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RESUMO

O objetivo deste trabalho foi estimar parametros genéticos para caracteristicas de
desempenho (ganho em peso diario, peso a biometria e peso ao abate), peso e
rendimento de filé e percentual de gordura no filé, de tilapias do Nilo variedade
Agquaamerica. Foram utilizados animais da terceira geracdo da variedade Aquaamerica,
sendo que para as caracteristicas de desempenho, o banco de dados continha informacéo
de 2585 animais, machos e fémeas, e para percentual de gordura, peso ao abate, peso e
rendimento de filé foram avaliados apenas machos, sendo 1136, 1204, 1198 e 1198
animais respectivamente. Foi realizado o teste de diferentes modelos para cada
caracteristica e 0 melhor modelo selecionado com base no Critério de informacdo da
Deviance (DIC). As analises foram realizadas utilizando o software GIBBS1F90
(BLUPF90 family of programs). Para a estimativa dos componentes de variancia,
herdabilidade e efeito de ambiente comum foram realizadas analises unicarater
utilizando modelo animal. As estimativas de herdabilidade variaram de 0,2 (gordura) a
0,41 (peso ao abate). Para a estimativa dos componentes de (co)variancia e calculo das
correlacdes genéticas e fenotipicas foram realizadas andlises bicarater considerando
ganho em peso diario com gordura e rendimento de filé; peso final com gordura e
rendimento de filé; e rendimento de filé e gordura. A correlacdo genética entre
rendimento de filé e gordura foi a Unica significativa (0.6), dessa forma néo € esperada
resposta correlacionada no rendimento de filé quando se utiliza caracteristicas de
desempenho como critério de selecdo. Por outro lado a correlagdo genética entre
rendimento de filé e gordura aponta para a possibilidade de resposta correlacionada a
selecdo de modo que utilizando o rendimento de filé como critério de selecéo, a resposta

correlacionada esperada no percentual de gordura seria de 7,81% na proxima geracao

Palavras chave: Rendimento de fil¢; Correlagio genética; Tilapia; GIFT
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ABSTRACT

The aim of this study was to estimate genetic parameters for performance traits
(daily weight gain, weight at biometry and weight at slaughter), weight and fillet yield
and fat percentage in the fillet of Nile tilapia strain Aquaamerica. Animals from the
third generation of Aquaamerica strain were used and for performance traits. The data
contained information of 2585 animals, males and females, and for fat percentage,
weight at slaughter, weight and fillet yield only males were evaluated, with 1136, 1204,
1198 and 1198 animals respectively. Different models were tested for each trait and the
best model was selected based on the Deviance Information Criterion (DIC). Analyses
were performed using the software GIBBS1F90 (BLUPF90 family of programs). For
the estimation of variance components, heritability and common environmental effect
were performed univariate analyzes using animal model. Heritability estimates were
moderated and ranged between 0.2 (fat) to 0.41 (slaughter weight). For the estimation of
(co)variance components and calculation of genetic and phenotypic correlations,
bivariate analyzes were performed considering daily weight gain with fat and fillet
yield; final weight with fat and fillet yield; and fillet yield and fat. Only the genetic
correlation between fillet yield and fat was significant (0.6), thus no correlated
responses are expected in fillet yield when using performance traits as selection criteria.
On the other hand the genetic correlation between fat and fillet yield points to the
possibility of correlated response to selection therefore, if using fillet yield as selection
criteria, the expected correlated response on fat percentage would be 7.81% in the next

generation.

Keywords: fillet yield; genetic correlation; tilapia; GIFT



I- INTRODUCAO

1.1- Panorama da aquicultura mundial

De acordo com dados da FAO 2016 (Food and Agriculture Organization), o
volume de produtos de origem animal provenientes da aquicultura (peixes, moluscos,
crustaceos, entre outros), somou cerca de 167 milhdes de toneladas em 2014. Dessas,
aproximadamente 93 milhdes sdo provenientes da pesca extrativista e outras 74 milhdes
de toneladas provindas da producao de organismos aquaticos.

Das 74 milhdes de toneladas, 65 milhdes sdo produzidas no continente asiatico,
com destaque para a China, india e Indonésia que ocupam as trés primeiras posicoes no
ranking, produzindo 45,4, 4,8 e 4,2 milhdes de toneladas, respectivamente. Depois da
Asia, o continente que concentra a maior producdo de organismos aquaticos é o
Americano, com cerca de trés milhdes de toneladas, com destaque para o Chile, com 1,2
milhdes, e o Brasil, com 561,8 mil toneladas (FAO 2016).

Dentro da aquicultura, a producdo de peixes (piscicultura), seja ela em agua doce
ou salgada, tem grande contribui¢cdo no volume total produzido. Entre as espécies de
peixes de agua doce produzidas, as carpas sdo as que tém maior contribuicdo, com as
espécies Ctenopharyngodon idellus, Hypophthalmichthys molitrix e Cyprinus carpio,
somando 14,6 milhdes de toneladas, seguidas pela tilapia do Nilo (Oreochromis
niloticus) com 3,7 milhdes de toneladas (FAO 2016).

1.2- Producéo de tilapias

Sendo a quarta espécie de peixe mais cultivada em agua doce, a tilapia é produzida

em mais de 100 paises e com o0s mais diversos sistemas de producdo, que védo desde



producdes artesanais até sistemas de producgdo intensivos e com alto grau de
tecnificacdo (Ana and Bjorndal 2008; Fitzsimmons et al. 2011).

A producdo mundial de tilapia do Nilo chegou a marca de 3,7 milhdes de toneladas
em 2014 e a China continua sendo o maior produtor, com 1,28 milhdes de toneladas,
seguida da Indonésia Egito e Peru, com 999,7; 759,6 e 461,1 mil toneladas,
respectivamente (FAO 2016).

Caracteristicas como carne saborosa, tolerancia a baixas concentracdes de
oxigénio dissolvido e a altas concentracdes de amonia, além do habito alimentar
onivoro, fazem com que a tilapia seja uma espécie de destaque na producdo aquicola
mundial (Watanabe et al. 2002).

A demanda por produtos oriundos da criacao de tilapias é grande, o que faz com
gue mesmo em paises com um volume de producdo expressivo, como a China, boa
parte da producéo seja destinada para o consumo interno.

No mercado internacional, os Estados Unidos € o maior pais importador de tilapia,
sendo gue o principal produto importado é o filé congelado, proveniente principalmente
da China (Fitzsimmons et al. 2011).

1.3- Piscicultura brasileira

Segundo dados do IBGE 2015, a producdo de peixes de dgua doce no Brasil foi de
483,2 mil toneladas, o que representa um acréscimo de 1,5% em relacdo a 2014. As
regides Norte, Sudeste e Sul apresentaram aumento na producdo de 6,2; 12,7 e 13,1%
respectivamente, enquanto que nas regides Nordeste e Centro-oeste, foram registradas
quedas de 4,7 e 19,7%. O Estado de Rond6nia se manteve como maior produtor, com
84,5 mil toneladas, enquanto que o Parana subiu para a segunda colocagdo no ranking,
produzindo 69,3 mil toneladas em 2015.

Em 2015, a tilapia e o tambaqui continuaram ocupando as primeiras posi¢cdes no
ranking de espécies mais cultivadas. No ano de 2015, a producéo de tilapias ultrapassou
a marca de 219 mil toneladas, o que representa 45,4% da despesca nacional e um
aumento de 9,7% na producdo dessa espécie com relacdo ao ano anterior (IBGE 2015).

O municipio de Jaguaribara no Ceara foi o0 maior produtor de tilapias, com 13,8 mil
toneladas, seguido por Nova Aurora e Assis Chateaubriand no Parana, com 9,1 e 7 mil
toneladas (IBGE 2015).

Tendo em vista o cenério otimista para a producdo e comercializagdo de tilapias,

bem como as caracteristicas favoraveis ao cultivo presentes no Brasil como clima,



disponibilidade de recursos agricolas e hidricos, a tilapicultura (producgdo de tilapias)
pode ser objetivo de investimentos para aumentar a producdo e a geracao de renda para

pequenos, médios e grandes produtores.

1.4- Melhoramento genético de tilapias

Além de melhorias nos aspectos nutricionais, de estrutura para producdo e da
cadeia produtiva como um todo, o melhoramento genético tem contribuido e pode
contribuir ainda mais com a producao de tilapias.

Os principais programas de melhoramento genético de tilapias tém como foco a
espécie Oreochromis niloticus (tildpia do Nilo) (Fitzsimmons et al. 2011). Algumas
variedades tém sido desenvolvidas ao longo dos anos, como por exemplo a variedade
GST (Genomar Supreme Tilapia) e a variedade GIFT (Genetically improved farmed
tilapia), desenvolvida pelo International Center for Living Aquatic Resources
Management (ICLARM) e posteriormente pelo World Fish Center, na Malasya.

A variedade GIFT foi formada a partir de 20 anos de selecdo, e envolveu oito
diferentes variedades de tilapias, sendo quatro capturadas da natureza, entre 0s anos de
1988 e 1989 no Egito, Gana, Quénia e Senegal; e outras quatro variedades ja utilizadas
em sistemas de producgdo, provenientes de Israel, Singapura, Tailandia e Taiwan
(Bentsen et al. 1998).

No Brasil, a variedade GIFT foi introduzida em 2005, por meio de um convénio
entre o World Fish Center- Malasya e a Universidade Estadual de Maringa, com apoio
da Secretaria Especial de Aquicultura e Pesca da Presidéncia da Republica (SEAP-PR).
Foram recebidas 30 familias GIFT com 20 individuos por familia e entdo deu-se inicio
ao programa de melhoramento genético, e 0 mesmo continua sendo desenvolvido até o
presente momento.

O principal critério de selecdo utilizado nos programas de melhoramento genético
de tilapias € a taxa de crescimento, que é medida por meio do ganho em peso diario. A
selecdo para essas caracteristicas ao longo dos anos tem proporcionado ganhos
significativos na performance produtiva dos animais.

Diversos trabalhos tém apresentado ganhos variando entre 4 e 13% por geracdo na
taxa de crescimento (Bentsen et al. 1998; Ponzoni et al. 2005; Thodesen et al. 2011;
Hamzah et al. 2014; de Oliveira et al. 2016). Oliveira et al. 2012 mostraram que o

programa de melhoramento genético conduzido pela Universidade Estadual de Maringa
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obteve ganhos médios de 4% por geracdao e um ganho acumulado de 28% no periodo de
2006 a 2010.

Como resultado desses trabalhos, temos que ao longo das geracdes de selecdo, tem-
se uma melhora no desempenho produtivo da tilapia no que diz respeito a taxa de
crescimento. Oliveira et al. 2012, avaliando o desempenho de animais melhorados,
encontraram uma reducdo de 21 dias no periodo de cultivo de tildpias, cultivadas em
tanques rede no Estado de S&o Paulo, o que demonstra que a melhora na taxa de
crescimento dos animais se traduz na pratica em redugdo no periodo de cultivo.

Além dos ganhos obtidos até 0 momento com a selecdo para taxa de crescimento,
as estimativas de herdabilidade encontradas na literatura, que variam de 0,12 a 0,48
(Ponzoni et al. 2005; Rutten et al. 2005; Eknath et al. 2007; Nguyen et al. 2010a; de

Oliveira et al. 2016), sugerem a continuidade dos ganhos genéticos por varias geracoes.

1.5- Rendimento e peso de filé

Embora a taxa de crescimento seja o principal critério de selecdo, tem havido uma
procura, por parte da industria e dos produtores, por peixes que apresentem alto
rendimento de filé e de carcaca.

Essa procura se deve ao fato de o filé ser um dos principais produtos vindos da
producdo de tilapias e, segundo Sussel (2013), cerca de 80% da producdo nas regides
Sul e Sudeste € vendida na forma de filé. Além disso, Nguyen et al. (2010a) aponta que
em alguns paises tem havido uma mudanca no sistema de pagamento aos produtores,
deixando de ser pelo peso do peixe inteiro e passando a ser pelo peso do filé. Sendo
assim, melhorar caracteristicas como peso e rendimento de filé vem se tornando uma
necessidade da indUstria e dos produtores.

O rendimento de filé da tilapia é inferior quando comparado ao de outras espécies
como, por exemplo, o salmédo: 69% (Powell et al. 2008), truta: 64,3% (Quillet et al.
2005) e Lavaret (Coregonus lavaretus): 56,4% (Kause et al. 2011). Além disso, fatores
como o grau de mecanizacgdo do processo de filetagem, destreza do filetador, método de
filetagem e tamanho dos animais podem influenciar o rendimento e o peso do filé
(Macedo-Viégas et al. 2004).

De maneira geral, o rendimento de filé da tilapia varia de 32 a 39,1% e 0 peso de
filé fica entre 177,7 e 355g (Gardufio-Lugo et al. 2003; Macedo-Viégas et al. 2004;
Rutten et al. 2004; Rutten et al. 2005; Nguyen et al. 2010a; Thodesen et al. 2012; Neira
et al. 2016)



Tendo em vista a importancia das caracteristicas do filé (peso e rendimento) para a
indUstria, alguns trabalhos investigaram as suas relagbes com as caracteristicas de
desempenho. Os resultados mostram que ha uma correlacdo genética forte e positiva
entre peso final e peso de filé, variando entre 0,89 e 0,96; porém, correlacdes geneticas
proximas de 0 quando avaliando peso final e rendimento de filé (Nguyen et al. 2010b;
Gjerde et al. 2012). Nguyen et al. 2010 explicaram que esses resultados de correlagéo
mostram que o incremento no peso final esta relacionado também com um incremento
no peso do filé e ndo s6 de visceras e de outros constituintes do corpo dos peixes. Por
outro lado, a correlagdo genética encontrada entre peso final e rendimento de filé sugere
que ndo ha possibilidade de resposta correlacionada para rendimento de filé quando os
animais sdo selecionados para taxa de crescimento.

Com base nessa perspectiva e considerando a importancia do rendimento de filé,
alguns programas de melhoramento genético tém buscado outras alternativas a sele¢do
para taxa de crescimento de maneira a apresentarem ganhos no rendimento de filé.
Uma dessas alternativas pode ser a mudanca do critério de selecao, utilizando o proprio
rendimento de filé como critério. Porém, para a obtencdo do rendimento de filé é
necessario abater um grande numero de animais, o que implica em aumento da méo de
obra e dos custos, além da perda de candidatos a selecao.

Sendo assim, alguns trabalhos tém sido feitos na tentativa de estabelecer métodos
diferentes para se obter o rendimento de filé, de modo a evitar o abate dos animais
como, por exemplo, equacOes de predicdo e o uso de medidas corporais (Rutten et al.
2004; Rutten et al. 2005). Entretanto, essas estratégias ndo se mostraram muito efetivas
para a predicdo do rendimento de filé, sendo necessarios mais estudos para O
estabelecimento de tais métodos.

Outra alternativa é inclusdo do rendimento de filé em um programa de selecdo
multi-caracteristicas, como demonstrado por Thodesen et al. (2011); Thodesen et al.
(2012), que apresentaram ganhos de 0,2 pontos percentuais por geracdo no rendimento
de filé em um programa de melhoramento de tilapias na China, com peso final e
rendimento de filé como critérios de selegdo. Esses autores ressaltaram que apesar de o
incremento no rendimento de filé por geracdo ser pequeno, essa resposta a longo prazo
poderia trazer melhorias significativas para o sistema de producao.

Embora existam algumas dificuldades para se realizar selegéo para rendimento de
filé em tilapias, a importancia econdmica dessa caracteristica pode justificar os esforgos

jarealizados e os que ainda serao feitos.



1.6- Qualidade de carne

A taxa de crescimento e as caracteristicas de filé sdo as mais importantes para o
cenario atual do melhoramento genético de tilapias, uma vez que essas caracteristicas
contribuem para a melhora na eficiéncia produtiva. Ainda assim, outro aspecto
importante a ser considerado na producgéo de tilapias € a qualidade da carne, seja pelos
aspectos sensoriais ou pelos aspectos relacionados a saide do consumidor (Grunert
2005).

Dentre esses aspectos, frescor, textura, sabor, odor e suculéncia, sdo atributos de
qualidade relacionados aos aspectos sensoriais da carne, enquanto que seguranca
alimentar, a composi¢do quimica e nutricional estdo relacionados com a salde e bem
estar do consumidor (Olafsdottir et al. 2004; Hamzah et al. 2016).

Em se tratando da composicdo quimica, um atributo interessante atrelado ao
consumo de peixes é o perfil de &cidos graxos, especialmente em relacdo aos &cidos
graxos poli-insaturados (PUFA). De acordo com Connor (2000), os acidos graxos poli-
insaturados, especialmente 6mega-3 (n-3 PUFAS), tém beneficios para a saide humana
e desempenham papéis importantes na prevencao de doencas, principalmente sobre as
doencas cardiacas.

Entretanto, alguns estudos com peixes de agua doce, incluindo a tilapia,
demonstraram que essas espécies tém baixo teor de acido alfa-linolénico (18:3n-3)
(Carbonera et al. 2014) e também apontam que a relacdo dos &cidos graxos n-6:n-3
também ndo € o ideal para o consumo humano (Young 2009).

Neste cenario, alguns estudos tém realizado modificacBes na dieta dos peixes,
incluindo fontes de 6Gmega-3, com o intuito de melhorar o perfil de acidos graxos do filé
de tilapias. Esses estudos tém demonstrado resultados satisfatorios, o que indica a
possibilidade de melhorar o perfil de &cidos graxos, bem como a relacdo de n-6:n-3 no
file, melhorando assim sua qualidade nutricional (Visentainer et al. 2005; de Souza et
al. 2007; Carbonera et al. 2014; dos Santos et al. 2014).

Com o intuito de suprir as atuais e futuras demandas dos consumidores e fornecer
produtos de melhor qualidade, Hamzah et al. (2016) sugerem que é importante discernir
os fatores que estéo por tras das caracteristicas de qualidade da carne.

Sendo assim, alguns trabalhos tém sido realizados para avaliar a base genética
desses atributos de qualidade como, por exemplo, o0 estudo de Hamzah et al. (2016), que

estimou parametros genéticos para percentual de gordura, proteina e umidade, para cor e



textura do filé de tilapias. JA Nguyen et al. (2010b) investigaram a base genética dos
acidos graxos no file. Os autores de ambos os trabalhos ressaltaram que embora a
selecdo para taxa de crescimento ndo tenha afetado os atributos de qualidade de carne, €
importante 0 monitoramento dessas caracteristicas dentro dos programas de
melhoramento genético.

Além do monitoramento, agBes podem ser tomadas no intuito de melhorar
geneticamente 0s peixes, ndo sO para caracteristicas produtivas, mas também para
caracteristicas de qualidade de carne possibilitando, assim, aprimorar o desempenho
produtivo e melhorar a eficiéncia do sistema de producdo da tilapia, além de fornecer ao

consumidor final um produto de qualidade superior.
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I1- Genetic parameters for growth performance, fillet traits, and fat percentage of
male Nile tilapia (Oreochromis niloticus)

3.1- ABSTRACT

Breeding programs have being focused on improving growth using body weight and
daily weight gain as main selection criteria but despite the importance of performance
improvement, fillet and carcass yield and quality attributes are also of some interest.
Fillet traits (fillet weight and fillet yield) and fat content were measured on 1136 male
and put together with 2585 records on growth traits (body weight, weight at slaughter
and daily weight gain) of both sex from third generation of Aquaamerica strain.
Different models were tested for each trait and used to estimate genetic parameters for
fat content of fillet and growth traits. Genetic and phenotypic correlations were
estimated using multiple trait animal models. The heritability estimates were moderate
(0.2-0.32) and slightly higher for body weight at slaughter (0.41). The genetic
correlation was significant for fillet yield with fat (0.6) but not significant for growth
traits with fillet yield and fat. Changes in fillet yield and in fat content are not expected
when using growth performance as a selection criterion but correlated responses are
expected in fat content if selecting for higher fillet yield.

KEYWORDS: fillet yield; genetic correlations; tilapia; GIFT
3.2- INTRODUCTION

Nile tilapia production system is focused on improving growth rate and reducing age at
harvest in order to enhance production efficiency. Thus, Nile tilapia breeding programs
are mainly focused on growth performance, and so the main selection criteria is body
weight or daily weight gain (Ponzoni et al. 2005; Thodesen et al. 2011; Bentsen et al.
2012; Hamzah et al. 2014). Furthermore, as males have higher growth rate, monosex
male cultures are frequently used in tilapia production, to increase weight gain
(Beardmore et al. 2001).

Although growth rate is an important trait to enrich production efficiency, some
producers and industries are concerned about some other important traits, such as fillet
weight and yield. As pointed out by Nguyen et al. 2010a, in some countries the payment
system is changing from the hole-body weight to fillet weight. In Brazil, fillet yield
seems to be the second trait of major importance followed by growth performance.
However, improving fillet yield is not a simple task once to get records it is necessary to
slaughter a great number of animals, increasing costs and reducing the number of
candidates to selection. As an alternative to slaughter, some studies have tried to
develop equations to predict fillet and carcass traits, and also investigated its genetic
correlations with body measurements (Rutten et al. 2004; Rutten et al. 2005; Fernandes
et al. 2015). Unfortunately, either prediction equations or indirect response to selection
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on body measurements do not seem to be effective manners to achieve improvements
on fillet yield.

Growth and fillet traits are from major importance for industries and farmers to improve
efficiency and to reduce costs, nonetheless quality attributes are also important for
consumers (Grunert 2005) and as pointed out by Hamzah et al. 2016, to discern the
factors behind flash quality is crucial so that we could supply consumer’s actual and
future demands. Thus, some papers have presented some insights on flesh quality and
sensorial attributes of tilapia fillets and its relationship with growth and filet traits
(Nguyen et al. 2010b; Hamzah et al. 2016).

Along these lines, the aim of our study was to estimate genetic parameters and evaluate
the genetic relationship between growth traits, fillet yield and fat content in a male
population of Nile tilapia.

3.3- MATERIALS AND METHODS

Animals and growing system

The animals used in this study were from the third generation of the genetic
improvement program of Aquaamerica Company in Brazil. Biometrics within the
growing period and slaughter procedures were in accordance to the State University of
Maringa Animal Ethics Committee.

The 2585 fingerlings from 59 families were individually identified using PIT Tags in
Alfenas-MG at Aquaamerica facilities and transferred to the floating cages experimental
unit at State University of Maringé in Diamante do Norte- PR where they were raised
for 251 days from April to December 2015 in three floating cages.

During the raising period two biometrics were done and body weight (BW), total length
(from the head to the caudal fin) and standard length (from the head to the insertion of
the caudal fin) were recorded.

On the last measurement made in November, the body weight and sex were recorded,
and 1485 males were separated and distributed in two floating cages and were fed for
one more month until the slaughter.

Slaughter procedures

Before the slaughter, the two cages containing the 1485 males were starved for 24 hours
and than they were killed by cold shock placing them into iced water.

At the slaughter, the TAG number was annotated and to obtain the body weight at
slaughter (BWS) each fish was individually weighted in the same digital scale used on
the measurements, during the growing period. The fish were decapitated, gutted and
skinned by hand and then filleted by one trained person.

The fillets were rinsed, dried and fillet weight (FW) was recorded by weighting the
fillets from both sides of each fish. The left sides of the fillets were not used for any
posterior analysis and so they were labeled and packed according to commercial
standard. The right side of the fillets were labeled with the TAG number and
individually packed using a vacuum machine. All fillets were stored in freezer at a
temperature of -10 °C and transported to the meet quality laboratory at State University
of Maring4, for fat content analysis.

Fat content analysis

For fat content analysis, the fillets were defrosted on a fridge at 4°C and a tissue sample
was taken from the frontal part covering the dorsal and ventral part of the fillet. The
bones were removed and the meat was grounded with a kitchen grinder. From this
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grounded meat, a sample was took and the fat content analysis was carried according to
the Bligh-Dyer method (Bligh and Dyer 1959)(Bligh and Dyer 1959) with adaptations.
A 15g sample of the grounded and homogenized meat was weighted in a digital scale
(nearest 0.01g), mixed with 30 mL of methanol and 15 mL of chloroform, and agitated
for 5 minutes in magnetic stirrer. Then was added 15 mL of chloroform and agitated for
2 more minutes, and finally 15 mL of distillated water was added to the mixture and
agitated for 5 more minutes.

The content was filtered on Buchner funnel with qualitative filter paper and light
suction, and then placed in a separating funnel for 24 hours. After the separation period,
chloroform-lipid fase was collected in dried and tared flask (DF) and the chloroform
was evaporated in Rotary Evaporator and the flask with the lipid content was weighted
(LF). The lipid percentage was calculated as ((LF- DF)/15)*100.

Test models and genetic analysis

We proposed different statistics models for each trait; all tested models included the
animal effect, common environment effect (c2) and the floating cage effect. Also,
weight at tagging (WT), age at biometry (AB), age at slaughter (AS) and body weight at
slaughter (BWS) were tested as covariables with linear and quadratic effects. For DWG
and BW, the sex (S) effect was also considered (Table 1). The adopted criterion to
select the best model for each trait was the deviance information criterion (DIC)
(Spiegelhalter et al. 2002).

Once the best models were chosen, single trait analysis were performed in order to
estimate the variance components, common environment effect and heritabilities. Two
trait analysis were performed to estimate genetic and phenotypic correlations between
daily weight gain and fat content (DWG_FAT), daily weight gain and fillet yield
(DWG_FY), body weight and fat content (BW_FAT), body weight and fillet yield
(BW_FY) and fillet yield and fat content (FY_FAT).

To estimate (co)variance components the programs GIBBS1F90 and POSTGIBBSF90
from BLUPF90 Family of programs (Misztal et al. 2015) were used. The package
CODA (Plummer et al. 2006) implemented on R (R Foundation for Statistical
Computing, Vienna 2011) was used for convergence diagnosis.

TABLE 1: Description of the effects on the tested models

Model S WT  AB AS  BWS
M1 v Vv v - -
M2 v v - - -
M3 v - v - -
M4 - Vv - v -
M5 - - - Vv -
M6 - Vv - - -
M7 - - - - v
3.4- RESULTS

Basic statistics are presented for daily weight gain (DWG), weight at tagging (WT),
body weight (BW) and age at biometry (AB), reordered on males and females and for
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body weight at slaughter (BWS), age at slaughter (AS), fillet weight (FW), fillet yield
(FY) and fat content (FAT), recorded only on males (Table 2). DWG and FY were
calculated as DWG= BW/AB and FY= (FW/BWS)*100.

TABLE 2: Recorded information and descriptive statistics.

Traits (unit) n  Minimum Maximum Mean (C%
Daily weight gain (g/day) 2585  0.32 4.6 1.7807) 39,89
Weight at tagging () 2585 34 121.2  16.76 413  67.60
Body weight (g) 2585  86.14 1431  523.23 @53 43,06
Age at biometry (days) 2585 267 327 290 (16:4) 5.66
Age at slaughter (days) 1204 302 362 325 (1641 5.05
Weight at slaughter (g) 1204 123 1487  647.45@9%) 40,15
Fillet weight (g) 1198 39 503 218.59®%9) 41 14
Fillet yield (%) 1198  25.3 42.7 33.76 2% 6,07
FAT (%) 1136  0.54 6.47 25609 3516

- (D) Standard deviation

The best models were M1 for DWG and BW, M5 for BWS and M7 for FW, FY and
FAT (Table 3). The selected model for DWG and BW was M1 and included weight at
tagging and age at biometry as covariables. For BWS the best model (M5) included age
at slaughter as covariable and model M7 was the chosen one for 3 traits (FW, FY and
FAT), and included body weight at slaughter as covariable (Table 3).

TABLE 3: DIC value of the tested models for each trait

Traits M1 M2 M3 M4 M5 M6 M7
DWG 2969.5° 3039.72 3186.04 X X X X
BW 50182" 50263 50220 X X X X
BWS X X X 14938  14611° 14949 X
FW X X X 12504 12217 12509 9926"
FY X X X 4870 4868 4871 4779"
FAT X X X 2768 2775 2760 2630"

* - Model with the smallest DIC

All estimates were significant (0¢Crl) and the heritability for the studied traits were
moderated ranging from 0.2 (FAT) to 0.41 (BWS) (Table 4). Furthermore, the estimates
were the same for DWG, BW and FW (0.23).

The common environment effect (c?) ranged from 0.05 (FW) to 0.33 (BWS) (Table 4).
The estimated c? for FW and FY were similar, 0.05 and 0.06 respectively.



TABLE 4: Variance components and heritability estimates

Traits o?p C? h2
0160 0160®  0.230%
PWE (015 018) (0.1 024) (0.0804)
ow g e
lea00) (013028 (007041
i5200) (013054 (00408
W 26?é3359(12'92) 0.05-04) 0.23011)
29783  (0:002016) (0.03044)
Fy 4.090%) 0.0600%) 0.32041
(3.644.66) (0.0030.17) (0.09 0.55)
ear 073009 0.100%) 0.2011
(0.650.83) (0.01 0.22) (0.01 0.44)

- 62p: Phenotypic variance;

- ¢z Common environment effect
- hz: Heritability

- 8D): Standard deviation

- (Credible interval 95%)
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Regarding the genetic correlations, out of 5 two trait analysis performed (Table 5), only
the correlation between fillet yield and fat content (FY_FAT) was significant (0¢Crl).
The phenotypic correlations between daily weight gain and fillet yield (DWG_FY),
body weight and fillet yield (BW_FY) and fillet yield and fat content (FY_FAT) were
significant (0O¢Crl) and presented values ranging from 0.19 for body weight and fillet

yield to 0.3 for fillet yield and fat.

TABLE 5: Genetic and phenotypic correlations

Traits Corr_g Corr_y
DWG_FAT (ge??g (c())?;;) (0000294 ((3022)
IR LI
BW_FAT (-_%_17(;_3;)) (-%%19%3015;)
BWFY (0 (o600
FY FAT (091641(;_1;)6) ((()).lzzi3 3:246)5)

-(0); Standard deviation

- (Credible interval 95%)

- Corr g: Genetic correlations

- Corr y: Phenotypic correlations
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As soon as the genetic correlation between fillet yield and fat content was high,
the expected correlated response to selection was calculated. Considering fillet yield as
the selection criteria and a selection intensity of 1.55, the expected correlated response
in fat content would be an increment of 7.81% and in the opposite case with the same
selection intensity, the expected correlated response on fillet yield is an increment of
1.42% per generation.

3.5- DISCUSSION

Descriptive statistics

The body weight and the daily weight gain of the animals used in our evaluations (Table
1) were smaller than the values that the industry and farmers are used to work with in
Brazil. These differences are related to the fact that we used animals from the nucleus of
the breeding program and thus the obtained performance is not the same as from
commercial lines. The fillet yield and weight (Table 1) were similar to those found in
literature, ranging from 32 to 39.1% and from 177.7 to 355¢g respectively (Gardufio-
Lugo et al. 2003; Rutten et al. 2004; Rutten et al. 2005; Nguyen et al. 2010a; Thodesen
et al. 2012; Neira et al. 2016). The fillet fat percentage found in literature ranged from
0.8 to 6.38% (Gardufio-Lugo et al. 2007; Kayan et al. 2015; Hamzah et al. 2016). The
2.56% found in our trial (Table 1) is within this range and is similar to the 2.07 found
by (Gardufio-Lugo et al. 2003). This wide range on the fat content may be due to
different raising systems and diets, different lipid extraction methods, the body weight
of the fish and also the part of the fillet that was used to perform the lipid analysis, as
pointed out by Kayan et al. 2015.

Regarding the basic statistics and the genetic parameters, it is important to note that for
fillet traits and fat content we just got records on males and thus some differences can
be found when comparing our results with other papers.

Heritability and common environment effect

Heritability estimates for body weight and daily weight gain (Table 4) are in accordance
to the values found in literature, ranging from 0.12 to 0.48 (Ponzoni et al. 2005; Rutten
et al. 2005; Eknath et al. 2007; Nguyen et al. 2010a; de Oliveira et al. 2016). Growth
traits are the main selection criteria in Nile tilapia breeding programs and these
heritability estimates suggests that genetic improvement can still be done.

The heritability for fillet yield (Table 4) was higher than the estimates found in
literature which ranges from 0.06 to 0.30 (Rutten et al. 2005; Nguyen et al. 2010a;
Gjerde et al. 2012; Thodesen et al. 2012). Our estimate for fillet weight (Table 4) was in
the middle range from those found by Rutten et al. 2005, Nguyen et al. 2010, Gjerde et
al. 2012 and Thodesen et al. 2012, which were 0.24, 0.33, 0.16 and 0.3 respectively. As
well as for growth traits, the heritability estimates for fillet yield and weight showed that
genetic progress can be done and fillet traits can be genetically improved.

Our heritability estimate for fat content (Table 4) was bigger than reported in Atlantic
Salmon (0.17) (Vieira et al. 2007), and smaller than found in other species, for instance,
Rainbow Trout (0.25) (Quillet et al. 2005), European whitefish (0.37) (Kause et al.
2011) and Common Carp (0.58) (Kocour et al. 2007). Furthermore, our estimate was
slightly higher than the 0.11 found by Hamzah et al. 2016. Our result suggests that
would be possible to make genetic changes in the fat content through direct selection.
The common environment effect for BW (Table 4) was higher than the values found in
the literature which ranges from 0.06 to 0.16 (Ponzoni et al. 2005; Rutten et al. 2005;
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Eknath et al. 2007; Nguyen et al. 2010a; de Oliveira et al. 2016). Our estimate suggests
that this effect was an important variation source in the performance of the animals. For
fillet weight our estimate (Table 4) was similar to the ones found by Rutten et al. 2005,
Nguyen et al. 2010a and (Thodesen et al. 2012), but was lower than the value found by
Gjerde et al. 2012. The value for fillet yield (Table 4) was in accordance with the papers
related above and also lower than the estimate found by Gjerde et al. 2012. These
results showed that for fillet yield, the common environment effect had less importance
than for fillet weight and growth traits.

Correlated response to selection and genetic correlations

No correlated response in fillet yield is expected when using growth traits as selection
criteria. Our results (Table 5) are in accordance with those found by Nguyen et al.
2010a and Thodesen et al. 2012 witch found genetic correlations near 0 for body weight
and fillet yield.

These results suggest that to achieve some improvement on fillet yield, it should be
included as a selection criteria in one-trait or multi-trait selection. Thodesen et al. 2012
presented a slow but significant genetic response on fillet yield when selecting for both
higher growth and fillet yield a multi-trait selection.

Correlated responses are also not expected in fat content when selecting for growth rate.
The genetic correlations between DWG and FAT and BW and FAT were not significant
(Table 5). Our results differ from those found by Hamzah et al. 2016 (0.26) and Powell
et al. 2008 (0.8), who presented genetic correlations between body weight and fat% in
Nile tilapia and Atlantic Salmon respectively. Hamzah et al. 2016 suggests that great
changes on fat content are unlikely to happen, but a small and gradual increase can
occur when selecting for high growth.

The genetic correlation between FY and FAT (0.6) was higher than the value found by
(Hamzah et al. 2016) and leads us to a possible correlated response in fat content if
selecting for higher fillet yield. Thus, when using our results and the candidates to
selection, the expected correlated response on fat content if selecting for higher fillet
yield would generate an increase of 7.81% on the next generation. Therefore, selecting
fish for higher fillet yield may lead to an increase in the fat content.

Regarding the fat content on Nile tilapia fillets an important issue to be considered is its
fatty acids (FA) profile as soon as according to Connor 2000 polyunsaturated fatty acids
(PUFA), especially omega-3 (n-3 PUFA), have benefits to human nutrition and health
and play important roles on prevention of diseases, mainly on coronary heart diseases.
Some studies on fresh water fish (tilapia included) reported low content of alpha-
linolenic acid (LNA, 18:3n-3) (Carbonera et al. 2014) and also Young 2009 pointed out
that the ratio of n-6 and n-3 fatty acids (FA) is not optimum.

To deal with this not optimum ratio, Nguyen et al. 2010b investigated the genetic basis
of fatty acids and found that the selection process for high growth had no effect on FA
profile of Nile tilapia fillets. Even though the selection process does not seem to cause
changes on the FA profile, some studies on tilapia nutrition has demonstrated possible
improvements on the fatty acid profile of Nile tilapia fillets (Visentainer et al. 2005; de
Souza et al. 2007; Carbonera et al. 2014; dos Santos et al. 2014).

Thereby, gathering our findings regarding the genetic correlation between fillet yield
and fat content and the ones made on tilapia’s nutrition perhaps would be possible to
increase fillet yield and fat content and change its FA profile in order to provide
industries and market with fish with a higher fillet yield and a good source of essential
fatty acids.
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3.6- STATEMENT OF AUTHOR CONTRIBUTIONS

We estimated genetic parameters for fat content, growth and fillet traits of Nile tilapia
from Aquaamerica strain. There still is genetic variation for body weight and daily
weight gain and thus genetic progress can be made. There is also possibility for
improvement on fillet yield using it as the selection criteria or in a multi trait selection
with growth traits. It is also possible to improve fat content on fillet using direct
selection or by exploring correlated responses with fillet yield.
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All procedures performed in studies involving animals were in accordance with the
ethical standards of the institution or practice at which the studies were conducted.
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TYPES OF PAPERS

Original Article

Original Article meeting the scientific criteria. Each manuscript should present the
result of an independent, cohesive study.

The manuscripts have to be structured to contain an Abstract, List of authors with
affiliations, Keywords (5) describing the content, Introduction, Material and Methods,
Results, Discussion, Statement of author contributions, Acknowledgements, Legends to
Figures and Tables, References.

The length of such Original Articles is limited to 5000 words for Introduction, Material
and Methods, Results, Discussion.

Reviews

Review articles are invited by the editors. Unsolicited reviews are also considered. The
length is limited to 5000 words with no limitations on figures and tables and a
maximum of 150 references.

MiniReview
Articles should be dedicated to “hot” topics and limited to 3000 words and a maximum
of two figures, two tables and 20 references.

Short Communications

Short Communications should present brief observations, which do not warrant the
length of a full paper. However, they have to present completed studies and to follow
the same scientific standards as Original Articles.

The manuscripts have to be structured to contain an Abstract, List of authors with
affiliations, Keywords (5) describing the content, a text body combining Introduction,
Results and Discussion, Statement of author contributions, Acknowledgements,
Legends to Figures and Tables covering essential Material and Methods, References (a
maximum of 20).

The length of such submissions is limited to 1500 words for the text body combining
Introduction, Results and Discussion, one table, and one figure.

Case Report

Case Reports are descriptions of a case revealing novel and important insights. The case
report provides several early seminal and important references. The length is limited to
1000 words and a maximum of two figures and 10 references. A short review (table) of
recent literature cases is an advantage.

Editorials
Short contributions of editors in chief, section editors, and invited experts on interesting
developments in genetics and genomics.

Letter to the Editor
Comments on published papers and replies.
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MANUSCRIPT SUBMISSION

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published
before;that it is not under consideration for publication anywhere else;that its
publication has been approved by all coauthors, if any, as well as by the responsible
authorities — tacitly or explicitly — at the institute where the work has been carried out.
The publisher will not be held legally responsible should there be any claims for
compensation.
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Authors wishing to include figures, tables, or text passages that have already been
published elsewhere are required to obtain permission from the copyright owner(s) for
both the print and online format and to include evidence that such permission has been
granted when submitting their papers. Any material received without such evidence will
be assumed to originate from the authors.

Online Submission
Please follow the hyperlink “Submit online” on the right and upload all of your
manuscript files following the instructions given on the screen.

LANGUAGE

Manuscripts that are accepted for publication will be checked by our copyeditors for
spelling and formal style. This may not be sufficient if English is not your native
language and substantial editing would be required. In that case, you may want to ask a
native speaker to help you or arrange for your manuscript to be checked by a
professional language editor prior to submission. A clear and concise language will help
editors and reviewers concentrate on the scientific content of your paper and thus
smooth the peer review process.

The following editing service provides language editing for scientific articles in
medicine,

biomedical and life sciences, chemistry, physics, engineering, business/economics, and
humanities.

Edanz Editing Global

Please contact the editing service directly to arrange for editing and payment.

Use of an editing service is neither a requirement nor a guarantee of acceptance for
publication.

TITLE PAGE

Title Page

The title page should include:

The name(s) of the author(s)

A concise and informative title

The affiliation(s) and address (es) of the author(s)

The email address, telephone and fax numbers of the corresponding author

Abstract
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Please provide an abstract of 150 to 250 words. The abstract should not contain any
undefined abbreviations or unspecified references.

Keywords
Please provide 4 to 6 keywords, whichcan be used for indexing purposes.

TEXT

Text Formatting

Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10point

Times Roman) for text.

Use italics for emphasis.

Use the automatic page numbering function to number the pages.
Do not use field functions.

Use tab stops or other commands for indents, not the space bar.
Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).

Headings
Please use no more than three levels of displayed headings.

Abbreviations
Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of
a reference included in the reference list. They should not consist solely of a reference
citation, and they should never include the bibliographic details of a reference. They
should also not contain any figures or tables.

Footnotes to the text are numbered consecutively;those to tables should be indicated
bysuperscript lowercase letters (or asterisks for significance values and other statistical
data).

Footnotes to the title or the authors of the article are not given reference symbols.
Always use footnotes instead of endnotes.

Acknowledgments
Acknowledgments of people, grants, funds, etc. should be placed in a separate section
on the title page. The names of funding organizations should be written in full.

REFERENCES

Citation

Cite references in the text by name and year in parentheses. Some examples:
Negotiation research spans many disciplines (Thompson 1990).

This result was later contradicted by Becker and Seligman (1996).

This effect has been widely studied (Abbott 1991;Barakat et al. 1995a, b; Kelso and
Smith 1998;Medvec et al. 1999, 2000).
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Reference list

The list of references should only include works that are cited in the text and that have
been published or accepted for publication. Personal communications and unpublished
works should only be mentioned in the text. Do not use footnotes or endnotes as a
substitute for a reference list.

Reference list entries should be alphabetized by the last names of the first author of
eachwork. Order multiauthor publications of the same first author alphabetically with
respect to second, third, etc. author. Publications of exactly the same author(s) must be
orderedchronologically.

Journal article
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Effect of high intensity intermittent training on heart rate variability in prepubescent
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Article by DOI
Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine
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Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London

Book chapter
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern
genomics, 3rd edn. Wiley, New York, pp 230257

Online document
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
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Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of
Title Word Abbreviations, see ISSN LTWA If you are unsure, please use the full
journal title.

TABLES

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of the
table.

Identify any previously published material by giving the original source in the form of a
reference at the end of the table caption.


http://physicsweb.org/articles/news/11/6/16/1.%20Accessed%2026%20June%202007

27

Footnotes to tables should be indicated by superscript lowercase letters (or asterisks for
significance values and other statistical data) and included beneath the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

Electronic Figure Submission

Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS;for halftones, please use TIFF format.
MSOffice files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art

Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using scale bars within
the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Combination Art

Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one another
when converted to black and white. A simple way to check this is to make a xerographic
copy to see if the necessary distinctions between the different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your finalsized artwork, usually about

2-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8pt type
on an axis and 20pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.
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Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do not number the appendix figures, "Al, A2,
A3, etc." Figures in online appendices (Electronic Supplementary Material) should,
however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure depicts.
Include the captions in the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be placed at
the end of the caption.

Identify all elements found in the figure in the figure caption;and use boxes, circles,
etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.

When preparing your figures, size figures to fit in the column width.,

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and
not higher than 234 mm.

For books and booksized journals, the figures should be 80 mm or 122 mm wide and
not higher than 198 mm.



