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Resumo

RASSIER, Gabriela. Estudo de genes de referéncia em Zebrafish (Danio rerio)
transgénicos superexpressando o horménio do crescimento. 2019. 58f.
Dissertacdo de Mestrado - Programa de PoOs-Graduacdo em Bioquimica e
Bioprospeccgéo. Universidade Federal de Pelotas, Pelotas.

A PCR guantitativa em tempo real € uma das mais importantes técnicas na analise
da expressao génica e tem como pré-requisito o uso de genes de referéncia. Esses
genes tém por funcdo, normalizar os dados da reacao, possuindo papel importante
no desfecho dos resultados e sucesso da andlise. Os genes de referéncia devem
possuir expressao significativa e estavel nos tecidos em todas as condicdes
experimentais. Para o modelo animal zebrafish (Danio rerio) esses genes vém sendo
estudados, entretanto para os modelos transgénicos dessa espécie até onde
sabemos, ndo ha estudos neste sentido. O zebrafish gh-transgénico faz parte de
uma linhagem denominada F0104, desenvolvida com o hormdnio do crescimento
oriundo do peixe-rei marinho (Odonthestes argentinensis). Pressupondo-se que o
processo de transgenia possa influenciar os niveis de expressdo de genes
comumente utilizados como normalizadores, levando a necessidade de se validar
genes de referéncia especificos para estudos de expressdo génica em zebrafish
transgénicos. Nesse contexto, o objetivo do presente trabalho foi analisar a
estabilidade dos genes actbl, actb2, atpla, b2m, eif2b, ef1a, igf1, gapdh, rpl2, rpl7,
rpl13a, tuba, e 18s em diferentes tecidos de zebrafish transgénicos e néo
transgénicos, a fim de avaliar o seu potencial uso como genes de referéncia. Para
tal, animais adultos, de ambos os sexos, gh-transgénicos (n=21) e nao transgénicos
(n=21), constituiram os grupos experimentais. Amostras de figado, cérebro, intestino
e musculatura foram coletadas. A cada trés amostras de cada 6rgédo coletado, um
pool foi confeccionado, totalizando sete pools. Apds as etapas de extracdo de RNA,
sintese de cDNA e real-time gPCR, foram realizadas as analises com os softwares
dCt, GeNorm, NormFinder, BestKeeper e RefFinder. Os resultados demonstraram
que independentemente do tipo de tecido coletado, 0s genes mais estaveis para o
grupo gh-transgénico, foram rpll3a, efla, rpl7e rpl2, enquanto 0s menos estaveis
foram os genes gapdh, 18s e tuba. A partir dos dados obtidos, verificou-se, que o
tecido que mais influenciou na instabilidade dos genes foram o intestino e o figado
entre 0s grupos analisados. Este estudo evidenciou ainda, que mesmo genes
considerados constitutivos e comumente utilizados como normalizadores em
estudos feitos com zebrafish selvagem, tais como gapdh, 18s e tuba, sofreram
variacdes entre os diferentes tecidos, tanto de animais transgénicos quanto em nao
transgénicos. Por fim, concluem-se que os genes rpll3a, efla, rpl7 e rpl2 possuem
alta estabilidade, sendo possivel sua utilizacdo como genes de referéncia em
estudos envolvendo analise de expressao génica em zebrafish (Danio rerio) gh-
transgénicos e que claramente, os genes como gapdh, 18s e tuba possuem baixa
estabilidade e, portanto, ndo sdo adequados como genes de referéncia para o0s
grupos e tecidos estudados.

Palavras-chave: Normalizadores; RT-qPCR; housekeeping genes; niveis de
transcritos; expressao génica.



Abstract (corrigir o ingles)

RASSIER, Gabriela. Study of reference genes for transgenic Zebrafish (Danio
rerio) overexpressing growth hormone. 2019. 58f. Dissertacdo de Mestrado -
Programa de Pos-Graduacao em Bioquimica e Bioprospeccéo. Universidade Federal
de Pelotas, Pelotas.

Real-time quantitative PCR is one of the most important techniques in the analysis of
gene expression and needs the use of reference genes. These genes have the
function of normalizing the reaction data, having an important role in the outcome
and success of the analysis. Reference genes must have significant and stable
expression in tissues and in all experimental conditions. Zebrafish (Danio rerio)
reference genes have been studied, however, as far as we know, there are no
studies for the transgenic models of this species. The gh-transgenic zebrafish is a
strain called F0104, developed to overexpress the growth hormone from silverside
(Odonthestes argentinensis). It is assumed that the transgenic process may influence
the expression levels of commonly used reference genes, leading to the need to
validate specific reference genes for gene expression studies in transgenic zebrafish.
In this context, the objective of the present study was to analyze the stability of genes
actb1, actb2, atp1a, b2m, eif2b, efla, igf1, gapdh, rpl2, rpl7, rpl13a, tuba, and 18s in
transgenic and non-transgenic zebrafish, in order to evaluate their potential use as
reference genes. For this, adult animals of both sexes, gh-transgenic (n = 21) and
non-transgenic (n = 21), constituted the experimental groups. Liver, brain, intestine
and muscle samples were collected. Every three samples of each organ collected, a
pool was made, totalizing seven pools. After the steps of RNA extraction, cDNA
synthesis and real-time qPCR, the analyzes were performed with software dCt,
GeNorm, NormFinder, BestKeeper and RefFinder. The most stable genes for the gh-
transgenic zebrafish group were rpl13a, efla, rpl7 and rpl2, whereas the less stable
genes were the gapdh, 18s and tuba genes, respectively. From the obtained data, it
was verified that the tissue that most influenced in the instability of the genes were
the intestine and the liver.This study also showed that even genes considered to be
constitutive and commonly used as normalizers in studies with non-transgenic
zebrafish, such as gapdh, 18s and tuba, suffered variations between different tissues
of both transgenic and non-transgenic animals. Finally, it is concluded that the genes
rpl13a, ef1a, rpl7 and rpl2 have high stability, being possible to be used as reference
genes in studies involving analysis of gene expression in zebrafish (Dano rerio) and
that genes such as gapdh, 18s and tuba have low stability and therefore are not
suitable as reference genes for the studied groups and tissues.

Keywords: Normalizers; RT-gPCR; housekeeping genes; transcript levels;
gene expression.



Lista abreviaturas e Siglas

PCR - Polymerase Chain Reaction (Reacdo em Cadeia da Polimerase)

gPCR — quantitative PCR (PCR quantitativo ou PCR em tempo real)

gRT-PCR — quantitative Reverse Transcription PCR (Transcricdo Reversa seguida
de PCR quantitativo)

RNA — Ribonucleicacid (Acido ribonucleico)

DNA — Deoxyribonucleicacid(Acido desoxirribonucleico)

DP — Desvio padrao
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1 INTRODUCAO

A analise de expressao génica utilizando a reacdo em cadeia da polimerase
guantitativa em tempo real (qQPCR) € considerada uma técnica padrao-ouro para a
medicdo precisa, sensivel, rapida e também por sua simplicidade e velocidade de
processamento (TANG et al.,, 2012). Essa técnica, porém, necessita do uso de
genes de referéncia, utilizados para a normalizacdo e leitura adequada dos dados
obtidos. Os genes de referéncia devem apresentar estabilidade e com isso, nao
devem alterar sua expressdo durante os estagios de desenvolvimento, tecidos ou
em respostas a tratamento experimentais (BUSTIN et al., 2009; DERVEAUX;
VANDESOMPELE; HELLEMANS, 2010).

Entretanto, a literatura tem demonstrado recentemente, que dependendo do
gene de referéncia empregado para a normalizacdo, os dados obtidos podem sofrer
um viés de até quatro vezes na expressdo de determinado gene alvo
(VANHAUWAERT et al., 2016). Isso demonstra claramente que o uso de varios
genes de referéncia validados e especificos para diferentes espécies e condicbes
experimentais € fundamental para obter dados de expressdo mais confiaveis.
(ZHENG; SUN, 2011).

Dentre os modelos experimentais utilizados, o zebrafish (Danio rerio), um
peixe tropical de agua doce, vem sendo inserido na comunidade cientifica devido as
suas inumeras vantagens, como elevadas taxas de reproducdo, baixo custo,
embrides transparentes (o que possibilita a visualizacdo da expressao de genes
repérteres em linhagens transgénicas), além de outros atributos importantes da
biologia desta espécie (BEN-MOSHE; FOULKES; GOTHILF, 2014; DAl et al., 2014).

Os avangos na area da biotecnologia nas ultimas décadas tém fornecido
ferramentas importantes para a manipulacdo de genes e Cromossomos em
organismos vivos. O desenvolvimento de peixes transgénicos é um tema de grande
interesse para a aquicultura devido ao potencial de melhoramento na producéo que
esta tecnologia pode oferecer (ZBIKOWSKA, 2003; DUNHAM, 2004). A
Transgénese envolve alteracdo gendmica de um organismo através da insercao,
modificacdo ou eliminacdo de um gene com o objetivo de modificar caracteristicas
de interesse (HOUBINE, 2002; CARTER, 2004). A partir dessa técnica,

caracteristicas novas, estaveis e determinadas geneticamente poderdo ser
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incorporadas ao organismo receptor, com a possibilidade de serem transmitidas
para a progénie.

A transgénese vem ganhando espaco e o crescimento animal tem sido um
dos alvos mais frequentes da manipulacdo genética. No caso dos peixes, a técnica
vem sendo utilizada ndo apenas com o intuito de desenvolver espécies melhoradas
e mais produtivas, mas também buscando desenvolver modelos alternativos para
examinar a fisiologia do crescimento (LEGATT et al., 2012). Nesse contexto, uma
linhagem (F0104) de zebrafish (Danio rerio) geneticamente modificado, que
superexpressa o gene do gh do peixe-rei marinho (Odonthestes argentinensis), foi
desenvolvida e pode ser utilizada para estudos no grupo de vertebrados
(FIGUEIREDO et al., 2007).

Embora haja controvérsias na aplicacdo da transgenia para fins de producéo,
recentemente a agéncia de controle de alimentos e medicamentos dos Estados
Unidos (Food &Drug Administration - FDA) aprovou a producao e a liberacdo do
salméo do Atlantico (Salmo salar), transgénico para o gh, para o consumo humano.
Esta decisdo foi tomada apds rigorosos testes que comprovaram sua seguranca
para a saude humana e para o meio, ressaltando ainda que nao haja diferencas
biolégicas significativas na composi¢cdo nutricional do animal transgénico quando
comparado a outros salmdes criados em cativeiro. Este é o primeiro animal
transgénico aprovado para consumo humano nos Estados Unidos (FDA, 2015).

Vérios estudos avaliando a estabilidade e validando genes de referéncia em
zebrafish foram descritos em diferentes estudos durante o0s estagios de
desenvolvimento, para machos e fémeas adultos e diferentes tecidos expostos a
contaminacdo biolégica e a poluentes (FILBY; TYLER, 2007; MCCURLEY;
CALLARD, 2008; HU et al., 2016; XU et al., 2016; LANG; WANG; ZHANG, 2016). No
entanto, até o presente momento, ndo foram realizados estudos de validagdo de
genes de referéncia em zebrafish transgénicos, enfatizando a importancia da
avaliacao da estabilidade desses genes para estudos utilizando qPCR, em particular
guando investigagdes envolvem fatores nao explorados anteriormente.

Sabendo-se do crescimento do uso de animais transgénicos em pesquisa
cientifica e da importancia da utilizacdo adequada e especifica de genes de
referéncia para determinada espécie e condicdo experimental, o presente trabalho
teve por objetivo avaliar a estabilidade de expressdo de genes com diferentes
funcdes, sendo o actbl, actb2, atpla, b2m, eif2b, ef1a, igf1, gapdh, rpl2, rpl7, rpl13a,
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tuba, e 18s, como potenciais genes de referéncia. Para isso, foram utilizados os
modelos animais n&o transgénicos e o modelo transgénico da linhagem F1040 que
superexpressa o hormonio gh, ambos sem exposi¢cao a nenhum tipo de tratamento e
comparando-se apenas a estabilidade e especificidade desses genes em diferentes
tecidos.

Os dados gerados nesta dissertacdo estdo apresentados na forma de um

artigo cientifico, que sera submetido para o periédico Life Sciences.
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2 OBJETIVOS

1.10bjetivo Geral

Avaliar a estabilidade de 13 genes candidatos a normalizadores para utilizagao
em analises de expressdo génica relativa por qPCR em zebrafish (Danio rerio)

nao-transgénicos e gh-transgénicos da linhagem F0104.

1.20bjetivos Especificos

e Verificar se a transgenia na linhagem F0104 influencia a expressédo de

genes comumente utilizados como normalizadores em zebrafish selvagem.

e Determinar em zebrafish (Danio rerio) gh-transgénicos e ndo-transgénicos,
dentre os genes: actb1, actb2, atp1a, b2m, eif2b, efla, igf1, gapdh, rpl2, rpl7,
rpl13a, tuba, e 18s, os mais estaveis, em diferentes tipos de tecidos, a fim de
recomendar sua utilizacdo para estudos de analise de expressdo génica que

utilizem estes animais.

e Verificar se a estabilidade dos potenciais genes normalizadores, se mantém
quando diferentes tecidos coletados de zebrafish gh-transgénicos e néo-

transgénicos, sao analisados.
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3 REVISAO DE LITERATURA

3.1 PCR quantitativo em tempo real

A técnica da PCR (Polymerase Chain Reaction) foi desenvolvida nos anos 80
por Kary Mullis, que por esse feito recebeu o prémio Nobel de quimica em 1993
(NOVAIS; PIRES-ALVES, 2004). O surgimento da biologia molecular foi certamente
um dos maiores passos das ciéncias bioldgicas e biotecnologia durante o século XX,
trazendo inumeros beneficios e desenvolvimento cientifico e tecnoldgico (ALMEIDA
et al., 2010).

A Reacao em Cadeia da Polimerase em Tempo Real a partir de Transcricdo
Reversa (qQRT-PCR), € uma técnica ja bem estabelecida, de simples realizacéo,
sendo largamente utilizada em estudos de expresséo génica uma vez que possibilita
uma rapida, sensivel e acurada avaliacdo dos niveis de mRNA em amostras
biolégicas (HUGGETT et al., 2005).

A PCR em tempo real é realizada utilizando-se alguns componentes que sao
essenciais para dar inicio a reacdo, sendo eles: tampao, céation bivalente - Mg2+ e
cation monovalente — K+ desoxirribonucleotideos trifosfato (dNTP’s), DNA
polimerase termoestavel (Taq polimerase) e oligonucleotideos iniciadores
especificos (“primers”), que se ligam as extremidades 5’ e 3’ de uma determinada
regido do genoma a ser amplificada. A reacdo é baseada na incubacdo em varios
ciclos de temperatura, constituidos essencialmente por 3 fases: 1) desnaturacéo (92
°C) do DNA da amostra, 2) anelamento (50 — 60 °C) dos oligonucleotideos
iniciadores ao DNA desnaturado e 3) extensao (72 °C) das cadeias de DNA a partir
de cada um dos iniciadores e sob a catdlise da enzima Taqg DNA Polimerase
(LADEIRA et al., 2011).

Essa técnica fornece uma medida simultanea da expressao génica em varias
amostras para um nuamero limitado de genes, e é especialmente adequada quando
se tem disponivel um pequeno numero de células. Além disso, possui vantagem
quanto a velocidade, rendimento e alto potencial de automatizacdo quando
comparado aos métodos de quantificagdo convencional, como andlises de northen-
blot, ensaio de protecéo da ribonuclease, ou RT-PCR competitiva. No entanto, esta
técnica requer o mesmo tipo de normalizacdo que os métodos tradicionais de
quantificacdo do mRNA (VANDESOMPELE et al., 2002).
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Por ser um método constituido de multiplos passos de realizacdo, desde a
obtencdo das amostras até a andlise dos dados de amplificacdo, existe uma
variabilidade particular nessa técnica, o que pode levar a uma distorcdo dos valores
reais de expresséo, caso os dados extraidos desse sistema ndo sejam devidamente
corrigidos.

Desse modo, a normalizacdo através do uso de genes referéncia, funciona
como um controle interno do erro experimental, inerente a técnica de qPCR, que por
Si esta sujeita a variacdes provenientes de todo o processo. Estas podem estar
relacionadas a integridade e a qualidade do mRNA, a variacdo na taxa da enzima
transcriptase reversa durante a sintese do cDNA, a quantidades diferentes de cDNA
entre réplicas, bem como devido a eficiéncia na reacdo da PCR, que podem afetar a
confiabilidade dos resultados e conduzir a interpretacdes incorretas (BUSTIN et al.,
2009 ; MALLONA et al., 2010)

Uma estratégia de normalizacdo adequada garante que as informacdes
guantitativas geradas a partir da amplificacdo do material genético, permitam
comparacdes acuradas entre as amostras. Sem uma normalizacdo apropriada, 0
perfil de expressdo de um gene alvo pode ser erroneamente interpretado
(TRICARICO et al., 2002).

3.2 Genes de referéncia

Os genes de referéncia, também chamados housekeeping genes,
constitutivos, normalizadores ou de manutencéo, por definicdo, mantém as fungbes
metabdlicas basicas das células e fornecem suporte ao longo do ciclo celular
(KHIMANI et al., 2005). Eles sdo expressos em niveis constantes entre os diferentes
tecidos de um organismo, em todos o0s estagios do seu desenvolvimento, nao
devendo sofrer alterac&o pelos tratamentos experimentais.

Contudo, para ser utilizado como referéncia, um gene deve apresentar
estabilidade, expressdo néo-regulada no tipo de amostra analisada e deve ter seu
nivel de expressdo semelhante aos niveis de transcritos do(s) gene(s) em estudo
(BUSTIN, 2000). No entanto, véarios estudos tém demonstrado que os niveis de
transcricdo de genes tradicionalmente utilizados como genes de referéncia, podem

variar consideravelmente em células especificas e em diferentes condicbes
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experimentais (RADONIC et al., 2004; DHEDA et al., 2005; BENN et al., 2008;
LANGNAESE et al., 2008; COOK et al., 2010).

Nos dltimos anos, tornou-se claro que nenhum gene é expresso
constitutivamente em todos os tipos de células e sob todas as condicdes
experimentais, o que implica que a estabilidade de expressédo do gene de referéncia
escolhido tem de ser verificada antes de se iniciar qualquer estudo, especificamente
para o modelo experimental que sera utilizado (ANDERSEN et al., 2004).

Por essa razao, recentemente, o guia para publicacdo de artigos cientificos
com a técnica de gRT-PCR conhecido como Minimum Information for Publication of
Quantitative Real Time PCR Experiments (MIQE) passou a recomendar o uso de
multiplos genes de referéncia no procedimento de normalizacdo de dados de
expressao génica. Essa estratégia busca superar possiveis limitagcdes apresentadas
por um dos genes quando sob determinada condicdo experimental
(VANDESOMPELE et al., 2002).

A normalizacdo utilizando genes de referéncia € o tipo de controle interno
mais utilizado, e possibilita a correcdo de variabilidades inerentes ao RNA como
diferencas na quantidade inicial da amostra, protocolos de extracdo que podem co-
purificar inibidores e também, discrepancias de eficiéncia entre as amostras durante
0 processo de transcricao reversa e da PCR (BUSTIN et al., 2005).

A quantificacdo acurada de um gene de referéncia verdadeiro, permite a
normalizacdo das diferencas na quantidade de DNA ou de cDNA amplificado em
amostras individuais, uma vez que o0 gene de referéncia € exposto aos mesmos
passos experimentais que o gene de interesse (HUGGETT et al., 2005). Segundo de
Jong e colaboradores, até 0 momento, o uso de genes de referéncia é o padrdo-ouro
para normalizar as fragcbes de mRNA (DE JONGE et al., 2007).

3.3 Zebrafish (Danio rerio) transgénico como modelo biolégico

A transgénese € uma das ferramentas mais importantes da biologia molecular
para estudar a expressao e a funcdo de um gene. Para tanto, peixes transgénicos
tém sido produzidos e utilizados como modelos biolégicos, como € o caso do
zebrafish (LIN; CHIANG; TSAI, 2016).
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A primeira transferéncia de DNA recombinante em peixes foi realizada em
1985 (MINISTERIO DA SAUDE, 2010), e em 1988 produziu-se o primeiro zebrafish
transgénico (STUART; MCMURRAY; WESTERFIELD, 1988). A producdo de
animais transgénicos € uma técnica trabalhosa, de alto custo e dependente de
técnicas avangadas em biologia molecular, cultura de células, biologia reprodutiva e
bioquimica (KUES; NIEMANN, 2011).

O zebrafish é um pequeno teledsteo com aproximadamente quatro cm, faz
parte da familia Cyprinidae, sendo uma espécie bastante conhecida pelo seu uso
como peixe ornamental. E um peixe, tropical de agua doce e originario da Asia
Central, encontrado principalmente na india (ENGESZER et al., 2007). O pioneiro a
estudar esta espécie foi George Streisinger que, no final da década de 60, aplicou as
técnicas de analise mutacional para estudar seu desenvolvimento embrionario
(GRUNWALD; EISEN, 2002).

Embora os animais vertebrados utilizados mais comumente nas pesquisas
biolégicas sejam os roedores, perfazendo 95% dos estudos experimentais
(SILVEIRA; SCHNEIDER; HAMMES, 2012), o zebrafish € um modelo que vem
sendo introduzido com éxito no cenario cientifico, sendo atualmente utilizado em
diversas éareas da ciéncia, tais como: transgénese, genética, genbmica,
desenvolvimento, teratologia, comportamento, toxicologia e neurociéncia (SILVEIRA,
SCHNEIDER; HAMMES, 2012; ARUNACHALAM et al., 2013).

Além disso, a transparéncia optica do zebrafish permite a analise de um
tecido ou 6rgéo particular utilizando proteinas fluorescentes, sendo assim este € um
excelente modelo para transgenia e outras ferramentas de manipulacdo génica
(RAGHUPATHY; PATNAIK; SHU, 2013; LIESCHKE; CURRIE, 2007). Assim como o
peixe, os embrides destes animais também sao transparentes, uma caracteristica
que inicialmente foi preponderante para seu uso como modelo experimental em
embriologia e que atualmente € empregada na observacdo do desenvolvimento
embrionario em linhagens transgénicas (SUMANAS; LIN, 2004; VATINE et al., 2011;
BEM-MOSHE; FOULKES; GOTHILF, 2014).

O zebrafish possui atributos fisiolégicos e anatébmicos semelhantes aos dos
mamiferos, € de facil manipulacdo como os vertebrados pequenos e, além disso,
possui 0 genoma completamente mapeado, que apresenta uma homologia bastante
significante com o genoma humano (SANTORIELLO; ZON, 2012). O fato de grandes

segmentos dos cromossomos dessa espécie estar em sintonia com 0s
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cromossomos humanos e de camundongos e de muitos seus genes apresentarem
um alto grau de similaridade, quando comparados em suas sequéncias, reafirmam
seu potencial como modelo biologico especialmente os que visam estudar a funcao
de genes (BARBAZUK et al., 2000).

O sequenciamento completo do genoma deste peixe possibilitou o
desenvolvimento de novas ferramentas moleculares para as investigacbes que
tornaram possivel testar os efeitos de uma determinada condicdo experimental
sobre a expressdo genética de uma espécie ou estagio de desenvolvimento que,
associadas a estratégia de analise quantitativa de expresséo de genes por PCR em
tempo real, permitem a obtencdo de uma resposta integrada sobre as alteragbes
que ocorrem num determinado grupo de genes selecionados (CONCEICAO et al.,
2009).

A transgénese vem ganhando espago e o crescimento animal tem sido um dos
alvos mais frequentes da manipulacao genética. No caso dos peixes, a técnica vem
sendo utilizada ndo apenas com o intuito de desenvolver espécies melhoradas e
mais produtivas, mas também buscando desenvolver modelos alternativos para
examinar a fisiologia do crescimento (LEGGATT et al., 2012). Nesse contexto, uma
linhagem (F0104) de zebrafish (Danio rerio) geneticamente modificada, que
superexpressa o gene do gh do peixe-rei marinho (Odonthestes argentinensis), foi
desenvolvida e pode ser utilizada para estudos no grupo de vertebrados
(FIGUEIREDO et al., 2007).
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Abstract

Real-time quantitative PCR is one of the most important techniques in the analysis of gene
expression and needs the use of reference genes. These genes have the function of
normalizing the reaction data, having an important role in the outcome and success of the
analysis. Reference genes must have significant and stable expression in tissues and in all
experimental conditions. Zebrafish (Danio rerio) reference genes have been studied, however,
as far as we know, there are no studies for the transgenic models of this species. The gh-
transgenic zebrafish is a strain called F0104, developed to overexpress the growth hormone
from silverside (Odonthestes argentinensis). It is assumed that the transgenic process may
influence the expression levels of commonly used reference genes, leading to the need to
validate specific reference genes for gene expression studies in transgenic zebrafish. In this
context, the objective of the present study was to analyze the stability of genes actbl, actb2,
atpla, b2m, eif2b, efla, igfl, gapdh, rpl2, rpl7, rpll3a, tuba, and 18s, in transgenic and non-
transgenic zebrafish, in order to evaluate their potential use as reference genes. For this, adult
animals of both sexes, gh-transgenic (n = 21) and non-transgenic (n = 21), constituted the
experimental groups. Liver, brain, intestine and muscle samples were collected from pools of
3 animals belonging to each of the groups. After the steps of RNA extraction, cDNA
synthesis and gPCR, analyzes were carried out with dCt, GeNorm, NormFinder, BestKeeper
and RefFinder softwares. The most stable genes for the gh-transgenic zebrafish group were
rpll3a, efla, rpl7 and rpl2, whereas the less stable genes were the gapdh, 18s and tuba genes,
respectively. From the obtained data, it was verified that the tissue that most influenced in the
instability of the genes were the intestine and the liver. This study also showed that even
genes considered to be constitutive and commonly used as normalizers in studies with non-
transgenic zebrafish, such as gapdh, 18s and tuba, suffered variations between different

tissues of both transgenic and non-transgenic animals. Finally, it is concluded that the genes
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rpll3a, efla, rpl7 and rpl2 have high stability, being possible to be used as reference genes in
studies involving analysis of gene expression in zebrafish (Dano rerio) and that genes such as
gapdh, 18s and tuba have low stability and therefore are not suitable as reference genes for

the studied groups and tissues.

Keywords: RT-gPCR; housekeeping genes; transcript levels; gene expression.

Introduction

Gene expression analysis using quantitative real-time polymerase chain reaction (qQPCR)
is widely used for amplification, detection and quantification of RNA in different types of
biological animal samples [1]. However, for the normalization and adequate reading of the
obtained data, it is necessary to use reference genes that must keep their expression stable,
regardless of the conditions or stage of development, remaining constant in different tissues or
under the influence of different experimental treatments [2].

Zebrafish (Danio rerio) is a model organism of increasing importance for
developmental analyzes, disease modeling and toxicological studies [3,4]. Although there are
already studies that analyze reference genes for this experimental model, further studies are
still needed, since these studies evaluate genes with high instability for normalization
strategies, such as gapdh [5], actb [6,7] and 18s [ 8], but few of them aim to find specific
reference genes for fish.

A F0104 gh-transgenic strain [9] is a zebrafish alternative model that overexpresses the
hormone gh and holds the title of first transgenic fish strain from Brazil. Although the
manipulation of the gh gene has shown promising results regarding growth in fish, this
strainage has shown heterogenous growth in males, as well as probable early sexual
maturation [10], reduced capacity of the antioxidant system [11], a significant decrease in the

sperm quality parameters [12] and a decrease in the maturation of the immune system [13].
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For the zebrafish, several reference genes were already analyzed in different
environmental conditions, for example exposure to toxicological media [14], in different
tissues and chemical tests [15] and during the developing [16]. It is currently recommended
for more accurate experimental designs between 3 and 5 good reference genes [17]. For this,
it would be ideal to evaluate approximately 6 to 10 candidate reference genes in each of the
experimental conditions evaluated and the use of suitable software such as GeNorm or
NormFinder to evaluate the stability of these candidates [18].

Based on the results obtained in previous studies developed by our research group itself
and available in the literature on validation of reference genes for g°PCR normalization in fish,
we hypothesized that reference genes, which are often used in several studies, are not suitable
genes for the zebrafish model. The present study aimed to verify the stability of a set of 13
candidates references genes, including the 18s ribosomal (18s), Glyceraldehyde-3-Phosphate
dehydrogenase (gapdh), Beta-2-Microglobulin (b2m), Elongation factor 1-o (efla),
Ribossomal protein L13 (rpl13), B-Actin (actbl), B-Actin 2 (actb2), Ribossomal protein L7
(rpl7), Ribossomal protein L2 (rpl2), Eukaryotic translation initiation factor 2B (eif2b),
Na+/K+-ATPase-a (atpla), Insulin like growth factor 1 (igfl), Tubulin-a (tuba) and which of
these genes are the most indicated for normalizing gene expression analysis in gPCR using

the FO104 strain.

Methods

Animals and rearing conditions

Transgenic zebrafish overexpressing gh used in this study were generated by Figueiredo
et al. (2007) and collaborates [9]. Transgenic and non-transgenic zebrafish were obtained by
the crossbreeding between F0104 strain and wild zebrafish. In addition to gh transgene, the

gh-transgenic zebrafish expressed the green fluorescent protein (GFP) as a transgenic label.
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The non-transgenic were brothers of T zebrafish which not incorporated the genetic construct
in to its genome. For this, these animals are perfect control group.
The methodology used in this study was approved by the Ethics Committee of the Federal
University of Rio Grande / RS, Brazil, under number Pq021/2018.

Transgenic and non-transgenic fish were kept in a recirculating aquiculture system. A
total of 42 adult zebrafish of both sexes (21 T and 21 NT) were raised in 6 tanks containing
10 L of water. Each tank was cleaned daily by sliding the bottom to remove any residue. The
tanks were connected to a filter tank filled with zeolite, bio ceramic, a UV lamp and a heater
thermostat. The fish were fed twice a day (five days a week) for apparent satiety. The diet was
commercial ration (Tetra ColorBits©). The photoperiod was adjusted to 14:10 h, light / dark
period. Management and maintenance of zebrafish were in compliance with the Zebrafish
Book (www:.zfin.org).During the breeding period, the water temperature was maintained at
26.4 £ 0.3 ° C. The water pH (7.6 £ 0.1) and dissolved oxygen (> 6 mg L-1) parameters were
measured daily in all tanks. Chemical parameters were measured once a week using
commercial kits (Labcon Ammonia Alcon® Fresh Water, Labcon Test Nitrite Alcon®). Al

water parameters were maintained in requirements for zebrafish, as reported by [19].

Tissue collection

The animals were euthanized by using overdose of Ethyl 3-aminobenzoate
methanesulfonate (tricaine, Sigma-Aldrich, USA) at a concentration of 400 mg/L™. The
animals were weighed and measured. Samples of liver, brain, intestine and muscle of male
and female adult zebrafish were collected from the non-transgenic group (control) and from
gh-transgenic (treatment) group. The samples collected from 3 animals were mixed to

compound a tissue pool from each group, 7 replicate tissue pools for each of the four tissues
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were collected, totaling 21 tissue samples collected in each of both. After the collection,

samples were stored in liquid nitrogen until the RNA extraction.

RNA extraction and cDNA synthesis

Total RNA was extracted from tissue samples using TRI Reagent® (Sigma-Aldrich,
USA), following the manufacturer's instructions. RNA was treated with the DNA-free® kit
(Ambion, USA) to remove genomic DNA contamination. Subsequently, RNA concentration
and purity were measured using a NanoVue™ Plus spectrophotometer (GE Healthcare Life
Science, USA) and after, the samples were stored at -80 ° C. Complementary DNA (cDNA)
was obtained using the commercial kit High Capacity cDNA Reverse Transcription (Applied
Biosystems, USA) according to the manufacturer's recommendation at a concentration of
500ng. Reactions were performed on the SimpliAmp ™ thermal cycler (Applied Biosystems,

USA). Finally, the cDNA was stored at -20 ° C until use.

Gene Expression Analysis by gRT-PCR

The primers used in this study are presented in Table 2. gqPCR was performed using the
SYBR® Green PCR Master Mix (Applied Biosystems, USA). The gRT-PCR was run in
theApplied Biosystems 7500 Real-Time PCR System (Applied Biosystems, EUA). The
amplification conditions were 95 ° C for 10 min, 40 cycles at 95 ° C for 15 sec, and 60 ° C for
1 min, followed by the conditions necessary for the calculation of the melting curve. Were
used validated primers in zebrafish (Table 2) for 14 candidate reference genes (actbl, actb2,
atpla, b2m, eif2b, efla, igfl, gapdh, rpl2, rpl7, rpll3a, tuba, and 18s) belonging to different

functions to evaluate expression stability. All reactions were performed in duplicate.
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Data analysis

The normality distribution of biometry data was evaluated by the Shapiro-Wilk test.
The unpaired Student’s t-test (one-tailed) was used to compare the mean values. The obtained
values were expressed as g + standard error mean (SEM) and mm £ SEM for length and mass,
respectively. Specific analyzes of gene expression stability were performed using the
comparative method delta-Ct (dCt) [20] and GeNorm [21], NormFinder [22], BestKeeper [23]
and RefFinder statistical approaches as previously reported [24-26]. The results were
expressed as mean + standard deviation (SD) for the dCt method; average expression stability
value for GeNorm and NormFinder; Pearson correlation coefficient (r) for the BestKeeper;

and geometric mean of rating values for RefFinder.

Results

Transgenic phenotype expression

The transgenic group expressed the phenotype attributed by the transgenesis, being
statistically longer and heavier (p < 0.05) (Fig 1A and 1B, respectively) in comparison to the
length and body mass of the non-transgenic group. Non-transgenic group presented 31.35 +
0.68 mm and the transgenic group presented 34.83 + 0.85 mm of total length. Furthermore
non-transgenic group presented 0.31 + 0.02 g and the transgenic group presented 0.42 + 0.03

g of total mass.

The comparative dCt method analysis

The comparative dCt method was used to select the most stable reference gene. A low
average of SD value represented a low expression variance, or high stability. The analysis

revealed the following order of stability of the evaluated genes from the non-transgenic group,
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from highest to lowest, without discriminating the tissues analyzed: rp/13a (2.1) > eflo (2.16)
> rpl2 (2.21) > rpl7(2.22) > actb2 (2.28) > actb1(2.35) > b2m (2.46) > atpla (2.66) > eif2b
(2.91)> igf1(3.34) > tuba(4.30) > gapdh (4.71) > 18s (4.91) (Figure 2A). The analysis
revealed the following order of stability of the evaluated genes of the gh-transgenic group,
from largest to smallest, without taking into consideration the tissues analyzed: rpli3a (2.34)
> efla (2.35) > rpl7 (2.37) > rpl2 (2.37) > actb2 (2.52) > actbl (2.65) > igf1(2.95) > eif2b

(2.96) > atpla (2.99) > b2m (3.12) > tuba (4.79) > 18s (5.55) >gapdh (Figure 2B).

GeNorm analysis

The geNorm analysis was carried out for the result data set following transformation
of the Ct values into relative quantities through the 2(Minimum Ct value in a set sample - Ct value of a sample)
formula and compare pairwise variation (SD values) for each gene pair. Then, the geometric
mean of SD values was used to calculate the M-value. The generation of low average
expression stability represents a low variance. The geNorm analysis revealed the following
order of stability classification of genes in the non-transgenic group, independent of tissue:
rpll3alefla (0.751) > rpl7 (0.759) > rpl2 (0.905) > actb2 (1.139) > actbl (1.214) > b2m
(1.282) > atpla (1.382) > eif2b (1.615) > igfl (1.842) > tuba (2.217) > gapdh (2.617) > 18s
(2.970) (Figure 3A). In gh-transgenics, the stability sequence of the genes evaluated
independently of the tissue, from largest to smallest was: rpl7/rpl13a (0.515) > efla (0.593) >

rpl2 (0.846) > actb2 (1.158) > actbl (1.299) > atpla (1.472) > igfl (1.616) > b2m (1.747) >

eif2b (1.882) > tuba (2.854)> 18s (2.854) > gapdh (3.271) (Figure 3B).

NormFinder analysis

NormFinder was applied to analyze the most stable evaluated genes. A low mean
expression stability represents a low variance. The NormFinder analysis revealed that the

order of stability classification in the non-transgenic group was independent of tissue: rpll3a
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(0.375) > efla (0.623) > rpl2 (0.835) > rpl7 (0.835) > actb2 (0.957) > actbl (1.092) > b2m
(1.299) > atpla (1.772) > eif2b (1.869) > igfl (2.650) > tuba (3.854) > gapdh (4.295) > 18s
(4.483) (Figure 4A). In gh-transgenic, the stability sequence of the genes evaluated
independently of the tissues, from largest to smallest was: rp/13a (0.520) > rpl2 (0.559) >
rpl7 (0.676) > efla (0.686) > acth2 (1.054) > actbl (1.353) > eif2b (1.579) > igfl (1.954) >

atpla (2.099) > b2m (2.168) > tuba (4.323) > 18s (5.064) > gapdh (5.151) (Figure 4B).

BestKeeper analysis

The BestKeeper analysis provided two-interpretation-ways to rank the gene stability:
one based on the samples SD values of Ct and other based on the Pearson’s correlation of
expression among the genes. Thus, the genes with low SDs and high correlation with the
BestKeeper index (indicating high similarity among the expression levels of the reference
genes) are ranked as the most stable genes. To construct the consensus comprehensive
ranking, the SD values were used, which is a more conservative approach. However, to
construct the rankings of the most stable genes with BestKeeper, [r] and P values of Pearson’s
correlation were employed. This method is more sophisticated and statistically robust, as it
results in the rankings more similar to the ones obtained using other algorithms. The analyzes
based on Pearson's correlation revealed the following order of stability classification in the
non-transgenic group independent of tissue: rp/l/3a (0.951) > eif2b (0.900) > ef7a (0.894) >
rpl7 (0.852) > actb2 (0.848) > rpl2 (0.847) > actb1 (0.847) > b2m (0.791) > gapdh (0.788) >
18s (0.730) > atpla (0.560) > igfl (0.438) > tuba (0.001) (Figure 5A). In gh-transgenics, the
stability sequence of the genes evaluated independently of the tissues: gapdh (0.908) > rpli3a
(0.895) > rpl7 (0.867) > eif2b (0.867) > rpl2 (0.862) > efla (0.859) > actb2 (0.754) > 18s
(0.712) > actbl (0.641) > igfl (0.581) > b2m (0.502) > atpla (0.090) > tuba (0.001) (Figure

5B).



509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

33

RefFinder analysis

The RefFinder is an online tool used to construct a consensus comprehensive ranking
of stability of RGs among all the other methods using the calculation of geometric mean for
the ranks calculated by each of other algorithms. Candidate genes with the lowest geometric
mean are most stable. The results were demonstrated consensually within the non-transgenic
group (Figure 6A), only in the gh-transgenic group (Figure 6B) and the consensus analysis of
both groups within a single analysis (Figure 6C). In the non-transgenic group, the
comprehensive consensus classification constructed by RefFinder was: rp/i3a (1.57) > efla
(2.30) > rpl2 (3.46) > rpl7 (3.94) > actb2 (4.40) > actbl (4.56) > atpla (4.76) > b2m (7.24) >
eif2b (9.46) > igfl (9.74) > tuba (10.74) > gapdh (12.24) > 18s (12.74) (Figure 6A). In the gh-
transgenic group was: rpl13a (1.63) > rpl7 (2.71) > efla (3.31) > rpl2 (3.36) > acth2 (3.98) >
atpla (4.88) > actbl (5.05) > igfl (7.74) > eif2b (8.65) > b2m (9.49) > tuba (11.00) > 18s
(12.00) > gapdh (13.00) (Figure 6B). The Consensual analysis of the both groups revealed the
follow ranking order: rpl13a (1.63) > rpl7 (2.78) > efla (2.91) > rpl2 (3.72) > actb2 (3.98) >
atpla (4.74) > actbl (5.05) > b2m (7.74) > eif2b (8.89) > igfl (9.74) > tuba (10.74) > gapdh
(12.24) > 18s (12.74) (Figure 6C). In addition to RefFinder's chart rankings, consensus results
are presented in each group and by stability in each tissue (liver, brain, intestine and muscle).
In the non-transgenic group, the genes specific for each tissue were different from each other,
whereas the worst genes found were the 18s and gapdh in all tissues (Table 3). In the gh-
transgenic group, the actbl gene was the most stable in intestine and muscle and ef7a was
specifically stable in brain and liver. In this group 18s was the most inappropriate gene for
intestine and liver. The least stable genes in brain and muscle were elf2b and b2m,
respectively (Table 4). According to the consensus analysis of the tissues of both groups

within the same analysis, the most stable gene was considered the »pl//30 for brain and
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intestine and occupying the second place for muscle. The gapdh gene was considered the

most unstable and unsuitable gene for the study groups (Table 5).

Discussion

In this study we present the most extensive evaluation of candidates for normalizing
genes para qPCR in transgenic and non-transgenic zebrafish. We evaluated 13 genes in 4
different tissues in both groups being analyzed in 5 different bioinformatic approaches. In
addition, consensus analyzes were performed between the organs and between the groups.

The genes commonly used in studies with the wild zebrafish model are generally gapdh,
18s and actb. These genes have shown conflicts in results relation to their stability. In this
study, gapdh and 18s showed to be the most inappropriate genes for both groups in terms of
stability, with the exception of the analysis carried out using the algorithm BestKeeper, where
surprisingly gapdh occupied the first place. In general, both gapdh and 18s when analyzed
separately in the tissues, occupied the last positions in almost all analyzes and statistical
programs, demonstrating that they are unsuitable reference genes, that when used can
seriously compromise the analysis and the accuracy of gPCR results.

In this study it was possible to verify that independent of the group, tissue and the
algorithm used in the RetFinder consensus analysis, the most stable gene was considered
rpl13e, followed by rpl7. However, when the consensus analysis was verified individually,
considering the groups and each tissue, the stability of genes was influencedby the tissues. In
this case, rpl13a was not the most stable in all the tissues from the different groups, but only
in the intestine in the non-transgenic group. The rpl7 gene that occupied the second position
in the consensus of general stability was shown to be the second most stable in the intestine in

the non-transgenic group and the second in the muscle and liver tissues in the transgenic

group.
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The good stability of rpl13« in zebrafish liver has also been demonstrated by [27] when
fish were stressed with arsenate. The rpl13a was also shown to be a more stable and reliable
gene for chemical treatments in a recent study using zebrafish [28], consistent with previous
studies [16,20,30]. The results obtained by [15], were compatible with ours findings, where
rpl13e, rpl7, actb and efla were the most suitable reference genes in liver and intestinal
tissues when exposed in different concentration groups to cadmium and subsequently infected
with (Aeromonas hydrophila) bacteria.

All the analyzes revealed a high stability of the ef7a gene, occupying between the first
and at least the third position, except in the BestKeeper and NormFinder analysis in the
transgenic group, demonstrating to be the most specific and stable gene for analysis in
zebrafish brain in both the groups. This gene ef1a showed good stability in a study by [26] in
silverside Odontesthes humensi. Other studies have also examined the stability of reference
genes in fish and have shown that efla is a very stable gene for gPCR normalization [16,31].

As well as gapdh and 18s, the tuba gene widely used as reference genes for fish. This
gene presented high instability in our study, occupying the last positionin some cases, also
showing no specificity in the tissues studied compared to both experimental groups.

The differences in the stability of candidate genes are probably due to the different
functions and heterogeneity of the organs [32]. The discrepancies in the ranks of the most
stable genes obtained by each software reflect the differences of the algorithms and
procedures of each program, and demonstrate the need to evaluate reference genes using
several bioinformatic algorithms for a final evaluation [14,20]. The different results presented
by each algorithm are expected due to the distinct statistical approach that was used to
construct the rankings [33].

Therefore, it is important to consider that reference genes for g°PCR can be altered by

different experimental conditions, different organs, sex, stage of development and chemical
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concentration, and it is impossible to find suitable reference genes that exhibit constant
expression pattern for all species and under all experimental conditions [1,34].

According to the Minimum Information for Publication of Quantitative Real Time PCR
Experiments (MIQE) [35], a reference gene needs to be validated and established for each
species and for different physiological conditions. Our results demonstrated that although the
literature has already demonstrated alterations in the metabolism of the FO104 strain, these
animals in comparison to non-transgenic animals did not suffer notable variations in the
expression of most part of genes.

In conclusion, these rpll3a, rpl7 and efla genes were shown to be the most adequate
genes to normalize transgenic zebrafish model data in the consensus analysis; however, when
analyzed for specificity to the analyzed tissues, the actbl and actb2 gene were shown to be
stable and suitable for intestine and muscle, while in brain and liver, the efla gene was shown
to be the most indicated.

Reference genes for transgenic and non-transgenic zebrafish were evaluated for their
best stability and these results support the use of the best organ-specific reference genes for
proper interpretation of the gPCR results in transgenic zebrafish. From these results, it will be
possible to evaluate gene expression data in gh-transgenic zebrafish with greater reliability,
which has a important applicability for another species os fish, since the animal growth has
been one of the most frequent targets for commercialization and thus evaluation of such gene

expression should be routinely used.
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Conclusions

In addition to indicating the most stable genes to be used as reference genes for the
transgenic zebrafish, this study allowed us to conclude that genes that are normally used in
mammals for gPCR assays have low stability in both transgenic and non-transgenic zebrafish
models, reinforcing the importance of using species-specific genes for normalization and
wherever possible, previously checked for stability based on the animal model used and the

specific experimental conditions.
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Table 1. Summary of candidate reference genes evaluated in the present study.

Gene name Gene Biologic funcion GenBank accession no.

symbol
18s ribosomal RNA 18s Ribosomal subunit FJ915075
Glyceraldehyde-3-phosphate gapdh Glycolytic enzyme BC095386
dehydrogenase

Beta chain of major

Beta-2- microglobulin b2m histocompatibility BCO62841
Elongation factor 1-a efla Factor for protein translation NM_131263
Ribosomal protein L13 rpli3a 60S ribosomal protein NM 212784
B-Actin 1 actbl Cytoskeletal protein NM_131031
B-Actin 2 actb2 Cytoskeletal protein NM_181601
Ribosomal protein L7 rpl7 60S ribosomal protein NM 213644
Ribosomal protein L2 rpl2 60S ribosomal protein NM 212743
Eukaryotic translation initiation  eif2b Heterotrimeric G protein NM_212675
factor 2B
Na+/K+-ATPase-a. atpla Active transport of Na+ and K+ NM_131686
Insulin Like Growth Factor 1 igf-1 Growth factor NM131825
Tubulina tuba Cytoskeletal protein NM 194388
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Primers Sequence 5°— 3’ Reference
18s F: TGCATGGCCGTTCTTAGTTG [26]
R: AGTCTCGTTCGTTATCGGAATGA
gapdh F: GATGGTCATGCAATCACAGTCTA [15]
R: ATCATACTTGGCAGGTTTCTCAA
b2m F: GCCTCCACCCCAGAGAAAGG [26]
R: GCGGTTTTTATTTACATGTTG

efla F: GGGCAAGGGCTCCTTCAA [12]
R: CGCTCGGCCTTCAGTTTG

rol13a F: TCTGGAGGACTGTAAGAGGTATGC [15]
R: AGACGCACAATCTTGAGAGCA

actbl F: GCTGTTTTCCCCTCCATTGTT [26]
R: TCCCATGCCAACCATCACT
F: TGACCGAGCGTGGCTGCTACA .

actb2 R: CTTGATGTCACGGACAATTTCTCT

rpl7 F: CAGAGGTATCAATGGTGTCAGCCC [15]
R: TTCGGAGCATGTTGATGGAGGC

rpl2 F: GCCAAAGCCCATGTCTTCA [15]
R: GGGATCGAGGCTGATGATGA

eif2b F: GAAAGCCAACAAGTAGAAGCAAA *
R: ACCCTGTTCAAAAGCTCATCATA

27

atpla F: GCGGAGAAGGCCGAGAACAA 271
R: TTGCCCCCCTGCTCTGA

: [12]

igf-1 F: CAGGCAAATCTCCACGATCTC
R: TTTGGTGTCGAATATCTG

tubao F: GAGACCGGAGCTGGAAAACA [15]

R:

GGAAACCCTGGAGACCTGTG
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788  Table 3. Comprehensive consensual stability ranking of the candidate reference genes in non
789  transgenic zebrafish (Danio rerio) across the different tissues calculated by RefFinder

790 algorithm. Data are expressed as geometric mean of ranking values.

Non-transgenic Tissues
group Brain Intestine Liver Muscle

1 efla 1,41 rpll3a 1,57 actbl 1,19 acth2 2,28
2 rpl2 2,63 rpl7 2,45 actb2 1,68 rpll3a 2,51
3  mpll3a 2,82 tuba 3,13 rpl7 3,31 atpla 2,91
4 actbl 3,74 b2m 3,44 atpla 4,05 actbl 3,56
5 actb2 4,36 efla 3,74 rpli3a. 5,09 b2m 4,70
6 rpl7 5,24 atpla 6,26 efla 5,21 rpl2 5,62

Ranking 7 atpla 5,89 actbl 6,47 b2m 6,90 rpl7 5,83
8 gapdh 7,11 actb2 6,64 rpl2 7,11 efla 6,24
9 eif2b 9,72 rpl2 7,77 eif2b 8,74 tuba 7,42
10 b2m 9,97 igfl 9,69 tuba 10,00 igfl 7,95
11 tuba 10,09 elf2b 10,74 igfl 11,00 eif2b 9,97
12 igfl 10,98 18s 12,00 18s 12,24 gapdh 12,00
13 18s 13,00 gapdh 13,00 gapdh 12,74 18s 13,00

791
792  Table 4. Comprehensive consensual stability ranking of the candidate reference genes in gh-
793  transgenic zebrafish (Danio rerio) (strain F0104) across the different tissues calculated by

794  RefFinder algorithm. Data are expressed as geometric mean of ranking values.

Transgenic Tissues
group Brain Intestine Liver Muscle

1 efla 1,50 actbl 1,68 efla 1,41 actbl 1,73
2 wpll3a 2,00 actb2 2,06 rpl7 2,63 rpl7 2,83
3 actb2 341 efla 2,71 atpla 3,35 actb2 2,91
4 actbl 3,50 atpla 2,74 rpl2 3,50 efla 3,16
5 atpla 3,72 rpll3a 5,32 rpll3a 3,94 rpll3a 5,18
6 b2m 5,09 rpl2 5,83 b2m 4,74 tuba 6,34

Ranking 7 igfl 6,48 rpl7 6,30 actbl 6,05 gapdh 6,45
8 rpl7 7,97 igfl 7,94 igfl 7,30 rpl2 7,01
9 rpl2 9,46 b2m 8,11 actb2 8,49 atpla 7,65
10 tuba 9,46 tuba 9,46 gapdh 10,00 eif2b 8,63
11 gapdh 11,24 eif2b 11,00 tuba 11,24 18s 9,12
12 18s 12,17 gapdh 12,00 eif2b 11,74 igfl 9,97
13 eif2b 12,24 18s 13,00 18s 13,00 b2m 13,00
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795 Table 5. Comprehensive consensual stability ranking of the candidate reference genes in both
796  non-transgenic and gh-transgenic zebrafish (Danio rerio) (strain FO104) across the different

797  tissues calculated by RefFinder algorithm. Data are expressed as geometric mean of ranking

798  values.
Consensus between Tissues
the groups Brain Intestine Liver Muscle
1 rpll3a 1,86 rpll3a 2,14 rpl7 1,73 actb2 1,68
2 efla 1,93 actbl 2,21 efla 2,38 rpl13a 2,38
3 rpl7 3,83 efla 2,78 rpll3a 3,71 atpla 2,63
4 rpl2 4,16 actb2 2,99 rpl2 4,47 actbl 3,00
5 actbl 4,76 atpla 3,81 b2m 4,68 efla 4,95
6 b2m 4,95 rpl7 6,00 actb2 5,24 rpl7 5,45
Ranking 7 actb2 5,12 rpl2 6,16 atpla 5,33 tuba 5,96
8 igfl 6,00 b2m 6,51 actbl 5,47 rpl2 7,33
9 atpla 7,95 tuba 8,45 eif2b 7,97 eif2b 9,19
10 eif2b 9,24 igfl 10,00 tuba 9,64 b2m 9,82
11 18s 11,24 eif2b 11,00 igfl 9,97 igfl 10,00
12 tuba 11,74 gapdh 12,00 18s 10,74 18s 12,00
13 gapdh 13,00 18s 13,00 gapdh 13,00 gapdh 13,00

799
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Figure Captions
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Figure 1. Biometry of non-transgenic and gh-transgenic zebrafish (Danio rerio). Total length
(A) and total mass (B) in non-transgenic zebrafish and in gh-transgenic zebrafish (strain
F0104). Data are expressed as mean + standard error of the mean. Asterisk indicate significant

difference mean values between groups (n = 21; p < 0.05).
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Figure. Stability analysis of the candidates reference genes in non-transgenic and transgenic
zebrafish (Danio rerio) calculated by dCt method. General gene expression stability in non-
transgenic zebrafish (A) and in gh-transgenic zebrafish (strain FO104). Data are expressed as
average of standard deviation. The most stable genes are displayed on the left, and the least

stable genes are displayed on the right of the x-axis.
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Figure 3. Stability analysis of the candidates reference genes in non-transgenic and transgenic
zebrafish (Danio rerio) calculated by geNorm algorithm. General gene expression stability in
non-transgenic zebrafish (A) and in gh-transgenic zebrafish (strain F0104). Data are
expressed as average expression stability values. The most stable genes are displayed on the

left, and the least stable genes are displayed on the right of the x-axis.
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Figure 4. Stability analysis of the candidates reference genes in non-transgenic and transgenic
zebrafish (Danio rerio) calculated by NormFinder algorithm. General gene expression
stability in non-transgenic zebrafish (A) and in gh-transgenic zebrafish (strain F0104). Data
are expressed as average expression stability values. The most stable genes are displayed on

the left, and the least stable genes are displayed on the right of the x-axis.
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Figure 5. Stability analysis of the candidates reference genes in non-transgenic and transgenic
zebrafish (Danio rerio) calculated by BestKeeper algorithm. General gene expression stability
in non-transgenic zebrafish (A) and in gh-transgenic zebrafish (strain FO104). Data are
expressed as Pearson’s correlation coefficient. The most stable genes are displayed on the left,

and the least stable genes are displayed on the right of the x-axis.
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Figure 6. Consensus stability analysis of the candidates reference genes in non-transgenic and

transgenic zebrafish (Danio rerio) calculated by RefFinder algorithm. General gene

expression stability in non-transgenic zebrafish (A); in gh-transgenic zebrafish (strain F0104)
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(B); and final consensus stability analysis between all methods and grouping the both non-
transgenic and gh-transgenic groups (C). Data are expressed as geometric mean of ranking
values. The most stable genes are displayed on the left, and the least stable genes are

displayed on the right of the x-axis.

5 CONCLUSAO GERAL

Os genes 18s, gapdh e tuba, amplamente utilizados como normalizadores, se
mostraram, genes com alta instabilidade e improprios como normalizadores. O
zebrafish gh-transgénico, embora seja da mesma espécie do ndo-transgénico,
comprovou que para cada condicdo experimental, existe um gene mais adequado e
especifico, e que a validacdo e o conhecimento prévio desses genes antes de cada
estudo, sdo de suma importancia. A transgénese desenvolvida nesse animal foi
capaz de alterar o perfil da expressdo de genes que seriam considerados
apropriados para o zebrafish ndo-transgénico. Entretanto, utilizando diversos
algoritimos, foi possivel encontrar genes adequados e comuns aos dois grupos
analisados. Tanto o rpl13a, rpl7 e o gene efla, podem ser utilizados de forma segura
em ambos 0s grupos, respeitando a especificidade para cada tecido analisado. Os
resultados deste trabalho evidenciam a importéncia da escolha adequada do gene
de referéncia como normalizador para determinada condicdo experimental,
demonstrando a instabilidade de genes comumente utilizados e contribuindo para
estudos futuros que envolvam a analise de expressao génica em zebrafish gh-

transgénico.
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