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Resumo

O conhecimento das tendéncias genéticas e dos antagonismos entre as caracteristicas de
crescimento e reproducdo pode ser util para compreender a evolugdo dessas
caracteristicas em popula¢fes animais naturais e artificiais. Neste estudo, foram
estimados as tendéncias genéticas e 0s antagonismos entre as caracteristicas de pré-
desmama e intervalos de partos de animais da raca Nelore de uma fazenda comercial.
Modelos animais bicaracteristicos foram usados para estimar os componentes de
covariancia e valores genéticos (VG) para os efeitos genéticos diretos e maternos das
caracteristicas de crescimento pré-desmama e os efeitos genéticos diretos dos intervalos
de partos. Andlises de regressdo foram realizadas para avaliar a relacéo entre o VG direto
e materno das caracteristicas de crescimento pré-desmama e o VG direto dos intervalos
de partos (variavel dependente) e o coeficiente de geracdo de cada animal (variavel
independente). Também foram realizadas regressdes para avaliar a relagao existente entre
0 VG direto dos intervalos de partos (variaveis dependentes) e o VG direto e materno das
caracteristicas de crescimento pré-desmama (varidveis independentes). As tendéncias
genéticas para os efeitos genéticos direto e materno para as caracteristicas de crescimento
pré-desmama foram significativas e apresentaram evolucdo genética no rebanho de
bovinos Nelore avaliado. As tendéncias genéticas para as caracteristicas reprodutivas
avaliadas também foram significativas, mas indicaram mudancas genéticas de forma
desfavoravel. As correlacbes geneéticas entre os efeitos diretos das caracteristicas
crescimento pré-desmama e dos intervalos de partos e as correlagdes genéticas entre 0s
efeitos maternos das caracteristicas de crescimento pré-desmama e os efeitos diretos das
caracteristicas de intervalos de partos ndo foram diferentes de zero. A presenca do
antagonismo entre os efeitos diretos das caracteristicas de crescimento e as caracteristicas

reprodutivas foi confirmada por meio das regressdes entre 0 VG direto dos intervalos de



partos e 0 VG das caracteristicas de crescimento pré-desmama. Assim, a selecdo para
aumentar o crescimento pré-desmama ocasiona aumento nos intervalos de partos. Os
resultados mostraram que o crescimento pré-desmama e os intervalos de partos estdo
aumentando ao longo das geragdes e que ocorreram antagonismos entre as caracteristicas
avaliadas.

Palavras-chave: correlacdo; herdabilidade; materna; peso; reproducdo; valor genético



Abstract

The knowledge of genetic trends and trade-offs between growth and reproductive traits
might be useful to understand the evolution of these traits in livestock and natural
populations of animals. We estimated the genetic trends and trade-offs between pre-
weaning growth and calving intervals of Nellore animals from a commercial farm. Two-
trait animal models were used to estimate the covariance components and breeding values
(EBV) for direct and maternal genetic effects of pre-weaning growth and the direct
genetic effects of calving intervals. Regression analyses were performed to evaluate the
relationship between the direct and maternal EBV of pre-weaning growth and direct EBV
of calving intervals (dependent variables) and the coefficient of generation of each animal
(independent variable). In addition, regression analyses were performed to evaluate the
relationship between direct EBV of calving intervals (dependent variables) and direct and
maternal EBV of pre-weaning growth (independent variables). Genetic trends for the
direct and maternal genetic effects for pre-weaning growth were significant and presented
genetic evolution in the evaluated Nellore herd. The genetic trends for the reproductive
traits were also significant but indicated genetic changes in an unfavorable manner. The
genetic correlations between direct the effects of pre-weaning growth and calving
intervals traits, and the genetic correlations between maternal effects of pre-weaning
growth traits and direct effects of calving interval traits did not differ from zero. The
presence of trade-offs between the direct effects of growth and reproductive traits were
confirmed through regression from direct EBV of calving intervals over the EBV of pre-
weaning growth traits. Thus, selection to increase pre-weaning growth leads to increased
calving intervals. The results showed pre-weaning growth and calving intervals are
increasing over generations and that trade-offs occurred between the evaluated traits.

Keywords: breeding value; correlation; heritability; maternal; reproduction; body weight
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1.  INTRODUCAO GERAL

Na bovinocultura de corte, as caracteristicas que mais afetam a produtividade do
sistema sdo tamanho corporal, taxa de maturacdo, fertilidade, producéo de leite e nmero
de bezerros desmamados (Perotto, 2008). Neste cenario, as caracteristicas de crescimento
pré-desmama sdo frequentemente utilizadas nos programas de melhoramento genético
por auxiliarem na identificacdo dos animais que possuem maiores valores genéticos
diretos para o crescimento e porque elas permitem a avaliacdo da habilidade materna. A
habilidade materna em bovinos esté relacionada com a producdo de leite (Jorge Junior et
al. 2007; Wolf e Wade 2009), que é considerada o investimento parental que a mae
dispensa para melhorar o desempenho da sua progénie (Kolliker et al. 2015). Na fase de
cria, o principal produto é o bezerro desmamado e quanto mais pesado ele for, melhor é
para o criador e, no intuito de avaliar essa caracteristica, devem ser considerados 0s
fatores genéticos e ambientais que a influenciam. Durante essa fase, os principais fatores
para o bom desenvolvimento do bezerro sdo o ambiente pré-natal, a capacidade genética
do animal, a capacidade leiteira e a habilidade materna da mée.

Nos programas de melhoramento genético, 0 peso a desmama é uma
caracteristica de grande importancia, sendo utilizado para a pré-selecdo dos animais.
Dessa forma, quantificar corretamente alguns efeitos como, por exemplo, 0 materno e o
de ambiente permanente materno € importante principalmente para ndo haver
superestimacao do efeito genético aditivo direto (Pires e Lopes, 2001; David et al., 2015).

A habilidade materna é mensurada por meio da avaliacdo do efeito materno, que
é definida como a contribuicdo do fenotipo da mée sobre o fenotipo do filho (Willham,
1972). O efeito materno pode ser considerado como o investimento parental que a mée

tem com sua progénie no intuito de aumentar a produtividade de seus descendentes.
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Entretanto, esse investimento parental demanda tempo e energia dos progenitores, o que
pode influenciar negativamente na capacidade dos pais em produzir um maior nimero de
descendentes (Kolliker et al., 2015).

Sabe-se que a mée contribui de duas formas para o fendtipo de sua progénie. A
primeira é por meio da metade dos genes transmitidos e a segunda, por meio do ambiente
materno oferecido. Willham (1972) propds modelar as caracteristicas influenciadas pelo
efeito materno decompondo o fenétipo do individuo. O valor fenotipico entdo seria
determinado pelos genes que o bezerro herdou (metade do pai e metade da mée), pelos
efeitos maternos (os genes presentes no genoétipo da vaca que influenciam o
desenvolvimento do filho) e pelos fatores de ambiente. Do ponto de vista do bezerro, a
habilidade materna é um efeito de ambiente; por outro lado, para a reprodutora, € um
efeito genético herdado de seus pais. Dessa forma, a superioridade genética de um animal
para a habilidade materna é fruto dos genes herdados dos progenitores, pois cada um deles
contribui com 50% de seu valor genético (Perotto, 2008).

Espera-se que os resultados desse trabalho possam contribuir para avaliar as
relacGes genéticas entre os efeitos diretos e maternos das caracteristicas de crescimento
pré-desmama e os efeitos diretos das caracteristicas reprodutivas nos rebanhos de bovinos

de corte.

2. REVISAO DE LITERATURA

O efeito genético materno € resultado do genotipo ou fenotipo da mée que
influenciam o fendtipo da sua descendéncia (Wolf e Wade, 2009). Este é o exemplo mais

utilizado de efeitos genéticos indiretos, em que os genes de um individuo afetam o
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fendtipo de outro (Willham, 1963; Wolf et al., 1998). Por definicdo, o efeito materno é o
valor fenotipico da mae que é mensuravel apenas como parte do componente do valor
fenotipico da sua progénie (Willham, 1972).

A evolucdo do efeito materno ocorre por meio das caracteristicas que sdo
avaliadas na progénie para quantificacdo desse efeito (Willham, 1972). A evolugéo
correlacionada do efeito materno pode ser conceituada como a evolugdo do ambiente
materno fornecido por meio da expectativa de desenvolvimento da prole (Wolf e Wade,
2016). Medidas de associacédo entre o efeito materno para crescimento e a produgéo de
leite foram reportadas por MacNeil e Mott (2006) e Cortés-Lacruz et al. (2017), sendo as

correlag@es entre tais efeitos de moderadas a altas (0,80 e 0,48, respectivamente).

2.1. Caracteristicas utilizadas para avaliacéo do efeito direto e materno
A selecdo dos animais geneticamente superiores é realizada por meio da predicao
dos seus valores genéticos para as caracteristicas de interesse zootécnico. No caso de
caracteristicas que expressam na pré-desmama, o fenotipo € determinado pelos efeitos
genéticos direto e materno, pelo ambiente permanente materno e pela interacéo de fatores
de ambiente. Os efeitos genéticos diretos sdo a soma dos efeitos aditivos de cada gene
que influencia uma determinada caracteristica (Moore et al., 1997; Head et al., 2012). Na
bovinocultura de corte, a énfase na selecdo dos animais superiores para o efeito direto das
caracteristicas de crescimento ocorre em razdo da sua importancia no sistema de
producdo. Essa selecéo tem sido eficaz ao longo das geracOes (Passafaro et al., 2016).
Em bovinos de corte, a selecdo pré-desmama é comumente realizada avaliando o
peso ajustado para 205 dias de idade, uma vez que é pratica comum entre 0s produtores
realizar a desmama nessa faixa etéria. A pré-selecdo também acontece nessa idade em

bovinos de corte porque o peso possui correlagéo positiva com o peso avaliado em idades
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posteriores (Boligon et al., 2010; Passafaro et al., 2016). Além disso, as caracteristicas de
crescimento pré-desmama apresentam herdabilidades que variam de média a alta
magnitude (Boligon et al., 2010), o que pode proporcionar maiores ganhos genéticos.

As caracteristicas pré-desmama utilizadas na sele¢do dos animais para o efeito
genético direto sdo os pesos ajustados aos 120 e 205 dias de idade. Diversos estudos na
literatura reportam que a sele¢do artificial para essas caracteristicas € efetiva e que ocorre
evolucdo do efeito genético direto (Zuin et al., 2012; Bernardes et al., 2015; Lopes et al.,
2016). Em bovinos da raca Nelore, Boligon et al. (2010) estimaram herdabilidade direta
para 0 peso entre 0 nascimento e a idade adulta (2799 dias de idade). Esses autores
identificaram a mesma tendéncia para os valores da herdabilidade direta nas diferentes
idades, que variaram de 0,25 (peso ao nascer) a 0,35 (peso aos 5 anos de idade). Os autores
concluiram que, para as caracteristicas de crescimento, a selecdo baseada nos valores
genéticos diretos dos animais é efetiva.

Nos mamiferos, as maes influenciam de forma importante sua progénie pelo
ambiente proporcionado a ela. Dessa forma, as caracteristicas de crescimento pré-
desmama das progénies sdo fortemente influenciadas pelo fenétipo da mae (Crews e
Wang, 2007). Em bovinos de corte, a reprodutora fornece o ambiente pré e pos-natal para
a sua progénie e a variacdo na capacidade materna para fornecer esse ambiente tem base
genética e de ambiente, sendo que o efeito genético é mensurado pela herdabilidade do
efeito materno.

O valor genético materno é expresso apenas nas fémeas que se tornam maes,
entretanto os genes sao transmitidos de ambos os pais e herdados por todos os animais de
modo que o modelo animal que considera o efeito materno prediz valores genéticos
maternos para todos os animais do pedigree (Crews e Wang, 2007). A importancia do

efeito genético pode ser mensurada pela herdabilidade do efeito materno e o valor
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genético materno de cada individuo pode ser obtido utilizando o modelo animal (Crews
e Wang, 2007).

Além das caracteristicas avaliadas na progénie, caracteristicas avaliadas na mée
podem ser decompostas em efeitos genéticos diretos e maternos como a facilidade de
parto, caracterizada pela capacidade de o bezerro se desenvolver no Gtero e nascer sem
assisténcia, e a producéo de leite (Perotto, 2008). Entretanto, em bovinos de corte, poucos
sdo os estudos que avaliam a habilidade materna por meio das caracteristicas avaliadas
diretamente na mée. Geralmente ndo existe uma conexdo direta entre 0 gendtipo e o
fendtipo do proprio animal para avaliar a habilidade materna. Assim, para a melhoria da
habilidade materna via caracteristicas avaliadas na sua progénie, é necessario o
conhecimento dos pardmetros genéticos que influenciam as caracteristicas mensuradas na
presenca do efeito materno (Pires e Lopes, 2001).

De acordo com Hohenboken (1985), os efeitos maternos de interesse na
producdo animal sdo o ambiente pré-natal, a transferéncia de anticorpos maternos para a
progénie e o efeito materno pos-natal. Os efeitos maternos afetam os processos evolutivos
de uma raca principalmente quando eles influenciam caracteristicas ligadas ao
desempenho da progénie (Mousseau e Fox, 1998). Dessa forma, pesos corporais e ganhos
em peso dos animais avaliados na fase de influéncia materna sdo importantes critérios de
selecdo, pois sdo medidas de simples avaliacdo e também efetivas para quantificacao do

efeito materno.

2.2. Herdabilidade materna
Nos programas de melhoramento genético, a eficiéncia da selegdo estd
diretamente relacionada com a precisdo com a qual os individuos submetidos a selecéo

sdo avaliados. A selecdo para habilidade materna exige que se conhega a influéncia da
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mde sobre a expressdo do fendtipo pré-desmama da progénie. Assim, essa caracteristica
pode ser utilizada como critério de selecdo. A estimativa de herdabilidade materna é
importante uma vez que auxilia na selecdo dos individuos superiores ao identificar de
maneira mais adequada o valor genético do individuo. Existem fontes genéticas e de
ambiente para a variacdo do efeito materno, sendo este efeito transmitido geneticamente
aos descendentes (Heydarpour et al., 2008). No entanto, este efeito é expresso apenas no
sexo feminino (Willham, 1980). Para estimar o efeito materno as fémeas, além dos dados
dos filhos, seus dados proprios devem estar disponiveis para que, assim, sejam separados
os efeitos diretos e maternos corretamente (Heydarpour et al., 2008).

Em bovinos da raca Nelore, Aradjo et al. (2016) estimaram a herdabilidade
materna para o peso no periodo entre 90 e 610 dias de idade. Esses autores obtiveram o
maior valor de herdabilidade materna para o periodo aos 210 dias de idade (0,051) e apds
0s 450 dias de idade com valores abaixo de 0,006. Os autores concluiram que, embora a
magnitude das estimativas seja baixa no intuito de se obter maior sucesso de resposta, a
selecdo para habilidade materna a selecdo deve ser realizada em pesos proximos a
desmama, pelo fato de a variancia genética materna apresentar maiores valores.

Avaliando bovinos da raca Brahman, Vargas et al. (2014) estimaram valores de
herdabilidade materna para o peso aos 120 e 210 dias de idade de 0,12 (+0,01) e 0,09
(x0,01), respectivamente. Ambrosini et al. (2016) estimaram valores de herdabilidade
materna para bovinos da raga Nelore para o peso ajustado para os 205 dias de idade de
0,08, indicando a influéncia da méae no desempenho do bezerro, o que justifica a inclusdo
do efeito no modelo. Lopes et al. (2013) estimaram herdabilidade maternas em bovinos
da raca Nelore, para o peso aos 120 e 240 dias de idade, de 0,07 (x0,006) e 0,08 (x0,005),
respectivamente. Lopes et al. (2016) estimaram valores moderados de herdabilidade

materna, em bovinos da raca Nelore, para o peso corporal ao nascimento, aos 120 e 210
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dias de idade com valores de 0,24 (x0,014), 0,11 (x0,009) e 0,08 (+0,006),
respectivamente. De acordo com estes autores, os valores moderados da herdabilidade
materna corroboram a importancia do efeito materno na expressdo do fendtipo da

progénie sobre as caracteristicas de crescimento.

2.3. Tendéncia genética das caracteristicas de crescimento e reprodutivas

A obtencdo das estimativas de tendéncia genética para as caracteristicas
contempladas nos programas de melhoramento genético é importante para visualizacao
do progresso genético obtido no rebanho. Esses programas visam identificar os individuos
superiores geneticamente e seleciona-los para serem pais da proxima geragdo. Os
programas contam com o0s critérios de selecdo que geralmente contemplam as
caracteristicas produtivas e reprodutivas.

Nos rebanhos de gado de corte, maior destaque é dado para as caracteristicas de
crescimento devido a facilidade de mensuracgéo e por receberem maior énfase na selecédo
em relacdo as caracteristicas reprodutivas. Devido a énfase dada as caracteristicas de
crescimento, essas possuem maiores ganhos genéticos em relacdo as caracteristicas
reprodutivas. Entretanto, as caracteristicas reprodutivas, principalmente das fémeas,
também sdo importantes nos sistemas de producdo; um exemplo é a de fémeas que
possuem menores intervalos de partos e consequentemente produzem mais bezerros em
menos tempo (Aby et al., 2012). Portanto, € importante avaliar tanto as caracteristicas de
crescimento quanto as de reproducéo para que elas evoluam favoravelmente.

As tendéncias genéticas sdo estimadas com base nos valores genéticos dos
individuos para cada efeito genético e cada caracteristica avaliada, geralmente realizada

em funcdo do ano de nascimento. No geral, as tendéncias sdo estimadas para verificar o
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progresso genético em unidades da caracteristica avaliada; a verificacdo desse progresso
também pode ser avaliada pelo ganho genético.

Ao avaliarem a tendéncia genética, diversos autores reportaram tendéncias
favoraveis para o efeito genético direto das caracteristicas de crescimento (Gongalves et
al., 2011; Zuin et al., 2012; Abreu et al., 2017). Os ganhos genéticos anuais obtidos nos
estudos variam de acordo com a populacéo avaliada. Gongalves et al. (2011) estimaram
ganhos de 938,8 g/ano para o peso corporal ajustado para os 205 dias de idade e Lira et
al. (2013), ganhos de 358,4 g/ano. Quando o enfoque na selecdo dos animais é dado para
as caracteristicas de crescimento, cuidados devem ser tomados porque se pode aumentar
0 peso adulto ao logo das geracGes. Na busca pelo aumento do peso dos animais como
consequéncia direta, ocorre 0 aumento das exigéncias nutricionais de mantencga, producgéo
e reproducdo, aumentando assim os custos de producdo, principalmente dos custos de
alimentacdo desses animais.

Em estudo realizado por Zuin et al. (2012), que avaliaram a evolucéo do efeito
direto e do efeito materno para o peso corporal ajustado aos 210 dias para bovinos da raca
Nelore, os autores estimaram aumentos de 0,270 e 0,035 kg/ano, respectivamente. Ao
avaliarem as tendéncias genéticas para o efeito materno, Ferraz Filho et al. (2002)
obtiveram ganhos de 0,019 kg/ano para bovinos da raga Tabapud avaliados aos 205 dias
de idade. J& para bovinos da raga Canchin, Mello et al. (2002) obtiveram ganhos anuais
de 0,106 kg/ano para o peso a desmama (240 dias de idade). Os ganhos genéticos obtidos
para o efeito direto sdo mais rapidos em relacdo aos ganhos obtidos com os efeitos
genéticos maternos das caracteristicas de crescimento. Estudos na literatura estimaram
resultados semelhantes para diferentes rebanhos de bovinos (Bernardes et al., 2012; Zuin
etal., 2012; Lopes et al., 2016), confirmando que uma evolucéo esta ocorrendo tanto para

o efeito direto quanto para o efeito indireto da habilidade materna. Esses resultados
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demonstram que os dois efeitos evoluem geneticamente, porém o efeito direto evolui mais
rapidamente.

As caracteristicas reprodutivas sdo de suma importancia nos programas de
melhoramento genético, logo o acompanhamento da evolucdo genética dos rebanhos é
importante para verificar a efetividade do processo de selecdo e para que ndo se tenha
perdas na eficiéncia do sistema de producdo. Tendéncias genéticas para a idade ao
primeiro parto e a media de intervalo de parto foram estimadas com valores de 0,005 e
0,127 meses/ano (Bernardes et al., 2015). Esses autores concluiram que, para as
caracteristicas reprodutivas, os fatores de ambiente possuem maior importancia como,
por exemplo, 0 manejo alimentar que as fémeas recebem antes da estacdo de monta, em
relacdo aos fatores genéticos. Adicionalmente, os autores relataram que as estimativas de
herdabilidade para as caracteristicas reprodutivas também sdo baixas e espera-se que
pouco progresso genético seja alcancado com a selecdo para essas caracteristicas. Assim
como os demais parametros genéticos, a avaliacdo das tendéncias genéticas do rebanho é
importante para a adequacao dos critérios de selecdo e para o delineamento de um sistema
de producéo eficiente em bovinos de corte, possibilitando quantificar geneticamente o

direcionamento que esta ocorrendo.

2.4. Correlacbes genéticas do efeito direto e materno das caracteristicas de
crescimento

Efeitos genéticos maternos geralmente atuam em oposicao aos efeitos genéticos
diretos, reduzindo a variancia genética aditiva disponivel para a sele¢do, sendo esta
oposicdo quantificada pela correlacdo genética entre os efeitos. A reducdo da variancia
genética aditiva ocorre porque se aumenta a variancia do efeito materno; a menor

proporcdo da variancia fenotipica sera explicada devida aos efeitos genéticos aditivos
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diretos. Assim, caso a selecdo seja feita com base no valor fenotipico dos animais, uma
resposta positiva para o potencial de crescimento estaria associada a reducdo na
habilidade materna, caso exista correlacdo fenotipica entre essas caracteristicas (Guterres
et al., 2006).

Vargas et al. (2014) avaliaram bovinos da ragca Brahman e estimaram correlacfes
genéticas entre o efeito direto e materno para o peso avaliado aos 120 dias de idade
negativas e altas (-0,70 [£0,03]). De acordo com os autores, essas correlagdes foram
obtidas devido a estrutura do banco de dados. Ao avaliar as caracteristicas de crescimento
pré-desmama, € adequado que no banco de dados parte das fémeas que se tornaram méaes
também tenham seus registros fenotipicos para as caracteristicas de crescimento; caso nao
se tenha essa adequacéo do banco de dados, as estimativas podem ser influenciadas pela
inadequacéo dos dados (Vargas et al., 2014). Lopes et al. (2013) estimaram correlacao
genética entre o efeito direto e 0 materno para os pesos aos 120 e 240 dias de idade de -
0,42 (x0,03) e -0,48 (£0,02), respectivamente. Esses autores concluiram que essas
correlagcdes sugerem antagonismo genético entre os dois efeitos que estdo relacionados
com o crescimento e a habilidade materna.

Em estudo que foi avaliado o efeito materno em idades pés-desmama, Boligon
et al. (2010) observaram que as correlacfes genéticas entre o efeito materno diminuem
quando as distancias entre as idades aumentam, sendo que a maioria das correlagdes sdo
maiores que 0,50. A quantificacdo das correlacBes entre os efeitos genéticos direto e
maternos é importante para identificacdo dos individuos superiores. David et al. (2015)
estudaram o impacto da avaliagdo incorreta da correlacdo genética entre os efeitos direto
e materno sobre os valores genéticos em trés espécies diferentes (ovelhas, coelhos e
suinos), uma vez que na maioria dos estudos os modelos que consideram o efeito materno

estimam correlaces genéticas altas e negativas. Os autores concluiram que a influéncia
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dessa correlacdo nos valores genéticos é minima, dessa forma, ndo produzem resultados

viesados.

2.5. Correlagbes genéticas do efeito materno com as caracteristicas
reprodutivas

As caracteristicas reprodutivas das fémeas possuem grande importancia nos
programas de melhoramento genético, porém sdo dificeis de serem avaliadas e
interpretadas uma vez que séo influenciadas por interacdes entre bezerro, touro e vaca
(Mercadante et al., 2000). Diversas sdo as caracteristicas reprodutivas importantes nos
programas de melhoramento genético, como o perimetro escrotal e a idade ao primeiro
parto. Entre as caracteristicas reprodutivas das fémeas, a que estad mais relacionada com
a eficiéncia reprodutiva nos rebanhos de bovinos de corte € o intervalo de parto, por
estarem associados a longevidade produtividade das vacas (Perotto et al., 2006).

De maneira geral, as caracteristicas reprodutivas das fémeas apresentam baixas
herdabilidade (Bernardes et al., 2015; Bertazzo et al., 2004; Mercadante et al., 2000). Ha
disponivel na literatura estudos em que foi avaliada a correlacdo genética entre a
habilidade materna e as caracteristicas de crescimento, mas valores controversos para
essas correlacbes foram reportados. Mercadante et al. (2000) estimaram correlagOes
genéticas entre o efeito materno do peso aos 240 dias de idade com a idade ao primeiro
parto (0,08), primeiro intervalo de parto (0,66) e eficiéncia reprodutiva (-0,33). De acordo
com 0s autores, todos os valores apresentam sentido antagénico; dessa forma, matrizes
que possuem maior efeito materno apresentam baixo desempenho reprodutivo.

A longevidade da matriz € o tempo em que esta permanece no rebanho, sendo
fortemente influenciado pelas caracteristicas reprodutivas do individuo. Bertazzo et al.

(2004) estimaram correlacdo positiva entre a longevidade e o efeito materno para o peso



21

aos 365 dias de idade com valor de 0,39 e concluiram que a sele¢do para obtencdo de

maiores pesos implica em reducédo da longevidade e do efeito materno.

2.6. Trade-off: um desbalanceamento entre pais e filhos

Na biologia evolutiva, um conceito fundamental é que os organismos possuem
recursos de energia limitados, uma vez que as suas necessidades sdo as mais diversas.
Dentre essas, por exemplo, recursos energéticos para mantenca, saude, producdo e
reproducdo devem estar disponiveis. Assim, apesar de o0s recursos disponiveis de
alimentos serem ilimitados devido a quantidade de fungdes que eles desempenhardo em
um organismo, passam a ser limitados (Roff, 1992). Os trade-off sdo considerados a
compensacdao que ocorrerd em uma funcdo do organismo para que outra possa ser
realizada. Em termos de reproducdo, um trade-off entre duas caracteristicas reprodutivas
que sdo amplamente estudadas sdo a qualidade da progénie, quantificada pelo
desempenho dos filhos, e 0 nimero de descendentes produzidos (Wilson et al., 2009;
Schroderus et al., 2012).

O trade-off entre pais e filhos ocorre quando os pais investem no desempenho
de sua progénie deixando, em compensagdo, um numero menor de descendentes no
rebanho. Compreender o trade-off tem sido tema de muitas pesquisas em diversas
espécies de animais que apresentam cuidados parentais (Lim et al., 2014; Kolliker et al.,
2015; Ljungstrom et al., 2016). Estes cuidados parentais demandam investimento de
tempo e recurso de energia dos pais, 0 que reduz a capacidade dos animais de produzir
um maior numero de descendentes (Royle et al., 2012). O investimento parental é
benéfico evolutivamente apenas por melhorar no desempenho da progénie. Nesse
contexto, com a melhora no desempenho, existe uma expectativa que a progénie seja

selecionada para serem pais da préxima geracao e, consequentemente, ocorra 0 Sucesso
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reprodutivo, logo a perpetuacdo dos genes do individuo. No geral, o investimento dos
pais sobre os filhos é aqguém a producgédo com a qual os pais foram selecionados (Kolliker
etal., 2015).

Estudos relatam correlagdo negativa entre o desempenho dos filhos e a
quantidade de filhos que uma fémea produz (Walker et al., 2008; Kolliker et al., 2015;
Ljungstrom et al., 2016). As pesquisas que avaliam o trade-off entre a quantidade e
desempenho de descendentes buscam esclarecer se a selecdo para o efeito materno
ocasiona em perdas reprodutivas das fémeas. Quando se considera que a producao de leite
(avaliada pelo efeito materno) e a reproducdo estdo demandando recursos energéticos
além do que o animal estd ingerindo, seus recursos tornam-se limitados,
consequentemente uma correlacdo fenotipica negativa ocorrerd entre essas duas
caracteristicas, caracterizando o trade-off (Lim et al., 2014). Essa correlacdo negativa leva
a um déficit energético e a reproducdo pode ser reduzida; esse fato pode ser explicado
porque a mamada interrompe a liberacdo do hormoénio liberador de gonadotrofina
(GnRH) que, por sua vez, impede a libera¢do do horménio luteinizante (LH; Campos et
al., 2005). Dessa forma, o aumento do nimero de mamadas provoca o retorno mais lento
da atividade ovariana, diminuindo a fertilidade (Pencai et al., 2011).

Lim et al. (2014), em um estudo de meta-analise, avaliando diferentes formas de
trade-off, concluiram que o desempenho corporal da mae possui correla¢do positiva, tanto
com o desempenho dos filhos quanto com o nimero de filhos. Entretanto, a correlagéo
negativa foi observada entre o desempenho da progénie e o nimero de filhos. Os autores
ressaltaram que, para quantificar corretamente o trade-off entre as caracteristicas,
diferencas individuais precisam ser controladas.

Uma vez que o desempenho de um individuo é determinado pela alocagdo de

recursos para determinadas fungdes fisioldgicas e uma diminuicdo concomitante em
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outras (Stearns, 1992; Roff, 2002), selecionar individuos para caracteristicas antagonicas
pode prejudicar sua eficiéncia no sistema de produgéo. Dessa forma, torna-se importante
avaliar os trade-offs existes em nivel genético entre as caracteristicas produtivas e
reprodutivas em bovinos de corte. Com essa avaliacdo, serd possivel melhorar o
direcionamento dos programas de melhoramento genético visando maior rentabilidade do

sistema de producdo e prolificidade das fémeas.
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3.1.  Introduction

Animal growth is important in livestock production and in natural populations
because it is related with economic profit and adaptation (Wilhan, 1972; Jorge Jnior et
al., 2007; Wolf and Wade, 2016). In addition, artificial and natural selections have been
effective in changing growth along generations (Zuin et al., 2012; Hoffman et al., 2016).
In mammalian species, direct and maternal genetic effects affect growth. The direct
genetic effects is the sum of the additive effects of each gene affecting a certain trait
(Moore et al., 1997; Head et al., 2012). Maternal effect is defined as the dam’s phenotype
contribution on the offspring’s phenotype (Wilhan, 1972). It is possible to measure the
maternal genetic effect by using the animal model that includes this effect. The maternal
effect evaluation is mainly performed by pre-weaning growth traits because this is the
moment that the calves are more dependent of the cows for feeding and protection. It is
related to milk production and to parental investment that cows do in order to improve
offspring performance (Wolf and Wade, 2009; Koélliker et al., 2015), and it has genetic
and environmental components (Wilhan, 1972).

Indirect selection for improving maternal effects occurs through selection for pre-
weaning growth of the offspring because there is an association between the maternal
genotype and the offspring’s phenotype (Wilhan, 1972; Wolf and Wade, 2009; 2016).
However, the selection for the maternal effect can unfavorably affect the reproductive
capacity of females (Kolliker et al., 2015), characterizing trade-offs between maternal
effect and reproductive traits.

Trade-off between traits is the result of an unfavorable correlation between them
(Garland, 2014). The trade-offs between maternal effects and reproductive traits of
parents are conflicts present in all life-history evolution (Stearns, 1992). This kind of

trade-off may happen because of limitation of the available amount of energy to perform
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metabolic functions, such as the maintenance of the reproductive cycle (Garland, 2014;
Roff, 2002; Stearns, 1989). It may also happen because of the differences between the
genetic potential for milk production and reproductive physiology (Roff, 2002; Stearns,
1992).

Trade-offs can occur at genetic or phenotypic levels and generally happen
between different traits measured in the same individual (Kolliker et al., 2015;
Ljungstrom et al., 2016) or in different individuals (Lim et al., 2014). There are few
studies that aimed at quantifying genetic trade-offs between maternal effect and
reproductive performance of parents and, although evidences of their existence (Koélliker
et al., 2015), significant effects were not found yet, because of lack of statistical power
(Ljungstrom et al., 2016). In this sense, studies that properly identify trade-offs at genetic
level are important to understand the genetic basis that influence parental care and its
influence in expressing the phenotype of interest in the populations. Therefore, our
objectives were to evaluate the genetic trends and trade-offs between pre-weaning growth
and reproductive traits in cattle (Bos taurus indicus). Genetic parameters and trends of
pre-weaning growth and calving intervals were estimated. The trade-offs between direct
and maternal genetic of pre-weaning growth and direct effects of calving intervals were

inferred through genetic correlation and regressions analysis.

3.2. Material and methods

3.2.1. Data

Nellore is a zebu breed (Bos taurus indicus) developed in tropical regions and it
accounts for approximately 40% of Brazilian cattle herd. The database used in this study

contained records of Nellore animals born between 1994 and 2015 in a commercial herd.
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This herd underwent to selection for over 38 years and has animal records up to nine
generations. The main selection criteria were related to growth traits. Data structure of
this herd was suitable for this study because contained data regarding pre-weaning growth
and reproductive traits of cows and regarding their calves for estimation of maternal
genetic effects (Table 5 in S1 File). Animals were raised in a commercial farm located in
Brotas, Sdo Paulo state, Brazil (22°10°44.69”’S and 48°01°20.9”W, 647 m of altitude, and
Cfa Koppen-Geiger climate classification), until 2000. In 2001, the animals were
transferred to another farm in Uberaba, Minas Gerais state (19°24°33.3”’S and
48°06°34.5°W, 840 m of altitude, and Aw Koppen-Geiger climate classification).
Animals were kept on pastures with free access to mineral supplementation throughout
the year. The predominant grass (>80%) in both locations was from Urochloa genus and
the stocking rate was approximately 0.98 animal units per hectare (one animal unit is
equivalent to a 450-kg animal.). During the cow-calf phase, calves were kept with their
dams in 30-hectare pastures and weaned at approximately 205 days of age.

When editing the database for body weight (BW), to calculate it in standard ages
(in the case of BW120), information of animals with measurements performed between
75 and 165 days of age were utilized. From this body weight, birth weight was subtracted
and the average daily gain was calculated and then the value obtained was multiplied by
120 days. Summing the value with birth weight, the body weight at 120 days of age
(BW120) was obtained. Regarding BW205, the same procedure was realized, but with
phenotypic data of animals between 160 and 250 days of age. These both measurements
were considered as pre-weaning growth traits. Calving interval (Cl), calculated as the
difference between calving dates from two consecutive calvings, was used as
reproductive trait considering the first, second, third, and fourth calving intervals (ClI1,

Cl2, CI3, and Cl4, respectively) when editing the data. We considered birth and calving
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date observations from 1994 to 2014. Calving intervals outside the range between 280
and 1448 days were discarded. Descriptive statistics regarding the data set used in the

analyses are presented in Table 1.

Table 1. Summary statistics® for pre-weaning growth and reproductive traits? of

Nellore cattle

Trait n X sd CV(%) Minimum Maximum
BW120, kg 16,062 123.99 18.62 15.02 41.81 197.83
BW205, kg 16,812 177.53 27.57 15.53 60.48 289.30
Cll,days 2,536 553.24 181.04 32,73  300.00 1,448.00
Cl2,days 1,915 485.31 153.26 3158  313.00 1,419.00
CI3, days 1,436 455.54 144.91 31.81 308.00 1,211.00
Cl4,days 1,114 44532 137.17 30.80  310.00  1,094.00

n = number of records; X = mean; sd = standard deviation; CV = coefficient of
variation; 2 BW120 = body weight adjusted to 120 days of age; BW205 = body weight
adjusted to 205 days of age; CI1 = first calving interval; CI2 = second calving interval;

CI3 = third calving interval; Cl4 = fourth calving interval.

3.2.2. Models

The genetic analysis of maternal ability and reproductive traits was performed
through two-trait animal model (Henderson, 1973; Wilson et al., 2010). These animal
models were used to obtain the genetic parameters and the estimated breeding values

(EBV) in order to calculate the genetic trends and to infer about the presence of trade-
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offs. The bivariate animal model analyses were performed between pre-weaning growth
and reproductive traits.

The general statistical model for pre-weaning growth was:
Vim = 4+ + M, + pm; + FE, +b,AGE, +¢,ADC, +¢,ADC; +e

ijkim

inwhich y,,, represents the BW120 or BW205 for animal i; 4 is the general constant

present in all observations; &, is the additive genetic effect of the animal i; m; is the

maternal genetic effect of the dam  j , which is the animal’s mother; pm; represents the
permanent maternal environmental effect of the dam j ; FE, is the fixed effect of the

k management group of the animal on the weighting day; b, is the regression coefficient

associated with the linear effect of the calf age to the evaluation (AGE,); ¢, is the

regression coefficient associated to the linear effect of the age of the dam at calving

(ADCm ); C, is the regression coefficient associated to the quadratic effect of the age of

the dam at calving (ADC’): and e, is the associated error for each observation. The

ijkim
management groups were composed of animals from the same sex and raised in the same
pasture. Groups with at least four animals were considered. The analyzed database had
882 and 954 groups for BW120 and BW205, respectively.

The general statistical model utilized for reproductive traits was:
Vi =4 +3 +EB; +EC, +¢,
inwhich vy, represents the C11, C12, CI3 or Cl4 for animal I; 4 isthe general constant

present in all observations; &; is the additive genetic effect of the animal i; EB, is the

fixed effect group at birth j ; EC,, is the fixed effect group at calving k & Isthe
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associated error at each observation. The fixed effect groups at birth was composed of the
following factors: year of birth, month of birth, and their interaction, totaling 90, 75, 65
and 60 groups for CI1, Cl2, CI3 and Cl4, respectively. The fixed effect group at calving
was composed of calving year preceding to the interval, calving month, and their
interaction, totaling 91, 86, 70 and 64 groups for CI1, CI2, CI3 and Cl4, respectively.
Detailed information about the statistical models and their assumptions can be found in

the Supplementary Materials and methods.

3.2.3. Genetic trends

Genetic trends of direct effects for pre-weaning growth and reproductive traits and
maternal effects for BW120 and BW205 were calculated through linear regression of the
EBV as a function of the generation coefficient of the animals. The generation

coefficients were calculated according to the formula:

i :(GCSi ;GCDi]+1

in which GCi represents the generation coefficient of the individual i; ccs, is the
generation coefficient of the sire of animal i; and ccp, is the generation coefficient of

the dam of animal i. Regression coefficients of the genetic trends were tested by using

the F test.

3.2.4. Regressions of estimated breeding value

The EBV for direct effects for reproductive traits (Cl1, CI2, CI3 and CI4) were
regressed as a function of maternal and direct EBV for pre-weaning growth traits (BW120

or BW205). These regressions were performed to base the inferences about the trade-offs.
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The regressions of direct EBV for reproductive traits in terms of direct EBV of BW120
or BW205 have considered information of cows having reproductive trait data and their
own BW information (BW120 or BW205). In the regressions of the direct EBV of calving
interval over maternal EBV of BW120 or BW205, we considered information of dams
that had reproductive trait data and offspring with BW record (BW120 or BW205). In
this way, all regressions have been considered the genetic values from animals that had

phenotypic information for both traits.

3.3. Results

3.3.1. Genetic trends of pre-weaning growth and reproductive traits

Posterior means of heritabilities and correlations are presented together with their
lower and upper limits of the highest posterior density intervals (HPD) with 90% of the
samples (between parentheses). The direct heritabilities of BW120 and BW205 were 0.23
(0.17;0.27) and 0.23 (0.18; 0.27), respectively. The maternal heritabilities of BW120 and
BW205 were 0.10 (0.07; 0.13) and 0.08 (0.05; 0.11), respectively. The genetic
correlations between direct and maternal effects of BW120 and BW205 were not different
of zero and the posteriori means were 0.18 (-0.36; 0.00) and 0.02 (-0.19; 0.21),
respectively. The ratio between the maternal permanent environmental effect and the
phenotypic variances of BW120 was 0.14 (0.11; 0.16) and of BW205 was 0.14 (0.12;
0.16).

The direct heritabilities of first, second, third and fourth calving intervals were
0.09 (0.03; 0.14), 0.09 (0.04; 0.15), 0.10 (0.03; 0.17) and 0.10 (0.01; 0.20), respectively.
Complementary information about covariances of pre-weaning growth and calving

intervals can be found in Table 6 in S1 File.
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Direct genetic trends of BW120 and BW205 were positive and significant (P<
0.0001), with average changes of 1.58 kg/generation for BW120 and 2.65 kg/generation
for BW205 (Table 2 and Fig 3 in S1 File). Maternal genetic trends of BW120 and BW205
were positive and significant (P< 0.0001), with average changes of 0.10 kg/generation

for BW120 and 0.16 kg/generation for BW205 (Table 2 and Fig 4 in S1 File).

Table 2. Estimates for genetic trends (standard error) of direct and maternal effects

of pre-weaning growth traits! on each two-trait analysis with calving intervals

Trait Direct effect (kg/generation) Maternal effect (kg/generation)

2 BW120 BW205 BW120 BW205
Cll1  1.58(0.03) 2.64 (0.04) 0.09 (0.01) 0.18 (0.02)
Cl2  1.60(0.03) 2.65 (0.04) 0.09 (0.01) 0.13 (0.01)
CI3  1.58(0.03) 2.66 (0.04) 0.11 (0.01) 0.16 (0.02)
Cl4  1.56(0.03) 2.64 (0.04) 0.12 (0.01) 0.16 (0.02)

1BW120 = body weight adjusted to 120 days of age; BW205 = body weight adjusted to
205 days of age; 2CI1 = first calving interval; CI2 = second calving interval; CI3 = third
calving interval; Cl4 = fourth calving interval; Each linear regression coefficient of the
estimated breeding value was calculated according to each two-trait combination

analysis; all linear regression coefficient were significant (P< 0.0001).

Direct genetic trends of calving intervals were also positive and different of zero
(P< 0.0001), with average changes of 4.27, 3.20, 6.09 and 3.48 days/generation, for CI1,

Cl2, CI3 and Cl4, respectively (Table 3 and Fig 5 in S1 File).



33

Table 3. Estimates of genetic trends (standard error) of direct effects of calving

intervals! on each two-trait analysis with pre-weaning growth

Direct effect (days/generation)

Trait?

Cl1 Cl2 CI3 Cl4
BW120  4.23 (0.23) 3.00 (0.46) 5.00 (0.55) 2.60 (0.45)
BW205  4.31 (0.42) 3.39 (0.46) 7.18 (0.55) 4.36 (0.76)

CI1 = first calving interval; C12 = second calving interval; CI3 = third calving interval;
Cl4 = fourth calving interval; 2BW120 = body weight adjusted to 120 days of age; BW205
= body weight adjusted to 205 days of age; Each linear regression coefficient of the
estimated breeding value was calculated according to each two-trait combination

analysis; all linear regression coefficient were significant (P< 0.0001).

3.3.2. Trade-offs between direct effects of pre-weaning growth and calving intervals

Genetic correlations between direct effects of pre-weaning growth (BW120 and
BW205) and the direct effects of calving intervals did not differ from zero, except the
genetic correlation between BW205 and CI3 (Table 4). However, the regression
coefficients for direct EBV of reproductive traits over direct EBV of pre-weaning growth

traits were statistically significant (P <0.0001, Fig 1 and Table 7 in S1 File).



34

Table 4. Posterior means (lower and upper limits of the highest posterior density

interval with 90% of samples) of the correlations! between pre-weaning growth? and

calving intervals®

ci1 cI2 CI3 Cl4
BW120  0.20 (-0.12; 0.56) 0.25 (-0.08;0.61) 0.11 (-0.28;0.55) -0.06 (-0.57; 0.64)
" BW205  0.25(-0.13; 0.62) 0.31(-0.01;0.62) 0.47 (0.09;0.87) 0.17 (-0.20; 0.58)
BW120  0.31(0.04;0.58) 0.16 (-0.13;0.46) 0.37 (0.10; 0.68) 0.52 (-0.05; 0.96)
o BW205  0.33(0.00;0.64) 0.21(-0.09;052) 0.32(-0.01;0.62) 0.26 (-0.12; 0.58)
BW120 0.0 (-0.07; 0.07) 0.02(-0.06;0.10) 0.06 (-0.03; 0.16) 0.07 (-0.04; 0.18)
" BW205 0.0 (-0.07; 0.07) 0.04 (-0.03;0.12) -0.04 (-0.13;0.04) 0.02 (-0.08; 0.11)
BW120  0.06 (0.01;0.11) 0.08 (0.02; 0.14) 0.11(0.04;0.18) 0.10 (0.02; 0.18)
s BW205  0.07(0.02;0.12) 0.10(0.04;0.16) 0.07 (0.01;0.14)  0.08 (0.00; 0.16)

1r, = genetics correlations between direct effects; I, = genetics correlations between

maternal and direct effects; I, = environmental correlations; F, = phenotypic

correlations; 2BW120 = body weight adjusted to 120 days of age; BW205 = body weight
adjusted to 205 days of age; *CI1 = first calving interval; C12 = second calving interval;
CI3 =third calving interval; Cl4 = fourth calving interval; in red is the amount of samples

below zero, in percentage.
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Fig 1. Variation of estimated breeding values (EBV) for direct effects of the first

(CI1), second (C12), third (CI3) and fourth (Cl4) calving intervals over the EBV for

direct effects of body weight at 120 and 205 days of age. The EBV for each animal is

represented by the blue dots, the linear regression of EBV is represented by the red

line) and the confidence interval is represented by the blue line). Slope (standard

error) and significant level are depicted for each analysis of pre-weaning growth and

calving intervals.
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The results showed that for every additional change (1 kg) in direct EBV of pre-
weaning growth traits we can expect the calving intervals to increase by an average of 1.6
days (Fig 1 and Table 7 in S1 File).Which can be interpreted as the average change in the
EBV of calving intervals for every additional change in the direct EBV of BW120 or

BW205.

3.3.3. Trade-offs between maternal effects of pre-weaning growth and calving

intervals

In general, the genetic correlations between maternal effects of pre-weaning
growth traits and the direct effect of calving intervals were not different from zero (Table
4). However, the regression coefficients for direct EBV of reproductive traits on maternal
EBV of pre-weaning growth traits were statistically significant (P < 0.0001, Fig 2 and
Table 7 in S1 File). One-kilogram increase in maternal EBV of pre-weaning growth traits

will increase the calving interval by an average of 3 days (Fig 2 and Table 7 in S1 File).
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At this point, it is also important to highlight that selection to increase genetic
maternal effects of pre-weaning growth can be more impairing to dam reproduction
compared with selection to increase genetic direct effects. To confirm this result we
computed the confidence intervals for the regression coefficients for direct and maternal

EBV and they were not overlapped (Table 7 in S1 File).

3.3.4. Residual and phenotypic correlations between pre-weaning growth and

calving intervals

Residual correlations between pre-weaning growth and calving intervals were not
different from zero, and phenotypic correlations were of low magnitude but significant,

except the phenotypic correlation between BW205 and CI4 (Table 4).

3.4. Discussion

3.4.1. Statistic model approach

The understanding of issues concerning trade-offs depends of the knowledge at
both phenotypic and genetic levels (Stearns, 1992). In this sense, the statistical “animal”
model allows to estimate genetic and non-genetic effects that affect multiple traits in
animal populations along generations properly (Henderson, 1973; Wilson et al., 2010).
One previous study showed the existence of phenotype variance for trade-offs between
offspring performance and reproductive traits (Kolliker et al., 2015), and another one
failed to detect any additive genetic variances in offspring size and number probably
because of insufficient statistical power (Ljungstrom et al., 2016). Long term experiments

(multiple generations), well designed data recording schemes and robust statistical model
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are needed to increase the accuracy and the precision of parameter estimates to infer about
evolution, associations and trade-offs between traits.

In a long-term experiment, the modelling of year and season of birth, and
management conditions effects are very important. In addition, when traits under
evaluation are also affected by genetic and non-genetic maternal effects (e.g. BW120 and
BW205), the statistical model needs to contemplate additional terms that control the
factors which affect these traits.

Furthermore, the accuracy and the precision of covariance parameters estimates
for direct and maternal effects are affected by the availability of phenotypic
measurements of the dams and of their progenies (Maniatis and Pollot, 2003). And the
accuracy and the precision of covariance parameters estimates in multiple trait analyses
are also affected by the percentage of animals with phenotypic measurement of the
multiple traits (Mrode, 2014). The multiple generations (nine generations) and phenotypic
recording scheme (S1 File), and the robust animal model with genetic (direct and
maternal), non-genetic (maternal permanent environment, age, contemporary groups, etc)
effects we used in this study met these requirements and we expect our estimates are
suitable for inference about our objectives, especially in mammalian species. The study
was mainly based on the inference of the trade-offs between the pre weaning growth and

reproductive traits.

3.4.2. Genetic trends of pre-weaning growth and reproductive traits

The phenotypic records used in this study are from a commercial farm and
selection has been performed to increase BW at weaning (= 205 days) and post-weaning

(= 550 days). At weaning, the lighter calves (= 50% of males and 30% of females) are
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culled and the rest are kept for post-weaning evaluation. At the end of the post-weaning
evaluation, only the young bulls with the highest pre-weaning growth rate are kept to
replace old bulls and only the heifers that conceive before 30 months of age are kept to
replace open cows.

Body weight has moderate heritability (Mercadante et al., 2000; Lopes et al.,
2013), and BW at different ages are genetically correlated (Lopes et al., 2013; Boligon et
al., 2010). Thus, improvement of BW120 and BW205 occurred as a consequence of
indirect and direct selection (Mercadante et al., 2003) (e.g., selection for improving BW
measured in further ages).

The direct genetic effects are larger than maternal genetic differences (Table 6 in
S1 File) (Mercadante et al., 2000; Cortés-Lacruz et al., 2017). Maternal genetic effect
depends of milk production, which has low to moderate heritability (Cortés-Lacruz et al.,
2017; Yin et al., 2017) and other maternal traits for example calf birth weight (Yin et al.,
2017), that affect BW of calves indirectly. Thus, the phenotypic selection to increase BW
will affect the averages of direct genetic effect but will not interfere on the averages of
maternal genetic effect (Table 2, Fig 3 in S1 File and Fig 4 in S1 File).

Our results showed that direct and maternal genetic effects of pre-weaning BW in
cattle are not correlated. These are in disagreement with previous studies, which reported
negative correlation (= -0.4) between direct and maternal effects (Lopes et al., 2013;
Bertazzo et al., 2004). However, statistical tests for correlations are not always reported
and negative estimates might be more associated with data structure (Maniatis and Pollott,
2003; David et al., 2015) than with the influence of genes that affect both direct and
maternal effects (Koch, 1972). The genetic correlation between the direct and maternal

effect did not differ from zero and the genetic trend for each trait was positive, indicating
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an independent increase of the genetic potentials for the studied traits throughout
generations (Table 2, Fig 3 in S1 File and Fig 4 in S1 File).

Calving interval heritability is low (Bernades et al., 2015; Martinez et al., 2016)
and unknown environmental factors and non-additive genetic effects are responsible for
most of the differences between animals. Calving interval is not directly addressed in the
selection program of the studied herd but cows that fail to calve in two consecutive
seasons are culled. The positive genetic trends showed that this criterion is not effective
to reduce calving intervals (Table 3 and Fig 5 in S1 File) since unfavorable correlations
between BW and CI can be observed. Thereby, the unfavorable increase in the average
of calving intervals over generations might be indirectly caused by the selection of other

traits, for instance, pre-weaning BW.

3.4.3. Trade-offs between direct effects of pre-weaning growth and reproductive

traits

The genetic correlations estimates of the present study (Table 4) and others from
the literature (Mercadante et al., 2000; Bernardes et al., 2015; Cruz et al., 2016) indicated
lack of association between direct effect of pre-weaning growth and calving intervals in
cattle. But the regression coefficients of direct effect of pre-weaning growth were
significant indicating the existence of genetic trade-offs between direct effects of pre-
weaning growth and reproductive traits (Fig 1 and Table 7 in S1 File). The breeding
values regressed in function of the breeding value for the other trait allows to observe the
genetic influence that each trait has over the other one. Regarding this regression it was
possible to infer that animals with higher breeding values for the direct effect of the pre-

weaning traits also have the highest breeding values for the direct effect of the
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reproductive traits. Thus, the effects possibly masked by the correlation analysis can be
seen by regression analysis, which also verifies the relationship between two variables.
Body weights in different ages are moderately to highly correlated (Lopes et al.,
2013; Lopes et al., 2016). In this manner, selection to increase pre-weaning growth in
early ages (pre- or post-weaning) will lead to an increase in BW at mature ages (Boligon
et al., 2010). As cows became heavier along generations, their nutritional requirements
also increase and energy supply from pasture may not be enough to meet their
requirements (Sartori and Guardiero, 2010). Therefore, a negative impact in reproduction

might occur (Garland, 2014).

3.4.4. Trade-offs between maternal effects of pre-weaning growth and reproductive

traits

Genetic correlations between maternal effects of pre-weaning growth and direct
effects of calving interval were not significant to indicate the presence of trade-offs (Table
4). Weak genetic associations (0.02 to 0.04) between weaning BW and first calving
interval were also reported in previous studies with cattle (Mercadante et al., 2000).
However, the regression coefficients of maternal effect were significant indicating the
presence of genetic trade-offs between maternal effects of pre-weaning growth and
reproductive traits (Fig 2 and Table 7 in S1 File).

Calves that are heavier at weaning, for instance, are more desirable in a livestock
framework because they can reach the slaughter weight earlier than lighter calves.
Notwithstanding, the cow needs to invest energy resources to wean a heavy calf.
Increasing milk production is an expensive investment in this process, with an increase
in energy requirement (NRC, 2016) and a negative impact in the reproduction

endocrinology (Stearns, 1992; Roff, 2002). In addition, our results showed that selection
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for increasing pre-weaning growth will lead to an undesirable increasing in the calving
intervals. In the artificial selection point of view, selection index or independent culling
levels are useful selection methods to improve pre-weaning growth and reproductive
traits in the desirable directions. In the natural selection point of view, those two groups
of traits will evolve toward a balance. This increase in pre-weaning growth reflects on
calving interval (Fig 2 and Table 7 in S1 File) and leads to small offspring number along

the reproductive life (Kolliker et al., 2015).

3.4.5. Residual and phenotypic correlations between pre-weaning growth and

calving intervals

The residual correlations between pre-weaning growth and calving intervals were
not significant (Table 4) and indicate that those environment factors that affect pre-
weaning growth cannot be considered the same that affect calving interval. Pre-weaning
growth and calving intervals are measured in different ages. While growth traits are
assessed at 120 and 205 days of age, calving interval is assessed in 3-year-old animals,
approximately, since this is the average age for the first calving in the evaluated herd.
However, the residual correlation between pre-weaning growth and reproductive traits
might be significant when both traits are measured in the same animal and at the same
time (Mercadante et al., 2000).

The phenotypic correlations between pre-weaning growth and calving intervals
were low but significant (Table 4). These values corroborate the estimate of 0.06
previously published by Mercadante et al. (2000). Phenotypic correlation is a
combination of genetic and residual variances and covariances (Falconer and Mackay,

1996). Despite the non-significant genetic and residual correlations, phenotypic
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correlations were associated with narrow highest posterior density intervals and were
significant. The results presented in Table 4 showed that genetic correlations were not

significant but they were the main causes of phenotypic correlations.

3.4.6. Impact of selection for direct or maternal effects of pre-weaning growth traits

on reproductive traits

We observed that regression coefficients of maternal effects were greater than
regression coefficients of direct effects of pre-weaning growth traits (Figs 1 and 2, and
Table 7 in S1 File). This result shows that the same increase in both maternal and direct
effects of pre-weaning growth (one kilogram) will lead to different impairment in direct
effect of calving intervals (~ 3 days vs ~ 1.6 days).

Maternal effect of pre-weaning growth is associated with milk yield (Cruz et al.,
2016) (and milk consumption), and milk vyield is associated with reproductive
endocrinology (Roff, 2002). The selection for milk yield increases blood concentrations
of somatotropin and prolactin, stimulators of lactation, and decreases insulin, hormone
that is antagonistic to lactation, these changes in hormone concentration promote higher
milk yield but may be potentially detrimental to other physiological functions, such as
reproduction (Nebel and McGilliard, 1993). So, reproductive endocrinology affects
calving interval through the interaction between reproductive and productive hormones.
On the other hand, direct effect of pre-weaning growth is associated with growth itself,
and its effect on reproduction is indirectly because it affects the nutritional requirements
of the animals.

Selection is efficient to increase the means of pre-weaning growth traits in cattle.

There are trade-offs between direct and maternal genetic effects of pre-weaning growth
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and direct genetic effects of reproductive traits in cattle. Therefore, the increase of female
investment to wean heavier offspring brings negative effects on its reproductive

performance.
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3.5.  Supporting Information
S1 Data. Database with information of relationship matrix, phenotype and fixed effect

groups of the studied animals.

S1 File. Supplementary material and methods, and tables A, B, and C

Fig 3. Variation of estimated breeding values (EBV) for direct effects for body weight at
120 (left) and 205 (right) days of age (BW120 and BW205) along generations. The EBV
of each animal is represented by gray dots, the means of EBV for each generation, by
green dots), genetic trends of EBV, by red line, and the confidence interval by blue line.
Slope (standard error) and significant level are showed for each analysis of pre-weaning

growth and calving intervals.

Fig 4. Variation of estimated breeding values (EBV) for maternal effects for body weight
at 120 (left) and 205 (right) days of age (BW120 and BW205) along generation. The EBV
of each animal is represented by gray dots, means of EBV for each generation, by green
dots, genetic trends of EBV, by the red line, and the confidence interval, by blue line.
Slope (standard error) and significant level are showed for each analysis of pre-weaning

growth and calving intervals.

Fig 5. Variation of estimated breeding values (EBV) for direct effects for first calving
interval (CI1), second calving interval (CI2), third calving interval (CI3) and fourth
calving interval (Cl4) along generation. The EBV of each animal is represented by gray

dots, means of EBV for each generation, by green dots, genetic trends of EBV, by red
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line and the confidence interval, by blue line. Slope (standard error) and significant level

are showed for each analysis of pre-weaning growth and calving intervals.
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3.5.1. S1 File. Supplementary materials and methods

The analyses were accomplished according to models previously described in the
methodology, through Bayesian methods by using Gibbs sampler in two-trait analyses.

In matrix notation, the general model used in the analyses was:
MR P N P BRI N
Y.l |6 X,lb,| | ¢ Z,|la,| | ¢ O] O ¢ 0| O e,

in which vy, represents the vector with h trait observations (h=1 for BW120 or
BW205) or (h =2 for CI1, CI2, CI3 or Cl4); X, is the incidence matrix of fixed effects
of trait h; b, represents the vector with the solution for fixed effects; Z, is incidence
matrices for direct additive genetic random effects of the h trait; W, is the incidence
matrix of the maternal genetic random effects for BW120 or BW205; V; is the incidence
matrix of permanent maternal environmental random effects for BW120 or BW205; a,,
m, and mp, are vectors with solutions of direct additive genetic random effects, maternal

and maternal permanent environment referents effects for BW120 or BW205; e, is the

vector of associated residuals at each observation; h, h =1 for BW120 or BW205 and
h =2 for CI1, ClI2, CI3 or Cl4.

The assumed assumptions for random effects were:

a 0]|Ac; Ao,. Ac,, O 0 0
a, 0 Ao, Ao, . 0 0 0
m, 0 Ac? 0 0 0
~ MVN , . ,
mpl 0 IV1GmP1 O O
e, 0 loe 1,0,
e, | 0| sym Izojz
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inwhich A represents the relationship matrix (25,343 animals); G:h is the direct additive

genetic variance for trait h ; anql is the maternal genetic variance for BW120 or BW205;

aripl is the variance of the permanent maternal environmental effect for BW120 or

BW205; o-:h is the residual variance for the h trait; o, is the covariance between the
h and h' effects; 1, is the identity matrix which order has the same number of dams
with evaluated calves for the 1 trait, and I, and 1, are identity matrices which orders

have the same number of observations of h traits.

The assumed a priori distributions for the parameters of interest were uniform

distribution for the fixed effects ([bl bz} j with normal distributions assumed for the

random effects ([a1 a, ml} |G, mp, | I\,larf]p1 and [el ez} |R ); inverse Wishart distributions,

v, ) and inverse chi-

which were assumed for covariance matrices (G, |S,,v, and R, |S,,V,
square distribution (X 2) was assumed for the variance oy, |Sh .V, , in which

G =G, ® A is the genetic covariance matrix; G, is the genetic covariance matrix between

the pre-weaning growth and reproductive traits (the pre-weaning growth traits had the
maternal and direct genetic effects and the reproductive traits had only the direct genetic

effect); S, and S, are hyperparameters of the the inverse Wishart distribution; and v,
and v, are degrees of freedom of inverse Wishart distribution of genetic covariances; v, ,
and S, are the hyperparameters of inverse chi-square distributions; R =R, ® I is the
residual covariance matrix; R, is the residual covariance matrix between the pre-weaning

growth and reproductive traits. Information about the a posteriori complete conditional

distributions can be found in Sorensen and Gianola (2010).
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The complete conditional distribution samples were obtained through Gibbs
sampler by using the GIBBS1F90 software (Misztal et al., 2015). We considered
1,100,000 chains with initial burn in of 100,000 samples and samples of covariance
component values at each 100 cycles. The chain size were defined by preliminary
analyses, according to the Raftery and Lewis (1992) method, available in the BOA
Package (Smith, 2005) of the R software (The R Foundation for Statistical Computing,
2015). The chains convergence was evaluated according to the criterion proposed by
Geweke (1992), also available in the same software, and by visual inspection of the
sample values at each interaction.

The a posteriori distribution samples of each two-trait analysis were grouped in
such a way that there were genetic parameters of 40,000 samples of pre-weaning growth

traits and 20,000 samples of the reproductive traits. The calculated genetic parameters

were heritability from direct (h?) and maternal (h’ ) effects and the ratio of permanent

maternal environmental variance and the phenotypic variance (c?), as follow:

2 2 2
hZ_Ga.hZ_Gm.CZ_UmD.
d — 21 ''m 21 - 2
3 P Op

in which o =0} + 05 + 04, + 0., +0, represents the phenotypic variance for pre-
weaning growth traits; and o2 =o>+c’ represents the phenotypic variance for

reproductive traits

The average of the analyzed genetic parameters were obtained as well as the
highest posterior density interval with 90% of the a posteriori samples (HPD90) aiming
to verify the uncertainty on the prediction. The high density intervals are created for each
parameter of the model from the cumulative function distribution of the samples as the

shortest interval to which the difference in the estimated values for cumulative



51

distribution of samples at the end of each interaction is a nominal probability, assuming
a unimodal distribution (Plummer et al., 2016). The correlation in which HPD90 values

include zero value did not differ from zero.
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3.5.2. Supplementary tables

Table 5. Number of records of pre-weaning growth! and calving intervals?
(diagonal) and number of animals with pre-weaning growth and reproductive traits

(above diagonal)

BW120  BW205 ClI1 CI2 CI3 Cl4
BW120 16,062 14936 2,027 1,533 1,150 878
BW205 16,812 2,157 1,637 1,238 955
cl1 2,536 1,895 1,420 1,099
CI2 1,915 1,435 1,113
CI3 1,436 1,113
Cl4 1,114

!BW120 = body weight adjusted to 120 days of age; BW205 = body weight adjusted to
205 days of age; 2Cl1 = first calving interval; CI2 = second calving interval; CI3 = third

calving interval; Cl4 = fourth calving interval.
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Table 6. Posterior means (lower and upper limits of the highest posterior density
interval with 90% of samples) of the (co)variance components® of pre-weaning

growth? and calving intervals?

BW120

BW205 ci1 CI2 CI3 Cla
51.42 91.84 2,517 1,845 1,859 1,834
2
Oq
(39.39; 62.75)  (71.86;111.90)  (842; 4,186) (745; 2,908) (583; 3,158) (165; 3,617)
2334 33.59
oh
(16.12;30.27)  (22.74; 44.25)
-6.33 0.82
aam
(-3.10;059)  (-9.78;12.01)
30.78 56.78
o
(25.47;35.73)  (47.55; 66.01)
128.01 22350 26,432 17,706 16,606 15,901
o2 (121.10; (211.80; (24,680; (16,350; (14,990; (13,670;
134.70) 235.20) 28,410) 19,030) 18,140) 18,020)
227.22 406.54 28,949 19,552 18,465 17,736
o (221.20; (395.61; (27,508; (18,384; (17,206; (16,389;
233.18) 417.48) 30,367) 20,637) 19,659) 19,136)
62 = additive genetic variance; o2, = maternal genetic variance; o,,, = additive and

maternal genetic (co)variance; oy, = maternal permanent genetic variance; of =
environmental variance; o2 = phenotype variance; 2BW120 = body weight adjusted to
120 days of age; BW205 = body weight adjusted to 205 days of age; 3CI1 = first calving

interval; C12 = second calving interval; CI3 = third calving interval; Cl4 = fourth calving

interval.
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Table 7. Estimates of regression coefficient for genetic trend and lower and upper
limits of confidence interval with 90%? (C190) probability of direct and maternal

effects of pre-weaning growth traits?

Traits? BW120 BW205
Slope (sd) CI90 Slope (sd) CI90
Direct effect (kg/day)
Cl1 2.23(0.11) 2.06; 2.41 1.58 (0.07) 1.46; 1.69
Cl2 1.80 (0.10) 1.64; 1.97 1.56 (0.08) 1.43; 1.69
Cl3 1.50 (0.12) 1.31;1.70 1.66 (0.09) 1.51;1.81
Cl4 1.00 (0.10)  0.84;1.15 1.74(0.11)  1.56; 1.92
Maternal effect (kg/day)
Cl1 3.84 (0.14) 3.61; 4.06 3.01(0.11) 2.83;3.18
Cl2 2.15(0.14) 1.92; 2.38 2.87 (0.12) 2.68; 3.07
CI3 3.26 (0.14) 3.02; 3.49 2.92 (0.13) 2.70; 3.14
Cl4 2.60 (0.09) 2.44; 2.75 3.02 (0.15) 2.77;3.27

The confidence intervals constructed were according to the equation

s,

glerro n n 2
(5
i=1 i=1

is the variance of the error; Xi is the effect of the independent variable of the model; and

slope +t inwhich: ¢ represents the value of the F test; s>

N is the number of observations. BW120 = body weight adjusted to 120 days of age;
BW205 = body weight adjusted to 205 days of age; CI1 = first calving interval; CI2 =
second calving interval; CI3 = third calving interval; Cl4 = fourth calving interval; within
parenthesis is the standard error. Each linear regression coefficient of the calculated
estimated breeding value was according to each combination analysis two-trait; all linear

regression coefficient were significant (P <0.0001).
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Fig 3. Variation of estimated breeding values (EBV) for direct effects for body
weight at 120 (left) and 205 (right) days of age (BW120 and BW?205) along
generations. The EBV of each animal is represented by gray dots, the means of EBV
for each generation, by green dots), genetic trends of EBV, by red line, and the
confidence interval by blue line. Slope (standard error) and significant level are

showed for each analysis of pre-weaning growth and calving intervals.
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Fig 4. Variation of estimated breeding values (EBV) for maternal effects for body

weight at 120 (left) and 205 (right) days of age (BW120 and BW205) along

generation. The EBV of each animal is represented by gray dots, means of EBV for

each generation, by green dots, genetic trends of EBV, by the red line, and the

confidence interval, by blue line. Slope (standard error) and significant level are

showed for each analysis of pre-weaning growth and calving intervals.
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Fig 5. Variation of estimated breeding values (EBV) for direct effects for first calving

interval (CI1), second calving interval (Cl12), third calving interval (C13) and fourth

calving interval (Cl4) along generation. The EBV of each animal is represented by

gray dots, means of EBV for each generation, by green dots, genetic trends of EBV,

by red line and the confidence interval, by blue line. Slope (standard error) and

significant level are showed for each analysis of pre-weaning growth and calving

intervals.
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4. CONSIDERACOES FINAIS

A avaliacdo genética do efeito materno é realizada em muitos programas de
melhoramento genético no Brasil, no intuito de aumentar a eficiéncia dos sistemas de
producdo melhorando a capacidade materna das maes em deixar descendentes de melhor
desempenho e qualidade. Poucos sdo os trabalhos que verificam a correlacdo genética
entre o efeito materno das caracteristicas de crescimento e caracteristicas reprodutivas de
fémeas bovinas. Trabalhos com outras espécies de animais demonstram que fémeas que
proporcionam progénies mais pesada produzem menos descendentes, este fato foi
comprovado neste estudo por meio das regressdes dos valores genéticos do efeito direto
para o intervalo de partos em funcdo dos valores genéticos para o efeito materno das
caracteristicas de crescimento pré-desmama. Esses resultados apontam que a selecéo de
bovinos de corte deve ser repensada e a busca por animais com maiores habilidades
materna ocasiona em animais com maiores intervalos de partos.

Neste estudo, identificamos trade-offs em nivel genético entre os efeitos diretos
e maternos das caracteristicas de crescimento e os efeitos diretos das caracteristicas
reprodutivas. As relacdes entre esses efeitos foram comprovadas pelas regressdes dos
valores genéticos para os efeitos diretos das caracteristicas reprodutivas em funcdo dos
valores genéticos para os efeitos direto e materno das caracteristicas de crescimento.
Essas regressdes confirmaram principalmente que animais que possuem maiores efeitos
genéticos maternos sao 0s que possuem maiores intervalos entre partos.

E importante destacar que os trade-offs entre o efeito genético materno das
caracteristicas de crescimento pré-desmama e o efeito direto das caracteristicas
reprodutivas ocorrem porque existem diversas funcdes que o organismo desempenha,
como por exemplo, mantenca, producéo e reproducédo. Dessa forma, quando é dada énfase

na selecdo de producédo de leite por mais que haja disponibilidade de alimentos para o
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animal a quantidade de energia ingerida pelo animal pode ser insuficiente para sua
mantenca e producdo, logo faltard energia para desempenhar alguma funcdo do

organismo.
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