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RESUMO

O trabalho foi estruturado como um Unico experimento envolvendo um arranjo
fatorial, no qual foram analisados a expressdo génica e o desempenho de codornas. Os
fatores, linhagens (postura e corte), eficiéncia alimentar (alta e baixa eficiéncia
alimentar) e exposicdo ao estresse térmico (frio e calor) foram considerados. Desta
forma, o experimento foi analisado considerando as linhagens separadamente, primeiro
postura e depois corte. As analises de expressdo génica em animais domésticos vem
aumentando dada a necessidade de se compreender melhor os mecanismos moleculares
e bioguimicos envolvidos com a nutricdo e ambiéncia. As analises com a expressao dos
genes mitocondriais e genes relacionados ao crescimento possibilitaram a confirmacéo
de alguns resultados ja esperados, em funcdo da acdo desses genes; entretanto, também
nos trouxeram desafios na explicacdo de resultados ndo esperados, onde hipdteses
foram propostas. Quando analisamos a expressdo desses genes em animais de postura,
podemos observar que a expressdo de IGF-I foi maior no figado de codornas de alta
eficiéncia alimentar (EA) do que em codornas de baixa EA em condicBes de estresse
por calor ou frio. Animais de alta EA também mostraram maior expressdo de mRNA
GHR, independente da temperatura. A expressdo de UCP no figado foi menor em aves
de alta EA, e maior em condicOes de estresse por frio. A expressdao de ANT foi menor
no figado de codornas expostas ao calor. No musculo, maior expressdo de ANT foi
observada para aves de alta EA e para animais do estresse por frio. A maior expressdo
de COX Il no masculo foi observada para aves de alta EA e que foram submetidas ao
estresse por frio. No figado, valores de expressdo muito mais altos, também foram
observados em codornas do estresse por frio. Os resultados das analises de expressdo no
musculo e figado das codornas de corte sdo semelhantes aos encontrados para postura.

A expressdo de IGF-1 foi maior no figado de aves de alta EA do que em aves de baixa
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EA no conforto e sob estresse por calor. No mdsculo, independente da temperatura,
aves de alta EA mostraram maior expressdo de IGF-1. Codornas de alta EA também
apresentaram maior expressdo de GHR em condicdes de conforto térmico. Com relagédo
ao ambiente, maior expressdo foi observada em aves no conforto, e menor expressao de
GHR, observada em aves em estresse por calor. A expressdao de UCP no figado foi
menor em aves de alta EA e menor em estresse térmico por calor. Aves de alta e baixa
EA mostraram maior expressdo de ANT em condicbes de estresse por frio.
ComparacOes entre aves de alta e baixa EA revelaram maiores niveis de transcricdo
deste gene em aves de alta EA em condic¢des de conforto e de estresse por calor. Maior
expressdo de COX 111 foi observada no figado e muasculo de codornas em condigdes de
conforto térmico. Neste trabalho, além de machos, também foi avaliada a expressdo dos
mesmos genes em codornas de corte fémeas, no qual foi observado maior expressdo de
MRNA IGF-I no figado e no musculo de aves de alta EA, e maior expressdo de GHR no
musculo. A maior expressao de ANT foi observada em aves de alta EA e que
permaneceram em conforto térmico. No figado, a expressdo de UCP foi estatisticamente
similar entre as codornas, independente do ambiente (T°) ou da eficiéncia alimentar.
Entretanto, comparacdes entre aves de alta e baixa EA no musculo revelaram maior
expressao de UCP em aves de baixa EA. Maior expressdo de COX Il foi observada em
codornas que permaneceram no conforto; e aves de alta EA mostraram maior expressao
deste gene que aves de baixa EA. Nossos resultados sugerem que a temperatura
ambiental afeta a expressdo de genes relacionados ao crescimento e a producdo de
energia pelas mitocondrias, e que codornas que apresentam diferentes eficiéncias

alimentares podem responder diferentemente aos estimulos do ambiente.

Palavras-chave: Expressdo génica, Coturnix coturnix, horménio do crescimento, genes

mitocondriais.



ABSTRACT

This work was structured as a single experiment involving a factorial arrangement
where the gene expression and performance of quails were analyzed. The factors
lineage (layer and meat), feed efficiency (high and low-efficiency) and thermal stress
exposition (cold and heat) were considered. Thus, the experiment results were analyzed
considering the lineages separately, first layer then meat. The gene expression analysis
of domestic animals is increasing, due to the need to better understand the molecular
and biochemical mechanisms involved on nutrition and ambiance. The analysis of
mitochondrial and growth related genes, enabled the confirmation of some expected
results, considering the action of such genes; although this data also brought other
challenges such as explaining unexpected results, where hypothesis might be drawn.
When we analyzed the expression of these genes on layer quails, we could observe that
IGF-1 mRNA expression was higher in the livers of high feed efficiency (FE) quail than
in the livers of low-FE quail under both heat and cold stress conditions. High-FE birds
also showed higher GHR mRNA expression independent of temperature. UCP mRNA
expression in the liver was lower in high-FE birds and higher under cold stress
compared with the other conditions. IGF-I mRNA expression was higher in the muscle
of high-FE quail under the three conditions tested, and UCP mRNA expression was
higher under cold stress. The ANT mRNA expression was lower in the liver of heat
stress animals. In the muscle greater ANT mRNA expression was observed for high FE
and for cold stress animals. The greatest COX Il mRNA expression in the muscle was
observed for high FE animals and that were subjected to cold stress. In the liver there
was a much higher expression of COX Il mRNA in cold stress animals. The analysis
results of gene expression on muscle and liver of meat quails are similar to the ones of

layer quails. IGF-I mRNA expression was higher in the livers of high-FE quail than in
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the livers of low-FE quail under both comfortable and cold stress conditions. In the
muscle, regardless of the environment, high-FE birds showed higher IGF-1 mRNA
expression. High-FE birds also showed higher GHR mRNA expression under
comfortable conditions. Regarding the environment, higher expression was observed in
birds at comfortable conditions, and lower expression in birds under heat stress. UCP
MRNA expression in the liver was lower in high-FE birds and lower under heat stress
compared with the other conditions. Low and high-FE birds showed greater ANT
MRNA expression under cold stress. Comparisons of the low and high-FE birds
revealed higher transcription levels of this gene in high-FE birds when housed in
comfortable conditions and when the quails were submitted to heat stress. Greater
MRNA COX Il expressions were observed in the liver and muscle of quails under
comfortable conditions. In this work, besides male quails, it was evaluated the
expression the same genes on female meat quails, in which it was observed greater IGF-
I MRNA expression in the liver and muscle of high-FE birds, and greater GHR mRNA
expression in the muscle. The greatest ANT mRNA expression was observed for high
FE-birds and that remained under comfortable conditions. In the liver, UCP mRNA
expression was statistically similar among the quails, independent of the environment
(T°) and feed efficiency. However, comparisons of the low- and high-FE birds, in the
muscle, revealed higher levels of UCP mRNA in low-FE birds. The COX Il mRNA
expression in the liver suffered environmental temperature and feed efficiency effects.
Higher expression was observed in animals that remained under comfortable conditions;
and high FE-birds showed higher expression than low FE- birds. Our results suggest
that air temperature affects the expression of genes related to growth and mitochondrial
energy production, and quail with different feed efficiencies respond differently to

environmental stimuli.

Keywords: Gene expression, Coturnix coturnix, growth hormone, mitochondrial gene.



|. INTRODUCAO

O desenvolvimento de pesquisas cientificas com avangos nas areas de nutri¢do e
genética na avicultura melhorou os indices alimentares e reduziram o0s custos de
producdo, possibilitando aumento na produtividade. Os gastos com a alimentagao
representam cerca de 70% do total dos custos de producdo na pecudria; dentro disto, a
eficiéncia alimentar se torna cada vez mais um aspecto importante e de grande interesse
nas pesquisas recentes (Lassiter et al., 2006), entre estas, estdo as pesquisas em
nutrigénomica.

A taxa de crescimento esta atrelada a eficiéncia alimentar, bem como a deposi¢do
de massa muscular. A eficiéncia de um animal em converter alimentos em peso corporal
estad relacionada a eficiéncia na producdo de energia. Estudos mostram que aves com
menor producdo de ATP, em funcdo de menor eficiéncia mitocondrial de produzir ATP
a partir de substratos, apresentam pior eficiéncia alimentar ou conversdo alimentar
(Bottje & Carstens, 2009).

O desempenho das aves também ¢é afetado pelas condi¢des ambientais a que estes
animais sdo expostos. A producdo pode ser prejudicada em funcdo de altas
temperaturas, que levam o0s animais ao estresse termico (Oliveira et al., 2006). O
estresse térmico estd associado a alteragcbes metabolicas que envolvem o estresse
oxidativo. De acordo com Yang et al. (2010), aves submetidas ao estresse por altas
temperaturas podem apresentar reducdo na atividade da cadeia respiratoria mitocondrial,
seguida por maior producao de espécies reativas de oxigénio (ROS).

A busca por animais cada vez mais eficientes deixa clara a necessidade de
conhecer melhor como todos esses fatores estdo envolvidos no desempenho das aves,
em funcdo das modificacbes ocorridas por mudancas fisiologicas em nivel celular /

molecular.



Coturnicultura

A codorna pertence a ordem das Galinaceas, familia das Faisanidas, subfamilia dos
Perdicinae e do género Coturnix, existindo grandes quantidades de espécies, a mais
conhecida e difundida é a Coturnix coturnix, conhecida como codorna europeia ou
selvagem. Com a introducdo desta ave no Japdo e, através de cruzamentos, surgiu entdo
a subespécie Coturnix coturnix japonica, conhecida como codorna japonesa ou
domeéstica.

O que diferencia a codorna europeia da codorna japonesa € 0 peso na fase adulta,
sendo a codorna europeia € mais indicada para corte pelo seu maior peso (170 g,
aproximadamente), enquanto que a codorna japonesa é mais indicada para a postura,
por atingir pesos menores na fase adulta (150 g) e alta postura de ovos. Ainda ha a
codorna americana, conhecida por Bob White, esta juntamente com a europeia séo as
codornas mais indicadas para a producao de carne.

As codornas possuem altos indices de produtividade, rapido crescimento, pequeno
porte, facilmente manipulaveis, ciclo reprodutivo curto, com postura regular. Todas
essas vantagens fazem da codorna um animal muito utilizado, ndo apenas para a
producdo de carne e ovos, mas também como modelo experimental para as aves

domeésticas em pesquisas laboratoriais (Oliveira, 2002).

Genética

- Genes mitocondriais:

O melhoramento genético proporcionou grande melhora no desempenho das aves
nas ultimas décadas (Harvenstein et al., 2003). Estudos recentes tém mostrado que
animais mais eficientes em converter alimentos em peso corporal podem apresentar
alteracOes na expressao de genes para proteinas da cadeia transportadora de elétrons, o
que pode influenciar a utilizacdo de nutrientes e alterar o gasto energético corporal.
Estas pesquisas sugerem que animais com maior consumo de racdo residual possuem
falha no transporte de elétrons/protons, reduzindo a eficiéncia de producdo de ATP
pelas mitocobndrias, o que influencia negativamente a conversdo alimentar (Bottje &
Carstens, 2009; Krueger et al., 2008).



Todas as células necessitam de energia para realizar suas atividades. As
mitocondrias sdo as organelas responsaveis por transformar a energia quimica dos
metabolitos em energia facilmente acessivel a célula (Schauss et al., 2010) e estdo
presentes em quase todas as células eucarioticas (Alberts et al., 2011). Essa energia é
acumulada em compostos l&beis, dos quais o principal é o ATP. De acordo com Bottje
et al. (2006), as mitocondrias sdo responsaveis pela producdo de 90% de toda a energia
requerida pelas células.

As mitocondrias contém seu proprio DNA, bem como um sistema completo de
transcricdo e traducdo, o que permite sintetizar algumas de suas proprias proteinas. O
nimero de mitocéndrias presentes em diferentes tipos celulares varia muito e pode
mudar com a necessidade de energia da célula (Alberts et al., 2011).

Cada mitocondria é envolta por duas membranas altamente especializadas: as
membranas externa e interna criam dois compartimentos mitocondriais, um espaco
interno denominado de matriz e um espacgo intermembranas muito mais estreito. A
membrana externa contém muitas moléculas de uma proteina canal denominada porina,
deixando a membrana externa altamente permeavel a muitas moléculas, incluindo
pequenas proteinas. Em contrapartida, a membrana interna é impermeavel a passagens
de ions e a maioria das pequenas moléculas. A membrana mitocondrial interna € o sitio
de transporte de elétrons e bombeamento de protons e contém a ATP-sintase. A maioria
das proteinas embebidas na membrana interna é componente da cadeia transportadora
de elétrons, necessarios para a fosforilagdo oxidativa (Alberts et al., 2011).

Quase toda energia disponivel da queima de carboidratos, gorduras e outros
alimentos €, inicialmente, armazenada na forma de molécula carreadora ativada, gerada
durante a glicélise e o ciclo do acido citrico — NADH e FADH,. Essas moléclas
carreadoras doam seus elétrons de alta energia para a cadeia transportadora de elétrons.
Os elétrons sdo rapidamente passados ao longo da cadeia até o oxigénio molecular para
formar agua. A energia liberada durante a passagem dos elétrons é utilizada para
bombear prétons através da membrana mitocondrial interna. O gradiente de prétons
resultante promove a sintese de ATP (Figura 1). Esse mecanismo quimiosmotco de

sintese de ATP é denominado de fosforilagdo oxidativa (Alberts et al., 2011).
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Figura 1: Cadeia transportadora de elétrons e fosforilacdo oxidativa.

A cadeia transportadora de elétrons possui mais de 40 proteinas, sendo que a
maioria delas esta envolvida na cadeia transportadora e estdo agrupadas em trés grandes
complexos: o complexo NADH-desidrogenase, o complexo do citocromo b-C;, 0
compexo citocromo-oxidase. Os complexos sao sitios de bombeamento de prétons, e
cada um pode ser visto como uma maquina proteica que bombeia prétons através da
membrana a medida que elétrons sdo tranferidos por meio dela. O gradiente
eletroquimico de prétons, é utilizado para promover a sintese de ATP pela ATP-sintase.
A ATP-sintase cria uma via eletrolitica através da membrana mitocondrial interna que
permite aos protons fluirem de volta a matriz mitocondrial, a favor de seu gradiente
eletroquimico. A medida que os prétons fazem sua passagem pela enzima, eles s&o
utilizados para dirigir a reacdo desfavoravel entre ADP e P; para produzir ATP (Alberts,
etal., 2011).

Durante a sintese de ATP, cerca de 2 a 4% do total de O, utilizado como aceptor
de elétrons pelas mitocondrias, ndo ¢ totalmente reduzido a agua (Bottje et al., 2006), no
entanto 0os mesmos formam compostos quimicos que ainda sdo oxidantes potentes,
conhecidos como espécies reativas de oxigénio (ROS).

As proteinas mitocondriais, UCPs (proteinas desacopladoras), ANT (transportador

de nucleotideos de adenina) e COXIII (citocromo c¢ oxidase subunidade I1I) tem se



tornado tema de pesquisas recentes, por suas importancias na producdo de ATP (Bottje
et al., 2009; Ojano-Dirain et al., 2007).

As proteinas desacopladoras (UCPs) sdo transportadores presentes na membrana
interna da mitocdndria capazes de desviar a energia de sintese de ATP, para a producao
de calor catalisado por um vazamento de protons através do interior da membrana
interna (Ledesma et al., 2002). De acordo com Vidal-Puig (2000), o que a UCP faz é
fornecer uma rota nova para os prétons, que ndo através da ATP sintase. A UCP aviaria
tem sido descrita como um agente que possibilita a reducdo da producdo de ROS, por
causar um leve desacoplamento na producdo de ATP ( Abe et al., 2006). Embora a UCP
tenha o efeito benéfico de evitar danos ao DNA e as proteinas celulares, uma vez que
reduzem a producdo de radicais livres, observa-se que a maior expressdo do gene UCP
pode piorar a conversdo alimentar, j& que pode reduzir a producdo de ATP (Ojano-
Diran, et al., 2007). Com a diminuicdo da sintese de ATP pode ocorrer aumento do
catabolismo dos nutrientes como forma de manter a producao de energia.

A expressdo de UCP também € influenciada pelo estresse térmico, aves expostas a
altas temperaturas apresentaram menor expressdo do gene UCP (Mujahid et al., 2006), e
pelo estado nutricional, a expressdo de UCP é aumentada no musculo esquelético de
aves em jejum (Evock-Clover et al., 2002). Baixas temperaturas tém sido
constantemente associadas a maior expressdao de UCP em diversos tecidos e espécies
(Dridi etal., 2008; Toyomizu et al., 2002). Os autores associam essa maior expressao a
uma tentativa do animal em manter a temperatura corporal adequada.

Outra proteina envolvida no processo de sintese energética € o ANT (transportador
de nucleotideos de adenina), responsavel pelo deslocamento do ADP do citosol para a
mitocondria e pelo deslocamento do ATP através da membrana interna mitocondrial
(Ojano-Dirain et al., 2007). Portanto, o ANT possui a fungdo de aumentar a quantidade
de ADP para ser transformado em ATP por acdo da ATP sintase. A fun¢do mitocondrial
pode ser prejudicada pela incapacidade de troca do ADP/ATP entre citosol e membrana,
assim pode ser que haja alguma ligacdo entre a expressdo do ANT com a expressdo do
fenotipo da eficiéncia alimentar (Bottje et al., 2006).

Ojano-Dirain et al. (2007) relataram que aves com menor expressdo do gene ANT
tiveram pior conversdo alimentar em funcdo da menor eficiéncia em produzir ATP.
Nicoletti et al. (2005) verificaram reducdo na expressdo do ANT com o aumento da
idade. Segundo esses autores, alteracOes na expressdao de subunidades da cadeia

respiratoria podem representar uma resposta adaptativa celular ao acimulo de danos as



proteinas e / ou DNA mitocondrial que ocorre pelo aumento na quantidade de ROS. A
expressdo do gene ANT sofre influéncia da temperatura, havendo maior expressdo em
aves expostas a clima frio (Toyomizu et al., 2002), e do estado nutricional, no qual
observa-se maior expressdo em aves submetidas a jejum (Toyomizu et al., 2006).

O COX Il também estd presente na cadeia transportadora de elétrons e esta
relacionado com a eficiéncia da fosforilacdo oxidativa. A citocromo c oxidase,
subunidade I11 (COX 1lI), é uma subunidade do complexo proteico IV da mitocondria,
responsavel pelo bombeamento de protons e pelo transporte de elétrons. O COX Il
possui grande relevancia na eficiéncia energética mitocondrial (Scheffler, 1999) e
menor expressao deste gene pode ocorrer pela menor eficiéncia celular ou maior dano
oxidativo pela producéo de substancias reativas ao oxigénio (Kemp et al., 2003).

Ojano-Dirain et al. (2007) sugerem que maior producdo de ROS e maior oxidagdo
proteica sdo observadas consistentemente em aves com baixa eficiéncia alimentar,
sugerindo que este fator pode alterar a expressdo de genes mitocondriais. Estes autores
também sugerem que o0s niveis de expressdo dos genes mitocondriais, como o COXIII,
podem variar de acordo com 0s niveis de danos causados pelo estresse oxidativo. Esta
hipotese é corroborada pelos resultados de Barazzoni et al. (2000) que verificaram
reducdo na expressdo do gene COX Il relacionada com alteragdo na capacidade
oxidativa da mitocéndria em animais mais velhos, e por Li et al. (2002) que verificaram
que ndo sb a expressdo desse gene, mas também sua atividade é afetada pela quantidade
de ROS presente no tecido.

A coordenacdo entre os complexos da cadeia respiratoria é necessaria para que a
producdo de energia seja eficiente, e assim, para que 0s animais tenham maior eficiéncia
alimentar. Qualquer desequilibrio pode provocar vazamento de elétrons e geracdo de
ROS.

- Genes do crescimento:

O crescimento das aves é dado pela acdo do eixo somatotrofico, com agédo
principal do hormonio do crescimento (GH). A acdo do GH sobre o crescimento pode
ocorrer de forma direta, entretanto, seus efeitos sdo dados principalmente pela a¢do do
IGF-I (fator de crescimento semelhante & insulina I). A presenca de GH no organismo

induz a sintese e a liberagdo deste hormonio (Becker et al., 2001).



O GH ¢ produzido pelas células somatotropicas da hipdfise, sua sintese é
estimulada pela ligagdo entre o hormonio liberador de GH (GHRH), sintetizado pelo
hipotdlamo, e seu receptor (GHRHR) (Martinelli Janior et al., 2002). A acdo do GH
sobre o IGF-I é mediada pelo receptor de GH (GHR), ja que deve haver a ligagdo GH-
GHR para estimular a sintese e liberagdo do IGF-I. O GHR é uma proteina
transmembrana de 620 aminodcidos, seu dominio extracelular é responsavel pela
ligacdo do GH, e o dominio intracelular esta envolvido na sinalizacdo do GH. Esta
proteina é codificada por um gene localizado no braco curto do cromossomo 5,
composto por dez éxons e nove introns, sendo o figado o local de maior expressdo do
gene GHR (Leung et al., 1987).

Para estimular a sintese de IGF-1, o GH provoca a dimerizacdo do seu receptor,
ligando-se a ele (Brown et al., 2005). Essa mudanca conformacional é responsavel pela
ligacdo da proteina JAK2 (Janus Kinase 2) ao complexo, formado anteriormente pelo
GH e GHR, e assim, pelo inicio da sinalizacdo intracelular, que modula as a¢6es do GH.
Com a ligacdo da JAK2, diversas rotas bioldgicas podem ser induzidas (Burfoot et al.,
1997). Uma das rotas ativadas com a formacdo do complexo GH-GHR-JAK2 € a rota
que envolve os fatores de transcricdo denominados de STATs (Transdutores do sinal e
ativadores da transcricdo). Neste processo, as STATS sao fosforiladas, o que fazem com
que estas formem complexos com outras proteinas e se movam para o nicleo, agindo na
inducdo da sintese de mRNA IGF-I (Kofoed et al., 2003). O complexo pode ativar
também as proteinas quinases MAPK (Proteina cinase ativadora de mitose), por
intermédio do recrutamento da molécula adaptadora GrB2 (Proteina 2 ligada ao receptor
de fator de crescimento). As MAPKs fosforilam moléculas responsaveis pela
transcricdo no nucleo, agindo na sintese proteica (Guyoti, 2009). A (ltima rota
bioquimica que pode ser ativada envolve as proteinas IRS-1 (receptor de insulina
substrato 1), as quais quando fosforiladas servem como locais de ligagdo para uma
variedade de moléculas sinalizantes, como PI3K (Fosfaditilinositol-3 cinase),
envolvidas no metabolismo e crescimento (Carter-Su et al., 1996).

Kuhn et al. (2002) afirmam que niveis sanguineos de GH estdo correlacionados
inversamente com a expressao de GHR. Kim (2010) sugere que o GH inibe a expressao
de GHR diretamente ou por intermédio da liberacdo de IGF-I, e estimula a formacéo do
complexo GH-GHR pelas células.

O IGF-lI é uma proteina de estrutura semelhante & insulina. E sintetizado

principalmente no figado, entretanto, sua producdo ocorre também em outros tecidos,
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sendo fundamental para o crescimento adequado do animal. Como n&o h& um local de
armazenamento deste horménio, a maioria do IGF-I estid na circulacdo ligada a um
complexo formado por uma proteina ligadora de IGF-I (IGFBP-3 ou IGFBP-5) e por
uma subunidade proteica acido-labil (ALS). A ligacdo desta proteina ao complexo
estende a meia vida do IGF-I por cerca de 15 h (Kim, 2010).

Segundo Scanes (2009), o IGF-1 possui importante papel na taxa de crescimento
corporal de aves, e quanto menor o nivel de IGF-I encontrado, pior sera o crescimento
corporal. Tem-se observado maior sintese e menor degradacdo proteica em aves com
maior nivel de IGF-I plasméatico, o que resulta em maior deposi¢cdo de musculo
esquelético (Colon & Kita, 2002).

Expressdo génica - qRT-PCR

Na producdo animal, caracteristicas de interesse, como eficiéncia alimentar e
reprodutiva, sdo expressas em funcdo da genética do animal, do ambiente a que este é
exposto, e também em funcédo da interacdo entre estes dois fatores.

Os animais devem adaptar seus metabolismos a condicGes fisioldgicas e
ambientais que estdo em constante mudancas, e requerem respostas metabdlicas
coordenadas pela expressdo de genes especificos na presenca ou auséncia de nutrientes
apropriados (Averous et al., 2003). O estudo da influéncia de determinados nutrientes
na dieta de aves sobre a expressédo de genes pode auxiliar a explicar diferencas obtidas
no desempenho, em funcdo das modificacdes ocorridas por mudancas fisioldgicas.

A técnica de transcricdo reversa, seguida pela PCR em tempo real (QRT-PCR), é
um dos métodos que pode ser utilizado para analise da expressao génica. Esta técnica,
considerada altamente sensivel, permite que até mesmo pequenas diferencas na
expressdo de determinado gene seja observada (Pfaffl, 2001). Outras caracteristicas
positivas da qRT-PCR séo resultados rapidos de quantificacdo e alta acuracia (Ferraz,
2009).

A quantificacdo do material genético pela PCR em tempo real utiliza reagentes
fluorescentes que possibilitam a deteccdo da formagdo do produto da PCR. Esses
reagentes podem ser de dois tipos: uma sonda especifica que reconhece sequéncias do
genoma; ou um corante fluorescente que apresenta alta afinidade ao DNA dupla-fita,

ligando-se a qualquer sequéncia amplificada. Essa ligagcéo reagente-amplicon faz com



que aumente a fluorescéncia e permite detectar o produto da PCR conforme este se
acumula durante os ciclos da reagdo (Hunt, 2012).

Os resultados da quantificacdo da gRT-PCR podem ser dados na forma relativa ou
absoluta. A quantificacédo relativa é baseada na expressao de um gene alvo em relacéo a
um gene referéncia. Este é utilizado para minimizar o erro da PCR em tempo real. A
normalizagdo destes genes, denominados de genes housekeeping, controlam a entrada
das quantidades de RNA na transcricdo reversa, ja que sdo genes constitutivos e nédo
variam em condigdes experimentais. Os mais comumente utilizados incluem a [-actina,
gliceraldeido-3-fosfato desidrogenase (GAPDH) e 18S do RNA ribossomal (Huggett,
2005). J& o método de quantificacdo absoluta é baseado em uma curva padréo, através
da qual é determinado o numero de coOpias do transcrito de interesse (Livak &
Schmittgen, 2001).

Um dos motivos pelo qual a qRT-PCR € considerada uma técnica eficiente na
quantificacdo dos &cidos nucleicos, é que os resultados obtidos sdo gerados durante a
fase exponencial da reacdo de PCR. E denominado de Ciclo Threshold (Ct) o ponto em
que a reacdo atinge o limiar da fase exponencial (Novais & Pires-Alves, 2004). O sinal
dos compostos fluorescentes aumenta juntamente com a quantidade dos amplicons,
assim, a amostra que apresentar maior quantidade de cOpias de transcritos alcancara
primeiramente o limiar de deteccdo (Bustin et al., 2005).

A fluorescéncia emitida pelo corante SYBR Green | indica a amplificacdo de DNA
complementar total (cDNA); para determinar se esta ocorrendo a amplificacdo da regido
de interesse é utilizada a curva de melting. A temperatura de melting é a temperatura em
qgue metade das fitas de DNA estd na forma de fita simples, e a outra metade esta na
forma de dupla hélice. Neste ponto, a fluorescéncia esta diminuida e o software plota a
taxa de mudanca da fluorescéncia relativa com o tempo no eixo Y e a temperatura no
eixo X. Esta curva atingira o pico na temperatura de melting (Tm). Todos os produtos
da PCR para um determinado primer devem apresentar a mesma Tm, se isso néo estiver
ocorrendo pode ser sinal de formacdo de dimeros de primers, de amplificacdo de regido
ndo especifica, ou algum outro problema. A temperatura de melting de uma determinada
dupla hélice depende da sua composicdo de bases e também de seu tamanho (Hunt,
2012).
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Estresse térmico

As aves sdo animais endotérmicos, capazes de produzir calor internamente, e
dependem de conforto térmico para expressar 0 maximo desempenho permitido por seu
potencial genético (Miragliotta, 2005). Na zona de conforto térmico, denominada de
zona termoneutra, toda a energia produzida pelo organismo é direcionada para fins
produtivos, ou seja, ndo ha gasto de energia para termorregulacdo (Macari et al., 2004).

Para manter o equilibrio térmico, as aves primeiramente dispde de mecanismos
ambientais e posturais, entretanto, quando estes ndo séo eficientes, entram em acgéo
respostas fisiologicas, coordenadas pelo hipotdlamo. O sistema termorregulatério
baseia-se em quatro unidades funcionais: os receptores, neurdnios sensiveis ao frio e
calor; o centro controlador, hipotalamo; os efetores, neurénios responsivos ao frio e
calor; e o sistema passivo, responsavel por executar a resposta determinada pelo
hipotalamo (Furlan & Macari, 2002).

Esses mecanismos de termorregulacdo, entretanto, sdo eficientes somente quando a
temperatura ambiente estd dentro de certos limites, denominados de zona de tolerancia.
O ponto no qual a temperatura ambiental estd abaixo desta zona é denominado
temperatura critica inferior, e 0 ponto no qual a temperatura ambiental esta acima,
denominado de temperatura critica supeiror (Abreu & Abreu, 2012).

A caracteristica mais utilizada pelos pesquisadores na determinacdo da faixa de
termoneutralidade das aves € a idade das mesmas (Moura, 2001). A ave recém-nascida,
por exemplo, possui uma grande relacdo entre area e volume corporal, 0 que acarreta em
dificuldades para reter calor corporal. Além disso, sua capacidade termorregulatoria
ainda ndo se encontra bem desenvolvida até os 10 a 15 dias apds o nascimento. A zona
de conforto térmico para codornas situa-se entre 38°C e 65% de unidade relativa (UR)
na primeira semana de idade, 32°C e 60% de UR na segunda semana de idade, 27°C e
60% de UR na terceira semana de idade e 21°C a 25°C e 60% de UR a partir da quarta
semana de idade (Reis, 1980 e Singh & Narayam, 2002).

Quando as aves estdo sofrendo por estresse térmico por calor, ocorre a tentativa de
diminuir a producdo de calor metabolico, e aumentar a dissipagéo de calor. De acordo
com Macari et al. (2004), os principais métodos de dissipacdo de calor sédo a
vasodilatacdo e o aumento da evaporagdo através do aumento na frequéncia respiratoria.

Frequéncia respiratéria aumentada pode ocasionar alcalose repiratoria, e assim,
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desequilibrio eletrolitico relacionado a reducéo na ingestdo de alimentos e, portanto pior
desempenho (Silva, 2004).

Oliveira et al. (2006) observaram que altas temperaturas (35°C), durante a producao
de frangos de corte, influenciaram negativamente o consumo de racdo e o ganho de
peso, e também o rendimento de cortes nobres (coxa, sobrecoxa e peito). Esses autores
observaram, ainda, que esses efeitos negativos sdo acentuados pelo aumento da umidade
relativa do ar.

Como o relatado pelos referidos autores, o estresse calérico depende ndo somente
da temperatura, mas também da umidade relativa do ar, da idade, do tamanho e da fase
produtiva das aves; as respostas fisioldgicas ao estresse também dependerdo destes
fatores (Abreu & Abreu, 2012).

Assim, como altas temperaturas, estresse térmico por frio também causa alteracdes
no metabolismo animal. O aumento da exigéncia de energia que ocorre em animais
submetidos as baixas temperaturas implica em mudancgas no sistema cardiovascular,
essas mudancas ocorrem para que a nova demanda energética seja suprida (Blahova et
al.,, 2007). A concentracdo circulante do horménio T3 parece estar envolvida na
regulacdo da taxa de crescimento pela baixa temperatura ambiental. A concentragdo de
T3 tem sido correlacionada negativamente com a temperatura e positivamente com a
ingestdo de alimentos em frangos (Yahav, 2000).

Outra forma que baixas temperaturas podem afetar o desempenho das aves €
através da modulacdo das proteinas desacopladoras (UCPs). Baixas temperaturas tém
sido constantemente associadas a maior expressdo de mRNA UCP em diversos tecidos
e espécies (Dridi etal., 2008; Toyomizu et al., 2002). Os autores associam essa maior

expressao a uma tentativa do animal em manter a temperatura corporal adequada.
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I1. OBJETIVOS

Obijetivos Gerais:

Entender a influéncia do estresse térmico sobre a expressdo de alguns genes
envolvidos com o desempenho do animal e correlacionar com a eficiéncia alimentar

deles.

Objetivos Especificos:

avaliar o desempenho de codornas de corte e postura em ambiente termoneutro, e
dividi-las em grupos de alta e baixa eficiéncia alimentar;

avaliar a expressdao dos genes de crescimento: receptor do horménio do
crescimento (GHR) e fator de crescimento semelhante & insulina | (IGF-1);

avaliar a expressdo dos genes mitocondriais: UCP (proteina desacopladora), ANT
(transportador de nucleotideos de adenina) e COXIII (citocromo ¢ oxidase subunidade
1);

avaliar a expressdo dos genes em tecidos diferentes: no figado e musculo do peito
de codornas de corte e postura de alta e baixa eficiéncia alimentar;

avaliar a influéncia do estresse térmico agudo sobre a expressdo génica de aves
submetidas a trés ambientes: conforto, estresse por calor (38°C) de 12 h e estresse por
frio (10°C) de 12 h.



1. 1IGF-1, GHR AND UCP MRNA EXPRESSION IN THE LIVER AND
MUSCLE OF HIGH- AND LOW-FEED-EFFICIENCY LAYING
JAPANESE QUAIL AT DIFFERENT ENVIRONMENTAL
TEMPERATURES

(Journal: Livestock Science)

Abstract: In this study, we analyzed insulin-like growth factor 1 (IGF-1), growth
hormone receptor (GHR) and uncoupling protein (UCP) mRNA expression in the
muscle and liver of high- (0.23 g/g) and low- (0.17 g/g) feed-efficiency (FE) Japanese
quail at three different air temperatures: comfortable (25°C), heat stress (38°C) for 12
hours or cold stress (10°C) for 12 hours. Total RNA was extracted from the liver and
breast muscle of each quail, and cDNA was amplified using specific primers for the
target genes. Expression was analyzed using quantitative real-time PCR (qRT-PCR).
IGF-I1 mRNA expression was higher in the livers of high-FE quail than in the livers of
low-FE quail under both heat and cold stress conditions. High-FE birds also showed
higher GHR mRNA expression independent of temperature. UCP mRNA expression in
the liver was lower in high-FE birds and higher under heat stress compared with the
other conditions. IGF-I mRNA expression was higher in the muscle of high-FE quail
under the three conditions tested, and UCP mRNA expression was higher under cold
stress. Our results suggest that air temperature affects the expression of genes related to
growth and mitochondrial energy production, and quail with different feed efficiencies

respond differently to environmental stimuli.

Keywords: cold stress, feed efficiency, GHR, heat stress, IGF-1, UCP
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Introduction

Characteristics governing animal production, such as feed and reproductive
efficiency, are expressed as a function of the animal’s genetics, the environment to
which the animal is exposed and the interaction between these two factors.

Birds are endothermic animals and thus require comfortable temperatures in order
to channel all the energy they produce toward animal production (Macari et al., 2004).
Changes in air temperature, above or below the comfortable range, can negatively affect
animal performance. Animals exposed to low temperatures undergo cardiovascular
system changes in order to meet their increased energy requirements (Blahové et al.,
2007). The hormone T3 appears to be involved in regulating the growth rate at low air
temperatures. The circulating level of T3 has been negatively correlated with
temperature and positively correlated with feed ingestion in chicken (Yahav, 2000).

Low temperatures can also affect bird performance via uncoupling protein (UCP).
UCP is a protein located in the internal membrane of mitochondria that is responsible
for redirecting energy from ATP production to heat production (Vidal-Puig, 2000).
Because it causes uncoupling during energy production, studies have shown that
chickens with high UCP mRNA expression also have lower feed efficiency (Ojano-
Dirain et al., 2007). Low temperatures have been linked to higher UCP mRNA
expression in several tissues and species (Dridi et al., 2008; Toyomizu et al., 2002).
This higher level of expression has been attributed to the animal’s attempts to maintain
adequate body temperature.

Similar to low temperatures, heat stress also causes metabolic changes. In broilers,
higher temperatures are correlated with decreases in feed intake , nutrient utilization
efficiency, weight gain, egg production and feed efficiency (Menten et al ., 2006; Aksit
et al, 2006; Oliveira, 2006). Such decreased performance is mainly caused by reductions
in T3 and T4 levels, changes in water and ionic balance, changes in the kinetics of
important enzymes that control the concentrations of anabolic and catabolic products,
depression of immune system function and changes in growth hormone concentration
(Barbour et al., 2010).

In addition to air temperature (Gabillard et al., 2006; Gabillard et al., 2003), the
expression of hormones, such as insulin-like growth factor 1 (IGF-1) and growth
hormone receptor (GHR), can also be affected by many factors, including diet
(Gasparino et al., 2012; Katsumata et al., 2002), tissue type and developmental stage

(Berishvili et al., 2006). IGF-1 mMRNA expression also differs between chickens selected
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for high or low growth rates. Higher IGF-I1 mRNA expression was found in animals
with high growth rates (Beccavin et al., 2001).

Confirming the hypothesis that IGF-I has a positive affect on bird growth, studies
have shown increased protein deposition in the presence of higher levels of circulating
IGF-1 (Carew et al., 2003; Stubbs et al., 2002), possibly due to the effect of this
hormone on metabolic cycles responsible for protein synthesis (Tesseraud et al., 2007)
and degradation (Sacheck et al., 2004).

Therefore, based on the hypothesis that air temperature can affect hormones and
proteins important for bird performance, and that animals with different feed
efficiencies respond differently to environmental stimuli, this study sought to analyze
IGF-1, GHR and UCP expression in the muscle and liver of high- and low-feed-
efficiency (FE) laying quail kept in three environments: comfortable, heat stress (38°C)
for 12 hours and cold stress (10°C) for 12 hours.

Materials and Methods

The experiment was conducted at the Iguatemi Experimental Farm at the State
University of Maringa and the experimental procedure was approved by the Brazilian
Animal Ethics Committee. First, 400 male laying quails (Coturnix coturnix japonica),
born from the same incubation, were conventionally raised for 28 days under the same
experimental conditions. At this time, the birds were transferred to individual cages and
underwent an adaptive period for seven days. Feed efficiency was calculated as the
increase in body weight relative to feed intake from 35 to 42 days of age. Feed
consumption and weight gain during the test period were measured individually. During
this time, the birds were kept at a comfortable temperature (25 £ 0.9°C with 60 + 1.2%
relative humidity (RH)). The animals had free access to food and water throughout the
experiment. The feed was formulated for the two phases of the birds’ lives according to
Rostagno et al. (2011). Starter feed was provided during the first 14 days of life, and
growth feed was provided from 15 days of age. At 42 days of age, the animals were
separated into two groups: the 36 birds with the highest FE (high-FE) and the 36 birds
with the lowest FE values (low-FE) (Table 2). These groups were then divided into
three environmental conditions: comfortable (25°C, according to Pinto et al., 2003), heat

stress (38°C) for 12 hours and cold stress (10°C) for 12 hours, with 12 animals in each

group.
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After the stress period, the animals were euthanized by cervical dislocation, and
tissue from the breast muscle (pectoralis superficialis) and liver were collected and
stored in RNA Holder® (BioAgency Biotecnologia, Brasil) at -20°C until RNA
extraction. Animals in comfortable conditions were sacrificed immediately after the
groups were separated. Only 12 (6 high-FE and 6 low-FE) of the 24 animals submitted
to each experimental condition were used for gene-expression analysis.

Total RNA was extracted using Trizol® (Invitrogen, Carlsbad CA, USA)
according to the manufacturer’s instructions (1 mL per 100 mg of tissue). All of the
materials used had been previously treated with the RNase inhibitor RNase AWAY®
(Invitrogen, Carlsbad, CA, USA). The tissue and Trizol mixture were triturated with a
Polytron electric homogenizer until completely dissociated. Next, 200 uL of chloroform
was added to the sample, and the mixture was manually homogenized for 1 minute. The
samples were then centrifuged for 15 minutes at 12,000 rpm and 4°C. The aqueous
phase was collected and transferred to a clean tube containing 500 pL of isopropanol
per tube and again homogenized and centrifuged for 15 minutes at 12,000 rpm and 4°C.
The supernatant was discarded, and the precipitate was washed in 1 mL of 75% ethanol.
The material was once again centrifuged at 12,000 rpm for 5 minutes, and the
supernatant was discarded. The pellet was dried for 15 minutes and resuspended in
ultrapure RNase-free water.

The total RNA concentration was measured using a spectrophotometer at a
wavelength of 260 nm. RNA integrity was analyzed using a 1% agarose gel stained with
10% ethidium bromide and visualized under ultraviolet light. The RNA samples were
treated with DNase | (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions to remove possible genomic DNA contamination.

A SuperScript™ 111 First-Strand Synthesis Super Mix (Invitrogen Corporation,
Brasil) kit was used for complementary DNA synthesis according to the manufacturer’s
instructions. For this reaction, 6 pL of total RNA, 1 pL of oligo dT (50 uM oligo(dT)2o)
and 1 pL of annealing buffer were added to a sterile RNA-free tube. The reaction was
then incubated for 5 minutes at 65°C and placed on ice for 1 minute. Subsequently, 10
pL of 2x First-Strand Reaction Mix and 2 pL of solution containing SuperScript 111
reverse transcriptase enzyme and RNase inhibitor were added to the tubes. The solution
was incubated for 50 minutes at 50°C for the synthesis of cDNA. Next, the reaction was
incubated for 5 minutes at 85°C and immediately placed on ice. The samples were

stored at -20°C until use.
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Real-time PCR reactions were performed using the fluorescent dye SYBR
GREEN (SYBR® GREEN PCR Master Mix, Applied Biosystems, USA) in a
StepOnePlus v.2.2 PCR machine (Applied Biosystems, Carlsbad, CA, USA). All of the
reactions were analyzed under the same conditions and normalized to the ROX
Reference Dye (Invitrogen, Carlsbad, CA, USA) to correct fluctuations in the readings
due to evaporation during the reaction.

The primers used in the GHR and IGF-1 amplification reactions were designed
based on the gene sequences deposited at www.ncbi.nlm.nih.gov (accession numbers
NM001001293.1 and FJ977570.1, respectively) using the website www.idtdna.com.
The UCP primers were described by Ojano-Dirain et al. (2007) (Table 1). Two

endogenous controls, R-actin and GAPDH, were tested, and [3-actin (accession number

L08165) was selected because its amplification was shown to be more efficient. All of

the analyses were performed in duplicate, each in a volume of 25 L.

Table 1: qRT-PCR primers

Gene  Amplicon Annealing Primer sequence (5°-3”)
(bp) Temperature (°C)
GHR 145 60°C AACACAGATACCCAACAGCC
AGAAGTCAGTGTTTGTCAGGG
IGF-I 140 60°C CACCTAAATCTGCACGCT
CTTGTGGATGGCATGATCT
UCP 41 60°C GCAGCGGCAGATGAGCTT
AGAGCTGCTTCACAGAGTCGTAGA
R-actin 136 60°C ACCCCAAAGCCAACAGA
CCAGAGTCCATCACAATACC

The 2"*“"T method was used for the relative quantification analysis. The results are
shown as averages with standard deviations. Univariate analysis was used to test for the
normality of the data. The experimental design was a completely randomized factorial
set up with three environments (comfortable, heat stress and cold stress) and two feed
efficiencies (high and low). Averages were compared using the Tukey test (P<0.05)
(SAS Inst. Inc., Cary, NC).


http://www.ncbi.nlm.nih.gov/
http://www.idtdna.com/
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Results
After the feed intake vs. weight gain analysis period, the birds were divided into
high-FE and low-FE groups (Table 2). High-FE birds had a higher final weight,

increased weight gain and a better feed conversion ratio than quail with low FE.

Table 2: Performance data for the animals separated into high- and low-FE groups
IW (9) FW()  WG(@)  FI(9) FCR (g/g9) FE (9/9)

High-FE  119.55 145.57° 24.44° 107.00 4.40° 0.23°

Low-FE  124.00 141.44° 17.44° 106.74 6.15° 0.17°

IW: initial weight, FW: final weight, WG: weight gain, FI: feed intake, FCR: feed
conversion ratio, FE: feed efficiency.
Lowercase letters indicate a significant difference by the Tukey test.

The gene expression results for IGF-1, GHR and UCP in the liver and muscle of
the high- and low-FE birds in the three environments are shown in Table 3. A

significant interaction between feed efficiency and environment was observed.

Table 3: IGF-I, GHR and UCP gene expression in the liver and muscles of high- and
low-FE birds under three environmental conditions

Liver
IGF-I GHR UCP
ENV High-FE  Low-FE  High-FE Low-FE  High-FE  Low-FE
Comfortable 0.560*  0.111°*  0.740*  0.490°" 0.00022°® 0.0024**
Cold 0.394%®  0.117°* 0.732**  0.415" 0.0017°*  0.0021%
Hot 0.045°°  0.044*®  0.229*®  0.177°® 0.00015°® 0.0014*®
CV (%) 10.3 24.5 24.13
P value <.0001 <.0001 <.0001
Muscle
IGF-I GHR UCP
ENV High-FE Low-FE High-FE Low-FE  High-FE  Low-FE
Comfortable 0.201*  0.181"  0.261*®  0.221*° 0.201"®  0.516*
Cold 0.107%®  0.022°® 1471  0.593" 0.205**  0.853*
Hot 0.057°°  0.028"®  0.065*  0.034°¢ 0.247*®  0.289*
CV (%) 25.5 18.9 23.72
P value <.0001 <.0001 <.0001
Identical lowercase letters in the same row indicate no significant difference by the

Tukey test.
Identical uppercase letters in the same column indicate no significant difference by the
Tukey test.

Our analysis of gene expression in the liver showed that high-FE birds had higher

IGF-1 mRNA expression than low-FE birds in both the cold-stress and comfortable
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conditions. The highest IGF-1 mRNA expression in high-FE animals was observed
under comfortable conditions, followed by that under cold and then heat. However,
IGF-1 mRNA expression was similar in the low-FE animals exposed to either cold or
comfortable conditions and lower in those exposed to high temperatures.

In the liver, high-FE birds had higher IGF-1 mRNA expression than in the muscle
in all three studied environments. In the muscle, these birds had significantly higher
IGF-1 mRNA expression under comfortable conditions, followed by that under cold and
heat. Low-FE birds had significantly higher IGF-I mRNA expression in comfortable
conditions than in the other environments.

GHR expression in the liver was higher in high-FE birds than in low-FE birds
independent of environment. Lower GHR expression was observed in both high and
low-FE birds exposed to heat stress, compared with the other temperatures.

GHR mRNA expression in the muscle differed between high- and low-FE animals
under both the cold and hot conditions; expression of this gene was higher in high-FE
animals under both conditions. High- and low-FE animals had significantly higher GHR
MRNA expression under cold conditions, followed by under comfortable and hot
conditions.

UCP mRNA expression in the liver was higher in low-FE birds, independent of
the environment. High-FE birds had significantly higher UCP mRNA expression under
cold conditions, compared with the other temperatures. No significant difference in
expression of this gene between the cold and comfortable conditions was observed for
low-FE birds; however, animals exposed to the high temperature had significantly lower
UCP mRNA expression.

In the muscle, UCP mRNA expression was higher in high-FE birds under cold
conditions, but no difference in UCP mRNA expression was observed between the hot
and comfortable conditions. However, higher expression levels for this gene were
observed in low-FE birds under cold conditions, followed by under comfortable and hot
conditions. Comparisons of the low- and high-FE birds revealed higher levels of UCP
MRNA in low-FE birds when exposed to cold stress or housed in comfortable

conditions.

Discussion
All animals adjust their metabolism to adapt to constantly changing physiological

and environmental conditions; this involves the control of metabolic responses by
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specific genes. Therefore, we hypothesized that production characteristics, such as feed
efficiency, are influenced by several biological mechanisms, and that the overall
observed performance is a result of interactions between all of these factors; air
temperature can affect hormones and proteins important for bird performance, and
animals with different feed efficiencies respond differently to environmental stimuli.

We observed that high-FE birds gained significantly more body weight, even
though they were the same breed and had similar food intake as low-FE birds. This
suggests that part of the observed difference is due to differences in the expression of
important genes that influence various metabolic mechanisms.

In a study of chickens selected for rapid or slow growth, Tesserau et al. (2000)
observed greater weight gain, higher relative Pectoralis major muscle mass (g/Kg body
weight), greater protein deposition in this muscle, increased protein synthesis and higher
overall protein deposition in the rapidly growing birds. The authors suggested that the
higher level of protein deposition may be mainly due to decreased protein degradation
in the muscles of these birds. Rapidly growing chickens also appear to have more and
larger muscle fibers (Remignon et al., 1995). This trait may be due to the fact that the
satellite cells of rapidly growing birds are more responsive to IGF-I in the plasma,
which may contribute to increased hypertrophy of the muscle fibers (Duclos et al.,
1991).

Hormonal growth regulation involves a complex series of interactions between
different hormones, with the somatotropic axis (GH, GHR and IGF-I) considered to be
the most important. GH can affect growth directly, but its effects are mostly mediated
through IGF-1 activity. The presence of GH in an organism promotes the synthesis and
release of this hormone (Becker et al., 2001). The effect of GH on IGF-I is mediated by
the GH receptor (GHR) because GH-GHR binding is necessary to stimulate 1GF-I
synthesis and release.

Studies have shown that IGF-I plays an important role in the growth rate of birds,
and the lower the IGF-1 level is, the slower is the growth (Scanes et al., 2009). Increased
synthesis and decreased protein degradation have been observed in chickens with high
plasma IGF-I levels, resulting in increased skeletal muscle deposition (Colon and Kita,
2002). There is evidence that protein synthesis and degradation may occur via the same
biochemical cycle. Murf-1 (muscle RING finger 1) and atrogin-1 are two genes

involved in protein degradation in the ubiquitin-proteosome complex. Overexpression
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of these atrogenes is linked to muscular atrophy, and IGF-I appears to decrease their
expression (Tesseraud et al., 2007; Sacheck et al., 2004).

Supporting the idea that GH affects growth mainly through IGF-I (Vasilatos-
Younken, 1999), previous studies have shown that higher GH levels in chickens may be
associated with lower growth rates (Burke and Marks, 1982; Goddard et al., 1988). This
suggests that GH levels do not directly explain the growth rates observed in chickens
but that more information can be obtained by analyzing IGF-1 (Beccavin et al., 2001).
These authors observed that birds selected for higher growth rates have higher levels of
IGF-1 mRNA in the liver and higher circulating IGF-I levels than birds selected for low
growth rates. Similar to these findings, we also observed higher IGF-1 and GHR
expression in the muscles and livers of high-FE birds.

Our comparisons of comfortable temperatures and heat stress showed that birds
with high- or low-FE had higher IGF-1 and GHR expression under comfortable
conditions in both of the studied tissues. Similar results have been reported previously
(Antonio, 2010). Willemsen et al. (2011) observed lower circulating IGF-I
concentrations in chickens exposed to high temperatures, along with lower T3 and T4
levels, higher corticosterone levels, higher TBARS levels and higher antioxidant
activity. Therefore, the authors suggested that heat stress may cause oxidative stress,
contributing to the observed decrease in the birds’ metabolic rate.

Decreased protein synthesis rate and capacity, growth and protein deposition have
been found in chickens exposed to heat stress (Temim et al., 2000). The authors also
observed lower total RNA concentrations in stressed animals. Therefore, there may be a
link between these results found and the lower levels of IGF-I mMRNA expression
observed at high temperatures in our study; IGF-1 activity is important not just for
promoting protein synthesis but also for decreasing the protein degradation rate by the
ubiquitin-proteosome complex (Sacheck et al., 2004).

IGF-I is mainly synthesized in the liver (Kim, 2010); however, we found that
high-FE quail exposed to heat stress had higher IGF-I mRNA expression levels in the
muscle. Extra-hepatic tissues expressing high IGF-1 mRNA levels suggest that
decreased plasma concentrations of the hormone, which may occur in animals exposed
to high temperatures, can lead to higher IGF-I mRNA expression in other tissues
(Katsumata et al., 2002).

Feed efficiency in birds has been frequently linked to the efficiency of energy

production in the mitochondria (Ojano-Dirain et al., 2007; Bottje et al., 2006; Igbal et
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al., 2005). These studies have determined that mitochondria in low-FE animals exhibit
greater H,O, production in conjunction with increased protein oxidation and decreased
activity of the electron transport chain complexes. The authors suggest that these
increased levels of oxidized proteins may contribute to the low-FE phenotype by
increasing the amount of energy required to repair the proteins and by compromising or
decreasing the function of the damaged proteins. Increased H,O, production in low-FE
birds and subsequent protein damage may lead to changes in mitochondrial gene
expression.

Some studies have also shown that high-FE birds show increased electron
transport activity and, consequently, an increased ability to synthesize ATP. This trait
may be due to the decreased expression of UCP mRNA, which has also been observed
in high-FE birds (Ojano-Dirain et al., 2007; Raimbault et al., 2001).

In our study, we observed that high-FE birds had lower UCP mRNA expression in
both tissues analyzed, independent of temperature. This finding suggests that, consistent
with a previous report (Dridi et al., 2004), UCP may be involved in animal performance
by increasing energy dissipation through mitochondrial oxidation.

Several studies have shown that UCP mRNA expression changes as a function of
air temperature (Dridi et al., 2008; Toyomizu et al., 2002). We observed that high- and
low-FE birds had significantly higher UCP mRNA expression under cold conditions
and lower UCP expression under hot conditions. Increased UCP mRNA expression in
animals under cold stress can be attributed to heat generation, as birds do not have
brown adipose tissue. There is strong evidence that mitochondrial uncoupling can
contribute to heat production in skeletal muscle (Dridi et al., 2008; Raimbault et al.,
2001; Toyomizu et al., 2002).

Animals exposed to low temperatures also show an increase in the amount of
available fatty acids and circulating T3 levels, both of which may be involved in heat
generation via UCP activation. Fatty acids play important roles as both muscle activity
substrates and as oxidative phosphorylation uncoupling agents. These molecules may
contribute to UCP expression by activating PPARs (peroxisome proliferator-activated
receptors) because uncoupling protein expression depends on PPAR binding to the UCP
promoter region (Solanes et al., 2003).

T3 appears to be necessary for maximum UCP mRNA expression, and it is known
to promote specific mMRNA accumulation through transcriptional and post-

transcriptional mechanisms, including the stabilization of precursor and mature mRNA
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(Rehnmark et al., 1992). Furthermore, when ducks were exposed to cold temperatures,
UCP mRNA expression was significantly increased in animals treated with T3.
However, this result was not observed in animals with higher circulating fatty acid
levels, and therefore, the authors suggested that UPC mRNA expression is mainly
controlled by the status of the thyroid (Rey et al., 2010).

Studies have shown that UCP mRNA is mainly expressed in the skeletal muscles
of birds (Raimbault et al., 2001; Evock-Clover et al., 2002). We also observed higher
UCP mRNA concentrations in the muscle than in the liver in our study.

The findings of this study suggest that gene-expression influences on phenotype
for feed-efficiency, as that animals with high efficiency have shown greater expression
of IGF-1 and GHR genes, which are responsible for animal growth. Considering the
UCP gene, it was observed higher UCP expression for low-efficiency animals exposed
to cold stress, indicating that this gene is related to thermal-regulation. Considering
distinct environmental temperatures, lower expressions of IGF-1 and GHR were
observed on heat stressed animals, showing that there is a higher physiological damage
to animals exposed to higher temperatures. With this work, it was also possible to
conclude that on heat stress situations, extrahepatic tissues might express high levels of
IGF-1 gene.
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IV. ANT AND COX Il GENE EXPRESSION IN THE LIVER AND
MUSCLE OF HIGH AND LOW FEED EFFICIENCY JAPANESE QUAIL
LAYERS SUBMITTED TO DIFFERENT ENVIRONMENTAL
TEMPERATURES

(Journal: Genetics and Molecular Research)

ABSTRACT: We had the objective of evaluating the ANT and COX |1l gene
expression in the muscle and liver of Japanese quails presenting high and low feed
efficiency (FE) and submitted to three different environmental temperatures: comfort,
heat stress (38°C) and cold stress (10°C). The ANT mRNA level was lower in the liver
of heat stressed animals. In the muscle lower ANT mRNA level was observed for high
FE and for heat stressed animals. The greatest COX Il mRNA expression in the muscle
was observed for high FE animals and that were subjected to cold stress. In the liver
there was a much higher gene expression of COX 11l mRNA in cold stressed animals.
The obtained results suggest a possible relation between genes involved in energy
production by mitochondria and feed efficiency phenotype, and that environmental
temperature affects the ANT and COX 11l gene expression. Japanese quails presenting
different feed efficiency levels respond differently to environmental stimuli.
KEYWORDS: ATP; cold stress; feed efficiency; heat stress; mitochondria

INTRODUCTION

The mitochondria are responsible for producing 90% of the energy required by the
cells (Bottje et al., 2006), they are the organelles responsible for transforming chemical
energy from metabolites into energy easily accessed by the cell. This energy is

accumulated in labile compounds, the main one being ATP (Schauss et al., 2010). The
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free energy generated by the transport of electrons pass through the mitochondrial
respiratory chain until its ultimate acceptor, O, is used to produce ATP from ADP + Pi.
The electron transport system is a chain of enzymatic and non-enzymatic compounds,
whose function is to transport high-energy electrons. This energy is provided for the
complexes of chain where the ATP will be produced. The mitochondrial enzymes
involved in oxidative phosphorylation are positioned in the inner membrane of the
organelle, and arranged in five multiprotein complexes (Nelson and Cox, 2008)

Recent studies have shown a bond between feed efficiency and the energy
production efficiency by mitochondria. These studies show that animals that are more
efficient in converting feed to body weight can display alterations in the electron
transport chain gene expression, which can influence the use of nutrients and alter the
body energy consumption, and that animals with higher residual feed intake may suffer
failure in the transport of electrons/protons, thus reducing the efficiency of ATP
production by the mitochondrial genes, which has an adverse effect on the feed
conversion (Bottje and Carstens, 2009; Krueger et al., 2008; Igbal et al., 2005).

Other proteins involved in energy synthesis are the adenine nucleotide
translocator (ANT) and the cytochrome oxidase subunit 111 (COX I11). ANT is
responsible for moving the ADP from the cytosol to the mitochondrial and matrix the
ATP across the inner mitochondrial membrane (Ojano-Dirain et al., 2007). The
mitochondrial function may be impaired by the incapacity of ADP/ATP exchange
between the cytosol and the mitochondria, thus there may be some connection between
the ANT expression with the phenotypic expression of feed efficiency (Bottje et al.,
2006). COX 11l is also present in the electron transport chain and related to the
oxidative phosphorylation efficiency because it is responsible for pumping protons and
transporting electrons. Lower expression of these genes can occur due to lower cellular
efficiency or greater oxidative damage due to the production of reactive oxygen species
(ROS) (Kemp et al., 2003).

Reactive oxygen species (ROS) are normally produced in cellular biological
processes. At increased levels, ROS are frequently associated with events such as
apoptosis, protein oxidation, lipid peroxidation and mitochondrial DNA damage (Lee
and Wei, 2005; Moustafa et al., 2004). An imbalance between the production and
elimination of reactive oxygen species in an organism leads to a state known as
oxidative stress. Several studies have linked heat stress with oxidative stress (Mujahid et
al., 2009; Mujahid et al., 2005), and the effects of heat stress are possibly due to an
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acceleration in the rate of ROS formation and/or an increase in ROS reactivity (Bai et
al., 2003).

As well as high temperatures, the increase in energy requirements when animals
are submitted to low environmental temperatures results in changes in the circulatory
system in order to supply these higher energy demands (Blahova et al., 2007). The
blood concentration of the hormone T3 seems to be involved in the regulation of growth
rate as a function of low environmental temperature. Blood T3 concentrations were
negatively correlated with environmental temperature and positively with feed intake
(Yahav, 2000).

This work was performed under the hypothesis that genes involved in energy
production by mitochondria may be related to the feed efficiency phenotype observed in
poultry, and that the environment in which these animals are exposed could affect the
expression of such genes. Thus, we had the objective of evaluating the ANT and COX
I11 gene expression in the muscle and liver of Japanese quails presenting high and low
feed efficiency and submitted to three different environmental temperatures: comfort
(25°C), heat stress (38°C) for 12 hours and cold stress (10°C) for 12 hours.

MATERIAL AND METHODS

The experimental procedure was approved by the Brazilian Animal Ethics
Committee.

The experiment was conducted at the Iguatemi Experimental Farm of the State
University of Maringd — UEM. A total of 400 male Japanese quail layers derived from
the same breeder flock were reared until 28 days of age according to conventional
management practices and were submitted to the same experimental conditions. On day
28, birds were transferred to individual cages in an environmentally-controlled room
and were submitted to a 7-d adaptation period. The feed efficiency was evaluated in the
period of 35 to 42 days of age, and it was calculated by the increase in body weight
relative to consumption of food. Birds were individually weighed in the beginning and
at the end of this period to calculated body weight gain, and feed intake was calculated
as the difference between the amount of feed offered and of feed residues at the end of
this period. Birds were offered water and feed ad libitum during the entire experimental
period. Feeds were formulated to supply Japanese quails’ nutritional requirements,

according to Rostagno et al. (2011). A two-stage feeding program was adopted, with a



34

starter diet offered between 1-14 days, and a grower diet offered after 15 days of age. At
42 days of age, birds were divided in groups with high (n=36) or low feed efficiency
(n=36), and submitted to three different environmental temperatures: comfort (25°C,
according to Pinto et al., 2003), heat stress (38°C) for 12 hours or cold stress (10°C) for
12 hours. 12 high feed efficiency quails and 12 low feed efficiency quails were
subjected to each thermal environment.

After the stress period, birds were sacrificed by neck dislocation and breast
muscle (Pectoralis superficialis) and liver samples were collected and stored in RNA
Holder® (BioAgency Biotecnologia, Brazil) at - 20°C until RNA extraction. Birds in
the comfort group were sacrificed immediately after the groups were established. Out of
the 24 birds submitted to each temperature stress, only 12 (six from each feed efficiency
group) were used for gene expression analysis.

Total RNA was extracted using the reagent Trizol® (Invitrogen, Carlsbad CA,
USA), according to the manufacturer’s recommendations, at a ratio of ImL per 100 mg
of tissue. All materials were previously treated with RNase inhibitor (RNase AWAY®,
Invitrogen, Carlsbad, CA, USA). The muscle (muscle + trizol) was ground using an
electric homogenizer (Polytron) until its complete dissociation, after which 200 puL
chloroform were added and manually stirred for one minute. Samples were then
centrifuged for 15min at 12.000rpm at 4°C, and the resulting liquid phase was collected
and transferred to a clean tube where 500uL isopropanol were added. Samples were
again centrifuged for 15min at 12.000rpm at 4°C. The supernatant was discarded and
the precipitate was washed with ImL ethanol at 75%. The material was again
centrifuged at 12.000rpm for 5min, and the supernatant was discarded. The resulting
pellet was dried for 15min, and re-suspended in RNase-free ultrapure water.

Total RNA concentration was determined with the aid of a spectrophotometer at
260 nm wavelength. RNA integrity was evaluated in 1% agarose gel, stained with
ethidium bromide, and visualized under ultraviolet light. RNA samples were treated
with DNase I (Invitrogen, Carlsbad, CA, USA) to remove possible genomic DNA
residues, as recommended by the manufacturer.

The SuperScrippt™ 111 First-Strand Synthesis Super Mix kit (Invitrogen
Corporation, Brazil) was used to synthesize the complementary DNA (cDNA),
according to the manufacturer’s instructions. In a sterile and RNA-free tube, 6uL total
RNA, 1uL de oligo (dT) (50uM oligo (dT)zo and 1uL annealing buffer were added. The

reaction was incubated for 5min at 65°C and then placed on ice for 1min. Subsequently,
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10pL of 2x First-Strand Reaction Mix solution and 2pL of the solution containing the
reverse transcriptase enzyme SuperScript 111 and RNAse inhibitor were added. The
solution was then incubated for 50min at 50°C for the synthesis of the complementary
DNA. The reaction was again incubated for 5min at 85°C and immediately placed on
ice. Samples were stored at -20°C until subsequent analyses.

The fluorescent compound SYBR GREEN (SYBR® GREEN PCR Master Mix,
Applied Biosystems, USA) was used for real-time PCR. RT-PCR analyses were carried
out in the StepOnePlus v.2.2 apparatus (Applied Biosystems, Carlsbad, CA, USA). All
reactions were submitted to the same analysis conditions and were normalized by the
signal of the passive reference dye (ROX Reference Dye; Invitrogen, Carlsbad, CA,
USA) to correct reading fluctuations caused by volume variations and evaporation
during reaction.

The avANT and COX 111 primers used in the reactions were designed according
to Ojano-Dirain et al. (2007), as shown in Table 1. Two endogenous controls — [3-actin
and GAPDH genes — were tested, and the B-actin gene (access n. L08165) was used
because it was shown to be more efficient in the reaction. All analyses were carried out
at a final volume of 25uL and in duplicate. Gene expression values are expressed in
arbitrary units (AU).

Table 1- gRT-PCR primers

Gene  Amplicom  GenBank access Primers sequence (5°-3”)
(bp) number
COX 1l 71 NP_006921  AGGATTCTATTTCACAGCCCTACAAG
AGACGCTGTCAGCGATTGAGA
ANT 67 AB088686 TGTGGCTGGTGTGGTTTCCTA
GCGTCCTGACTGCATCATCA
R -actin 136 L08165 ACCCCAAAGCCAACAGA
CCAGAGTCCATCACAATACC

The results are shown as the mean and the standard deviation. To investigate the
interactions between different temperatures and feed efficiency, the data were subjected
to an analysis of variance (ANOVA). A general liner model (GLM) was used to
determine significant interactions between treatments. Where significant effects were
detected in the ANOVA (P = 0.05), it means they were compared using the Tukey test.
Prior to analysis, data were checked for normality using the univariate procedure in
SAS (SAS Inst. Inc., Cary, NC).
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RESULTS

Quantitative RT-PCR was used to evaluate gene expression patterns in liver and
pectoralis muscle in response to the different efficiency and environmental
temperatures. The data were normalized using the b-actin gene, once its expression does
not change during the treatments.

After the period of individual feed intake and weight gain evaluation we can
separate the animals into two homogeneous groups, one group was considered of high
feed efficiency (High FE) and the other of low feed efficiency (Low FE). At the
beginning of the evaluation period of feed efficiency, the animals in both groups had
statistically equal initial weight (119.55 g for animals of high FE, and 121.00 g for
animals of low FE). The animals of high FE had greater final weight, greater weight
gain and better feed conversion, even consuming the same amount of feed that low FE
animals (107.00 g for high FE, and 106.74 g for low FE) (Figure 1).
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Figure 1- IW: initial weight, FW: final weight, FI: feed intake, WG: weight gain, FCR:
feed conversion ratio, FE: feed efficiency of high and low- FE quails. Values are means
with their standard deviations represented by vertical bars. Different letters above de
bars indicate statistically significant differences (P<0.05).

The results of the expression of the ANT and COX 111 genes in the liver and
muscle of high- and low-FE Japanese quails submitted to three environmental
temperatures are shown in Table 2.

The ANT and COX Il mRNA expression in the liver suffered only environmental
temperature effect. Regarding ANT mRNA expression, we can observe lower
expression of this gene in animals exposed to heat stress (4.77 AU), with no difference

between animals subjected to cold stress and thermal comfort. Whereas for COX I
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MRNA expression we observed that when the animals were exposed to low

temperature, there was a much higher expression of this gene.

Regarding the expression of these genes in the muscle, we observed that ANT

MRNA expression suffered the effects of efficiency, high FE animals showed higher

expression than low FE animals (7.77 vs 6.87 AU); and they also suffered

environmental temperature effect, higher expression was observed in animals subjected

to cold stress, followed by thermal comfort animals, and then heat stressed animals.

We can observe a significant interaction between feed efficiency and

environmental temperature effect on the expression of COX Il mRNA in the muscle.

The greatest COX Il mRNA expression was observed for high FE animals and that

were subjected to cold stress. There was no difference in the expression among high FE

animals from thermal comfort and heat stress, and low FE animals from thermal

comfort and cold stress. The lower COX 11l mMRNA expression was observed in the

muscle of animals with low EF subjected to heat stress.

Table 2- Mitochondrial genes expression in the liver and muscle of high- and low- FE
Japanese quails submitted to three environmental temperatures

Liver Muscle
ANT COX I ANT COX I
High- FE Comfort 5.83+0.24  0.006+0.001 6.57+2.19  0.08+0.03b
Heat stress  4.83+0.18  0.004+0.001 5.29+0.67  0.10+0.02b
Cold stress  5.38+0.55  0.47+0.14 8.80+0.75  0.14+0.03a
Low-FE Comfort 5.92+0.31  0.01+0.0005 8.37+0.53  0.08+0.01b
Heat stress  4.71+0.40  0.003+0.0005 5.52+0.58  0.06+0.02c
Cold stress  5.73+0.81  0.37+0.18 9.42+0.71  0.08%0.008b
Main Effects
Efficiency High 5.35+0.54  0.16+0.024 7.77£1.79a 0.11+0.04
Low 5.46+0.75  0.13%£0.020 6.87+1.98b 0.07+0.02
Environment
Comfort 5.88+0.29a 0.008+0.002b 7.47+1.78b 0.08+0.02
Heat stress  4.77+0.27b  0.003+0.001b 5.40+0.61c 0.08+0.03
Cold stress  5.55+0.68a 0.42+0.16a 9.11+0.77a 0.11+0.03
Probabilities
Efficiency 0.4968 0.2774 0.0196 <.0001
Environment <.0001 <.0001 <.0001 0.0006
Interaction 0.4729 0.2782 0.1974 0.0040

Values are means with their standard deviations.
2P ithin a column, it means lacking a common superscript letter differ (P<0.05).
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DISCUSSION

The main objective of this study was to determine whether there was any
connection between the quail FE phenotype with the mitochondrial genes expression,
and to observe if the environmental temperature might influence the expression of such
genes. After the period of individual feed efficiency evaluation we have been able to
separate the animals into two fairly homogeneous groups in relation to feed efficiency, a
group of high FE and another group of low FE, our results showed that high-FE
Japanese quails gained significantly more body weight, although their feed intake was
similar to those presenting low-FE. Therefore, we suggest the observed differences are
partially explained by differences in the expression of important genes that activate
different metabolic mechanisms.

Our results show that animals with greater feed efficiency also showed higher
expression of mitochondrial genes known to play important roles in the energy
production efficiency. Several studies in literature show the relationship between
mitochondrial genes expression and feed efficiency phenotype. As shown in our studies
increased ANT and COX 11l mRNA expression in higher FE animals. In addition to
this result, high FE animals are also related to reduced ROS production, reduced protein
oxidation, increased mitochondrial respiration rate, and increased respiratory chain
complexes activity with greater coupling in the electron transport by the chain (Kelly et
al., 2011, Bottje and Carstens 2009; Krueger et al. 2008; Ojano-Dirain et al., 2007,
Igbal et al., 2005; Igbal et al., 2004).

Despite the ATP production having great influence on feed efficiency many other
physiological systems are involved in the control of such feature. Metabolic pathways
involved in protein deposition, and in food intake control, among others, also play a key
role on feed efficiency. Recent studies on muscle growth (Zheng et al., 2011; Tesseraud
et al., 2007) and about food intake control showed that the body has cellular/molecular
mechanisms with a single signaling pathway that connects peripheral tissues, where
energy is used or stored, with central nervous system (CNS), which regulates energy
acquisition by controlling the feed intake (Richards et al., 2010).

To better understand the cellular mechanisms that define the feed efficiency
phenotype, Bottje and Kong (2012) conducted an experiment with broilers separated
into groups of high and low FE in order to evaluate the overall relationship between

feed efficiency and gene expression. The authors found 782 genes that were
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differentially expressed in high and low FE birds. The authors results suggest that high
FE birds exhibited increased expression of genes associated with signal transduction
pathway, anabolic activities and activities of energy coordination, metabolic pathway
that are favorable to the development and cell growth. Low FE animals on the other
hand, showed greater expression of genes related to actin-myosin filaments and genes
related or responsive to stress. Thus, the authors suggest that the low-FE phenotype
could be the product of gene expression which is modulated by oxidative stress.

Regarding the association between stress and low FE birds, other studies found
that the mitochondria of low feed efficiency poultry produced more H,O,, which is
associated to higher protein oxidation and lower activity of the complexes of the
electron transport chain (Bottje et al., 2006). Those authors suggest that this higher level
of oxidized proteins may contribute to the low feed efficiency phenotype due to an
increase in cell energy requirements to repair those proteins, as well as because the
function of the damaged proteins may be impaired or reduced, and higher H,0O,
production in poultry with low feed efficiency followed by protein damage may also
impair the mitochondrial genes activity.

The novelty of our work is the fact that we submitted high and low FE quails to
cold and heat stress. We had this goal since in the literature there are several studies that
show the environmental temperature effect on the birds’ metabolism and even on the
feed efficiency phenotype (Hangalapura et al., 2004). These studies show that changes
in environmental temperature above or below the thermal comfort zone stimulate
thermal-regulation physiological mechanisms that may affect animal performance at a
higher or lesser degree.

Stress is known to be related to neuro-chemical and hormonal changes including
alterations in adrenal and thyroid hormone levels (Hangalapura, 2006). In birds, the
thyroid hormones are essential for animals normal growth, since the thyrotropic axis has
profound effects on development that are closely connected to somatotropic axis. The
predominant form of thyroid hormone secreted by the thyroid gland is thyroxine (T4);
Triiodothyronine (T3) is an active form and is derived from hepatic monodeiodination
of T4, while both T4 and T3 can be catabolized to a metabolically inactive reverse (rT3)
and T2 (Kim, 2010).

Several studies show that environmental temperature can affect thyroid hormones
circulating levels. The results of these studies show that heat stress generally decreases

(Melesse et al., 2011; Willemsen et al., 2011), and cold stress increases the
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concentration of these hormones (Venditi et al., 2010). Thyroid hormones are also
known to act on birds thermogenesis. When animals are exposed to high temperatures,
T4 is inactivated to rT3, while if the birds are exposed to cold stress, T4 is converted to
T3, which stimulates an increase in metabolic activity (Melesse et al., 2011).

In addition to their many functions in growth, thyroid hormones have also been
related to participate in the control of ANT transcription. In mice the ANT transcription
regulation occurs through of a positive promoter element muscle-specific called
OXBOX- it is involved in the induction coordinate of this gene in muscle; and another
element, the REBOX that overlaps the promoter OXBOX. The binding of factors to the
element REBOX is regulated by environmental factors, including T3 and T4 (Portman,
2002; Chung et al., 1992).

We observed that the ANT mRNA expression was significantly lower in the liver
of animals exposed to heat, and that in the muscle expression of this gene occurred
differentially among the three treatments, we observed greater ANT mRNA expression
in quails subjected to cold stress, and lower expression in animals exposed to heat
stress. Because the thyroid hormones are needed to ANT transcription control, these
results of expression may be due to the already mentioned fact that higher temperatures
reduce T3 and T4 levels and that lower temperatures are known to increase levels of
such hormones. Thus, cold stress could have increased thyroid hormones levels, and
they, in turn, contributed to greater ANT mRNA expression in cold stressed birds.

The environmental temperature is an important determinant of respiratory activity
in different tissues and it has been shown to increase respiratory activity in animals
subjected to low temperatures (Martin et al., 1993). Regarding to temperature, in this
work, we did not observe differences in COX 11l mRNA expression between animals of
thermal comfort and heat stress, though the highest expression was observed in liver
and muscle of cold stressed animals. A result that should be highlighted, because the
great importance of COX Il gene for the ATP production efficiency, is that there was
an interaction effect between feed efficiency and environment on the COX 11l mRNA
expression in muscle, with the highest expression in high FE and subjected to cold
stressed animals. Greater cytochrome c oxidase activity has been related to high FE
birds (Igbal et al., 2005) and to animals subjected to low temperatures (Martin et al.,
1993). There are also studies in the literature showing the negative heat stress effects on
cytochrome c oxidase activity (Ando et al., 1997), and studies suggesting that heat

shock protein has the ability to protect the respiratory chain complexes in stressful
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situations, therefore contributing to the mitochondrial activity maintenance (Vogt et al.,
2011; Chen et al., 2004).

The obtained results suggest a possible correlation among genes involved in
energy production and feed efficiency phenotype and that the differences observed on
weight gain between high and low feed-efficiency are partially explained by the
differences on expression of important genes that activates different metabolic
mechanisms. It was also observed that the ANT gene mMRNA expression was
significantly lower on heat exposed animals and higher on the ones exposed to cold.
These results in gene expression might be due the fact that lower temperatures increase
T3 and T4 levels, and these hormones contribute to a higher ANT mRNA expression.
Regarding environmental temperature, we observed a higher mRNA expression of ANT

and COX |1l both on liver and muscle of cold-stressed animals.
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V. THE EFFECT OF AIR TEMPERATURE ON GHR, IGF-I, ANT, UCP
AND COXIII MRNA EXPRESSION IN THE LIVER AND MUSCLE OF

HIGH AND LOW FEED EFFICIENCY MALE MEAT QUAILS
(Journal: Journal of Animal Breeding and Genetics)

Summary: In this study, we have analyzed insulin-like growth factor I (IGF-I), growth
hormone receptor (GHR), uncoupling protein (UCP), adenine nucleotide translocase (ANT)
and cytochrome c oxidase - subunit I11 (COXIII) mMRNA expression in the muscle and liver
of high-(0.25 g/g) and low-(0.17 g/g) feed-efficiency (FE) meat quails at three different air
temperatures: comfortable (25°C), heat stress (38°C) for 12 hours and cold stress (10°C) for
12 hours. IGF-I mRNA expression was higher in the livers of high-FE quails than in the
livers of low-FE quails under both comfortable and cold stress conditions. In the muscle,
regardless of the environment, high-FE birds showed higher IGF-I mRNA expression.
High-FE birds also showed higher GHR mRNA expression under comfortable conditions.
Regarding the environment, higher expression was observed in birds at comfortable
conditions, and lower expression in birds under heat stress. UCP mRNA expression in the
liver was lower in high-FE birds and higher under heat stress compared with the other
conditions. Comparisons of the low and high-FE birds revealed higher levels of UCP
MRNA in low-FE birds when housed in comfortable conditions. Low and high-FE birds
showed greater ANT mRNA expression in the muscle under cold stress. Comparisons of
the low and high-FE birds revealed higher levels of this gene in the liver in high-FE birds
when housed in comfortable conditions and when the quails were submitted to heat stress.
Greater mMRNA COX 11 expressions were observed in the liver and muscle of quails under
comfortable conditions. Our results suggest that air temperature affects the expression of
genes related to growth and mitochondrial energy production, and quails with different feed
efficiencies respond differently to environmental stimuli.

Keywords: ATP, cold stress, feed efficiency, GHR, heat stress, IGF-I, UCP
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Introduction

The scientific research development regarding nutrition and genetics improved the
poultry feeding index and reduced production costs, thus enabling increased
productivity. Expenses with food account for about 50-70% of total production costs in
livestock, so, feed efficiency becomes an important aspect of great interest in recent
researches (Lassiter et al. 2006).

The efficiency in converting food into body mass is related to several factors.
Among these, it is the animal capacity to deposit muscle and efficiency in the energy
production by mitochondria. Studies have shown that birds with lower ATP production
due to lower efficiency of mitochondria to produce ATP from substrates have worse
feed efficiency or feed conversion (Bottje & Carstens 2009); and the muscle deposition
occurs by the balance between protein synthesis and degradation which is regulated by
somatotropic action.

The efficiency in energy production is governed not just by perfect coordination
between the respiratory chain complexes, but also depends on a powerful antioxidant
system that protects the mitochondria from generated damaging during the ATP
production; and the muscle mass deposition is product of protein synthesis, promoted in
part by hormones related to growth.

Bird performance is also affected by environmental conditions. The production
can be impaired due to high temperatures, which trigger heat stress to the animals. Heat
stress has been associated with metabolic changes involving oxidative stress. According
to Yang et al. (2010), birds subjected to stress by high temperatures may have reduced
activity of the mitochondrial respiratory chain followed by increased production of
reactive oxygen species (ROS).

Similar to high temperatures, animals exposed to low temperatures undergo
cardiovascular system changes in order to meet their increased energy requirements
(Blahova et al. 2007). The hormone T3 appears to be involved in regulating the growth
rate at low air temperatures. The circulating level of T3 has been negatively correlated
with temperature and positively correlated with feed ingestion in chicken (Yahav 2000).

In this study, we hypothesized that feed efficiency could be related to the
expression of genes from somatotropic axis, and mitochondrial genes involved in
energy production, and that the environment to which the birds are exposed may
influence the expression of such genes and thus contribute for the feed efficiency

phenotype. This way it was done a trial dividing the animals into high feed efficiency
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(FE) and low feed efficiency (FE) groups, and maintaining these quails under comfort,
heat or cold stress to evaluated changes in IGF-I, GHR, ANT, UCP and COX Il mRNA

expression in liver and muscle tissues.

Materials and Methods

The experimental procedure was approved by the Brazilian Animal Ethics
Committee and the experiment was conducted at the Iguatemi Experimental Farm at the
State University of Maringa. First, 400 male meat quails (Coturnix coturnix coturnix),
born from the same incubation, were conventionally raised for 28 days under the same
experimental conditions. At this time, the birds were transferred to individual cages and
underwent an adaptive period for seven days. Feed efficiency was calculated as the
increase in body weight relative to feed intake from 35 to 42 days of age. Feed
consumption and weight gain during the test period were measured individually. During
this time, the birds were kept at a comfortable temperature (25 £ 0.9°C with 60 + 1.2%
relative humidity (RH)). The animals had free access to food and water throughout the
experiment. The feed was formulated for the two phases of the birds’ lives according to
Rostagno et al. (2011). Starter feed was provided during the first 14 days of life, and
growth feed was provided from 15 days of age. At 42 days of age, the animals were
separated into two groups: the 36 birds with the highest FE (high-FE) and the 36 birds
with the lowest FE values (low-FE) (Table 1). These groups were then divided into
three environmental conditions: comfortable (25°C, according to Pinto et al. 2003), heat
stress (38°C) for 12 hours and cold stress (10°C) for 12 hours, with 12 animals in each
group.

After the stress period, the animals were euthanized by cervical dislocation, and
tissue from the breast muscle (pectoralis superficialis) and liver were collected and
stored in RNA Holder® (BioAgency Biotecnologia, Brazil) at -20°C until RNA
extraction. Animals in comfortable conditions were sacrificed immediately after the
groups were separated. Only 12 (6 high-FE and 6 low-FE) of the 24 animals submitted
to each experimental condition were used for gene-expression analysis.

Total RNA was extracted using Trizol® (Invitrogen, Carlsbad CA, USA)
according to the manufacturer’s instructions (1 mL per 100 mg of tissue). All the
materials used had been previously treated with the RNase inhibitor RNase AWAY®
(Invitrogen, Carlsbad, CA, USA). The tissue and Trizol mixture were triturated with a

Polytron electric homogenizer until completely dissociated. Next, 200 uL of chloroform
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was added to the sample, and the mixture was manually homogenized for 1 minute. The
samples were then centrifuged for 15 minutes at 12,000 rpm and 4°C. The aqueous
phase was collected and transferred to a clean tube containing 500 pL of isopropanol
per tube and again homogenized and centrifuged for 15 minutes at 12,000 rpm and 4°C.
The supernatant was discarded, and the precipitate was washed in 1 mL of 75% ethanol.
The material was once again centrifuged at 12,000 rpm for 5 minutes, and the
supernatant was discarded. The pellet was dried for 15 minutes and re-suspended in
ultrapure RNase-free water.

The total RNA concentration was measured using a spectrophotometer at a
wavelength of 260 nm. RNA integrity was analyzed using a 1% agarose gel stained with
10% ethidium bromide and visualized under ultraviolet light. The RNA samples were
treated with DNase | (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions to remove possible genomic DNA contamination.

A SuperScript™ 111 First-Strand Synthesis Super Mix (Invitrogen Corporation,
Brazil) kit was used for cDNA synthesis according to the manufacturer’s instructions.
For this reaction, 6 pL of total RNA, 1 pL of oligo dT (50 uM oligo (dT)2o) and 1 pL of
annealing buffer were added to a sterile RNA-free tube. The reaction was then
incubated for 5 minutes at 65°C and placed on ice for 1 minute. Subsequently, 10 pL of
2% First-Strand Reaction Mix and 2 pL of solution containing SuperScript Il reverse
transcriptase enzyme and RNase inhibitor were added to the tubes. The solution was
incubated for 50 minutes at 50°C for the synthesis of complementary DNA. Next, the
reaction was incubated for 5 minutes at 85°C and immediately placed on ice. The
samples were stored at -20°C until they were used.

Real-time PCR reactions were performed using the fluorescent dye SYBR
GREEN (SYBR® GREEN PCR Master Mix, Applied Biosystems, USA) in a
StepOnePlus v.2.2 PCR machine (Applied Biosystems, Carlsbad, CA, USA). All of the
reactions were analyzed under the same conditions and normalized to the ROX
Reference Dye (Invitrogen, Carlsbad, CA, USA) to correct for fluctuations in the
readings due to evaporation during the reaction.

The primers used in the GHR and IGF-1 amplification reactions were designed
based on the gene sequences deposited at www.ncbi.nlm.nih.gov (accession numbers
NMO001001293.1 and FJ977570.1, respectively) using the website www.idtdna.com.
The ANT, UCP and COX Il primers were described by Ojano-Dirain et al. (2007)

(Table 1). Two endogenous controls, R-actin and GAPDH were tested and R-actin
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(accession number L08165) was selected because its amplification was shown to be
more efficient. All of the analyses were performed in duplicate, each in a volume of 25

ML.

Table 1. gqRT-PCR primers

Gene Amplicon Annealing Primer sequence (5°-3”)
(bp) Temperature
(°C)
GHR 145 60°C AACACAGATACCCAACAGCC
AGAAGTCAGTGTTTGTCAGGG
IGF-1 140 60°C CACCTAAATCTGCACGCT
CTTGTGGATGGCATGATCT
ANT 67 60°C TGTGGCTGGTGTGGTTTCCTA
GCGTCCTGACTGCATCATCA
UCP 41 60°C GCAGCGGCAGATGAGCTT
AGAGCTGCTTCACAGAGTCGTAGA
COX 1 71 60°C AGGATTCTATTTCACAGCCCTACAAG
AGACGCTGTCAGCGATTGAGA
R-actin 136 60°C ACCCCAAAGCCAACAGA
CCAGAGTCCATCACAATACC

The experimental design was a completely randomized factorial set up with two
environments (comfortable and heat stress) and two feed efficiencies (high and low).
Data were analyzed using GLM procedures of the SAS statistical package (SAS Inst.
Inc., Cary, NC). The Univariate procedure was applied to verify the normality of gene
expression residues (expressed as 2““") and production data. All evaluated genes were
log-transformed [In(x+1)] (Voge et al. 2004) because they did not comply with
normality assumptions. Means were compared by Tukey test (P<0.05). The results are

shown as averages with standard deviations.

Results

After the period of individual feed intake and weight gain evaluation we can
separate the animals into two homogeneous groups, one group was considered of high
feed efficiency (High-FE) and the other of low feed efficiency (Low-FE). High-FE birds
had a higher final weight, increased weight gain and a better feed conversion ratio than
quails with low-FE (Table 2).
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Table 2. Performance data for the animals separated into high- and low-FE groups

IW (9) FW (9) WG (9) FI(@ FCR(g/lg) FE(d/g)
High-FE 216.00+30.2 257.11+223a 41.11#5.8a 168.12+20.2 3.85t0.7b  0.25+0.0la
Low-FE 206.44+28.9 233.44+209b 27.04+3.7b  165.84+17.7 6.1240.9%  0.17+0.01b
IW: initial weight, FW: final weight, WG: weight gain, FI: feed intake, FCR: feed
conversion ratio, FE: feed efficiency.
Lowercase letters indicate a significant difference by the Tukey test (P<0.05).

The gene expression results for IGF-1 and GHR in the liver and muscle of the high
and low-FE birds are shown in Table 3.

When we evaluated the IGF-1 mRNA expression in the liver, we observed that
high-FE birds in comfortable and cold conditions showed higher expression than low-
FE birds. This expression pattern was maintained in muscle: regardless of the
environment, high-FE birds showed higher IGF-1 mMRNA expression.

Regarding the environment, low and high-FE birds in comfortable conditions

showed higher IGF-I mRNA expression in liver, compared to birds that were exposed to
cold and heat stress. In the muscle, lower expression was observed in high-FE birds
under cold stress, compared to those birds housed in comfortable, or under heat stress.
In the liver, we can observe that feed efficiency had effect only on the mMRNA GHR
expression in thermal comfort birds: High-FE animals showed higher expression than
low-FE animals. In the muscle, in comfortable conditions, high-FE birds showed higher
GHR mRNA expression than low-FE birds; and under heat stress, low-FE birds had
higher expression than high-FE birds.
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Table 3- IGF-1 and GHR mRNA expression in the liver and muscle of high- and low-FE
quails under three environmental conditions

Liver
IGF-I GHR
ENV High-FE Low-FE High-FE Low-FE
Comfortable 0.5322aA 0.2562bA 0.3132aA 0.2197bA
Cold 0.2435aAB 0.1353bB 0.2264aAB 0.2299A
Hot 0.1197aB 0.1520aB 0.1791aB 0.1798aB
CV (%) 27.8 25.1
P value <.0001 0.0027
Muscle
IGF-I GHR
ENV High-FE Low-FE High-FE Low-FE
Comfortable 0.3899aA 0.0965bA 1.411aA 0.0934bB
Cold 0.2021aB 0.0516bB 0.6004aB 0.7447aA
Hot 0.4095aA 0.072bAB 0.2946bB 0.5257aA
CV (%) 32.8 25.9
P value <.0001 <.0001
Identical lowercase letters in the same row indicate no significant difference by the
Tukey test (P<0.05).

Identical uppercase letters in the same column indicate no significant difference by the
Tukey test (P<0.05).

The gene expression results for UCP, ANT and COX Il in the liver and muscle of
the high and low-FE birds are shown in Table 4.

Regarding feed efficiency, UCP mRNA expression in the liver was higher in low-
FE birds in comfortable conditions than in high-FE birds. High-FE birds had
significantly lower UCP mRNA expression under heat stress, compared to the other
temperatures. No significant difference in expression of this gene between the cold and
comfortable conditions was observed for low-FE birds; however, low-FE birds exposed
to the high temperature had significantly lower UCP mRNA expression.

In the muscle, higher expression levels for this gene were observed in high-FE
birds under cold and heat stress; and in low-FE birds under comfortable conditions.
Comparisons of the low and high-FE birds revealed higher levels of UCP mRNA in
low-FE birds when housed in comfortable conditions.

Regarding ANT mRNA expression in the liver, comparisons of low and high-FE
birds revealed higher levels of this gene in high-FE birds when housed in comfortable
conditions and when the quails were submitted to heat stress; however, in the muscle,

higher levels of this gene were observed in low-FE birds.
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About the environment, lower mRNA ANT level in the liver was observed in
high-FE quails under cold stress. Unlike liver, in the muscle, low and high-FE birds
showed greater expression of this gene under cold stress.

Comparing the low and high-FE birds in the liver we can observe higher levels of
MRNA COX Ill in low-FE birds under cold stress, and greater levels in high-FE birds
under heat stress; and in the muscle we can observe higher levels of mMRNA COX Il in
high-FE birds under comfortable conditions. Regarding environment, greater
expressions were observed in the liver and muscle of quails under comfortable

conditions.

Table 4. Mitochondrial genes expression in the liver and muscle of high and low-FE
quails under three environmental conditions

Liver
UCP ANT COX IlI
ENV High-FE Low-FE High-FE Low-FE High-FE  Low-FE
Comfortable0.00029bA 0.00147aA 6.180aA 5.782bA  0.0075aA 0.00872aA
Cold 0.0020aA 0.00356aA 5.206aB 5.350aA  0.0013bB 0.0040aB
Hot 0.00046aB 0.00051aB  6.176aA 5.258bA  0.00677aA 0.0039bB
CV (%) 41.5 8.5 25.8
P value <.0001 0.0160 <.0001
Muscle
UCP ANT COX I
ENV High-FE Low-FE High-FE Low-FE High-FE  Low-FE
Comfortable0.1209bB 0.3503aB ~ 6.078bB 7.89aAB  0.137aA  0.0496bA
Cold 0.4624aA 0.5804aA  8.646aA 8.332aA  0.1322aA 0.1040aA
Hot 0.4200aA 0.4187aA  5.030aB 5.236aB  0.0680aB 0.0768aA
CV (%) 20.3 7.3 28.2
P value <.0001 0.0196 0.0040
Identical lowercase letters in the same row indicate no significant difference by the

Tukey test (P<0.05).
Identical uppercase letters in the same column indicate no significant difference by the
Tukey test (P<0.05).

Discussion

The endocrine mechanisms that control birds™ growth are not as well understood
as in the case of mammals. The relationship between GH, GHR and IGF-I in birds, and
other hormones like T3 and T4, need further studies, especially in its molecular basis, at
levels not only translational but also transcriptional.

The IGF-I function in birds is similar to mammals function (McMurtry 1998)
affecting the organism growth and development. Studies have been conducted to

evaluate the influence of energy and protein nutrients suppliers in plasma concentration



52

of this hormone (Carew et al. 2003), however few studies have been conducted to
evaluate the relationship between the use of these nutrients by the animal when these
are subjected to heat or cold stress conditions.

The action of GH on IGF-1 is mediated by GH receptor, the GHR stimulates the
IGF-1 synthesis and release. Thus, it is expected a coordinated relationship between the
IGF-1 and GHR mRNA expression. In dwarf birds that do not have GHR, the growth is
decreased and this reduction seems to be associated with lower concentrations of
circulating IGF-1 (Hybrechts et al. 1985).

The interaction of GH with its receptor, and subsequent increased IGF-I
production is a critical step for somatotropic activation (Kim 2010). In mammals, GH
stimulates growth, milk production and inhibits fat deposition (Etherton & Bauman
1998). The plasma IGF-1 concentration and IGF-I mRNA expression in liver are
positively correlated with weight gain, feed efficiency and protein synthesis rate
(Tesseraud et al. 2000). In our results, it has been observed that high-FE quails in the
comfortable conditions showed higher IGF-1 mRNA in both liver and muscle.

Although the main site of IGF-1 expression is the liver, high-FE birds under heat
stress, showed greater values of expression in the muscle. High levels of IGF-I mMRNA
expression in extrahepatic tissues occur in animals under stress (Katsumata et al. 2002);
stress can alter food intake, thus it can promote a energy and/or protein restriction which
could reduce plasma IGF-I levels, encouraging increased IGF-1 mRNA expression in
other tissues. This reduction in plasma level is associated, probably, with the uncoupling
of GH and its receptor (Scanes et al. 2009).

Under heat stress conditions, changes in performance and carcass composition are
expected. Chronic stress alters the weight gain probably due to reduced feed intake and
increased water consumption, and due to others biological mechanisms. High- FE quails
under heat stress showed lower GHR mRNA expression, regardless of tissue. It has
been shown that acute heat stress affects protein synthesis and changes in gene
expression pattern caused by stress can alter the protein synthesis ability (Jacob 1995).
However, heat stress for longer periods can result in some degree of thermotolerance
and so it can affect differently the proteins synthesis and degradation. High
temperatures can reduce the T3 concentration and increase the plasma corticosterone
concentration, factors known to reduce protein deposition through protein turnover in
birds (Yunianto et al. 1997).
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Regarding the mitochondrial genes expression, differences in poultry feed
efficiency have been associated with the ability of mitochondria to generate energy with
minimum production of ROS. Among the protein from complex mitochondrial, the
ANT, the UCP and COXIII have received special attention (Ojano-Dirain et al. 2007).

The expression pattern of the genes of these proteins apparently affects the ability
of birds to better convert dietary nutrients into muscle. In our study, high-FE quails
showed higher mRNA ANT expression than low-FE quails. Increased expression of
ANT has also been observed in high-FE chickens muscle (Ojano-Dirain et al. 2007). In
addition to the feed efficiency, ANT expression was also influenced by the
environment. Our results in the muscle showed higher expression in birds under cold
stress, and lower expression in birds under heat stress.

Stress is known to be related to neuro-chemical and hormonal changes including
alterations in adrenal and thyroid hormone levels (Hangalapura 2006). Several studies
show that environmental temperature can affect thyroid hormones circulating levels.
The results of these studies show that heat stress generally decreases (Melesse et al.
2011; Willemsen et al. 2011), and cold stress increases the concentration of these
hormones (Venditi et al. 2010). Thyroid hormones are also known to act on birds”
thermogenesis. When animals are exposed to high temperatures, T4 is inactivated to
rT3, while if the birds are exposed to cold stress, T4 is converted to T3, which
stimulates an increase in metabolic activity (Melesse et al. 2011).

In addition to their many functions in growth, thyroid hormones have also been
related to participate in the control of ANT transcription. Because the thyroid hormones
are needed to ANT transcription control, our results of mMRNA ANT expression may be
due to the already mentioned fact that higher temperatures reduce T3 and T4 levels and
that lower temperatures are known to increase levels of such hormones. Thus, cold
stress could have increased thyroid hormones levels, and they, in turn, contributed to
greater ANT mRNA expression in cold stress birds.

The uncoupling proteins are related to the thermogenesis in mammals. The UCP
is located in the inner mitochondrial membrane and is part of the anion carrier proteins
family. The UCP dissipates the proton-motive force, uncoupling mitochondrial
respiration from ATP synthesis; thereby it possibly increases the heat production and
reduces the ATP production. In our study, we observed that high-FE birds under
comfortable conditions had lower UCP mRNA expression in both tissues analyzed. This

finding suggests that, consistent with a previous report (Dridi et al. 2004), UCP may be
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involved in animal performance by increasing energy dissipation through mitochondrial
oxidation.

Several isoforms have been described and in many tissues it is already found its
expression. Birds UCP is homologous to mammals UCP 1, and it was named avUCP.
Its expression is predominantly found in skeletal muscle (Raimbault et al. 2001). Our
results confirm this statement: the expression was about 100 times higher in the muscle
than in the liver.

Uncoupling proteins (UCPs) have been described as elements that are capable of
decreasing ROS production, as they contribute to the depolarization of the internal
mitochondrial membrane (Sack 2006). Studies have shown that UCP-encoding mRNA
expression may vary with age (Gasparino et al. 2012) and environmental conditions
(Del Vesco e Gasparino, 2012), among other factors. The same studies suggest that
decreased expression levels of UCP-encoding mRNA are associated with increased
ROS production; in 28 days old quails, the expression of UCP-encoding mRNA is
decreased in comparison to seven days old birds, and the expression was also decreased
in meat quails that were exposed to acute heat stress.

Several studies have shown that UCP mRNA expression changes as a function of
air temperature (Dridi et al. 2008). We observed that in the liver high- and low-FE birds
had significantly lower UCP mRNA expression under heat stress. Again this result may
be due to reduced T3 levels that occur in animals under heat stress, since T3 appears to
be necessary for maximum UCP mRNA expression, and it is known to promote specific
MRNA accumulation through transcriptional and post-transcriptional mechanisms,
including the stabilization of precursor and mature MRNA (Rehnmark et al. 1992). Rey
et al. (2010) suggested that UPC mRNA expression is mainly controlled by the status of
the thyroid.

Different tissues respond differently to oxidative and environmental stress, thus
the differences in the mRNA expression levels of mitochondrial genes in liver and
muscle of quails subjected to the cold and heat stress are expected. The COXIII is
responsible for transporting electrons to the complex 1V of the respiratory chain, a fact
that makes it essential in energy generation. We observe in both, liver and the muscle,
higher COX Il values for high-FE birds in almost all environments. The COX Il
expression level was also higher in high-FE birds in the results of Ojano- Dirain et al.
(2007). Animals that have lower feed efficiency have been associated with lower

efficiency in the ATP production. The reduction in mitochondrial energy production in
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low-FE birds may be associated with oxidative damage produced by the increased
presence of ROS, such as H,0, and Os..

Conclusion

The obtained results suggest that the expression of somatropic axis genes and
genes involved in mitochondria energy production is correlated with the environmental
temperature in which the animals were housed. Our results demonstrate that in
comfortable conditions high feed-efficiency animals show higher IGF-I mRNA
expression both on liver and muscle tissues and, when submitted to heat-stress, lower
GHR mRNA expression was observed.

Regarding mitochondrial genes, it was possible to observe a higher ANT mRNA
expression on high feed-efficiency animals, and, at the muscle tissue, a higher
expression was observed in cold-stressed animals. Another important result is that the
UCP mRNA expression was lower on high feed-efficiency animals. This result suggests
that UCP might be related to animal performance through the increase of energy
dissipation by mitochondrial oxidation.
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VI. THE EFFECT OF HEAT STRESS ON GHR, IGF-I, ANT, UCP AND
COXIIl MRNA EXPRESSION IN THE LIVER AND MUSCLE OF HIGH
AND LOW FEED EFFICIENCY JAPANESE FEMALE MEAT QUAIL

(Journal: Livestock Science)

Abstract: In this study, it was done a trial dividing the animals into high feed efficiency
(FE) and low feed efficiency (FE) groups, and maintaining these quails under comfort
and heat stress (38°C for 12 hours) environment to evaluate changes in insulin-like
growth factor | (IGF-1), growth hormone receptor (GHR), adenine nucleotide
translocator (ANT), uncoupling protein (UCP) and cytochrome oxidase subunit 111
(COX 1I1) gene expression in liver and muscle tissues. High-FE quails (0.28g/g)
presented higher final body weight, higher weight gain, and better feed conversion ratio
than low FE birds (0.18g/g). We observed that high-FE birds showed greater IGF-I
expression in the liver and muscle, and greater GHR expression in the muscle. We
observed environment effect only on GHR expression in the liver, which quails under
comfortable conditions had greater expression than quails subjected to heat stress. We
can observe a significant interaction effect between feed efficiency and environmental
temperature on the ANT expression in the liver. The greatest ANT expression was
observed for high FE-birds that remained under comfortable conditions. In the liver,
UCP expression was statistically similar among the quails, independent of environment
and efficiency. However, comparisons of the low- and high-FE birds, in the muscle,
revealed higher levels of UCP in low-FE birds. The COX Il expression in the liver
suffered environmental temperature and feed efficiency effects. Higher expression was
observed in animals that remained under comfortable conditions; and high FE-birds
showed higher expression than low FE- birds. The obtained results suggest a possible

correlation between genes from somatotropic axis and genes involved in energy
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production by mitochondria with feed efficiency phenotype, and that environmental
temperature could affect some of these genes.

Keywords: ATP, feed efficiency, growth, heat stress, mMRNA

Introduction

The efficiency in converting food into body mass is related to several factors.
Among these is the animal capacity to deposit muscle and efficiency in the energy
production by mitochondria.

The muscle deposition occurs by the balance between protein synthesis and
degradation which is regulated by somatotropic action. It is suggested that these
two distinct pathways are products of the same biological route, and that the hormonal
concentration is a factor that can determine which of these pathways will prevail
(Sacheck et al., 2004). The presence of growth hormone (GH) in the body leads to the
synthesis and release of insulin-like growth factor | (IGF-I) through GHR pathway.
Specific GH receptor binding site is followed by conformational changes that stimulates
various signalling pathways, including the route that involves Janus kinase 2 (JAK2),
which leads to different cellular responses such as, synthesis and release of IGF-1 (Kita
et al., 2005). IGF-I plays an important role in poultry’s growth metabolism, thus, lowest
levels of IGF-1 decrease growth rates (Scanes, 2009).

As important as the tissue deposition is the efficiency in energy production.
Recent studies have shown that animals which convert food into body mass with more
efficiency can display alterations in the electron transport chain gene expression, which
can influence the use of nutrients and alter the body energy consumption. Such research
suggests that animals with a higher consumption of residual animal feed suffer failure in
the transport of electrons/protons, thus reducing the efficiency of ATP production by the
mitochondria, which has an adverse effect on the feed conversion (Bottje and Carstens,
2009; Krueger et al., 2008; Igbal et al., 2005; Johnson et al., 2003). Thus, the efficiency
in energy production depends on the perfect coordination among the respiratory chain
complexes. The uncoupling protein (UCP), the adenine nucleotide translocator (ANT)
and cytochrome oxidase subunit 111 (COX I1l) are a few of many proteins present in the
inner mitochondria membrane, and therefore related to efficiency in the ATP

production.
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The UCPs are transporters in the inner mitochondrial membrane which divert
ATP synthesis energy to heat production. The UCP provides a new route for the
protons, rather than through ATP synthase (Vidal-Puig, 2000). The ANT is responsible
for exchange the ADP from the cytosol to the mitochondria matrix ATP across the inner
mitochondrial membrane (Ojano-Dirain et al., 2007). Therefore, the ANT has the
function of increasing the quantity of ADP to be transformed into ATP by means of
ATP synthase. The mitochondrial function may be impaired by the incapacity of
ADP/ATP exchange between the cytosol and the mitochondrial matrixne, thus there
may be some connection between the ANT expression with the phenotypic expression
of feed efficiency (Bottje et al., 2006). Another one, COX Il is present in the electron
transport chain and related to the oxidative phosphorylation efficiency. COX Il is a
subunit of protein complex IV of the mitochondria, responsible for pumping protons
and transporting electrons. Ojano-Dirain et al. (2007) suggest that because these
proteins are involved in energy production, there might be some connection between the
expression of these genes and the feed efficiency phenotype.

The literature describes various factors influencing the expression of genes related
to growth and mitochondrial genes, including diet (Gasparino et al., 2012; Katsumata et
al., 2002), tissue type and developmental stage (Berishvili et al., 2006), breed (Beccavin
et al., 2001), and environmetal temperatures (Toyomizu et al., 2002).

Heat stress causes damage on birds” performance and also on the parts yield.This
can be explained by physiological changes in the birds' body (Geraert et al., 1996;
Yunianto et al., 1997). These physiological changes might partly be caused by the
oxidative stress that occurs in animals kept under heat stress (HS) environment. Birds
that are subjected to high temperatures may display a reduction in the activity of the
mitochondrial respiratory chain, which may induce a greater production of reactive
oxygen species (ROS) (Yang et al., 2010), and thus, due to a vicious cycle, influence
the mitochondrial (Tengan et al., 1998) and other genes expression.

In this study, we hypothesized that feed efficiency could be related to the
expression of genes from somatotropic axis, and mitochondrial genes involved in
energy production, and that the environment to which the birds are exposed may
influence the expression of such genes and thus contribute for the feed efficiency
phenotype. This way it was done a trial dividing the animals into high feed efficiency

(FE) and low feed efficiency (FE) groups, and maintaining these quails under comfort
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and heat stress environment to evaluate changes in IGF-1, GHR, ANT, UCP and COX

Il mMRNA expression in liver and muscle tissues.

Materials and Methods

The experimental procedure was approved by the Brazilian Animal Ethics
Committee and the experiment was conducted at the Iguatemi Experimental Farm at the
State University of Maringa. First, 300 female meat quails (Coturnix coturnix coturnix),
born from the same incubation, were conventionally raised for 28 days under the same
experimental conditions. At this time, the birds were transferred to individual cages and
underwent an adaptive period for seven days. Feed efficiency was calculated as the
increase in body weight relative to feed intake from 35 to 42 days of age. Feed
consumption and weight gain during the test period were measured individually. During
this time, the birds were kept at a comfortable temperature (25 £ 0.9°C with 60 + 1.2%
relative humidity (RH)). The animals had free access to food and water throughout the
experiment.

The feed was formulated for the two phases of the birds’ lives according to
Rostagno et al. (2011). Starter feed was provided during the first 14 days of life, and
growth feed was provided from 15 days of age. At 42 days of age, the animals were
separated into two groups: the 24 birds with the highest FE (high-FE) and the 24 birds
with the lowest FE values (low-FE) (Table 1). These groups were then divided into two
environmental conditions: comfortable (25°C, according to Pinto et al., 2003) and heat
stress (38°C) for 24 hours, with 12 animals in each group.

After the stress period, the animals were euthanized by cervical dislocation, and
tissue from the breast muscle (pectoralis superficialis) and liver were collected and
stored in RNA Holder® (BioAgency Biotecnologia, Brazil) at -20°C until RNA
extraction. Animals in comfortable conditions were sacrificed immediately after the
groups were separated.

Total RNA was extracted using Trizol® (Invitrogen, Carlsbad CA, USA)
according to the manufacturer’s instructions (1 mL per 100 mg of tissue). All of the
materials used had been previously treated with the RNase inhibitor RNase AWAY®
(Invitrogen, Carlsbad, CA, USA). The tissue and Trizol mixture were triturated with a
Polytron electric homogenizer until completely dissociated. Next, 200 pL of chloroform
was added to the sample, and the mixture was manually homogenized for 1 minute. The

samples were then centrifuged for 15 minutes at 12,000 rpm and 4°C. The aqueous
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phase was collected and transferred to a clean tube containing 500 pL of isopropanol
per tube and again homogenized and centrifuged for 15 minutes at 12,000 rpm and 4°C.
The supernatant was discarded, and the precipitate was washed in 1 mL of 75% ethanol.
The material was once again centrifuged at 12,000 rpm for 5 minutes, and the
supernatant was discarded. The pellet was dried for 15 minutes and re-suspended in
ultrapure RNase-free water.

The total RNA concentration was measured using a spectrophotometer at a
wavelength of 260 nm. RNA integrity was analyzed using a 1% agarose gel stained with
10% ethidium bromide and visualized under ultraviolet light. The RNA samples were
treated with DNase I (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions to remove possible genomic DNA contamination.

A SuperScript™ 111 First-Strand Synthesis Super Mix (Invitrogen Corporation,
Brazil) kit was used for cDNA synthesis according to the manufacturer’s instructions.
For this reaction, 6 pL of total RNA, 1 pL of oligo dT (50 uM oligo (dT)z0) and 1 pL of
annealing buffer were added to a sterile RNA-free tube. The reaction was then
incubated for 5 minutes at 65°C and placed on ice for 1 minute. Subsequently, 10 pL of
2% First-Strand Reaction Mix and 2 pL of solution containing SuperScript Il reverse
transcriptase enzyme and RNase inhibitor were added to the tubes. The solution was
incubated for 50 minutes at 50°C for the synthesis of complementary DNA. Next, the
reaction was incubated for 5 minutes at 85°C and immediately placed on ice. The
samples were stored at -20°C until they were used.

Real-time PCR reactions were performed using the fluorescent dye SYBR
GREEN (SYBR® GREEN PCR Master Mix, Applied Biosystems, USA) in a
StepOnePlus v.2.2 PCR machine (Applied Biosystems, Carlsbad, CA, USA). All the
reactions were analyzed under the same conditions and normalized to the ROX
Reference Dye (Invitrogen, Carlsbad, CA, USA) to correct fluctuations in the readings
due to evaporation during the reaction.

The primers used in the GHR and IGF-I amplification reactions were designed
based on the gene sequences deposited at www.nchi.nlm.nih.gov (accession numbers
NM001001293.1 and FJ977570.1, respectively) using the website www.idtdna.com.
The ANT, UCP and COX Il primers were described by Ojano-Dirain et al. (2007)
(Table 1). Two endogenous controls, [3-actin and GAPDH, were tested and [3-actin
(accession number L08165) was selected because its amplification was shown to be

more efficient. All the analyses were performed in duplicate, each in a volume of 25 L.
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Table 1: qRT-PCR primers

Gene  Amplicon Annealing Primer sequence (5°-3”)
(bp) Temperature (°C)
GHR 145 60°C AACACAGATACCCAACAGCC
AGAAGTCAGTGTTTGTCAGGG
IGF-I 140 60°C CACCTAAATCTGCACGCT
CTTGTGGATGGCATGATCT
ANT 67 60°C TGTGGCTGGTGTGGTTTCCTA
GCGTCCTGACTGCATCATCA
UCP 41 60°C GCAGCGGCAGATGAGCTT
AGAGCTGCTTCACAGAGTCGTAGA
CoxX i 71 60°C AGGATTCTATTTCACAGCCCTACAAG
AGACGCTGTCAGCGATTGAGA
R-actin 136 60°C ACCCCAAAGCCAACAGA
CCAGAGTCCATCACAATACC

The experimental design was a completely randomized factorial set up with two
environments (comfortable and heat stress) and two feed efficiencies (high and low).
Data were analyzed using the GLM procedures of the SAS statistical package (SAS
Inst. Inc., Cary, NC). The Univariate procedure was applied to verify the normality of

gene expression residues (expressed as 27T

) and of production data. All evaluated
genes were log-transformed [In(x+1)] (Voge et al., 2004) because they did not comply
with normality assumptions. Means were compared by Tukey test (P<0.05). The results

are shown as averages with standard deviations.

Results

After the period of individual feed intake and weight gain evaluation we can
separate the animals into two homogeneous groups, one group was considered of high
feed efficiency (High FE) and the other of low feed efficiency (Low FE). At the
beginning of the evaluation period of feed efficiency, the animals in both groups had
statistically equal initial weight (233.00 g for animals of high FE, and 234.00 g for low
FE animals). The animals of high FE had greater final weight, greater weight gain and
better feed conversion, even consuming the same amount of feed that low FE animals
(188.70 g for high FE, and 185.43 g for low FE) (Table 2).
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Table 2. Performance data for the female japanese quails separated into high- and low-
FE groups

IW (9) FW (9) WG (g) Fl(g) FCR (9/g) FE (9/9)
High-FE 233.00+19.3 287.00+10.9° 54.00+6.4%° 188.70+13.1 3.54+0.8°  0.28+0.02°
Low-FE 234.00+15.6 267.00+12.3° 33.00+4.2° 185.43+12.8 5.63+0.3°  0.18+0.01°

IW: initial weight, FW: final weight, WG: weight gain, Fl: feed intake, FCR: feed
conversion ratio, FE: feed efficiency.
2P owercase letters indicate a significant difference by the Tukey test (P<0.05).

The gene expression results for IGF-1 and GHR in the liver and muscle of the
high- and low-FE birds in the two environments are shown in Table 3. Significant

interaction between feed efficiency and environment was not observed.

Table 3. IGF-1 and GHR mRNA expression in the liver and muscle of high- and low-FE
female japanese quails under two environmental conditions

Liver Muscle
IGF-I GHR IGF-I GHR
High FE Comfortable 0.16%0.07 0.30+0.06 0.50+0.14 0.50+0.04
Heat stress  0.15+0.04 0.11+0.01 0.29+0.11 0.58+0.23
Low FE Comfortable 0.12+0.03 0.33+0.02 0.14+0.07 0.27+0.17
Heat stress  0.11+0.03 0.10+0.04 0.17+0.08 0.25+0.14
Main Effects
Efficiency  High 0.16+0.05a 0.20+0.11 0.39+0.16 a 0.54+0.16 a
Low 0.11+0.03b 0.22+0.12 0.16+0.07b 0.26%0.11b
Environment Comfortable 0.14+0.05 0.31+0.04a 0.32+0.20 0.39+0.22
temperature Heat stress  0.13+0.04 0.10£0.02b  0.23+0.11 0.41+0.25
Probabilities
Efficiency  0.0368 0.3645 0.0006 0.0096
Environment 0.6663 <0.0001 0.1286 0.7705
temperature
Interaction  0.9337 0.2715 0.0547 0.6145

Values are means with their standard deviations.

2 |dentical letters in the same column indicate no significant difference by the Tukey
test (P<0.05).

Our analysis of gene expression in the liver and muscle showed that high-FE birds
had higher IGF-1 mRNA levels than low-FE birds. We observed no significant effect of
the environment on the IGF-1 mMRNA expression in both tissues.

Regarding GHR gene expression in the liver, we observed higher expression in
quails under comfortable conditions. In the muscle, no environment effect was observed
on the GHR mRNA expression; however, high FE- birds showed greater expression
than low FE-birds. The results of mitochondrial genes expression in the liver and

muscle of the high- and low-FE birds in the two environments are shown in Table 4.
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Table 4. Mitochondrial genes expression in the liver and muscle of high- and low-FE
female japanese quails under two environmental conditions

LIVER
ANT UCP COX I
High FE Comfortable 4.25+0.16 a  0.00013+0.00009 0.0036+0.0003
Heat stress 2.74+0.16 b  0.00012+0.00006 0.0023+0.0006
Low FE Comfortable 3.04+0.91b 0.00011+0.00002 0.0023+0.0009
Heat stress 2.70+0.45b 0.00011+0.00001 0.0014+0.0003
Main Effects
Efficiency High 3.49+0.80 0.00012+0.00008 0.0029+0.0008 a
Low 2.87+£0.71 0.00011+0.00002 0.0018%0.0008 b
Environment  Comfortable 3.65+0.88 0.00012+0.00006  0.0029+0.0009 a
temperature Heat stress 2.72+0.32 0.00011+0.00004  0.0018+0.0006 b
Probabilities
Efficiency 0.0084 0.7207 0.0002
Environment  0.0003 0.8143 0.0002
temperature
Interaction 0.0127 0.9543 0.3731
MUSCLE
ANT UCP COX I
High FE Comfortable  2.33+0.14 0.47+0.04 0.074+0.010
Heat stress 2.25+0.17 0.46%0.08 0.071+0.023
Low FE Comfortable 2.2320.39 0.91+0.03 0.034+0.018
Heat stress 2.30+0.23 0.14+0.05 0.032+0.012
Main Effects
Efficiency High 2.29+0.15 0.46+0.06 a 0.073+0.017 a
Low 2.27+0.30 0.12+0.05 b 0.033+0.011 b
Environment  Comfortable 2.28+0.28 0.30+0.19 0.054+0.029
temperature Heat stress 2.27+0.18 0.28+0.17 0.051+0.027
Probabilities
Efficiency 0.8183 <0.0001 0.0001
Environment  0.9464 0.3886 0.7433
temperature
Interaction 0.4815 0.2074 0.9654

Values are means with their standard deviations. *° Identical letters in the same column
indicate no significant difference by the Tukey test (P<0.05).

We can observe a significant interaction effect between feed efficiency and
environmental temperature on the ANT expression in the liver. The greatest ANT
MRNA expression was observed for high FE-birds that remained under comfortable
conditions. There was no difference in the expression among the other treatments. ANT
expression in the muscle was not affected by any of the evaluated treatments.

In the liver, UCP mRNA expression was statistically similar among the quails,
independent of the environment and efficiency. However, comparisons of the low- and
high-FE birds, in the muscle, revealed higher levels of UCP mRNA in low-FE birds.
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The COX 111 expression in the liver suffered environmental temperature and feed
efficiency effects. Higher expression was observed in animals that remained under
comfortable conditions; and high FE-birds showed higher expression than low FE-
birds. Regarding expression of this gene in the muscle, only feed efficiency affected the
COX I mRNA expression. Our analysis showed that high-FE birds had higher COX
Il mMRNA expression than low-FE birds.

Discussion

After the period of individual feed efficiency evaluation we have been able to
separate the animals into two fairly homogeneous groups considering feed efficiency, a
group of high FE and another group of low FE. Our results showed that high-FE
Japanese quails gained significantly more body weight, although their feed intake was
similar to those presenting low-FE, and since all animals need to adapt their metabolism
to physiological and environmental conditions, which are continuously changing, and
therefore, metabolic responses coordinated by the expression of specific genes are
required, we suggest the observed differences are partially explained by differences in
the expression of important genes that activate difference metabolic mechanisms.

However, in animal production, performance (e.g., feed efficiency and
reproduction efficiency) is expressed not only according to the animal’s genetic
background, but also as a function of the environment it is exposed to, and to the
interaction between genetics and the environment. Thus, after separating the animals
into high and low FE, we kept the quails in comfortable or heat stress temperature.

Regarding somatotropic axis genes expression, we observe that high FE birds
showed greater IGF-I mRNA expression in the liver and muscle, and greater GHR
MRNA expression in the muscle. We observed environment effect only on GHR
expression in the liver, which quails under comfortable conditions had greater
expression than quails subjected to heat stress (Table 3).

Studies showed that IGF-1 has an important role in broiler growth rate, and that
lower IGF-1 levels determine slower body growth (Scanes, 2009). Higher protein
synthesis and lower protein breakdown are observed in broilers with higher IGF-1 blood
levels, and consequent higher skeletal muscle deposition (Conlon and Kita, 2002).
Supporting the hypothesis that GH effects on growth are mainly mediated by IGF-I
(Vasilatos-Younken, 1999), studies published in literature have shown that lower

growth rates in broilers may be associated with higher GH levels (Burke and Marks
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1982, Goddard et al. 1988). This suggests that broiler growth rates are not directly
explained by GH levels; rather, more information may be obtained by evaluating IGF-I
(Beccavin et al., 2001). These authors observed that broilers selected for high growth
rate presented higher IGF-1 mMRNA expression in the liver and higher IGF-1 blood levels
than those selected for low growth rate.

In the study of Tesseraud et al. (2000) with broilers selected for fast or slow
growth rate, fast-growing broilers presented higher weight gain, relative Pectoralis
major muscle weight (g/kg body weight), higher protein content in this muscle, and
higher protein synthesis and deposition. The authors suggest that this higher protein
deposition is in fact due to the lower protein breakdown in the muscles of these broilers.
Fast-growing poultry also seem to present more and larger muscle fibers (Remignon et
al., 1994), which may be due to the fact that satellite cells in these birds are more
responsive to blood IGF-I, contributing for muscle fiber hypertrophy (Duclos et al.,
1996).

We did not find any published studies on the GHR expression in birds subjected
to heat stress, however, reduced protein synthesis capacity and rate, lower growth rate,
and lower efficiency of protein deposition, as well as lower RNA levels have been
observed in animals exposed to heat stress (Temim et al., 2000). Therefore, there may
be some connection in the results found by these authors, with lower expression of GHR
MRNA observed at high temperatures, since GHR is essential for IGF-I action.

Despite the ATP production has great influence on feed efficiency many other
physiological systems are involved in the control of such feature. Metabolic pathways
involved in protein deposition, and in the food intake control, among others, also play a
key role on feed efficiency. Recent studies on muscle growth (Zheng et al., 2011;
Tesseraud et al., 2007) and about the food intake control showed that the body has
cellular/molecular mechanisms with a single signaling pathway that connects peripheral
tissues, where energy is used or stored, with the central nervous system (CNS), which
regulates energy acquisition by controlling the feed intake (Richards et al., 2010).

To better understand the cellular mechanisms that define the feed efficiency
phenotype, Bottje and Kong (2012) conducted an experiment with broilers separated
into groups of high and low FE in order to evaluate the overall relationship between
feed efficiency and gene expression. The authors found 782 genes that were
differentially expressed in high and low FE birds. The authors results suggest that high

FE birds exhibited increased expression of genes associated with signal transduction
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pathway, anabolic activities and activities of energy coordination, metabolic pathway
that are favorable to the development and cell growth. Low FE animals on the other
hand, showed greater expression of genes related to actin-myosin filaments and genes
related or responsive to stress. Thus, the authors suggest that the low-FE phenotype
could be the product of gene expression which is modulated by oxidative stress.

Regarding the association between stress and low FE birds, others studies found
that the mitochondria of low feed efficiency poultry produced more H,O,, which is
associated to higher protein oxidation and lower activity of the complexes of the
electron transport chain (Bottje et al., 2006). Those authors suggest that this higher level
of oxidized proteins may contribute to the low feed efficiency phenotype due to an
increase in cell energy requirements to repair those proteins, as well as because the
function of the damaged proteins may be impaired or reduced, and higher H,O;
production in poultry with low feed efficiency followed by protein damage may also
impair the mitochondrial genes activity.

Literature reports also indicate that high-FE poultry presents higher electron
transport couplings, and consequently, higher ATP synthesis capacity. This may be due
to lower UCP mRNA and greater COX Il mRNA expression, which is also observed in
poultry with high feed efficiency (Ojano-Dirain et al., 2007; Raimbault et al., 2001).

In the present study, it was found that UCP mRNA expression was greater in the
muscle of low FE qualis. This suggests that, consistent with literature (Dridi et al.,
2004), UCP may affect animal performance by increasing energy dissipation by
mitochondrial oxidation. Contrary to the situation in the literature - several studies
showed that UCP mRNA expression may change as a function of environmental
temperature (Dridi et al., 2008; Toyomizu et al., 2002) - we did not observe any
environment effect on UCP expression.

Regarding COX Il expression, greater cytochrome ¢ oxidase activity has been
related to high FE birds (Igbal et al., 2005) and to animals subjected to lower
temperatures (Martin et al., 1993). There are also studies in the literature showing the
negative heat stress effects on cytochrome ¢ oxidase activity (Ando et al., 1997), and
studies suggesting that heat shock protein could protect the respiratory chain complexes
in stressful situations, therefore contributing to the mitochondrial activity maintenance
(Vogt et al., 2011; Chen et al., 2004).

A result that should be highlighted, because the great importance of ANT gene for

the ATP production efficiency, is that there was an interaction effect between feed
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efficiency and environment on the ANT mRNA expression in liver, with the highest
expression in high FE-birds that remained under comfortable conditions. Several studies
show that environmental temperature can affect thyroid hormones circulating levels.
The results of these studies show that heat stress generally decreases (Melesse et al.,
2011; Willemsen et al., 2011), and cold stress increases the concentration of these
hormones (Venditi et al., 2010). Besides their many functions in growth, thyroid
hormones have also been related to participate in the control of ANT transcription.
About environment, we observed that the ANT mRNA expression was significantly
lower in the liver of animals exposed to heat. Because the thyroid hormones are needed
to ANT transcription control, these results of expression may be due to the already
mentioned fact that higher temperatures reduce T3 and T4 levels and that lower
temperatures are known to increase levels of such hormones. Thus, heat stress could
have reduced thyroid hormones levels, and they, in turn, contributed to reduce ANT
MRNA expression in heat stress birds.

Our results suggest that the environmental temperature influences on the
expression of studied genes, once a higher gene expression was observed in comfortably
housed animals. It was also shown that high feed-efficiency animals kept a higher
expression pattern of such genes, suggesting that the differences observed between high
and low feed-efficiency animals are, partially, explained by the differences of such

genes expression.
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VII. CONCLUSOES GERAIS

A metodologia aplicada permitiu eficiente na selecdo dos dois grupos de codornas
de diferentes eficiéncias alimentares, alta e baixa eficiéncia alimentar.

A exposicdo dos animais a diferentes temperaturas ambientais (conforto, calor e
frio) influenciou na expresséo de genes relacionados ao crescimento, GHR e IGF I, e a
producdo de energia, UCP, COX Il e ANT, no figado e no musculo.

Os resultados sugerem que a temperatura influencia na expressdo dos genes ja
mencionados, uma vez que foram observadas taxas mais elevadas de expressao nos
animais submetidos ao ambiente de conforto. Foi possivel evidenciar que animais de
alta EA mantiveram padrdo maior de expressdo desses genes, sugerindo que as
diferencas observadas entre animais de alta e baixa EA, sdo parcialmente explicadas
pelas diferencas na expressdo desses genes.

Foi possivel observar que a expressao génica, influencia no fendtipo para
eficiéncia alimentar, sendo que animais com alta eficiéncia apresentaram maior
expressao para os genes IGF-1 e GHR, que sdo responsaveis pelo crescimento.

Para 0 gene UCP, houve maior expressdo génica para animais de baixa eficiéncia
e expostos ao frio, indicando que este gene esta ligado a termorregulacéo.

Os resultados das analises de expressdo no musculo e figado das codornas de

corte sdo semelhantes aos encontrados para as de postura.
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Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbrewviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself,

The abstract should not be longer than 400 words.

Keywords

Immediately after the abstract, provide a maximum of & keywords, using American spelling and
avoiding general and plural terms and multiple concepts (aveid, for example, "and’, 'of'). Be sparing
with abbrewviations: anly abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Nomenclature and units
Follow internationally accepted rules and conventions: use the international system of units (SI). If

other quantities are mentioned, give their equivalent in S1. You are urged to consult IUBE: Biochemical
Momenclature and Related Documents: http://www.chem.gmw.ac.uk/iubmb/ for further information.

Authors and Editors are, by general agreement, obliged to accept the rules governing biological
nomenclature, as laid down in the International Code of Botanical Nomenclature, the International
Code of Nomenciature of Bacteria, and the International Code of Zoological Nomenclature.

All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific names
when the English term is first used, with the exception of common domestic animals. All biocides
and other organic compounds must be identified by their Geneva names when first used in the text.
Active ingredients of all formulations should be likewise identified.

Math formulae

Fresent simple formulae in the line of normal text where possible and use the solidus (/) instead of
a horizontal line for small fractional terms, e.g., X/¥. In principle, variables are to be presented in
italics. Powers of e are often more conveniently denoted by exp. Number consecutively any equations

that have to be displayed separately from the text (if referred to explicitly in the text).

Equations should be numbered serially at the night-hand side in parentheses. In general only equations
explicitly referred to in the text need be numbered.

The use of fractional powers instead of root signs is recommended. Powers of e are often more
conveniently denoted by exp.

Levels of statistical significance which can be mentioned without further explanation are *P=
0.05,**P< 0.01 and ***P= 0.001,

In chemical formulae, valence of ions should be given as, e.g. CaZ+ , not as Ca++.

Isotope numbers should precede the symbols, e.g. 180,

The repeated writing of chemical formulae in the text is to be avoided where reasonably possible;
instead, the name of the compound should be given in full. Exceptions may be made in the case of
a very long name occurring very frequently or in the case of a compound being described as the end
product of a gravimetric determination {e.g. phosphate as P2Z05).

Footnotes

Footnotes should be used sparingly. Mumber them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of yvour original artwork,

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Aral, Courier, Times Mew Roman, Symbol, or
use fonts that look similar.

* Mumber the illustrations according to their sequence in the text.
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* UUse a logical naming convention for yvour artwork files.
* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the printed version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http:/fwww.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply ‘as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts,

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawinags, keep to @ minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Calor artwork

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

Fleasze note: Because of technical complications which can arise by converting color figures to "gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Mumber tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
spanng in the use of tables and ensure that the data presented in tables do not duplicate results
described elzewhere in the article.

References concerning unpublished data and "personal communications” should not be cited in the
reference list but may be mentioned in the text.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors’ names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronclogically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b’, 'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:
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Van der Geer, J., Hanraads, ].A.]., Lupton, R.A., 2010. The art of writing a scentific article. 1. Sci.
Commun. 163, 51-59,

Reference to a book:

Strunk Ir., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009, How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304,

Journal abbreviations source

Journal names should be abbreviated according to the

List of title word abbreviations: http://www.issn.org/2-22661-LTWA-online.php.

Video data

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. all submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 50 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Flease supply "stills" with your files: you can choose any frame from the wvideo or amimation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http://fwww.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the apportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available at

http:/fwww.elsevier.com/audioshdes. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.

supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted matenal is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the matenal in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

» Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

* Keywords

» All figure captions

» All tables (including title, description, footnotes)

Further considerations

* Manuscript has been "spell-checked’ and 'grammar-checked’
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» References are in the correct format for this journal

* All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copynghted material from other sources (including the Web)
* Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print
» If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Diagital Object Identifier (DOI) may be used to ate and link to electronic documents. The DO
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the imitial electromic publication. The assigned DOI never changes. Therefore, it 15 an ideal
medium for citing a document, particularly 'Articles in press’ because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.crg/10.1016/].physletbh.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
nat have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
FDF proofs which can be annotated; for this you will need to download Adobe Reader version 7 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs (also given onling). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDOF annotations funchtion, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax, or scan
the pages and e-mail, or by post. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. We will
do everything possible to get your article published quickly and accurately — please let us have all your
corrections within 48 hours. It is important to ensure that all corrections are sent back to us in one
communication: please check carefully before replying, as inclusion of any subsequent corrections
cannot be guaranteed. Proofreading is solely your responsibility, Mote that Elsevier may proceed with
the publication of your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail (the PDF file is a watermarked wersion of the published article and includes a cover sheet
with the journal cover image and a disclaimer outlining the terms and conditions of use). Faor
an extra charge, paper offprints can be ordered via the offprint order form which is sent once
the article 15 accepted for publication. Both corresponding and co-authors may order offprints
at any time wia Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints).
Authors  requiring printed copies of mulople articles may  use Elsevier WebShop's
'Create Your Own Book' service to  collate multiple articles within @ single cover
(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

AUTHOR INQUIRIES

For inguiries relating to the submission of articles (including electronic submission) please wvisit
this journal's homepage. For detailed instructions on the preparation of electronic artwork,
please visit http://www.elsevier.com/artworkinstructions. Contact details for questions arising after
acceptance of an article, especially those relating to proofs, will be provided by the publisher.
You can track accepted articles at http://www.elsevier.com/trackarticle. You can also check
our Author FAQs at http://www.elsevier.com/authorFAQ andfor contact Customer Support via
http://support.elsevier.com.
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Instructions for Authors

Genetics and Molecular Research (GME) publishes Book Review, Brief Note, Case
Report, Comment, Correction. Errata, Homage, In Memoriam, Letter to the Editor, Methodol-
ogy, Mini-Review, Obituary, Opimon Point of View, Research Note, Retraction, Review, Re-
view Article, Short Commmnication, and Thesis Abstract, with regard to genetics, evolution,
molecular biology, and bicmformatics. Review articles are normally received by wmvitation
only. If you would like for us to consider a review article, please consult the editor first; send
a proposed title, a bref outline and a list of papers relevant to the review published by the
author(s). GME. 15 an exclusively online joumnal

The journal 15 maintained by the not-for-profit scientific foundation Ribeirdo Preto
Foundation for Scientific Research (FUNPEC-REP) and the articles are open access. The
fee per accepted submission is BS 1.615.00 for Brazilian authors and US$960.00 for
authors from other countries. The US dollar amount reflects the approximate current
foreign exchange rate and is subject to change. This fee covers part of the expenses for
final langmage and technical revision, for page setup, and for publishing online.

Payment of the publishing fee should be made by the authors only after receiving a
letter of acceptance. After payment is received by our office, the manuseript will be processed
further for publication

Payment, both from within or cutside Brazil, should be made by bank transfer (Ban-
co do Brasil or City Bank) or by credit card (Visa and MasterCard).

»  Instructions for pavment il}).

»  Instructions for pavment (Outside Brazil).

Please contact the editonial office [gnwia) geneticsmr com) if you have any questions.

All GME. articles mmst meet the highest standards of scientific quality, both in
terms of oniginality and significance, and the research findings reported should make sub-
stantial advances. As it 15 a journal serving a wide and varied scientific commmmity, article
abstracts, infroductions and conclusions should be comprehensible to the non-specialist,
stressing any wider implications of the study. However, the papers should not compromise
on the scientific ngor and detail demanded by an international research journal The broad
readership that GMR attracts gives authors an opportunity to convey to a large andience, as
well as to specialists, the importance of thewr research. The jouwrnal is currently indexed in
over 64 services; see [hitp://www geneticsmr com).

Contributions should be sent erther by e-mail as attachments to [gmria) geneticsmr com]
or by regular mail (in files on a CD or DVD) to: Prof. Dr. Francisco A. Moura Duarte, Editor.
Fua: Floriano Peixoto, 2444 - Alto da Boa Vista, 14023-220 Ribeirdo Preto, SP, Brasil

It 15 a fondamental condition that subnmutted manuscripts have not been previcusly
published and will not be simultaneously published elsewhere. With the acceptance of
a mamuscript for publication, the publishers acquire full and exclusive copyright for all
languages and countries. The use of registered names. trademarks, etc., n this publication
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does not imply, even in the absence of a specific statement. that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.

All papers should be prepared in U.S. English An imitial evaluation of the langnage will
be made upon receipt of each marmmscript. Those that are considered madequate for imtial review
will be refurned or sent out for comrection, at the discretion of the author. The mamscript will be
considered officially received when the corrected version is ready to be sent to the referees.

Before final acceptance, a submussion letter with the title of the arficle and names and
signatures of all the authors should be posted to the above address or faxed to the journal at 55
(16) 3621-1991. Galley proofs will be sent m “pdf” form via e-mal for final revision. All awthors
are co-responsible for their submissions and they should make every effort to check the paper
before this final step to avoid costly reformatting and possible infroduction of new errors.

GME. articles have no ngid length restrictions. They should contamn sufficient techm-
cal detail for an expert reader to understand and assess the methods and results. There 1s no
page lhinut for GMRE. articles, but authors should still be concise, for two main reasons. Fust,
our electronic refereeing system relies on e-mail. and very large files cccasionally cause prob-
lems. Second. lengthy manuscnipts can be cumbersome to read and study. Feferees tend to
dislike them and they take longer to process. In addition, readers of electromc joumals often
print articles to read them Remember that a 10,000-word article talees up around 11 pages.

How many pages would you be willing to read on-screen or print out?

Editorial policies: GMR. is a refereed jowmal Only onginal mamscripts will be consid-
ered for publication. Manuscripts will be reviewed by at least two mdependent reviewers before a
and final publication Papers will be published (placed onlne), once were fislly processed. Papers
accepted in their final form from Jamary 1 to March 31 constitute the first issue of each volume. and
50 ofL. There are four isspes per year.

Mammseripts (in ULS. Enghsh). together with a cover letter from the anthor responsible for
all correspondence, should be submitted to the Editor at [mmra geneticsnyr com) m electronic format
as .doc files saved i Microsoft Word 97 for Windows, or later version Do not use formatting such
as Word's “Heading™ or “Style Sheets”. Spelling, punctuation, sentence strocture, spacing, length
and consistency of usage in form and deseniptions should be checked before submission Please also
check references for acouracy. Ensuge that all fisures and tables are mentioned in the text, and that all
references are cited in the text Figure and table files (see below) should be separate.

Submission information
Anthors are required to provide the followmng information with their electronic subnhssions:
Author submitting the article; article title; authors (full list); article type and session;
status of article (e.g., new, revised, etc.); postal address; e-mail address; phone number; fax
ouumber; names and types of the files sent.

Brazilian authors should not translate their institntional addresses. These should
remain in the original (Portuguese) langnage.

Revised versions: Authors submitting a revised version of an article, nmist remember

to include a list of changes, and replies to the referees (or techmeal editor). All the files, not
just those revised, for the final draft of paper should be sent.

Acknowledgment of electronic submissions: Successful receipt and processing of
the author’s submission will be acknowledged by e-mail when the subnutted manuseript has
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been checked. If no reply has been received within one weel: the anthor should contact the
editor at [gmra)geneticsmr com)|.

Review: Articles are reviewed anonymously by independent referees. Authors are en-
couraged to suggest names of expert reviewers, but selection remains the prerogative of the edi-
tors. To facilitate the review process, the anthors can send supplementary matenial, such as cited
accepted but not yet published papers, which may be important for assessment of the manuscript.

A review article should contain: an abstract of 250 words or less, no more than six key
words, a mnmng title and no more than 60 references. It should be divided mnto sections with ap-
propriate tiffles and subtitles.

Preparation of the manuscript

Order the sections comprising the manuscript as follows: title, mnning title, author,
address, abstract, key words, introduction matenal and methods, results, discussion acknowl-
edgments, and references.

Title Page: The title page should include the title of the article, anthors” names (names
and initials (only) thinking in indexing services), and anthors” affiliation. The affiliation should
comprise the department. institution (usually nniversity or company), city, and state {m’ 1a-
tion). The title page should include the name and n:m:nplete maihng address. telephone number.
fax number, and e-mail address of the author designated to review proofs. A mnning title Ofﬂ.Cl
more than 60 characters (including spaces) should be provided.

Abstract: An abstract of up to 250 words, single-spaced, 1s required of research articles
and reports and should be arranged m one paragraph The following information (without head-
ngs) should be mchuded: purpose, methods, results (please report oumernical data (means £+ SE)
for significant results), and conclusions. Rﬂlewamdﬂalmmquuemabsttacr which need not
mchude all of these ttems.

Key words: A list of key words or indexing terms (up to six) should be included.
Text

Format: Headings should be bold, and first letters capitalized and left-aligned. All text
should be set m Times New Foman font, 12 pomnt, left-aligned. smgle-spaced. Do not justify the
right marmin [ eave only one (1) space after penods. Paragraphs should not be indented; there
should not be any blank lnes between them Use line refums only at the end of paragraphs. Do
not use tabs or spaces to create indents. Use the Symbol font for symbols and special characters.
Do not use equation editors or footnoting utilities. Save equations as images. Equations should be
mmbered consecutively with Arabic mumerals in parentheses on the right hand side of the page.

Footnotes: Footnotes shonld be avoided. When their use 15 absohitely necessary, foot-
notes should be munbered consecutrvely nsing Arabic munerals and should be placed at the bottom
of the page to which they refer. Place a line above the footnote, so that it is set off from the text.

Tables/Charts: Special care should be taken to ensure that all tables are properly
formatted. Scientific symbols nsed should be in Symbol or Times New Foman Tables should
be on a separate page, munbered consecutively (with Arabic mumerals) referred to by mumber
in the text and designed to fit the column or page size of the journal. Use tables with cells to
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separate columns. Do not use spaces, tabs or vertical ines_ Left justify the title above the table.
Indicate each table’s location within the mammsenpt.

Nhastrations: [ustrationsfigures (photographs, drawings. diagrams. and charts) should
each be in a single file. numbered 1 a consecutive series of Arabic mumerals in the order mn which
they are cited in the text. [llustrations nmst be submitted as separate files. All illustrations are to
be supplied in JPEG (jpg) format in either color or black and white. Images nmist be saved as
separate, stand-alone files. The image resolution should be 300 dpi. Do not embed images within
the text file. The placing of graphics in the paper should be indicated in the text and should -
clude the captions for the fisures. The authors should also send, by mail, a printed version of the
figures. These should be at least 10 x 13 cm, up to US letter size, so that figures can be scanned
(in case the figure files are not adequate) to guarantee good quality for publishing online.

Abbreviations: Try to use abbrewviations m the text spanngly. Wite out abbreviations
in full before the first time they are used in the text. Use the metnic system for all measure-
ments without periods (cm ml., 5). Define all symbols used in equations and formulas. Do not
abbreviate the word “Figure™ or “Table™ mn titles or text.

Acknowledgments: All acknowledgments (including those for grant and financial
support) should be typed m one paragraph directly preceding the reference section. Authors of
manuscrpts submitted to GME. are requested to state the source of all funding that enabled the
descnibed research to be undertaken

References: References in the text should include the name of the author and the year
m parentheses, e.g. (Searle, 1961) or (King and Wilson 1973). When a reference with more
than two authors 1s cited, only the first avthor 15 named, e g. (Comstock et al., 1958). The refer-
ences must be cited m the text in chronological order, e.g. (Tdeber, 2001; Uetz, 2002; Ottaval,
2004). References to “vopublished results™ and “submitted papers™ should appear in the text in
parentheses following the name(s) of the indrvidual(s). Example: (Pereira KS, Martins PK and
Silva TM. unpublished results). No more than 40 references should be cited in a Full-length
paper, 20 references in a Short Communication and 60 references in a Review article.

References, under the heading “References”™, should include only works referred to m
the text. This section should be arranged in alphabetical order under the first anthor’s last name.
Beferences should be cited as follows: journal papers - names and smtials of the first four anthors
(after that using et al ), year, journal tifle abbreviated according to PubMed or Web of Science,
vohune munber, first and last page mumnbers; books - names of authors, year, full title, edition
publishers, address (cify); articles published 1n symposia - names of avthors, year, full tifle of
book, name(s) of editor(s) in parentheses, publisher, address (city), first and last page mumbers.

The references should consist mainly of articles from indexed journals. Refer-
ences for technigues that are essential for understanding or repeating the methods
should always be in easily accessible (indexed) journals.

Reference style: The list of references at the end of the paper should follow the format
requested by GME_ The link below can be accessed to see how the references should appear.

Examples of reference style
General information of GME stvle
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Author Guidelines

Download: Colour Work Agreement Form

Submission is now available online at ScholarOne Manuscripts (formerly known as
Manuscript Central)

1. General

The Journal of Animal Breeding and Genetics publishes original articles and book
reviews in the field of applied and theoretical animal breeding, animal genetics, and
related fields. Please note that the journal no longer accepts Short Communications.
Articles are published in English.

English Language Editing Service: Ensure your paper is clearly written in standard,
scientific English language appropriate to your discipline. Visit our site to learn about
the options. Please note that using the Wiley English Language Editing Service does not
guarantee that your paper will be accepted by this journal.

Manuscripts should be submitted electronically via the online submission site
ScholarOne Manuscripts (formerly known as Manuscript Central). The use of an online
submission and peer review site speeds up the decision-making process, enables
immediate distribution and allows authors to track the status of their own manuscripts.
If assistance is needed (or if for some reason online submission is not possible), the
Editorial Office can be contacted and will readily provide any help users need to upload
their manuscripts.

Editorial Office:

Minna Koivula

MTT, Agrifood Research Finland
Biotechnology and Food Research
Biometrical Genetics

FIN-31600 Jokioinen

Finland

E-mail: minna.koivula@mtt.fi

2. Requirements for manuscripts

2.1. Format

The first page of the manuscript should indicate the name of the author(s), the official
name of the institution(s) where the work was carried out and the corresponding author's
complete mailing address (postal address, phone, fax, and e-mail address). Each original
article should be divided into Summary, Introduction, Materials and Methods, Results,
Discussion and References. Summaries should not be longer than 1200 characters each.

The manuscript comprises the text, tables and captions of figures and tables.
Manuscripts should be typed double-spaced using Microsoft Word (.doc or .docx).
Tables should be placed in separate section at the end of the manuscript file (not placed


http://media.wiley.com/assets/7130/56/SN_Sub2000_F_CoW.pdf
http://mc.manuscriptcentral.com/jabg
http://wileyeditingservices.com/en/
http://mc.manuscriptcentral.com/jabg
mailto:minna.koivula@mtt.fi
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within the text). Figures should be submitted as separate files. Each figure, table, and
bibliographical entry must have a reference in the text. Any corrections requested by the
reviewer should already be integrated into the file.

When preparing your file, please use only standard fonts such as Times, Times New
Roman or Arial for text, and Symbol font for Greek letters, to avoid inadvertent
character substitutions. In particular, please do not use Japanese or other Asian fonts.
Do not use automated or manual hyphenation. Please do not include footnotes.

Manuscripts must conform to the journal style. Manuscripts not complying with the
submission format will be returned to the author(s).

Authors are  encouraged  to visit http://authorservices.wiley.com/bauthor/journal.asp
which details further information on the preparation and submission of articles and
figures.

2.2. Length
Original papers should not exceed 20 typewritten pages, including illustrations, tables
and references.

2.3. Units, abbreviations and nomenclature

All specifications must be stated according to the S. I. system. Concentrations of
chemical solutions are to be given in mol/l. All other concentrations should be given in
% (volume or weight).

Any abbreviations of chemical, biological, medical or other terms should only be
employed when it is certain that they are internationally known. The full name must be
stated in parentheses when the abbreviation is first used.

All medical, chemical, biological or other terms should be used according to the most
recent recommendations of the respective international nomenclature. Enzymes should
be given in I.U. (International Units), according to 'Enzyme Nomenclature' (Elsevier
Publishing Co., 1965). In the case of commercially obtained substances or reagents,
when they are first mentioned in the text, the name and address of the manufacturer or
supplier should be given as a footnote, including the product name and name and
address of the distributor. Products with a registered trademark should be marked with ®.

Bacterial names should be in accordance with the latest edition of Bergey's Manual of
Determinative Bacteriology (The Williams and Wilkins Co., Baltimore). Viruses are to
be given the classification and names recommended by the International Committee on
the Nomenclature of Viruses. Names of micro-organisms and zoological names will be
printed in italics and should be underlined in the manuscript.

2.4. lllustrations and tables

The number of illustrations and tables should be kept to a minimum. When used, tables
and illustrations should be self-explanatory. Do not repetitiously show the same data in
both a table and a figure. In the case of figures or tables taken from already published
material, their exact source must be stated.


http://authorservices.wiley.com/bauthor/journal.asp
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Figures should be saved in a neutral data format such as TIFF, PDF or EPS. Powerpoint
and Word graphics are unsuitable for reproduction. Please do not use any pixel-oriented
programmes. Scanned figures (only in TIFF format) should have a resolution of 300 dpi
(halftone) or 600 to 1200 dpi (line drawings) in relation to the reproduction size. Please
submit the data for figures in black and white. However, colour photos can be
reproduced in black and white (with a possible loss of contrast). Figures printed in
colour are subject to an added charge. Our colour print charges and payment policy are
explained on the Colour Work Agreement Form. Colour graphics should be created
using the CMYK colour palette (print colours), not RGB (monitor colours).

Tables should be prepared using the table feature in Microsoft Word; tables prepared in
other programs (e.g., Excel) or by using spaces, tabs, and hard returns may not convert
correctly.

Numbering and lettering (maps, microscopic pictures) should be adjusted to fit within
the column-width or the print area. If a figure is to be cropped, please mark the lines on
a photocopy or tracing paper. Printouts should be made with a laser printer at the
highest resolution (> 600 dpi). If artwork is to be scanned, line drawings should only be
contour drawings without halftones (photo, shades of grey). Please do not use patterns
for shading; rough hatching is possible.

Graphs with an x and y axis should not be enclosed in frames; use only 2-dimensional
representations. Do not forget the labels and units. Captions for the figures should give
a precise description of the content and should not be repeated within the figure. Tables
should be created using the table function or tabs.

Detailed information on digital illustration standards is available at:
http://authorservices.wiley.com/bauthor/illustration.asp

Check your electronic artwork before submitting it:
http://authorservices.wiley.com/bauthor/eachecklist.asp

2.5. References

Each original paper should include bibliographical references, which should be
restricted to the necessary minimum (no more than 30 references). The list of references
should be arranged alphabetically by the first authors’ surnames.

Examples:

Standard Journal Article
Schmid, M., Saitbekova, N., Gaillard, C., Dolf, G. (1999) Genetic diversity in Swiss
cattle breeds. J. Anim. Breed. Genet.,116, 1-8.

Supplement

Jamieson, A. (1994) The effectivness of using co-dominant polymorphic allelic series
for (1) checking pedigrees and (2) distinguishing full-sib pair members. Anim. Genet.
25(suppl. 1): 37-44.

Books
Weir, B. S. (1996) Genetic Data Analysis 1l. Sinauer, Sunderland, MA, USA.


http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1439-0388/homepage/JBG_CWA.pdf
http://authorservices.wiley.com/bauthor/illustration.asp
http://authorservices.wiley.com/bauthor/eachecklist.asp
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Chapter in a book

Alderson, G.L.H. (1991) A system to maximize the maintenance of genetic variability
in small populations. In: Alderson, L. (ed.), Genetic Conservation of Domestic
Livestock, CAB International, Wallingford, pp. 18-29.

Proceedings Paper

Gama, L. T.; Delgado, J. V. (2000) Assessing the risk status of a breed. In: Proceedings
of the 5th World Conference on Conservation of Animal Genetic Resources. Brasilia
(Brazil), 20-25 November 2000. CDD 591.15 Copyright EMBRAPA, Brasilia, Brasil.

We recommend the use of a tool such as Reference Manager for reference management
and formatting. Reference Manager reference styles can be searched for here:
http://www.refman.com/support/rmstyles.asp

2.6. Laboratory animals

In the case of a research project in which experimental animals were involved, the
authors are requested to give precise details about the animals in the interest of
reproducibility of the findings (e.g. source, breeding, pathogen-free, conventional,
weight) and their maintenance (standard diet, environment etc.). In addition, it is
necessary to document that all procedures with animals were carried out in accordance
with the appropriate humane methods.

Checklist for Online Manuscript Submission

o Complete manuscript file in a Word (or compatible) format, including text, references, and
tables

« Text with page numbering and line numbering

« First page with institution, title, authors, corresponding address with phone, fax and e-mail

 For original papers: Summary, Introduction, Material and Methods, Results, Discussion,
and References

 High-resolution figures as *.TIF or *.EPS or *.JPG; numbered serially. Figures should be

referred to in text using 'see above/below' or with abbreviated name of figure in

parentheses, e.g. (Fig. 1)

Keywords (different from terms in title)

References listed in alphabetical order; cross-check all references in text and reference list

Tables, numbered serially, referred to in text as (Table 1), etc.

Captions for tables and figures

Copyright Transfer Agreement

Colour Work Agreement Form (if applicable)

3. Online Submission of manuscripts

3.1. To submit a manuscript, please follow the instructions below.

Getting Started

1. Launch your web browser (Internet Explorer 6 or higher, Netscape 7 or higher, Safari

1.2.4, or Firefox 1.0.4 or higher) and go to the journal’s ScholarOne Manuscripts
homepage (http://mc.manuscriptcentral.com/jabg).
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2. Log-in or click the “Create Account” option if you are a first-time user of Manuscript
Central.

3. If you are creating a new account.

- After clicking on “Create Account”, enter your name and e-mail information and click
“Next”. Your e-mail information is very important.

- Enter your institution and address information as appropriate, and then click “Next.”

- Enter a user ID and password of your choice (we recommend using your e-mail
address as your user ID), and then select your area of expertise. Click “Finish”.

4. If you have an account, but have forgotten your log in details, go to Password Help
on the journals online submission system (http://mc.manuscriptcentral.com/jabg) and
enter your e-mail address. The system will send you an automatic user ID and a new
temporary password.

5. Log-in and select “Author Center.”

Submitting Your Manuscript

5. After you have logged in, click the “Submit a Manuscript” link in the menu bar.
6. Enter data and answer questions as appropriate. You may copy and paste directly
from your manuscript and you may upload your pre-prepared covering letter.
7. Click the “Next” button on each screen to save your work and advance to the next
screen.

8. You are required to upload your files

- Click on the “Browse” button and locate the file on your computer.
- Select the designation of each file in the drop down next to the Browse button.
- When you have selected all files you wish to upload, click the “Upload Files” button.
9. Review your submission (in PDF format) before sending to the Journal. Click the
“Submit” button when you are finished reviewing.

You may suspend a submission at any phase before clicking the “Submit” button and
save it to submit later. After submission, you will receive a confirmation e-mail. You
can also access ScholarOne Manuscripts (formerly known as Manuscript Central) any
time to check the status of your manuscript. The Journal will inform you by e-mail once
a decision has been made.

Manuscripts should be uploaded as Word (.doc or .docx) or Rich Text Format (.rtf) files
(not write-protected) plus separate figure files. GIF, JPEG, PICT or Bitmap files are
acceptable for submission, but only high-resolution TIF or EPS files are suitable for
printing. The files will be automatically converted to a PDF document on upload and
will be used for the review process. The text file must contain the entire manuscript
including title page, abstract, text, references, tables, and figure legends, but no
embedded figures. Figure tags should be included in the file. Manuscripts should be
formatted as described in the Author Guidelines below.

Revised manuscripts must be uploaded within 2 months of authors being notified of
conditional acceptance pending satisfactory revision.
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3.2. Copyright Transfer Agreement and Online Open

If your paper is accepted, the author identified as the formal corresponding author for
the paper will receive an email prompting them to login into Author Services; where via
the Wiley Author Licensing Service (WALS) they will be able to complete the license
agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected the corresponding author will be presented with
the copyright transfer agreement (CTA) to sign. The terms and conditions of the CTA
can be previewed in the samples associated with the Copyright FAQs below:

CTA Terms and Conditions http://authorservices.wiley.com/bauthor/fags_copyright.asp
For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of the
following Creative Commons License Open Access Agreements (OAA):

e Creative Commons Attribution License OAA
e Creative Commons Attribution Non-Commercial License OAA
e Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the
Copyright FAQs hosted on Wiley Author Services
http://authorservices.wiley.com/bauthor/fags_copyright.asp and visit
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--
License.html. See the Online Open section below for more information.

If you select the OnlineOpen option and your research is funded by The Wellcome
Trust and members of the Research Councils UK (RCUK) you will be given the
opportunity to publish your article under a CC-BY license supporting you in complying
with Wellcome Trust and Research Councils UK requirements. For more information
on this policy and the Journal’s compliant self-archiving policy please visit:
http://www.wiley.com/go/funderstatement.

3.3. Online Open

OnlineOpen is available to authors of primary research articles who wish to make their
article available to non-subscribers on publication, or whose funding agency requires
grantees to archive the final version of their article. With OnlineOpen, the author, the
author's funding agency, or the author's institution pays a fee to ensure that the article is
made available to non-subscribers upon publication via Wiley Online Library, as well as
deposited in the funding agency's preferred archive.

To preview the terms and conditions of these open access agreements please visit the
Copyright FAQs hosted on Wiley Author Services
http://authorservices.wiley.com/bauthor/fags_copyright.asp and visit
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--
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License.html. All OnlineOpen articles are treated in the same way as any other article.
They go through the journal's standard peer-review process and will be accepted or
rejected based on their own merit.

3.4. Supporting Information

Supporting Information, such as data sets or additional figures or tables, that will not be
published in the print edition of the journal, but which will be viewable via the online
edition, can be submitted.

It should be clearly stated at the time of submission that the Supporting Information is
intended to be made available through the online edition. If the size or format of the
Supporting Information is such that it cannot be accommodated on the journal's Web
site, the author agrees to make the Supporting Information available free of charge on a
permanent Web site, to which links will be set up from the journal’s Web site. The
author must advise Wiley-Blackwell if the URL of the Web site where the
Supporting Information is located changes. The content of the Supporting
Information must not be altered after the paper has been accepted for publication.

The availability of Supporting Information should be indicated in the main manuscript
by a paragraph, to appear after the References, headed 'Supporting Information' and
providing titles of figures, tables, etc. In order to protect reviewer anonymity, material
posted on the authors Web site cannot be reviewed. The Supporting Information is an
integral part of the article and will be reviewed accordingly.

4. Proof correction and offprints

The corresponding author will receive an e-mail alert containing a link to a web site. A
working e-mail address must therefore be provided for the corresponding author. The
proof can be downloaded as a PDF (portable document format) file from this site.
Acrobat Reader will be required in order to read this file. This software can be
downloaded (free  of charge) from  the  following  web  site:
http://www.adobe.com/products/acrobat/readstep2.html

This will enable the file to be opened, read on screen and printed out in order for any
corrections to be added. Further instructions will be sent with the proof. Excessive
charges made by the author in the proofs can be charged.

The publisher must be able to reach you throughout the entire page proofing process to
avoid delays in production. Free access to the final PDF offprint or your article will be
available via Author Services only (http://authorservices.wiley.com). Please therefore
sign up for Author Services if you would like to access your article PDF offprint and
enjoy the many other benefits the service offers. Print offprints of your article may be
ordered online at http://offprint.cosprinters.com/blackwell. Any queries should be
directed to: offprint@cosprinters.com

5. Book reviews
Book reviews are occasionally published. Books submitted for review are assigned to

specialists in the same field. The reviewer does not receive financial remuneration for a
review, but keeps the copy of the book sent to him or her for review. The review should
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include the complete bibliographical data on the book being reviewed: author’s surname
and initials of prename(s). Title of the book, edition (if not the first edition), publisher,
place of publication, year of publication, length in pages, number of figures and tables,
type of binding (paperback, hardback), and retail price.

6. Paper

The publisher's policy is to use permanent paper from mills that operate a sustainable
forestry policy, and which have been manufactured from pulp which is processed using
acid-free and elementary chlorine-free practices. Furthermore, the publisher ensures that
the text paper and cover board used has met acceptable environmental accreditation
standards.

7. Author Material Archive Policy

Please note that unless specifically requested, Wiley-Blackwell will dispose of all
hardcopy or electronic material submitted two months after publication. If you
require the return of any material submitted, please inform the editorial office or
production editor as soon as possible if you have not yet done so.

Note to NIH Grantees

Pursuant to NIH mandate, Wiley-Blackwell will post the accepted version of
contributions authored by NIH grant-holders to PubMed Central upon acceptance. This
accepted version will be made publicly available 12 months after publication. For
further information, see www.wiley.com/go/nihmandate


http://www.wiley.com/go/nihmandate

