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Resumo

Os objetivos deste estudo foram avaliar as caracteristicas relacionadas a resisténcia
parasitaria e a diversidade genética de ovinos da ragca Morada Nova. 61 animais
naturalmente infectados foram rotineiramente avaliados. As caracteristicas relacionadas
a avaliacdo da resisténcia parasitaria foram: pesagem, escore de condi¢cdo corporal
(ECC), contagem de ovos por grama de fezes (OPG), coprocultura, volume globular (VG),
hemoglobina (Hb) contagem eritrécitos e leucdcitos totais, diferencial de leucdcitos.
Foram realizadas andlise de variancia considerando medidas repetidas, a correlacdo de
Pearson entre as caracteristicas. Para a avaliagdo da diversidade genética foram
estimados o numero de alelos diferentes (Na), numero de alelos (Ne), heterozigosidade
observada (Ho), heterozigosidade esperada (He), indice de fixacdo (F), andlise de
conteudo de informacéo polimaérfica (PIC) utilizando o software GenAlEx, o equilibrio de
Hardy-Weinberg (HWE) foi estimado através do teste exato de Fisher e a riqueza alélica
populacional (AR) foi estimado usando o software HP-RARE 1.0. 45% dos animais eram
resistentes a 43,3% resilientes e 11,7% suscetiveis. Através de caracteristicas ligadas a
infeccdo parasitaria, observaram-se variacbes entre as categorias que ajudaram a
identificar ovinos resistentes, resilientes e suscetiveis aos nematoides gastrintestinais.
Observou-se diversidade genética moderada, sugerindo a implantacéo de programas de
melhoramento visando a conservacédo da diversidade genética. Os resultados obtidos
podem ser utilizados como base em programas de selecdo através das caracteristicas
estudas, além de ser um alerta sobre a pouca importancia dada a diversidade das racas
voltadas para producéo animal.

Palavras chave: endogamia, nematoides, infec¢ao parasitaria recurso genético.



ABSTRACT

The aim of this study was to evaluate the characteristics related to parasite resistance and
genetic diversity of Morada Nova sheep breed. 61 naturally infected animals were
routinely evaluated. The characteristics related to the evaluation of parasitic resistance
were: weighing, body condition score (BCS), feces egg counting (FEC), coproculture,
packed cell volum volume (PCV), hemoglobin (Hb), erythrocytes and total leukocytes
counts, the differential of leukocytes. We performed a variance analysis considering
repeated measures and the Pearson correlation between the characteristics. For the
genetic diversity evaluation, the number of different alleles (Na), number of alleles (Ne),
observed heterozygosity (Ho), expected heterozygosity (He), fixation index (F),
polymorphic information content analysis (PIC) using the GenAlEx software, Hardy-
Weinberg equilibrium (HWE) was estimated using Fisher's test and allelic richness (RA)
was estimated using HP-RARE 1.0 software. 45% of the animals were resistant to 43.3%
resilient and 11.7% susceptible. Through characteristics related to the parasitic infection,
variations were observed among the categories that helped to identify resistant, resilient,
and susceptible sheep to the gastrointestinal nematodes. It was observed a moderate
genetic diversity, suggesting the implantation of breeding programs aiming the
conservation of the genetic diversity. The results obtained can be used as a basis in
selection programs through the characteristics studied, besides being an alert about the

little importance given to the diversity of the animal production breed.

Key words: endogamy, nematodes, parasite infection, genetic resource.
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1. INTRODUCAO

A ovinocultura € uma atividade explorada em todos os continentes, e esta presente
em areas que apresentam diversas caracteristicas edafoclimaticas, no entanto, somente
em alguns paises a atividade apresenta expressdo econdmica (VIDAL et al., 2006). O
Brasil, apesar de ser um dos maiores produtores e exportadores de proteina animal do
mundo, ndo mantem a ovinocultura como atividade estabelecida na agroindustria quanto
as producdes de aves, suinos e bovinos, passando por constante reestruturacao, emerge
como alternativa de exploracao econémica para médios e pequenos produtores e a oferta
ndo chega a atender o mercado interno e boa parte da carne consumida € importada de
paises vizinhos (VIANA; MORAES; DORNELES, 2015).

Com a crescente demanda pela carne de ovinos, sua criagdo passou a ser
estimulada e pequenos rebanhos comecaram a ser explorados economicamente,
produtores investiram na introducéo de racas especializadas (PANZIERA et al., 2018),
visando principalmente a melhoraria na carne de cordeiro, produto de maior interesse no
mercado. No entanto, o crescimento do setor enfrenta dificuldades que comprometem a
sua expansao e problemas como logistica, baixa disponibilidade de frigorificos para abate
e as questdes relacionados a sanidade exercem importante influéncia na expansao da
atividade.

Entre outros, a infeccdo parasitaria, ainda é considerada o principal problema
sanitario na criagcdo de pequenos ruminantes, sendo 0os nematodeos gastrintestinais,
especialmente os da espécie Haemonchus contortus, 0s mais numerosos, amplamente
distribuidos e que resultam em prejuizos econémicos e sanitarios mais severos (Ferreira

et al., 2017; Santos et al., 2012).
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O controle parasitario foi e ainda é realizado primordialmente com a utilizacéo de
anti-helminticos, o facil acesso, e a falta de orientacdo adequada para sua utilizacao,
contribuiu com a ineficacia de suas acdes e 0s parasitas apresentaram resisténcia aos
diferentes principios ativos disponiveis no mercado (KAPLAN; VIDYASHANKAR, 2012).

Por este motivo, métodos ndo quimicos tém sido estudados como alternativa de
controle parasitario e entre elas, a selecdo de ovinos geneticamente resistentes. A
resisténcia aos parasitas gastrointestinais é a habilidade do animal de impedir o
estabelecimento e/ou subsequente desenvolvimento da infeccdo parasitaria. Sendo a
resisténcia ou susceptibilidade aos parasitas uma caracteristica herdavel (KEANE et al.,
2006), a selecdo de animais que apresentem resisténcia inerente combinada a outras
estratégias de controle, pode ser uma das abordagens mais promissoras a ser
empregada nas propriedades.

A resisténcia parasitaria ndo é uma caracteristica absoluta nem é limitada a racas,
devido a variabilidade e diversidade entre e dentro de rebanhos (MACKINNON et al.,
2015). Apesar da resisténcia parasitaria ser uma resposta individual e ndo ser limitada a
racas, é sabido que racas naturalmente adaptadas apresentam melhores respostas ao
desafio da infeccdo ( Mackinnon et al., 2015). Estas racas, geralmente, passaram por
selecéo e reproduziram-se em um ambiente hostil ao qual se adaptaram para diversas
caracteristica incluindo a resisténcia aos parasitas gastrointestinais (Ojeda-Robertos et
al., 2017; Amarante et al., 2004).

Ovinos Morada Nova € uma das principais racas deslanadas do Brasil (MUNIZ et
al.,, 2016), por anos a producdo de ovinos localmente adaptados foi bastante
negligenciada por serem considerados pouco produtivos (AMARANTE et al., 2004). No

entanto, em recentes estudos autores observaram e destacaram o potencial de ovinos
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Morada Nova para uso na producao intensiva de carne (McManus et al., 2009) e sua
utilizacdo como matriz em cruzamentos industriais com racas especializadas
(ISSAKOWICZ et al., 2016).

Estas racas consideradas especializadas para a producédo de carne passam por
selecdo baseados em poucas caracteristicas, apesar da elevada produtividade de
cordeiros nascidos de cruzamentos industriais, a introducdo das racas exoticas pde em
risco diversidade e variabilidade do rebanho podendo até comprometer existéncia das
racas naturalmente adaptadas (PAIVA et al., 2011).

Como alternativa, € proposto que os programas de selecdo ampliem a gama de
caracteristicas visando ndo somente a producédo, mas também a qualidade do produto e
a resisténcia a doencas (MCMANUS; PAIVA; ARAUJO, 2010) em especial a resisténcia
aos parasitas gastrointestinais. E de interesse também, incluir programas de conservacao
de recursos genéticos, mantendo a diversidade das racas localmente adaptadas e
garantir o acesso a seus genes e combinagdes genéticas Unicas que podem ser Uteis na
agricultura d futuro (EGITO; MARIANTE; ALBUQUERQUE, 2002).

A resisténcia do hospedeiro aos parasitas € mensuravel através do seu
desempenho apés os desafios de infeccdo. Estudos foram realizados com o objetivo de
verificar a influéncia das parasitoses gastrintestinais nas caracteristicas produtivas de
ovinos, demonstrando que animais geneticamente resistentes sdo também animais mais
produtivos (BROWN; FOGARTY, 2017)

O peso, escore de condicdo corporal, analises hematoldgicas e a contagem de
ovos por gramas de fezes (OPG), sdo as principais caracteristicas utilizadas para a
identificacdo de animais quanto a resisténcia ou susceptibilidade aos parasitas

(FERREIRA et al.,, 2017). Embora sejam simples e eficientes, as caracteristicas
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mensuradas em laboratério, demandam de mé&o de obra e sédo de custo elevado, ndo
sendo aplicaveis em grandes rebanhos. Como alternativa, sugere-se a utilizacdo de mais
de uma variavel concomitante para a identificacdo dos animais resistentes
(SOTOMAIOR; TANGLEICA; KAIBER, 2007) e por sua vez, adicionar as caracteristicas
de facil observacdo em programas de melhoramento de ovinos.

A identificacdo dos animais resistentes e susceptiveis necessita de metodologias
para diagndstico preciso e precoce dos individuos e a partir disso, explorar a variabilidade
genética existente entre os animais de maior potencial genético para que avancos
significativos na ovinocultura brasileira sejam alcancados tornando a atividade mais

sustentavel, competitiva e economicamente mais representativa para o pais.
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2. OBJETIVOS
Os objetivos desse estudo foram avaliar as caracteristicas relacionadas a resisténcia

parasitaria e a diversidade genética de ovinos Morada Nova.

2.1- Objetivos especificos

Determinar caracteristicas que sejam indicadoras da resisténcia do hospedeiro aos

parasitas gastrointestinais;

Estimar as correlacbes entre as caracteristicas relacionadas a resisténcia aos

parasitas gastrointestinais;

Avaliar a diversidade genética de ovinos da raca Morada Nova.
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3. CAPITULO 1. REVISAO DE LITERATURA

3.1. Infeccéo parasitaria de ovinos

Sao muitos os fatores citados por pesquisadores e produtores como principais
entraves na producéo de ovinos, 0s problemas variam de acordo com a regido, clima e
racas utilizadas, porém ha unanimidade quando discutidos os problemas relacionados as
infeccbes parasitarias como sendo o principal problema na ovinocultura (URIARTE;
LLORENTE; VALDERRABANO, 2003).

As infeccBes parasitarias mais comuns sdo causadas pelos helmintos da classe
nematoda, destacam-se as infeccfes causadas pelos parasitas dos géneros
Trichostrongylus, Ostertagia, Cooperia, Nematodirus, Strongyloides e Haemonchus,
seguidos das infec¢cdes causadas pelos cestdodeos do género Moniézia e coccidioses
causada pelas eimérias (AMARANTE; RAGOZO; SILVA, 2014). Os animais podem ser
parasitados simultaneamente por varias espécies de nematddeos, causando quadros de
gastroenterite parasitaria através de lesdes e inflamacdes na mucosa intestinal ou
anemia por parasitas de habito hematéfago, em ambas, infeccbes 0s ovinos sao
acometidos gravemente (RADOSTITS et al., 2002).

As condicbes ambientais, manejo e frequéncia de tratamento podem exercer
influéncia na diversidade das espécies de parasitas que acometem o0s rebanho, no
entanto, a espécie Haemonchus contortus é que apresenta maior prevaléncia, maior
patogenicidade além de causar os maiores prejuizos na produtividade dos animais e
maiores gastos com tratamentos (VLASSOFF; MCKENNA, 2010; WALLER;

CHANDRAWATHANI, 2005). As regi0es tropicais e subtropicais em que as condi¢des
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climaticas se caracterizam quentes e umidas com adequada pluviosidade favorecem a
infestacdo das pastagens pelo H. contortus (SANTOS; SILVA; AMARANTE, 2012).

Devido ao habito hematéfago do H. contortus, quadros de anemia hemorragica
causada por uma vigorosa succéo de sangue comprometem o desempenho dos animais
gerando grandes perdas econ6micas (MAVROT; HERTZBERG; TORGERSON, 2015;
(VLASSOFF; MCKENNA, 1994). Em quadros mais severos de anemia 0s animais podem
morrer subitamente em consequéncia de gastrite hemorragica grave, este tipo de
infeccdo é caracterizado como Haemoncose aguda e as alteracfes fisiopatoldgicas sao
dependentes da resposta imunolégica de cada animal, que por sua vez, dependem do
nivel de infeccéo, idade, genética, estado nutricional e fisiolégico e também na habilidade
de compensar perdas dos constituintes do sanguineos (AMARANTE; RAGOZO; SILVA,
2014; RADOSTITS, O.M.; GAY, C.C.; BLOOD, D.C.; HINCHCLIFF, 2002).

Outro tipo de infeccdo observada é a haemoncose cronica, caracterizada por
anemia progressiva reducao drastica da ingestdo de alimentos com efeito prejudicial
sobre o crescimento dos animais jovens e, nos animais adultos a reducédo do peso
corpéreo, morbidade, desidratacdo, edema submandibular que em quadros mais
severos, podem se estender ao longo do abdémen ventral (AMARANTE; RAGOZO;
SILVA, 2014). Este tipo de infeccao pode ser observado em periodos de seca quando a
disponibilidade de forragem é restrita e durante o periodo do periparto.

O periparto € o periodo que constitui o terco final da gestacdo e o inicio da
lactacdo, onde a quantidade de ovos de parasitas gastrintestinais eliminado nas fezes
aumenta (ISSAKOWICZ et al., 2016; DAVID et al., 2015). Estudos sugerem que este
fendbmeno seja provocado pela imunossupressao decorrente de variacdes hormonais

concomitantemente as exigéncias nutricionais devido a redu¢cado no consumo de matéria
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seca, decorrente da compressédo do rumen pelo feto (RODRIGUES et al., 2007), esta
queda na imunidade permite o desenvolvimento das larvas em hipobiose, além do
estabelecimento de novas larvas ou maior fecundidade de adultos existentes, o que
resulta no aumento de ovos eliminado nas fezes (COSTA; SIMOES; RIET-CORREA,
2011). Consequentemente ocorre um aumento da contaminacdo das pastagens pelos
estagios de vida livre dos nematodeos contribuindo com a reinfec¢cdo dos animais e maior
oportunidade de transmissédo de um hospedeiro para outro.

Estudos relatam que a nutricdo tem influéncia direta na eficiéncia da resposta
imunoldgica e na capacidade dos animais de suportar as infeccdes, no entanto a situacéo
de equilibrio na relacdo entre parasita e hospedeiro pode ser alterada por diversos
fatores, que incluem o manejo e a condicdo nutricional, porém o rompimento desse
equilibrio €, muitas vezes, produzido indevidamente pela acdo do préprio ovinocultor
(AMARANTE; RAGOZO; SILVA, 2014).

As medidas de manejo empregadas em uma propriedade representam um dos
pontos mais importantes da ovinocultura e devem ser destinadas para suprir
adequadamente as necessidades de acordo com cada categoria, seja ela de idade ou
estado fisiol6égico considerando também a raca (AMARILHO-SILVEIRA et al., 2015). Os
métodos de controle parasitario evoluiram para além da utilizacdo de produtos quimicos
devido a baixa eficacia dos principios ativos existentes no mercado (KAPLAN;
VIDYASHANKAR, 2012), por este motivo, diversas estratégias de controle estédo sendo
exploradas, afim de dar possibilidades do produtor encontrar a que melhor se adeque ao
sistema de producéo explorado de acordo com o0 ambiente e situacdo socioecondmica,

alcancado o sucesso na producéo.
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3.2. Resisténcia aos vermifugos e controle alternativo

As estratégias de controle de parasitas gastrointestinais, em todo o mundo
baseiam-se quase que inteiramente no uso frequente de anti-helminticos. No entanto,
esta estratégia tem sido considerada ineficiente devido ao surgimento de multiplos
parasitas resistentes aos agente quimicos existentes (KAPLAN, 2004).

O uso intensivo de anti-helminticos pertencentes aos grupos dos benzimidazdéis,
dos imidazotiazbis (levamisole) e das lactonas macrociclicas (avermectinas e
milbemicinas) demonstrou um impacto positivo inicialmente, mas atualmente constitui a
forma mais desastrosa de controle, resultando na selecdo e propagacdo de parasitos
resistentes (FORTES; MOLENTO, 2013). Cada vez que um anti-helmintico &
administrado, o animal elimina parasitas suscetiveis e seleciona parasitas resistentes,
gue passam seus genes resistentes para a préxima geracao de parasitas.

A ineficiéncia dos anti-helminticos, infelizmente, estd associada ao facil acesso
aos medicamentos e a falta de diretrizes apropriadas para seu uso, resultando na
aplicacdo indiscriminada em grande escala (VERISSIMO et al., 2012), o curto intervalo
entre os tratamentos, tratamentos supressivos, alternancia rapida de diferentes principios
ativos, introdugéo de animais com parasitas resistentes no bando e 0 uso excessivo,
indiscriminado e continuado de drogas anti-helminticas de longa duracdo como métodos
de controle favorecem o desenvolvimento de isolados de parasitas resistentes a drogas
anti-helminticas.

Esse é um tema de preocupacdo mundial crescente, e representa uma ameaca
ao controle parasitario de medio e longo prazo, tendo em vista a precaria melhoria na

condicao dos animais, mesmo apos o tratamento (KAPLAN; VIDYASHANKAR, 2012).
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A necessidade de métodos alternativos de controle é destacada pelo fato de que
poucas novas classes de drogas anti-helminticas foram lancadas nos ultimos anos
(MCMANUS et al., 2014). Segundo MALLMANN et al. (2018) esperar pelo
desenvolvimento de novos medicamentos para controlar parasitas pode ser um risco,
considerando que o desenvolvimento de novos agentes quimicos pode ser lento, além
de estar sujeito a ineficacia devido a ma utilizacdo assim como 0s principios ativos
anteriormente citados. O Monepantel, foi o primeiros medicamentos de um grupo quimico
totalmente novo a aparecer no mercado apés mais de 25 anos, entretanto apesar do seu
recente desenvolvimento, registros de ineficacia ja foram relatadas (MALLMANN et al.,
2018; ALBUQUERQUE et al., 2017; SCOTT et al., 2013).

O tratamento com anti-helminticos é considerado um dos maiores custos de
producdo em diferentes paises (BROWN; FOGARTY, 2017). No Brasil, segundo
BARBOSA, (2017), a maior demanda por produtos veterinarios ocorre para as especies
produtoras de alimento e, as classes de produtos com maior participacdo no mercado
sdo antiparasitarios e biolégicos. Este fator correlacionado aos enormes prejuizos
causados pelas infeccGe parasitarias, foram predisponentes para a investigacdo de
métodos alternativos de controle.

Os controles alternativos sdo medidas estratégicas que propéem diminuir a
utilizacdo de medicamentos, reduzir a contaminacdo dos animais e da pastagem,
utilizando de métodos menos convencionais (SAYERS; SWEENEY, 2005), tais como;
utilizacao forragens variadas (COSTA et al., 2007), utilizacdo de diferentes fontes de
alimentacédo (DAVID et al., 2015; AFONSO et al., 2010), compostos naturais com acao
anti-helmintica (NORDI et al.,, 2014; KATIKI et al., 2013), utilizacdo de vacinas

(BASSETTO; AMARANTE, 2015), pastejo alternado entre espécies (BRITO et al., 2013)
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e entre outros a selecdo de animais geneticamente resistentes (WILKIE et al., 2017;
BERTON et al., 2017; BENAVIDES; SONSTEGARD; VAN TASSELL, 2016; RIGGIO et
al., 2013).

Os métodos de controle genético envolvem a selecéo de individuos resistente aos
parasitas gastrointestinais (ZVINOROVA et al., 2016). Inumeros estudos foram e ainda
estdo sendo conduzidos em busca de genes associados a resisténcia parasitaria de
ovinos (BENAVIDES; SONSTEGARD; VAN TASSELL, 2016; SALLE et al., 2012).

Embora o melhoramento genético voltado para a resisténcia a infec¢ao parasitaria
seja uma técnica atraente, ha dificuldades de implementacdo da estratégia nas
propriedades, a falta de informacdo dos produtores, falta de registros de dados e o
diagnoéstico preciso de animais resistentes sdo 0s principais elementos a serem
trabalhados para a inicializagdo do melhoramento genético de ovinos tendo como
principal caracteristica observada a resisténcia aos parasitas gastrointestinais

(ZVINOROVA et al., 2016).

3.3 Melhoramento genético de ovinos e caracteristica de resisténcia

Programas de melhoramento de ovinos no Brasil ainda sdo raros devido a
desorganizacao da cadeia produtiva e desinteresse por parte dos criadores. No Brasil as
primeiras avaliacbes genéticas em ovinos tinham como objetivo a qualidade da la
(OJEDA, 1999), no entanto, o programa de melhoramento obteve somente um alcance
regional e foram limitados ao Sul do Brasil.

Com a crise internacional do mercado de 1&, ocorreu a ascensao da ovinocultura

de corte e uma maior visibilidade das racas de ovinos deslanados, dando inicio ao
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primeiro trabalho com ovinos de racas localmente adaptadas do Brasil. Entretanto, por
falta de adesao de criadores e associa¢fes, 0 projeto foi encerrado cinco anos apos seu
inicio (MORAIS, 2000).

E importante salientar que antecipadamente & implantacdo de um programa de
melhoramento genético € fundamental definir os objetivos de selecdo que resultem em
retornos econdmicos. Para isSso € necessario identificar as caracteristicas tidas como
critério de selecdo, que exercam influéncia significativa no resultado final. As
caracteristicas normalmente escolhidas para serem utilizadas como critério de selecao
sdo; peso ao nascimento, peso ao desmame, habilidade materna expressa em kg de
crias desmamadas, habilidade materna, idade ao primeiro parto, perimetro escrotal, peso
e idade ao abate dentre outras (LOBO; LOBO, 2007).

Trabalhos relacionados a selecdo de ovinos baseados no mérito genético dos
individuos ainda s&o escassos na literatura (LOBO; LOBO, 2007), por este motivo, as
tentativas de implantacdo de programas de melhoramento genético de ovinos séo
baseadas em programas de melhoramento de outras espécies, onde a caracteristica de
resisténcia aos parasitos gastrointestinais ndo € incluida para ser utilizada como critério
de selecgao.

Os aspectos genéticos relacionados ao controle de parasitas séo interacdes entre
raca, ambiente, herdabilidade e correlacbes com outras caracteristicas de interesse, a
implementacédo de programas de melhoramento genético se torna um dos fatores mais
importantes a serem levados em consideracdo o avan¢co da ovinocultura, ja que a
interacéo parasita-hospedeiro ocorre em varios niveis. Os esquemas de selecdo podem

conferir resisténcia ou tolerancia a infeccdo (MCMANUS et al., 2014).
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As vantagens de usar a selecdo genética para aumentar a resisténcia aos
parasitas gastrointestinais sao positivas uma vez que a mudanca genética é permanente,
e a expressao do fendtipo é observavel durante toda a vida do animal agregando valor
potencial ao plantel (BISHOP, 2012). A resisténcia aos parasitas gastrintestinais €
considerada uma caracteristica herdavel com estimativas de coeficientes de
herdabilidade consistentes (AMARANTE, 2004).

Em trabalho realizado por SILVA et al. (2011), os coeficientes de herdabilidade
relacionados a contagem de ovos por grama de fezes (OPG) de parasitas variaram entre
0,15 a 0,19 e para volume globular de 0,12 a 0,14. No Brasil, um estudo realizado com
ovinos da raca Santa Inés, amplamente utilizados em cruzamentos industriais para
producao de carne, a estimativa de herdabilidade para OPG foi de 0,19£0,03 (OLIVEIRA,
2016). Em geral, os estudos realizados em diferentes regifes e paises, o valor médio da
herdabilidade da resisténcia avaliada por contagens de OPG, foram estimados em 0,2 —
0,3 (BROWN; FOGARTY, 2017; ASSENZA et al., 2014; MCMANUS et al., 2009),
sugerindo que a resisténcia de ovinos pode ser melhorada de forma relativamente rapida
por selecdo para baixo OPG, néo interferindo em outras caracteristicas de producéo
importantes (BROWN; FOGARTY, 2017; AMARANTE, 2004).

Os mecanismos responsaveis pela manifestacdo da resisténcia de ovinos ainda
nao foram completamente elucidados (AMARANTE; RAGOZO; SILVA, 2014), no entanto,
sabe-se que a caracteristica € de origem complexa e que agrega varias regioes
gendmicas que atuam por diversos mecanismos de acao determinada por varios genes
com efeitos variados, e ndo por um numero limitado de genes com um unico papel

importante na expressao (BENAVIDES; SONSTEGARD; VAN TASSELL, 2016).
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A resisténcia a infeccao essencialmente descreve a capacidade do hospedeiro de
interagir e controlar o ciclo de vida do parasita, isso pode incluir as probabilidades de
estabelecimento de larvas ingeridas, o desenvolvimento do parasita dentro do
hospedeiro, mortalidade parasitaria e fecundidade do parasita que sdo mensurados
através da contagem de ovos por grama de fezes (OPG) (BISHOP, 2012).

No entanto, dentro de uma populacéo além de animais resistentes e susceptiveis,
existem também os animais resilientes ou tolerantes. A tolerancia a infeccdo parasitaria
€ capacidade de um hospedeiro de suportar os efeitos patogénicos da infeccao
conseguindo manter o desempenho diante de um desafio de doenca. Essa categoria
geralmente € potencialmente produtiva, no entanto, apresentam contagens de ovos
positivo, sendo elas baixas ou altas, este fator pode ser estabelecido por condicGes
ambientais, como por exemplo a nutricdo, que apresentam grande influéncia nas
consequéncias do parasitismo (AMARANTE; RAGOZO; SILVA, 2014).

A identificacdo de animais resilientes é realizado através de técnicas paralelas ao
OPG, peso, condicdo corporal e andlises hematolégicas. Segundo BISHOP (2012), a
capacidade de criar animais para melhorar a resisténcia a nematoides é dependente da
existéncia de variacdo genética entre animais em sua resisténcia ou tolerancia a tais
infeccdes, neste sentido, é fundamental que o criador possa identificar e reproduzir seus

animais a partir dos individuos mais resistentes.

3.3.1 Caracteristicas indicadoras de resisténcia aos parasitas

gastrointestinais
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Como mencionado anteriormente, a infeccdo parasitaria € responsavel por
grandes perdas de produtividade dos animais, podendo até mesmo causar alta
mortalidade dentro do rebanho. Em uma populacédo, animais resistentes, resilientes e
susceptiveis apresentam respostas fisiologicas diferentes, sendo estas mediadas pela
resposta imunoldgica que por sua vez € regulada por diferentes genes (BENAVIDES;
SONSTEGARD; VAN TASSELL, 2016).

Para um controle estratégico eficiente ou selecdo dos animais resistentes, o
diagnoéstico correto dos individuos € o passo inicial mais importante a ser realizado.
Embora existam varios métodos voltados para este objetivo, a baixa precisdo ou
dificuldades da realizacdo de exames laboratoriais, limita a identificacdo dos animais que
sejam resistentes ao desafio da infeccdo parasitaria.

A utilizacdo concomitante de mais de uma variavel durante a avaliacdo dos
animais pode fornecer uma identificacdo mais efetiva dos animais resistentes, resilientes
e susceptiveis (BISHOP, 2012; STEAR et al., 2002; SOTOMAIOR, 1997).

O OPG, é a caracteristica mais amplamente utilizada como sendo o Unico
indicador de resisténcia aos parasitas, no entanto, existem varias caracteristicas
indicadoras que podem ser consideradas. No caso de infeccdo por Haemonchus
contortus a anemia pode ser facilmente identificada usando o volume globular, além
disso, os escores de anemia sdo negativamente correlacionados OPG e positivamente
correlacionados com o0 peso Vvivo, isto €, diminuindo o OPG é observavel o aumentando
o volume globular e o ganho de peso vivo do animal (BISHOP, 2012).

As caracteristicas utilizadas como variaveis para selecdo possuem
particularidades e podem ser influenciadas por fatores ambientais exigindo do avaliador

conhecimento durante as avaliagdes, as correlagdes entre estas variaveis é essencial
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para realizacdo do agrupamento dos animais de acordo com a categoria ao qual

pertencem.

3.3.1.1 Contagem de ovos por grama de fezes

A contagem de ovos por grama de fezes (OPG) € o exame laboratorial que
quantifica a carga parasitéria, é considerada a forma mais direta de avaliacdo da
intensidade da infec¢éo e é utilizada amplamente em avaliacfes dos animais além de ser
extremamente eficiente no diagndéstico de parasitoses gastrintestinais (ATLIJA et al.,
2016).

O método aplicado para diagnostico de enfermidades, também é utilizado como
ferramenta para a distincdo dos animais em resistentes ou susceptiveis as parasitoses
gastrintestinais. Os animais resistentes sao capazes de, praticamente, eliminar o
estabelecimento de infec¢des parasitarias (possuem quantidade de ovos nas fezes nula
ou bem proxima a zero) enquanto 0s animais susceptiveis apresentam na maioria das
vezes grandes presencas de ovos nas fazes (MOLENTO, 2009).

O OPG, no entanto, é considerado um método falho na identificacéo de individuos
resilientes, animais pertencentes a esta categoria apresentam ovos nas fezes, sejam
estas altas contagens ou nao, porém tem a capacidade de manter uma boa saude e
produtividade (MOLENTO, 2009). Nestes casos, a identificacdo de animais resilientes
dependem de variaveis concomitantes, que indique o estado fisiologico e produtividade
mesmo estando parasitados.

Apesar do resultado de OPG ser quantitativo, ndo ha limites nas contagens de
ovos que indiqguem a necessidade de tratamento. A idade dos animais, estado fisiologico

e nutricdo séo fatores importantes a serem considerados na avaliagdo do OPG. Durante
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o periodo do periparto, as contagens de OPG séo mais altas (ISSAKOWICZ et al., 2016),
assim como observado em animais jovens durante suas primeiras exposi¢cdes ao parasita
(BISHOP, 2012). Todavia, segundo MOLENTO et al. (2004), apesar da significativa
margem de variacdo da quantificacdo do OPG, essa metodologia ainda € um importante
indicativo da presenca do parasitas. Em programas de selecdo para a resisténcia, o
exame de OPG deve ser utilizados com outras métodos de diagndsticos obtendo um

resultado mais assertivo (BISHOP, 2012)

3.3.1.2 Volume globular, hemoglobina e eritrécitos

A acdo dos nematoides gastrointestinais pode causar processos de anemia e
hipoproteinemia, esse fato pode ocorrer devido aos danos principais causados
localmente nas regides parasitadas, a atrofia das vilosidades, espessamento da mucosa
e erosao do epitélio sdo alteracdes que podem comprometer a digestdo e a absorcéo de
nutrientes que resultam em danos nos tecidos intestinais, perda de liquidos tissulares,
comprometendo até o consumo de alimento (AMARANTE; RAGOZO; SILVA, 2014).

No entanto, os maiores processos de anemia sdo causados pelo parasita
Haemonchus contortus, que devido seu habito hematéfago desencadeia patogenia de
anemia com quadros hemorragicos. A anemia pode ser definida pela diminuicdo do
numero de eritrocitos, da concentracdo de hemoglobina e do volume globular, suas
causas principais sao a perda por extravasamento sanguineo, a destruicdo eritrocitaria
ou diminuicdo da eritropoiese (KERR, 2003).

As medidas destes parametros sanguineos sao altamente correlacionadas com a

resisténcia a verminose quando o parasito predominante € o Haemonchus contortus,
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dessa forma, a condicao de parasitismo reflete diretamente nestes parametros. Segundo
BIRGEL (2013), as manifestacfes sintomaticas da anemia sao variaveis e dependentes
da etiologia e patogénese do processo, do grau e intensidade da anemia e das exigéncias
Ou manejo a que os animais afetados estao sujeitos.

Os processos homeostaticos tem sido estudos por serem considerados como um
possivel mecanismo de defesa contribuindo a com a resisténcia parasitaria de ovinos
(BENAVIDES; SONSTEGARD; VAN TASSELL, 2016). As adaptacfes eritropoiéticas,
sdo reconhecidas como mecanismo compensatorio, aumentando a producdo de
eritrocitos que é altamente correlacionado com a hemoglobina e também com volume
globular. A funcédo primaria dos eritrocitos € o transporte de hemoglobina enquanto o
volume globular apresenta a concentracdo de eritrocitos em determinado volume de
sangue.

O sexo e idade dos animais exercem influéncia na producdo de células
sanguineas, fator importante a ser considerado durante a selecdo de animais que
apresentem resisténcia, resiliéncia ou susceptibilidade. Em estudo realizado por VENG-
PEDERSEN et al. (2002), foi observado que animais jovens tem uma producdo mais
rapida de eritropoietina. Os machos geralmente apresentam valores de volume globular,
hemoglobina e eritrocitos mais altos, uma vez que os hormdnios relacionados a
reproducao (estrogenos) diminuem a producao de eritropoetina que € responsavel pela
regulacéo da eritropoiese (KERR, 2003).

Estes parametros sdo de grande importancia nos diagnosticos de infeccao
parasitaria, sendo essenciais, principalmente para a identificacdo de animais resilientes.
Em exames de OPG realizados com individuos que apresentem a caracteristica de

resiliéncia, a presenca de ovos nas fezes € notada, no entanto os parametros sanguineos
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podem néo sofrer alteracdes, estando dentro do padrédo de normalidade da espécie e/ou

da raca.

3.3.1.3 Leucacitos totais e diferencial de leucocitos

Os mecanismos de imunidade e interacdes entre o hospedeiro e o parasita durante
a infeccado é estabelecido pela interacdo dindmica entre o0 sistema imune inato e o
adquirido (KARROW et al., 2014).

Em ruminantes, a imunidade contra os nematodeos adultos pode se manifestar
pela expulsdo da populacdo adulta dos vermes, por alteracbes na morfologia dos
parasitas e pela reducdo na fecundidade das fémeas. Ja a resisténcia contra as larvas
dos nematddeos manifesta-se pela eliminacdo das larvas infectantes ou pela inibicdo do
desenvolvimento destes parasitas imaturos, fenébmeno conhecido como hipobiose
(BALIC; VERNON; MEEUSEN, 2000)

Esta resposta contra os parasitas, inicia-se a partir do reconhecimento de
moléculas produzidas pelos parasitas (antigenos) pelo organismo do hospedeiro, apés o
reconhecimento o sistema imunolégico é ativado, com a participacdo de células
especializadas na defesa que produzem varias substancias, tais como citocinas e
imunoglobulinas (anticorpo) (AMARANTE; RAGOZO; SILVA, 2014).

Esse reconhecimento inicial € um dos principais fatores da resisténcia contra os
nematodeos, resultando na elaboragcéo de uma resposta imunoldgica protetora eficiente.
O aparecimento de leucocitos nos locais da infeccdo tais como eosinoéfilos, foram
consistentemente observados durante o desenvolvimento de imunidade aos nematoides

gastrintestinais em ruminantes (AMARANTE et al., 2005; BALIC; VERNON; MEEUSEN,

2000) a acao das células leucocitarias sdo amplamente estudadas, apresentam maioria
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dos coeficientes de correlacdo entre os eosinéfilos OPG negativo, indicando papel dos
eosinofilos na resisténcia parasitaria, ainda que de magnitudes variadas (DAVID et al.,
2015; AFONSO et al., 2010; AMARANTE et al., 2005).

A atuacdo dos leucdcitos durante a infeccdo parasitaria € representativa na
resisténcia. Entretanto, a habilidade dos animais de suportar a os desafios da infeccao e
também influenciada por fatores ambientais, destaca-se o estado nutricional e fisiologico
do animal que pode interferir na eficiéncia da reposta imunoldgica contra quaisquer

patdgenos.

3.3.1.4 Peso e escore da condi¢ao corporal

O peso corporal é o principal critério empregado em qualquer sistema de producao
por ser considerado uma medida consistente para avaliagdo da eficiéncia produtiva dos
animais. Na ovinocultura, essa medida € amplamente utilizada e por caracterizar a
produtividade dos animais (FERREIRA et al., 2017).

No entanto, para a selecdo de ovinos resistentes a utilizacdo do peso corporal
como Unica medida de desempenho dos animais, pode incluir erro se nao forem tomados
os cuidados de observacao do estado fisioldgico (prenhe ou ndo prenhe), idade (animais
jovens sdo mais leves), sexo (fémeas podem ser mais leves que machos) e também as
racas utilizadas (lanados ou deslanados). Como solugéo para os problemas relacionados
a utilizacdo do peso dos animais como caracteristica Unica, adotou-se o escore da
condicao corporal (ECC), pois representa melhor as diferencas no desempenho animal

em comparacao ao peso (SANUDO, C., SIERRA, 1986).
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O ECC é uma medida subjetiva baseada na classificacdo dos animais em funcao
da massa muscular e da cobertura de gordura realizado por meio de avaliagao visual
elou tatil dos processos espinhosos e transversos presentes na regido lombar e que
reflete as reservas energéticas dos animais (MACHADO, 2008).

As variacbes do ECC ocorrem devido ao desbalanceamento entre as
necessidades nutricionais exigidas e consumidas dos animais. Isto €, quando o consumo
de energia € maior do que os requerimentos, o balanco energético é positivo e a ECC
mais alto. Logo, em uma situacdo oposta, onde o consumo € menor do que a demanda
energeética, o balanco € negativo e o ECC € mais baixo (MACHADO et al., 2008).

Estas variacdes no ECC sdo observaveis nos ovinos infectados por parasitas
gastrointestinais devido a reducdo drastica da ingestdo e/ou absorcdo de alimentos.
Normalmente, escores utilizados nas avaliacdes da ECC em ovinos variam de 0 a 5 e
podem ser utilizados valores intermediarios (0,5) quando o ECC do animal para um
determinado escore ndo esta muito claro (PUGH, 2004).

A utilizacdo do meio ponto € comumente utilizado na avaliacdo do ECC em animais
deslanados (FERREIRA et al., 2017; ISSAKOWICZ et al., 2016). Os ovinos deslanados,
principalmente os localmente adaptados do Brasil, apresentam conformidade e
desempenho de carcaca inferiores aos animais de racas destinados a producao de carne
(FACO, et al., 2008), por este motivo € importante que as ferramentas desenvolvidas para
melhorar a producédo sejam direcionadas considerando as particularidades das racgas e

suas diversidades.

3.4 - A raca Morada Nova
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Os ovinos da raca Morada Nova, sado considerados como uma das racas
localmente adaptadas mais importantes do Brasil (FACO et al., 2008). Acredita-se que a
formacdo da raca teve origem a partir do processo de adaptacdo e selecdo de ovinos
europeus e africanos trazidas para o Brasil durante o processo de colonizacdo. Segundo
(PAIVA et al., 2005), apesar do ovinos Morada Nova serem considerados de origem
africana, individuos analisados em seu estudo apresentaram haplétiplos europeus, no
entanto, concluiram que racas africanas sédo recentemente derivadas ou compartilham
haplétipos primitivos com linhagens mitocondriais europeias.

Os animais Morada Nova séo de pequeno porte e bem adaptados as condicdes
climaticas do semiarido, sua distribuicdo geogréafica concentra-se principalmente na
regido nordeste do Brasil e sua producédo é destacada pela qualidade da pele muito
apreciada no mercado internacional (FACO et al., 2008). Além disso, apresentam alta
capacidade de resisténcia aos sistemas de producdo, boa habilidade materna e
resisténcia as doencas (MCMANUS et al., 2013).

Devido este potencial de producé&o observado inicialmente em estudos, animais
foram levados do nordeste com o objetivo de popularizar seu uso nas regides Sudeste e
Centro-Oeste (BUENO et al., 2006), para serem utilizados como raga materna no
cruzamento industrial com racas especializadas para producdo de carne (SOUZA
CARNEIRO et al., 2007).

Atualmente ovinos Morada Nova tem sido alvo de pesquisas e suas caracteristicas
estdo sendo amplamente exploradas com intuito de fixar sua utilizagcdo na ovinocultura
comercial. Uma das caracteristicas de destaque observadas foi sua habilidade em
controlar a infeccao parasitaria. Estes recentes estudos observaram a capacidade dos

ovinos em expressarem seu potencial de producéo durante os desafios parasitarios que
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incluiam situacdes criticas, como diferentes épocas do ano (seca ou chuvas) (FERREIRA
et al., 2017) e periodos como a prenhez e o periparto (ISSAKOWICZ et al., 2016).

As racas localmente adaptadas sdo populares por apresentem maior resisténcia
contra as infec¢des parasitarias quando comparada a racas consideradas susceptiveis
(AMARANTE et al., 2004), por este motivo 0s cruzamentos com racas exoticas sao
realizados ndo apenas para obter cordeiros com melhor carcaca, mas também para
melhorar a resposta imunoldgica contra os parasitas gastrointestinais de animais meio
sangue (AMARANTE et al., 1999).

Este procedimento, no entanto, é responsavel pela perda da diversidade das racas
naturalizadas, assim como o acasalamento de individuos consanguineos, aumentando a
endogamia dentro dos rebanhos. Atualmente a raca Morada Nova encontra-se em perigo
de extincdo (MCMANUS et al., 2013) e os poucos centros onde ha animais, buscam
ampliar a preservacao dos recursos genéticos assim como aumentar sua variabilidade e

diversidade.

3.5 - Diversidade Genética

Ao longo dos anos, os sistemas de producdo de produtos de origem animal
selecionaram os animais para diferentes caracteristicas desejaveis, no caso dos ovinos
as caracteristicas de principal interesse foram a 1a, leite e carne (AL-MAMUN et al., 2015).

No entanto, a busca por melhor produtividade e para atender fatores
socioecondmicos, levaram ao uso de cruzamentos que utilizam de genética de animais
especializados para o tipo de produtividade desejada e de animais localmente adaptados.

As racas adaptadas s&o incluidas em cruzamentos com o intuito de explorar a
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adaptabilidade aos sistemas de producao e a baixa exigéncia dos individuos, no entanto,
a realizacdo constante e indiscriminada dos cruzamentos causaram uma rapida
substituicdo e erosdo das racas locais (EGITO; MARIANTE; ALBUQUERQUE, 2002),
colocando em risco a sua sobrevivéncia (GEBREMICHAEL, 2008).

Outra maneira de exercer influéncia direta nas caracteristicas e até existéncia de
uma determinada raca, € a realizacao de acasalamentos de individuos que possuam pelo
menos um ancestral comum, e como consequéncia gerando um rebanho endogamico.
Com o aumento da endogamia aumenta-se também a homozigose na populacéo,
resultando na depressdo endogamica que pode afetar diretamente o desempenho
fenotipico de algumas caracteristicas, adaptacdo ambiental e também a resposta
imunologica aos diversos agentes patologicos.

A capacidade de responder de forma adaptativa aos diferentes desafios dentro
dos sistemas de producéao, tdo valorizado atualmente, dependem principalmente do nivel
de variabilidade ou diversidade genética das populacdes utilizadas (MOUSAVIZADEH et
al., 2009). Segundo Hall e Ruane (1993) citado por GEBREMICHAEL (2008), doze por
cento das racas de ovinos conhecidas em todo o mundo ja se extinguiram ultimos 100
anos, alertando os 6rgaos responsaveis sobre a insercao de programas de conservagao
(EGITO; MARIANTE; ALBUQUERQUE, 2002).

Os objetivos de conservacao dos recursos genéticos dos animais de producao
sdo, evitar a extingdo das racas, mantendo a diversidade genética para fornecer as
condi¢cbes adequadas para sua evolucéo dentro de um sistema de producao em evolugéo
(GANDINI et al.,, 2004), assim como ampliar seu uso obtendo uma producdo mais
sustentavel, deve ser aplicado ndo somente para ragas com risco de extingdo como

também sobre aquelas que ndo estdo sendo utilizadas eficientemente
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(MOHAMMADABADI; ESFANDYARPOOR; MOUSAPOUR, 2017; GEBREMICHAEL,
2008).

O conhecimento da diversidade genética das populacbes € importante para o
desenvolvimento da producao de forma econémica e ambiental (AL-MAMUN et al., 2015),
assim como seu entendimento define e estima as prioridades a serem adotadas por

planos de conservacéo, regional, nacional e até mesmo global.
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ABSTRACT

The controlling of gastrointestinal verminosis of small ruminants is a major challenge in
sanitary management and became a greater problem due to the resistance to
anthelmintics documented in worldwide. The economic losses caused by the parasite
infection generated demand for alternatives of non-chemical control, such as the selection
of animals genetically resistant. The objective of this study was to identify which
characteristics best describe the resistant, resilient and susceptible animals to the
gastrointestinal nematodes. 61 Morada Nova ewes were evaluated. The variables weight,
body condition score (BCS), packed cell volume (PCV), hemoglobin (HGB), white blood
cell (WBC), segmented neutrophils (Seg Neut), lymphocytes (Lymph), eosinophils
(Eosin), monocytes (Mono) and number of parasite eggs per gram of feces (FEC) were
measured individually every 14 days, making ten samples per ewe. The variables, which
did not meet the assumption of normality, were transformed (log-10), all variables,
analysis of variance was carried considering repeated measures. The network correlation
was constructed. Based on analyzes performed, 45% of the animals were resistant to
43.3% resilient and 11.7% susceptible. Through characteristics linked to parasitic infection
showed variations among the categories that helped to identify resistant, resilient and
susceptible sheep to gastrointestinal nematodes. Trichostrongylidae eggs, BCS, PCV and
eosinophil counts were found to be good indicators of naturally infected ewes and it was
possible to observe a significant difference between the categories and correlations

between the characteristics.

Keywords: nematodes, hematology, Ovis aries, network correlation.
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INTRODUCTION

The management of sheep on pasture is common in the production of the
commercial type, because of it, the animals are constantly exposed to the challenge of
infection by gastrointestinal parasites, the main responsible for production losses and is a
serious problem in sheep production.

The most economically important gastrointestinal parasites of sheep in tropical and
subtropical regions are Haemonchus contortus, infection by this parasite can cause from
the decrease performance of the animals and even their death (MACKINNON et al.,
2015). Treatment with anthelmintics is the most popular control strategy among producers
and is considered one of the largest production costs in different countries (Vlassoff &
Mckenna, 2010).

In addition to the excessive spending on the anthelmintics purchase, the search for
the elimination of parasites, led the farmers to increase the number of deworming and
using different chemicals found in the market, this action has a negative impact on the
production system, contributing to the selection of drug-resistant parasite population
(Manikkavasagan et al., 2015; Brom et al., 2013). Due to this, studies began looking for
alternatives that could help reduce the use of anthelmintics and also reduce the losses
caused by parasitic infections (VALILOU et al., 2015).

The selection of animals that show inherent resistance, combined with other control
strategies may be one of the most promising approaches in parasitic control (Brown &
Fogarty, 2017). Resistance to gastrointestinal parasites is not an absolute characteristic
nor is it limited to breeds, due to the variability between and within herds. However, some
breeds may be more adaptable and have better responses to the infection challenge
(MACKINNON et al., 2015).

The Morada Nova is one of the main indigenous hair sheep breeds of northeast
Brazil (MUNIZ et al., 2016), although it is little known, McManus et al. (2009) highlighted
their potential for use in intensive meat production, taking into account the resistance of
the sheep to the worms and having a good reproductive performance, producing heavier
lambs at birth and at weaning in industrial crosses, as observed by Issakowicz et al.
(2016)
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The host resistance is measurable through their performance after the infection
challenges. The performance of an animal can be evaluated through productive
characteristics, the clinical condition observed, immunological responses and
characteristics directly related to the parasite, as a stool eggs count (FERREIRA et al.,
2017).

Resolution of whether there are unfavorable relationships between fecal egg count
and productive traits, and under what conditions they may exist, is one of the most
important aspects facing sheep genetic research (VALILOU et al., 2015). Thorough
knowledge of the genetic and immunological mechanisms of the relationship could
suggest methods by which both production and parasite resistance might be improved
expeditiously.

Based on knowledge phenotypic markers used to identify physiological changes
due parasitic infection, this study aimed to evaluate the differences in phenotypic
characteristics that best described sheep in resistant, resilient and susceptible to a

gastrointestinal parasite.

MATERIAL AND METHODS
Locale, animals, and management.

This study was conducted at Centro de Pesquisa e Desenvolvimento de Zootecnia
Diversificada, at Instituto de Zootecnia, of Agéncia Paulista de Tecnologia dos
Agronegocios (APTA), da Secretaria de Agricultura e Abastecimento, located in Nova
Odessa, Sao Paulo state (22°42" S and 47°18" W). This animal experimentation was
performed with the approval of the Comiss&o de Etica de Uso de Animais (CEUA-UENF)
according to the Sociedade Brasileira de Ciéncia de Animais de Laborat6rio/Colégio
Brasileiro de Experimentagéo Animal (SBCAL/COBEA) with protocol n°317.

According to the Koppen classification, the climate in the Nova Odessa region is
CWa, characterized as tropical with relatively rainy and hot summers and dry winters. The
average rainfall is 1,317 mm per year and the temperature is between 10° C and 35° C,

with an average of 26 ° C. The average annual relative humidity is approximately 75%.



109
110
111
112

113

114

115
116
117
118
119
120
121
122

123

124
125
126
127

128

129
130
131
132
133
134

45

A total of 61 adult ewes of Morada Nova breed with an average of 3 years old and
30kg average weight were used in this study. The animals were naturally infected and
handled under rotational grazing in pastures formed by Panicum maximum Jacq. Cv.

Aruana and cv Tanzania, with access to water and mineral mixture ad libitum.

Collecting samples and evaluating animals

Blood and stool samples were collected every 14 days, at which time the sheep
were also weighed and evaluated for body condition. The data were collected
continuously for six months including drought (June-August) and rainfall (September-
November) period.

The body condition score was determined by palpation of the lower back, giving
values in a scale from 1 to 5 (Sanudo & Sierra, 1986) also using half-point scoring
according to (PUGH, 2004). Parasitological and hematological analyses were performed
at the Instituto de Zootecnia de Nova Odessa/APTA.

Parasitological examinations

Stool samples were collected directly from the rectum for counting fecal eggs
counts (FEC) according to the modified technique Gordon & Whitlock (1939), while
cultivation of infective larvae for later identification of the parasite genera was performed
by fecal culture (Roberts, & O’sullivan, 1950).

Hematological analysis

Blood samples were collected by venipuncture of the jugular vein from all animals
in Vacutainer tubes (5 ml) containing ethylenediaminetetraacetic acid (EDTA). The
analysis of packed cell volume (PCV); hemoglobin (HGB); white blood cell (WBC); and
red blood cell (RBC), were measured with an electronic hematological analyzer (Sysmex
pocH-100iV Diff, Europe). They were performed to identify blood and differential count of
segmented neutrophils (Seg Neut), lymphocytes (Lymph), eosinophils (Eosin), monocytes
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(Mono), basophils (Baso) and rods (Bast) (Schalm and Carroll, 1986). There were no rods,

so this parameter was removed from the statistical analysis.
Animals categories classification

To obtain a better observation of the phenotypic differences related to responses
to gastrointestinal parasites, the animals were separated into groups based on the results
of the tests performed. For the classification of resistant, resilient and susceptible animals,
classification criteria were based on fecal egg count (FEC), considering
Trichostrongylidae, PCV and weight.

These characteristics were initially chosen to recognize the animals that could
remain free of infection through the FEC. PCV to check the physiological state of the
animal, since the most pathogenic parasite has a hematophagous habit and the weight
confers the production of the parasitized animal or not. The FEC and PCV values of each
category were determined according to the minimum and maximum values observed in
the herd and the repeatability of the animals in keeping themselves free of infection.

The following categories were 1-Resistant animals showed low FEC (0-500), PCV
values above 25%, and little or no weight variation; 2- Resilient animals had an FEC count
of 0 to 3000 eggs, constant or recurrent infection, high PCV values (above 25%), little or
no weight variation and 3- Susceptible animals presented constant infection with FEC
values between 100 and 8000, were constantly infected, presented low values of PCV

(below 25%) and weights oscillations.

Statistical analysis.

The assumption of normal distribution of all variables was verified. The variables,
white blood cells, segmented neutrophils, lymphocytes, eosinophils, monocytes,
trichostrongylidae, Strongyloides spp, Moniezia spp and Eimeria spp, which did not meet
the assumption of normality, were transformed (log'°+1). The means presented are
original scale.

For all variables, analysis of variance was carried out the PROC UNIVARIATE,
SAS, considering repeated measures. The model considered the effect of weight as a
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covariate in addition to the effects of categories, season and their interaction. The means
were compared by the Tukey test considering 5% probability. The Pearson correlation
coefficients were calculated for the characteristics of weight, body condition score, feces
eggs count, red blood cell, hemoglobin, packed cell volume, white blood cell, segmental
neutrophils, lymphocytes, eosinophils, and lymphocytes.

For the construction of the networks, we used Pearson correlations between the
phenotypic means of pairs of characteristics. Correlation networks offer another way to
investigate the pairwise correlations and consist of a set of nodes connected by a system
of edges. The thickness of edges was controlled by applying a cut-off value equal to 0.3,
meaning that only | rij| 20.3 have their edges highlighted and the proximity between nodes
(characteristics) is proportional to the value of correlation between those nodes. Positive
correlations were colored in dark green, whereas the negative ones were depicted in red.
The analyses were performed using the software R version 3.1.2 (R Core Team, 2015).
The correlation network procedure was done using the package “qgraph” (EPSKAMP et
al., 2012).

RESULTS

In the parasitological evaluation, was found different types of eggs
(Trichostrongylidae, Strongyloides spp, Moniezia spp) and oocysts (Eimeria spp.).
According to the results of coproculture, the most prevalent larval genus found was
Haemonchus spp. (92.3%) followed by the genera Trichostrongylus spp. (3.4%), Cooperia
spp. (3.1%) and Oesophagostomum spp. (1.2%).

For the separation of the categories, only counts of Trichostrongylidae eggs were
considered, the evaluation of PCV and weight. Maximum values up to 8000 FEC were
observed, while some animals maintained very low or zero FEC during all evaluations.
From this, 45% of the animals were categorized as resistant, 43.3% resilient and 11.7%
susceptible.

There were no statistical differences (p>0,05) for the FEC and VG characteristics

due to the season of the year, therefore, the analyzes were not separated in drought and
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rainy period. Figure 1 shows the difference of infection degree by Trichostrongylidae
among the categories during the dry and rainy season.

Averages for weight (table 1) were statistically similar (p>0.05) between resistant
(31.5+£3.6kg) and resilient (31.5£5.5kg), however different of susceptible category
(p<0.05) with lower weight values (26.5+2.7kg). For BCS, variations were observed, and
the categories were different among them 2.191£0.6, 1.9+0.7 and 1.3£0.5 (p<0.05), for
resistant, resilient and susceptible, respectively.

The overall mean FEC for Trichostrongylidae of the three categories were different
statistically (p<0.05) (table 1). There were differences (p<0.05) between the average of
different categories for Strongyloides spp.; the susceptible category showed higher
averages while resistant and resilient showed similar averages with lower values, for

Strongyloides spp.

Figure 1 - Trichostrongylidae eggs counts and packed cell volume of Morada Nova ewes

resistant, resilient and susceptible during dry and rainfall seasons.
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Table 1- Means and standard error of weight, BCS and fecal egg counting (FEC) of

Morada Nova sheep according to the category.

FEC

Category Weight BCS Trichostrongylidae Strongyloides spp. Moniezia spp. Eimeria spp.

Resistant 31.5£3.62 2.19+0.62 29.9+83.72 0.39+6.22 0.77+12.52 60.5+216.92
Resilient 31.5+5.52 1.9+0.7° 369.1+561.3° 5.74+50.22 0+0.08 171.3+£956.72
Susceptible 26.5+2.7° 1.3+0.5°¢ 1756.9+1954.6°¢ 56.9+336.3° 3.1+14.62 121.5+24.82

Average followed by different superscript letters in the same column differ by the Tukey’s
test (p<0.05). Body condition score = (BCS)

For the averages of Moniezia spp. and Eimeria spp. were not observed differences
(p>0.05) among the categories.

The hematological variables were different (p<0.05) among the categories (table
2).

The average of PCV, HGB, and RBC was similar for the resistant and resilient
categories (p>0.05). The susceptible category showed the lowest value for PCV, HGB,
and RBC, and differed statistically from the other categories (p<0.05).

There were no significant differences between the resistant and resilient categories
for WBC, the susceptible category showed the lowest averages for WBC (4.68+1.0%).

The Seg. Neut. showed difference just for the resistant category with the lowest
value (42.8£13.0%), the resilient and susceptible categories were similar (p>0.05). There
were no significant differences (p>0.05) among categories for Lymph and Mono. Eosin

showed statistical difference among categories (p<0.05).
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Table 2- Means and standard error of packed cell volume (PCV), hemoglobin (HGB), red
blood cell (RBC), white blood cell (WBC), segmented neutrophils (Seg Neut),
lymphocytes (Lymph), eosinophil (Eosin), and monocytes (Mono) of Morada Nova
ewes of Sao Paulo states, Brazil according to the category.

Category PCV HGB RBC WBC Seg. Neut Lymph Eosin Mono
(%) (g/di) (x10%/l) (x10%) (%) (%) (%) (%)
Resistant 29.4+352  7.76+0.7* 9.4+1.0° 6.03+t1.6° 42.8+13.08 39.3+13.1* 16.6+8.5% 0.9+1.22
Resilient 29.3+2.92  7.65+0.8% 9.4+0.92 571+1.78 47.4+12.4°> 37.9+11.93 13.7+7.2° 0.9+1.22
Susceptible  25.1+3.6° 6.81+0.8° 8.4+1.1° 4.68+1.0° 51.8#13.0° 38.2+13.72  9.0#6.4°  1.0+1.12

Average followed by different superscript letters in the same column differ by the Tukey’s

test (p<0.05)

The figures 2, 3 and 4 shows the constructed network with pairwise phenotypic

correlations between characteristics of naturally infected animals by gastrointestinal

parasite considering resistant, resilient and susceptible categories. Red lines represent

negative correlations and green represent positive correlations, the width of the line is

proportional to the strength of the correlation. Only the significant characteristics were

demonstrated in the correlation network, the non-significant correlations were extracted

from the network of correlations for a better observation.

Resistant

For the resistant category, the correlation between weight and BCS characteristics

was positive and medium magnitude r=0.46 (p<0.01).
The correlation between BCS and PCV, BCS and HGB were positive (p<0.01) with

a coefficient of medium magnitude (r=0.24; r=0.25 respectively), on the other hand, the

correlation between weight and PCV was low and not significant (p>0.05).

The correlation between PCV and HGB, of the three categories, were positive and

the coefficients were as high as expected (r=0.89 resistant, r=0.88 resilient and r=0.97

susceptible).

For resistant the correlation of PCV with Trichostrongylidae was low and not

significative (r=0.12 p>0.05), in the same way, it was observed for the correlation between
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HGB and Trichostrongylidae, however, presented a negative correlation, highly significant
with medium magnitude r=-0.16.

Only in the resistant category, we observed a negative correlation with a medium
magnitude between weight and WBC (r=-0.34 p<0.01).

For WBC and Lymph, a negative correlation with medium magnitude was observed
r=-0.34 (p<0.01). The correlations of blood characteristics showed a negative correlation
with a high magnitude and highly significative between Seg. Neut and Lymp (-0.74
p<0.01), and with Eosin, Lymph obtained a negative correlation with a medium magnitude
and highly significative (r=-0.30 p<0.01) (figure 2).

The correlation of Eosin counts was negative with Trichostrongylidae characteristic
(r=-0.11 p>0.05).
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Figure 2. Correlation network of resistant category: Weight (Wgt), body condition score
(BCS), packed cell volume (PCV), hemoglobin (HGB), white blood cell (WBC), segmented
neutrophils (S.Ne), lymphocytes (Lym), eosinophil (Esn) and Trichostrongylidae eggs

(Trc) of Morada Nova ewes of Sao Paulo states, Brazil.
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Resilient

For resilient category we can see strength lines for weight and BCS characteristics,
the correlation was positive and high magnitude (r=0.68 p<0.01), such as the correlations
between BCS and PCV, BCS and HGB that shows positive with a high coefficient (r=0.42,
r=0.56 p<0.01) (Figure 3). The correlation between weight and PCV was positive and
medium magnitude (r=0.35 p<0.01) just for this category.

The correlation of PCV with Trichostrongylidae (r=-0.24 p<0.01) was negative,
medium magnitude and significative. The correlation between HGB and
Trichostrongylidae was negative highly significant with medium magnitude r=-0.21
(p<0.01).

Among blood variables the correlation shows, the Lymph characteristic obtained a
negative correlation with Eosin with a medium magnitude and highly significative (r=-0.22
p<0.01), and between Seg. Neut and Lymp the correlation was negative with a high
magnitude and highly significative between (-0.83 p<0.01).

The correlation of Seg. Neut and Trichostrongylidae were positive with (0.14
p<0.05) and Eosin counts was negative with Trichostrongylidae characteristic (r=-0.17
p<0.01).
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Figure 3. Correlation network of the resilient category. Weight (Wgt), body condition score
(BCS), packed cell volume (PCV), hemoglobin (HGB), white blood cell (WBC), segmented
neutrophils (S.Ne), lymphocytes (Lym), eosinophil (Esn) and Trichostrongylidae eggs

(Trc) of Morada Nova ewes of S&o Paulo states, Brazil.

Susceptible

The susceptible category shows the most different correlations network. The
weight and BCS correlations were positive and medium magnitude r=0.47 (p<0.01).

Between BCS and PCV was r=0.45, BCS and HGB was r=0.35, both correlations
were positive, high magnitude coefficient and highly significative. The correlations of PCV
with Trichostrongylidae and HGB with Trichostrongylidae were negative, high magnitude
and highly significative (r=-0.56 r=-0.51 p <0.01)

Correlation between Lymph and Eosin was negative and with medium magnitude
but did not show significance and correlation of Eosin counts was negative with
Trichostrongylidae characteristic, the susceptible category had a correlation, close to

zero, however not significant (p>0.05).
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Figure 4. Correlation network of the susceptible category. Weight (Wgt), body condition
score (BCS), packed cell volume (PCV), hemoglobin (HGB), white blood cell (WBC),
segmented neutrophils (S.Ne), Ilymphocytes (Lym), eosinophil (Esn) and

Trichostrongylidae eggs (Trc) of Morada Nova ewes of Sdo Paulo states, Brazil.

DISCUSSION

The coproculture results showed no difference between the categories, with the
predominance of Haemonchus spp. Innumerous studies have shown that more than 80%
of the parasite load of small ruminants is composed of H. contortus. (David et al., 2015;
Nordi et al., 2014; Bassetto & Amarante, 2015), main species that parasitize sheep in
regions with tropical and subtropical climate.

The environmental factor generates great influence in the degree of infection, the
rainy periods is considered the most critical of the year. However, even in the absence of
rain, some larvae can move to the plants. In this case, the moisture from the dew may be
sufficient to allow the migration (SANTOS; SILVA; AMARANTE, 2012), and in the dry
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season, the low supply of forage may affect the immunological response against the
parasites, a factor that may influence in the infection. However, in this study, no statistical
differences were observed in the degree of infection when compared to the different
seasons.

It can be explained by the age of the sheep and the exposure to natural infection
for along time, or due to their adaptability. These facts may have influenced the averages,
and then there were no statistic differences in different seasons. The susceptible category
showed a high infection in both seasons.

Throughout the evaluations, it was possible to observe that a small number of
animals were highly infected, while most of the animals maintained very low FEC or with
no one degree of infection. According to Sotomaior et al. (2007), this is due to a large
individual difference in the ability to withstand the parasitic challenge.

The performance of the animals varied according to the categories, as well as
parasitic loads. Usually, the performance of the animals that are responding to the
challenge by pathogens is inferior to that of animals free from infection (Mavrot et al.,
2015; Bishop & Stear, 2003). The weight was statistically similar between the resistant
and resilient categories and both were different to the susceptible category, however, in
this study was not representative to be adopted alone as a characteristic of selection of
parasitic resistance (table 1). The correlation coefficient between the weight
characteristics and Trichostrongylidae were low and nonsignificant.

On the other hand, among the characteristics of the animals, that can be analyzed
only in the field, BCS better represents differences in animal performance than weight and
is independent of the physiological condition and the averages among the categories were
statistically different (table 1). Although the correlation coefficient between BCS and
Trichostrongylidae has been low, BCS has obtained medium and high magnitude with
PCV and HGB for all categories, these blood parameters are considered clinical indicators
of parasitic infection. Oliveira (2014), in a parasitological evaluation study, emphasized
the importance of using the BCS parameter in the characterization of resistant and
susceptible animals, reporting correlations between BCS with FEC and with hematological
(PCV and HGB) parameters, likewise we have found in our results corroborating with the

study reported.
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It is possible to observe the discrepant differences in the degrees of infection of
each category (figurel). The correlations between Trichostrongylidae with PCV and
Trichostrongylidae with HGB characteristics, in all categories, show that as
Trichostrongylidae increases, the greater is the degree of clinical anemia, caused mainly
by the high prevalence of the H. contortus parasite (92%). The higher correlation
coefficients can be observed for susceptible category (r=-0,56 PCV e r=-0,51 HGB). The
low and nonsignificant correlation between Trichostrongylidae with PCV and
Trichostrongylidae with HGB for resistant e resilient categories may have occurred due to
their physiological responses to parasite infection. According to Costa et al. (2011),
resistant animals have the capacity to prevent the infection of the parasites and even to
eliminate them after ingestion, while resilient animals are capable of suffering null or low
productive losses, and this can be reported by hematological exams.

Correlations observed by Afonso et al. (2010), between PCV and FEC, reported a
low correlation coefficient and considered the possibility of negative correlations being
attributed to sensitive animals, and our results corroborated with those found by them.

The RBC values followed the PCV and HGB variation among the categories, with
similar values for resistant and resilient (9.4+1.0x10%/ul and 9.4+0.9x108 /ul) respectively
and lower for susceptible (8.4+1.2x10%/ul), with values slightly below the normality norm
for adult sheep (9-15 x10%/ul) (Carlos, 2010). The lower values observed for susceptible
animals are naturally attributed to pathogenicity caused by H. contortus is due to their
feeding habit (hematophagous) causing significant reductions in hematological values due
to the pathophysiology of the disease.

Correlations with RBC were not performed because it is a blood component directly
associated with PCV and HGB, and these, in turn, better describe the clinical signs caused
by the parasitic infection by H. contortus (ISSAKOWICZ et al., 2016), and also because
by the fact they suffer greater variations due to physiological factors, such as hormonal
actions (DAVID et al., 2015).

The WBC averages were similar between resistant and resilient, and different from
susceptible with a lower average. The correlation between WBC and Trichostrongylidae

was no significative for all categories, however, for the resistant and resilient categories
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the magnitude values were close to zero (r=-0.04 resistant and r=0.03 resilient) and for
susceptible the magnitude was r=-0.18.

The WBCs are the first defense mechanism of the animal against the different
agents of infection. The differentiation of WBC is linked to the type of the host response
to the etiologic agent. The correlation between WBC and Seg. Neut, significant only
observed in the resistant category, is possibly attributed to the immune response of the
host that is in a challenge situation because they are fully exposed to parasitic infection,
whereas resilient and susceptible animals are constantly infected.

In ruminants, lymph cells are the most common cells compared to other species.
Studies describe the importance of lymphocyte response, differentiation of B lymphocytes
into plasma cells and the production of some isotypes and classes of antibodies, such as
IgG1 and IgE (MCRAE et al., 2014) in action against parasitic infections, as well as the
action of eosinophils at the site of infection (AMARANTE et al., 2005). Currently,
lymphocytes are being the target of further studies seeking the immune system
mechanism against parasitic infections.

The negative correlation of low and highly significant coefficients between Lymph
and Eosin in the resistant and resilient categories suggests that there is an immunological
response with the possible participation of these two defense cells. In the category
susceptible there is low a negative correlation, but not significant among these
characteristics. It is not possible to affirm the action of these cells in the immunological
response of each category, the number of cells does not necessarily indicate functional
activity, it only confers phenotypic differences between the categories.

It is possible to observe a statistical difference in the means of Eosin between the
categories. The ewes of the resistant group presented a higher mean of eosinophils
followed by resilient and the susceptible category, which indicates the participation of
these cells in the defense of the animals against the parasites. During parasitic infection,
defense cells migrate to the site of infection and have their local action against the
parasite. Studies have related that were observed higher numbers of abomasal mucosal
eosinophils, mast cells and neutrophils in infected animals compared to non-infected
animals (SHAKYA et al., 2011).
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These findings agree with the observations of Amarante et al. (2007), who verified
an inverse relationship between the number of inflammatory cells in the small intestine
(mast cells, eosinophils, and globular leukocytes) and FEC values. Similarly, Stear et al.
(2002) reported that the number of blood eosinophils circulating was higher in lambs with
lower FEC.

The correlation between Eosin and Trichostrongylidae was significant only in the
resilient category, (r = -17 p<0,01). The resistant category presented a negative
correlation of low magnitude and nonsignificant (r = -11), while the susceptible category
presented a positive correlation close to zero and nonsignificant. This fact may be
associated with the migration of Eosin to the infected area, thereby decreasing the amount
of circulating Eosin.

Buddle et al. (1992) observed a significant negative correlation between blood
eosinophilia and FEC, which was related to the status of ovine resistance to parasites.
According to these authors, eosinophilia would be more associated with the expression of
resistance against nematodes, than as an indicator of infection presence, serving to
evaluate the immune response.

Therefore, eosinophil concentrations may be a useful indicator of resistance to

parasite infection in animals that have been continually exposed to infection.

CONCLUSION

Using characteristics associated to parasitic infection, it was possible to identify
resistant, resilient and susceptible sheep to gastrointestinal nematodes.
Trichostrongylidae eggs, BCS, PCV and eosinophil counts were found to be good
indicators of naturally infected ewes.

The experimental evidence of this study showed that the phenotipic characteristics
reported can be used to assess the resistance, resilience and susceptibility status for

naturally infected Brazilian indigenous sheep.
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Abstract

using microsatellite molecular markers.

Background: Because of the influence of genetics on animal production and the rsk of losing genetic diversity of
naturally adapted breeds, this study evaluated the genetic diversity of sheep of the Morada Nowa breed belonging
o an animal science institute in Brazil. The herd in question is one of the country’s most epresentative of the
breed. Samples of DMA extracted from the plasma of 61 animals were used for later analysis of the genotypes

Results: The polmorphic information content was 0566, the observed heterozygosity was 065 and the fixation
index was 0,045 According to the results, there is moderate genetic diversity in the studied population, suggesting
the implantation of breeding programs aimed at conservation of the observed genetic diversity.

Condusion: The results abtained in this study will be of great importance to decisions on herd structure, besides
contributing to other work to be camied out at the research center.

Keywords: Genetic improvernent, Malecular biology, Ows ares, Polmorphism

Background

Morada Nova is one of the main hair sheep breeds in
Brazil. They are small animals that stand out among nat-
uralized sheep breeds sheep due to the good production
of meat and hides. Because of traits such as high prolifi-
cacy [1], parasite resistance [2] and adaptability to eda-
phoclimatic conditions, this breed is considered useful
for crossbreeding, in particular in industrial breeding
programs with breeds having higher zootechnical per-
formance. Morada Nova herds are mostly found Brazil's
northeastem semi-arid region, where they are one of the
main sources of income of smallholders [3].

Currently, small herds of Morada Nova sheep can also
be found in the Southeast and Midwest of Brazil, popu-
lations are distributed mainly in research centers, most
frequently in 530 Paulo state. The Instituto de Zootecnia
in the municipality of Nova Odessa has one of the main
herds representative of the breed, assisting and monitor-
ing producers them in addition to developing research
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in areas like nutrition, health, reproduction and breed-
ing, among others. Since genetics exerts an influence on
production indexes, either positive or negative, so the
best use of this potential depends on selection, which in
turn requires a diversified number of alleles that can
favor larger numbers of combinations.

In addition to support for genetic improvement pro-
grams, genetic diversity is a determining factor for the con-
servation of genetic resources and the evolutionary
persistence of species. Naturally adapted breeds may be a
source of genetic material able o improve resistance of
other breeds to unfavorable conditions [4]. The ability of a
population to respond adaptively to environmental changes
depends on its level of varability or genetic diversity [5, 6].

Genetic diversity of indigenous breeds is a major con-
cern considering the need to preserve what may be irpe-
placeable richness regarding new productive demands
[7]. A species without enough genetic diversity is
thought to be unable to cope with changing environ-
ments or evolving competitors and parasites [8]. Conser-
vation should be based on thorough knowledge of the
genetic resources of the specific breed [9]). Therefore, it
is important to  genetically characterize  indigenous
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breeds [9], for which the application of molecular genet-
ics has many important advantages [5].

The aim of cbtaining higher animal production rates is
impaired by loss of diversity and the intreduction of
exotic breeds in crosses carried out indiscriminately,
modifying the population structure and compromising a
breeds existence. Genetic depression due to inbreeding
is also an extremely important factor, also impairing
herd performance [10].

To maintain diversity, studies need to be conducted to
learn the genetic structure of populations. Microsatellite
markers are used to estimate parameters of genetic di-
versity and herd structure in genetic resource conserva-
tion programs due to their dominance and  high
sensitivity [11].

Considering this, the objective of this work was to
evaluate the genetic diversity of sheep of the Morada
MNova breed belonging to the Institute de Zootecnia in
Nova Odessa, 530 Paulo. The results obtained in this
study will serve as an aid to future research and conser-
vation of the breed.

Results

Of the 15 microsatellite markers vested, just INRAGS did
not amplify loci and 14 were polymorphic, for a total of
100 detected alleles. We did not observe the presence of
null alleles, that is, all samples amplified the 14 micro-
satellite loci tested. The mean number of alleles (Ma)
was 7.14 and the mean number of effective alleles (MNe)
was 368, The locus ILSTS08 presented the lowest poly-
morphism with two alleles and Ne of 144, while locus
OARFCB30 was the most polymorphic, with MNa 11 and
MNe of 7728,

According to the polymorphic information content
(PIC) test, all markers presented PIC above 0.5, consid-
ered highly informative, except for the OARAEIZ9
marker, which presented a low PIC of 0.19,

Of the 14 microsatellives tested, seven were in Hardy
Weinberg equilibrium with significant p-values: p < 0,001
(ETHI152, INRAODG, OARFCBIM); p=<001 (MAFGS,
OARAEI29); and p <005 (CSRD24, ILSTSE7). Another
seven were not in equilibrivm, with p > 005 (ILSTS08,
INRAOS, INRAL172, MCM42, MCMS527, OARCP49 and
OARFCHE20).

In the evaluation of allelic richness (number of different
alleles for the same genome region), the mean value of all
markers in this population was 451, showing the long-temm
potential of adaptation and persistence of the population.
When observed individually by marker, the lowest values of
allelic richness were for the loci ILSTO8 (1.95), OARI29
(2.168) and MCMXN42 (3.49), the highest value was in the
QAR locus (706), and the other markers obtmined
medium values ranging from 415 to 5.30,

Page 20f 7

The mean observed heterozygosity (Ho) in the popula-
tion was (0L65 while the expected (He) was 0.66, The di-
versity estimates applied for each locus studied are
presented in Table 1.

The fixation index (F) reflects the probability that two
alleles within the same individual are identical in off-
spring. 5ix of the 14 markers tested had negative indices,
that is, they were not fixed in the population. For the
other  markers, two presented  moderate  indices
(ETH152, ILSTS08) and one a high index (OARAE129).
The overall mean considering all the microsatellite
markers was low (F = 0.048).

The 14 microsatellite loci analyzed showed 91 pos-
sible combinations, a total of 16 combinations of
markers, the genotypes in one locus are not independent
of the genotypes in the other locus, OF the 16 combina-
tions in linkage disequilibrium, only one combination was
syntenic (Table 2).

The statistical cluster analysis by ascending hierarch-
ical ordering, grouped the 61 animals into two custers
(Fig, 1.

Based on the Evanno method for identification of the
ideal K in the analysis of population structure (Fig. 2), the
individuals were grouped into two populations (K = 2)
from the 14 microsatellite markers wsed in the analysis
performed with the Structure software, based on the de-
lineation of clusters of individuals in relation to their ge-

notypes (Fig. 3).

Table 1 Mean number of alleles (Ma), effective number of
alleles (Me), observed (Ho) heterozygaosity and expected (He),
Fixation index (F), allele richness (AR)

Locus Ma Ne Ha He F AR

CSRO24T 7 3.885 aFn Q746 Q033 5.0
ETH152 & 4309 0666 0768 Q146 519
ILSTS08 2 1441 0246 0306 Q196 1.96
ILSTSET 8 4731 0830 aree —0039 513
INRADS 10 4678 07a7 07as =001 530
INRADS 7 4064 0705 0754 Qa5 5.0
INRATTZ 9 1968 0705 0665 =000 4.96
MASFES 8 3.832 0705 a7rie Q0ME 4.51
MO 2 7 1612 0672 a617 —Q0Es 349
MCM52T 7 17 Q672 0663 =014 4.15
OARAE1Z9 3 1,265 N axo 0375 27
OARCPAS ] 3.585 0666 arn QoM 468
OARFCEZD 7 3510 0Fay ans =10 453
OARFCEI0 1" 1.8 0852 aan Qon 706
Mean 714 168 065 066 QM8 4.51
SE 063 042 005 Q05 Q034 120

65
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breeds [9], for which the application of molecular genet-
ics has many important advantages [5].

The aim of obtaining higher animal production rates is
impaired by loss of diversity and the introduction of
exotic breeds in crosses carried out indiscriminately,
modifying the population structure and compromising a
breeds existence. Genetic depression due to inbreeding
is also an extremely important factor, also impairing
herd performance [10].

To maintain diversity, studies need to be conducted to
learn the genetic structure of populations. Microsatellite
markers are used to estimate parameters of genetic di-
versity and herd structure in genetic resource conserva-
tion programs due to their dominance and high
sensitivity [11].

Considering this, the objective of this work was to
evaluate the genetic diversity of sheep of the Morada
MNova breed belonging to the Institute de Zootecnia in
MNova Odessa, 53o Paulo. The results obtained in this
study will serve as an aid to future research and conser-
vation of the breed

Results

Of the 15 microsatellite markers tested, just INRAG3 did
not amplify loci and 14 were polymorphic, for a total of
100 detected alleles. We did not observe the presence of
null alleles, that is, all samples amplified the 14 micro-
satellite loci tested. The mean number of alleles (MNa)
was 7.14 and the mean number of effective alleles (MNe)
was 368, The locus ILSTS08 presented the lowest poly-
maorphism with two alleles and Ne of 144, while locus
ODARFCB30M was the most polymorphic, with MNa 11 and
Ne of 7.728.

According to the polymorphic information content
(PIC) test, all markers presented PIC above 0.5, consid-
ered highly informative, except for the OARAEI29
marker, which presented a low PIC of 0,19,

OF the 14 microsatellites tested, seven were in Hardy
Weinberg equilibrium with significant p-values: p < 0001
(ETHI52, INRADG, OARFCBI04); pe001 (MAFGS,
OARAEI29); and p <005 (CSRD24, ILSTSHET). Another
seven were not in equilibrium, with p > 0,05 (ILSTS08,
INRAOS, INRAL7Z, MCM42, MCM527, OARCP49 and
OARFCB20),

In the evaluation of allelic richness (number of different
alleles for the same genome region), the mean value of all
markers in this population was 4.51, showing the long-tem
potential of adaptation and persistence of the population.
When observed individually by marker, the lowest values of
allelic richness were for the loci ILSTOS (1.95), OARI29
(2.168) and MOCMX42 (3.49), the highest value was in the
OARIM locus (706), and the other markers obtined
medium values rnging from 4.15 to 5.30.

Page 2of 7

The mean observed heterozygosity (Ho) in the popula-
tion was (.65 while the expected (He) was 0.66. The di-
versity estimates applied for each locus studied are
presented in Table 1.

The fixation index (F) reflects the probability that two
alleles within the same individual are identical in off-
spring. Six of the 14 markers tested had negative indices,
that is, they were not fixed in the population. For the
other markers, two presented moderate  indices
(ETH152, ILST508) and one a high index (OARAE129).
The overall mean considering all the microsatellite
markers was low (F = 0,048),

The 14 microsatellite loci analyzed showed 91 pos-
sible combinations, a total of 16 combinations of
markers, the genotypes in one locus are not independent
of the genotypes in the other locus. OF the 16 combina-
tions in linkage disequilibrium, only one combination was
syntenic (Table 2).

The statistical cluster analysis by ascending hierarch-
ical ordering, grouped the 61 animals into two custers
(Fig. 1).

Based on the Evanno method for identification of the
ideal K in the analysis of population structure (Fig. 2), the
individuals were grouped into two populations (K =2)
from the 14 microsatellite markers wed in the analysis
performed with the Structure software, based on the de-
lineation of clusters of individuals in relation to their ge-

notypes (Fig. 3.

Table 1 Mean number of alleles (Ma), effective number of
alleles (Ne), observed (Ho) heterozygosity and expected (He),
Fixation index (F}, allele richness (AR)

Locus Ma Ne Ha He F AR

CSRO247 7 3885 oFn 0744 0033 5.0
ETH152 & 4309 Q656 0768 0144 519
IL5TS08 2 i 0246 0306 0196 1.6
IL5TSE7 ] 4.3 Q820 07es —0039 513
INRADS 10 4678 o7er 0784 =00 530
INRADE 7 4064 Q705 0754 065 5.0
INRATTZ ] 1588 Q705 (a5 —Q0E0 4.96
MASFES ] 3832 Q705 0739 Q0Mé 451
MCOMAZ 7 1612 Q672 0817 -85 349
MCOM527 7 1067 Q672 0663 =014 415
OARAE1ZD 3 1.365 [eREY| a2 0375 217
OARCP4S ] 3.585 Q656 a7 0.0 468
OARFCBID 7 3510 o7er 0715 =100 453
OARFCEIO 1 728 0852 08N 0.0 706
Mean 714 168 Q65 066 QM8 451
SE 063 Q42 Q05 005 0034 1.20
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Table 2 The linkage disequilibrium between pairs of
microsatellites markers

Locus#l Locus#? PValue SE L Syniteny
ETH152 MARGS Q0000 00000 - M
INRADE M2 Q.00 0,0000 + M
IMRATTFZ MONSZT Q0028 0002 - M
IMRATTFZ MARGS Q.00 0,002 + M
OQARCP49 OQARRCEID Q0037 00025 - M
MOMSZT QARRCBIO Q0079 00,0045 - M
MAFES MONSZT Q00 0,0054 + M
IMRADS ARG 00116 00059 - M
IMRATTFZ QARCP4G oM 00082 + M
IMRADS M2 Q06z 00059 - M
MM 2 OQARRCEID omer 00077 + M
ETH152 OQARAE1 29 omee 00059 - 5
IMRADS OQARRCEID Q.0x8 00104 + M
ETH152 L5T587 00245 00097 - M
CSRDZ4T OQARRCEI0 0.0345 00157 - M
MAFES OQARRCEH) 003N 0,052 + M

Pyalue significance =0,05. 5E standand error, N Non-syntenic, 5 Symenic

Discussion

Microsatellite markers are commonly used in paternity
tests and are considered an excellent alternative 22 for
breed profiling [11, 12], genetic diversity, breeding and
conservation programs, [13, 14]. The use of these
markers is considered to be reliable because they have
characteristics such as high polymorphism, good specifi-
city, high mutation rate and wide genome distribution,
besides being easy to analyze [14].

The inter simple sequence repeat (ISSR) technique also
presented highly polymaorphic loci and has been used pre-
viowsly in genetic diversity studies [9]. These markers are
useful to find markers associated with major and minor

Page 3of 7

genes controlling important traits. Several studies have
been conducted on associations of [SSR markers with im-
portant characteristics, including sheep production traits
[7, 15].

Currently, breeding values in genomic selection are
generally predicted based on SNP markers (single
nucleotide polymorphism). These have also been used
in analyses of genetic diversity [16]. There are more
than 54000 validated SMNPs for sheep breeds of major
economic interest, including Brazilian breeds such as
Morada MNova and Santa Inés (Ilumina, San Diego,
CA). According to Fischer [17], the potential of SNPs
to describe the genetic structure of the population
depends heavily on the density of the chips used.
However, the high cost to purchase these chips re-
stricts research in countries that have low scientific
investment, thus justifying preference for the use of
microsatellite markers [18]. In studies using a low
number of SNPs and microsatellites, the microsatel-
lites presented similar or better results than SNPs
[19, 20].

In this study, the microsatellite markers used reflected
the genetic diversity evaluated in the population. The 14
markers were highly informative, with PIC above 050
PIC values above 0.50 are considered highly, values be-
tween 0.50 and 025 are moderately informative and
values below 025 are considered slightly informative
[20]. This high chserved value is also an indicative par-
ameter for the classification and selection of the micro-
satellite used, since these presented efficiencies in the
detection of polymorphisms. The locus used in this
study are commonly used in patemity test and genetic
diversity in sheep and are recommended by the Inter-
national Society for Animal Genetics (15AG). The link-
age disequilibrium  observed between the locus is
probably due to the inheritance of common alleles of
common lineages. According to Flint-Garcia [21], the
mating system of the species (selfing versus outcrossing),

i
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Fig. 2 Structure Hanester results {approximate numbers). Graph for the detection of the number of dusters (K) for obsenvation of population
group of Marada Nova sheep, realized by the Structure Hanester online software. Delta K values calculated by Branno’s method detecting
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and phenomena such as population structure can
strongly influence patterns of LD,

The number of alleles within a population as one of the
parameters of genetic diversity and is a major factor in ani-
mal production, since a greater number of alleles within a
population allows for greater possibilities of recombination,
It is common to note that in commercial or geographically
isolated herds, selection pressure exerts forces contrary to
diversity, leading to genetic drift. However, the herd stud-
ied, although new and composed of small sheep, had a high
Na value compared to other studies conducted in different
regions analyzing the same breed.

We found 100 alleles, with average number of alleles per
locus of (MNa) 7.14. The highest number of allele markers
were in OARFCBE304, with 11 alleles, and INRAOS with 10
alleles, while least number were in ILSTOR and OARAE129,
with 2 and 3 alleles respectively. This result indicates that
even though the population studied is isolated, the Na was
higher than that described in other studies evaluating Mor-
ada Nova herds. In Ceard, 89 alleles (3.28 alleles per locus)

were observed wing 17 microsatellite markers in a study
performed in 13 different farms [22]. Ferreira [23] used 15
microsatellives, of which, 5 were the same as those studied
by us (MAFe5, MCMS27, INRAL172, INRAOS, OARF304)
in the sarme breed ina single population, and described Na
of B1 alleles and average of alleles 4.62 per locus, Under-
standing of the relation between the effective size and the
real size of a population is of fundamental importance for
planning conservation strategies. The mean number of ef
fective alleles (Me) was 3.68, a medium value considering
the value of Ma (7.14). The loci with lowest Me values were
also the lowest in the observed heteroeygosity, The means
were higher than those observed in five distinet populations
of Kermani sheep, which presented means of Na 294 +
0.23 and MNe 231+ 023 [9]. Even though the mentioned
study was carried in different populations, the number of
animals was low, which showed a loss of diversity of indi-
genous animals, The authors emphasized that a better un-
derstanding of the potential of native species is necessary to
support long-term genetic improvement

-

I e el Te et e
Fig. 3 Cluster analysis based on a Bayesian model with 61 representative animals of a single Marada Mowa sheep population. The individuals are
represented in the vertical bar graph; the colars represent the K genetic cluster; the length of each segment is proportional to the individual's
participation in the duster; the values on the Y asis show the comelation coefficient. Analysis performed with the STRUCTURE software
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Our study revealed the presence of low allelic richness.
The decrease of allelic richness may lead to a reduction
in the population’s potential for adaptation to future en-
vironmental changes, since this diversity is the raw ma-
terial for evolution through natural selection [17].

The value of 4.51 identified for allelic richness in this
study suggests unequal distribution of allelic frequencies
with the presence of low-frequency alleles, such as
ILSTOR (1.96) and OARI29 (2.17). The average of allelic
richness observed by GebreMichael [24] was 6.79 for an-
imals of the same breed from different regions. The au-
thor observed phenotypic variability among populations
and within populations, and atributed this variability as
characteristic of traditional populations that were not
subjected to a strong selection. However, that author
only compared the allelic richness with values reported
for other domestic sheep populations, and these values
are similar to those observed in our study. On the other
hand, the AR values observed by [24] in different breeds
were reported to be above 8.0 for six of the seven breeds
studied.

Like the AR values, the heterozygosity indices also es-
timate genetic variation within a population and are one
of the most widely used parameters of genetic diversity
[25]. Heterozygosity expresses great miscegenation and
lower allele fixation. A higher proportion of heterozy-
gous individuals than expected, according to the rate of
segregation of a population, is desirable to maintain gen-
etic diversity. The estimates of observed heterozygosity
(Ho) and expected heterozygosity (Hel in this study
(065 and 0.67, respectively) represented moderate gen-
etic diversity.

Values of Ho (0.53) and He (0.59) were attributed to
the low diversity of the Morada Nova breed [22]. In that
study, the authors used animals from eight frms in
three different states. That result indicates that the iso-
lated herd used in our study is representative of the
breed, with moderate heterozygosity considering  the
number of animals studied.

Estimates of diversity in populations of sheep from
Colombia presented mostly low heterozygosity, with
values of Ho below the values of He, with means of
068 and 0.77 respectively [26]. In that study, the au-
thors used 513 animals from 13 breeds from 56 farms,
and wvalues indicative of diversity were lower than
those found in our study. The desired genetic diversity
is Ho greater than He. Like the values observed in five
Kermani sheep populations in lran, which presented
He of 0.56 + 0,06 and Ho of 0,97 £0.12 [9]. The au-
thors reported enormous biodiversity among domestic
animals in developing countries and warned of the loss
of this diversity because of the introduction of differ-
ent breeds and the importance in conserving natural-
ized breeds.
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One of the main factors that causes loss of heterozy-
gosity is the fixation of alleles of commercial interest
and mating directed to obtain higher production rates,
common in industrial production. This heterozygosity
loss increases with rising number of alleles in homozy-
gosis, resulting in allele fixation. According to the FAOD
(1998), the estimated value through the fixation index
(F} should not exceed 1%. In this study, the estimated
value of F was 48%. The ETH152, ILSTS08 and OARAE
markers presented values of 14.6, 19.6 and 37.5, respect-
ively. These large values indicate high homozygous for
these loci and possible loss of alleles. Five markers pre-
sented values below 6% and another five negative values,
with these also being the loci with highest Ho. This fact
can be attribuited to the lack of gene flow and rigorous
mating control. However, the low number of Morada
MNova sheep in this geographic region makes it hard to
introduce new genes to increase the diversity.

Likewise, in a study of diversity study of Morada Nova
herds located in five Brazilian states including 530 Paulo,
the authors found F values between 4 and 12% and re-
ported consanguinity between the herds [27]. Inbreeding
among herds of different regions observed in studies
shows that the introduction of animals from different
herds alone may not be sufficient to increase the breed's
diversity, so intensified conservation work is important.,

The Bayesian group factor analysis performed by the
Structure software determined the structure of the sheep
population studied and presented a population structure
clearly divided into two representative groups, with
some individuals presenting a mixture of the two gene
groups, possibly due to the miscegenation of the main
cluster present. This structure is possibly due to the ori-
gin of the herd, which was formed of individuals coming
from different states.

The ability of the Bayesian algorithm to detect the
maost probable number of clusters that explain the distri-
bution of the genetic groups of the population studied
was based on a model that correlates the allelic frequen-
cies within the population (admixture model). This con-
tributes to the detection of subpopulations or genetic
subgroups in a single population when individuals may
be particularly related and presents the same detection
ability as the independent allele frequency model, such
as the absence of high levels of relationship between the
individuals or populations evaluated [28].

The structure of the population presented here is im-
portant for the maintenance of genetic diversity through
the direction of mating. The dendrogram allows ohserv-
ing the animals according to their genetic distance,
which facilitates the identification of the best genetic
combinations to avoid endogamous mating,

Diversity is conserved by the maintenance of individ-
uals with few genetic relationships. Knowledge about
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these relationships helps in the management herds with
better use of existing genotypes in breeding programs,
besides being fundamental in programs for conservation
of genetic resources.

Conclusion

The herd of Morada Nova of the Instituto de Zootecnia
presented moderate genetic diversity. Strategies to main-
tain or increase genetic diversity should be implemented
considering the need o preserve what may be irreplaceable
richness and the importance of the herd in the conserva-
tion of the breed regarding new production demands,
mainly as a maternal lineage in industrial mating,

Methods

Locale and population studied

The study was carried out on 61 animals of the Morada
Mova breed from the Sheep Unit of the Center for Re-
search and Development of Diversiied Animal Hus-
bandry, of the Instituto de Zootecnia, part of the
Paulista Agribusiness Technology Agency of the Depart-
ment of Agriculture, located in Nova Odessa SP (22 ° 42
‘S and 47 ° 18" "W).

DMA extraction and genotyping

DMNA was extracted from blood plasma using the com-
mercial NucleoSpin Blood kit (Macherey-Nagel, Diiren,
Germany)  following the manufacturers instructions,
with subsequent quantification of DNA concentrations
measured with a spectrophotometer (NanoDrop™ 2000-
Thermo Science). The extraction and purification steps
were performed at the Animal Genetic Improvement La-
boratory of Norte Fluminense State University in Rio de
Janeiro,

Genotyping was performed using a capillary sequencer
(MegaBACE 1000 DNA Analysis System - GE Health-
care), We wed 15 microsatellite markers recommended
for identification of kinship and patemity in sheep by the
Intemational  Society  for  Animal  Genetics  (ISAG):
CSRD24, ETH152, ILSTS08, ILSTS87, INRAOS, INRADS,
INRALI7Z, MASEeS, MCM42, MCMS27, OARAE129,
OARCP49, ODARFCBE20, OARFCBE304 AND INRA 63.

Statistical analysis
The GenAlEx software version 6.502 was used to evalu-
ate population genetics, to estimate: number of alleles
(Ma), effective number of alleles (Ne), observed heterozy-
gosity (Ho), expected heterozygosity (He), fixation index
(F); and polymorphic information content analysis (PIC).
Linkage disequilibrium was estimated for all marker
pairs using GenePop software version 1.2 [29].

The distribution of genetic diversity was studied using
the genetic distance analysis of Nei. For the Hardy-
Weinberg equilibrium (HWE), Fisher's exact test was
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applied. The population allele richness (Ag) measure of
the 14 markers was estimated using the HP-RARE 10
software. Using MNei's genetic distance matrix with stan-
dardized data the dendrogram was constructed from the
unweighted pair group method with arithmetic mean
using the software MEGA-5 (Molecular Evolutionary
Genetics Analysis).

The population structure was analyzed using the soft-
ware STRUCTURE 2.3.4, which employs functions based
on Bayesian clustering algorithms, considering a mixed
ancestry model (admixture model) and correlating the
allelic frequency in the population. The burn-in period
was 200,000 rounds followed by 500,000 Monte Carlo
Markov Chain interactions. To observe numbers of pos-
sible clusters in the population, the independent “K" test
was performed from 1 to 10 clusters with 20 replicates,
thus verifying the consistency of the results. The ideal
“K" value was evaluated after the analysis of the result
file by the Evanno method using the web-software
STRUCTURE Harvester wversion 0.6.942012 software.
After identification of the number of subpopulations, a
test was performed to select the optimal “K” to generate
the illustrative population plot.
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7. CONCLUSAO

As evidéncias experimentais relatadas neste estudo mostraram que as
caracteristicas avaliadas em campo apresentaram ser eficientes, quando avaliados de
maneira conjunta, e podem ser aplicadas para a selecdo de individuos resistentes ou
para adocdo de tratamento seletivo, uma vez que os exames laboratoriais retratam de
forma assertiva o estado clinico dos animais, apontando a capacidade de ovinos Morada
Nova em lidar com os desafios da infec¢do parasitaria.

Considerando os aspectos positivos da raca na producédo animal, o estudo de diversidade

genética realizado pontua a necessidade da implantacédo de programas de conservacao.



