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RESUMO GERAL

A busca por identificacdo de animais precoces vem avancando ao longo dos anos, devido ao
intenso crescimento populacional e aumento da demanda por proteina de origem animal. A
exigéncia do mercado de animais melhoradores é imprescindivel para 0os avangos pecuarios,
porém algumas caracteristicas ndo sdo simples de selecionar. A resposta a selecdo de
caracteristicas reprodutivas € mais lenta, pois geralmente elas possuem baixa herdabilidade,
sendo muito influenciadas por fatores ambientais. Com o intuito de acelerar o melhoramento
genético e a selecdo dessas caracteristicas reprodutivas, a busca por caracteristicas indicadoras
de fertilidade de forma precoce e de facil mensuracdo ¢ interessante, facilitando assim o
processo de selecdo a campo. O objetivo deste trabalho foi buscar caracteristicas indicadoras
de fertilidade em fémeas zebuinas, estimar as herdabilidades e avaliar as correlagbes genéticas
entre as mesmas. Foram coletados dados de 934 fémeas, nascidas entre 1993 a 2020, nos quais
foram avaliadas diversas caracteristicas como tamanho vulvar, contagem de foliculos antrais
(CFA), concentracdo do horménio Anti-Mulleriano (AMH), medidas biométricas e indices
reprodutivos do Programa de melhoramento genético de zebuinos (PMGZ) da raca Tabapua.
Os parametros genéticos das caracteristicas foram estimados via inferéncia bayesiana
utilizando executaveis da familia BLUPF90. As anélises foram realizadas utilizando modelo
misto linear que incluiu os efeitos de grupo de contemporaneo formado por ano de nascimento,
fazenda e paridade, além dos efeitos de classe de idade e classe de peso. O efeito aleatorio do
préprio animal também foi considerado. Os valores de herdabilidade obtidos para habilidade
mais provavel de producdo (0,88), altura do anterior (0,42), perimetro toracico (0,37),
comprimento da rima (0,32), idade ao primeiro parto (0,28), contagem folicular antral (0,24)
e largura da vulva (0,20) demonstram que sdo caracteristicas responsivas a selecdo direta. De
acordo com as estimativas de correlacdes genéticas, conclui-se que ndo hé correlacdo genética
entre as caracteristicas estudadas.

Palavras-chaves: comprimento da rima; correlagdo genética; herdabilidade; largura vulvar.



GENERAL ABSTRACT

Over the years, the search for identification of precocious animals has been advancing due to
the intense population growth and increased demand for animal protein. The demand from the
market for breeding animals is essential for livestock advances, but some traits are not easy to
select. The response to the selection of reproductive traits is slower, as they generally have
low heritability, being greatly influenced by environmental factors. With the aim of
accelerating the genetic improvement and selection of these reproductive traits, the search for
early and easily measured fertility indicator traits is interesting, facilitating the field selection
process. The aim of this work was to look for traits that indicate fertility in Zebu females,
estimate the heritability and evaluate the genetic correlation between them. We collected data
from 934 females, born between 1993 and 2020, evaluating traits such as vulvar size, antral
follicle counts (AFC), concentration of Anti-Mullerian hormone (AMH), biometric
measurements and reproductive indices of the breeding program of Zebu cattle (PMGZ) of the
Tabapua breed. The genetic parameters of the traits were calculated by Bayesian analysis using
executables from the BLUPF90 family. The analyzes were carried out using a linear mixed
model that included the effects of contemporary group formed by year of birth, farm and
parity, in addition to the effects of age and weight class. The random effect of the animal itself
was also considered. The heritability values obtained for most probable producing ability
(MPPA) (0.88), anterior height (AH) (0.42), thoracic depth (TD) (0.37), rima length (RIMA)
(0.32), age at first calving (AAFC) (0.28), antral follicle count AFC (0.24) and vulva width
(VW) (0.20) demonstrate that they are traits responsive to direct selection. According to the
estimates of genetic correlations, it can be concluded that there is no genetic correlation
between the traits studied.

Keywords: genetic correlation; heritability; rima length; vulvar width.
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Resumo gréfico. Os animais foram avaliados quanto ao tamanho da genitalia externa, contagem
folicular antral (CFA), medidas biométricas, concentracdo de horménio Anti-Mulleriano (AMH) e
indices reprodutivos fornecidos pelo Programa de melhoramento genético de zebuinos (PMGZ). Foram
estimadas as herdabilidades e as correlagdes genéticas entre essas caracteristicas. A maioria delas

respondem a selegdo direta.
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PRIMEIRA PARTE — REFERENCIAL TEORICO

1 INTRODUCAO

O Brasil possui um dos maiores rebanhos bovinos do mundo com mais de 224 milhdes
de cabecas (IBGE, 2021), sendo atualmente um dos principais paises produtores e
exportadores de carne bovina no mundo (ABIEC, 2022; USDA, 2020), e apontado a
continuar sendo uma das principais poténcias da pecuaria de corte mundial nos préximos
anos (EMBRAPA GADO DE CORTE, 2020; RODRIGUES & MARTA-COSTA, 2021).

Devido ao crescimento populacional, a demanda por proteina de origem animal vem
aumentando e, consequentemente, os produtores precisam se tornar mais eficientes na
producdo de carne e leite, tendo a necessidade de selecionar individuos geneticamente
superiores. Entretanto, a intensa selecdo para caracteristicas relacionadas a produgao pode ter
afetado negativamente a eficiéncia reprodutiva das fémeas bovinas (MACULAN et al.,
2018).

A identificacdo de fémeas superiores quanto as caracteristicas reprodutivas pode ser
realizada pelas avaliagdes genéticas das matrizes, planejamentos de acasalamentos
direcionados e uso de biotecnologias reprodutivas, em sistema com elevada pressao de
selecdo. A selecéo direta para fertilidade pode se tornar complexa, isso devido a fatores como
0s ambientais, aos longos periodos de avaliagdes de desempenho das fémeas, como também
a baixa herdabilidade dessas caracteristicas (ZINK et al., 2011). Portanto, a identificacdo de
caracteristicas mais facilmente mensuraveis, e que estdo correlacionadas com status de maior
fertilidade nesses animais se faz necessaria, podendo as matrizes serem avaliadas de maneira
mais precoce no sistema de producdo (SILVA et al., 2005).

Alguns trabalhos apontam que o tamanho de estruturas reprodutivas pode ser utilizado
como indicadores de fertilidade, através das correlagdes fenotipicas estimadas (MESQUITA
et al., 2016; MACULAN et al., 2018), além disso, j4 comprovaram que o tamanho dos
ovarios, ¢ um bom preditor da reserva folicular e da funcionalidade ovariana (GRIGOLETTO
etal., 2020; IRELAND et al., 2008; MACULAN el al., 2018; MODINA et al., 2014).

A estimativa do tamanho da reserva folicular é realizada de maneira indireta, tendo
como base a contagem dos foliculos antrais (CFA) nos ovarios, entretanto tal técnica

apresenta um custo oneroso, devido a necessidade de mdo de obra qualificada e uso da
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ultrassonografia. Com isso, encontrar caracteristicas que consigam predizer essa CFA de uma
forma mais simples, pratica, barata e precoce ¢é essencial para que o processo do
melhoramento genético seja mais eficiente.

Outro parametro utilizado como indicador de fertilidade é o horménio Anti-Mulleriano
(AMH), estando este fortemente associado a CFA (ALWARD e BOHLEN 2019; IRLAND
etal., 2010; GRIGOLETTO et al., 2020; MACULAN et al., 2018). O AMH funciona como
um modulador do desenvolvimento folicular, evitando a atresia folicular precoce e a deplegéo
da reserva folicular pré-antral (MONNIAUX et al., 2012). Uma grande vantagem do uso do
AMH como marcador de fertilidade, € a pequena variabilidade ao longo dos vérios estagios
dos ciclos reprodutivos e estral, porém essa técnica apresenta um elevado custo de
mensuracdo (MACULAN et al., 2018).

Estudos recentes demonstraram que a concentracdo do AMH e o tamanho de estruturas
reprodutivas (principalmente da vulva), podem ser correlacionadas fenotipicamente com
reserva ovariana de fémeas bovinas (MESQUITA et al., 2016; MACULAN et al., 2018;
VASCONCELOS et al., 2020). Porém, até o presente momento, ainda nao foi amplamente
estudado se essas caracteristicas possuem uma correlacdo genética, e se sdo responsivas a
selecdo.

O entendimento das relacBes entre marcadores de fertilidade e as caracteristicas
fenotipicas externas, podem levar ao desenvolvimento de técnicas de facil aplicagdo e baixo
custo, passiveis a serem aplicadas no processo de selecdo para maximizar eficiéncia
reprodutiva (MACULAN et al., 2018). Além disso, encontrando correlagdes favoraveis, 0s
produtores poderdo otimizar o sistema de producdo, selecionando as fémeas mais
precocemente, aumentando o ganho genético e reduzindo o intervalo de geracGes, permitindo
assim uma maior rapidez do retorno do capital investido.

Dessa forma, o objetivo deste trabalho foi estimar as herdabilidades e as correlacdes
genéticas entre tamanho vulvar, contagem de foliculo antral, concentracdo de AMH e dados

reprodutivos do PMGZ buscando caracteristicas indicadoras de fertilidade.
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2 REFERENCIAL TEORICO

2.1 Caracteristicas da raca Tabapua

O Tabapua ¢ uma raca brasileira, oriunda dos cruzamentos entre a raca Mocho
Nacional de ancestralidade ibérica com as ragas zebuinas Nelore, Guzerd e Gir, que sdo de
origem indiana. A raga se originou no municipio de Tabapud, no estado de S&o Paulo (SP) na
década de 1940, mas somente em 1981, o Tabapud foi reconhecido como uma raga pela
Associacdo Brasileira de Criadores de Zebu (ABCZ) e, essa passou a se tornar encarregada
de realizar os registros genealdgicos (ABCT, 2003).

Algumas das principais qualidades da raca Tabapud sdo o bom ganho de peso,
docilidade, carater mocho e fémeas com boa habilidade materna, garantindo assim um bom

desenvolvimento dos bezerros.

2.2 Medicdes vulvares

A metodologia de avaliagdo morfométricas da genitalia externa de fémeas bovinas foi
descrita por Mesquita et al. (2016), sendo o comprimento da rima o comprimento entre as
comissuras dorsais e ventrais da fenda vertical da vulva do animal, ja a largura da vulva pode
ser determinada pela distancia entre as bordas laterais da vulva, a partir do ponto médio da
rima em um angulo de 90 graus.

Segundo Maculan et al. (2018), alguns aspectos como o escore de condicdo corporal,
estado fisioldgico, fase do ciclo reprodutivo e genética das fémeas, podem interferir nos
resultados das medicdes vulvares, conforme observado nas fémeas da raca Tabapud, onde a
largura da vulva foi estatisticamente maior nas fémeas de alta CFA (8,81+0,12), em relagdo
as de média (8,42+0,11) e baixa CFA (8,38+0,13).

Maculan et al. (2018) analisando dados de fémeas Tabapud observaram que o
comprimento de rima foi significativamente menor em nuliparas em comparacdo com vacas
primiparas e multiparas, ndo havendo também efeito da paridade sobre a largura da vulva. J&
em trabalho no qual Maculan (2018) analisou fémeas Brahman, Angus e Simental, a largura
vulvar em fémeas nuliparas e primiparas foi inferior as multiparas, sendo observada a

necessidade de mais estudos a respeito.
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Alguns estudos de associacOes fenotipicas demonstraram correlagdes positivas entre
medic¢des vulvares e CFA, como no estudo realizado por Pinto (2018), que observou uma
correlacdo significativa entre tais caracteristicas nas racas Holandesa (r = 0,26) e Girolando
(r=0,53), trazendo como hipotese que os animais com vulva maior seriam mais férteis. Essa
observacdo vai de encontro ao relatado por Maculan (2018) em analise de fémeas zebuinas e
taurinas, onde foi observado maiores numeros de ovocitos vidveis nas fémeas da classe de
largura vulvar grande (18,86 +1,76; n=38), quando comparada a classe pequena (10,15 +1,49;
n=53).

2.3 Contagem folicular antral

Os foliculos antrais, sdo foliculos em estagio de desenvolvimento caracterizado pela
existéncia da cavidade antral, sendo possivel sua visualiza¢do via avaliacdo ultrassonogréfica
(COUTINHO et al., 2007). A quantificacdo desses foliculos é denominada como contagem
folicular antral (CFA). Em avaliagOes seriadas no mesmo animal, a CFA apresenta grande
consisténcia, porém, existe grande variabilidade no nimero de foliculos entre animais
(BURNS et al., 2005; CUSHMAN et al., 2009; IRELAND et al., 2007). Dessa forma, seria
possivel a classificacdo das fémeas segundo a CFA em qualquer fase do ciclo estral
(MACULAN, 2015). Diante disso, a CFA ja vem sendo utilizada como um critério de selecéo
para a identificacdo de animais superiores geneticamente para as caracteristicas reprodutivas,
sendo 0 método mais adotado para estimacdo da reserva folicular ovariana (BANCSI et al.,
2002).

Segundo Morotti et al. (2015), a grande variabilidade da CFA, é atribuida a diferengas
entre os rebanhos, categorias, manejo, sanidade, alimentagéo e a falta de padronizacéo nos
critérios de selecdo dos grupos, tornando-se complexo o conhecimento e a padronizacdo da
CFA sobre a fertilidade das fémeas.

De acordo com alguns estudos (MACULAN, 2018; MACULAN et al., 2018; PINTO,
2018), a CFA apresenta correlacbes fenotipicas positivas com medidas morfométricas de
genitalia externa como a largura vulvar (0,16; 0,08; 0,26). Além disso, a CFA também esta
relacionada a uma maior recuperacdo de ovdcitos e producdo embrionaria (IRELAND et al.,
2007), sendo que tal correlacdo apresenta caracteristicas vantajosas em relacao a producéo de
embrides (MOROTTI et al., 2015)

Segundo Grigoletto et al. (2020), os niveis plasmaticos de AMH e a populacdo de
foliculos antrais sdo caracteristicas hereditarias em bovinos Nelore, podendo ser melhoradas
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por meio de avaliacdo gendmica e selecdo genética, pois AMH e CFA sdo caracteristicas
altamente correlacionadas entre si geneticamente (rG= 0,81).

Mais estudos ainda sdo necessarios para demonstrar como a CFA pode ser utilizada
como uma caracteristica indicadora de fertilidade, principalmente trabalhos voltados para a

analise de parametros genéticos e 0 mérito genético desta caracteristica.

2.4 Hormonio Anti-Mulleriano (AMH)

O AMH é uma glicoproteina dimera que desempenha importante funcdo no sistema
reprodutivo. Nas fémeas, ele é produzido especificamente pelas células da granulosa dos
foliculos em desenvolvimento, controlando a velocidade do crescimento folicular por inibir
a enzima aromatase (MORAIS et al., 2017; RICO et al., 2011). Este horm6nio tem sido
pesquisado em varias aplicacGes biotecnoldgicas, sendo que uma das mais relevantes ja
observadas é a relacdo positiva entre a sua concentracdo circulante e a CFA, sendo apontado
como um indicador confidvel desta caracteristica (ALWARD et al., 2019; BATISTA et al.,
2014; IRELAND et al., 2008; IRLAND et al., 2010 MACULAN, 2015; MONNIAUX et al.,
2013; MORAIS et al., 2017; RICO et al., 2009).

Em fémeas, 0 AMH atua como modulador do desenvolvimento folicular, prevenindo
a atresia folicular precoce e a reducdo da reserva folicular pré-antral (MONNIAUX et al.,
2012). Considerando o fato de que em mamiferos, as fémeas ja nascem com uma reserva de
gametas pré-determinada (WALLACE e KELSEY, 2010), a avaliacdo da reserva folicular
ovariana mede o potencial reprodutivo do individuo, isso em funcdo da quantidade dos
oocitos ainda vidveis em diferentes momentos da vida (MORAIS et al., 2017). Uma grande
vantagem do uso do AMH como marcador de fertilidade, € a pequena variabilidade ao longo
dos varios estagios dos ciclos reprodutivos (ALWARD et al., 2019). Logo, € possivel a
deteccdo de animais com alto potencial reprodutivo através da dosagem do AMH de forma
precoce.

Em trabalho realizado Grigoletto et al. (2020), os autores encontraram correlacédo
genética positiva e de alta magnitude (0,81 £0,02), entre a contagem folicular antral apds
sincronizagdo e niveis de AMH plasméticos em animais da raca Nelore.

Acredita-se que o AMH pode ser tornar uma ferramenta Gtil para estimar a eficiéncia
reprodutiva das matrizes, e pode ser usada como ferramenta estratégica para tomar decisdes
de descarte precoce (ALWARD et al., 2019). Essa avaliacdo é ideal para aplicacdo em

programas de selecdo, voltados para multiplicacdo de animais com maiores dosagens de
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AMH e, consequentemente, com melhores aspectos reprodutivos. Entretanto, ainda sé&o

necessarias mais pesquisas para sua consolidacdo como técnica comercial.

2.5 Eficiéncia reprodutiva de zebuinos

A eficiéncia reprodutiva de bovinos de corte é afetada por fatores genéticos,
nutricionais e ambientais, além disso € uma caracteristica de extrema importancia na
producédo animal, pois esta diretamente ligada a taxa de producdo de bezerros e reposicéo de
matrizes em um determinado espaco de tempo em uma propriedade, e consequentemente
afetando diretamente sua rentabilidade financeira.

Tanaka (2010) define um animal de boa eficiéncia reprodutiva, aquele que ainda
jovem, 24 meses entra na vida reprodutiva, sendo capaz de se reproduzir em todas as estacoes
de monta, e tendo seus filhos com desempenho superior para caracteristicas produtivas. A
longevidade de uma matriz no rebanho é caracterizada pelo seu tempo de permanéncia na
atividade reprodutiva, sendo tal caracteristica influenciando diretamente o nimero de
bezerros produzidos (MERCADANTE et al., 1996).

Segundo Pereira et al. (2005), a idade média ao primeiro parto de novilhas da raga
Tabapua ¢ de aproximadamente 37 meses, entretanto ja em 18 a 20 meses, 60% das novilhas
sdo consideradas aptas para a reproducdo (ABCT), tendo uma idade média ao primeiro parto
aos 36,8 meses para animais Tabapua, e 35,8 meses para animais da raca Nelore Mocho
(FICHTNER et al., 1988). Ja Sereno et al. (2001) observaram a idade ao primeiro parto de
aproximadamente aos 40 meses em novilhas Nelore.

Outros indices também sdo adotados pelos programas de melhoramento genético,
como a eficiéncia reprodutiva (ER), que € responsavel por medir a regularidade de partos da
vaca. A precocidade, rusticidade e sobrevivéncia (PRS), que é um indice que combina a
precocidade sexual com a capacidade da matriz em levar a gestagédo a termo e desmamar uma
cria viavel. A habilidade materna mais provavel (HMMP) é o indicador do potencial maternal
da vaca em desmamar suas crias em relagdo a suas contemporaneas e a idade ao primeiro
parto (IPP) (PMGZ).

Hoje, ainda, a pecuéria Brasileira € vista como heterogénea em termos de tecnologia
aplicada a producédo de bovinos (CARVALHO e DE ZEN, 2017), sendo essa composta em
sua grande maioria por animais de aspectos zebuino, com amplo nivel de mérito genético e
eficiéncia reprodutiva, sofrendo também grande influéncia de outros fatores como nutricédo e
sanidade (PEREIRA, 2008).
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Portanto, o aperfeigoamento do manejo reprodutivo e outros aspectos como a nutri¢éo
animal, influenciam diretamente a eficiéncia reprodutiva do rebanho (LOBATO;
MAGALHAES, 2001; VIEIRA et al., 2010). Todavia, a adogdo de critérios de selegio para
caracteristicas reprodutivas ndo deve ser desprezada, visto que animais sexualmente precoces
tém maior capacidade produtiva (MERCADANTE et al., 1996), podendo esses, serem

utilizados nos programas de melhoramento genético.

2.6 Parametros genéticos para caracteristicas reprodutivas

Os parametros genéticos compdem as ferramentas utilizadas para a obtencdo de
predicdes das respostas diretas e correlacionadas a selecdo, contribuindo na elaboragéo de
indices para selecionar animais (MERCADANTE et al., 1995). Os parametros mais utilizados
sdo a herdabilidade e as correlagdes genéticas. Para obtencdo de animais superiores, essa
ferramenta se torna muito importante no processo, pois se torna possivel direcionar 0s
acasalamentos da melhor forma, obtendo um progresso genético nas caracteristicas desejadas
(LIRA et al., 2008).

O termo herdabilidade (h?) foi introduzido por Lush (1945), sendo determinada pela
razdo da variancia genética aditiva sobre a variancia fenotipica. A herdabilidade pode
aumentar se a maior parte da variacéo fenotipica for de carater genético, ou diminuir se for
de carater ambiental (LIRA et al., 2008).

Segundo Falconer e Mackay (1996), a herdabilidade é o parametro genético de maior
relevancia, aplicado na determinacdo do planejamento a ser usado no melhoramento, em
razdo de medir a capacidade de transmissdo desse carater a sua prole. Assim, uma h? alta
implica em uma grande variagdo genética aditiva e uma maior eficiéncia de ganho genético
pela selecdo. Quando a herdabilidade ¢ alta, o valor fenotipico ¢ um bom indicativo do valor
genético do animal, ja para caracteristicas de baixa herdabilidade, o valor fenotipico néo ¢é
um bom indicativo do valor genético, pois grande parte da variagdo da caracteristica ¢ devido
a fatores ambientais.

A herdabilidade pode variar em uma escala de 0 a 1 ou de 0 a 100%. De modo geral,
valores de herdabilidade de 0 a 20% s&o considerados baixos, de 20 a 40%, moderados, e
acima de 40% altos (CARDELLINO e OSORIO, 1999), porém a estimativa de herdabilidade
¢ valida somente para a populacdo analisada no calculo. A extrapolacdo para outras
populacdes depende de como se assemelham as estruturas genéticas originais, precisdo da

medida, condigdes de meio, dentre outros fatores. Portanto, para se trabalhar com diferentes
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rebanhos, deve-se calcular a herdabilidade para cada um deles.

A correlacdo ¢ o parametro que indica o quanto duas caracteristicas estdo associadas
geneticamente, capaz de predizer como uma caracteristica devera se comportar, tendo como
parametros informacgdes obtidas de outra caracteristica (LIRA et al., 2008). Essa ocorréncia
é possivel devido ao fato de que duas caracteristicas distintas podem ser controladas por um
unico gene, denominado pleiotropia. Outro fator que justifica a correlacdo genética séo as
ligacGes génicas que sdo genes ligados entre si, ocorrendo assim uma interacdo que ird
determinar uma unica caracteristica (LIRA et al., 2008; MARTINS FILHO e LOBO, 1991).

Segundo Falconer e Mackay (1996), as correlagdes entre duas ou mais caracteristicas
estimam o nivel de unido entre elas, podendo variar de -1 a 1. De acordo Krapp (2018), os
programas de melhoramento genético animal utilizam o conhecimento da correlacdo genética
entre caracteristicas geneticas de interesse econémico no processo de melhoramento animal,
assim permitindo acelerar a selecdo de mais de uma caracteristica, influenciando na
determinacéo dos critérios e objetivos de selecdo.

A selecdo direta para caracteristicas de fertilidade é tipicamente ineficiente, isso devido
ao longo periodo para avaliacdo do desempenho das fémeas e a inconsisténcia na
herdabilidade dessas caracteristicas (SILVA et al., 2005), devido a alta variacdo ambiental
para tais caracteristicas (ZINK et al., 2011).

Todavia, a eficiéncia reprodutiva ¢ um dos fatores determinantes da eficiéncia total de
producdo, pois ao selecionar caracteristicas de precocidade sexual e fertilidade, permitem a
tomada de estratégicas como manutencdo ou descarte dos animais, com maior pressdo de
selecdo, e consequentemente propiciando maior progresso genético e lucratividade
(LOURENGO, 2011; MELLO et al., 2016; SILVEIRA et al., 2004; VIEIRA et al., 2010).
Sendo assim, a busca por caracteristicas indicadoras de fertilidade pode ser de grande valia,
pela identificacdo de fendtipos que possam ser utilizados na selecdo de animais
reprodutivamente superiores (MACULAN, 2015).
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ABSTRACT

The search for identifying precocious animals has been advancing over the years, making it
necessary to produce better animals, but some traits are not easy to select. The response to the
selection of reproductive traits is slower, as they generally have low heritability, being greatly
influenced by environmental factors. With the aim of accelerating the genetic improvement and
selection of these reproductive traits, the search for fertility indicator traits early and easily
measured is interesting, as it would facilitate the selection process in the field. The aim of this
work was to look for traits that indicate fertility in Zebu females, estimate the heritability and
evaluate the genetic correlation between them. Data was collected from 934 females, born
between 1993 and 2020, evaluating traits such as vulvar size, antral follicle counts (AFC),
concentration of Anti-Mullerian hormone (AMH) of the Tabapua breed. The genetic parameters
of the traits were calculated by Bayesian analysis using executables from the BLUPF90 family,
and for traits related to vulvar size and AMH concentration, the executable GIBBSF90 was
used, and for AFC, the executable THRGIBBSF90 was used. The analyzes were carried out
using a linear mixed model that included the fixed effects of contemporary group formed by
year of birth, farm and parity, in addition to the fixed effects of age and weight class and the
random effect, the animal itself. In this study, moderate heritability was found for the traits:
RIMA (0.33); AFC (0.24) and LVULVA (0.20) showing that they respond to direct selection.

There is no genetic correlation between the traits studied.

Keywords: rima length; antral follicle count; genetic correlation; heritability; vulvar width.
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1 INTRODUCTION

The demand for animal protein is increasing and, consequently, producers need to
become more efficient in livestock, being necessary to select genetically superior individuals.
For the identification of superior animals, it is necessary to include the use of genetic
evaluations of the cows, planning of directed matings, use of reproductive biotechnologies,
being able to execute a greater selection pressure. Direct selection for fertility can become
complex, due to the long period of evaluation of female performance and the low heritability
of these traits. (ZINK et al., 2011).

The identification of more easily measurable traits for fertility is necessary, so that the
cows can be evaluated earlier (SILVA et al., 2005). Some studies indicate that the size of the
external genitalia can be used as an indicator of fertility (MESQUITA et al., 2016;
MACULAN etal., 2018; VASCONCELOQOS etal., 2020). Moreover, they have already proven
that AGC is a good predictor of follicular reserve and ovarian functionality (GRIGOLETTO
etal., 2020; IRELAND et al., 2008; MACULAN el al., 2018; MODINA et al., 2014).

The estimation of the size of the follicular reserve is performed indirectly, based on the
antral follicle count (AFC) in the ovaries. However, this technique requires skilled labor and
the use of ultrasound. Therefore, finding traits that can predict AFC in a more practical,
cheaper and, above all, early way is essential for the process of genetic improvement to be
more efficient.

Another parameter used as a fertility indicator is AMH, which is strongly associated
with AFC (ALWARD e BOHLEN 2019; IRLANDA et al., 2011; GRIGOLETTO et al.,
2020; MACULAN et al., 2018). Its advantage is the small variability over the various stages
of the reproductive and estrous cycles of cattle, but with a high measurement cost
(BALDRIGHI et al., 2014; BARRUSELLI et al 2015; MACULAN et al., 2018, ALWARD
et. al., 2019).

Recent studies (Maculan et al. 2018; Mesquita et al. 2016; Vasconcelos et al. 2020)
have shown that AMH concentration and the size of reproductive structures (mainly the
vulva) can be phenotypically correlated with AFC. However, Ribeiro et al. (2020) addressed
that it has not been widely studied so far whether these traits have a genetic correlation and
whether they are responsive to selection.

Understanding the correlations between fertility markers and external phenotypic traits
can contribute to indirect selection. In this case, easy-to-measure and low-cost traits can be

used as a selection criterion to maximize reproductive efficiency (MACULAN et al., 2018).
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This strategy would optimize the selection system, and consequently the producers would
achieve a faster return on the investment, in addition to increasing the genetic gain, as it
contributes to the reduction of generation interval.

Therefore, the aim of this study was to estimate the genetic parameters between antral

follicular count, AMH concentration, vulvar measurements in Tabapua cattle.

2 MATERIAL E METHODS

2.1 Location and Animals

Data was collected from 934 Tabapué females aged between two and twenty-one years
old. This database was generated in the collections carried out in 2013 and 2021, containing
information on reproductive traits from nine farms located in the states of Rio de Janeiro
(Fazenda Rodeio Gaucho, Fazenda Sdo Bento), Minas Gerais (Fazenda Chapaddo and
Fazenda Quatro Irmés) and S&o Paulo (Fazenda Agua Milagrosa, Fazenda Porto Seguro,
Fazenda Cérrego dos Dourados and Fazenda Séo José das Palmeiras).

The animals were raised in an extensive system and with mineral supplementation. The
females had a known father and mother, which came from natural mating, artificial
insemination or through embryos. The animals that obtained the measured measurements
were not in heat at the time of collection, were not pregnant and were more than 30 days
postpartum.

After database consistency, 800 animals were taken for analysis. Females were
classified by parity, being divided into heifers n=315 (animals without any calving) and cows
n=485 (animals with one or more calvings). All cows had known father and mother.

The zootechnical data file contained the following information on reproductive traits:
antral follicle count (AFC), rima length (RL), vulvar width (VW), Anti-Mullerian hormone
(AMH) dosage.

2.2 Phenotypic measurements

2.2.1 Antral follicle count

Antral follicle count was performed once in each animal by visualizing the follicles in
the antral stage, with a diameter greater than or equal to 3 mm in the right and left ovaries,
with the aid of a transrectal ultrasonography model DM10 - DOMED with a 7.0 MHz linear
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probe. The sum of the number of follicles from the two ovaries was used to define the total
AFC for the analyses. Three classes were created for the AFC analysis, according to the
database obtained and their frequencies: low class (less than 26 visible follicles), middle class
(between 27 and 44 visible follicles) and upper class (more than 45 follicles visible on
ultrasound) (Table 1).

Table 1 - Frequency (N) and percentage according to antral follicle count class - AFC of

Tabapué females.

AFC Class N Percentage (%)
Low 252 33.33
Medium 243 32.14
Upper 261 34.52
Total 756 100.00

2.2.2 External genital measurements

Vulvar measurements (rima length and vulvar width) were obtained using a digital
caliper, according to the methodology described by Mesquita et al. (2016). The rima length
(RIMA) was considered the length between the dorsal and ventral commissures of the vertical
slit of the animal's vulva (Figure 1 A), whereas the vulvar width (VW) was obtained between
the distances of the sides of the vulva from the midpoint of the rima, at an angle of 90 degrees
(Figure 1 B).
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Figure 1. Measurements of rima lenght and vulvar width
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Legend: (A) rima length (A); vulvar width (B).
2.2.3 AMH dosage
AMH quantification was performed in 845 animals, 323 nulliparous, and 522
primiparous and multiparous. Blood samples were collected by coccygeal venipuncture in 10
mL vacuum tubes (BD VACUTAINER®, Sdo Paulo, BR). Serum was obtained after
centrifugation at 3,000g for 15 minutes and kept frozen at -20°C for later analysis. AMH
serum concentrations were determined by ELISA (Enzyme-Linked Immunosorbent Assay
kit; Ansh Labs, Webster, Texas, USA), previously validated for cattle (IRELANDA et al.,
2008). One sample was conducted with a sensitivity of 0.011 ng/mL, being intra and inter
assay with CV% 2.2%. The assays were carried out at the IgAc laboratory (GENESE Institute

of Scientific Investigations, Sdo Paulo, BR).

2.3 Statistical analyzes

The consistency of the database was carried out using the SAS statistical program
(SAS, 2010), and after the exploratory analysis, discrepant information was removed
(outliers), according to the methodology described by Freitas et al. (2008).

Contemporary groups (CG) were formed by the following variables: year of birth, farm
and parity, and those CG that had less than three observations were eliminated. In order to
identify which environmental effects significantly influenced (P<0.05) the evaluated traits,
analyzes of variance were carried out using the least squares method, using the GLM
procedure of the SAS software (SAS, 2010) considering a model with fixed effects of farm,
parity, year of birth.
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The animal model used for all traits studied included, as systematic effects, the
contemporary group, the age class, and the live weight class of the animal at the time of

measurements, and as the random effect, the animal itself.

The statistical model used, in matrix form, is described as follows:

y=Xp+Za+e(1.0)
where:
y = vector of dependent variables;
X = fixed effects incidence matrix;
B = vector of fixed effects;
Z = random effects incidence matrices;
a = vector of direct additive genetic effects;

e = vector of residual random errors associated with observations.

The genetic parameters for vulvar traits (RIMA and VW) and AMH and were estimated
through two-trait Bayesian analyses, using GIBBSF90 software (MISZTAL et al., 2002), as
they are continuous traits.

For antral follicle count (AFC), the genetic parameters were estimated through two-
trait Bayesian analysis, using the THRGIBBSF90 software (Misztal et al., 2002), which allows
the study of continuous and categorical traits in the same analysis. For all traits, later estimates
were obtained using the executable POSTGIBBSF90 (Misztal et al., 2002). The samples of
the (co)variance components were obtained from chains of one million iterations, in which the
initial 100,000 iterations were discarded (burn-in) and the samples were removed every 5
cycles (thinning interval).

To perform the convergence tests, the Geweke, Heidel & Ralftery and Raftery & Lewis

methods were used using the “BOA” package of the R program (the R v. 3.5.0 (R Core Team,
2018).

3 RESULTS

The mean value observed for AFC and AMH in the present study showed high variation
in the population studied, with a coefficient of variation (CV) above 60. The mean value
obtained for RIMA and VW did not show a large variation (Table 2).
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Table 2 - Descriptive statistics of antral follicle count (AFC), rima length (RIMA), vulvar width
(VW), Anti-Mullerian Hormone (AMH), age and weight at the time of measurements of

Tabapua females.

Trait N Mean = SD Minimum Maximum cv
Age (days) 800 2164.7 £ 1489.2 310.0 6127.0 68.3
Weight (Kg) 800 447.7+107.3 192.0 762.0 23.9
AFC (unit) 756 40.9+24.7 2.0 174.0 60.4
RIMA (cm) 800 88+1.8 3.3 14.8 21.1
VW (cm) 800 7.6+2.02 3.0 17.0 26.6
AMH (ng/mL) 442 0.8+0.5 0.0 4.5 68.3

N = Number of observations; SD = standard deviation, CV = coefficient of variation.

The weight and age of the animals obtained presented a great variation 447.7+107.3,
2164.7+1489.2 respectively, presenting a CV of 23.9 and 68.3, showing the heterogeneity of
the analyzed database (Table 2).

Table 3 — Genetic (above diagonal) and phenotypic correlations (below diagonal)
between reproductive traits evaluated in Tabapud females. Heritability’s are diagonally in
bold.

RIMA VW AMH AFC

RIMA 0.32 0.50 -0.23 -0.39
VW 0.49** 0.20 -0.26 -0.05
AMH -0.09 -0.07 0.16 0.65
AFC 0.10* 0.13* 0.43** 0.24

*P < 0.005 e **P < 0.0001. RIMA = rima length; VW = vulvar width; AMH = Anti-Mullerian Hormone; AFC =

antral follicle count.

In this study, moderate herdability were found for the traits: RIMA (0.33); AFC (0.24);
LVULVA (0.20) and their respective credibility intervals are represented in the table 4. For
these traits, we can say that there is a correlation between the phenotype and the genetic value

of the individual, with selection being more responsive.
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Table 4 — Additive genetic variance, credible interval, heritability and credible

intervals of reproductive traits in Tabapua females.

Parameters Vga Cl h? Clh?

RIMA 0.690 0.310-1.080 0.32 0.158 - 0.508
VW 0.392 0.075-0.719 0.20 0.043-0.376
AMH 0.106 0.023-0.192 0.16 0.087 - 0.586
AFC 0.484 0.007 - 0.960 0.24 0.008 - 0.484

Vga= mean of additive genetic variance; Cl= credibility interval, h’>= herdability, IC h?= credibility interval of
heritability, RIMA = rima length; VW = vulvar width; AMH = Anti-Mullerian Hormone; AFC = antral follicle

count.

For traits related to reproductive aspects, a moderate phenotypic correlation was
observed between VW and RIMA (0.49) and AFC and AMH (0.43) (Table 3). For the other

reproductive traits there was low or no correlation for the present study.

Table 5 — Additive genetic covariance, its credibility intervals and genetic correlations

between reproductive traits in Tabapué females.

Correlation COVg Cl GC

RIMA x VW 0.548 0.092 - 1.000 0.50
RIMA x AMH -0.155 -0.983 - 1.000 -0.23
RIMA x AFC -0.446 -0.999 - 0.496 -0.39
VW x AMH -0.271 -0.100 - 0.939 -0.26
VW x AFC -0.067 -0.999 - 0.943 -0.05
AMH x AFC 0.670 -0.006 — 1.000 0.65

COVg= mean of additive genetic covariance, Cl= credibility interval, GC= genetic correlation, RIMA = rima
length; VW = vulvar width; AMH = Anti-Mullerian Hormone; AFC = antral follicle count.

Regarding the genetic correlations between the reproductive traits, a moderate
correlation was observed between RIMA and VW (0.50). (Table 5). However, by observing the
credibility intervals of the other analyses, we can say that there are no genetic correlations

between the traits.

4 DISCUSSION
AFC is an important trait to be evaluated to determine reproductive indicators of females
(GRIGOLETTO et al., 2020). The mean value observed for the AFC in the present study was

40.99+24.7 with variation from 2 to 174 follicles. These results are in line with Maculan (2015)
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who observed a very close value of AFC (38.9+28.00) for Tabapué breed and with Pinto (2018)
who obtained a similar mean of 33.95 £ 4.13 follicles for Girolando breed.

A high variation in the observed antral follicle count was described in the Nellore breed
(n=595) by Rodrigues et al. (2015), who reported oscillation from 8 to 145 follicles after
synchronization and by Baldrighi et al. (2014), who showed oscillation in the Gir breed (n=10)
from 22 to 125 follicles and in the Holstein breed (n=15) heifers, from 18 to 110 follicles after
hormonal protocol. On the other hand, Batista et al. (2014), evaluating synchronized Nellore
animals (n=16), reported a variation from 18 to 85 follicles and Holstein animals (n=16) a
variation from 8 to 51 follicles. These disparities have already been reported and it is believed
that they may be due to genetic inequalities, due to the number of individuals analyzed, the
feeding of the cows, the type of hormonal protocol used and the great variation of age group in
the present study (Sartori et al., 2016; Maculan, 2018).

Mean rima length (8.85%1.8) and vulva width (7.6+2.02) were similar to those found
by Maculan et al. (2018) and Ribeiro et al. (2020), with the same breed. It is believed that the
similarity is due to the breed studied and the similarity of the age group of the cows between
the databases. Variation coefficients were also of low magnitude for these traits.

The variation observed in the concentration of AMH hormone (0.01 to 4.51 ng/mL) was
similar to that observed by Maculan et al. (2018) (0.014-4.516 ng/mL), evaluating Tabapué
females. For Nellore heifers, Grigolleto et al. (2020) found a mean of 1.10£0.36, slightly higher
than that verified in the present study. According to Batista et al. (2014), values of this hormone
may vary between breeds, and Baruselli et al. (2015) stated that its concentration may have a
small drop throughout life, which may explain the higher concentration obtained by Grigolleto
et al. (2020).

For traits related to reproductive aspects, a moderate phenotypic correlation was
observed between VW and RIMA (0.49) and AFC and AMH (0.43) (Table 3). Analyzing 591
Tabapud females, Maculan et al. (2018), estimated a similar phenotypic correlation between
AFC and AMH (0.57), but divergent in relation to the correlation between RIMA and VW
(0.09). These results may be due to the database being similar in relation to the origin and breed
of the animals. The other phenotypic correlations are not relevant because they are not repeated
in the genetic correlations, being traits greatly influenced by the environment.

The heritability obtained for AFC was 0.24, similar to that found by Walsh et al. (2014)
in Holstein heifers (0.25) and cows (0.31), and by Grigoletto et al. (2020) who found a
heritability of 0.30 for the Nellore breed. Thus, using the AFC as a selection criterion will

promote genetic progress, which can be achieved through direct genetic selection.
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For the AMH, the heritability found was low (0.16), different from those found by
Grigoletto et al. (2020), Gobikrushanth, et al. (2018) and Nawaz et al. (2018) including
genomic information which observed a moderate to high heritability, 0.28, 0.36 and 0.46
respectively. This difference in magnitude may be due to variations in terms of genetic values
and phenotypes between populations, due to the smaller database used by Grigoletto et al.
(2020) (n=289) and by Gobikrushanth et al. (2018) (n=198), It is interesting to carry out further
studies to better understand the genetic parameters involving AMH.

In this study, it was verified that the genetic correlation between RIMA and VW (0.50)

(Table 5) is positive and moderate, therefore, selecting for the increase of one of them will
cause a correlated response for the other trait in the same direction.

However, by observing the credibility intervals of the other analyses, we can say that
there are no genetic correlations between the traits. Thus, further studies should be conducted
to confirm these relationships between these traits.

Grigoletto et al. (2020) was found a genetic correlation between AMH and AFC for
the Nellore breed (0.81). The greater magnitude found may be due to the breed studied and
also to the hormonal protocol performed on the cows, ensuring that all were in the same phase
of the estrous cycle when measuring the data. These results confirm the importance of
measuring AMH concentration early so that superior animals for follicular responses can be
identified. However, more studies are needed that take into account the credibility interval of
the analyzes so that we can more precisely conclude the genetic correlation between AMH
and AFC.

According to the results obtained in this study, we conclude that these characteristics
are independent, that is, the selection of one will not cause any correlated response in the
other. One of the reasons for this large credibility interval found may be due to the number

of data studied. Thus, further research involving these characteristics should be conducted.

5 CONCLUSIONS

In this study, moderate heritabilities was found rima length, antral follicle count and
vulvar width, showing that they respond to direct selection. However, it was observed that there
is no genetic correlation between the characteristics studied. So further research involving these

characteristics should be conducted.
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ABSTRACT

The search for identifying precocious animals has been advancing over the years, making it
necessary to produce better animals, but some traits are not easy to select. The response to
the selection of reproductive traits is slower, as they generally have low heritability, being
greatly influenced by environmental factors. With the aim of accelerating the genetic
improvement and selection of these reproductive traits, the search for fertility indicator traits
early and easily measured is interesting, as it would facilitate the selection process in the
field. The objective of this work was to look for traits that indicate fertility in Zebu females,
estimate the heritability and evaluate the genetic correlation between them. The aim of this
work was to look for traits that indicate fertility in Zebu females, estimate the heritability and
evaluate the genetic correlation between them. We collected data from 934 females, born
between 1993 and 2020, evaluating traits such as vulvar size, concentration of Anti-Mullerian
hormone (AMH) and biometric measurements of the Tabapué breed. The genetic parameters
of the traits were calculated by Bayesian analysis using executables from the BLUPF90
family, and for traits related to vulvar size, biometric measurements and AMH concentration,
the executable GIBBSF90. The analyzes were carried out using a linear mixed model that
included the fixed effects of contemporary group formed by year of birth, farm and parity, in
addition to the fixed effects of age and weight class and the random effect, the animal itself.
In this study, moderate heritability was found for the characteristics: hearth girth (HG) (0.37),
anterior height (AH) (0.42), RIMA (0.32), vulva width (VW) (0.20) showing that they
respond to direct selection. There is no genetic correlation between the traits studied.

Keywords: AMH; genetic correlation; heritability; rima lengtht; vulva width.
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1 INTRODUCTION

The demand for animal protein is increasing and, consequently, producers need to
become more efficient in livestock, being necessary to select genetically superior individuals.
For the identification of superior animals, it is necessary to include the use of genetic
evaluations of the cows, planning of directed matings, use of reproductive biotechnologies,
being able to execute a greater selection pressure. Direct selection for fertility can become
complex, due to the long period of evaluation of female performance and the low heritability
of these traits (ZINK et al., 2011).

The identification of more easily measurable traits for fertility is necessary, so that the
cows can be evaluated earlier (SILVA et al., 2005). Some studies indicate that the size of the
external genitalia can be used as an indicator of fertility (MESQUITA et al., 2016;
MACULAN etal., 2018; VASCONCELOQOS et al., 2020). Moreover, they have already proven
that AGC is a good predictor of follicular reserve and ovarian functionality (GRIGOLETTO
etal., 2020; IRELAND et al., 2008; MACULAN el al., 2018; MODINA et al., 2014).

Another parameter used as a fertility indicator is AMH, which is strongly associated
with AFC (ALWARD e BOHLEN 2019; IRLANDA et al., 2011; GRIGOLETTO et al.,
2020; MACULAN et al., 2018). Its advantage is the small variability over the various stages
of the reproductive and estrous cycles of cattle, but with a high measurement cost
(BALDRIGHI et al., 2014; BARRUSELLLI et al 2015; MACULAN et al., 2018, ALWARD
et. al., 2019).

Recent studies (MACULAN et al. 2018; MESQUITA et al. 2016; VASCONCELOS
et al. 2020) have shown that AMH concentration and the size of reproductive structures
(mainly the vulva) can be phenotypically correlated with AFC. However, Ribeiro et al. (2020)
addressed that it has not been widely studied so far whether these traits have a genetic
correlation and whether they are responsive to selection.

Understanding the correlations between fertility markers and external phenotypic traits
can contribute to indirect selection. In this case, easy-to-measure and low-cost traits can be
used as a selection criterion to maximize reproductive efficiency (MACULAN et al., 2018).
This strategy would optimize the selection system, and consequently the producers would
achieve a faster return on the investment, in addition to increasing the genetic gain, as it
contributes to the reduction of generation interval.

Therefore, the aim of this study was to estimate the genetic parameters between AMH

concentration, vulvar measurements and biometric measurements in Tabapua cattle.
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2 MATERIAL E METHODS

2.1 Location and Animals

Data was collected from 934 Tabapud females aged between two and twenty-one years
old. This database was generated in the collections carried out in 2013 and 2021, containing
information on reproductive traits from nine farms located in the states of Rio de Janeiro
(Fazenda Rodeio Gaucho, Fazenda Sdo Bento), Minas Gerais (Fazenda Chapaddo and
Fazenda Quatro Irmas) and S&o Paulo (Fazenda Agua Milagrosa, Fazenda Porto Seguro,
Fazenda Cdrrego dos Dourados and Fazenda S&o José das Palmeiras).

The animals were raised in an extensive system and with mineral supplementation. The
females had a known father and mother, which came from natural mating, artificial
insemination or through embryos. The animals that obtained the measured measurements
were not in heat at the time of collection, were not pregnant and were more than 30 days
postpartum.

After database consistency, 800 animals were taken for analysis. Females were
classified by parity, being divided into heifers n=315 (animals without any calving) and cows
n=485 (animals with one or more calvings). All cows had known father and mother.

The zootechnical data file contained the following information on reproductive traits:
rima length (RL), vulvar width (VW), Anti-Mullerian hormone (AMH) dosage, biometric
measurements, such as: anterior height (AH), rump height (RH), hearth girth (HG), body
length (BL), rump length (RL), ileum width (IW), pin width (PW), pelvic depth (PD), thoracic
depth (TD), sternum to ground distance (SG).

2.2 Phenotypic measurements

2.2.1 External genital measurements

Vulvar measurements (rima length and vulvar width) were obtained using a digital
caliper, according to the methodology described by Mesquita et al. (2016). The rima length
(RIMA) was considered the length between the dorsal and ventral commissures of the vertical
slit of the animal's vulva (Figure 1 A), whereas the vulvar width (VW) was obtained between
the distances of the sides of the vulva from the midpoint of the rima, at an angle of 90 degrees
(Figure 1 B).
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Figure 1. Measurements of rima lenght and vulvar width
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Legend: (A) rima length (A); vulvar width (B).
2.2.3 Biometric measurements
The following body biometric measurements were performed using a hypometer: body
length (BL) - distance between the tip of the shoulder and the ischial tuberosity; rump length
(RL) - distance between ischium and ileum; thoracic depth (TD) - distance between the
withers and the sternum; pelvic depth (PD) - distance between the sacral tuberosity and the
insertion of the gastrocnemius muscle; anterior height (AH) - distance between the withers
and the ground; rump height (RH) - distance between the sacral tuberosity and the ground;
rump width between ischia (PW) - distance between ischial tuberosities; rump width between
the ileums (IW) - distance between the iliac tuberosities; hearth girth (HG) - obtained with
tape measure, and body weight using an electronic scale attached to the containment chute.
The sternum to ground distance (SG) was calculated by subtracting the anterior height from

the thoracic depth.

2.2.4 AMH dosage
AMH quantification was performed in 845 animals, 323 nulliparous, and 522
primiparous and multiparous. Blood samples were collected by coccygeal venipuncture in 10
mL vacuum tubes (BD VACUTAINER®, Sdo Paulo, BR). Serum was obtained after
centrifugation at 3,000g for 15 minutes and kept frozen at -20°C for later analysis. AMH
serum concentrations were determined by ELISA (Enzyme-Linked Immunosorbent Assay
kit; Ansh Labs, Webster, Texas, USA), previously validated for cattle (IRELANDA et al.,

2008). One sample was conducted with a sensitivity of 0.011 ng/mL, being intra and inter
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assay with CV% 2.2%. The assays were carried out at the IgAc laboratory (GENESE Institute

of Scientific Investigations, Sdo Paulo, BR).

2.3 Statistical analyzes

The consistency of the database was carried out using the SAS statistical program
(SAS, 2010), and after the exploratory analysis, discrepant information was removed
(outliers), according to the methodology described by Freitas et al. (2008).

Contemporary groups (CG) were formed by the following variables: year of birth, farm
and parity, and those CG that had less than three observations were eliminated. In order to
identify which environmental effects significantly influenced (P<0.05) the evaluated traits,
analyzes of variance were carried out using the least squares method, using the GLM
procedure of the SAS software (SAS, 2010) considering a model with fixed effects of farm,
parity, year of birth.

The animal model used for all traits studied included, as systematic effects, the
contemporary group, the age class, and the live weight class of the animal at the time of

measurements, and as the random effect, the animal itself.

The statistical model used, in matrix form, is described as follows:

y=Xp+Za+e (1.0)
where:
y = vector of dependent variables;
X = fixed effects incidence matrix;
B = vector of fixed effects;
Z = random effects incidence matrices;
a = vector of direct additive genetic effects;

e = vector of residual random errors associated with observations.

The genetic parameters for vulvar traits (RIMA and VW), AMH and biometric
measurements were estimated through two-trait Bayesian analyses, GIBBSF90 software
(MISZTAL et al., 2002), as they are continuous traits.

For all traits, later estimates were obtained using the executable POSTGIBBSF90

(Misztal et al., 2002). The samples of the (co)variance components were obtained from chains
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of one million iterations, in which the initial 100,000 iterations were discarded (burn-in) and
the samples were removed every 5 cycles (thinning interval).
To perform the convergence tests, the Geweke, Heidel & Ralftery and Raftery & Lewis
methods were used using the “BOA” package of the R program (the R v. 3.5.0 (R Core Team,
2018).

3 RESULTS

The mean value observed for AMH in the present study showed high variation in the
population studied, with a coefficient of variation (CV) above 60. The mean value obtained for
RIMA and VW did not show a large variation (Table 1).

Table 1 - Descriptive statistics of antral follicle count (AFC), rima length (RIMA),
vulvar width (VW), Anti-Mullerian Hormone (AMH), age and weight at the time of

measurements of Tabapuéd females.

Trait N Mean * SD Minimum Maximum Ccv
Age (days) 800 2164.7 +1489.2 310.0 6127.0 68.3
Weight (Kg) 800 447.7 +107.3 192.0 762.0 23.9
RIMA (cm) 800 8.8+18 3.3 14.8 21.1
VW (cm) 800 7.6 +2.02 3.0 17.0 26.6
AMH (ng/mL) 442 0.8+0.5 0.0 45 68.3

N = Number of observations; SD = standard deviation, CV = coefficient of variation.

The weight and age of the animals obtained presented a great variation 447.7+107.3,
2164.7+1489.2 respectively, presenting a CV of 23.9 and 68.3, showing the heterogeneity of
the analyzed database (Table 1).
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Trait* N Mean £ SD Minimum Maximum Ccv
BL (cm) 800 1435+11.9 115.0 186.0 8.3
RL (cm) 800 46.6+4.9 32.0 63.0 10.5
TD (cm) 800 67.4+6.1 48.0 86.0 9.0
PD (cm) 800 63.5+6.9 43.0 86.0 10.9
AH (cm) 800 137.0+7.8 115.0 167.0 5.7
RH (cm) 800 1443+79 125.0 179.0 5.4
PW (cm) 800 21.1+5.0 11.0 39.0 23.8
IW (cm) 800 46.9+6.2 320 69.0 13.3
HG (cm) 701 182.2 +16.4 111.0 223.0 9.0
SG (cm) 800 69.5+5.9 56.0 100.0 8.5

N = Number of observations; SD = standard deviation; CV = coefficient of variation; BL = body length; RL =

rump length; TD = thoracic depth; PD = pelvic depth; FL = forelimb length; RH = rump height; PW = Rump

width between the ischium; IW = rump width between the ileums; HG = hearth girth; SG = sternum to ground

distance.

Table 3 - Additive genetic variance, credibility interval, heritabilities and credibility

intervals of reproductive traits and biometric measurements in Tabapu& females.

Parameters Vga Cl h? Cl h?

RIMA 0.690 0.310 - 1.080 0.32 0.158 - 0.508
VW 0.392 0.075-0.719 0.20 0.043-0.376
AMH 0.106 0.023 - 0.192 0.16 0.087 - 0.586
BL 9.422 1.395-17.630 0.18 0.033-0.390
RL 1.137 0.062 - 2.235 0.14 0.056 — 0.604
TD 3.454 0.192 - 7.568 0.37 0.010 - 0.387
PD 2.556 0.206 - 5.140 0.15 0.0001 - 0.257
AH 8.675 4.949 - 12.500 0.42 0.277 - 0.642
RH 8.797 2.674 - 15.280 0.34 0.115-0.602
PW 1.201 0.256 - 2.274 0.13 0.016 - 0.242
W 2.055 0.370 - 3.730 0.23 0.037 -0.385
HG 5.847 0.378 - 12.410 0.13 0.005 - 0.182
SG 0.418 0.073 -9.649 0.20 0.006 — 0.367

Vga= mean of additive genetic variance; Cl= credibility interval, h?>= herdability, IC h?= credibility interval of
heritability, RIMA = rima length; VW = vulvar width; AMH = Anti-Mullerian Hormone; RH = rump height; BL
= body length; SG = sternum to ground distance; RL = rump length; TD = thoracic depth; FL = forelimb length;

PD = pelvic depth; AH = anterior height; PW = Rump width between the ischium; IW = rump width between the
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ileums; HG= hearth girth;

High heritability values were found for the trait: AH (0.42) and moderate values for:
RIMA (0.33); VW (0.20); TD (0.37); RH (0.34); IW (0.23); SZ (0.20) and their respective
credibility intervals are represented in the table 3. For these traits, we can say that there is a
correlation between the phenotype and the genetic value of the individual, with selection being

more responsive.
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Table 4 — Additive genetic covariance, its credibility intervals and genetic correlations

between reproductive traits in Tabapud females.

Correlations COVg Cl GC
RIMA x SG -0.058 -0.782 — 0.595 -0.05
RIMA x VW 0.548 0.092 - 1.000 0.50
RIMA x AMH -0.155 -0.983 — 1.000 -0.23
RIMA x BL 0.075 -0.516 — 0.999 0.08
RIMA x RL 0.214 -0.648 — 0.999 0.21
RIMA x TD 0.397 0.032 - 0.999 0.37
RIMA x PD 0.500 -0.100 — 1.000 0.46
RIMA x AH 0.209 -0.173 - 0.599 0.20
RIMA x RH 0.476 0.091 - 0.999 0.45
RIMA x PW 0.227 -0.488 — 0.999 0.21
RIMA x IW 0.167 -0.349 - 0.999 0.13
RIMA x HG 0.016 -0.980 — 1.000 0.01
VW x AMH -0.271 -0.100 — 0.939 -0.26
VW x BL -0.153 -0.998 — 0.490 -0.12
VW x RL -0.446 -1.000 — 0.320 -0.39
VW x TD -0.095 -0.838 — 0.496 -0.07
VW x PD -0.043 -0.998 — 0.746 -0.02
VW x AH 0.013 -0.581 - 0.550 0.01
VW x RH 0.225 -0.334 - 1.000 0.21
VW x PW -0.585 -1.000 — 0.041 -0.51
VW x IW -0.453 -0.999 - 0.124 -0.39
VW x HG -0.006 -0.987 — 1.000 -0.01
VW x SG 0.142 -0.538 - 1.000 0.12
AMH x BL 0.326 -0.961 — 1.000 0.36
AMH x RL 0.321 -0.973 - 0.999 0.37
AMH x TD -0.125 -1.000 — 0.955 -0.09
AMH x PD -0.312 -1.000 — 0.925 -0.29
AMH x AH 0.044 -1.000 - 0.977 0.08
AMH x RH 0.099 -1.000 — 0.982 0.18
AMH x PW -0.148 -1.000 — 0.943 -0.14
AMH x IW 0.069 -1.000 - 0.972 0.13
AMH x HG 0.696 -0.078 — 1.000 0.67
AMH x SG -0.005 -1.000 — 0.976 0.07

COVg= mean of additive genetic covariance, Cl= credibility interval, GC= genetic correlation, RIMA = rima
length; VW = vulvar width; AMH = Anti-Mullerian Hormone; RH = rump height; BL = body length; SG =
sternum to ground distance; RL = rump length; TD = thoracic depth; FL = forelimb length; PD = pelvic depth;

PW = Rump width between the ischium; IW = rump width between the ileums; HG= hearth girth.
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With regard to genetic correlations of reproductive traits, a moderate correlation was
observed between RIMA and VW (0.50), so select for greater RIMA, you will be selecting for
greater VW.

However, when looking at the credibility intervals of the other analyses, we can say
that there are no genetic correlations between the traits (Table 4). Thus, further studies should

be conducted to confirm these relationships between these traits.

4 DISCUSSION

Mean rima length (8.85+1.8) and vulva width (7.6+2.02) were similar to those found
by Maculan et al. (2018) and Ribeiro et al. (2020), with the same breed. It is believed that the
similarity is due to the breed studied and the similarity of the age group of the cows between
the databases. Variation coefficients were also of low magnitude for these traits.

The variation observed in the concentration of AMH hormone (0.01 to 4.51 ng/mL) was
similar to that observed by Maculan et al. (2018) (0.014-4.516 ng/mL), evaluating Tabapua
females. For Nellore heifers, Grigolleto et al. (2020) found a mean of 1.10+0.36, slightly higher
than that verified in the present study. According to Batista et al. (2014), values of this hormone
may vary between breeds, and Baruselli et al. (2015) stated that its concentration may have a
small drop throughout life, which may explain the higher concentration obtained by Grigolleto
et al. (2020).

Regarding the descriptive statistics for the biometric measurements of Tabapua females,
Mourdo et al. (1999) describe that in Zebu cows (n=183) the mean of TD is 76.11+4.15 and IW
is 50.18+2.77. These values described for PW do not differ from those found in the present
study. The TD is above the one found in this study, which may be due to the breed or even to
the evolution of the Zebu herd in recent years. More studies are needed to better understand
biometric measurements to contribute to the genetic improvement of breeds (ECKSTEIN et al.,
2021).

There was a great variation for some traits, such as live weight, age, BL and HG in the
studied population. It can be attributed to the great diversity of animals evaluated, including
animals of different ages from nine different properties.

The heritability obtained for AMH found was low (0.16), different from those found
by Grigoletto et al. (2020), Gobikrushanth, et al. (2018) and Nawaz et al. (2018) including
genomic information which observed a moderate to high heritability, 0.28, 0.36 and 0.46
respectively. This difference in magnitude may be due to variations in terms of genetic values

and phenotypes between populations, due to the smaller database used by Grigoletto et al.
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(2020) (n=289) and by Gobikrushanth et al. (2018) (n=198). It is interesting to carry out further
studies to better understand the genetic parameters involving AMH.

In this study, it was verified that the genetic correlation between RIMA and VW (0.50)
is positive and moderate, therefore, selecting for the increase of one of them will cause a
correlated response for the other trait in the same direction.

However, when looking at the credibility intervals of the other analyses, we can say
that there are no genetic correlations between the traits (Table 5). Thus, further studies should
be conducted to confirm these relationships between these traits.

Lima et al. (2013) observed in Nelore bulls high genetic correlations observing visual
score between sexuality with body structure (0.90), but more studies to know if the size of
the external genitalia is indicated to select traits of body structure are still needed but the
credibility interval was not used to estimate these values.

According to the results obtained in this study, we conclude that these traits are

independent, that is, the selection of one will not cause any correlated response in the other.
One of the reasons for this large credibility interval found may be due to the number of data

studied. Thus, further research involving these traits should be conducted.

5 CONCLUSIONS

In this study, moderate heritabilities was found for rima length, thoracic hearth girth,
anterior height and vulvar width, showing that they respond to direct selection. However, it was
observed that there is no genetic correlation between the traits studied. So further research

involving these traits should be conducted.
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ABSTRACT

The search for identifying precocious animals has been advancing over the years, making it
necessary to produce better animals, but some traits are not easy to select. The response to
the selection of reproductive traits is slower, as they generally have low heritability, being
greatly influenced by environmental factors. With the aim of accelerating the genetic
improvement and selection of these reproductive traits, the search for fertility indicator traits
early and easily measured is interesting, as it would facilitate the selection process in the
field. The aim of this work was to look for traits that indicate fertility in Zebu females,
estimate the heritability and evaluate the genetic correlation between them. We collected data
from 934 females, born between 1993 and 2020, evaluating traits such as vulvar size,
concentration of Anti-Mullerian hormone (AMH) and reproductive indices of the breeding
program of Zebu cattle (PMGZ) of the Tabapué breed. The genetic parameters of the traits
were calculated by Bayesian analysis using executables from the BLUPF90 family, and for
traits related to vulvar size, reproductive indices and AMH concentration, the executable
GIBBSF90. The analyzes were carried out using a linear mixed model that included the fixed
effects of contemporary group formed by year of birth, farm and parity, in addition to the
fixed effects of age and weight class and the random effect, the animal itself. In this study,
moderate heritability was found for the traits: RIMA (0.32), vulva width (VW) (0.20), age at
first calving (AAFC) (0.28) and most probable producing ability (MPPA) (0.88) showing that

they respond to direct selection. There is no genetic correlation between the traits studied.

Keywords: AMH; genetic correlation; heritability; rima length; vulva measurements.



50

1 INTRODUCTION

The demand for animal protein is increasing and, consequently, producers need to
become more efficient in livestock, being necessary to select genetically superior individuals.
For the identification of superior animals, it is necessary to include the use of genetic
evaluations of the cows, planning of directed matings, use of reproductive biotechnologies,
being able to execute a greater selection pressure. Direct selection for fertility can become
complex, due to the long period of evaluation of female performance and the low heritability
of these traits (ZINK et al., 2011).

The identification of more easily measurable traits for fertility is necessary, so that the
cows can be evaluated earlier (SILVA et al., 2005). Some studies indicate that the size of the
external genitalia can be used as an indicator of fertility (MESQUITA et al., 2016;
MACULAN etal., 2018; VASCONCELOQOS et al., 2020). Moreover, they have already proven
that AGC is a good predictor of follicular reserve and ovarian functionality (GRIGOLETTO
etal., 2020; IRELAND et al., 2008; MACULAN el al., 2018; MODINA et al., 2014).

Another parameter used as a fertility indicator is AMH, which is strongly associated
with AFC (ALWARD e BOHLEN 2019; IRLANDA et al., 2011; GRIGOLETTO et al.,
2020; MACULAN et al., 2018). Its advantage is the small variability over the various stages
of the reproductive and estrous cycles of cattle, but with a high measurement cost
(BALDRIGHI et al., 2014; BARRUSELLLI et al 2015; MACULAN et al., 2018, ALWARD
et. al., 2019).

Recent studies (MACULAN et al. 2018; MESQUITA et al. 2016; VASCONCELOS
et al. 2020) have shown that AMH concentration and the size of reproductive structures
(mainly the vulva) can be phenotypically correlated with AFC. However, Ribeiro et al. (2020)
addressed that it has not been widely studied so far whether these traits have a genetic
correlation and whether they are responsive to selection.

Understanding the correlations between fertility markers and external phenotypic traits
can contribute to indirect selection. In this case, easy-to-measure and low-cost traits can be
used as a selection criterion to maximize reproductive efficiency (MACULAN et al., 2018).
This strategy would optimize the selection system, and consequently the producers would
achieve a faster return on the investment, in addition to increasing the genetic gain, as it
contributes to the reduction of generation interval.

Therefore, the aim of this study was to estimate the genetic parameters between AMH

concentration, vulvar measurements and reproductive indices of the breeding program of
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Zebu cattle (PMGZ) in Tabapud cattle.

2 MATERIAL E METHODS

2.1 Location and Animals

Data was collected from 934 Tabapud females aged between two and twenty-one years
old. This database was generated in the collections carried out in 2013 and 2021, containing
information on reproductive traits from nine farms located in the states of Rio de Janeiro
(Fazenda Rodeio Gaucho, Fazenda Sdo Bento), Minas Gerais (Fazenda Chapaddo and
Fazenda Quatro Irmés) and Sdo Paulo (Fazenda Agua Milagrosa, Fazenda Porto Seguro,
Fazenda Cérrego dos Dourados and Fazenda Séo José das Palmeiras).

The animals were raised in an extensive system and with mineral supplementation. The
females had a known father and mother, which came from natural mating, artificial
insemination or through embryos. The animals that obtained the measured measurements
were not in heat at the time of collection, were not pregnant and were more than 30 days
postpartum.

After database consistency, 800 animals were taken for analysis. Females were
classified by parity, being divided into heifers n=315 (animals without any calving) and cows
n=485 (animals with one or more calvings). All cows had known father and mother.

The zootechnical data file contained the following information on reproductive traits:
rima length (RL), vulvar width (VW), Anti-Mullerian hormone (AMH) dosage and indices
generated by the PMGZ, such as: reproductive efficiency (RE), age at first calving (AAFC),
most probable producing ability (MPPA) and precocity, rusticity and survival (PRS).

2.2 Phenotypic measurements

2.2.1 External genital measurements

Vulvar measurements (rima length and vulvar width) were obtained using a digital
caliper, according to the methodology described by Mesquita et al. (2016). The rima length
(RIMA) was considered the length between the dorsal and ventral commissures of the vertical
slit of the animal's vulva (Figure 1 A), whereas the vulvar width (VW) was obtained between
the distances of the sides of the vulva from the midpoint of the rima, at an angle of 90 degrees
(Figure 1 B).
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Figure 1. Measurements of rima lenght and vulvar width

Legend: (A) rima length (A); vulvar width (B).

2.2.3 Evaluation of reproductive efficiency
Reproductive efficiency was estimated from the reproductive history of the females
provided by the properties and indices provided by the breeding program of Zebu cattle
(PMGZ), through the reproductive efficiency certificate. The variables studied and made
available by the PMGZ were reproductive efficiency (RE), precocity, rusticity, and survival
(PRS), most probable producing ability (MPPA) and age at first calving (AAFC), a technical

indicator that reports the sow's age at its first birth.

The reproductive efficiency is obtained by the following formula:

—1) =365
—_—

gr = 100

Where:
ER= reproductive efficiency;
n= numbers of calvings,

D= number of days between first and last calving

The RE expresses the cow's capacity to give birth regularly, considering that a standard
cow is the one that had the first calving up to 36 months and then a calving every 365 days.
In this way we would have an RE of 100%, that is, the closer to 100 this index is, the better

the matrix will be.
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The PRS is obtained by the following formula:

IDUP —365
NDE +1

FPRS =

Where:
PRS= biological index that combines traits of sexual precocity, fertility, maternal instinct, and
degree of immunity to the offspring;
IDUP= age in days at the last calvin;

NDE= number of effective weanings;

The PRS combines traits such as sexual precocity, fertility, maternal instinct and the
degree of immunity conferred on the offspring, for which all weaned offspring of the mother
analyzed are considered (ABCZ file). The lower this index the better, as it demonstrates that
throughout its life the cow has shown high sexual precocity and good maternal instinct.

The most probable producing ability is obtained by the following formula:

HMMP =100,0 + ——— % (V7 —100,0)
l+(n-1)=r

Where:
HMMP= most probable producing ability
100.0= average of the calculated weight index in the herd, at the standard age of 205 days
r= 0.4, repeatability factor for the weight index calculated at weaning, according to specialized
literature
V- average of weight indices calculated at the standard age of 205 days in the herd, relative to

offspring of the same cow

The MPPA indicates the ability of the cow to wean the calf. In this case, the milking
capacity and maternal instinct of the cow are very important. The higher this index the better.

2.2.4 AMH dosage

AMH quantification was performed in 845 animals, 323 nulliparous, and 522
primiparous and multiparous. Blood samples were collected by coccygeal venipuncture in 10
mL vacuum tubes (BD VACUTAINER®, Séo Paulo, BR). Serum was obtained after
centrifugation at 3,000g for 15 minutes and kept frozen at -20°C for later analysis. AMH
serum concentrations were determined by ELISA (Enzyme-Linked Immunosorbent Assay
kit; Ansh Labs, Webster, Texas, USA), previously validated for cattle (IRELANDA et al.,
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2008). One sample was conducted with a sensitivity of 0.011 ng/mL, being intra and inter
assay with CV% 2.2%. The assays were carried out at the IgAc laboratory (GENESE Institute
of Scientific Investigations, S&o Paulo, BR).

2.3 Statistical analyzes

The consistency of the database was carried out using the SAS statistical program
(SAS, 2010), and after the exploratory analysis, discrepant information was removed
(outliers), according to the methodology described by Freitas et al. (2008).

Contemporary groups (CG) were formed by the following variables: year of birth, farm
and parity, and those CG that had less than three observations were eliminated. In order to
identify which environmental effects significantly influenced (P<0.05) the evaluated traits,
analyzes of variance were carried out using the least squares method, using the GLM
procedure of the SAS software (SAS, 2010) considering a model with fixed effects of farm,
parity, year of birth.

The animal model used for all traits studied included, as systematic effects, the
contemporary group, the age class, and the live weight class of the animal at the time of

measurements, and as the random effect, the animal itself.

The statistical model used, in matrix form, is described as follows:

y=Xp+Za+e (1.0)
where:
y = vector of dependent variables;
X = fixed effects incidence matrix;
B = vector of fixed effects;
Z = random effects incidence matrices;
a = vector of direct additive genetic effects;

e = vector of residual random errors associated with observations.

The genetic parameters for vulvar traits (RIMA and VW), AMH and reproductive
indices were estimated through two-trait Bayesian analyses, GIBBSF90 software (MISZTAL
et al., 2002), as they are continuous traits.

For all traits, later estimates were obtained using the executable POSTGIBBSF90
(MISZTAL et al., 2002). The samples of the (co)variance components were obtained from
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chains of one million iterations, in which the initial 100,000 iterations were discarded (burn-
in) and the samples were removed every 5 cycles (thinning interval).
To perform the convergence tests, the Geweke, Heidel & Ralftery and Raftery & Lewis

methods were used using the “BOA” package of the R program (the R v. 3.5.0 (R Core Team,
2018).

3 RESULTS

The mean value observed for AMH in the present study showed high variation in the
population studied, with a coefficient of variation (CV) above 60. The mean value obtained for
RIMA and VW did not show a large variation (Table 1).

Table 1 - Descriptive statistics of rima length (RIMA), vulvar width (VW), Anti-

Mullerian Hormone (AMH), age and weight at the time of measurements of Tabapua females.

. Mini Maxi
Trait N Mean + SD cv
mum mum
8 2164.7 + 6127.
Age (days) 310.0 68.3
00 1489.2 0
. 8 447.7 +
Weight (Kg) 192.0 762.0 23.9
00 107.3
8
RIMA (cm) 00 88+18 3.3 14.8 21.1
8
VW (cm) 00 7.6 £2.02 3.0 17.0 26.6
4
AMH (ng/mL) 2 08+05 0.0 45 68.3

N = Number of observations; SD = standard deviation, CV = coefficient of variation.

The weight and age of the animals obtained presented a great variation 447.7+107.3,
2164.7£1489.2 respectively, presenting a CV of 23.9 and 68.3, showing the heterogeneity of
the analyzed database (Table 1).
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Table 2 — Descriptive statistics of reproductive efficiency indices of Tabapué females
provided by PMGZ.

Minim Maxim
Trait N Mean * SD CVv
um um
4
MPPA - 100.0+5.9 77.1 136.5 5.9
4 504.7 +
PRS 61.5 1590.0 35.8
70 181.1
5 1189.7 +
AAFC 688.0 3205.0 29.7
86 353.4
4
ER 2 74.9 +19.6 15.8 111.1 26.2

MPPA = most probable producing ability; PRS = precocity, rusticity and survival; AAFC = age at first
calving; RE = reproductive efficiency.

There was considerable variation between the reproductive efficiency indices provided
by the PMGZ. The mean value of PRS was 504.7+181.1 and that of RE was 74.9+£19.6, with
coefficients of variation above 35 (Table 2). These indices have a smaller number of data, as

they are generated from the reproductive life of the animal and are updated every six months.

Table 3 - Additive genetic variance, credibility interval, heritability’s and credibility

intervals of reproductive traits and biometric measurements in Tabapua females.

Parameters Vga Cl h? Cl h?

RIMA 0.690 0.310 - 1.080 0.32 0.158 - 0.508
VW 0.392 0.075-0.719 0.20 0.043 - 0.376
AMH 0.106 0.023 - 0.192 0.16 0.087 - 0.586
MPPA 34364 763.30 - 84310 0.88 0.005 - 1.000
PRS 2569.1 262.60 - 5689.0 0.15 0.009 - 1.000
AAFC 7222.2 349.80 - 17270 0.28 0.000 - 0.029
ER 174.30 6.392 - 386.80 0.15 0.006 - 0.346

Additive genetic variance, credibility interval, heritabilities and credibility intervals of reproductive traits
and biometric measurements in Tabapud females, RIMA = rima length; VW = vulvar width; AMH = Anti-
Mullerian Hormone; AAFC = age at first calving; MPPA = most probable producing ability; PRS = precocity,

rusticity and survival; RE = reproductive efficiency.

High heritability values were found for the trait: HMMP (0.88) and moderate values for:
RIMA (0.33); VW (0.20); AAFC (0.28); and their respective credibility intervals are

represented in the table 3. For these traits, we can say that there is a correlation between the
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phenotype and the genetic value of the individual, with selection being more responsive.

Extrapolation to other populations depends on how similar they are to the original genetic

structures, measurement precision, environmental conditions, among other factors.

Table 4 — Genetic (above diagonal) and phenotypic correlations (below diagonal)

between biometric traits, reproductive traits and reproductive indices evaluated in Tabapua

females. Heritability’s are diagonally in bold.

RIMA VW AMH AAFC MPPA PRS RE

RIMA 0.32 0.50 -0.23 0.12 0.35 0.14 -0.57
VW 0.49** 0.20 -0.26 0.48 0.03 0.19 -0.31
AMH -0.09 -0.07 0.16 0.04 -0.11 -0.29 0.19
AAFC -0.08 0.07 0.00 0.28 0.13 0.91 0.12
MPPA -0.03 -0.09 0.00 -0.07 0.88 -0.77 -0.31
PRS -0.04 -0.02 0.02 0.62** 0.01 0.15 0.20
RE 0.00 0.08 0.07 -0.03 -0.03 -0.35** 0.15

*P < 0.005 e **P < 0.0001. RIMA = rima length; VW = vulvar width; AMH = Anti-Mullerian Hormone;
AAFC = age at first calving; MPPA = most probable producing ability; PRS = precocity, rusticity and survival;

RE = reproductive efficiency.

For traits related to reproductive aspects, a moderate phenotypic correlation was
observed between VW and RIMA (0.49) (Table 3). For the other reproductive traits there was

low or no correlation for the present study.
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Table 5— Additive genetic covariance, its credibility intervals and genetic correlations

between reproductive traits in Tabapud females.

Correlations COVvg Cl GC
RIMA x PRS 0.045 -0.806 — 0.999 0.14
RIMA x VW 0.548 0.092 — 1.000 0.50
RIMA x AMH -0.155 -0.983 — 1.000 -0.23
RIMA x MPPA 0.376 -0.731 -1.000 0.35
RIMA x AAFC 0.146 -0.919 — 1.000 0.12
RIMA x ER -0.258 -0.999 — 0.843 -0.57
VW x AMH -0.271 -0.100 —0.939 -0.26
VW x MPPA 0.041 -0.471-0.635 0.03
VW x PRS 0.204 -0.969 — 1.000 0.19
VW x AAFC 0.515 -0.594 - 1.000 0.48
VW x ER 0.392 -0.725 - 1.000 0.37
AMH x MPPA -0.067 -0.992 — 1.000 -0.11
AMH x PRS -0.280 -1.000 —0.839 -0.29
AMH x AAFC 0.025 -1.000 — 0.997 0.04
AMH x ER 0.175 -0.910 - 1.000 0.19

COVg= mean of additive genetic covariance, Cl= credibility interval, GC= genetic correlation, RIMA =
rima length; VW = vulvar width; AMH = Anti-Mullerian Hormone; AAFC = age at first calving; MPPA = most

probable producing ability; PRS = precocity, rusticity and survival; RE = reproductive efficiency

With regard to genetic correlations of reproductive traits, a moderate correlation was
observed between RIMA and VW (0.50) so if selected for big RIMA would select for big VW.

However, when looking at the credibility intervals of the other analyses, we can say that
there are no genetic correlations between the traits (Table 5). Thus, further studies should be
conducted to confirm these relationships between these traits.

With the results obtained in this study, it is concluded that these traits are independent,
that is, selecting one will not have a correlated response in another, these results could be

because of the numbers of data studied. So, more studies are necessary.

4 DISCUSSION

Mean rima length (8.85+1.8) and vulva width (7.6+2.02) were similar to those found by
Maculan et al. (2018) and Ribeiro et al. (2020), with the same breed. It is believed that the
similarity is due to the breed studied and the similarity of the age group of the cows between

the databases. Variation coefficients were also of low magnitude for these traits.
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The variation observed in the concentration of AMH hormone (0.01 to 4.51 ng/mL) was
similar to that observed by Maculan et al. (2018) (0.014 — 4.516 ng/mL), evaluating Tabapud
females. For Nellore heifers, Grigolleto et al. (2020) found a mean of 1.10+0.36, slightly higher
than that verified in the present study. According to Batista et al. (2014), values of this hormone
may vary between breeds, and Baruselli et al. (2015) stated that its concentration may have a
small drop throughout life, which may explain the higher concentration obtained by Grigolleto
et al. (2020).

The reproductive efficiency indices provided by the PMGZ also varied a lot, which can
be explained by the great heterogeneity of the database used and by the age range of the animals,
as these indices are generated from the reproductive life of the cow and are updated every six
months with the fertility data of each female. The cows have a good ability to wean calves, with
a mean of 100.0 £ 5.9 in the MPPA and good RE 74.9 £ 19.6, showing a good ability to calve
regularly but do not have a high sexual precocity, fertility and maternal instinct, with a PRS
mean of 504.7 + 181.1.

For traits related to reproductive aspects, a moderate phenotypic correlation was
observed between VW and RIMA (0.49) (Table 3). Analyzing 591 Tabapua females, Maculan
etal. (2018), estimated a divergent in relation to the correlation between RIMA and VW (0.09).
These results may be due to the database being similar in relation to the origin and breed of the
animals, but they present a smaller number of cows evaluated, leading to some divergences
between the results (Table 3). The other phenotypic correlations are not relevant because they
are not repeated in the genetic correlations, being traits greatly influenced by the environment.

The heritability obtained for AMH found was low (0.16), different from those found by
Grigoletto et al. (2020), Gobikrushanth, et al. (2018) and Nawaz et al. (2018) including
genomic information which observed a moderate to high heritability, 0.28, 0.36 and 0.46
respectively. This difference in magnitude may be due to variations in terms of genetic values
and phenotypes between populations, due to the smaller database used by Grigoletto et al.
(2020) (n=289) and by Gobikrushanth et al. (2018) (n=198). It is interesting to carry out further
studies to better understand the genetic parameters involving AMH.

In this study, it was verified that the genetic correlations between RIMA and VW (0.50)
are positive and moderate, selecting for the increase of one of them will cause a correlated

response for the other trait in the same direction.

According to the results obtained in this study, we conclude that these traits are

independent, that is, the selection of one will not cause any correlated response in the other.
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One of the reasons for this large credibility interval found may be due to the number of data

studied. Thus, further research involving these characteristics should be conducted.

5 CONCLUSIONS

In this study, moderate heritabilities was found for rima length, age at first calving, most
probable producing ability and vulvar width, showing that they respond to direct selection.
However, it was observed that there is no genetic correlation between the characteristics

studied. So further research involving these characteristics should be conducted.
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