo € o uso da regressdao de cumeeira ("ridge
regression”) (Schabenberger & Pierce, 2002).

Petrini et al. (2012), Dias et al. (2011), Cardoso et al. (2008, 2004),
Roso et al. (2005a), Abdel-Aziz et al. (2003), Schoeman et al. (2002), Arthur et
al. (1999) estudaram o problema da colinearidade na estimagdo dos efeitos
genéticos fixos. Estes autores concluiram que as variaveis preditoras destes
efeitos apresentam algum grau de colinearidade que pode e deve ser
superado. A regressdo de cumeeira foi originalmente proposta por Hoerk e
Kennard (1970) para superar os problemas causados pela colinearidade. Com
a escolha adequada do ridge parameter , a regressdo de cumeeira produz
estimativas mais precisas dos coeficientes de regressdo porque suas
variancias e quadrado médio do erro (QME) sdo menores do que aquelas
produzidas pelo método dos quadrados minimos.Muitos estudos propdem a
regressao de cumeeira como alternativa para contornar a colinearidade (Dias
et al., 2011, Petrini et al., 2012; Carvalheiro et al., 2006; Cardoso et al. 2008;
Roso et al. 2005b).

O modelo usual para uma regressao multipla é representado pory =
X b + e. SolucBes para b s&o obtidas resolvendo-se h=(X'X)™" X'y. Na regressao
de cumeeira (RC) um parametro k é adicionado a diagonal da matriz X'X,
causando uma reducéo na variancia das estimativas. Assim, a RC tom a forma
by=(X'X + K)* X'y, sendo K = diag(ki, Kz,...,Kp), ki >0. As RC foram aplicadas na
forma padronizada, usando-se a matriz de correlacdes e, depois da estimacao,
foram transformadas a forma original e apresentadas desta forma. Para
transformar b (i) a forma origina;: b(i) = b(i) * (SSyy/SSxx(i)), onde SSyy e
SSxx(i) sdo as raizes quadradas das somas de quadrados de y e Xx(i),
respectivamente. Este procedimento é feito para eliminar o efeito de escala em
que as variaveis preditoras sdo expressas e também para eliminar correlacéo
entre a constante e as variaveis preditoras incluidas no modelo linear. Este
meétodo, no entanto propde uma escolha empirica dos valores de K (Dias et al.
2011). Os valores de K devem ser grandes o suficiente para quebrar as
relacdes lineares existentes entre as covariaveis, e pequenos o suficiente para
produzir o menor viés possivel. (Schabenberger & Pierce, 2002)
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HIPOTESES e OBJETIVOS

Hipoteses

a) Os efeitos genéticos fixos (aditivos de raca e nao aditivos de
heterose, perdas epistaticas e complementariedade) sdo importantes na
avaliacdo genética multirracial;

b) Existe multicolinearidade entre os estimadores dos efeitos
genéticos fixos num modelo de avaliagdo genética multirracial;

c) A metodologia da Regressao de Cumeeira (ridge regression) é a
mais adequada para a estimacado dos valores genéticos fixos huma populacao
genética multirracial.

Objetivos

a) Estimar os efeitos genéticos fixos (aditivo de raca, heterose,
perdas epistaticas e complementariedade) utilizando a metodologia dos
quadrados minimos;

b) Estimar os efeitos genéticos fixos (aditivo de raca, heterose,
perdas epistaticas e complementariedade) utilizando a metodologia da
regressao de cumeeira;

c) Comparar diferentes modelos estatisticos na estimacéo dos
efeitos genéticos fixos;

d) Testar a ocorréncia de colinearidade entre os estimadores dos
efeitos genéticos fixos;

e) Comparar a metodologia da regresséo de cumeeira com a
regressao de quadrados minimos na estimacédo dos efeitos genéticos fixos e,

f) Testar dois métodos de determinacédo do parametro de cumeeira a
serem utilizados na estimacao dos efeitos genéticos fixos.
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Abstract

The objectives of this study were to estimate fixed genetic (both additive and
non-additive) effects and test different non-additive models. These effects
included direct and maternal cumulative breed additive effects, direct and
maternal complementarity (or profit heterosis), direct and maternal heterosis
(dominance) and direct and maternal epistatic loss non-additive effects. A large
crossbred Angus x Nellore population with approximately 300,000 records for
weaning gain (WG) and 150,000 records for post-weaning gain (PG) was used.
Phenotypic scores for weaning (WC) and post-weaning (PC) conformation,
weaning (WP) and post-weaning (PP) precocity, weaning (WM) and post-
weaning (PM) muscling and scrotal circumference (SC) were also used. All
models included the fixed contemporary group effect and random animal,
maternal and permanent environment effects. Each model was tested against
all other models for all nine traits using the likelihood ratio test. The complete
model, including all additive and non-additive effects and the model without
complementarity, were seen to be the best options to analyze this crossbred
population. However, least squares may not be the best methodology due to
possible collinearity among estimators that may inflate the variance. In the
complete model most effects were statistically significant (P<0.01) for weaning
traits, except for direct and maternal breed additive effects and direct
complementarity effect for WM. For post-weaning traits, the direct
complementarity effect for phenotypic scores (PC, PP and PM) and the
maternal heterosis effect for PG, PC, PM, were not statistically significant. For
scrotal circumference the maternal complementarity, direct and maternal
heterosis and maternal epistatic loss effects were not statistically significant. All
other effects were statistically significant (P<0.01). For the model without
complementarity, the direct breed additive effect for PG and PP was not
statistically significant, including the maternal breed additive effect for WC, WD,
PP and PM and maternal heterosis, direct and maternal epistatic loss effects for
SC. Breed additive direct effect was mostly positive for weaning traits and
negative for post-weaning and SC. The breed additive maternal effect for SC
and maternal complementarity effect for WG were negative. Direct and
maternal epistatic loss effects were negative for all traits, except for PG. We
conclude that the fixed genetic effects are mostly significant, thus it is important
to include them in the model when evaluating crossbreed animals and the
models including breed additive effects, heterosis and epistatic loss with or
without complementarity were the more appropriate.

Keywords: epistatic loss, heterosis, non-additive genetic effects,
complementarity, crossbreed beef cattle

1.Introduction

Widely used in tropical and sub-tropical climate countries, crossbreeding
systems are based on the exploration of various genetic effects resulting from
existing differences between breeds. Among these effects are the breed
additive effect and the non-additive effects of the combination of the involved
breeds (joint additive effect), as well as heterosis and epistatic loss effects.
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The breed additive effect comprehends the individual effects of each of the
involved breeds; as long-term selection within a breed increased frequencies of
non-allelic genes that jointly produce favorable extra effects (Fries et al.et al.,
2002). The non-additive effect of the combination of breeds involved in the
crossbreeding, that causes a multiplicative relation among the additive actions
was defined by Kinghorn (1993) as "profit heterosis". The heterosis effect is
mainly due to the dominance effects on the genes and can be considered as
the recovery from the depression due to accumulated consanguinity. A linear
relationship between heterozygosis and heterosis retention has been found
(Fries et al.et al., 2000; Gregory et al.et al., 1991). The epistatic loss effect
comprehends an additional deviation from the genotypic value occasioned by
the non-additive combination when more than one locus is considered in the
analysis (Falconer, 1996). According to VanRaden (2006), talking about
crossbred animals, “If non-additive effects are subtracted and only additive
effects are reported, selection may not be optimal”.

The models that estimate simultaneously additive and heterosis effects or
estimate additive effects after the adjustment of the data for heterosis based on
the expected heterozygosis are the most common basic models of multiracial
populations breeding programs for beef cattle. These models have been used
in crossbred populations in Brazil (Lopes et al.et al., 2010; Cunha et al.et al.
2009; Cardoso et al.et al., 2008; Kippert et al.et al., 2008; Carvalheiro et al.et al.
2006; Pimentel et al.et al., 2006), Africa (Theunissen et al.et al., 2013; Abdel-
Aziz et al.et al., 2003), Australia (Arthur et al.et al., 1999), Canada (Roso et
al.et al., 2005a), Colombia (Vergara et al.et al., 2009a,b), Ethiopia (Demeke et
al.et al., 2003a,b), USA (Elzo and Wakeman, 1998) and Uruguay (Lema et al.et
al. 2011).

The inclusion of complementarity effect in the model was suggested by Fries
et al.et al. (2000) and reaffirmed by Piccoli et al.et al. (2002). According to
Pimentel (2006), when referring to crossbred animals in a tropical environment,
we can consider that two groups of genes were acting, one related to the
growth potential and the other to adaptation. The multiplicative relation among
their effects could be interpreted as complementarity. A large number of studies
do not consider complementarity as an important effect, but Piccoli et al.et al.
(2002) found that the magnitude of heterosis estimates is reduced when the
complementarity (additive*additive interactions) is included in the model,
indicating that under the additive-dominance model the heterosis estimation
may be due to a non-linear additive effect. According to these authors this effect
becomes more evident when the model also includes an epistatic loss effect.

The inclusion of the epistatic loss effect in the additive-dominant model was
also suggested by Fries et al.et al. (2000) and reaffirmed by Piccoli et al.et al.
(2002) with the objective of achieving a better explanation of the existing
genetic variation among different breed compositions. The genotype at a locus
can influence the genotype effect of a second locus and may inhibit gene
expression of the second locus in the phenotype. Recent studies suggest that
the epistatic loss effect strongly and negatively influenced crossbred animals’
levels of production (Cardoso et al.et al.,, 2008, Lema et al.et al., 2011),
although some researchers choose do not include epistasis in the models, such
as Vergara et al.et al. (2009b), Legarra et al.et al. (2007) and Arthur et al.et al.
(1999).



29

As the main objective of crossbreeding systems is taking advantage from
non-additive genetic effects among breeds, obtaining reliable estimates of the
parameters involved in crossbreeding systems and thus being able to predict
the performance of the crossed genotypes is an important step for the
successful development of a breeding program (Cardoso et al.et al., 2008).

The main objective of this study was to test different additive and non-
additive genetic models. We also aim to estimate the fixed genetic effects
(cumulative breed direct and maternal additive effects and complementarity (or
profit heterosis), heterosis and epistatic loss direct and maternal non-additive
effects), involving crosses between Angus and Nellore beef cattle breeds.

2. Materials and methods
2.1 Data

Data from different breed compositions resulting from crosses between
Angus and Nellore cattle was used. This data came from more than 200 herds
distributed in the Brazilian states of Rio Grande do Sul, Parana, Sado Paulo,
Mato Grosso do Sul, Mato Grosso and Goias and also from Paraguay. All herds
were participants of "Programa Natura de Melhoramento Genético de Bovinos"
(Natura Cattle Breeding Program).

Table 1 presents the total number of animals and the distribution of
observations throw coefficients used to estimate the fixed genetic effects and
the percentage of the total number of observations.

2.2 Predictor variables of fixed genetic effects

2.2.1 Breed additive effect

The contribution of Nellore genes in the genetic composition of the animal
(aa) and their dams (am) were used to estimate the direct and maternal genetic
effect of breed, respectively. To avoid dependence in incidence matrix columns,
only the Nellore coefficient was used, giving an estimation of a deviation from
the Angus breed performance.

2.2.2 Complementarity

The coefficients proposed by Kinghorn (1993) and used by Fries et al.et al.
(2000), Piccoli et al.et al. (2002), Cardoso et al.et al. (2008) were used to
estimate the complementarity effects. The prediction variables of direct
complementarity (ca) coefficient is described as ca = aa*(1.0-aa) and the
maternal complementarity (cm) coefficient is described as cm = am*(1.0-am)
where aa is the Nellore fraction of the animal breed and am is the Nellore
fraction of the dam breed.

2.2.3 Heterosis effect

To estimate the direct and maternal heterosis effects, the heterozygosity
coefficients ha and hm were used as described by Bertoli (1991) and Schenkel
(1993), also used by Cardoso et al. (2008,2004), Pimentel et al. (2006) and
Roso et al. (2005b). These coefficients are given by ha =
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(1-Y%, (Sirebreed; * Dam breed,)) and hm =
(1-Y%, (Maternal Grand Sire breed; * Maternal Grand Dam breed,))
where i=1 refers to Angus breed proportion and i=2 refers to Nellore breed
proportion. When the breed composition of a cow was not known (all products
had known breed composition) the cow was considered as inter se mating.

2.2.4 Epistatic loss effect

To estimate the direct and maternal epistatic loss effects, the epistazygosity
coefficients ea and em were used as proposed by Fries et al. (2002,2000) and
also used by Cardoso et al. (2008), Pimentel et al. (2006), Carvalheiro et al.
(2006) and Roso et al. (2005a,b). These coefficients are given by ea= % [Hs +
Hd] and em= % [Hmgs + Hmgd], where Hs is the sire's heterozygosities, Hd is
the dam's heterozygosities, Hmgs is the maternal grand sire heterozygosities
and Hmgd is the maternal grand dam heterozygosities. When the breed
composition of a cow was not known (all products had known breed
composition) the cow was considered as inter se mating.

2.3 Traits

Nine traits were used in this analysis: weaning gain (WG), post-weaning gain
(PG), phenotypic scores of conformation (WC), precocity (WP) and muscling
(WM) taken at weaning, phenotypic scores of conformation (PC), precocity (PP)
and muscling (PM) at post-weaning as well as scrotal circumference (SC)
adjusted for animal weight and age. The phenotypic score for each trait is given
on a five-point scale, where one is the worst, and five is the best score for each
management group. The number of observations, means and standard
deviations of each trait are presented in Table 2.

2.4 Statistical Analysis

2.4.1 Genotypic models

The general model is described by equation (1). The pair-traits WG-PG,
WC-PC, WP-PP, WM-PM and WG-SC were analysed in a two-trait analysis
using this model with the systematic inclusion of fixed genetic terms, in order to
compare models and effects.

y = XB + Wy+ Za+ ¢ (1)

where y is the vector of observations of trait 1 and trait 2; B is the vector of
fixed effects of contemporary group, which is formed by herd, birth year, birth
season sex, manage group and evaluation date; y is the vector of fixed genetic
effects; a is the vector of random direct, maternal and permanent environmental
effects and ¢ is the vector of random residual effects. Incidence matrices X, W
and Z relate records to fixed environmental effects, to fixed genetic effects and
to random direct and maternal additive genetic and permanent environment
effects, respectively. Data was pre-corrected for fixed effects of animal age,
dam age and birth date (julian).

The vectors of random effects a and € were assumed to have (co)variance =
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covariance; a refers to direct additive genetic, m to maternal additive genetic p
to permanent environmental effects due to dam and e to residual; 1 refers to the
first and 2 to the second trait on a two-trait analysis.

The complete general model above (1) was analyzed and also with
reductions. The unique difference among compared models was in y vector,
which includes different fixed genetic effects. The considered effects for each
tested model are presented in Table 3. In total, eight models were analyzed for
each trait using the least squares methodology to estimate the fixed genetic
effects in a two-trait analysis. Software for solving model (1) was provided by
GenSys Consultores Associados, using Fortran 95.

The Likelihood Ratio, as described by Regazzi and Silva (2004), was used to
compare the models for each model pair.

2.4.2. The (co)variance components

The (co)variance components were previously estimated using model (1),
including all effects (fixed effects of environment, fixed genetic effects, random
direct, maternal and permanent environmental effects and residual). The
Restricted Maximum Likelihood (REML) method with the DMU (Madsen &
Jensen, 2000) software was used. The convergence criterion was 1072,

2.4.3 Connectedness analysis

A connectedness analysis between contemporary groups was carried out
according to Roso et al. (2004), using the total number of direct genetic links
between contemporary groups due to any common ancestors. Contemporary
groups with more than two calves and with at least five direct links were
considered connected and retained for analysis. Roso et al. (2004) found that
as the degree of connectedness among test groups decreases, the accuracy of
comparisons of EBVs of bulls in different test groups also decreases. As one of
the final objectives of a genetic evaluation is to obtain accurate EBVs, we tested
the connectedness, using only animals of connected contemporary groups in
this analysis. The number of animals and contemporary groups for each trait
before and after the connectedness analysis is presented in Table 4.

2.4.4 Collinearity diagnosis

Principal components (PC), condition index (CI) and variance inflation factor
(VIF) were used to perform a collinearity diagnosis. Cl was obtained for each

eigenvalue by computing Cli= /}";‘_”‘, where 2,,., is the largest eigenvalue and

1

1; is the i"™ eigenvalue of the correlation matrix. The condition number (k) is the
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condition index of the highest value. Values of k between 10 and 30may
indicate problems of collinearity. (Belsley, 1991) VIF was given by VIF = 1/(1-
R?), where R; is the determination coefficient. (Schabenberger & Pierce,
2002).Usually values larger than 10 suggests that multicollinearity may be
causing estimation problem. (Chatterjee et. al., 2000)

3. Results and Discussion
3.1 The models

The significance of the contrasts of the models against reductions is
presented in table 5. Of the 198 realized comparisons (22 between each two of
the eight models, for each of the nine analyzed traits), using the Likelihood ratio
test and testing under a significance level of P<0.001, 40 comparisons (20%)
were not significant. Of these, 45% were for scrotal circumference. The nullity
hypothesis was rejected, indicating that for each of the 158 significant
comparisons the tested models presented a significant difference in at least one
of the considered parameters.

All models tested against reduced A, AC and AE models, presented
significant differences except for SC, showing that for all other traits these
models are not the best models to use to crossbreed animals.

The AH reduction model did not show significant difference from ACH for
most traits, but did with  ACE, AHE and ACHE models. If AH and ACH are not
truly different, we may suppose that ca and/or cm are not really important to
these traits. Lopes et al. (2010), testing different models to estimate genetic
effects in Angus x Nellore crosses, found that the "joint additive effect does not
substantially improve the adjustment. Carvalheiro et al. (2006), studying
Hereford-Nellore crosses, suggest that complementarity seems to be important
but should be further investigated to better comprehend the effect and how to
model it.

The comparison of ACHE/ACE did not present any significance and
ACHE/AHE presented non-significant contrasts for most number of traits.
Observing ACHE/ACE we might suppose that ha or hm were not important to
improve the adjustment of the tested models, thus the models are equivalent.
However, if we consider the significance of the contrast ACH/AC a possible
confounding may exist when ha/hm or ea/em were not included in the model.
According to VanRaden (2006) "Breed differences contain additive, dominance,
and epistatic effects that are confounded if only two breeds are considered...".
When using simpler models, joint additive and epistatic effects appear to be
mixed in the heterosis effect (Pimentel et al. 2006).

For weaning traits, the determination coefficient (R?) (not shown) was highest
and the mean square error (MSE) was lower for the ACE model and for post
weaning traits the AHE model had the highest R?and lowest MSE.

Although ACHE did not differ statistically from ACE and AHE for most traits,
the ACE model produced very high magnitude of the estimates. These high
estimates hinder the biological interpretation and lead us to assume that this is
not the best model to use. The ACHE and AHE models seem more
parsimonious to use with crossbred animals.
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A wide variety of forms of interactions may be manifested in a crossbred
animal, often estimated as a single component, called heterosis. This estimated
heterosis value is, actually, the liquid balance of all the genes interactions that
are present in the animal, herded from different breeds. Models that include
non-additive effects can be more precise, but also more confusing. Although
genetic interactions are complicated terms to extract from models, they can
provide useful predictions if used carefully. Breeders must continue selecting for
additive merit, but can also improve non-additive merit, considering these
interactions in breeding programs where crossbred animals are used
(VanRaden, 2006).

Bueno et al. (2011), studying epistasis on genetic evaluation models,
concluded that simpler models used to evaluate bovine composites might
wrongly identify various additive and non-additive effects as a heterosis effect.
Breed additive, heterosis and epistatic loss effects, as well as direct and
maternal effects, should be included in models to evaluate crossbreed beef
cattle. (Bueno et al., 2012; Lema et al., 2011; Cunha et al., 2009; Cardoso et
al., 2008; Kippert et al., 2008; Carvalheiro et al., 2006)

Complementarity effects are more controversial. Cardoso et al. (2008) and
Piccoli et al. (2002) found that they are as important as the other non-additive
effects; however, Lopes et al. (2010) concluded "The inclusion of joint additive
effects does not substantially improve the adjustment promoted by the analysis
models, besides inserting a bias attributed to multicollinearity”. Carvalheiro et al.
(2006) argue that complementarity seems important but should be further
investigated.

3.1.1 Collinearity analysis

Correlation between predictor variables

The correlation between the coefficients used for the estimation of the fixed
genetic effects for WG and PG are presented in table 6.

In total, 46% of the correlations between the pairs for WG and 50% for PG,
presented values superior to 0.5, indicating medium to high correlations
between the pairs. This high correlation may indicate multicollinearity between
the coefficients; however, the coefficient pairs must not be the only verified
factor as the existing relationship between three or more coefficients can also
be interfering in this multicollinearity

For all analyzed traits (WG, WC, WP, WM, PG, PC, PP, PM and SC), the
highest correlation was found between the coefficients for maternal
complementarity and maternal heterosis, followed by the correlation of maternal
and direct epistatic loss with maternal complementarity. This high correlation
might be the reason why significant differences were not detected between the
ACH/AH and ACHE/ACE reductions.

When complementarity is removed from the model (not shown), the highest
correlation is between maternal heterosis and direct epistatic loss, keeping
values around 0.85 for all traits. This high correlation may result from data
structure, which cause a possible linear dependence (multicollinearity) involving
the predictors.

When we remove the maternal component of heterosis from the analysis of
PG, PC and PM (maternal heterosis was not significant for these traits) the
highest correlation remains between complementarity and epistatic loss, with
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very close values.

Principal Components and Conditional Index

The first principal component indicates a possible collinearity between the
prediction variables of direct (ca) and maternal complementarity (cm), maternal
heterosis (hm), direct (ea) and maternal (em) epistatic loss estimates. These
estimates may be confounded for these traits. The second principal component
shows that the breed direct (aa) and maternal (am) additive effect, direct
heterosis (ha) and direct complementarity (ca) effect opposes to the maternal
complementarity (cm), maternal heterosis (hm) and direct (ea) and maternal
(em) epistatic loss effects, showing again a possible confounding between
these estimators (Figure 1).

When there is no collinearity, the eigenvalues, condition index and condition
numbers are all one. With increasing collinearity, eigenvalues are both larger
and smaller than one (eigenvalue close to zero indicates multicollinearity
problem) and the condition index and number will increase (Schabenberger &
Pierce, 2002). According to Schabenberger & Pierce (2002), if the value of the
condition number of the matrix is lower than the upper threshold of 30, this
indicates problems of multicollinearity. The highest condition index we found
was 21.2493 for WG. The other Cls were 21.0631 for WC, 20.4443 for WP,
20.8205 for WM, 24.4637 for PG, 22.8341 for PC, 21.9954 for PP, 22.3479 for
PM and 28.5690 for SC. Lema et al. (2011) also used the threshold of 30. They
found condition number of 28.3 and concluded that collinearity was not a
problem.

Multicollinearity can occur when one or more variables are dependent on
others present in the same model. When using non-additive models, we are
using breed composition (individual, parents and grandparents) to estimate all
coefficients (breed direct, complementarity, heterosis and epistatic loss). High
correlations between variable pairs may be indicative of multicollinearity (Roso
et al., 2005b). The higher the collinearity, the higher the standard errors and,
wider the confidence intervals. The t statistics tend to be very small in this case.
When multicollinearity is present, it is therefore difficult to reject the null
hypothesis (Schabenberger and Pierce, 2002).

Variance inflation factor

The variance inflation factor (VIF) indicates the variance inflation of each
regression coefficient compared with an orthogonal situation. Usually values
above 10 for VIF suggest that multicollinearity may be causing problems in the
estimation (Schabenberger & Pierce, 2002).

The variance inflation factor (VIF) analysis for the models ACHE, AHE and
ACE are presented in table 7.

The VIF shows that the estimates had their variance inflate up to 110 times
(SC) when compared to an orthogonal condition (VIF=1) for the model ACHE.
Roso et al. (2005b) suggested the use of ridge regression to solve the problem
of multicollinearity; however, Cardoso et al. (2008), comparing the least squares
and ridge regression methodologies, showed that, although the most consistent
results were generated by the ridge regression technique, the estimates of
genotypic effects, with and without the use of this technique, generate similar
predicted values, and this occurred for all tested traits.
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This possible collinearity can be partially explained as all estimators are
based on the breed composition of individuals, which is equal to the average of
the breed composition of their parents. In practice, we are using the same
information to predict different effects, seen from different perspectives.

For the ACE model, except PP, all other traits presented FIV higher than ten
for maternal complementarity and higher FIV for direct and maternal epistatic
loss than AHE model. For the AHE and ACH models, only SC produced a FIV
higher than 10. The AC, AH, AE and A models did not present any FIV above
ten. These results may indicate that the greatest problem for collinearity is
complementarity, as cm always showed the highest values.

3.2 Estimates of fixed genetic effects

Estimates of fixed genetic effects, obtained as a deviation from Angus, are
presented in Table 8.

All regression coefficients for WG and WM are statistically significant
(P<0.01), as were most coefficients for the other traits (WC, WP, PG, PC, PP,
PM). Scrotal circumference presented 30% of the total statistically non-
significant coefficients. Among the non-significant effects, there were some
maternal components for post-weaning traits, which were not expected to be
significant. Contrary to this, the non-significance of the direct and maternal
breed additive and direct complementarity effects for WM (models ACHE, ACH
and AHE) was not expected nor was the direct breed additive effect for PG
(model AHE) and for PP (models ACE and AHE).

The breed additive effect was estimated as a deviation of Nellore from
Angus. The direct breed additive effect (aa) was positive for weaning traits and
negative for post-weaning traits and SC for most of the tested models, showing
that as the Nellore (B. indicus) gene proportion increases, the general weaning
growth rate increases and the general post-weaning growth rate decreases. For
A, AC and AE models, aa was negative for all traits. The positive or negative
effect does not mean that the animals are heavier or lighter; it is just the gene
effect. The final animal weight will be a balance of all involved effects. Negative
values were reported for weaning weight for Nellore (Lopes et al., 2010) and
positive for Brahman (Elzo and Wakeman, 1998), both as deviation from Angus.
A positive value of aa for weaning weight was reported by Lema et al. (2011)
and negative values for average pre-weaning daily gain were reported by
Cardoso et al. (2008) and for pre-weaning gain by Carvalheiro et al. (2006).
These effects considered Nellore as a deviation from Hereford. Kippert et al.
(2008) studying 205 day and 550 day weights found negative values for both
periods, weaning and post-weaning, even though neither the complementarity
nor epistatic loss effects were considered. Cardoso et al. (2008), studying
Nellore x Hereford crosses also found negative values of aa for all traits (WC,
WP, WM, PC, PP, PM and SC).

The maternal breed additive effect (am) was positive for most of models and
traits except for SC, showing that as the Nellore genes proportion increase the
calf performance also increase, but with a small scrotal circumference. Negative
values of am for WC (model ACE), WP (models ACHE, ACE and AHE) and
WM (models ACE and AHE) may indicate poorer performance in conformation,
precocity and muscling at weaning for the Nellore genes. We did not find
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literature testing these models with these traits. Positive values of am for 205
day and 550 day weights were reported by Kippert et al. (2008) and for weaning
weight by Lopes et al. (2010). Lema et al. (2011), using a model without a
complementarity effect, found strongly negative values for Nellore breed as a
deviation from Hereford. They suggest their environment was less restricted,
explaining the better performance for the British breed compared to Zebu. All
models presented negative values of am for SC. Cardoso et al.(2008), studying
crosses between Hereford and Nellore found negative values of am only for
post-weaning precocity.

Complementarity can be considered as what Kinghorn (1993) called "profit
heterosis". If we consider this effect as the joint action of two gene pools, as
suggested by Pimentel et al. (2006), these results can be interpreted as additive
interaction between two different traits, independent of dominance (heterosis) or
epistasis. When we consider a tropical or a temperate environment, the change
in performance when we move the genetic composition from 0.00 to 0.25 Bos
indicus is not necessarily equivalent for the move from 0.75 to 1.00. What we
are considering here is a quadratic effect between two breeds as suggested by
Kinghorn (1993). The complementarity coefficient reaches its maximum value at
% Angus Y2 Nellore animals, which presents a complementarity coefficient of
0.25. According to Cardoso et al. (2008), if for a trait such as weaning gain, am
is the additive effect due to the Nellore dam maternal instinct (defense and calf
care), heat and parasites tolerance and ability to digest food with low nutritional
value and turn it into milk with high solids, while (1-am) represents the maternal
breed additive effect due to high feed intake and high conversion rate from the
Angus breed. Thus cm (=am*(1,0-am)) represents an extra effect due to both
gene pools (Cardoso et al., 2008). This may explain the significance for this
effect for these two specific breeds.

Direct complementarity (ca) presented positive values for models ACHE,
ACE and AC, but negative values for weaning and post weaning phenotypic
scores using the ACH model (WC, WP, WM, PC, PP, PM). These negative
values may imply that Nellore cows, although producing heavier calves may
produce less harmonious calves in terms of conformation, precocity and
musculature, both at weaning and post weaning. For the ACHE model, ca was
not statistically significant for WM, PC, PP and PM. Cardoso et al. (2008) found
negative values for all weaning traits and SC and positive values for post-
weaning traits for Hereford x Nellore crosses. Carvalheiro et al. (2006) reported
negative values for pre-weaning gain (-65.38(3.78)) for an equivalent model,
also with Hereford x Nellore crosses. Lopes et al. (2010) reported a value of
21.82 for direct complementarity for weaning weight of Angus x Nellore crosses.

Maternal complementarity (cm) presented the highest magnitude effect for all
traits and also the highest standard errors, followed by direct complementarity.
These coefficients presented the highest FIV, especially for SC. For the ACHE
model, am was 36.70 for WG and -12.82 for PG. Carvalheiro et al. (2006)
reported a value of 61.38 for pre-weaning gain for Hereford X Nellore crosses
when estimating am with ordinary least squares methodology and 11.94 when
using ridge regression methodology. They assume that multicollinearity can
cause these high values that have a difficult biological interpretation
(Carvalheiro et al., 2006). cm ranged from 1.0 to 1.3 for weaning and 0.4 to 0.7
for post-weaning phenotypic scores with the ACHE model. Similar values
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(between 0.78 and 1.47 for WC, WP and WM) were reported by Cardoso et al.
(2008) for Hereford x Nellore crosses. For Angus x Nellore crosses, Lopes et al.
(2010) reported negative values for cm (-45.52 for weaning weight). It is difficult
to find results for the complementarity effect for many traits in the literature, but
it seems that the presented values are very high. Perhaps with other estimation
methodology, as is the case of Carvalheiro et al. (2006) and Cardoso et al.
(2008) who used ridge regression, these values would be smaller and more
reliable.

Unlike the complementarity, heterosis is widely studied and interest is
increasing in epistatic loss . Lopes et al. (2010), Vergara et al. (2009b), Kippert
et al. (2008), Elzo and Wakeman (1998) estimated heterosis and/or epistatic
loss in Angus x Nellore or Angus x Brahman or Angus X Zebu crosses; Lema et
al. (2011), Cardoso et al. (2008), Carvalheiro et al. (2006), Pimentel et al.
(2006), Piccoli et al. (2002), Arthur et al. (1999) worked on heterosis and/or
epistatic loss with Hereford x Nellore or Hereford x Brahman crosses and
Bueno et al. (2011), Roso et al. (2015a), Demeke et al. (2003a,b) and Abdel-
Aziz et al. (2003) studied heterosis and/or epistasis with another crossbreed
cattle. These authors also tested different models and/or methodologies to
estimate non-additive genetic effects. The range for direct and maternal
heterosis effects is wide and usually positive. When estimates of heterosis
effect are negative, it usually has a very low magnitude. For epistatic loss, the
estimates frequently changed from negative to positive.

The direct heterosis effect (ha) was positive and statistically significant for all
traits, except for SC, in ACHE and ACH. When complementarity or epistatic
loss were included in the model, but not both (models AHE and ACH),
estimated values of ha remained close one to each other, but when compared
to the ACHE model, the estimated values of ha are around half the previous
value. It is possible that the estimates for complementarity or epistasis
decrease heterosis estimates, because when the model does not include
complementarity and/or epistatic loss effects, heterosis estimates were much
higher. In the same manner, when the model does not include heterosis,
complementarity effects increased significantly. This probably refers to what
Dickerson (1973) commented as recombination effects between joint gametes
which may be confounded with heterosis effects. These effects are then
estimated as heterosis or complementarity, if the complementarity is included in
the model, and represent the sum of all interactions for each locus and among
every gene that affects the trait.

Maternal heterosis was not statistically significant for SC in all tested models.
For the ACHE model, hm was not statistically significant for most post-weaning
traits (PG, PC and PM). For all other situations, hm was statistically significant.
ha was positive for all models and traits except for PG in the ACH, AHE and AH
models. Lema et al. (2011), Lopes et al. (2010), Cardoso et al. (2008) and
Kippert et al. (2008) found positive values for direct and maternal heterosis and
greater values for hm than ha.

Epistatic effects are understood as interaction of genes at different loci.
When breeds were formed, benefic interactions between genes were selected
and produced linkage disequilibrium among them. When breeds are crossed,
these interactions may be broken. Crossbred animals may be out of harmony
and epistasis, if important, is a negative effect (Kinghorn, 1993). Recombination
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loss is a measure to attempt to all deviations from linear association of
heterosis with degree of heterozigosity (Dickerson, 1973) and “epistatic loss” is
“proportional to the probability that two non-allelic genes in the diploid individual
are from different breeds”(Kinghorn, 1980). What we are estimating here are
the interactions between non-allelic genes due to crossbred mating.

Estimates for direct epistatic loss effect were negative and statistically
significant for all traits, except for weaning traits in the AE model and SC in the
AHE model. The estimate for the maternal component of epistatic loss effect for
post-weaning gain was positive and negative for all other traits and models. The
epistatic loss effect for scrotal circumference was statistically significant
(P<0.05) only for the AE model. Cardoso et al. (2008) studying Hereford x
Nellore crosses, found positive estimates to epistatic loss for all weaning traits
and negative values for post-weaning traits, as found here in the AE model.
Lema et al. (2011) found negative effects for direct and positive for maternal
components for all traits. The negative epistatic loss effect may be explained as
the broken positive interaction, if they exist.

Even if most full models are significantly different from their reduced versions
and the most tested effects are significant, when we look at the rank of animal
EBVs, we find 70 % of coincidence in the first 10% for all tested models.

4. Conclusion

Considering the high significance of most contrasts between models and
their reduced versions we conclude that the best models are ACHE and AHE.
ACHE includes all effects and they were mostly significant but this model has
many effects with extremely high estimated values, which may have been
caused by a collinearity of the predictor variable. We suggest further studies
around collinearity in the specific case of this model, perhaps using the ridge
regression methodology can solve this. AHE model proved extremely
interesting, especially with regard to minor estimated standard errors for the
effects of heterosis and epistasis compared with the ACHE model with FIV
lower than ten for all traits, except SC. The fixed genetic effects of breed,
complementarity, heterosis and epistatic loss effects are really acting behind
the models. If the interaction between different alleles effectively exists, even if
their magnitudes are unstable, we must include them in the models to evaluate
crossbred animals, under a risk of selection bias. The results depend on the
breeds and environment where the animals are maintained. The results
presented here are from Angus x Nellore crosses, reared on extensive pastures
in South America.
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Figure 1. First and second principal components for weaning gain (WG) and
post-weaning gain (PG) traits.



Table 1
Absolute and relative frequencies of observations among coefficients of fixed

genetic effects, grouped in classes of 0.125, ranging from zero to one.

44

Classes aa am ca cm ha hm ea em
0.000 27135 (9.5) 37561 (13.2) 27135 (9.5) 89677 (31.4) 27107 (9.5) 89598 (31.4) 54852 (19.2) 103209 (36.2)
0.125 522 (0.2 145 (0.1) 1013 (0.9) 200 (0.1 17 (0.0 3 (0.0 35 (0.0 6 (0.0)
0.250 7140 (25) 2385 (08) 257161 (90.1) 195431 (68.5) 731 (03 98 (0.0) 66553 (233) 23795 (8.3)
0.375 118626 (41.6) 84046 (29.5) 3110 (1.1 24370 (8.5) 9924 (3.5 26693 (9.9
0.500 84259 (29.5) 65641 (23.0) 136291 (47.8) 132697 (465 120060 (42.1) 121670 (42.6)
0,625 11868 (4.2) 8575 (3.0) 43545 (15.3) 9490 3.3 20810 (7-3) 6273 (2.2)
0.750 33676 (11.8) 34416 (12.1) 36052 (126) 14284 (5.0 12576 (4.4) 3527 (1.2)
0.875 2050 (0.7) 420 (0.1 3120 .1 232 (0. 494 (02) 130 (0.0)
1.000 32 (0.0 52120 (18.3) 35335 (124) 14538 (5.1) 6 (0.0) 5 (0.0)
Total 285,309 (100.00) 285,309 (100.00) 285,309 (100.00) 285,309 (100.00) 285,309 (100.00) 285,309 (100.00) 285,309 (100.00) 285,309 (100.00)

aa, am, ca, cm, ha, hm, ea, em: coefficients used to estimate direct and maternal breed additive genetic effects, direct
and maternal complementarity, heterosis and epistatic loss non-additive genetic effects, respectively. Classes include
fractions equal or smaller than the mentioned value. Percentages in parentheses were expressed as relative
frequencies.
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Table 2
Number of observations (N), means and standard
deviation (SD) of analysed traits

Trait N Mean SD
WG (Kg) 294,045 152.92 16.96
WC (score) 288,182 3.42 0.68
WP (score) 276,264 3.44 0.72
WM (score) 286,350 3.32 0.72
PG (KQg) 148,443 83.36 13.61
PC (score) 149,091 2.53 0.66
PP (score) 141,188 2.74 0.73
PM (score) 147,392 2.52 0.70
SC (cm) 46,269 29.17 1.65

WG: weaning gain; WC: visual score of conformation; WP: visual score of precocity and
WM: visual score of muscling taken at weaning; PC: visual score of conformation; PP:
visual score of precocity and PM: visual score of muscling taken at post-weaning; SC:
scrotal circumference



Table 3

Predictor variables of fixed genetic effects included in the

genotypic models considered in this study

Model

aa ha hm ea em
A X
AC X
AH X X X
AE X X X
ACH X X X
ACE X X X
AHE X X X X X
ACHE X X X X X

aa, am, ca, cm, ha, hm, ea, em: direct and maternal breed additive genetic effects,
direct and maternal complementarity non-additive genetic effects, direct and maternal
heterosis non-additive genetic effects, direct and maternal epistatic loss non-additive

genetic effects, respectively

46
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Table 4
Number of animals (A) and contemporary groups (CG) used in the analysis.
Weight Gain Conformation Precocity Muscling . Scrotal
Circumference
Trait
CONNEC CONNEC CONNEC CONNEC CONNEC
TOTAL (%) TOTAL (%) TOTAL (%) TOTAL (%) TOTAL (%)
284,628 279,582 268,333 277,734
W 294,045 @7) 288,182 @7) 276,264 @7) 286,350 @7)
A
138,102 144,264 136,802 142,580 40,092
PW 148,443 @3) 149,091 (98) 141,188 @7) 147,392 @7) 46,269 @7)
6,615 6,433 6,011 6,398
w 9,242 (72) 8,840 73) 8,312 (72) 8,807 (73)
CG
7,044 2,496 2,318 2,471 2,445
PW 11,398 (62) 3,535 71) 3,304 (70) 3,506 (70) 4,222 (58)

W: weaning phenotypes; PW: post-weaning phenotypes; CONNEC.(%): number (and percentage) of animals(A) /
contemporary groups(CG) connected to the analyzed data.
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Table 5
Significance of the models tested against each possible reduced model
model AC AH AE ACH ACE AHE ACHE ACH ACE AHE ACHE ACH ACE AHE ACHE ACH ACE AHE ACHEACHEACHEACHE
reduction A A A A A A A AC AC AC AC AH AH AH AH AE AE AE AE ACH ACE AHE
trait
WG *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk nS *kk *kk *kk *kk *kk *kk *kk *kk nS nS
WC *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk I"IS *kk
WP *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk nS *kk *kk *kk *kk *kk *kk *kk *kk nS nS
WM *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *k *kk *kk *kk *kk *kk *kk *kk *kk I"IS *kk
PG *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk nS *kk *kk *kk *kk *kk *kk *kk *kk nS nS
PC *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *% *kk *kk *kk *kk *kk *kk *kk *kk nS nS
P P *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk n s *kk n s *kk *kk *kk *kk *kk *kk ns *kk
P M *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk nS nS nS nS *kk *kk *kk *kk *kk nS nS
SC ek ook k% pnps NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS ns

*** P<0.001; ** P< 0.01; ns: statistically non significant; A: model including only the breed additive (direct and maternal)
effect; AC: model including the breed additive (direct and maternal) and complementarity (direct and maternal) effects;
AH: model including the breed additive (direct and maternal) and heterosis (direct and maternal) effects; AE: model
including the breed additive (direct and maternal) and epistatic loss (individual and maternal) effects; ACH: model
including the breed additive (direct and maternal), complementarity (individual and maternal) and heterosis (individual
and maternal) effects; ACE: model including the breed additive (direct and maternal), complementarity (direct and
maternal) and epistatic loss (direct and maternal) effects; AHE: model including the breed additive (direct and
maternal), heterosis (direct and maternal) and epistatic loss effects (direct and maternal) and the complete model
ACHE: the breed additive (direct and maternal), complementarity (direct and maternal), heterosis (direct and maternal)
and epistatic loss (direct and maternal) effects.
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Table 6
Correlation between the coefficients used for estimating of fixed genetic effects.
Weaning gain below and post-weaning gain above diagonal.

ha

aa am ca cm Hm ea em

aa 1 0.7552 0.7172 0.1195 0.6607 0.1165 0.2652 0.0884
am 0.7435 1 0.5577 -0.1375 0.7379 -0.1200 -0.1077 -0.1281
ca 0.6726 0.5298 1 0.5073 0.7559 0.4548 0.5513 0.4241
cm 0.0724 -0.1810 0.4774 1 -0.0052 0.9013 0.8373 0.8362
ha 0.6015 0.6970 0.7288 -0.0323 1 -0.0025 -0.0425 -0.0012
hm 0.0711 -0.1628 0.4247 0.8998 -0.0242 1 0.8760 0.5367
ea 0.2210 -0.1416 0.5259 0.8305 -0.0792 0.8719 1 0.5630
em 0.0521 -0.1610 0.4000 0.8339 -0.0248 0.5345 0.5540 1

aa, am, ca, cm, ha, hm, ea, em: direct and maternal breed additive effect, direct and maternal complementarity,
heterosis and epistatic loss non-additive effects, respectively.
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Table 7
Variance inflation factor (VIF) estimated (ACHE, AHE and ACE models)
model ACHE
WG WC WP WM PG PC PP PM sC
aa 3.544 3.593 3.455 3.503 4174 4.024 3.823 3.853 6.054
am 3.712 3.892 4.024 3.844 4.030 4.323 4.854 4.230 4.773
ca 13.730 13.935 13.815 13.355 21.228 19.661 19.140 18.183 22.848
cm 69.093 67.611 62.564 66.808 86.393 75.271 68.870 74.077 110.851
ha 8.896 8.886 8.460 8.672 13.638 12.444 11.416 11.911 13.541
hm 36.929 36.343 34.335 36.021 45.887 41.392 38.361 40.770 51.637
ea 13.924 14.158 13.918 13.975 18.166 17.214 16.603 16.795 21.906
em 17.169 16.908 15.957 16.755 20.864 18.359 17.366 18.199 28.671
model AHE
WG wWC WP WM PG PC PP PM sC
aa 3,544 3,692 3,454 3,602 4,165 4,010 3,798 3,837 6,053
am 3,481 3,606 3,659 3,661 3,775 3,993 4,317 3,902 4,415
ha 2,216 2,285 2,370 2,249 2,568 2,596 2,839 2,521 3,421
hm 5,124 5,172 5,073 5,132 5,383 5,301 5,177 5,218 6,661
ea 6,330 6,380 6,250 6,313 7,012 6,784 6,586 6,655 10,394
em 1,496 1,491 1,453 1,481 1,511 1,474 1,448 1,459 1,705
model ACE
WG wWC WP WM PG PC PP PM sC
aa 3,465 3,502 3,369 3,414 4,008 3,865 3,675 3,699 5,686
am 3,672 3,849 3,980 3,802 3,960 4,254 4,781 4,164 4,588
ca 3,399 3,661 3,840 3,441 3,973 4,080 4,728 3,831 5,716
cm 10,189 10,147 9,704 10,032 10,926 10,329 9,781 10,147 15,204
ea 5,745 5,764 5,726 5,689 6,341 6,124 6,134 5,988 9,462
em 4,501 4,477 4,291 4,439 4,673 4,467 4,278 4,418 5,917

aa, am, ca, cm, ha, hm, ea, em: direct and maternal breed additive genetic effects, direct and maternal
complementarity non-additive genetic effects, direct and maternal heterosis non-additive genetic effects, direct and
maternal epistatic loss non-additive genetic effects, respectively; WG: weaning gain; PG: post-weaning gain; WC:
weaning conformation; PC: post-weaning conformation; WP: weaning precocity; PP post-weaning precocity; WM:
weaning muscling; PM: post-weaning muscling; SC: scrotal circumference adjusted to age.
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Table 8
Estimates of breed additive and non-additive genetic effects of pre and post-
weaning traits obtained as a deviation from Angus.

ACHE ACH ACE AHE AC AH AE A
WG
aa 1,405 (0,323) 1,881 (0,302) . 4,776 (0,319) 4,429 (0,323) -1,504 (0,295) 1,810 (0.271) 5,551 (0,295) ~  -2535 (0,257)
am 2,111 (0,195) 4,322 (0,183) 1,513 (0,194) 2,957 (0,189) 6,085 (0,172) 4,238 (0,181) 6,970 (0,172) 4,739 (0,152)
ca 16,269 (1,605) 3,350 (1,079) ” 58,021 (0,798) 40,823 (0,768)
cm 36,701 (2,339) 5190 (0,747) " 90,059 (0,898) . 27,964 (0,395) .
ha 8,079 (0,365) 14,437 (0,245) " 11,356 (0,182) 14,573 (0,174)
hm 3,872 (0,665) ~ 15,026 (0,251) 21,465 (0,248) 16,346 (0,116)
ea -3,821 (0,541) -20,403 (0,347) ©  -10,531 (0,365) " 8,096 (0,194) ~
em  -11,616 (0,559) -24,588 (0,286) -3,070 (0,165) "~ -5,002 (0,163) ~
PG
aa  -1,090 (0,405) -4,681 (0,371) -1,115 (0,397) . -0,172 (0,405) ©  -10,265 (0,362) . -3,038 (0,326) . 0638 (0357) ©  -6,705 (0,303)
am 1,892 (0,235) 2,529 (0,217) 1,457 (0,232) 1,373 (0,227) 6,577 (0,202) 2,468 (0,214) 4,734 (0,204) 11,593 (0,179)
ca 21,586 (2,204) 17,294 (1,365) 55,084 (0,953) ~ 52,577 (0,919)
cm -12,820 (3,018) -6,783 (0,889) -6,212 (1,073) -28,680 (0,467)
ha 6,112 (0,522) 12,215 (0,321) 13,145 (0,227) 14,567 (0,216)
hm 0594 (0,858) ™  -5,025 (0,293) . -2,627 (0,294) © -5,610 (0,135) .
ea  -8452 (0,706) -15,337 (0,417) -5,886 (0,438) " -13,226 (0,227)
em 1,496 (0,714) -1,854 (0,338) -0,510 (0,192) -1,097 (0,190)
WC
aa 0107 (0,014) 0,126 (0,013) 0,241 (0,013) 0,224 (0,014) -0,002 (0,012) ™ 0,087 (0,011) -0,099 (0,012) ~  -0,030 (0,011) _
am 0,023 (0,008) 0,091 (0,008) -0,011 (0,008) ™ 0,004 (0,008) ™ 0,160 (0,007) 0,069 (0,008) 0,122 (0,007) 0,099 (0,006)
ca 0376 (0067) ~  -0399 (0,045) " 1,490 (0,034) 0,819 (0,033)
cm 1310 (0,097) 0,160 (0,031) 2,808 (0,037) . 0,725 (0,017) .
ha 0222 (0,015 0,471 (0,010) 0,251 (0,008) ~ 0,406 (0,007) "
hm 0091 (0,028) 0,418 (0,010) . 0,677 (0,010) ~ 0,427 (0,005) .
ea -0229 (0023) -0,737 (0,014) -0,524 (0,015) ” 0,150 (0,008) "
em -0,423 (0,023) -0,779 (0,012) -0,131 (0,007) -0,178 (0,007)
PC
aa -0123 (0019 .  -0185 (0,018) -0,062 (0,019) -0,046 (0,019) _ -0,412 (0,017) . -0,270 (0,016) _ -0,261 (0,018) ~  -0.371 (0,015) _
am 0,142 (0,012) 0,215 (0,011) " 0,126 (0,012) 0,130 (0,012) 0,360 (0,010) " 0,214 (0,011) 0,284 (0,010) 0,415 (0,009)
ca 0190 (0,106) ™  -0,918 (0,066) 1,526 (0,048) 0,955 (0,046)
cm 0665 (0,139) 0,084 (0,043) ™ 1,425 (0,051) . -0,195 (0,024) .
ha 0,336 (0,025) 0,648 (0,015) 0,385 (0,011) ~ 0526 (0,011)
hm 0027 (0,040) ™ 0,113 (0,014) . 0,346 (0,014) ~ 0,077 (0,007) .
ea -0,326 (0,034) -0,788 (0,020) -0,529 (0,021) ” -0,204 (0,011)
em -0,235 (0,033) -0,467 (0,016) -0,089 (0,009) -0,100 (0,009)
WP
aa 0036 (0015 0,029 (0,014) 0,189 (0,014) 0,170 (0,015) ~ 0,092 (0,013) -0,005 (0,012) ™ -0,146 (0,014) -0,099 (0,012)
am -0,045 (0,010) 0,023 (0,009) ' -0,105 (0,009) -0,087 (0,009) 0,084 (0,008) 0,005 (0,009) "™ 0,038 (0,008) 0,038 (0,007)
ca 0,180 (0,073) -0,914 (0,049) 1,144 (0,039) 0,311 (0,037)
cm 1,063 (0,03) T -0,191 (0,034) 3,149 (0,041) . 0,635 (0,019) .
ha 0,196 (0,016) 0,483 (0,011) 0,170 (0,009) ~ 0,388 (0,008) "
hm 0,200 (0,030) 0,528 (0,011) . 0,770 (0,011) ” 0,442 (0,005) .
ea -0,305 (0,025) -0,858 (0,016) -0,709 (0,017) ” 0,116 (0,009)
em -0432 (0,025) -0,919 (0,013) 0,216 (0,007) -0,261 (0,007)
PP
aa -0,122 (0,022) .  -0,195 (0,020) 0,000 (0,021) ©  -0,020 (0,022) ©  -0,442 (0,020) . -0,289 (0,018) -0,227 (0,020) . -0,394 (0,017)
am 0,042 (0,015) 0,111 (0,014) ” -0,015 (0,015) ™ 0,002 (0,014) ™ 0,290 (0,013) ” 0,118 (0,014) 0,192 (0,012) 0,385 (0,010)
ca 0187 (0,120) ™  -1,189 (0,075) " 1,873 (0,060) 0,974 (0,056) ”
cm 0402 (0,155) 7 -0,153 (0,050) " 1,728 (0,058) . -0,379 (0,030) .
ha 0406 (0,027) 0,782 (0,017) ” 0,456 (0,014) ” 0,636 (0,013) ”
hm 0113 (0,044) ' 0,164 (0,015) . 0,386 (0,016) " 0,059 (0,008) N
ea -0410 (0,038) -1,028 (0,023) ” -0,658 (0,024) ” -0,290 (0,012)
em -0,225 (0,037) -0,607 (0,018) -0,148 (0,011) -0,156 (0,010)
WM
aa 0017 (0014) ™ 0,011 (0,013) ™ 0,151 (0,014) ~ 0,125 (0,014) -0,092 (0,013) ©  -0,030 (0,012) -0,199 (0,013) ©  -0,109 (0,011)
am 0,005 (0,009) ™ 0,082 (0,008) " -0,027 (0,009) -0,016 (0,009) ™ 0,134 (0,008) 0,056 (0,008) 0,092 (0,008) 0,048 (0,007)
ca 0089 (0,071) ™  -0,882 (0,048) 0,886 (0,036) 0,174 (0,035)
cm 1248 (0,102) 0,130 (0,033) ~ 3,211 (0,040) . 0,931 (0,018) .
ha 0178 (0016) 0,415 (0,011) ~ 0,131 (0,008) 0,314 (0,008)
hm 0161 (0029) 0,496 (0,011) . 0,771 (0,011) 0,481 (0,005) .
ea -0222 (0024) -0,741 (0,015) " -0,611 (0,016) ~ 0,213 (0,009)
em -0,409 (0,024) -0,851 (0,013) -0,146 (0,007) -0,191 (0,007)
PM
aa -0,206 (0,021) .  -0,267 (0,019) _ -0,144 (0,021) -0,158 (0,021) -0,461 (0,019) ~  -0,335 (0,017) _ -0,293 (0,019) ~  -0,414 (0,016) _
am 0,042 (0,013) 0,093 (0,012) ~ 0,014 (0,013) ™ 0,022 (0,013) ™ 0,225 (0,011) 0,091 (0,012) 0,160 (0,011) 0,286 (0,010)
ca 0092 (0,115) ™  -0,836 (0,072) 1,421 (0,053) 0,851 (0,050)
cm 0,551 (0,150) 0,026 (0,047) ™ 1,264 (0,056) -0,245 (0,026) ~
ha 0,333 (0,027) ~ 0,596 (0,017) ~ 0,368 (0,012) 0,488 (0,012) ~
hm 0,007 (0,043) ™ 0,092 (0,015) ~ 0,272 (0,015) 0,049 (0,007) ~
ea -0,261 (0,036) -0,738 (0,022) -0,443 (0,023) "~ -0,204 (0,012) ~
em -0,202 (0,036) -0,426 (0,017) ~ -0,088 (0,010) ~ -0,093 (0,010) ~
sC
aa -1,589 (0,121) _  -1,909 (0,107) _ -1,649 (0,117) -1,648 (0,121) 2,010 (0,105) ~  -1,846 (0,087) _ -1,776 (0,095) ~  -1,864 (0,073) _
am -0,889 (0,062) ~  -0,938 (0,052) -0,904 (0,060) 0,949 (0,059) -0,984 (0,046) -0,993 (0,051) -0,943 (0,051) 0,875 (0,042)
ca 1,187 (0,489) N 1,156 (0,337) 1,039 (0,245) ~ 1,736 (0,236)
cm  -0,345 (0,797) " -0,566 (0,215) 0,219 (0,295) ™ . -0,623 (0,109) .
ha -0,092 (0,114) ™ 0,048 (0,078) "™ 0,151 (0,057) 0,250 (0,055)
hm 0197 (0222) " 0,055 (0,074) ™ . 0,095 (0,080) ™ -0,014 (0,034) ™ .
ea -0,367 (0,175) -0,269 (0,115) -0,198 (0,121) ™ -0,142 (0,059)
em -0,037 (0194) ™ 0,172 (0,088) ™ -0,082 (0,047) ™ -0,098 (0,047)

** P<0,01; * P<0.05; ns: statistically non significant; aa, am, ca, cm, ha, hm, ea, em: direct and maternal breed additive
genetic effects, direct and maternal complementarity, heterosis and epistatic loss non-additive genetic effects,
respectively. WG, WC, WP, WM: weaning gain, conformation, precocity, muscling respectively; PG, PC, PP, PM: post-
weaning gain, conformation, precocity, muscling respectively; SC: Scrotal circumference; standard error are in
parenthesis.
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Abstract

The objectives of this study were to estimate fixed genetic effects (both additive
and non additive) and test different non-additive models using Ridge
Regression. The direct and maternal cumulative breed additive effects, as well
as breed complementarity, heterosis (dominance) and epistatic loss direct and
maternal non-additive effects were studied. A large crossbred Angus X Nellore
population, with 294,045 records for weaning gain (WG) and 148,443 records
for post-weaning gain (PG) was used. Phenotypic scores for weaning (WC) and
post-weaning (PC) conformation, weaning (WP) and post-weaning (PP)
precocity, weaning (WM) and post-weaning (PM) muscling and scrotal
circumference (SC) were also used. All models included fixed contemporary
group effect and random animal, maternal and permanent environment effects.
All models were compared for all nine traits using the likelihood ratio test. The
model including all fixed genetic effects (breed additive, complementarity,
heterosis and epistatic loss non-additive effects, both direct and maternal) the
best option to analyze this crossbred population using ridge regression
methodology. The ridge regression methodology was efficient to control the
collinearity among prediction variables of fixed genetic effects. For SC, only the
direct and maternal additive effects were statistically significant (P<0.01). For
the complete model, all effects were statistically significant (P<0.01) for weaning
traits, except the direct breed additive effects for WP and WM; direct
complementarity effect for WP, WM, PP and PM and maternal epistatic loss for
PG. Direct breed additive effect was positive for weaning traits and negative for
post-weaning. Maternal breed additive effect was negative for SC and WP.
Direct complementarity and heterosis were positive for all traits and maternal
complementarity and heterosis were also positive for all traits, except for PG.
Direct and maternal epistatic loss effects were negative for all traits. We
conclude that the fixed genetic effects are mostly significant. Thus it is important
to include them in the model when evaluating crossbred animals and the model
which includes breed additive effects, complementarity, heterosis and epistatic
loss was more appropriate and the model with only breed additive and heterosis
more parsimonious.

Keywords: complementarity, crossbred beef cattle, epistatic loss, fixed genetic
effects, heterosis,

1.Introduction

Breeders worldwide have used breeding programs to take advantage of the
beneficial effects of heterosis and to combine strengths of parental breeds,
called "breed complementarity" (Weaber, 2005). These effects occur in
crossbred animals at various levels of intensity and, although important, are
frequently neglected in genetic evaluation breeding programs.

The estimation of fixed genetic effects (additive breed and non-additive
heterosis, epistatic loss and complementarity) has been the subject of many
studies around the world: Brazil (Bueno et al, 2012; Lopes et al., 2010; Cardoso
et al., 2008; Kippert et al., 2008; Carvalheiro et al., 2006), Australia (Arthur et
al., 1999), Colombia (Vergara et al., 2009), Ethiopia (Demeke et al., 2003a,b),
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South Africa (Schoeman et al., 2002), United States (Williams et al., 2009; Elzo
& Wakeman, 1998) and Uruguay (Lema et al., 2011). Besides the estimation of
these effects, collinearity has been studied among the predictors of effects.
When considering non-additive models, we are using breed composition of
individual, parents and grandparents to estimate all coefficients (breed direct,
complementarity, heterosis and epistatic loss). Possible collinearity can be
present as all estimators are based on the breed composition of individuals,
which is equal to the average of the breed composition of their parents. In
practice, the same information is used to predict different effects seen from
different perspectives.

In a multiple regression analysis, multicollinearity exists when one or more
variables express linear combination with the other variables used in the same
analysis. In multiple regression, the columns of X are almost never orthogonal
and exact dependencies among the columns also rarely exist (Schabenberger
& Pierce, 2002). In order to estimate this collinearity, the pairwise correlations
can be estimated but this information is not always sufficient to indicate the
condition of collinearity. High correlations between variable pairs may be
indicative of multicollinearity (Roso et al., 2005b). The higher the collinearity,
the higher the standard errors and wider the confidence intervals will be.
Variance Inflation Factor (VIF) calculations offer an alternative diagnosis of
collinearity, that is simple and efficient. When collinearity is found, one option is
to delete one or more variables that are causing this collinearity, since this
condition generates unstable least squares estimates with large standard
errors, another option is to use ridge regression (Schabenberger & Pierce,
2002).

Arthur et al. (1999) , Schoeman et al. (2002), Abdel-Aziz et al. (2003), Cardoso
et al. (2004, 2008), Roso et al. (2005a), Dias et al. (2011) and Petrini et al.
(2012) studied the problem of multicollinearity in the estimation of the fixed
genetic effects. These authors conclude that these effects have some degree of
collinearity that can and must be overcome. Most authors have pointed out the
ridge regression as the best solution to estimate fixed genetic effects
(Schoeman et al., 2002; Roso et al., 2005b; Cardoso et al., 2008; Dias et al.,
2011).

In addition to the methodology, the authors are in agreement that the additive
effect of breed and the effects of heterosis are important and must be present in
the statistical models used for genetic evaluation of animals in breeding
programs. As far non-additive effects of breed complementarity and epistatic
loss, there is almost a consensus among the authors. Not all of these effects
are used in all the studies.

The main objective of this study was to test different additive and non-additive
genetic models under ridge regression. We also aimed to estimate the fixed
genetic effects (direct and maternal cumulative breed, complementarity (or
profit heterosis), heterosis and epistatic loss), involving crosses between Angus
and Nellore beef cattle breeds.

2. Materials and methods
2.1 Data
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Data from different breed compositions, resulting from crosses between Angus
and Nellore cattle, was used. This data came from more than 200 herds
distributed in the Brazilian states of Rio Grande do Sul, Parana, S&o Paulo,
Mato Grosso do Sul, Mato Grosso and Goias and also from Paraguay. All herds
were participants of "Programa Natura de Melhoramento Genético de Bovinos"
(Natura Cattle Breeding Program). (Table 1)

2.2 Predictor variables of fixed genetic effects

2.2.1 Breed additive effect

The contribution of Nellore genes in the genetic composition of the animal (aa)
and their dams (am) were used to estimate the direct and maternal genetic
effect of breed, respectively. To avoid dependence in incidence matrix columns,
only the Nellore coefficient was used, giving an estimation of the deviation from
the Angus breed performance.

2.2.2 Breed complementarity

The coefficients proposed by Kinghorn (1993) and also used by Fries et al.
(2000), Piccoli et al. (2002), Cardoso et al. (2008) were used to estimate the
breed complementarity effects. The predictor variable of direct complementarity
(ca) coefficient is described as ca = aa*(1.0-aa) and the maternal
complementarity (cm) coefficient is described as cm = am*(1.0-am) where aa is
the Nellore fraction of the animal breed and am is the Nellore fraction of the
dam breed composition.

2.2.3 Heterosis effect

To estimate the direct and maternal heterosis effects, the heterozigosity
coefficients ha and hm were used as described by Bertoli (1991) and Schenkel
(1993), also used by Cardoso et al. (2008), Pimentel et al. (2006) and Roso et
al. (2005b). These coefficients are given by

ha = (1 — X% ,(Sire breed; * Dam breed,)) and hm =
(1 — X%, (Maternal Grand Sire breed; * Maternal Grand Dam breed;)) where
i=1 refers to Angus breed proportion and i=2 refers to Nellore breed proportion.
When the breed composition of a cow was not known (all products had known
breed composition), the cow was considered to be inter se mating.

2.2.4 Epistatic loss effect

To estimate the direct and maternal epistatic loss effects, the epistazygosity
coefficients ea and em were used, as proposed by Fries et al. (2000,2002) and
also used by Cardoso et al. (2008), Pimentel et al. (2006), Carvalheiro et al.
(2006) and Roso et al. (2005a,b). These coefficients are given by ea= %2 [Hs +
Hd] and em= %2 [Hmgs + Hmgd], where Hs is the sire's heterozygosis, Hd is the
dam's heterozygosis, Hmgs is the maternal grand sire heterozygosis and Hmgd
is the maternal grand dam heterozygosis. When the breed composition of a cow
was not known (all products had known breed composition), the cow was
considered to be inter se mating.

2.3 Traits

Nine traits were used in this analysis: weaning gain (WG), post-weaning gain
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(PG), phenotypic scores of conformation (WC), precocity (WP) and muscling
(WM) taken at weaning; phenotypic scores of conformation (PC), precocity (PP)
and muscling (PM) taken at post-weaning as well as scrotal circumference at
yearling (SC). The phenotypic score for each trait is given on a five-point scale,
where one is the worst, and five is the best score for each management group.
The number of observations, means and standard deviations of each trait are
presented in Table 2.

2.4 Statistical Analysis

2.4.1 Genotypic models
The general model is described by equation (1). The pair-traits WG-PG, WC-
PC, WP-PP, WM-PM and WG-SC were analysed in a two-trait analysis using
this model with the systematic inclusion of fixed genetic terms, in order to
compare models and effects.

y = XB + Wy+ Za+ € (1)
where y is the vector of observations of trait 1 and trait 2; B is the vector of fixed
effects of environment, which includes contemporary group (all traits were pre-
adjusted for fixed effects of animal age, dam age and birth date (julian), except
SC, that was pre adjusted for age and weight); y is the vector of fixed genetic
effects; a is the vector of random direct, maternal and permanent environmental
effects of the dam and € is the vector of random residual effects. Incidence
matrices X, W and Z relate records to fixed effects, to fixed genetic effects and
to random direct and maternal additive genetic and permanent environment
effects, respectively.
The vectors of random effect a and € were assumed to have (co)variance =

ARG, AQG,n 0

V(a)=| A®G,, AQKG, 0 and V(g) = IQR. A is the additive numerator
0 0 IQPe

relationship matrix among animals and | is the identity matrix;

2 2
— Oa1 Ogia2 — Omi1 Omim2
Ga— l ) Gm -

Ogim1  Oaim2
) ) Gam= ] , Pe=
Oaia2 ) Om1im2 Om2

Oa2m1  Oa2m2

Op1p2 ng Oc1e2  Og2

covariance; a refers to direct additive genetic, m to maternal additive genetic p
to permanent environmental effects and e to residual; 1 refers to the first and 2
to the second trait on a two-trait analysis.

The general model above (1) was analyzed complete and with reductions. The
only difference among compared models was in y vector, which includes
different fixed genetic effects. The considered effects for each tested model is
presented in table 3. In total, eight models were analyzed for each trait.

The models described above were analyzed using ridge regression (RR) in a
two-trait analysis. To compare these models, we used the Likelihood Ratio as
described by Regazzi and Silva (2004) for each model pair.

In the present study, the RR analysis were carried out in the standardized form
of the model, using the correlation matrix. After estimation the estimates were
transformed to the original scale and were presented in this way.

2 2
0,1 Op1p2 g, ) .
l PP l and R:I el elzezl where o refers to variance and o refers to
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2.4.2 Ridge regression

Collinearity analysis

To identify the possible causes of the collinearity we calculated the variance
inflation factor (VIF). VIF was given by VIF = 1/(1-Ri), where R; is the coefficient
of determination. (Schabenberger & Pierce, 2002). To verify collinearity, as well
as using the VIF, we calculated the Pearson correlation between the estimates
of fixed genetic effects.

The ridge parameter

The ridge regression methodology is “an ad-hoc regression method to combat
collinearity. The ridge regression estimator allows for some bias in order to
break the collinearity and thus reduce the mean square error compared to
Ordinary Least Squares. The user must choose the ridge parameter, a small
number by which to shrink the least squares estimates” (Schabenberger &
Pierce, 2002). The ridge regression estimator consists of adding a small
positive number - the ridge parameter (k) - on the diagonal of the W'W matrix in
order to break the relationship between the columns of the W'W. There is not a
clear rule to choose k so it must be determined empirically (Dias et al., 2011).
To perform the ridge regression analysis, a diagonal matrix K is added to the
W'W matrix. The values of the non-negative diagonal elements of K (ki, ka,...,
ki) were adapted from Roso et al. (2005b) and estimated as ki = 0 *
(VIFiVIFna)™ , where i is the i™ element of the diagonal matrix K, VIF; is the
variance inflation factor of the i predictor variable and VIFmax is the maximum
value of all VIF;. The magnitude of the elements k; will be proportional to the
variance inflation factor of each predictor variable.

To choose the value of 6, the bootstrap procedure, originally proposed by Efron
(1979) and described by Roso (2005b) in R2 method, was performed. This is an
iterative process, with the value of 8 ranging from 0.000 to1.000 with
increments of 0.002. For each value of 0, ten bootstrap samples were used to
estimate all effects of the model (1) as well as VIF. For each value of 6, an
average of FIV, obtained with the ten bootstrap samples, was calculated. From
there, two procedures guided the choice of the value of 0: the factors of inflation
of variance and the visual evaluation of the range of estimates, obtained for
each value of 6.

2.4.3. The (co)variance components

The (co)variance components were estimated (Table 4) using model (1),
including all effects (fixed effects of environment, fixed genetic effects, random
direct, maternal and permanent environmental effects and residual). The
Restricted Maximum Likelihood (REML) method and the DMU (Madsen &
Jensen, 2000) software were used. The convergence criterion was 1072,

2.4.4 Connectedness analysis

Roso et al. (2004) found that as the degree of connectedness among test
groups decreases, the accuracy of comparisons of EBVs of bulls in different
test groups also decreases. As one of the final objectives of a genetic
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evaluation is to obtain accurate EBVs, we tested the connectedness, using only
connected animals and contemporary groups in this analysis. A connectedness
analysis between contemporary groups was carried out according to Roso et al.
(2004). The total number of direct genetic links between contemporary groups
due to any common ancestors was used. Contemporary groups with more than
two calves and with at least five direct links were considered connected and
retained for analysis. (Table 5)

3. Results and Discussion
3.1 Collinearity analysis

3.1.1 Correlation among predictor variables

The predictor variable (estimators) of maternal complementarity was strongly
correlated with maternal heterosis (Table 6) and direct and maternal epistatic
loss as well, maternal heterosis was strongly correlated with direct epistatic loss
(Table 6a). The highest correlation between pairwise estimates, using the
ACHE model, was between direct complementarity and direct heterosis,
followed by the correlation between maternal complementarity and maternal
epistatic loss. These results were similar for all tested traits (Table 6b).
According to Cunningham and Connoly (1989), cited by Roso et al. (2005a)
high correlation between estimates can jeopardize the accuracy of estimated
genetic values of the analysis. Large pairwise correlations may indicate
collinearity but are not a necessary condition for it (Schabenberger & Pierce,
2002).

When the complementarity was not considered, using the AHE model, the
highest correlation was between maternal heterosis and direct epistatic loss (-
0.7733 for WG / -0.7775 for PG), followed by the correlation between direct and
maternal breed additive (-0.5867 for WG / PG is -0.5679). When the heterosis
was not considered, using the ACE model, the highest correlations were
between maternal complementary and maternal epistatic loss (-0.6953 for WG /
PG is -0.6931), followed by maternal complementarity and direct epistatic loss (-
0.6567 for WG / -0.6604 for PG). When the epistatic loss was not considered, in
the ACH model, the highest correlations were between maternal
complementarity and maternal heterosis (-0.7418 for WG / PG is -0.7343),
followed by the correlation between direct complementarity and direct heterosis
(-0.6180 for WG / PG is -0.6320). Most of the simple correlations between
estimates were negative (65%). Schoeman et al. (2002) also reported negative
correlations between breed additive effects, direct and maternal, arguing they
involve mutually exclusive proportions, not being independent.

Although the magnitude of pairwise correlations between prediction variables
are high, this was not the only indicator of collinearity as the interrelations
among three or more variables can also result in a high degree of collinearity
(Roso et al., 2005b). Regarding the correlation between the coefficients used
for the estimation (estimators) of fixed genetic effects, 46% showed values
above 0.5. Thus, it was observed that after using the method of ridge
regression, correlation between the estimates remains relatively low, only 25%
presented values below 0.5.
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3.1.2 Variance inflation factor

Variance inflation factor (VIF) indicates the variance inflation of each regression
coefficient compared with an orthogonal situation. Usually values above ten for
VIF suggest that multicollinearity may be causing problems in the estimation.
(Schabenberger & Pierce, 2002). The VIF obtained using ACHE model and
0=0.06 are presented in Table 7. These values are around 10 for all tested
traits, except for SC. Although creating a bias when using ridge regression, this
bias may be more preferable than high VIF (when 6=0.00, corresponding to
least squares (LS) estimators. In the LS, the VIFs reached values of 110 (not
shown)). High VIF can generate unstable estimates (Schabenberger & Pierce,
2002). As the final objective of this estimation is obtaining genetic values for
animal selection, stable estimates with low standard errors are preferable (Dias
et al.,2011).

Considering all traits, VIFs are larger for the effects of maternal
complementarity, followed by the effect of direct complementarity. Relating to
traits, the higher values of VIFs always are presented by scrotal circumference.
SC has much less data in comparison to the other traits. This affect the
structure of correlation among prediction variables The post-weaning traits
present intermediate VIFs and the lower VIFs are presented by weaning traits.
When the used model excludes complementarity (AHE), epistatic loss effect
presents the highest VIF to all traits. Weaning traits still present the lowest VIFs
(3.87 for WG), followed by post-weaning traits (4.14 for PG). Scrotal
circumference presents the highest VIF (5.15) when using this model.

3.1.3 Ridge Parameter

The visual (graphical) evaluation was proposed by Freund & Littell (2000) and
also suggested by Schabenberger & Pierce (2002) The estimates of the fixed
genetic effects of model ACHE for each value of 6 are presented in Figure 1
The results indicate that with 6 between 0.060 and 0.100, all estimates for all
traits tend to stabilize. According to Schabenberger & Pierce (2002),
stabilization is not necessary when the ridge trace becomes a flat line. They
also said that the inexperienced users tend to choose a ridge parameter that is
too large.

Concerning VIF, the lower value of 0, whose average bootstrap samples
generated VIF below ten for all fixed genetic effects, was between 0.060 and
0.066. The studies of Piccoli et al. (2002) and Cardoso et al. (2008) used
06=0.06 to calculate k in their analysis and Carvalheiro (2006) used values
where all VIF became lower than ten. For this analysis, the chosen value of 6
was 0.06. With this value, a new analysis was performed, containing the
complete set of data, for the estimation of all effects according to the model(1),
for all traits

3.2 The models

Of the 198 comparisons, 22 were between two of the models, for each of the
nine analyzed traits, using the Likelihood ratio test. Most of these comparisons
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(91.4%) were statistically significant. The nullity hypothesis indicates that, for
each of the 17 non-significant comparisons between the tested models, there is
no significant difference in, at least, one of the considered parameters. The
contrasts that show significant differences are all comparing the full model
(ACHE) with any reduction, for all tested traits (Table 8).

The ACHE model was statistically different from the three closest reductions
(ACH, ACE and AHE). This means that the complete model differs statistically
in, at least, one effect for each of the three comparisons made. Carvalheiro et
al. (2006) also found that the inclusion of complementary and epistasis in the
genetic evaluation of crossbred animals "... seems to be important but should
be further investigated... ". The results presented in table 8 indicate that the full
model (ACHE) is the most suitable for use in the estimation of the fixed genetic
effects, using the ridge regression methodology.

The comparison between the AH model and the ACH, ACE and AHE models,
for most traits, was not statistically significant, suggesting that this model (AH)
could be considered a more parsimonious model to use. Carvalheiro et al.
(2006), testing similar models, confirmed results in the literature (Arthur et al
(1999;. Demeke at al 2003), that models that include only the additive and
dominance effects are not enough and that the epistatic loss effect, if important,
should be included in the model. Pimentel et al. (2006) suggest that the effects
of epistasis can remain embedded in the heterosis effects when the estimation
is made with simpler models.

AH model could be used as an alternative when the amount or the structure of
data does not allow the use of more complex models.

3.3 Fixed genetic effects estimates

Estimates of fixed genetic effects with all used models are presented in Table 9.
The values of aa, am, hm and ha vary little between the estimates made by the
AH model and the ACHE model as well, as the standard errors in the AH model
tend to be smaller. For SC, only the direct and maternal breed additive effects
were statistically significant. Considering all the tested models, the effects of ca,
cm, ha, hm, ea and em were statistically not different from zero (p>0.05) for
SC. Cardoso et al. (2008) reported significant values for ca and ea. They did
not test maternal components for SC.

The direct breed additive effect accounts for the increase (or decrease) due to
the expected increase the proportion of Nellore genes in the breed composition
of the animal. Williams et al. (2009), using published results, presented
negative values for posterior means of aa in weaning and post weaning gain for
the Brahman breed. All estimates of breed additive effect are negative for all
traits. Except in the AE model, which is positive for PG. The estimates of breed
additive effect show that Nellore genes decrease the phenotype value of each
trait. This does not mean a lower final weight, as the final weight is given by the
sum of all involved effects in animal performance. When comparing the ACHE
model with the AH model, generally, aa estimates were higher for the AH model
and displayed lower standard errors. The positive effect of aa for WG in the
AHE model is in accordance with the values obtained by Arthur et al. (1999)
and Abdel-Aziz et al. (2003), who obtained positive estimates for weaning
weight in crossed Brahman animals; however, contrasts with those values
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obtained by Carvalheiro et al. (2006), Pimentel et al. (2006), and Cardoso et al.
(2008), who found negative effects of aa for weaning weight and average daily
gain, working with Hereford x Nellore animals. Kippert et al. (2008) found
negative values for direct breed additive effect of Nellore crossed with Angus for
weaning weight, yearling weight and post weaning gain but positive values for
weaning gain.

The maternal breed additive effect was positive for all models and traits at
weaning and post-weaning, except for WP in the ACHE and the AHE models.
These results show advantage of Nellore dam when compared to Angus dam.
Cardoso et al. (2008), Carvalheiro et al. (2006) and Pimentel et al. (2006) also
found positive effects in Nellore x Hereford crosses. Arthur et al. (1999),
working with Brangus found positive effects for Brahman when the climate is
temperate and negative effects when the climate is subtropical. Vergara et al.
(2009) found positive values for weaning weight in zebu animals. Kippert et al.
(2008) found similar values to our findings and argues that Nellore cow has
greater maternal ability and/or better adaptation to the environment in which
they operate.

Under the full model (ACHE), the traits of precocity and musculature were
statistically not different from zero (P<0.05) for the effect of direct
complementarity. From this result, we can suggest that there is no extra gain,
beyond linear, for these traits when Nellore and Angus are crossed. The WG
trait showed high and positive values for ca and cm; PG had positive values for
ca and negative values for cm for all tested models, showing that the proportion
of Nellore genes in the dam leads to weight loss in the post weaning period.
Carvalheiro et al. (2006) and Cardoso et al. (2008) found negative values for ca
and Carvalheiro et al. (2006) found positive values for cm in weaning weight
gain.

The effect of direct heterosis was positive and statistically significant for all
tested models and for all traits except SC. Carvalheiro et al. (2006), studying
Nellore X Hereford crossbred animals, also found positive and significant
effects for weaning gain, but found much higher values (14.78 + 0.52), obtained
with equivalent model and methodology. Cardoso et al. (2008), studying WC,
WP, WM, PC, PP and PM in Nellore crosses with Hereford, found positive and
statistically significant values for ha. The values found by Cardoso et al. (2008)
are lower compared to our findings, except for PC, whose estimated effect of ha
was higher in comparison to this work. Kippert et al. (2006), in Nellore x Angus
crosses, also found positive and statistically significant values for ha in weaning
and post-weaning weight.

Similar to the cm effect, the hm effect was negative only for PG in all tested
models. The values obtained for ha and hm for all models were of similar
magnitude, showing a slight tendency to increase as the terms were removed
from the model. The lower standard errors were obtained with the AH model,
followed by models AHE, ACH and ACHE. Carvalheiro et al. (2006) estimated
the effect of hm to the trait of WG at 12.77Kg, nearly double the value
estimated in this work. Abdel-Aziz et al. (2003), Kippert et al. (2006), Pimentel
et al. (2006), Cardoso et al. (2008) and Vergara et al. (2009) also found positive
and statistically significant hm effects. Positive heterosis confirms that the
crossbred dams will be better mothers with respect to the purebred dams. The
higher the cow heterosis, the greater the pre-weaning development of the calf
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will be.

The estimate of ea and em effects in the ACHE, ACE and AHE models were
negative for all traits, except for WG in the AHE model. The coefficients of
epistatic loss can provide estimates of the recombination losses that occurred
as a result of crossbred systems, that will undo the favorable connections that
settled in the process of pure bred formation (Fries et al., 2000), as well as in
the natural and/or artificial breed selection processes over the generations. This
leads us to expect negative values for this effect. However, Cardoso et al.
(2008) found positive values for ea in weaning traits, and Carvalheiro et al.
(2006) found no statistical significance in ea nor em for WG in an equivalent
model and methodology. The em effect was not significant for PG in the ACHE
and the ACE models. Under the AE model, weaning traits presented positive ea
estimates. It is likely that theses effects will present embedded values of the
effects that are not included in the model.

4. Conclusion

Two of the tested models were suitable for use in crossbred population
breeding programs, with respect to fixed genetic effects: ACHE and AH. The
ACHE model, that estimates the fixed genetic effects of direct and maternal
breed additive, complementarity, heterosis and epistatic loss non-additive effect
is complete and accounts for all tested effects. The AH model, that includes
only the direct and maternal breed additive and direct and maternal heterosis
non-additive effects is the more parsimonious, and could be used when the
structure or amount of data does not permit the use of ACHE. The breed
additive, complementarity, heterosis and epistatic loss non-additive effects
affects the performance at weaning and post weaning gain, conformation,
precocity and muscling at weaning and post weaning, and should be included in
genetic evaluation of crossbred populations. Scrotal circumference does not
present the complementarity, heterosis or epistatic loss, direct or maternal
effects in its expression.
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Figure 1 - Estimation values of direct (aa) and maternal (am) breed additive, direct (ca) and
maternal (cm) complementarity, direct (ha) and maternal (hm) heterosis and direct (ea) and
maternal (em) epistatic loss non-additive effects for gain (WG), conformation (WC), precocity
(WP), muscling (WM) at weaning, gain (PG), conformation (PC), precocity (PP), muscling (PM)
and Scrotal circumference (SC) at post weaning with ACHE model, using different 6 values for
calculating the ridge parameter.
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Table 1

Distribution of animals, according to sire and dam breed composition, presented
as percentage of Nellore (N).

Dams
Angus 1/8N 2/8N 3/8N 4/8N 5/8N 6/8N 7/8N  Nellore Total
Angus 27,795 96 698 3,164 6,219 4,048 20,243 194 28,330 90,787
1/8N 52 5 24 10 71 0 2 0 17 181
2/8N 85 206 760 1434 6780 163 3,520 1 502 13,451
3/8N 1,305 371 2,238 78,159 43,194 2,690 6,061 148 18,713 152,879
,g 4/8N 47 125 96 687 4,066 218 1,587 28 5947 12,801
5/8N 1,170 0 14 443 1,046 1,186 1,084 21 1,053 6017
6/8N 8,668 4 5 697 466 181 285 3 185 10,494
7/8N 0 0 0 0 5 0 0 0 13 18
Nellore 241 31 52 1,341 4,726 236 738 51 1 7,417
Total 39,363 838 3,887 85,935 66,573 8,722 33,520 446 54,761 294,045

Every class included fractions equal or smaller than the mentioned values.



Table 2

Number of observations (N), means and standard

deviation (SD) of analysed traits

Trait N Mean SD

WG (Kg) 294,045 152.92 16.96
WC (score) 288,182 3.42 0.68
WP (score) 276,264 3.44 0.72
WM (score) 286,350 3.32 0.72
PG (Kg) 148,443 83.36 13.61
PC (score) 149,091 2.53 0.66
PP (score) 141,188 2.74 0.73
PM (score) 147,392 2.52 0.70
SC (cm) 46,269 29.17 1.65

WG: weaning gain; WC: visual score of conformation; WP: visual score of precocity and
WM: visual score of muscling taken at weaning; PC: visual score of conformation; PP:
visual score of precocity and PM: visual score of muscling taken at post-weaning; SC:

scrotal circu

mference
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Table 3
Fixed genetic effects included in the genotypic models
considered in this study

Effects included ony

Model aa am ca cm ha hm ea em
A * *

AC * * * *

AH * * * *

AE * * * *
ACH * * * * * *

ACE * * * * * *
AHE * * * * * *
ACHE * * * * * * * *

aa, am, ca, cm, ha, hm, ea, em: direct and maternal breed additive effect, direct and
maternal complementarity, heterosis and epistatic loss non-additive effects,
respectively.
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Table 4
Additive, permanent environment and residual (co)variances — Superior
triangular of G, Pe and R matrices.

WG-PG (SE) WC-PC (SE) WP-PP (SE) WM-PM (SE) WG-SC (SE)
Superior Triangular of G
alal 89,316 (5,207) 0,139 (0,008) 0,156 (0,010) 0,141 (0,009) 93,556 (5,379)
ala2 9,609 (3,503) 0,104 (0,007) 0,127 (0,009) 0,119 (0,008) 4,564 (1,245)
almil -25,680 (3,412) -0,043 (0,006) -0,045 (0,006) -0,037 (0,006) -27,951 (3,463)
alm2 6,442 (2,540) -0,039 (0,005) -0,015 (0,006) -0,019 (0,006) -1,648 (0,883)
a2a2 47,864 (3,945) 0,132 (0,009) 0,185 (0,012) 0,159 (0,011) 4,125 (0,347)
a2ml 20,891 (2,641) -0,014 (0,005) -0,018 (0,006) -0,017 (0,005) -1,277 (1,219)
a2m2 -11,614 (2,260) -0,036 (0,005) -0,027 (0,006) -0,026 (0,006) -1,394 (0,285)
mlml 50,019 (3,874) 0,069 (0,006) 0,054 (0,007) 0,056 (0,007) 47,004 (3,893)
mlm2 -13,839 (2,202) 0,036 (0,005) 0,017 (0,004) 0,026 (0,005) 1,624 (0,786)
m2 m2 8,486 (1,999) 0,033 (0,005) 0,017 (0,005) 0,024 (0,005) 1,013 (0,255)
Superior Triangular of Pe
plpl 97,470 (2,558) 0,118 (0,004) 0,118 (0,004) 0,122 (0,005) 101,206 (2,605)
plp2 -21,655 (1,495) 0,044 (0,003) 0,031 (0,003) 0,033 (0,003) 2,982 (0,490)
p2 p2 7,201 (1,542) 0,020 (0,004) 0,015 (0,005) 0,009 (0,005) 0,236 (0,143)
Superior Triangular of R
rirl 252,058 (3,550) 0,527 (0,006) 0,625 (0,007) 0,633 (0,006) 249,341 (3,651)
rir2 -37,607 (2,454) 0,128 (0,005) 0,137 (0,006) 0,150 (0,006) 8,550 (0,825)
r2r2 219,202 (2,870) 0,516 (0,006) 0,634 (0,009) 0,622 (0,008) 3,691 (0,226)

G: genetic additive (co)variance matrix; Pe: Permanent environment (co)variance matrix; R: residual (co)variance
matrix; al: trait 1 on two-trait analysis; a2: trait 2 on two-trait analysis; m1: maternal effect of trait 1, m2: maternal effect
of trait 2; p1: phenotype of trait 1; p2: phenotype of trait 2; r1: residual effect of trait 1; r2: residual effect of trait 2; WG-
PG: weaning gain as trait 1 and post-weaning gain as trait 2; WC-PC: weaning conformation as trait 1 and post-weaning
conformation as trait 2;WP-PP: weaning precocity as trait 1 and post-weaning precocity as trait 2; WM-PM: weaning
muscling as trait 1 and post-weaning muscling as trait 2; WG-SC: weaning gain as trait 1 and scrotal circumference as

trait 2;SE: standard error.
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Table 5

Number of animals (A) and contemporary groups (CG) used in the analysis.
. Weight Gain Conformation Precocity Muscling Scrotal Circumference

Tratt TOTAL CONNEC (%) TOTAL CONNEC (%) TOTAL CONNEC (%) TOTAL CONNEC (%) TOTAL CONNEC (%)
W 294,045 285,309 (97) 288,182 280,199 (97) 276,264 268,757 (97) 286,350 278,349 (97)
A PW 148,443 138,139 (93) 146,493 144,264 (98) 141,188 138,126 (98) 147,392 144,032 (98) 45,288 40,092 (88)

W 9,242 6,646 (72) 8,840 6,461 (73) 8,312 6,036 (73) 8,807 6,426 (73)

e PW 11,398 7,048 (62) 3,529 2,496 (71) 3,304 2,353 (71) 3,506 2,508 (72) 3,770 2,445 (65)

W: weaning phenotypes; PW: post-weaning phenotypes; CONNEC.(%):

number (and percentage) of
animals/contemporary groups connected to the analyzed data.
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Pearson correlation among predictor variables (a) and estimates (b) of fixed
genetic effects, obtained using the ACHE model. Weaning gain is presented
below and post-weaning gain above diagonal.

a - Pearson correlation among predictor variables

aa am ca cm ha Hm ea em
aa 0.7552 0.7172 0.1195 0.6607 0.1165 0.2652 0.0884
am 0.7435 \ 0.5577 -0.1375 0.7379 -0.1200 -0.1077 -0.1281
ca 0.6726 0.5298 \ 0.5073 0.7559 0.4548 0.5513 0.4241
cm 0.0724 -0.1810 0.4774 \ -0.0052 0.9013 0.8373 0.8362
ha 0.6015 0.6970 0.7288 -0.0323 \ -0.0025 -0.0425 -0.0012
hm 0.0711 -0.1628 0.4247 0.8998 -0.0242 \ 0.8760 0.5367
ea 0.2210 -0.1416 0.5259 0.8305 -0.0792 0.8719 \ 0.5630
em 0.0521 -0.1610 0.4000 0.8339 -0.0248 0.5345 0.5540

b - Pearson correlagdo among estimates obtained by ridge regression

aa am ca cm ha hm ea em
aa -0,5810 -0,0953 0,0655 -0,1060 0,1834 -0,3592 -0,0235
am -0,5858 \ -0,1604 -0,0160 -0,0985 -0,0892 0,2993 0,1141
ca -0,1058 -0,1841 -0,0783 -0,7928 0,1968 -0,6025 -0,2022
cm 0,0607 -0,0077 -0,0800 \ 0,0472 -0,6562 -0,0810 -0,7590
ha -0,0722 -0,0911 -0,7763 0,0488 -0,2435 0,6003 0,1340
hm 0,1594 -0,0698 0,2160 -0,6557 -0,2641 \ -0,5058 0,4173
ea -0,3218 0,2820 -0,5973 -0,0795 0,5910 -0,5144 \ 0,1211
em -0,0250 0,1167 -0,1856 -0,7590 0,1179 0,4096 0,1119

aa, am, ca, cm, ha, hm, ea, em: direct and maternal breed additive effect, direct and maternal complementarity effect,
direct and maternal heterosis effect and direct and maternal epistatic loss effect, respectively.
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Table 7
Ridge parameter (k) obtained with 6=0.06 and corresponding variance inflation
factor (VIF) estimated for model ACHE

i ki WG ki wc ki wp ki wMm ki PG ki PC ki PP ki PM ki sC

aa 1 0014 3,17 0,014 3,20 0,014 3,09 0,014 3,12 0,014 3,63 0,014 3,49 0,014 3,33 0,014 3,35 0,014 4,91

am 2 0014 333 0014 346 0015 355 0014 343 0014 355 0014 377 006 4,13 0014 370 0012 3,88

ca 3 0027 765 0027 769 0028 760 0027 748 0027 931 0031 883 0032 873 0030 849 0027 10,66
cm 4 0,060 10,31 0,060 10,27 0,060 10,08 0,060 10,24 0,060 10,63 0,060 10,36 0,060 10,17 0,060 10,32 0,060 11,24
ha 5 002 516 002 512 002 492 002 506 002 630 002 591 002 564 002 583 0021 684
hm 6 0044 699 0044 697 0044 687 0044 696 0044 7,11 0044 7,00 0045 688 0045 698 004l 7,40
ea 7 0027 751 0027 754 0028 740 0027 7,51 0027 816 0029 7,84 0029 7,67 0029 7,83 0027 984

em 8 0,030 3,91 0,030 3,91 0,030 3,86 0,030 3,90 0,030 4,04 0,030 3,95 0,030 3,93 0,030 3,94 0,031 4,41

aa, am, ca, cm, ha, hm, ea, em: direct and maternal breed additive genetic effects, direct and maternal
complementarity, heterosis and epistatic loss non-additive genetic effects, respectively; ki: ridge parameter (k = 6 *
(VIFVIFma)"?), i=1 to 8; WG: weaning gain; PG: post-weaning gain; WC: weaning conformation; PC: post-weaning
conformation; WP: weaning precocity; PP post-weaning precocity; WM: weaning muscling; PM: post-weaning muscling;
SC: scrotal circumference.
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Table 8
Significance of the models tested against each possible reduced model

modelo  AC AH AE  ACH ACE AHE ACHE ACH ACE AHE ACHE ACH ACE AHE ACHE ACH ACE AHE ACHE ACHE ACHE ACHE

reduction A A A A A A A AC AC AC AC AH AH AH AH AE AE AE AE  ACH ACE AHE

trait

WG KRE kkR kkk kRE kkk RkE kkE KRRk kkE KRR kkK ns ns ns REE kEE RRE kR Rk kKR Rk kkk
wcC T R L T T ns ns T T R —
WP KRE kkR kkk RRE kkE RkE kkE KRRk kkE KRR kkK ns ns REE kkE kR REE Rk kR Rk RkE KR
WM KRE kkR kkk kRE kkk RkE kkE KRRk kkE KRR kkK ns ns ns REE kEE RRE kR Rk kKR Rk kkk
PG T T L L L T T L T L T T T
PC A%k *ok ok A%k A%k ok ok *dk *dk *dk ok *dk * ok ns >k * ok * ok >k * ok * ok * ok kK * ok
PP T T T R T BT T R ns ns RRE KRR RRE REE RRE REE Rk KRR kK
PM P T ns ns RRE KRR RRE RER RRE KRR Rk KRR Rk
SC %ok ns ns %k Aok Aok Aok Aok Aok *k Aok * ok * ok * ok * ok * ok * ok * ok * Kk * Kk * Kk * Kk

*** P<0.001; ** P<0.01; ns: non significant (P>0.1); A: model including only the breed additive (direct and maternal)
effect; AC: model including the breed additive (direct and maternal) and complementarity (joint additive) (direct and
maternal) effects; AH: model including the breed additive (direct and maternal) and heterosis (dominance)(direct and
maternal) effects; AE: model including the breed additive (direct and maternal) and epistatic loss (individual and
maternal) effects; ACH: model including the breed additive (direct and maternal), complementarity (individual and
maternal) and heterosis (individual and maternal) effects; ACE: model including the breed additive (direct and
maternal), complementarity (direct and maternal) and epistatic loss (direct and maternal) effects; AHE: model including
the breed additive (direct and maternal), heterosis (direct and maternal) and epistatic loss effects (direct and maternal)
and the complete model ACHE: the breed additive (direct and maternal), complementarity (direct and maternal),
heterosis (direct and maternal) and epistatic loss (direct and maternal) effects; WG: weaning gain; PG: post-weaning
gain; WC: weaning conformation; PC: post-weaning conformation; WP: weaning precocity; PP post-weaning precocity;
WM: weaning muscling; PM: post-weaning muscling; SC: scrotal circumference.



76

Table 9
Estimates (as a deviation from Angus breed) of breed additive and non-additive
genetic effects for pre and post-weaning traits , obatined by ridge regression.

WG wcC wp WM PG PC PP PM sC

Model A

aa 029 " (0234) 0013 (0010) 0041 (0011) -0,045  (0010) 0538  (0275) 0128 (0013) -0,152 (0,015) -0185 (0015 -1126  (0,067)
am 1,388 (0,138) 0,047 (0,006) 0,012 " (0,006) 0,016 (0,006) 4,443 (0,162) 0,225 (0,008) 0,215 (0,009) 0,146 (0,009) -0,541 (0,038)
Model AC

aa 0,234 " (0,265) 0,027 ’ (0,011) -0,038 - (0,012) -0,034 h (0,012) -1,793 - (0,321) -0,154 - (0,015) -0,191 - (0,018) -0,210 " (0,017) -1,133 " (0,089)

am 73893 - (0,154) 0,062 : (0,007) 0,022 - (0,007) 0,033 h (0,007) 3,517 - (0,181) 0,204 - (0,009) 0177 - (0,011) 0,122 " (0,010)  -0,641 " (0,042)

ca 16,098 - (0,681) 0,391 h (0,029) 0,182 - (0,032) 0,175 h (0,031) 12,698 - (0,803) 0,412 - (0,040) 0,399 - (0,048) 0,350 N (0,044) -0,010 " (0,196)

€m 15905 3 (0,361) 0,413 3 (0,015) 0,359 " (0,017) 0,509 ) (0,016) -15,405 3 (0,425) -0,189 3 (0,022) -0,302 3 (0,026) -0,195 3 (0,023) -0,049 " (0,099)
Model AH

aa 0,939 - (0,248) 0,046 : (0010) -0021 = (0,011)  -0,022 ’ (0,011) -1,128 - (0,296)  -0,131 - (0,014)  -0,168 - (0,017)  -0,197 " (0,016)  -1,147 " (0,078)

am 1741 - (0,161) 0,045 - (0007) 0011 (0008) 0024 h (0,007) 2,008 - (0,190) 0,134 - (0,010) 0,094 - (0,012) 0,060 N (0,010)  -0,536 N (0,045)

ha 7,424 " (0,163) 0,229 h (0,007) 0,215 - (0,008) 0,176 h (0,007) 7,845 - (0,200) 0,357 - (0,010) 0,423 - (0,012) 0,326 N (0,011) -0,026 " (0,049)

hm 19337 3 (0,113) 0,289 - (0,005) 0311 3 (0,005) 0337 - (0,005) -5,413 3 (0,131) 0,016 ) (0,006) 0,006 (0,008) 0005 " (0007) 0022 " (0,033)
Model AE

aa 0,967 : (0,260) 0,010 ~ (0,011)  -0,060 - (0,012)  -0,071 h (0,012) 0,963 - (0,311)  -0,086 - (0,015)  -0,094 - (0,018)  -0,136 - (0,017)  -1,09 - (0,081)

am 1,763 " (0,151) 0,044 h (0,006) 0,004 " (0,007) 0,020 h (0,007) 2,680 - (0,179) 0,150 - (0,009) 0,113 - (0,011) 0,078 N (0,010) -0,576 N (0,044)

ea 4,286 - (0,181) 0,083 h (0,008) 0,069 - (0,008) 0,126 h (0,008) -9,783 - (0,211) -0,217 - (0,010) -0,272 - (0,012) -0,202 - (0,011) -0,071 " (0,053)

em 3785 3 (0,157) _ -0,140 - (0,007)  -0,204 3 (0,007)  -0,150 - (0,007) -0,796 3 (0,183)  -0,090 3 (0,009)  -0,135 3 (0,010)  -0,079 " (0,010 -0,038 " (0,045)
Model ACH

aa 0,912 - (0,274) 0,056 - (0011)  -0015  (0012) 0016  (0,012) -1,955 - (0331) -0,149 - (0,016)  -0,177 - (0,018)  -0,212 N (0,017)  -1,293 N (0,092)

am 2,090 : (0,167) 0,058 h (0,007) 0,016 ’ (0,008) 0,035 h (0,008) 2,397 - (0,198) 0,158 - (0,010) 0,104 - (0,012) 0,073 N (0,011) -0,675 N (0,048)

ca 9,448 : (0,873) 0,140 h (0,036)  -0,078 ’ (0,040)  -0,054  (0,039) 7,865 - (1L,039)  -0010 ~ (0,051) -0107 ~ (0,059) -0038  (0056) 0050  (0242)

7449 - (0,576) 0,182 - (0,024) 0073 - (0,026) 0,199 h (0,026) -5,696 - (0678) 0048 (0033)  -0,160 - (0038) 0053 (0036) -0,097  (0,163)

ha 7,163 : (0,209) 0,232 h (0,009) 0,229 - (0,009) 0,189 h (0,009) 7,336 - (0,261) 0,356 - (0,013) 0,432 - (0,015) 0,328 N (0,014) 0,009 " (0,062)

hm 7885 3 (0,205) 0,232 - (0,009) 0275 3 (0,009) 0,278 - (0,009) -4,265 3 (0,240) 0,031 3 (0,012) 0,046 3 (0,013) 0020 " (0012) 0022 " (0,061)
Model ACE

aa o552 " (0288) 0015 © (0012) 0057  (0013) 0063  (0013)  -0446 ~ (0351) -0126 (0017) 0142 (0019 0190  (0018) -1304  (0,099)

am 5201 (0174) 0053 (0007) 0002 (0008) 0027 (0008) 2720 (0205 0160 (0,010) 0104 (0013) 0074  (0011) 0,696  (0,050)

€@ 4206  (0739) 0633  (0031) 0357 (0035 0327  (0033) 21622  (0870) 0735  (0044) 0749  (0052) 0654 (0,048 0195  (0215)

em 19279 " (0658) 0634  (0027) 0652  (0030) 0707  (0029) 7951 (0770) 0254  (0037) 0238 (0043) 0192  (0041) 0058 ~ (0,192)

e 0341 " (0273) 0059 (0011) 0073 (0012) 0015 " (0012) 8932 (03200 0307 (0015) 0364 (0018 0280  (0017) 0,105  (0,080)

em 7083 (0231) 0254 (0010) 0318  (0010) -0267 (0010 0,009 ~ (0270) -0157  (0013) 0202 (0,015) 0136  (0014) -0,068 ~_ (0,066)
Model AHE

aa 0,409 " (0,281) 0,031 h (0,012) -0,034 - (0,013) -0,041 : (0,012) -0,263 " (0,343) -0,105 - (0,017) -0,129 - (0,019) -0,174 h (0,018) -1,200 h (0,095)

am 1,695 - (0,170) 0,030 : (0,007) -0,017 ’ (0,008) 0,007 " (0,008) 1,841 : (0,202) 0,113 - (0,010) 0,053 - (0,012) 0,036 N (0,011) -0,657 N (0,050)

ha 8,077 - (0,170) 0,224 : (0,007) 0,193 - (0,008) 0,162 h (0,008) 8,072 - (0,210) 0,331 - (0,010) 0,383 - (0,012) 0,304 N (0,011) -0,017 " (0,052)

hm 8,657 - (0,200) 0,262 h (0,008) 0,291 - (0,009) 0,303 h (0,009) -3,159 - (0,234) 0,098 - (0,011) 0,104 - (0,013) 0,075 h (0,012) 0,057 " (0,060)

ea 0,763 - (0,287) -0,045 : (0,012) -0,093 : (0,013) -0,051 h (0,013) -4,558 : (0,337) -0,194 - (0,016) -0,244 - (0,019) -0,170 N (0,018) -0,120 " (0,085)

em -3,325 3 (0,160) -0,130 3 (0,007) -0,198 3 (0,007) -0,142 3 (0,007) -0,652 3 (0,187) -0,084 3 (0,009) -0,131 3 (0,010) -0,077 3 (0,010) -0,054 " (0,046)
Model ACHE

aa 0,728 ’ (0,306) 0,076 h (0,013) -0,002 " (0,014) -0,018 " (0,014) -1,103 - (0,378) -0,135 - (0,018) -0,145 - (0,020) -0,215 h (0,020) -1,581 h (0,109)

am 2,505 - (0,185) 0,042 h (0,008) -0,024 - (0,009) 0,020 ’ (0,008) 2,191 - (0,220) 0,152 - (0,011) 0,063 - (0,014) 0,051 h (0,012) -0,863 h (0,056)

€ 15026 (1,199) 0326  (0,050) 0073~ (0054) 0052  (0,053) 14750  (1460) 0186  (0071) 0117 © (0081) 0129 = (0078) 0541 = (0,334)

M 12960 - (0,905) 0,431 - (0,038) 0,406 - (0,042) 0,453 h (0,040) -3,956 - (1,059) 0,187 h (0,051) 0,143 ’ (0,060) 0,142 : (0,056)  -0,015  (0,254)

ha 8,314 - (0,278) 0,237 - (0,012) 0,221 - (0,012) 0,190 h (0,012) 7,496 - (0,355) 0,333 h (0,017) 0,410 h (0,019) 0,317 h (0,019) 0,016 " (0,081)

hm 7923 : (0,290) 0,244 h (0,012) 0,280 h (0,013) 0,284 h (0,013) 22,125 h (0,338) 0,105 h (0,016) 0,122 h (0,019) 0,080 - (0,018) 0044 " (0,084)

ea 1384 - (0,398)  -0,133 - (0,017)  -0,179 - (0,018)  -0,122 h (0,018) -6,457 - (0,473)  -0,267 h (0,023) -0,321 h (0,026)  -0,228 h (0,025) 0178 (0,118)

em -5,561 " (0,267) -0,200 - (0,011) -0,259 " (0,012) -0,207 - (0,012) -0,329 " (0,314) -0,118 " (0,015) -0,155 " (0,017) -0,104 ) (0,017) -0,084 " (0,076)

** P<0,01; * P<0.05; ns: non significant (P>0.1); aa, am, ca, cm, ha, hm, ea, em: direct and maternal breed additive
genetic effects, direct and maternal complementarity, heterosis and epistatic loss non-additive genetic effects,
respectively. WG, WC, WP, WM: weaning gain, conformation, precocity, muscling respectively; PG, PC, PP, PM: post-
weaning gain, conformation, precocity, muscling respectively; SC: Scrotal circumference. Standard errors are between
parenthesis.
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ABSTRACT : The objectives of this study were to compare the methodologies
least squares with the ridge regression in the estimation of fixed genetic effects
and in the prediction of genetic values for a multiracial population and also to
compare two different ways of determining the best ridge parameter. A large
crossbred Angus x Nellore population with 294.045 records for weaning gain
(WG) and 148,443 records for post-weaning gain (PG) was used. Phenotypic
visual scores varying from 1 to five for weaning (WC) and post-weaning (PC)
conformation, weaning (WP) and post-weaning (PP) precocity, weaning (WM)
and post-weaning (PM) muscling and scrotal circumference (SC) were also
used. Three models were used to compare the least squares (LS) and the ridge
regression (RR) methodologies: model AHEC including direct and maternal
breed additive and direct and maternal heterosis, epistatic loss and
complementarity non-additive effects; model AHE, including the direct and
maternal breed additive and the direct and maternal heterosis and epistatic loss
non-additive effects and; model AH, including only the direct and maternal
breed additive and the direct and maternal heterosis non-additive effects. All
models included the fixed contemporary group effect and random animal,
maternal and permanent environment effects. Two methods to choose the ridge
parameter were also tested (R1 and R2). For the estimation of fixed genetic
effects, LS proved to be the best methodology for the models AH and AHE, and
R1 proved to be the best methodology for the AHEC model. For the prediction
of across-breed estimated breeding values (AB-EBV) in the AH model, LS
proved to be the most appropriate methodology and in the AHEC model, R1
proved to be the most appropriate methodology. More studies are needed on
the AHE model because the results were unclear. It was also identified that, in
sub-sets of consistent data with large number of animals and proper distribution
structure of the fixed genetic effects classes, R1 and LS may be equivalent in
the estimation of fixed genetic effects, although this equivalence may not be the
same to the AB-EBV.

key words: complementarity, crossbred beef cattle evaluation, epistatic loss,
heterosis, non-additive genetic effects, ridge regression.
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INTRODUCTION

The benefit of crossbreeding beef cattle includes improvement in growth
and carcass traits (Williams et al., 2010) and has been studied by many
researchers over the past decade (Cardoso et al 2008 Roso et al, 2005a, b;
Carvalheiro et al 2006; Dias et al, 2011). In animal breeding of crossbred
populations, for the purpose of selection for production, the greatest challenge
iIs the non-biased comparison of breeding bulls and dams of different breed
compositions. In crossbred populations, effects that are assumed to be null in
pure populations become important and must be taken into account. For a fair
comparison, a multiracial genetic evaluation including crossbred and purebred
individuals in the same dataset is required, as proposed by Arnold et al. (1992).

Multibreed analysis involving pure and crossbred animals requires the
inclusion of many effects, which are direct and maternal breed, heterosis
(Williams et al., 2010; Carvalheiro et al., 2006; Cardoso et al.; 2008), epistatic
loss (Dias et al, 2011) and complementarity between different breeds
(Carvalheiro et al., 2006; Cardoso et al., 2008). The inclusion of these effects
can often be problematic, depending on the over-parameterization of the
models (Roso et al., 2005a). The additive genetic effect for each breed involved
and their combination ability, general or specific, should be considered. When
the number of breeds is very large, an alternative is to form groups of
genetically similar breeds (Dias et al. 2011). The non-additive genetic effects
are usually included as covariates, where the predictor variables are derived
from the breeds of the animals included in the analysis. (Roso et al, 2005a, b;
Cardoso, 2008; Carvalheiro et al., 2006; Dias et al, 2011.)

The inclusion of these non-additive genetic effects as covariates brings up
a problem: collinearity or multicollinearity. When there is a strong linear
relationship between the covariates of a regression model, the estimates
obtained by the method of least squares tend to be unstable, often generating
large standard errors (Schabenberger & Pierce, 2002). When the estimates are
unstable with large standard errors, the regression coefficients might be highly
confounded, and are easily affected by changes in the dataset (Roso et al.,
2005b); estimates of this nature can lead to erroneous inferences (Dias et al.,
2011) and, consequently, affects the direction of selection and, thus, the
development of breeding programs.

Many studies propose the ridge regression as an alternative to overcome
the collinearity (Roso et al., 2005b; Carvalheiro et al., 2006; Cardoso et
al.,2008; Dias et al., 2011; Petrini et al., 2012;);.The ridge regression estimator
consists of adding a small positive amount on the diagonal of the X'X matrix,
causing a reduction in the variance of the estimates at the expense of
introducing some bias. Thus, the RR estimator of b takes the general form by =
(X'X + kI)™* X'y, where K= diag (ki, ko, .., kp). and ki>0. When all ki elements are
equal to zero, by reduces to least squares estimator. This method, however,
usually proposes an empirical choice of the values of K. The K value should be
large enough to break the existing linear relationship between the covariates
and small enough to produce the smallest possible bias (Schabenberger &
Pierce, 2002). Roso et al. (2005b) proposed two methods to determine the best
ridge parameter to use.

The objective of this study is to compare the least squares and the ridge
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regression methodologies in the estimation of fixed genetic effects and in the
prediction of genetic values for a multiracial population of Angus and Nellore
beef cattle. It is also our objective to compare two different ways of determining
the best ridge parameter to use.

MATERIALS AND METHODS

Data from different breed compositions, resulting from crosses between
Angus and Nellore cattle, were used. This data came from more than 200 herds
distributed in the Brazilian states of Rio Grande do Sul, Parana, S&do Paulo,
Mato Grosso, Mato Grosso do Sul and Goias and also from Paraguay. All herds
were participants of "Programa Natura de Melhoramento Genético de Bovinos"
(Natura Cattle Breeding Program). (Table 1)

A connectedness analysis between contemporary groups was carried out
according to Roso et al. (2004). The total number of direct genetic links
between contemporary groups, due to the existence of any common ancestors,
was used. Contemporary groups with more than two calves and with at least
five direct links were considered connected and retained for analysis. Roso et
al. (2004) related that as the degree of connectedness among test groups
decreases, the accuracy of comparisons of predicted breeding values (EBV) of
bulls in different test groups also decreases. As one of the final objectives of a
genetic evaluation is to obtain accurate EBVs, we tested the connectedness,
using only animals of connected contemporary groups in this analysis.

The considered fixed genetic effects were direct and maternal breed additive
and heterosis, epistatic loss and complementarity non-additive effects. The
contribution of Nellore genes in the genetic composition of the animal(aa) and
their dams (am) were used to estimate the direct and maternal breed genetic
effect. To avoid dependence in incidence matrix columns, only the Nellore
coefficient was used, giving an estimation of the deviation from the Angus
breed performance. To estimate the direct and maternal heterosis effects, the
heterozigosity coefficients ha and hm were used as described by Bertoli (1991)
and Schenkel (1993), also used by Cardoso et al. (2008), Pimentel et al. (2007)
and Roso et al. (2005b). These coefficients are given by ha =
(1-Y%, (Sirebreed; * Dam breed,)) and hm =
(1-Y%, (Maternal Grand Sire breed; * Maternal Grand Dam breed;))
where i=1 refers to Angus breed proportion and i=2 refers to Nellore breed
proportion.To estimate the direct and maternal epistatic loss effects, the
epistazygosity coefficients ea and em were used, as proposed by Fries et al.
(2000, 2002) and also used by Roso et al. (2005a,b), Pimentel et al. (2006),
Carvalheiro et al. (2006) and Cardoso et al. (2008). These coefficients are given
by ea= % [Hs + Hd] and em= % [Hmgs + Hmgd], where Hs is the sire
heterozygosities, Hd is the dam heterozygosities, Hmgs is the maternal grand
sire heterozygosities and Hmgd is the maternal grand dam heterozygosities.
When the breed composition of a cow was not known (all products had known
breed composition), the cow was considered to be inter se mating. Finally, the
coefficients, proposed by Kinghorn (1993) and also used by Fries et al. (2000),
Piccoli et al. (2002), Cardoso et al. (2008), were used to estimate the breed
complementarity effects. The direct complementarity (ca) -coefficient is
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described as ca = aa*(1.0 - aa) and the maternal complementarity (cm)
coefficient is described as cm = am*(1.0 - am), where aa is the Nellore fraction
of the animal breed and am is the Nellore fraction of the dam breed
composition.

Nine traits were used in this analysis: weaning gain (WG), post-weaning gain
(PG), phenotypic scores of conformation (WC), precocity (WP) and muscling
(WM) taken at weaning, phenotypic scores of conformation (PC), precocity (PP)
and muscling (PM) as well as scrotal circumference (SC) taken at post-
weaning. The phenotypic score for each trait is given on a five-point scale,
where one is the worst, and five is the best score for each management group.

The general model is described by equation (1). The pair-traits WG-PG,
WC-PC, WP-PP, WM-PM and WG-SC were analysed in a two-trait analysis
using the general model,

y = XB + Wy+ Za+ ¢ (1),

where y is the vector of observations of trait 1 and trait 2; B is the vector of fixed
effects of environment, which includes contemporary group; y is the vector of
fixed genetic effects; a is the vector of random direct, maternal and permanent
environmental of the dam effects and; € is the vector of random residual effects.
Incidence matrices X, W and Z relate records to fixed environmental effect of
CG, to fixed genetic effects and to random direct and maternal additive genetic
and permanent environmental effects, respectively.

The vectors of random effect a and € were assumed to have (co)variance =

ARG, A®G,, O
V(a)=| ARG, ARG, 0 and V(g) = IQR. A is the additive numerator
0 0 I®Pe
relationship matrix among animals and | is the identity matrix;

2 2
— Og1 Oaia2 - Om1 Omim2
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covariance; a refers to direct additive genetic; m to maternal additive genetic; p
to permanent environmental effects; e to residual; 1 refers to the first and; 2 to
the second trait on a two-trait analysis.

Two reductions of this general model were also analyzed. One of these
reductions (AHE model) does not include the effect of complementarity, neither
direct nor maternal, on y vector. The other reduction (AH model) includes only
the direct and maternal breed additive and heterosis effects on y vector. All
other effects included in the general model (1) are also included in the
reductions. The considered fixed genetic effects for each analyzed model are
presented in Table 2.

The models described above were analyzed using the least squares (LS)
and ridge regression methodologies (R1 and R2) in a two-trait analysis. Data
was pre-adjusted for fixed effects of animal age, dam age and birth date (julian).
GenSys Consultores Associados developed the analysis programs in Fortran
95.

The ridge regression methodology (RR) is “...an ad-hoc regression method
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to combat collinearity. The ridge regression estimator allows for some bias in
order to break the collinearity and thus reduce the mean square error compared
to Ordinary Least Squares. The user must choose the ridge parameter, a small
number by which to shrink the least squares estimates.” (Schabenberger &
Pierce, 2002). The ridge regression estimator consists of adding a small
positive number - the ridge parameter (k) - on the diagonal of the W'W matrix in
order to break the relationship between the columns of the W'W. No clear rule
exists to choose a value for k so it must be empirically determined (Dias et al.,
2011). Two methods of determining the ridge parameter, that is the values of
the non-negative diagonal elements of K (ki, kz,..., ki), were used in this study.
The first method (R1) was adapted from Roso et al. (2005b) and estimated

as ki = 9*( /V;;i) , where i is the i"" element of the diagonal matrix K; VIF; is

the variance inflation factor of the i predictor variable and; VIFna is the
maximum value of all VIF;. VIF was given by VIF :1_—11?2, where R? is the

coefficient of determination (Schabenberger & Pierce, 2002). The magnitude of
the elements k; will be proportional to the variance inflation factor of each
predictor variable. To choose the value of 6, the bootstrap procedure, originally
proposed by Efron (1979) and described by Roso (2005b) was performed. This
IS an iterative process, with the value of @ ranging from 0.000 t01.000 with
increments of 0.002. For each value of 8, ten bootstrap samples were used to
estimate all effects of the model (1) as well as VIF. For each value of 8, an
average of VIF, obtained with the ten bootstrap samples, was calculated. The
lower value of 6, whose average bootstrap samples generated VIF below ten for
all fixed genetic effects, was used in each analysis. With this value of 8, a new
analysis was performed, containing the complete data set, for the estimation of
all effects according to model (1) and its reductions. Carvalheiro et al. (2006)
used a similar method, choosing different values where all VIF also became
lower than ten.

For the second method (R2), the 6 was chosen based on the graphical
analysis that related fixed genetic estimates with different values of 0, used in
the K matrix calculation. Cardoso et al. (2008) and Piccoli et al. (2002) used the
value of 0.06 and Lopes et al. (2010) used 0.05 for the diagonal of K. For this
analysis, the chosen value of 8 was 0.06.

In the present study, the RR analysis were carried out in the standardized
form of the model, using the correlation matrix. After estimation the estimates
were transformed to the original scale and were presented in this way.

For the collinearity analysis among the predictor covariables of fixed genetic
effects, the eigenvalues and eigenvectors of the correlation matrix of prediction
variables (W), the structure of the variance decomposition and, the Variance
Inflation Factor (VIF) were analyzed. To compare the methodologies and
models, we used the Relative Efficiency (RE), the stability of the estimates over
several generations and the comparison between the across-breed estimated
breeding values (AB-EBV). The RE of f(y) compared to g(y) as estimators of A
was measured by the ratio of their mean square errors (MSE). The RE,

described in Schabenberger and Pierce (2002), comprises: RE [f(y), g(y)|A]

S [[f((yy)):]] These authors suggest that if RE [f(y), g(y)|A]> 1 then f (y) should be
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preferred.
The across breed estimated breeding values (AB-EBV) are the EBV added to
the direct breed additive effect, proportional to its breed composition.

RESULTS AND DISCUSSION
Multicollinearity

Eigenvalues and Condition Index

Figure 1 shows the eigenvalues of the correlation matrix among perdition
variables of the fixed genetic effects and corresponding Condition Index (Cl) for
all traits to the AHEC model. This model simultaneously considers all covariates
tested in this study, and is the most likely model to eliminate problems of
collinearity between covariates. It can be noted that, for any of the traits the Cl,
is lower than 30. The CI associated with the last eigenvalue were between 20
and 30 for all traits. The CI associated with the second smallest eigenvalue
were greater than 10. When we consider the AHE and AH models (not shown),
all Cl were lower than10 (the highest Cl was 7.71 for SC in the AHE model).

According to Schabenberger & Pierce (2002), a good way to measure the
multicollinearity between covariates in a regression can be obtained from the
eigenvalues of the correlation matrix and their corresponding Condition Index. If
the values of the eigenvalues are close to zero, high CI will be generate,
showing that the collinearity problem is present in the analysis (Schabenberger
& Pierce, 2002). Although the Principal Components, which are derived from
the eigenvalues and eigenvectors of the correlation matrix, are orthogonal
rotations of the original variables, they may not reflect the true sources of
variability, hidden under the columns of incidence matrix (Schoeman et al.,
2002). Dias et al. (2011) considered that collinearity is strong when ClI is greater
than 30 and weak when it is between 10 and 30. For Cl below 10, the linear
dependence that eventually exists should not be considered problematic
(Schabenberger & Pierce, 2002; Dias et al., 2011; Roso et al., 2005b). The
results presented here show intermediate values within this range (up 10 to 30),
so other variables need to be considered in the analysis of multicollinearity
beyond the eigenvalues and CI.

The variance-decomposition proportions associated with the largest Cl,
presented in table 3, suggest that the strongest collinearity problem is between
the covariates used to estimate the effects of the maternal components of
heterosis, epistatic loss and complementarity. When the largest Cl was
analyzed, these covariates showed variance fractions greater than 80% for all
traits. Observing the second largest ClI, the strongest association is between
covariates that are estimating the direct components of the same effects
(heterosis, epistatic loss and complementarity) involving fractions around 60-
70%. This is the best method to detect collinearity between covariates.

When we are trying to estimate different effects from the same
information, we will just find collinearity. Roso et al. (2005b) state that
"Multicollinearity involving breed composition can be partially explained by the
mathematical constraint among breeds because breed proportions of the breed
composition of an animal add to one and the breed composition of a calf is
equal to average breed compositions of the sire and the dam". The use of breed
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composition, however, is presented as a relatively simple measure to obtain
and can be interpreted as if we were looking at the same object from several
different perspectives (Fries et al., 2000). Dias et al. (2011) mentioned the value
of 0.5 as a threshold to empirically determine a strong linear relationship
between the different components of variance. Independent of this empirical
value, the used data has shown really high values (above 0.80) for the fixed
effects components. In this case make a further check through Variance
Inflation Factors (VIF) is still possible. (Roso et al., 2005b; Dias et al., 2011,
Schabenberger & Pierce, 2002; Petrini et al., 2012)

Variance Inflation Factor

The Variance inflation factor (VIF) of the regression coefficients is another
simple, but effective measure for diagnosing collinearity (Schabenberger &
Pierce, 2002). Fig. 2 shows the VIF for all tested models and traits. It can easily
be seen that the AHE and AH models, regardless of the methodology used to
estimate the fixed genetic effects, show no evidence of collinearity, whether
strong or moderate. Only the AHE model, when estimated by LS presented a
VIF greater than 10 and it is only for the SC trait (10.66) for direct epistatic loss.

The AHEC model, when estimated by LS, shows VIF above 10 and
sometimes above the upper threshold of 30 (110 for ca for SC trait). Even in
this model, the breed additive components do not present VIF indicating
moderate or severe collinearity problems in the estimation of the fixed genetic
effects.

The prediction variable of direct heterosis presented values above 10 only
for post-weaning traits and SC, under the AHEC model and LS methodology.
For this same model and methodology, the prediction variable of component of
complementarity remains at the same level for all traits (between 10 and 23);
maternal covariates, both as complementarity and heterozygosity, presented a
VIF above 30 for all traits and the epistatic loss components showed values
above 10 and below 30 for all tested traits.

If a covariate is orthogonal to all the others, their VIF is one
(Schabenberger and Pierce, 2002). As the linear dependence increases, the
VIF also increases. Dias et al. (2011) suggest that the VIF may overestimate
the presence of multicollinearity, not differentiating between high and low
values, making it impossible to distinguish "quasi-dependence”. It is possible to
use the value of VIF is equal t010 as a parameter to indicate that collinearity
may be causing problems in the estimation. Also it is possible to use values
above 30 to indicate severe problems with collinearity between covariates
(Schabenberger & Pierce, 2002; Dias et al., 2011; Schoeman et al., 2002 Roso
et al., 2005b). Dias et al. (2011) proposed only to verify the directions (positive
or negative signals) of the values of fixed genetic effects. In this study, the
directions have not changed with the use of different methodologies; only their
magnitudes have changed. But this will be reflected in the breeding values,
which will be discussed later.

When different methodologies are being considered to overcome the
problem of collinearity, Schabenberger & Pierce (2002) suggest the concept of
relative efficiency (RE) as an aid in decision making. Sometimes we will have to
choose between different optimal properties of estimation and it is necessary to
establish clear rules. It is not always possible to gather all the desirable
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properties in the same estimation process.
Methodologies and Models

Relative Efficiency

Unbiasedness of an estimator may not necessarily be the most desirable
property. An estimator with a small bias, but with high accuracy, may be
preferred when the unbiased estimator has a high variance. Schabenberger
and Pierce (2002) proposed relative efficiency (RE), based on the mean square
error (MSE) of the functions that generated such estimators.

The RE between the tested methodologies is presented in table 4. The
values of the chosen 6 are also presented in table 4 and vary from 0.062 to
0.082. For the model AHEC, methodologies R1 and R2 showed a slight (1%)
superiority over LS for the traits PP and SC. The R2 showed better RE
compared to LS and also in relation to R1 method for PG. For all other traits,
there is no difference in relative efficiency between tested methodologies.

For the AHE model, estimates with LS and R1 are the same for all traits,
except for SC. For this trait, R1 and R2 showed a slightly higher efficiency (1%)
in the estimation of the parameter when compared with LS. For this model
(AHE), when comparing LS with R2, the biased estimator (R2) shows better
relative efficiency just for post weaning traits (PG, PC, PP, PM).

With respect to the AH model, the comparison shows slight superiority for
R2 over LS for PG, PP, PM and SC. For the other traits, RE was equal to all
different methodologies.

According to the results obtained for RE, all tested models have many
similarities to each other, with methodology R2 showing a slight advantage over
the other two for some of the post-weaning traits. No references were found
with the use of RE in the choice of methodologies for estimation of these
parameters.

The evolution over time

The change in the estimated values for the fixed genetic effects for the
traits of WG and PG over 16 years of genetic evaluations taken every two years
(1994-2010) is shown in Fig. 3. The number of observations available in each
analyzed period is shown in table 5. In the early years, the variation of the
estimated values for each of the fixed genetic effect was large compared to the
variation in recent years, regardless of the method and model employed in this
estimate. Overall, from 2002, estimates became more stable for all tested
methodologies and models for the nine analyzed traits and a clear tendency to
stabilization can be seen since 2002.

Over the years, estimates for aa, am, ha and hm were identical to WG,
using the LS and R1 under the AH model. For AHE model, estimates of am,
ha, ea and em for WG were equal to the LS and R1 from the year 2000. This
suggests that there is no benefit in using R1 as an alternative to LS in the AHE
model.

For the direct (aa) and maternal (am) breed additive effects, the greatest
variation in estimates over the years, occurred when using the AHEC model
with R1. Estimates for direct heterosis (ha) effect varied very little over time,
showing a little larger fluctuation in AH models estimated by LS (WG) or R2
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(PG). For evaluations subsequent to 2002, the estimated values of ha remain
almost constant, although they show differences between used models and
methodologies. These differences also remained relatively stable since 2002.
When we report to the maternal heterosis, the largest oscillation is,
undoubtedly, with the AHEC model and the LS, showing an inverted peak in
1998.

Estimates of direct epistatic loss effect showed similar values for R1 and
R2 under the full model (AHEC), both for WG (Fig. 3A) and for PG (Fig. 3B) and
even for the other analyzed traits, not shown because they had similar
behavior. Regarding maternal epistatic loss effect, it is possible to observe a
very similar behavior to that observed in maternal heterosis estimates, but
found greater proximity of the estimated values from the different
methodologies. For PG, different models did not produce very different
estimates.

For the direct and maternal complementarity effects, the wide variation
appears in the use of LS methodology in the early years. From 2000 began a
period of stabilization and from 2002 the variation becomes very small, even for
the LS method. Although it can perceived a parallel deviation, except for ca, for
the trait WG (Fig. 3a), this bias tends to remain constant, which can be seen
from almost parallel lines on the chart. Estimates of fixed genetic effects for the
other traits showed equivalent behavior when estimated over the 16 years.

One of the major problems of multicollinearity is the instability of the
estimates and also is the high standard errors of these estimates. Most authors
cite or justifies that collinearity makes the estimates unstable and with high
standard deviations (Schabenberger & Pierce, 2002; Roso et al., 2005a,b;
Schoeman et al., 2002; Dias et al., 2011; Bueno et al., 2012, Carvalheiro et al.,
2006; Cardoso et al., 2008). Petrini et al. (2012) claim that the multicollinearity
can also be the result of a deficient sample data besides the interrelationship
among the variables. When not all combinations of predictor variables are
represented in the sample, as in the case of combinations of different breeds in
sire and dam, variables involved can have a collinear relationship (Petrini et al.,
2012). The data used in this study show that the greatest variation in the
estimated values for the fixed genetic effects occurred in the first years of the
breeding program, when many of breed compositions were not represented in
the sample, producing an inadequate structure of data or the number of
evaluated animals was much lower in these years.

From 2002 it can be clearly seen a general stabilization probably because
of the increase in the number of animals and/or the improvement in the data
structure, with the advancement in the breeding program, were responsible for
this behavior. The argument that the structure of the data affects the results
obtained was also defended by Petrini et al. (2012), although they agree that
this reason does not always apply to every situation. As more generations were
included in our database, different breed compositions were represented in the
analyzed sample and the number of analyzed animals grew. This was beneficial
to the stabilization of values of fixed genetic effects. Nevertheless it can be
seen that as the methodology used, the difference between the estimated
values remain relatively stable. (Fig. 3)

Several identical estimates were found. This result was expected in some
cases. When the ridge parameter used in R1, which is set according to the VIF
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<= 10, is zero, in fact there is no ridge regression, remaining in use the LS.
When the ridge parameter used in R1 is very close to that used by R2 (8 (R2) =
0.06 and B(R1) = 0.062 or 8(R1) = 0.064), very close estimates are generated.

The large variation identified in AHEC model can be explained, at least in
part, because this method uses different values for the ridge parameter
depending on each analyzed period. As the ridge parameter is depending on
the VIF values, it is calculated for each analysis and the oscillation of the values
presented higher amplitude. Petrini et al. (2012) suggest as an alternative, in
addition to improving and increasing the amount of data, reducing the number
of covariates in the model. This is also clear in this study, comparing the curves
of the three analyzed models, presented in Fig. 2 and Fig. 3. However,
according to Lopes et al. (2010) and Carvalheiro et al. (2006), it is important to
include the effects of epistatic loss in the evaluation model for prediction of
breeding values of crossbred. animals The inclusion of complementarity also
appears to be important, although it should be further investigated (Carvalheiro
et al., 2006).

We could not identify a reason that would justify the reversal of the
estimated values for the fixed effects in 1998. Such behavior of the estimates
may come from the collected raw data or data structure in that generation. What
we can see is, since 2000, relative stability in the estimates of fixed genetic
effects begins.

Schoeman et al. (2002) state that, in cases of linear dependence between
the variables of the incidence matrix (W in this study), the regression coefficient
become extremely unstable and "very sensitive to small random errors in Y"
and may have large fluctuations with the addition or removal of variables in the
model. Our data showed this behavior only in the early years, showing stability
after a certain point. Petrini et al. (2012) mention of this instability over time but
neither, Schoeman et al. (2002) or Petrini et al.(2012), presents results relating
to this variation, so it was not possible to make comparisons with other
populations in this regard.

When there are unstable estimates from one year to another, we can still
make use of features such as using literature data for pre adjust our data
(Williams et al., 2009).

Across-breed Estimated Breeding Values Comparisons

Comparisons between the AB-EBV obtained by different methodologies
and different models of estimation were made by correlations of Pearson and
Spearman (Fig. 4) and the percentage of coincident animals in different
percentages selection (top 1, 5, 10, 20 and 40%). (Fig. 5) Estimated breeding
value of the animals was increased by the additive direct genetic effect of
breed, proportional to its breed composition, aimed at across breed
comparison. The crop presented relates only to calves born in 2009, aiming to
simulate the latest genetic evaluation of the tested herd, using data from
individuals with complete information on weaning and yearling. Comparisons of
AB-EBV bulls and cows are not displayed because they had a similar pattern to
calves.

Correlations between AB-EBV obtained by LS, R1 and R2
All correlations can were high, ranging from 0.83 to 1.0.(Table 4) AHEC
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model in R1 and R2 have values equal to one. The ridge parameters used in
these evaluations were very close, which would explain this quasi-identity
between the breeding values. The same situation is repeated in AHE and AH
models for LS and R1. In this case, the ridge parameter chosen by the
methodology R1 is equal to zero (equal to LS) for traits WP, WM and WC,
which showed correlations very close to one. Among all comparisons, the
lowest correlation was found for WG, followed by PG, between LS X R1 and R2
X LS.

Coincidences for different proportions of selected animals

For the model AHEC, R1 and R2 were almost perfectly correlated for all
the tested traits (99 to 100%), and also were LS and R1 for AHE and AH
models (90 to 100%), except for SC. This is true even when only 1% of the top
animals were selected. (Fig. 5) This is possibly due to the ridge parameter
obtained in the R1 be sometimes coincident with R2, sometimes coincident with
zero (LS). This is a result proper of the R1, which sets the ridge parameter
depending on the VIF. These results are in complete agreement with the
correlations presented in Fig. 4.

When comparisons are made on the basis of 1% top animals, the
percentages of coincidences varied between 59.14% and 99.46%, Lower
percentage of coincidences were observed for WG in the AHEC models (LS x
R1 and R2 x LS, both 59.14%) and AHE (LS x R2 - 65.59% and R1 x R2 -
66.67%). These results show that the changes in methodology, for these
models, caused an important re-ranking of the AB_EBV.

Roso et al. (2005b) found 78-80% of coincidences among the top 40%
AB-EBV estimated by least squares and ridge regression using an equivalent
model to AH and around 80-85% for an equivalent model to AHE. Inversely,
when the comparison was made for the top 1% selected animals, the
coincidence has dropped to 60-65% in both cases. Our data showed greater
coincidence in general, with few below 60% (WG (AHEC) for LSxR1 and
LSxR2, SC (AHE) for LSxR2) and the great majority over 70% of the Top 1%
selected animal coincidences. These differences confirm the fact that the
choice of methodology has significant consequences on the genetic selection
on the animals, resulting in different rankings of animals on the basis of AB-
EBV.

Petrini et al. (2012) argue that the presence of collinearity can affect the
accuracy of estimates, regardless of the intensity and consequently, the
accuracy of inferences based on these results. This can turn into wrong
choices, of the animals, in applied breeding programs. Roso et al. (2005a)
conclude that inadequate separation of non-additive genetic effects in the
evaluation model and multicollinearity in the analysis may affect the ranking of
animals when compared between different breeds. Carvalheiro et al. (2006)
suggest that the ridge regression can and should be used to correct the
multicollinearity problems as in the estimation of the effects of regression as in
the predicted genetic values. They affirm that the prediction surfaces present
themselves more acceptable from a biological point of view under this
methodology. Dias et al. (2011) found no differences in the signal
(positive/negative) of the estimates for LS and RR, but found differences in
magnitudes and standard errors. They suggest that LS overestimates the
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values, being RR more reliable by decreasing the standard error of estimates
and increasing the accuracy, despite of the inclusion of the bias.

CONCLUSIONS

In the genetic evaluation of crossbred populations, when only the effects
of heterosis (dominance) are considered (model AH), the Least Squares
methodology was shown to be fully adequate for estimating fixed genetic effects
with this model. The covariates do not presented evidence of high collinearity
and were not identified major differences between the AB-EBV of selected
animals from different tested methodologies. When epistatic loss effects are
considered in the model (model AHE), collinearity not appear to be a problem,
whereas all condition index were below eight and all VIF were below eleven. It
should be considered however, that the comparisons between the AB-EBV
correlations for weaning traits were not too high and deserve further study on
the prediction of breeding values for selection purposes. In the estimation with
the effects of heterosis (dominance), epistatic loss and complementarity (model
AHEC), the ridge regression methodology was the most suitable to overcome
the collinearity between covariates, and R1 as indicated by introducing the
lowest possible bias to break this collinearity without prejudice to the estimates.
When the data reached certain number and structure, as observed from the
year 2004 in the evolution over time, the stability of the estimates of fixed
genetic effects is similar between LS and RR, suggesting that the LS
methodology could be used in certain data set. This, however, needs to be
studied thoroughly in the light of the discrepancies found in the AB-EBV of
selected animals.
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Figure 1 - Eigenvalues and Condition Index of the correlation matrix among the
prediction variables of fixed genetic effects under model AHEC.
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Figure 4 - Pearson and Spearman Correlations for direct across-breed
estimated breeding values (AB-EBV) for weaning gain (WG), post-weaning gain
(PG), weaning conformation (WC), post-weaning conformation (PC), weaning
precocity (WP), post-weaning precocity (PP), weaning muscling (WM), post-
weaning muscling (PM) and scrotal circumference (SC), given by different
methodologies (LS, R1 and R2) and models (AHEC, AHE and AH).
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Figure 5 - Percentage of coincidence for different proportion (top 1, 5, 10, 20
and 40%) of selected calves on the basis of direct across breed estimated
breeding value (AB-EBV) for weaning gain (WG) and post-weaning gain(PG)
given by different methodologies (LS, R1 and R2) and models (AHEC, AHE
and AH).
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Table 1
Distributions of animals according to sire and dam breed composition,
presented as percentage of Nellore (N).

Dams
Angus  1/8N  2/8N  3/8N  4/8N 58N 6/8N  7/8N Ne”oé Total

Angus 27,795 96 698 3,164 6,219 4,048 20,243 194 28,330 90,787
1/8N 52 5 24 10 71 0 2 0 17 181

2/8N 85 206 760 1434 6,780 163 3,520 1 502 13,451

3/8N 1,305 371 2,238 78,159 43,194 2,690 6,061 148 18,713 152,879

§ 4/8N 47 125 96 687 4,066 218 1,587 28 5,947 12,801
@ 5/8N 1,170 0 14 443 1,046 1,186 1,084 21 1,053 6,017
6/8N 8,668 4 5 697 466 181 285 3 185 10,494

7/18N 0 0 0 0 5 0 0 0 13 18
Nellore 241 31 52 1,341 4,726 236 738 51 1 7,417
Total 39,363 838 3,887 85,935 66,573 8,722 33,520 446 54,761 294,045

Values are approximated to the closest class composition. Every class included fractions equal or smaller than the
mentioned breed proportions
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Table 2

Fixed genetic effects included in the three genotypic
models (AH, AHE and AHEC) considered in this study

Effects included on y

Model aa am ha hm ea em ca cm
AH * * * *

AHE * * * * * *

AHEC * * * * * * * *

aa, am, ha, hm, ea, em, ca, cm: direct and maternal breed additive effect, direct and

maternal heterosis, epistatic loss and complementarity non-additive effects,
respectively.
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Table 3 - Decomposition of the variance structure of the parameters estimates,
associated with the two largest condition indices (model AHEC)

WG WC WP WM sc

Condition

oo 21,25 10,44 21,06 10,53 20,44 10,41 20,82 10,34 2857 14,59

aa 0,00 0,06 0,00 0,07 0,00 0,07 0,00 0,07 0,00 0,11

am 0,01 0,09 0,01 0,10 0,01 0,11 0,01 0,10 0,01 0,18

ha 0,18 0,62 0,18 0,62 0,18 0,60 0,17 0,62 0,12 0,68

hm 0,94 0,01 0,94 0,01 0,94 0,01 0,94 0,01 0,94 0,02

ea 0,15 0,73 0,15 0,73 0,16 0,72 0,15 0,74 0,10 0,78

em 0,84 0,09 0,83 0,09 0,83 0,10 0,84 0,09 0,89 0,06

ca 0,18 0,65 0,18 0,65 0,19 0,64 0,18 0,65 0,12 0,70

cm 0,96 0,03 0,96 0,03 0,96 0,04 0,96 0,03 0,97 0,02
PG PC PP PM

ﬁ]‘c’jré‘)’('“"” 2446 12,58 22,83 11,88 22,00 11,66 22,35 11,50

aa 0,01 0,07 0,01 0,07 0,01 0,08 0,01 0,08

am 0,01 0,09 0,01 0,09 0,02 0,11 0,01 0,10

ha 0,23 0,63 0,26 0,59 0,25 0,57 0,25 0,59

hm 0,95 0,00 0,95 0,00 0,95 0,00 0,95 0,00

ea 0,20 0,67 0,23 0,65 0,23 0,65 0,22 0,66

em 0,83 0,11 0,81 0,13 0,80 0,14 0,81 0,12

ca 0,24 0,65 0,26 0,62 0,26 0,62 0,25 0,62

cm 0,95 0,04 0,95 0,05 0,94 0,05 0,95 0,04

aa, am, ha, hm, ea, em, ca, cm: direct and maternal breed additive effect, direct and maternal heterosis, epistatic
loss and complementarity non-additive effects, respectively.
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Table 4 - Relative efficiency between LS (least squares), R1 (ridge regression
1) and R2 (ridge regression 2) methodologies for the three tested models.

AHEC AHE AH
0 RE(LS/R1) RE(LS/R2) RE(R1/R2) 0 RE(LS/R1) RE(LS/R2) RE(R1/R2) RE(LS/R2)

WG 0,064 1,00 1,00 1,00 1,00 1,00
wcC 0,064 1,00 1,00 1,00 1,00 1,00
WP 0,062 1,00 1,00 1,00 1,00 1,00
WM 0,062 1,00 1,00 1,00 1,00 1,00
PG 0,066 1,00 1,01 1,01 1,01 1,01
PC 0,064 1,00 1,00 1,00 1,01 1,00
PP 0,062 1,01 1,01 1,00 1,01 1,01
PM 0,064 1,00 1,00 1,00 1,01 1,01
SC 0,082 1,01 1,01 1,00 0.062 1,01 1,01 1,00 1,01

Values of 0 relates to R1 method. Values not shown of 6 are equal to zero.
For R2 method 6 is equal to 0.06 and for LS 6 is equal to zero.
WG: weaning gain; WC;weaning conformation; WP; weaning precocity; WM;weaning muscling; PG: post-weaning gain;
PM: post-weaning muscling and SC: Scrotal

PC: post-weaning conformation;

circumference

PP: post-weaning precocity;
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Table 5 - Number of observations in the analysis over the years for weight Gain

at Weaning (WG) and Post-weaning (PG).
Year 1994 1996 1998 2000 2002 2004 2006 2008 2010

WG 48,826 54,442 75,468 105,165 149,820 193,439 227,156 275,138 294,045
PG 20,526 28,423 38,439 54,644 76,253 96,515 115,748 136,332 138,075




CAPITULO V
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CONSIDERACOES FINAIS

A producéao de carne bovina vai muito além do aspecto econémico em si.
A producédo de carne bovina é a producao de proteina animal de alta qualidade
a partir de plantas forrageiras, as quais ndo sdo adequadas para 0 consumo
humano. Nesta transformacéo fantastica reside a riqueza desta producéo, que
tem como meta final a saciedade da fome no mundo. Com matéria prima de
baixo custo econémico e ecoldgico € possivel produzir alimento proteico de alta
qualidade.

Buscando este objetivo, o uso de bovinos de corte cruzados se tornou
uma realidade. Tanto os diferentes sistemas de acasalamento quanto o uso de
populacées sintéticas para producao de carne bovina de qualidade vém sendo
utilizados ha varias décadas. Explorando os efeitos genéticos ndo aditivos, a
produgéo pode aumentar expressivamente. No entanto, sem selecéo criteriosa,
mesmo este ganho extra obtido pelos cruzamentos tenderia a estagnar.

A selecdo intra-racial produziu efeitos importantes nas ultimas décadas e
segue produzindo em todas as espécies zootécnicas de importancia
econOmica. A selecao inter-racial, embora reconhecidamente importante nos
dias de hoje, ainda caminha a passos lentos. Os pesquisadores ainda ndo sao
unanimes quanto aos efeitos ndo aditivos que devem ou n&o ser considerados
nem quanto a metodologia que deve ser utilizada. Os efeitos genéticos fixos
(aditivo de raca e ndo aditivos) foram desprezados por tanto tempo que ficaram
guase esquecidos.

Na época da selecdo gendbmica e dos grandes avancos na area da
tecnologia, os estudos com avaliacbfes genéticas inter-raciais comeca a
despertar. Embora nédo tdo charmoso quanto os milhares de bases recém
sequenciadas no genoma bovino, os QTLs e os marcadores, os efeitos
genéticos fixos vém surgindo como a necessidade atual na selecéo de bovinos
cruzados. Assim como os SNPs, os efeitos fixos trazem com eles a
necessidade de voltarmos no tempo e redescobrirmos a genética quantitativa e
a estatistica como ferramentas indissociaveis do melhoramento dos animais
domeésticos.

Com este trabalho, comfirmamos a importancia da inclusdo dos efeitos
nao aditivos nos modelos de avaliagdo para selecdo de reprodutores. Os
modelos estatisticos para avaliacdo inter-racial devem, necessariamente,
incluir os efeitos de domonancia e perdas epistaticas. Os efeitos de
complementariedade precisam ainda de maiores estudos, mas também fica
claro que ha um efeito néo linear decorrente da combinacdo entre as racas,
embora a maneira de trata-lo ainda ndo seja tao clara.

Neste estudo também pudemos vislumbrar a importancia da quantidade e
estrutura dos dados usados nas avaliacdes genéticas. Este assunto pode e
deve ser mais assiduamente estudado, em simulacdes ou com dados reais.
Estes estudos devem ter como objetivo esclarecer o quanto a ampla
distribuicdo dos genotipos sobre as distintas composi¢cdes raciais interfere com
a qualidade e acuracia das estimativas obtidas.

O conhecimento sobre as composicoes raciais dos ancestrais também
pode ser fruto de maiores investigagbes, simuladas ou n&do, buscando
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conhecer o quanto é perdido quando ha pressuposicdo de acasalamentos inter
se que de fato ndo ocorreram. Essas pressuposicfes podem ser mais
importantos do que pensamos, ha que se investigar mais.

Além disso, estudos sobre o desempenho dos animais oriundos de
cruzamentos em diferentes ambientes devem estar na mente dos
pesquisadores. Como cada raca foi originada em ambiente especifico, a
medida que as racas sdo combinadas podem perder ou ndo sua capacidade de
adaptacao a determinados climas e/ou latitudes, bem como se comportar de
maneira intermediaria ou ainda, de forma totalmente diversa a das racas
parentais envolvidas.

O estudo dos efeitos genéticos fixos (aditivo de raca e os ndo aditivos)
tem seu espaco e ainda ha muito que aprender sobre eles. Este trabalho tenta
lancar alguma luz, no rastro de outros pioneiros, buscando atingir um
conhecimento necessario para o futuro da producdo de carne bovina. Este
trabalho ndo traz a solucdo nem pretende ser o dono da verdade, mas
representa mais um passo em direcdo as avaliac6es genéticas multirraciais de
bovinos. Espero que seja util e abra novos horizontes aos novos pesquisadores
da &rea, assim como de areas afins.
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