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AVALIACAO GENOMICA EM BOVINOS DA RACA GIR DE BRASIL E
CcOoLOMBIA

Resumo

A raca Gir (Bos indicus) é importante recurso genético para producdo de carne e leite no
Brasil e em paises tropicais. Estudos gendmicos entre populagdes sdo de interesse para
identificar regibes gendmicas importantes e aplicar na selecdo de carateristicas de
producdo. As corridas de homozigose (ROH) sdo regibes homozigotas contiguas do
genoma, utilizadas na identificacdo de genes associados a caracteristicas de interesse
econémico, bem como na obtencdo dos coeficientes de endogamia. A interagédo
genotipo ambiente (IGA), também representa papel importante no estudo de populacdes
de bovinos e na selecdo dos melhores reprodutores para os diferentes ambientes. Com
isto, os objetivos do presente estudo foram analisar o comprimento e a distribuicdo das
ilhas ROH do genoma, com identificacdo dos gene presentes, alem de avaliar a acuracia
da imputacdo utilizando diferentes painéis comerciais e a interagdo genotipo ambiente
da producdo de leite em bovinos da raca Gir do Brasil e Colombia. Na avaliacdo das
ilhas ROH foram utilizados dados genotipicos de 173 animais selecionados para
producdo de carne e 291 animais selecionados para producdo leiteira e obtidos os
resultados via programa Plink. Analise da acurécia utilizando diferentes painéis de
SNPs (GGP Bovine 30K, GGP indicus 35K e HD 777K) de 464 animais do Brasil e da
Colémbia foram avaliados e os resultados comparados via correlagdo simples (CS) e
taxa de concordancia (CR). Na analise da IGA foi utilizado modelo de norma de reagédo
bi-caracteristica para producdo de leite até 305 dias no Brasil (PL305BR) e Colémbia
(PL305COL) usando os programas GIBBS3F90 e POSTGSf90, e incluia dados
genotipicos (27.505 SNPs) de 464 animais. A analise ROH apresentou diferencas no
nimero de ROH curto (ROH1-2 Mb) entre as duas populacdes, enquanto o nimero de
ROH longo (ROH> 16 Mb) foi semelhante. As ilhas ROH com frequéncia maior que
0,5 sobrepuseram varios segmentos do genoma das duas populacdes. Os genes
identificados foram associados a producdo de leite, crescimento, reproducédo, resposta
imune e caracteristicas de resisténcia. A maior porcentagem de acuracia dos quatro
cendrios estudados, demonstrou o painel de 30K com maiores valores de CS (94%) e
CR (96%), portanto, a densidade de 30K foi indicada para ser utilizada na imputagéo

dos dados das analises posteriores que incluia dados do Brasil e Colémbia. No modelo



de norma de reacdo, 0s resultados das carateristicas PL305BR e PL305COL
evidenciaram IGA pela reclassificacdo dos touros entre os dois paises, demonstrando
diferencas ambientais e a importancia da aplicacdo desta metodologia na avaliacéo e
selecdo dos touros. Além disto, foram identificadas regides gendmicas afetando o
intercepto e inclinacdo da norma de reacdo e influenciando a expressdo de genes
relacionados a producéo de leite, imunidade e fertilidade. Os resultados contribuem no
entendimento da selecdo para diferentes fins (leite e carne) moldando segmentos do
genoma e aumentando a frequéncia de regibes em homozigose. Quanto a imputacéo, se
verificou a importancia da escolha do painel para posterior imputacdo dos dados
genotipicos de animais da raca Gir. O uso de metodologia adequada considerando a
IGA se faz necessario em analise incluindo dados de PL305 do Brasil e Colémbia, e
evita reclassificacdo dos touros nos diferentes ambientes. Conclui-se, aplicagdo de
programa de melhoramento em animais da raca Gir com informacbes gendmicas
permite controlar os coeficientes de endogamia e identificar alteracGes de frequéncia e
tamanho de regides relacionadas as caracteristicas de interesse econdémico, devido ao
direcionamento da selecdo, além da importancia da escolha de painéis de forma a obter
a maior acuracia da imputacdo e da aplicacdo de modelos considerando a IGA,

possibilitando maior precisdo na escolha dos reprodutores.

Palavras-chave: Bos taurus indicus, bovinos de corte, duplo proposito, genes, GWAS,

endogamia, leite, norma de reacgéo, predicdo gendmica.



GENOMIC EVALUATION IN GIR BREED CATTLE FROM BRAZIL AND
COLOMBIA

Abstract

The Gir breed (Bos indicus) is an important genetic resource for meat and milk
production in Brazil and in tropical countries. Genomic studies between populations are
of interest to identify important genomic regions and apply in the selection of
production traits. Runs of Homozygosity (ROH) are contiguous homozygous regions of
the genome, used to identify genes associated with characteristics of economic interest,
as well as to obtain inbreeding coefficients. The environment genotype (IGA)
interaction also plays an important role in the study of bovine populations and in the
selection of the best breeders for different environments. Thus, the objectives of the
present study were to analyze the length and distribution of the ROH islands of the
genome, with identification of the present genes, in addition to assessing the accuracy of
imputation using different commercial panels and the environment genotype interaction
of milk production in cattle of the Gir breed from Brazil and Colombia. In the
evaluation of the ROH islands, genotypic data from 173 animals selected for beef
production and 291 animals selected for milk production were used and the results were
obtained through the Plink program. Accuracy analysis using different SNP panels
(GGP Bovine 30K, GGP indicus 35K and HD 777K) from 464 animals from Brazil and
Colombia were evaluated and the results were compared using simple correlation (CS)
and concordance rate (CR). The IGA analysis used a bi-traits reaction standard model
for milk production up to 305 days in Brazil (PL305BR) and Colombia (PL305COL)
using the GIBBS3F90 and POSTGSfI0 programs, and included genotypic data (27,505
SNPs) from 464 animals. The ROH analysis showed differences in the number of short
ROH (ROH1-2 Mb) between the two populations, while the number of long ROH
(ROH> 16 Mb) was similar. ROH islands with a frequency greater than 0.5 overlapped
several segments of the genome of the two populations. The identified genes were
associated with milk production, growth, reproduction, immune response and resistance
characteristics. The highest percentage of accuracy of the four scenarios studied,
demonstrated the panel of 30K with higher values of CS (94%) and CR (96%),
therefore, the density of 30K was indicated to be used in the imputation of the data of
the later analyzes that included data from Brazil and Colombia. In the reaction norm
model, the results of the traits PL305BR and PL305COL showed IGA by the



reclassification of sires between the two countries, demonstrating environmental
differences and the importance of applying this methodology in the evaluation and
selection of sires. In addition, genomic regions were identified, affecting the intercept
and slope of the reaction norm and influencing the expression of genes related to milk
production, immunity and fertility. The results contribute to the understanding of the
selection for different purposes (milk and meet) shaping segments of the genome and
increasing the frequency of homozygous regions. As for the imputation, it was verified
the importance of choosing the panel for later imputation of the genotypic data of Gir
animals. The use of appropriate methodology considering the IGA is necessary in
analysis including data from PL305 from Brazil and Colombia, and avoids
reclassification of bulls in different environments. In conclusion, application of a
breeding program in Gir animals with genomic information allows controlling the
inbreeding coefficients and identifying changes in frequency and size of regions related
to the traits of economic interest, due to the direction of selection, in addition to the
importance of choice of panels in order to obtain the highest accuracy of imputation and
application of models considering the IGA, enabling greater precision in the choice of

sires.

Keywords: Bos taurus indicus, beef cattle, dual purpose, genes, GWAS, inbreeding,

milk, reaction norm, genomic prediction.



Capitulo 1 - Consideracdes gerais

1. Introducéo

A raca Gir (Bos indicus) e seus cruzamentos sdo a base, junto com as outras ragas
zebuinas, para a sustentacdo da pecuaria (leite e corte) de paises tropicais e subtropicais
de centro e sul America. De acordo com Verneque et al. (2000) e Ledic (2009) o Gir
Leiteiro é a primeira raca leiteira do Brasil e a primeira ragca zebuina do mundo a
participar de programas delineados de melhoramento genético, a ter touros provados
para leite pelo teste de progénie, além de proceder a avaliagdo genética de vacas quanto
a capacidade de produzir leite. Além disso, 0s touros sdo anualmente avaliados para
caracteristicas de conformacdo e de manejo, baseando-se em medidas realizadas nas

suas progénies.

Segundo Guimaraes e Ledic. (2010), a raca Gir exerce destacado papel no contexto
da comercializacdo de sémen por ser uma raga que incorpora rusticidade, produtividade
e longevidade. Animais da raca Gir com aptiddo leiteira sdo eficientes na producéo de
leite a baixo custo, sendo grandes contribuintes destas caracteristicas para as vacas
mesticas. Apesar de representar uma parcela tdo pequena da populacdo, impressionante
é o fato de o Gir Leiteiro ter vendido 508.978 doses de sémen ate 0 ano 2010 (ASBIA,
2010), que correspondendo a 49,04% de todas as doses das racas leiteiras nacionais

comercializadas.

No foco de incrementar e melhor a raca Gir e seus cruzamentos com 0S avangos
cientificos, foram realizados o sequenciamento do genoma da raca Gir Leiteiro no ano
2016. O feito tem importancia historica, ja que é o primeiro sequenciamento do genoma
de um mamifero feito por equipe 100% brasileira. O avanco cientifico também traz
perspectivas muito otimistas para o setor produtivo, pois completa a outra metade do
quebra-cabeca que forma a genética do Girolando. A cadeia leiteira detém o maior
faturamento do agronegécio do Brasil e é a que mais gera emprego (Embrapa 2017). As
diferentes pesquisas feitas na raca Gir sao de importancia para o progresso da mesma, e
também para auxiliar nas pesquisas do hibrido Girolando que altamente usado

comercialmente.

Apesar da crescente expansdo da raca nos paises tropicais, ainda é uma populagdo

pequena e precisa de monitoramento constante para reduzir a taxa de endogamia (Ledic,



2009). Os acasalamentos entre os animais importados para a criacdo das primeiras
linhagens de Gir Leiteiro conduziu a um aumento da endogamia na populagéo (REIS
FILHO, 2006). Santana et al. (2016) estudou a estrutura genética da populacdo de
animais desta raca selecionada para leite e avaliou o efeito da endogamia sobre as
caracteristicas produtivas da mesma, e, constatou um aumento significativo da taxa de

endogamia por geracao.

Com a globalizagdo e comercializagdo de sémen e embrides da raga Gir entre
paises, levo a maior numero de descendentes de touros provados do brasil em diferentes
paises tropicais. Assim, os diferentes ambientes podem determinar a extensao em que 0
fendtipo é expresso. Portanto, é possivel que o melhor gendtipo em determinado
ambiente possa ndo ser em outros (Warwick e Legates, 1980). Este efeito € chamado de
interacdo genotipo ambiente, a expressédo do genotipo em ambientes diferentes. Dada a
importancia da raca no Brasil e Colombia ha necessidade de estudar o genoma do Gir
para expandir o conhecimento genético e aplicacdo na melhoria da raga.

2. Objetivos

2.1.  Objetivo geral

Estudos genomicos aplicados para a raca Gir em diferentes populacdes

2.2.  Objetivo especifico
(1) Analisar o comprimento e a distribuicdo das ilhas ROH (Runs of Homozigosity)
e identificar genes nessas regides em bovinos da raca Gir selecionados para corte

e leite.

(2) Avaliar a precisdo da imputacdo da populacdo da raca Gir obtida com paineis de
diferentes densidades, incluindo a raca Nelore na populagdo de referéncia para

realizar as imputagoes.



(3) Estudar a interagdo genotipo ambiente para producdo de leite com modelos de
norma de reacdo com informacdo gendmica na raca Gir de Brasil e Colombia e

identificar regides gendmicas que estdo associadas a producdo de leite.

3. Revisao de literatura

3.1. Raca Gir

O gado Gir (Bos indicus) é uma raca Zebu de dupla aptiddo (leite e carne) que é
usada principalmente para a producdo de laticinios em climas tropicais (Queiroz e L6bo,
1993). Juntamente com os cruzamentos Holstein x Zebu, a raga Gir representa mais de
80% do leite produzido no Brasil (Embrapa, 2015). O Gir chegou ao Brasil em 1911, e
tornou-se uma das racas mais comumente utilizadas na producdo de leite no pais
(ABCGIL, 2015). O gado Gir Leiteiro sob controle oficial apresenta produgdo média de
3.233 kg, 0 que estd 290% acima da média nacional. Tal resultado indica a
potencialidade do Gir Leiteiro para as condicGes tropicais, sendo alternativa para
incrementar a pecudria leiteira, seja como raca pura ou utilizada como base em diversos

sistemas de cruzamento (Verneque et al., 2000).

Na Coldmbia, as primeiras importac6es do Gir vieram do Brasil e tem sido realizadas a
mais de 30 anos por meio das associagcdes dos criadores. Nas importacdes recentes, a
escolha foi por touros provados e matrizes com mais de 4.500 litros/lactacdo, com a
finalidade de melhorar a producéo das fazendas na Coldmbia (ASOCEBU, 2015).

O Gir esta presente em quase todo o Brasil, respondendo por mais de 80% de rebanhos
leiteiros como ragas puras ou como cruzamentos com animais da raca Holandesa, esta
difusdo deve-se principalmente ao fato de que esses animais podem ser criados em
pastagem, possuem resisténcia aos endo- e ectoparasitas e a alta temperatura, com
producdo maxima de leite de 14 kg de leite por dia (Pereira et al., 2012). Na Colémbia,
a raca Gir se encontra em climas temperados e terras altas, mas deslocou-se para areas
abaixo de 2.000 metros acima do nivel do mar, onde foi descoberto que pode produzir
até 20 litros de leite por dia com 4,0% de gordura e 3,5% de proteina, em alguns

ambientes com melhor adaptacdo (Ganaderia sostenible Colémbia, 2015).



O Gir Leiteiro é a primeira raca leiteira do Brasil a participar de programas de
melhoramento genético, a ter touros provados para leite pelo teste de progénie
(Verneque et al. 2000). Com o intuito de avancar foi implantado o Programa Nacional
de Melhoramento do Gir Leiteiro (PNMGL) da ABCGIL/EMBRAPA no ano 1985,
com o objetivo de promover o melhoramento genético da raca Gir por meio da
identificacdo e selecdo de touros geneticamente superiores para as caracteristicas de
producdo (leite, gordura, proteina, lactose e sdlidos totais), conformacdo e manejo
(Martinez et al., 2005).

3.2. llhas do ROH (Runs of Homozygosity) e coeficiente de endogamia pelo
FROH

O ROH séo regides continuas do genoma em homozigoses, causada pelos haplotipos
idénticos por descendéncia (IBD) derivados de um ancestral (Lencz et al., 2007). O
coeficiente de endogamia é tradicionalmente estimado principalmente a partir do
informacGes derivadas de dados de pedigree (Wright, 1922). O recente desenvolvimento
de painéis de SNP de alta densidade levou a um interesse crescente no calculo de
coeficientes endogamia com informacdo molecular em animais (Purfield et al., 2012;
Marras et al., 2014; Zavarez et al., 2015); dados moleculares sdo mais eficazes para
estimar a auto-zigosidade e detectar os efeitos de consanguinidade que dados de
pedigree (Keller et al.,, 2011). Com a informacdo molecular os coeficientes de
consanguinidade, podem ser estimadas a partir genotipos homozigotos ROH (FROH). A
homozigose observada pode ser definida como a proporcdo de locos homozigotos no
individuo ou na populacdo. As estimativas da FROH podem identificar historia da
consanguinidade com base no comprimento da ROH, que é uma ferramenta importante

genética populacional (Peripolli et al., 2016).

A selecdo artificial tem sido amplamente aplicada a espécies de animais para obter
fendtipos desejaveis e lucrativos. O processo de selecdo resulta em racas especializadas
para producdo de leite ou carne bovina ou racas de dupla finalidade em diferentes
regides do mundo (Ledic, 1996). A busca por animais superiores via sele¢do reduziu a
diversidade de hapldtipos e aumentou a homozigose, gerando alta frequéncia de ROH
em regides com pressdo de selecdo (Zhang et al., 2015). As regides gendmicas que sdo

marcas de selecdo tendem a gerar Ilhas ROH, definidas como regides gendmicas com



diversidade genética reduzida e, consequentemente, alta homozigose ao redor do locus
selecionado em comparagio com o restante o genoma (Pemberton et al., 2012). E
provavel que estratégias de selecdo artificial pressionem regides gendmicas especificas
que controlam caracteristicas importantes, como adaptacdo, reproducdo e resisténcia a
doengas.

3.3. Interacgdo gendtipo ambiente (IGA)

Os potenciais produtivos e reprodutivos dos animais Sa0 expressos apenas na
medida em que as suas condigdes ambientais o permitam. O ambiente ndo altera a
constituicdo genética do individuo, mais os fatores ambientais determinam a extenséo
em que o fenOtipo é expresso; Portanto, € possivel que o melhor gendtipo em
determinado ambiente possa ndo ser em outros (Warwick e Legates, 1980). Assim, as
interacdes podem envolver mudangas na classificagdo do genotipo ou mudangas na
magnitude das variancias genéticas, ambientais e fenotipicas em diferentes ambientes
(Ceron-Murioz et al., 2004). O problema se reflete na selecdo dos animais, que nao
considera a influéncia do meio ambiente como um dos principais fatores que pode afetar
a producdo dos seus descendentes. Este efeito é chamado de interagdo gendtipo
ambiente (IGA), a expressdo do genotipo em ambientes diferentes. Esta variavel causa
efeito sobre o fendtipo, causando variacGes nas caracteristicas produtivas e reprodutivas

que serdo transmitidas aos seus descendentes.

A IGA é comumente analisada como uma caracteristica que é medida nos diferentes
ambientes e sdo tratadas como caracteristicas diferentes, mas correlacionadas (Hayes et
al., 2009). Entre as analises para identificar uma IGA estdo as correlacbes genéticas
onde valores < 0.8 mostram gque os ambientes sdo muito diferentes (Paterson, 1987), por
exemplo, tropical vs. temperado. Outro analise utilizado é as normas de reacdo (NR)
que descrevem o fendtipo de um individuo como uma funcdo do ambiente. Um modelo
de norma de reacdo é util para descrever caracteristicas que mudam gradual e
continuamente ao longo de um gradiente ambiental, por exemplo, temperatura ou
qualidade da alimentagdo. A inclinagdo de uma norma de reacdo linear mede a
sensibilidade de um individuo em dire¢cdo a uma mudanga no ambiente (VanRaden,

2008; Yang et al., 2010). Lillehammer et al. (2009) descrevem que este efeito pode ser



quantificado utilizando dados genémicos e serem incluidos em programas de selecéo de
fémeas e reprodutores que formar&o a base do rebanho.

Os efeitos de genes dependentes do ambiente podem ser detectados por meio da
inclusdo do efeito da interacdo QTL e ambiente (Jarquin et al., 2014). Com o
desenvolvimento da genotipagem e tecnologias de sequenciamento, em conjunto com as
informagdes de registros disponiveis se realiza a modelagem. Como o rebanho
colombiano de Gir é de origem brasileira, € importante utilizar esta informacdo de
forma integrada no estudo genémico da raga, considerando a identificacdo dos efeitos
da interacdo genotipo ambiente na producdo de leite. Alguns estudos tém relatado
interacbes genotipo ambiente para a producdo de leite em gado leiteiro (Calus et al.,
2002; Kolmodin et al., 2002). Os genes sdo afetados por mudancas ambientais
(alimentacdo, manejo, sistema produtivo) isto implica que alguns genes tém efeitos
diferentes de acordo com o ambiente e pode ser de interesse a detecgdo destes genes
para aumentar a produtividade dos animais (Lillehammer et al., 2008).

A utilizacdo da informacao genotipica no melhoramento genético animal tornou-se
area de pesquisa abrangente e altamente prioritaria nos ultimos anos. O principal foco
tem sido o desenvolvimento de métodos para estimar os valores genéticos com base na
informacao genotipica, fenotipica e de pedigree (Meuwissen et al., 2001). O valor
genético calculado a partir dos efeitos estimados dos marcadores € muitas vezes
chamado de GEBV e o valor combinado entre DGEBYV e o valor genético tradicional
(EBV), frequentemente chamado de valor genético gendmico (GEBV). A acuracia do
DGEBYV e GEBYV depende de: 1) o nivel do DL entre os marcadores e 0s QTL (loci para
caracteristica quantitativa); 2) o namero de animais na populacdo de treinamento; 3) a
estimativa de herdabilidade da caracteristica e 4) a distribuicdo dos efeitos dos QTL
(Hayes et al., 2009).

Aguilar et al. (2010) implementou e comparou trés métodos para obtencdo dos
valores genéticos utilizando a informacdo gendmica. Apoés a verificacdo da acuracia dos
métodos foi proposto que a avaliacdo genética nacional de Gnico-passo com a matriz de
relacionamento pelo pedigree incluindo a informacdo gendmica fornece predicdes mais
acuradas e viés comparado ao procedimento de multiplos passos e ainda permite levar

em consideragéo a estrutura de pedigree da populacéo.
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Chapter 2. Genome-wide identification of runs of homozygosity islands in the Gyr
breed (Bos indicus).

Abstract

Runs of homozygosity (ROH) are contiguous homozygous regions of the genome.
These regions can be used to identify genes associated with traits of economic interest,
as well as inbreeding levels. The aim of the present study was to analyze the length and
distribution of ROH islands in Gyr cattle and to identify genes within these regions. A
population of 173 animals selected for beef production and a population of 291 animals
se lected for dairy production were used. Differences in the number of short ROH
(ROH1.2 mp) were observed between the two populations, while the number of long
ROH (ROHs15 mp) was similar. ROH islands with the highest incidences (>0.50)
overlapped in several segments of the genome in the two populations. The genes
identified were associated with milk production, growth, reproduction, immune
response, and resistance traits. Our results contribute to the understanding of how
selection can shape the distribution of ROH and ROH islands within the same breed

when animals are selected for different purposes such as dairy or beef production.

Keywords: beef, dairy, dual-purpose, genes, inbreeding

1. Introduction

The Zebu cattle breed (Bos taurus indicus) is an important genetic resource for meat
and milk production in Brazil and in tropical countries. Gyr cattle are a dual-purpose
Zebu breed (milk and beef) that is mainly used for dairy production in tropical climates
(Queiroz and L6bo, 1993). Together with the Holstein x Zebu crossbreed, the Gyr breed
accounts for more than 80% of the milk produced in Brazil (Embrapa, 2015). It is
therefore essential to apply available genomic tools to identify regions of genes that
affect traits of economic interest for milk and meat production in the Gyr genome.

Artificial selection has been widely used in livestock species in order to achieve
more desirable and profitable phenotypes. The selection process resulted in specialized
breeds for milk or beef production or dual-purpose breeds in different regions of the
world (Ledic, 1996). It is likely that artificial selection strategies will put pressure on
specific genomic regions that control important traits such as adaptation, reproduction,

and disease resistance.



The unique genetic patterns that persist in the genome of individuals under natural
and/or artificial selection are defined as selection signatures. These signatures are
generally regions of the genome that harbor functionally important sequence variants
(Qanbari et al., 2014). The detection of selection signatures is a relevant issue since it
has the potential to elucidate the identities of genes and mutations associated with
phenotypic traits. Furthermore, this knowledge is important to better understand the
process of evolution and the characteristics that have been exposed to intensive artificial
selection (Brito et al., 2017). This information can thus be used as selection criteria in
animal breeding programs, especially of dual-purpose breeds so that the breeder can
define whether to select for milk or beef.

Runs of homozygosity (ROH) are contiguous homozygous regions of the genome,
which are caused by the transmission of haplotypes that are identical by descent (IBD)
(Lencz et al., 2007). The information obtained from SNP microarrays can be used to
accurately determine whether a particular SNP belongs to a ROH (M. Ferencakovi¢ et
al., 2013a). Pemberton et al. (2012) found that the patterns of local levels of
autozygosity are not uniform and called regions with an extremely high frequency of
ROH (>0.50) islands. The ROH islands can be used to identify selection signatures in
populations under intensive selection for traits of economic interest (Kim et al., 2013).
ROH have been used to identify regions of genes in dairy and beef populations (M.
Ferencakovic et al., 2013b).

ROH studies have been performed on Bos taurus breeds selected for milk and beef
production (Purfield et al., 2012). According to the authors, ROH quantify
characteristics of the genomic variation that can be used to obtain information on the
history of a population and for association with important production traits using ROH
islands as selection signatures. Peripolli et al. (2018) identified segments of ROH
islands that suggest strong selection for milk production and environmental adaptation
traits in the Gyr genome (Matukumalli et al., 2009). However, the use of genomic tools
such as ROH permits to identify shared segments that are more frequent in the
population, establishing similarities and differences that the genome presents in the
same breed selected for different purposes.

Few studies involving dual-purpose breeds have used ROH for the identification of
genomic regions applicable as selection criteria. Maiorano et al. (2018) studied the
genetic architecture and selection signatures of dual-purpose Gyr cattle using genomic

information, but it would be important to investigate dual-purpose breeds using the new



ROH approach. Therefore, the aim of the present study was to analyze the length and
distribution of ROH islands in Gyr cattle and to identify genes within these regions.

2. Material and methods

The experiment was conducted in accordance with animal welfare guidelines
according to EU Directive 2010/63/EU for animal experiments and State Law No.
11.977 of Sao Paulo state, Brazil. All animal procedures were approved by the Ethics
and Animal Handling Committee of the Instituto de Zootecnia, Nova Odessa, SP,
Brazil.

2.1. Animals and phenotype

The genotyped animals are from two population samples selected for different traits,
growth and milk traits (Table 1). The Beef production (Bp) population sample consisted
of 173 animals (52 sires) from the breeding program of Instituto de Zootecnia (12),
Sertaozinho, SP, Brazil. This program is considered unique in the Gyr breed and is
aimed at improving beef production traits in a closed herd scheme. The 1Z started with
the introduction of founder sires in 1976 to increase genetic variability. The choice of
founders was based on the body weight at 550 days of age (Razook et al., 1998). Next,
the breeding program established the selection of young sires and females using the
body weight at 378 days and at 550 days, respectively, as selection criteria. For this
herd, the generation interval was 5.65 years, and genetic gains were 2.88 kg/year for the
weight of sires after the weight gain test and 2.80 kg/year for females considering the

adjusted weight at 550 days.

Table 1. Distribution of the number of animals (number of complete equivalent
generations) according to the different characteristics of production and genotyping

panel used in the Gyr breed

Gyr population

Beef production Dairy production
BovineSNP30° BovineHD" BovineSNP30° BovineHD"
Male 47 (8.6) 5(9.7) 15 (1,7) 18 (1,7)

Female 108 (9.4) 13 (10.1) 273 (1,4) 0



Sub-total 155 (9.0) 18 (9.9) 289 (1,6) 18 (1,7)

Total 173 (9.5) 306 (1.7)

a=BeadChip (Illumina) that contains 30,609 SNPs.
b=BeadChip (Illumina) that contains 777,962 SNPs

The Dairy production (Dp) population sample consisted of 306 animals (33 sires)
selected for milk traits that belonged to five farms located in the states of Minas Gerais
and Sao Paulo in Brazil and are part of the population evaluated by the Brazilian Dairy
Gyr Breeding Program (PMNGL). The PMNGL was established in 1985 and is run by
the Associacdo Brasileira de Criadores de Gir Leiteiro (ABCGIL) and Empresa
Brasileira de Pesquisa Agropecuéria (EMBRAPA). The dairy animals were selected to
identify genetically superior bulls based on progeny tests for milk production, milk
composition (fat and protein), conformation, and management traits. The mean 305-day
milk yield of the dairy Gyr population is 3,000 + 1,500 kg (Queiroz and L6bo, 1993).

Genomic DNA was extracted from blood cells using the Illustra Blood GenomicPrep
Mini Spin kit (GE Healthcare, Little Chalfont, Buckinghamshire, UK). The DNA
concentration in the samples was adjusted to 40 to 60 ng/ul. Genotyping was performed
with the HD and LD panels (Illumina, Inc., San Diego, CA, USA) using the HiScan
system (lllumina, Inc.). The animals sampled from each population (Table 1) were
selected as follows: in the Bp population, 18 individuals (5 sires and 13 dams) were
selected from the 173 animals evaluated based on the largest number of progenies and a
greater kin relationship with the population. These animals were genotyped with the HD
panel (Illumina, Inc.) that contains 777,962 SNPs and were used as reference for
imputation. The remaining individuals, 155 descendants (47 males and 108 females) of
these 18 parents/animals, were genotyped with the LD panel (Illumina, Inc.) that
contains 30,609 SNPs. The quality of the pedigree data of Bp was evaluated based on
the number of equivalent complete generations (EqG) as indicated by Maignel et al.
(1996) using the Endog 4.8v software (Gutierrez and Goyache, 2005). The mean EqG
was 8.6 and 10.1 for animals genotyped with the LD and eHD panels, respectively. The
kinship coefficient (Goyache et al., 2003; Gutiérrez et al., 2003) between Bp animals
ranged from 19.1% (between females genotyped with LD and HD) to 39.3% (between
males genotyped with HD panel).

Eighteen animals (all sires) were selected from the Dp population based on the

largest number of progenies and low additive relationship between them. These animals



were genotyped with the BovineHD BeadChip (lllumina, Inc.) that contains 777,962
SNPs and were used as reference for imputation. The remaining animals of this
population, 289 animals (15 sires and 273 dams), were genotyped with the
BovineSNP30 BeadChip (Illumina, Inc.) that contains 30,609 SNPs. The 273 dairy
cows genotyped using the LD panel were chosen because they were daughters or
granddaughters of the 18 reference sires, with a similar distribution of daughters per
sire, and were considered a representative sample of the female population that formed
the PMNGL dataset. The 15 sires were genotyped to contribute to the accuracy of
imputation since they were fathers of the cows and were related to the total population.
The mean EqG was 1.4 and 1.7 for animals genotyped with the BovineSNP30 and
BovineHD panels, respectively. The kinship coefficient between Dp animals ranged
from 1.8% (between males and females genotyped with BovineSNP30 and BovineHD,
respectively) to 8.2% (between males genotyped with BovineSNP30). The kinship of
Dp was lower because animals from five farms were evaluated, while animals of Bp

originated from the same closed herd, increasing the kinship between animals (Table 1).

According to principal component analysis of the Gyr breed (beef and dairy)
depicted in Figure 1 of the study of Maiorano et al. (2018), PC2 shows a more compact
cluster in the Bp population, possibly because the population belongs to a closed herd in
which few sires are used for mating, increasing the level of kinship and permitting
accurate imputation of the genotypes of this population. The Dp population exhibited a
more disperse cluster based on PC2, indicating a greater genetic distance and lower
Kinship between individuals of the population compared to Bp. Principal component
analysis probably showed a more disperse pattern as the animals belonged to different
commercial herds. Thus, 18 sires representative of each population were chosen and
genotyped with the HD panel, data not included in the cited study (Maiorano et al.,
2018). The aim of including the HD genotypes was to minimize differentiation in the
populations studied and to perform genotype imputation in order to ensure greater
accuracy.

Genotype imputation was performed with the FiImpute program (Sargolzaei et al.,
2014). This program considers a family-based approach that uses the information of
short and long haplotypes, linkage disequilibrium, and relationships among individuals
(Sargolzaei et al., 2014). The gains in imputation accuracy depend on the structure of

the reference population and the level of relationship of the imputed animals with the



reference animals Ventura et al. (2016). Before imputation, SNPs of sex chromosomes
were excluded so that only autosomes were considered in the genotype imputation
process. SNPs of the LD panel that were not present in the HD panel were also
excluded. Quality control of the genotypes was performed after imputation adopting a
MAF < 0.01 (Hong et al., 2015; Wang et al., 2016; Vergara et al., 2018) and a call rate
< 0.90 for SNPs. After genotype imputation and quality control, 418,086 SNPs were

obtained for analysis.

2.2. Imputation accuracy

Statistical analysis to obtain the performance metrics of imputation was performed
using each of the 18 animals genotyped with the HD panel, removing genotypes of the
HD panel that were not present in the LD panel and imputing the genotype of this
animal based on the other 17 animals. This analysis was repeated 18 times for each
animal genotyped with the HD panel, calculating the accuracy of the imputed SNPs
with the true SNPs of the HD panel.

Two performance metrics were calculated to capture different characteristics of
imputation accuracy and quality. The concordance rate, a measure of imputation
accuracy (HUANG et al.,, 2009; CHARLES et al., 2011), was calculated as the
percentage of imputed genotypes that correspond to the true genotype. In addition,
simple correlations between each imputed genotype and its underlying true genotype
were calculated and the mean of all correlations of imputed SNPs was obtained. As
measures of accuracy were 96% and 97% (bp populations) and 95% 97% (dp
population), for concordance rate and simple correlation, respectively (Toro Ospina et
al., 2019).

2.3. Runs of homozygosity

ROH were calculated with the PLINK 1.9 program (Purcell et al., 2007) using the
following parameters: (i) 30 or more consecutive homozygous SNPs, (ii) 1
heterozygous per window; (iii) 0 missing calls in homozygous windows (iv) minimum
proportion of homozygous windows in which each SNP occurs of 0.05 (Curik et al.,
2014; Zavarez et al., 2015). (v) the minimum length of a ROH was set to be 1,000 kb;
(vi) the required minimum SNP density considered was 1 SNP per 50 kb; (vii) the

maximum gap between two consecutive SNPs was set to be 500 kb (Karimi, 2013). The



ROH were analyzed in different length classes (ROH1-2Mb, ROH2-4Mb, ROH4-8Mb,
ROH8-16Mb and ROH>16Mb).

The FROH of each animal was calculated as (KELLER et al., 2011; BJELLAND et
al. 2013):

2t length(ROHY)

FROHi =
OHL lengthtotal

where, ROHt is the t" ROH in genome of individual i and length total is 2,612,820 kb,
which represents the total length of the bovine genome (ZIMIN et al., 2009). The ROH
segments were detected using the PLINK 1.07 software (PURCELL et al., 2007). For

each animal FROH (Fron1-2mb, FroH2-aMb, FroH4-8Mb,FroHs-16Mb @Nd Fron>16Mmb )-

2.4. ROH islands

ROH islands were calculated with the PLINK 1.9 program (Purcell et al., 2007)
using the --homozyg-group-- command. Segments with a frequency higher than 50%
were classified as the main regions indication of possible ROH islands throughout the
genome. Average linkage disequilibrium was estimated with the PLINK 1.9 program
using r?, which was the most accurate measure (Espigolan et al., 2013; Hayes et al.,
2004) for all SNP pair combinations within each ROH island.

The genes located within the standard limits and the orthologs in humans were
identified using the Biostatistical RStudio program (RStudio Team, 2015), using the
Bioconductor BiomaRt (Ensemble Genome) R package (Durinck S et al., 2009). The
genes were also analyzed with the Panther Classification System

(http://www.pantherdb.org) to identify significant (P<0.05) Gene Ontology (GO) terms.
3. Results

3.1. Runs of homozygosity (ROH) and genomic inbreeding (Fron)

The frequency of the different ROH length categories differed between populations
(Fig. 1). The Bp population had a larger mean portion of their genome (183.6 Mb)
covered by shorter length ROH (ROH1,mp) and the mean portion of the ROHg.16mb
category was 34 Mb, indicating recent inbreeding. In the Dp population, the smallest

category also covered a larger mean portion of the genome (32.04 Mb), but the value



was lower than in the Bp population (Fig. 1). For the other categories, the mean portion
in the Dp population ranged from 13 to 18 Mb.
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ROH length
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Figure 1. Average sum of runs of homozygosity (ROH) per animal in the Dairy and
Beef populations. The sum of ROH was measured in megabase (Mb) within
each length category of ROH in the two populations.

Table 2. Number of genotyped animals (n) and genomic inbreeding coefficients based
on runs of homozygosity (FROH) for different lengths (FROH 1-2 Mb, FROH 2-4 Mb,
FROH 4-8 Mb, FROH 8-16 Mb, and FROH >16 Mb).

Inbreeding Beef population and Dairy population
Coefficient
Classes Mean Median Minimum Maximum N°

FroH1-2 Mb 0,178 | 0,016 | 0,169 | 0,016 | 0,152 | 0,013 | 0,172 | 0,017 | 167 | 285
FromH2-a Mb 0,018 | 0,006 | 0,012 | 0,006 | 0,008 | 0,005 | 0,014 | 0,007 | 167 | 285
FroHa-s Mb 0,013 | 0,002 | 0,010 | 0,002 | O 0 0,013 | 0,002 | 167 | 281
Frons-16 mp | 0010 | 0,003 | 0,008 | 0,003 | O 0 0,015 | 0,003 | 167 | 242
Frows1smp | 0013 | 0,008 | 0,012 | 0,007 | O 0 0,013 | 0,007 | 156 | 150

In the Bp population, greater average inbreeding (18%) was observed for the Fropi-
omb class (Table 2) in 167 animals, indicating ancient inbreeding. This percentage was
probably influenced by the founders, in which some animals of the recent population
still share ROH segments from the ancestors. A decrease in the percentage of inbreeding
was observed for the Fronasmb, Fron s-16mb @nd Frow >16mp Classes, indicating the control
of inbreeding in recent matings. In the Dp population, lower average inbreeding (1.6%)

was observed for the Froni-2mb Class in 285 animals when compared to Bp. The mean




percentages in the other Fron classes were also reduced, probably because of the

presence of many founders in the population studied, indicating low inbreeding and

greater variability in the population.

3.2. ROH islands

The descriptive linkage disequilibrium (r) was estimated for all SNP pair
combinations within each ROH island (Supplemental Table S1). The Dp population
showed intermediate levels of linkage disequilibrium in the ROH islands ranging from
0.080 to 0.290, with the highest value being observed for BTA16 (0.145). A high level
of linkage disequilibrium in the ROH islands ranging from 0.135 to 0.203 was found in

the Bp population, with the highest value being observed for BTA10 (0.135).
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Figure 2. Manhattan plot of the distribution of ROH islands in both populations
Dairy (a) and Beef (b) the Gyr breed.

ROH island segments were more frequently classified in the top regions > 50%. The

genomic distribution of ROH segments was non-uniform across chromosomes,

regardless of the population. Fig. 2 We identified 4 ROH islands on chromosomes BTA



6, 10, 11 and 17 in the Bp population and 5 islands on BTA 5, 11, 13, 16 and 26 in the
Dp population. The highest frequency of ROH islands in the Bp and Dp populations
was found on chromosomes 17 and 26, with 65% and 61% of individuals sharing SNP
positions in ROH. The second strongest pattern was observed on chromosome 6 in the
Bp population, in which 60% of individuals were involved. The most common pattern
was located on chromosome 11, exceeding 35% of individuals of both populations.
Differences in the segments of ROH islands on the chromosomes were identified
between the two populations. According to the results of principal component analysis
and discriminant analysis of principal components shown in of the study of Maiorano et
al. (2018), there is a genetic difference between the Bp and Dp populations and this
difference reflects the variation that exists between the populations.

In the Dp and Bp populations, GO enrichment analysis was performed and genes
with statistically significant functions (P>0.05) were identified in the categories
molecular functions, cellular components (Supplemental Fig S1), and biological
processes. Figure 3 shows the 15 main biological processes, including the regulation of
cold-induced thermogenesis (G0O:0120161), cytokine secretion (GO:0050663), fatty
acid oxidation (G0:0019395), regulation of calcium-mediated signaling (GO:0050848),
regulation of generation of precursor metabolites and energy (G0O:0043467), muscle
hypertrophy (G0:0014896), regulation of ATP metabolic process (GO:1903578),
digestive system development (GO:0055123), and regulation of immune effector
process (002697).
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Figure 3. The 15 main biological processes (GO) terms, based on runs of homozygosity
islands in populations of Dairy (a) and Beef (b) in Gyr breed.

4. Discussion

Analyzing the Bp population (Fig. 1), a high frequency of ROH;., mp Was observed
compared to the other lengths studied. This finding may be due to a strong ancient
relationship between animals that can be attributed to the use of few sires during the
mating season, with a consequent loss of genetic variability. Similar results have been
reported for native breeds from Austria and Norway (Hamzi¢, 2011; Purfield et al.,
2012). According to Zhang et al. (2015), a high frequency of short ROH is possibly
derived from ancient haplotypes that became fixed in the population. Similar inbreeding
rates for the Froni-2mp Class in the Bp population have been reported for taurine breeds
(Ferencakovi¢ et al., 2012; Marras et al., 2014;Gurgul et al., 2016). Evaluation of long
ROH (>16 Mb) showed a low frequency, but a higher frequency was observed in some
animals. This presence of long homozygous segments indicates recent inbreeding,
mainly due to the intensive and recent selection probably resulting from the use of
reproductive biotechnology (M. Ferencakovi¢ et al., 2013; Kirin et al., 2010). The
selection process can cause high levels of homozygosity (Ku et al., 2011) and decrease
genetic diversity, which is essential as a gene pool for evolution and reproduction.

Analysis of ROH;.,ump in the Dp population showed a low frequency of short ROH,
indicating that this lineage has different populations in the country, with a greater
variability of ancestors and different selection pressures. Peripolli et al. (2018) studied
dairy Gyr animals and obtained an Fron1-2mp OF 1.7%, a value similar to that observed in

the present study, indicating low inbreeding in the Gyr breed. The genotypes identified



in this study have not been reported in any other study, but most of the parents (sires)
are the same as those of the study of Peripolli et al. (2018), which provided a similar
ancient inbreeding value and shows that the two Gyr populations are derived from a
small group of founders.

Evaluation of long ROH (>16 Mb) showed a low frequency. The inbreeding
coefficient for the Frons-16me and Frowr >16me Classes was considerably reduced, probably
as a result of the implementation of the Dairy Gyr Breeding Program (PNMGL) in
1985, which led to the emergence of different proven sire lines that were widely used
for mating, increasing genetic variability and reducing average inbreeding (Santana
Junior et al., 2015). The Fron levels provided a good indication of the individual
inbreeding coefficient and information about inbreeding from remote ancestors,
permitting the estimation of inbreeding when pedigree data are limited or missing. This
fact makes it important to study the relative levels of genetic diversity within and
between populations using metrics such as inbreeding, heterozygosity (Purfield et al.,
2012), and mean frequency of minor alleles to identify differences among populations
of the same breed.

The ROH islands were distributed across chromosomes in the two populations (Fig.
2). Only one genomic region located on chromosome BTA11 was overlapped on the
ROH islands and shared by the two populations, probably because of the recent
divergence between the two lineages (dairy and beef), with ancestral segments of the
breed remaining on chromosome 11. This may indicate a strong selection for different
traits such as beef and milk production (Brito et al., 2017). Maiorano et al. (2018)
studied the same populations (Bp and Dp) and demonstrated proximity between these
populations indicated by the low fixation index (Fst = 0.003), as they belong to the same
breed and originated from the same ancestral population. Thus, many alleles are shared
and are fixed in the two populations (Qanbari et al., 2011).

The most frequent ROH islands in the Bp population were located on BTA6 and
BTAL7. These regions have also been described by Szmatota et al. (2016) in the
Simmental breed, by Solkner et al. (2014) in the Angus breed, and by Mastrangelo et al.
(2018) in the Italian Reggiana breed. In the Dp population, ROH islands were most
frequently identified on BTA1l and BTA26. These islands were also reported in
Simmental and Limousine breeds (Szmatota et al., 2016) and in the Italian Holstein
breed (Gaspa et al., 2014; Mastrangelo et al., 2018).



The high degree of linkage disequilibrium (0.28) found in the ROH islands of the Bp
population can be attributed to intensive selection that preserves ROH regions
originating in the IBD segments because it is a small population in which recombination
in SNPs is possibly low. Peripolli et al. (2018) found high degrees of linkage
disequilibrium (0.29) across ROH islands in the Gyr breed selected for milk production.

The use of two populations of the same breed selected for different purposes, as
reflected in the ROH islands, may indicate a specific selection history for each breeding
objective rather than race-specific selection histories. These scenarios could facilitate
the interpretation of the selection signatures. However, the inconsistencies in the criteria
used to define the ROH islands impair the comparison between studies because of the
lack of consensus regarding the best parameter and different signals are therefore
obtained (Peripolli et al., 2017). The results obtained for the ROH, Fron and ROH
islands are consistent with the history of the two populations, which underwent different
breeding programs that focused on specific phenotypes through artificial selection,
altering allele frequencies and producing ROH islands or selection signatures in the

populations.

4.1. Identification of candidate genes within ROH islands

An enrichment of genes involved in several GO terms was performed for both Gyr
populations and we focused on selected genes in highly enriched GO terms that, on the
basis of the literature, showed associations with several livestock-specific traits.
Therefore, the functions of candidate genes within ROH islands play an important role
in cattle. Analyzing the Bp population, ROH islands were identified on BTAG6, 10, 11
and 17. Identified in the biological process function on BTA17, the UCP1 and SIRT4
genes are related to the absorption of fatty acids, which are important for carcass quality
in cattle (Jiang et al., 2009; Gui | et al., 2019). In addition, PRKABL1 encodes the
AMPK-betal regulatory subunit that plays a key role in glycogen metabolism, a
function of enzymes involved in meat tenderness. Genes related to fertility such as
PPP3CA and ERP29, which are important for sexual precocity and sperm maturation in
cattle (Dias et al., 2015), and GABRA4, which is important for ovarian follicle
development in cattle (Zielak-Steciwko et al., 2014), were also identified. On BTAG6, the
TLR6-TLR10 genes were identified, which are located within a QTL region related to
milk production traits and immune system process during lactation (Russell et al.,

2012). Another important gene for immunity is IL1A, an interleukin that mediates



inflammatory processes in the first post-partum week. The proinflammatory cytokine
IL1A is mainly located in the epithelium of the endometrium (Herath et al., 2009).
These genes demonstrate the selection of the Bp population for growth traits over a
period of more than 30 years and the correlated response in other traits. The candidate
genes found in the ROH islands indicate strong selection for traits of economic
importance such as growth, meat quality, immunity, fertility, and reproductive traits in
beef cattle.

ROH islands in the Dp population were identified on BTA5, 11, 13, 16, and 26. On
BTA16, TGFB2 is a candidate gene that affects fertility and is involved in follicular
development since it interacts with the LH and FSH reproductive hormones (Minozzi et
al., 2013). In addition, the NPPA gene related to pregnancy (Iso-Touru et al., 2016) and
the PPM1B gene, which is associated with the non-return rates of cows and heifers and
calving to first service interval (HOglund et al., 2015), were identified. These genes are
related to reproduction and fertility, traits of interest for milk production in Gyr cattle.
Some growth genes were also identified such as GLRX3, which has been associated
with feeding behavior and growth in a study on beef cattle (Liu et al., 2013), and DDIT3
that functions as an anti-adipogenic factor, increasing intramuscular fat in cattle (Lee et
al., 2013).

We identified important candidate genes for milk production and composition. The
P2RX4 and PKD2 genes are strong candidates in which differences in the expression of
the genes can affect milk water content and indirectly reduce the percentages of fat and
protein in milk (Lopdell et al., 2017). VAMPS8 is one of the most important genes
expressed in secretory tissues such as the mammary gland. Its expression increases the
production of milk by secretory cells of the mammary gland at the beginning of
lactation (Farhadian et al., 2018). In addition, LZTS2 was found to be involved in milk
fat composition in a study on Italian Holstein cows (V.Palombo et al., 2018). The
SLC25A33 gene was identified on BTA16. This gene plays an important role in
immunity related to tropical adaptation (Chan et al., 2010). The genes identified
highlight the good adaptation and rusticity of the Gyr breed for milk production in
tropical climates, as well as its potential for the production and quality of milk solids, a
fact rendering this breed an option to increase the milk demand in tropical countries.

Considering both Gyr populations, ROH islands were identified on chromosome 11.
This chromosome probably preserves segments in high homozygosis characteristic of
the ancient selection of the breed. On BTA1l, the ANXA4 and POMC genes were


https://www.sciencedirect.com/science/article/pii/S0022030218308695#!

identified, which are important for muscle development and carcass quality (Chaze et
al., 2008; Deobald and Buchanan, 2011; Liu et al., 2013). Another gene identified,
HADHB, mainly expresses oxidative fibers and plays a role in beef tenderness (ref).
SDC1, involved in growth (length and hip height), is associated with morphometric
traits in cattle (Liu et al., 2010). Another gene identified, COX7A2L, is involved in
sperm motility and fertility. Several enriched GO terms were genes related to
reproduction, growth traits, immune response, and resistance to diseases in the two
populations studied. However, they differed in GO terms related to milk production and
udder development for the Dp population and to growth and body development for the
Bp population. Kim et al. (2013) found that several genomic regions within ROH were
associated with economically important traits, such as milk, fat and protein production
traits in the population selected for milk, and growth, fertility and adaptability traits in
the population selected for beef. Therefore, the annotated genes that were assigned to
these ROH islands were perceived as being exposed to intensive selection.

This indicated that the individuals analyzed may have experienced selective pressure
on their genomes for these specific traits. Some genomic regions may be fixed in
individuals within a population as a result of artificial or natural selection for reasons
such as adaptability or productivity. The Gyr breed is well adapted to hostile
environments and exhibits high levels of resistance to infections and diseases, good
maternal skills, and high-quality milk production traits. The genes that are involved in
these traits were detected in our study using the ROH approach and were consistent

with the phenotypic characteristics of both populations.

5. Conclusion

In this study, we examined the distribution of ROH and ROH islands across the
genomes of two Gyr populations selected for different purposes. We confirmed that
ROH levels varied in the two populations (Bp and Dp) of the same breed and that they
experienced historical and recent events of inbreeding. The ROH islands on the
chromosomes were not uniform in either population. Most of the genes associated with
ROH islands are potentially involved in economically important traits undergoing
selection and are consistent with the phenotypic traits of each population (Bp and Dp)
and breed. The results suggest the use of ROH islands as possible selection signatures in

breeding programs for each population (Bp and Dp) of the Gyr breed.
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Chapter 3: Assessing accuracy of imputation in Gyr breed using different SNP
panels Bos taurus and Bos indicus

Abstract
The objective of this study was to evaluate the imputation accuracy achieved with SNP

chips of different densities in Gyr populations, including the Nelore breed in the
reference population to carry out the imputations. The database consisted of the
genotypes of 18 Gyr animals and 604 Nelore animals obtained with the Illumina
BovineHD BeadChip containing 777,962 SNPs. A total of 289 Gyr females from Brazil
were genotyped with the GGP Bovine LDv4 chip containing 30,000 SNPs and 158 Gyr
females from Colombia with the GGP indicus chip containing 35,000 SNPs. Principal
component analysis (PCA) was computed for the genomic matrix and sample-specific
imputation accuracies were calculated using Pearson’s correlation (CS) and the
concordance rate (CR) for imputed genotypes. PCA of the Nelore, Colombian Gyr and
Brazilian Gyr populations demonstrated differences in the genomic relationship
between the two breeds. The CS and CR ranged from 0.88 to 0.94 and from 0.93 to
0.96, respectively, for imputation of the four scenarios studied. The present results
highlight the importance of the choice of chip for imputation in Gyr breed. However,
the variation in SNPs may reduce the imputation accuracy even when the chip of the

Bos indicus subspecies is used.

Keywords: Accuracy Imputation, genomic analyzes, tropical breeds.

1. Introdution

Zebu breeds (Bos indicus) are widely used in tropical and subtropical countries
such as Brazil and Colombia for meat and milk production. Gyr cattle are a Zebu breed
used for dairy production in tropical climates (Toro Ospina et al., 2020). The
implementation of genomic selection after 2000 has permitted the development of
different single nucleotide polymorphism (SNP) panels arrays for genotyping and cost

reduction. Most commercial bovine chips were developed based on Bos taurus data, a



fact that resulted in a considerable percentage of monomorphic SNPs in Bos indicus
populations. Although Zebu cattle play an important role in beef and dairy production in
Latin America, their success depends on the availability of adequately designed SNP
arrays for Bos indicus animals (Montaldo et al., 2012).

Research in the area of genomics requires the improvement of strategies for the use
of data in genetic breeding programs. One such tool is the imputation of genotypes,
which is performed based on the linkage disequilibrium of a population and on family
relationships (Sargolzaei et al., 2014; Boison et al., 2015). The reliability of imputation
for use of the genotypes in subsequent analyses is very important. For this purpose,
accuracy tests are performed using the correlation between true and imputed SNPs,
concordance rate (CR), and allelic imputation error. Studies investigating imputation
strategies using different taurine breeds (Binsbergen et al., 2014; Oliveira Janior et al.,
2017) and Zebu breeds such as Nelore (Chud et al., 2015) are available in the literature.

Carvalheiro et al. (2014) highlighted the importance of evaluating the accuracy of
imputation in order to define the best method of imputation and the most appropriate
panel for genomic applications to Nelore breed. However, the remaining Zebu breeds
(Gyr, Brahman and Guzerd) are also of economic importance for tropical and
subtropical countries and genomic studies on imputation strategies in these Zebu breeds
are necessary to improve the genetic estimates of breeds for which less information is

available.

In February 2017, only 4.38 million SNPs out of a total of 99.71 million dbSNP
database was deposited for Indian breeds, that is, more than 96% of published SNPs are
of Taurine breeds (Igbal et al., 2019). Genotyping companies recently introduced low-
and medium-density markers for Indica breeds, but still suffer from verification bias
(Boison et al., 2015). Therefore, the objective of this study was to evaluate the
imputation accuracy of Gyr breed population achieved with chips of different densities,

including the Nelore breed in the reference population to carry out the imputations.

2. Material e methods



The Brazilian dairy Gyr population used in this study belongs to five farms in the
states of Minas Gerais and S&o Paulo and is part of the population evaluated by the
Program of the Brazilian Association of Dairy Gyr Breeders (ABCGIL in the
Portuguese acronym). The data of the Colombian dairy Gyr population were provided
by the Colombian Association of Zebu Cattle Breeders (ASOCEBU in the Spanish
acronym). The data of the Nelore population were provided by the Nelore Qualitas
breeding program, Brazil.

The database consisted of the genotypes of 18 Gyr animals and 604 Nelore animals
obtained with the Illumina BovineHD BeadChip (HD) (Illumina, San Diego, CA) that
contains 777,962 SNPs distributed across the genome. In another group, 289 Brazilian
Gyr females were genotyped with the GGP Bovine LDv4 chip (Illumina, San Diego,
CA) (LD 30K) that contains 30,000 SNPs and 158 Colombian Gyr females were
genotyped with the GGP indicus chip (LD 35IND) (Hlumina, San Diego, CA) that
contains 35,000 SNPs. The latter chip mainly comprises information from Nelore
animals (69% of the data), Brahman, Guzera, Gyr and from crossbreeds such as Santa

Gertrudis, Droughtmaster and tropical crosses.

Quality control of the genotypes was performed for autosomal SNPs using the
preGSf90 program (Aguilar et al., 2010). The filters applied to each scenario included
the elimination of SNPs with a call rate < 0.90, a minor allele frequency (MAF) < 0.02,
and a maximum difference between observed and expected frequency (Hard-Weinberg
equilibrium) > 0.15%. Principal component analysis (PCA) was performed to account
for stratification of the Colombian and Brazilian Gyr and Nelore populations. PCA was
computed for the genomic matrix using the plotpca function of the preGSf90 program
(Aguilar et al., 2010).

The population genotyped with the HD chip had SNPs removed in order to present
the format of the LD 30K and LD 35IND chips. For the study, a lower density chip was
created that only contained SNPs common to the LD 30K and LD 35IND chips,
comprising 9,109 SNPs (LD 9K). Four imputation scenarios were investigated using
different reference populations (RPop): 1) LD9K_30KGIR with RPop containing 306
Gyr animals; 2) LD9K 35INDGIR with RPop containing 176 Gyr animals: 3)
LD9K _30KGIR_NEL with RPop containing 909 Gyr and Nelore animals; 4)
LDI9K_35INDGIR_NEL with RPop containing 780 Gyr and Nelore animals. Genotype



imputation was performed with the FImpute program (Sargolzaei et al., 2014). Four
imputations were performed per scenario considering only ¥ of the RPop escolhidos
aleatoriamente do total da RPop. Each run was repeated 30 times to ensure that all
animals were included in the repetitions. The imputation accuracy was obtained using
custom programs in Linus and Python. The figures were constructed with the

Biostatistical RStudio package (http://www.R-project.org).

The imputation accuracies were evaluated based on Pearson’s correlation (CS)
between true and imputed SNPs and on CR represented by the proportion of correctly
imputed genotypes. The CS was calculated as values of observed and imputed
genotypes, respectively. The CR with total number of markers of observed (true)
genotype (0, 1, 2) for SNP of individual and the imputed genotype (0, 1, 2) for SNP of
individual (Boison et al., 2015).

3. Results and discussion

Principal component analysis of the Nelore, Brazilian Gyr and Colombian Gyr
populations revealed genomic differences (Figure 1), demonstrating that the two Gyr
populations are related through the use of semen from Brazilian sires in Columbian
dams (Asocebu, 2018). This analysis also showed a difference between the Nelore and
Gyr breeds, although both belong to the subspecies Bos indicus. The result confirms the
findings of Villalobos-Cortés et al. (2015) who studied the genetic structure and
diversity of Zebu breeds and described independence between the Gyr, Nelore and
Guzera breeds, supporting the diverse origin and different models of introgression in

South America.

The CS between the four scenarios ranged from 0.88 to 0.94 and the CR from 0.93
to 0.96 (Table 1). The highest CS (0.94) was observed for the LD9K 30KGIR scenario,
which included the Brazilian Gyr population and RPop of 306 animals. According to
Bolormaa et al. (2015), the accuracy of imputation depends on the genetic distance
between animals of the reference population and of the imputed population, and
allowing high accuracy in imputation. However, in the LD9K_30KGIR_NEL scenario
with RPop of 909 animals that included the Nelore population, the CS (0.93) and CR


http://www.r-project.org/

(0.93) were lower, although this scenario comprised the largest number of reference

animals.

Population

Nelore

pca$Vv2

® GyrBRCL

0 0.02
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Fig 1. Principal component analysis of the genomic relationship between the Nelore and

Gyr breeds (Colombia and Brazil).

Table 1. Information of the genotyping chips and imputation accuracy (SD). CS

(correlation ), CR (concordance rate)

Imputation accuracy

Scenarios ref/imput CS CR

LDI9K_30KGIR 306/272 0.9488 (0.0498) 0.9646 (0.0337)

LDI9K_35IND_GIR 176/158 0.8771 (0.1356) 0.9315 (0.0768)



LD9K_30KGIR_NEL 909/272 0.9341 (0.0754) 0.9548 (0.0497)

LD9K_35IND_GIR_NEL  780/158 0.8917 (0.1184)  0.9316 (0.0669)

Some studies found no significant differences in imputation accuracy when
crossbred animals were used and there was no gain in accuracy when different breeds
were included in the reference population (Piccoli et al., 2014). Berry et al. (2014)
reported that the accuracy of imputation was reduced when different breeds are used in
the reference population because of the low linkage disequilibrium between SNPs and
short haplotypes of different breeds. These findings may explain the reduction in CS
when the Nelore population was included as RPop in Gyr imputation.

The LD9K _35IND_GIR scenario exhibited the lowest CS (0.87) and CR (0.93)
of the four scenarios evaluated (Table 1), probably because of the smaller RPop (176
animals) and the use of the indicus chip. However, Boison et al. (2015), performing
imputation in different scenarios, obtained higher CS (0.91) and CR (0.92) values when
genotypes were imputed from the 3K to the Illumina 50K chip using 171 reference
animals of the Gyr breed. A possible explanation for the low imputation accuracy in the
LD9K 35IND_GIR scenario might be the use of the indicus chip, which was
customized based on the analysis of genotyped Nelore animals (69.32%), with a small
percentage (7.0%) of SNPs from Gyr animals (Ferraz et al., 2018), i.e., the SNPs
customized based on Nelore animals may be monomorphic for the Gyr breed.
LD9K 35IND_GIR_NEL scenario included in Nellore population reference observe
that did not improve the accuracy of imputation. i.e., the inclusion of other animal
studies with Zebu populations Gyr not helped imputation accuracy, even when tested

commercial chip indicus.

Different factors influence the accuracy of imputation, such as the presence of
monomorphic SNPs, low linkage disequilibrium, and a small reference population,
which reduce the accuracy of imputations (ventura et al., 2016). Furthermore, the chips
for Bos indicus use as a reference genotyped animals of the Nelore breed because this
breed is more representative in Brazil and has a higher percentage of SNPs related to the

selection objective (meat production — beef cattle). This fact results in low accuracy



when breeds with different selection objectives, such as dairy and dual-purpose breeds,

are used for imputation.

In addition, the performance of different marker density panels (such as LD or
HD) and different genotyping platforms need to be investigated as they present
differences where some have a high determination bias in relation to the taurine breeds,
showing differences in the indicus breeds (Utsunomiya et al., 2014). The present results
highlight the importance of the choice of chip for imputation in Zebu breeds. However,
the variation in SNPs may reduce accuracy even when the chip of the Bos indicus
subspecies is used considering the poor representation of the other Zebu breeds in the
assembly of the chips, suggesting the need for a greater representation of SNPs
containing genotype data from Zebu animals other beyond the Nellore breed in the

design of new chips.
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Capitulo 4: Interagdo gendtipo ambiente para producéo de leite em bovinos da
raca Gir do Brasil e Colombia

Resumo

A interacdo gen6tipo ambiente (IGA) podem desempenhar um papel importante
nas populacdes de bovinos e devem ser consideradas nos programas de melhoramento
para selecionar os melhores reprodutores para diferentes ambientes. O objetivo do
presente estudo foi investigar a interacdo genotipo ambiente para producdo de leite em
bovinos da raga Gir do Brasil e Coldmbia com aplicacdo de modelo de norma de reacao
gendmica, bem identificar regides gendmicas associadas a producéo de leite nos dois
paises. O banco de dados de Brasil e Colémbia incluiu 464 animais (273 femeas, 33
reprodutores do Brasil e 158 femeas de Colombia) com 27.505 SNPs. Foi utilizado o
modelo animal de bi-caracteristica para produgdo de leite até 305 dias no Brasil
(PL305BR) e Colombia (PL305COL), em fungdo do pais de origem dos animais e
incluindo a informacgdo gendmica via modelo de norma de reacdo gendémica em passo
anico (single-step). Foi usando os programas AIREMF90, GIBBS3F90 e POSTGSf90.
Os resultados das carateristicas PL305BR e PL305COL evidenciam IGA pela
reclassificacdo dos touros entre os dois paises, demonstrando que Brasil e Colombia
apresentam diferencas ambientais e se torna importante considerar ambiente na escolha
do reprodutor, para que sua progénie possa desempenhar adequadamente. Com isto, a
reclassificacdo dos touros e os diferentes SNPs associados a producao de leite nos dois
paises, sugere que a interacdo genotipo ambiente é efeito importante a ser considerado
na avaliacdo genética do Gir leiteiro do Brasil e Colémbia. Portanto, programa de
melhoramento do Gir pode ser otimizado ao escolher o ambiente de selecdo que
possibilitard 0 maximo progresso genético para a producdo de leite nos diferentes

ambientes dentro e entre paises.

Palavras chaves: Bos taurus indicus, GWAS, Norma de reacdo, predicdo gendmica.



1. Introducéo

Os zebuinos sdo a base da pecuéria de paises tropicais e subtropicais como
Brasil, Colémbia, México, Peru e Venezuela (ASOCEBU 2015; ABCGIL 2017), apesar
de bem adaptados sofrem influéncias das condicdes ambientais na expressdo do
potencial produtivo e reprodutivo. A interacdo gendtipo ambiente (IGA) caracteriza-se
por respostas diferentes dos gendtipos dos animais as variacdes ambientais, ocasionando
alteracbes nos fenotipos, e nas magnitudes das variacbes genéticas e ambientais
(Falconer e Mackay, 1996).

A IGA em bovinos tem sido amplamente investigada ao comparar genotipos
entre subespéecies (Bos taurus vs. Bos indicus), racas e individuos da mesma raca
(Oliveira et al., 2018; Hayes et al., 2016). A IGA pode ser avaliada Considerando o
ambiente discreto (por exemplo, tropical vs. temperado) ou continuo (por exemplo,
temperatura e umidade) (Santana et al., 2013; Streit et al., 2013; Hayes et al., 2016).
Neste sentido, a correlacdo genética fornece um meio de quantificar a interagdo com o
objetivo de prever respostas a selecdo, uma baixa correlacdo genética significa que o
gendtipo reage de maneira diferente e tem linhas de regressdo com diferentes
inclinacdes, ou seja, os individuos tém diferentes sensibilidades ambientais (Falconer e
Mackay, 1996). O modelo de norma de reacdo modela a trajetéria do desempenho do
animal em funcdo do gradiente ambiental (GA) e, portanto, o valor genético de um
animal € particionado em uma parte independente do ambiente (intercepto) e uma parte

dependente do ambiente (inclinacdo) (Falconer e Mackay, 1996).

A inclusdo de informag6es genotipicas no modelo de norma de reacdo podem
fornecer a estimativas e predicdes mais acuradas dos valores genéticos, por integrar
informacBes de animais genotipados e ndo genotipados por meio do uso da matriz
genbmica e realizacdo da analise em passo Unico, via ssGBLUP (Misztal et al. 2009)
que permite também obter estimativas mais acuradas dos efeitos dos SNPs para

determinada carateristica na analise de GWAS .

Assim, com a globalizagdo da inddstria leiteira (Hammami et al., 2009), uma
preocupacdo do criador é a escolha do reprodutor adequado ao seu sistema produtivo,

considerando que a IGA ocasiona reclassificacdo dos reprodutores em distintos sistemas



de producdo (Fikse et al., 2003; Hammami et al., 2009). Andlise considerando a
importancia e as implicagdes da IGA na produgdo de bovinos leiteiros no mundo foi
constituida pela Interbull, entidade que realiza avaliacdo genética internacional de
touros, que uniu informacdes das filhas de touros de diferentes paises participantes e
disponibiliza o valor genético do touro para cada um dos paises (Hayes et al., 2016).

Na comercializacdo de sémen das racas zebuinas (Bos indicus), o Brasil € o
principal provedor de genética avaliada de touros da raca Gir e Girolando para paises
tropicais da América Latina. A compreensdo da importancia da IGA em bovinos
leiteiros da raca Gir por parte dos criadores que realizam intercdmbio genético entre
Brasil e Coldmbia é de suma importéncia para os sistemas de producdo. Os touros Gir
Leiteiro Brasileiros podem ndo produzir os mesmos resultados em termos de producgéo
de leite quando utilizados nos ambientes de producdo Colombianos. Com isso, 0
objetivo do presente estudo foi investigar a interacdo genotipo ambiente para producgéo
de leite em bovinos da raga Gir do Brasil e Coldmbia com aplicacdo de modelo de
norma de reacdo genémica, bem identificar regides gendmicas associadas a producao de

leite nos dois paises.

2. Material e Métodos

2.1 Dados fenotipicos

O banco de dados utilizado no presente estudo foi processado no Departamento
de Melhoramento ¢ Nutrigdo Animal da Universidade Estadual Paulista “Julio de
Mesquita Filho” — Faculdade de Medicina Veterinaria e Zootecnia, em Botucatu, Séo
Paulo, Brasil. Foram utilizadas informac6es fenotipicas da producéo de leite acumulada
ate 305 dias (PL305), considerando as trés primeiras lactacdes de 1.022 animais da raca
Gir provenientes de fazendas localizadas nos estados de Sdo Paulo e Minas Gerais,
controladas pela Associacdo Brasileira de Criadores de Gir Leiteiro (ABCGIL). Os
dados da Colémbia compreenderam informacao de PL305 de 586 vacas provenientes de
fazendas das regides do Caribe, Andina e Amazo6nia controladas pela Associacao
Colombiana de Criadores de Gado Zebu (ASOCEBU).



2.2 Genotipagem, imputacao e controle de qualidade

A genotipagem foi realizada com trés diferentes painéis da Illumina, sendo 18
touros do Brasil com o painel SNP de alta densidade (BovineHD BeadChip assay 777K,
[llumina, San Diego, CA), 273 vacas e 15 touros do Brasil com BovineSNP30
BeadChip (30K) e 158 vacas da Colémbia com GGP indicus chip (35K).

Devido as diferentes densidades dos painéis, foi realizada a imputacdo dos
genotipos, sendo considerado os SNPs em comum (9.109K) dos painéis de baixa
densidade e implementado utilizando o programa Flmpute v2.2 (Sargolaiez et al.,
2014). Foram realizadas estratégias de imputacdo para cada cenario:1) 9.109 SNPs do
painel 30K com 273 vacas e 15 touros do Brasil; 2) 9.109 SNPs do painel de 35K com
158 vacas da Colombia e 18 touros do Brasil. A precisdo da imputacdo dos genotipos
das populacdes foi medida pela taxa de concordancia e pela correlagcdo entre os SNPs. O
cenério de maior precisdo de imputacdo consistiu no painel de 30K, obtendo correlacdo
de 94% e taxa de concordancia de 96%. Deste modo, a imputacdo de todos os animais

do presente estudo foi realizada para o painel de 30K.

Apo0s a imputacdo dos gendtipos, foram excluidos os of SNPs with a call rate <
0.90, a minor allele frequency (MAF) < 0.02, and a maximum difference between
observed and expected frequency (Hard-Weinberg equilibrium) > 0.15%. O arquivo

final incluiu 464 animais genotipados e 27.505 SNPs.

A analise de componentes principais (PCA) foi realizada para explicar a estratificacdo
das populacbes de Gir de Colombia e Brasil. O PCA foi calculado para a matriz

gendmica usando a funcédo plotpca do programa preGSf90 (Aguilar et al., 2010).

2.3 Analise genético-quantitativa

A interacdo gendtipo ambiente (IGA) foi abordada por meio da utilizacdo de
modelo de norma de reacdo gendmica em duas etapas. A primeira etapa consistiu em
analises por meio do modelo animal padrdo desconsiderando a existéncia da IGA para
estimar as solugdes dos grupos de contemporaneos (GC). Os GC para producao de leite
acumulada até 305 dias foram definidos pela combinacdo das informacdes de pais,
fazenda e ano de parto. Além do GC, a época de paricdo (meses: 1: jan, fev, mar; 2:

abri, maio, jun; 3: jul, ago ,set; 4: out, nov, dez) e a lactacdo (1, 2 e 3) foram



considerados como efeitos fixos classificatorios, a idade da vaca ao parto como

covariavel linear e os efeitos aleatérios de animal e residuo.

A segunda etapa consistiu na analise dos GC como gradiente ambiental (covariavel
ambiental) com uso de modelo animal bi-caracteristica para producdo de leite até 305
dias no Brasil (PL305BR) e Colémbia (PL305COL), em funcdo do pais de origem dos
animais e incluindo a informacdo gendmica via modelo de norma de reacdo gendomica

em passo Unico (single-step).

No modelo de norma de reagdo, os valores genéticos aditivos dos animais foram
regredidos sobre o gradiente ambiental. Desta forma, o efeito genético aditivo foi
composto pelo intercepto (nivel geral de producéo sobre todos os ambientes), inclinagdo
(resposta ambiental especifica aos ambientes) e a covariancia entre esses termos. O

modelo em termos matriciais foi:
y=XB+Za+e

em que: y € o vetor de observagdes para producdo de leite das lactagdes; B, vetor dos
efeitos sistematicos; a, representa o vetor dos efeitos genéticos aditivos para 0s
coeficientes da norma de reagdo (intercepto e inclinagdo); €, vetor dos efeitos residuais;

X e Z, matrizes de incidéncia que relaciona B € a ao vetor de observagoes.

Assumir-se-a que:

V-9

e
Elal=| 0
e 0 R

em que: Ka é a matriz de (co)variancia entre os coeficientes de regressao aleatérios para

os efeitos genético aditivo direto, A é a matriz de parentesco entre os individuos, @ é o
produto de Kronecker entre matrizes, e R representa a matriz bloco diagonal, contendo

as variancias residuais.

No método single-step a inversa da matriz de parentesco aditivo (A) foi substituida pela
matriz H (Aguilar et al., 2010):

0 0
H‘A+b G—&J



em que; H é a matriz de parentesco com base tanto na informagdo gendmica quanto na
informacdo de pedigree; A é a matriz dos coeficientes de parentesco com base no
pedigree de todos os animais; A 22 é a matriz dos coeficientes de parentesco com base
no pedigree dos animais genotipados, e "G" € a matriz de parentesco genémica.

A matriz G foi determinada segundo VVanRaden (2008):

. 77!
2%, p(1-p)

sendo: Z obtida da subtracdo (M — P); M corresponde a matriz de genotipos, com
colunas representando os marcadores e as linhas os individuos. Cada elemento em Mij
foi codificado como 0, 1 ou 2, caso o genotipo do individuo i para o SNPj seja
homozigoto para o primeiro alelo, heterozigoto, ou homozigoto para o segundo alelo,
respectivamente e P corresponde a matriz contendo a frequéncia do segundo alelo pj,

expresso como 2pj (VanRaden, 2008).

Os componentes de variancia foram obtidos por méaxima verossimilhanca restrita nos
modelos animal tradicional e single-step, usando o software AIREMLF90 (Misztal et
al., 2016).

Tabela 1. Descricdo da base de dados fenotipicos dos animais da raca Gir do Brasil e

Coldémbia.
Brasil Colémbia
N° de vacas 1.022 586
N° de lactacdes (1% 2% e 3%) | 1.922 1.081
N° grupo contemporaneo 81 36
N° vacas com genotipo 273 158
Pedigree 2.889 (565 pais e 1.959 maes)
N° touros com genotipos 33

Os dados foram analisados usando inferéncia bayesiana por meio dos programas
GIBBS3F90 e POSTGIBBSF90 (Misztal et al., 2002), em cadeia amostral de 1.000.000

ciclos, com periodo de burn-in de 20.000 ciclos e intervalo amostral a cada 20 ciclos.

O valor genético gendmico foi obtido com a seguinte expressao:



VGi = interceptoi + (inclinagdoi * gradiente ambiental117)

Em que: VG; é o valor genético genomico de cada animal, o intercepto é o valor
genético aditivo do animal i, inclinacdo é resposta ambiental do animal i, o gradiente
ambiental é 117 niveis no gradiente ambiental composto por solugdes de GC para
PL305.

A acurécia dos valores genéticos foi obtida pela expresséo:

i roal = |1 SEZ
acuracia real = —
(1+F)+ o2

onde: SE é o erro padrédo da estimativa do valor genético do animal i; F é a endogamia

do animal i, o, é a variancia genética aditiva da caracteristica.

2.4 Analises de Associacdo Genomica (GWAS)

As anélises de GWAS foram conduzidas para estimar os efeitos dos SNP, bem
como janelas adjacentes de 10 SNP por meio do software POSTGSfI0 (version 1.38)
(Misztal et al., 2016; Wang et al., 2012). Os resultados das analises de GWAS foram
apresentados com base na proporcao da variancia explicada para cada janela de SNP. As
janelas que capturaram a maior proporcao da variancia explicada pelos SNPs associados
aos genes candidatos obtidos por meio do intercepto ou inclinacdo foram identificados
utilizado o pacote BioMart (Durinck et al. 2005), por meio do mapa de referéncia UMD
3.1

3. Resultados
Os componentes principais foram derivados da matriz de parentesco genémicas
entre as populacdes da raca Gir do Brasil e Colémbia (Figure 1), que descreve o grau de
estratificacdo das populacoes. O parentesco entre as populac@es Gir dos dois paises se
deve, principalmente a aquisicdo por parte dos criadores da Colombia de material
genético (animais, sémen e embrides) proveniente do Brasil. Desta forma, permite a

integracdo e analise conjunta das informacdes dos paises.
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Figural. Analises de componentes principais com informacdo da matriz de

parentesco gendmica nas populagdes da raca Gir do Brasil e Colombia.

3.1 Componentes de Variancia

As estimativas de herdabilidade das carateristicas e PL305COL com informacéo
somente do pedigree foram 0,45 + 0,019 e 0,44 £ 0,026 e com uso da matriz genémica
foram 0,49 + 0,015 e 0,46 + 0,023, respectivamente. As estimativas de herdabilidade
apresentaram alta a moderada magnitude, e demonstra que a variancia genéetica aditiva €
responsavel por consideravel parcela da variancia fenotipica, a qual indica a
possibilidade de obter ganhos genéticos significativos para a caracteristica PL_305 por

meio da selecao.

A correlacdo genética das carateristicas PL305COL e PL305BR com a matriz de
pedigree (A) e informacdo gendémica (H) foram 0,66 = 0,041 e 0,71 % 0,040,
respectivamente. Além disto, os resultados das correlacdes genéticas do presente estudo
apresentaram-se abaixo de 0,80, indicando segundo Robertson (1959) a presenca de
interacdo genotipo ambiente. Esses resultados demonstram a variacdo ambiental entre
Colémbia localizada em clima tropical e tropical com altitude, e o Brasil localizado em
clima tropical e subtropical, que proporcionaram ambientes diferentes para a produ¢do

animal.



3.2 Precisdo dos valores de genéticos

Os resultados das correlagcbes genéticas entre as carateristicas PL305BR e
PL305COL, usando o modelo animal tradicional matriz A e modelo animal com matriz
H, identificaram maior correlagdo usando a matriz H, sendo escolhido este modelo para
realizar os analises e estimar os valores genéticos dos touros. Os valores genéticos
(EBVs) dos 10 (T1 —T10) principais touros reprodutores utilizados nos dois paises
(Brasil e Colombia) foram calculados ao longo do GA (Figura 2). Na caracteristica
PL305BR (Figura 2a), o touro T3 foi superior na classificagdo nas gradientes
ambientais. Os touros T5 e T10 apresentaram menores valores genéticos nas GA, 0s
touros foram sensiveis ao meio ambiente, porque seus valores genéticos variavam do
ambiente menos ideal ao ambiente de alta qualidade. Isso indica que variacbes no GA
influenciaram a expressdo fenotipica de PL305.
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Figura 2. Os dez principais touros (T1 a T10) reprodutores usados nos dos paises com
base nos valores genéticos genémicos (EBVs) para producdo de leite
acumulada até 305 dias nos gradientes ambientais: a) PL305BR e b)
PL305COL.

Na carateristica PL305COL (Figura 2b), o touro T10 apresentou valor superior
de EBVs ao longo dos gradientes ambientais, em comparagdo com os demais touros. Os
touros T3 e T4 apresentaram 0s menores EBVs nas GA, 0 que demonstra um aumento
constante no desempenho fenotipico conforme melhora o ambiente, porém esse fato
ocorre em um ritmo mais lento e apresentam maior plasticidade em comparacdo aos
demais animais. A acuracia média dos valores genéticos (EBVs) foi 0,60 (de 0,56 a

0,69) para as duas caracteristicas.

3.3 ssSGWAS para PL305BR e PL305COL

Os resultados do ssGWAS demonstram uma sobreposicdo entre as 10 principais
janelas dos parametros da norma de reacdo para as caracteristicas PL305BR e
PL305COL das populacGes de animais da raca Gir (Tabela 2). Na carateristica
PL305BR, 9 das 10 principais janelas foram observadas no mesmo cromossomo, e na

caracteristica PL305COL, 7 das 10 janelas superiores do intercepto e inclinagdo também



Sse apresentaram no mesmo cromossomo, no entanto, explicam diferentes proporgdes de

variacao.

Na carateristica PL305BR, os cromossomos 5 e 21 foram observados na
primeira e segunda regido e explicam a variagdo do intercepto, enquanto que 0S mesmos
cromossomos foram apresentados na segunda e sexta regido, os quais explicam a
variacdo de inclinacdo. Na caracteristica PL305COL, o cromossomo 21 foi apresentado
na primeira e a terceira regido para explicar as variagdes de intercepto e inclinacéo,
respectivamente. J& o cromossomo 20 foi classificado em sexta e primeira regido para
explicar as variagOes de intercepto e inclinacédo, respectivamente. Deste modo, apesar
dos cromossomos 5, 20 e 21 se apresentarem nas janelas superiores do intercepto e
inclinacdo, os mesmos explicaram diferentes proporcdes da variacdo genética, onde
possivelmente distintos genes podem estar associados a producéo de leite dos bovinos

Gir no Brasil e Coldmbia.

Tabela 2. Cromossomos (Chr), posicGes iniciais, posi¢des finais e variancia genética
(%) explicada por marcadores moleculares das normas de reacdo para
PL305BR (a) e PL305COL (b) em bovinos leiteiros da raga Gir.

a)
Intercepto Inclinacéo
Chr inicio final % Chr inicio final %

5 34446901 35385581 0.65715 13 313308 898514 0.45054
21 58743987 59526690 0.54659 5 53863852 54711045 0.40156
20 38880048 39727100 0.51236 6 14814828 15978059 0.38768
21 69740387 70155265 0.49376 3 32988739 33008170 0.31552

5 31104780 31964893 0.48365 6 1,09E+08 109719477  0.31534
14 1651311 1967325 0.45387 | 21 22655425 23755490 0.30044
24 61995052 62238372 0.43496 2 1,35E+08 135179024  0.29403
17 70460874 70935589 0.42321 14 2596928 2826632 0.28770
19 35618689 36433251 0.39528 5 34446901 35385581 0.27711
23 24372201 25074632 0.38981 12 86414606 86989516 0.27015

b)
Intercepto Inclinacéo
Chr inicio final % Chr inicio final %
21 8859292 9494265 0.59349 20 38880048 39727100  0.44058
4 77074551 77958922 0.49170 14 1651311 1967325 0.41276




8 4358764 4830615 0.48318 21 69740387 70155265  0.39486

14 1651311 1967325 0.46062 17 70460874 70935589 0.39380
24 62004962 62250785 0.45495 21 58743987 59526690 0.39329
20 955427 1716974 0.39985 23 24372201 25074632 0.36935

9 10705314 10748367 0.39562 19 35618689 36433251 0.36578
24 60845041 61205792 0.39474 5 31104780 31964893 0.33580
16 41794521 42954110 0.39443 5 57030766 58140204  0.31648
16 25917821 25940729 0.34969 3 32988739 33008170 0.31552

Na inclinagdo da carateristica PL305BR 0s cromossomos 13 e 5 explicaram a
maior variancia e para PL305COL os cromossomos 20 e 14 foram evidenciados, assim
0s resultados demonstraram que o ambiente influencia diretamente na expressdo de
genes em diferentes cromossomos para a producdo de leite de bovinos da raga Gir.
Além disso, também foi possivel observar que os cromossomos 3, 5 e 21 apresentaram-
se comumente entre as duas caracteristicas, no entanto, explicam diferentes propor¢des
da variancia genética devido a influéncia do ambiente, a qual pode ocasionar diferentes
expressdes do genotipo. No entanto, apesar de identificarmos algumas diferencas de
variancia explicadas para a intercepto inclinagdo em diferentes regides do genoma nas
duas carateristicas, a variancia explicada por essas regides foi pequena, sendo
responsavel por 0,65 e 0,45% da PL305BR e 0,59 e 0,44% PL305COL, da variancia
genética total.

A analise de ssGWAS permitiu identificar SNPs significativos para PL305BR
nos cromossomos 1, 3, 5, 19 e 21 para o intercepto. Os SNPs significativos,
BovineHD0500009996, BovineHD1900010366 e BovineHD2100016917, foram
associados aos genes MGST1 no BTA5, CCDC57 no BTA19 e TGLA122 no BTA21,
respectivamente. Os SNPs significativos BovineHD1500008597 no cromossomo 15
para inclinacdo no presente estudo foi associado ao gene SPS115. Na carateristica
PL 305COL no intercepto os SNPs significativos ARS-BFGL-NGS-97163,
BovineHD070001873 e BovineHD1200005209 foram associados ao gene SOX14 no
BTAL, e o SNP BovineHD0500025415 foi associado ao gene SLC36A2 no BTAY e ao
gene IRS2 no BTA12. Na inclinacdo o gene SLO1C1 no BTAS foi observado no

presente estudo.



4. Discusséo
Os resultados mostraram que as herdabilidades e correlagdes genéticas entre as
carateristicas PL305BR e PL305COL apresentaram diferengcas com inclusdo de
informagdes genomicas aumentando a precisdo dos componentes de variancia. Além
disso, alguns genes candidatos que influenciam o intercepto e inclinagcdo da norma de
reacdo para PL305BR e PL305COL também foram identificados.

4.1 Componentes de variancia estimados

As estimativas das herdabilidades observadas no presente estudo foram
superiores aos valores relatados por Prata et al. (2015) para producéo de leite aos 305
dias na raca Gir (0,33) e por Hammami et al. (2009) na raca Holandesa (0,40). As
diferentes estimativas de herdabilidade obtidas para PL305 entre Brasil e Colémbia
evidenciam distintas respostas a selecdo dependendo do ambiente de criacdo. As
correlacbes genéticas estimadas pela matriz A foram ligeiramente inferiores as
estimadas por matriz H para PL305BR e PL305COL. Em recentes estudos Oliveira et
al. (2018) e Zhang et al. (2019) observaram maior acuracia no uso da matriz H em

comparagdo com a matriz A nas ragas Nelore e Holandesa , respectivamente.

Além do ambiente em si, as praticas de selecdo no Brasil e Colombia podem ter
contribuido para as diferencas dos parametros genéticos das carateristicas nas
populacdes. O principal critério de selecdo do Brasil € com base no teste de progénie,
enquanto os criadores da Coldmbia escolhem os animais com base em um indice que
inclui longevidade, tipo leiteiro (conformacdo morfoldgica) e producdo de leite. O
Brasil possui programa de melhoramento para a raca Gir desde 1985 (Santana et al.,
2014). No entanto, a Colémbia ainda ndo apresenta programa de melhoramento

genético estruturado.

4.2 Precisdo dos valores genéticos preditos

Nos resultados dos valores genéticos das carateristicas PL305BR e PL305COL
(figura 2), podemos observar que tem re-ranking dos touros entre 0s dois paises, ou seja,
o melhor touro no Brasil é o pior na Coldémbia, e vice-versa. Os melhores e 0s piores

animais eram sensiveis ao meio ambiente, porque seus valores genéticos variavam do



ambiente menos ideal ao ambiente de alta qualidade, evidenciando a presenca da IGA

nas populacdes de Gir.

Segundo Panetto et al. (2018), araca Gir leiteiro do Brasil apresenta IGA para a
caracteristica producdo de leite ate 305 dias, 0s autores observaram rearranjos na
classificacdo dos touros em relacdo ao ambiente do Brasil. No entanto, este € o primeiro
estudo que relata a avaliagdo da IGA na populacdo colombiana de bovinos da raca Gir, e
nossos resultados demonstram diferengas entre os touros de acordo com os gradientes
ambientais, e ressalta a importancia de incluir o efeito ambiental nas avaliagdes

genéticas dentro de cada pais.

Os resultados das carateristicas PL305BR e PL305COL evidenciam IGA pela
reclassificagdo dos touros entre os dois paises, demonstrando que Brasil e Colombia
apresentam diferencas ambientais e se torna importante considerar ambiente na escolha
do reprodutor, para que sua progénie possa desempenhar adequadamente. As
associacdes da raca Gir podem enfrentar o problema de otimizar o programa de
melhoramento para responder a multiplas requisitos ambientais dentro e entre 0s paises.
Embora as populacdes do Brasil e Colémbia apresentem distintos sistemas de producéo,
ambas mantém lacos genéticos importantes. Assim, a consideracdo da IGA pode ajudar
na concepcdo de programas de melhoramento mais efetivos. Contudo, paises
importadores como Colémbia, os quais ndo apresentam programas de melhoramento
proprio, necessitam de conhecimento sobre a sensibilidade ambiental para proceder

escolha apropriada de material genético e obter progresso satisfatorio.

4.3 Mapeamento de regides gendmicas associadas a intercepto e inclinacéo da
norma de reacao

Este estudo realizou o ssSGWAS para localizar regides particulares ao longo do
genoma associadas a producdo de leite ate 305 dias. Algumas janelas gendmicas
identificadas eram comuns tanto para o intercepto quanto para a inclinacdo das duas
caracteristicas (Tabela 2). Os genes associados a carateristica PL305BR para o
intercepto, o gene MGST1 foi associado a producéo e percentual de gordura do leite e a
caracteristicas da composicéo do leite de vacas leiteiras (Littlejohn et al., 2016; Jiang et
al., 2019). A expressdao do gene CCDC57 foi observada no desenvolvimento da

glandula mamaria de vacas (Medrano et al., 2010), e relacionado ao rendimento e



porcentagem de gordura aos 305 dias de produgdo em trés ragas francesas de gado
leiteiro (Marete et al., 2018). O gene TGLA122 foi associado & adaptacdo ambiental de
bovinos da raga Gir (Curi et al., 2002). No entanto, apesar de sua importancia para o
presente estudo, o gene TGLA122 ndo foi relatado em estudos que investigaram
diretamente a producdo de leite em bovinos. Os SNPs significativos
BovineHD1500008597 no cromossomo 15 para inclinagdo no presente estudo foi
associado ao gene SPS115, identificado relacionado a adaptacdo de zebuinos na regido
tropical (Curi et al., 2002; Montoya et al., 2010). Portanto, 0os genes observados no
intercepto do presente estudo sdo consistentes com a caracteristica de producdo de leite,
pois sdo independentes ao ambiente. Além disso, os resultados demonstram que 0s
SNPs se apresentam distintos na expressao da genetica do intercepto e inclinagao,

identificando genes associados com adaptacéo e resisténcia aos tropicos.

Os genes associados a carateristica de PL305COL , o0 gene SOX14 pertencente a
Sox Family of transcription factors possui evidéncias de estar envolvido na regulagdo
do desenvolvimento embrionario (Stanisavljevic et al., 2017), porém, ainda ndo foi
relatada associacdo com producdo de leite em bovinos. O gene SLC36A2 foi
correlacionado a composicao da proteina do leite em bovinos Chinese Holstein (Zhou et
al., 2019), e o gene IRS2 codifica o substrato do receptor de insulina 2, e a infusdo de
insulina aumenta a producéo de leite e proteinas, além de reduzir o teor de gordura em
cabras (Peripolli et al 2018). Na inclinacdo o gene SLO1C1 no BTAS5 foi observado no
presente estudo. Além disso, esse gene foi associado com producdo de gordura no leite
em bovinos Holandeses (Nayeri et al., 2016). A este respeito, os resultados do presente
estudo sugerem que 0s genes observados para caracteristica no intercepto PL305COL e

inclinacao estdo relacionados a producdo de leite, proteina e gordura.

As principais regifes genémicas que afetaram a inclinagdo da norma de reacao
incluem genes observados nas populacdes Gir do Brasil e Colombia relacionados a
imunidade (TGLA122, SPS115) e solidos totais (SLO1C1, SLC36A2), enguanto as
principais regides que influenciam a intercepto da norma de reacdo incluiram genes
relacionados producdo de leite (MGST1, CCDC57, IRS2) e fertilidade (SOX14).
Diferentes genes desempenham seus papéis bioldgicos com importancia distinta na
expressdo do genotipo para o intercepto e inclinagdo para as duas carateristica PL305.
Com isto, a reclassificacdo dos touros e os diferentes SNPs associados & producéo de

leite nos dois paises, sugere que a interacdo genotipo ambiente € efeito importante a ser



considerado na avaliacdo genética do Gir leiteiro do Brasil e Coldémbia. Portanto,
programa de melhoramento do Gir pode ser otimizado ao escolher o ambiente de
selecdo que possibilitara 0 maximo progresso genético para a producdo de leite nos
diferentes ambientes dentro e entre paises.

5. Concluséo
A IGA é um fator importante a ser considerado na estimativa de parametros
genéticos e avaliagdo genética entre Brasil e Coldmbia da caracteristica de producéo de
leite da raca Gir.
Alem disso, a produgdo de leite de bovinos Gir do Brasil e Colombia depende,
pelo menos em parte, da expressdo de genes relacionados a producdo de leite,
imunidade e fertilidade, os quais foram identificados nas regifes gendmicas que afetam

a intercepto e inclinacdo da norma de reacao.
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