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RESUMEN

En este trabajo, se realizd por primera vez en corvina (Argyrosomus regius) la estima
de parametros genéticos de caracteres de crecimiento, de rendimiento y de calidad del pez
y de la carne bajo condiciones industriales. Para ello, se ha tenido que poner a punto tanto
herramientas de marcaje fisico individual (Passive Integrated Transporder—PIT) como
genético (microsatélites mediante PCR multiplex), necesarios para el desarrollo de
cualquier programa de seleccion futuro, trazando el bienestar de los peces a través de la
expresion del gen CYP1A.

Las condiciones Optimas de marcaje con el sistema de marcaje fisico PIT, se
estudiaron en tres clases de peso diferentes (2-3 g, 3-4 g y 4-5 g). Los peces de cada
clases de peso se criaron en tres tanques diferentes y los caracteres de crecimiento,
mortalidad y tasa de pérdida se analizaron a los 15 y 30 dias post marcaje. Los resultados
mostraron la ausencia de efecto del marcaje sobre el crecimiento en las tres clases de peso
estudiadas. A su vez la tasa de mortalidad ha puesto de manifiesto una tendencia a la baja,
inversamente proporcional al tamano de peso (12,2%, 16% y 5% para las clases de peces
2-3g, 3-4g y 4-5g, respectivamente). La tasa de pérdida ha sido nula en todas las clases de
peso. Estos datos sugieren que la talla apropiada para el marcaje del PIT en corvina es a
partir de los 4 g. La expresion del gen CYPIA en las tres clases de peso a las 0 horas, 1
dia y 7 dias post marcaje mostraron que no hubo diferencias significativas entre
individuos control y marcados excepto para la clase de peso 2-3g confirmando las
conclusiones anteriores.

Se desarrollaron dos PCR multiplex; una especifica (STRs) y otra interespecifica

(STRi) constituidas por 8 y 10 marcadores microsatélites, respectivamente. Las dos
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multiplex mostraron que los reproductores del lote del Instituto Canario de Ciencias
Marinas (ICCM) tienen una variabilidad genética baja, que se destaca por la baja media
del nimero de alelos, la heterocigosidad observada y la alta coascendencia que existe
entre los individuos del lote. Con esta baja variabilidad y alta consanguinidad de los
reproductores se ha podido asignar el 82,8% de descendientes a una uUnica pareja de
padres con la formacion de 59 familias y la contribucién de 25 machos y 22 hembras.
Usando los descendientes asignados a una pareja de padres y asignados a un Unico padre
se ha podido utilizar una matriz de 1.070 peces en la estima de los pardmetros genéticos.

Las heredabilidades de peso, longitud y compacidad observadas en los peces del
ICCM a varias edades ha sido baja. A su vez las correlaciones fenotipicas de estos
caracteres aumentaron entre edades cercanas. En el caso de las correlaciones genéticas,
¢éstas fueron altas independemente de las edades consideradas. Estos resultados sugieren
que en corvina se pueden realizar programas de seleccion dirigidos a caracteres de
crecimiento desde tallas pequenas.

Usando los datos al sacrificio de las instalaciones de cultivo del ICCM, y las empresas
ADSA y CANEXMAR, los caracteres de crecimiento mostraron unas heredabilidades
mas elevadas que cuando solo fueron considerados los descendientes del ICCM, ya que
aument6 el nimero de familias contributivas (0,19+0,11 por la longitud y 0,22+0,12 para
el peso). Tanto las correlaciones fenotipicas como las genéticas fueron muy altas entre
peso y longitud, confirmando la teoria de que es suficiente el uso de s6lo uno de estos dos
caracteres en un esquema de seleccion genética dirigido al crecimiento. A su vez se ha
detectado una alta correlacion fenotipica entre los caracteres de crecimiento y los
caracteres de rendimiento (peso filete y peso eviscerado). A estos resultados se unen las
similares heredabilidades que hubo entre estos dos tipos de caracteres.

En este trabajo se utiliz6 por primera vez el analisis de imagen para la estima genética
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de caracteres morfologicos en peces. Los resultados han mostrado unas correlaciones
genéticas y fenotipicas altas entre los caracteres muestreados (peso, longitud, peso filete y
peso eviscerado) y los caracteres analizados via imagen (4reas totales, longitudes total y
anchuras méxima del filete), con valores cercanos a 0,9 en la mayoria de los casos,
confirmando que éstos constituyen una via a través de la cual llevar a cabo la seleccion
sin tener que realizar procesos tediosos de valoracion y permitiendo disminuir el tiempo
de muestreo y hacer los procesos mas eficientes.

A su vez se estimaron las correlaciones genéticas y fenotipicas y las heredabilidades
de caracteres cardio-respiratorios. Se ha detectado una relaciéon muy estrecha entre los
pesos del ventriculo y de las branquias entre si, por una parte, y de estos dos con los
caracteres de crecimiento por otra. Estos datos mostraron la alta relacion fisiologica entre
los diferentes organos ligados al crecimiento y por tanto la no interaccidon entre ambos
grupos de caracteres.

En cuanto a los caracteres de calidad se han observado heredabilidades bastantes bajas
para la humedad, la ceniza, los lipidos y el colageno (entre 0 y 0,08). Y una heredabilidad
moderada para la grasa evisceral (0,27+0,12). La humedad, la ceniza y el colageno
mostraron relacion genética negativa con lipidos, grasas y caracteres de crecimiento.
Todos estos resultados ponen de relieve que es posible estimar parametros genéticos en
corvina criadas y engordadas bajo condiciones industriales, a efectos que las empresas
puedan obtener un valor afiadido adicional de su produccion a través de la seleccion

directa para caracteres de crecimiento y rendimiento e indirecta para caracteres calidad.
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ABSTRACT

In this study, for the first time, research of genetic parameters were conducted to
estimate growth, carcass and quality processing trait in meagre (Argyrosomus regius),
under industrial conditions. Therefore, it is necessary implant physical and genetic
(microsatellites by multiplex PCR) tools for the development of any selection program.

To establish the optimal conditions of the physical tagging system (PIT), we studied
three different tagging sizes (2-3 g, 3-4 g 4-5 g). Fish for each size were reared in three
different tanks. Growth, mortality and loss rates were analyzed after 15 and 30 days post
tagging. The results showed no effect of tagging on growth in the three sizes studied.
Although, the mortality rate has shown a downward trend inversely proportional to the
size of fish (12.2%, 16% and 5% for fish classes 2-3g, 3-4g and 4-5g, respectively). The
loss rate was null in all weight classes. These data suggest that the right size for tagging
with PIT system in meagre is from 4 g. In order of optimized the fish welfare, molecular
marker CYP 1A were assessed to evaluate the effect of this tagging system in fish welfare
in the 3 weight classes at 0 hours, 1 day and 7 days post tagging. Data from this
experiment showed that gene expression between controls and tagged fish is significant
only for 2-3g tagged weight class. These data confirm previous suggestions.

The development of this type of physical tagging system was necessary to monitor
and control fish throughout the growing period. However, it was necessary to develop
genetic tools for the characterisation of the Instituto Canarias de Ciencias Marinas ICCM
breeder stock and for the assignation of their descendants. That’s why specific (STRs)

and interspecific (STRi) multiplex PCR were developed. 8 and 10 microsatellite markers
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formed STRs and STRi, respectively. Result of genetic parameter shown that the ICCM
breeder have a low genetic variability, characterized by low alleles mean, low observed
heterozygosity and high coancestry rate among breeders. In these conditions, STRs and
STRi were able to assign 82.8% descendants to a single parent pair with the formation of
59 families and the contribution of 25 males and 22 females. Using the offspring assigned
to parent pair and descendants assigned to a single parent, 1070 offspring were used in the
estimation of fish genetic parameters.

Heritability of weight, length and condition factor for fish reared in the ICCM facility
were low at 120, 150, 296 and 446 post hatching and ranged between 0.01+0.07 and
0.19+0.10 . Thus, the phenotypic correlations between these traits have increased with the
closeness of ages. However, genetic correlations were very high between traits at any age.
These results suggest that meagre can performed a selection program for growth traits
from small sizes.

Using data at slaughtered age for the three facilities of the ICCM, CANEXMAR and
ADSA, growth traits showed a bit higher heridabilities than the previous ones, but still
low or moderate (0.19+£0.11 and 0.224+0.12, respectively for length and weight). Both
genetics and phenotypic correlations were very high between weight and length,
confirming that it is sufficient to use one of these two traits in a breeding scheme targeted
to growth. At the same time, a high correlation between growth traits and carcass traits
(fillet weight and gutted weight) were detected. These results with the similar
heritabilities observed for carcass traits suggest the importance of these traits and the

necessity of their introduction a selection breeding scheme.

In this study, image analysis technique was used for the first time to estimating

genetic morphological traits in fish. The results have shown a high genetic and
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phenotypic correlation between sampled traits (weight, length, fillet weight and gutted
weight) and the image analyzed traits (Total areas, Total lengths and Max widths), which
may be a new strategy for selection breeding scheme to allow the hard and invasive
traditional sampling technique.

Respect to heritabilities and correlations of cardio respiratory traits, close relationship
between ventricular and gills weights were detected. The same high correlation was
observed between these two traits and growth one. These data showed a high
physiological relationship between organs linked directly and indirectly to growth and
open other ways in the integration of new traits in the selection scheme.

Genetic variation for quality traits showed quite low heritabilities for moisture, ash,
lipids and collagen and ranged between (0 to 0,08). Unlike, moderate heritabilities were
observed for visceral fat weight and percentage (0.27+0.12). Although, these correlations
evidence the existence of two groups inversely correlated. Moisture, ash and collagen are
inversely correlated with lipids, fats and growth traits. These correlations suggest taking
into account the physiological characteristics of meagre to allow problem in the stability
of the final product and consequently, its commercial value and detrimental effects of fish

health and biological efficiency.
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RESUME

Dans ce travaille, pour la premiere fois une étude des parametres génétiques pour le
maigre (Argyrosomus regius) €tait menée pour estimer les caractéres de croissance, de
carcasse et de qualité du poissons dans des conditions industrielles. Pour I'élaboration de
ce type de programme de sélection, il été nécessaire metre en place des outils de
marquages physiques (Passif Integreted Transpondeur, PIT) et génétiques (microsatellites

et PCR multiples).

Afin de déterminer les conditions optimales de marquage avec le systéme physique
(PIT), nous avons étudié trois différentes tailles de marquages (2-3 g, 3-4 g 4-5 g). Pour
chaque talle de marquage, les poisons ont du étre repartie dans trois bassins différents et
les effets sur la croissance, la mortalité et le taux de perte ont été analysées apres 15 et 30
jours aprés le marquage. Les résultats n'ont montré aucun effet du marquage sur la
croissance dans les trois tailles étudiées. A son tour, le taux de mortalité a montré une
tendance a la baisse inversement proportionnelle a la taille des poissons (12.2%, 16% et
5% pour les classes de poisson 2-3g, 3-4g et 4-5g, respectivement). Le taux de perte était
nul dans toutes les catégories de poids. Ces données suggerent que la bonne taille pour le
marquage avec le systéme PIT est de 4 g. Aussi, et en optant pour le bien-étre des
poissons, ce genre de manipulation a été évaluée utilisant un marqueur moléculaire CYP
1A dans les 3 catégories de poids a 0 heure, 1 jour et 7 jours apres le marquage. Les
données de cette expérience ont montré que l'expression du gene entre les poisson
controles et les marqués n'est significatif que pour la catégorie de poids 2-3g. Ces

données confirment les suggestions précédentes.
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Le développement de ce type de marquage physique était nécessaire pour surveiller et
contrdler les poissons tout au long de son élevage. En plus il a été nécessaire de
développer des outils génétiques pour la caractérisation du lot des reproducteurs de
I'ICCM et pour l'assignation de chaque descendant a une paire de parents. Par
conséquence, deux PCR multiples spécifique (SRTs) et interspécifique (STRi) ont été
développés et composés de 8 et 10 marqueurs microsatellites, respectivement. Les
résultats des deux PCR multiples dans le lot des reproducteurs de 'ICCM ont montrés
une faible variabilité génétique qui se caractérise par un faible numéro d'all¢les, une
faible hétérozygosité observée et une coacendence trés élevée entre les individus du lot.
Avec cette faible variabilité et la haute consanguinité 82.8% ont été assigné a une seule
pair de parent, avec la formation de 59 familles et la contribution de 25 males et 22
femelles. En utilisant la progéniture attribuée a un couple de parents et ceux qui ont été
assigné a seulement un pére, on a pu utiliser 1070 poissons pour l'estimation des

parameétres génétiques.

La héritabilité des caractéres de poids, longueur et la compacité des poissons observés
a été faible a différents ages dans le lot de I'ICCM. A leur tour, les corrélations
phénotypiques de ces caracteres ont augmenté avec la proximité des ages. Méme dans le
cas de la corrélation génétique les corrélations étaient tres €élevées indépendamment de
l'age. Ces résultats suggerent que un programma de sélection génétique en maigre peu se

réaliser dés une age précoce pour les caractéres de croissance.

En utilisant les données, a date de sacrifice, des installations de 1'lCCM, ADSA et
CANEXMAR, les caracteres de croissance ont montré des héritabilités un peu plus élevé
que les précédentes, mais restent généralement faibles a modérés. Cela n’empéche que la

corrélation génétique et phénotypique ont été trés €élevées entre le poids et la longueur, ce
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qui confirme la théorie selon laquelle il suffit d'utiliser un de ces deux caractéres dans un
schéma de sélection visant la croissance. En méme temps une forte corrélation a été
détecté entre les caracteres de croissance et la carcasse (poids du filet, le poids viscéral).
Ces résultats, en plus, de la héritabilité similaire que existe entre ces caracteres confirme
l'utilité de I'estimation des caractéres de carcasse lors d’élaborer un programme de

sélection.

Dans ce travaille, la technique d'analyse d'image a été mis au point pour la premier
fois pour la estimation génétique des caracteres morphologiques chez les poissons. Les
résultats ont montré une forte corrélation phénotypique et génétique entre les caractéres
de échantillonnages (poids, longueur, le poids de filet et poids éviscéré) et les caractéres
a travers l'image analysée (surfaces, longueurs et largeurs), qui peut étre une nouvelle
stratégie lors de la conception du programme de sélection permettant l'utilisation d'une
technologie qui nous permet de gagner du temps dans l'échantillonage avec la méme

efficacité.

Aussi, les caractéres cardiorespiratoires ont montré une relation étroite entre le poids
du ventricule et des branchies d'une part et entre ces deux caractéres avec ceux de la
croissance. Ces données ont montré une haute corrélation physiologique entre les
différents organes liés a la croissance et ouvre de nouvelles expectatives dans 1'intégration

de nouveaux caractéres dans le schéma de sélection.

En plus, les caractéres de qualité ont montré une héritabilité¢ assez faible pour la
humidité, cendres, lipides et le collagéne. Et une héritabilit¢ modérée pour la graisse
viscérale. Bien que les corrélations montrent l'existence de deux pdles opposés
inversement corrélés entre eux. L’humidité, cendres et le collagéne sont inversement

corrélés avec les lipides, les graisses et les caractéres de croissance. Ces corrélations
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suggerent de prendre en compte les caractéristiques physiologiques de maigres pour
¢liminer les problémes dans la stabilité du produit final et, par conséquent, sa valeur

commerciale et des effets néfastes de la santé des poissons et 'efficacité biologique.
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I. Introduccion

1.1. Acuicultura mundial

En un contexto mundial caracterizado por la fuerte disminucion en la produccion de la
pesca, frente a un aumento constante de la poblacion y la demanda de productos
provenientes del mar, la acuicultura se estd consolidando como una alternativa
prometedora que podria cerrar la brecha entre la oferta y la demanda mundial de pescado.
Este sector es el que més crece dentro de los sectores alimenticios y estd en camino de
superar a la pesca extractiva, como principal fuente de pescado para el consumo humano
(FAO, 2010).

Aunque la acuicultura se ha practicado durante muchos siglos en algunos paises, sigue
siendo, en el contexto global, un sector joven en la produccion de alimentos, que ha
crecido rdpidamente en los ultimos 50 afios. La produccion mundial de la acuicultura se
ha expandido significativamente, desde menos de 1 millon de toneladas en 1950 hasta
52,5 millones de toneladas en 2008, un aumento tres veces mas rapido que la produccion
mundial de carne en el mismo periodo.

Asi, durante esta ultima década del siglo XXI, se ha visto un aumento importante de la
produccion acuicola frente a la de captura, con més de la mitad del conjunto de los
productos acuaticos consumidos actualmente por la poblacion mundial procedente de
granjas acuicolas (APROMAR, 2011). Sin embargo, la tasa de crecimiento de la
produccion acuicola se estd desacelerando bajo el impacto de diversos factores. Desde el
afio 2000, el crecimiento medio anual en la produccion acuicola ha sufrido un importante
descenso en Europa y América del Norte, alcanzando respectivamente el 1,7 y el 1,2 por
ciento. La produccién cayo en la ltima década en los paises que fueron vanguardistas en

el desarrollo de la acuicultura, como Espafia, Francia y Japon.
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No obstante, aunque la mejora anual en produccion no es muy importante, se ha
producido una mejora debida al desarrollo de nuevas tecnologias de cultivo y al
conocimiento de la biologia de las nuevas especies integradas dentro de los productos de
cultivo (Fotedar y Phillips, 2011). En el ano 2009, se estaban produciendo en el mundo
450 especies diferentes pertenecientes a los grupos de peces, moluscos, crustaceos, algas
y otros. De éstos, se pueden destacar mas de 274 de especies de plantas y animales
acuaticos producidos en cantidades significativas (més de 100 toneladas). Esta diversidad
se debe al elevado nimero de organismos acuaticos que pueden adaptarse a los sistemas y
condiciones de produccion controlada.

En los paises europeos, el cultivo marino de peces se limita a 5 - 6 especies que
representan mas del 90 % de la produccion. En el mar Mediterraneo, la produccion
acuicola marina estd limitada a tres especies: la dorada (Sparus aurata) con 96.419
toneladas, la lubina (Dicentrachus labrax) con 57.004 toneladas y el rodaballo (Psetta

maxima) 9.168 toneladas (APROMAR, 2011).

La introduccion de nuevas especies en el mercado Europeo y Mediterraneo servira
para la diversificacion de la produccion acuicola, ademés de para expandir y ampliar los
mercados existentes, reduciendo el riesgo de la fluctuacion de los ingresos y aumentando
la eficiencia de uso de los recursos existentes (CIHEAM, 1999). Aunque el interés de
introducir nuevas especies estd probado y mas de 20 nuevas especies con un importante
valor econémico y con un perfil prometedor han sido y estan siendo estudiadas a nivel de
investigacion (Barbato y Corbri, 1995; Kentouri et al., 1995; Lensi, 1995; Kozul et al,
2001; Roo et al., 2010), la introduccion a nivel industrial estd siendo lenta y poco
efectiva. Asi, podemos nombrar como especies introducidas con éxito recientemente a

nivel industrial, el sargo picudo (Puntazzo puntazzo) o la corvina (Argyrosomus regius).
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L.2. La corvina: Caracteristicas morfolégicas

La corvina, Argyrosomus regius (Asso, 1801), es una especie de agua marina
perteneciente a la familia de los Scianidos. Se caracteriza morfologicamente por una
cabeza relativamente grande y un cuerpo alargado, una boca en posicion terminal sin
barbillas, dos ojos bastante pequefios, una linea lateral evidente que se extiende sobre la
aleta caudal. Posee una segunda aleta dorsal mucho mas larga que la primera. La aleta
anal tiene un primer radio espinoso corto y un segundo muy delgado. Varios apéndices
ramificados estan presentes en la vejiga natatoria, que pueden vibrar produciendo un
sonido tipico conocido como 'ronquido' (Duhamel de Monceau, 1777; Dufosse, 1874).
Ademas, se caracteriza por dos otolitos muy grandes, un color de cuerpo gris-plateado,
con tintes bronceados dorsalmente, la base de las aletas café rojiza y la cavidad de la

boca amarillo dorada y un color post mortem café (Figura I.1).

Figura 1.1. Fotografia de un espécimen de corvina de cultivo.
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1.3. Distribucion geografica

La corvina se distribuye ampliamente por todo el Mar Mediterrdneo, aunque no es
muy habitual en las costas de Italia y Grecia. Es una especie comun en el Atlantico desde
las Costas noruegas por el norte hasta las Costas del Congo por el sur (Chao, 1986), y
segun Quéro y Vayne (1987), se encuentra en el Atlantico desde Islandia hasta el Golfo
de Guinea. Los peces mas grandes se encuentran a lo largo de la Costa oeste de Africa,
donde grandes cardimenes de corvina se encuentran alrededor de buques desechados en
los que crean su habitat varias especies comerciales. También se encuentra en la parte
occidental del Mar Negro, en el Mar de Marmara, y en el Mar Rojo desde el Canal de

Suez hasta el Océano Indico (Quéro, 1989).

Al ser la corvina una especie semi-pelagica costera, con tendencia demersal (Quéro y
Vayne, 1987), puede crecer hasta los 2 metros y alcanzar mas de 50 kg. El crecimiento se
logra principalmente durante el verano, ya que la actividad de alimentacion se reduce
substancialmente cuando las temperaturas del mar caen por debajo de 13-15°C

(FAO, 2012).

1.4. Reproduccion y biologia de la especie

Durante la migracion reproductiva a mediados de abril, las corvinas adultas se
aproximan a la costa y éstas penetran en los estuarios a finales de mayo para desovar
(migracion anadroma) (Quémener, 2002). Durante la estacion de desove, los machos
producen un sonido profundo tipico, empujando sus musculos abdominales contra la
vejiga natatoria. Desde mediados de junio hasta fines de julio abandonan los estuarios
para alimentarse a lo largo de la costa. Ellas permanecen en aguas poco profundas hasta el

comienzo del otofio. Durante el invierno, las corvinas retornan a aguas profundas.
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L5. Historia y situacion actual de la acuicultura

La corvina, como otros miembros de la familia Scianidae es en este momento objeto
de interés internacional de cara a su cria comercial, ya que presenta unas caracteristicas
bioldgicas excelentes permitiendo considerarla como una magnifica candidata para la
diversificacion productiva en acuicultura marina. Es una especie altamente fecunda,
ampliamente distribuida, con unos precios de mercado medio-altos y con buena
aceptacion por parte de los consumidores (Jiménez et al., 2005). Ademas, presenta la
ventaja afiadida de que se trata de una especie eurihalina, con un amplio rango de
tolerancia de salinidad, lo que permite su adaptacion a ambientes muy diversos, incluso a
la cria terrestre en aguas salobres. También tolera perfectamente la cautividad, como
demuestra su presencia en grandes acuarios, y presenta unas elevadas tasas de
crecimiento en engorde y unos buenos indices de conversion (Calderon et al., 1997,
Pastor ef al., 2002). Sus caracteristicas organolépticas demuestran que las corvinas de
engorde presentan unas cantidades inusualmente bajas de grasa mesentérica y muscular,
en comparacion con otras especies de granja, y un periodo de conservacion largo en
condiciones de refrigeracion, caracteristicas que permiten considerar a la corvina de

granja como un producto de excelente calidad (Poli et al., 2003).

La historia de la acuicultura de la corvina es bastante reciente. Los primeros ensayos
con reproductores silvestres fueron conducidos en el sur de Francia, donde se pens6 que
algunos peces de la familia Scianidae tenian buen potencial para acuicultura.
Comenzando en 1996, la produccion de alevines ha sido muy limitada, con un solo
criadero operando en Francia. La primera produccion comercial en Francia fue registrada
en 1997. Desde entonces, la produccion se ha expandido lentamente a las regiones

cercanas, especialmente en Italia, Espana, Egipto y otros paises del Mediterraneo, lo que
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ha promovido su produccion de alevines asi como la investigacion. La posible
contribucion a la diversificacion de las especies actualmente producidas en el
Mediterraneo, evitando con ello el estancamiento de las empresas del sector, hace que
esté considerada como especie prioritaria a nivel europeo en los programas nacionales de

investigacion y desarrollo de los paises mediterrdneos (Mateos, 2007).

En Espafia, la Junta Nacional Asesora de Cultivos Marinos (JACUMAR), organo
constituido por el Ministerio de Medio Ambiente, Medio Rural y Marino, a través de su
Secretaria General de Pesca unido a los Organismos Gestores de las CC. AA. y las
asociaciones representantes del sector productivo acuicola, ha considerado esta especie
como prioritaria y esta incluida en el Plan Nacional de Cultivos Marinos, siendo estudiada

actualmente en diferentes centros de investigacion con el objetivo de optimizar su cultivo.

Asi en la fase de estabulacion y puesta de reproductores, la primera referencia fue de
Calderon et al. (1997), realizandose con posterioridad la estabulacion de 361
reproductores divididos en tres centros de investigacion espafioles como desarrollo del
proyecto planes de cultivos marinos en la cria de corvina (PLANCOR) (Cardenas, 2010).
Uno de los tres centros anteriormente citados es el Instituto Canario de Ciencias Marinas
(ICCM), del que se ha descrito la evolucion de maduracion de su stock de reproductores
(Schuchardt ef al., 2007). Asi mismo, durante el desarrollo del citado proyecto se han
obtenido las primeras puestas inducidas mediante tratamiento hormonal en Espafia (Grau
et al., 2007), manipulaciéon que ha sido afinada y correlacionada con la calidad de la

puesta (Duncan et al., 2008, Fernandez-Palacios ef al., 2009b).

En cuanto a la cria larvaria de corvina se han realizado varios estudios del desarrollo
morfoldgico y fisioldgico de la especie (Jiménez et al., 2005; Cruz et al., 2007; Gamsliz y

Neke, 2008; Abreu et al., 2009; Fernandez-Palacios et al., 2009a), asi como estudios
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nutricionales (Hernandez-Cruz et al., 2007; Fernandez-Palacios et al., 2009a). Sin
embargo, el primer protocolo de alimentacion larvaria a escala industrial fue publicado
por Roo et al. (2010) en cuyo estudio se probaron 3 sistemas diferentes de cultivo

larvario basado en alternancia de alimento vivo e inerte.

Varios estudios se han realizado también en el pre-engorde y el engorde de corvina,
tratando de analizar la cria en varias salinidades (Tinoco et al, 2009), en varias
temperaturas (Lavié et al, 2008), en diferentes tipos de instalaciones (Jiménez et al.,
2005), con alimentacion en la que se valoraban diferentes niveles de lipidos (Chatzifotis
et al., 2010), y también la valoracion de varias concentraciones de proteinas de origen

vegetal en el crecimiento de la corvina (Estévez et al., 2011).

L.6. Produccion mundial y situacion del mercado

La produccion mundial de corvina fue nula hasta el afio 1997, fecha en la cual se
declararon 30 toneladas en la primera produccion. Durante los siguientes 5 afios la
produccion mundial de corvina se quedd estable en 30 toneladas, y desde el afio 2003 se
ha observado un aumento acelerado hasta el 2010 alcanzando una produccion de 3.855
toneladas (Figura 1.2). Esta produccion estaba hasta hace escasos afios limitada al sur de
Francia e Italia proviniendo el 90% del cultivo de jaulas marinas. Sin embargo, estos
ultimos afios se ha visto aumentada la produccion por la entrada de Espana y Egipto en la

produccion (FAO, 2010).

Atendiendo a los datos de la Federacion Europea de los Productores en Acuicultura
(FEAP), la produccioén de corvina en Europa en 2010 ascendié a 3.855 toneladas, un

77,7% mas que en 2009, cuando se produjeron 2.178 toneladas. El primer pais productor
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de corvina de acuicultura en Europa en 2010 fue Espana con 3.250 toneladas lo cual

representa el 84,3% del total de la produccion Europea (APROMAR, 2011). (Figura 1.3).

PRODUCCION MUNDIAL DE CORVINA
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Figura 1.2. Representacion grdfica de la produccion mundial de corvina.

En Espaiia la produccion de corvina esta creciendo a un ritmo frenético, duplicandose
de un afio a otro. Asi, la produccion del 2010 aumentd el 96% con respecto a la
produccion del afio anterior. Por comunidades auténomas, la primera en produccion fue
Catalufia en el afio 2004 con 10 toneladas y la Comunidad Valenciana con una tonelada.
En el 2010, la mayor produccién la generd6 Murcia con el 56 %, seguida por las otras

comunidades autonomas productoras (Figura 1.4).
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Figura 1.3. Representacion grdfica de la produccion espaiiola de corvina.

(APROMAR, 2011).

PRODUCCION DE CORVINA POR COMUNIDAD
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Figura 1.4. Distribucion de la produccion de corvina en el 2008 por comunidades

autonomas (APROMAR, 2009).
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En Canarias la primera produccion fue en 2006 con una produccion del 75 toneladas,
mientras que en el 2008 su produccion fue de 250 toneladas representando el 19,2% de la
produccion espafiola en esa anualidad (APROMAR, 2009), sin embargo en los dos

ultimos anos la produccion ha sido nula (APROMAR, 2011).

1.7. Justificacion

En un mundo donde la economia es fragil, e inmersos en una crisis que est4 afectando
a todos los sectores, la continuidad de una empresa acuicola sigue teniendo como objetivo
el conseguir la maxima rentabilidad econémica. Por una parte, optando por un rapido
crecimiento con los minimos gastos posibles, y de otra parte satisfaciendo la demanda del
consumidor, para lo que la obtencion de un producto comercializable sin deformidades,
de morfologia aceptable y color atractivo o igual al pez salvaje. Al mismo tiempo el
consumidor es mas exigente a la hora de elegir los productos, lo que incluye dentro de las
necesidades de las empresas acuicolas el tener un producto con una mayor calidad y una
mayor accesibilidad para el consumidor. Todo ello representa un reto mas para la mejora
de ciertas condiciones de cultivo. Sobre todo en una especie emergente como la corvina,
que tiene un gran potencial y donde el campo de mejora es todavia muy amplio en todos
los d&mbitos: nutricidon, manejo, protocolo de cultivo, reproduccion y genética, siendo este

ultimo sin duda, uno de los sectores que promete mayor margen de respuesta.

En este sentido, algunos experimentos en relacion a los distintos campos susceptibles
de mejora han sido abordados como son las condiciones de cultivo, el manejo
reproductivo o la nutricién, con un grado de desarrollo aceptable (Poli et al., 2003;
Jiménez et al., 2005; Hernandez et al., 2009; Tinoco et al., 2009; Chatzifotis et al., 2010;
Estévez et al., 2011; Grikorakis et al., 2011; Roo et al., 2010; Serezli et al., 2011). En el

ambito de la genética, tan solo se han realizado algunos estudios de variabilidad genética

12
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(Fasano ef al.,, 2006), ademés de la publicacion en la base de datos del Centro Nacional de
Informacion Biotecnologica NCBI de algunos marcadores moleculares (Porta et al.,
2010) que estan resultando muy utiles para el control, seguimiento y mejora de los stocks

de reproductores salvajes y cultivados de Italia y Espafia.

El objetivo principal de la genética aplicada consiste en el desarrollo de programas de
mejora con el fin de determinar qué animales pueden utilizar de una manera mas eficiente
los recursos disponibles, y donde es muy probable que al lograr este objetivo también se
seleccionaran los animales que se adaptan mejor al medio en cautividad, ya que deben
crecer mejor en estas condiciones (Gjedrem, 2005). En la acuicultura, los programas de
seleccion no son comunmente utilizados por las empresas, y muchas de ellas confian
todavia la produccion de especies a la captura de reproductores silvestres y / o larvas. Por
ello, son escasos los programas de seleccion genética desarrollados respecto a la cantidad
de peces producidos. A titulo indicativo 62 programas se estan desarrollando en peces y

mariscos, la mayoria de ellos se han realizado en salménidos (Rye et al., 2010).

Unas de las razones de la escasez de programas de mejora genética en acuicultura se
debe a que los ciclos reproductivos en muchas de las especies son a menudo complejos, la
domesticacion de los peces es bastante lenta y la realizacion de un esquema de seleccion
requiere del control de estos dos aspectos (Gjedrem y Baranski, 2008). Hasta ahora, no
ha existido un gran interés en el desarrollo de programas de mejora genética en la
acuicultura, siendo la informacidon sobre pardmetros fenotipicos y genéticos de interés

econdmico muy limitada o inexistente en la mayoria de las especies cultivadas.

En acuicultura la implantacién de un esquema de seleccion suele comenzar con la
optimizaciéon de caracteres de crecimiento como el peso, la longitud y la tasa de

crecimiento. La variacion de cada uno de estos caracteres, condiciona la rapidez de lograr

13
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un producto comercializable en un tiempo 6ptimo, lo cual incidird en un menor gasto en
alimentacion por una mejor tasa de conversion. Las primeras estimas sobre pardmetros
genéticos en especies acuaticas comenzaron en los afios 70, entre ellas las heredabilidades
para el peso y la longitud de trucha arcoiris (Oncorhynchus mykiss) (Aulstad et al., 1972),
y para el peso en carpa comun (Cyprinus carpio) (Kirpichnikov, 1972). Asi, se han
realizado varios estudios para estimar pardmetros genéticos en caracteres de crecimiento
en algunas especies de interés comercial como, rodaballo (Scophthalmus maximus)
(Gjerde et al., 1997), bacalao (Gadus morhua) (Gjerde et al., 2004; Kolstad et al., 2006),
en dorada (Sparus aurata) (Knibb et al, 1997; Navarro et al, 2009a), lubina
(Dicentrarchus labrax) (Dupont-Nivet ef al., 2008) y en European Whitefish o lavareto

(Coregonus lavaretus) (Kause et al., 2007, 2011).

El interés econdmico de estos caracteres de crecimiento se ha visto confirmado
positivamente en el Programa Nacional de Seleccion del Salmon del Atlantico (Noruega),
en el cual durante dos generaciones de seleccion solamente se incluyeron estos caracteres

(Gjedrem, 2000).

Hasta hace poco tiempo, la estima de los pardmetros genéticos estaba limitada a estos
caracteres de crecimiento. Sin embargo, con el cambio del perfil del consumidor y la
demanda del mercado, la estrategia de seleccion ha incluido otros aspectos de
conformacién y/o cualitativos, apareciendo con ello el interés en conocer cudles son los
parametros genéticos de caracteres de calidad del pez y de composicion de la canal y la

carne.

El peso y el porcentaje del filete han sido de los caracteres de la canal mas estudiados,
sobre todo por especies destinadas al mercado de fileteo o incluso en aquellas en las que

potencialmente podrian destinarse al mismo, tales como la tilapia del Nilo (Rutten et al.,

14
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2005; Nguyen et al., 2010), el salmon del Atlantico (Powell et al, 2008), la trucha
arcoiris (Kause et al., 2007), la carpa comun (Kocour ef al, 2007) y la dorada (Navarro

et al., 2009a).

Otros caracteres ligados directamente al peso eviscerado tales como el peso canal, el
porcentaje canal y la grasa visceral han sido introducidos dentro de programas de
seleccion genética en peces, debido al interés econdmico que puede suponer el peso util
del pescado (Elvingson y Nilsson, 1993; Kause ef al., 2002; Kause et al., 2007; Vieira et

al., 2007; Powell et al., 2008; Navarro et al., 2009b; Kause et al., 2011).

A su vez, el valor nutricional del pescado se caracteriza por su contenido en humedad,
materia seca, proteina, lipidos, vitaminas y minerales, mas el valor calérico de los mismos
(Evangelos et al.,1989). Se trata de caracteres importantes para el consumidor que han
sido estudiados ampliamente desde el aspecto bioquimico en la mayoria de peces de
cultivo. Sin embargo, los estudios de estimacion de parametros genéticos para la mayoria
de estos caracteres son escasos (Navarro ef al., 2009b), excepto en el caso de los lipidos
donde han sido publicadas varias estimas (Gjerde y Schaeffer, 1989; Rye y Refstie, 1995;

Quinton et al., 2005; Vieira et al., 2007; Powell et al., 2008; Navarro et al., 2009b).

Asi mismo, la calidad organoléptica del pescado resulta imprescindible en la
evaluacion de la calidad del mismo, a través de atributos como son el sabor, la jugosidad,
la textura y la apariencia. Las estimas genéticas de estos caracteres son escasas y se
suelen limitar a las heredabilidades del color o luminosidad del filete como las realizadas
por Gjerde y Schaeffer (1989), Powell ef al. (2008), Vieira et al. (2007), en salmén
Atlantico, o de la textura estimada mediante medida indirecta basada en la concentracion

de colageno en el musculo de dorada (Navarro et al., 2009b).

15
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En corvina no existe ninguna publicacion de estimas de parametros genéticos como la
heredabilidad o las correlaciones genéticas. Sin embargo, si se han desarrollado trabajos
dirigidos al estudio de la calidad del pez abordando caracteres de crecimiento y de calidad
desde el punto de vista fenotipico, asi como estudios comparativos de la corvina con otras
especie de cultivo como la dorada y la lubina (Poli ef al., 1999, 2001; Lanari et al., 1999),
basados en caracteres de calidad, donde se concluye que se trata de una especie muy
diferente de las otras especies de acuicultura. Dicha diferencia parece muy clara cuando
se comparan la corvina y la lubina del mismo tamafio comercial, observando un 88%
menos de grasa abdominal y 83% menos de grasa intramuscular en corvina; esto puede
ser explicado, segin Poli ef al. (2003), por un uso diferente de la dieta, situando a la
corvina mas cerca del pez gato salvaje. Para Bykov (2000), la corvina tiene una posicion
intermedia respecto a su composicion corporal dentro de las especies acuicolas de mayor
relevancia como la dorada y la lubina. También, el andlisis sensorial pone de relieve el
mantenimiento del 94% del perfil corporal del pez y el 44% del rendimiento filete en

corvina sin ninguna influencia del rango de peso (Poli ef al., 2003; Grikorakis et al.,

2011).

Por otro lado, para establecer un programa de seleccion genética que aborde tanto
caracteres de crecimiento como caracteres de calidad de los peces, se requiere del
conocimiento de la genealogia de la descendencia. Sin embargo, en la mayoria de los
casos este conocimiento no es posible por la técnica empleada en la obtencion de huevos
a escala industrial y que suele realizarse mediante puesta masal, la cual es la estrategia
mas extendida para garantizar los costes de produccion en las empresas de cultivo y las
necesidades de mercado. Desde el punto de vista genético, esta estrategia presenta la

ventaja de que minimiza las fuentes de parecido por ambiente comun entre los miembros
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de la misma familia (Herbinger et al., 1999), lo que proporciona una mayor exactitud de
las estimas. Sin embargo, tiene el inconveniente de que imposibilita conocer la genealogia
de los peces, que es un requisito indispensable para estimar parametros genéticos. Bajo
estas circunstancias, la trazabilidad de la genealogia a lo largo del desarrollo se puede
realizar mediante la utilizacidon conjunta del marcaje individual de los peces con sistemas
fisicos de marcaje como el Passive Integrated Transponder (PIT) y del andlisis de un

panel de marcadores moleculares como pueden ser los microsatélites.

El PIT tiene la ventaja de ser un marcador de uso practico, manejable, automatizable,
con un amplio margen de cddigos numéricos y que ofrece gran seguridad a la hora de
marcar los peces respecto a supervivencia y crecimiento de los peces, y alta tasa de
retencion de la marca inclusive en tallas pequenas (Navarro et al., 2006; Soula et al.,
2012). Este marcaje, se ha empleado en la gestion de stocks en acuicultura, donde la
mayoria de los trabajos estan orientados a contrastar el efecto de esta técnica de marcaje
sobre el crecimiento y la supervivencia de los peces (Prentice et al., 1990; Baras et al.,
1999, 2000; Navarro et al., 2006; Soula et al., 2012). Puesto que cada especie tiene
diferentes grados de aceptacion de los PITs debido a sus condicionantes biologicos, es
dificil la interpolacion entre especies. Asi, el sistema PIT ha sido utilizado en un gran
nimero de peces y crustaceos como son los salmonidos (Gries y Letcher, 2002; Dare
2003; Sigourney y Horton, 2005; Acolas et al.,, 2007; Dieterman y Hoxmeier, 2009), la
perca (Baras ef al, 2000), la tilapia (Baras et al., 1999), el labeo roho o carpa hinda
(Mahapatra et al, 2001; Bollan et al, 2009), el cavilat (Bruyndoncx et al., 2002;
Knaepkens ef al., 2007), el pargo (Quartararo y Bell, 1992), la dorada (Navarro et al.,

2006) y el bocinegro (Soula ef al., 2012).
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En cuanto a los marcadores moleculares, los microsatélites se han convertido en unos
de los mas utilizados para una amplia variedad de estudios genéticos (Liu y Cordes,
2004). Se ha desarrollado un gran nimero de microsatélites en varias especies acuicolas
(Herbinger et al., 1999; Batargias et al., 1999; Pérez-Enriquez et al., 1999; Delghandi et
al., 2003; Jackson et al., 2003; McDonald ef al., 2004; Sekino et al., 2004; Chistiakov et
al., 2005; Yutao et al,, 2007; Navarro et al., 2008; Gheyes et al., 2009; Borrell et al.,

2011).

En la familia de los Scianidos, ha sido descrito un numero significativo de
microsatélites. En el corvinon ocelado (Sciaenops ocellatus) se han descrito 100, 38 y 30
microsatélites por Karlsson et al. (2008), O'Malley et al. (2003) y Turner ef al. (1998),
respectivamente. En la corvina japonesa (Pseudosciaena crocea) 36 microsatélites fueron
publicados por Ning et al. (2007) y 11 por Chang et al. (2008). En la corvinata amarilla
(Cynoscion acoupa) se han caracterizado 17 microsatélites (Farias et al., 2006). En
mulloway (Argyrosomus japonicus) han sido descritos 15 marcadores microsatélites
(Archangi et al., 2009). En Argyrosomus regius, recientemente han sido publicados en la
base de datos del NCBI 23 marcadores microsatélites (Porta et al., 2010), lo que permite

disponer de un niimero suficiente de microsatélites para inferir con éxito la genealogia.

Sin embargo, el elevado numero de microsatélites necesarios para inferir la genealogia
de una poblacién o conocer la diversidad genética de la misma aumenta los costes de la
aplicacion de la técnica (Liu y Cordes, 2004). Un método cominmente utilizado para
reducir costos y maximizar la eficiencia de la amplificacion de microsatélites es la técnica
de PCR Multiplex (Olsen et al., 1996; Neff et al., 2000; Wesmajervi et al., 2006; Navarro
et al, 2008). Que consiste en la co-amplificacion de multiples marcadores de

microsatélites en una sola reaccion.
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1.8. Objetivos

Considerando todo lo anteriormente expuesto, el objetivo general de este trabajo es
desarrollar y conjugar metodologia que permita desplegar e imbricar la mejora genética
en el sistema de produccion de corvina a escala industrial, sin que las empresas tengan
que modificar su modelo de produccion y negocio, dando asi un valor afiadido a su

explotacion comercial.

Para llevarlo a cabo, han sido definidos varios objetivos especificos:

1. La puesta a punto de las condiciones Optimas para el marcaje fisico de la corvina, desde
tallas pequenas, con el sistema de marcaje individual Passive Integrated Transponder

(PIT).

2. La puesta a punto de dos PCRs multiplex con marcadores microsatélites especificos e
interespecificos que sean robustas, econdmicas y utiles para inferir las relaciones de

parentesco entre stocks de reproductores y descendientes bajo condiciones industriales.

3. La estima de heredabilidades y correlaciones genéticas y fenotipicas para caracteres de
interés comercial, con el fin de que el sector industrial disponga de informacion que le
permita tomar decisiones mas adecuadas de cara a explotar la rentabilidad de sus

poblaciones sin modificar su idiosincrasia de produccion.
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II. Materiales y métodos

El desarrollo de este trabajo se dividi6 en 3 experimentos diferentes y
complementarios. El primer experimento tenia como objeto la puesta a punto del sistema
de marcaje Passive Integrated Transponder (PIT) y la evaluacion del estrés posterior al
marcaje en los peces. Con el segundo experimento se puso a punto dos PCR multiplex,
formadas por un total de 18 marcadores microsatélites especificos e interespecificos, para
la caracterizacion genética de los reproductores del lote perteneciente al Instituto Canario
de Ciencias Marinas , asi como para la reconstruccion de la matriz de parentesco de los
descendientes de los mismos. En el tercer experimento, los datos del marcaje de los peces
y las dos PCRs multiplex fueron utilizados para el seguimiento y la asignacion de
parentesco de tres lotes de corvina criados en diferentes ambientes (en el ICCM, en las
empresas ADSA y CANEXMAR), con el fin de estimar las heredabilidades,
correlaciones genéticas y para los caracteres de interés comercial (crecimiento,

rendimiento, calidad del pez y de la carne).

11.1. Marcaje en corvina

11.1.1. Experimento marcaje con el sistema PIT

Para conseguir el objetivo propuesto se llevaron a cabo tres experiencias a distintos
pesos; 2, 3 y 4 gramos. En todas las experiencias se utilizaron corvinas procedentes de la
cria intensiva realizada en las instalaciones de mesocosmos del Instituto Canario de
Ciencias Marinas, en condiciones industriales. Los peces fueron aclimatados inicialmente
a las condiciones experimentales durante 15 dias en tanques de 1000 litros antes de ser

utilizados para el marcaje.
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Todos los peces fueron capturados y tratados del mismo modo, tanto los peces
marcados como los no marcados o control. Se anestesiaron con aceite de clavo en un cubo
de 10 litros a una concentracion del 4%, con componente activo el eugenol, a partir de un
stock de clavo con las siguientes proporciones; 50% clavo y 50% etanol. Posteriormente,

los peces fueron pesados y medidos.

En cada uno de los tres grupos, se usaron 300 peces repartidos en tres tanques (100
peces por tanque). Dentro de cada tanque, 50 peces fueron utilizados como controles y
marcados con el sistema de marcaje Visible Implant Elastomer (VIE) en la zona
interorbital, tal y como ha sido descrito por Soula ef al. (2012). La marca VIE permitio
distinguir a los peces control de los peces marcados con PIT que hubieren perdido el
mismo. Para marcar los peces escogidos segiin rango de peso, con el sistema PIT (0,1
gramo de peso y 12 mm de longitud; EID Ibérica SA — TROVAN, Madrid), los PITs
fueron previamente reconocidos con el lector (AEG ID, ARE HS5) y almacenados en tubos

eppendorf con etanol hasta el momento de su uso (Figura II.1).

Los PITs fueron introducidos en la parte abdominal de los peces usando unas jeringas
especificas para marcaje de mamiferos. Al final del proceso las lesiones provocadas por el
marcaje fueron cubiertas con gel antiséptico dermatologico (Povidona iodada) para evitar
cualquier infeccion en el pez. El proceso de marcaje fue realizado siguiendo las

recomendaciones de Navarro et al. (2006).

Los peces se mantuvieron durante un periodo de 30 dias con una tasa de alimentacion
del 7% de la biomasa corporal a razon de 3 tomas diarias con pienso de la empresa
SKRETTING®. Las condiciones fisico-quimicas del cultivo durante estos 30 dias fueron
las siguientes: 22,75 + 0,4 °C de temperatura media, 37 %o de salinidad, 5,64 + 0,4 ppm

de oxigeno y una renovacion de agua por hora.
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Se realizaron muestreos a los 0, 15 y 30 dias para el peso y la longitud. También
diariamente se colectaron los peces muertos. Al final de los experimentos se valor6 la
mortalidad, la tasa de retencidon y los pardmetros de crecimiento en cada categoria de

peso.

11.1.2. Valoracion del estrés por marcaje

11.1.2.1. Material biologico

Con el fin de evaluar el efecto del sistema de marcaje PIT sobre el estrés en corvina,
se analiz6 el marcador molecular CYPIA en cada categoria de peso (Figura II.2). Para
lograr este objetivo, en cada experiencia, fueron utilizados 132 peces y fueron evaluados

tres puntos de muestreo (Oh, peces control, un dia - 1d y siete dias - 7d).

El efecto sobre la expresion del CYP1A entre dias se evitd con la cria de peces en tres
tanques separados. Por lo tanto, fueron utilizados 60 peces en cada punto de muestreo (1d

y 7d), donde cada tanque contenia 10 peces marcados y 10 peces control.

Los peces fueron sacrificados con 2-fenoxietanol (1:1000 v/v) para evitar el estrés
aditivo. Cuatro peces marcados y cuatro controles fueron extraidos de cada tanque, en
cada punto de muestreo, y se colocaron en una bandeja de hielo y se procedio a la
diseccion. Los higados de cuatro peces de cada grupo se extrajeron y se mantuvieron en
tubos con RNAlater (Sigma®), y se almacenaron a 4°C durante 24 horas. A continuacion,

el RNAlater fue retirado y las muestras fueron almacenadas a -80 ° C hasta su analisis.
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Figura Il.1. Passive Integrated Transponder (PIT)
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11.1.2.2. Extraccion del ARN y la sintesis del ADNcopia

El ARN total fue extraido a partir de aproximadamente 100 mg de tejido, usando 1 ml
del TRI-reagent (Sigma®) después de la homogenizaciéon con Tissuelyser (Qiagen™). El
cloroformo y el isopropanol fueron usados para la separacion y la precipitacion del
sedimento del ARN, respectivamente. Los pellets fueron hidratados con 200 ul de agua
Milli-Q estéril, previamente tratadas con DEPC 0,1% y se mantuvieron a -80°C hasta su
analisis. La concentracion del ARN total, la pureza y la calidad se midieron con el
espectrofotometro NanoDrop-1000 (Thermo Scientific®). La transcripcion reversa (RT)
se realizo en reacciones con volumenes de 20yl con el Kit iScript'™ de sintesis de ADN
copia (BioRad, Hercules, California), que contiene 1 g de ARN total. Una vez realizadas
todas las transcripciones, las poblaciones de ADN copia se mantuvieron a -20°C hasta su

analisis.

11.1.2.3. Diserio de los cebadores y secuenciacion de los amplicones.

Los cebadores para el CYP1A y el gen constitutivo 16S ribosomal (Mueller ef al.,
2006) fueron disefiados con el programa Gene-runner (v.3) utilizando las secuencias
disponibles en la base de datos del Centro Nacional de Informacion Biotecnologica
(NCBI). La alineacion de los genes de diferentes especies se llevo a cabo con el programa
MEGA (v.4) para buscar regiones conservadas, eligiéndose los cebadores de acuerdo a
criterios de tamafio de la presencia de amplificacion, horquilla o dimeros y la diferencia
de temperatura de fusion de imprimacion. Los cebadores secuenciados estan ilustrados en
la Tabla III.1. Los amplicones obtenidos por la PCR fueron purificados y secuenciados
utilizando el Kit BigDye® Terminator Cycle Sequencing (v3.1), siguiendo las
recomendaciones del fabricante para asegurar la correcta amplificacion de los genes

diana. Los productos se secuenciaron en un ABI-Prism 3100 Genetic Analyzer (Applied
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Biosystems®) y los electroferogramas se analizaron con el programa MEGA (v.4). La
comparacion fue realizada mediante la funcion BLAST del NCBI para buscar

homologias.

11.1.2.4. PCR a tiempo real

Todas las reacciones de PCR se realizaron en el termociclador con moédulo 6ptico i-
Cycler (Bio-Rad®), utilizando 12,5 ul de brillante SYBR Green QPCR Master Mix (Bio-
Rad®), 1 ul de una dilucién de ADN copia 1:0.5 y la cantidad previamente optimizada de
cada cebador en un volumen final de 25 ul. Las condiciones de amplificacion consistieron
en 40 ciclos de desnaturalizacion a 95°C durante 2 min y una extension final de 72°C
durante 30 segundos. Las temperaturas optimas de hibridacion para los genes 16S
ribosomal y CYP1A, asi como las concentraciones y los tamafios de los amplicones
esperados, se recogen en la Tabla III.1. Se utiliz6 la diluciéon de una muestra de
referencia por duplicado para obtener la curva de calibracion y para calcular la eficiencia

de la reaccion. La expresion génica relativa fue estimada por el método de A-A (Livak y

Schmittgen, 2001).

I1.1.2. Analisis estadistico

Para el andlisis de las variables de peso, longitud, tasa de crecimiento diario, se utiliz6
el siguiente modelo lineal general (1), una vez comprobada la normalidad y la

homocedasticidad de los datos, utilizando el programa SPSS v19.0;
Yig=utoiteg (1)

donde p es la media de la poblacion, ;. es el efecto fijo del tanque y g;; es el error residual

de la muestra j;.
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En el caso de la mortalidad se aplico el siguiente modelo loglineal (2):

In fi=utaith; + oy (2)

donde In f;; es la frecuencia esperada de la celda j;, u es la media de los logaritmos de las
frecuencias esperadas, a; es el efecto de la categoria i-ésima del factor, f; es el efecto de
la categoria j-ésima del factor, af3;; es el efecto debido a la interaccion de la categoria i-

¢sima y la categoria j-ésima.

11.2. PCRs Multiplex

11.2.1. Material biologico

En este experimento, fueron analizados un total de 577 individuos: 76 reproductores
(38 hembras y 38 machos) aclimatados en las instalaciones del Instituto Canario de
Ciencias Marinas (ICCM, Islas Canarias, Espafia), la mayoria de ellos provenientes de
una empresa de la Isla de Tenerife, 475 de sus descendientes fueron obtenidos por puesta
masal. Un total de 19 descendientes provenian de los reproductores pertenecientes al
Institut de Recerca i Tecnologia Agroalimentaries (IRTA, Tarragona, Espaia), que fueron
capturados originalmente en la costa sur de Portugal (Faro), y 7 eran especimenes

silvestres (5 peces de Egipto y 2 peces de la costa de Marruecos).

Los 475 descendientes fueron marcados con el sistema PIT a los 120 dias después de
la incubacion y fueron criados hasta los 446 dias de edad. Durante este periodo, la
densidad de cultivo fue entre los 6 y 13 kg/m3 y los peces fueron alimentados con piensos
62 de Ecolife (Proaqua, SA), siguiendo la tabla de alimentacion ofrecida por la empresa
con una tasa del 1,4 al 3% de la biomasa de los peces, y una frecuencia de alimentacién

de tres veces al dia.
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Cada 30 dias, se realizaron muestreos de los peces midiendo el peso y la talla (Figura
I1.3). Al final del experimento cuatro puntos de interés econdmico fueron elegidos para
ser utilizados en el andlisis fenotipico y genético: 120 dias después de la eclosion (DPH)
es la edad de marcaje, 150 DPH es la edad a la que los adquieren las empresas de
engorde, 296 DPH es el final del invierno y 446 DPH es la edad de sacrificio. A esta
edad, las aletas de los peces se cortaron y conservaron en etanol absoluto a temperatura

ambiente.

El ADN se extrajo de las aletas siguiendo el método del fenol-cloroformo descrito por
Sambrook et al. (1989) con modificaciones del laboratorio de Genética Marina del
Instituto Universitario de Sanidad Animal y Seguridad Alimentaria (IUSA). Dicho ADN
se almacen6 a 4°C en tampon TE (Tris 0,01 mM y 0.001 mM EDTA, pH 8,0) (Anexo 1).
La calidad y la cantidad del ADN se evalu6 mediante un espectrofotometro Nanodrop

1000 (Termo Scientific®).

I1.2.2. Disefo de las Multiplex

En este estudio, se siguieron tres pasos para concretar el disefio final de las PCRs
multiplex. En primer lugar, tras revisar el total de microsatélites descritos en la familia
Scenidae, se escogieron 49 juegos de cebadores microsatélites que a priori cumplian las
mejores condiciones de amplificacion interespecifica y especifica: 15 microsatélites
descritos en verrugato del sur (Argyrosomus japonicus) (Archangi et al., 2009),
11 microsatélites en corvinon ocelado (Turner et al., 1998; O'Malley et al., 2003),
1 microsatélite en corvinata amarilla (Farias ef al., 2006) y 22 microsatélites especificos
descritos en la corvina (Porta et al., 2010). Posteriormente, se realizd la puesta a punto de
los mismos mediante barridos de temperatura de hibridacion y concentracion de cloruro

de magnésio. Las mejores condiciones de cada marcador se utilizaron para amplificar 10
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muestras en las que evaluar el potencial informativo de los marcadores que amplificaron.
Los genotipos se analizaron mediante electroforesis en gel de poliacrilamida al 5%
durante 2 horas (1,3 voltios/cm), y se revelaron mediante tincién de plata (SequenceTM

de Sequencing DNA System, Promega), siguiendo las recomendaciones del fabricante.

En segundo lugar, solo los marcadores que amplificaron debidamente (21
interespecificos y 15 especificos) fueron redisefiados, sus cebadores, para amplificacion
en multiplex, sintetizandose a su vez con diferentes fluorocromos predeterminados para
su correcta conjuncion en la multiplex. Con el total de microsatélites disponibles, se
disefiaron 4 PCRs multiplex, dos interespecificas (Meagre STRi PLEX-A y Meagre
STRi PLEX-B) y dos multiplex especificas (Meagre STRs PLEX-C y Meagre

STRs PLEX-D) (Tabla IL.1).

Finalmente, a partir de los 36 marcadores microsatélites inicialmente redisenados, 18
fueron descartados por causas variadas como: amplificacion pobre, rango de
amplificacion inadecuado, tamafo de los alelos o ausencia de polimorfismo. Los
marcadores restantes se combinaron en dos reacciones multiplex robustas, en las que
hubo que modificar algin fluorocromo y redisefiarse algin cebador; éstas quedaron
compuestas por 10 microsatélites interespecificos (STRi) y por 8 microsatélites

especificos (STRs) (Tabla I1.2).
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Figura I1.3. Muestreos mensuales
v final de corvina
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11.2.3. Condiciones de las PCRs

Los cebadores fueron redisefiados para obtener una amplificacion en el rango de 70 a
154 pares de bases (pb). Las secuencias de alta complejidad fueron eludidas durante el
redisefio para garantizar la sensibilidad y la especificidad del ensayo multiple. El objetivo
era obtener una temperatura de fusion tedrica de 60°C+2°C a una concentracion de sales
(K+, Na+, Tris+ o NH4+) de 180 mM. Un 35-60% del contenido del GC de la secuencia
del cebador se asegurd, para evitar la cartilla que se localiza en los palindromos u
homopolimeros como el poli (dT) de mas de cinco bases. Todos los candidatos fueron
analizados para la formacién horquilla o estructuras secundarias utilizando el programa
que se encuentra en Integrated DNA Technologies
(http://www.idtdna.com/Scitools/Applications/mFold/). =~ Las  primeras  estructuras
secundarias estables entorno a cada region microsatélite fueron evitadas por debajo de los
-13 kcal-mol-1 umbral de la energia libre (Yuryev ef al., 2002). Las caracteristicas de los
cebadores han sido elegidas para garantizar la misma eficiencia de amplificacion de la
PCR para todos los fragmentos de ADN como se describi6 previamente (Sanchez et al.,

2003).

Inicialmente, cada grupo de cebadores fue probado individualmente en cinco muestras
con el fin de corroborar una amplificacion correcta con el cebador modificado, asi como
para detectar el tamafio de los alelos y la identificacion de los microsatélites. Los
marcadores de microsatélites sin amplificacion individual fueron descartados de la

reaccion multiplex.

Las PCRs multiplex fueron optimizadas siguiendo las recomendaciones de Navarro et
al. (2008). Por ello, se utilizdo una concentracion inicial de 0,2 M de cada cebador y

fueron modificadas las concentraciones de los cebadores para obtener alturas de pico en
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el electroferograma comprendidas entre 600 y 3000 Related Fluorescence Unit (RFU)
para cada marcador microsatélite. En primer lugar, los pares de cebadores con
amplificacion RFU alta se redujeron y luego los de baja RFU se incrementaron. La
concentracion total utilizada se ajust6 a 0,7 M al final del proceso. Las concentraciones y
las caracteristicas de los cebadores finales de la STRi y STRs se presentan en la Tabla

I1.2.

Las condiciones de amplificacion consistieron en una desnaturalizacion inicial a 94°C
durante 10 minutos, seguido por 30 ciclos a 94°C durante 30 segundos, 60°C durante
1 minuto y 65°C durante 1 minuto, con una extension final a 65°C durante 60 minutos.
Las reacciones se llevaron a cabo en un volumen final de 12,5 ml con las concentraciones
de los siguientes componentes: 1X GeneAmp PCR Buffer II (100 mM Tris-HCI pH 8,3,
KCI 500 mm) (Applied Biosystems®), 3 mM MgCl2, 0,2 mM de cada dANTP, 0,05
unidades Gold AmpliTaq ADN polimerasa (Applied Biosystems”), 12 ng de ADN molde,

y entre 0,01-0,06 M de cada cebador.

Después de obtener las concentraciones Optimas de los cebadores, todas las muestras
fueron amplificadas con ambas multiplex, con el fin de confirmar la segregacion de alelos
de cada locus, conocer la variabilidad genética de todos los marcadores microsatélites y

validar la eficacia de éstas en la determinacion del parentesco entre peces.

Antes de ejecutar las reacciones multiplex en el secuenciador automético, se
verificaron los productos amplificados en gel de agarosa al 2% durante 30 minutos (8
v-cm-1) para evaluar la amplificacion correcta de los amplicones. Mas tarde, 1 ul de los
productos amplificados se mezcld con 9,75 ul de formamida Hi-Di y 0,25 ul de 500 -250
LIZ GeneScan (Applied Biosystems”™) como estandar de tamafio, y se procesaron en un

analizador ABI Prisma-3130-XL Genetic (Applied Biosystems™) con 36 cm capilares y
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usando el POP-4 como polimero (Applied Biosystems®) (60°C, 3000V, 1500). Los
electrofenogramas y los genotipos fueron evaluados con los programas de GeneScan

(v3.7) y Genotyper (v3.7) (Applied Biosystems, Inc.).

11.2.4. Analisis de los datos

El equilibrio de Hardy-Weinberg, la probabilidad de exclusion (PE) y la probabilidad
de exclusion combinada (PEC) para la pareja de los padres posibles (Jamieson y Taylor,
1997), la heterocigosidad observada y esperada, el contenido de informacién polimoérfica
(PIC) y la frecuencia teorica de alelos nulos (Summers y Amos, 1996), se estimaron con

el programa Cervus 3.0 (Kalinowski et al., 2007).

Las asignaciones de los padres entre los reproductores y sus descendientes del lote del
ICCM se determinaron utilizando el método de exclusion, con un programa no comercial
proporcionado por Vandeputte et al. (2006). La coascendencia del stock se calculd

utilizando el programa Sofsog (Ferndndez y Gonzalez-Martinez, 2010).

I1.3. Estima de heridabilidades y correlaciones genéticas

11.3.1. Material biologico

En mayo del 2006, se adquirié un lote de corvinas de 140 individuos con un peso
medio 1,5 kg a una empresa con jaulas situadas en la isla de Tenerife, desde donde fueron

trasladadas a nuestras instalaciones del ICCM en la isla de Gran Canaria.

Los reproductores se mantuvieron en tanques de 10 m3. Una vez trascurrido el
periodo de adaptacion, se procedid a un primer muestreo (julio del 2006) en el que se

marcaron con PITa todos los individuos supervivientes. Los peces se alimentaron con una

racion del 1% de su biomasa, con una dieta comercial (Proaqua®, 10 mm).
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TABLA I1.2. NOMBRE DE LOCUS, FLOROCROMOS (F), FORWAD Y REVERSE SECUENCIAS DE LOS CEBADORES,

CONCENTRACIONES DE LOS CEBADORES (CP) (MM) EN LAS DOS PCR MULTIPLEX FINALES.
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TABLA I1.2. NOMBRE DE LOCUS, FLOROCROMOS (F), FORWAD Y REVERSE SECUENCIAS DE LOS CEBADORES,

CONCENTRACIONES DE LOS CEBADORES (CP) (MM) EN LAS DOS PCR MULTIPLEX FINALES

(CONTINUACION).
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En abril del 2008, y después de una induccion hormonal, se recogidé una mezcla de
una puesta masal de 4 tanques de reproductores de corvina y se realiz6 el cultivo larvario
en las instalaciones de mesocosmos del ICCM, siguiendo el protocolo de dichas

instalaciones publicado posteriormente por Roo et al. (2010).

A una edad de 120 dias se repartio el lote de corvina en tres ambientes diferentes: en
jaulas de la empresa CANEXMAR, en las instalaciones de tierra de la empresa ADSA y
en las instalaciones de engorde del ICCM (Figura I1.4). Estos ultimos peces se marcaron
con PIT y se repartieron al inicio en 14 tanques de 500 I, hasta enero del 2009 cuando se
trasladaron a 12 tanques de 1000 1. Durante este periodo la densidad vari6 entre 6 y 9
kg/m3. Desde febrero se intento mantener los peces a una densidad media de 13 kg/m3
para lo que hubo que realizar sacrificios de algunos peces, de los que se conservaba

siempre muestra de aleta para la extraccion de ADN.

Durante todo el cultivo en las instalaciones del ICCM los peces se alimentaron 3
veces diarias con el pienso Ecolife 62 de la empresa (Proaqua S.A®) siguiendo la tabla de
la misma empresa con una variacion de tasa de alimentacion entre 1,4 y 3% de la

biomasa.

Entre finales de julio y agosto del 2009 se procedid a sacrificar los peces en hielo y
agua en los tres lugares de cultivo. Se sacrificaron 477 peces en el ICCM, 400 en ADSA
y 310 en las instalaciones de CANEXMAR. A todos ellos, se les tomo una muestra de la
aleta caudal que fueron utilizadas para la extraccion de ADN (apartado 3.2.1) necesario

para la asignacion de parentesco (apartados 3.2.3 y 3.2.4).
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I1.3.2. Caracteres analizados

Para la obtencion de los valores de las diferentes variables a analizar, se procedio en el
muestreo final de la siguiente forma. En un primer tiempo, los peces fueron pesados y
medidos, se valoro el color de la piel y se tom6 una foto en la posicion dorsal y de perfil
de manera individual. En un segundo tiempo, se procedid, a la diseccion del pez, en la
que se pesaron el corazon, las branquias, la grasa eviscerada y el pez eviscerado, o peso
de canal. Por tltimo, se filetearon los peces, se quitd la piel y se almacenaron a -20°C al

vacio. Asi los caracteres analizados (Figura I1.5 y I1.6) durante este experimento fueron:

K/
L X4

Peso

DS

» Longitud total: Longitud desde la cabeza hasta el final de la cola.

DS

» Compacidad o indice de condicion: Relacion entre el peso y la longitud calculado

como sigue: 100 x peso x longitud °.

» Analisis de imagen: A partir de las fotos dorsales y laterales individualizadas por

)

pez, se cred una aplicacion informdtica para la estima de varios parametros
morfoldgicos: 4area total, area filete, area dorsal, ancho cabeza, ancho cola, ancho
dorsal, ancho filete, ancho maximo, longitud cabeza, longitud dorsal, longitud filete

y longitud total (Anexo 1), usando el programa MATLAB.
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Figura I1.4. Diserio del experimento y instalaciones de cultivos, ICCM, CANEXMAR y
ADSA.
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s Color: El color se determin6 detras de la aleta pectoral con un colorimetro
triestimulo (Minolta Chroma Meter CR-200, Minolta, Osaka, Japon). Los parametros
de color son la luminosidad L*(que oscila entre 0 para el negro y 100 para el blanco),
la cromaticidad a* (desde el rojo al verde) y la cromaticidad b* (desde el amarillo al
azul), de acuerdo con las recomendaciones de la Comision Internacional del
Alumbrado, CIE (1976). Mediante el a* b* se calcul6 el valor de la tonalidad (Hab).
El color observable (Hue), que es una medida angular en la que 0° indica un color
rojo, 90° denota un tono amarillo, 180° un color verde y 270° un color azul, se

calculé mediante la ecuacion: Hab = arctg (b * / a *) (Hunt, 1977).

< Peso canal: Peso del pez una vez eviscerado manualmente (incluyendo el rifidon) y

secado.

« Rendimiento canal: Peso canal expresado como porcentaje del peso del pez sin

eviscerar (100 x peso canal x peso pez ).

< Peso filete: Peso de ambos filetes del pez, tras haber quitado la piel y haber fileteado

manualmente, sin incluir ni el lomo y ni la ventresca.

« Rendimiento filete: Porcentaje del peso de los filetes respecto al pez eviscerado

(100 x peso filete x peso pez ).

¢ Grasa Visceral: Peso de la grasa que se encuentra dentro de la cavidad visceral del

pez.

< Porcentaje Grasa Visceral: Peso de la grasa que se encuentra dentro de la cavidad

visceral del pez respecto al peso total (100 x peso grasa visceral x peso pez ).

DS

» Peso ventricular: Peso del ventriculo extraido.
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Porcentaje ventricular: Peso del ventriculo extraido del pez, respecto al peso total

(100 x peso ventriculo x peso pez ).

Peso de las branquias: Peso de ambas branquias juntas.

Porcentaje de las branquias: Peso de las branquias extraidas del pez, respecto al
peso total (100 x peso Branquillas x peso pez ).

Humedad: Peso de agua perdida de una porcion del musculo mantenida a una
temperatura de 105°C hasta que no varia su peso. La cantidad de humedad se expres6

como porcentaje de carne humeda (Anexo 1).

Cenizas: Precalcinado de la muestra en placa calefactora, evitando que se inflame,
tras ello e incinerada en la mufla a 550 °C durante 8 horas, hasta cenizas blancas
grisaceas. La cantidad de cenizas se expres6 como porcentaje de carne humeda

(Anexo 1).

Grasa muscular: Cantidad de grasa mediante el método Soxhlet. Hasta su pesado se
mantuvo en el desecador. La cantidad de grasa se expresé como porcentaje de la

grasa seca (Anexo 1).

Colageno: Cantidad de colageno en una muestra de filete por el método descrito por
Palka (1999). Método basado en la determinacion de la cantidad de hidroxiprolina
por valoracion colorimétrica, previa hidrélisis en medio acido de las proteinas y
oxidacioén de la hidroxiprolina, puesto que €ste es un aminodcido abundante en el
colageno y poco frecuente en otras proteinas. Para convertir la cantidad de
hidroxiprolina en colageno, se utiliz6 el factor de 8 usado en lubina (Periago et al.,

2005). Se expres6 como miligramo de colageno por gramo de carne himeda.

47



: p MATERIALES Y METODOS

11.3.3. Analisis de datos

Todos los descendientes y los reproductores se genotiparon utilizando las dos PCRs
multiplex, la STRi y la STRs (apartado 3.2) y la asignacion se realizé con el método de

exclusion, utilizando el programa de Vandeputte et al. (2006).

Los datos de todas las variables, previamente comprobada su normalidad y su
homogeneidad de varianzas, se analizaron aplicando un modelo lineal general, para
detectar la significacion del efecto tanque y estacion utilizando el programa SPSS (v 19.0)
(SPSS, Chicago, IL, EE.UU.). En el caso de las variables de calidad, fue necesaria la

transformacion logaritmica.

La repetibilidad de los caracteres de la composicion de la carne se calculod usando el

programa SPSS (v 19.0), mediante el siguiente modelo lineal:

Yij=pt+Fite

donde Y es el dato del pez, p es la media de la poblacion, F; es el efecto fijo del individuo
y € es el error residual (réplica). Las componentes de varianza de todos los caracteres
considerados en este estudio se estimaron por maxima verosimilitud restringida (REML)
utilizando el programa VCE (v 6.0) (Kovac et al., 2002), mediante el siguiente modelo

lineal:

y=XB+Zu+eg

donde y es el dato del caracter, B los efectos fijos (estacion y tanque), u es el efecto
animal aleatorio y & el error residual. Las magnitudes de las estimas de las
heredabilidades se establecieron siguiendo la clasificacion de Cardellino y Rovira (1987),

en la que se consideran bajas entre 0,05 y 0,15, medias entre 0,20 y 0,40, altas entre 0,45
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y 0,60 y muy altas las superiores a 0,65. Respecto a las correlaciones se clasificaron como

bajas (0-0,40), medias (0,45-0,55) y altas (0,60-1), independientemente del signo.

Figura I1.5. Muestreo para los caracteres de la carcasa y de calidad analizados.

Figura I1.6. Detalles de los protocolos de trabajo para los caracteres de calidad
analizados.
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III. Evaluation of PIT tagging system as method to tag
fingerlings of meagre (Argyrosomus regius); its effect on

growth, survival, tag retention and fish stress.

IIl.1. Abstract

Meagre (Argyrosomus regius) is one of the new species in Mediterranean aquaculture. In
this study, the optimal fish size for Passive Integrated Transponder tagging system (PIT)
was examined, more concretely, its effect on fish growth, survival and tag loss rates. Fish
of three weight classes (2-3 g, 3-4 g and 4-5 g) were studied. For each one, 300 fish (150
tagged and 150 untagged fish) were distributed in three tanks and used. Results showed
that PIT tagging did not effect on fish growth in any weight class. The corrected mortality
rate was 9.9%, 13.6% and 6.6% for weight classes 2-3g, 3-4g and 4-5g, respectively, and
it was concentrated in the first days after tagging. Tag loss rate was null in all three
weight classes. With respect to fish stress, CYP1A gene expression was evaluated at
0 hours, 1 day and 7 days after tagging (sampling points), for 2 g and 4 g weight classes.
At 2 g weight class, an effect of tagging on CYP1A gene expression was detected. At4 g
weight class, not significant difference between tagged and untagged fish, at any
sampling points, was detected. These results suggest that the most appropriate size for
tagging meagre fingerlings is from 4 g onwards, with minimum effect on mortality and

without effect on fish growth and tag loss rates and fish stress.

Keywords: Meagre, Argyrosomus regius, Passive Integreted Transponder, PIT, stress,

welfare, Cytochrome P450.
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II1.2. Introduction

Meagre (Argyrosomus regius), a marine Scianedae, is one of the most promising
species for Mediterranean aquaculture due to its rapid growth rate, good quality and
excellent conversion rate (Quéméner, 2002). These factors, taken together with wide
saline range of meagre, had allowed its fast expansion in European and African
aquaculture, with an exceptional production increase in the last 7 years (APROMAR,

2011).

Even meagre production can be widely improved by development of its culture
conditions in nutrition, engineering techniques, reproduction or genetics (Poli ef al., 2003;
Lagardere y Mariani 2006; Hernadndez et al, 2009; Roo et al., 2010). It is usually
produced by mass spawning in order to have a high quality of eggs and rentability. Mass
spawning reduces the common environmental sources of variation (Herbinger et al.,
1999), but it also prevents the traceability of fish genealogy (Jennings et al., 2009).
However, to introduce improving by genetic programs through the estimation of breeding
values for economic traits, the coefficient of relatedness (between breeders and
descendants) must be known. It can be achieved by combination of molecular genetic

markers and physical tagging system (Navarro ef al., 2009a, 2009b)

Passive integrated transponder (PIT) is an individual and internal physical tagging
system widely used in fish because it has a low effect on fish survival and growth and
high retention rates at small sizes (Prentice et al, 1990; Nunnallee et al., 1998;
Ombredane et al., 1998, Baras et al., 1999, 2000; Navarro et al., 2006; Soula et al.,
2012). However, species show different PIT acceptance degrees due to biological
characteristics of fish and welfare condition requirements, so is difficult to interpolate

tagging conditions between species, and these have to set up for each species.
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Nowadays, European (Council Directive 86/609/EEC), National (Royal Decree
1201/2005), and Regional (Decree 117/1995) legislations regulating the welfare
experimental conditions, due to inappropriate breeding techniques so management
produce fish stress and, consequently physiological equilibrium degradation (Barton and
Iwama, 1991; Barcellos et al., 2001, 2004; Biswas, 2006). In this sense, to trace the fish
welfare by stress is important. Many studies were realized to control the stress reaction
caused by fish confinement and manipulation (Barton et al,1998, Barton, 2000;
Bayunova et al.,2002; Lankford et al., 2003, 2005; Wuertz et al., 2006; Webb et al.,
2007). These studies used serum and plasma cortisol concentration (Barton, 2002), heat
shock proteins (Iwama et al., 1998) and cytochrome P450 monooxygenase (Jorgensen et
al., 2001; Gornati et al.,, 2004). The cytochrome P450 1A (CYP1A) is important in the
biotransformation of xenobiotics (Andersson and Forlin, 1992, Goksgyr and Forlin, 1992;
Stegman and Hahn, 1994), and it has also been used as biomarker in environmental
biomonitoring studies (Gokseyr y Forlin 1992) due to its adaptative response (Ortiz de
Montellano, 2005). However, only plasma cortisol and heat shock proteins have been
measured as physiological factors for PIT tagging system in rainbow trout (Feldhaus et

al., 2008).

II1.3. Materials and Methods

111.3.2. Physical tagging experiments

111.3.2.1. Design and conditions

To achieve the proposed objectives of this study, three experiments were realized at
different fish weights; 2, 3 and 4 g. In all experiments, meagre fingerlings from the

mesocosm facility at Instituto Canario de Ciencias Marinas (ICCM) were used. Before
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tagging, fish were initially acclimated to the experimental conditions during 15 days in
1000 1 tanks. Tagged and untagged fish were manipulated equally along experiments
(capture, anesthetized and sampled). For anesthetized process, fish were subjected a

0.002% clove oil solution, from a stock of 50% clove oil and ethanol.

In each experiment, 300 fish were used and distributed in three tanks, each one
containing 100 fish, where 50 fish were tagged with tagging system Passive Integrated
Transponder (PIT; 0.1 g and 12 mm in length, EID Ibérica SA-TROVAN), in the
abdominal cavity, according to the tagging protocol previously reported by Navarro ef al.
(2006). The other 50 fish were used without tag, untagged or control fish. To distinguish
between PIT tagged fish that there were lost tag and untagged fish within the same tank,
control fish were previously tagged by tagging system VIE in the head between the eyes,
to estimate exactly the PIT tag retention. In spite of that VIE tag has not effect on growth
and survival for different species (Astorga et al, 2005; Soula ef al., 2012), Previous
experiments were carried out in order to check that there were no VIE tagging system
effect on meagre growth and/or survival (unpublished data). Fish were reared during 30
days under the same temperature, salinity and dissolved oxygen of water conditions

(22.5+0.35°C, 37%0 and 6.20+0.43 ppm, respectively). Fish were fed three times per day

with a specific feed rate of 7% using a commercial diet (Skretting®, Spain).

I1I1.3.2.1. Growth, mortality and tag retention rates, and wound healing

Samplings for weight and length were performed at 0 hours (Oh), 15 and 30 days (15d
and 30d, respectively). Concerning mortality and tag retention rates, fish were daily

measured, being presented as accumulated data at 15 and 30 days. Wound healing was
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visually evaluated at 15 and 30 days by a numeric scale (1, total healed; 2, partially

healed; 3, not healed).

111.3.3. Molecular stress experiments

111.3.3.1. Fish rearing and sampling

In order to precise the effect of tagging system on fish stress, the genetic expression of
CYPIA molecular marker was quantified in each weight class,. To achieve it, 132 fish
per weight class were used. Three sampling points were considered (Oh, zero hours; 1d,
one day; 7d, seven days). CYP1A expression influence on each other was avoided by
rearing fish in three separated tanks. Thus, 60 fish were used in each sampling point (1d

and 7d), each tank containing 10 tagged fish and 10 untagged fish (control).

Fish were slaughtered with 2-phenoxyethanol (1:1000 v/v) to avoid additive stress. At
each sampling point, four untagged and four tagged fish were slaughtered from each tank,
and placed on ice and dissected. Livers from each group of four slaughtered fish were
extracted and kept in tubes with RNAlater™ (Sigma®), then, they were incubated at 4°C

for 24 hours. Later, RNAlater™ was removed and samples stored at -80°C.

111.3.3.2. RNA extraction and cDNA synthesis

After homogenization of, approximately, 100 mg of tissue with Tissuelyser
(Quiagen®), 1 ml TRI Reagent (Sigma® Ambion) was added and total RNA was
extracted, by adding. Then, chloroform and isopropanol were used to separate and
precipite, respectively. Pellets were hydrated with 200 pl of Milli-Q sterile water,
previously treated with 0.1% DEPC, and kept at -80°C until analysis. Total RNA

concentration, purity and quality were measured by NanoDrop 1000 Spectrophotometer
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(Thermo Scientific®). The reverse transcription (RT) reactions were carried out in 20ul
volumes with iScript™ c¢DNA Synthesis Kit (Biorad®), containing 1pg of total RNA.

After that reactions, all cDNA populations were kept at -20°C until analysis.

111.3.3.3. Primer design and amplicons sequencing

Primers for CYP1A gene and 16S ribosomal housekeeping gene (Mueller et al., 2006)
were designed by Gene Runner software v.3. and from National Center for Biotechnology
Information (NCBI) free sequences. Alignment with other species was carried out by
MEGA v.4 to search conserved regions. Primers were chosen according to the amplicon
size, hairpin or dimmers presence and difference in melting primer temperature. Primer
sequences are shown in Table 3. To ensure the correct amplification of the target genes,
amplicons obtained by PCR were purified and sequenced by using the BigDye®
Terminator v3.1 Cycle Sequencing Kit and following the recommendations of the
manufacturer. The sequencing products were run on an ABI Prism 3100 Genetic Analyzer
(Applied Biosystem®), and electropherograms were analyzed in MEGA v.4 software. To
search for homology, the Basic Local Alignment Search Tool (BLAST) was performed

by NCBL

111.3.3.4. Real-Time PCR

All PCR reactions were performed in i-cycler with optical module (Bio-Rad®), and a
final volume of 25 pl, using 12.5 pl Brillant SYBR Green gPCR Master Mix (Bio-Rad®),
1 pl of the cDNA (1:5 dilution) and an amount previously optimized of each primer.
Running conditions consisted of 40 cycles with a first step of denaturation at 95°C for 2
min, and a final extension of 72°C for 30 sec. The annealing temperature was optimized

for CYP1A gene and 16S ribosomal, as shown in Table III.1, together with concentrations
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and amplicon expected sizes. Dilutions of a reference sample were used, and run in
duplicate to obtain the calibration curve and calculate the reaction efficiency. Relative

gene expression was estimated by the A-A method (Livak and Schmittgen, 2001).

111.3.4. Data analysis

All data were tested for normality and homogeneity of variances. Weight data were
statistically analyzed by the statistical package SPSS v19 (SPSS, Chicago, IL, USA),
according to the following General Linear Model, where tank and tag are considered

fixed factors:

Yie=u+ o+ B+ (af)yt e

where u is the population mean, a;the fixed effect of the tank, f;the fixed effect of the

tag, (af); the interaction between factors, and €;; the residual error.

Mortality data and tag loss rate were calculated as a cumulative percentage at the end

of the experiments, and analyzed according to the following loglinear model:

In fi=utotpi+ afy

where f;is the expected frequency of the cell i, u is the mean of the logarithms of
expected frequencies, o; is the effect of the i category of the mortality or loss factor, B is
the effect of the jth category of the weight range or tagging system category and af;is

the interaction between these factors.
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TABLE II1.1. SEQUENCE, TEMPERATURE ANNEALING (TM), ACCESSION NUMBER, EXPECTED SIZE (ES) AND
FINAL CONCENTRATION (CF) IN RT REACTION SIZES OF AMPLICONS OF THE PRIMERS USED IN THIS

STUDY.

Gene Primer  PRIMERS SEQUENCE 5'-3’ ‘::g;’e:"‘ T*m (°C) Es(pb)  Cf (pmoles/l)
Forward AACTCC AAT GTC CAG ATG TCA G

CYPIA 151 0.6
Reverse  TTC CTC TAT CTCTGG GTA AGC

51

Forward  AAC AGA CCC GCC AACTAG

168

ik DQ916162 170 1

Reverse  GGC AGG ACCTCT TAT TCG

II1.4. Results

I111.4.1. Growth, mortality and tagging loss at different sizes

At the beginning of the experiments, none of the three tagging sizes showed any
statistically significant difference between tagged and untagged fish in weight and length
(P>0,05) (Table III.2). At 15 days after tagging, a statistically significant difference was
shown in weight and length between tagged and untagged fish (P<0.05) for 3 gand 4 g
weight classes, and only in length for 2 g weight class. At the end of the experiments,
there were no statistically significant differences in weight and length between tagged and
untagged fish for 2 g and 4 g weight classes (P>0,05), but it was statistically significant

different for 3g weight class (P<0.05).
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Mortality was accused in the first day of experiments for all weight classes, being
higher and significant in tagged fish versus untagged fish (Table I11.2). At 15 days after
tagging, data showed a corrected mortality with respect to untagged fish of 9.9%, 13.6%
and 6,6% for 2 g, 3 g and 4 g weight classes, respectively. Being obtained statistically
significant differences between tagged and untagged (Zigged untagged Values -4.16, -5.04 and
-3.45, respectively). At the end of the experiments, corrected mortalities were 12.2%,
14.2%, and 4.3% at 2 g, 3 g and 4 g weight classes, respectively, and statistically

significant differences (Zcontrol tagged Values -4.57, -5.02 and -2.25, respectively).

Retention rates were high in all weight classes (98.7%, 92.8% and 99.3% for2 g,3 g
and 4 g, respectively) without differences retention rate between 15d and 30d after
tagging. Concerning healing time, at day 15 after tagging, a total wound healing was
observed for 84% of tagged fish in all weight classes (80%, 84% and 87% for 2 g, 3 g and
4 g, respectively). At day 30, all tagged fish showed 100% wound healing rate

(Table III.3).

111.4.2. Evaluation of tagging system on fish stress

CYPIA was evaluated at 0 h, 1d and 7d after tagging for 2 g and 4 g weight classes,
results are resumed in Figure III.1. Statistical analysis showed no significant difference
between tagged and untagged fish, in every sampling point, for both weight classes.
However, a statistically significant difference was detected within experiment, between
sampled point at 1d and 7d. So, a major expression of CYP1A gene was observed at
7 days in both experiments. Likewise, the same sampling point showed a statistically
significant difference between experiments, being the highest expression observed in the

lowest body weight fish.
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TABLE 1I1.2. BODY WEIGHT (W), LENGTH (L) AND MORTALITY (M) IN TAGGED AND UNTAGGED FISH AT 0, 15

AND 30 DAYS FOR 2, 3 AND 4 G. EXPERIMENT IN MEAGRE.

(S0°0>d) uQIolIp AJUeBdIJIUSIS 9IB IOIJ[ Swes oy3 SuLIeYS JOU MOI OB UIYIIM dN[BA

9'1¢ aZ'6 o' €T At 196 817 | (%)W
€0°0FI1°6 | 1SO'0F8I'6 | =S0°0766'8 | £0'0F8I'8 | ¥O'OFSI'S | 90°0F€T® | (Wo) T
TIOFIT | oLTOFOE'TT | wLI'OFHHOT | 1°0769°L | €1'0FHO'L | STOFILL | (B) M

(4114 €21 6L 80T 4! 8 N | Aepog
9z q€9 oL'61 §'0T q€'S ST | (W)W
€0°0F16'L | oE0°0FI08 | «SO°0FBL'L | €0°0FTI'L | ab0'OFLI'L | S0°0FS0'L | (Wo) T
9007569 | oL0°0FII'L | «I0FI9°9 | S0°0F80'S | LOOFII'S | 800FL6'Y | (B) M

1444 (43 76 0¥ LET £01 N | Aepg
10°0765°9 | T0°0F9'9 | TO'0F8S'9 | TO'OTHR'S | €0°0FH8'S | TO'OFHS'S | (wd) T
10°0F1S°E | TO'0FS'E | TO'OFIS'E | 10°076S'T | TO'0F8S'T | T0'0F6S'T | (B) M
70€ 151 I1S1 £0€ £ST 0ST N | Aepo
[e10L paddeuny | peddey ol | paddmun | peddef
3¢ 3z

62



EVALUATION OF PIT SYSTEM

TABLE II1.3. WOUND HEALING RATE IN TAGGED MEAGRE AT 2, 3 AND 4 G. WEIGHT CLASSES.

15 d Wound healing Wound healing final

Almost total total Almost total no

80.2 15,8 4 100 0 0
84.8 12 3.3 100 0 0
87.3 11 1.7 100 0 0
Total 84.2 12.9 2.9 100
e N

® Exp 1 Control

‘+

Exp1l tagged
= Exp 3 control

H Exp3 tagged

Relaive CYP 1A expression

Lemnl B =

Sampling points

- J

Figure II1.1. CYPIA expression evaluation for tagged and untagged fish at Oh, 1d, 7d
after tagging.
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II1.5. Discussion

111.5.1. Evaluation of tag system

Tagging systems are an important research tool that permit to track fish migration,
spawning behaviour, growth and survival. Fish farms also use tagging for selection and
rearing to know fish traceability (Nielsen, 1992). Tagging systems need to be tested for
every species because of their difference in susceptibility to anaesthesia and
manipulation, capacity for recovery, growth rate and morphology (Navarro ef al., 2006).
In this sense, it is important that tagging systems do not interfere with long-term growth
This study showed that there is no effect of PIT tagging system on growth from 2 g
weight class (3 g weight class fishes do not corroborate this data because they suffered

from bacterial infection during this experiment).

At the same time, 4-g weight class tagged fish showed lower weights than untagged
fish after the two first weeks, which was compensated at day 30. This PIT effect after
tagging and compensatory growth has also been reported in other species like Nile tilapia
(Baras et al, 1999), Eurasian perch (Baras et al., 2000), rainbow trout (Bateman and
Gresswell, 2006), gilthead seabream (Navarro et al., 2006), brown trout (Acolas et al.,
2007), olive flounder (Lee ef al., 2009), juvenile pikeperch (Hopko et al., 2010), and red

porgy (Soula et al., 2012).

In this study, mortality reported an inverse correlation with weight class, where higher
mortalities were presented for lower weight classes. This is in concordance with results of
Mahapatra et al. (2001), who found mortality rates of 20%, 12%, 10% and 2% at 2-4 g,
4-6 g, 6-8 g and 8-15 g rohu carp (Labeo rohita) fish, respectively. Other authors

described different mortalities depending on fish size for gilthead seabream fingerlings
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(14.3% in 2-3 g fish, 3.4% in 3-4 g fish and 2.7%, in 4-8 g ) (Navarro ef al., 2006), and in
red porgy (45,7% and 14 % at weight classes 5-10 g and 10-20 g, respectively) (Soula et
al., 2012). Moreover, Sigourney and Horton (2005) reported a positive correlation
between fish survival and fish size on 2.5 g Atlantic salmon (Salmo salar). Pires et al.
(2010) observed mortality rate ranged between 0 and 8% for 80 Iberians cyprinid fish
with length between 66 mm and 124 mm. Although, in olive flounder, a mortality rate of
5% was detected in higher weight fish (502 g) (Lee ef al., 2009). These results confirm
that mortality, after PIT tagging, depends on each physiology species and stress caused by

manipulation.

In this study, retention rate was high and satisfactory. Data were in concordance with
the majority of studies where retention rate ranged from 95% and 100%, as in juvenile
chinoock salmon (Oncorhynchus tshawytscha) (Prentice et al., 1990), in Atlantic salmon
(Zydlewski et al., 2009), in gilthead seabream (Navarro ef al, 2006), in cyprinid fish
(Bolland et al., 2009), in kelp grouper (Epinephelus bruneus) (Park y Park, 2009) and in

red porgy (Soula et al., 2012).

Wound healing rates were in concordance with Soula et al. (2012) for red porgy, and
by Navarro et al. (2006) for 2-8 g for gilthead seabream. However, in this study, at day 15
after tagging, a higher wound healing was detected in higher weight size fish. This
contrast with data reported by Knapkens et al. (2007) and Soula ef al. (2012), who found

a mean wound healing time lower for small size fish.

Taken together, our results demonstrate that, from 2 g. weight, there is no tag effect on
growth at long-term experiments. Furthermore, the higher tag retention rate and fast

wound healing support the possibility to tag fish from 2 g weight. However, the higher
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mortalitiy for 2 g and 3 g weight classes respect to 4 g weight points out 4 g weight class

as an ideal body weight to tag meagre fingerlings.

111.5.2. Evaluation of PIT tagging system on fish stress.

Understanding physiological fish reaction to PIT tagging system is an added value to
adjust the optimum conditions and healthy behaviour of fish during and after tagging
process. In this sense, Feldhaus et al. (2008) observed that handling and PIT tagging were
stressful during the first 2 hours after tagging for rainbow trout, being cortisol a
physiological indicator. Genetic expression of CYP1A gene may be too influenced by
endogenous factors as cortisol (Quabius et al., 2005). This gene has mainly been used as
xenobiotic biomarker in fish (Jonsson et al, 2010; Celander et al., 2011), and its
derivated disease susceptibility (Bravo ef al., 2011). Sampling and tagging represent
stressful situations which cause an increase of plasma cortisol in fish (Jergensen ef al.,
2001; Feldhaus et al., 2008), and can modulate the gene expression of several stress

related genes.

In this study, there is not any statistically significant difference of CYP1A gene
expression between tagged and untagged fish, at any sampling point, confirming that PIT
tagging system was not effect on that fish stress physiological marker. At the same time, a
clear effect of the management process on CYP1A gene expression has been reported, at
the lowest weight class. These data report that fish with low weight show a high
sensitivity under manipulation. Using cortisol as indicator, the same tendency was
observed in rainbow trout at first day after tagging. However, this increase was followed
by a rapid recovery in subsequent days (Feldhaus et al, 2008). While, for 4 g weight
class, there was not significant effect among sampling points, and comparing experiment

1 and experiment 3, these results prove that CYP1A gene expression, after PIT tagging,
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has a clear relationship with fish weight. Higher weight meagres had more capacities to
accept and to respond to the fish tagging system process manipulation. The lower genetic
expression of CYP1A in the experiment 3 with respect to the experiment 1 confirms that
4 g is the best weight class for PIT tagging meagre without significant effects on fish

behaviour and with lower stress response.

These data confirm the role of CYP1A as a general stress protein (Morel and Barouki,
1999; Andrews, 2000). In fact, this gene have been used as indicator in the evaluation of
the confinement process in fish (Gornati ef al., 2004; Olsvik et al., 2006), as well as

immunity response in human (Fujii-Kuriyama and Kawajiri, 2010).

II1.6. Conclusion

In this study, data for growth, mortality and tag retention rates and fish stress showed
that the optimum weight for meagre tagging with PIT tagging system is from 4 g weight.
In addition, CYP1A has been reported as biomarker to evaluate meagre stress caused by

PIT tagging process.
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IV. Genetic variation for growth traits at different ages in
meagre (Argyrosomus regius), under mass spawning
determined parental assignment by using two multiplex

PCRs.

IV.1. Abstract
In this study, for the first time on meagre (Argyrosomus regius), and under industrial
conditions, heritabilities and genetic correlations among growth traits are reported. Two
Multiplex PCRs (intra-specific or STRs and inter-specific or STRi) were used to
determine genotypes for 17 microsatellites, to reconstruct genealogy and to estimate
additive genetic variation at different growth ages. Breeders from different sources and
475 of their descendents were analyzed for validation purposes. On breeders, the number
of alleles per marker ranged from 2 to 13, and the mean observed heterozygosis was 0.61
for STR1i, and 0.59 for STRs. For each multiplex PCR, the a priori combined exclusion
probability was higher than 0.99, and the mean value of polymorphic information content
was 0.56 for STRi and STRs. These two new multiplexes allowed to successfully assign
77.7 % of descendents to a single pair parents from 76 breeders. Only 22 dams and 21
sires contributed to mass spawn. Heritabilies for weight and length at 120, 150, 296 and
446 days post hatch (DPH) were low and the correlation from phenotypic point of view
with slaugthering weight trait, 446 DPH (0.45 to 0.7). Genetic correlations were high
between weight and length at different ages. These data suggest that direct genetic
selection on growth traits, from early life stages, is possible in meagre, under industrial

culture conditions.
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heritability, genetic correlation, growth.
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1V.2. Introduction

Meagre (Argyrosomus regius) is a new emergent species in Mediterranean
aquaculture due to its fast growth rate, adaptatability and facility to be handle during
breeding period. It is a highly fecund species widely distributed with important market
prices and is well accepted by consumers (Pastor ef al., 2002; Quéméner, 2002). Its
culture, reproduction and on-growing were initially developed in France at the beginning
of 2000 (Poli et al., 2003). Thereafter, meagre production has considerably increased and
its fry demand from the on-growing companies has doubled. At the same time, research
studies on this species have increased and some studies concerning nutrition, larval
rearing and its biochemical quality have been published (Roo et al., 2010). However,
there are no studies about genetic variation determination of economic traits, as previous

step to develop genetic selection schemes on meagre.

Selection programs maximize the genetic response of different traits and farmers’
benefits. However, there are few a selection schemes in fish in spite of their industrial
production levels (Rye et al., 2010), where different traits are considered as selection
goals (growth rate, carcass quality, sexual maturity, resistance disease, etc..). Growth rate
is the most important trait in fish breeding programs, being studied in different species
(Neira et al., 2004; Kolstad et al., 2006; Powell et al., 2008; Navarro et al., 2009a;
Vandeputte ef al., 2009; Saillant et al., 2009; Kuukka-Anttila et al., 2010; Nguyen et al.,
2010; Kause et al., 2011). Growth rate is selected via weight at different ages, genetically
correlated, allowing the possibility of early selection (O’Flynn et al., 1999), and increases
the accuracy of selection indexes (Falconer and Mackay, 1996). Moreover, the
aquaculture market demands imposes the estimation of genetic variation of some critic

life stages during the rearing period.
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For genetic studies, the knowledge of relationships among fish, and the traceability of
each fish during its rearing process are necessary. However, like other cultured species at
commercial scale cultured species, meagre egg production is produced by mass spawning
in order to preserve a sufficient quality, and to minimize manipulation and economic
costs. This technique does not permit to establish neither a relationship knowledge nor a
fish traceability, a limitation which was overcome combining genetic and physical

markers (Navarro et al., 2006, 2008; Soula et al., 2012).

Microsatellites markers are useful tools in aquaculture research (Liu and Cordes,
2004), including genealogy inference. However, depending on the number of breeders
and their inbreeding level, these genetic analyses costs could increase exponentially (Liu
and Cordes, 2004). An effective method to reduce costs and genotyping errors is the
develop of multiplex PCR (Olsen et al., 1996; Neff ef al., 2000; Wesmajervi et al., 2006;
Navarro et al., 2008), as described for different commercial species; rainbow trout
(Oncorhynchus mykiss) (Fishback et al., 1999), Atlantic salmon (Salmo salar) (O'Reilly
et al., 1996), cod (Gadus morhua) (Delghandi et al., 2003), cobia (Rachycentron
canadum) (Pruett et al, 2005; Renshaw et al., 2006), brown trout (Salmo trutta)
(Lerceteau-Kohler and Weiss, 2006), Senegalese sole (Solea senegalensis) (Porta et al.,
2006), silver carp (Gheyes et al., 2009), gilthead seabream (Sparus aurata) (Navarro et
al., 2008; Borrell et al., 2011), and red porgy (Pagrus pagrus) and redbanded seabream

(Pagrus auriga) (Navarro et al., 2008).

Within the Scianidae family, a significant number of microsatellites has been
described (Turner ef al. 1998; O'Malley et al., 2003; Farias ef al., 2006; Ning et al., 2007;
Chang et al., 2008; Karlsson et al., 2008; Archangi et al, 2009). Recently, 23 new

microsatellite markers for meagre were published in the NCBI database by Porta et al.

74



MICROSATELLITE PCRs V!

(2010), which significantly increased the number of microsatellites to infer genealogy.
The only published reference of multiplex PCRs in Scianidea family is in red drum
(Renshaw et al., 2006), describing six multiplex PCRs using 31 microsatellites, between 5
- 6 microsatellites in each PCR. Furthermore, these multiplex PCRs were elaborated
looking for the best combination of primers with the same annealing temperature. Saillant
et al. (2009) successfully used the same multiplex PCRs in a breeding program in

juvenile red drum.

The aim of this study was heritability and genetic correlation estimation for growth
traits in meagre at different ages, by using two new multiplex PCRs composed for a high
number of polymorphic specific intra- and inter-specific microsatellite markers. This

enabled to perform high quality pedigree and genetic variability studies.

1V.3. Materials and methods

1V.3.1. Biological sampling

A total of 577 individuals were analyzed: 76 breeders (38 females and 38 males) of a
broodstock which was acclimated at the facilities of the Instituto Canario de Ciencias
Marinas (ICCM, Canary Islands, Spain). Most of the individual were from a private
company of Tenerife Island (Canary Islands, Spain); 475 descendants were obtained by
mass spawning from these group of breeders; 19 descendants were from a broodstock of
the Institut de Recerca 1 Tecnologia Agroalimentaries (IRTA, Tarragona, Spain),
originally captured in the South coast of Portugal (Faro); and 7 individuals were wild

specimens (5 fish from Egypt and 2 fish from Morocco coast).

The 475 descendants were tagged with Passive integrated transponder (PIT) at 120

days post hatch and reared till 446 days, when they were sacrificed. During this period,
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the rearing density ranged between 6 and 13 kg/m’. Fish were fed with feed 62 of Ecolife
(Proaqua* S.A.), according to the feed table provided by supplier (1.4% and 3% of fish

biomass), three times per day.

Every 30 days, fish were sampled and weight and length were measured. Based in
market interests, four sampling points were selected to be used for phenotypic and genetic
analysis: 120 days post-hatch (DPH) was the tagging age with PIT tags, 150 DPH was the
sale age to on-growing companies, 296 DPH was the final of winter period and 446 DPH
was the slaughter age (harvest age). At 446 DPH age, fish fin were cut and preserved in
absolute ethanol at room temperature. At the beginning of the study, 120 days, tagged fish
were distributed in various tanks based on fish weight. Three groups were formed, and a
significant difference between lots was detected for each sampling point (120, 150, 296

and 446 days).

DNA was extracted from a small piece of tail fin by following the phenol-chloroform
method described by Sambrook et al. (1989), and then stored at 4°C in TE buffer (Tris

0.01 mM and 0.001 mM EDTA, pH 8.0). Quality and quantity of DNA were evaluated by

using a Nanodrop 1000 spectrophotometer (Termo scientiﬁc®).

1V.3.2. Microsatellites

In this study, three steps were followed to establish the final design of multiplex PCR.
Firstly, 49 microsatellite primer sets were initially tested carrying out temperature and
magnesium screenings: 15 interspecific microsatellites which had been previously
described in mulloway (Archangi et al., 2009); 11 in red drum (Turner et al., 1998;
O'Malley et al., 2003); 1 in grey snayper (Farias et al, 2006), and 22 intraspecific

microsatellites described in meagre (Porta et al., 2010). 10 samples were taken to
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establish the optimum conditions for each marker. The genotypes were analyzed by 5%
polyacrilamide electrophoresis (PAGE), for 2 hours (1.3 W-cm™'). The gel was stained
with Silver Sequence’™ DNA Sequencing System (Promega) by following the

recommendations of the manufacturer.

Secondly, only those markers that properly amplified (21 inter-specific and 15 intra-
specific microsatellites) were redesigned and newly synthesized and tagged with
fluorochromes. By using these microsatellites markers, 4 multiplex PCRs were designed,
2 inter-specifics (meagre STR PLEX A and meagre STR PLEX B), and 2 intra-specifics

multiplexes (meagre STR _PLEX C and meagre STR PLEX D).

Finally, 18 of that 36 initially redesigned microsatellite markers were discarded due to
different causes; poor amplification, inappropriate allele size range or absence of
polymorphisms. The remaining markers were combined in 2 robust multiplex reactions,
one composed of 10 inter-specific microsatellites (STR1) and the other of 8 intra-specific
microsatellites (STRs) (Table I1.2). To make STRi and STRs, changes of fluorochromes

and redesign of some primers were necessary.

1V.3.3. PCR conditions

PCR primers were redesigned to obtain 70 - 154 base pairs (bp) amplicon lengths.
High complexity sequence was circumvented during primers redesign to ensure
sensitivity and specificity of the multiplex assay. The aim was to obtain a theoretical
melting temperature of 60°C+2°C at 180 mM salt concentration (K", Na', Tris" or NH4").
A 35-60% GC content of the primer sequence was ensured, to avoid the primer being
sited on palindromes or homopolymers, such as poly (dT) with more than five bases. All

primers candidates were analyzed for hairpin or secondary structures using the integrated
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DNA technologies software (http://www.idtdna.com/Scitools/Applications/mFold/).

Primer stable secondary structures around each microsatellite region were avoided (below
the —13 kcal-mol™ ' threshold of free energy) (Yuryev ef al., 2002). Primer characteristics
were chosen to ensure equal PCR amplification efficiency for all DNA fragments as

previously described (Sanchez et al., 2003).

Initially, each set of primers was tested individually on five DNA samples in order to
corroborate a correct amplification, allele size range and microsatellite identification.
Those microsatellite markers without individual amplification were discarded for the

multiplex reaction.

Multiplex PCRs were optimized by following the recommendations of Navarro et al.
(2008). An initial concentration of 0.2 puM of each primer was used. Primer
concentrations were modified subsequently to obtain peak heights between 600 and 3000
of Relative Fluorescent Units (RFU) for each microsatellite marker. Firstly, primer sets of
amplified markers with high RFU were reduced and later those with low RFU were
increased. The total primer concentration was adjusted up to 0.7 uM at the end of set up.
The final primer sets for STRi and STRs, and their features and concentrations are

reported in Table I1.2.

PCR conditions consisted of an initial denaturalization at 94°C for 10 min, followed
by 30 cycles at 94°C for 30 s, 60°C for 1 min and 65°C for 1 min, with a final extension
of 65°C for 60 min. Reactions were carried out in a final volume of 12.5 pl containing the
following component concentrations: 1X GeneAmp PCR Buffer II (100 mM Tris—HCI pH
8.3, 500Mm KCI) (Applied Biosystem®), 3mM MgCl,, 0.2 mM of each dNTP, 0.05 uM
AmpliTag Gold DNA polymerase (Applied Biosystem®), 12 ng of DNA template, and

0.01-0.06 uM of each primer.
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After obtaining the optimal concentrations of microsatellite markers, all samples were
amplified with STRi and STRs multiplexes in order to confirm each locus allelic
segregation, to test genetic variability of all markers and to validate their effectiveness in

determining the relatedness among fish.

Before running multiplex reactions on automatic sequencer, an aliquot of amplified
products were checked on 2% agarose gel for 30 min (8 v-cm™') to assess the correct
amplification of amplicons. Then, 1 pl of amplified products was mixed with 9.75 pl of
Hi-Di formamide and 0.25 pl of GeneScan 500-250 LIZ (Applied Biosystem®™) size
standard, and run on ABI Prism-3130-XL Genetic Analyzer (Applied Biosystem®) with
36 cm capillary arrays and POP-4 polymer (Applied Biosystem®) (60°C, 3000v, 1500s).
Electropherograms and genotypes were evaluated with GeneScan (v3.7) and Genotyper

(v3.7) (Applied Biosystems, Inc.) softwares

1V.3.4. Data analysis

Hardy—Weinberg equilibrium test, the Exclusion Probability (EP) and the Combined
Exclusion Probability (CEP) (both by parent pair option reported for Jamieson and
Taylor, 1997), observed and expected heterozygosities, Polymorphic Information Content
(PIC) and theoretical frequency of null alleles (Summers and Amos, 1996), were

estimated with Cervus 3.0 (Kalinowski et al., 2007).

Parental assignments between breeders and their descendants from ICCM were
determined by using the exclusion method, and a non-commercial software provided by
Vandeputte et al. (2006). Coancestry was calculated by using Sofsog software (Fernandez

and Gonzalez-Martinez, 2010), in the same fish.
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All the data were tested for normality and homogeneity of variances, and then
analyzed by using a General Linear Model, in order to detect facility and tank fixed
effects: The software was SPSS (v. 19.0) (SPSS, Chicago, IL, USA). Then, variance
components for body weight, length, and condition factor were estimated by Restricted

Maximum Likelihood (REML) according to the following linear model:

y=Xf+Zu+e

Where y was the data recorded for the studied traits, f the fixed effect (tank) and u the
random animal genetic effect. The model was resolved with the software package VCE
(v. 6.2.0) (Kovac et al., 2002). The magnitude of the estimated heritability was

established, according to the classification of Cardellino and Rovira (1987).
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1V.4. Results

1V.4.1. Multiplex PCRs

In general allele assignment was easy to perform, specifically in the STRs multiplex.
Only the UBAS3 marker of the STRi multiplex was difficult to read due to its peak shape
(Figure IV.1 and IV.2). Two small artifact peaks were detected in STRi multiplex, one in
the blue line at 123 bp, and the other in the green line at 115 bp, but they do not interfere
during genotyping process. Incompatibility and overlapping peaks between amplified

alleles were not detected.

1V.4.2. Genetic diversity parameters.

The parameters of genetic diversity estimated as number and range of alleles,
heterozygosity, exclusion probability and Hardy—Weinberg equilibrium test for each

microsatellite marker, in both multiplex PCRs, are shown in the Table IV.1.

The number of alleles in STRi and STRs multiplex ranged from 3 to 13, and the mean
values of which were 6.6 for STRi and 7.6 for STRs. IRTA and wild group showed a
higher mean number of allele (6.3 for STRs and 6.1 for STRi) than broodstock from
ICCM (5.3 for STRs and 3.9 for STRi). STRi showed a mean expected heterozygosity of
0.61 and a combined exclusion probability (CEP) of 0.99. The highest heterozygosity of
which was observed in CacMicl4 /ocus, and the highest exclusion probability (EP) for
UBAS3 locus. In the STRs multiplex, mean expected heterozygosity and CEP were 0.60

and 0.99, respectively, with the highest heterozygosity and EP observed in GA2b locus.

The mean values of polymorphic information content (PIC) were 0.56 for both
multiplexes. For STRi, PIC values ranged between 0.24 (UBA853) and 0.79 (UBAS53),

while for STRs ranged between 0.25 (GCT15) and 0.83 (GA2b).
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Figure IV.1. Example of electropherogram for the inter-specific multiplex PCR (STRI).

Figure IV.2. Example of electropherogram for the specific multiplex PCR (STRS).
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Six loci in each multiplex were not in Hardy—Weinberg equilibrium, after the
Bonferroni correction, and they had a high number of alleles. The theoretical frequencies
of null alleles ranged from -0.14 (UBA6) to +0.17 (UBAS54) (mean value 0.01) for STRi,
and from -0.06 (GA2B) to 0.26 (GA16) (mean value -0.06) for STRs. The only locus
where null alleles were detected by familial segregation in ICCM fish was UBAS3 (with a

real frequency of 0.19).

The mean coancestry value among ICCM breeders was high (0.41), and ranged from

0.17 to 0.71 for each marker.

1V.4.2. Parental assignment

The pedigree reconstruction for breeders and descendants of ICCM fish was executed,
and a low rate of parental assignment was achieved by using each multiplex PCR (12 %
for STRi and 8.7 % for STRs) separately. Using both multiplex PCRs, 77.7 % of
descendants was assigned to a single parental pair, 23.15% assigned to two pairs of
potential parents and only 1.68% was not assigned. The same data showed that 22 dams
and 21 sires, out of the 76 breeders, contributed to the spawn. A total of 44 full-sib
families were represented in the 476 offspring sample. However, 423 descendents were
used in the genetic analysis, 62 descendents with only one parent correctly assigned and

361 previously assigned to one parent pair.

1V.4.2. Growth trait

Growth rate was high during the first four months after tagging, and decreased
considerably during winter period. Condition factor showed a decreasing tendency from

120 to 446 DPH (Table IV.2).
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1V.4.2. Heritabilities and correlations

Phenotypic correlation of weight between 446 DPH and different ages showed an
increased correlation from 0.42 for 120 DPH to 0.78 for 296 DPH. The same tendency
was detected with respect to different length correlation. However, genetic correlation
between different weights and different lengths were high (> 0.75). Furthermore,
phenotypic and genetic correlation between weight and length at each sampled point was
high (> 0.88).

Condition factors showed low phenotypic correlations with weight and length of its
respective sampled points. This data contrast with the different genetic correlations

reported in the Table IV.3.

Heritabilities were low to moderate and ranged between 0.01 and 0,19. Higher
heritabilities were observed in 296 and 446 DPH sampled points. Also, in the majority of

cases, lower heritabilities were observed in condition factor respect to weight and length.

TABLE IV.2. WEIGHT, LENGTH AND CONDITION FACTOR (K) FOR MEAGRE AT 4 DIFFERENT AGES FOR
MEAGRE.

length (cm)

14.31£7.38

10.00+1.57 1.36+0.17

29.14+0.52 12.98+1.73 1.27+0.17
190.69+75.64 24.85+3.52 1.17+0.09
583.98+180.71 37.04+4.3 1.11+0.12
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IV.5. Discussion

1V.5.1. Multiplex PCRs and genetic variation

In this study, the cross-amplification of Scianidae family markers in multiplex PCRs
showed that 71% of redesigned inter-specific microsatellites amplified in meagre and
53% of which were used in the STRi multiplex PCR. This data confirms that regions
flanking microsatellite markers are conserved among these closely related species (Presa
and Guyomard, 1996; Rogers et al., 2004). These results are in accordance with data
published by Navarro ef al. (2008), who redesigned two multiplex PCRs with inter-
specific microsatellites, the 85% of which successfully amplified in gilthead seabream,
the 65% in redbanded seabream, and the 60% in red porgy.

To reach a successful parental assignment at a low cost, we combined only half of the
initial 36 redesigned microsatellites to construct the final multiplex assays. These data are
comparable with results observed in brown trout, where 12 from 43 initial microsatellites
were used (Lerceteau-Kohler and Weiss, 2006), and in Senegalese sole, where only five
markers from 12 microsatellites were used in the multiplex Porta et al. (2006). Our
multiplex assays included ten inter-specific microsatellites, and they are the first reported
for meagre. In the majority of multiplex PCRs in fish, the mean number of markers is six
(Delghandi et al., 2003; Porta et al., 2006; Lerceteau-Kohler and Weiss, 2006; Reanshwa
et al., 2006; Johnson et al., 2007; Saillant et al., 2009; Gheyes et al., 2009), which is
lower than the minimum number of markers included in each multiplex PCRs of this
study.

Regarding the fish groups studied, the high heterozygocity, PIC and number of alleles
observed in the STRi and STRs multiplex PCRs, reveal an acceptable efficiency to assess

genetic variability parameters in meagre. These data are consistent with those found in
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broodstock of other aquaculture species (Launey et al., 2003; Brown ef al., 2005; Navarro
et al., 2008).

The presence of a high number of markers in Hardy—Weinberg disequilibrium can be
explained by the origin of both fish groups. In fact, the observed number of alleles and
heterozygocity of the IRTA and wild groups were higher than the observed in the
breeders of ICCM that were reared in captivity. Thus, Martinez-Rodriguez et al. (1998)
observed a decreasing of polymorphism index up to 31% of heterozygocity in a seabass
(Dicentrarchus labrax) broodstock coming from breeders reared in captivity. Similarly,
Alarcon et al., (2004) observed a significant reduction in the number of alleles of
genotyped microsatellites in farmed versus wild gilthead seabream.

On the other hand, in the genetic characterization process, there are genotyping errors
such as the incidence of null alleles due to mutations within a primer site (Wagner ef al.,
2006), which could be increased by using inter-specific markers (Primmer et al., 1995;
Jarne and Lagoda, 1996; Navarro et al., 2008). In this study, the number of markers with
positive theoretical frequency of null alleles was higher in the STRI multiplex than in
STRS multiplex. In addition, this frequency was higher in markers with lower molecular
weights. This can be explained by the differential amplification of size variant alleles
(Wattier et al, 1998), due to the competitive nature of multiplex PCR, alleles of short
length often amplify more efficiently than larger ones (Dakin and Avise, 2004). The
presence of null alleles can produce a badly biased estimation of relatedness and parental
assignments. Even when null alleles are at a low frequency, they can have a great impact.
In fact, when the null allele detected in the UBAS53 marker (STRI multiplex) was
recognized and manually recoded, the parent assignment for this marker increased by

50%.
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1V.5.2. Parent assignment

In this study of farmed broodstock families, a 77.7% success in parent assignments
was obtained by using 17 markers from 18 amplified in both multiplex, since this
percentage did not increase when the GCT15 marker was added. This high number of loci
is in concordance with the 10 to 15 (from 3 to 23 allele numbers) markers suggested by
Saillant et al. (2009) to achieve a robust assignment in red drum when using the
simulation method. However, this data contrast with the 7 loci described in gilthead
seabream to assign 100% descendents to a single parent pair (Navarro ef al., 2008), and
with the 5-10 markers used in species such as silver carp (Gheyes et al., 2009),
Senegalese sole (Porta ef al., 2006) and brown trout (Johnson ef al., 2007), the parental
assignment of which showed a success range from 96 to 99%.

The impossibility of assigning 100% of individuals can be explained by the
broodstock origin, as they came from the same company located on Tenerife (Canary
Islands), and it was reported that the majority of breeders were from the same lot of
descendents. In fact, coancestry of this breeder broodstock showed a high consanguinity
among breeders. These values are quite high compared to those published for marine fish
in captivity. Fuentes et al. (2004) in Senegalese sole (Senegalis sole) found a coancestry
mean value of 0.39 using only 3 microsatellite markers. While, in gilthead seabream the

coancestry values ranged from 0.12 to 0.29 (Launey et al., 2003; Brown et al., 2005).

1V.5.3. Growth

Meagre is a species with a high growth rate independently of the on-growing system.
In this study, meagre showed a decrease of growth rate from the first month post tagging
to the final rearing period. Cardenas (2010) observed the same data in a review of meagre

breeding techniques, affirming that SGR begging with values of 20% days in larvae
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rearing period, decreasing to 3-5%/days between 50 and 130 DPH and in the final
growing period the SGR was 1%/ day. In the same way, fish condition factor decreased
significantly during the rearing period. This data demonstrated that meagre gained more
weight than length in the first phase of growth and was altered during the later period of
growth. The changes in condition factor during the year may be due to changes in
nutritional status of the fish (Chatzifotis ef al., 2010) and can be affected by fish form,

maturity and age, and environment (Navarro ef al., 2009a).

1V.5.4. Heritabilities and growth correlation

Low heritabilities observed in this study can be attributed to the low genetic diversity
of the breeder broodstock, which has been previously explained. Meaning that most of the
variance for traits is due to environmental variances and that the contribution of genetic
variation is moderate to low. This data are in concordance with the heritability observed
at harvest body weights ranging from 0.1 to 0.2 over all year classes in Atlantic code
(Quinton et al., 2005). However, higher heritabilities were observed in many other
species (Gjerde et al., 2004; Saillant ef al., 2006; Vandeputte ef al., 2009; Navarro et al.,
2009a; Kuukka-Anttila et al., 2010; Nguyen et al., 2010).

As it has been observed in other studies, heritabilities of weight and length for each
age were similar (Dupont-Nivet ef al., 2008; Navarro et al., 2009a; Nguyen et al., 2010).
This data corroborate especially with the high phenotypic and genetic correlation between
this two traits and the significant repeatability between individuals of the same family.
For this reason, the presence of one of the two traits is sufficient in a selecting breeding
scheme. Nevertheless, in this election, it is imperative to take into account some

correlations with other economic traits.
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The difference between heritabilities of weight and length with respect to a same trait
in different ages is little important and does not exceed the 0.06. In gilthead seabream
(Navarro et al, 2009a) and in European White fish (Kause et al, 2011) similar
differences between tagging weight and slaughtered weight were observed, showing little
variation in heritability for growth traits from early life stages. In this study, this data was
confirmed by the high genetic correlation between weight at different ages and between
their respective lengths, which can help us to confirm the possibility of a selection
process for weight and length from earlier ages. This means an important economic cost
reduction in selecting breeding program focused on growth traits.

Respect to condition factor, low heritabilities observed in different ages are similar
than the exposed by Saillant ef al. (2009) in seabass at harvest weight, and by Navarro et
al. (2009a) in gilthead seabream at different ages. The lack of a clear tendency of
heritability between ages is due to the nature of this trait. As previously explained,
condition factor is a crude measure of energy reserves level and fish health (Goede and
Barton, 1990), it depends on many other environmental and physiological factors.
Condition factor reflects a punctual period for growth, that intermediate point help us to
know the fish attitude but cannot be used like a definitive measure. Furthermore, the
variability of correlation between condition factor versus weight and length for each age
and the high standard error of this data imposed a conservative attitude and the exclusion

of this trait in a selection breeding program from early age

IV.6. Conclusion

In this study, for the first time, heritability and genetic variation of growth trait on
meagre were reported by using two new inter- and intra-specific multiplex PCRs. These

multiplexes showed their usefulness in pedigree reconstruction under industrial
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conditions, even when using high-inbreeding coefficient broodstocks. Heritabilities and
genetic correlation suggest the possibility of conducting direct-selection breedings on

growth by using only weight or length and since early ages.
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V.Estimates of heritabilities and genetic correlations for
growth and carcass traits in meagre (Argyrosomus regius),

under industrial conditions

V.1. Abstract
In this study were estimated heritabilities and genetic correlation for and between
morphologic traits (by using image analysis) and carcarss traits of commercial interest in
meagre (Argyrosomus regius) cultured under industrial conditions and considering it is
sold for weights higher than 1 kg. A total of 59 full- sib families from 25 males and 22
females of meagre were reared in different locations and under industrial conditions. For
the first time heritabilities, phenotypic and genetic correlation for growth and carcass
traits were estimated using 1185 fish from an industrial stock. Pedigrees were redrawn
using two multiplex PCRs composed by 18 intra-specific and inter-specific
microsatellites described by Soula ef al. (2011). The heritability estimates at harvest were
0.22+0.12 for weight were, 0.19+0.11 for length, 0.09+0.08 for condition factor,
0.15+0.09 for fillet weight, 0.23+0.11 for gutted weight, low-medium for morphologic
and cardio-respiratory traits. High and positive correlations between growth and carcass
traits were observed. High and positive correlations were detected between growth and
carcass traits versus morphologic traits analyzed by using MATLAB software.
Additionally, a medium heritability of ventricular weight was observed (0.20+0.11). High
and positive genetic correlations for the growth versus cardio-respiratory traits
(ventricular and gill weights) were detected (> 0.9), while high and negative genetic
correlations were estimated for growth traits versus both cardio-respiratory in percentage

suggested correlated selection for the growth traits in this species. These data suggest that
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body weight and length can be improved by direct selection or indirect selection through
morphologic traits by image process technique, due to the higher heritability of them.
Furthermore, a positive and indirect selection of economic traits such as fillet weight and

gutted body weight would be produced.

Keywords: meagre, Argyrosomus regius, heritability, growth, carcass, morphologic,

cardio-respiratory, image process.
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V.2. Introduction
Nowadays, when the fragile economy forces factories to fight to escape from crisis,
the continuity of aquaculture farms depends on getting the most profitability, so, they opt
for different strategies, such as the use of advanced technologies and the introduction of
new species (Fotedar and Philips, 2011). These two strategies aims are to get a rapid
growth at the lowest cost, an acceptable morphology and a similar to wild fish or

attractive colour.

The rapid growth of meagre (Argyrosomus regius) makes that fish a potential
alternative species for aquaculture diversity in the Mediterranean Sea (Pastor et al., 2002;
Poli et al, 2003). The increases of meagre production during the last five years
consolidate this alternative (APROMAR, 2011). Furthermore, the area of improvement of
this specie is still very important, and many studies, including nutrition (Chatzifotis et
al., 2010, Martinez-Llorens et al., 2011), reproduction and management (El-Shelby ez al.,
2007; Serezli et al., 2011), and breeding technique protocols (Roo et al., 2010) were

developed.

The domestication process is too important for the improvement and the increase of
the production efficiency. Though, selective breeding can deliver a more remarkable gain
and increase biological productivity (Fjalestad et al., 2003, Gjedrem and Baranski, 2008).
In various species, results of selection response showed an increase of above 10% per
generation (Gjedrem, 2000) and, most of these cases, growth traits improvement had been

the initial focus.

Moreover, meagre shows a good perspective in the processing industry due to the high
percentage dressing and percentage fillet with respect to other aquaculture species (Poli et

al., 2003, Grigorakis et al., 2011). To account for this potential future marketing strategy,
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it is necessary to evaluate the processed traits (gutted and fillet weights and percentages)
in a selection program, as it has been previously realised in genetic studies of gilthead
seabream (Navarro et al, 2009a), common carp (Kocour ef al., 2007) and European
whitefish (Kause et al., 2007). Furthermore, other traits like ventricular and gill weights

may be estimated as they are closely related to growth traits.

To ameliorate the hard and expensive technique involved for sampling methods,
image analysis permits the recording of linear and area trait (dimensional measurements)
of carcass in an objective and automated way, providing a fast and very reliable source of
information for genetic improvement programs. This technique was successfully used in

other animal breeding programs (Osawa et al., 2008; Rius-Vilarrasa et al., 2009, 2010).

The estimation of genetic parameters can be especially difficult in fish species with a
mass-spawning system and when individuals from all family are mixed in the same tanks
to homogenize environmental conditions (Castro et al., 2008; Navarro et al., 2009a).
Although the physical tag (Soula et al., 2009) and gene technology based on polymorphic
microsatellites opens new opportunities to understand the nature of the genetic variation

underlying production traits (Fjalestad et al., 2003).

Combining physical tagging system and molecular marker, the aim of this study was
to estimate heritabilities and genetic correlations for growth and carcass traits at harvest
sizes from a commercial meagre broodstock, and to assess the usefulness of image

analyses in genetic improvement.
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V.3. Materials and methods

V.3.1. Breeding conditions and traits

In May 2006, a stock of 140 meagre was acquired from an offshore farm located on
the island of Tenerife (Canary Islands, Spain), then, they were transferred to facilities of
the Instituto Canario de Ciencias Marinas (ICCM) (Gran Canaria, Canary Islands). Fishes
were kept in 10 m’ tanks. Once acclimatized, on July 2006, fishes were identified with a
microchip. Fish were fed a ration of 1% of their biomass, with a commercial diet

(Proaqua- S.A., 10 mm).

In April 2008, 76 breeders were induced with 15 pg.kg”' GnRH dose. Eggs from mass
spawn were collected and larval rearing was conducted at ICCM in mesocosm facilities,

following the protocol that had been previously predefined by Roo et al. (2010).

At 150 days fingerlings were divided in three lots distributed in different sites in the
offshore farm of the company Canarias de Explotaciones Marinas S.L. (CANEXMAR),
in the up-growing installations of the company Alevines y Doradas S.A (ADSA) and
1000 fish in the facilities of ICCM. These fish were tagged with Passive Integrated
Transponder (PIT) and reared until 446 days, sacrifice date. During this period, the
density ranged between 6 and 13 kg/m’. Throughout the culture facilities, ICCM fish
have been fed with Ecolife feed from Proaqua® S.A. and following the table of that
company with a variation of feed rate between 1.4 and 3% of the biomass. The stock was

fed three times per day.

At harvest size (446 days post-hatch), 477 fish from ICCM (477 fish), and samples
from CANEXMAR (310 fish) and from ADSA (400 fish) were slaughtered. Digital

photos were taken and some morphologic traits (Max head width, fin width, max dorsal
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width, max fillet width, max width, dorsal area, fillet area, total area, head length, dorsal
length, fillet length and total length) were analyzed with MATLAB software (Figure
V.1). Body weight, fork length and gutted body weight were measured. Fish were
manually skinned and filleted without including the nape and the belly flap. Heart and
gills were weighed. Both fillets were weighed together. Derived traits were also
calculated as follows: condition factor (K) (100 x body weight x fork length™), dressing
percentage (100 x gutted body weight x body weight '), fillet percentage (100 x fillet
weight x body weight '), heart percentage (100 x heart weight x body weight ') and gills

percentage (100 x gills weight x body weight ).

V.3.2. Genotyping and parental assignment

1185 offspring and 76 breeders were genetically characterized using 18 microsatellites
markers designed in two multiplexes. A fragment of the caudal fin was preserved in 1 ml
of absolute ethanol until DNA extractions. DNA was extracted by following the
phenolchloroform method (Sambrook et al., 1989). DNA was stored at 4°C in 50 pl of TE
1X solution. Amplification, running and reading conditions for the microsatellite markers
are described in Soula ef al. (2011). Familial assignments for meagre broodstock of
unknown gender were determined by the exclusion method using a non-commercial

software provided by Vandeputte ef al. (2006).

V.3.2. Statistical model
All data were tested for normality and homogeneity of variances, and analyzed using a
General Linear Model, in order to detect the effects of facility and tank, using SPSS
(v. 19.0) (SPSS, Chicago, IL, USA). Subsequently, variance components for body weight,

fork length, condition factor, gutted body weight, fillet weight, dressing percentage, fillet
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percentage, heart weight, percentage and gill weight were estimated by Restricted

Maximum Likelihood (REML) according to the following linear model:

y=Xp+Zu+e

where y was the data recorded for the studied traits, f the fixed effects (facility and tank)
and u the random animal genetic effect. The model was resolved with the software
package VCE (v. 6.2.0) (Kovac et al., 2002). The magnitude of estimated heritability was

established according to the classification of Cardellino and Rovira (1987).

Figure V.1. Analyzed image traits for meagre (Argyrosomus regius) total area (1), total
length (2a), dorsal length (2b), max dorsal width (3a), max width (3b), fin width (4),
head-fin length (5), max head width (6), area fillet (7), standard length (8), max fillet
length (9) and dorsal area (10).
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V.4. Results

V.4.1. Pedigree reconstruction

In the parental assignment, using the exclusion method with no tolerated error
parentage, the application of the two multiplex PCRs assigned 82.8% of descendants to
single pair parents. The results showed the existence of 59 full-sib families, with 16.5
descendants per family and the contribution of 22 dams and 25 sires for the totality of the

assigned fish.

Among the 1185 offspring, 975 were assigned to a single parent pair, and 102 were
assigned to several parental pairs. From this group, 95 unique parents were recovered for

the analysis, so 1070 fishes were used to get estimates in VCE program.

V.4.2. Growth and carcass traits

Statistical differences in body weight, length, gutted weight and fillet weight, at
harvest age, were found among the three facilities, being observed higher data in
CANEXMAR (Table V.1). Condition factor was the only parameter that did not show

any statistically significant difference among facilities. .

Concerning morphologic traits, the total mean of total area, total length, max width,
and filet area were 299.93+73.5, 41.53+5.11, 10.19£1.99 and 211.28+53, respectively.
As expected, a significant statistical difference was stuck out in all of morphological data,
thus, supporting the growth superiority aspect of CANEXMAR fish. All data of image

traits are resumed in Table V.2.
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Body weight (g)

Body length (cm)

Condition factor (g/cm3)

Gutted body weight (g)

Fillet weight (g)

Dressing percentage (%)

Fillet percentage (%)

ICCM

583.98+8.27"

37.04+0.19*

1.11+0.00

519.9+7.34°

219.53+£3.48"

89.05+0.08

37.23+0.15°

ADSA

817.33+10.42°

40.9+0.18°

1.17+0.00

729.38+9.48°

342.09+5.19°

89.41+£0.26

41.54+0.21°

TABLE V.1. GROWTH AND CARCASS TRAITS (MEAN £ STANDARD DEVIATION) IN THE THREE FACILITIES
FOR ON-GROWING MEAGRE.

CANEXMAR

1105.53+18.39°¢

45.68+0.29°

1.16+0.04

970.78+14.39°¢

436.25+7.94°

88.38+0.37

39.37+0.21°

Value within each row not sharing the same letter are significantly different (P<0.05).

V.4.2. Heritabilities and correlations for growth and carcass traits

All correlations and heritabilities are resumed in Table V.3. Heritabilities of weight,
length, fillet weight and gutted weight were medium (ranged 0.15-0.23; Table 11). On the
contrary, heritabilities of the condition factor, dressing percentage and fillet percentage
were very low (less 0.09). As expected, the higher heritability for sampled data was
observed in gutted weight and in body weight. The lower heritability was detected in fillet
%. In general, heritabilities were moderate for morphologic traits and higher (0.14 and

0.26) than growth traits, except for dorsal length (0.08).

105



GROWTH TRAITS HERITABILITIES

TABLE V.2. ANALYZED IMAGE TRAITS (MEAN £ STANDARD DEVIATION) FOR MEAGRE IN THE DIFFERENT

THREE FACILITIES.

Trait

Total area (cm?)

Total length (cm)

Max width (cm)

Fin width (cm)

Head-fin length (cm)

Head width (cm)

Fillet area (cmz)

Standard length (cm)

Macx filet length (cm)

Max dorsal width (cm)

Dorsal total area (cmz)

Total dorsal length(cm)

Max dorsal width (cm)

ICCM

255.45+£2.78*

38.58+0.21%

9.17+0.05°

3.16+0.02°

31.91+0.17%

8.17+0.04°

177.70+£1.99*

34.93+0.19*

22.98+0.14°

9.18+0.05°

141.36+1.48"

38.68+0.22%

5.93+0.04°

ADSA

299.3242.67°

41.26+0.18°

10.52+0.05°

3.21+0.01°

34.47+0.14°

8.80+0.04°

214.69+2.03°

37.78+0.16°

24.86+0.12°

10.51+0.05°

172.27+1.59°

41.38+0.21°

6.78+0.04°

CANEXMAR

365.81£3.73°

46.20+0.21°¢

11.24+0.07°

3.56+0.02°

38.31+0.17°

9.78+0.05°

255.85+2.87°¢

42.1340.2°

27.58+0.16°

11.24+0.07°

225.8542.55°

46.30+0.21°¢

7.83£0.06°

Value within each row not sharing the same letter are significantly different (P<0.05).
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TABLE V.3. HERITABILITIES (IN THE DIAGONAL, WITH £STANDARD ERROR) PHENOTYPIC CORRELATIONS
(ABOVE THE DIAGONAL) AND GENETIC CORRELATIONS (IN ITALICS BELOW THE DIAGONAL, WITH
+STANDARD ERROR) BETWEEN GROWTH AND IMAGE ANALYZED TRAITS FOR MEAGRE.
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At harvest weight, high positive phenotypic and genetic correlations between weight
and length were observed (Table V.3). These two main growth traits showed a low

phenotypic correlation and a moderate positive one with the condition factor.

Phenotypic and genetic correlation for growth traits with fillet and gutted weight were
positive and elevated (higher than 0.88 in all cases). With respect to dressing percentage
versus growth traits, moderate negative phenotypic correlation (lower than -0.17) and
high positive genetic correlation were observed. Fillet percentage was difficult to get
convergence and the estimates presented high errors, while it showed, in general, negative
genetic correlations versus growth and carcass traits, and low-moderate positive

phenotypic correlation with these traits.

Image data showed high positive phenotypic and genetic correlations among all
morphological traits (Table V.3). High positive phenotypic and genetic correlations were
observed between weight, length, gutted weight and fillet weight versus all image traits,
except for fin width where phenotypic correlations were low. Condition factor, showed a
low phenotypic correlation with all morphologic traits. Thus, a moderate high negative
correlation was observed with condition factor and with dressing percentage. Dressing

percentage showed a high negative genetic correlations with all morphologic traits.

V.4.3. Cardio-respiratory traits

The totality of fish shows a mean of 0.17 and 2.45% respectively for ventricle and gill
body percentage, respectively. A statistically significant difference was found between
heart and gill weight in fish facilities and it was similarly observed for the other growth

traits. However, in percentage, there was no significant difference between facilities
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respect to the ventricle; while, with respect to gill, it was observed a statistically

significant difference between ICCM and CANEXMAR facilities (P<0.05) (Table V.4).

Heritabilities were moderate to low in all traits (Table V.5). The higher was observed
in the ventricular weight and the lower in the ventricular percentage. Phenotypic and
genetic correlations ventricular and gill weights traits were moderate or very high (Table
V.5), and high negative correlations among ventricle and gill weights traits versus
ventricle percentage and gill percentage traits. High phenotypic and genetic correlations
were observed between weight and length versus ventricle and gill weight. At the same
time, a medium negative phenotypic correlation and high negative genetic correlation
were observed between weight and length versus gill and ventricle percentage were

observed.

TABLE V.4. CARDIO-RESPIRATORY TRAITS (MEAN + STANDARD DEVIATION) IN THE THREE FACILITIES FOR
ON-GROWING MEAGRE.

CANEXMAR

Ventricular weight (g) 0.97+0.01" 1.394+0.02° 1.7+0.03¢

Ventriculair rate (%) 0,17+0,00 0,17+0,00 0,16+0,00

Gill weight (g) 13.61+0.20° 20.04+0.7° 26.17£0.39°

Gill rate (%) 2.38+0.020° 2.4940.02 2.5+0.05

Value within each row not sharing the same letter are significantly different (P<0.05)

110



GROWTH TRAITS HERITABILITIES\"‘;”"

TABLE V.5. HERITABILITIES (IN THE DIAGONAL, WITH =STANDARD ERROR) PHENOTYPIC CORRELATIONS
(ABOVE THE DIAGONAL) AND GENETIC CORRELATIONS (IN ITALICS BELOW THE DIAGONAL, WITH

+STANDARD ERROR) BETWEEN GROWTH AND CARDIO-RESPIRATORY TRAITS FOR MEAGRE.
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V.5. Discussion

V.5.2. Pedigree reconstruction

The inclusion of microsatellite multiplex PCRs in a breeding program is a good
solution to reduce the time and cost which are associated with molecular analysis. In fact,
multiplex PCRs reduce samples number to be manipulated and errors risks (Delghandi et
al., 2003; Porta et al., 2006, Navarro et al., 2008, Borrell et al., 2011). The use of two
multiplex PCRs meagre inter- and intra-specific permits to assign each offspring to a
single parent pair in a 82.8% of cases. The number of families that is established in this
study is within the range that others studies of fish selection breeding programs (Gjerde et
al., 2004; Kolstad et al., 2006; Castro et al., 2008; Navarro et al., 2009a; Kause et al.,
2011). Furthermore, the contribution of a higher number of sires and dams provides a

higher power and better quality results to our genetic variable evaluations.

V.5.3. Phenotypic growth parameters

Meagre reach a commercial weight of 800-1000 g at 430-500 DPH depending of
breeding system and conditions (Mufioz et al., 2008; Cardenas, 2010). In this study, fish
attained this weight range at 446 DPH, showing significant differences in all growth traits
and image analyzed traits among the three facilities. Being observed, higher growth
parameters in fish reared offshore, which can be explained by the installation nature of
the facilities. In fact, Pastor ef al. (2002) observed a higher growth rate for meagre reared

in offshore installations respect to tank one.

Chatzifotis et al. (2010), in a nutritional study, detected a low growth for meagre in
tanks. This discrepancy may be due to stress caused by the maladaptive process and to the

dynamic nature of meagre (Jiménez et al., 2005).
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The mean of dressing rate described was similar to that observed by Grigorakis et al.
(2011) and slightly lower than the described in meagre with the same weight profile

(93.4% and 94.4%, respectively) (Poli et al., 2003; Piccolo et al.,2008).

Furthermore, fillet rate, without skin, was higher rate than the observed by Poli et al.
(2003) (34.6 %) and lower than the reported by Piccolo et al. (2008) and Grigorakis ef al.
(2011) (50% and 42 %, respectively) in meagre fillet with skin. This difference can be
attributed to fish morphology, the method and material used during the process, and the
staff filleting experience. Rutten et al. (2005) affirmed that the filleting method was

probably the most likely cause for the increased fillet yield.

When comparing dressing and fillet rates of this study with other aquaculture species
such us sea bass (Poli et al., 2001) (89.4 and 36.8%, respectively) and gilthead sea bream
(Navarro et al., 2009a) (92% and 35%, respectively) we suggest that meagre had a great
potential to be commercialized as a fillet product due to its high fillet rate and volume at
commercial weight respect to other species. These data corroborate the economic interests

of both traits and the necessity of genetic estimations of fillet and gutted traits.

V.5.2. Heritabilities and correlations

In the present study, heritabilities for growth and carcass traits in meagre have been
estimated. It is widely known that selective breeding exploits the substantial genetic
variation available for the majority of desirable quality traits (Gjedrem and Baranski,
2008). This variation has been associated with economic traits like growth, flesh colour
and disease resistance to improve the selection response in future generation. In this way,
heritability estimation is necessary to know the selection response and can be used to

establish and to improve meagre breeding programs.
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The growth traits heritabilities detected, especially in body weight and gutted weight,
were the higher as those estimated by other authors in aquaculture species (Gjerde et al.,
2004; Dupont-Nivet et al., 2008; Vandeputte et al., 2009; Navarro et al., 2009a; Kause et
al., 2011). Body weight heritabilities in the present study are in the usual range described
in other species such as common carp (Cyprinus carpio) or Atlantic salmon (Salmo salar)
(0.21-0,44) (Gjedrem, 2000; Kocour ef al., 2007) and in sea bass (Dicentrarchus labrax)
(0.24-0.44) (Saillant et al., 2006; Dupont-Nivet et al., 2008). The obtained heritability
values were within the range of 0.2 and 0.3, suggesting the possibility of large response

and a rapid gain, which could be achieved via direct selection (Gjedrem, 2000).

As expected, a high positive phenotypic and genetic correlation was observed between
length and weight. These two traits are usually highly correlated (Dupont-Nivet et al.,
2008; Navarro et al., 2009a; Saillant et al., 2009; Vandeputte et al., 2009; Kause ef al.,
2011). Furthermore, heritability was quite similar sustaining the possibility to use one of
the two traits in the selection breeding scheme. Providing that neither of them could
negatively affect other carcasses nor quality trait, like in sea bass, where both traits
genetic correlations with factor condition were different, and selection based in these
traits is not equivalent (Dupont-Nivet ef al., 2008). At the present study, weight and
length had a same moderate genetic correlation with the factor condition. However,
phenotypic correlations were low and different. This can be explained by the specificity
of the condition factors, which is representative of each species and can be varied within
species, affected by fish morphology, maturity, age and environment (Navarro et al.,
2009a). In addition, heritability was low (0.09) and similar to that previously observed in
other species, (0.1) by Saillant ez al. (2009) in sea bass and 0.13 by Navarro et al. (2009a)

in gilthead sea bream. In other studies, condition factors were higher and ranged from
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0.34 to 0.36 in seabass (Dupont-Nivet et al., 2008), from 0.47 to 0.65 in the rainbow trout

(Kuukka-Anttila ef al., 2010) and 0.49 in the european whitefish (Kause et al., 2011).

In this work, growth traits had a high phenotypic and genetic correlation estimates
with fillet weight. This correlation is typically highly positive in fish and is beneficial
because fillet weight is economically the most valuable part in processed fish (Kause et
al., 2007; Navarro et al., 2009b; Nguyen et al., 2010; Kause et al, 2011). Also, the
heritability of fillet weight are moderate in meagre, which, taken together with the high
genetic correlation with body weight, increased the probability to indirectly selection this
trait via recorded harvest weight. However, in appearance, fillet percentage has low and
negative genetic correlations with harvest weight, in accordance with estimations in
gilthead seabream (Navarro et al., 2009a). This data suggests that fillet percentage
improvement via growth selection may be difficult (Kause et al., 2007; Nguyen et al.,
2010) and that it is less relevant (Rutten et al., 2005), but its inclusion in breeding

program is recommended (Navarro et al., 2009a).

The higher genetic and phenotypic correlations estimates of image traits with growth
traits and the similar heritabilities estimated between both, confirm that image technology
analysis could be a fast and no-invasive solution to substitute the hard and expensive
collection data. Moreover, image analysis could provide a very accurate description of the
body at a reasonable cost, even before slaughter. Also, it is a first step to use the image
like a supporting technique to develop a selection breeding program in meagre; as it has
been proposed for some species (Osawa et al., 2008, Rius-Vilarrasa et al., 2009, 2010)
and for quality traits in rainbow trout (Kause ef al., 2008). Furthermore, it is important to
described, and validated, an image analysis method for recording traits, so that it can be

used in the future like a substitute of standardly sampled traits. In meagre, total and fillet
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areas seem to be the two traits with the highest and similar heritabilities with the different
sampled weights, and could be the legitimate substitute of these traits. Total length may
be the analyzed trait, and can substitute the length in the same sense. Additionally,
genetic selection can be executed with more success on traits highly heritable, such us

max.-width and doral area versus weight and length.

V.5.3. Cardio-respiratory heritabilities and correlations

Study analyzing the morphologic relation between heart and gill are scared in
scianedae fish (Fitzgibbon ef al., 2007), and no existent in meagre. However, there is an
affirmation that both have a common interaction point; the use and distribution of the
oxygen throughout the fish organs (Brodeur et al, 2001). Growth, which is an
energetically demanding process, depends on the availability of oxygen (Blier and
Pelletier, 1997), so besides being related to the gill it also influences the cardiac activity
(Millidine et al., 2008). The high phenotypic and genetic correlation that has been
observed between heart and gill weight, and between both respect to fish weight and
length, corroborate this theory. Moreover, these correlations associate the compensatory
variation on heart (Goolish and Adelman, 1987) and gill weight (Hughes, 1972;
Fernandes et al., 1994; Severi et al., 1997; Mazon et al., 1998) to the adaptation to a

growth variation.

However, the negative correlation between the of the cardio-respiratory traits
percentage with the harvest weight shows that this adaptation is limited and that body
weight increase is higher than gill and ventricular weight increases.The moderate
heritability observed for ventricular weight, and the high genetic correlation with growth
traits shows that a ventricular weight can be selected by indirect selection, especially

because cardio-respiratory traits need sacrificing the fish, when, in addition, gill weight
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and ventricular and gill rates have low heritability, and, under these circumstances, are

difficut to be selected by direct selection.

V.6. Conclusion

This study shows for the first time, the potential use of growth and carcass traits as
tools for the improvement of meagre industrial production, once obtained some genetic
parameter estimates tools in improvement for meagre knows the genetic parameter
estimates (heritabilites and genetic and phenotypic correlations). Body weight as a
parameter seems to be a direct way to improve productions and an indirect via to control
other economic traits, such as fillet weight and gutted body weight. Furthermore, this
work establishes a way to substitute the hard and expensive standard sampling fish
method with image analysis process, the efficiency of which has been proved in the

evaluation of the carcass traits.
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VI. Estimates of genetic and phenotypic parameters for body
composition and quality traits in meagre (Argyrosomus

regius).

VI.1. Abstract

Heritabilities, phenotypic and genetic correlations for growth traits and flesh quality
traits (ash, moisture, flesh fat percentage, visceral fat weigh and percentage, Hue and
collagen) were estimated in meagre (Argyrosomus regius). This study is carried out using
1183 fish from an industrial stock reared in three different facilities and constituted by 59
families that were produced by mass mating (25 sires plus 22 dams). Parental assignment
was provided using two multiplex PCRs to do a screening of 18 microsatellites (Soula et
al., 2011). The heritability estimates for quality traits were low or moderate and ranged
from 0.00 to 0.27. Heritability estimates for ash (0.04+0.06), moisture (0.08+0.07), flesh
fat percentage (0.02+0.02), skin color (Hue) (0.05+0.05) and collagen (0.00+0.01) were
low. Heritability estimates for visceral fat weight (0.27+0.12) and visceral fat percentage
(0.22+0.09) were medium. The genetic correlation between body weight and moisture
was moderate negative and ash was high positively correlated with meat color.
Furthermore, there were high and positive genetic correlations between body weight

versus visceral fat weight and flesh fat percentage.

Between quality traits, negative correlations were detected between visceral fat versus
ash, moisture and collagen, such us flesh fat versus moisture and collagen. Also, high
positive correlation of visceral fat weight and visceral percentage with gutted weight were

observed. Meat color, evaluated like Hue parameter showed a moderate to high negative
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genetic correlation with flesh fat percentage, visceral fat percentage and collagen.
However these genetic correlations with moisture, dressing percentage and ash were

positive.

These data suggest that particular attention should be given to indirect selection on
flesh fat percentage, ash, moisture and Hue in meagre breeding programs, through growth
traits, due to their low heritabilities and important genetic correlations with growth and
carcarss traits. Thus, direct selection for growth and visceral fat weight, which are easily
measured and reported the higher heritabilities in this study, with gutted weight,
improves indirectly flesh palatability through increase flesh fat percentage but decrease

dressing percentage and has to be controlled.

Keywords: meagre, Argyrosomus regius, heritability, flesh quality and genetic

correlation.
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VI1.2. Introduction

Meagre (Argyrosomus regius) 1is consolidated like a potential species in
Mediterranean aquaculture, behind seabream (Sparus aurata) and seabass (Dicenrarchus
labrax); due to its rapid growth and acceptability from the consumers, among other
characteristics (Pastor ef al., 2002). Furthermore, the great area of improvement in the
rearing techniques of meagre and the interest of many aquaculture farms to invest in this
species have increased the production during the last ten years (FAO, 2010; APROMAR,

2011).

The aim of every commercial enterprise is the maximum economic, so they opt for a
rapid growth at the lowest possible cost. This is one of the reasons by which the majority
of selection breeding programs was based in the heritability estimation of growth traits

(Navarro et al., 2009a).

However, the changes in consumer profile and market demands forces a new targeting
strategy focused on more qualitative aspects. Therefore, newer studies for genetic
parameters estimation were focused on quality traits, such as fat composition (Quinton et
al., 2005; Kokour et al., 2007; Vieira et al., 2007; Navarro et al., 2009b; Kause et al.,
2011), moisture percentage (Quinton et al., 2005; Saillant et al., 2009; Navarro et al.,
2009b) and ash and collagen percentage in gilthead seabream (Navarro et al., 2009b).
Additionally, genetic parameters of carotenoid pigment contents and colour traits (Hue,
saturation and intensity) were estimated in Atlantic salmon (Salmo salar) by Powell et al.
(2008) and Quinton et al. (2005), and in Coho salmon (Oncorhynchus kisutch) by

Iwamoto et al. (1990).
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Nowadays, in meagre there are no publications about genetic parameters estimation
for important production traits. Even, some studies in meagre have been interested in
growth and quality traits (Poli er al., 2003; Grigorakis et al., 2011). In this sense,
comparative studies were conducted with other cultured species such as seabream and
seabass. They were based on quality traits like protein, fat and moisture percentage and
concluded that meagre chair quality is more similar to catfish than other studied species
(Poli et al., 1999; 2001) and was classified as an intermediate position respect to body

composition among the most important aquaculture species (Bykov, 2000).

The aim of the present study is to define, under industrial conditions, the most
important genetic and phenotypic parameters of quality traits in relation to body

composition and growth from a meagre broodstock.

V1.3. Materials and methods

VI1.3.1. Breeding conditions

At Instituto Canario de Ciencias Marinas (ICCM, Gran Canaria, Spain), a meagre
broodstock consisting of 140 adults was established in 2006. During April 2008, a total of
76 breeders were induced with 15 pg.kg' GnRH dose. After fertilization, eggs were
incubated at the hatchery and larvae were reared at ICCM mesocosm facilities as

described by Roo et al. (2010).

At 150 days, fingerlings were divided into 3 lots and distributed among three different
sites: the offshore farm of the CANEXMAR S.L. Company (Las Huesas, Gran Canaria,
Spain), the up-growing installations of ADSA S.L. Company, alternating rearing in
onshore and offshore (Castillo del Romeral, Gran Canaria, Spain), and the facilities of

ICCM. These fish were tagged with Passive Integrated Transponder (PIT, Trovan) and
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reared until 446 days, their harvest age. Fish density ranged between 6 during inicial on-

growing period and 13 kg-m™ at the end of this period. Food was provided three times per

day manually and using commercial feed fish (Ecolife 62, Proaqua® S.A)).

V1.3.2. Body composition and quality traits

At harvest size (446 days post-hatch) on July 2009, fish from ICCM (475 fish), a
sample of fish from CANEXMAR S.L. Company (310 fish) and fish from ADSA S.L.
Company (400 fish) were slaughtered, and body weight and fork length were measured.

Condition factor was calculated as follows: 100 x body weight x fork length™.

Colour was determined behind the pectoral fin using a tristimulus colorimeter
(Chroma Meter CR-200, Minolta, Osaka, Japan). The colour parameters recorded were
L*: lightness, which ranged from 0 for black to 100 for white, a*: for red/green
chromaticity and b*: for yellow and blue chromaticity. According to International
Commission on [llumination recommendations, CIE (1976). Hue (Hab) values were

calculated from a* and b* values, as follow:. Hab = arctang (b*/a*) (Hunt, 1977).

Visceral fat depots were manually removed, weighed and expressed as a percentage of
the body weight Then, gutted body weight was recorded and also expressed as a
percentage of the body weight (dressing percentage). Fish were skinned and filleted, and
fillets were vacuum-packed and frozen at -20° C prior to compositional analysis. Flesh
composition was determined according to the standard method (AOAC, 1990): moisture
by drying at 104° C for 24 h, ash by incineration at 550° C and fat by extraction with
petroleum ether by the Soxhlet method using the Soxtec:1043 system HT (Foss Tecator,
Sweden). All these traits were expressed as a percentage of fresh muscle weight, with the

exception of fat percentage. Muscle collagen content was evaluated according to the
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method described by Palka (1999), which is based on the determination of the
hydroxyproline content in a muscle sample. To convert the quantity of hydroxyproline
into collagen, a factor of 8 was used, and expressed as a percentage of fresh muscle. All

of these previously described methods were performed in duplicate.

V1.3.3. Genotyping and paternity

All offspring and breeders were genetically characterised by using the two multiplexes
STRi and STRs (Soula et al, 2011). Familial assignments for meagre broodstock of
unknown gender were determined using the exclusion method with a non-commercial

software provided by Vandeputte ef al. (2006).

V1.3.4.2.4. Data analysis

All data were tested for normality and homogeneity of variances. Then, they were
analysed with SPSS (v19.0) (SPSS, Chicago, IL, USA) using a General Linear Model, in

order to detect facility effect.

The repeatability of the fillet composition analysis was calculated using the following

linear model:

Yy=p+rFite;

where Y was the fish data, p the population mean, F; the replica fixed effect and ¢; the

residual error.

Restricted Maximum Likelihood (REML) using the following linear model estimated

variance components for all traits:

y=XB+Zu-+e
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where y was the recorded data on the studied traits, S the facility fixed effect, u the
random animal effect and e the error. The model was resolved with the software package
VCE (v 6.0) (Kovac et al, 2002). REML was used to estimate heritabilities as well as
phenotypic and genetic correlations, along with their standard errors. The magnitude of
estimated heritability was established, according the classification of Cardellino and

Rovira (1987).

VI.4. Results

VI1.4.1. Parental assignment

The application of the two multiplex PCRs in familial assignment obtained a 82.8% of
success a single pair parents, appearing a 16.5% of offspring with more than a parent pair
possibility and only a 0.7% without assignments. From the second group, 95 unique
parents were recovered for the genetic estimation analysis in the VCE software package,
and the final fish number used was 1070. Parentage showed the existence of 59 full sib

families with a contribution of 22 dams and 25 sires for the totality of assigned fish.

Among the 1185 offspring, 975 were assigned to a single parent pair, and 102 were
assigned to several parental pairs. From this group, 95 unique parents of which were

recovered for the analysis, so 1070 fishes were used to get estimates in VCE program.

V1.4.2. Quality traits and phenotypic correlation

At harvest weight, statistically significant differences were detected when comparing
the ICCM facility and the two companies with respect to weight, length, gutted weight

and dressing percentage (P<0.05). So, in quality traits too, a statistical difference in the
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majority of traits was observed (P<0.05) (visceral fat weight, visceral fat%, moisture%,

ash%, flesh fat%, Hue, collagen%) (Table VI.1).

TABLE VI.1. PHENOTYPIC RESULTS OF GROWTH AND QUALITY TRAITS (+ STANDARD ERROR) OF MEAGRE IN
THE THREE DIFFERENT FACILITIES.

Traits ICCM ADSA CANEXMAR

Body weight (g) 583.9848.27a  817.33+10.42" 1105.53+18.39°

Body length (cm) 37.04+0.19° 40.9+0.18° 45.68+0.29°

Condition factor (gcm-3) 1.11+0.00 1.17+0.00 1.16+0.04

Gutted weight (g) 519.9+7.34° 729.38+9.48" 970.78+14.39°

Dressing (%) 89.05+0.08*° 89.41+0.26" 88.38+0.37°

Visceral fat weight 3.94+0.14° 6.79+0.3° 20.5+0.86°

Visceral fat % 0.61+0.02° 0.73+0.02° 1.67+0.05°

Moisture (%) 76.07+0.00" 75.1120.00° 74.4+0.00°

Ash (%) 1.37+0.00° 1.32+0.00° 1.33+0.00°

Flesh Fat (%) 3.92+0.00° 4.62+0.00° 6.75+0.00°

Hue 91.2240.38° 90.94-:0.24° 86.44+0.43"

Collagen % 0.034+0.00° 0.032+0.00" 0.0330.00°

Value within each row not sharing the same letter are significantly different (P<0.05).
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TABLE VI.2. HERITABILITIES (IN THE DIAGONAL, WITH £STANDARD ERROR) PHENOTYPIC CORRELATIONS
(ABOVE THE DIAGONAL) AND GENETIC CORRELATIONS (IN ITALICS BELOW THE DIAGONAL, WITH
+STANDARD ERROR) BETWEEN GROWTH TRAITS AND QUALITY FOR MEAGRE.
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These differences in the three facilities showed that fish in the facility with higher
body weights had lower moisture, a higher flesh and visceral fat percentage. Thus, rates
for dressing percentage were so close and only a statistical difference between ADSA
company and CANEXMAR company were detected. For ash and collagen, higher data
was observed in ICCM facility and lower in CANEXMAR Company. Furthermore, the
determination of Hue data proves that meagre skin showed statistical difference between

CANEXMAR fish with a darker skin and the two other facilities with a yellow skin.

V1.4.2. Heritabilities and correlations

Phenotypic and genetic correlations among quality traits and their heritabilities, are
shown in Table VI.2. Heritabilities were low to moderate for all traits and ranged from
0.00 to 0.27 for collagen and visceral fat weight, respectively. Phenotypic and genetic
correlation in quality traits showed similar results; higher data values for genetic

correlations, until 0.99 between flesh fat percentage and gutted weight.

Growth traits showed a moderate to high inverse genetic correlations with moisture,
ash and Hue data (ranging from -0.55 to -0.88). Thus, high and positive genetic
correlations were observed between growth traits versus visceral fat weight and fat
percentage and flesh fat percentage. For quality traits, a negative tendency correlation was
observed between two groups; visceral fat weight, visceral fat percentage and flesh fat
versus ash, moisture and collagen. Furthermore, visceral fat weight and visceral fat
percentage showed a high positive correlation with gutted weight, and high negative
correlation with dressing percentage. Respect to colour parameter Hue data showed a
moderate to high negative genetic correlation with fat percentage, visceral fat weight and
visceral fat percentage and collagen, and high genetic correlation with moisture, dressing

percentage and ash.
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VI1.5. Discussion

VIL.5.1. Phenotypic quality traits

Economic traits can change from one to another species and from one to another
country (Gjedrem, 1997). This versatility suggests that defining flesh quality traits before
implementing selection breeding programs has gradually gained importance. This is
specially interesting when the work is made with a new species on which few studies
have been published (Poli et al., 2003; Chatzifotis et al, 2010; Roo et al., 2010;
Grigorakis et al., 2011). Also, it points out that the production is expected to grow fast in
the medium term, due to intrinsic values such as attractive fish shape, good processing
yield, good nutritional values, low fat content, excellent taste, and firm texture (Monfort,

2010).

In this study, the different environments of rearing system can explain the statistical
differences in phenotypic data between the three facilities for the majority of traits. This
difference does not involve that these traits ranges were in concordance with the
mentioned in different studies on quality and chemical composition of meagre (Bykov

2000; Poli ef al., 2003; Chatzifotis et al., 2010; Grigorakis et al., 2011).

Results obtained in this study showed higher moisture percentage and lower
percentage of ash, visceral percentage, flesh fat percentage and collagen in muscle than
those of seabass Poli et al. (2003). Grigorakis ef al. (2011) confirmed that meagre reared
in captivity develop lower amounts of muscular fat than commonly Mediterranean raised
aquaculture species. This data is an important indicator of meagre flesh quality, especially

for a consumer with more and more exigencies and healthy food demand.
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Periago et al. (2005) showed that collagen and hydroxyproline contents had a positive
correlation with muscle fibre density and a great contribution to a firmer texture. This
conversion from collagen to texture could be affirmed by texture analysis in order to get a
reliable data. So, the lower collagen percentage found in this species reflects that meagre

texture was firmer than sea bass texture.

Another fish quality and acceptability parameter is the skin colour. Commonly,
meagre has silver-grey body colour, with dorsal bronze traits and brown post-mortem
colour (FAOQ, 2012). Data obtained for the skin colour varied between brown and yellow
in the Hue spectre value (86-91). When comparing this results with L, a, b (0.516, -0.006,
0.057, respectively) reported by Hernandez et al. (2009), we observed that colour
tendency is common but a little variation exists in colour intensity between the two
experiments. This difference may be due to the environment (Fanouraki et al., 2007), the
reared facilities like observed between fish from CANEXMAR company and ICCM, and,
mainly, to differences from the body location used for colour measure (Filadelfi and

Castrucci, 1996).

VI1.5.2. Heritabilities and correlations

In various species, great phenotypic and genetic correlation were observed between
weight, length, fillet, gutted weight and dressing percentage (Kause ef al., 2007; Navarro
et al., 2009 a,b; Kause ef al., 2011). As well as in meagre (Soula et al, 2011). This
information might be the basis of growth traits selective breeding program. However, the
growth trait selection may, also unintentionally, reduce quality if unfavourable genetic
correlations between production and quality traits exist (Kause et al., 2011).

Negative correlation between fat and moisture content is common for fish species

(Jobling et al., 1998; Quinton ef al., 2005; Memon et al., 2011). In this sense, the results
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observed in this study (a negative correlation between body weight and moisture, and a
positive correlation between body weight and visceral fat weight and flesh fat,
percentage) might suggest that liquid in fish with the highest body weight is compensated
by fat accumulation in different locations. Same correlations were observed in other
genetic estimations, such as in Atlantic salmon (Quinton ef al., 2005) in common carp
(Kocour ef al., 2007) and in European whitefish (Kause et al, 2011), and they were

determinant to design a selection breeding scheme.

The low heritabilities of ash, fat percentage and moisture observed in this study are
similar than the observed by Navarro et al. (2009b) (0.08 and 0.09, respectively), in
gilthead seabream with similar culture conditions. This data were predictable, when
considering the low rate of muscle fat in meagre and admitting that this species is
classified as a low-fat fish (Chatzifotis et al., 2010; Piccolo et al., 2008; Hernandez et al.,
2009). This different heritability for flesh fat percentage, with respect to other species
such us Atlantic salmon (0.19-0.21) (Rye and Refstie 1995; Quinton et al., 2005; Vieira et
al., 2007) and sea bass (0.28) (Saillant et al., 2009) suggests that flesh fat percentage can
not be used as a direct selection parameter in a breeding program. The same conclusion
can be taken for ash and moisture. However, high correlations of these parameters with

growth traits suggest a controlled indirect selection.

In contrast, the moderate heritability of visceral fat weight and visceral fat percentage,
as well as their high correlations with body and gutted weight, impose the importance of
these traits as selection breeding program goals. This data contrasted with the low genetic
correlations observed by Gjerde and Schaeffer (1989), Navarro et al. (2009b), and
Saillant et al (2009) in other important aquaculture species. This issue is especially

relevant and could avoid the negative effect that fat surrounding the visceral cavity has on
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consumers (Grigorakis, 2007), at the same time that increases carcass yield. Since filleted

meagre marketing is quite acceptable.

In addition, the high positive correlation of visceral fat weight and visceral fat
percentage with gutted weight (besides the negative and high correlation with gutted
percentage) suggests that a direct selection of visceral fat weight or percentage shall have
an undesirable impact on dressing percentage. The same correlation tendency was
reported by different authors (Gjerde and Schaeffer 1989; Kause et al., 2002, 2007;
Saillant ef al., 2009). It may bear in mind when a direct selection to decrease visceral fat
and increase dressing percentage is a selection goal. In fact, excessive fat deposition in
fish tissues may affect processing yield, product quality and storage stability of the final
product and, consequently, its commercial value (Cowey, 1993; Ghanawi et al., 2011).
However, changing the great composition of internal organ may have detrimental effects
of fish health and biological efficiency, as stored lipids are necessary for fish vital

functions (Kause et al., 2007).

The most important quality attribute of animal and fish products, from consumers’
point of view, are sensory attributes, such as colour, texture, smell, and flavour (Boggio et
al., 1985). Skin colour may play an important role in the acceptability of fish by
consumers. So, it must be analysed and included as an item in quality evaluation studies
in cultured species. In this study, in spite of the low heritability and phenotypic
correlation of Hue value with the majority of traits, moderate and high Hue value genetic
correlations observations suggest that colour had a great genetic relation with important
quality traits. The Hue value increases when weight, collagen, visceral fat percentage and

flesh fat percentage decrease, and raises when moisture, ash and dressing percentage
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increase. In salmonids, Hue value in fillet also showed a correlation with a biometrical
traits and fat percentage (Gjerde and Schaeffer, 1989; Iwamoto ef al, 1990; Rye and
Gjerde, 1996; Quinton et al., 2005; Powell et al., 2008). However, the comparison is
quite difficult as analysis techniques and target tissues were different. It might indicate
that the inclusion of this trait may help to maintain good acceptability levels of our

aquaculture product.

The nature of fish muscle texture depends on a number of intrinsic biological factors
that are related to muscle fibre density, and involving both fat and collagen content
(Hernandez et al., 2009). In this study, collagen percentage showed null heritability, in
concordance with (Navarro et al, 2009b), which involves the impossibility of
improvement of this trait via direct selection. However, low and moderate genetic
correlations were detected with weight and fat percentage, respectively, and additional
studies of this tendency are necessary to consider the improvement of collagen percentage

via growth selection.

VI1.6. Conclusion

This study provides genetic parameter estimates that are necessary to design a meagre
selective breeding program which is focused on body composition and quality traits.
Furthermore, the correlation of a growth trait with most of quality traits and the
correlation of the last between them suggest a combination of growth and quality
parameters as multiple breeding objective to reach an equilibrated product with high

growth rate and good quality.
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VII. CONCLUSIONES

1. El marcaje fisico con el Passive Integrated Transponder (PIT) en corvina posee su
mejor localizacion vy talla en la parte abdominal del pez desde los 4 gramos, talla
en la cual no hay un efecto del marcaje sobre el crecimiento, la tasa de mortalidad

ni tampoco la tasa de retencion.

2. Desde los 3 gramos no hay un efecto del sistema de marcaje PIT sobre el bienestar
de la corvina. Sin embargo, a tallas mas pequefias este bienestar puede ser

desequilibrado y es reflejado en la modulacion de la expresion del gen CYP1A.

3. El CYP1A es un marcador molecular que ha mostrado su eficacia a la hora de
poner de manifiesto las variaciones que puede provocar una manipulacion
estresante por el pez. Este marcador puede ser utilizado perfectamente en la

evaluacion del bienestar en corvina.

4. Con el disefio de la PCR multiplex interspecifica se ha mostrado la eficacidad de

la amplificacion cruzada de los microsatélites descritos en otros scianidos.

5. No existe diferencia importante entre las dos PCRs descritas en el presente trabajo
(especifica-interespecifica) respecto a la variabilidad genética del lote de

reproductores del ICCM.

6. La caracterizacion genética de los grupos de corvina y el alto polimorfismo
detectado en los lotes de IRTA y en los peces salvajes confirman la eficacia y la
potencia de las dos PCR multiplex como herramientas de gran valor en estudios

genéticos.
7. Los reproductores de corvina del ICCM mostraron una baja diversidad genética y

un alta coascendencia entre ellos. Confirmando la procedencia del stock de un lote

de cultivo originario de la misma puesta.
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8.

10.

11.

12.

13.

14.

La eficacia de la STRs y STRi en conjunto (ha permitido una asignacioén del

82,8% ) es probada incluso en la asignacion entre grupos de hermanos carnales.

La amplificacion de las dos PCR multiplex reflejo la importancia de los alelos
nulos, lo que puede dificultar el proceso de la asignacion de los descendientes

sobre todo para los microsatélites interespecificos.

Los caracteres de crecimiento de interés econdémico a varias edades en corvina
han mostrado una determinacion fenotipica ascendente con la edad y una
determinacion genética muy alta desde edades precoces, sugiriendo la posibilidad
de realizar un programa de seleccion con objetivos de crecimiento desde tallas

pequenas.

Los datos de correlaciones genéticas y heredabilidades en corvina mostraron una
alta determinacion genética de los caracteres de crecimiento (peso y longitud), de
los caracteres de canal (peso filete, peso eviscerado y porcentaje canal) y de la

grasa evisceral, tanto el peso como el porcentaje.

Uno de los dos caracteres de crecimiento, el peso o la longitud, es suficiente para
ser utilizado en el disefio de un esquema de seleccion genética dirigida al
crecimiento, debido a que los dos muestran las similares correlaciones genéticas

con todos los otros caracteres.

Los datos de correlaciones genéticas y heredabilidades reflejaron una baja
determinacion genética para todos los caracteres de calidad, excepto el color. No
obstante, estos caracteres pueden ser trazados, de forma indirecta, en el programa
de seleccion genética debido a las interacciones que tienen entre ellos, y con los

caracteres de crecimiento y carcasa.

Las altas correlaciones observadas entre los caracteres muestreados y los datos
recogidos de los andlisis de imagenes sugieren que esta nueva técnica puede ser
una nueva estrategia a la hora del disefio de programa de seleccion y puede

substituir en algunos caracteres el muestreo tradicional de los peces. Asi, 11 area
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15.

16.

total, la longitud y el area filete total pueden substituir el peso, la longitud y peso
filete respectivamente, en el disefio de un programa de seleccion genética usando

las imagenes como técnica de analisis.

La alta correlacion entre los diferentes drganos ligados al crecimiento, tal como el
peso de ventriculo y de las branquias, que reflejan una adaptacion morfoldgica,
abre puertas en la integracion de nuevos caracteres para los programas de

seleccion.

La mejora en corvina basada en herramientas genéticas parece ser un hecho y una
solucidon interesante para consolidar esta especie como un potencial para la
acuicultura mediterranea, debido a los valores de pardmetros genéticos
indispensables en un programa de mejora genética que refleja este estudio, usando

un lote de reproductores bastante consanguineo.
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Anexos

Protocolo de extraccion de ADN

Material y Equipamiento:

v" Muestra de tejido

v" Soluciones para la digestion.

v" Soluciones para la precipitacion.

v Centrifuga

v' Estufa

Procedimiento:

1. Preparacion del Tampon de digestion:

En un tubo de 10ml (25 muestras): ) )
Concentraciones finales:

- 500 wl SDS al 20% - Tris: 50 mM
- EDTA: 100 mM
‘ - NaCl: 100 mM
- 50 ul Proteinasa K al 100 mM - SDS: 1%

- Protei K: 100 1
- 9.450 ul Stock (Tris, EDTA, NaCl) roteinasa ug/m

2. Tomar una muestra de aproximadamente 50mg de aleta e introducirla en un eppendorf

de 1,5ml.
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3. Anadir 400 ul de tampdn de extraccion a cada una de las muestras. Incubar a 50°C en
agitacion durante el tiempo suficiente para que se produzca la digestion de todo el tejido
(1-3h o toda la noche).

4. Anadir 400 pl de fenol equilibrado con Tris 0,1 M (pH: 8,0) (fase inferior).

5. Agitar manualmente durante 10 minutos.

6. Centrifugar durante 15 min. a 8.000 g.

7. Recuperar la fase superior y transferirla a un eppendorf limpio.

8. Afiadir 1 volumen (aproximadamente 300 ul) de Cloroformo: Alcohol isoamilico
(24:1).

9. Agitar manualmente durante 10 minutos.

10. Centrifugar durante 15 min. a 8.000 g.

11. Recuperar la fase superior y transferirla a un eppendorf limpio.

12. Afiadir 1 volumen (aproximadamente 300 pl) de isopropanol frio y agitar suavemente.
El caso de utilizar etanol, usar 2 volumenes, que junto a la sal y el frio precipitan el ADN.
13. Dejar a 4°C durante una hora como minimo.

14. Centrifugar 15 min. a 12.000 g. Cuanto mas se centrifugue mas rendimiento se
obtendra. Colocar los tubos con la articulacion de la tapa hacia fuera para saber donde
quedaré el ADN.

15. Recoger y tirar el sobrenadante. Apuntar al lado contrario de la articulacion de la tapa,
para no arrastrar ADN.

16. Anadir 400 pl de etanol al 70% para lavar el sedimento.

17. Centrifugar 5 min. a 12.000 g.

18. Volver a retirar el sobrenadante del mismo modo que en el paso 14.

19. Secar perfectamente 15 min. a 30°C.

20. Resuspender en 50 ul de TE 1X.
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Protocolo de determinacion de la cantidad de humedad

1. Descongelar el filete y triturarlo completamente. De cada filete se analizan dos
muestras.

2. Poner un crisol de ceramica por muestra en la estufa a 110°C durante unas horas para
que quede bien seco.

3. Atemperar el crisol en el desecador durante unos 45 min.

4. Sacar el crisol y numerarlo por la parte de abajo a lapiz. Pesarlo (peso crisol), afiadir
aproximadamente 4 g de muestra y volver a pesarlo (peso crisol + muestra fresca). (Los 4
g no pueden ocupar la totalidad del crisol, pues cuando se queman, las cenizas aumentan
de volumen, forméndose burbujas y se pueden rebosar).

5. Secar en la estufa a 110°C durante 24 horas.

6. Atemperar el crisol en el desecador durante unos 15 min.

7. Pesar el crisol (peso crisol + muestra seca).

8. Determinar la cantidad de humedad por diferencia: (peso crisol + muestra fresca) -
(peso crisol + muestra seca) = (peso humedad). Para expresarlo como porcentaje hace
falta el peso de la muestra: (peso crisol + muestra fresca) - (peso crisol).

9. Este mismo crisol (peso crisol + muestra seca) se utilizard en el protocolo de

determinacion de la cantidad de cenizas.
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Protocolo de determinacion de la cantidad de ceniza

1. Calentar el crisol con la muestra seca utilizada en el analisis de la humedad en la mufla
a 600°C durante 5 horas. Esperar unas 12 horas para que baje la temperatura antes de abrir
la mufla.

2. Sacar con guantes térmicos el crisol con las cenizas.

3. Atemperar 45 min en el desecador.

4. Pesar el crisol (peso crisol + cenizas).

5. Determinar la cantidad de cenizas por diferencia: (peso crisol + cenizas) - (peso crisol)
= (peso cenizas). Para expresarlo como porcentaje hace falta el peso de la muestra: (peso

crisol + muestra fresca) - (peso crisol).
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Protocolo de determinacion de lipidos

Aparataje: Soxhlet 1034, Estufa, Balanza
Material: Papel de filtro, Desecador, Cazos, Eter de petréleo
Dia 1. Descongelar las muestras, pesar 20g de cada muestra por duplicado y meterlas en
la estufa durante 24 horas Poner también papel de filtro para que se deseque y pierda la
humedad que puede contener.
Dia 2. Sacar las muestras, pesar 2g de las muestras secas y ponerlo en el papel de filtro y
reponerlo en la estufa durante 24 horas.
Dia 3. 1. Pesar el conjunto (peso muestra+ peso filtro).

2. Poner el termostato hasta que llegue a 100° C

3. Llenar los cazos hasta un poco mas de la mitad con éter de petrdleo

4. Colocar los papeles de filtros llenos de muestras (2 paquetes en cada uno de los
tubos)

5. Llave abierta+posicion boiling +evaporacion (20min)

6. Llave abierta+posicion rising +evaporacion (40min).

7. Llave cerradot+encender la bomba de airet+posicion rinsing ~+evaporacion
cerrada (20 min).

8. Recoger los paquetes y poner los en la estufa 24h

9. Recuperar el éter de petroleo
Dia 4. Pesar los paquetes y hacer el calculo: ((peso muestrat peso filtro)sina-(peso

muestrat peso filtro)inicia1)/ (peso muestra+ peso filtro)sinal.
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Protocolo de determinacion de colageno total

1. Anadir aproximadamente 2 g de muestra en un tubo de ensayo de vidrio (Pesar el tubo,
tarar, afladir la muestra y apuntar el peso).

2. Anadir 15 ml de 4cido sulfurico (solucion 3 M) y dejar el tubo sin tapar en la estufa a
105°C durante 24 horas.

3. Filtrar el contenido del tubo pasdndolo por un fonil de vidrio, con un filtro de papel
whatman, a un matraz de 100 ml.

4. Anadir al tubo vacio 10 ml de la solucion acido sulfurico 3M y volver a filtrar.

5. Enrasar con agua destilada y mezclar.

6. Transferir 4 ml de la solucion filtrada a un tubo de pléstico y taparlo.

7. Preparar la solucion madre de hidroxiprolina (500 pg/ml): afiadir 50 mg de
hidroxiprolina a un matraz de 100 ml, afiadir una gota de soluciéon de acido sulftrico 3M
y enrasar con agua destilada. Esta solucion es estable 1 mes a 4°C.

8. Preparar los tubos de los estdndares que constituirdn la curva patron, a partir de la
solucion madre de hidroxiprolina, con las siguientes concentraciones: 0 (blanco); 0,1; 0,2;
0,3; 0,5; 1; 1,5 y 2 pg/ml, y transferir 4 ml de cada una a un tubo de plastico.

9. Preparar la solucion tampon: disolver 26 g de acido citrico monohidratado, 14 g de
hidroxido de sodio y 78 g de sodio acetato monohidratado en 500 ml de agua destilada.
Transferir a un matraz de un litro, afiadir 250 ml de I-propanol y enrasar con agua
destilada. Debe estar a pH: 6,8 y es estable durante varias semanas a 4°C.

10. Preparar la solucion cloramina T (inmediatamente antes de usar): disolver 1,41 g de p-
Toluensulfonilcloramida Sédica (cloramina T), en 100 ml de la solucion tampoén (0,0141g

clorT/ml tampoén).
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11. Afiadir a cada tubo de muestra y de estandar, 2 ml de la solucion cloramina T.
Mezclar y dejarlos a temperatura ambiente durante 20 min.

12. Preparar la soluciéon de color (en el dia de su uso): Disolver 10 g de p-
dimetilaminobenzaldehido (Ehrlich’s reagent) en 35 ml de una soluciéon de &cido
perclorico al 60% y luego muy despacio afiadir 65 ml de 2-propanol.

13. Afiadir a cada tubo de muestra y de estdndar, 2 ml de la solucion de color, mezclar
rapidamente y mantener los tubos a un bafio de agua de 60°C durante 20 min.

14. Enfriar los tubos con agua fria y dejarlos durante 30 min a temperatura ambiente.

15. Leer una alicuota de cada tubo en el espectrofotometro a 558 nm. Comparando las
absorbancias con las de la curva patron se obtienen las concentraciones de hidroxiprolina
de cada tubo (ug/ml). Las cuales se multiplican x100 y se dividen por el peso de la
muestra puesta en el tubo de ensayo, para obtener los pg de hidroxiprolina por g de

muestra.
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Protocolo analisis de imagen

La sesion fotogréafica debe realizarse en un cuarto oscuro sin la influencia de luz externa.
1. Disposicion de la camara fotogrdfica: La camara estard centrada con respecto a
los fluorescentes (a 60 cm de distancia de cada fluorescente). La altura del
soporte de la cdmara desde el plano serd de 39 cm. El objetivo de la camara, en
este caso, estard a 40 cm desde el borde inferior o superior de la mesa hasta el
centro de la mesa, (ancho de la mesa de 80 cm). El enfoque el pez en linea

horizontal (cabeza-cola).

2. Disposicion de la bandeja: La bandeja ird centrada con respecto al objetivo de

la camara

3. Disposicion de los fluorescentes: Se utilizaran 2 fluorescentes de 36"/89.46 cm,
y 30 W. Dispuestos a cada lado de la cdmara, iluminando al pez en direccién
(cabeza- cola). La separacion entre ambos fluorescentes serd de 1.20 m. La altura

de las luces desde plano es la siguiente:

- luz izquierda: 20 cm
- luz derecha: 26 cm

4. Disposicion del pez:

* Disposicion ventral: Utilizar fondo rojo liso (bandeja), etiquetar los peces
(numeracion) en su cara lateral derecha, y poner otra etiqueta para identificar a
cada pez sobre la bandeja. La orientacion del pez tiene que ser la misma para

todos los peces.
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* Disposicion dorsal: Utilizar fondo blanco liso (bandeja), etiquetar los peces
(numeracion) en su cara lateral derecha, y poner otra etiqueta para identificar a

cada pez sobre la bandeja. La orientacion del pez tiene ser la misma.

El procesado de las iméagenes se realiza con el programa MATLAB, es un programa para
realizar célculos numéricos con vectores y matrices. De forma general, el procesado de
las imagenes consiste en calcular una serie de medidas sobre el pez, que dependeran de si
el pez se encuentra en posicion ventral o dorsal.

Los datos de salidas del programa son:

1. Nombre de la imagen.

2. Area total del pez (cm?).

3. Longitud total del pez (cm).

4. Ancho maximo del pez (cm).

5. Ancho de la cola (cm). Hace referencia al ancho del estrecho de la cola.
6. Longitud desde la cabeza hasta el estrecho de la cola (cm).

7. Ancho de la cabeza (cm).

8. Area del filete (desde la linea de corte de la cabeza hasta la cola) (cm?).
9. Longitud estandar (desde la cabeza hasta la aleta de cola) (cm).

10. Longitud méxima del filete (desde la linea de corte de la cabeza hasta la cola)

(cm).

11. Ancho maximo del filete (cm).
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12. Excentricidad (0 < e <1). Da una idea de lo ovalado que puede ser el pez. Se
obtiene desde la cabeza hasta el estrecho de la cola. Si e=0 la forma del pez se

asemeja a un circulo, y si vale 1 se asemeja a una linea.

13. Flag_error: da informacion sobre algunos errores detectados en el procesado de
las imagenes. Tipos: error de area, error de estimacion de cola, error del

programa,etc.

14. Anchuras verticales equiespaciadas de toda la dimension del pez (5 anchuras en

(cm). Puntos blancos sobre el contorno del pez en la imagen mostrada debajo.

15. Fecha.
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