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RESUMO 

 

A mutação APAF1 é uma enfermidade autossômica recessiva, associada ao 

haplótipo 1 (HH1) e caracterizada pela substituição de uma citosina (C) por 

uma timina (T) na posição p.Q579X (c.1741C>T) do cromossomo 5 (BTA5). A 

mutação está associada com a raça Holandesa e causa perda fetal e 

embrionária, durante o 60º e 200º dia de gestação, e redução nas taxas de 

concepção. Estudos demonstram uma prevalência de 1.48% a 65%, entretanto, 

não se há estudos e conhecimento sobre ocorrência da mutação no Brasil. O 

objetivo deste estudo é verificar a prevalência da mutação APAF1 em bovinos 

holandeses no Brasil. Um total de 248 amostras de DNA (210 vacas e 38 

touros) foram utilizadas neste estudos, obtidas de quatro propriedades de leite 

e três Centrais de Reprodução dos estados do Paraná e São Paulo. As 

amostras foram submetidas às técnicas de PCR e ARMS-PCR, analisadas por 

eletroforese em gel de agarose, purificadas e submetidas ao sequenciamento 

direto de Sanger, para confirmação do genótipo e comparação e possível 

validação do método e primers desenvolvidos para a técnica de ARMS-PCR. 

Todos os animais analisados neste estudos foram classificados como não 

carreadores da mutação, ou seja, homozigotos para o alelo C (wild-type) tanto 

na técnica de ARMS-PCR quanto no sequenciamento Sanger. Concluímos que 

a mutação associada ao gene APAF1 não teve prevalência na população 

brasileira de Holandeses sob a qual este estudo foi realizado e que aparenta 

ser extremante rara. 

 

Palavras chave: doença genética, perda embrionária e fetal, Bos taurus 

 

 



 

ALBERTINO, L. G. ALLELIC FREQUENCY OF APAF1 MUTATION IN 

HOLSTEIN CATTLE (HOLSTEIN-FRIESIAN) IN BRAZIL. Botucatu, 2020. X p. 

Dissertação (Mestrado) – Faculdade de Medicina Veterinária e Zootecnia, 

campus de Botucatu, Universidade Estadual Paulista. 

 

 

ABSTRACT 

 

The APAF1 mutation is an autosomal recessive inherited disease, associated 

with the haplotype 1 (HH1) and characterized by a substitution of a cytosine (C) 

for a thymine (T) in p.Q579X (c.1741C>T) position of chromosome 5 (BTA5). 

The mutation is associated with the Holstein cattle breed and causes fetal and 

embryonic loss, during the 60th and 200th day of gestation, and reduced 

conception rate. Studies demonstrated prevalence from 1.48% to 65%, 

however, there are no studies and knowledge about the mutation in Brazil. This 

study aimed to verify the prevalence of the APAF1 mutation in Brazilian Holstein 

cattle. A total of 248 Holstein DNA samples (210 cows and 38 bulls) were used 

in this study, obtained from four dairy farms and three animal reproduction 

centers from Paraná and São Paulo states. DNA samples were submitted to 

PCR and ARMS-PCR techniques, analyzed via agarose gel electrophoresis, 

purified, and subjected to Sanger direct sequencing, for confirmation of the 

genotype and comparison and possible validation of the method and primers 

developed for ARMS-PCR. All animals assessed in this study were identified as 

non-carriers or, allelic C homozygous (wild-type) for APAF1 mutation, by 

ARMS-PCR technique and Sanger direct sequencing. We concluded that the 

mutation associated with the APAF1 gene was not prevalent in the Brazilian 

Holstein population under which this study was carried out and it appears to be 

extremely rare. 

 

Keywords: genetic disease, embryonic and fetal loss, Bos taurus 
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1. Introdução 

 

Dentre as metas nos programas de seleção genética, a fertilidade e a 

produção leiteira são consideradas como um dos principais objetivos. O 

endocruzamento, ou inbreeding, tem como principal objetivo a seleção de 

animais com características desejáveis, como fertilidade, longevidade produtiva 

e maior produção de leite, entretanto tem como consequências o aparecimento 

de mutações letais e subletais, e diminuição da efetividade reprodutiva em um 

animal. No gado holandês, a mutação associada ao gene APAF1 (Apoptotic 

protease activating factor-1) é responsável por causar morte embrionária e 

abortos espontâneos, entre o 60º e 200º dia de gestação, e baixa taxa de 

fertilidade. Considerada como uma mutação autossômica recessiva, onde há a 

substituição de uma citosina (C) por uma timina (T) na posição p.Q579X 

(c.1741C>T) do gene APAF1 do cromossomo 5 (BTA5). Estima-se que cerca 

de 500 mil abortos ocorreram mundialmente decorrentes desta mutações, o 

que corresponde a um prejuízo estimado de 420 milhões de dólares para a 

indústria leiteira. A mutação foi associada por pesquisadores ao touro Pawnee 

Farm Arlinda Chief, considerado como um dos mais importantes reprodutores 

da história do gado holandês, deixando mais de 2,5 milhões de descendentes, 

o que corresponde a 14% do genoma mundial dos Holandeses. De acordo com 

estudos realizados na França, Estados Unidos (EUA), Rússia, Japão e Polônia, 

a prevalência da mutação varia entre 1.48% a 65%. No Brasil, não se há 

estudos ou conhecimento sobre a mutação em nosso rebanho, sendo este o 

primeiro trabalho a avaliar a prevalência da mutação em nossos animais. 
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2. Revisão de literatura 

 

2.1. História do gado holandês no mundo e no Brasil 

 

A origem do gado holandês (Holstein-friesian) é pouco conhecida por 

pesquisadores (ABCBRH). De acordo com autores, existem relatos da origem 

desses animais datados de dois mil anos atrás, onde acredita-se que a raça 

teve origem nas mãos das tribos frísias e batavas (PRESCOTT et al., 1930; 

LUSH, HOBERT e WILLHAM, 1936) na região que hoje é conhecida como 

Holanda.  

Nos Estados Unidos (EUA), há relatos da importação de animais 

originários da Holanda antes da Guerra da Independência Americana, 

entretanto, não ocorreu o registro desses animais e de seus descendentes. O 

primeiro relato com subsequente registro dos animais ocorreu em 1852 (LUSH, 

HOBERT e WILLHAM, 1936). Em 1872, publicou-se o primeiro herd-book 

(tradução livre para “livro da raça”) nos EUA, onde foi sugerido o nome de 

“Holstein-friesian” aos animais (ABCBRH; LUSH, HOBERT e WILLHAM, 1936). 

Atualmente, a raça é apenas conhecida por “Holstein” (ABCBRH). 

De acordo com a Associação Brasileira de Criadores de Bovinos da 

Raça Holandesa (ABCBRH), que cita Paulino Cavalcanti (1935), acredita-se 

que o gado holandês foi trazido para o nosso país entre os anos de 1530 e 

1535. O herd-book brasileiro foi fundado em 1935 com os reprodutores 

“Colombo St. Maria” e “Campineira”. Até 2018, o número total de animais 

registrados no herd-book era de 772.608 (APCBRH). No Brasil, a maioria dos 

produtores encontram-se nos estados de São Paulo, Paraná e Minas Gerais 

(ABCBRH). 

 

 

2.2. Características da raça 

 

A raça Holandesa é facilmente reconhecida por sua pelagem 

característica, com animais de coloração preta e branca ou vermelha e branca 

(HOLSTEIN USA) (Figura 1), por sua alta performance produtiva (HOLSTEIN 

USA; SIEKLICKI et al., 2020), decorrente de seleção genética dos animais 
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(WALSH, WILLIAMS e EVANS, 2011; RODRIGUEZ-RAMILLO et al., 2015) e 

por sua disponibilidade de material genético em todos os continentes 

(SIEKLICKI et al., 2020). 

 

  

Figura 1. Representação do padrão moderno esperado para um animal fêmea 

(esquerda) e macho (direita) da raça Holandesa. 
 

 
 

Fonte: HOLSTEIN USA. 

 

 

Os holandeses são animais grandes, sendo considerados como a maior 

raça leiteira do mundo (McGUFFEY e SHIRLEY, 2011), com fêmeas adultas 

pesando em torno de 680 quilos (kg) e com 1,50 centímetros (cm) de cernelha 

(HOLSTEIN USA). 

É esperado que as fêmeas tenham sua primeira cria entre o 24º e 26º 

meses de idade, com uma gestação de aproximadamente nove meses. 

Machos podem se reproduzir a partir do 13º mês de vida, quando devem estar 

pesando cerca de 363 kg (HOLSTEIN USA). 

Nos EUA, a média de produção de leite anual é de 11.339 kg/vaca 

adulta em três ordenhas/dia com uma vida produtiva de quatro anos 

(HOLSTEIN USA). No Brasil, a média de produção, no ano de 2019, foi de 

8.900 kg/vaca adulta em duas ordenhas/dia e 11.326 kg/vaca adulta em três 

ordenhas/dia em lactações de 305 dias (APCBRH). 
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2.3. Doenças genéticas nos holandeses 

 

A produção de leite depende resumidamente de dois fatores, uma 

gestação bem sucedida e uma boa taxa de parição durante a vida útil de uma 

vaca leiteira (ADAMS et al., 2016). A relação entre fertilidade e produção 

leiteira fez da performance reprodutiva uma importante meta nos programas de 

seleção genética (WALSH et al., 2011; ADAMS et al., 2016). 

O endocruzamento, ou inbreeding, é definido como o cruzamento entre 

indivíduos geneticamente relacionados (RODRIGUEZ-RAMILLO et al., 2015; 

ADAMS et al., 2016; SIEKLICKI et al., 2020) e irá ocorrer em qualquer rebanho 

ou população, ao menos que medidas específicas seja utilizadas para evitá-lo 

(THOMPSON, EVERETT e HAMMERSCHMIDT, 2000). O inbreeding tem 

como principal objetivo a seleção de animais com características desejáveis, 

como fertilidade, longevidade produtiva e maior produção de leite (WHITE, 

VINSON e PEARSON, 1981; PRYCE et al., 2014), entretanto tem como 

consequências o aparecimento de mutações letais e subletais e diminuição da 

efetividade reprodutiva de um animal (RODRIGUEZ-RAMILLO et al., 2015; 

ADAMS et al., 2016; SIEKLICKI et al., 2020). As mutações letais causam 

grandes perdas econômicas, pois nenhum produto careando essas mutações 

irá sobreviver para reprodução (HOENING e SIMIANER, 2006; ADAMS et al., 

2016). 

Dentre as principais mutações relacionadas ao gado holandês, podemos 

destacar a deficiência da sintase de monofosfato de uridina (DUMPS) 

(ROBINSON et al., 1983), complexo de malformação vertebral (CVM) 

(AGERHOLM et al., 2001), síndrome brachyspina bovina (AGERHOLM, 

McEVOY e ARNBJERG, 2006) e os haplótipos associados à raça, incluindo o 

HH1 associado ao gene APAF1, responsáveis por causar morte embrionária e 

baixa taxa de fertilidade. 

 

 

2.3.1. Deficiência da sintase de monosfosfato de uridina 

 

Enfermidade caracterizada pela não conversão do orotato, também 

conhecido como ácido orótico ou vitamina B13, em monofostato de uridina, um 
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importante componente dos ácidos nucleicos (ROBINSON et al., 1983; 

SHANKS e ROBINSON, 1989). Causada por uma mutação autossômica 

recessiva (ROBINSON et al., 1983), onde há a substituição de uma citosina (C) 

por uma timina (T) no gene UMPS (Uridine monophosphate synthetase) no 

cromossomo 1 (SCHWENGER, SCHÖBER e SIMON, 1993). De acordo com a 

literatura, a prevalência da DUMPS em estudos é de 0.01% a 1.4% (POLI et 

al., 1986; SHANKS, BRAGG e ROBINSON, 1987; SUN et al., 2011; 

VANRADEN et al., 2011). 

De acordo com Shanks e Robinson (1989) e Shanks e colaboradores 

(1992), animais homozigotos para a mutação sofrem morte embrionária por 

volta do 35º ao 40º dia de gestação. Animais heterozigotos são clinicamente 

saudáveis e com desenvolvimento normal, apresentando somente altos teores 

de oratato no sangue, urina e leite durante o período de lactação (ROBINSON 

et al., 1983).  

 

 

2.3.2. Complexo de malformação vertebral 

 

O CVM está associado à substituição de uma guanina (G) por uma 

timina (T) no gene SLC35A3 (Solute carrier family 35, member A3) do 

cromosso 3. É considerada uma mutação autossômica recessiva (THOMSON 

et al., 2006), com prevalência em trabalhos de 1.37% a 16.62% (BERGLUND, 

PERSON e STÅLHAMMAR, 2004; MEYDAN, YILDIZ e AGERHOLM, 2010; 

SUN et al., 2011; WANG et al., 2012; RUŚĆ et al., 2013; COLE et al., 2016) e 

foi descrita nas raças Holandesa (AGERHOLM et al., 2001) e e Montbeliarde 

(BOURNEUF et al., 2017). 

Os animais portadores da mutação podem ser abortados a qualquer 

momento da gestação, nascerem prematuros, natimortos ou, em raros casos, 

ainda vivos (JOHNSON et al., 2003), e apresentam alterações como défice de 

crescimento e ganho de peso, encurtamento das vértebas cervicais e torácicas, 

contração bilateral simétrica das articulações metacarpofalangeanas e 

metatarsofalageanas, artrogripose, hemivértebras, escoliose, sinostose, 

dismorfia craniofacial e má formação cardíaca (AGERHOLM et al., 2001; 
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DUNCAN et al., 2001; NAGAHATA et al., 2002; AGERHOLM et al., 2004; 

THOMSON et al., 2006) 

 

 

2.3.3. Síndrome brachyspina bovina 

 

A síndrome brachyspina bovina é uma mutação autossômica recessiva 

rara (TESTONI et al., 2008; AGERHOLM et al., 2010; CHARLIER et al., 2012) 

associada à deleção dos exons 25 a 27 do gene FANCI (Fanconi anemia 

complementation group I) no cromossomo 21 (CHARLIER et al., 2012). A 

prevalência da mutação em trabalhos varia entre 2.76% até 7.5% (CHARLIER 

et al., 2012; FANG et al., 2013; FRITZ et al., 2013; SAHANA et al., 2013; RUŚĆ 

e KAMIŃSKI, 2015; COLE, NULL e VANRADEN, 2016). 

Os animais acometidos podem sofrer morte embrionária no início da 

gestação ou natimortos (AGERHOLM, McEVOY e ARNBJERG, 2006; 

CHARLIER et al., 2012) com alterações corporais como défice de crescimento 

e ganho de peso, encurtamento de todas as vértebras, alongamento dos 

membros, bragnatismo inferior, mal posicionamento das orelhas e má formação 

e posicionamento de órgãos, como fígado, rim, coração e gônodas 

(AGERHOLM, McEVOY e ARNBJERG, 2006; ALGERHOLM e PEPERKAMP, 

2007; TESTONI et al., 2008; AGERHOLM et al., 2010; CHARLIER et al., 2012). 

 

 

2.3.4. Haplótipos 

 

Atualmente, na raça Holandesa, existem 17 haplótipos responsáveis por 

causar morte embrionária e baixa taxa de fertilidade (GHANEM e NISHIBORI, 

2018). Destes, somente seis haplótipos, HH1 (ADAMS et al., 2016), HH3 

(VANRADEN et al., 2011; McCLURE et al., 2014), HH4 (FRITZ et al., 2013), 

HH5 (VANRADEN et al., 2011; SCHŰTZ et al., 2016), HH6 (FRITZ et al., 2018) 

e HH7 (FRITZ et al., 2013; HOZÉ et al., 2020), descritos na tabela 1, foram 

elucidados a nível molecular. 
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Tabela 1. Haplótipos descritos em nível molecular na raça Holandesa. 
 

Haplótipo Gene Cr.1 Variante Prev.2 Referência 

 

 

HH1 

 

 

APAF1 

 

 

5 

 

 

c.1741C>T 

 

 

2% 

 

 

Adams et al., 2016 

HH3 SMC2 8 c.3404T>C 2.95% Cole et al., 2016 

HH4 GART 1 c.869ª>C 0.37% Cole et al., 2016 

HH5 TFB1M 9 Deleção 138kpb 2.22% Cole et al., 2016 

HH6 SDE2 16 g.29773628ª>G 1.3% Fritz et al., 2018 

HH7 

 

CENPU 27 Deleção 4pb 0.8% Hozé et al., 2020 

 

1. Cromossomo; 2. Prevalência da mutação. 

 

 

Conforme citado por Hoening e Simianer (2006) e por Adams e 

colaboradores (2016), as mutações letais são responsáveis por causar grandes 

perdas econômicas. A mutação APAF1 é a única mutação associada aos 

holandeses na qual pesquisadores estimaram o impacto econômico gerado 

pela mesma, afetando a produção de leite e fertilidade dos animais, e sua 

importância na raça (Adams et al., 2016). 

 

 

2.4. APAF1 

 

A proteína APAF1 é uma importante molécula chave no processo 

intrínseco, ou mitocondrial, da apoptose celular (MÜLLER et al., 2005; 

REBOULD, WOHLGEMUTH e ESCHENBURG, 2011; SHAKERI, 

KHEIROLLAHI e DAVOODI, 2017) e no desenvolvimento do sistema nervoso 

central durante a embriogênese (YOSHIDA et al., 1998). Tal processo inicia-se 

com a ligação entre o citrocomo C e a proteína, havendo a troca de um ADP 

(difosfato de adenosina) por um ATP (trifosfato de adenosina), fazendo com 

que APAF1 assuma uma estrutura heptamétrica quartenária e recrute 

moléculas inativas da procaspase-9, tal complexo é conhecido como 

apoptossoma, uma plataforma de ativação da procaspase-9 (ZHOU et al., 

2015; SHAKERI, KHEIROLLAHI e DAVOODI, 2017). A procaspase-9 inicia sua 
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função, seguida da ativação da procaspase-3 ou procaspase-7 (REBOULD, 

WOHLGEMUTH e ESCHENBURG, 2011), levando ao processo de apoptose 

celular. 

Müller e colaboradores (2005), utilizando ratos como modelo 

experimental, descobriram que a expressão da proteína inicia-se no sétimo ao 

nono dias de gestação, com sua maior expressão por volta do 12º dia. A 

inibição, ou deficiência, da APAF1 tem como consequências letalidade 

embrionária tardia nesta espécie, com fetos apresentando má formações 

craniofaciais, como crescimento exacerbado do encéfalo e massas na região 

da cabeça, desenvolvimento inadequado do sistema auditivo interno e a 

presença de membranas interdigitais (YOSHIDA et al., 1998; MÜLLER et al., 

2005). 

Em bovinos da raça Holandesa, a mutação está associada a morte 

embrionária e abortos espontâneos, entre o 60º e 200º dia de gestação, e baixa 

taxa de fertilidade (ADAMS et al., 2016). O primeiro estudo realizado sobre a 

mutação foi feito por VanRaden e colaboradores (2011), entretanto a mesma 

só foi completamente descrita em nível molecular, e rastreada até um 

descendente em comum e possível responsável pela disseminação da 

mutação, por Adams e colaboradores no ano de 2016. 

É considera como uma mutação autossômica recessiva, caracterizada 

pela substituição de uma citosina (C) por uma timina (T) na posição p.Q579X 

(c.1741C>T) no gene APAF1 do cromossomo 5 (BTA5). Essa substituição leva 

à formação de um stop codon, ou códon de terminação, truncando 670 

aminoácidos (53.7%) de 1.248 aminoácidos que compõem a proteína (ADAMS 

et al., 2016). 

Como citado anteriormente, a mutação foi rastreada por pesquisadores 

até um descente em comum, o touro Pawnee Farm Arlinda Chief, ou apenas 

“Chief”. Chief é considerado como um dos mais importantes reprodutores na 

história do gado holandês, deixando mais de 2,5 milhões de descendentes, o 

que corresponde a 14% do genoma mundial dos holandeses. De acordo com 

os pesquisadores, é se estimado que Chief trouxe um lucro de 300 bilhões de 

dólares para a indústria leiteira, entretanto, cerca de 500 mil abortos ocorreram 

mundialmente decorrentes da mutação, o que corresponde a um prejuízo de 

420 milhões de dólares (ADAMS et al., 2016).  
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Além de Chief, o genoma de três de seus filhos (Walkway Chief Mark, 

Milu Betty Ivanhoe Chief e SWD Valiant), que também foram touros 

importantes na reprodução do gado holandês, foram utilizados para validar a 

mutação e o estudo realizado. Dois deles, “Mark” e “Ivanhoe Chief”, foram 

identificados como carreadores da mutação (heterozigotos), enquanto que 

“Valiant” foi classificado como não carreador, ou seja, homozigoto para o alelo 

C (wild-type) (ADAMS et al., 2016). 

De acordo com estudos realizados na França (FRITZ et al., 2013), EUA 

(ADAMS et al., 2012; ADAMS et. al., 2016), Rússia (ROMANENKOVA et al., 

2016; ROMANENKOVA et al., 2017; KHATIB, MAZURR e 

PROKHORTCHOUK, 2020), Japão (GHANEM et al., 2018) e Polônia 

(KAMIŃSKI, 2020), a prevalência da mutação varia de 1.48% a 65%.  

No estudo realizado por Fritz e colaboradores (2013), foram analisados 

47.878 animais, sendo 9.388 touros e 38.072 vacas, obtidos do banco de 

dados genômicos da França. Os autores encontraram a prevalência de 2.6% 

(1.244 animais) nos animais estudados. 

Adams e colaboradores (2012), analisaram 758 animais e encontraram 

uma prevalência de 65% (497 animais) da mutação. Já no ano de 2016, 

utilizando o banco de dados genômicos de holandeses nos EUA, os mesmos 

autores analisaram 246.773 animais e encontraram uma prevalência de 2% 

(5.299 animais). Esta redução no número de carreadores e na frequência da 

mutação, ocorreu devido a implantação de métodos para reprodução destes 

animais, visando eliminar este haplótipo na população (Adams et al., 2016). 

Na Rússia, Romanenkova e colaboradores (2016), analisaram 863 

animais, sendo 593 touros e 270 vacas, e os autores encontraram uma 

prevalência de 6.5% (56 animais) na população estudada. Em 2017, 

Romanenkova e colaboradores, analisaram 1.268 animais, sendo 638 touros e 

630 vacas, e a prevalência encontrada foi de 1.89% (24 animais). Khatib e 

colaboradores (2020), analisaram 1.521 animais, sendo 1.114 touros e 407 

vacas, e os autores encontraram uma prevalência de 1.48% (23 animais). 

Ghanem e colaboradores (2018), analisaram 240 vacas, originárias de 

12 propriedades de leite em Hiroshima, e 15 fetos mumificados da 

Universidade Rakuno Gakuen (Hokkaido, Japão), e encontraram uma 

prevalência de 2.9% (7 animais) nas vacas e 33.3% (5 animais) nos fetos, o 
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que gerou uma prevalência de 4.7% (12 animais) na população. Este estudo 

relata o primeiro e único caso de um feto mumificado, cruza entre uma vaca 

Holstein e um touro Wagyu, heterozigoto para a mutação, sugerindo que a 

mesma possa ocorrer em animais de geração F1. 

O diagnóstico da mutação é feito através da reação em cadeia da 

polimerase (PCR) e análise genômica dos animais através do sequenciamento 

genético. Além da técnica comum de PCR, técnicas como single stranded 

conformation PCR (SSCP-PCR) (KAMIŃSKI, 2020), allelic specific PCR (AS-

PCR) (GHANEM et al., 2018) e amplification refractory mutation system 

(ARMS-PCR) (KUMAR et al., 2020) foram utilizadas por autores como método 

de diagnóstico. 

A técnica de ARMS-PCR é um método simples e de baixo custo para 

determinar SNPs (polimorfismos de nucleotídeo único) sem a necessidade de 

sequenciamento genético do animal (MEDRANO e OLIVEIRA, 2014). É 

considerada uma técnica melhor quando comparada a AS-PCR, em razão a 

sua alta especificidade na amplificação de produtos em uma única reação. Vem 

sendo utilizada em mapeamentos de diversas mutações genéticas e na 

detecção do vírus causador da hepatite B em seres humanos (KUMAR et al., 

2020).  

Essa técnica consiste na utilização de dois pares de primers em uma 

mesma reação de PCR, os primers outer são não alelo específicos e são 

responsáveis por amplificar a região onde se encontra o SNP, enquanto os 

primers inner são alelo específicos e irão produzir fragmentos relacionados a 

estes (Figura 2) (MEDRANO e OLIVEIRA, 2014). Kumar e colaboradores 

(2020), recentemente validaram a técnica e os primers desenvolvidos para a 

detecção do haplótipo HH1 em bovinos da raça Holandesa. 
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Figura 2. Representação esquemática de um gel de eletroforese com reação 

de ARMS-PCR. 

 

 

 

Fonte: MEDRANO e OLIVEIRA, 2014 

 

 

A genética da raça Holandesa no Brasil é constituida da importação de 

sêmen, embriões e animais provenientes dos EUA, Europa e Canadá (COSTA 

et al., 2000). Em 2017, de acordo com autores, o Brasil importou 2,4 milhões 

de doses de sêmen provenientes de diversos países (SIEKLICKI et al., 2020). 

No Brasil, não se há estudos ou conhecimento sobre a prevalência da mutação 

em nosso rebanho, sendo este considerado como o primeiro trabalho a avaliar 

a prevalência da mutação em nossos animais. 
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Abstract 

APAF1 is an autosomal recessive inherited mutation, associated with haplotype 

1 (HH1) and characterized by a substitution of a cytosine for a thymine (c.1741C>T) in 

chromosome 5. The mutation is associated with the Holstein cattle breed and causes 

fetal and embryonic loss, during the 60th and 200th day of gestation, and reduced 

conception rate. Studies about the mutation were performed in the USA, France, Russia, 

Japan, and Poland, where the frequency of the mutation varies from 1.48% to 65%. 

However, there are no studies and knowledge about the mutation in Brazil. This study 

aimed to verify the prevalence of the APAF1 mutation in Brazilian Holstein cattle. A 

total of 248 DNA samples of clinically healthy animals (n=210 cows and n=38 bulls) 

were used. DNA fragments were amplified by PCR and sequenced. The genotype of 

each animal was analyzed and compared to the nucleotide sequence of the APAF1 gene 

found on GenBank. There were no carriers in the analyzed samples, that is, all animals 

tested were wild type. Therefore, under the conditions in which this study was carried 

out, it can be inferred that APAF1 seems to be extremely rare in the population of 

Holstein cattle in Brazil, although it is not possible to affirm that no animals are 

carrying mutated alleles in Brazil. 

 

Keywords: Bos taurus; Embryonic and fetal loss; Genetic disease; Prevalence study 

 

 

 

 



27 
 

 
 

The APAF1 protein is an important molecule in the cell apoptosis process (Müller 

et al., 2005) and central nervous system development during embryogenesis (Yoshida et 

al., 1998). The mutation is an autosomal recessive inherited disease, associated with 

HH1 and characterized by a substitution of a cytosine for a thymine (c.1741C>T) in 

chromosome 5 (Adams et al., 2016). This substitution causes a stop codon and truncates 

670 amino acids of the encoded protein (Adams et al., 2016). In Holstein cattle, the 

mutation causes fetal and embryonic loss, during the 60th and 200th day of gestation, and 

reduced conception rate, and was estimated to cause more than 500 thousand abortions 

and a loss of U$ 450 million dollars to the dairy industry (Adams et al., 2016).  

Studies performed in the USA (Adams et al., 2012; Adams et al., 2016), France 

(Fritz et al., 2013), Russia (Romanenkova et al., 2016; Romanenkova et al., 2017; 

Khatib, Mazur and Prokhortchouk, 2020), Japan (Ghanem et al., 2018) and Poland 

(Kamiński, 2020) demonstrated that the prevalence of the mutation varies from 1.48% 

to 65%.  

The diagnosis is made by polymerase chain reaction (PCR) test and genetic 

sequencing of the animal, besides that, other tests like single-stranded conformation 

PCR (Kamiński, 2020), allelic specific PCR (Ghanem et al., 2018), and amplification 

refractory mutation system (ARMS-PCR) (Kumar et al., 2020) were also used. 

The ARMS-PCR is considered a simple and low-cost method to determinate SNPs 

with no need for genetic sequencing of the animal genome (Medrano and Oliveira, 

2014), and it has been used in screenings of mutations and detection of hepatitis B virus 

in humans (Kumar et al., 2020). The technique has been recently validated to determine 

the HH1 in Holstein cattle (Kumar et al., 2020). 

The genetics of the Holstein breed in Brazil consists of the importation of semen, 

embryos, and animals from the USA, Europe, and Canada (Sieklicki et al., 2020). 
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However, there no studies and knowledge about the mutation in Brazil. This study 

aimed to verify the prevalence of the APAF1 mutation in Brazilian Holstein cattle. 

This study was approved on 11 February 2019 by the Institutional Animal Care and 

Use Committee (0008/2019 – CEUA – UNESP) and samples were collected under a 

strict confidentiality agreement to ensure the anonymity of establishments, owners, and 

animals. A prevalence of 32.5% was assumed, based on Adams and collaborators 

(2012) study, where 65% of the animals were heterozygous and taking into account the 

presence of wild-type animals. Based on the population of Holstein cattle registered in 

the Brazilian Association of Holstein Cattle Breeders in the states of Paraná (22.784 

animals) and São Paulo (5.399 animals) in 2018, and using a 5% margin of error, and 

95% confidence interval to calculate the sample size (OpenEpi software). The sample 

size recommended was 234 animals.  

A total of 248 Holstein DNA samples (n=210 cows and n=38 bulls) were used in 

this study. These samples were obtained from four dairy farms, and three animal 

reproduction centers. The inclusion criteria for the study were cows should have 

lactated or gestated at least twice, bulls should be used for breeding and the animals 

should be registered in the breed association. A questionnaire was applied to 

characterize the propriety, herd, animal and reproductive and productive indexes. 

Specific primers for PCR and ARMS-PCR techniques were designed using online 

tools Primer Express – Applied Biosystem and Primer 1 – Search and Frame, 

respectively, and online tool BLAST – Basic Local Alignment Search Tool. Primers 

and amplicons are described in Table 1. The obtained sequences and the 

electropherograms were analyzed using Sequencher (Gene Code Corporation). 
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A total of 248 Holstein DNA samples (n=210 cows and n=38 bulls) were analyzed. 

All animals assessed in this study were identified as wild-type for APAF1 mutation. 

That is, there were no carriers in this population. 

All samples were analyzed through the ARMS-PCR technique and sequenced for 

confirmation of the genotype, comparison to the recently validated technique (Kumar et 

al., 2020), and possible validation of the method and primers developed.  

According to the questionnaire applied, we observed that 29/210 cows (13.81%) 

had embryonic absorption, 13/210 (6.19%) fetal death, 26/210 (12.38%) spontaneous 

abortions, and 33/210 (15.71%) episodes of embryonic absorption, fetal death, and 

spontaneous abortions between the 60th and 200th day of gestation. Cows were 

immunized against brucellosis, IBR, BVD, leptospirosis, mastitis, rabies, foot-and-

mouth disease, keratoconjunctivitis and clostridiums. 

The present study is the first report of the prevalence of APAF1 mutation in 

Brazilian Holstein cattle. Considering that inbreeding is a common practice in bovine 

reproduction and production (Adams et al., 2016; Sieklicki et al., 2020), there are 

differences between the frequency of occurrence of APAF1 in some Holstein 

populations, since knowledge about HH1, and implementation of reproduction methods 

to eliminate the mutation in the breed (Adams et al., 2016). 

None of the studies performed until then evaluated the propriety, herd, animal, and 

reproductive and productive indexes, only the prevalence of APAF1 mutation. Although 

the clinical signs observed may be caused by the mutation, none of them were 

associated with it, since all cows were wild-type, and we cannot affirm what caused 

these signs, since no diagnostic tests were performed.  

The authors state that the primers work in the genotypic classification and 

determination of wild-type animals. However, we cannot affirm that the primers have 
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100% effectiveness in genotypic determination since no heterozygous animals were 

found under the circumstance of this study, and, in 6 cow samples, there were no 

amplicons for primers outer. These animals were classified as wild-type through Sanger 

direct sequencing and the authors cannot explain why there was no amplicon formation, 

since all samples were submitted to the same conditions of ARMS-PCR. 

In conclusion, the mutation responsible for APAF1 was not detected in this 

prevalence study in the Brazilian Holstein cattle population. Under the conditions in 

which this study was carried out, it can be inferred that although it is not possible to 

affirm that APAF1 does not occur in Brazilian Holstein animals, this disease seems to 

be extremely rare in the population. 
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Table 1 

 

Primers designed and amplicons for the APAF1 mutation point for PCR and ARMS-PCR 
techniques. 
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orientation, disability or health condition unless they are relevant and valid. 
These guidelines are meant as a point of reference to help identify appropriate 
language but are by no means exhaustive or definitive. 

Changes to authorship 
 
Authors are expected to consider carefully the list and order of 
authors before submitting their manuscript and provide the definitive list of 
authors at the time of the original submission. Any addition, deletion or 
rearrangement of author names in the authorship list should be made 
only before the manuscript has been accepted and only if approved by the 
journal Editor. To request such a change, the Editor must receive the following 
from the corresponding author: (a) the reason for the change in author list and 
(b) written confirmation (e-mail, letter) from all authors that they agree with the 
addition, removal or rearrangement. In the case of addition or removal of 
authors, this includes confirmation from the author being added or removed. 
Only in exceptional circumstances will the Editor consider the addition, deletion 
or rearrangement of authors after the manuscript has been accepted. While the 
Editor considers the request, publication of the manuscript will be suspended. If 
the manuscript has already been published in an online issue, any requests 
approved by the Editor will result in a corrigendum. 

Article transfer service 
This journal is part of our Article Transfer Service. This means that if the Editor 
feels your article is more suitable in one of our other participating journals, then 
you may be asked to consider transferring the article to one of those. If you 
agree, your article will be transferred automatically on your behalf with no need 

https://www.elsevier.com/about/policies/sharing/preprint
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
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to reformat. Please note that your article will be reviewed again by the new 
journal. More information. 

Copyright 
 
Upon acceptance of an article, authors will be asked to complete a 'Journal 
Publishing Agreement' (see more information on this). An e-mail will be sent to 
the corresponding author confirming receipt of the manuscript together with a 
'Journal Publishing Agreement' form or a link to the online version of this 
agreement. 

Subscribers may reproduce tables of contents or prepare lists of articles 
including abstracts for internal circulation within their institutions. Permission of 
the Publisher is required for resale or distribution outside the institution and for 
all other derivative works, including compilations and translations. If excerpts 
from other copyrighted works are included, the author(s) must obtain written 
permission from the copyright owners and credit the source(s) in the article. 
Elsevier has preprinted forms for use by authors in these cases. 

For gold open access articles: Upon acceptance of an article, authors will be 
asked to complete an 'Exclusive License Agreement' (more information). 
Permitted third party reuse of gold open access articles is determined by the 
author's choice of user license. 

Author rights 
As an author you (or your employer or institution) have certain rights to reuse 
your work. More information. 

Elsevier supports responsible sharing 
Find out how you can share your research published in Elsevier journals. 

Role of the funding source 
 
You are requested to identify who provided financial support for the conduct of 
the research and/or preparation of the article and to briefly describe the role of 
the sponsor(s), if any, in study design; in the collection, analysis and 
interpretation of data; in the writing of the report; and in the decision to submit 
the article for publication. If the funding source(s) had no such involvement then 
this should be stated. 

Open access 
 
Please visit our Open Access page for more information. 

Elsevier Researcher Academy 
Researcher Academy is a free e-learning platform designed to support early 
and mid-career researchers throughout their research journey. The "Learn" 
environment at Researcher Academy offers several interactive modules, 
webinars, downloadable guides and resources to guide you through the process 
of writing for research and going through peer review. Feel free to use these 

https://www.elsevier.com/authors/article-transfer-service
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article
https://www.elsevier.com/journals/the-veterinary-journal/1090-0233/open-access-options
https://researcheracademy.elsevier.com/
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free resources to improve your submission and navigate the publication process 
with ease. 

Language (usage and editing services) 
Please write your text in good English (British usage is preferred, North 
American authors may use American English). Authors who feel their English 
language manuscript may require editing to eliminate possible grammatical or 
spelling errors and to conform to correct scientific English may wish to use 
the English Language Editing service available from Elsevier's WebShop. 
 
Please note that there are a number of commercial organisations that will assist 
non-English speaking Authors in preparing their manuscripts for publication in 
international peer-reviewed journals. Further advice is available from Elsevier 
at https://www.elsevier.com/locate/languagepolishing . Some such services only 
offer help to improve the use of English and it remains the Authors responsibility 
to ensure that TVJ's layout and formatting requirements are also met. 
 
Our online submission system guides you stepwise through the process of 
entering your article details and uploading your files. The system converts your 
article files to a single PDF file used in the peer-review process. Editable files 
(e.g. Word) are required to typeset your article for final publication. All 
correspondence, including notification of the Editor's decision and requests for 
revision, is sent by e-mail. 

Options will be given for Authors to select a set of classifications for their 
papers, as well as a category designation (Original Article, Review, Short 
Communication etc.), from a given list. 

Authors must submit articles in WORD format and not as PDF files. PDF proofs 
will be automatically generated from uploaded files and these are used for 
subsequent reviewing. For queries concerning the submission process or 
journal procedures please visit the Elsevier Support Center. 

The Corresponding Author, who is normally the Author submitting the paper, will 
be asked to confirm that the article is original and is not being considered for 
peer-reviewed publication elsewhere. Submission also implies that all of the 
Authors have approved the paper for release and are in agreement with its 
content. Upon acceptance of the article by The Veterinary Journal, the Author(s) 
will be asked to transfer the copyright of the article to the Publisher. This 
transfer will ensure the widest possible dissemination of information. 

The Corresponding Author will also be required to confirm that all Authors have 
made substantial contributions to (1) the conception and design of the study or 
acquisition of data or analysis and interpretation of data, (2) drafting the article 
or revising it critically for important intellectual content, and (3) final approval of 
the version to be submitted. Contributors who do not meet these criteria for 
authorship should be listed in an Acknowledgements section. Examples of 
those who might be acknowledged include a person who provided purely 
technical help, writing assistance, or a Departmental Chair who gave general 
support. 

http://webshop.elsevier.com/languageediting/
https://www.elsevier.com/locate/languagepolishing
https://service.elsevier.com/app/home/supporthub/publishing/
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Authors are free to recommend 3-5 potential reviewers (although there is no 
guarantee they will be used for peer review). 

Submit your article 
Please submit your article 
via https://https://www.editorialmanager.com/ytvjl/default.aspx. 

 

Peer review 
 
This journal operates a single anonymized review process. All contributions will 
be initially assessed by the editor for suitability for the journal. Papers deemed 
suitable are then typically sent to a minimum of two independent expert 
reviewers to assess the scientific quality of the paper. The Editor is responsible 
for the final decision regarding acceptance or rejection of articles. The Editor's 
decision is final. Editors are not involved in decisions about papers which they 
have written themselves or have been written by family members or colleagues 
or which relate to products or services in which the editor has an interest. Any 
such submission is subject to all of the journal's usual procedures, with peer 
review handled independently of the relevant editor and their research 
groups. More information on types of peer review. 
 
If possible authors are asked to refrain from sending email chasers to the 
journal asking about the status of their paper under review. The Editors aim to 
review your paper as efficiently as possible and the enquiry is unlikely to speed 
up the process. 

Use of Word Processing Software 
 
It is important that the file be saved in the native format of the word processor 
used. The text should be in single-column format. Keep the layout of the text as 
simple as possible. Most formatting codes will be removed and replaced on 
processing the article. In particular, do not use the word processor's options to 
justify text or to hyphenate words. However, do use bold face, italics, subscripts, 
superscripts etc. When preparing tables, please use a table grid, (however use 
only one grid for each individual table and not a grid for each row). The 
electronic text should be prepared in a way very similar to that of conventional 
manuscripts (see also the Guide to Publishing with 
Elsevier: https://www.elsevier.com/guidepublication). Note that source files of 
figures, tables and text graphics will be required whether or not you embed your 
figures in the text. See also the section on Electronic artwork. 
To avoid unnecessary errors you are strongly advised to use the 'spell-check' 
and 'grammar-check' functions of your word processor. 

Article structure 
 
Authors submitting papers that are suitable for consideration but do not comply 
fully with this Guide will be asked to amend the text and re-submit. Model article 

https://https/www.editorialmanager.com/ytvjl/default.aspx
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/guidepublication
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formats in WORD are available in the introduction section of this guide, 
above(click to follow the links as appropriate). 

Original Articles should be no longer than 3,000 words in length, excluding the 
Title page, Abstract, Acknowledgements, Tables, Figures and References. 
Reviews should be about 4,000 words in length and Short Communications up 
to 1,000 words. 

Articles 

Original Articles (word limit 3,000 words) should be arranged as follows: (1) 
Title page; (2) an Abstract of up to 250 words (with no sub-headings), which 
should emphasise objectives, the experimental procedure, results and 
conclusions; up to five alphabetically arranged Keywords in Sentence case 
should be supplied below the Abstract; (3) the main text must be sub-divided 
into Introduction, Materials and methods, Results, Discussion, and Conclusions; 
(4) Conflict of interest statement; (5) Acknowledgements; (6) Appendix: 
Supplementary material (where this is provided; see below); (7) References; (8) 
Tables; (9) Figure legends; (10) Figures (uploaded as separate files); (11) 
Highlights (uploaded as a separate file). The sections should not be numbered. 
Please see the model article provided in the introduction section above. 

Please note: 

• Insert a page break only after the Title page, after the Abstract with Keywords, 
after the References section, between each Table, and before the Legends to 
figures. 

• The Results and Discussion sections must be distinct and not combined. 
• Avoid sub-headings in the Discussion section. 
• References must not be included within the Conclusions section. 
• The first person (I, we, our) must be avoided in the Abstract, but may be used 

elsewhere in the paper. 

Tables should be included within the article and placed sequentially after the 
References, but before the Figure legend(s), with one Table per page. 

Figure legends should be included in the main manuscript file after any Tables. 
Each figure should be uploaded as a separate file (Fig. 1, Fig. 2 etc.). 

Short Communications should follow the requirements for full manuscripts, 
but the text must not exceed 1,000 words and the paper should not be divided 
into conventional sections. Headings for the Abstract, Keywords, 
Acknowledgements, Conflict of interest statement and References should be 
included, but there should be no other headings or subheadings in the main 
text. An Abstract is required and up to five alphabetically arranged Keywords in 
Sentence case should be supplied below it. Please see the model article 
provided in the introduction section above. 
 
Review Articles - may be commissioned or proposed. Authors wishing to 
submit a Review Article to The Veterinary Journal are advised to contact 
TVJL@elsevier.com in advance. Review Articles may cover any relevant aspect 
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of veterinary science or comparative medicine, but must have sufficient scope 
and depth to be able to make an important contribution to the field. Review 
Articles should be written in support of original investigations, which means that 
the authors will have made an important contribution to the field, will have 
published within the field and should be able to cite some of their own relevant 
work. Review Articles should be written as balanced, critical appraisals of 
published evidence, with appropriate reference to the work of published authors 
on the topic. They should be about 4,000 words in length and should follow the 
layout for Original Articles, but with the main text subdivided as appropriate to 
the subject matter, starting with an Abstract and Introduction, and incorporating 
a Conclusions section and a Conflict of interest statement. Sections should not 
be numbered. Please see the model Review Article provided in the introduction 
section above. 

Guest Editorials are commissioned by the Editors; unsolicited Guest Editorials 
will not be accepted. Commissioned Guest Editorials usually have 500-1000 
words of text and must follow the layout of the model article provided in the 
introduction section above. They usually include references (up to a maximum 
of 10), but should not be divided into sections and no Acknowledgements or 
Conflict of interest statement are required. Where a Guest Editorial is 
commissioned to accompany another article, it must refer to that article in the 
text and the reference should be provided at the end of the Editorial. 

Personal Views are commissioned by the Editors; unsolicited Personal Views 
must not be submitted without the agreement of the Editors. Authors must 
follow the format of the model article provided in the intrduction section above. It 
is at the Editors' discretion whether a Personal View should be sent to 
reviewers or whether or not it will be published in The Veterinary Journal. The 
length of the Personal View must be agreed with the Editors in advance of 
submission. 

Subdivision - unnumbered sections 
Divide your article into clearly defined sections. Each subsection is given a brief 
heading. Each heading should appear on its own separate line. Subsections 
should be used as much as possible when cross-referencing text: refer to the 
subsection by heading as opposed to simply 'the text'. 

Essential title page information 
 
• Title. Concise and informative. Titles are often used in information-retrieval 
systems. Avoid abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and 
family name(s) of each author and check that all names are accurately spelled. 
Present the authors' affiliation addresses (where the actual work was done) 
below the names. Indicate all affiliations with a lower-case superscript letter 
immediately after the author's name and in front of the appropriate address. 
Provide the full postal address of each affiliation, including the country name 
and, if available, the e-mail address of each author. 
• Corresponding author. Clearly indicate who will handle correspondence at 
all stages of refereeing and publication, also post-publication. This responsibility 
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includes answering any future queries about Methodology and 
Materials. Ensure that the e-mail address is given and that contact details 
are kept up to date by the corresponding author. 
• Present/permanent address. If an author has moved since the work 
described in the article was done, or was visiting at the time, a 'Present address' 
(or 'Permanent address') may be indicated as a footnote to that author's name. 
The address at which the author actually did the work must be retained as the 
main, affiliation address. Superscript Arabic numerals are used for such 
footnotes. 

Highlights 
 
Highlights consist of a short collection of bullet points that capture the novel 
results of your research as well as new methods that were used during the 
study (if any). Please have a look at the examples here: example 
Highlights. Abstract 
 
A concise and factual abstract is required. The abstract should state briefly the 
purpose of the research, the principal results and major conclusions. An 
abstract is often presented separately from the article, so it must be able to 
stand alone. For this reason, References should be avoided, but if essential, 
then cite the author(s) and year(s). Also, non-standard or uncommon 
abbreviations should be avoided, but if essential they must be defined at their 
first mention in the abstract itself. 

Graphical abstract 
Although a graphical abstract is optional, its use is encouraged as it draws more 
attention to the online article. The graphical abstract should summarize the 
contents of the article in a concise, pictorial form designed to capture the 
attention of a wide readership. Graphical abstracts should be submitted as a 
separate file in the online submission system. Image size: Please provide an 
image with a minimum of 531 × 1328 pixels (h × w) or proportionally more. The 
image should be readable at a size of 5 × 13 cm using a regular screen 
resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You 
can view Example Graphical Abstracts on our information site. 
Authors can make use of Elsevier's Illustration Services to ensure the best 
presentation of their images and in accordance with all technical requirements. 

Acknowledgements 
Collate acknowledgements in a separate section at the end of the article before 
the references and do not, therefore, include them on the title page, as a 
footnote to the title or otherwise. List here those individuals who provided help 
during the research (e.g., providing language help, writing assistance or proof 
reading the article, etc.). 
 

 

 

https://www.elsevier.com/authors/journal-authors/highlights
https://www.elsevier.com/authors/journal-authors/highlights
https://www.elsevier.com/authors/journal-authors/graphical-abstract
https://webshop.elsevier.com/illustration-services/
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Prior presentation of data 

Prior presentation of results, in the form of abstracts, posters or oral 
presentations at conferences, must be mentioned clearly in the 
Acknowledgements, with wording along the lines of: "Preliminary results were 
presented as an Abstract at the 9th International Congress of Veterinary 
Virology, Madrid, 4-7 September 2012." 

Formatting of funding sources 
List funding sources in this standard way to facilitate compliance to funder's 
requirements: 

Funding: This work was supported by the National Institutes of Health [grant 
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant 
number zzzz]; and the United States Institutes of Peace [grant number aaaa]. 

It is not necessary to include detailed descriptions on the program or type of 
grants and awards. When funding is from a block grant or other resources 
available to a university, college, or other research institution, submit the name 
of the institute or organization that provided the funding. 

If no funding has been provided for the research, please include the following 
sentence: 

This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors. 

Nomenclature and Units 
 
Units. Metric units must be used. If other units need to be given, they must be 
placed in brackets after the Metric equivalent. Units, symbols and abbreviations 
of units should conform to the International System of Units as defined in Baron, 
D.N., McKenzie-Clarke, H., 2008, Units, Symbols and Abbreviations: A Guide 
for Authors and Editors in Medicine and Related Sciences, 6th Ed., The Royal 
Society of Medicine, London (available here). All other abbreviations should be 
unambiguous and should be clearly explained where they are first mentioned in 
the Abstract and text. Do not list abbreviations separately. 

Note that litre is abbreviated to 'L', millilitre 'mL', (also mmol/L etc.); probability is 
given as P (upper case italics), as in P<0.05; also note 'Student's t test' and 
Mann-Whitney U test; correlation coefficient r as in r = 0.92, coefficient of 
determination, r2 as in r2 = 0.72; standard deviation and standard error should 
be abbreviated to SD and SE, respectively, but defined when first used; hour, 
minute and second are abbreviated to h, min and s; day, week and year are 
given in full. For drug dose frequency use e.g. 'three times daily' or '8-hourly' 
rather than Latin terms such as t.i.d. or q 8 h. Where centrifugation has been 
performed, use g values not rpm. Other common abbreviations include 'IV' for 
intravenous or intravenously, 'IM' for intramuscular or intramuscularly, 'SC' for 
subcutaneous and subcutaneously, 'PO' for per os or orally; 'vs.' can be used 

http://www.hoddereducation.co.uk/Title/9781853156243/Units,_Symbols,_and_Abbreviations,_Sixth_edition.htm
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for 'versus'. Use the abbreviation G for gauge of needle. The symbol for 
degrees Celsius should be written in the format '°C', with the value separated 
from the unit by a space, e.g. '37 °C'. Use the WORD symbols for ±, Greek 
letters etc. Percentages should be referred to as, for example, '15%' or 'Fifteen 
per cent' when starting a sentence. Note also 'post-mortem' and 'ante-mortem'. 

When a number is followed by a unit use the digits as in '10 mL' unless starting 
a sentence in which case write in full 'Ten microlitres'. When the number 
describes a quantity of items write the number in full up to nine as 'four sheep' 
or 'nine tubes' then in digital form thereafter as '24 horses' or '200 blood 
samples'. Avoid the symbol # or abbreviation 'No.' for 'number'. 

Single ('...') quotation marks should be used for specific extracts, as in: "A 
PubMed search utilising the search terms 'canine castration local anaesthesia' 
returned three publications." Where a reference is cited or a quote given, use 
single quotation marks and place the text in italic font as: "However, in the 
'Recommended Guideline for the Conduct and Evaluation of Prognostic Studies 
in Veterinary Oncology' developed recently by the American College of 
Veterinary Pathologists ..." Double ("...") quotation marks should be avoided. 

Anatomical terminology. Terminology should comply with the World Association 
of Veterinary Anatomists Nomina Anatomica Veterinaria (2005) and terms 
should be given in English where possible, unless the paper is a specialist 
anatomy paper 
(see: http://www.wava-amav.org/Downloads/nav_2005.pdf). 
 
Currencies. A footnote should be inserted at first use if a currency is given in the 
text, as in 'UK£5001' and conversion rates provided using the following three 
currencies US$, UK£ and Euros (€). The footnote should read as appropriate, 
for example: '£1 = approx. US$1.60, €1.24 at 2 December 2012.' Rates can be 
updated by the Author at proof stage if necessary. An easy to use currency 
converter is available here: http://uk.reuters.com/business/currencies. 

Manufacturers. Manufacturers and suppliers should be indicated within the text 
after the name of the product. For example: 'diazepam (Valium, Roche)' or 
'using an infusion pump (Medfusion 2010, Medex)'. Addresses/locations of 
manufacturers should not be given and the use of ® or ™ should be avoided. 
Note: proprietary names must not appear in the title or Abstract. Trade names 
are provided once only in the Materials and methods; elsewhere they are 
referred to as Product/Drug/Vaccine A, Product/Drug/Vaccine B etc., as 
appropriate. 

Nucleotide sequences 

-Submission of a manuscript implies that primary nucleotleotide sequence data 
will be deposited with an internationally available repository. Sequence 
reference numbers should be provided, where appropriate, in the main text, 
Tables, Figures or as an e-only supplementary file. 

http://www.wava-amav.org/Downloads/nav_2005.pdf
http://uk.reuters.com/business/currencies
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Controls for immunohistochemistry/immunocytochemistry - Please confirm that 
proper negative controls are used - See: The Histochemical Society's 
standards: http://jhc.sagepub.com/content/early/2014/07/31/002215541454522
4.full.pdf 

Artwork 
 
Figures. The quality of all Figures submitted must be high. The Editors will 
reject Figures of an unacceptable standard or ask the Authors to replace them. 
Figures should be referred to sequentially in the text as Fig. 1, Fig. 2, Figs. 3a,b 
and 4, etc. A Legend must be provided for each Figure and placed after any 
Tables in the main manuscript file. Do not write legends on the figures 
themselves. Scale bars must be provided on all photomicrographs and electron 
micrographs. 

In preparing figures, Authors should note the following: 

• Make sure you use uniform lettering and sizing of your original artwork. 
• Save text in figures as ''graphics'' or enclose the font. 
• Only use the following fonts in your figures: Times New Roman, Arial, Courier, 

Helvetica, Symbol. 
• Number the figures according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Provide all figures as separate files. 
• Produce images near to the desired size of the printed version. 
• Ensure that all units and wording in the figures conform to TVJ style (see Units 

above). 

 

Please note that each figure must be uploaded to the journal website separately and 

not included in the main manuscript. 

Electronic artwork 
General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Embed the used fonts if the application provides that option. 
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New 
Roman, Symbol, or use fonts that look similar. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Provide captions to illustrations separately. 
• Size the illustrations close to the desired dimensions of the published version. 
• Submit each illustration as a separate file. 
• Ensure that color images are accessible to all, including those with impaired 
color vision. 

A detailed guide on electronic artwork is available. 
You are urged to visit this site; some excerpts from the detailed 
information are given here. 
Formats 
If your electronic artwork is created in a Microsoft Office application (Word, 

http://jhc.sagepub.com/content/early/2014/07/31/0022155414545224.full.pdf
http://jhc.sagepub.com/content/early/2014/07/31/0022155414545224.full.pdf
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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PowerPoint, Excel) then please supply 'as is' in the native document format. 
Regardless of the application used other than Microsoft Office, when your 
electronic artwork is finalized, please 'Save as' or convert the images to one of 
the following formats (note the resolution requirements for line drawings, 
halftones, and line/halftone combinations given below): 
EPS (or PDF): Vector drawings, embed all used fonts. 
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum 
of 300 dpi. 
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a 
minimum of 1000 dpi. 
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), 
keep to a minimum of 500 dpi. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); 
these typically have a low number of pixels and limited set of colors; 
• Supply files that are too low in resolution; 
• Submit graphics that are disproportionately large for the content. 

Color artwork 
Please make sure that artwork files are in an acceptable format (TIFF (or 
JPEG), EPS (or PDF), or MS Office files) and with the correct resolution. If, 
together with your accepted article, you submit usable color figures then 
Elsevier will ensure, at no additional charge, that these figures will appear in 
color online (e.g., ScienceDirect and other sites) regardless of whether or not 
these illustrations are reproduced in color in the printed version. For color 
reproduction in print, you will receive information regarding the costs 
from Elsevier after receipt of your accepted article. Please indicate your 
preference for color: in print or online only. Further information on the 
preparation of electronic artwork. 

Tables 
 
Each Table should be typed on a separate page, numbered (1, 2 etc.) and a 
brief title given directly above each table. Footnotes to tables should be 
indicated by a, b etc. and typed at the bottom of the relevant table. Information 
in tables should not be duplicated in figures and vice versa. 

References 

Citation in text 
Please ensure that every reference cited in the text is also present in the 
reference list (and vice versa). Any references cited in the abstract must be 
given in full. Citation of a reference as 'in press' implies that the item has been 
accepted for publication. Review articles should be cited only to support 
generally acknowledged principles, and at the discretion of the Handling Editor. 
Conference proceedings and textbook references are only acceptable where 
other peer-reviewed sources do not exist, and only at the Handling Editor's 
discretion. Statements citing such sources should make it clear that the citation 
has not been peer-reviewed. 

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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Websites 
If a website is used to reference any document in a manuscript, it should be set 
out as a footnote on the page where it first appears; it should not appear in the 
References at the end of the manuscript. If an individual web reference is cited 
more than once in the manuscript, the footnote number used is as for the first 
time the website was cited. The footnote number should be inserted manually in 
the text where the website is cited for the second or subsequent time. At the 
foot of the page, provide the link as follows: '1See: Basic Local Alignment 
Search Tool. http://www.ncbi.nlm.nih.gov/blast.(accessed 19 April 2018).' It is 
the Authors' responsibility to check that all URLs are active and live at proof 
stage and if not then the text must be amended accordingly. 

Data references 
This journal encourages you to cite underlying or relevant datasets in your 
manuscript by citing them in your text and including a data reference in your 
Reference List. Data references should include the following elements: author 
name(s), dataset title, data repository, version (where available), year, and 
global persistent identifier. Add [dataset] immediately before the reference so 
we can properly identify it as a data reference. The [dataset] identifier will not 
appear in your published article. 

Reference management software 
Most Elsevier journals have their reference template available in many of the 
most popular reference management software products. These include all 
products that support Citation Style Language styles, such as Mendeley. Using 
citation plug-ins from these products, authors only need to select the 
appropriate journal template when preparing their article, after which citations 
and bibliographies will be automatically formatted in the journal's style. If no 
template is yet available for this journal, please follow the format of the sample 
references and citations as shown in this Guide. If you use reference 
management software, please ensure that you remove all field codes before 
submitting the electronic manuscript. More information on how to remove field 
codes from different reference management software. 
 
Users of Mendeley Desktop can easily install the reference style for this journal 
by clicking the following link: 
http://open.mendeley.com/use-citation-style/the-veterinary-journal 
When preparing your manuscript, you will then be able to select this style using 
the Mendeley plug-ins for Microsoft Word or LibreOffice. 

Reference style 
References should be checked carefully for accuracy and corrected manually to 
ensure the format matches exactly the TVJ style described below. 

Only essential references should be included. Text citations can be in either of 
two ways: (a) with date in parentheses, e.g. as demonstrated by Mills (2011); or 
(b) with names and dates in parentheses, e.g. according to recent findings 
(Mills, 2011). If a citation has more than two Authors the first Author should be 
given followed by et al. in standard text format (not italicised), e.g. Jones et al. 
(2007) or (Jones et al., 2007). Where lists of references are cited in the text, 
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https://citationstyles.org/
https://www.mendeley.com/reference-management/reference-manager/
https://service.elsevier.com/app/answers/detail/a_id/26093/
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they should be placed first chronologically and then alphabetically, e.g. (Philbey 
et al., 2003; Cassidy and Mills, 2005; Litster, 2010). If two or more references 
by the same Author(s) published in the same year are cited, they should be 
distinguished from each other by placing a, b, etc. after the year, e.g., (Laven, 
2011a, b; Laven and Smith, 2010a, b). Personal communications should be 
designated as '(E.A. Blomme, personal communication)'. 

Papers that are in press may be cited using the year of acceptance where the 
digital object identifier (doi number) has been allocated. This can be updated to 
the year of print publication at the proof stage if the cited paper has been 
published. In the Reference list, quote the doi number where details of the 
journal volume and page numbers are yet not known. 

Where a paper in press is cited in the manuscript, the Authors may be asked to 
make a copy of the proofs available to the editors and reviewers. 

The Reference list at the end of the paper should be arranged first 
alphabetically and then further sorted chronologically if necessary. References 
should be single spaced and a line break should be inserted between each 
reference. All Authors should be included up to 10, after which you should write 
'et al.'; Please note that, in all cases Journal titles must be given in full. Volume 
numbers and full page numbers should be provided, but issue numbers should 
be omitted. Where a Supplement is cited, give the Supplement number e.g. 
'Equine Veterinary Journal Supplement 37' or 'Journal of Reproduction and 
Fertility 54 (Suppl. 1), 115-126'. Where selected pages only have been 
consulted, such as in a book, this is given by 'pp. 237-240' or 'p. 456' (see 
below). 

References should be set out as follows: 

Journal reference - Yang, Y., Dahly-Vernon, A.J., Blomme, E.A.G., Lai-Zhang, 
J., Kempf, D.J., Marsh, K.C., Harrington, Y.A., Nye, S.H., Evans, D.L., Roman, 
R.J. et al., 2010. Liver transcriptomic changes associated with ritonavir-induced 
hyperlipidemia in sensitive and resistant strains of rats. The Veterinary Journal 
185, 75-82. 

Book reference - Cunningham, J.C., Klein, B.G., 2007. Endocrinology. In: 
Textbook of Veterinary Physiology, Fourth Edn. Saunders Elsevier, St. Louis, 
MO, USA, pp. 439-448. 

Proceedings - Elbers, A.R., Mintiens, K., Staubach, C., Gerbier, G., Meiswinkel, 
R., Hendrinckx, G., Backx, A., Conraths, F.J., Meroc, E., Ducheyne, E., et al., 
2007. Bluetongue virus serotype 8 epidemic in North-western Europe in 2006: 
Preliminary findings. Proceedings of the Annual Meeting of the Society for 
Veterinary Epidemiology and Preventive Medicine, Dipoli, Finland, 28th-30th 
March 2007 pp. 231-245. 
 
Theses - Duz, M. 2009. Assessment of a methodology for determination of 
H2O2 concentration and pH in exhaled breath condensate in horses with and 
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without lower airway inflammation. Thesis, Master of Veterinary Medicine, 
University of Glasgow, United Kingdom. 

Web addresses - FAOSTAT, 2008. Food and Agricultural Organization 
Statistical Database: Live Animals. http://faostat.fao.org (accessed 15 July 
2010). 

Supplementary material 
 
Supplementary material such as applications, images and sound clips, can be 
published with your article to enhance it. Submitted supplementary items are 
published exactly as they are received (Excel or PowerPoint files will appear as 
such online). Please submit your material together with the article and supply a 
concise, descriptive caption for each supplementary file. If you wish to make 
changes to supplementary material during any stage of the process, please 
make sure to provide an updated file. Do not annotate any corrections on a 
previous version. Please switch off the 'Track Changes' option in Microsoft 
Office files as these will appear in the published version. 
 
Where Supplementary data are provided (see further information below), use 
the following wording in the main text after the Acknowledgements: 

Appendix: Supplementary material 

Supplementary data associated with this article can be found, in the online 
version, at https://doi.org/...' 

Research data 
 
This journal encourages and enables you to share data that supports your 
research publication where appropriate, and enables you to interlink the data 
with your published articles. Research data refers to the results of observations 
or experimentation that validate research findings. To facilitate reproducibility 
and data reuse, this journal also encourages you to share your software, code, 
models, algorithms, protocols, methods and other useful materials related to the 
project. 

Below are a number of ways in which you can associate data with your article or 
make a statement about the availability of your data when submitting your 
manuscript. If you are sharing data in one of these ways, you are encouraged to 
cite the data in your manuscript and reference list. Please refer to the 
"References" section for more information about data citation. For more 
information on depositing, sharing and using research data and other relevant 
research materials, visit the research data page. 

Data linking 
If you have made your research data available in a data repository, you can link 
your article directly to the dataset. Elsevier collaborates with a number of 
repositories to link articles on ScienceDirect with relevant repositories, giving 
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readers access to underlying data that gives them a better understanding of the 
research described. 

There are different ways to link your datasets to your article. When available, 
you can directly link your dataset to your article by providing the relevant 
information in the submission system. For more information, visit the database 
linking page. 

For supported data repositories a repository banner will automatically appear 
next to your published article on ScienceDirect. 

In addition, you can link to relevant data or entities through identifiers within the 
text of your manuscript, using the following format: Database: xxxx (e.g., TAIR: 
AT1G01020; CCDC: 734053; PDB: 1XFN). 

Mendeley Data 
This journal supports Mendeley Data, enabling you to deposit any research data 
(including raw and processed data, video, code, software, algorithms, protocols, 
and methods) associated with your manuscript in a free-to-use, open access 
repository. During the submission process, after uploading your manuscript, you 
will have the opportunity to upload your relevant datasets directly to Mendeley 
Data. The datasets will be listed and directly accessible to readers next to your 
published article online. 

For more information, visit the Mendeley Data for journals page. 

Data statement 
To foster transparency, we encourage you to state the availability of your data 
in your submission. This may be a requirement of your funding body or 
institution. If your data is unavailable to access or unsuitable to post, you will 
have the opportunity to indicate why during the submission process, for 
example by stating that the research data is confidential. The statement will 
appear with your published article on ScienceDirect. For more information, visit 
the Data Statement page. 

 

Online proof correction 
 
To ensure a fast publication process of the article, we kindly ask authors to 
provide us with their proof corrections within two days. Corresponding authors 
will receive an e-mail with a link to our online proofing system, allowing 
annotation and correction of proofs online. The environment is similar to MS 
Word: in addition to editing text, you can also comment on figures/tables and 
answer questions from the Copy Editor. Web-based proofing provides a faster 
and less error-prone process by allowing you to directly type your corrections, 
eliminating the potential introduction of errors. 
If preferred, you can still choose to annotate and upload your edits on the PDF 
version. All instructions for proofing will be given in the e-mail we send to 
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authors, including alternative methods to the online version and PDF. 
We will do everything possible to get your article published quickly and 
accurately. Please use this proof only for checking the typesetting, editing, 
completeness and correctness of the text, tables and figures. Significant 
changes to the article as accepted for publication will only be considered at this 
stage with permission from the Editor. It is important to ensure that all 
corrections are sent back to us in one communication. Please check carefully 
before replying, as inclusion of any subsequent corrections cannot be 
guaranteed. Proofreading is solely your responsibility. 

Offprints 
 
The corresponding author will, at no cost, receive a customized Share 
Link providing 50 days free access to the final published version of the article 
on ScienceDirect. The Share Link can be used for sharing the article via any 
communication channel, including email and social media. For an extra charge, 
paper offprints can be ordered via the offprint order form which is sent once the 
article is accepted for publication. Both corresponding and co-authors may 
order offprints at any time via Elsevier's Author Services. Corresponding 
authors who have published their article gold open access do not receive a 
Share Link as their final published version of the article is available open access 
on ScienceDirect and can be shared through the article DOI link. 

 
 
Visit the Elsevier Support Center to find the answers you need. Here you will 
find everything from Frequently Asked Questions to ways to get in touch. 
You can also check the status of your submitted article or find out when your 
accepted article will be published. 

Appendix 
 
Reporting Guidelines 

Reporting guidelines are available for a broad range of study designs and allow 
research to be critically evaluated. These guidelines have been designed by 
international scientific teams to promote the quality of research reporting and to 
ensure there is a transparent, accurate and complete account of the research. 
The guidelines are freely available and include the following: 

1. Standards for the reporting of diagnostic accuracy studies 
(STARD) http://www.stard-statement.org 
2. Standards for the reporting of observational studies in epidemiology 
(STROBE) http://www.strobe-statement.org 
3. Outbreak investigation reports and intervention studies of nosocomial 
infection (ORION) http://www.idrn.org/orion.php 
4. Consolidated standards for reporting randomised clinical trials 
(CONSORT) http://www.consort-statement.org 
5. Systematic reviews and meta-analyses (PRISMA) http://www.prisma-

https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article/share-link
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article/share-link
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https://service.elsevier.com/app/answers/detail/a_id/29155/supporthub/publishing/kw/status+submitted+article/
https://service.elsevier.com/app/answers/detail/a_id/5981/kw/5981/p/13783/supporthub/publishing
https://service.elsevier.com/app/answers/detail/a_id/5981/kw/5981/p/13783/supporthub/publishing
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http://www.strobe-statement.org/
http://www.idrn.org/orion.php
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statement.org 
6. Randomised control trials for livestock and food safety 
(REFLECT) http://www.reflect-statement.org/statement 
7. Enhancing the quality and transparency of health research (including good 
publication practice for pharmaceutical companies), economic evaluations and 
qualitative research (EQUATOR) http://www.equator-network.org 

For further information see The Veterinary Journal (2010) 184, 249-250 (view 
article). 
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ANEXOS 

 

ANEXO I 

 

Figura 1. Fotodocumentação de gel de agarose 1,5% com reação de PCR de 

18 amostras de animais testados para o gene APAF1. Seta branca: ladder de 

100pb; seta amarela: produto com 239pb. 

 

 

 

 

Figura 2. Fotodocumentação de gel de agarose 1,5% com reação de ARMS-

PCR de 18 amostras de animais testados para o gene APAF1. Seta branca: 

ladder de 100pb; seta azul: produto dos primers outer (439pb); seta verde: 

produto indicando o alelo C (286pb); seta vermelha: animal em que não houve 

produto dos primers outer. 
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Figura 3. Eletroferograma parcial do gene APAF1 contendo o local da mutação 

(em preto). Nucleotídeo substituído na posição p.Q579X (c.1741C>T). 
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Figura 4. Heredograma de 33 touros coletados para avaliação da frequência alélica da mutação APAF1. 
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ANEXO II 
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ANEXO III 
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ANEXO IV 
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ANEXO V 
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ANEXO VI 
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