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RESUMO

Predicio de valores genéticos gendmicos para caracteristicas de carcaca e tamanho corporal

em bovinos Curraleiro Pé-Duro adultos

Alan Oliveira do O
Tese (Doutorado em Zootecnia Tropical) — Universidade Federal do Piaui, Teresina, 2026.

A avaliagdo in vivo de carcaga, associada a utilizacdo de dados gendmicos, apresenta-se como uma
ferramenta promissora para acelerar o melhoramento genético de bovinos da raga Curraleiro Pé-Duro,
permitindo maior resposta a selecdo e a identificacdo precoce de animais geneticamente superiores
para caracteristicas de relevancia econdmica. Esta pesquisa teve como objetivos: (1) estimar
parametros genéticos para caracteristicas de carcaca e medidas corporais; (2) propor e validar ajustes
para as caracteristicas de musculosidade e acabamento de carcaca; e (3) predizer valores genéticos
gendmicos para essas caracteristicas, visando a selegdo genomica. Foram analisados dados de 2643
animais dos quais 1.899 animais possuem informag¢des gendmicas, incluindo medidas de carcaga,
Area de Olho de Lombo (AOL) e Espessura de Gordura Subcutinea (EGS), de tamanho e
conformagdo corporal e Peso Adulto (PA). A estimacdo dos pardmetros genéticos foi realizada por
meio de modelo animal em andlises tricaracteristicas, utilizando inferéncia Bayesiana com o software
GIBBSF90+. No Capitulo I, demonstrou-se que os ajustes propostos para AOL (AOL100c e
AOL300c), que consideram o tamanho corporal, foram superiores ao método tradicional utilizado
AOL100. Essas novas medidas permitem uma selecdo mais precisa e biologicamente relevante para
musculosidade, sem promover um aumento indesejado no porte dos animais. No Capitulo II,
aprofundou a compreensdo das relagdes genéticas entre as caracteristicas de carcaca e as diversas
medidas de tamanho e conformacao, com énfase em suas implicagdes adaptativas para a raga. Foram
estimadas herdabilidades de moderadas a altas para a maioria das caracteristicas, indicando
consideravel potencial de melhoramento genético. Um achado de particular relevancia foi a
correlagdo genética positiva e de alta magnitude (0,78) entre AOL e EGS, contrastando com o
antagonismo frequentemente reportado em outras ragas de gado de corte. No Capitulo III, foram
preditos valores genéticos gendmicos e proposto um indice de sele¢do genomico (ICPD), ponderando
as caracteristicas ajustadas de carcaga (AOL100c e EGS100c), o Peso Adulto (PA) e a razdo entre a
profundidade toracica e a altura da cernelha (PTAC). As acuracias médias das predicdes gendmicas
foram proximas de 0,30. A analise de tendéncia genética revelou oscilagcdes nos ganhos, o que indica
a auséncia de um processo de sele¢do sistematico e efetivo para caracteristicas produtivas na raga.
Conclui-se que o indice desenvolvido se mostrou eficaz em identificar animais geneticamente
superiores para o objetivo de selecdo. Os resultados fornecem ferramentas metodologicas e insights
fundamentais que pavimentam o caminho para a implantagdo de um programa de avaliagdo genética,
permitindo a selecdo estratégica de reprodutores e matrizes que otimizem a producdo sem
comprometer as caracteristicas de rusticidade e adaptacao que sao patrimonio da raga.

Palavras-chave: AOL, bovinos nativos; DEPs gendmicas, GBLUP.



ABSTRACT

Prediction of genomic genetic values for carcass traits and body size in adult Curraleiro Pé-
Duro cattle

Alan Oliveira do O
Thesis (Tropical Animal Science) — Federal University of Piaui, Teresina, 2026.

In vivo carcass evaluation, associated with the use of genomic data, stands as a promising tool to
accelerate the genetic improvement of Curraleiro Pé-Duro cattle, allowing for greater selection
response and early identification of genetically superior animals for economically relevant traits. This
research aimed to: (1) estimate genetic parameters for carcass traits and body measurements; (2)
propose and validate adjustments for carcass muscularity and finishing traits; and (3) predict genomic
breeding values for these traits, targeting genomic selection. Data from 2,643 animals were analyzed,
of which 1,899 had genomic information, including carcass measurements—Rib Eye Area (REA)
and Backfat Thickness (BF)—as well as body size, conformation, and Mature Weight (MW). Genetic
parameter estimation was performed using an animal model in multi-trait (three-trait) analyses,
employing Bayesian inference with the GIBBSF90+ software. In Chapter I, it was demonstrated that
the proposed adjustments for REA (REA100c and REA300c), which account for body size, were
superior to the traditionally used REA100 method. These new measurements allow for more precise
and biologically relevant selection for muscularity without promoting an undesired increase in the
animals' frame size. In Chapter II, the understanding of the genetic relationships between carcass
traits and various size and conformation measurements was deepened, emphasizing their adaptive
implications for the breed. Moderate to high heritabilities were estimated for most traits, indicating
considerable potential for genetic improvement. A particularly relevant finding was the high-
magnitude positive genetic correlation (0.78) between REA and BF, contrasting with the antagonism
frequently reported in other beef cattle breeds. In Chapter III, genomic breeding values were
predicted, and a genomic selection index (ICPD) was proposed, weighting adjusted carcass traits
(REA100c and BF100c), Mature Weight (MW), and the ratio between heart girth and wither height
(HGWH). The average accuracies of genomic predictions were near 0.30. Genetic trend analysis
revealed fluctuations in gains, indicating the absence of a systematic and effective selection process
for productive traits in the breed. It is concluded that the developed index proved effective in
identifying genetically superior animals for the selection objective. The results provide
methodological tools and fundamental insights that pave the way for the implementation of a genetic
evaluation program, allowing for the strategic selection of sires and dams that optimize production
without compromising the rusticity and adaptation traits that constitute the breed's heritage.

Keywords: REA, native cattle, genomic EBVs, GBLUP.
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1. Introducao

A avaliagdo genética de populagdes bovinas ¢ um dos grandes desafios da zootecnia moderna,
especialmente para racas adaptadas a sistemas extensivos, como o Curraleiro Pé-Duro. A raga se
destaca pela rusticidade, tolerancia a ambientes de clima tropical e resisténcia a endoparasitas,
atributos desenvolvidos ao longo de séculos de selegdo natural sob manejo pouco tecnificado
(TORRES et al., 2018; FIORAVANTI et al., 2021).

Tradicionalmente, os programas de melhoramento genético fundamentam-se na predicao de
valores genéticos a partir de informacgdes de pedigree e fenotipicas para caracteristicas que compdem
o objetivo de selegdo. O modelo animal cldssico, baseado na metodologia BLUP (Best Linear
Unbiased Prediction), requer uma base robusta de dados genealdgicos e produtivos para prever
valores genéticos estimados (EBVs) com acuracia, bem como para estimar parametros como
herdabilidade e correlagdes genéticas (CARDONA et al., 2024).

A auséncia de registros, principalmente de pedigrees completos, em rebanhos Curraleiro Pé-
Duro, dificulta a predicdo de valores genéticos e limita a implementacdo de programas de
melhoramento, comprometendo o avango genético da raca para caracteristicas economicamente
relevantes. A aplicagdo de métodos convencionais torna-se limitada nessas populagdes pequenas ou
manejadas extensivamente, onde o controle genealdgico € precério, afetando a correta estimagao das
relacdes de parentesco (VANRADEN, 2008).

A sele¢do gendmica surge como uma alternativa tecnologica. O método GBLUP (Genomic Best
Linear Unbiased Prediction) propde contornar a falta de pedigree incorporando informacao de
marcadores moleculares do tipo SNP (Single Nucleotide Polymorphism) para construir a matriz de
parentesco gendmico (Matriz G), baseada na real similaridade genética entre individuos
(MEUWISSEN et al., 2001). A popularizagdo de técnicas de genotipagem, como os SNP chips,
ampliou a viabilidade dessa abordagem (HAYES et al., 2009).

Contudo, a aplicacdo da selecdo gendmica em ragas locais e de efetivo reduzido impde desafios
particulares. A superioridade do GBLUP sobre o BLUP tradicional ndo ¢ garantida a priori nessas
condigdes, pois a acurdcia das predi¢cdes gendmicas ¢ fortemente dependente da estrutura de
Desequilibrio de Ligagcdo (LD) histérico e do tamanho efetivo da populacdo de referéncia
(GODDARD, 2009; HABIER et al., 2010). Em populagdes pequenas, ha riscos aumentados de viés
nas estimativas e de sobreajuste (overfitting) dos modelos aos dados (GIANOLA, 2013). Dessa
forma, a presente pesquisa configura-se como um estudo piloto para a raca Curraleiro Pé-Duro,

buscando explorar a viabilidade e as limitagdes da implementagdo de avaliagdes gendmicas,
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considerando a estrutura populacional existente e a necessidade de validacdo dos métodos em
cendrios de escassez de dados.

A conducao da avaliagdo genética nesta raga exige uma abordagem cautelosa quanto a relagao
antagonica que pode existir entre adaptacdo e ganho produtivo. O aumento do desempenho em
caracteristicas de carcacga e tamanho corporal ndo deve comprometer a rusticidade o principal ativo
bioldgico do Curraleiro Pé-Duro. A ferramenta genOmica, neste contexto, deve ser utilizada ndo
apenas para acelerar o ganho genético, mas para monitorar ¢ assegurar que a selecdo para
produtividade ndo eroda os complexos génicos responsaveis pela adaptacao e resiliéncia da raga ao
ambiente tropical ((FABBRI et al., 2019).

O objetivo deste estudo foi estimar parametros genéticos para caracteristicas de carcaga e
tamanho corporal em bovinos da raga Curraleiro Pé-Duro e predizer os valores genéticos gendmicos
(GEBVs) com base nas medidas avaliadas, visando otimizar a avaliagdo genética da raga.

A Tese esta estruturada conforme as normas do Programa de P6s-Graduag¢do em Zootecnia
Tropical da UFPI (Resolugdao 138/2019 PPGZT), apresentando-se da seguinte forma: Parte
introdutoria, composta pela Introducdo Geral e Revisdo de Literatura; Capitulo I, referente ao artigo
Selection for muscularity in cattle: genetic parameters for ribeye area adjusted for body weight in
Curraleiro Pé-Duro cattle; Capitulo II, constituido pelo artigo Genomic parameters reveal favorable
genetic associations among carcass traits in Curraleiro Pé-Duro cattle.; e Capitulo III, contendo o
artigo Predicao Genomica do mérito genético e otimizacao da selegdo para caracteristicas de carcaga

e conformagao corporal em bovinos Curraleiro Pé-Duro".
2 Referencial Teorico

2.1 Origem do gado bovino Pé-Duro

O bovino Curraleiro Pé-Duro € resultante de processos seculares de selecdo natural no Brasil.
Sua origem remonta ao periodo colonial, com a introdu¢do de bovinos de racas com descendéncia
ibérica, africana e de diferentes grupos genéticos no nordeste brasileiro (PRIMO, 2010). Os animais,
trazidos pelos colonizadores portugueses no século XVI, foram inicialmente desembarcados em Sao
Vicente, Sao Paulo, provenientes da [lha da Madeira e Cabo Verde (MARIANTE; CAVALCANTE,
2006; CARVALHO, et al., 2013; VERARDO et al., 2021; FREITAS et al., 2022).

Anadlises robustas de marcadores uniparentais e autossomicos tém evidenciado uma
significativa e direta influéncia africana na composi¢ao genética da raca. Observa-se a prevaléncia de
linhagens maternas raras na Peninsula Ibérica, mas comuns no continente africano, bem como o

compartilhamento de haplétipos do cromossomo Y entre gado africano e crioulos sul-americanos.
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Essa introgressdo africana pode ter sido mediada por paradas estratégicas em ilhas atlanticas ou por
rotas comerciais vinculadas ao trafico transatlantico de escravizados (GINJA et al., 2019).

Em estadgios subsequentes, especialmente a partir do século XX, ocorreu uma extensiva
introgressao de material genético de Bos indicus (zebu) de origem indiana, particularmente em
regides tropicais, conferindo novas camadas ao pool genético crioulo (GINJA et al., 2019;
VERARDO et al., 2024). Essa complexa amalgama de origens posiciona as ragas crioulas brasileiras
em uma localizacao intermediaria no espectro genético entre as ragas africanas e europeias, resultando
em alta diversidade genética que sublinha sua resiliéncia e adaptabilidade intrinseca aos diversos
ecossistemas locais (GINJA et al., 2019).

A diferenciagdo em distintas ragas locais deveu-se a diversidade ambiental brasileira, com
selecdo fenotipica especifica em cada bioma, levando ao surgimento de ragas distintas, incluindo o
Caracu (compreendendo a linhagem Caracu Caldeano para fins leiteiros e Caracu para carne), Crioulo
Lageano (e uma linhagem distinta criada no Estado do Rio Grande do Sul conhecida como
Franqueiro), Curraleiro Pé-Duro e Pantaneiro (SERRANO, et. al., 2007; VERARDO et al., 2024).

O Curraleiro Pé-Duro foi reconhecido oficialmente pelo MAPA em 2012. O nome “pé-duro”
decorre da robustez dos cascos, pardmetro adaptativo essencial as condi¢des de solos pedregosos do
sertdo brasileiro (CARVALHO et al., 2010). Caracteriza-se por pelagem amarela a amarelo-
avermelhada, chifres curtos, cabeca pequena e dimorfismo sexual acentuado, com médias de peso
adulto entre 280 e 350 kg para fémeas e 400 e 550 kg para machos, com fertilidade acima de 80%
(BIACHINI et al., 2006; FIOVARABTI et al., 2011).

Com o advento das tecnologias de genomica, a importancia do Curraleiro Pé-Duro e de outras
ragas nativas tornou-se ainda mais evidente. Estudos de diversidade genética empregando marcadores
de DNA, SNPs (polimorfismos de nucleotideo unico) e sequenciamento de genoma inteiro
demonstraram que o Curraleiro Pé-Duro possui alta variabilidade genética e diferenciacdo
populacional, refletindo sua longa histéria sob selecdo natural e cruzamentos controlados ou naturais

(FREITAS, et al., 2022).
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Figural. Animais adultos da raca Curraleiro Pé-Duro Presidente-Dutra,
Maranhao. Fonte: Autor
A raga integra um dos principais nucleos de diversidade genética entre bovinos terrestres do

Brasil, compondo uma importante base para garantir resiliéncia em sistemas de produ¢do diante de
doengas emergentes ¢ mudancgas climaticas (BRITTO et al., 2021). Diversos estudos de varredura
gendmica demonstraram que genes associados a resisténcia a parasitas, adaptagdes nutricionais,
termotolerancia e capacidade de conversdo alimentar estdo presentes e ativos nas populagdes do
Curraleiro Pé-Duro, caracteristicas relevantes para programas de melhoramento, cruzamentos
industriais e sustentabilidade (FREITAS et al., 2021; DA SILVA et al., 2022; SANTOS, 2021).

Abordagens com o uso de SNP chips revelaram que as popula¢des de Curraleiro Pé-Duro detém
niveis de heterozigosidade superiores a muitos rebanhos comerciais, sinalizando preservagao de
variabilidade adaptativa, fator critico para a manutengao da biodiversidade zootécnica (FREITAS, et.
al., 2022). Os estudos ressaltam a necessidade de manter bancos genéticos vivos e criopreservados,
ao mesmo tempo em que ampliam a compreensdao da histdria evolutiva e dos fluxos génicos entre
ragas ibéricas e ragas locais brasileiras.

A extingdo das ragas adaptadas podera acarretar a perda de importantes caracteristicas de
interesse econdmico, enquanto a sua utilizagdo podera significar uma alternativa para melhoria da
rusticidade de ragas bovinas de alta produtividade, porém com baixa capacidade de adaptagdo,
podendo ser indicadas como estratégias de cruzamento para a complementariedade de caracteristicas

de producao em animais oriundos dos cruzamentos (SERRANO, et. al., 2007).

2.2 Selecio Genomica

Tradicionalmente, a avaliacdo genética de caracteristicas economicas em animais de producgao
depende fundamentalmente da estruturacao de pedigrees e de registros fenotipicos detalhados. Essas

informagdes sdo cruciais para estimar o parentesco e a herdabilidade das caracteristicas de interesse,
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permitindo a predi¢ao dos valores genéticos dos individuos (HENDERSON, 1975; MEUWISSEN et
al., 2001).

O método BLUP (Best Linear Unbiased Prediction), introduzido por Charles Roy Henderson
na década de 1970, consolidou-se como a principal metodologia estatistica para avaliagdo genética
animal. Ao utilizar modelos lineares mistos, o BLUP integra simultancamente dados de varias
geracdes, assumindo que os efeitos genéticos aditivos seguem uma distribuicdo normal e que os
efeitos ambientais sdo aleatdrios e independentes. Essa abordagem estatistica torna o método robusto
para populagdes complexas, gerando predi¢cdes acuradas e livres de viés (HENDERSON, 1975;
WRAY et al., 2007; VANRADEN, 2008).

O modelo tradicional considera as relacdes genealogicas expressas na matriz de parentesco
aditiva (Matriz A), além de um modelo de variancias e covariancias que aproveita informacoes de
parentes para aumentar a acurdcia das estimativas genéticas, mesmo em cenarios de dados
desbalanceados (LOURENCO et al., 2020). Contudo, uma limitagdo inerente a Matriz A ¢ basear-se
no parentesco esperado (médias genealdgicas), falhando em capturar as variagdes estocasticas
decorrentes da segregacdo mendeliana. Consequentemente, individuos com o mesmo parentesco
esperado, como irmaos completos, podem apresentar, na realidade, diferentes propor¢des de genoma
compartilhado. Além disso, em muitos sistemas produtivos, o registro genealdgico ¢ limitado ou
inexistente, comprometendo a aplicabilidade do BLUP tradicional.

Para superar essas restrigoes, a Selecao Gendmica (GS) foi proposta como uma ferramenta
para facilitar a sele¢@o de caracteristicas economicas através do mérito genético liquido, utilizando
efeitos de marcadores densos distribuidos por todo o genoma (MEUWISSEN et al., 2001). A ascensao
das tecnologias de genotipagem de alto rendimento permitiu a coleta massiva de marcadores do tipo
SNP (Single Nucleotide Polymorphism), viabilizando o calculo dos valores genéticos gendmicos
(GEBYV) pela soma aditiva dos efeitos estimados de cada marcador (BUDHLAKOTTI et al., 2022).

O GBLUP (Genomic Best Linear Unbiased Prediction) emerge como a extensdo natural do
método tradicional. Sua principal inovacdo reside na substituicdo da Matriz A pela matriz de
parentesco gendmico (Matriz G). Calculada diretamente a partir dos marcadores de DNA, a Matriz
G estima o parentesco realizado entre os individuos, refletindo a propor¢do exata de genoma
compartilhado (VANRADEN, 2008).

Ao incorporar essa informagao gendmica detalhada, o GBLUP mantém a estrutura de modelos
mistos, mas utiliza uma matriz de covariancia genética mais precisa. Isso resulta em maior acuracia
nas predicdes, especialmente para animais jovens ou sem fenotipo proprio, superando o BLUP
tradicional ao reduzir problemas decorrentes de erros de pedigree e permitir a incorporacdo direta de

individuos nao fenotipados na avaliagio (MEUWISSEN; HAYES; GODDARD, 2016). Dessa forma,
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a metodologia possibilita a selegdo precoce e acelera o progresso genético, reduzindo o intervalo de
geragdes (MISZTAL et al., 2009).

O modelo assume distribui¢do normal para os efeitos genéticos aditivos e homogeneidade da

variancia entre marcadores, sendo representado pela equacao:

y=Xb+Zu+e
em que y € o vetor de fendtipos, Xb representa os efeitos fixos, Zu os efeitos aleatorios genéticos ¢ e
o erro residual.

Conforme descrito por MEUWISSEN et al. (2001), o processo ¢ constituido por trés etapas
fundamentais: a estimacdo e validagdo, que utiliza uma populacdo de treinamento (ou referéncia)
composta por individuos com dados genotipicos e fenotipicos conhecidos para estimar os efeitos dos
marcadores e construir o modelo preditivo; a predi¢do, etapa na qual se aplica a equacdo desenvolvida
aos candidatos a selegdo (populagdo de teste), que possuem apenas informagdes genotipicas, para
calcular seus Valores Genéticos Genomicos (GEBVs); e, por fim, a selecdo, momento em que se

identificam os genotipos superiores com base nas predigcdes estimadas (Figura 2).

Figura 2: Esquema basico do processo da selecdo gendmica
(BUDHLAKOTI et al., 2022)

A equacdo obtida, composta pela combinagdo entre os gendtipos de cada SNP e as estimativas
dos efeitos dos marcadores, ¢ entdo empregada na predi¢do dos valores genéticos aditivos gendmicos
(GEBVs) de animais pertencentes a outra populagdo, denominada populacdo de validagdo. Esta
populagdo dispoe de informacdes genotipicas, mas necessariamente nao precisa ter todos os dados
fenotipicos. Apds validada, tal equacdo pode ser utilizada para predizer os GEBVs dos candidatos a

selecdo (HAYEES et al, 2020). Dessa forma, a soma de todos os efeitos estimados dos SNPs serve
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como preditor do mérito genético dos animais avaliados, proporcionando maior precisdo ao processo
seletivo (MEUWISSEN et al., 2001).

A eficécia da previsao gendmica ¢ influenciada por uma multiplicidade de fatores, incluindo
o tamanho efetivo das populacdes de treinamento e de selecao, a diversidade genética existente, a
herdabilidade das caracteristicas, a densidade dos marcadores moleculares e a magnitude da interagdo
gendtipo x ambiente (GxE). Além disso, o grau de parentesco genético entre a populagdo de
treinamento e os candidatos a selecdo desempenha papel determinante na acuracia das predigdes.
Recentemente, estudos tém destacado que o emprego de abordagens de aprendizado de maquina e
métodos bayesianos possuem potencial para incrementar a precisdo preditiva, especialmente em
cenarios de alta complexidade genética e variabilidade ambiental (SANCHES et al., 2021).

A implementagdo da sele¢do gendmica em populacdes de tamanho efetivo reduzido enfrenta
o desafio critico da acuracia de predi¢ao limitada pela estrutura da populagdo de referéncia. Como
demonstrado por DAETWYLER et al. (2008) ¢ GODDARD (2009), a escassez de animais
fenotipados em relagdo ao niimero de marcadores (SNPs) predispde os modelos a um superajuste
(overfitting), onde a acuricia estimada ¢ artificialmente alta, mas a capacidade real de predizer
animais jovens nao aparentados ¢ baixa. Além disso, a intensidade de sele¢do gendmica pode acelerar
drasticamente a perda de variabilidade genética e a fixacdo de alelos, correndo o risco de "varrer"
genes de rusticidade e adaptacdo que ndo estejam em forte desequilibrio de ligagdo com os
marcadores dos chips comerciais, desenhados majoritariamente para ragas cosmopolitas
(HOFFMANN ET AL., 2013; JANNINK, 2010).

No que tange ao controle da endogamia, a substituicdo da matriz de parentesco baseada em
pedigree (A) pela matriz genomica (G) representa um avango fundamental, pois permite mensurar a
consanguinidade realizada em vez da esperada. Enquanto o pedigree assume que irmaos completos
compartilham sempre 50% dos alelos, a matriz G captura a variagdo real decorrente da segregagao
mendeliana (VANRADEN, 2008; HAYES et al., 2009). Isso possibilita identificar e acasalar
individuos que, embora parentes no papel, herdaram fracdes gendmicas distintas, mitigando o
aumento da homozigose na progénie.

Para equilibrar o progresso genético com a conservacgao da raga, a estratégia mais robusta é a
aplicagdo da Selecio de Contribuigio Otima (OCS) utilizando informagdes gendmicas.
Fundamentada em MEUWISSEN (1997) e SONESSON et al. (2012), essa abordagem utiliza a matriz
G para definir a contribui¢do genética ideal de cada reprodutor para a proxima geracao, maximizando
o ganho genético sob uma restricao rigida de incremento da endogamia. Em populagdes pequenas

como a do Curraleiro Pé-Duro, a OCS gendmica € superior a selecdo massal, pois penaliza o uso
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excessivo de familias superiores que compartilham os mesmos segmentos cromossomicos,
garantindo a manutencdo da variabilidade genética aditiva e a sustentabilidade da raga a longo prazo.

Embora o procedimento de etapa unica (Single-Step GBLUP ou ssGBLUP) seja
frequentemente apontado como superior por integrar simultaneamente fendtipos, pedigree e
gendtipos, resultando em maior acuracia na avaliagao de gado de corte (LOPEZ-CRUZ et al., 2019),
sua aplicagdo pressupde a existéncia de conexdes genealdgicas. O método de multiplas etapas
(GBLUP), por sua vez, baseia-se em suposi¢oes que nem sempre sao atendidas, como a genotipagem
total dos animais, e pode apresentar menor precisao comparativa. Contudo, em cendrios especificos
onde o pedigree ¢ incompleto ou inexistente, inviabilizando a constru¢do da matriz de parentesco
hibrida (H) requerida pelo ssGBLUP, o método GBLUP permanece como a abordagem mais indicada
e robusta.

Esses desafios metodologicos e estruturais refletem-se nos resultados praticos observados
entre diferentes aptiddes. Enquanto para bovinos leiteiros sdo frequentemente reportadas acuracias
superiores a 0,80 para caracteristicas produtivas e proximas a 0,70 para reprodutivas (MEUWISSEN;
HAYES; GODDARD, 2016), em bovinos de corte o cenario ¢ distinto. A menor disponibilidade de
dados fenotipicos de alta qualidade e a maior diversidade genética das populagdes de corte tém
limitado historicamente a acuracia das predi¢cdes gendmicas, que oscilam frequentemente entre 0,30
e 0,50 para caracteristicas complexas (VEERKAMP et al., 2016; NASERKHEIL et al., 2021).

Contudo, ¢ imperativo salientar que tais magnitudes de acurdcia ndo constituem uma
propriedade bioldgica intrinseca a espécie, mas sdo fortemente condicionadas pela estrutura e
representatividade da populagdo de referéncia. A eficacia da predigdo reside na capacidade da
populagdo de treinamento em capturar o desequilibrio de ligacdo entre marcadores e locus de
caracteristicas quantitativas (QTLs), sendo maximizada quando ha uma estreita relagdo gendmica
entre a base de dados e os candidatos a sele¢@o. Portanto, a acuracia gendmica deve ser compreendida
como uma variavel dindmica, dependente da robustez estatistica e da proximidade genética da

populacgdo de referéncia frente a diversidade da populacao-alvo.

2.3 Métodos de estimacio dos parametros genéticos

O método de Maxima Verossimilhanga (MV) e, em particular, sua variacdo no contexto de
modelos mistos, a Maxima Verossimilhanca Restrita (REML), sdo abordagens estatisticas
predominantes e fundamentais no melhoramento animal moderno. Estes métodos frequentistas
formam a base para a estima¢do de componentes de (co)variancia e a predi¢do de valores genéticos,

BLUP/GBLUP, (PATTERSON; THOMPSON, 1971; HENDERSON, 1975)
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Conceitualmente, o método de Méaxima Verossimilhanga, introduzido por FISHER (1922),
busca estimar os parametros que maximizam a probabilidade de ocorréncia dos dados amostrais
observados, avaliando o quao bem o modelo estatistico explica o fendtipo dado um conjunto de
parametros genéticos e ambientais. Contudo, para a aplicagdo em modelos mistos, o procedimento
padrdo e preferencial ¢ o REML. Proposto por PATTERSON e THOMPSON (1971), o REML
aprimora o método original ao considerar a fun¢do de verossimilhanga dos contrastes dos dados
(residuos), em vez dos dados originais. Essa abordagem particiona a variancia fenotipica e corrige o
viés nas estimativas dos componentes de variancia decorrente da estimacdo dos efeitos fixos,
resultando em estimativas consistentes e ndo viesadas.

Paralelamente, métodos estatisticos baseados em inferéncia bayesiana t€ém ganhado destaque
na literatura devido a sua capacidade de acomodar arquiteturas genéticas complexas, especialmente
em cenarios de alta densidade de marcadores. Diferentemente dos modelos tradicionais que assumem
variancia constante para todos os loci, 0 método BayesA utiliza distribui¢des a priori para permitir
que cada marcador possua sua propria variancia, ajustando-se melhor a heterogeneidade dos efeitos
genéticos (MEUWISSEN et al., 2001).

Os modelos de selecdo bayesiana tém se destacado como alternativas robustas na estimagao
de valores genéticos, especialmente em contextos de alta densidade de marcadores. O Bayesian
LASSO (BayesL), por exemplo, emprega uma penalizagdo baseada na distribui¢ao de Laplace, o que
favorece a selecdo de marcadores mais informativos ao impor uma restri¢ao nos efeitos dos demais
marcadores, promovendo assim maior parciménia no modelo (PARK; CASELLA, 2012; DE LOS
CAMPOS et al., 2009).

Outras variantes, como BayesB, BayesC e BayesCn, diferenciam-se principalmente pelo
tratamento dado a inclusao de marcadores e as suposi¢des sobre a fracdo de loci com efeito nulo. O
modelo BayesB pressupde que apenas uma pequena parcela dos marcadores influencia a
caracteristica, atribuindo efeito zero a maioria (MEUWISSEN et al., 2001). J4 as abordagens BayesC
e BayesCnr flexibilizam essa premissa, permitindo que a propor¢cao de marcadores efetivos seja um
parametro fixo ou estimado a partir dos proprios dados, respectivamente, ampliando o potencial
adaptativo da metodologia (GIANOLA, 2013). Adicionalmente, o Bayesian LASSO (BayesL)
destaca-se pelo emprego de uma penalizacdo baseada na distribuicdo de Laplace, favorecendo a
selecdo de marcadores mais informativos e promovendo maior parcimonia no modelo (PARK;
CASELLA, 2012; DE LOS CAMPOS et al., 2009).

A confiabilidade das estimativas geradas por esses modelos depende intrinsecamente do
monitoramento da convergéncia das cadeias de Markov Monte Carlo (MCMC), exigindo a definicao

rigorosa de um periodo de descarte inicial (burn-in) para mitigar a influéncia dos valores de partida



28

e garantir a estacionariedade da distribui¢do (GELMAN et al., 2013). Adicionalmente, deve-se avaliar
a autocorrelacdo entre as amostras sucessivas para determinar o intervalo de amostragem (thinning)
adequado, bem como conduzir andlises de sensibilidade as distribui¢des a priori para assegurar que
as inferéncias nao sejam excessivamente conduzidas por hiperparametros subjetivos, utilizando-se
critérios estatisticos formais, como os testes de Geweke ou Heidelberger e Welch, para validar a
qualidade do processo de amostragem (SORENSEN; GIANOLA, 2002).

Essas abordagens bayesianas mostram-se particularmente eficazes em cenarios onde se
presume que um numero restrito de marcadores exerce efeitos substanciais, permitindo a identificagao

de loci especificos com maior impacto sobre as caracteristicas fenotipicas (GIANOLA, 2013).

2.4 Estratégias de selecio para o melhoramento genético de caracteristicas de carcaca em
bovinos de corte

O melhoramento genético para a qualidade de carcaca tem sido auxiliado pelo uso da
tecnologia de ultrassonografia. Visa aprimorar atributos como rendimento de carne, marmoreio e
espessura de gordura subcutanea, garantindo maior eficiéncia produtiva e valor comercial (SILVA,
et al., 2017). Desta forma o rendimento dos cortes carneos € a padronizagdo das carcacas, foram
incluidos nos programas de selecdo como caracteristicas que permitem a identificacdo de animais
superiores e que resultardo no atendimento dos objetivos da sele¢do. A técnica ndo é recente no Brasil,
os primeiros estudos datam da década de 1990 (TAROUCO et. al., 1993).

O principal objetivo € possibilitar a selecdo de animais com carcagas uniformes e especificas
para determinados mercados. A carcaga ideal ¢ aquela com maior propor¢do de musculo, minimo de
osso e quantidade ideal e distribui¢do uniforme da gordura, adequada para atender as exigéncias do

mercado consumidor (SILVA et al., 2017).

Figura 3 — Ultrassonografia
para a avaliacdo de carcaga
em bovinos. Autor)
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A ferramenta da ultrassonografia para a avaliacdo de carcaca ¢ usada para quatro finalidades
em animais vivos: avaliagdo da composi¢do corporal dos reprodutores (machos e fémeas) e seus
descendentes; avaliacdo dos lotes (grupos de contemporaneos) quanto a deposicao de gordura, para
fins de determinacdo do momento 6timo de abate; selecao na fazenda, do gado para o mercado e
abate; valorizacdo do rebanho comercial por meio de lotes de reprodutores e medidas positivas para
o rendimento da carcaga (SUGSAWA et al., 2013).

A técnica de ultrassonografia consiste em uma alta frequéncia de ondas sonoras, acima da
capacidade auditiva (16.000 ciclos/segundo), e, em animais vivos, sdo utilizadas frequéncias entre
1,0 e SMHz, sendo a mais frequente entre 3 ¢ 3,5 MHz (SILVA et al., 2017). Trés sdo os principais
indicadores de medidas em caraca de animais vivos: espessura de gordura subcutanea (EGS), area de
olho de lombo (AOL) e marmoreio (MAR) que se refere a porcentagem de gordura intramuscular
(SUGUISAWA et al., 2003).

A espessura de gordura subcutanea (EGS), representa a gordura localizada entre a 12% ¢ 13*
vértebra toracica (Figura 4), no musculo longissimus dorsi. (SILVA et. al, 2017; PISTILLO, et. al.,
2022). A medida tem grande importincia na industrializag¢do da carne, sendo fundamental no processo
de resfriamento da carcaga, por proporcionar prote¢ao ao tecido muscular contra a perda de liquidos
durante o processo de refrigeragdo, principalmente pela influéncia da temperatura e velocidade do
vento dentro das camaras de resfriamento. O mercado brasileiro de carnes exige que carcaga de

bovinos tem espessura de gordura de no minimo 3mm (VAZ, et. al., 2013).

Figura 4 — Local de coleta das medidas de
ultrassonografia (MORALIS, 2025)
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A gordura da picanha (EGP) ¢ uma medida complementar a EGS, torna-se importante avalia-
la quando animais possuem deposi¢do de gordura subcutianea inadequada, por fatores nutricionais,
como ¢ o caso de animais em sistemas extensivos de manejo (SUGSAWA et al., 2013).

EGS e EGP possuem correlagao positiva com a precocidade animal (DIBIASI et al., 2010),
ou seja, animais que iniciam a deposi¢do de gordura mais cedo, tendem a ser mais precoces,
sexualmente, e apresentarem carcagas prontas para o abaré em menores idades. Assim, ambas as
caracteristicas sao indicativas de precocidade sexual e acabamento da carcaga (SUGUISAWA et al.,
2013), sendo esta ultima um fator decisivo na determinagdo do melhor momento para abater o animal,
contribuindo assim para a qualidade da carcaga.

A area de olho de lombo (AOL), medida obtida sobre o musculo longissimus dorsi, entre a
12% e 13* costela, também ¢ um indicador de rendimento de carcaga (Figura 4 e 5). A técnica consiste
em um corte transversal do musculo ao se posicionar o acoplador acustico entre a 12* e 13 costela.

AOL possui correlagdo positiva e moderada com a musculosidade do animal (DIBIASI et al., 2010).

Figura 5 — Imagem da area de olho de lombo, de
bovino Curraleiro Pé-duro, coletada por
meio de ultrassonografia (Fonte: Autor)

Uma alternativa a utilizacao das medidas de AOL em valores brutos, € o uso da relagao largura
x altura do musculo contrafilé, conhecida como RATIO. Essa esta associada ao formato do musculo,
estando relacionada a carcagas mais volumosas, ou seja, com musculatura mais convexa, sendo
considerados adequados, animais com RATIO superior a 0,40 (SUGSAWA, et al., 2013)

Em bovinos de corte preconiza-se animais com medidas de 75 cm? de AOL possuem grande
potencial de musculosidade e rendimento de carcaga (SUGSAWA, et al., 2013). Uma abordagem
para promover o melhoramento da qualidade da carcaca de bovinos sem aumentar o tamanho seria a
adogdo de AOL ajustada para o peso corporal (TURNER et al., 1990; BERGEN et al., 1997;
RODRIGUES et al., 2010).
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A relagdo da AOL com o peso vivo ¢ expressa em AOL/100 kg, medida expressa que leva em
consideragdo o peso do animal, indicando a propor¢do de carne em relagdo ao peso total, ou seja,
valores altos de AOL/100kg sdao excelentes indicativos de musculosidade e rendimento de carcaca.
Tal relagao (AOL/100kg) ¢ utilizada para reduzir o efeito ambiental, quando se comparam animais
de diferentes sistemas de alimentagdo e, também para aferir o potencial do animal para o rendimento
de cortes carenos, desta forma, valores superiores a 17cm?/100kg sdo considerados ideais
(SUGSAWA, et al., 2013).

MARESTONE et al. (2022), encontraram correlacao genética e fenotipica entre estimada
entre AOL100 e peso ajustados aos 550 dias, resultados de menor magnitude e na mesma dire¢ao dos
resultados relatados por Turner et al. (1990). Os autores afirmaram que AOL100 ¢ inversamente
relacionado ao peso corporal, e existe uma provavel limitacao no uso de AOL100 como um indicador
de musculosidade. Uma metodologia para contornar o problema, buscando um indicador de
musculosidade da carcaca, denominado area do olho do lombo ajustada para uma U.A (450 kg) de

peso corporal, denominada AOL450, através da seguinte equagao
AOL
AOL450 = AOLx (Y——)2
Peso

Através do AOL450, torna-se possivel unificar unidades de magnitude das caracteristicas de
AOL (cm?) e peso corporal (kg). A raiz cubica dos pesos ¢ primeiro extraida e depois elevada ao
quadrado neste célculo, transformando o peso (tridimensional) em uma caracteristica bidimensional
compativel com a unidade de medida de AOL, sendo o valor de 450 como um fator ponderador
(referéncia) que pode ser substituido por qualquer outro valor de ajuste para comparagao do animais
(MARESTONE et al., 2022).

OLIVEIRI et al (2017) obtiveram correlagdao genética entre AOL e peso ajustado aos 450 dias
(P450) de 0,49, ja para EGS e peso ajustado aos 450 dias, o valor foi de 0,43. Os resultados indicam
que a selecdo para a carcateristica de P450 acarretard em ganho genético para AOL e EGS.

A deposicao de tecido adiposo ocorre de forma sistematica. De acordo com BERG e
BUTTERFIELD (1976), a deposicao de gordura perirrenal e interna ocorre primeiro, seguida pelo
preenchimento de gordura intermuscular, o depdsito de gordura subcutanea e, finalmente, a deposi¢ao
de gordura intramuscular. Devido a esta ordem preferencial de deposi¢do, um animal pode ter uma
quantidade significativa de gordura renal e pélvica, mas ndo marmoreio suficiente (gordura
intramuscular) (LUCHIARI FILHO, 2000).

A literatura apresenta valores que variam de moderados a elevados para a herdabilidade para
MAR, indicando consideravel potencial de resposta a sele¢do. Estudos reportam herdabilidades para

marmoreio de 0,29 a 0,63, enquanto revisdes envolvendo metandlises em populacdes Zebuinas
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brasileiras, indicam valores entre 0,30 ¢ 0,42 (YOKOO et al., 2009; FERNANDES et al., 2015). No
entanto, essa caracteristica ndo ¢ um alvo de selecdo na maioria das fazendas brasileiras, ainda ¢
pouco explorada para selecdo e melhoramento genético, com a maior énfase sendo colocada na
deposi¢ao de gordura subcutainea (MARESTONE et al., 2022).

A avaliagdo das caracteristicas de carcaga em bovinos de corte ¢ recomendada principalmente
entre 12 e 24 meses de idade, fase em que os animais apresentam desenvolvimento fisiologico
adequado e deposicao satisfatoria de gordura subcutanea, favorecendo estimativas mais precisas para
a selecao de reprodutores (RESTLE et al., 1999; SOUZA et al., 2018). Recentemente, a adogao da
idade de ajuste padrdo para caracteristicas avaliadas por ultrassonografia tem se consolidado em
programas de melhoramento, sendo 550 dias (sobreano) (WEIK et al., 2021). Esse padrao possibilita
a comparagao acurada entre individuos de diferentes idades ao momento da avaliagao, contribuindo
para maior consisténcia nos dados fenotipicos ¢ nas decisoes seletivas.

As correlagdes genéticas entre as principais caracteristicas de carcaga sdo geralmente
positivas, destacando-se os valores obtidos entre a area de olho de lombo ajustada para 100 kg de
peso corporal (AOL100) e os escores visuais de estrutura, precocidade e musculosidade, que variam
de 0,54 20,61 (YOKOQO et al., 2009). Esses resultados vém sendo confirmados em relatérios e meta-
analises mais recentes (FERNANDES et al., 2015; AMERICAN ANGUS ASSOCIATION, 2025),
evidenciando que a sele¢cdo para maior AOL pode proporcionar ganhos correlacionados relevantes

em outros atributos zootécnicos desejaveis, como precocidade sexual e desenvolvimento muscular.
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Selection for muscularity in cattle: genetic parameters for ribeye area adjusted for body
weight in Curraleiro Pé-Duro cattle
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Abstract

This study aimed to estimate genetic parameters for carcass traits, specifically ribeye area
(REA), under different adjustments for body weight (BW) in adult Curraleiro Pé-Duro cattle
(CPD). Data on adult body weight (AW), rump height (RH), and carcass measurements were
obtained from records of 2,643 adult animals across 31 farms. REA measurements were
taken between the 12th and 13th ribs of the Longissimus dorsi muscle using ultrasound
equipment. Three body weight-adjusted REA traits were generated: REA100, REA100c,
and REA300. For the estimation of genetic parameters, fixed effects of contemporary groups
and age (as a covariate) were considered, using multi-trait Bayesian inference analyses
implemented in GIBBSF90+. A genomic relationship matrix (G), constructed from SNP data
of 1,853 genotyped animals, was used. Heritability estimates for the adjusted traits ranged
from low to moderate magnitude (0.48, 0.21, 0.32, and 0.31, respectively). AW showed high
heritability (0.48). Genetic correlations between REA, REA100, REA100c, and REA300 with
AW and RH ranged from low and negative to high and positive values. Selection based on
unadjusted REA may lead to an increase in animal size over generations. In contrast,
REA100 showed moderate and negative genetic correlations with AW. REA100c and
REA300 provided more effective adjustments, better decoupling carcass muscularity from
body size. REA100c is recommended as a selection criterion for muscularity in adult
Curraleiro Pé-Duro cattle.

Keywords: Ribeye area, Beef cattle, Genomic relationship, Native cattle, Multi-trait

analysis
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Direct selection for carcass muscularity, as indicated by ribeye area (REA) measured
via ultrasonography, may lead to undesirable increases in body size, elevate nutritional
requirements, and compromise the adaptive efficiency of breeds such as the Curraleiro Pé-
Duro cattle. Adjusted measures are therefore essential to decouple muscularity from
unintended increases in body size. Incorporating such adjusted traits into breeding programs
would enable the identification of animals with superior muscular efficiency without
compromising biological resilience. The use of muscularity indicators in genomic selection
represents a strategic advancement toward ensuring the sustainable productivity of native

genetic resources under environmental challenges.

Introduction

In cattle breeding programs, the evaluation of carcass traits using ultrasonography
enables the measurement of phenotypes that stand out as important selection criteria in
beef production. Among these traits, ribeye area (REA) is widely used because it provides
a reliable, non-invasive estimate of muscularity and yield of primal cuts in live animals
(Marestone et al., 2022).

Direct selection for increased REA tends to concomitantly increase body weight and
overall animal size (Paula et al., 2015). In tropical production systems, where feed resources
are often seasonal and limited, selection for higher carcass yield without considering
adaptive efficiency may result in animals with high metabolic demands and reduced
resilience (Visser, 2025). To address this challenge, adjusting REA to standardized body
weight units, thereby decoupling carcass yield from undesirable increases in body size, has
been recommended (Bergen et al., 1997; Suguisawa et al., 2006; Suguisawa et al., 2013).
One such approach is REA100, which allows fair comparison among animals of different

biotypes and weights by standardizing REA to a reference body weight of 100 kg.
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However, recent evidence suggests that the use of REA100 as a selection criterion
may present important practical limitations. Findings by Marestone et al. (2022)
demonstrated that REA100 is an ineffective indicator of muscularity due to its moderate and
negative genetic correlation with yearling weight (-0.38). This negative association arises
because REA is a two-dimensional measure, whereas body weight, related to volume, is
three-dimensional; thus, weight increases at a proportionally greater rate than area,
potentially reducing REA100 values without actual changes in muscularity. As a more
effective alternative to decouple muscularity from body size, Marestone et al. (2022)
proposed REA adjusted to 450 kg (REA450). This indicator shows a low-magnitude
correlation with yearling weight (-0.12), making it a more precise tool for carcass
improvement without compromising adaptive efficiency in tropical environments. However,
that study did not estimate the genetic association of REA100 and REA450 with adult body
weight and body size.

Despite the strong theoretical basis and scientific recommendation for the use of
adjusted ribeye area measures, such as REA100 (Bergen et al., 1997; Suguisawa et al.,
2006) or REA450 (Marestone et al., 2022), as more accurate selection criteria for
muscularity, their incorporation into major beef cattle breeding programs in Brazil remains
limited. Reference programs such as the Brazilian Zebu Breeders Association Breeding
Program (PMGZ, 2026) and Geneplus (2026) have established the use of expected progeny
differences (EPDs) for unadjusted REA in their genetic evaluations, employing it as a
primary indicator of carcass yield. However, although the literature highlights the advantages
of body weight-adjusted measures, REA100 and REA450 are not yet included as official
criteria in these program summaries (Marestone et al., 2022).

This lack of adoption may be attributed to practical constraints and the historical

reliance on absolute growth metrics. Unadjusted REA shows a moderate and positive
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genetic correlation (0.43) with yearling weight (Marestone et al., 2022), making it an effective
predictor of total muscle mass and carcass weight. However, this association implies that
direct selection for REA tends to increase body size and, consequently, nutritional
requirements. A key challenge lies in the fact that body weight increases at a proportionally
greater rate than muscle area, which may mask the animal’s true efficiency. Transitioning to
indicators such as REA450, or to adjustments based on body weights more compatible with
the size of Curraleiro Pé-Duro cattle, that exhibit low genetic correlations with adult body
weight and size may represent a necessary paradigm shift to ensure sustainability and
productive adaptation in tropical systems under environmental pressures (Marestone et al.,
2022).

Additionally, the scientific literature still lacks studies correlating genetic parameters
of REA (either unadjusted or adjusted) with adult body size, as most reference studies focus
primarily on yearling weight (Marestone et al., 2022). This gap is particularly critical for native
breeds such as the Curraleiro Pé-Duro cattle, where the scarcity of in vivo ultrasonographic
evaluations and specific EPDs limits the selection of animals that combine muscularity with
the adaptive efficiency required in tropical environments. The predominance of studies
based on post-slaughter carcass data further underscores the need for early selection tools
that do not depend on animal slaughter to identify genetic potential. Therefore, defining
balanced selection criteria based on muscularity indicators with low genetic correlation to
body weight and adult size represents a key advancement toward maximizing carcass yield
without increasing the nutritional demands associated with undesirable increases in mature
size.

The objective of this study was to generate genetic insights to support the selection
of muscularity independent of increases in body size in Curraleiro Pé-Duro cattle, by

estimating genetic parameters for ribeye area (REA), both unadjusted and under
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adjustments that account for allometric proportionality, aiming to improve adaptive efficiency

and carcass yield.

Material and methods

The data analyzed in this study were derived from a database developed within the
project “Conservation, characterization, and development of the Curraleiro Pé-Duro cattle”,
conducted by Embrapa Mid-North and Embrapa Genetic Resources and Biotechnology in
collaboration with the Brazilian Association of Curraleiro Pé-Duro cattle Breeders (ABCPD),
in partnership with the Federal University of Piaui (UFPI), and supported by the National
Council for Scientific and Technological Development (CNPq) through the project “Genetic
management of Curraleiro Pé-Duro cattle aiming at development and selection for

economically important traits.”

Study design

The study was conducted between 2023 and 2025 through technical visits to 31 farms
located in the North, Northeast, and Midwest regions of Brazil, covering the main breeding
areas of the Curraleiro Pé-Duro cattle. The final dataset included 2,895 animals registered
in ABCPD, of which 1,663 had ribeye area (REA) measurements, 2,529 had body weight
records, and 2,149 had rump height records. Additionally, 1,889 animals were genotyped

using the GGP Bovine 100K panel (Neogen).

Description of critical methods
Blood samples were collected using vacuum tubes containing EDTA. Samples were
kept refrigerated on ice and transported to Embrapa Genetic Resources and Biotechnology,

where they were processed and subsequently submitted for genotyping.
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Measurements of ribeye area (REA), body weight, and rump height were obtained.
REA measurements (cm?) were taken from the Longissimus dorsi muscle between the 12t
and 13™ ribs using an Aloka SSD-500 ultrasound device equipped with a 3.5 MHz linear
probe. To optimize image quality, a stand-off pad and vegetable oil were used as an acoustic
coupling medium. Images were stored in digital format and later analyzed using ImageJ
software (version 1.54), allowing precise determination of REA in square centimeters.

Animals were weighed using scales attached to the handling facilities on each farm.
Rump height (RH) was measured using a metal measuring stick (hipometer), and it was
defined as the vertical distance from the ground to the sacral tuberosity of the ilium, located
in the rump region.

Based on the unadjusted REA, three different body weight adjustments were applied:
REA100 (standardized to 100 kg body weight), REA100c (a specific adjustment proposed
for 100 kg), and REA300 (a specific adjustment for 300 kg, approximately the average adult
weight of Curraleiro Pé-Duro cattle animals). The proposed adjustments in this study
(REA100c and REA300) were adapted from the methodology described by Marestone et al.
(2022), considering both the widely used 100 kg standard in beef cattle production and the
approximate average body weight (300 kg) of this breed.

The equation traditionally used to calculate REA100 was as follows (Bergen et al.,

1997):

REA100 = x100

Weight
where REA100 represents ribeye area (REA) adjusted to a standard body weight of 100 kg,
expressed in cm?; REA is the unadjusted ribeye area measured in the animal, expressed in
cm?; and weight corresponds to the animal’s body weight at the moment of measurement,

expressed in kilograms.
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The two proposed adjustments for REA (REA100c and REA300) aim to harmonize
the dimensional scales of ribeye area and body weight. REA is measured in cm? from a two-
dimensional cross-sectional area, whereas body weight, expressed in kilograms, is a three-
dimensional measure. This dimensional inconsistency may contribute to biased negative
genetic correlations between REA100 and adult body weight, as demonstrated by
Marestone et al. (2022) for yearling weight. To address this incompatibility, the adjusted

measures REA100c and REA300 were proposed, as described below:

2 2
REA100c = REAx (3/ = ) ; REA300 = REAx (3 = )
Weight Weight

Thus, REA100c corrects the dimensional incompatibility by harmonizing the

measurement scales, transforming REA into a metric that is compatible and directly
comparable with body weight. This adjustment enables the evaluation of the animal’s
intrinsic muscularity independently of its overall size. The approach involves extracting the
cube root, converting the ratio of body weights into a ratio of linear (one-dimensional)
measures; by subsequently squaring this linear ratio, it is converted back into a two-
dimensional scale. In this context, a standard weight of 100 kg was adopted, consistent with
REA100, which is widely used in ultrasound-based carcass evaluation. For comparative
purposes, a standard weight of 300 kg, approximately the average adult body weight of
Curraleiro Pé-Duro cattle, was also used, providing an adjustment more tailored to the breed
profile.

In the preliminary data editing and consistency analysis of phenotypic records, only
animals with complete information on year of birth, farm, sex, and age at the moment of
measurement were retained for subsequent analyses. Animals were assigned to
contemporary groups defined by sex (1 = male, 2 = female), year of data collection (2023 to
2025), and farm (1 to 31). Age at measurement was included as a covariate (linear effect).

Observations exceeding +3 standard deviations from the mean within each contemporary
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group were excluded. In total, 328, 328, 328, 521, and 500 observations were retained for

REA, REA100c, REA300, AW, and RH, respectively, for statistical analyses.

Modelling and Statistical Analysis of data
Genomic data quality control was performed using R software (version 4.5.2). SNPs
located on unknown genomic positions or non-autosomal chromosomes were removed (n =
1,192,401). Markers with minor allele frequency (MAF) lower than 0.05 (n = 5,779), call rate
below 0.95 (n = 2,844), and extreme deviation from Hardy-Weinberg equilibrium (P < 107¢;
n = 1,999) were also excluded. After quality control, 78,335 SNPs and 1,853 samples
remained for analysis.
The general statistical model used for the three-trait analyses can be described by
the following matrix equation:
y=Xf+Za+e
where: y is the vector of phenotypic observations for each animal; B8 is the vector of fixed
effects (contemporary groups and animal age as a covariate); u is the overall mean of the
trait; X is the incidence matrix relating observations to fixed effects; Z is the incidence matrix
for additive genetic effects; a is the vector of genomic additive genetic values; and e is the
vector of random residual effects.
It is assumed that a and e follow a multivariate normal distribution with mean zero
and (co)variance matrices defined as follows:
Var(a@) = Gy ® G
Var(e) =Ry ® I
where: G, is the additive genetic (co)variance matrix among the three traits (3 x 3); G is the

genomic kinship matrix (N x N); R, is the residual (co)variance matrix among the three traits
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(83 x 3); I is an identity matrix of dimension N x N, corresponding to the number of
observations; and @ denotes the Kronecker product operator.
The genomic kinship matrix (G) quantifies the genetic similarity among individuals based on

SNP data and was computed according to Method 1 of VanRaden (2008):

where Z is the centered genotype matrix, obtained as Z = M = 2P; M is the genotype matrix
coded as 0, 1, and 2, representing the count of the reference allele; P is the matrix of allele
frequencies expressed as 2p; and k is the scaling constant, defined as 2>(1 - pj),
corresponding to the sum of expected variances across all loci. Due to the absence of
pedigree information for the studied population, the genomic kinship matrix (G) fully replaced
the traditional pedigree-based kinship matrix (A).

The incorporation of genomic information into the evaluation models was performed
by replacing the inverse of the pedigree-based kinship matrix (A ) with the inverse of the
genomic kinship matrix (G ™). For the multi-trait model, the system of equations incorporates

the inverses of the genetic (co)variance matrix (Gal) and the residual (co)variance matrix

(Rg'), and can be expressed as follows:

X'(Rg")Xx X'(Ro")z Hff]= [X’(Ral)yl
Z(RgHX Z'(RyMZ+ (G6y'6 ™Y la Z'(RyY)y

where: Ryl and Gy' represent the inverses of the residual and genetic (co)variance
matrices, respectively; 61 is the inverse of the genomic kinship matrix; X' and Z' denote
the transpose matrices of X and Z, respectively; and Band @ are the estimates and
predictions of fixed and genetic effects, respectively.

(Co)variance components were estimated using Bayesian inference implemented in
the GIBBSF90+ software (Misztal et al., 2014). Combined analyses were performed using

“anchor” traits (REA, REA100, REA100c, and REA300), resulting in a total of 20 three-trait
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combinations to enable the estimation of all (co)variances, as well as genetic and phenotypic
correlations among the studied traits. A Markov chain of 2,000,000 iterations was used, with
a burn-in period of 1,000,000 iterations and thinning applied every 20 cycles, yielding 50,000
effective samples. Convergence was assessed using the Geweke diagnostic, and Monte
Carlo error was evaluated using the postgibbsf90 program. Final estimates of heritability
and correlations were obtained from the posterior means of the (co)variance components

estimated across the different analyses in which each trait was included.

Results

Descriptive statistics for traits indicative of carcass muscular yield, including ribeye
area (REA) and its different body weight-adjusted versions, as well as adult weight (AW)
and rump height (RH), are summarized in Table 1, stratified by sex.

As expected for the species, pronounced sexual dimorphism was observed, with
males presenting higher average adult weight (367.4 kg vs. 260.1 kg) and greater rump
height (119.3 cm vs. 113.4 cm) compared to females (Table 1). This pattern was also
reflected in unadjusted REA, with males showing substantially higher mean values (46.6
cm?) than females (31.6 cm?).

However, when REA is adjusted for body weight, the relationship between sexes is
reversed or becomes more balanced, highlighting the importance of standardization for fair
comparisons of muscularity potential. Using the traditional adjustment to 100 kg body weight
(REA100; Bergen et al., 1997), mean values were similar between males (13.0 cm?) and
females (12.7 cm?). When applying the alternative methodologies proposed in this study
(REA100c and REA300) females outperformed males under both criteria: for REA100c, the
mean was 23.5 cm? in females compared to 20.4 cm? in males; and for REA300, females

reached 48.1 cm?, whereas males showed 41.6 cm? (Table 1).



269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

49

Regarding variability, coefficients of variation (CV) for the adjusted measures
(REA100c and REA300) were consistently lower in males (20.5% for both) than in females
(23.5%), suggesting greater relative homogeneity among males for these traits (Table 1). In
contrast, REA100 exhibited the highest CV among muscularity measures (27.5% in males
and 26.1% in females), indicating that this specific adjustment may amplify phenotypic
variability in the studied population.

In summary, the results reveal an important contrast between absolute and relative
measures of muscularity in Curraleiro Pé-Duro cattle. Males exhibited higher average adult
weight, larger body size (rump height), and greater unadjusted ribeye area (REA),
confirming the expected sexual dimorphism for traits related to body size and absolute
muscular development (Table 1). However, when REA was adjusted for body weight, using
the proposed methodologies REA100c (adjusted to 100 kg) and REA300 (adjusted to 300
kg), females outperformed males under both criteria. This finding indicates that, although
males possess greater absolute mass, females exhibit higher relative efficiency in
converting body weight into muscularity, a desirable attribute in production systems that
prioritize meat yield relative to body size.

Regarding variability, coefficients of variation revealed distinct patterns across sexes
and adjustment criteria. REA100 (traditional adjustment) showed the highest relative
variability in both sexes (27.5% in males; 26.1% in females), suggesting that this specific
adjustment may amplify phenotypic dispersion. In contrast, the proposed measures
(REA100c and REA300) were more homogeneous in males (CV = 20.5%) than in females
(CV = 23.5%), indicating greater relative uniformity in the male group for adjusted
muscularity traits, as shown in Table 1. These differences in variability across sexes and

adjustment methods have direct implications for breeding program design, as they influence
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selection intensity and the accuracy of genetic gain predictions, particularly when aiming to
increase muscularity while maintaining adaptation and efficiency in tropical systems.

For muscularity-related traits, heritability estimates ranged from moderate to high
magnitude (0.21 to 0.48), as presented in Table 2, indicating substantial potential for
response to selection. Unadjusted REA showed the highest estimate (h? = 0.48), followed
by REA100c (0.32) and REA300 (0.31), whereas REA100 (traditional adjustment) had the
lowest estimate (0.21). This pattern reflects the differing contributions of additive genetic
variance (oZ) to total phenotypic variance (o;): unadjusted REA exhibited the highest
proportion of genetic variance (g5 = 15.6; 48% of ¢;7), while REA100 showed substantially
lower genetic variance (o = 1.2; 21% of 7).

Across all muscularity traits, residual variance (¢2), which includes environmental,
management, and non-additive effects, was the predominant component of total phenotypic
variance, accounting for 52% to 79% of ¢;. This highlights the strong influence of non-
genetic factors on the phenotypic expression of muscularity, particularly for REA100, where
residual variance (62 = 4.6) represented 79% of the total phenotypic variance. For REA and
its adjusted forms, additive genetic variance contributed between 21% and 48% of total
phenotypic variance, with specific values of 48% for REA, 21% for REA100, 32% for
REA100c, and 31% for REA300.

In contrast to muscularity traits, body size-related traits exhibited the highest
heritability estimates: 0.51 for RH and 0.48 for AW, both considered high in magnitude. For
both traits, additive genetic variance (¢2) was the predominant component, accounting for
51% (RH) and 48% (AW) of the total phenotypic variance (Table 2), equaling or exceeding
the contribution of residual variance. This pattern suggests that body size in the studied
population is strongly determined by additive genetic factors, with comparatively lower

influence from temporary environmental effects.
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The results highlight important contrasts among the different criteria used to evaluate
muscularity. Unadjusted REA, although highly heritable, is influenced by overall body size.
In contrast, adjusted measures, particularly REA100, showed lower genetic contribution and
higher residual influence, which may reflect both the nature of the adjustment and the
sensitivity of these measures to environmental variation. The superior performance of
REA100c and REA300 relative to REA100 in terms of heritability suggests that the
adjustment methodologies proposed in this study more effectively capture genetic variability
for relative muscularity, making them potentially more suitable criteria for selection programs
aimed at combining muscular efficiency with adaptation to tropical production systems.

Genetic correlations among the different expressions of ribeye area revealed distinct
patterns depending on the type of adjustment applied (Table 3). Positive and high-
magnitude genetic correlations were observed between unadjusted REA and the proposed
adjusted measures, REA100c (0.92) and REA300 (0.85), indicating that, to a large extent,
the same genes control muscularity expressed in both absolute and relative terms when
these specific adjustments are used. This pattern was even more pronounced between the
proposed adjusted measures themselves: the genetic correlation between REA100c and
REA300 was virtually perfect (1.00), suggesting that, from a genetic standpoint, these two
variables convey essentially the same information about relative muscularity, differing only
in the scaling constant (100 kg vs. 300 kg).

In contrast, the genetic correlation between unadjusted ribeye area (REA) and
REA100 (the traditional adjustment proposed by Bergen et al. (1997)), was low in magnitude
(0.34; Table 3). This result indicates that REA100 captures a partially distinct genetic
dimension compared to unadjusted REA, suggesting that selection based on either criterion
may lead to divergent genetic responses in terms of muscularity and its relationship with

body size.
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Phenotypic correlations among muscularity measures (Table 3, below the diagonal)
followed a pattern similar to genetic correlations, although with slightly lower magnitudes.
Notably, high phenotypic correlations were observed between REA100c and REA300
(0.93), as well as between these measures and REA100 (0.92 to 0.95), reflecting the strong
linear association resulting from the adjustment procedures themselves.

Genetic correlations between muscularity measures and body size traits (RH and
AW) revealed important contrasts across evaluation criteria (Table 3). Unadjusted REA
showed positive genetic correlations with rump height (0.37) and, particularly, with adult
weight (0.68), confirming the expected association between greater absolute muscular
development and larger body size.

The proposed adjusted measures, REA100c and REA300, exhibited a distinct
pattern: null genetic correlations with RH (0.00 for both) and positive, moderate-magnitude
correlations with AW (0.30 for both), as shown in Table 3. These results suggest that such
adjustments are effective in decoupling muscularity from skeletal body structure (height),
while maintaining a favorable genetic association with body weight.

The most pronounced contrast, however, was observed for REA100. This measure
showed negative genetic correlations with RH (-0.50) and AW (-0.23), indicating that
selection for increased REA100 would tend to reduce body size and weight. This pattern is
consistent with the theoretical rationale underlying the development of adjusted measures:
the search for muscularity indicators that are not positively associated with body size,
thereby enabling the selection of animals that are more efficient in converting body weight
into muscle.

Phenotypic correlations (Table 3, below the diagonal) reinforce these findings, with
REA100 showing moderate negative associations with RH (-0.27) and AW (-0.48), whereas

unadjusted REA maintained positive phenotypic correlations with both body size measures.
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A key finding is that the proposed adjustment methodologies (REA100c and REA300)
reduced the observable phenotypic association between muscularity and body weight,
consistent with the objective of establishing selection criteria for muscularity and carcass

yield that are independent of body size.

Discussion

The higher mean values of REA and its adjusted forms observed in males compared
to females confirm the characteristic sexual dimorphism of the species (Table 1). This
pattern is consistently attributed to the action of androgenic hormones, particularly
testosterone, which promote protein anabolism and result in greater deposition of muscle
tissue and total body mass in males (Lima et al., 2016). The magnitude of these differences
may also reflect the historical selection of Curraleiro Pé-Duro cattle, traditionally raised in
extensive systems with minimal human intervention (Rocha-Silva et al., 2023).

The evaluation of muscularity using absolute REA measures, although informative,
presents limitations due to its strong dependence on body weight. As shown in Table 1,
absolute REA values were higher than those obtained using REA100 and REA100c
adjustments but lower than REA300 values in females. This variation highlights that
unadjusted evaluation may introduce significant bias, as phenotypic expression is strongly
influenced by non-genetic factors such as developmental stage (Crews and Kemp, 2001).

The reversal observed when considering adjusted means (REA100c), with females
outperforming males (23.5 cm? vs. 20.4 cm?), indicates that, on a body weight-adjusted
scale, adult females exhibited greater relative muscularity in the present study (Table 1).
The mean REA adjusted to 100 kg body weight (REA100) was lower than values typically

reported in the literature. This discrepancy may be attributed to the heterogeneity of the
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analyzed population, composed of adult animals of varying ages, differing from the usual
reference population of younger animals.

The mean REA100 was consistently lower than the averages obtained using
REA100c and REA300 (Table 1). This reflects the inversely proportional relationship
established by the traditional methodology: as body weight increases, REA100 tends to
decrease. This phenomenon limits the representativeness of REA100 as an accurate
indicator of the true genetic expression of muscularity and carcass yield, as noted by
Luchiari Filho (2000) and Marestone et al. (2022).

One of the key findings of this study was the discrepancy between REA100 and
REA100c values within the same group of animals (Table 1). Although both metrics
nominally represent adjustments of ribeye area to a standardized body weight of 100 kg, the
resulting values differ substantially. In males, mean REA100 was 13.0 £ 3.6 cm?, whereas
REA100c reached 20.4 + 4.0 cm?, representing a difference of 7.4 cm? (a 56.9% increase).
In females, this disparity was even more pronounced: REA100 averaged 12.7 + 3.3 cm?,
compared to 23.5 + 5.4 cm? for REA100c, a difference of 10.8 cm?, corresponding to an
85.0% increase.

This discrepancy demonstrates that the traditional methodology and the approach
proposed in this study, although sharing the same nominal objective, operate under
fundamentally different mathematical and biological principles. REA100, based on the
model of Bergen et al. (1997), applies a simple linear relationship that tends to penalize
heavier animals, artificially compressing values and potentially underestimating the true
potential of the trait. In contrast, REA100c, proposed herein, employs an adjustment model
that preserves the biological dimensionality of the trait, maintaining the original REA scale

and likely providing a more accurate representation of muscle phenotypic expression.
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A particularly relevant aspect is that females exhibited a substantially greater
percentage increase (85.0%) compared to males (56.9%). This difference suggests that the
traditional methodology (REA100) disproportionately penalizes females. A plausible
explanation for this bias lies in the lower average body weight of females relative to males.
When applying a linear weight-based adjustment, females are more severely affected by the
inherent penalization of the traditional model, resulting in artificially reduced values. In this
context, REA100c emerges not only as a methodological refinement but also as a potentially
more equitable criterion for direct comparison of muscular potential between sexes,
eliminating bias that could compromise the accuracy of genetic selection and performance
evaluation.

The adoption of the proposed adjustments (REA100c and REA300) may enhance
the essential standardization required for comparisons among individuals at different
developmental stages and body weights, minimizing biases associated with differences in
physiological maturity. These adjustments aim to harmonize the measurement scales of
REA (cm?) and body weight (kg), effectively transforming a three-dimensional measure
(weight) into a two-dimensional scale (Marestone et al., 2022). In this sense, the adjusted
measures (REA100c and REA300) not only align dimensional units but also promote a more
accurate association between ribeye area and body weight, supporting their use as more
robust reference indicators of muscularity for genetic selection.

The mean values of REA300 were substantially closer to those of unadjusted REA
(Table 1). This proximity suggests that, under the proposed adjustments, REA300 more
accurately reflects the morphology and muscular potential of Curraleiro Pé-Duro cattle. This
biological relevance is further supported by the fact that the average adult body weight of
the studied population is close to 300 kg, making REA300 a more appropriate and

meaningful parameter for evaluating this trait.
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Heritability for ribeye area (REA) was of moderate to high magnitude (h? = 0.48; Table
2). This result indicates that a substantial proportion of the observed phenotypic variance in
REA is attributable to additive genetic factors, suggesting strong potential for genetic
improvement through selection. In a comparative study with Nellore cattle, Pinheiro et al.
(2011) reported heritability estimates for REA ranging from 0.33 to 0.46, values close to
those observed in the present study which reinforce the consistency of these findings.

Heritability estimates for the adjusted carcass traits were moderate: 0.21 for REA100,
0.32 for REA100c, and 0.31 for REA300 (Table 2). These results suggest that genetic
progress through selection is feasible for these traits, although environmental effects still
exert a significant influence on the observed performance. The lower estimate for REA100
(0.21) indicates that this specific adjustment captures a smaller proportion of additive genetic
variance, likely due to its strong dependence on body weight and greater sensitivity to
temporary environmental factors. In this context, the implementation of integrated
environmental management strategies alongside genetic selection becomes essential
(Oliveira et al., 2017).

Heritability values reported in the literature for REA100 have been consistently
classified as moderate to high. In beef cattle, previous studies have reported estimates
ranging from 0.22 to 0.42 for Zebu and composite breeds such as Nellore and Canchim
(Yokoo et al., 2009; Marestone et al., 2022). The results obtained in this study, together with
those reported in the literature, reinforce the substantial genetic contribution to the
determination of REA100 and, by extension, other adjusted carcass traits.

In a comparative study with Nellore cattle, Soares et al. (2024) reported a higher
heritability estimate for REA (0.42), suggesting that additive genetic effects may exert an
even stronger influence on carcass yield in other breeds. Differences between the heritability

estimates observed here and those reported in the literature may be attributed to variations
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in the genetic background of the populations, production environments, and measurement
methodologies.

To date, no studies have reported heritability estimates for ribeye area using the
specific methodologies proposed in this research (REA100c and REA300). This gap
highlights the originality and methodological contribution of the present study, particularly in
the context of a native breed such as Curraleiro Pé-Duro cattle, for which genetic studies
remain limited (Freitas et al., 2022b; Rocha-Silva et al., 2023).

The importance of adjusting carcass traits for body weight is supported by previous
studies. Marestone et al. (2022) reported a heritability estimate of 0.38 for REA adjusted to
an animal unit (AU = 450 kg) in Nellore cattle. Although based on a different adjustment
weight, this finding reinforces the fundamental premise that standardizing traits relative to
body weight is essential for achieving more accurate comparisons among individuals.

Heritability estimates for AW (h? = 0.48) and RH (h? = 0.51) were high in magnitude
(Table 2). These results indicate that a substantial proportion of the phenotypic variation
observed among individuals is attributable to additive genetic variability. Consequently, such
magnitudes reinforce the potential for significant genetic gain through individual selection
for these traits (Lopes et al., 2012). In the literature, heritability estimates for body weight in
beef cattle show considerable variation, generally ranging from 0.22 to 0.45 (Yokoo et al.,
2009; Koetz Junior et al., 2019; Freitas et al., 2022a; Marestone et al., 2022), placing the
findings of this study within the expected range for the evaluated population.

Genetic correlations among the different expressions of ribeye area revealed distinct
patterns depending on the type of adjustment applied (Table 3). Positive and high-
magnitude genetic correlations were observed between unadjusted REA and the adjusted
measures proposed in this study, indicating that, to a large extent, the same genes control

muscularity expressed in both absolute and relative terms when these adjustments are
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used. This pattern was even more pronounced among the adjusted measures themselves:
the genetic correlation between REA100c and REA300 was virtually perfect (1.00; Table 3),
suggesting that, from a genetic perspective, these two traits provide equivalent information
on relative muscularity, differing only in the adjustment constant (100 kg vs. 300 kg). This
equivalence arises from the adjustment methodology employed, which standardizes the
relationship between REA and body weight using the same mathematical framework.

In contrast, the genetic correlation between unadjusted REA and REA100 (Bergen et
al., 1997) was moderate (0.34; Table 3). This finding indicates that REA100 captures a
partially distinct genetic dimension compared to unadjusted REA, suggesting that selection
based on one or the other criterion may lead to divergent genetic responses in terms of
muscularity and its association with body size.

In the literature, correlations between REA and REA100 have generally been positive
and higher than those reported in this study. Marestone et al. (2022) reported a correlation
of 0.45 between REA and REA100 in Nellore cattle. Similarly, Yokoo et al. (2009) found
positive and moderately high coefficients (0.68 to 0.85) when analyzing different Zebu
breeds. The lower magnitude observed in Curraleiro Pé-Duro cattle may reflect specific
features of the breed’s genetic architecture, possibly associated with its history of natural
selection under challenging environmental conditions.

Phenotypic correlations among muscularity measures (Table 3, below the diagonal)
followed a pattern similar to genetic correlations, although with slightly lower magnitudes.
Notably, high phenotypic correlations were observed between REA100c and REA300
(0.93), as well as between these measures and REA100 (0.92 to 0.95), reflecting the strong

linear relationships inherent to the adjustment procedures.
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Genetic correlations between muscularity measures and body size traits (rump height
and adult weight) revealed important contrasts across evaluation criteria (Table 3), with
direct implications for the design of selection strategies.

The genetic correlation between REA and adult weight (AW) (0.68) was positive and
of moderate magnitude, indicating a strong genetic association between these traits (Table
3). These values are consistent with those reported in the literature (Prado et al., 2006; Lima
Neto et al., 2009; Marestone et al., 2022). However, direct selection for increased REA not
only promotes greater muscularity but also tends to result in animals with higher body weight
and, consequently, larger body size. This outcome may have indirect effects on production
systems, as larger animals generally have higher nutritional requirements for maintenance
and growth, increasing feeding costs and potentially reducing overall system efficiency
(Marestone et al., 2022). For native breeds such as the Curraleiro Pé-Duro cattle, historically
raised under seasonal feed restrictions (Rocha-Silva et al., 2023), increases in body size
may compromise the very traits of hardiness and adaptability that make these genetic
resources valuable.

The genetic correlations observed between REA100 and AW (-0.23) and between
REA100 and RH (-0.50) were negative and of low to moderate magnitude (Table 3). These
results can be largely explained by the nature of the REA100 adjustment itself, which makes
this indicator inversely proportional to body weight. Consequently, animals with greater
absolute muscularity, expressed by higher REA and, therefore, greater body weight, may
exhibit lower REA values when adjusted to 100 kg body weight (REA100), limiting its
effectiveness as an indicator of true genetic expression of muscularity.

This pattern is consistent with previous findings: animals of similar conformation and
size tend to gain weight at a proportionally greater rate than REA, resulting in a decrease in

REA100 values without any actual change in muscularity (Marestone et al., 2022). Earlier



538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

60

studies have also reported negative genetic correlations between REA100 and body weight
(Turner et al., 1990; Bergen et al., 1997; Rodrigues et al., 2010), supporting the results of
the present study.

The genetic correlations observed between REA100c, REA300, and body size traits
(0.00 with RH and 0.30 with AW) represent one of the most relevant findings of this study
for practical breeding applications (Table 3). These results indicate the possibility of
selecting animals with improved carcass yield without promoting substantial changes in
body size, given the near-neutral behavior of these correlations. Specifically, the null
correlation with RH suggests that selection based on REA100c or REA300 would not alter
skeletal structure, allowing maintenance of body conformation adapted to tropical
environments. The positive but low correlation with AW indicates that improvements in
relative muscularity may be accompanied by modest increases in weight, but without the
magnitude observed for unadjusted REA.

The REA100 trait is genetically identical or nearly identical to the proposed measures
(REA100c and REA300), yet it behaves in a diametrically opposite manner in relation to
body size. This apparent contradiction arises from the fundamentally different nature of the
adjustment methods. The near-perfect genetic correlations among these traits indicate that
the same set of genes controls ribeye area expression, regardless of the adjustment
methodology used. However, the way these genes are expressed phenotypically is
modulated differently depending on the mathematical standardization procedure applied.

In this context, REA100, which is calculated using a simple linear model that adjusts
ribeye area to a fixed body weight, inherently embeds an inverse relationship with body
weight. In practical terms, heavier animals tend to have their ribeye area values penalized
by the traditional model, resulting in artificially lower adjusted values. This intrinsic feature

of the calculation leads REA100 to produce spurious negative genetic correlations with body
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size traits, even when the underlying biological relationship between muscularity and body
weight is positive or neutral.

This finding has critical implications for the interpretation of the existing literature and
for the definition of genetic selection criteria. It demonstrates that REA100, although widely
used in scientific studies and breeding programs, may provide a distorted view of the genetic
relationships between muscularity and body size. By masking the true underlying positive
association between these traits, the traditional methodology may have led, over time, to
misinterpretations and potentially suboptimal selection decisions. In contrast, the newly
proposed measures, by preserving the biological dimensionality of the trait or adopting more
appropriate reference standards, appear more suitable for accurately describing the genetic
architecture of muscularity and its true associations with body size.

Thus, the proposed model represents a relevant methodological advancement,
enabling the selection of genetically superior animals for carcass traits while optimizing meat
yield without compromising the sustainability and efficiency of production systems. Similar
findings were reported by Marestone et al. (2022), who proposed a measure adjusted to an
animal unit, demonstrating the feasibility of decoupling gains in muscularity from increases
in total body weight.

Although animal breeding programs predominantly rely on unadjusted
ultrasonographic measures (REA) as selection criteria, the results of this study demonstrate
that adopting adjusted measures represents a necessary methodological evolution,
particularly for native breeds such as the Curraleiro Pé-Duro cattle, which are raised under
challenging environmental conditions and increasing pressure from climate change.

Unadjusted REA inherently carries a scale effect: larger and heavier animals will
naturally exhibit greater ribeye area. Therefore, selecting based on unadjusted REA does

not necessarily identify animals that deposit more muscle relative to carcass size, but rather
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those that are structurally larger. The concept underlying the use of adjusted measures
(REA100c and REA300), as proposed in this study, is to function as a filter that removes the
confounding effect of body size, allowing breeding programs to identify individuals that truly
possess genetic potential for enhanced muscle deposition, regardless of their overall size.

The adjusted models REA100c and REA300 enable a more precise distinction
between true muscularity and body weight, making these measures less susceptible to the
confounding effects of animal size (Table 3). By standardizing muscularity using a consistent
mathematical framework, albeit at different reference weights, additional variation among
measures is reduced. Therefore, the results highlight the importance of methodological
adjustments to assess muscularity more independently of body weight, despite the
widespread use of REA100 in the literature (Marestone et al., 2022; Suguisawa et al., 2015;
Yokoo et al., 2009).

The criteria based on ribeye area adjusted to 100 kg body weight (REA100c) and to
300 kg (REA300) demonstrated genetic equivalence for selection purposes, as evidenced
by the high genetic correlation between these traits (1.00; Table 3). This equivalence
indicates that both measures capture the same underlying genetic information related to
muscularity. However, the adoption of REA100c is recommended as the standard criterion
for breeding programs in Curraleiro Pé-Duro cattle.

The recommendation to adopt REA100c is based on three key factors. First, ease of
implementation: REA100c maintains dimensional values close to the widely used REA100
metric, facilitating interpretation and adoption by professionals and farmers. Second,
comparability: standardization at 100 kg body weight enables comparisons among animals
of different categories and ages, improving genetic evaluation throughout animal
development. Third, preservation of the adapted biotype: the null genetic correlation with

rump height ensures that selection for improved muscular efficiency does not compromise
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the body structure that confers adaptation to harsh tropical conditions, an essential attribute
for the conservation and valorization of this breed.

Studies on the genetic structure of Curraleiro Pé-Duro cattle indicate that the breed
retains substantial genetic variability (observed heterozygosity of 0.74), with most variation
occurring within herds (98.5%) and low differentiation among populations (Rocha-Silva et
al., 2023). This scenario is favorable for the implementation of breeding programs based on
the criteria proposed here, as it indicates sufficient genetic diversity to support selection
response and the potential for disseminating genetic gains across herds.

Additionally, the conservation of native breeds such as the Curraleiro Pé-Duro cattle
has gained global relevance in the context of food security and the preservation of genetic
resources, as these populations represent reserves of adaptive alleles for traits such as
disease resistance, feed efficiency, and tolerance to environmental stress (Freitas et al.,
2022b; Rocha-Silva et al., 2023). Selection for relative muscularity, as proposed in this
study, aligns with this objective by promoting productivity without compromising adaptation.

This approach integrates methodological innovation with practical applicability,
enhancing the likelihood of field adoption and contributing to the recognition and valorization
of the first cattle breed developed in Brazil (Rocha-Silva et al., 2023).

Heritability estimates obtained for unadjusted ribeye area (REA) and its adjusted
measures confirm the existence of sufficient additive genetic variability to support selection
for muscularity in Curraleiro Pé-Duro cattle, enabling genetic improvement of carcass yield
in this population.

Selection based solely on unadjusted REA leads to undesirable increases in body
size, which contradicts the goal of preserving the breed’s adaptive efficiency. In contrast,
the proposed REA adjustments effectively decouple gains in muscularity from increases in

body size.
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The evaluated adjustment methodologies proved to be more suitable than the
traditional approach for selecting relative muscularity in Curraleiro Pé-Duro cattle. The
genetic equivalence between REA100c and REA300 indicates that both capture the same
underlying genetic information, supporting the recommendation of REA100c as the
preferred selection criterion due to its dimensional compatibility with established metrics,

thereby facilitating its practical implementation in breeding programs.
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Table 1

Descriptive statistics for carcass traits measured by ultrasonography in adult Curraleiro

Pé-Duro cattle, stratified by sex.
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Sex Trait N Mean + SD Minimum  Maximum CV (%)
REA (cm?) 110 46.6 + 9.5 22.8 74.5 20.3
REA100 (cm?) 110 13.0 + 3.6 5.5 29.9 27.5

Male  REA100c (cm2) 110 20.4 + 4.0 8.9 39.6 20.5
REA300 (cm?) 110 41.6+ 8.5 18.5 82.4 20.5
RH (cm) 138 119.3+ 6.5 100.0 136.0 5.6
AW (kg) 156  367.4 + 98.7 159.0 640.0 26.9
REA (cm?) 798 31.6 + 8.0 10.8 54.7 25.4
REA100 (cm?) 798 12.7 + 3.3 4.9 24.5 26.1

Female REA100c (cm?) 798 235+5.4 5.4 30.0 23.5
REA300(cm?) 798 48.1+ 8.4 16.6 62.4 23.5
RH (cm) 700 113.4 + 5.0 95.0 135.0 5.0
AW (kg) 1019 260.1 + 57.0 101.5 450.0 21.9

Abbreviations: REA = ribeye area; REA100 = ribeye area adjusted to 100 kg body weight (Bergen et al.,
1997); REA100c = ribeye area adjusted to 100 kg body weight (proposed method); REA300 = ribeye area

adjusted to 300 kg body weight; RH = rump height; AW = adult body weight.

Table 2

Estimate means of additive genetic variance (¢2), residual variance (¢?2), phenotypic

variance (o;;), and heritability (h?) for carcass and body size traits in Curraleiro Pé-Duro

cattle, estimated using Bayesian inference.

Trait ol ol O'g h?

REA 15.6 17.2 32.9 0.48
REA100 1.2 4.6 5.9 0.21
REA100c 26 5.6 8.1 0.32
REA300 11.2 244 35.6 0.31
RH 9.6 9.4 19.0 0.51
AW 694.2 747.5 1441.7 0.48

Abbreviations: REA = ribeye area; REA100 = ribeye area adjusted to 100 kg body weight (Bergen et al.,
1997); REA100c = ribeye area adjusted to 100 kg body weight (proposed method); REA300 = ribeye area

adjusted to 300 kg body weight; RH = rump height; AW = adult body weight.
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Table 3
Estimates of genetic correlations (above the diagonal) and phenotypic correlations (below
the diagonal) among carcass traits measured by ultrasonography and body size traits in

Curraleiro Pé-Duro cattle.

Trait REA REA100 REA100c REA300 RH AW
REA - 0.34 0.92 0.85 0.37 0.68
REA100 0.52 - 1.00 0.98 -0.50 -0.23
REA100c 0.53 0.95 - 1.00 0.00 0.30
REA300 0.53 0.92 0.93 - 0.00 0.30
RH 0.18 -0.27 -0.16 -0.14 - 0.80
AW 0.30 -0.48 -0.14 -0.14 0.59 -

Abbreviations: REA = ribeye area; REA100 = ribeye area adjusted to 100 kg body weight (Bergen et al.,
1997); REA100c = ribeye area adjusted to 100 kg body weight (proposed method); REA300 = ribeye area
adjusted to 300 kg body weight; RH = rump height; AW = adult body weight.
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CAPITULO 11

Genomic parameters reveal favorable genetic associations among carcass traits in Curraleiro
Pé-Duro cattle.
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Estimativas genomicas de herdabilidade e correlacdes entre caracteristicas de carcaca e
tamanho em bovinos Curraleiro Pé-Duro
Alan Oliveira do O

Resumo: O objetivo com esta pesquisa foi estimar pardmetros genéticos para caracteristicas de
carcaca ¢ medidas de tamanho corporal em bovinos adultos da raga Curraleiro Pé-Duro. Os dados
foram oriundos de 31 fazendas localizadas em diferentes regidoes do Brasil, 951 fémeas e 142 machos
adultos e 1.889 foram genotipados com painel 100 k de SNP para constru¢ao da matriz de parentesco
genOmico (matriz G). As caracteristicas foram mensuradas via ultrassonografia e ajustadas para 100
kg de peso vivo (AOL100c e EGS100c). Os componentes de (co)variancia foram estimados por
inferéncia bayesiana, utilizando o software GIBBF90+ e o critério de Geweke para avaliar a
convergéncia das cadeias de Gibbs. As estimativas de herdabilidade para AOL (0,38), EGS (0,40) e
peso corporal (0,45) foram de magnitude moderada a alta, indicando potencial para selegdo. As
caracteristicas ajustadas para (AOL100c: 0,30 e EGS100c: 0,33) também apresentaram
herdabilidades moderadas. Entre as medidas de tamanho corporal, destacam-se as herdabilidades para
altura da cernelha (0,55) e profundidade toracica (PT: 0,51). Observou-se correlagdo genética positiva
e de alta magnitude entre AOL e EGS (0,78), o valor contrasta com o antagonismo frequentemente
relatado na literatura para outras ragas, sugerindo um padrao genético distinto em relagdo a ragas
comerciais, que merece investigacdo adicional sob a perspectiva evolutiva e adaptativa.
Adicionalmente, verificou-se uma correlagdo genética positiva de magnitude moderada (0,59) entre
EGS e Peso Adulto (PA). Conclui-se que as caracteristicas avaliadas apresentam variabilidade
genética suficiente para a sele¢do na raca Curraleiro Pé-Duro, e a associagdo genética favoravel entre
musculosidade e acabamento permite ganhos simultdneos sem comprometer a manuten¢do das
reservas energéticas dos animais adultos.

Palavras-chave: Bovinos de corte, correlagdo genética, GIBBF90+, herdabilidade, inferéncia

bayesiana, SNP
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Genomic parameters reveal favorable genetic associations among carcass traits in Curraleiro Pé-Duro cattle.
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Abstract: The objective of this study was to estimate genetic parameters for carcass traits and body size measurements
in adult Curraleiro Pé-Duro cattle. Data were collected from 31 farms located across different regions of Brazil, and
1,889 animals were genotyped using a 100K SNP panel to construct the genomic kinship matrix (G matrix). Ribeye area
(REA) and subcutaneous fat thickness (SFT) were measured by ultrasonography and adjusted to 100 kg of body weight.
(Co)variance components were estimated using Bayesian inference implemented in GIBBSF90+, and convergence of the
Gibbs chains was assessed using the Geweke criterion. Heritability estimates for REA (0.38), SFT (0.40), and body weight
(0.45) were moderate to high, indicating potential for genetic selection. The adjusted traits also exhibited moderate
heritabilities (REA100c: 0.30 and SFT100c: 0.33). Among the body size measurements, withers height (0.55) and thoracic
depth (0.51) showed the highest heritability estimates. A strong positive genetic correlation was observed between REA
and SFT (0.78). This finding contrasts with the antagonistic relationship commonly reported in the literature for other
cattle breeds, suggesting a distinct genetic pattern in Curraleiro Pé-Duro cattle that warrants further investigation from
evolutionary and adaptive perspectives. Additionally, a moderate positive genetic correlation (0.59) was found between
SFT and adult body weight. The evaluated traits exhibited sufficient genetic variability to achieve genetic progress
through selection in the Curraleiro Pé-Duro breed. The favorable genetic association between muscling and fat deposition
allows simultaneous genetic gains without compromising the maintenance of energy reserves in adult animals.

Keywords: beef cattle, genetic correlation, heritability, Bayesian inference, SNP
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Implications

The Curraleiro Pé-Duro cattle breed is valued for its hardiness and adaptability, although its potential for beef production
remains underexplored. The results of this study indicate sufficient genetic variability to promote changes in carcass and
body size traits through selection, as evidenced by moderate to high heritability estimates. The favorable genetic
correlation between ribeye area and subcutaneous fat thickness demonstrates that simultaneous genetic gains in these
traits can be achieved in adult Curraleiro Pé-Duro cattle. These findings provide support for the inclusion of this breed
in breeding programs, reconciling the conservation of genetic resources with the enhancement of productive performance.
The results are relevant to breeders, technical advisors, and policymakers involved in the conservation and sustainable

use of native cattle breeds.

Introduction

The beef cattle industry faces the challenge of increasing production efficiency to meet the growing global
demand for animal protein. In this context, animal breeding relies on the identification of animals with superior genetic
merit for traits that influence carcass yield and biological efficiency, particularly carcass and body size traits (Evangelista
et al. 2020; Reis et al. 2024). Animals that stand out for functionality within beef production systems are typically
characterized by a well-developed skeletal structure, moderate frame size, evident carcass length and conformation, as
well as adequate rib depth and spring (Soares et al. 2024).

Estimates of genetic parameters, such as heritability and genetic correlations, provide the foundation for
predicting selection response, enabling the estimation of direct and indirect genetic gains, the calculation of breeding
values, and the development of selection indices (Kluska et al. 2018). Therefore, obtaining these estimates using robust
methodologies and reliable data is essential for the genetic characterization of populations undergoing selection.

Understanding the relationship between skeletal structure and indicators such as ribeye area (REA) and
subcutaneous fat thickness (SFT) allows the identification of biological types that reach physiological maturity more
efficiently. Without this knowledge, selection focused exclusively on body size may inadvertently increase maintenance
nutritional requirements and delay fat deposition, resulting in less precocious animals and carcasses with insufficient
finish to meet industry standards and the requirements for high-quality beef production.

In breeds with a long history of selection, the literature indicates that REA and SFT exhibit distinct associations

with body size. In general, animals with larger skeletal structures tend to present greater REA values but may exhibit
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lower SFT at a given age due to differences in age, physiological stage, production systems (nutritional management),
and breed characteristics (Suguisawa et al. 2013; McPhee et al. 2020).

The current scientific literature lacks genetic parameter estimates for native cattle populations such as the
Curraleiro Pé-Duro breed. Although this breed possesses considerable adaptive value, no studies have reported genetic
parameters for carcass and body size traits. This knowledge gap hinders the development of breed-specific selection
indices as well as the prediction of breeding values that simultaneously account for the breed’s inherent adaptability and
its potential for high-quality beef production.

Knowledge of the genetic associations between carcass and body size traits makes it possible to determine
whether selection for increased carcass yield can be achieved without altering the breed’s average body structure, ensuring
that genetic progress in carcass performance does not occur at the expense of hardiness and moderate body size, which
are essential adaptive characteristics for survival in semi-arid environments. Understanding these relationships will
provide valuable insights for identifying biological types that combine the breed’s inherent resilience with competitive
productive performance, thereby enhancing the value of this native genetic resource.

Therefore, the objective of this study was to estimate genomic-based genetic parameters (heritability values and
genetic correlations) for carcass traits and body size measurements in adult Curraleiro Pé-Duro cattle in order to support
the development of selection strategies capable of improving productive performance without compromising the breed’s

hardiness.

Materials and Methods

The data analyzed in this study were obtained from a database developed within the framework of the project
“Conservation, Characterization, and Development of the Curraleiro Pé-Duro Breed”, conducted by Embrapa Mid-North
and Embrapa Genetic Resources and Biotechnology in partnership with the Brazilian Association of Curraleiro Pé-Duro
Cattle Breeders (ABCPD) and the Federal University of Piaui (UFPI), with financial support from the National Council
for Scientific and Technological Development (CNPq) through the project “Genetic Management of Curraleiro Pé-Duro
Cattle Aimed at the Development and Selection of Economically Important Traits”. The study was approved by the
Animal Ethics Committees (CEUA) of Embrapa (Certificate No. 03/2023) and UFPI (Protocol No. 683/21).

The study was conducted between 2023 and 2025 through technical visits to 31 farms located in the North,
Northeast, and Central-West regions of Brazil, covering the main breeding nuclei of the Curraleiro Pé-Duro breed

affiliated with ABCPD. The final database included 2,895 registered animals, of which 1,663 had records for ribeye area
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(REA), 2,529 had body weight records, 2,149 had rump height records, and 1,653 had subcutaneous fat thickness (SFT)
measurements. Additionally, 1,889 animals were genotyped using the GGP Bovine 100K SNP panel (Neogen).

Blood samples were collected in vacuum tubes containing EDTA. Samples were kept refrigerated on ice and
transported to Embrapa Genetic Resources and Biotechnology, where they were processed and subsequently submitted
for genotyping.

Carcass traits, namely ribeye area (REA) and subcutaneous fat thickness (SFT), were measured in the
Longissimus dorsi muscle between the 12% and 13% ribs using an Aloka SSD-500 ultrasound scanner equipped with a
3.5-MHz linear-array transducer. To optimize image quality, a stand-off pad and vegetable oil were used as acoustic
coupling media. Images were digitally stored and subsequently analyzed using ImageJ software version 1.54 (Rasband
2018), allowing precise determination of REA (cm?) and SFT (mm).

The body size traits evaluated were: withers height (WH, cm), defined as the vertical distance from the highest
point of the withers to the ground, measured perpendicular to the floor using a measuring stick; rump height (RH, cm),
defined as the vertical distance from the midpoint of the sacrum to the ground, measured perpendicular to the floor using
a measuring stick; body length (BL, cm), measured as the horizontal distance between the point of the shoulder
(scapulohumeral joint) and the pin bone using a non-elastic measuring tape kept parallel to the ground; thoracic
circumference (TC, cm), measured immediately caudal to the scapula (approximately between the fourth and fifth
intercostal spaces) using a non-elastic measuring tape; thoracic depth (TD, cm), defined as the vertical distance from the
dorsal line at the level of the withers to the most ventral point of the sternum, measured perpendicular to the floor using
a measuring stick; thoracic depth-to-withers height ratio (TD/WH, %), calculated as TD divided by WH and multiplied
by 100; and rump angle (RA, degrees), measured using a goniometer between the last lumbar vertebra and the first sacral
vertebra.

The REA and SFT measurements were adjusted to 100 kg of body weight, using equations developed by the
authors and adapted from the methodology proposed by Marestone et al. (2022), considering the smaller body size of the

Curraleiro Pé-Duro breed, as follows:

2 2
REA100c = REAx (3/ 100 ) . SFT100c = SFTx(3/ 100 )
Weight Weight

where REA100c and SFT100c represent ribeye area (REA) and subcutaneous fat thickness (SFT) adjusted to a standard

body weight of 100 kg, expressed in cm? and mm, respectively.
For phenotypic data editing and consistency, only animals with complete records for year of birth, farm, sex,
and age at data collection were retained for subsequent analyses. Contemporary groups were defined based on the

following fixed effects: animal sex (male or female), year of data collection (2023 to 2025), and farm (1 to 31). Animal
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age at the time of measurement was included in the model as a covariate (linear effect). Records with values exceeding
+3 standard deviations from the mean of their respective contemporary group were excluded.
Genomic quality control was performed using R software (version 4.5.2). Single nucleotide polymorphisms
(SNPs) located on unknown genomic positions or non-autosomal chromosomes were removed (n = 1,192,401). Markers
with a minor allele frequency (MAF) lower than 0.05 (n = 5,779), a call rate lower than 0.95 (n = 2,844), or extreme
deviation from Hardy-Weinberg equilibrium (P < 107¢; n = 1,999) were also excluded. After quality control, the final
dataset used for analysis consisted of 78,335 SNPs and 1,853 animals.
Genetic parameters were estimated using a three-trait animal model under a Bayesian framework. The general
model can be described in matrix notation as follows:
y=XB+Za+e
here y is the vector of phenotypic observations for each animal; X is the incidence matrix relating observations to fixed
effects; [ is the vector of fixed effects (contemporary group and animal age as a covariate); Z is the incidence matrix
associated with genomic genetic effects; & is the vector of genomic breeding values; and e is the vector of random residual
effects.
The vectors a and e were assumed to follow a multivariate normal distribution with mean zero and (co)variance
matrices defined as follows:
Var(a) =Gy ® G
Var(e) =Ry QI
where G is the additive genetic (co)variance matrix among the three traits (3 x 3); G is the genomic relationship matrix
(N x N); R, is the residual (co)variance matrix among the three traits (3 x 3); I is an identity matrix of dimension N x N
corresponding to the number of observations; and @ denotes the Kronecker product operator.
The genomic kinship matrix (&) quantifies the genetic similarity among individuals based on SNP information

and was constructed according to Method 1 proposed by Van Raden (2008):

where Z is the centered genotype matrix, obtained as Z = M — 2P; M is the genotype matrix, with genotypes coded as
0, 1, and 2 according to the number of reference alleles; P is the matrix containing allele frequencies expressed as 2pj;
and k is the scaling factor, defined as 2Xpj(1 — pj), corresponding to the sum of the expected variances across all loci.
Because pedigree information was unavailable for the studied population, the genomic kinship matrix (G) was used as a

complete replacement for the traditional numerator relationship matrix (4).
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Genomic information was incorporated into the genetic evaluation model by replacing the inverse of the
pedigree-based kinship matrix (A™") with the inverse of the genomic kinship matrix (G™). For the multi-trait model, the
mixed model equations incorporate the inverses of the additive genetic (co)variance matrix (Go_l) and the residual
(co)variance matrix (Ra 1), and can be expressed as follows:

X'Ry'X X'Ry'z
Z'Ry1X Z'RyZ+ (G631 ® 6™V

A [r2)
al  |zZRyly

where Ry! and Gy! represent the inverses of the residual and additive genetic (co)variance matrices, respectively; B is
the vector of estimated fixed effects; and @ is the vector of predicted genomic breeding values.

(Co)variance components were estimated using Bayesian inference implemented in GIBBSF90+ (Misztal et al.
2014). Three-trait analyses were performed using REA, REA100c, SFT, and SFT100c as anchor traits, each analyzed in
combination with one of the body size traits (WH, RH, BL, TC, TD, TD/WH%, and RA). This procedure resulted in 42
different trait combinations, allowing the estimation of (co)variance components and the corresponding genetic
parameters for all traits evaluated.

Markov chain Monte Carlo (MCMC) chains of 2,000,000 iterations were generated, with a burn-in period of
1,000,000 iterations and thinning every 20 cycles, resulting in 50,000 effective posterior samples. Convergence was
assessed using the Geweke diagnostic and Monte Carlo error estimates through the POSTGIBBSF90 program (Misztal
et al. 2014). Final estimates of heritability and genetic correlations were obtained from the posterior means across all

analyses in which each trait was included.

Results

In adulthood, males exhibited a greater REA in absolute terms (46.6 = 9.5 cm?) than females (31.6 + 8.0 cm?),
as shown in Table 1. However, after adjustment to 100 kg of body weight (REA100c), this relationship was reversed,
with females exhibiting greater relative muscling (23.5 £ 5.4 cm?) compared with males (20.4 + 4.0 cm?).

For SFT, females also presented a higher absolute mean value (2.5 £ 1.7 mm) than males (2.2 + 1.1 mm). The
same pattern was observed after adjustment for body weight (SFT100c), with mean values of 1.3 + 0.8 mm for females
and 0.9 = 0.5 mm for males (Table 1). Variability in fat-related traits was high, with CV ranging from 51.9% to 67.8%.

Sexual dimorphism in ABW was evident, with males (367.4 + 98.7 kg) averaging approximately 110 kg heavier
than females (258.7 = 56.9 kg). Body weight exhibited moderate variability, with CV values of 26.9% for males and

21.9% for females (Table 1).
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Table 1. Descriptive statistics for carcass traits assessed by ultrasonography and adult body weight in Curraleiro Pé-Duro

Czt;l:. Trait N Mena + SD Minimum Maximum CV (%)
REA (cm?) 110 46.6 £ 9.5 22.8 74.5 20.3
Male REA100c (cm?) 110 204+ 4.0 8.9 39.6 20.4
SFT (mm) 110 22+1.1 0.8 6.6 51.9
SFT100c (mm) 110 09+0.5 0.3 3.2 57.4
ABW (Kg) 156 367.4 £98.7 159.0 640.0 26.9
REA (cm?) 798 31.6 £ 8.0 10.8 54.7 254
Female REA100c (cm?) 798 235+ 5.4 5.4 30.0 23.5
SFT (mm) 798 25+17 0.1 20.2 67.8
SFT100c (mm) 798 1.3+08 0.1 11.5 63.9
ABW (Kg) 1019 258.7 £56.9 101.5 450.0 21.9

REA = ribeye area; REA100c = ribeye area adjusted to 100 kg of body weight; SFT = subcutaneous fat thickness;

SFT100c = subcutaneous fat thickness adjusted to 100 kg of body weight; ABW = adult body weight.

Descriptive statistics for body size traits in adult Curraleiro Pé-Duro cattle are presented in Table 2. For
height measurements, males exhibited mean WH and RH values of 116.2 cm and 119.5 cm, respectively. In females,
the corresponding means were 110.1 cm for WH and 112.9 cm for RH.

Mean BL was 123.2 cm in males, ranging from 98 to 167 cm (Table 2). In females, the average BL was 113.6
cm, with values ranging from 85 to 147 cm. TC averaged approximately 170.9 cm in males and 152.8 cm in females.
Mean TD was 63.0 cm and 58.0 cm for males and females, respectively.

TD/WH ratio averaged approximately 54.6% in males and 52.6% in females. For RA, males presented a
mean value of 105.5°, ranging from 85.0° to 146.4°, whereas females exhibited a mean value of 97.2° (Table 2).

CV for body size traits, represented by the morphometric measurements, were all below 10% in the overall

population, ranging from 4.7% to 9.7% (Table 2), indicating relatively low phenotypic variability for these traits.

Table 2 - Descriptive statistics of body size traits in adult Curraleiro Pé-Duro cattle.

Sex Trait N Mean + SD Minimum Maximum CV (%)
WH (cm) 142 1162+ 7.2 97.0 135.0 6.2
RH (cm) 143 119.5+ 6.6 100.0 136.0 5.5
BL (cm) 142 1232+ 11.9 98.0 167.0 9.7
Male TC (cm) 142 170.9 + 16.2 131.0 216.0 9.5
TD (cm) 142 63.0+58 49.5 76.0 9.0
TD/WH (%) 142 546 +2.9 47.6 63.9 52
RA (degrees) 142 105.5+9.4 85.0 146.4 8.9

Female WH (cm) 951 110.1 £5.6 92.0 126.0 5.1
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RH (cm) 954 1129+5.5 95.0 135.0 4.7
BL (cm) 951 113.6 £ 8.8 85.0 147.0 4.7
TC (cm) 951 1528 £ 11.9 106.0 186.6 4.7
TD (cm) 951 58.0+4.5 42.0 74.0 7.8
TD/WH (%) 951 52.6+28 44.7 63.8 53
RA (degrees) 951 972+ 7.5 75.1 139.0 7.7

WH = withers height; RH = rump height; BL = body length; TC = thoracic circumference; TD = thoracic depth; TD/WH
= thoracic depth-to-withers height ratio; RA = rump angle.

Ultrasound-measured carcass traits exhibited moderate heritability (Table 3), with values of 0.38 for REA and
0.40 for SFT, which indicate that a substantial proportion of the phenotypic variation observed in these traits is attributable
to additive genetic effects, demonstrating their potential for genetic improvement through selection. After adjustment to
100 kg of body weight (REA100c and SFT100c), heritability estimates remained moderate, with values of 0.30 and 0.33,

respectively. ABW exhibited a high heritability estimate of 0.45.

Table 3 - Posterior mean estimates of additive genetic, residual, and phenotypic variances, and heritability for carcass and
body size traits in Curraleiro Pé-Duro cattle.

Trait o2 ol op h?

REA 12.0 19.6 31.8 0.38
REA100c 2.4 5.7 8.1 0.30
SFT 0.4 0.7 1.1 0.40
SFT100¢c 0.3 0.6 0.9 0.33
ABW 619.0 768.8 1387.8 0.45
WH 12.9 10.6 23.4 0.55
RH 9.9 9.3 19.2 0.51
BL 10.3 232 33.6 0.31
TC 233 46.8 70.1 0.33
D 4.6 43 8.9 0.51
TD/WH 1.8 5.3 7.1 0.25
RA 5.7 31.5 37.1 0.15

REA = ribeye area; REA100c = ribeye area adjusted to 100 kg of body weight; SFT = subcutaneous fat thickness;
SFT100c = subcutaneous fat thickness adjusted to 100 kg of body weight; ABW = adult body weight; WH = withers
height; RH = rump height; BL = body length; TC = thoracic circumference; TD = thoracic depth; TD/WH = thoracic
depth-to-withers height ratio; RA = rump angle.

For body size traits, heritability estimates ranged from moderate to high (Table 3). Height-related measurements
exhibited the highest estimates, with WH showing the greatest heritability (0.55), followed by RH (0.51). TD also
displayed a high heritability estimate (0.51). TC and BL showed moderate heritability estimates of 0.33 and 0.31,

respectively. The lowest estimates were observed for the TD/WH ratio (0.25) and RA (0.15).
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Genetic correlations revealed distinct and informative patterns, as shown in Table 4. The correlation between
REA and SFT was positive and strong (0.78), contrasting with the antagonistic relationship frequently reported in other
beef cattle breeds. This finding suggests a potentially unique adaptive strategy in Curraleiro Pé-Duro cattle, in which
muscle development and energy reserve deposition may occur simultaneously in adult animals.

Muscling, represented by REA, exhibited strong positive genetic associations with measures of body volume
and weight (Table 4), including TC (0.84), ABW (0.65), TD (0.65), and BL (0.54). In contrast, its genetic correlation
with WH was essentially null (0.05). A similar pattern was observed for REA100c, which was strongly correlated with
TD (0.88) and moderately correlated with BL (0.40), while exhibiting weak or negative associations with height-related
traits (RH: 0.03; WH: —0.30).

Regarding carcass finish, SFT showed a positive moderate genetic correlation with ABW (0.59) (Table 4),
indicating that body weight may serve as a useful predictor of energy reserves. SFT was also positively associated with
body volume traits, particularly BL (0.63) and TD (0.54), as well as with rump conformation, represented by RA (0.80).
After adjustment for body weight (SFT100c), correlations with body volume traits decreased to low-to-moderate
magnitudes, ranging from 0.15 to 0.40.

ABW exhibited very strong positive genetic correlations with the principal measures of body volume and
structural development (Table 4), particularly TC (0.90) and TD (0.87), reflecting its close relationship with overall body
size. As expected, height traits (WH and RH) were almost perfectly genetically correlated (0.97) and showed strong
associations with TC (0.82 and 0.70, respectively) and TD (0.90 and 0.80, respectively).

A detailed examination of the genetic correlations (Table 4) revealed additional structural relationships of
interest. The carcass traits adjusted for body weight, REA100c and SFT100c, showed a strong positive genetic correlation
(0.80), reinforcing the notion that relative muscling and carcass finish may be jointly expressed traits in this breed at the
adult stage. In addition to its strong genetic association with SFT (0.80), RA also exhibited moderate genetic correlations
with muscling (REA; 0.57) and ABW (0.65), highlighting its potential as an easily measured morphological indicator of
productive performance.

Evidence of biological trade-offs was also observed. Body length showed negative genetic correlations with TC
(—0.42) and RA (—0.30), suggesting the existence of distinct biological types within the breed. These relationships indicate
that selection focused solely on increasing body length could inadvertently reduce thoracic circumference, an important
trait associated with respiratory capacity and visceral volume.

The favorable, non-antagonistic genetic association between muscling and carcass finish, together with the

observed correlation patterns involving body size traits, suggests that selection for improved beef production in Curraleiro
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Pé-Duro cattle can be achieved without compromising key adaptive characteristics, such as the maintenance of adequate
body energy reserves (Table 4).

Phenotypic correlations presented in Table 4 generally reflected the same trends observed for genetic
correlations, although with lower magnitudes. REA showed moderate phenotypic correlations with WH, ABW, and TC,
ranging from 0.30 to 0.40. Notably, REA100c exhibited phenotypic correlations close to zero or slightly negative with
most body size traits, particularly RH (—0.16), ABW (=0.14), and WH (—0.11), indicating that adjustment for body weight
effectively removed much of the influence of body size on muscling. SFT displayed a strong phenotypic correlation with
TD (0.70) and moderate correlations with ABW (0.52) and TC (0.43). In contrast, SFT100c showed a moderate negative

phenotypic correlation with BL (—0.60).
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Table 4 - Genetic correlations (above the diagonal) and phenotypic correlations (below the diagonal) among carcass and body size traits in adult Curraleiro Pé-Duro

cattle.

Trait REA REA100c SFT SFT100c ABW WH RH BL TC D TD/WH RA
REA - 0.92 0.78 0.25 0.65 0.05 0.37 0.54 0.84 0.65 0.57 0.57
REA100c 0.50 - 0.90 0.80 0.30 -0.30 0.00 0.40 0.66 0.88 0.41 0.49
SFT 0.30 0.40 - 0.96 0.59 0.10 0.43 0.63 0.28 0.54 0.31 0.80
SFT100c 0.40 0.27 0.98 - 0.35 -0.18 -0.12 0.15 0.15 0.40 0.30 0.50
ABW 0.30 -0.14 0.52 0.20 - 0.80 0.60 -0.56 0.90 0.87 0.40 0.65
WH 0.40 -0.11 0.09 -0.15 0.03 - 0.97 0.62 0.82 0.90 0.18 -0.05
RH 0.18 -0.16 0.30 0.13 0.59 0.39 - 0.60 0.7 0.80 0.42 0.14
BL 0.10 -0.10 0.18 -0.60 0.40 0.39 0.34 - -0.42 0.50 -0.26 -0.30
TC 0.40 -0.01 0.43 0.18 0.26 0.57 0.13 0.17 - 0.78 0.21 0.40
TD 0.10 0.06 0.70 0.24 0.74 0.45 0.60 0.21 0.20 - 0.40 0.16
TD/WH 0.12 0.05 0.30 0.23 0.50 0.06 0.42 0.17 0.36 0.7 - 0.70

RA 0.10 0.07 0.38 0.06 0.17 0.17 0.08 0.14 0.26 0.13 0.17 -

REA =ribeye area; REA100c = ribeye area adjusted to 100 kg of body weight; SFT = subcutaneous fat thickness; SFT100c = subcutaneous fat thickness adjusted to
100 kg of body weight; ABW = adult body weight; WH = withers height; RH = rump height; BL = body length; TC = thoracic circumference; TD = thoracic depth;

TD/WH = thoracic depth-to-withers height ratio; RA = rump angle.
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Discussion

The superiority of males for absolute ribeye area and adult body weight (Table 1) can be attributed to the anabolic
effects of testosterone, which enhances protein synthesis and retention even at advanced ages (Berg and Butterfield 1976).
However, the reversal observed after adjustment for body weight (REA100c), with females exhibiting higher values (23.5
cm?) than males (20.4 cm?), indicates that adult females displayed greater relative muscling when evaluated on a body
weight-adjusted basis.

The REA values observed in the present study (Table 1) were lower than those commonly reported for
specialized beef breeds, whose mean values often exceed 50 cm? at younger ages (Suguisawa et al. 2006; Climaco et al.
2011). This difference in absolute values is likely attributable to the smaller body size and lower mature weight
characteristic of the Curraleiro Pé-Duro breed.

Because REA is inherently associated with body weight, animals with smaller skeletal structures and lower body
weights tend to exhibit lower absolute REA values (Yokoo et al. 2015). However, when muscling was evaluated using
the body weight-adjusted measure (REA100c), the values observed in this study (20.4 cm? for males and 23.5 cm? for
females) were consistent with those reported in the literature. Nevertheless, the adjustment applied in the present study
differs from previously reported approaches (Yokoo et al. 2015; Marestone et al. 2022). From a biological standpoint,
this finding highlights that standardized carcass indices developed for larger-framed breeds may not be directly applicable
to smaller genetic groups, emphasizing the need to account for breed-specific biometric characteristics when defining
reference standards (Yokoo et al. 2015).

In absolute terms, SFT values were below the thresholds generally recommended by the beef industry (Pacheco
et al. 2023). This result is likely associated with the production systems adopted on the evaluated farms, where animals
were predominantly raised under grazing conditions. Fat deposition is the final major tissue accretion event during growth
and requires a positive energy balance that is seldom achieved in extensive systems without intensive supplementation
(Lawrie and Ledward, 2006). Similarly, De Faria et al. (2015) reported SFT values in polled Nellore cattle (2.3 mm) that
were comparable to those observed in the present study.

Adjustment of SFT to a standardized body weight was performed to isolate the effects of body size and absolute
weight. This approach enables the identification of animals capable of depositing adipose tissue despite having lower
body weights and smaller body frames, while also reducing the influence of body weight and potential environmental or
management differences among animals (Rosanova et al. 2025).

The high coefficients of variation observed for SFT indicate that fat deposition is likely the trait most sensitive

to grazing management conditions. At the same time, this variability reveals the existence of individuals within the breed
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possessing substantial genetic potential for carcass fat cover deposition (Yokoo et al. 2008). In contrast, the low
coefficients of variation observed for morphometric traits (CV < 10%) suggest remarkable uniformity in body structure
across the breed, despite differences in environmental and management conditions. These findings support the premise
that body size has not undergone substantial directional selection over time. Increasing body size may lead to greater
maintenance requirements and, consequently, reduce adaptability under tropical production conditions (Marestone et al.
2022).

Heritability estimates for REA100c and SFT100c remained moderate, although slightly lower than those
obtained for the corresponding unadjusted traits (Table 3). These results indicate that the capacity to deposit muscle and
fat tissue relative to body weight is itself a heritable characteristic rather than merely a consequence of increased body
size. Adjustments to a standardized body weight are important for carcass evaluation because they allow comparisons of
tissue deposition efficiency among animals of different ages and weights (Luchiari Filho 2000), facilitating the
identification of individuals capable of producing greater yields of high-value cuts and subcutaneous fat deposition at
lighter body weights (Suguisawa et al. 2013).

The heritability estimate for ABW (0.45) was classified as high (Table 3), indicating that 45% of the observed
phenotypic variation is attributable to additive genetic effects. From a production standpoint, direct selection for body
weight is expected to result in rapid genetic progress. However, selection focused exclusively on body weight may
increase maintenance requirements because of larger mature size (Marcondes et al. 2010). Menezes et al. (2022) reported
lower heritability estimates for adult weight in Caracu cattle (0.26), whereas Pedrosa et al. (2010) reported estimates
similar to those obtained in the present study (0.43).

The heritability estimates obtained for height traits (WH and RH) indicate that these characteristics are less
affected by environmental and nutritional fluctuations (Table 3). Pedrosa et al. (2010) reported lower heritability estimates
for rump height (0.35) than those observed here. Height traits generally exhibit substantial genetic variability in cattle
populations, allowing breeders to achieve rapid genetic progress when adjusting body size to meet the nutritional demands
of different production systems.

Because TC reflects both skeletal structure (rib cage development) and soft tissue deposition (muscle and fat), it
tends to exhibit greater residual variance than height measurements (Table 3). Boligon et al. (2008) reported that thoracic
circumference is a reliable indicator of body weight and overall body volume; however, its phenotypic expression is more
strongly influenced by nutritional status, which explains the larger environmental variance component observed (o7, =

46.8).
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Thoracic depth is associated with animal vigor as well as cardiorespiratory and digestive capacity (Table 3). The
high heritability estimate observed (h? = 0.51) suggests that selection for greater thoracic depth may favor animals with
enhanced forage intake capacity (Rebougas et al. 2024).

The heritability estimate obtained for body length indicates that direct selection for this trait would result in
moderate genetic gains (Table 3). According to Pacheco et al. (2005), traits associated with body length tend to be more
sensitive to nutritional fluctuations during the post-weaning growth phase.

The genetic correlations between REA and body size traits (TC, TD, BL, and ABW) indicate that genes involved
in growth also exert positive effects on muscling (Table 4). Consequently, direct selection for muscling is expected to
result in animals with greater thoracic capacity and body length. The positive association with body weight further
suggests that increases in muscle mass contribute directly to greater REA values.

The genetic correlations observed between muscling and stature traits revealed an interesting biological pattern,
particularly for the relationships between REA and WH and between REA and RH (Table 4). The divergence in
correlation estimates suggests that increased muscle deposition is largely independent of anterior skeletal growth.
Furthermore, the correlation between REA and RH indicates that hindquarter height may be modestly associated with
muscle development, possibly reflecting coordinated growth of the hindquarters, where rump structure provides support
for the musculature associated with the most valuable commercial cuts.

The genetic correlation between REA100c and RH demonstrates that improvements in relative muscling can be
achieved without increasing animal stature (Table 4). This relationship supports the possibility of increasing muscle
density while maintaining moderate frame size. Such a strategy would help preserve production efficiency without
increasing mature body size. Moreover, the use of adjusted traits contributes to the identification of animals capable of
producing heavier carcasses while maintaining skeletal structures suited to their production environment (Suguisawa et
al. 2006; Yokoo et al. 2008).

The strong positive genetic correlation observed between REA and SFT (0.78) suggests that some genes involved
in muscle development may act concomitantly with those regulating subcutaneous fat deposition in adult animals (Table
4). This finding contrasts with studies reporting antagonistic genetic relationships between muscle and fat deposition
(Suguisawa et al. 2013). Importantly, however, most reports of antagonism are based on evaluations conducted in younger
animals, typically at yearling age. This discrepancy suggests that tissue deposition dynamics may change with
physiological maturity and highlights the need for future studies evaluating these traits at standardized ages, such as

weaning and yearling stages, in Curraleiro Pé-Duro cattle.
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The genetic correlation observed between the adjusted carcass traits, REA100c and SFT100c, was also positive
and strong (0.80) (Table 4). Animals adapted to resource-limited environments tend to exhibit a more balanced pattern of
tissue deposition. In this context, subcutaneous fat deposition functions not only as thermal insulation or a late-stage
energy reserve but also as a mechanism of metabolic homeostasis that accompanies muscle growth and serves as a
dynamic thermoregulatory tissue (Schmidt-Nielsen 1997).

The genetic correlation between REA and RA (0.57) suggests that selection for increased muscling is associated
with changes in rump conformation (Table 4). From a morpho-functional perspective, this result indicates that animals
with greater muscular development tend to possess a skeletal structure capable of supporting increased tissue deposition,
representing a favorable characteristic for carcass conformation and meat production.

SFT also exhibited a strong positive genetic correlation with RA (Table 4). This finding indicates that genes
associated with a more pronounced rump structure are closely linked to the capacity for subcutaneous fat deposition.
Although RA showed low heritability, making direct selection for this trait relatively inefficient, its strong positive genetic
correlation with SFT, which exhibited moderate heritability (Table 4), suggests that indirect genetic progress can be
achieved through selection for carcass finish.

These results may reflect pleiotropic genetic effects, whereby genes influencing rump conformation are also
involved in regulating fat deposition. Consequently, selection aimed at increasing SFT is expected to promote favorable
correlated responses in RA. Moreover, from a practical standpoint, RA assessment may serve as a useful phenotypic
indicator of carcass finish and body condition (Pfeifer et al. 2018).

The analysis presented in Table 4 further revealed a moderate-to-strong positive genetic correlation (0.50)
between SFT100c and RA. The persistence of this association after adjustment for body weight suggests that the
relationship between rump conformation and carcass finish is largely independent of overall body size. Genetically, this
finding indicates that genes associated with greater rump angulation may also influence finishing precocity and the
animal’s intrinsic efficiency in depositing energy reserves.

The genetic correlations observed between ABW and SFT indicate a favorable association between these traits
(Table 4). Direct selection for increased body weight is therefore expected to result in correlated genetic gains in fat
thickness among adult animals. Once the metabolic demands associated with muscle growth decline, nutrient partitioning
shifts toward lipogenesis, making body weight a useful predictor of fat cover. Unlike younger animals, in which body
weight is primarily associated with carcass growth and slaughter performance, the relationship between body weight and
fatness in adults reflects the status of body energy reserves (Ojo et al. 2025). Accordingly, animals with superior genetic

merit for fat deposition are likely to maintain adult body weight more consistently under periods of nutritional restriction.
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In mature animals, tissue dynamics are largely associated with physiological finishing rather than growth. Therefore,
breeding objectives should not focus exclusively on maximizing mature body weight but rather on identifying animals
capable of maintaining adequate subcutaneous fat thickness while retaining moderate mature size, thereby improving
efficiency under pasture-based production systems (Hickson et al. 2021; Honig et al. 2022; Ojo et al. 2025).

The genetic correlations between height traits (WH and RH) and SFT were low in magnitude (Table 4). Larger-
framed animals tend to be later maturing with respect to fat deposition because nutrients are preferentially allocated to
skeletal and muscular growth. Consequently, selection focused exclusively on increased stature may increase the age
required to achieve adequate carcass finish, potentially reducing production efficiency (Yokoo et al. 2009).

The strong genetic correlation between TD/WH ratio and RA (0.70) indicates a close genetic association between
these traits, suggesting that they are largely influenced by additive genetic effects (Table 4). The height-to-depth
relationship is commonly associated with biological precocity and functional efficiency in beef cattle (Montagner 2010;
Sanches et al. 2021).

Phenotypic correlations between carcass and body size traits generally followed the same pattern observed for
genetic correlations, although with lower magnitudes (Table 4). These results suggest that the biological processes
underlying phenotypic expression are largely governed by the same factors responsible for the genetic associations;
however, environmental variation attenuates the observable relationships among traits. The moderate-to-high heritability
estimates and favorable genetic correlations observed in this study reinforce the value of incorporating genetic information

into selection decisions aimed at improving productive performance in Curraleiro Pé-Duro cattle (Ojo et al. 2025).

Conclusions

The carcass and body size traits evaluated in Curraleiro Pé-Duro cattle exhibited sufficient additive genetic
variability to support their inclusion in breding programs. The favorable positive association observed between muscling
and carcass finish indicates that selection can effectively promote simultaneous genetic gains in these economically
important traits. From a breeding perspective, this finding demonstrates that muscle development and fat deposition occur
concomitantly in adult animals, enabling balanced genetic progress in both carcass yield and body energy reserves.

The genetic correlation patterns identified in this study reveal a coherent and informative morphological
architecture for the Curraleiro Pé-Duro breed. The observation that muscling (REA) is genetically associated with body
volume and weight, but not with stature (WH), provides a practical guideline for selection programs, indicating that

greater muscularity can be achieved without necessarily increasing animal height.
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The negative genetic correlation between body length and thoracic circumference suggests the existence of
distinct biological types within the breed (long-bodied and compact animals), which should be strategically considered
when developing multidimensional selection indices, which by exploiting the favorable association between muscling
and fat deposition, can simultaneously direct body conformation preserving the adaptive attributes and biological

efficiency that constitute the unique genetic heritage of the Curraleiro Pé-Duro breed.
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Predicdo gendomica do mérito genético e otimizaciao da selecdo para caracteristicas de carcaca
e conformacao corporal em bovinos Curraleiro Pé-Duro

Alan Oliveira do O

Resumo: O objetivo com esta pesquisa foi predizer valores genéticos gendmicos (DEPS) e avaliar a
resposta a sele¢ao para peso adulto, profundidade toracica e caracteristicas de carcaca em bovinos
adultos da raga Curraleiro Pé-Duro. Foram utilizados dados de 2.895 animais oriundos de 31
propriedades, sendo 1.889 genotipados para a constru¢do da matriz de parentesco gendmico (G). Os
GEBVs foram obtidos via modelo animal em analise tricaracteristica sob a metodologia GBLUP,
utilizando componentes de (co)variancia previamente estimados por inferéncia Bayesiana. O mérito
genético foi sintetizado por meio de um indice de seleg¢@o proposto para a raga, denominado de ICPD,
que ponderou as caracteristicas Area de Olho de Lombo (AOL100c) ¢ Espessura de Gordura
Subcutinea (EGS) ajustadas para peso, Peso Adulto (PA) e a razdo Profundidade Torécica/Altura da
Cernelha (PT/AC) e circunferéncia toracica (CT). As acuracias médias de predicao variaram de 0,28
a 0,39, com picos de 0,73 para AOL100c em cenarios especificos. O indice apresentou correlagdes
genéticas positivas e relevantes com AOL100c e EGS100c¢ (=0,7 a 0,8), sustentando sua coeréncia
bioldgica. A sele¢do pelo ICPD proporcionou uma resposta a selecdo mais equilibrada do que a
selecdo direta por caracteristica Unica, favorecendo a identificacdo de animais mais precoces € com
carcacas superiores. A tendéncia genética média ao longo dos anos de nascimento mostrou
comportamento instdvel, compativel com a auséncia de um programa sistematico de selecao na
populagdo. O ICPD ¢ uma ferramenta vidvel para potencializar o progresso genético da raca,
permitindo  ganhos simultineos em musculosidade e acabamento sem aumentar
desproporcionalmente o tamanho corporal. Aumentar a quantidade de dados fenotipicos e genotipicos
¢ crucial para elevar a acurécia das predicdes e consolidar a avaliagdo genética da raga para viabilizar

um programa de melhoramento genético sustentavel.

Palavras-chave: Curraleiro Pé-Duro; Indice de Selecio; Ultrassonografia de carcaca; Valor Genético

(GEBV); Resposta a Selecao, Predi¢do gendmica.
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Genomic prediction and selection response for body conformation and carcass traits in
Curraleiro Pé-Duro cattle.

Alan Oliveira do O
Abstract: The objective of this study was to predict genomic estimated breeding values (GEBV5s)

and evaluate the selection response for adult weight, chest depth, and carcass traits in adult Curraleiro
Pé-Duro cattle. Phenotypic data from 2,895 animals across 31 herds were utilized, of which 1,889
individuals were genotyped to construct the genomic relationship matrix (G). GEBVs were obtained
via an animal model in a tri-trait analysis using the GBLUP (Genomic Best Linear Unbiased
Prediction) methodology, employing (co)variance components previously estimated by Bayesian
inference. Genetic merit was synthesized through a proposed selection index for the breed, termed
the ICPD (Curraleiro Pé-Duro Index), which weighted the following traits: Ribeye Area (REA100c)
and Backfat Thickness (BFT100c) adjusted for weight, Adult Weight (AW), the Chest Depth/Wither
Height ratio (CD/WH), and Heart Girth (HG). Mean prediction accuracies ranged from 0.28 to 0.39,
peaking at 0.73 for REA100c in specific scenarios. The index exhibited relevant positive genetic
correlations with REA100c and BFT100c (= 0,7 to 0,8), supporting its biological consistency.
Selection based on the ICPD provided a more balanced response than single-trait selection, favoring
the identification of early-maturing animals with superior carcass quality. The average genetic trend
across birth years showed instability, consistent with the absence of a systematic breeding program
within the population. The ICPD is a viable tool to enhance the breed's genetic progress, enabling
simultaneous gains in muscularity and finishing without disproportionate increases in mature body
size. Expanding phenotypic and genotypic data collection is crucial to increasing prediction accuracy

and consolidating the breed's genetic evaluation to support a sustainable breeding program.

Keywords: Curraleiro Pé-Duro; Selection Index; Carcass Ultrasound; Breeding Value (GEBV);

Selection Response; Genomic Prediction..
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Introducao

Historicamente, a sele¢do de bovinos de corte priorizou o0 aumento do peso corporal, estratégia
que, embora eficiente em produtividade bruta, pode elevar os custos de manutengdo e comprometer
a precocidade e o acabamento de carcaga devido a baixa correlagdo com a composi¢ao corporal
(PATERNO et al., 2017).Um biotipo ideal no sistema de producdo de gado de corte em ambientes
tropicais ¢ o de um animal com estrutura 6ssea bem desenvolvida, porte médio, comprimento de
carcaga ¢ conformacdo adequados, além de costelas com boa curvatura (SOARES et al., 2024). A
maioria dos animais no Brasil ¢ criada extensivamente, o que exige animais funcionais para producao
e reproducdo em pastagens (FARIA et al., 2015; SOARES et al., 2021).

A selegdo para composi¢do de carcaga e qualidade de carne em bovinos de corte tem sido
potencializada pela inclusdo de informagdes gendmicas, que permitem a predicdo de valores
genéticos mais precisos para caracteristicas medidas por ultrassonografia (SILVA et al., 2024). No
cenario de ragas nativas, como o Curraleiro Pé-Duro, essa ferramenta ¢ fundamental para identificar
precocemente bidtipos com maior potencial de rendimento carneo.

A falta de registros genealdgicos continuos e de programas de melhoramento estruturados
limitou a aplicagdao de métodos tradicionais de sele¢ao, impedindo que o potencial produtivo da raga
fosse plenamente explorado. Nesse contexto, a sele¢do gendmica pode contribuir com a avaliagdo
genética ao utilizar parentesco genomico baseado em marcadores para a predigdo de valores genéticos
gendmicos (GEBVs) com acuricias moderadas a altas mesmo em populagdes sem pedigree
estruturado, acelerando o ganho genético através da reducao do intervalo entre geragdes (REDING et
al., 2023).

Diferente de outras ragas com maior efetivo e com controles zootécnicos bem estruturados, o
Curraleiro Pé-Duro carece de estudos e possui poucos animais com informagdes de desempenho, o
que dificulta a utilizagdo de metodologias mais eficientes na predicdo do mérito genético dos animais.
A caréncia de critérios de selecdo voltados especificamente para a carcaca, que isolem o mérito
muscular, torna-se, portanto, o principal gargalo para a inser¢ao definitiva da raca em sistemas de
produgdo competitivos (SILVA et al., 2024; ALMEIDA et al., 2024).

O uso de indices multicaracteristicos permite ponderar caracteristicas de crescimento,
conformagdo e carcaga, garantindo que o ganho genético em musculosidade ndo ocorra em detrimento
da precocidade ou da eficiéncia biologica (ALMEIDA et al., 2024). No caso da raga Curraleiro Pé-
Duro, a implementagdo de um indice otimizado torna-se estratégica, pois possibilita a identificagao

de bidtipos funcionais que unam a rusticidade ancestral a produtividade exigida pelo mercado,
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transformando a complexidade dos dados de ultrassonografia e gendmica em uma ferramenta de
decisdo precisa e de alto impacto para o progresso genético da raca.

Diante dessa lacuna cientifica e tecnoldgica, o objetivo com esta pesquisa foi aplicar o método
BLUP gendomico (GBLUP) para predicao de valores genéticos e desenvolver um indice de selecao
gendmico integrando caracteristicas de carcaga e de conformagdo corporal na predicdo do mérito

genético dentro da raga Curraleiro Pé-Duro.

Materiais e Métodos

Os dados analisados foram oriundos de um banco de dados construido no ambito do projeto
“Conservacao, caracterizacdo e desenvolvimento da raga Curraleiro Pé-Duro” da Embrapa Meio-
Norte e Embrapa Recursos Genéticos e Biotecnologia com a Associagdo Brasileira de Criadores de
Bovinos Curraleiro Pé-Duro (ABCPD), em parceria com a Universidade Federal do Piaui (UFPI),
com apoio do CNPq, por meio do projeto “Manejo genético de bovinos Curraleiro Pé-Duro visando
o desenvolvimento e selecdo para caracteristicas de importancia econdomica”, com aprovacao dos
Comités de Etica no Uso Animal (CEUA) da Embrapa (Certificado 03.2023) e da UFPI (Parecer n°
683/21), respectivamente.

O estudo foi realizado entre 2023 e 2025, por meio de visitas técnicas a 31 propriedades rurais
localizadas nas regides Norte, Nordeste e Centro-Oeste do Brasil, abrangendo os principais nucleos
de criacao da raga Curraleiro Pé-Duro. O banco de dados final incluiu 2.895 animais registrados na
ABCPD, dos quais 1.663 possuiam mensuragdes de area de olho de lombo (AOL), 2.529 possuiam
registros de peso corporal e 2149 apresentavam registros de altura da garupa. Adicionalmente, 1.889
animais foram genotipados utilizando o painel GGP Bovine 100k (Neogen).

A coleta de sangue foi realizada com auxilio de tubos a vacuo contendo EDTA. As amostras
foram mantidas sob refrigeragdo em gelo e encaminhadas & Embrapa Recursos Genéticos e
Biotecnologia, onde foram processadas e posteriormente enviadas para genotipagem.

Foram realizadas mensuragdes de area de olho de lombo (AOL), e espessura de gordura
subcutanea (EGS) realizadas no musculo Longissimus dorsi, entre a 12% e a 13 costelas, com o auxilio
de um aparelho de ultrassonografia Aloka SSD 500, equipado com sonda linear de 3,5 MHz. Para
otimizar a qualidade das imagens, foi utilizado um acoplador stand-off e 6leo vegetal como meio de
acoplamento acustico. As imagens foram armazenadas em formato digital e analisadas
posteriormente com auxilio do software Imagel, versao 1.54 (RASBAND, 2018), permitindo a
determinagdo precisa da AOL em centimetros quadrados.

As caracteristicas de tamanho corporal mensuradas foram: altura da cernelha (AC, cm),

distancia vertical do ponto mais alto da cernelha ao solo, medida com hipdmetro, perpendicular ao
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piso; altura da garupa (AG, cm): distancia vertical do ponto médio do sacro ao solo, com hipdmetro,
perpendicular ao piso; comprimento corporal (CC, cm): distancia horizontal entre a ponta do ombro
(articulagdo escapulo-umeral) e a ponta da nadega, medida com fita métrica inextensivel, mantendo
a fita paralela ao solo; circunferéncia toracica (CT, cm): perimetro do térax imediatamente caudal a
escapula (aprox. 4°-5° espago intercostal), com fita métrica inextensivel, mensurado ao final da
expiracdo. profundidade toracica (PT, cm): distancia vertical da linha dorsal na altura da cernelha até
o ponto mais ventral do esterno, obtida com hipdmetro, perpendicular ao piso; relagao profundidade
toracica/altura da cernelha (PT/AC %); angulo interno da garupa (AG, graus) utilizando aparelho
goniometro entre a tltima vértebra lombar a primeira sacral.

Os valores de AOL e EGS foram ajustados para 100 kg (Autor) adaptados da metodologia
proposta por MARESTONE et al. (2022), considerando tamanho da raga Curraleiro Pé-Duro.

Peso

2
AOL100c = AOLx <3 100) ,

Em que AOL100c representa a medida de area de olho de lombo (AOL) e espessura de
gordura subcutanea (EGS) ajustada para a unidade de 100 kg de peso corporal, expressa em cm? e
mm?;

Em anélise preliminar para edi¢ao e consisténcia dos dados fenotipicos, foram mantidos para
as analises subsequentes apenas animais com informagao de ano de nascimento, fazenda, sexo e idade
no dia da coleta. Os animais foram designados em grupos de contemporaneos constituidos pelos
efeitos de sexo do animal (1 = macho e 2 = fémea), ano de coleta (2023 a 2025) e fazenda (1 a 31).
A idade do animal no momento da coleta foi utilizada como co-variavel (efeito linear). Amostras com
valores acima ou abaixo de trés desvios padrdo da média de cada grupo contemporaneo foram
removidas.

O controle de qualidade de dados genomicos foi realizado com uso do software R (versdo
4.5.2). Foram removidos SNPs localizados em posi¢cdes genoOmicas desconhecidas ou em
cromossomos ndo autossomicos (1.192.401). Marcadores com Minor Allele Frequency (MAF) menor
que 0,05 (n=5.779), Call Rate menor que 0,95 (n = 2.844) e desvio extremo do equilibrio deHardy-
Weinberg (P<10-6, n =1.999) também foram removidos. Apos o controle de qualidade, restaram para
as analises informagdes de 78.335 SNPs e 1.853 amostras.

O modelo estatistico geral utilizado para as andlises tricaracteristica pode ser descrito
conforme a seguinte equacao matricial:

y=XB+Za+e
em que: y € o vetor das observagdes fenotipicas para cada animal; 5 é o vetor de efeitos fixos (GC e

idade do animal como covariavel); u ¢ a média geral da caracteristica; X ¢ a matriz de incidéncia
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que relaciona as observacdes aos efeitos fixos; Z corresponde a matriz de incidéncia dos efeitos
genéticos aditivos. a ¢ o vetor dos valores genéticos aditivos gendmicos; e ¢ o vetor dos efeitos
residuais aleatorios.
Assume-se que a e e seguem uma distribui¢do normal multivariada com média zero e

matrizes de (co)variancia definidas por:

Var(a) = Gy ® G

Var(e) =Ry ® I
em que: Gy ¢ uma matriz de (co)variancia genética aditiva entre as trés caracteristicas (3x3) ; G ¢ a
matriz de parentesco gendmico (N x N); Ry ¢ a matriz de (co)variancias residuais entre as trés
caracteristicas (3 x 3); I ¢ uma matriz identidade de dimensdo N x N, correspondente ao niimero de
observagoes; @ representa o operador do produto de Kronecker.
A matriz de relacionamento gendmico, (G) quantifica a semelhanca genética entre os individuos a
partir dos dados de SNPs, sendo calculada conforme o método 1 de VAN RADEN (2008):

Z7'

=%

em que Zmatriz de genotipos centralizada, obtida por Z = M — 2P; M ¢ a matriz de gen6tipos com
os valores codificados como 0, 1 e 2 para contagem do alelo de referéncia; P ¢ a matriz contendo as
frequéncias alélicas expressas como 2,;; k € a constante de escalonamento, dada por 2Z,;(1 —
pj) que corresponde a soma das variancias esperadas para todos os loci. Devido a inexisténcia de
informacdes de pedigree para a populagdo estudada, a matriz G substituiu integralmente a matriz de
parentesco tradicional (4).

A incorporacdo da informacdo gendmica nos modelos de avaliagdo foi realizada pela
substitui¢do da inversa da matriz de parentesco (A™') pela inversa da matriz genomica (G™). Para o
modelo multicaracteristica, o sistema de equagdes incorpora as inversas das matrizes de (co)variancia
genética (Ga 1) e residual (Ra 1), sendo apresentado como:

X' (Ry'N)X X'(Ry'1)z
Z'(Ry*)X  Z'(RyM)Z + (G'G™Y)

[/:;] _ [X’(Rall)yl

Z(Ry'1)'y

Onde:

Ry e Gy representam as inversas das matrizes de (co)varidncia genética e residual; 8 ¢ @
sdo as estimativas e predi¢des dos efeitos fixos e genéticos, respectivamente.

As andlises foram conduzidas em duas etapas. Inicialmente, os componentes de (co)variancia

e os parametros genéticos foram estimados via Inferéncia Bayesiana por meio de modelo animal em
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analises tricaracteristicas, com o uso do software GIBBSF90+ (MISZTAL et al., 2018), conforme
descrito no Capitulo 2. Posteriormente, as estimativas a posteriori das varidncias foram utilizadas
como valores conhecidos para a predi¢ao dos Valores Genéticos Genomicos (GEBVs) através do
método GBLUP (Genomic Best Linear Unbiased Prediction), utilizando a matriz de parentesco
gendmico (G) conforme descrito por VanRaden (2008).

A predi¢do dos Valores Genéticos Gendmicos (GEBVs) foi realizada pelo método GBLUP
(Genomic Best Linear Unbiased Prediction) no software BLUPF90+, utilizando a matriz de
parentesco gendmico (G).

As acuracias tedricas dos valores genéticos foram calculadas usando os erros padrdo de
predi¢do (SEPL-ZJ-) estimados a partir da inversa das equagdes dos modelos mistos fornecidos pelo
BLUPF90+. A acuricia tedrica baseia-se na pressuposicdo de que o modelo estatistico utilizado

corresponde ao modelo genético verdadeiro (MRODE, 2014), sendo obtida pela equagao:

SEPZ
Acc =1-— (( 2”)) :

O-aj

r

Em que: SE Pizj é o erro padrio de predigdo do valor genético do animal i para a acurdcia j e 62; é a

j
variancia genética aditiva da caracteristica j.

O mérito genético total foi definido pelo Indice de Selegio CPD (Icpp), estruturado para
promover o equilibrio entre eficiéncia de carcaca, tamanho corporal e precocidade funcional. das

unidades de medida, as DEPs foram padronizados para a mesma escala (Z-scores) (HAZEL, 1943):

7 = (DEPs—pu)

99
Em que: Z € o valor final padronizado do animal, nimero puro sem unidade; GEBV o valor genético
gendmico atribuido ao animal para a caracteristica especifica; g, desvio-padrao.

A ponderagao final adotada foi: Icpp = (Z401100cX0,20) + (Zg5x0,15) +
(Zps x0,40) + (Zprac x0,15) + (Zor x0,10),

Essa ponderacdao baseada no objetivo de selecao de priorizando a eficiéncia muscular
(20% - AOL100c) e a precocidade de acabamento (15% EGS) destinando 65% do indice focado
em tamanho e conformacado corporal (PA, PTAC e CT) para garantir a funcionalidade e o peso.

A confiabilidade das predicdes do indice de selecdo foi estimada através da acuracia
média do indice. Devido a natureza composta do I-pp, a acuracia final para cada animal foi
obtida pela média aritmética das acuracias individuais dos Valores Genéticos Gendmicos

(GEBVs) das caracteristicas avaliadas (AOL100c, EGS100c, PA, PTAC e CT).
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Para permitir a aplicagdo estratégica de diferentes intensidades de selecdo, a populacao foi
estratificada em decis de mérito baseados na distribui¢ao de probabilidade acumulada (DECA). Essa
categorizagdo estruturou-se em dez estratos progressivos, sendo o primeiro decil, (10% = DECA 1)
definido como o nucleo elite de maxima pressao seletiva.

A eficiéncia do Indice CPD, em contraste com a selecio baseada em caracteristicas
isoladas, foi avaliada mediante a analise de dispersao dos valores genéticos, utilizando-se o
critério de ranqueamento de 10% (DECA 1) para a delimitacdo das subpopulag¢des de interesse.
[sso permitiu a categorizacdo dos animais em quatro quadrantes distintos, fundamentados na
dindmica de reclassificagdo entre os métodos: O Grupo 1 (Consenso de Sele¢do) incluiu os
individuos situados na interseccdo superior de ambos os critérios, representando a elite
genética; Grupo 2 (Selegdo pelo Indice) compreendeu animais que, embora nio atingissem o
limiar critico na caracteristica individual, foram resgatados pelo indice devido ao seu mérito
genético agregado superior; Grupo 3 (Selecdo Individual) identificou individuos com DEPs
extremos para uma Unica variavel; Grupo 4 (Rebanho Geral) consistiu nos Individuos que nado
atenderam aos requisitos minimos de pressao de selegdo em nenhum dos critérios.

A distribuicdo espacial do mérito genético superior foi avaliada por meio de
estratificacdo demografica dos animais elites, categorizando os animais do DECA1 pelo ICPD de
acordo com o estado de origem e o sexo.

A magnitude da divergéncia classificatdria entre a selecao baseada em caracteristicas
isoladas e o mérito genético total foi quantificada pelo Coeficiente de Correlacdo de Spearman
e por meio de analises de dispersdo e consenso. Para cada componente do indice (AOL100c,
EGS100c e PA), a populagao foi estratificada utilizando um truncamento seletivo de 10%.
Foram analisadas as correlagcoes entre o Indice_CPD e as variaveis GEBV_PA, GEBV_PTAC,
GEBV_AOL100c e GEBV_EGS100c. A visualizacao foi operacionalizada através de um mapa de
calor (heatmap) sequencial, utilizando apenas o tridngulo superior da matriz para evitar
redundancia estatistica.

Para quantificar a eficacia do indice na identificacdo de animais com mérito genético
equilibrado, aplicou-se uma analise de concordancia seletiva. O estrato superior da populagdo
(TOP 1) foi isolado individualmente para o ICPD e para os GEBVs de Peso Adulto, AOL e EGS. A
intersecdo entre esses subconjuntos foi processada e visualizada por meio de Graficos de UpSet
(UpSet plots).

O progresso genético da populacao foi monitorado por meio da analise de tendéncia

genética, agrupando-se as médias dos GEBVs por ano de nascimento, no intervalo entre 2005 e
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2025. A taxa de ganho genético anual foi estimada através de modelo de regressao linear Y; =
Bo + B1X; + e;; onde Y; é a média dos valores genéticos no ano i; f;representa a mudanca
genética anual; X;0 ano de nascimento (FALCONER; MACKAY, 1996).

Aresposta a selecdo foi estimada diretamente sobre as diferencas esperadas na progénie
(DEPs). O diferencial de selecdo genémico foi estabelecido pela diferenca entre a DEP média do
estrato selecionado (DECA 1) e a DEP média da populagao total. O Diferencial de Selecao
Padronizado Gendmico (i) foi calculado padronizando-se esse diferencial pelo desvio padrao
gendmico g, de cada caracteristica, permitindo a comparagdo da pressdo exercida pelo indice
(ICPD) sobre as diferentes tipologias de carcaca e tamanho corporal.

DEPsg,; — DEPs,qp,

i
g
Og

A eficiéncia do Indice CPD foi contrastada com a selegio direta para caracteristicas
isoladas por meio do célculo da eficiéncia relativa (ER) da selecao indireta. A analise permite
mensurar a propor¢do do ganho genético maximo retido quando a sele¢do é baseada no indice,
comparando-a com a praticada pela sele¢do de uma Unica caracteristica (FALCONER; MACKAY,
1996).

A resposta direta genomica (RDy) foi estimada assumindo o truncamento de 10% da
populacdo para cada caracteristica individualmente (DECA 1), utilizando seus DEPs como

critério, como segue:

RDg = DEPS]DECAI - DEPSlpop
Enquanto a resposta correlacionada genomica ( RCy) foi obtida via sele¢do pelo ICPD,

representando o ganho genético predito quando o critério de selecdo aplicado foi
exclusivamente o ranking do indice, de acordo com a férmula:

RCQ = DEP](ICPDDECA1) - DEPPOP

A eficiéncia relativa (ER) foi determinada pela razao entre a resposta correlacionada e a
. RC . . . -
direta (ER: (#) x100, permitindo quantificar quanto do potencial de ganho genético de cada
G

caracteristica é retido ao optar-se pela selecdo combinada via indice.
O processamento, a analise estatistica e a sistematizagdo dos dados gendmicos foram

conduzidas integralmente operacionalizados em linguagem de programacdo R (2024).
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Resultados

As estimativas de acuracia média dos valores genéticos para as caracteristicas de carcaga e de
conformagdo corporal estdo descritas na Tabela 1, com resultados estratificados por sexo. As médias
das acuracias oscilaram entre 0,28 e 0,39. A maior acuracia média (0,39) foi registrada para a
caracteristica de peso adulto. Valores elevados de acurdcia também foram observados para a
caracteristica AOL100c. As médias de acuracia para os machos foram numericamente superiores as
das fémeas em todas as caracteristicas avaliadas.

Tabela 1 Estimativas de acuracia média para valores genéticos de machos e fémeas
avaliados para as medidas de carcaca e de conformacao corporal em Bovinos
Curraleiro Pé-Duro

Sexo  Caracteristica N Média £ DP  Minimo  Madaximo
AOL100c (cm?) 0,35+ 0,17 0,0 0,73
EGS (mm) 0,32 +£ 0,17 0,0 0,69
PT.AC (%) 427 0,35+ 0,16 0,0 0,69
PA (Kg) 0,39+ 0,16 0,0 0,70
CT (kg) 0,36+ 0,15 0,0 0,67
AOL100c (cm?) 0,32+ 0,19 0,0 0,73
EGS (mm) 0,28 + 0,19 0,0 0,68
Fémea
PT.AC (%) 1416 0,31+ 0,16 0,0 0,68
PA (kg) 0,36 + 0,19 0,0 0,70
CT (kg) 0,32+ 0,18 0,0 0,67

AOL100c: area de olho de lombo ajustada para 100kg; EGS: espessura de gordura
subcutanea;PA: peso adulto; PT.AC razdo da profundidade toracica pela altura da
cernelha; CT: circunferéncia toracica.

A analise de distribuigdo geografica dos machos classificados como DECA 1, com base nos
valores genéticos, revela uma notavel concentragdo de animais em trés estados: Maranhao, Piaui e

Para, representando 79% do total dos animais mais bem ranqueados pelo ICPD (Figura 1).
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Figura 1: Composigao relativa de animais machos Curraleiro
Pé-Duro participantes do TOP1 (10%) com base no
ICPD por estado.

A distribuicao das fémeas classificadas pelo ICPD no DECA1 esta concentrada nos estados
do Maranhdo (38%), Piaui e Paraiba (17%), destacando as matrizes com mérito superior (Figura 2).
Neste aspecto, a representatividade desses estados pelo mérito genético representa 73% dos animais

no ranking.
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Figura 2: Composi¢do relativa de animais machos
Curraleiro Pé-Duro TOP1 (10%) pelo Indice CPD por
estado.

A anélise de dispersdo dos valores genéticos gendmicos (DEPs) em fungio do indice CPD
aponta que a pressao de selecdo no estrato superior da populacdo (DECATI) ¢ exercida de forma
heterogénea entre as caracteristicas de carcaca e de tamanho corporal (Figura 3). Observou-se uma
convergéncia linear robusta entre o indice e as caracteristicas de composicao de carcaca, com EGS e
AOL100c apresentando correlagdes de Spearman (rs) elevadas, variando entre 0,74 e 0,81.

A selecao pelo ICPD (pontos verdes) e o consenso de selegdo (pontos azuis) apresentam forte

associacao tanto para AOL100c quanto para EGS100c. A distribui¢do espacial dos dados demonstra
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uma densidade predominante no quadrante superior direito, o que ratifica a eficacia do ICPD em
capturar os individuos de maior mérito genético para rendimento de carcaca (AOL100c) e
precocidade de acabamento (EGS100c). O contingente de animais classificados exclusivamente na
Sele¢ao Individual (vermelho) apresentou-se abaixo do indice, indicando que o ganho individual para
a caracteristica pode ser elevado, porém com marcado desequilibrio funcional.

Os valores das correlacdes do Peso Adulto com ICPD foram de altas magnitudes (0,78 e 81
para machos e fémeas) e apresentaram uma dindmica de dispersao distinta das caracteristicas de
carcaca (Figura 3). Verificou-se um padrao formado por quatro quadrantes distintos. O quadrante de
selecdo pelo ICPD (verde) remete a animais com alto mérito global, mas com potencial de ganho
moderado. O grupo de selegdo individual (vermelho) apresentou animais com valores elevados da
DEP para PA; contudo, estes ficaram abaixo dos animais selecionados pelo indice CPD.

O grupo formado pelo consenso de selegdo (pontos azuis) representa o topo das seletividades.
Este grupo logrou filtrar animais superiores para o ganho individual em harmonia com o ganho pela

selecdo pelo indice.

Machos Fémeas
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Figura 3. Dispersdo das DEPS gendmicas, concordancia entre a sele¢do individual
(AOL100c, EGS e Peso Adulto) e o mérito genético total (Indice CPD) para
machos e fémeas adultas da raga Curraleiro Pé-Duro.
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As correlagdes de Spearman entre os valores genéticos gendmicos preditos (DEPs) e o ICPD
revelaram associagdes positivas (Figura 4). O indice apresentou correlacdes mais elevadas com
GEBV_AOL100c e GBEBV_EGS (1,=0,7 e 0,8, aproximadamente). A associagdo com GEBV_PA
e GEBV_EGS100c foi de menor magnitude, 7,=0,14.

Correlages de Spearman entre DEPs e indice CPD

Indice_CPD 08

06

DEP_Peso 0.24

0.15 0.43

F0.z2

DEP_PTAC . 0.39 0.19 Fo
r-0.2

DEP_AOL100c . 0.12 F-0.4

DEP_EGS 0.39 0.8
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Figura 4. Matriz de correlagdo de Spearman entre as
DEPs para caracteristicas de conformagdo corporal de
carcaca ¢ o indice de selecao da raga Curraleiro Pé-Duro
(Indice_CPD).

As correlagdes observadas entre a DEP para peso adulto (DEP_PA) e as variaveis ajustadas
ao tamanho corporal foram de baixa a moderada magnitude: r;= 0,15 para DEP_ AOL100c e r,= 0,43
DEP_EGS, indicando que o ajuste para o tamanho corporal foi eficaz em isolar o potencial genético
de musculosidade e gordura independente da massa corporal total do animal.

Para a caracteristica GEBV_PTAC (Figura 4) a associacdo foi de baixa a moderada magnitude
com DEP PA (1= 0,24) e a correlacdo entre a medida e DEP_AOL100c¢ foi de alta magnitude (r,=
0,71)

A avaliacao da eficiéncia do ICPD na identificacdo de animais harmonicamente superiores foi
conduzida mediante analise de concordancia seletiva, empregando diagramas de intersec¢do para os

individuos ranqueados no DECAL1 (Figura 5)
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A andlise de intersec¢do plena, caracterizada pela sobreposicao simultanea entre o ICPD e as
DEPS (PA, AOL100c e EGS, PTAC e CT) sinalizou a existéncia simultanea 5 machos e 13 fémeas
(Figura 5). Nos machos a intersec¢ao entre ICPD, PA e AOL100c, identificou 10 animais, nas fémeas
31.

A analise das frequéncias isoladas revela que DEP_PA permanece como a caracteristica com
o maior contingente de animais selecionados fora de qualquer intersec¢do com o indice, sendo 19

machos e 63 fémeas (Figura 5).
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Figura 5: Concordancia seletiva de animais (DECA 1) identificados pelo ICPD em comparagao
a selecdo direta para peso adulto DEP Peso, area de olho de lombo corrigida
DEP_AOL100c e espessura de gordura subcutanea DEPS EGS em bovinos da raca
Curraleiro Pé-Duro.

A andlise das tendéncias genéticas para o ICPD, AOL100c e PA revela um comportamento
predominantemente ascendente ao longo dos anos, embora marcado por acentuada volatilidade,
especialmente no periodo anterior a 2017 (Figura 6). Este intervalo inicial caracteriza-se por uma
severa depressdo dos valores genéticos genomicos médios (GEBVs), com uma transi¢do consolidada
para trajetorias de ganho genético positivo apenas apds 2017.

Embora a linha de tendéncia linear (regressao) apresente coeficiente positivo para todas as
variaveis, a trajetoria real das DEPs expoe instabilidades ciclicas, com médias permanecendo em
patamares negativos durante fracdes significativas da série histérica. Contudo, a aplicacdo da
regressao linear permite distinguir o que € apenas uma tendéncia visual do que ¢ progresso genético

estatisticamente efetivo.
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A tendéncia genética para PA apresenta uma trajetdria de maior amplitude de variagdo
absoluta entre as caracteristicas avaliadas. O ciclo de maior instabilidade compreende os anos de 2008
a 2013; especificamente em 2011, observa-se o ponto critico de inflexdo negativa, com o GEBV
médio atingindo aproximadamente -4,8. Diferentemente das demais varidveis, o PA demonstrou
picos de recuperacao rapidos (como em 2009 e 2015), mas seguidos de deflagdes abruptas, como a
observada entre 2015 e 2017. A partir de 2018, a caracteristica assume uma trajetoria de crescimento
mais consistente, com valores positivos. A recuperagdo resultou em um coeficiente de regressao
positivo de 0,18 por ano, sendo o Unico parametro com P < 0,05 (P=0,023). Isso confirma que a
mudanca genética para Peso Adulto ¢ real e diferente de zero, atingindo DEP préximo a +2,3 em
2025.

A trajetoria genética para EGS apresenta a tendéncia mais discreta em termos de ganho
genético acumulado. Assim como as demais, sofreu forte queda em 2011 (valor préximo a -0,06),
mas sua recuperacao foi mais lenta. Com o maior valor-p encontrado (P=0,395) e um coeficiente de
regressao proximo a nulidade (0,000878), a caracteristica permanece estatisticamente estagnada.
Nota-se um comportamento atipico no fechamento da série (2023-2025), com queda acentuada
enquanto as demais sobem, o que refor¢a a dificuldade de estabelecer progresso constante para a

caracteristica na populagao.
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Figura 6: Tendéncias genéticas médias das DEPs para o indice de sele¢do (ICPD),
peso adulto (PA), area de olho de lombo ajustada (AOL100c) e
espessura de gordura subcutanea (EGS) em funcdo do ano de
nascimento.

Os resultados ilustrados na Figura 7 apresentam o contraste entre a resposta direta

genomica (RD,) e a resposta correlacionada gendmica (RC,) obtida via selegdo pelo indice CPD.
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Observou-se um padrdo sistematico em que a selecdo direta proporcionou ganhos genéticos
superiores para todas as caracteristicas avaliadas, o que ¢ biologicamente esperado, visto que a
selecdo direta maximiza o diferencial de selecao para um Unico objetivo.

A maior disparidade entre os métodos foi registrada para o peso adulto ( Figura 7).
Enquanto a selegdo direta projetou um ganho de 9,6 quilos, a resposta alcan¢ada via Indice CPD
foi de 8,0 quilos. Essa diferenga acentuada indica que o indice exerce uma pressao de selecao
moderada sobre o tamanho adulto, possivelmente para evitar o aumento excessivo das exigéncias

de mantenca dos animais, priorizando um crescimento equilibrado em relagdo a carcaga.
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Figura 7: Comparativo entre resposta direta gendmica (RD,) e resposta correlacionada
gendmica (RCy) para caracteristica de carcaga (AOL100c, EGS100c), peso
adulto (PA) e conformacao corporal de bovinos Curraleiro Pé-Duro (DECA 1).

As caracteristicas de carcaga e de conformacao corporea (AOL100c, EGS, CT e PTAC)
apresentaram um comportamento de maior equilibrio entre os métodos, (Figura 7). A espessura de
gordura subcutanea (EGS) demonstrou a menor diferenca relativa entre a via direta e a via
correlacionada, com amplitude de 0,057mm entre a resposta direta o pelo indice.

A distribuicdo do Mérito Genético Total (ICPD) em funcdo da Acuracia de Predicao
(Figura 8) revela padrdes distintos de confiabilidade e amplitude de selecdo entre os sexos.
Observa-se uma dispersao variavel dos dados, em que a densidade amostral se concentra em torno
da média populacional, mas apresenta uma expansao linear da acuracia a medida que os valores

genéticos se tornam mais extremos.
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Discussao

As médias das acurdcias registradas para as caracteristicas de carcaga e de conformacdo
corporal para o rebanho Curraleiro Pé-Duro sdo classificadas como de magnitude baixa a moderada
(Tabela 1). A magnitude moderada das acuracias pode ser justificada por ndo ser decorrente de uma
limitacdo genética intrinseca a raga, mas sim reflexo da estrutura ainda incipiente das avaliagdes na
raga.

Diferentemente de racas comerciais, submetidas a uma pressao de sele¢do artificial intensiva
para produtividade, o Curraleiro Pé-Duro consolidou-se como um recurso genético moldado pela
selecdo natural, com foco na adaptacgdo e resiliéncia em ambientes restritivos. Os valores estimados
s30 um ponto de partida s6lido para uma raca que até recentemente era focada apenas em conservagao
ex situ ou em nucleos de pesquisa (FELIX, 2013).

A observacdo de valores minimos iguais a 0,0 para todas as caracteristicas indica a presenga
de individuos na base de dados que possuem poucas informagdes ou informag¢des rudimentares,
resultando em uma confiabilidade nula (Tabela 1). Por outro lado, a existéncia de acuracias maximas
atingindo 0,73 (AOL100c em machos) demonstra que certos reprodutores ja acumularam dados
suficientes, seja pelo proprio desempenho individual repetido ou pela avaliacio de parentes proximos,
para permitir decisdes de selegdo com risco significativamente reduzido (ROSA et al., 2013).

Uma pratica comum consiste na avaliagdo do desempenho de predi¢cdes gendmicas baseadas
nas correlagoes entre os valores genéticos verdadeiros e os valores genomicos preditos (BRITO et al.,
2017). Devido ao tamanho da amostra populacional e ao limitado nimero de animais genotipados e
com informagdes de fenotipos, ndo foram divididos os agrupamentos de animais genotipados em
populacdo de treinamento e validacao; portanto, avaliou-se a acuracia baseada na variancia do erro
de predi¢ao.

A acuracia média para AOL nos machos (0,35) permite que os criadores realizem a sele¢dao
com um nivel de confianga razoavel, embora o risco de mudangas futuras nas DEPs ainda exista
(Tabela 1). Dessa maneira, recomenda-se que, para touros com acuracia nessa faixa, seja utilizado
um "pool" de reprodutores jovens em vez de concentrar o uso em um tnico animal, mitigando o risco
estatistico (ROSA et al., 2013).

A concentracdo do mérito gendmico nos estados do Maranhdo, Piaui e Pard, abrangendo os
animais DECAL, reflete relagdo direta com o maior efetivo populacional genotipados nessas regides
(Figuras 2 e 3). O maior tamanho amostral nesses estados amplia a probabilidade de identificagdo de
animais com mérito superior para as caracteristicas avaliadas. O fato de os maiores rebanhos também
concentrarem a maioria dos animais TOP 1 pode indicar que o progresso genético estd ocorrendo de

forma consistente nas regides de maior amostragem. Outra teoria que fundamenta os resultados
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apresentados ¢ que, em algumas propriedades, a pressdo de selecdo fenotipica ¢ empregada, ainda
que de maneira pouco estruturada, o que justifica que certos rebanhos na regido concentrem mais
animais TOP 1.

A anélise da distribuicao dos valores genéticos genomicos estimados (DEPs) revela que a
adocdo do ICPD como critério de selecdo promove um avango genético mais equilibrado em
comparagdo a selecdo direta, especialmente para caracteristicas de carcaca (Figura 3). A alta
correlagdo observada para AOL100c e EGS1 indica que o indice de mérito total ndo apenas engloba
essas caracteristicas, mas as prioriza de forma a garantir que o progresso genético para musculosidade
e acabamento ocorra simultaneamente, isolando o efeito de tamanho do animal.

Em termos praticos, a aplicagdo do ICPD nao busca selecionar animais para maior porte, mas
sim para animais com maior capacidade de deposi¢cdo de musculo e gordura na carcaca, sem perder
as caracteristicas de rusticidade, ou seja, preconizando os animais mais eficientes para o sistema
produtivo. O indice difere substancialmente dos tradicionais focados em crescimento, comumente
aplicados em ragas zebuinas no Brasil, como os indices de qualificagdo frigorifica ou desempenho
ponderal (BITTENCOURT et al., 2006; PORTES et al., 2020).

A correlacdo moderada entre o ICPD e o peso adulto indica que, ao selecionar animais que se
destacam no mérito global, mas que possuem DEPs moderadas para peso, a ferramenta priorizou a
identificacdao de animais com maior mérito genético para deposi¢ao muscular relativa, em detrimento
do aumento indiscriminado do tamanho corporal (Figura 3). Segundo GOULART et al. (2022), o
aumento indiscriminado do tamanho adulto em bovinos de corte eleva as exigéncias nutricionais de
manuten¢do, o que pode reduzir a produtividade liquida do rebanho em ambientes onde o aporte
nutricional € sazonal ou limitado.

A dispersdao observada na Figura 3, especialmente o grupo de animais com altas DEPs para
peso que ficaram abaixo do Indice, ilustra o antagonismo genético frequente entre ganho de peso e
precocidade de acabamento. Animais selecionados apenas para peso tendem a ser mais tardios quanto
a deposigdo de gordura; desta maneira, a sele¢do para peso elevado sem considerar a precocidade de
acabamento da carcaca leva a carcacas magras e animais que demoram a depositar gordura subcutanea
(LUCHARI FILHO, 2000; SOARES et al., 2024).

O ICPD atua corrigindo essa tendéncia. Ao penalizar ou simplesmente ndo priorizar o
crescimento vegetativo extremo, o indice seleciona o que KOHN et al. (2005) definem como
"eficiéncia otima" em vez de "performance méxima'". Isso € corroborado pela concentracao de
animais no quadrante de consenso para EGS100c (1=0,80), indicando que o indice ¢ eficaz em
identificar animais que atingem o acabamento minimo de carcaga em idades mais jovens, um requisito

essencial para a viabilidade comercial da raga no mercado de carnes.
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A aplicacdo de um indice de selecdo ¢ crucial para caracteristicas que possuem um ponto
6timo intermediario, onde ultrapassar determinados limites fenotipicos torna-se prejudicial ao mérito
total do sistema (WELLMANN, 2023). Ao observarmos a Figura 3, nota-se que o ICPD desqualifica
animais de peso extremo (quadrante vermelho) em favor de individuos que apresentam um equilibrio
harmonico entre deposi¢ao de gordura (EGS) e musculosidade (AOL). A sustentabilidade de uma
raca nativa depende da sua capacidade de ser economicamente competitiva (PAIVA; MCMANUS;
BLACKBURN, 2016).

As correlagdes de Spearman de alta magnitude observadas entre o ICPD e as DEPs para
AOL100c e EGS ratificam a robustez do indice em identificar individuos com mérito genético
superior para rendimento e acabamento de carcaca (Figura 4). O ponto de maior relevancia reside nas
correlacdes moderadas entre PA e as medidas de carcaca. Essa independéncia ¢ estratégica por
permitir selecionar animais que possuem maior proporc¢ao de carne na carcaga sem elevar o tamanho
adulto, preservando a eficiéncia bioldgica e o baixo custo de manuten¢do inerentes a raga
(SUGSAWA et al., 2013; MARESTONE et al., 2022).

A andlise de concordancia seletiva demonstra que o ICPD atua como uma ferramenta de
selecdo eficaz, embora revele desafios intrinsecos a correlagdo entre as varidveis (Figura 5). A partir
dos resultados apresentados, pode-se presumir que o indice ndo apenas se destaca em uma
caracteristica isolada, mas mantém um equilibrio genético superior para peso, musculosidade
(AOL100c) e acabamento de carcaca (EGS100c). A baixa concordancia total ndo deve ser
interpretada como ineficiéncia do indice, mas sim como sua capacidade de filtragem.

A baixa frequéncia observada na concordancia plena entre machos e fémeas no topo da elite
para todas as variaveis, nao deve ser interpretada apenas como ineficiéncia, mas sim como a alta
capacidade de filtragem do indice frente a um banco de dados heterogéneo (Figura 5). Um fator
determinante para esses numeros reduzidos ¢ a disponibilidade limitada de registros fenotipicos
completos. A auséncia de animais com todas as medidas mensuradas simultaneamente (peso e
ultrassonografia de carcaga) reduz a acuracia da predi¢do pelo indice e limita o universo de animais
aptos a compor o nucleo de elite plena. Essa lacuna de dados impde um desafio ao indice e demanda
estratégias de expansdo das coletas para que a filtragem seletiva ndo seja excessivamente restritiva
devido a falta de informacao.

A observacdo de que o DEP_PA detém a maior frequéncia isolada de animais selecionados €
um ponto critico de reflexao (Figura 5). Os resultados indicam que a selecao direta baseada apenas
em valores genéticos de peso exacerba os riscos da sele¢do unidirecional. A énfase continua em um
numero reduzido de caracteristicas produtivas pode gerar consequéncias indesejadas na aptidao

biologica dos animais, ou seja, o foco exclusivo na producdo muitas vezes negligencia os
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antagonismos genéticos (VISSER et al., 2025). A sele¢dao focada em peso pode levar a um aumento
indesejado no tamanho adulto (frame), o que pode comprometer a rusticidade e a eficiéncia energética
em ambientes de recursos limitados (MARESTONE et al., 2022).

A andlise das tendéncias genéticas evidencia um cenario de progresso descontinuo e
assistematico ao longo da série historica (Figura 6). A volatilidade observada em todas as varidveis
sugere a auséncia de objetivos de selecdo consolidados ou a alternancia de critérios diretivos. O
progresso genético, em vez de exibir um carater cumulativo, manifestou-se de forma reativa, em que
incrementos temporarios foram mitigados por depressoes subsequentes. Tal oscilagdo nos GEBVs
denota o comportamento de rebanhos sem orientacdo para ganho genético comercial imediato.

Em populagdes desprovidas de selecdo direcionada para caracteristicas quantitativas, as
tendéncias genéticas tendem a flutuar aleatoriamente em torno de uma média constante. A auséncia
de um vetor de selegdo resulta em trajetdrias de mérito genético sem declinio ou progresso direcional
sustentado; consequentemente, tais trajetorias refletem periodos de sele¢do ineficaz ou com objetivos
conflitantes, cujo efeito fenotipico assemelha-se a deriva genética em termos de falta de
direcionamento adaptativo (FALCONER; MACKAY, 1996).

A severa depressao observada nas DEPs por volta de 2011 pode ser atribuida a instabilidades
na estrutura demografica do banco de dados, possivelmente pela introdugdo de animais fundadores
com pouco parentesco conhecido, o que tende a "puxar" as médias genéticas para valores basais até
que o volume de informacdes de progénie se estabilize (Figura 6).

A tendéncia genética para a EGS revela um padrdo atipico, possivelmente condicionado pela
estrutura demografica do banco de dados e pelo historico de manejo genético (Figura 6). A estagnagao
e o declinio dos valores genéticos ndo constituem um fendmeno isolado, mas sim o reflexo de uma
lacuna histdrica na selecao para acabamento de carcaca. Em sistemas onde o melhoramento nao ¢
balizado por indices bioecondmicos, a selecdo fenotipica tende a priorizar o porte e a estrutura
esquelética. Esse viés negligencia a deposi¢do de gordura, caracteristica que apresenta antagonismo
fisioldgico com o crescimento muscular extremo e o metabolismo de manutencao elevado (RAMON
et al., 2021; VISSER, 2025).

Essa auséncia de pressdo seletiva para precocidade de acabamento pode ter favorecido a
manutengdo de um biotipo tardio (Figura 5). De acordo com os preceitos do crescimento alométrico,
o tecido adiposo € o ultimo a se depositar, sucedendo os tecidos dsseo e muscular. Portanto, a selecao
focada exclusivamente em peso e estrutura posterga a maturidade fisiologica dos individuos (BERG;
BUTTERFIELD, 1976).

O fato de o Peso Adulto (PA) ter sido a Unica variavel com ganho genético estatisticamente

significativo (P < 0,05) confirma que a pressdo de sele¢do, ainda que indireta, foi direcionada ao
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aumento do tamanho corporal. Contudo, essa evolucdo do PA sem o acompanhamento proporcional
da EGS sugere um distanciamento da precocidade biologica. Portanto, a selecdo focada
prioritariamente em peso e estrutura posterga a maturidade fisiologica dos individuos, favorecendo a
manuten¢do de um biotipo tardio (CARVALHO et al., 2007).

A volatilidade recente (2020-2023) sugere que, embora reprodutores e matrizes superiores
para acabamento tenham sido introduzidos, a inexisténcia de acasalamentos direcionados em massa
impediu a fixacdo desses alelos favoraveis. O subsequente retorno aos niveis basais de mérito
genético ratifica a inércia da estrutura populacional, ainda dominada por linhagens nao selecionadas
que atuam como um lastro genético, perpetuando o fendtipo de animais tardios e de baixo
acabamento.

A dificuldade em obter progressos rapidos para deposi¢do de gordura ¢ um desafio comum
em programas de melhoramento de bovinos de corte, exigindo pressdo de selecdo continua e, muitas
vezes, o uso de ferramentas gendmicas para aumentar a acuracia de predi¢do e acelerar o ganho
genético em caracteristicas de baixa a média herdabilidade (GOMES, 2021).

Para alterar o perfil de acabamento do rebanho sem prejudicar o ganho em musculosidade,
pode ser necessaria a revisdo das ponderacdes no ICPD. A atribui¢do de maior peso relativo as
variaveis de gordura ou a implementagdo de niveis independentes de descarte podem garantir que a
precocidade de acabamento e a aptidao reprodutiva nao sejam negligenciadas (SILVA et al., 2024).

A superioridade da sele¢do direta para caracteristicas individuais (Figura 7) corrobora o
principio de que a sele¢do simultanea para multiplos objetivos resulta em uma menor intensidade de
selecdo efetiva para cada componente individual (BOURDON, 2020). A diluicdo da pressao de
selecdo em indices multivariados € um custo esperado em troca de um melhoramento balanceado
(FALCONER; MACKAY, 1996).

Embora a sele¢do direta para EGS tenha apresentado maior ganho absoluto, a resposta via
ICPD demonstrou eficiéncia relativa de 73%. Essa proximidade entre os métodos indica a existéncia
de correlagdes genéticas favoraveis e sinérgicas entre os componentes do indice, que potencializaram
o ganho em acabamento de carcaga mesmo sob uma sele¢io multicaracteristica (Figura 7). Indices
multivariados podem aumentar a acurdcia da selecdo para caracteristicas de baixa a média
herdabilidade (como a EGS), utilizando a informacdo correlacionada de caracteristicas de alta
herdabilidade (como o peso) como auxiliares, resultando em ganhos indiretos superiores aos diretos
em cenarios de menor precisao fenotipica (PRAVIA; RAVAGNOLO; URIOSTE, 2014).

Em contraste, a resposta para PA ndo ser interpretada como uma limitagdo, mas sim como

uma caracteristica estratégica do Indice CPD. Ao moderar o ganho em peso adulto enquanto mantém
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altas taxas de progresso para musculosidade (AOL100c, ER = 84,8%) e gordura, o indice promove a

selecdo de animais com carcacas mais pesadas e acabadas sem elevar excessivamente o porte adulto.

Conclusoes

A incorporagdo da informag¢ao genomica na avaliacdo genética de bovinos Curraleiro Pé-Duro
permitiu a obtencdo de acurdcias de predi¢do satisfatorias para caracteristicas de carcaca e
conformagao corporal.

O Indice de Selegdo proposto mostrou-se uma ferramenta eficaz, corroborando a hipétese de
que a selecdo simultdnea para peso, musculosidade e acabamento promove ganhos genéticos
equilibrados de maneira a superar os critérios tradicionais baseados exclusivamente no peso, ao isolar
o mérito genético para deposi¢cdo muscular e gordura de cobertura, permitindo a identificacdo de
animais precoces sem promover o aumento indiscriminado do tamanho adulto.

As tendéncias genéticas observadas indicam que, a despeito do ganho genético recente, a
variabilidade historica evidencia a auséncia de critérios de sele¢do estabelecidos, caracteristica
comum em rebanhos nao submetidos a melhoramento sistematico.

Embora a raca ainda careca de um programa de melhoramento genético estruturado, os
resultados demonstram um elevado potencial para selegdo. O incremento sistematico no volume de
registros ¢ imperativo para elevar a acuracia das predi¢des, viabilizando a inclusdo de pardmetros

como pesos € ganhos em idades especificas.
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