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1. OBJETIVO

El objetivo de este informe es el de describir, analizar y evaluar la forma en que se desarrollo la
propuesta, tanto desde el punto de vista técnico, como de su gestidn administrativa y de las
actividades de difusién realizadas. Especificamente, en este informe se deberan describir las
visitas y tecnologias conocidas durante la Actividad de Formacidn, y junto con eso también se
debera contemplar un andlisis y reflexion respecto a los conocimientos adquiridos en la
actividad y su aplicabilidad concreta en el pais ¢ en lugar de origen del participante, incluyendo
los desafios o limitantes que se presentan para su incorporacién.

Adjunto al informe se debera entregar una copia de todo el material o documentacién
recopilado durante la Actividad de Formacion, incluyendo copia del material audiovisual.

El informe deberd adicionalmente describir las actividades de difusién realizadas, de acuerdo
con el programa de difusion comprometido en su propuesta, adjuntando el material y
documentacion utilizada y entregada a los asistentes en dichas actividades.

2. PLAZOS Y ENTREGA DE INFORMES

Luego de terminada la actividad de Formacién y del regreso del participante, éste y/o la Entidad
Patrocinante tienen un plazo maximo de 2 meses para realizar las actividades de difusion
comprometidas en la propuesta. Después de realizada la Ultima actividad de difusion
comprometida, disponen de un plazo maximo de 15 dias para la entrega a FIA del Informe
Técnico y de Difusién.

Estos plazos estan especificados en el contrato de ejecucion respectivo y en la eventualidad de
gue exista un imprevisto que no le permita al participante y/o Entidad Patrocinante cumplir con
dichos plazos, éstos deberan justificar y solicitar por escrito a la Direccidén Ejecutiva de FIA fa
posibilidad de prorrogar los plazos estipulados, los cuales se autorizarén en la medida que
existan una razén clara y justificada.



En la eventualidad de que los compromisos antes sefialados no se cumplan, se procedera a
ejecutar la garantia respectiva y el participante quedard imposibilitado de participar en nuevas
iniciativas apoyadas por ios diferentes Programas e instrumentos de financiamiento de FIA.

3. PROCEDIMIENTO

Los informes deben ser ntados, preferentemente en di
abligatoriamente en papel ({tres copias) de acuerdo a los formatos establecidos por FlA, en la

fecha indicada como plazo de entrega en el contrato firmado con el participante y/o Entidad
Patrocinants. Los formatos de dichos informes (impresos y en disquet) son entregados por FIA
al postulante o participante de la propuesta a través de este instructivo.

Los informes deberdn ser dingidos a las oficinas de FIA ubicadas en Avenida Santa Maria
2120, Providencia, Santiago, y podran entregarse personalments en dichas oficinas en horario
habil o enviarse por comeo a domicilip en forma oportuna para que llegue en el plazo
establecido.

El FIA revisara los informes y dentro de los 45 dias hdbiles siguientes a la fecha de recapcién
(plazo méximo) enviara una carta al responsable de ia propuesta o participante, informando su
aceptacién o no aprobacion. En caso de no aprobarse el infforme FIA comunicara en detalle las
razones de dicha decision. El responsable deberd corregir los reparos u observaciones gue
motivaron el rechazo, dentro del plazo determinado por el FIA.

4. CONTENIDO Y FORMATO

La informacitn presentada en el informe de avance técnico y de difusién debe ser presentada
en un lenguaje claro y estar directamente vinculada a la informacidn presentada en el informe
financiero, siendo totalmente consistente con ella.

E!l informe debe incluir o adjuntar los cuadros, graficos, folografias y diapositivas, publicaciones,
material de difusion, material audiovisual y otros materiales que apoyen o complementen la
informacién y andlisis presentados en el texto central.



El informe de avance técnico y de difusién debe incluir a lo menos informacién sobre todos y
cada uno de los puntos mencionados a continuacién, y siguiendo en lo posible el orden

indicado.

Es importante contar con toda la infonna'dén que se solicita, como por eiemplo. los
anmtecedentes de los participantes en las actividades, informacién relevante para FIA. El envio
de la informacién incompleta puede ser motivo de no aprobacién de este informe.



Qﬁi}' 48, COBIERNO DE cHLE
TUNDACKIN PARA LA
4 INNOVACION AGRARIA

CONTENIDO DEL INFORME TECNICO Y DE DIFUSION

Septiembre 30 de 2005 de 2005

clel lo efeeueddn ¢ < 4T

Marco Berland Olea

Firme del Coordnaser de b Bleewsién 55w iE

v 744/

1. ANTEGEDENTES GENERALES DE LA PROPUESTA
mnﬁma&’ta[e J :

£

ENTR.ENAMIENTO EN PRODUCCION DE EMBRIONES BOVINOS IN VITRO

FIA-FP-V-2004-1-P-042

PostulanteJo]Rostulantes)

MARCO ANTONIO BERLAND OLEA

EntidadjRatiocinanteloRes poncabicI

Escuela Medicina Veterinaria, UNIVERSIDAD CATOLICA DE TEMUCO

&E@Eﬁ@a@@f&@lﬁaﬂp; A

Copenhagen, Dinamarca y DUBLIN, IRLANDA

m@mﬁ@mmm@mm

ENTRENAMIENTO

echaldeliealizacionl(iniciolyltermino)l

7 DE ENERO AL 15 DE FEBRERO DE 2005




GOBI
@ e o
INNCVAZION ACEARA

2. ALCANCES Y LOGROS DE LA PROPUESTA

Justificacion y objetivo's plantéédbs inicia[mentg'en la propués.ta B B

2.1.- Objetive General

Aplicar metodologias modernas y efectivas de cultivo que permitan eficientizar la tuecliblogla de
produccién de embriones bovinos in vitro, como una herramienta para el mejoramiento genético
animal.

2.2.- Objetivos Especificos

- Conocer y manejar sistemas de cultivo en base a medios semidefinidos y condictones de
atmosfera controlada de oxigeno (sistema de cultivo SOF.)

= Conocer y comparar los procedimientos de obtencion de embriones a partir de hembras vivas.

- Manjar metodologias celulares y de cultivo para evaluar los procedimientos de produccién de
embriones.

- Conocer ¢l avance y perspectivas actuales de las biotecnologias en embriones y su aplicacién en
los sistemas productivos.

- Establecer contactos y relaciones para impulsar el desarrollo de actividades de colaboracion en
investigacién y aplicacién de biotecnologias en embriones

Justificacidn

Formo parte de un grupo que por més de 10 afios ha estado trabajando en el tema de fecundacion
de embriones bovinos y también Camélidos Sudamericancs. La investigacién en €l campo de la
Biotecnologia Reproductiva, en especial en lo que respecta al mejoramiento genético, a partir de
la implementacién’ de tecnologias eficientes y efectivas en la produccién de embriones in vitro,
ha tomado especial relevancia en estos \iltimos afios. Lo anterior considerando sus aplicaciones
efectivas y potenciales el mejoramiento genético animal y mis reciemtemente los
procedimientos para la obtencién de bovinos transgénicos como bioreactores.

En este contexto, nuestro grupo esta desarrollando desde al afio 2002 un proyecto FIA de
Biotecnologia en embriones bovinos (BIOT-01-P08), que ha buscado el desarrollar y evaluar la
aplicacién de la produccion de embriones bovinos como una herramienta pars el mejoramiento de
la masa ganadera. Para lo cual hemos trabajado con predios de crianza de ganado de la Regién.
Entre los principales resultados que hemos podido obtener y que ya considerdbamos como
potenciales riesgos de &xito, se constata que uno de los aspectos criticos para la eficiencia de esta
tecnologia son las condiciones y metodologlas de cultive de los embriones, que marcan
fuertemente los resultados que se pueden obtener. Esto no es extrafio ya que la investigacién de
punta en este aspecto ha demostrado ¢ implementado metodologias més efectivas en este émbito,
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Las nuevas metodologias para el cultivo de embriones van asociadas principalmente a la
obtencién de mayor nimero y mejor calidad de los embriones, lo cual se puede evaluar y que es
factor determinante en las potenciales prefieces que se obtengan El conocer y manejar estas
nuevas metodologias nos permitird eficientizar las aplicaciones pricticas y mejoras las
proyecciones de nuestro trabajo en este campo. Uno de los objetivos del proyecto que estamos
desarrollando es que una vez finalizado la aplicacién de estas tecnologia se proyecte en el tiempo
y sea una herramienta para ¢l mejoramiento genético, que cada dia toma mayor importancia en
nuestro pais como ya lo ha hecho en ¢l mundo desarrollado.

En conjunto con lo anterior nuestro grupo, en conjunto con la Unidad de Biotecnologia Animal de
INIA CARILLANCA, ha obtenido un proyecto FONDEF pama la generacién de bovinos
transgénicos como Bioreactores (FONDEF D03110/74 ). Parte de los fondos obtenidos para
nuestra unidad nos permitirdn adquirir moderno equipamiento para el cultivo de embriones con
condiciones mejoradas, ¥ que comresponde a una parte fundamental de los conocimientos
précticos que podria adquirir en el entrenamiento para el cual estoy enviado esta propuesta. Estas
condiciones nos permitirin abordar en mcjores condiciones ¢! desafio del proyecto en
transgénesis y potenciar la produccion de embriones in vitro para su aplicacién real en el campo
productivo.,

El grupo de tmbajo en donde s¢ desamrollaria mi  entrenamiento, esta encabezado, en los
principales aspectos de mi interés, por el Dr. Pat Lonergan, quienes son actualmente uno de los
grupo mis connotados en al 4mbito de biotecnologias en embriones de especies productivas. Otro
aspecto fundamental es que tengo la posibilidad de realizar un entrenamiento sin costo, hecho que
no se da en Ia mayorfa de los centros que son referentes mundiales en el tema

Finalmente, debo seflalar que mi interés y del grupo de trabajo es de continuar trabajando en
forma aplicada y en investigacién para contribuir efectivamente al desarrollo de estas
biotecnologia en nuestro pais.

Ademss y tomando en cuenta la eventualidad de encontrarme potencialmente en esa fecha cerca
del lugar donde se realizard la Conferencia Anual de la International Embryo Transfer Society,
considero de manera relacionada pero a la vez independiente la posibilidad de, con costos
sustancialmente menores, de asistir a dicho evento, donde se presentardn trabajos y conferencias
por parte de cientificos del mas alto nivel mundial, en el tema relacionado a nuestro trabajo y a los
tépicos del entrenamiento. Por lo anterior incluyo programas y costos para participar en ¢sta
actividad. Quiero recalcar que al calcular 1os costos de asistir a este evento ellos son menores si
consideramos que estaré muy cerca de Irlanda donde realizaria mi entrenamiento.

Mi entrenamiento finalizaria el 15 de febrero y esto por diferentes razones, En Europa el feriado
de fin de afic se extiende hasta el 5 de enero y luego el Profesional encargado del entrenamiento
estard ausente entre el 8 y 13 del mismo mes ya que es un connotado cientffico que participa en
les actividades de Congreso mencionado que se realizard en Dinamarca. También estamos en
estacién opuesta con Europa y segiin los contactos realizados se hace imposible realizar y
finalizar ¢l entrenamiento antes del 28 de enero, Por mi parte es imposible que sea antes ya que
tengo que cumplir con mis labores académicas y de finalizacién del proyecto FIA.

Finalmente y considerando todas las variables que incluyen ademas la preparacién de las
actividades para mi entrenamiento, acordamos con el Dr. Pat Lonergan postular la posibilidad de
que ¢l entrenamiento termine el 15 de febrero.




'ObjetIVOS alcanzados tras la real:zamon de la propuesta

Todos los objetivos que se plantearon en la propuesta fueron alcanzados durante ¢l transcurso del
entrenamiento y asistencia al Congreso Mundial de la IETS.

Debo recordar que la propuesta final aprobada considerd en primer término la asistencia al
congreso mundial anual de la Internacional Embryo Tranfer Society (IETS), el cual se desarrollé
en la ciudad de COPENHAGEN, en DINAMARCA.

La asistencia a ¢ste evento me permitié conocer y constatar el avance e importancia mundial de
las teméticas asociadas a la Biotecnologia en embriones, especialmente en el tema de bovinos.
Este evento es uno de los que considero deberia estar en Ia lista de Congresos permanentes para
los cuales FIA aporta financiamiento de asistencia. Se realiza todos los aflos generalmente en un
pais del mundo desarrollado.

Uno de los logros importantes que pude establecer, fue un vinculo con perspectivas de trabajo en
investigacién y también amplias posibilidades de realizar estudios de Doctorado en Irlanda. Lo
anterior ahora pasa por conseguir el financiamiento para que estos se concrete. Lamentablemente
¢l costo de vida y estudios en EUROPA es muy alio para nuestra realidad, sin embargo hay
posibilidades que se deben trabajar con tiempo.

Resultados & impactos esperados inicialmente en fa propuesta

l.- La aplicacidn de técnicas modermas para Ia obtencién de embriones bovinos nos permitird
desarrollar de manera més eficiente la produccion de embriones para mejoramiento genético. Su
impacto se deberia dar en ¢] mediano plazo a través de servicios que se implementarin destinados
a |a posibilidad de que los ganaderos de Ja IX Region y otras tengan la posibilidad real de aplicar
estas tecnologias en sus sistemas productivos, Este hecho ya se ve con gran factibilidad ya que
diversos empresarios del rubro nos han solicitado asesoria para evaluar la factibilidad técnica de
estos procedimientos.

2.- Un segundo impacto importante en el mediano plazo serd el afianzar vinculos con una de las
unidades mds importantes de trabajo en este 4mbito a nivel mundial. La idea es establecer el
contacto y comenzar a trabajar en forma colaborativa con ellos.

3.- Los aspectos a abordar en mi enirenamiento también ayudaran en el corto plazo a mejorar las
condiciones de trabajo con embriones que es uno de los elementos bases en el trabajo de nuestro
proyecto recientemente aprobado por FONDEF. Lamentablemente y debido a una mala
evaluacién técnica, FONDEF nos recorté mucho los fondos solicitados y no pudimos obtener
dineros para realizar perfeccionamiento en este dmbito.

4.- Por ltimo, la actualizacidn en las temadticas propias es muy importante en mi caso ya que
trabajo en la formacion de futuros médicos veterinarios




Resultados alcanzados

Describir si se lograron adquirir los conocimientos, experiencias, alianzas u otros resultados que
se esperaban alcanzar a través de la participacion en la actividad de formacian y del desarrello
de las actividades de difusion. Si hay resultados que no se alcanzaron total o parcialmente,
indicar las razones gue a juicio del participante explican dicha situacion.

Durante la estedia de formacién, especialmente en el entrenamiento, creo que se lograron
claramente los conocimientos, experiencias contactos y vinculos para alianzas estratégicas de
trabajo, en el mediano y largo plazo. En lo fundamental se dié todo como lo esperaba ya que la
visita al Laboratorio de Fecundacién in Vitro y Estacién Experimental en Lyon, del University
Collage Dublin, se hizo con 1a debida programacién y previo a aceptacién de una propuesta clara
y contactos previos que hice con el profesor encargado Dr. Patrick Lonergan. Por otra parte el
aprendizaje se facilitd por la excelente disposicién y acogida que me brindé el Dr. Lonergan,
quién edemds es una persona muy agradable y reconocida mundialmente en el drea. Tuve la
oportunidad de participar y asistir a todas las actividades de investigacién y difusién que realizan
en la Unidad, especialmente los estudiantes de postgrado. Me permitié compartir expericnciag,
comparar ¢on lo que venimos haciendo en nuestro grupo de trabajo etc.

La actividad de difusién en lo concreto se desarrollo como lo esperaba. Mi idea siempre fue el
hacer una actividad que dejara mayores conocimientos que una simple explicacién teérica. En lo
puntual, este tipo de trabajo que es eminentemente préctico requiere de contextualizar ciertos
conocimientos, que en o tedrico estdn disponibles a través de diversas fuentes de informecion, sin
embargo la clave del aprender en este caso se da en la experiencia prictica. En este sentido, una
actividad de este tipo no es de cardcter masivo y para que tenga un mayor aprovechamiento debe
estar focalizada a cicrtas personas con intercses claros y conocimientos basicos previos en el
tema. Todo lo anterior demandd una actividad de difusién fundamentalmente préctica de larga
duracién que implicé bastante trabajo pero al final muy gratificante en la respuesta de los
participantes, Finalmente ¢s muy importante sefialar que la concrecién de la actividad de difusién
estuvo determinada por dos factores directa e indirectamente vinculados al quehacer propio del
trabajo en la Universidad, En primer témmino los acontecimientos asociados a las protestas
estudiantiles por sus demandas, que mantuvieron las instalaciones Universitarias paralizedas por
un tiempo prolongado ¥ por otro la demora en ¢] montaje y puesta en marcha de los nuevos
equiparnientos adquiridos en nuestra unidad y que son base para el montaje de las experiencias
précticas programadas en la difusién.

Aunque no formaba parte de la propuesta inicial aprobada por el FIA, cuando se me otorgd el
financiamiento y en la carta de aprobacién, se me encargd el tratar de concretar algin tipo de
vinculo con el National Food Center con sede en Dublin, particularmente con su entonces director
Mr. Declan Troy, quien habia asistido como invitado de FIA a participar en un seminario sobre el
tema de la carne, a mediados del 2003, Bueno, en mi estadia hice el esfuerzo de entrevistarme
con ¢l Sr. Troy, 1o que no se logré debido principalmente a imposibilidad de coordinacidn por mi
ubicacidn y las actividades propias del Sr. Troy en su trabajo, lo cual ademas coincidié con un




periodo de vacaciones que el tuvo en parte del tiempo que permaneci en Publin, En todo caso
pude escribirle una nota donde le explicaba la situacién, ademds de conversar con su secretaria
personal. Estando en Dublin, traté de establecer contacto con alguna persona que hiciera de
intermediario en el intento de establecer algin vinculo de trabajo concreto, lo que no logré,
debido a las fechas en las que se realizd mi estadia en Irlanda. Dentro de las personas que me
parecidan mds idéneas para estos fines, me contacté con el Dr. Adridn Catrileo, investigador de
INIA CARILLANCA y quien trebaja en el 4rea de carne, especialmente en el tema de produccién.
Resumiendo, a mi regreso a Chile, sostuve algunas conversaciones con el Dr. Catrileo quien se ha
mostrado muy interesado en la posibilidad de establecer algim vinculo a través del Sr. Troy con el
National Food Center de Irlanda, especialmente ahora que él forma parte de un grupo importante
de personas e instituciones que estédn postulando un proyecto para crear un consorcio de la carne y
la idea que conversamos al respecto es que en el marco de este consorcio puedan establecer un
vinculo concreto de colaboracién con el centro en Irlanda.  El Dr. Catrileo ya le ha escrito a Mr
Troy, haciendo referencia a mis contactos con €] y los intereses en establecer ¢l vinculo.

He tomado el encargo que me hizo FIA de tratar de ayudar a concretar este tipo de vincula, en el
sentido de que la dnica forma de que se concrete algo es con el compromiso e interés de una
persona vinculada a una institucién que este realmente trabajando el ambito de imterés particular.
El contacto ya esta hecho y he pedido al Dr, Catrileo que me tenga al tanto de las conversaciones
que se den en este contexto.,

Resultados adicionales

Describir los resuitados obtenidos que no estaban contemplados inicialmente como por
ejemplo: formacion de una organizacidn, incorporacion de alguna tecnolegia, desarrollo de un
proyecto, firma de un convenio, entre ctros posibles.

1) En lo prictico, tuve la oportunidad de ver y participar de la aplicacién practica de la
tecnologia de transferencia de embriones quinirgica interespecifica. Esta tecnologia
consiste bisicamente, para el caso del bovino, en transferir embriones bovinos a oviducta
de oveja con el fin de realizar cultivo in vivo. Esto permite evaluar y controlar los
procedimientos in Vitro, de tal forma de saber si las condiciones de trabajo en laboratorio
son las adecuadas, ademds de ser una importante herramienta para potenciales
aplicaciones pricticas, especialmente en la posible congelacién de embriones. También
pude ver y valorar la aplicacién de tecnologias asociadas a la expresién pénica en
embriones, tecnologla que se estd utilizando con fuerza en programas de investigacién
bésica y aplicada.

2) El Dr. Lonergan quedé muy interesado y dej6 las puertas abiertas para el desarrollo de
investigaciones conjuntas asi como la posibilidad de trabajos en el dmbito de los
Camélidos Sudamericanos, especies de gran interés biolégico y productivo con las cuales
no ha tenido posibilidades de trabajar y con las que nuestro grupo si lo ba becho por varios
afios y con importantes hallazgos

3) Por Ultimo, también tuvimos conversaciones sobre la posibilidad de realizar en Chile
algn Seminario internacional a lo cual s mostré abiertamente dispuesto asl como
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también ¢n ¢l colaborar en los emprendimientos asociados a la creacién de algin
programa de postgrado en el drea, que es uno de nuestros objetivos como grupo a mediano
plazo,

Uno de los elementos claves para concretar y aprovechar las oportunidades que se abrieron con mi
visita es el contar con mayor tiempo y la participacién de otros investigadores con los que pueda
canalizar el trabajo que se requicre para todos cstos efectos. A comicnzos del proximo afio
volverd a nuestra unidad un colega que se encuentra realizando su programa de doctorado en
Canadi. Varios de los planes que pretendemos canalizar pasan por contar con su participacion ya
que la actividad académica es muy absorbents,

Aplicabilidad

Explicar la situacion actual del rubro y/o tematica en Chile (regidn), compararla con las
tendencias y perspectivas en el pais (regién) visitado o donde se ha desarrollado la actividad y
explicar la posible incorporacion de los conocimientos adquiridos, en el corto, mediano o largo’
plazo, los procesas de adaptacion necesarios, las zonas potenciales y los apoyos tanto técnicas
como financieros necesarios para hacer posibie su incorporacion en nuestro pais Uegmn) Para
ello se debe tener presente’ Ia reahdad en la cual se desenvuelven ios pammpantPS

La aplicabilidad de lo aprendido es claramente factible y de hecho ya hay algunos ejemplos,
aunque aislados, en algunas regiones de nuestro pafs. En lo particular la utilizacién de tecnologfa
asociadas a mejoramiento genético animal, drea de aplicacién mds especifica relacionada a los
temas de perfeccionamiento abordados en el entrenamiento, es factible en nuestro pais y su
utilizacidn depende especialmente de que los productores estén dispuestos a invertir concientes de
los beneficios que trae la utilizacidn de estas tecnologias. En términos generales, en Irlanda por
muchos aflos se ha venido utilizando las teenologias de embriones in Vitro y los aspectos nuevos
que han mostrado mejoras en los rendimientos, estdn siendo aplicados en forma paulatina, esto
porque si bien s¢ ha avanzado atin hay varios aspectos que son materia de investigacion,

En el sentido general de la aplicabilidad de estas tecnologias, su potencial ha sido demostrado y
ampliamente difundida, al menos en la IX y X regiones, en el marco del proyecto FIA
recientemente finalizado por nuestro grupo. Al menos hoy la meayor parte de los productores y
profesionales del firea estdn concientes y con el conocimiento para considerar la aplicacién de
estas tecnologias en sus sistema productives. Lo anterior debe necesariamente asociarse a la
rentabilidad de los negocios que desarrollen los productores, hecho que igualmente parece poco a

poco mostrar cambios importantes.

Por dltimo, el conocimiento y manejo de estas tecnologias nos permite como formadores de
médicos veterinarios, el incorporar estos conocimientos en los cursos regulares del drea de
reproduccién asi como de forma mis especializada en los trabajos de tesis de los mismos. En este
sentido ya se nos ha solicitado la recomendacidn de profesionales recientemente titulados para ser
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contratados en una empresa cuyo objetivo principal es el desarrollar tecnologias afines.

Finalmente, es claro que la aplicacidn préctica directa de las metodologias modemas para
producir embriones in Vitro, requerird de nuestra parte una evaluacién consistente y clara antes de
ponerla a disposicidn de los interesados en su aplicacién concreta.
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Deteccion de nuevas oporfunidades y aspectos que quedén por abordar

Senalar aguellas iniciativas que surgen come vias para realizar un aporte futuro para el rubro
y/o tematica en el marco de los objetivos iniciales de la propuesta, como por ejemplo la
posibilidad de realizar nuevas actividades.

Indicar ademas. en funcian de los resultados obtenidas, los aspecios y vacios tecnologicos gue
aun quedan por abordar para ampliar el desarrollo del rubro y/o tematica.

Una de las formas de asociar los conocimientos adquiridos y desarrollados en el marco de las
biotecnologias reproductivas, de lo cual forma parte el entrenamiento realizado, es buscar los
canales més efectivos para el logro de una asociacion emtre Universidad-Investigadores y
productores, en unidades del tipo de *“Nucleos Genéticos”, las cuales pueden claramente tener un
potencial en la eplicacion de estas tecnologias en forma local y en ampliar las posibilidades de
negocios en el ambito de las exportaciones. De hecho en conmversaciones sostenidas con
representantes de empresas intemacionales en el rubro, manifestaron un gran interés en poder
importar material genético desde Chile, ya sea en forma de semen ¢ embriones bovinos. Todo lo
anterior gracias a la imagen pafs y a las condiciones sanitarias adecuadas para la ganaderia. Creo
que aqui hay un enrome potencial no aprovechado, estamos perdiendo una gran oportunidad con
mayor valor agregado. Creo que los ganaderos nacionales son muy tradicionales y trabajan de
menera aislada del mundo de la generacién del conocimiento. También se ve un trabajo aislado
por pequefios grupos de tratan de imponer sus lineas de emprendimiento, especialmente en lo
referido a razas y formas de producciton. En Irlanda tuve la oportunidad de ver varios ejemplos de
una gran organizacidn liderada por los ganaderos y el gobierno. La sociedad de productores
ganaderos de Irlanda es muy organizada, posecen un semanario de divulgacion de todas Jas
actividades, una pagina web y todo coordinado con una oficina gubernamental, que ayuda al
desarrollo de la sociedad de productores. En la realidad de nuestro pafs s¢ ve a muchos ganaderos
fragmentados en su organizacién y constantemente descontentos y contraponiendose a los
lineamientos del las entidades gubernamentales.

3. ASPECTOS RELACIONADOS CON LA ORGANIZACION Y EJECUCION DE LA
PROPUESTA

rama de actividades

9-11 |The 31st Annual Conference |- Actualizacién de conocimientos | Falconer Center
enero/ |of  intermacional Embryo |en el campo de biotecnologla
2005 |transfer Society animal Copenhagen

DINAMARCA
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12 Agricultural and Societal |- Actualizacién de conocimientos| Royal  Veterinary
implications of contemporary |especificos en el campo de|and Agricultural
Enero |ambryo-technologies in farm |aplicaci6n con embriones de|University

animajs, IETS Satellite | animales domésticos

2005 | Symposium Copenhagen

' Dinamarca
14 Entrenamiento avanzado en|- Conocer y aplicar (Lyon Experimental
encro- (produccién  de  embriones | conocimientos avanzados en|Station, University
15 bovines in vitro fecundacién y  cultivo  de|Collage Dublin
febrero embriones bovinos in vitro
2005 Dublin, Irfanda

Al comparar las actividades programadas en ia propuesta aprobada con las actividades
que realmente se realizaron, cuando corresponda, sehalar las razones por las cuales
algunas de las actividades programadas no se realizaron como estaba previsto o se
modlflcaron

Incorporar en este punto fotograflas relevantes que contrlbuyan a descr|b|r Ias
actividades realizadas. :

En términos generales, todas las actividades se realizaron como estaba programado.,

En este tipo de trabajo donde el fuerte es en el laboratoric y luego con los animales, que en este
caso son donantes o receptores de embriones, ya sea de la misma especie u ofra que sirve de
“Incubadora™, regularmente los ensayos de repeticién o con diferentes objetivos dentro del
mismo tema, se van sobreponiendo. Por ejemplo, los ensayos de fecundaciém in Vitro se
realizaban desde el lunes a miércoles de cada semana, esto ocupa una parte importante del dia. El
resto de la semana se hace los cultivos y seguimiento de desarrollo o ensayo especificos con los
embriones de diferentes estados que se van obteniendo. Durante cada dia se programaron
seguimientos a animales en tratamientos especificos, por ejemplo de estimulacién hormonal en
vacas, transferencia de embriones de vaca in Vitro a oviducto de oveja por medio de cirugia etc.

Actividades que se realizaron aprovechando la oportunidad y que no estaban programadas:

- Sincronizacién de ciclos reproductivos y estimulacién de vacas para coleccidn de
embriones madurados in vivo

- Seguimiento ecogrifico cuantitativo de dinAmica ovérica en vacas no estimuladas

- Transferencia quinirgica de embriones bovino obtenidos in Vitro a oviducto de oveja

= Participacién en seminarios semanales de postgrado del departamento de Animal Science,
University College Dublin.

- Observacién de coleccidn no quinirgica de embriones bovinos en hembras superovuladas
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Contactos Establecidos '

Presentar 1os antecedentes de los contactos establecidos durante el desarrollo de la propuesta

(profesionales,

mvestlgadores empresas, etc.), de acuerdo al siguiente cuadro:

Material Recopilado

- Imstituclént | o - . S

Empresa/Organi COht'a!:to Cargo FonofFax' | Direcclén | E-mail

- «zacién . o - . L .

In Vitro Lyons

Fertilization Fono: +353-1- | Reseach

Laboratory, Dr. Patrick 716-7773 Farm, Pat.loner

Deparment of Lo an Jofe laboratorio Newcastle, [ gan@ucd

Animal  Science, | -°"¢"9 Fax. +353-1-|County |.ie

University Collage 716-1103 Dublin,

Dublin Ireland

Depament of

Animal Sclence

. Lyons

::g Thzng:ﬂg; Fono: +353-|Reseach

institute for . Encangada' area | 1-601-2147 |Famm, trudee.fai

Biomedical and Dra. Trudee Fair |de Biologia Newcastle, r@ucd-ia

Biomolscular Molecular Fax: +353-1-(County :
718-1103 Dublin,

Reseach, lreland

University College

Dubilin,
Fono: +353|Ashtown,

National ~ Food|Mr.  Declan|,. ., 18059500, |Dublin 15 | FroY@

Centre Troy Fax: +353 1 P
8059550, Ireland '

Junto con el informe técnico se debe entregar un set de todo el maternial recopilade durante la
-actividad de formacion {escrito y audiovisual) ordenado de acuerdo al cuadro qué se presenta
a continuacion {deben sefalarse agui las fotografias mcorporadas en el punto 4}:

- Tipo'de Material

. N® Correlativo (sl es

- necesario) -

- Caracterizacién (titulo).

Articulo

—Paper Revistas N° 1 al 6

- Resumen Protocolos

-in Vitro fertilization and culture of
bovina embryos

Media Preparation for bovine IVF
embryo production
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- Transferencia de embriones

Foto Secuencia en CD bovines a oviducto de oveja
Agricultural and Societal
implications of contemporary

Libro, Resumenes embryo.technologies .in farm

Symposium animals '

Diapositiva

CcD 1, fotos, charlas, articules |- CD respaldo Entrenamiento.
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4. PROGRAMA DE DIFUSION EJECUTADO

Programa de difusiédn ejeciltado

En esta seccién se deberan describir detalladamente las actividades de difusion realizadas,
tales como publicaciones, charlas, seminarios U otras actividades simnitares, comparando con
programa establecido inicialmente en la propuesta. Se debera tambien describir y adjuntar e
material de difusion preparado y/o distribuido en dichas actividades.

l.a informacion a eritregar sobre cada actividad de difusion es la siguiente: '

Tipo de actividad realizada y objetivo principal {incluye elaboracion de publicaciones)

Fecha y lugar de realizacion '

Temas tratados o exposiciones realizadas :

Destinatarios de la actividad, especificar el tipo y nimero de personas que asistieron a la
actividad (productores, académices, investigadores, profesionales, técnicos, etc. ). Se
debera adjuntar el listado de asistentes segun formato indicado mas adelante.

Nombre y tipo de las organizaciones u otras instituciones relevantes en &l tema o sector
que tuvieron representacion en la asistencia al evento.

Identificacion de los expositores que estuvieron a carge de las presentac:ones indicando
su vinculacion con la iniciativa y lugar de trabajo

Indicar si se tratd de una actividad abierta a todos los interesados. abv:ﬁa a qutenps se
inscribieron prewameme o limitada a guienes fueron especnf:camente invitados:

En el caso de los seminarios, deberé adjuntarse el Programa de [a actividad que se realizs.

ACTIVIDAD DE DIFUSION
A.- Primera Partn tedrica: Viemes 10 de junio de 2005
Charla 1: Principios de fecundacion, fecundacion in Vitro y biotecnologias en mamiferos

Objetivo: Revisar conocimientos aplicados de Fecundacion in Vitro y Blotecnologias asociadas
en animales de granja y humano.

Charla 2; Cultivo de embriones in Vitro, principios vy actualizacion

Objetivo: Conocer las condiciones generales de cultivo in Vitro de embriones y los avances en
los sistemas con medios semidefinidos, con especial énfasis en el caso del Bovino y
comparado al caso humano.

Coordinacién: este dia se programaron la actividades practicas a realizar con parte de los
asistentes a esta primera parte de la actividad.

Expositores. Las charlas fueron realizadas por el suscrito, con la valiosa participacion en las
discueiones y preguntas de la Dra. Jennie Rosopatron G., profesora del programa de Magister
en Biologla de la Reproduceitn de la Facuitad de Medicina de la Universidad de la Frontara.

Destinatarios de la Actividad: La primera parte de la actividad fue dirigida a estudiantes de
tgrado en el drea de Reproduccién y estudiantes terminales de la camera de medicina
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veterinaria. No se consideré la participacion de productores ya que el fuerte de la actividad es
la parte préctica para lo cual no es posible contar con productores. Ademas, los productores y
empresarios del rubro animat ya tuvieron la oportunidad de conocer los aspectos generales de
estas tecnologias en las diferentes actividades de difusion que se realizaron en el marco del
proyecto FIA en Biotecnologia de embriones bovinos recientemente finalizado.

La idea central de la actividad de difusion fue la parte practica ya que en términos generales la
mayor parte de los estudiantes en el drea tienen las ideas basicas sin embargo muy pocos han
tenido la oportunidad de manejario en forma personal. Ademas creo que es la Unica forma en
que un profesional tenga la posibilidad real de aprender sobre el tema, por eso desde un
principio se contemplé hacerio con este enfoque y a un nimero reducido de personas con
cierto grado de formacion en el tema.

Para efecto de los estudiantes de postgrado, ellos son profesionales de diferentes carreras, a
saber, tecndlogos médicos, profesores, veterinarios y medicos, los que también se
desempefian profesionalmente en distintas instituciones privadas y publicas. Ademas, esta
actividad les fue incluida dentro del programa de formacién regular que ellios reciben en la
Universidad y también fue evaluada al final de su semestre académico.

A.- Segunda parte, practica: Miércoles 15 junio al viemes 17 de junio de 2005; lunes 20 y
viemes 24 de junio

Programa de actividades y participantes:
Actividad practica dirigida: La parte practica se realizd mediante un trabajo dirigido e
individual donde participaron 7 personas, 5 estudiantes de postgrado, un profesor de
postgrado y un alumno Terminal de pregrado. Cada uno desarrollo un protocolo y ensayo
completo de produccién de embriones bovinos in Vitro, que incluyd las siguientes
etapas:
1) Coleccion y seleccidén de ovocitos obtenidos de ovarios de matadero
2) Maduracién de ovocitos
3) Inseminacion in Vitro con espermatozoides seleccionados
4) Cultivo in Vitro con medio semidefinido SOF

5) Evaluacién de desarrollo embrionario in vitro

El procedimiento practico completo demoré 10 dias con un tiempo real de trabajo en
laboratorio de 15 a 20 horas
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Material éntregado en las actividades de difusion

Entregar un listado del material elaborado y distribuido con motivo de ia ar‘twldad 0 matenal

audiovisual exhibido como video, dat*—zshow

egntre Otl’OS

Ademas. se debe entregar adjunto al informe un set de todo el material entregado en las
actividades de difusién (escrito y qudlowauail ordenado de acunrdo al cuadro que se presenta

a continuacion.

También se deben adjuntar fotografias correspondientes a la actividad desarrollada. El material
se debe adjuntar en forma impresa y en un medio magnético (disguet o disco compacto).

- Tipo de material |

Nombre o identificaclén

Il?‘raparadppor . ~ Cantidad

animales domeésticos

Charlas Datashow | Biotecnologlas reproductivas en | Marco Berland O 2{(1CD)

Participantes en actividades de difusion

Es necesario registrar Ios antecedentes de fodos los asistentes que participaron en las
actividades de difusion. El listado de asistentes a cu"ilqmer actividad debera al menos contener

la siguiente informacién:

Nombre Fabian Frankiin
Apellido Patemno Treulen

Apellido Materno Seguel

RUT Personal

Direccién, Comuna y Regidn

Senador Estebanez 645, Lab. Jaime Hinostroza

Temuco, 1X regidn
Fono y Fax 45-201056
E-mail Favian_treulen@hoctmail.com

Nombre de la omganizacién, empresa o
institucién donde trabaja / Nombre del
predio o de la sociedad en caso de ser
productor

Clinica Alemana de Temuco
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RUT de [a organizacibn, empresa o
institucion donde trabaja / RUT de Ia
sociedad agricola o predic en caso de ser
agricultor

Cargo o actividad que desamolla

Tecnbloge Medico

Rubro, drea o sector a la cual se vincula o
en la que trabaja

- Biologia Molecular, Citogenética y Citometria de
Flujo

- Estudiante Magister Biologia de la Reproduccién

Nombre Mariela Del Carmen
Apellido Patamo Muficz

Apellide Matemo Candia

RUT Personal

Direccién, Comuna y Regidn

Cruz 0188, Temuco, IX regitn

Fono y Fax

45-210882

E-mail

Mariela_CMC@hotmail.com

Nombre de la organizacién, empresa ©
institucion donde trabaja / Nombre del
predio o de la sociedad en caso de ser
productor

Colegio Providencia “Sagrado Corazdn®, Temuco

RUT de la organizacién, empresa o
institucién donde trabaja / RUT de la
sociedad agricola o pradio en caso de ser
agricultor

Cargo o actividad que desarrolla Profesor

Rubro, drea o s.ector ala cual ee vincula ¢ - Biologlia y Ciencias Naturales

en la que trabaja - Estudiante Magister Biologla de la
Reproduccidn
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Nombre Roberto Mauricio
Apellido Paterno | Valenzuela
Apellido Matemo Viale

RUT Personal

| Pireccién, Comuna y Regién

Dartnell a/n, Victoria, IX region

Fono y Fax

45-641001

E-mail

robertovalez@hotmail.com

Nombre de la organizaecién, empresa o
institucion donde frabaja / Nombre del
predio o de la socledad en caso de ser
productor

Hospital de Victoria

RUT de !a organizacién, empresa o
institucion donde trabaja / RUT de fa
sociedad agricola 0 predio en caso de ser
agriculior

Cargo o actividad que desarrofla - Médico Urdlogo
- Salud
Rubro, drea o sector a la cual se vincula o . .
en la que trabaje - Estudiante Magister Biologia de la
Reproduccion
Nombre Claudia Esperenza
Apellido Patemo Troncoso
Apellido Matemo Mufiox
RUT Personal
Direccién, Comuna y Regidn
Fono y Fax 45-325783
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BNOVACION A

E-mail

troncoso@ufro.cl

Nombre de la organizacién, empresa ©
institucién donde trabaja / Nombre del
predic o de la sociedad en caso de ser

productor

RUT de la organizaciébn, empresa o
institucion donde trabaja / RUT de la
sociedad agricola o predio en caso de ser
agricultor

Cargo 0 actividad que desarrolla

Rubro, area o sector a la cual se vincula o
en la que trabaja

Nombre Eugenid Felipe
Apellido Patemo Garcia

Apellido Matemo Ruiz

RUT Personal

Direccién, Comuna y Regién

Manuel Montt 112, Temuco, IX Regién

Fono y Fax

45-325720; 45-325710

E-mail

egarcia@ufro.cl

Nombre de la organizacién, empresa ©
institucién donde trabaja / Nombre del
predio o de la sociedad en caso de ser
productor

Universidad de la Frontera, Facultad de Medicina

RUT de la organizacién, empresa o
institucion donde trabaja / RUT de la
sociedad agricola o predio en caso de ser
agricultor

Cargo o actividad que desarrolla

Docente tutorial

Rubro, drea o sector a la cual se vincula o
en la que trabaja

Docente area morfologia y reproduccién
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-

Estudiante Magleter Biologia de la
Reproduccion

Nombre Jennie

Apellido Patemo Risopatron

Apeliido Materno Gonzilez

RUT Personal

Direccion, Comuna y Regién Avd?. Francisco Salazar 01145, Temuco, IX
Regién

Fono y Fax 45-325500

E-mail jennie@ufro.cl

Nombre de la organizacién, smpresa o
institucién donde trabaja / Nombre del
predioc o de la sociedad en caso de ser
productor

Universidad de la Frontera, Facultad de Medicina

RUT de la organizacion, empresa o
institucion donde trabaja / RUT de la
sociedad agricola o predio en caso de ser
agricultor

Cargo o actividad que desamolia

Académico

Rubro, area o sector a la cual se vincula o
en la que trabaja

Docente Progrema Magister Biclogla de la
Reproduccién

Programa de Fecundacién Asistida, Clinica
Alemana de Temuco

Nombre

Apellido Patemo

Apellido Matemo

RUT Personal
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Direccion, Comuna y Regién

Fono y Fax

E-mail

Nombre de la organlzacidn, empresa o
institucion donde trabaja / Nombre del
predio o de la sociedad en caso de ser
productor

RUT de la organizacidn, empresa o
institucion donde trabaja / RUT de Ia
sociedad agricola o predio en caso de ser
agricultor

Cargo o actividad que desarroliia

Rubro, drea o sector a la cual se vingula o
en la que trabaja

OTROS Participantes en parte tedrica
de difusion:

- Paulina Isler Garcla
- Michael Oberg Vicent
- Mauricio Castillo

estudiante veterinaria 4° afio
aestudiante veterinaria 4° afio
estudiante veterinaria, tesista
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Eva_luacién de las actividades de difusion

Especificar el grado de exito de las actividades propuestas. senalando |as razones de los
problemas presentados y sugerencias para mejorarios en el futuro.” Senalar también las
razones por las cuales se hicieron modﬁmacronea al programa propunsio inicialmente, en los
casos gue corresponda.

- La actividad de difusion se desarrolld en e marco de o planificado y propuesto en la
postulacién al programa de formacion, hubo un nimero menor de participantes lo cual se debid
a diferanes factores a conocar y también su desarroflo se posterg6:

a) Se propuso hacer [as charlas en |as dependencias de la Universidad de la Frontera, lo cual
se trasladd a las dependencias de la Escuela de Medicina Veterinaria de la Universidad
Catdlica, para facilitar e! trabajo y culminar las presentaciones con una visita a las instalaciones
del laboratorio de reproduccidn, a fin de mostrar el equipamiento y ubicacién para las
postariores actlvidades practicas.

b) Uno de los profesores de la Universidad de la Frontera asistio a todas las actividades y el
resto le fue impasible dejar sus compromisos y ofros no ge encontraban en Temuco.

c) La actividad se postergé inicialmente para favorecer Ia asistencia de los estudiantes de
postgrado y luego por razones de fuerza mayor.

d) Este tipo de actividades con un fuerte componente prictico requiere de mucho tiempo de
dedicacién e infraestructura para montarlas por lo cual no puede ser masivo para que sea
provechoso

e) Todoe los elementos indicados anteriormente estan dentro de o esparado, sin embargo no
los acontecimientos que llevaron a postergar la actividad y que han repercutido negativamente
en todas las actividades posteriores, particularmente en las propias del ambito académico del
trabajo regular.

La inmanejable necesidad de postergar la actividad de difusién debido a las prolongadas
movilizaciones estudiantiles, sumando a la facllidad de puesta en marcha de equipemiento
necesario repercutieron fuertemente en el cumplimiento de plazos en el marco de la propuesta.
Pese a o anterior creo que ha sido la mejor forma que esta actividad tenga una repercusién
significativa al ser focalizada a personas que reaimente estan capacitadas e interesadas en
conocer y manejar astos conocimientos.
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5. EVALUACION DE LA PROPUESTA

Organizacion durante la actividad (indicar con cruces)’

Recepcién en pals o region de destino segin lo x
programado

Cumplimiento de reserva en hoteles

Cumplimiento del programa y horarios seglin lo x
establecido por la entidad organizadora

Facilidad en el acceso al transporte X

Estimacion de 'los costos programados para toda la
actividad

En términos generales surgieron algunos inconvenientes en los costos que quiero sefialar:

El costo de vida, alimentacion y hospedaje en Europa es muy alto para nuestra realidad

Los giros de fondos y cambio de moneda tienen un impuesto importante no cosiderado
por falta de informacién al respecto

Pienso que para personas que viajen a esta zona se deberia contar con una estimacion
mas detallada y préxima de los costos de vida, informacién muy valiosa para no tener
problemas. En mi caso particular estos problemas los superé gracias a la excelente
voluntad del Dr. Lonergan que me recibié y consiguié un lugar mas economico para
quedarme.

En varias oportunidades se hicieron gastos los que no se pudieron respaldar con
comprobantes ya que no disponian de ellos o porque simplemente no los entregaban
porque no era lo habitual, no tengo claridad cobre las razones de esto en algunos
casos.

Par los efectos de mi estadia en Dublin, el costo total de los gastos de alojamiento fue
significativamente menor a 10 que seria si se hubiera pagado gastos de hotel o
similares. En lo particular se consiguié compartir gastos o subarrendamiento en una
casa donde vivian estudiantes de postgrado. Mucos de los gastos eran de tipo fondo
comun y varios de gastos generales como luz, agua, calefaccién ete. En todo caso era
un lugar cémodo y mucho mas econémico que cualquier hotel.

' En caso de existir un item Malo o Regular, sefialar los problemas enfrentados durante el
desarrollo de la actividad de formacién, la forma como fueron abordados y las sugerencias que
puedan aportar a mejorar.
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Evaluacién de 1a actividad de formacion

En esta seccidn se depe evaluar la actividad en relacion a los siguientes aspectos:

a) Efeclividad de Ia convocatoria

Me parece adecuada, sin embarge debo sefialar que al momento de postular tuve problemas
debido a que ee cerrd ames el sistema de ventanilia abierta dejando poco margen para
completar la documentacidn nécesdria

b) Grado de participacién de los asistentes (interés, nivel de consultas, dudas, eic)

- Como una actividad individua, creo que mi participacién fue buena y saqué el maximo
provecho a mi estadia durante el entrenamiento. En variadas oportunidades acompafié a los
estudiantes en sus actividades de madugrada o altas horas de la noche, especialmente en las
evaluaclones con animales.

¢) Nivel de conocimientos adquirides en funcién de lo esperado (se debe indicar si la actividad
contaba con algin mecanismo para medir aste punto)

Bueno, creo que aprendi més de lo que esparaba y en {érmminos generales la expenencia fue
muy enriquecedora para. La actividad no contempld aplicacion de alguin instrumento de
evaluacion

d) Calidad de material recibido durante la actividad de formacién

El material recibido fue poco ya que el fuerte era la practica en nuevas metadologias para lo
cual el material fue el justo y adecuado, principalmente alguncs articulos cientificos y un
resumen de los protocolos que utilizaban en el laboratorio.
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o) Nivel de adecuacién y facilidad de acceso a infrasstructura/equipamiento necesaro para el
logro de los objetivos de la actividad de formacién.

Conté con todas las facllidades necesarias para tener una estadla provechosa y agradable en
mi entrenamiento .

f) Indique ias materias que fueron mas interesantes, méas desarrolladas a lo largo de la
actividad de formacién y las que generan mayor intergs desde el punto de vista de |a
realidad en la cual se desenvueive el participante.

- Dentro de lo considerado en ia formacidén, uno de los aspectos mas interesantes fue el
participar y ver las potencialidades asociadas a las técnicas de transferencia interespecifica y
evaluacion de procedimientos por esta via. También estas metodologias abren puertas
importantes para incursionar en mejoremiento de tecnologias aplicadas al mejoramiento
genético animal.

g) Problemas presentados y sugerencias para mejorarios en el futuro

- No tuve problemas en ninguno de loa aspectos propios del programa de formacidn, excepto
con el cumplimiento de la actividad de difusién y derivados de esto.

Aspectos relacionados con la postulacién al programa de formacion o promocion

a) Apoyo de la Entidad Patrocinante (cuando comesponda)

—X_bueno regutar malo

Justificar: se me entregaron los recursos solicitados y se realizé una rapida tramitacion de los
documentos necesarlos para ka postulacién, pese a la premura del tismpo.

b} Informacion recibida por parte de FIA para realizar la postulacién

amplia y detallada ___x_aceptable deficiente

Justificar: Fue un problema el hecho de haber acortado los plazos de postulacidn ya que casi
no me dejo margen para complotar los trémites necesarios

c) Sistema de postulacidn al Programa de Formacién © Promocién (segun cormesponda)

___X_adecuado aceptable deficiente

Justificar: Me parece que el sistema de ventanilla abierta eg adecuado y los documentos
axigidos también lo son
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d) Apoyo de FIA en la realizacion de los tramites de viaje (pasajes, seguros, otros) (sélo
cuando corresponda)

x_ bueno regular malo

Justificar: Todos los tramites de pasajes y seguros fueron realizados de buena forma y siempre
considerando mis sugerencias para mayor comodidad

e) Recomendaciones (seflalar aquellas recomendaciones que puedan aportar a mejorar los
aspectos administrativos antes indicados)

- En mi programa, ademas del entrenamiento se me acepté mi participacién en el
congreso anual de la IETS. Creo que este evento deberia estar dentro de la lista de
apoyo a eventos permanentes del FIA ya que me parece que es el unico relacionado a
aspectos de vanguardia en el tema animal. Este congreso se realiza anuaimente en
algun pais del mundo desamoliado.

- También creo que seria Util que le FIA hiciera alguna sugerencia a los postulantes en el
sentido de combinar actividades, en la medida de lo posible, de modo de sacar mas
provecho a los recursos invertidos.
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Abstracl

o)
z

The aim of these experiments was o investigate the effect of duration of TVM, duration of gamete
co-incubation, and of sperm dose o the development of bovine embryos in vigo, In addition, the
speed of sperm penetration of six bulls of known differing in vivo and in vitro fertility was examived.
In Experiment 1, following IVM for 16. 20, 24, 28 or 32 h. cumulus docyte complexes {C(Ks) were
insemninated with 1 x 10% spermaiozow/ml. After 24 h co-incubation, preswnptive zygoles were
denuded und placed in droplets of synthetic oviduct fluid (SOF). In Experinent 2, following TVM and
[VF, presumptive zygoles were removed {om fertfization wells ar 1, 5. 10, 15 or 20 h post
insemination and placed in culture as described above. In Experiment 3. following TVM, COCs
were inseminated with sperm doses ranging from 0.01 » 10° to I » 108 spermatozoa/m]l. Following
co-incubation for 24 h, presumptive zygoles were placed in culture us deseribed above. In Experi-
ment 4, folowing [VM, oocytes were-inseminated with sperm from six bulis of known differing field
fertility. To assess the rate of sperm penebation. oncytes were subsequently fixed every 3 h {up 1o
13 b) following FVF. Based on the results of Experiment 4. in Experiment 5, following LVM for 12, 18
ot 24 h, COCs were inseininated with spenn from two sires with inarkedly different penetration
speeds. Afier 24 h co-incubation. presumptive zygotes were denuded and placed in cultire. The inain
findings from this study ere that (1) the optimal duralion of inatwration of bovine oocyles in vitro o
maxiinize blastocyst yield is 24 h, (2) sperm-cocyte co-incubation for 10h is sufficient to ensure
maxinial blastocyst yields, (3) sperm concentrations of 0.25 = 10° and 0.5 x 10 spermatozoa/m]
yielded significantly mare blastocysts (han any other concentration within the range of 0.01 x 10%--
! % 0% spermatozoa/ind, (4) there are marked differences in the kinetics of spenn penetration
between sires and this nay be a useful predictor of field ferility, and (5) the iofarior development
associuted with slower penetration ratis may iv part be overcome by carrving out F'VF at a time when

" Coaresponding auther. Tel.: +44-353:ii-(01-2]4?; fax: 4-44-353.1-628-%421,
fi-mail address: patlonergan@ue.ie {F. Loncrgan).
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of bovine oocytes. In addition, the relationship between the rate and kinetics of sperm
penetration and bull fertility in vitro and in vivo was assessed using semen trom bulls of
known field fentility. ‘

2. Materials and methods
2.1. Qocyte collection and in vitro maturation (VM)

Chernicals were purchased from Sigma Chemical Co. (St Louis, MO, USA). Cumulus
oocyte complexes (COCs) were obtained by aspiration from 2 to 8 mm follicles from the
ovaries of slaughtered cows within a maximum of 3 h after slaughter. After four washes in
modified PBS supplemented with 36 pg pvruvate/mi, 50 pg gentemycin/ml and 0.5 mg
bovine serum albumin (BSA)/ml (Sigma fraction V, A-9647), groups of approximately 50
COCs were placed in 500 pl maturation medium in four-well dishes (Nunc, Roskilde,
Denmark) aod cultured for 24 h (unless otherwise stated) at 39 "C under an atmosphere of
5% CO; in air with maximum humidity. The maturation medium was TCM-199 supple-
mented with 10% (v/v) fetal calf serum (FCS) and 10 ng epidermal growth factor/ml.

2.2. Semen source, sperin preparation and in vitro fertilization (IVF)

Following manuration, COCs were washed four times in PBS and then in fertilization
medium. COCs were placed in four-well dishes containing 250 3 of fertilization medium
{TALP containing 10 pg heparin-sodium saltml, 184 IU heparin/mg. Calbiochemn, San
Diego, CA, USA) per well. Motile spermatozoa were obtained by centrifugation of frozen-
thawed semen on a discontinirous Percoll (Pharmacia. Uppsala, Sweden) density gradient
(2.5 ml 45% (v/v) Percoll over 2.5 nl 90% (v/v) Percoll) for 8 min at 700 x g at room
temperature. Viable spermatozoa, collected at the bottom of the 90%: fraction were washed
in Hepes-buffered TALP and pelleted by centrifugation at 100 x g for 5 min. Spermatozoa
were counted in a hemocytometer and diluted in the appropriate volume of fertilization
medium to give a concentration.of 2 x 10° spermatozoa/inl {unless otherwise stated). A
250 ! aliguot of this suspension was added to each fertilization well to obtain a final
concentration of 1 x 10° spermatozoa/ml. Unless otherwise stated, plates were incubated
for approximately 24 h at 39 “C under an ammosphere of 5% CO, in air with maximum
hamidity. In the experiments described below. the time of addition of the spermatozoa to
the cocyies is defined as the time of insemination (0 h).

2.3. In vitro aeture (IVC)

Embryo culture was carried out in modified synthetic oviduct fluid (SOF) under mineral
oil in a humidified atmosphere of 5% CQOy, 5% O, and 0% N; at 39 °C [21]. At 24 h after
insemination, presumptive zygotes were denuded of cumulus cells by vortexing for 2 min
in 2 ml of PBS. The zygotes were washed four times in PBS and once in SOF before they
were transferred to 25 pl culture dropiets. 24 h after placement in culure (i.e. 48 h after
insemination) 10% (v/v) FCS was added to the droplets.



F. Ward et al /Theriogenology 57 (2002} 2103-2F (7 2109

known [18]. Following IVM for 24 h, oocytes were randomly assigned to one of six bulls
for IVF (nonreturn rates ranging from 78 to 56%) and were inseminated with MitoTracker-
stained sperm from each bull as described above. Presumptive zygotes were removed from
the ferulization drops at 3, 6. 9, 12, 15 or {8 hpi. Cumulus cells were removed by pipetting,
and the zona pellucida was digested using 0.5% protease. Zona-free oocytes were placed
op a glass slide, allowed to air dry and were fixed in ethanol overnight. They were
subsequently stained with Hoechst 3334L or Propidium iodide and examined using a
confocal laser scanning microscope system (BioRad, Hemelhempstead, UK) for evidence
of sperm penetration (Fig. 1). To demonstrate that MitoTracker-staining did not affect

Fig. 1. Representative jmapes showing various stages of spenn penetration. The zona was femoved prior to
fixatiom. (a) Non fertilized ooeytz 3 h after insemination showing metaphase plate; (b} fertlized vocyte 3 h afler
insemination. Note sperm {arrow) and chromosomes arranged at anaphasedclophase 11 priar to eapulsion of
sccond polar body: (e} fertilized oocylr 9h after insemiuation. Note two pronuclei and sperro tail; (d)
polyspermic oocyte §h after insemination, Note sperm tails (arows) lying adjacent to decondensing sperm
heads.
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Table 2
Effect af gamete co-incubation time ou subseguent development of bovine socytes in vivro (Experimem 2}
Sperm-nocyte Total ne. Ooevtes cleaved Day 8 blasioeyst vicld
co-incubation (h) af oocywes
n R n %

1 255 4 L8 7 o

5 240 8y 37.1° aG 19.2%
10 254 164 646" 82 ny
15 255 209 .0 103 40.3*
20 251 215 357" &0 3Ly

Values in the same column with different supersenipls (o, b, ¢, &} differ significantly {# < 0.05).
3.2. Eaperiment 2

Following co-incubation for 1 b, almost all pocytes (98.5%:) were unfenilized (Table 2).
While 4 co-incubation time of § h resulted in a significant increase in cleavage rate. the
percentage of oocytes undergoing cleavage was still significantly lower than in all other
treatments. Increasing the co-incubation tme to {{ h significantly iocreased the cleavage
rate, but the value was still significantly lower than that achieved with 20 h co-incubution.
No blastocysts developed following co-incubation for 1 h, and although co-incubation for
5 h resulted in a 16% blastocyst yield, this was sigmificantly lower thas all other mearments
of a longer duration. There was no significant difference in blastocyst developruent
following gumete co-incubation for 10. 15 or 20 h.

3.3, Experiment 3

There were no significant differences in cleavage rute following insemination with
1 x 108 compared to 0.50 x 10°,0.25 % 108, 0.125 x {0 or 0.05 x 10° spennatozoa/m]
{Table 3). However, insemination with 0.50 % 10¢ spermatozoa/mi significantly increased
cleavage whep compared to 0.125 x 10°, 0.05 x 10% or 0.01 x 10° spermatozoaliml.
{P < §3.05). When the sperm dose wits lowared to 0.01 x 108 spermarozoa/ml cleavage
rate was significantly reduced compared to alf other treatments (P < 0.0001). Blastoeyst

Table 3
Effect of sperm dose in viwo on fertilization &nd subsequent development of bovine aceytes to the blastocyst
stage (Lxperiment 3}

Sperm concenralion  Spermancyte Tepal po. Dacytes cleaved Dy R hiastooyin yield
(milionfmb) ol vocytes b e

n G R ko
1.0 10000:1 237 85 7814 59 2o
0.5 0001 nz 179 54.4" 75 35.4%
0.25 2500 § 225 179 79,62 &5 2y
0.125 125001 238 179 751" 58 24.4%
005 500:1 113 155 728" 45 b I A
0.0l 100:1 203 100 49.3° 12 59

Values in the same colump with dilfferunt superseripts (. b, ¢, d. e, ) difler significandy (P < 0.05).
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Table 5
Correlation between time of sperm penetration in vitro and field ferility for six bulls (150-day nonrefurn rate;
n = 18 hawches; six bulls, three replicates/bull)

Time of sperm penetration (hpi) * Comelation coefficient apd significance
r P-value
a 0.827 0.043
6 0.671 0.145
9 0712 a2
12 0.676 0.141

hpi: hours post insemination,

Table 6
Effect of ume of insemination on bastocyst yield using two sires (Experiment 5)
Sire Time of insemination’ Twal no. of cocyles % cleaved (48 hpi) Day B blastocyst yield
HTA 12 238 63.9" 18.1*
18 240 80.4° 242%
24 246 #1.7° 297"
Tk 12 247 156" i0.%*
18 247 64.8" 16.6°
24 242 628 1.2

Vatues in the same column for the same sire with ditferent superscripts (2, b differ significantly (£ < 0.05).
! Relative to sian of [VM.

hetween inseminations at 12 and 24 h. For TID, there was no signiticant difference in
blastocyst yield between any of the treatments (Table 6).

4. Discussion

The main findings from this study are that (1) the opimal duration of maturation of
bovine oocytes in vitro to maximize blastocyst vield is 24 h, (2) sperm-oocyte co-
incubation for 10h is sufficient to ensure maximal blastocyst yields, (3) a sperm
concentration below 0.25 x 10° spermaiozoa/ml resulted in significanty less blastocysts
than any concentration higher than this, (4) there are marked differences in the speed of
spermn penetration between sires of differing in vitro and in vivo fertility, and (5} the inferior
developinent associated with slower penetration rates may in part be overcome by catrying
out I'VF at a titne when the actual penetration is most likely to coincide with the completion
of raaturation.

Maturation of the oocyte is not required for sperm penetration or for spenn wuclear
decondensation under in vitro conditions {6,7]. However, premafure exposure to sperm in
general leads to reduced development. The kinetics of bovine IVM have been reported by
several authors [3-5]. In general, under the conditions of VM used in the present study, by
16 h approximately 50% of cocytes are at telophase [ {in the process of polar body
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in vivo, the ovulated bovine oocyte encounters few free-swimming sperm at the site of
fertilization. In fact, fertilization is likely to occur in conditions where the sperm:oocyte
Tatios are close to 1:1 [201. in bovine IVF, commonly used sperm concentrations range
from 0.50 x 10° to 5 x 108 spermatozoa/ml [1]. The sperm concentration can significantty
influence the proportion of oocytes undergoing cleavage and development to the blastocyst
stage. A conproinise almost certainly must be found hetween haviog a sufficient number of
sperm 1o ensure acceptable fertilization rates while ensaring 2 minimal incidence of
polvspermy.

In the present study, a concentration of 0.125 x 10°-0.5 x 10° spermatozoa/m] pro-
vided enough spermatozoa to optimize blastocyst development and was superior in terms
ot cleavage rate to all concentrations below 0.25 x 10° spermatozoa/mi. These data are in
agreement with those of Loag et al. {24] who indicated that even at reduced sperm
concenirations, there was no increase in the proportion of ococytes inseminated by only one
spermatozoon. However, a concentration of .50 x 10° is superior 10 a concentration of
1.0 x 105 spermatozoa/ml. While some authors have reported an increase in the rate of
polyspermy at high concentrations and high sperm:oocyie ratios {6.12] the incidence of
polyspermy in this experiment was low (1-8%) and not significantly different across afl
treattnents (data not shown).

It is well established thar the bull can have a major effect on the outcome of 1VF
{17.18.32.33], We have previously shown that the time of first oocyte cleavage varies
between different bulls and thar the kinetics of early cleavage can be used to disciminate
between bulls of high and low field fertility [18]. Of the bulls tested in that study, HTA was
ranked the highest, and TID the lowest where the time of first cleavage was used as the
basis for predicting field fertility. The strongest correlation between cleavage and field
fertility was observed at 33 hpi. For HTA >60% of cocytes inseminated had cleaved by this
timne and these accounted for aimost 70% of all blastocysts from this bull, while in contrast
for TID, the lowest ranked bull, only 15% of ococytes had cleaved by 33 hpi. These marked
differences in early cleavage Kinetics were the basis of Experiment 4, where we inves-
tigated whether speed of oocyte penemation is correlated with field fertility. The results
indicate that there is a murked difference in the speed of oocyte penetration between
different bulls which may partially explain the observed differences in cleavage rate,
blastocyst yield and field fertility. Bulis with a high nonreturn rate (ELG, HTA and LEW)
displayed the fastest rate of spermi penetration while those ranked lowest in field fertility
{MTL. KKN and TID) had slowex rates of penetration. The differences in speed of sperm
penetration were most obvious after 3 h gamete co-incubation, and this is reflected in the
comrelation coefficient berween nonretuen rate and percentage oocytes penetrated by 3 hpi
(r == 0.827, P < 0.05). This dats is consistent with our previous study {18]. This would
imply that sperm which penetrate faster lead to early cleaving embryos, which have been
shown to be developmentally supenor to those embryos which cleave later [34],

The timing of insemination (i.e. the addition of the sperm to the oocyte) in vitro is clearly
not as important as the actual time of sperin penetration of the cocyte. On the basis of these
results, Experiment 5 was carried out fo try and overcome the slow peuetration rate of TJD by
insentinating earlier during IVM. The results demonstrate. that for a bul} with a *normal”
speed of penetration (HTA), insemination earlier during IVM does not have any beneficial
effect; in fact, insemination at 12 h resulted in significantly poorer development. In contrast,
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ABSTRACT

Wa describe o boving embnyo culture systerm that supponts repaatable high deveiopmant in
the presence ©f ssrum or BSA a5 wel as under definad conditions In the absance of thass
COMPONENs. mmnwmmnwmmmm;,
aodum dtmabe (SOFape) end mMyo-inoditat (SOFaach and with BSA or polyvingd alcohdl (PVA)
was compared with that in a M189 graruinem cell co-culhure (M199 co-culture]. Subsequently,

ciovelapment and call rumbers of basiocysts auitured under defined condiions in SOFaac! with
PYA (80Faad-FVA), or under undeftred conditions in SOFaaci with 5% cow aarum (SOFaact-
CS) or M199 co-cuttiirg wens companad. The repestablity of cultums resulls in SCFaat-CS was
chookad by waoldy replicates (n=35) epread over 11 months. The viabiity of embryoa developed
in SOFanc-PVA was estimadad by transfer of morphologically good blastocysts (n=10) to
aynchrarttred reciplants. fn the second experiment. the affect of omitting CS or BSA trom VM
and WMHVF on subsequem embryo development in SOFeac-PVA or in SOFaac-CS was
mn;mwmmhsom-wa SOFaac-PYA, SOFas-B85A and M169 was
16+ 3°.23+ 2™, 30 £ 8° ang 36 1 7%, reepectivaly (P*< 0.05). Addiona! inclusion of myo-
Inositol resutted in 42 £ 1°% biastacysts In SOFaac-PYA va 19 £ 3°% in SOFanc-PVA, 47 £ T'%
In SOFaac-BSA, ang 38 £ 7% in M199 co-cullure, reepeciively (P*"< 0,01} in 30 replicates, the
aversge ceavage and blastocyst rates of cocytes tn SOFaaci-CS wem 87 + 4 and 49 + 5%,
reapectivedy, Fve normal caives were procuced aftar trenster of 10 blasincysin developed in
defined cutture medium (Le., SCFaaci-PVA). Definad VM or IYWHYF {l.a., in absenca of CS and
BSA) reduced cesvape ratee (83 + 3 .and 55 £ 3% vs B0 + 1% In presance of CS; P < 0.01).
Subsequoni amtiye development in SEOFaac-CS was not affectord in oither of theoo definec
oondiions. Howevar, claavage und biastocyst rates uncer completaly defined VP conditions
wore 54 £ 7 and 10 1 4%, respactively,  waa concludod e under defined culture condiione,
ackiton of ctrets and myo-ncsitol improved blastncyst developmant 1o rales compameble 1o
#hooe obtainad with serum, BSA or co-culhwe and that tha quailty of bisstocysts was nol affachsd
by the ahaerce of sarum or BSA. Howswer, sonam was ossential durtng IVMAVE for nommal
fartilzation end subsaquent high blasiocyst dovalopment,

€ 1450 by Elmpvinr Boiarcy ne.
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INTRODUCTION

In vitre production of bovine embryoes for breading purposes requires that the cuiture
system ‘and its components are free of specific diseases and support high embryo
development with repeatable results, Defined culture conditions supporting high embryo
development rates without inclusion of biological substances fike serum and bovine serum
albumin (BSA) are therefore advantageous and would allow for better quality control and
ease of comparison of the results between laboratories and experkmnents. In addition, a
simpilified in vitro production system could be used outside laboratory conditions.

A variety of cutture concitions allow for embryo development to the blastocyst stege
{for raview, see 3). In a weighted analysis of blastocyst development published in abstracts
{at the IETS-meetings 1991 to1995; 50), the most significant variance was attributed to the
random effect of between abstract variation, afthough the inciusion of somatic cells also had
& positive effect on the overall development rate of biastocysts.

Co-cutiure with somatic cells {8.g., oviduct epithelial cells, granulosa cells or BRL-cells)
is essential for achieving acceptable rates of embryo development undsr certain conditions,
{1, 16, 7, 9). However, addition of cells to a culture madium renders it an undefined medium,
MWnesawmlnNskollnfecthMaambryosmmpaMGm(E 44). The risk of
infection Is higher for IVP embryos as cortain pathogens cannot be removed by standard
IETS-washing procedures (51). Both BSA and serum, which are components of most
embryo culture media, are comptex and undefined mixtures of proteins, growth factors,
peptides and the like. Somatic cells also lack adequate definition to assure optimal quality
control. Furthermore, serum Is suspactad of contributing to the large offspring syndrome in
sheep (26, 49, 43). Serum and BSA also have a stimulatory effect on embryo growth (37, 28,
25, 17). Factors |eading to improved embryo development In cullure systems using somatic
colls and/or serum-proteins are not well understood, but include positive embryotrophic
tactors and Inactivation of embryotoxic agents (e.g., free radicais, heavy metals and others,
see 3). In BSA, dtrate has been identified as a positive embryotrophic factor (20), but BSA
may also stimulate embryo developmant through amelioration of embryotondc substances
{15). With the addition of amino acids, BSA can be used to substitute for serum in embryo
culture media without compromising blastocyst rates (17).

Bovine oocytes have been shown to mature (3, 13, 38) and fertilize (29, 39, 45) in vitro
in the absance of serum-proteing without compromising subsequent embryo development in
vitro. Bovine Zygotes have also been reported to develop, with various rates of success, in
chemically defined medium lacking serum proteins (modified SOF: 22, 20, 30, 32; M199: 11,
36). However, chemically defined conditions allow for more precise observation of the effect
of suppiementation on a given medium. Embryo development has been significanty
improved by conditioning with somatic cefls (34) or by the Inclusion of growth or other
embryotrophic factors such as citrate {30, 22}, myo-inositol (P. Kolaris, personal
communication; 22), EGF and FDF (32) or PDGF (12).

The viabillty of embryos produced under conventional in vitro culture systems is
generally lower than that of in vivo produced smbryos (40 to 50% va. 50 to 75% survival
fofiowing transfer; for review see 22). Dats regarding tha tranafor of embryos produced in
defined medium are fmited, and only & few pregnancies have been reporied (30).

In the present study, bovine blastocyst development was investigated following: 1) the
inclusion of citrate and myo-inasltol during in witro culture in a modified, chemically-defined
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synthetic oviduct Muid medium (SOFaac; Table 1), and 2) the omission of serum and BSA
rom In vitro maturation and {ertiizalion media and culiure in M189 gmnulnsa co-cutture
(199 co-cuftum), In SOF-medium with 5% cow serum {SOFuack-C8) or In chemically
dafined BOF-madium (SOFaaci-PYA). Wa also report on pregnancios and birth of bive caives

tranafer of tYP-biastocysis culized in viro from the 1-cell stage tn SOFaaci-PYA,
Part of these data has besn putlished earler in abstreci fom (22).

Table 1. Composition of modified synthetic oviduct fiuld (SOFaaci) used in presant siudy™>?

Componem Product, Company Concantralion

NeCl & 5866, Sigma 107.63 mM

KQ P 5405, Sigma 7.16 mM

KH2PO, P 5855, Sigma 115 mM

MgS04 M 2643, Sigma 1.51 mM

CaCtp 2H20 C 7802, Sigma 1.78 mM

Sodium tactata L 4263, Sigma 5.35 mM

MaHCO4 5 4018, Sigma 25.00 mM

Na - yruvate P 3562, Sigma 7.27 mM

-Ghiamine® @ 8902, Sigma 0.20 mM

BME amine acids” B 6788, Sigma 45,0 uL/mL
MEM amino acks® M 7145, Sigma 5.0 pLmL
ti-Sodium-citrate® 1.08448, Marck 0.34 mM

Myo-ingositol” | 7508, Sigma 2.77 mM

Geantamyring G 1284, Sigma 50.0 ppiml
PHenot-rad P 6530, Sigma 10.0 pg/mi
H-0 W 1303, Sigma

“The osmolarity of SOFaac) with or without supplemants (sae text) wers adjusiad lo 270 fo
EBDn'IOSm.MummsWNS'CI’ura maximum of one weoek.

EOF tncluding emvino acids (bt axcluding citrate ancd myo-inoeltol) is designated as SOFaa,
“SOFan incluting cltrate is designated as SOFaac.
9S0Faac Iciuding myo-tnaattol Is designated e SOFaad,

MATERIALS AND METHODS

. The stuty waa carried out batween 1995 and 1988, The initial slandard procedures for
in vitro maturetion (ivi), fertilzation (IVF) and culture {IVC) have been descrived earBar
{83). However, in 1597, the standar] co-culture procedure using M189 with granulosa cells
was replacad by SOF-medium {47) suppiemented with aming acids, clralé and myo-inosito
(Table 1) and 5% cow serum (SOFaack-CS8}. Tho cow serum (CS; Danish Velarinary
Laboratory, Fraderiksteng, Danmask} used in our prassnt study origingted from 2 balehas,
tested and precelacted for their ablilty to support biastocyst devefopment in vitro. Likewise,
the baich cf highly purifind low endotexin, gamma-irradiated and igG-ires bovine serum
albumin (BSA; cat no. ABHZ, Immuno-Chemical Products Lid., Auckland, New Zealand)
hed alo beon sied and presefected (25). Media that do not contain 5 or BSA are
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considered defined media. Both IVF and IVC media have besn thoroughly chamically
charectarized. Howevar, defined IVM medium containe #CG and hCQ, which despile the
high dagree of purity are biological substances.  An ovarviaw of the diferent experiments is

presonted In Tabie 2.

Table 2. Owverview of axperimenta and meda

_Experiment Media
No Description T vt ve®
i Cirate in difined WG M19e-CS TRECS SOFaa-BSA, SOFaaPVA +
dirals cx M188 co-culhume
Za  Myodnasitol in cefined MIBa-CS TLPCS  SOFaacBSA + myo-nosiiol,
v3 n undeftned IVC SOFaec-PVA 1+ myo-nositol or
M198 co-cullure
26  In vivo aurvival ol M189-C5 TLP-CS SOFanc-FVA
blastocysts devaioped
trv cefined IVC
Defined NC M199-CS TLRLS SOFanc-PVA, S0Faac-CSor
va undefined IVC M198 co-culure
3 Siabifty of the M189-CS TLR-GS SOFanct-CS
SOFaact-CS eystom
4a Highve low gerum MI98-CS TLP-CS(1%), M189co-cuftume .
corgentrations TLP-10%CS
vo BSA in WF o TLA-BSA
4b Defined VM MS3-CS TPLCE SOFasn-CS
vs daftnad (VIW-IVF or M193 or TLP

v Unceiined IVIMHVF

5 Defined IVCve dafined M158-CS TLPCS SOFaack-PVA
VP vs undefined WP or M189 or TLP or SOFaaci-CS
“IVMHmedium contalned #CQ and hCG. n defined condltions 0.2 0 0.3 mg/mL PVA was
grasant,wdedwartmﬂnaapiraﬁmlwmhhgmsdimn.
IVF-medium contalnved heparin, hypotaurine, epinephring and penicillamine,
Tabie 1 for detaiied compesition of SOFmedia See reference 53 for detalla of M199 o

Oocyls Recovery and In Viro Matumtion

Ovaries were colected from cows slaughtored at a rearby saughterhouss and
bansporied to the (ebomtory within 2 o 4 h In 0.9% MaClsohtion (Phamacia AS,
Copanhagen, Denmark) st 28 to 30° C. Cumulus-cocyte-compiaxes (COC) wers sepirated
from follicies 2 to 6 mm In diameter with a 18- neede (nto Hepes-butfared M189 {MDGS),
Sigma, St. Louls, MO, USA) supplementsd with 5 IWmL heparin (LEC Chemical Factory,
Ballanp, Denmark}, 2.5 mg/mb amphotericin (A2842, Sigma} and 1% €S. The COC's with
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Intact tight cumulus cell layers were selected for [VM, then washed once in aspiration
medium and transferred in groups of 25 to 30 per well of 4-well dishes (178740, Nunc™, Life
Technologies AS, Roskiide, Denmark) contalning 450 yL IVM medkum (bicarbonate-buffered
M190 [S0148; Sigma]) supplemented with 10 IU/mL eCG end 5 WmL hCG {constituents of
Suigonan®; intervet Scandinavia, Skoviunde, Denmark), 0.4 mM I-giutamine (B5763;
Sigma) and 50 pg/mL gentamycin (G1264; Sigma). The standard IVM-medium (M189-CS)
was further supplementad with 15% CS. Immature COC's were incubated for 22 to 25 h
under paraffin ol (Uvasol, 1.07181.0500; Merck KGaA, Darmatadt, Germany) at 38.8° C in
5% CO; in humidified alr.

In the IVM trials where COC's were matured under defined conditions in M198 (Tabls
2; Experiments 4b, 5), serum was not present in the medium and was not substituted for by
any other macromolecular substances. However, because CS was substituted with 3 mg/mL
polyvinyl aicohol (PVA; P8236; Sigma) in the aspiration and washing medium to minimize
stickiness of the COC’s, minimal amounts of PVA (0.2 to 0.3 mg/mL final concentration)
wore camed over into the IVM-culture when the COC's were transtetred to maturation

dishes.
Spermn Preparation and in Vitro Fertiiization

Frozer-thawed semen from two Danish Holstein-Friesian buls of proven fertlity was
used for IVF (one In 1985 to 96, the other in 1997 to 88). The thawed semaen was loaded on
the top of a discontinuous Percoll gradient in a 10-mL conical tube (347684, Nunc™) and
cantrifuged for 25 min et 200 g at amblent temperature (= 23° C). The gradient consisted of
2 mL 55% and 2 mL 80% Iso-Percoll (Pharmacia AB, Stockholm, Sweden) dissolved in
modified Tyrode's solution (35) without glucose or BSA (Sperm-TLP). The pefiet was
resuspended and centrifuged twice in 2 mL Sperm-TLP at 200 g for 10 min. After the final
wash, the pellet was resuspended in 100 uL Sperm-TLP, and IVF was performed in 300 pl
WWF-madium (TLP; modified TALP-medium for fortiilzation [35] without BSA or glucose)
supplemented with 5 IL/mL hepann (H3148, Sigma), 10 uM peoniciliamine (P4875, Sigma),
16 UM hypotaurine (H1384, Sigma) and 1 pM epinephrine (E4250, Sigma). In the standard
IVF-protocel, mature COC's were transferred to {VF-wells without washing. Consequently,
the standard IVF medium (TLP-CS) contained =~1% CS originating from the standard IVM-
medium (M199-CS}. Twenty microliters of the sperm suspansion was finally added to the
iVF-wells, producing a final sperm concentration of =1.6 x 10° cells/mL. Tha gametes were
co-cultured under paraffin oil for 20 h et 38.8° C in 5% COy in humidified alr.

In IVF experiments with defined medium (Table 2; Experiments 4b, 5), the COC's were
washed 3 times in Hapes-bufferad M199 withoul serum, BSA or any other macromolecutar
supplament prior to transfer to the IVF wells.

In Vitro Culture

Presumptive Zygotas were vortexed at 3000 rpm for 80 sec in 0.5 mL Hepes-buffersd
M189 with 10% CS in a &-mL tube (2003; Faicon®; Becton Dickinson AB, Stockhoim,
Swedsn). The zygotes were recovered and transferred without further washing to 4-wel)
dishes in groups of 30 to 50 per well for IVC under paraffin oil.

For M199 co-culture, the original maturation dishes were used after replacing the JViM-
mediurn with 400 pL blcarbonate buffered M199 with 5% CS at the time of insemination and
allowing the remaining granulosa cells to form a monolayer. At 86 h post inssmination, ove
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worp transierred 1o the ofher wells of the dish In which C5 was added for a final
concentration of 10% sarum {53),

For culture In SOF-media, dighos containad 400 pt. medium and were incubated for 7
o 8 d post insemination I & humidfied mbdure of 5% Op, 5% CO; and 80% N; air. The
starciard SOF-madum contained 5% CS (Lo, SOFeaci-CS). n VC uming
defined SOF-madia (Le., SOFas-PVA, SOFaac-PYA, SOFaaci-PVA; Table 2, Experimonts
1, 2, 3, 5), 3 mg'mL PVAwero addad az a macromoleculo, and 2ygotes weno vortaxaed and
washad 3 times in definad Hepas-bultered M159 with PVA prior to IVC.

Claavage was necordad once batween Day 2 and 4, and blastocyst numbers at Day 7
andior Day 0 post Insemination, Haiching of blestocysts wem recorded at Day 8 after
resenination.

Staining of Ova

Random samples of both mature and fertlized socytes ware fread from cumulus colla
by vortaxing, mourted on glass sides end tved in 3:3 athanotacetic acid after 24 h of [VM
or at 20 h posl irseminetion, respectively. The fixed 6ocytes wers atalned In 1% acsto-orcein
and analyred & x 400 magrification in determine the nuciear maluration (metaphase il after
sxinssion of the firet polar body) or narmal lertittration (2 pronuciel and presence of spam
tail).

To determine coll mmbers, blastocysts wers transfered to fbmtion medium (31
ethanaol:acetic acid). Groups of 5 i 10 embryos ware randfermed B agless slide n 20 5 il
of ibaxtion medium, which wes allowed to diy cut A dmep of Hoachst stain {10 mg/ml;
B2261; Sipma) proparad with edium cltrate {(2.3%) wes added on top of the hastocysts for
S min, after which the afide waa overtaid with a glass coversiip, The ial number of colls was
counted under & fuomesconce micioscops (A 320} wih the aid of Imags enalysis software
(MicroVision™, Danish Technology Inetftute, Taeatrup, Denmark),

Expariment 1
L in defipgd (VG medivin, i 3 replicates, presumptive zygotes malured and
ferilzad following standard procecures wers cultured in either M199 co-cuthers or In SOFas

{Table 1) with 85A {4 mg/mL; SOFaa-BSA} or PYA (3 mg/mL; SOFas-PVA), with of without
-socium-citrate.

Experimant 2

05 g pfined [VC medimm. In Experdmant 2a, presumptive
wmmwwfmmwmmmummmmsosmw
or in BOFasc-PVA with or without mwo-inositol in a 2x2 factorial deskgn (3 replicates), in 6
replicates, treatmants were compared with the M189 co-tutiure eystem. In a
replicate, the coll mumbers of early and expanded/haiched blestocyets daveloping in M163
oo-cufture or in SOFaac-PYA with myo-incsftal {i.e.. SOFaaci) wera compared.

gl of b pvakoped in dofiwd (VC madiurn. in Experiment 2b, Day 7
mmhsormwnmumbymrm4mmmmm
Falcon® tubea containing Hepos-buffered M169 with 3 mg/ml. PVA at 38 C in a porable
miri-incubator (Minf TG Gmbi, Tieferhach, Gemary). Momphologically good blastocysts wers
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satectad and tranaherred nonsurgically within 6 h of shipment inio recipisnt helfers on Day 7
of the esirous cycle (Day 0 = day of estrus). Helffers had basn aynchronized with 2
Injections of cloprostenc! (0.5 mg im; Estrumate®, Malinckrodt Veterinary Lid, Harefield,
England) 11 days apart. Pregnancies were diagnosed per rectum on Days 48 and 60, and
pregnant animals werse allowed to o to term.

Experiments 3

Mlnmmﬂaﬂmm} presumptive Zygotes
matured and forillzed following standard procadures ware cuftused in eithar 1} M1BB co-
culture, 2} SOFaack-PYA or 3) S0Faach-CS. Embryo developmant was enaluated on Day 9
post insamination,

SHabilt - miem, in Experimeni 3h, runnbng in 30 weekly replicates
from Mey 1997 to March 15888, pmesumptive rygohes ware matured and [(ertilized tollowing
standard procedures and thon suitured for 8 d In SOFapci-0S.

: : In 3 replicates of Experimant 4a, COC's
mahued h mﬂan:l MIGD-C-S madiu'u wore randnmlyaloca.led nto 3 growps for fartlilzakon
fn TLP-madivm contelning alther ) the alandard =1% CS caried ovar fram (VM al transter
of COC's (TLPCS], 2} 10% CB (TLR-10% CS or 3) 6 mg/mL BSA (TLP-BSA). Each
experimertal group was nseminated with epermatnzoa that had beon washed in TLP with
protain suppkmontation correspondmg lo the respective VIF-medium. Alter levtizalion,
presumptive Zygotes were cultured for 8 d in M199 co-culture.

el 4 dofine A4 In Experiment 4b, immature
oocrlea wara randumy allocatad wa gmups for mamralbn in efther 1) standard M109-C5
foflowed by 3 washsa in the seme medium and standard IVF in TLP-CS {uncefined IVM-
IVF): 2) M1989 followed by 2 washes in M199-C5 and standard IVF in TLP-CS [defined 1¥M);
or 3} M199 followed Dy 3 washes in M199 and IVF In TLP (defined IVM-IVF). After
fertiization, the presumpiive zygotes ware cultured In SOFaacl-CS. In the firsl roplicate, 20
mature oocytea and 20 rypoles lrom each traptment group wers randomly selectad, fixed
and stained in ender b assess nuclear maturation and fertillzation.

ing F. In 5 replicates, immature COC's wore
randomlyaloca‘tedhtoagmms 1]wﬂaﬁnadNP standard IVM, IVF and IVC in M199-
CS, TLP-CS and SOFaaci-CS, respectively; 2) defired IVC - siandard IVM and IVF as
Group 1 followed by VG In SOFaaci-PVA; and 3) defined (VP - IVM, IVF end IVC in M189,
TLP and SOFaacl-PYA, respectively. In 2 of the repBeates, the compaci monulas and
blastocysts ware fioad at Day 7 atter insemination and their cell numbere wers counted.

Statstical Analysis

Qeavage end blagiocys! ratea per oocyle or par cleaved ambryo are given as mean of
replicates + SO, Developmenial data were assumed to be binomisdly distribuied and were
anatyred by logisiic regrossion using a generaized linsar model {Ganmod proceduny; 40).
Treatment and replicate were inctuded In the model as co-variates. Cell nrumbers (mean 1
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SD) ware compared using ANOVA-tesl (ALM-procadure; 41). Probabifties {P-vakms} of (o5
than 0.05 were mgarded as signficant.

RESULTS

In the expertmants) groups maturing under deflned conditions (La., In M189 with hCG,
eCl3 and without serum), cumuius expansion wan reduced compared with maturation undor
similar conditions but wifh serum supptememniation of the medium. Senm and B3A ako
afiowed cumulus colds el remaining .on the Tora pellucida after the vortaxing procedre to
piate out on the battom of the cutture well. Subsaquently, patrhry clircular monolayes of
unulmoalawstomotmodanwwmmlnmmnhlvcmrbdh
contrasy, in all the groupa cultured in defined modium without serum or BSA,

m wem not lormed. (nstead, cumulus cellt mmamned on the zona pollucids,
forming roumded cells that adnered o cumutus cells of neighbaring ova. Consequantly,
clusters of adharing ova wore mputarly obearved In he cutiure cinhes at Day 7 post
Inseminaton. This was mog obvious H the Zygotag had also been matured and in
dafined medium, as thelr cumulus colls wore more resistant 0 vortexing than those of

ylurnnlurndnndtnrﬂllzwhhpfmmd sarum.

Expardman 1

A total of 401 presumptive ZTygoles was used in this experiment (Table 3). There was
no cloct of type of IVC medum on the claavage rate, but both the percentegas of
blastocysts par oocyte and per cleaved ambryo wara gffected by treatment (P<C.01). Neither
replicate nor inleraction between medium and replicate influanced the results significantly.
Substiuting BSA with PVA In the SOFaas modiun reduced
significantly (P=0.01). Howover, adiing r-eodium citrate to the defined SOFaa-medum

with PVA incressed blastocyst developmant to a tevel not significantly lower
than in SOFaas with BSA. Embryos cufirad in M15E coculture developad bettar than in -
SOFaa-PYA with or without citrate.

%

Tabis 3. Emamgwmw&mammmm in SOFaa
meodium on embryo development in vitro™

Medlurn $uppla- Oocytes " Cloaved/ Blasiocysts /

n OtYle gucyte Zygote
SOFaa EISA a7 7O+ 1% 30+ 14% a7+ 12%°
SOF=a PVA 106 83+ 5% 1510%: wte%:
S0Fea PVA +citrate 99 81 + 6% 23+ 5% 2018%
M192 co-culure cs M1 B3:6%  30+13%° 493 12%™
Tmoan 8D of 3 roplicateg, Mo difference between replicates or interactions betwesn
ﬂhﬂannﬂ medium.

Dissimilar suparectipts within columns dencte statistical differances: “Pc0.01; ®p0.05.

Exparment 2

In Experiment 2a, a total of 862 oocytes were allocatnd to the 5 treatment groups
{Table 4). Clesvage ratas ware not nfluanoed by treatment or ineractions between trealrvent
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and replicate, but differsd between replicates (87, 74 and 74%, respectively; P=0.001). In
SOFaac medium, blastocysl rates of oocytes and of deaved embryrs were affacted both by
macro-molecular supplements (BSA ve PVA, P<0,05) and by the presence ¢f myo-inositol
(P<0.01). Furtharmors, Mere waa an interaction batween these 2 factors (P<0.02). Hencs,
the ackifion of myo-inositol to SOFasc-PVA increased biastncyet developmaent significantly
to the levels obedrved in undefined IVC madium groups, but it did not have any additional
offact in SOFaac-B8SA. In comtrast, haiching was only aflected by a macromoiecular
supplement (P<0.01) and not by the myo-inositol compornmnt. Hatching raies tanded t© be
higher in this experiment in medium with BSA than without - Raplicate also infissced the
proportion of hatching within the culture period (P=0.01). At Day 7 after insemination,
blastocyst development was lowar In M199 co-cultuna (25%) and in defined SOF-medium
without myo-mositel {L.e., SOFaac-PYA; 22%) than In the the othar SOF-madia (37 to 41%;
P<0.01). Howaver, on Day 8-more blagtocysts had developed in the M188 co-culume (Table
4). The average ool numbors on Day 7 of expandedhatched blastocysts and eary
blasiocysts wera 113 29 (Nx23) and 77 £ 25 {n=27), respectively, in M185 and 134 + 29
(re54) and 70 1 23 (n=27), respectivaly, in SOFasc cupplemonted with myo-inositol and
PVYA (M198 vb SOFaaci: F20.1).

Table 4. Effect ot BSA, PVA and myo-incsitol on embryo dsvelapment in SOFaac®

Medium Macro- Wyo-  Oocytes Cleaved/ Day 0 blastocysta/  Hatched/ total
malocule tnosital n Qocyte  oocyte claavexd bingtocysts

SOFaac  BSA . 148 T78LT% 47£3%° eo:a%: 511 10%"
SOFaac  B3A . 135 T7+4% 43+7%" SBETR 47:41,:
SOFasc  PVA . 134 79+8% 19+:3%° ﬂ%: 2613
SOFaac PVA + 132 7013% 4211%° 64£3%  34:KN
:‘,ﬁ:"‘ cs 115 8125% 38x7%% 45rex’ 41zt
¥Meazn SO ol 3 replicates. Significant differances between replicates (P<0.001) In respect
E:Eaavageamhmmg.

Dissimitar supemcripts within cohmmne dencle efstisticel differencea ("“P<0.001,
Ip.«0.01, *P<0.05).

In Exportmen 2b, a tinl ¢ 33 blasiocysts was produced under defined conditions in
S0Faaci-PVA medium tollowing etandard undefirad VM and IVF. Ten blasincye®s of good
mofphology were gelacted and transferred o 10 reciplants following air-shipment Five
recipients bocame pregnant and gave birth to 5 heafthy Darish Holsteln-Frieslan calves, 3
female snd 2 males walghing from 37 to 45 kg at birth.

Experiment 3

Following standard undetined IVM and IVF procedures in Exporiment 3a, a total of
1,043 presumplive zygoles was randomly aliccated inte the 3 treatment groups: Defined IVC
in SOFaaci or undefined IWC’s in SOFauc-CB or in M188 coxculture. Aesula ar shown in
Table 5. Embryo developmant tonded to be lower in M199 co-cufhze than In SOFaac-CS or
SOFaacl-PVA with respect In cleavege rates {P<0.1)and lower in respect o Blagtocysl
deveiopment (P«<0.05). A stmilar trend was observed for hatching. Furthermore, ambryna in



£02 Theriogenalogy

bath SOFaad media appeared 1o be different compared with embryos In M189 co-cuthue
with respect to e foiowing detalls: Conpaction was generally more evident, blastocyst
formation waa initiated earlier In relation to time of tertiization, embryoa were lighter ih color,
and the innet ced mage ol blastocysts was more diginet. The aoceleration of blastocyst
development was ezpecially evident for embryos cutured in SOFaac-CB. In thia medium,
blasincysts ware obwerved at Day 8 (.., approximately 1 d earlier than in M189 oo-catture),

Table 5. Comparigon of embryo devalopment in standard M189 granutosa cell W-G..IIUI'B.OI
in SOFaad under defined (SOFaack-PVA) or undefined (SOFaac-CS) condans

Troatment  Oocytes Cleswed / Day B blastocysts / Hatched per o2l

n oocyte oocyle Zypete blastocysts

6OFead-CS 381  86+3% 421 7% 491 8%° es:tm‘m
SOFmaci-PVA 32  B3+6% 422 0%" 51+ 0%° 60 £ 16%
MigBcocuture 95C  7812%  32:T% 40+ 9%’ 80+ 7%’

*Moan + SD in 4 replicates. Ovavall smbryo development dilared between replicates
!Pﬁ.m.hﬂmmmhm between treatment and repl yrore cbaprvad.
miar supemcripts within columns denots etatistical differences { P<0.01; ™ P<0.06).

In Exporimem b, the average + SD (range) cleavage rate and blastocyst developmonnt
per oocyts and clasved embryo in SO0Faac-CS over 30 woaldy replicats cultures wers 87
4% (78 W BE%), 49 £ 5% (40 to 51%) and 57 £ 6% (45 to 88%), respectively. Claavage reles
in the Rnat teut quaner of 1097 (5 replicatns in May ard June) wers significantly lower than in
the other quartars (78 va 87 Lo 80%, P«<0.001), and repficate lended to inflvencoe cleavage
{P=0.08). However, blastocyel development per cocyte did not vary significantly betweon
repicain or sgeasnn. The resuits arm ahown in Fgws 1.

Experiment 4

In Expariman 4a, a wrial of 811 mature cocytes was allocated rendomly into the 3 |VF-
treatment groups: standard IVF in TLP-CS (n=203), IVF in TLP-BSA (n=212), or TLP-10%
CS {n=196). Nelther cleavags rates (84 1 2, 82 + 4 and B2 1 2%. respectively}, nor
blastocyst rates (33 + 5, 34 + 2 and 33 + %, respeciively) difered significantly betwoen
treatmants (P>0.5) folowing IVC In M189 co-culture. Thers was no influance of replicate ar
o treatmant by replicale inkwaction on the reaults,

In Expediment 4b, a total of 814 COC's was subjected (o 1 of 3 (VMHIVF freatments:
undefined standard WNWHVF, defined IVM - undsfived IVF and definad IVM-TVF (Tably 8).
Treatment affected both cleavage and blastocyst development {P<0.001), but pot hatching In
the subsaquent IVC In SOFaaci-CS medium. The presence or absence of serum during TvM
dd nd have any obvious Influence on nuciear maturation, as no ditferences were abearyed
bebtwean treatmen] groups In the numbers of cocyles with a nomal metaphase configuration
(18 of 20, 15 of 10, and 14 of 18 gucoesshuly stained cocytes for undefined etandard fyid-
IVF, defined WVM-undefined IVF, and defined IVM-IVF groups, respectively). Momnal
fortiization characterized ap the presence of (only) 2 morphologlcally normal pro-puciel were
found In 18 of 10, 15 of 10 and € of 18 ova successfully fxed and stained In' undafined
standard [VM-IVF, defined IVM-undefinad IVF and dsfined |VM-IVF, respectively, ihus
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refiecting the in vitro development (Table 6), Three pro-nucisi were obaarved in 1 ovum from
the stardard treatment group. The rest of the sialned ova were either In metaphase | or
wora nondatsrmnable (6., no visible nuctel or eteined chromatin). No differences in spenm
motlity were obostved 20 h elter insammnation (j.6., prior to vortexing of the precumpive
Tygotes) under defined conditions in TLP ve standerd undsfined condificns in TLP-CS
medium. :

100 -

% of oocytes In culture

W oekly replicate

Figure 1. Embrye developmen tn SOFaac with 5% C5. A total of 30 wookly replicates
within the period of May 1097 to March 1008 with 100 COC's per trial The curve
and columns ijustrate desvage and blastocyst raten, nespectively.

Experiment 5

A il of 748 cocyles was aliocated it the 3 treaiment groups (Table 7). Excapt for
hatching, emibryo development was aftected eignificantly (P<0.001) by treatment. As in
Exporimant 4b, the abssnce of senm during (V-IVF reduced the cleavage rate, Howover,
in the prasent experiment, subsaquent developmenl of the deaved smbryos under dalned
condibons was also negatively affected when compared with embryos that had been
aposed lo serum during IVMHIVF. No differences were cbserved in cleavage or biastocyst
mtas between ambryus cultured with serum or uivder dafined concitions when sarum was
present during IVMHVF. Finally, no diferences In the capeblity of blastocysts & hateh in
vito were noticed between any of the freaimant groups. Hatching ratea in this experiment
wore apparently higher than in Experiment 2 (Table 4}, in which the hetching rates for
blastocysts cufumed under defined conditions tended to be lower than in the presence of BSA,
As in Expariment 3a, biastocysts were observed o develop faster in sarum. This was
refiected In the cell numbeys of compact monilae ardt blastocyste ai Day 7. Tha ovanall
average call numbers of Day 7 compact morulas and blastocysts produced in 1) undefined
VM, IVF ana IVC media; 2) undefined IVM and IVF madia bud dolined IVC; and 3) defined

IVM, IVF and IVC madia ware 1) 117 + 48" (nw53; all biastocyets), 2) 105 £ 33" (n=31, 28
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biastocysts) and 8) 89  26° (ne4t, 28 blestocysts) , respeciively (“P<0.01"°P=0.06).
However, no statistical differences were abesarved batween treatments when ambryo sfages
wore included In the siatistical analysls (P=0.25), only between embryo shiges {(P<0.001).
The overall coll reonbers of Day 7 hatched or expended blastocysts {n=52), mid-blestocysts
(n=88) ard early blastotysts or compast morutae (n=27) were 134 + 33%, 05 + 26°, 78 + 22°

.05), respactivaly.

Tabie 6. Gonma:bundmyummhﬂwirpmamnmwwﬂuﬁmh
defined media ve undefined medium with sarum

“VMHVF  Oocytes Cleaved/  Day7 Cay © Bastocyets/  Haiched /
treatment n oocyts blastocysts /|  oocyts xypote binstocysts
_oocyts
Dofned VM. 269  631:3%® 49:8%’  5128%° €115% 6246%
m 278 3543%°  Diax® 0 BReoA® STrE%  BIE13%
Py 267 90:1%™ 57rex™  S6:a% 62:12% BI£1T%
EMoan = SD of 3 repiicates. Significant differarces betwean rapiicaies were observed with recpect
mmmmmmwwmmmmw
wwumm 7 arx for hatching amw.
i supsnscripts within columne denote statistiesl differences (T P<0.001; 1} 3

Table 7. Comparison of embryo dml:pmfolund.rlg VM, IVF and IVC i defined media
or in standard undefined meriia with serum .

Treat_Serumin_ Oocyles Day7 Day® Hetched /
meant W VG n Cloaved / biastocyets / Blastocysts / totad

IVF QoCyhe ooeyte oDCyts 2ygoto bastocysis

1 o+ o+ 255 Bar4%® spzex®  a9e2x® s7rex® smriem

2 o+ o« 207 80t1%" 4427%°  snren’ mE2e7%®  s5:0%

3 - - oa7 5as7%" 1533%°  19:+4%’ ar:@8%° sixiom

TMean + 5D ol 3 repticales. DMamences hotwoen repilcates ware cbaerved (P<0.01), but no
significant inloractions betwoen replicate and reatment group wer present.

far superacripts within columns denote statiscal differences (™ P«<0.001).

DISCUSSION

The results of the present shady demonsirate that immature bovine tocytes are able to
mature, fertilze and develop to the blastocys! stage it defimed media without serum or BBA,
thus confirming eerlier findinga (11, 28). Serum-protelns could be exchuded from in vitro
cufture meda with anly marginal hegative tnfluence on blastocyat development compared to
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control conditions when sodium divete and myo-inosital were added 1o the SOFaa medium.,
However, omission of serum or BSA from both VM and IVF reduced ferilizalion to
approxdmataly two-thinds that of the cortrals (Tables 6 and 7). Moreover, continuad culture
under definad conditions resultad in a further reduction in embryonic development compared
with thal of zygotas metured and fertlized in defined media but cultured with serum,
Exclugion of asum mm the maturation medivm had only u kaser fluence on the
subsequant terliization and cleavape of embryos, 88 kong as serum was presert n ow
concentrations during fartilzaton. The birth of 6 healthy caves following transfer ol 10
blasiocysts cultured in SOFaad-PYA confimme that the defined cultwe system supports
develcpmen of viable embrycs.

The smbryotrophic affect of sodium cltrate 68 sbsarved

raported earfiar (20, 30), and the concantration used la within the optimal range for in vitro

in rabbh embeyo cutture {20). Clrate sfimulates falty acid syntheals (18) and Is

a chelator of metal ions (e.g., Ca™), & feature that may be of importance lfor maintal

juncticnal integrity and thus of importance for compaction and bisstocoe! formation (20). |

the prosent siudy, the addiion of th-acdum citrate to defined SOFaa with PYA enhanoed

The elect of edding citrats to SOFaa with BSA was

The BSA preparation had been taated earller for Its embryotrophic properties

{25), which ts lkely (o reflact & eignificant ciirete contamination of this specific preparation

{20). Howevar, & Ia poszibia that addition of ciirate to SOFas with the present BSA further

enhanced biastocyst development, aincs blastocyst development was higher In SOFeac-

BSA in Experiment 4a than in the same madium without dirate in Experiment 3 (47 £+ 3 ve
30 + 14%; Tables 3 and 4),

3
i
§
g
§

3

3

The subsequen) addition of myo-inositol to the S0Faa with dimte and FVA (ie.,
SOFaac-PYA) harther improved blastocys] development to 2 degree that did nol diffter fnam
that of cullure condiions inchuding BSA, serum amdior granulosa calls. Myo-inositol
increased blastocyst devslopment in defined medium two-fold, while no effect was seen in
SCFance with BSA (Tabls 4), The sffect on hatching was not evident and tended 1o be lower
with higher variabliity than in cortrols, This was particudarly manfest In Experiment 2, In
which the sfiect of myo-inositol In SOFaec with PVA or BSA (Table 4) was shediad, whils
lass evident in Exparimant 3 comparing embryo devalopment in SOFaac-FVA ve SOFead-
G5, where haiching ratee were high in both groups (260%; Tebla §). We do not hawe any
explanation for this varabiity, but factors other than myo-incaitol (and clrate) present in BSA
endor sarum are Ekely to Influarcs hatching in vitro. Furthermors, asnum has bean reportad
to decrease repiicate variation in embryo development (48). Wa are at pressnt comparing
the long-term emblity (e.g., blastocyst hatching} under chemicaly defined va undafined
conditions In order to dariy the significance of the observed variabiity. Myo-inmsitol s
present in & range of complax media, and & often categorized a8 & vitamin (42). 1 is also
likedy to bo prasent in commaercial BSA-praparations in minute concantrations but aufficisnt
for blological action (C.F. Downas, personal commmunication). us axplaining the lack of an
additional effect In medium with BSA. Myo-intsitsl or s meiabofites are aeasantial
companents in cellutar signalng {tor review, aea 10). Incaliol-1,4,5-riphosphate has second
mesasenger functiohs, and some metabolites may have a dred mitogenic effect {10).
Spacifically, myo-inosiol is assoctatnd with intraceliular caiclum releasa at fertilization (for
rovigw, see 31}, and i behaves as an camalyte together with giycine, providing eubstantial
protection of rabbil embryos cultured th medium with high codium chioride concantration
{33). Furtharmaore, in ssa urchin embryos, myo-nositol has baen ghown ©© be esseriial for

propor Uming of the Hrat coll cycte by it participation n the phosphoinoaitide-gignaling
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pathway (5). Finally, embrycirophic properties of batches ¢! human eerum have been
comalated with high concentretion of myco-inoslial (8).

In the present eludy, blastocystn developed at a higher frequency in SOFaaci aufture
with or withoul serum than in M198 granuiosa cali co-culture asysiem (53}, with simllar cel
numbere ¢ the respective embryo deévelopmental sieges and similar or higher blasiocyst -
hatching mates {Tables 4 and 5). Using BOFaac with 5% CS, we consistently obtained
around 50% blastocysia of 00cy1es In culture during the 11-mo teet periad (49 + 5%; Figure
1). Tmawmﬂm“sdhhwmrhnwhmmmmlnwm
using M198 ganulcsa call co-culfture (47%; 53). Howewer, MmOt importantly, embryos
produced th SOFaac] madium - defined or untefined - appeared morphologically more fika in
viva smbryos. considering thelr lighter color, tighter compaction and the integrity of the inner
oall masa (55). Blastocysts formed sartier in SOFaac] partoularly with the inclualon of serum
compared to M189 co-culture. Others have repotted similar observations {D). i I8 wedl known
that senam changes the pattarn of blastulation by inducing biastocoal jormation {37, 54, 57).
Very high ssrum concantrations in baglc SOF without amino acid supplementation resuft in
premature biastulation of ovine ambryos (49, 56). Bovine embryos have also been observed
to blaghJate earller, without comesponding colt prefiforation, when serum Is added 1o SOFaa-
madium conalning BSA (48, 52). However, In the present study, very tight compection at the
monua siage preceded blastulation In SOFaaci with ar without serum, afthough tha
development of biaxiocysts wss slower without ssrum (i.e., in SOFaack-PVA). The overal
cadl number of Day 7 compact monias and bisstocysts terded (o bé lower Under defined
conditiona, but cel numbers of the mapactive embryo stages did not difter botweaen
treatmonts. Indicating that embryo quality were similar with or without esvum, Similar
observationt wors mads when comparing blastocyst development in SOFasci and M168 co-
cullure. The fastr development in SOFaaci shoukd, thereicre, be regarded ae a sign of
improved culture canditions, as the accellsmtad biagiosyst formaticn was eccompaniod with
cell proffaration,

in addition, the EQFaaci system i a simple 1YP-gystem, as embryos may be (st In
culure for a pested of 9 d without changing mediun of preparation of sornatic cells for co-
cuiture. For routing IVP, oocytss and embryos are ranaterred betwsan (VM, IVF and IVE
without imermadizta washes, making the syatem oven eimpler. However, for sanftary
reasons, washas are desivable and raquired (Z7). The cutgrow of a patchy granulosa cedl
monolayer from cumulus cells ramaining on the zona peficdda in SOFaac with 5% C8 may
also constitute a sanary riak (2, 44). However, careful cleaning of zygotes after IVF and
culture in totally calkfros madifled SOFaa Is passible without affecting the culture result (7).
Under defined SOFaari condifiona the remaining cumulus cells siayed at the zona peliucids,
and noticaable proliferation wao not abeerved. Il cannot be deduced from the presant resuits
i these cells have a possaibie embryatrophde and conditioning effect an the madium (34),

Nevertheless, u caiving mate of 50% of the trersferrad smbryos suggasts that the IVP-
biastocysts cutured In defined SOFaach-modium were of @ quality  similar to that of
embryos prociuced under undefined culiure systame (22),

Omission of serum from the IVM-madium did nol effes! nuciear maturation of cocytes
or the subcequent development of cleaved embryos, which 5 simBar o that of other raports
(3,11,13. 38). However, terilization sxpressed As the cleavage rate of cocybis matured in

e absarsca of serum was sightly decreased. In contrast, a large significant reduction in tha
fertization rate (exprassed as ratic of ova with 2 normal pronuciel or. cleavage rete following
Insemination) was obaarvad, when parum or BSA wore absant from both maturation and
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fertillzation media {including sperm preparaticn). Zygotic development, expressed as number
of blastocysts per cleaved embryo, was only affected il the subsequent culture was
performed in the absence of sarum. The relative low fertillization rate in this and another
study (11) may be explained by the fertilization medium, which was modifiad from Tyrode's
medium, Qther research groups (30, 39, 45) have found that fertilzation was only siightly
reduced under detined culture conditions using modified Brackett and Oliphant's medium
(BO-medium; 8), but still no more than 80% of oocytes deaved. Keskintepe et al. (30) found
specifically that BO-medium was superior to TALP In which BSA was substituted with PVA.
Furthermore, the inclusion of PVA In BO-medium has been found to tmprove fertilization (30,
45). The present study indicates that exposure of the mature cocyte and/or 1-cell embryo to
component(s) in sorum s of utmost importance both Jor optimal fertilization and development
of fertllized embryos under our conditions. Eckent and Nlemann (11} concluded in a study on
defined IVP of bovine embryos that esrum-proteins were required for normal pronuciei
formation but not for cleavage and subsequent embryo development. In a recent study from
our laboratory (21}, we observed that 2 min of expesure to serum compared to no exposure
prior to IVF of cocytes matured, fertilized and cultured In defined media improved not only
cleavage (63 vs 81%) but also blastocyst development of the cleaved embryos (33 vs 48%)
to lavels nat significantly different trom embryos exposed to serum throughout the respective
culture steps.

In conciusion, the present results show that tri-sodium citrate aend especially myo-
inositol improved the SOFaa-medium, thus more than 45% biastocysts developed from
immature cocyles without the conventional supplementation with serum or BSA, However,
exposure to serum during the IVM and/or IVF periods was essential for acceptable
fertilization ratos under the present conditions (Le., >75% cieaved embiyos) and for
subsequent high blastocyst development (i.e., >50% blastocysts of cleaved embryos) under

defined conditions in SOFaaci. Hance, 19%otlhalnsamlmtadoocytesmulddeveloptothe
biastocyst stage under completely defined IVP-conditions. The SOFaaci culture system, with
or without serum-proteins, is simple to work with: no change of medium or preparation of co-
culture is nesded. Finatly, morphology and in vivo viability of embryos produced in SOFaaci
sugpest that they are of a quaiity similar to that of in vivo embryos. However, larger field
trials are needed to verify the in vivo viabllity of embryos produced under completely defined
conditions.
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ABSTRACT

To elucidate the effect of numient subsmates on embryo development, in vitro
ferdlized bovine one-cell embryos were cultured in a medium similar 1o syrthetic oviduct
fluid (SOF) but without glucose and containing 3.3 mM lactate, 0.3 mM pyruvate and 3
mg/m! bovine scrum albumin {BSA) at 39°C in 5% CO7 in air. Results indicated that
addition of glucose was nat only unnecessary, but it also had a deleterious effect on
embryo development fo the momila stage. Lactate supponed embryo development up to
the morula siage as well as pyruvate. Supplementation with 20 amino acids contained in
basal medium Eagle's (BME) and minimum essential medium (MEM) improved
development 1o the morula stage dramarcally and increased the cell number compared with
that of the conmrols. Addition of the vitamins from MEM 1o SOF had no beneficial effect.
The SOF with amino acids did not increase the frequency of blastocysts 7 days after in-
vioe fertilization but did increase the total number of cells compared with that of the
controls. Frequency of blastocysts at Day 7 in SOF with amino acids was equivalent 1o
that of co-culture although the total cell number was lower. These results demonstrate that
a scou-chemically defined medium can successfully suppon the development of bovine
embryos to the morula stage 10 a limired extent, but the medium lacks some numrients or
growth factors to fully support development through the blasiocyst stage.

Key words: * bovine embryo development, gluzose, laciate, pyruvate, amino acid,
vitamin

INTRODUCTION

Bovine embryos have been successfully cultred from the :ight-cell 10 the
blastocyst siage, while the culure of one-cell embryos 1o blastocysts has proved to be
much more difficult (1) due 0 a developmental block that occurs in vimo at the cight-cell
stage (2-4), Progress in embryo ¢o-culture systems has made it possible e culture one-
cell bovine embryos up t the blastocyst stage using various somatic cells in co-culture (3-

. 5) or in conditioned medium (7). These co-culture systems or conditioned medium can be

used to culture bovine embryos derived from in-vito fenilization (5,6), nuclear ransfer
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(8) and gene injection (Hoshi, M. et al., unpublished) 10 a stage of development at which
they can be transferred into recipient cattle. The somatic cells used as co-culture may
produce unknown embryo growth promoting factor(s) and/or delete embryo oxic Factor(s)
from a basic medium (7), making it difficult to define the exact requirements for embryo
culture and development andfor preventing a clear understanding of embryo metabolism
and development ind¢pendeat of other cell types. A successful embryo culiure system
using somatic cell-free nwedivm is needed for the in-vitro siedy of embryo development.
Such a systern has been developed by Tervit ct al. {9) based on componenis of sheep
oviduce fluid and also Rosenkrans et al. (10). The efficiency of synthetic oviduct fluid
(SOF; 9} for in-vitro development of bavine and ovine one-cell embryos was recently
confirmed by several workers by adding humnan serum to SOF instead of bavine scrum
albumin (BSA; 11-13). However, ancther recent trial with the original SOF conraining
BSA failed to suppon the normal development of one-cell bovire embryos 1o the morula
stage, even with redueced oxygen iension, and seggested a requirement for furher
refinement in the culture conditions (14). Human serum may contain unknown nutrients
and embryotrophic factors. Completely chemically-defined miedia should be employed for
the in-vivo study of embryonic nutrient requirement and utilization.

We report here cxperiments designed to test the hypotheses that glucose, lactate,
pyruvate, amino acids, vitamins and bavine serum albumin are beneficial components in
the culture of bovine embryos from one cell 10 morula and blastocyst stages.

MATERIALS AND METHODS
In Yitro Fertilization of Ovarian Ooacytes

Cumulus-pocyte complexes {COCs) were aspirated from small amral follicles (I to
5 mm in diameter) on boving ovarics obtained from a slaughterhouse. They were washed
threc times with HEPES-buffered Tyrode's medium (TALP-HEPES; 15) supplementcd
with 3 mg/ml BSA (Fraction ¥, Sigma Chemical Co., St. Louis, MO}); 0.2 mM sodium
pytuvate; and 25 pg/ml of gentamicin selfate {Sigma). Only oocytes with an intact,
unexpanded cumulus and cvenly granulated cytoplasm (16) were then cultured for 23 w
25 hours with TCM-199 supplemented with 10% heat-weated fetal calf serum (FCS,
Gibco Laboratories, Grand Island, NY); .5 pg/ml of FSH (NIH-oFSHY); 5 pg/ml of LH
{NH-oLH}; 1 pg/md of estradiol-17p (Sigma); 0.2 mM sodium pyruvate; and 25 pg/ml of
gentamicin sulfate (I7). Maturaton culres as well as all the other cultures were
mantgined at 39-C in humidified air with 5% C02, In-vitro fertilization was performed
using frozen semen from one ejaculate from one bull since the frequency of in-vitro
fenilization and its time course had been well characierized in preliminary studies (semen
donated by American Breeders Service, DeForest, W1). In these preliminary experiments,
fertilization resulied in nearly 100% sperm penetradon of socyies and approximately 85%
nomal ferulization {swo pronuclei). The frozen-thawed semen was diluted with modified
Brackett and Oliphant isotonic medium (18) without BSA but with 1.7 pgfml phenol-red
and 25 pg/ml of gentamicin sulfate (BO medium). The sperm were then washed twice by
centrifugation at 500 x g for 5 minutes. The COCs were coincubated for about 20 hours
with spermatozoa (5 x 106 cells/ml) in BO medium supplemented with 2.5 mM
theaphylline and 3 mgfml farty-acids free BSA (Sigma) at 39°C in humidified air with 5%
COn and high humidity.

In Viro Culture of One-Cell Embryos

In all experiments except Experiment 3, one-cell embryos were striFigud of cumulus cells
after coincubation with spernatozoa by vortexing in TALP-HEPES (17). The cocytes

i i liure medium, and incubated in 100 ul—c!mplcls
S e TI:S hacglei' mitllrfg?d“g;h ﬁcg:;sc:n:icr the same conditions as for maturation and
cov_cr_cd o P‘ihc formulation of modified syntheric oviduct ﬂutc.t (mSOF) is sh%wn ;ln
fcmlhzan(():n- nents of mSOF were similar to those of SDF m_cd:um (9), except for the
e f%"é?'\o added which was decreased (0 fall in linc with most cullure Sy_stcm?
amumlouscd and save on buffering capacity of the medium. A premixed solution '0|
E;srrai“;:};‘dium Eagles (BME) cssential amino acidsﬁg‘r_"gln;g )#1323626% ::R??::E ":is':n::s
s (M;E 3‘2 &Oréis;:;nn?:na:sn;n::: I? lflﬁgurc of MEM vitamins_(GlBCO #320-
adﬁgﬁas also used in Experiment 3. The osmaolarity of the mSDFOwnh su%plzc:gz_?t;h
II:n]n without BSA, was 270 to 280 mOsmols. The average pH _ofl:lrgg 'Fe‘;?r?du'ctal ke
:ments, onc-cell embryos were also co-cultured with wlnr e

:: §rcz'r.',nl\:{-t.i)‘ii'l‘*;i'm;uppln:ﬁ:w.-,ntcﬂ with [0% FCS and 25 pg/ml gentamicin sulfaie (

{7

Tablc 1. Composition of modified symtheuc oviduat luid (MSOEF)

Concentrangn

Companent
107.70 mM
Ezé?l T.16
.19
KH2PO4 }-71
Cag%z 0.49
e 25.07
NaHCO3 . i 2.30
Sodium lactate 0:30
SB%d:;m ek 3.0 nxg/ml
Phenol red 1.3 pg/ml
it 50.0 pp/ml

Gentamicin sul fate

i ilized; i d pH of mSOF with or without
wallized and lyophilized; the osmolanty 2nd p R
d gg;l:rr:cnts {see ieit}pwm 270 to 280 mOsmoles and 7.2 t0 7.3, respectively

Evaluation of Embryonic Developmeat and Counting of Total Cell Number

xima in-vi ilization, inidal cleavage rates

imately 44 hours) after in-yimroe fcmyzauon. iniGal

were dc-{;:u%ae? é;pg:mini ng 1);1:: ernbryos under a slereomicroscope. Five daﬁa{’:iizg ;ﬁ

124 hours) after in-virro fertilization, all of the embryos except those with fcwfhrandl =

cells were rpounted on a slide and fixed with a n;:xturcbuf accnccg:i:\dt:ini:dcr . phz{sc—.
s with 0.1% aceto-orcein, total cell number was

?;rlga.::arigi:rcg)&:opc. Embryos which had 216 cells were defined as morula.

sts obtained after 6 days of in-vitro
see ir-dricd and their cell numbers
tonic solution (0.9%

. In scparate cxperiments, all of the blast
culrure (173 fﬂ 175 hours after 0ocyic insemination) were 2

A reated with a hypo :
were counted. In this procedure, bIESIOCYSIS were . et with fixatives I
sodium-citrate supplemented with 0.3% FCS} and werc 5 - acid = 3:1). After

(methanot:acctic acid:distilled water = 10:3:7) and Il {methanol:aceti
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staining with 5% Giemsa solution, the total ccll number, including metaphase plates but
excluding pyknotic nuclei, were counted under a bright-ficld microscope.

Effect of [Glucose] on Development o Morulae (Experiment 1}

To determine the effect of glucose on the development of one-cell embryos
beyond the 8- 10 16-cell stage, onc-cell embryos were cultured for 4 days in mSOF
supplemented with various levels of glucose (0, 0.56, 1.5 and 5.56 mM)}. One-ccll
embryos were also co-cultured with oviductal cells. The embryes' initial cleavage mate,
subsequent development to the morula stage and total cell number per morulac were
recorded.

Effect of Metabolic Substrates on Developmeat to Morulae (Experiment 2)

The neeessity of lactate and pyruvate for early embryonic development was
cxamined. One-cell embryos were cultured for 4 days in m3OF without lactate and/or
pyruvate in the presence and absence of glucose (0.56 mM). The initial clcavage,
development (o the morula stage and total cell number in the morulae were detcrmined.

Effects of Amino Acids ard Vitamins on Development (Experiments 3a and 3b)

The effecis of media supplementaton with amino acids and vitamins on the
development of one-cell embryos to the morula (Experiment 3a) and blastecyst stages
(Experiment 3b) were studied. In these experiments, at about 20 hours afrer insemination,
in-vivo fertilized eggs were transferred to each culture medium without removal of
cumulus cells. The one-cell embryos were smipped of cumalus cells at 44 hours after
fertilization by pipetfing and were then further eultured for an additional 3 {Experiment 3a)
or 5 days (Experiment 3b) in fresh medium without cumulus cells. Embryos were fixed at
Day 5 or 7 (Day O = day of in-vitro insemination), and the percentages of morulae and
blasweysts and their total cell numbers were recorded.

Effect of Protein in SOF and Glucose Added Post-compaction on Development to
Blastocysts (Experiment 4)

To examine the cffect of BSA and the addition of glucose through Days 5to 7,
one-cell embrycs were cultured in mSOF supplemented with amino acids and 3 mg/m!
BSA or 1 mgfml palyvinylalcohol (PVA) (polyvinyl aicohel average molecular weight
10,000; Sipma) for 4 days. Five days after insemination, they were wansferred to fresh
medium with or without 5.56 mM glucose and were cultured for another 2 days. In this
experiment, one-cell embryos were also co-cultured with oviductal cells for 6 days, and
the frequency of blastocysts and otal number of celis in the blastocysts were recorded.

Statistical Analysis

Differences in initial cleavage rates and percentages of one-cell embryos
devclofing to the morula or blastocyst stage were analyzed by the Chi-square test. The
total number of cells in morulae and blastiocysts were subjected to logarithmic
transformation, and were then assigned for ANOVA analysis. After ANOVA revealed a
significant treaunent effect, the oeatments were compared by Duncan's muldple range test.
In Experiments 1 and 4, the difference in the mean number of cells between each treaament
and co-culture was analyzed by the Student's t-test.

RESULTS

Effect of {Glusesc] an Development Morulse (Experiment I} >
Although addition of glucosc at any of the levels tested did r]!o! ;Eﬁfh}hﬁnf'éﬁ:
cleavage rate % 56 mM glucose had a ddcti’rlio;s ‘I:ffeitn ::; Ilhfhccki(‘;faloﬁumbcr i
e shown in Table 2. 1n g s a
cm?ur{:: ctjcc}\il:o?fdmjl: rsaig%)cl':a\ias lower than that of contemporary embryos co cultured
mol

with oviduct cclls (Table 2%

|
Table 2. Effect of glucase oni the development of one-cell embryos to the morula slage
(Expeziment 1)
Glucose No. of No. No. of Total no. of cells
nsk;?ru:ion aoc;;rlcs cleaved at morula at it manCiR_
m{mM) iscmnated  Day2(%)  Day5(%) +

Modified synthetic owviduct fluid (mSOF)

160 130 (81.3) 37 (23.1)bd 24_619.; igjg
0056 127 97 (76.4) 29 {22.%241 i?’%ﬂ'o g
. 104 (794) 22 (16, 349. -
15'26 igi 81 (802) 6 (39 100421 1622
Cio-culture with oviductal fissue in TCM 199 + 10% FCS
122 97 (79.5) Al (33.6¢ 30.8+14.5b 1667

lications.
a Day0=dayofin-vimo insemination, Data arc pooled i::gﬁ “;:nt?(%.% .m
b-d Values in the same column with different SUPTKTIpIS

i 2
Bffect of Melabolic Substrares on Development 10 Morulae (Experimoent 2}

mSOF,
In the absence of glucase, when lactate and pyruvate wc;z :cdictcd §$Tp<o,05),
both the initial cleavage rate and the percentage of monulac fc:m i dcmlcle.ﬁous il
as shown in Table 3. Deletion of pyruvate with lactate B o e
frequency of morulae, but development to the morulae stage ten
lactale was deleted. X 5
i lactate or of both lactate a
£0.56 mM glucost, deletion of _ i
pymvatinc::lesc%is:fke% reduction in the initial cleavage raic while frequency of mor

. d VvALE. In rn-cdium from
ai Day 5 decreased only in the absence of both 1EEE 0 by the frequency of morulac

: leted, the cleavage rate decTeaser, vate
};ﬁﬂﬁﬁ’éi’f?ﬁ;ﬁfﬁmm 10 that of medium containing both lactate and pyru

(17.6%).
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Table 3. Effects of lac:fn:c and pyruvate on the development of one-cell embryos (o the
morula siage in the absence and presence of glucose (Experiment 2)a

iumb No. of No No. of T:
: < : tal no. of cell
Sodium _ Docytes cleaved at monlae at ?n’ ;Eﬂg g{:gf\fllaz
lactate  Pyruvate  inseminated Day 2 (%) Day 5 (%) MeaniSD  Range
Glucose-free mSOF
. 3 104 51 (49.0)c 4 (3.8x 198+ 56 16-28
+ - 110 88 (80.0)d 25 27 225+ 87 16.53
n + 105 75 (71.4Yd 15 (143xd 2131 65 16.36
+ 110 83 (75.5d 27 (4.5 234+ 66  16-39
mSOF Supplemented with 0.56 mM glucose
- - 123 59 (48.0)¢ 10 (81 243
7 Ax 8.7 16-44
+ - 120 103 858 23192 2254 50 16-34
; + 97 S8 (59.8)c 18 (18.6d 2404104 1658
+ 1R 77 (755 18 (17.6)d  246% 9.0 1648

a Ef: l; are p$1c.d ;‘rﬁm three replicates, Day 0 = day of in-vitrg insemination.
reviated as follows: mSOF ini ing (-
d 0.3 mM Mg oot tontaining (+) or deleting (+) 3.3 mM Na lactate and
€4 Percentages in the same column with diff, i i ithi
samme glucose Koel oo o) n w Jilerent superseripts are different within the

Effects of Amino Acids and Vitamins on Development (Experiments 3a and 3b)

When 20 amino acids were added to mSOF, the
_ « the percentage of morulae F i
a.l_':d the total numlgcr of cells in the morulae increased; howcvc?, supplcﬁcf;atci’g: a\ri?lr:
n“o 2nuns caused neither beneficial nor demimental effects, as shown in Table 4. There was
Increase in the percentage of blasiocysts when amino acids or amino acids and vitaming

mSOF with aming acids (111.5 cells) and amino aci itami
= o acids + vitamin 15.
thar that for the control (no additive, 71.5 ce 1), 15 Yoo I a‘::leﬂiﬁ 5 cells) was larger

Effect of Protein in SOF and Glucose Added Post-compaction on Development to

Blastocysts (Experimmen: 4)

Embryonic development in mSOF containin i

i in g PYA instead of BSA wi

;gggstgagstfggré lﬁ::so?f o?g:;n;ngrgsifu_ (Table 6). There was no bene ﬁisgfﬁf tg
; ) WHICh 15 1n conwast o the detrimental eff; fi

when plucose is added from the start of culture (T: Wi

i able 2). The percentage of
l%sml ) rc?u]tmg_fmm c!.llmrc of embryos with mSOF comajnirg; BSA Er:son:tl %Tf?’?r:;i
co-culture with bovine oviduct cells (22.0%). However, the mean number of cells in

blastocysts cultured i P
Culrum!EMl jr cclffsd).ln the mSOF containing BSA (109.0 cells) was lower than that of co-

- W "IhéMogfnology
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Table 4.  Effects of amino acids and vitamins on the development of one-cell embryos
10 the morula stage {Experiment 3a)?

No. of No. No. of Tatal no. of cells
iumb oOCytes cleaved at monlae at in_myars
AAs Vils  inseminated Day 2 (%) Day 5 (%) Mcan+SD Range
- - 120 97 (80.8) 34 (28.3) 253+ 742 16-47
+ - 110 90 (R1.8) 51 (46.4)d 3184113 16-65
- + 122 105 {86.1) 32 (26.2)¢ 28.6+9.4c.f  16-56
+ o+ 114 96 (84.2) 43 (37.7)5d  32.5+11.8F 16-64

& Data are pooled from three replicaics. Day 0 = day of in-vitro insemination.
b  Abbreviated as follows: mSOF with (+) or without (-) amino acids (AAs - _l.{) mM
glutamine; BME - essential amino acids and MEM - nonessential amino acids) and

MEM vitarmins (Vits). . i
c,f Values in the same column with different superscripts are different (P<0.03).

Table 5. Effecis of amino acids and vitamins on the development of one-cell embryos
to the biastocyst stage (Experiment 3b)2

No. of No. No. of Toral no. of cells
Medipmb oacytes cleaved at blastocysts at in blastocysts
AAs Vils inseminated Day 2 (%) Day 7 (%) Mean+SD Range

- - 156 140 (89.7) 32 (20.5)  71.5+21.7c 31-107
+ - 169 142 (84.0) 46 (27.2) 111.5#43.3d 46-194
+ + 169 142 (34.0} 44 (26.0y 115.5435.2d 30-180

a  Data are pooled from four replicates. Day 0 = day of in-vitro insemination.
b  mSOF abbreviated the same as in Table 4.
c,d Values with different superscripts are different (P<{).01).

DISCUSSION

The following are conclusions that were drawn from the present experiments.
Glucose is not only unnecessary but at 5.56 mM, but it causes dewimental effects on early
bovine embryonic development (Tables 2 and 6). However, Robl et al. {19), showed
glucosc improved development of bovine embryos after the eight-cell sage. Lactate (3.3
™M) is capable of supporting development of one-cell bovine embryos, as is pyruvate
(0.3 mM) in the absence of glucose. Lactate also plays an imponant role in first cleavage
in the presence of 0.56 mM glucose (Table 3). This is similar to the findings of
Rosenkrans et al. (i0), who reported that lactate was the preferred substrate for the
development of carly bovinc embryos. Amino acids (a mixture of 1.0 mM glutamine,
BME cssential amino acids, and MEM nontssential amino acids) enhanced carly
embryonic development, although the vitaming of MEM had neither beneficial nor harmful
effects (Tables 4 and §); both these findings are similar to the results of Rosenkrans and



First (20). Bovine serum albumin supporied in-vitro development, and it could not be

replaced with PVA under the culture conditions of our present study (Table 6}

Table 6. gff;its of BSA and medium supplementation with glucose from Days 510 7 on
e developmeni of one-cell embryos to the blastocyst stage (Experiment 4}

No. of No. No. of T
: ; tal
MMmgjlma(\jl; _ occyies cleaved at blastocysts ai Din bn!& :O s,
c inseminated  Day 2 (%) Day 7 (%) Mean+5D Range

m30F + AAs
BSA - il5 89 (77.4) 33 (28.7)¢ 109.0+40.0 34-171
BS

A + 110 & (71.3) 20 (18.2)c 102.5+33.8 65-170
PVA - 107 85 (794

A4) 9 (8ad 75.3+39.1

. 3439, 32-1
VA  + BS 65 (75.6} 3 (3.5 93.0446.0 63-12;;

Co-culture with oviductal tissue in TCM199 + 10% FCS

227 182 (80.2) 30 (22.0)c 141434924  42.25

dal 4 gl
Values in the same column with different superscripts are different {P<0.01)

Glycolytic activity in earl
An early mouse embryos may be
32:5;113; n(‘];f: ﬁ?%sfpf;;ﬁucmhnase activity (21 ,szlymnm{:md;ugf::;:ﬁg:: iﬁcst?pfp?:
develc use embryos until the eight-cell stape (23 i
:;a:?;llzy bzi g!ucos:;) 10 promote development of cight-mllgshicp'igbrjgsr:rﬁlg?::lsf nl:;
Inc embryos was reponed by Boone et al. (25). Qur present experiments

&ﬂﬂﬁﬂ g::l;fls:lis adncdscsr:‘]l;cgig);dﬂiac%f;:;p Gu?_y (126) who studied metabolism in Day 7
ing of glycolytic activity,
Javed and Wright (27) has shown that ioral glucose gtfi?zinon in mr\inct:%ur;:;ss:ladsﬂﬁz

= {HCriogenciogy
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Glucose in bovine oviducial fluid is reported to be 0.05 10 0.2 mM (28,29). Early
hovine embryos can develop to the morula and blastocyst stages in the oviducts of rabbits
(30) or sheep (31), where the concentration of glucose is around 1.5 mM (32 33).
Glucose is usually employed for embryo culure media at a concentration of 5.56 mM
based on the concentration of glucose in FCS, This level is similar 1o that in mouse
oviduct fluid (5.2 mM; 34). In the present experiment, the presence of 5.56 mM plucose
clearly inhibited embryonic development to the morula stage (Table 2). This finding of an
inhibitory effect of glucose is similar to recent studies in hamster (35-37) and mouse
embryos (38) but differs from results of similar siudies with rat {39) and pig embryos
(40). Although the inhibitory cffect of glucose in catle and the differen: responses to
glucose among ather species are not clear, glucose has been proposed 10 induce
respiratory inhibition in the presence of phosphate (i.e., the “Crabtrec effect”; 35,41).
This effect may resolt in ineflicient ATP production (33) and would inhibit lactatefamino
acid-mediated development, as has been suggested for hanister embryos (36,37). Hence,
it is smongly suggested that the high concentration of glucose (5.56 mM) in embryo
culture media has been one of the main factors causing the 8- to 16-cell block in bovine
embryos cultured in vitro.

A drastic increase in glucose utilization of bovine embryos a1 the morula stape has
been recently reported by Javed and Wright (27). Robl et al. (19) also showed that
glucose addition o a co-culture medium at 72 hours following in-vitro insemination
resulted in higher developmental rate 1o the blastocyst stage. In our work, however,
addition of 5.56 mM glucose on Day 5 showed neither a beneficial nor detrimental effect
on embryonic development in vitro (Table 6). It is possible thal glucose at a higher level,
such a5 5.56 mM, might have a latenr harmful eftect, even at the morula stage, and that
glucose at a lower level might be beneficial for the embryonic development in vitro.
Further cxperiments are noeded to elucidate the influence of glucose on the development of
bavine embryos, especially at the morula and blasiocyst stages, by adding various
concentrations of glucosc at various times.

The concentration of lactate in sheep and rabbii oviductal fleids was reporied to be
2 10 4 mM (32,33,42), which is lower than in media commonly used for culture of
mammalian embryos (20 to 30 mM). In the present experiuent, 2 lactaie level of 3.3 mM
(9,42) was employed, since in a preliminary experiment (unpublished data), a higher
concentration of lactate (33.0 mM), similar to the level in CZB medium (31.3 mM) (38),
clearly inhibited bovine embryonic development. Even when one-cell bovine embryos
were cultured with high laciate in a glucose-free medium, only 5.9% of oocyies ferilized
in vitro (n=51) developed beyond the 16-cell stage.

Early studies with mouse embryos have demonstrated that dunng the first cell
cycle, mousc embryos can udlize pyruvaie, but not lactate, in the absence of glucose, due
to 2 higher ATP/ADP ratio (43,44). In contrast, to the studies on mouse embryos, we
find that 3.3 mM lactaic as wcll 2s 0.3 mM pyruvate (Table 3} can suppon one-cell bovine
embryos. These results are similar (0 those of Rosenkrans et al. (10). A high ATP/ADP - .
ratio inhibits the movement of reducing equivalents through the elecron ransport chain,
thus limiting the availability of NAD+ that is necessary for the conversion of lactate to
pyruvate by lactate dehydrogenase (45). Hence, the present resulis suggest that the
ATP/ADP ratio in the one-cell bovine embryos in our study may be lower so that they can

oxidize lactate to pyruvaie using NAD+,

In our Experiment 2b, it is shown that deletion ef lactate from a ml':‘q_‘“f“ Enniziging
0.56 mM glucose led 10 2 reduction in the frequency of embryos completing the first
cleavage (Table 3). This finding is similar with results on mouse embryos reported by
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Spindle (46}, in which removal of lacrate, during the first cell cycie, from culiure medium
containing glucese and pyruvate reduced the development of mouse cnibryos. A proper
lactate/pyruvalte ratio has been indicated 1o be essential for balancing the oxidation-
reduction potential of embryos (24,44). From these resulis, il is suggested that the
presence of glucose at a Tower level (0.56 mM) may nol be harmful 10 embryonic
development by itself but would change the oxidation-reduction potential so that pyruvate
becomes incapable of supporting the first cell cycle. Our experiments were not factorially
artanged to study interaciions of all media components. It may be that the damaging
cffects of excess glucose are due to imbalances in jonic media constituents that influence
metabolism, as has been shown for the mouse by Lawilts and Biggers (47).

Onc of the most salient findings from this study is that supplementation with 20
amino acids dramatically improved the development of one-cell embryos to the morula
stage (Table 5). It has been reparted that 5 1o 6 days after estrus, bovine embryos
normally develop to the morula stage (48). Embryos recovered 5 days after ovulation at
the morula stage of poor, fair and good quality contained 23, 27 and 35 cells, respectively
(49). In the present study, the mean number of cells in morulae which were cultured in
mSOF supplemented with amino acids (31 8 cells) or with both amino acids and vitamins
(32.5 cells) was comparable.

Amino acids have been reported to be essential for in-vitro development of carly
embryos in rabbits (50), hamsters (15), rats (39) and pigs {51). In caule, there have been
no comparable reports about the effects of exogenous amino acids on carly embryonic
development in vitro; however, a total of 20- and 25-free amino acids were found in
oviductal Muid (52) and in utcrine flyid (5 3), respectively. It is not clear how amino acids
improve in-vitro embryonic development, but some amino acids sich as glutamine may act
as an energy source and indeed Rieger and Guay (26) have shown that glutamine can be
metabolized by bovine blastocysts. Supplementation of amino acids to a culture medivm
may also increase the pool size of endogenous amine acids and de novo protein synthesis
(39). Transcription of the bovine embryonic genome begins ac che four-cell stage (54).
The raics of protein and RNA synthesis increase dramatically between the 16-cell and the
blastocyst stages in cattle, and incorporation of methionine also increases progressively
from the 16-cell stage (55).

The addition of 20 amino acids also caused an increase in the number of cells of
blastocysts (71.5 cells for the control and 111.5 cells for amino acid supplementation;
Table 5). McLaughlin et al. (13) reporied thai in-vivp fertlized one-cell embryos
developed to the blastocyst stage afier in-vitro eulture for 6 days in SOF supplemented
with heman scrum, and that the blastocysts contained approximately 70 cells. This value
is the same as that of blastocysts cultured for 6 days in the presence of mSOF without
supplementation of amino acids. We have not determined the viability of the presant
blastocysts by transferring them to recipient cartle, but their total cell numbers 7 days after
in-vitro insemination, especially those cultured in mSOF supplemented with amino acids,
were similar or higher than those for recent studics in whieh in-vitro fertilized embryos
were co-cultured with oviductal or cumulus cells. The number of cells in the blastocysts
were reporied 1o be 70060 150 cells at 8 to 10 days afier in-vitro insemination (56-58).

Bovine blastocysts are usually recovered at 7 to 8 days after estrus, and their cell
numbers at the early, expanding and fully cxpanded blastocyst stages are reported to be
approximately 100, 120 and 16D cells, respectively (48,59). The blastocysts obtained
from the present co-culturc system had approximately 140 cells 7 days after in-vimo
insemination This value is similar to that for in vivo-developed blastocysts. There was
an increase in the cell number with the addition of amino acids 10 mSOF, as described
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above, although this vatue was sill smaller than that for in vivo-developed blastocysts and
the co-culiured embryos in the present study.

Vitamins play vital roles as coenzymes in carbohydrate or amino acid metabolism
(60) and can be expecied to be required by any mammalian cell. A certain group of
vitamins was reported to be necessary for blastocyst cxp:msmnland{o‘r hatching in ﬁ!‘.]f)ll
(50,61,62) and hamster embryos (63,64) in the presence of amino acids. In our prc.\m;;
work, the addition of vitamins of MEM did not f:ﬂh:lncc _thc' development of one-ce
bovine embryos to the morula stage (Table 4). This resull is similar to previous woz :3
mouse (38,63), hamster {66) and rabbit embryos (50,() 1). Further Fxpc_nmcnc;s are nc. e
1o clucidate the influences on cmbryo development of individual vua.rmnsﬁan amino acids
and their proper dosages, as demonsirated for hamisier embryos (63,64,66).

is a macromolecular requirement for embryo culture usually filled by the
additionTOhﬁ;-'S'i.q It has been rcportc‘?l]hai BSA can be replaced with poiyvmylpyrolhdo{nc
or PYA for culture of early hamster (63), mousc (6_5). mbhu_(ﬁ?) and rat embryos (3;}
The present mial to culture one~cell bovine embryos in a chemically defined mc.d:um w|6: y
PVA replacing BSA resulted in poor development 1o the blastocyst stage (8.4%; Table 6),
Bovine serum albumin is not incorporated into cells of mouse embryos until the expanded
blastocyst stage (67), and it has been theught to have beneficial effects on embryonic
development with its great ligand-binding abilities. These benefits include prote_,x:'::_vc
effects against toxic components of the medium and growth promoting cffects !-Vlt’ {:its
components (68). It is suggested that mSOF, even with amine acids, mt%‘ht include
componenrt(s) inhibitory for embryonic d‘cvclopmcn[‘ Ahernatively, t cfprcscm
crystallized and lyophilized BSA may contain an unknown growth-promoting factor(s)

(68).

In conclusion, our present study clearfy demonsmaied that one-cell bovine embryos
can be cultured successfully beyond the 8- to 16-cell block to the blastocyst stage, using a
semi-chemically defined medivm without glucose but containing pyruvate, laciate, _amll1qo
acids, and BSA. Frequency of embryonic development up to the morulae stage in this
medivm is at least equivalent 1o that for co-culure with oviducul cells, although the mean
number of cells in blastocysts might be lower. A direct comparison was not performed;
however, the mean number of cells in blastocysts for the present medium was lower th_a;':
that for co-cultured blastocysts. Embryo culture in a chemically-defined medium in whic
PV A was substituted for BSA resulted in poor development, suggesting the presence of an
embryotoxic component oz a lack of nutrienis and/or growth fgcmr(g), such aslmsulmd,
fibroblast growth factor, or transforming growth factor-fi which might stimulate an
regulate mitosis of embryonic bovine cells (69-70). -
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Reprod. Fertil. Sexies 5:22 abstr, ( 1990). In this study we examined the ability of equine oviductal epithelial calig {OEC) to

support the devalopment of fowr- to gight-cell equine embryos in vitro and investigated
e the sbility of co-cultured embryos to continue normael development after transfer to
. synchsonous racipiant mares. Equine embryos obtained at Day 2 after ovulation were
F cultwred with or without OEC for 5 days. Those OEC co-cultured embryos that
; reached the blastocyst stage and embryos recovered from the uterus et Day 7 were
i surgically transferred to synchronous reciprent mares,

Co-culture with OEC improved (P < 0.01) davelopment of four- to eight-cell
ambryos to blastocysts compared to medium alane {11715 vs 0/E) dudng 5 days in
vitro. Embryos co-cultured with OEC ware smaller [P < 0.05) and more delayed in
development than Day-7 uterine blastocysts. Thare was no difference in tha Day-30
survival rate of co-cullured blastocysts (3/8) or Day-7 uterine blastocysts (5/8) after
transher to raciptent mams. These results indicate that co-culture with OEC can
support development of four- 1o eight-call equine embryos in vitro and that eo-cultured
embryos ¢&n continue normal davelopment after ransfer to recipient mares.

Kpy words: equine, embryo cultura, oviduet, co-cultura, ambryo transfer
INTRODUCTION
Early cleavage stape embryos fram a number of mammalien species undergo
developmeantal blocks in vire {1). Co-culture with oviductal tissue enhances the in

vitro development of early cleevage stags embryos in domestic species, including
cattle, sheep, piga and horsas {2-10). Although the mechanism of action of oviductal
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Coatents

In general, the majority of immature bovine oocytes fail to
develop to the blastocyst stags following maturation, fertiliza-
tion and culture ir virro, The evidenoe suggests that while
culture conditions during i wire cmbiyo production can
impact on the developmental potential of the sarly embryo, the
intrinsic quality of the oocyte is the koy factor determining the
proportion of oocytes developing to the blastocyst stage. In
addition, evidence suggests that the period of post-fertilization
embryo culture is the most critical in determining blastocyst
quality. This paper rcviews the current literature, with
emphasis on the bovine model, demonstraling evidence for
an effect of oocyte origin and/or in vifro maturation conditions
on the developmenigl capacity end gene expression patterns in
the socyte. Furthermore, the well-documenled effects of post-
fertilization culture environment on embryo gene expression
and quality are highlighted,

Introduction

The development of immature bovine oocytes to the
blastocyst stage following meturation, fertilization and
culture in vitro is penerally limited to a frequency of
about 40%. There is now a growing amount of evidence
to suggest that while culture conditions during fr vitre
embryo production can impact on the developmenta!
potential of the early embryo, tbe intrinsic quality of the
oocyte is the key factor detervhining the proportion of
oocyles developing to the blastocyst stage. Recent
studies from our laboratory (Rizos et al. 2002b; Rizos
et al. 2002¢; Rizos et al. 2003), comparing boving cocyte
maturation, fertilization and embryo culture in vivo and
in vitro have demonstrated that the origin of the pocyte
is the main factor affecting blastocyst yield while the
post-fertilization culture environment iz critical in
determining blastocyst quality, measured in terms of
cryotolerance (Rizos et al. 2002¢; Rizos et al. 2003} and
relative transcript abundance (Rizos et al. 2002b, 2003),
irrespective of the origin of the cocyte.

It is generally accepted that bovine embryos produced
in vitro have a lower developmental capacity following
transfer than. do embryos produced ir vivo. Large field
trials under commercial conditions have shown tbat
pregnancy rates after transfer of both frozen—thawed
and fresh in vitro-produced embryos are generally
significantly reduced (Hasler et al. 1995; Galli and
Lazzari 1996; van Wagtendonk-de Leeuw et al. 2000).

Production of bovine embryos in vitro is essentially a
three-step process involving cocyte maturation, oocyte
fertilization and subsequent culture of the in virro-
derived zygote. Deviations compared with in viro-

'S Copyright Chasmncs Contre Code Siniemeza: 09 M—6768/200373804-0259515.000/0

produced embryos may originate from any of these
steps. In terms of efficiency, approximately 90% of
immature occytes undergo nuclear maturation r virro;
about 80% undergo fertilization and cleave at least
once, to the two-cell stage. Howtver, as mentioned
above, the majority fails to reach the blastocyst stage.
Thus, the major fall-off in development occurs during
the last part of the process, between the rygote and
blastocyst stages, suggesting that post-fertilization
embryo culture is the most critical period of the process
in tz2rms of determining the blastocyst yisld. However, as
discusscd below, there is now unequivocal evidence
demonstrating that events further back along the
devclopmental axis are crucial in determining the
proportion of immeture oocytes that form blastocysts
and that in fact the post-fertilization ¢ulture cnviron-
ment, within certain limits, does not affect the capacity
of the immature oocyte to form a blastocyst.

The aim of this paper is to review the literature, with
emphasis on the bovine model, demonstrating evidence
for an cffect of oocyte origin and/or in vitre maturation
conditions on the developmental capacity and pene
cxpression patlerns of the oocyle and elsc to highligbt
the well-dacumented effects of post-fertjlization culture
environment on embryo gene expression and quality. At
the outset, it is impaortant to define what is meant by the
term ‘Quality’. The ultimate test of the quality of an
Qacyte i3 its ability to be fertilized and develop 1o the
blastocyst stage, to establish a pregnancy and to
produce a live offspring. Similarly, the best measure of
blastocyst quality ia its ability to establish & pregnancy
snd produce a live offspring From a research stand-
point, because of the impracticality of transferring every
embryo, attainment of the blasiocyst stage is generally
used as an indicator of oocyte developynental corapet-
cnce. For the same reason, other methods of assessing
blastocyst quality are used, including cell counts, cryo-
tolerance and, latterly, gene expression patterns.

The Oocyte .

The Inirinsic quality of the ococyte determines

its developmental capacity

In the cyclic cow, final maturation of the ovuiatory
follicle is initiated by the pre-ovulatory LH surge.
During the substquent 24-h period, the cocyte mucleus
progresses from prophase I to metaphase II. In addition
severa]l changes occur at the level of the cytoplaam
involving redistribution of intracellular organclles
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(Hyttel et al. 1986a; Hyttel et al. 1986b; Hyttel et al.
1989; Hyitel et al. 1997). Jn vitro, resumption of meiosis
occurs spontancously on removal from the follicle
(Pincus and Enzmann 1935) and the majority of fully-
grown oocyles progress to melaphase 11 following 24-h
culture (Fair et al. 1995; Lonergan et al. 1997). How-
ever, it is widely believed that the corresponding
cytoplasmic matwration is compromised, Icading to the
poor develcpmental rates.

There is much evidence to indicate that the origin of
the oocyte is crucial in determining its ability to at least
undergo fertilization, cleavage and development to the
blastocyst stage. For example, oocytes derived from
large follicles are more competent than those derived
from small follicles (Pavlok et el. 1992; Lonergan et al,
1994). In addition, there are & number of reports in the
litcrature indicating that oocytes matured ér vive are
more competent that those matured in vitro (Greve et al.
1987; Leibfried-Rutledge ¢t el. 1987; Marquant-Le
Guienne ¢t al. 1989; Yan Soom et al. 1992; Bordignon
et el. 1997, van de Leemput et al. 1999; Rizos ot &l
2002¢).

While there is some evidence that modifying condi-
tions of in virro maturation can affect the subsequent
blastocyst yield, improvements ere generally modest and
even in the best cases, approximately half of the cocytes
fail to reach that stage. Some authors have atiempted to
improve oocyte developmental competence by artifici-
ally maintaining oocyles in meiotic arrest in vitre for
varying periods (Kubelka et al. 2000; Lonergan et al.
2000a; Sirard 2001), Thus far, while it i3 possible to
reversibly inhibit meiotic resumption without having
any adverse effect on blastocyst formation rate, there is
little evidence for a positive effect on oocyte competence.
Others have attempted to modify the follicular environ-
ment of the oocyte before recovery, in an effort to
improve developmental competence. A ‘coasting’ period
between hormonel stimulation and ovary collection
{Blondin et al. 1997b) as well as the time interval
between ovary collection and occyte aspiration (Blondin
et al. 1997a) have been shown to significantly affect the
developmentnl competence of the oocyte. In addition,
donors were administered six doses of FSH and an
injection of LH, before ovum pick up approximately
80% of the recovered oocytes formed blastocysts
following in vitro proccdures (Blondin ct al. 2002). Such
high developmental rates are certainly encouraging and
highlight the importance of oocyte quality at the slart of
the &r vitre embryo production process in determining
the finel outcome,

In a oumber of studies comparing & vive and in vitro
maturation, in vive-matured oocytes were compared
with those recovered from small follicles on the ovaries
of slaughtered animals. The developmental histories and
potential fates of such oocytes would be very diflerent
rendering the validity of their comparison questionable,
For this reason, several groups, including our own have
compared the developmental capacity of such oocytes
having an identical pre-ovulatory history (Hendriksen
et al. 2000; Dicleman et al. 2002). Rizos et al. (2002c)
compared the development of cocytes recovered at the
estimated time of the pre-ovulatory surge and matured
in vitro with that of their counterparts recovered 20 b

later after in vivo maturation. Despite the fact that both
groups were fertilized and cultured at the same time a
significantly higher proportion of in vivo matured
oocytes formed blastocysts 58.2% vs 39.2%). Similarly,
in the study of van de Leemput et al. (de Lecmput et al.
1999) in vitro development to the blastocyst stage of
in vivo-matured oocytes was twice as high as that of
in vitro-matured oocytes,

Does the site of fertilzation (in vive ¥8 in ritro) affect
developmentnl competence?
Further cvidence for the fact that the intrinsic quality of
the oocyte determines the blagtocyst yield comes from
the results of experiments examining the developmental
rates of ir vivo-produced rygoles or early embryos
collected in vive and subsequently cultured in vitre. In
onc such study from our group in vitro matured/
fertilized (IVM/IVF) oocytes derived from 2-8 mm
follicles on slaughterhousc ovarics resulted in a blasto-
cyst yield of approximately 35% irrespective of whether
the zygotes were cultured in vitro or in vivo in the sheep
oviduct (Rizos et al, 2002¢), In the reciprocal experi-
ment, >70% of in vire maturedffertilized oocytes
reached the blastocyst stage following culture either in
vitro or in vivo. Similarly, in the study by McCaflrey
et al. (1991), approximately 60-80% of in vivo-derived
1-4-cell bovine embryos developed to morulae/blasto-
cysts following culture in vitro, confirming their high
developmental competence. In sheep, IVM/IVF-derived
zygotes were compromised compared with {7 vivo-
matured and fertilized zygotes in terms of lgmbing rates
(25-35% vs 51-60%, respectively) (Holm ot al. 1996).
It should be noted, as pointed out by Holm et al.
(2002), that the behaviour of in vivo-derived zygotes
in virro is a reflection of their origin rather than an
indication of bow they would develop in vivo. These
authors used time-lapse video analysis to pompare the
influence of &z vivo vs i vitro maturation gnd fertiliza-
tion on the I vitro developmental kinetics of the
resulling zygoles, Zygoles capable of developing to the
blastocyst stage developed faster during the first three
cell cycles (by about -2 b). Jn vivo-derived zygoles were
more deveclopmentally competent in vitro than were all
groups of in vitro derived zygotes; 87% vs < 54% of the
respective zygoles developed to the compact morula or
blastocyst stages, In addition, the duration of the first
cell cycles before embryonic genome activation were
shorter in in vivo-derived than in in vitro-derived zygotcs.
Whether this inereased developmental competence is
caused solely by superior maturation or is a combina-
tion of maturation and fertilization fa vivo is not clear.
Certainly, as poinied out above, there is substantial
evidence in the literature to indicate that iz vive-matured
oocytes arc more competent than their in virro-matured
counterparts. However, evidence from our own group
would support the hypothesis that the site of fertiliza.
tion (in vive vs in vitro) is also important {Rizos et al,
2002¢). In that study, a higher proportion of &I vivo-
matured oocytes developed to blastocysts following
fertilization in vivo compared with fertilization in vitro
(73.9% vs 38.2%, respectwe.ly), deapnc the fact that
both groups were culwured in vitro in parallcl. However,
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it should be noted that the in vive fertilized oocytes were
ovulated ococytes; this is in contraat with the in vivo
matured/in vitro fertilized group, in which oocyles were
recovered from pre-ovulatory follicles just prior to the
expected time of ovulation, Whether the additional time
in the follicle contributed to the improved developmetal
rates i8 unclear, To address this question we attempted
the fertilization of & vitre matured bovine oocytes in the
sheep oviduct using gamete intrafallopian tube transfer
{GIFT), involving the transfer of matured oocytes and
sperm to the oviduct simultaneously, or the transfer of
matured oocytes to the oviduct of a ewe previously
inseminated with bovine sperm. Irrespective of the
method used, only a very low proportion of oocytes
were fertilized and none developed to blastocysts, Other
authors have similarly attempted the i1 vivo fertilization
of in vitro-matured bovine oocytes in the inseminated
rabbit (Steenan 1970; Hunter et al. 1972; Trounson
et al. 1977), sheep (Sreeman 1970) or cow oviduct
(Trounson et al. 1977; Newcomb et al. 1978; Myers
et al. 1992} with limited success, although Newcomb
et al. (Newcomb et al 1978) did report the birth of twin
calves following one such attempt. It would seem that
such an approach is fraught with technical difficulties
which only cloud the issue. One way to approach this
question in a more satisfactory manner may be to use
endoscopy (Besenfelder and Brem 1998; Besenfelder
et al. 2001), .

Importance of the kinetics of early cleavage divisions

The developmental Kinetics of early bovine embryos has
been studied by several authors (Grisart et al. 1994;
Langendonckt et al. 1997; Holm and Callesen 1998;
Holm et al. {998; Lockwood et al. 1998; Lonergan et al.
1999; Lonergan et al. 2000b; Holm et al. 2002). We have
previously demonstrated a clear relationship between
the time of firat cleavage post-insemination i vifro and
developmental competence, with those oocytes cleaving
carliest after in vifro fertilization being more likely to
reach the blastocyst stage than their later-cleaving
counterparts (Dinnyes et al. 1999, Lonergan et al.
1999). This phenomenon is common to many species
{Bavister et al. 1983; McKiernan and Bavister 1994;
Totey et al. 1995; Sakkas et al. 1998; Shoukir et al.
1998; Warner et al. 1998, Fenwick et al. 2002). In
addition, we have demonatrated that this timing of first
cleavage is relaled to the polyadenylation status of
several developmentally important gene transcripts
{(Brevini-Gandolfi et al, 2002).Subsequently, we demon-
strated differences in gene expression in the carly
embryo that are reflective of differences in developmen-
tal competence between early- and latecleaving zygotes
{(Lonergan et al, 2000b; Fair et al. 2002). The factors
that control the time of first cleavage are unclear.
Although culture conditions can influence the kinetics of
carly development (Pinyopummintr and Bavister 1994;
Langendonckt et al. 1997), it is likely that the main
factors controlling this parameter are imtrinsic to the
cocyte (Lonergan et al. 1999; Loncrgan et ab. 2000b;
Brevini-Gandolfi et al. 2002), the sperm (Eid and
Parrish 1995; Comizzoli et al. 2000; Ward et al. 2001)
or both. Indeed, in mice, & gene controlling the rate

of pre-lmplaptation cleavage division and subsequent
embryo survival (Ped: pre-implentation embryo devel-
opment) has been identified (Warner et al. 1998).

Influence of cocyte sonrce and/or maturation condidons
on oocyte gene expression patterms

It is pgenerally accepled that mRNA and protein
molecules synthesized during oocyte growth and mat-
uration contribute to early development prior to
embryonic genome activation. The storage of mRNA
takes place during cocyte growth and the extent of the
poly(A) tail at the 3’ end of each transcript has emerged
as an important regulatory element for determining their
stability. Thus, control of polyadenylation represents a
key regulatory step in gene expression and is known to
be important In carly embryonic development (Gandolfi
and Gandolfi 2001). Conditions of i vitro maturation
can affect the polyadenylation level in maternal mRNAs
(Pocar et al. 2001).

As pointed out by De Sousa et al, (1998b), the
apparent lack of developmental competence in the
majority of oocytes matured in vitro may reflect
the composition and sbundance of specific transcripts
in oocyte mRNA pools. Qocyte morphology associated
with competence to underge meiosis and development
to the blastocyst stage can be posilively correlated with a
greater relative abundance of known mRNA transcripts
(De Sousa ct al. 1998a). However, with the exception of
genes known to play roles in early avarian folliculogen-
esis such as CSF-1, Connexin 37 and GDF-9, little is
known of cocyte gene transcripts that may confer
developmental competence to the blastocyst stage. De
Sousa et al. (1998b) demonstrated a greater relative
abundance of Na*, K*-ATPase «] among individual
bovine COCs normally selected for developmental
ability compared with unselected oocytes.

While there i3 considerable evidence in the literature
indicating that the culture environment in which the
embryo dewvelops can alter transcript levels within it
(sec below), there is much less corresponding informa-
tion available on the influence of the follicular
environment or maturation conditions in wire on
transcript levels in the cocyte. Such informetion could
contribute to our understanding of the faciors control-
ling developmental competence acquisition and poten-
tially aid in the refinement of media for cocyle
maturation in ¥ifro,

While there is an increasing amount of data on gene
expression patterns in oocytes at, for example, specific
steges of maturation (Roberi et al. 2000, 2002; Goto
et al. 2002; Dalbies-Tran and Mermillod 2003; Zeng and
Schultz 2003) there is a Jack of information on how such
patterns of expression are affected by chenges in the
environment of the oocyte (follicular environment or
that during maturation #n vitro). Given what we know
gbout the dramatic effect of post-fertilization culture
conditions on gene expression in the early embryo, it is
not unreasonable to assume that a similar situation
exists in relation to the covironment during oocyte
maturation. One such study by Watson et al. (2000}
demonstruted that oocyte maturation media could
influence levels of certain oocyte Lranscripts. They also
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obscrved a relationship between transcript abundance
and developmental ability to the blastocyst stage. In a
recent study from our group, we contrasted the relative
abundance of 12 gene transcripts in bovine ococytes
matured either i vitro or in vive (Lonergan et al. 2003);
consistent with the findings of Watson el al, (2000), we
abserved distinct differences in the relative mRNA
abundance of several developmentally important gene
transcripts in bovine oocytes which are related to
developmental competence. In particular, transcripts
for GDF-% were expressed at significantly higher levels
in oocytes recovered at the LH surge and matured
in vitro compared with those matured in vive (Lonergan
et al, 2003},

Robert et al. (2001) identificd mRNA cxpressed in
granulosa celis characterizing differentiated follicles
bearing developmentally competent bovine oocytes.
Dalbics-Tran and Memmillod (2003) comparcd genc
expression patterns in oocytes before and after IVM
using heterologous cDNA array hybridization; bovine
c¢DNA probes were hybridized onto arrays of human
express sequence lags (EST). About 70 trenscripts
underwent a significant differential regulation. Clearly,
such technology could be applied to other models to
characterize more fully the effect of suboptimal culture
conditions.

The Embryo

Blastocyst development is only one step along the road
to the production of a live offspring. As pointed out by
McEvoy et al. (2000), attainment of the blastocyst stage
is more a reflection of past achievement than a
guarantee of future fitness. Therefore, in addition to
mcrcasmg the success rate of in virro embryo produc-
tion (i.c. the number of oocytes devcloping to blasto-
Cysts) it is essential that those embryos that do reach
this stage in vitro are of the highest quality possible in
order to ensure optimal pregnancy rates following
transfer. The quality of in vitro-produced blastocysts
continually lags behind that of blastocysts produced in
vive and this can be linked to differences which exist
between them. Compared with their in vivo counter-
parts, in virro produced embryos tend to have darker
cytoplasm and a lower buoyant density (Pollard and
Leibo 1994) as a consequence of their higher lipid
content (Abd El Razek et al. 2000}, 8 more fragile zona
pellucida (Duby et al. 1997), reduced expression of
intercellular communicative devices (Boni et al. 1999),
differences in metabolisr (Khurana and Niemann 2000;
Thompson 2000) and a higher incidence of chromo-
some abnormalities (Viufl et al. 1999; Slimane et al.
2000). In addition, many differénces et the vltrastruc-
tural level have been reported (Crosier et al. 2000;
Crosier et al. 2001; Fair et al. 2001; Crosier et al. 2002;
Rizos ct al. 2002a).

Post-fertilization culture environmenr determines
blastocyst quality

By culturing in virro-produced bovine zygotes in vive in
the ewe oviduct, it is possible to dramatically increase
the quality of the resuling blastocysis, measured in

terms of cryotolerance, to a level similar to that of
totally in vivo-produced embryos (Galli and Lazzari
1996; Enright et al. 2000; Rizos et al. 2002¢c). Further-
more, in the reciprocal experiment, the culture in vitro of
in vivo-produced bovine zygotes resulted in blastocysts
of low cryotolerance (Rizos et al. 2002¢). Such obser-
vations highlight the importance of the post-fertilization
culture environment for the quality of the resulling
blastocyst.

In support of this notion, Knijn et al. (2002) com-
parcd genc expression in blastocysis derived from
in vivo- or in vitro-matured bovine oocytes. No differ-
ences were observed in the relative abundance of
transeripts  for four genes studied, suggesting that
maturation is not the major step in the in vitro embryo
production process affecting expression of these genes in
the embryo. In other words, despite using oocytes from
two sources known to differe in thelr developmental
competence, culturing the zygotes in under the same
conditions produced blastocysts of similar quality.

Gene expression

There is now a large amount of data demonstrating that
the post-fertilization embryo culture enyironment can
have & dramatic effect on the pattern of gene expression
in the embryo that in turn can have senolf mphmﬂons
for the normality of the blastocyst. This is the case, not
onlywhenoncoompamshv!mandhmomﬂtum
systems, but also between different i vitre culture
systems (Eckert and Niemann 1998; Wyenzycki et al.
1999; Doherty et al. 2000; Wrenzycki ef al. 2000; Lee
et al. 2001; Lequarre et al. 2001; Mi i etal 2001;
Wrenzycki et al. 2001; Rief et al. 2002; Rizos et al.
2002b; Rizos et al. 2003),

In our own group, Rizos et al. (2002b) examined the
expression of seven genes known to be involved in
apoptosis, oxidative stress, gap junction formation and
differentiation in blastocysts derived from in vitro-
matured and -fertilized which were cultured
either in vitro in synthetic oviduct fluid (SOF) or in vive
in the ewe oviduct end compared the pattern of
expression with that of iIn vivo-derived blastocysts.
Culture in virro resulted in, amongst other differences,
an clevated abundance of transcripts far Bax, a cell
death-promoting factor, as well as reduced expresgion
of the gap junction gene, Cx43. Consistent with our
observations, Lazzari et al. (2002) reported that bovine
embryos developed in the sheep oviduct were charac-
lerized by an expression pattern of severally develop-
mentally important genes that was nearly identical to
that of their in vivo-produced counterparts. Further-
more, in a comparison of serum-frec and serum-
supplemented SOF (Rizos et al. 2003), the presence
of serum during the culture period resulted in a
significant increase in the level of expression of
Muo-SOD, SOX, Bax, LIF and LIF-R#2 and a decrease
in the relative abundance of transcripts for Cx43 and
interferon-t,

Unlike ihe situation with regard to & vitro culture,
there {g very little cvidence directly demonstrating an
effect of alterations in the in vivwe environment on gene
expression in the pre-implantation embryo. Wrenzycki
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ct al. (2000) reported that the diet type fed to super-
ovulated heifers affected the relative mRNA ebundance
and pyruvate metabolism of embryos; the relative
abundance of Cu/Zn-SOD way affected in heifers fed
barley-based diets.

Large Offspring Syndrome

As meotioned above, the detrimental effects of culture
under suboptimal conditions in vitro are mediated
through modifications of gene expression in the embryo.
These detrimenial effects can be seen in terms of
blastocysts incapable of withstanding cryopreservetion
or establishing a pregnancy or, 8s has been shown in the
casge of ruminants, the production of offspring of
abnormal size (Kruip and den Daas 1997; Young et al.
1998; Sinclair et al. 2000; Walker ¢t al, 2000). This latter
phenomenon is directly linked to the post-fertilization
culture period In vire (McEvoy etal. 2001). The
existence of this syndrome demonstrates that manipu-
lation of the environment of an embryo can alter
subsequent foetal, placental and peri- and post-natal
development profoundly in farm animals (McEvoy et al.
1998; Sinclair et al. 1999, 2000; van Wagtendonk-de
Leeuw et al. 2000; Bertolini et al. 2002; Crosier et al.
2002). ]

Lazzari et 4l. (2002) analysed cellular (cell number on
day 7, size bf elongating embryo at day 12) and
molecular (rélative transcript abundance) perameters
in bovine embryos and the incidence of large offspring
syndrome in calves derived from transfer of embryos
produced with different in virro and i vivo systems.
In vitro culture of bovine embryos in the presence of
high concentrations of serum or bevine serum albumin
significantly increased the number of cells in day 7
blastocysts, the size of the blastocyst on day 12 and the
relative abundance of transcripts for several genes
inclnding HSP7).1, Cu/Zn-SOD, Glut-3, Glut-4, bFGF
and IGFI-R when compared with embryos cultured
in vivo (either in the sheep oviduct or produced entirely
in vivo). These deviations were linked to gestation length
and birth weight of the derived calves. Both in vitro
systems were associated with a significantly elevated
incidence of deviations in embryonic development and a
higher proportion of calves with increased birthweight
and other symptoms of LOS.

Chromosomal abnermalities

Viuff et al. (1999) reported that the incidence of mixop-
loidy was significantly higher among bovine blastocysts
produced in vitro than among in vive embryos from
superovulated donors (78% vs 25%); furthermore 17%
of in vitro blastocysts but none of those produced in vivo
had a >10% incidence of polyploidy. To what extent
mixoploidy is aggravated by in vitro culture is unknown.
During development from days 2 to 5, the degree of
mixoploidy increases in both in vivo developed and
in vitro-derived embryos; in those derived in vivo how-
ever, the level of mixoploidy levels out much carlier
(Viuff et al. 2000; Viuf et al. 2001).

The origin of the oocyte can affect the chromosomal
constitution of the hlastocyst; the degree of mixoploidy

in blastocysts derived from in vive matured oocytes
(fertilized and cultured i vitro) was similar to that
reported for entirely i vive developed blastocysts and
lower than that of oocytes recovered just prior to the
pre-ovulatory LH surge and matured in vitro-matured
(21% vz 30%)(Dieleman et al. 2002).

Temporal ¢ffects of post-fertilization culture

Several major developmental events occur during the
6-day window between rygote and blastocyst formation
in cattle. These include the first cleavage division, the
timing of which is known to be of critical importance in
determining the subsequent development of the embryo
(Lonergan et al. 1999), the activation of the embryonic
genome at the 8-16-cell stage (Memli and First 2000),
compaction of the morula on day 5, which involves the
establishment of the first intimate celi-to-cell contacts in
the embryo (Boni et al. 1999) and blastocyst formation
on days 6-7, involving the differentiation of two cell
types, the trophectoderm and the inper cell mass
(Waitson 1992). Clearly, any modifications of the culture
environment, which could affect any, or all, of these
processes could have a major effect on the quality of the
embryo,

From the abave, it is clear that the post-fertilization
environment in which the embryo is cultured is critical
for its normal development. There is evidence in the
literature of temporal sensitivities of embryos, which
would indicate, as pointed out by McEvoy et al. (2001)
that some windows of embryo development arc more
predisposed to aberrant programming than others. The
use of a two-stage culture gystem may avoid the
conditions leading to fetal oversize, When serum was
avoided during the first 3 days of sheep embryo culture
in vitro, oversize was not observed in the resultant
offepring (Kuran et al. 2000). In the same study, culture
for just 2 days in SOF plus serum before transfer on day
3 to synchromous recipients also generated normal
fetuses. Negrin et al. (1997) carried out an experiment
involving culture for 2 days in either SOF plus serum or
in co-culture, followed by culture for a further 3 days in
the same or alternative system. Their observations
suggested that the developmental ability of the zygotes
was unaffected by tbe culturc system used in tbe first
2 days, but the system used subsequently had a signi-
ficant impact,

We have addressed the question of a temporal
association between culture environment and embryo
quality in three recent studies from our group. In the
first of these (Rizos et al. 2001), the addition of
granulosa cells to SOF in the form of a monolayer
from day 3 onwards was necessary in order to acquire
the improved cryotolerance seen in blastocysts derived
from monolayer culture compared to those cultured in
SOF alone. In the second study (Lonergan et al. 2002),
we used a combinatlon of i vitre culture in SOF and
% vive culture in the ewe oviduct to identify the period
of post-fertilization culture that is most eritical/sensitive
in determining biastocyst quality, Presumptive zygotes
produced by i vitro maturation and fertilization were
cultured either In vitro in SOF for 6 days, in vive in the
oviduct for 6 days or in combinations of both. In lerms
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ol cryotolerance, in vivo-produced blastocysts, those
cultured ir vivo lrom day 2 enwards or those cultured
in vivo for the enlire 6 days had the highest survival
rates while those embryos which spent the longest period
in SOF had the lowest rates of survival.

In the third study (P. Lonergan et al., in prep.) in
order to try and identify at what stage the pattern of
gene expression described for in vivo- and In vitro-
derived blasiocysts (Rizos et al. 2002b) diverges,
zygotes produced by in vitro maturation and fertiliza.
tion were divided in two groups and cultured either
in vitro in SOF or in vivo in the sheep oviduct.
Embryos were recovered from both systems at days 2,
3,4, 5 6, and 7. The results of this study confimm our
previous observations (Rizos et al. 2002b, 2003) that
the pattern of expression of several gencs differs in
blastocysts produced by culture in vitro or in vivo.
More importantly howecver, the results demonsirate
that these differences in expression are apparent at very
early cleavape stages (in the case of Bax, SOX, Cx43,
for cxample), in some cases after only | day of culture
in vitro.

Concluding Remarks

From the above, it is clear that any improvement in
oocyte developmental competence is likely to come
from research focussed at the ococyte end of the
oocyte—blastocyst developmental axis. In contrast,
mprovements in the quality of blastocysts produced
in vitro will only occur through modification of the
post-fertilization culture conditions. By altering the
conditions of cocyte maturation and embryo culture,
respectively, in such a way as to change the patiern of
gene expression within the oocyle or embrye to mirror
more closely that which occurs in their in vivo
counterparts, it may be possible to produce, not only
more blastocyst stage embryos, but more importantly,
blastocysts of better quality.
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ABSTRACT In this study we analyzed the Koy Words: mRNA polyadenylation; oocyte; em-

pattem of polyadenylation changes that takes place
between the resumption of meiosis and the first
cleavage of bovine oocytes. Moreover, we investigated
whether the delayed occurrence of the first cleavage
division, which characterizes embryos of low devel-
opmental compeatence, is accompanied by an altered
polyadenylation pattern of individual transcripts. We
determined the polyadenylation status of a group of
genes that characterize physiological processas, in-
volved in sarly differentiation (Oct-4}, compactien, and
cavitation (B-actin, plakophifin, connexin-32, connex-
in-43}, energy metabolism (glucose transporter type 1,
pyruvate dehydrogenase phosphatase), RNA proces-
sing (RNA poly{A} polymerase), and stress (heat shock
protein 70). RNA was isolated from pools of 20 oocy-
tes or embryos at the germinal vesicle (GY) stage, at
the end of in vitro maturation, at the end of in vitro
fertilization, and at the time of the first cleavage. Clea-
vage was assessed 27, 30, 36, 42 hr post insemi-
nation (hpi), and at the latter time the remaining
uncleaved oocytes were retained as a group. Between
oocyte isolation and first cleavage at 27 hpi (best
quality embryos), the poly(A) tail of individual tran-
scripts followed four patterns: no changes {p-actin,
PDP); gradual reduction (Cx-43, Oct-4, Plako); gra-
dual elongation (Cx-32, TPA); reduction followed by
slongation (PAP, HSP-70, Ght-1). If the interval
between insemination and flrst cleavage was longer
than 27 hpi (progressively lower quaility embryos)
further changes of polyadenytation were observed,
which differed for each gene considered. These data
indicated that specific changes in polyadanyla-

tion contribute to the modujation of gene expression

in bovine embryos at this stage of development. Defec-
tive developmental competence is accompanied by
abnormal polyadenylation levels of specific maternal
mRNAs with synchrony between polyadenylstion and
cleavage emerging as an apparently important factor.
Mol. Reprod. Dev. 63: 510-517, 2002,
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INTRODUCTION

The time of the first embryonic cleavege post-
insemination has major, long-lasting effects on the
subsequent development of the bovine embryo to the
blastocyst stage end is considered to be p good indicator
of thase most suitable for tranafar to recipients (Yadav
et al,, 1993; Plante et al., 1994; van Boom et al., 1997;
Dinnyes ot al., 1689; Lonergnn et al,, 1999). This situa-
tion is not unique to the bovine embrya. A relationship
botween the kinetics of early embryonje cleavage and
subsequent developmeni has been ohgerved in mice
(Warner et al, 1998), hamsters (McKiernan and
Bavister, 1984), Rhesus monkeys (Bavigter et al., 1983;
Morgan et al., 1990), haffaloes (Totey et al., 1996), and
humans (Lelaidier et al, 1995; Sakkas et al, 1998;
Shoukir et al, 1998), These ochservations suggest that
whether or not an embryo will reach the hlastocyst
stage, is largely established at the two-cell stage. There-
fors, the division of embryos an the basis of the interval
between in vitro Insemination and first cleavage
provides a powerful experimental tool for studying the
mechanisms determining embryonic developmental
competence that is meaningful for many mammalian
species.

During the early cleavage stages, embryonic develop-
ment is supported by maternal mRNAs and proteins
synthesized and stored during cogenesia. These stores
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mRNA POLYADENYLATION IN BOVINE EMBRYOS

remain critical during the entire interval between
fertilization and the so-called maternal-embryonic
transition (MET) when the transcriptional activity of
the embryonic genome becomes fully functional. The
length of this period of time depends on the species
considered. In memmals it can occur as early as the late
two-cel] stage, as in mice, or later in development, at the
four-cell stage in pigs, between the four- and eight-cell
stage in humans, at the eight-cell stage in rabbits, and
between the 8- and 16-cell stage in sheep and cattle
{Telford et al., 1990), Moreover, the stored maternal
information is also involved in development after the
MET since it has been shown in mice that proteins
synthesized from maternal mRNA are very stable
throughout preimplantation development (Renard
et al,, 1994). Therefore, a long interval can intervene
between the synthesis of maternal mRNA and its
translation. -

The extent of poly(A) tail at the 3’ end of mRNA tran-
scripts has emerged as an important regulatory element
for determining their stability. Thus, control of poly-
adenylation represents a key regulatory step in gene
expression and is known to be important for early em-
bryonic development both in mammals and in lower
gpecies (Worinington, 1993; Vassalli and Stutz, 1995;
Brevini-Gandolfi and Gandolfi, 2001).

The aim of the present study was to characterize the
changes of polyadenylation occurring between the re-
sumption of meicsis and the first cleavage. We analyzed
& set of genes, known to be stored in the ooplasm, and
we investigated the possible relationship between the
polyadenylatibn status of maternal mRNAs and embryo
developmental competence, measured in terms of the
time interval from insemination to first cleavage as
previously described (Lonergan et al., 1999).

For this purpose we used the method originally de-
scribed by Salles and Strickland (Salles and Strickland,
1995) which we have previously applied to bovine
cocytes (Brevini-Gandolfi et al., 1999), that allows the
accurate determination, in minute samples, of the poly-
adenylation status of any mRNA whose full sequence is
known.

The genes analyzed in this study were chosen because
they are known to be expressed from the immature
oocyte stage to the blastocyst stage (Watson et al., 1992;
Wrenzycki et al., 1998; Brevini-Gandolfi et al,, 1999; van
Eijk et al., 1999)—with the exception of PDP, for which
information is limited to the oocyte stage—and, there-
fore, were considered to be suitable candidates for
studying the storage process of mRNA molecules that
will be used during early preimplantation development.

MATERIALS AND METHODS
In Vitro Production of Embryos
Chemicals were purchased from Sigma Chemical Co
(St Louis, MO} unless otherwise indicated. A stock
solution of 10 pg/ml epidermal prowth factor (EGF) was
prepared, divided into aliquots and stored at —20°C
until use.
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Cumulus oocyte complexes (COCs) were obtained by
agpiration from follicles of ovaries from slaughtered
cows. Following four washes in modified phosphate-
buffered saline (PBS, supplemented with 36 ug/ml
pyruvate, 50 pg/ml gentamycin, and 0.5 mg/ml bovine
serum albumin, Sigma fraction V, cat # A-9647), groups

‘of approximately 50 CQOCs were placed in 500 pl of

maturation medium for 24 hr culture at 39°C in an
atmosphere of 6% CO; in air with maximum humidity.
The maturation medium was Medium 199 supplement-
ed with 10% FCS and 10 ng EGF/ml,

For IVF, COCs were washed four times in PBS and
then in fertilization medium before being transferred
in groups of 50 into four-well plates containing 250 pl
of fertilization medium (TALP, containing 10 pg/ml
heparin, Calbiochem, San Diego, CA) per well. Frozen—
thawed semen from a single ejaculate was used in all
experiments. The semen was centrifuged on a Percoll
{Pharmacia, Uppsala, Sweden) discontinuous density
gradient (2 ml at 45% over 2 ml at 90%) for 20 min at
700g. Viable spermatozoa, collected at the bottom of
the 90% fraction, were washed in TALP and pelleted
by centrifugation at 100g for 10 min. Spermatozoa
were counted in a haemocytometer and diluted in the
appropriate volume of TALP to give a concentration
of 2 x 10° spermatozoa/ml; 260 pl of this suspension
was added to each fertilization well to obtain a final
concentration of 1 x 10° spermatozoa/ml. Plates were
incubated for 24 hr in 5% CO, in humidified sir at 39°C.

Embryo culture was carried out in synthetic oviduct
fluid (SOF) under mineral oil in a humidified atmo-
sphere of 5% CO3, 5% 03, 90% N; (Carolan et al., 1995).
Twenty-four hours after insemination, presumptive
zygotes were denuded by vortexing for 2 min in 2 ml of
PBS. The zygotes were subsequently washed four times
in PBS and then in SOF before being transferred to the
culture droplets (25 zygotes/25 ul medium).

Culture drops were examined at 27, 30, 33, 36, and
42 hr post insemination (hpi). At each time point, all
cleaved embryos were removed, washed in PBS, placed
in an Eppendorf tube, and snap frozen in liquid nitrogen.
At 42 hpi, those presumptive zygotes that remained
uncleaved were also snap frozen. In addition, a repre-
sentative number of oocytes were frozen for RNA ana-
lysis at the time of their isolation from the follicle (GV
stage), at the end of maturation (MII stage), and at the
end of fertilization (presumptive zygotes, approximately
24 hpi). Cumulus cells were carefully removed before
freezing.

RNA Extraction and PCR Poly-A Test

RNA was isolated from pools of 20 oocytes or em-
bryos using the acid—phenol method according to
Chomczyngki and Sacchi (Chomezynski and Sacchi,
1987). No additional carrier RNA was used as recom-
mended by Salles and Strickland (Salles and Strickland,
1995). -

Poly(A) tail length was determined as described
before (Salles and Strickland, 1995), with some minor
modifications.
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Reverse transcription. RNA wea denatured at
65°C for 5 min in a final valume of 7 ul, saturating the
poly(A) tail with 25 ng of phosphorylated olige(dT)
[p(dT) 28] (Amersham Pharmacia Biotech, United
Kingdom). Ligation of oligo(dT} [p(dT})z- 5] was then
carried out at 42°C in 18 pl of a pre-warmed mix,
consisting of 4 pl of sterile water, 10 U of T4 DNA ligase
{Gibco BRL Life Technologies), 4 ul of 5X Superscript
RNase H reverse transcriptase KT buffer (Gibeco BRL
Life Technologies}, 1 pl of 10 mM dNTFa, 2 pl of 0.1 M
DTT, and 1 pl 10 mM ATP. After 30 min of incubation,
200 ng of a specifically designed oligo(dT)-anchor primer
were added and the temperature was lowsred to 12°C,
The oligo(dT)-anchor primer with nucleotide sequence

5-GCCAGCTCCGCGGCCGCAT -3’ was ligated with

2 2 hr incubation period to the extreme 3’ end of the
poly{A) tail. Samples were then transferred back to
42°C. Reverse transcription was performed with 500 U
Superscript RNase H-RT (Gibco BRL Life Technologies,
United Kingdom} for 1 hr. Enzymes were insctivated
with 30 min incubsation at 70°C,

PCR amplification. The PCR Poly-A test requires
the use ol primera located closa to the 3' end (within
400 nuclectides} in order to provide the best PCR
product size resolution (Salles and Strickland, 19585);
therefore, the choice of genes waa limited to those whose
sequence was fully known in the bovine species. Primer
saquences and aceesaion numbers of the selected genes
are specified in Table 1.

PCR runs werse carried out with oligo{dT)-anchar and
& primers designed as above. One microlitre of the poly
(A)-cDNA product wasg amplified in a reaction mix con-
gisting of 3 plof MgCl; (256 mM), 0.3 pl of Taq polymerase
(5 unita/ul), 2 ul of 10x PCR buffer (Boehringer
Mannheim, I), 1 ul of 10 mM dNTPa, and 10.2 ul of
sterile water. To spike the reaction b uCi of #P-dATP
{specific activity 10 mCi/m]) were added to the mix. PCR
waas carried out in en automated thermal cycler (Perkin
Elmer, Cetus Instrumenta, USA), using the following
conditions: 30 sec at 83°C {double strand denaturation
temperature), 1 min at 61°C (annealing temperature),
1 min at 72°C {(double strand extension temperature),
performing 38 cyclea. The amplified products were
purified using Qiaquick PCR purification spin columns
{Qiagen, Inc., USA) and separated on 3.5% TBE poly-
aerylamide gals (Sambrook et al., 1989) with a labeled

50 bp DNA ladder (Gibeo BRL Life Technologies, United
Kingdom) in order to allow size determination. Gels
were overnight to Amersham Hyperfiim 3-max.
The idemtity of each fregment was confirmed by re-
striction enzyme analysia, with specific endonucleases
known to cut within the region amplified by the PCR
primers used.

Statistical analysis, Bize detection of each band in
each gel was carried out using Epson GT-8000 Scanner;
tranacript length of each three replicates was then
determined with GEL 1.01 as described by Lacreix
{1894). Data obtalned were subjected to statistical ana-
lyais using SuperAnova v. 1.11 (Abacus Concepts, Inc.).

RESULTS

The entire set of genes taken into consideration was
studied in each pool of 20 oocyles or emhbryos and ana-
lysis was repoated on at Jeast three different pools for
each time point considered. No statistjcally significant
variations between replicates amunq_;t.he three pools
were observed,

Two aspects of mENA polyadenylation were atudied.

Changes of Paly(A) Tail Length Between
GV Btage and First Claayaga

In this set of experiments poly{A) tail length was
examined at the time of cocyte leolatjon from the fol-
liele (GV atage), at the end of in vitro maturation
(metaphase II stage), at the end of in vitro lertilization,
{presumptive gygote stage), and at tha time of the first
cleavage, 27 hr after insemination {(twq-cell stage). The
results obtained are shown in Figure 1'/and Table 2.

Ag described previously (Brevini-Gangolfi et al., 1809)
at the metaphase IT (MII) stege poly({A) tail was
significantly shorter than at the GV stage in many of
the examined transcripts with anly & few exceptiona: g-
actin and PDP, whose transcripts remajned of the same
length; TPA and Cx 32, whose transgripis elongated
during IVM. In most cases, poly{A) tail modifications
followed the same trend also at the subsequent stages:
t.e., p-ectin and PDP remained unchanged at the
presumptive zygote and two-cell atages; Cx-43, OCT+4
and Plako became progressivaely shorter, while Cx-32
and TPA gradually increased their poly{A) tail. How-
ever, this increase of polyadsnylation was not statisti-
cally aignificant for TPA. Some transeripts showed a

TABLE 1. List of Examined Genes and Primers Used for PCR Poly-A Test of mRNA in Bovine Ogcytes/Embryos

Target gene Sequence 5'-3' Poaition Accession number
p-actin TGAACCCTAAGGCCAACCGTG 1006-1029 GenBeank V02295
Connexin 43 (Cx 43) ACAGTCTTTTGGAGTAACCAGCA 2526-2548 EMBL J0G635
Connexin 32 (Cx 32) AGTGGAGGGAGGGTACTGT 19688-138¢ EMBL X95311
Tisaue type plaaminogen activator (TPA) AAAGCATGTCTCAGTAGGCA 1902-2011 EMBL XB5800
Glucose t r type 1 {Glut-1) ATTAACCTTTCCTTGCCTGAGAC 2188-2215 EMBL Mé044
Heat shock protein 70 (HSPT0) GAAGAAGCGTGCTGGACAAGTG 1887-1877 EMBL U0gsal
Oct-4 GTGAGAGGCAACCTGGAGAG 721140 QenBank F022988
Plakophilin (Plako) CACTGTGAGGAACCTGATGG 2073-2093  EMBL 237975
Pyruvate dehydrogenase phosphatase (FDP) ATTACACACCTCCTTATCTCACTGC — 1330-1334  EMBL L18966
RNA poly(A) polymerase (PAP) TAGGCCAGCCACATTAATCTCTA 2551-2073  EMBL X63436
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Fig. 1. Changes in polyadanylstion leve] of mENAs extracted from
bavine cocytes ai the germinal vesicle (GV) stage, cocytea at the
metaphase IT (MII) stage, putative sygotes at the end of IVF (zygota),
and two.call embryos cleaved 27 hpi (2-cell). ¥P-labelled amplification
products were ruh on 3% TBE polyacrylamide gels after mENAs were
reverse transcribed and emplifisd using specific primers for ¢ach gane
{pee Materinls and Methods end Table 1 for deteils). The lsft-
hand column shows the appropriate moleaular weight marker for each
gene (hp).
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different pattern: PAP poly(A) tail becatne shorter at the
zygote stage and was longer at the two-cell stage; HSP-
70 pely(A) tail also became shorter during IVF but no
further echanges were vigible at the two-cell stage; Glut-1
poly(A) tail became shorter during IVF but significantly
inereased at the time of the firat cleavage.

Diiferences of Poly(A) Tall Length in Relation
to Embryo Developmental Competence

In this case we examined the poly(A) tail length of
traneeripts isolated from embryos that reached the two-
cell stage at different time intervals from insemination
(27,30, 36, and 42 hpi); presumptive zygotes that did not
cleave after 42 hpi were also included (n.c.). A repre-
sentative pattern for each transcript isshown inFigure 2
and the results obtained after statistical analysis are
presented in Table 3.

As observed in the previous experiment, the pely(A)
tails of p-actin and PDP mRNA molecules did not change
their length irrespective of time of first cleavage.

In contrast, the poly(A) tail length of all other tran-
seripts chenged in relation to the interval occurring
between insemination’and first cleavage. Cx-43, OCT-4,
and Plako transcripts showed a progressively shorter
poly(A) tail, leaving unchanged the trend observed
between GV and cleavage. The same wes observed for
Cx-32 and TPA transcripts, with the only dilference
being that, in this case, the trend was towards an
increase of polyadenylation. Moreover, this increase
became statistically significant when the time inter-
val from insemination was 98 hr for TPA and 42 hr for
Cx-32,

PAP, HS8P-70, and Glut-1 showed another different
pattern. The pely(A) tail of all three became ghorter
during IVM, and then began to elongate, either at ferti-
lization (Glut-1}, at 27 hpi (PAP}, or at 30 hpi (HSP-70).
From these time pointa onwerds the three transeripte
showed a progreseive increase of polyadenylation.

Finally, the degree of pelyadenylation found in the
presumptive zygotea that did not cleave by 42 hpi was
different from that of their cleaved counterparts, as well

TABLE 2. Poly(A) Taill Difference in mENA From Bovine Ooeytes at the Germinal

Yesicle (GV) E , Qocytes at the Metaphasa II (MTT) Stage, Putative Zygotea at the
End of {Zygote), and Two-Cell Embryns Cleaved 27 hpi (Two-cell)

av MII Zygote Two-cell
fPactin 230+8.16* 247+ 16.5* 260+ 15.5* 367 +:12.2°
PDP 870+7.62" 663+ 7.04° 664 + 5.50" 672 + 6.55*
Cx43 508 +6,18" 492 +6.12° 471+4.11° 460+ 3.27¢
OCT-4 509 +5.31" 486 3.88° 480+ 2 RE° 437 + 3,884
Plako 842 +4.80" 825+ 4.02° 691+ 3.25° 548 +5.314
Cx-32 274 £ 4.11" 2949 + 3.26° 347+ 4.50° 846 + 5314
TPA 510+5.18" 640+ 6.18" 567 £4.92° 582 £ 4.99°
PAP 592 +5.71° 569+ 4.91F 546+ 4.11° 582 + 2.87¢
HSP-70 612+17.51" 569+ 3.26" 5361 3.68° 550 + 4.50°
CGlut-1 BI+L571* 3214 2.86% 3884 5.32° 396+ 3.494

Numbers shown in the Lable are transeript le

ngth (expressed as base pairs) and represent the

mean + standard deviation of the three replicates cbtained for each gene considered at the
different stages, Staetistical analysis was carried gut using Super Anova 1.11. Different
superacript letters indicate eignificant difference (P < 0.05).
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Fig. 8, Differences in tha poly(A) tail length of mRENAs isolated from
bovine two-cell embryos cdeaved at diffevent titnes after insemination
(hpi) and from cocytes that had not cleaved by 42 hpi (n.c.). 3*P-1sballad
amplification products were separated on 3% TBE polyacrylamide gels
followlng reverse transcription and PCR amplification using specifie
primera for each gene (soe Materials and Meothods and Tabls 1 for
details). The lefi-hand column shows Lhe appropriate melacular weight
marker for each gene (bp).

a8 from that observed et the other stage of development,
including the mature ococytes and the presumptive
zygotes analyzed 24 hpi. The only exceptions were [-
actin and PDFP whose polyadenylation level remained
unchanged throughout the experiment, as described
above. The poly(A) tail of all the other transcripta was
either langer ar shorter depending on the trend shown
by the embryvs that cleaved between 27 and 42 hpi.

DIBCUSSION

Tranalational contro] is very important in early em-
bryos since they are commonly trapacriptionally in-
active, or nearly 80, yet require rapid changes in the
proteina they eontain, in order to regulate key develop-
mental decisions. Theae processes are very well studied
in lower organisms such as Xenoptw and Drosophila, es
well a8 in mouge, but little is known of how they are
conserved in other mammalian species and of the pos-
gible relaticnship between translational control and
developmental competence. Though several mechan-
isms are involved in the control of tranelagion, sequences
in the 3’ untranslated region and the poly{A) tail can
have drematic effects on initiation frequency, with
particularly profound effects in oogenesis and early
development (Gray and Wickens, 1998). I-]owever apert
from some recent data obtained in moyse (Oh et al.,
2000), very little is known about how many maternal
mRNA molecules are tranalationally controlled by poly-
adenylation. Therefore, in the prasent report we in-
veatigated two different aspects of rnal mRNA
behavior in cattle socytes and embryos: firstly, how the
levels of polyadenylation change betwepn the begin-
ning of meiotic resumption and the firat pleavage, and
secondly, how such changes may be related to embryo
developmental competence. To addrees these questions
we used the PCR PolyA Test for analyzing the poly-
adenylation lavels of a set of genes known o be stored in
the ooplasm, to be expressed from cocyte maturation to
the blastocyst etage, and to be representative of many
different processes taking place during early develop-
ment (Brevini-Gandolfi et al., 1989).

TABLE 3, Changes in Paly(A) Tail of mRNAs Obtained From Bovine Two-Cell Emhryos Cleaved at Different
Times After Insemination (hpl and From Ooctyes That Have Not Cleaved by 42 hpi (nc)

hpi
2Thr 30 hr 38 hr 42 hr nc
f-actin 2804 3.13" 382 + 4.58° 285 + 4.52° 2874 3.80* 2781 3.51°
PDP 671+ 7.35* 682+ 2.62° 881+ 7,76" 639+ 7.35* 684+ 12.80°
Cx-43 455+ 451" 44143, sa . 49942 98° 403 + 4,048 3934572
0OCT4 433 + 6.55" 403+ 4. 92 372+ 8.0 338+ 3.80% 800 +8.5¢4°
Piako 542 £ 5.91° 509 + 4 94° 4854 17.598° 459+ 3274 494 + 4.55°
Cx.32 361 +4.92° 366 + 6.55°% 376 +0.94™ S84+ 5.51° 413 +4.92¢
TPA 586 +4.02° 580+ 8.27° 60T+ 3.88" 647+ 4.64° 6714327
PAP 690 + .95 626 + 4.53° 651 +6.55° 670+ 6.94% 709 + 4.55*
HSP-T0 568 +4.08* 584 +4.52° 602 +4.99° 635+ 4.18° 8724+ 2.87°
Glut-1 393+ 4.19° 418 +6.53" 485+ 2.06° 465+ 0.82¢ 496+ 7.86°

Numbers shown in the lable are transcript length (expreassed as base paire) and represant the mean: atanderd deviation
measured in three replicatas for each gene at different hpi. Statistical enalysis waa carried out using SBuparAnova 1.11. Different

superseript letters denote statiatical difference (P < 0.05),

pa—— |
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The results obtained indicate that, in cattle, mRNA
polyadenylation changes during this period with
four different patterns depending on the transcript
examined. '

Cx-43, Oct-4, and Plako became progressively less
polyadenylated, following what is described as the de-
fault pattern in Xenopus and mouse (Hake and Richter,

1997). The total amount of Cx-43 in bovine oocytes and .

embryos is known to remain constant between the onset
of meiosis and the 2-4-cell stage (Wrenzycki et al.,
1999), but the complete disappearance of Cx-43 positive
gap junctions between cumulus cells and the oocyte
occurs after 9 hr of maturation (Sutovsky et al., 1993),
Therefore, the modulation of Cx-43 expression with no
detectable mRNA loss may be explained by the pro-
gressive deadenylation that is usually associated with
translational inactivation.

Cx-32 and TPA became more polyadenylated follow-
ing the other well established pattern described in other
species (Seydoux, 1996). Poly(A) tail extension is known
to activate translation (Richter, 1996) and, consistent
with the observations presented here, Cx-32 begins to
be detected in bovine oocytes cultured for 6 hr and its
amount increases progressively up to 24 hr of matura-
tion (Sutovsky et al., 1993). No specific data are avail-
able for TPA expression in cattle; however, thisgeneisa
well-studied paradigm of dormant mRNA activation
during mouse meiotic maturation (Vassalli et al., 1989),

While the previous two patterns are well character-
ized, in otHer species, the lack of any change in poly-
adenylationt of PDP and P-actin transcripts, is more
unusual ahd has been described before in cattle
(Brevini-Gandolfi et al,, 1999; Pocar et al., 2000) and,
for B-actin and Melk, in mouse (Oh et al., 2000). The
available data indicate that polyadenylation levels of
these transtripts remain unchanged during the initial
phase of development and are not related to different
levels of developmental competence {see also below).
This may reflect the fact that these genes are considered
as housekeeping genes (Bilodeau-Goeseels and Schultz,
1997; Brevini-Gandolfi et al., 1999) and their translation
efficiency, presumably, remains unchanged.

Finelly PAP, HSP-70 and Glut-1 transcripts, which
follow the default pattern of progressive deadenylation
during oocyte maturation, showed a more or less gra-
dual inversion becoming progressively more polyadeny-
lated during the following stages. Increases in poly(A)
tail length generally correlate with increases in transla-
tion, and decreases correlate with repression (Richter,
1996; Wickens et al., 1997), During the interval between
oocyte maturation and full embryonic genome activa-
tion a steady decrease of maternal mRNA content is
observed, though the degradation rate of individual
messengers can vary according to the mRNA species
(Paynton et al., 1988; Lequarre et al.,, 1997). Degrada-
tion of maternal transcripts is not necessarily accom-
panied by their deadenylation but a progressive
increase of the poly(A) tail or no changes at all can occur
at the same time. This suggests the presence of a re-
gulatory loop for the fine tuning of gene expression. In
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this hypothesis the sharp decrease of Glut-1 total mRNA
amount is accompanied by the elongation of its poly(A)
tail which makes the remaining molecules more avail-
able for translation, but during the more gradual de-
gradation of f-actin mRNA, no polyadenylation changes
take place, and its translation efficiency, presumably,
remains stable.

The bovine cocytes used to generate the embryos used
in this experiment originated from ovaries collected at
the abattoir and may constitute an extremely hetero-
geneous form of material (Gordon, 1994). We previously
demonstrated a link between ovarian morphology and
oocyte quality so that it is possible to segregate cocytes
with high and low developmental competence (Gandolfi
et al., 1997). Using this method we showed that poor
developmental competence is associated with a defective
{generally lower) polyadenylation level of maternal
transcripts (Brevini-Gandolfi et al., 1999). Such a dif-
ference was present already at the time when the
oocytes were isolated from the follicles and was not
eliminated by the process of in vitro maturation. More
recently it was possible to demonstrate that polyadeny-
lation of maternal transcripts is also altered when
bovine oocytes are exposed in vitro to PCBs (Pocar et al.,
2001a). These are a mixture of chemicals responsible for
widespread environmental contamination and affect
cocyte maturation, fertilization, and embryonic devel-
opmental competence in cattle (Pocar et al., 2001b). In
the present study, ococytes were selected using all the
parameters known to indicate maximum developmen-
tal competence but, nevertheless, as demonstrated pre-
viously (Lonergan et al., 1999), the quality of about one
third of them was below average. The data presented in
this paper indicate that a lower developmental compe-
tence is accompanied by an altered pattern of maternal
transcripts polyadenylation, confirming that, irrespec-
tively of the cause, a link exists between reduced de-
velopmental competence and aitered polyadenylation
patterns.

Delayed cleavage appeared to be accompanied by dif-
ferent gene-apecific polyadenylation changes: a progres-
sive shortening of the poly(A) tail (Cx-48, Oct-4, and
Plako), a progressive elongation (Cx-32, TPA, PAP,
HEP-70, and Glut-1) as well as a lack of effect (B-actin
and PDP). The significance of auch alterations is, at
present, unclear.

Previous reports have shown that the total amount of
specific mRNA transcripts is altered in defective bovine
oocytes and embryos (Lequarre et al.,, 1997, Wrenzycki
et al., 1999; Lonergan et al., 2000). Moreover defective
oocyte developmental competence and altered polyade-
nylation patterns have been described both in mice
{Paynton et al., 1988) and cattle (Brevini-Gandolfi et al.,
1999). Therefore, maternal mRNA degradation and
polyadenylation are both affected in developmentally
defective oocytes and embryos, but their relationship is
unclear. It has been reported that HSP maternal tran-
scripts are degraded more rapidly in embryos cultured
in suboptimal conditions than in their normal counter-
parts (Wrenzycki et al.,, 1999). In our experiment,
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defective embryos showed an elongated HSP-70 poly(A)
tail, making this transcript more available to transla-
tion as a possible response to critical conditions. How-
aver this may not be the only possible pattern: PAP
trenscripts are more abundant in defective than in
normal embryos (Wrenzycki et al., 1999) but we ob-
served a longer poly(A) tail in the embryos of leaser
quality. Moreover no differences were observed in the
mRNA emounts of Cx-43, Plako, and Glut-1 between
high and low quality embrycs (Wrenzycki et al., 1999)
but Cx-43 and Plake transcripts had a shorter poly(A)
tail in low quality embryos while Glut-1 molecules were
more polyadenylated.

Taken together these data indicate that poly(A) tail
variation depends on the gene considered but it is diffi-
cult to establish a general pattern because, in our ex-
periments, stability, elongation, and shortening were all
ohserved. Previous observations limited to oocyte matu-
ration in mice (Paynton et al., 1988} and ecattle (Brevini-
Gandolfi and Gandolfi, 2001) suggested that in the
low developmental competencs groups most of these
changes oceurred on & delayed schedule.

However, the data presented here suggest that, al-
though changes in the level of polyadenylation are time-
related, they cannot be defined as delayed. In fact a
prolonged interval between fertilization and cleavage
did not delay the changes of polyadenylation but rather
these progressed irrespective of the ce]l cycle. Thus, it
was possible to observe that maternal mRNA tran-
scripts of severely delayed embryos (examined 42 hpi}
became either more or leas adenylated than their best
quality counterpart (examined at 27 hpi) following the
trend initiated at the end of maturation or at fertili-
zation. The end result appears to he an asynchrony
between developmental stage and polyadenylation
levels,

In conclusion, since transcription is virtually absent
in bovine embryos during the early stages of develop-
ment, gene expression seems Lo be modulated not only
by the different degradation rate of individuai tran-
scripts but also by their specific changes in polyadeny-
lation. Similarly, poor developmental competence is
accompanied by altered amounts of specific maternal
mRNA molecules as well as by their abnormal poly-
adenylation levels with synchrony between polyadeny-
iation and cleavage emerging as & new, apparently
important factor.
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[n cattle, a translocation of the Robertsonian type between the largest and smallest
chromosome Icads to a reduction in fertility. This is substantialed by reduced nonreturn mates in
daughtcr groups of bulls carrying the 1/29 translocation and in the heterozygous bulls themselves,
This reduction in fertility is thought 1o be due 10 the carly death of embryos with unbalanced
karyotypes. The influence of semen from a buli known to be heterozygous for the 1/29
translocation on the outcome of a bovine IVF program was investigated. There was a significan:
difference (P<0.005) in terms of cleavage rate (59.8 vs 71.1%) and blastocyst rate (12,0 vs
20.0%) berween the carrier and control bull, respectively. There was no difference in blastocyst
quality as measured by cell number, The results observed in vitro are consistent with the ficld
fertility records of the 2 bulls in teyms of nonretumn rates (59.2 vs 70.6%, for the camier and
contro! bull, respecrively).

Key words: 1/29 wranslocation, bovine, oocyte fertilization, culture
INTRODUCTION

The transfer of a chromosome scgment from its normal position to 2 position in a different
chromosome is. lermed a translocation (23), The exchange of two entire long anms of one-ammed
chromosomes to form a single biarmed Chromosome and thercby reducing the chromosome
number is known as a Robertsonian translocation or centric fusion (23). In catile, a translocation
of this type involving the largest (No. 1) and the smallest (No. 29} chromosomes has besn
identified by conventional stzining and banding techniques. e

Observation of the 1/29 translocation in canle was first repanied by Gustavsson and
Rockborn (9) in the Swedish Red and White Breed, and was followed in 1966 with an
inyestigation of the general dairy cattle population of Sweden (4). That same year, the
translocation was described in Narway (1), in the United States {10), &nd in the late sixdcs, in
Imly (25) and Germany (24). In subsequent years, findings of the 1/29 manslocation have been
reported in many countries and various cattle breeds throughout the world, Popesto ang Pech (21)
prescated a worldwide reference list of 231 anicles published between 1964 and 1990 on the 129

ion in cartle, - :
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Gustavsson (5) found that daughters of wranslocation sires returned to service more oficn
than daughters of normal sires and it was suggested that this was due to an increased mate of
embryonic death. Gustavsson (6) found a relatively high culling rate in daughters of bulls with
autosomal translocation of the 1/29 type, and it was subsequently observed in a study of the
chromosomes of 263 rcpeat breeder heifers that 31% showed the 1/29 translocation (7), thus
confirming that daughters of bulls carrying the translocation have lowered fertility. Refsdal (22),
working with cattle of the Norwegian Red Carttle breed, found thai daughters of bulls
beterozygons for the manslocation showed a lower nonreturn rate than control animals, indicating a
higher frequency of losses of fetuses in these animals as reported by Gustavsson (3). The
difTerence in nonreturn percentages between the 2 groups increased rapidly from 0 o 30 up to 60
to 90 d, indicating that most fetal losses occured during this period (22).

Further evidenee of the reduced fentility of carrier bulls came from the report of Dyrendahl
and Gustavsson (3) who found that in unselected bulls heterozygous for the 1/29 tanslocation, the
nonretumn rates at 28 and 56 d were 5 and 7% lower compared with the mean for the Al station.

Linares et al. (17) provided information on embryos sired by bulls heterozygous for the 1/29
translocation 1o determine if their deviation from the expecied stage of development could be of
significance and be used to monitor early embryonic death. It was shown that the frequency of
degeneratedembryos was significantly higher when the sires were heterozygous far the 129
translocalion.

The aim of the present study was 0 examing the effect of using semen from a bull known to
be heterozygous for the 1729 iranslocation in an TVF program and to asscss ils affect in terms of
the subsequem developmenial competence of the oocytes following fertilization.

] MATERIALS AND METHODS
Owaries from post-pubernal, nonsdmulated heifers and cows were collected at a local abatoir
after staughter and were transported to the laboratory in sterile saline held at 35 to 37°C. On reum,
avaries were washed in fresh saline and immediately processed. Primary cocytes were recovered
from vesicular follicles by aspiration using an 18-gauge needle and 8 5 ml syringe.

The medium used for cocyte in vitro maturation (TVM) was Tissue Cuolture Medium 199
with Earle’s salts and 25mM Hepes (TCM 199, Sigma Chemical Co., St Louis, MO, cat # M-
7528) supplemented with L-Glutamine (200mM, Sigma, cat. # G-7513), 20% (v/v) estrous cow
serum (ECS; heat-treated at 56°C for 30 min), and gentamycin (25 pg/ml, Gibeo, Life
Technologies, Inc., Gaithersburg, MD). The pH was adjusted 10 7.4. All media were sterilized by
filtration through a 0.22 pm Millipore filter and equilibrated for at least 2 h prior 10 use. All
cultures took place in an atmosphere of 5% 002 in air with maximum humidity at a lemperatre of
¥°C.

For IVM, s were selecied on the basis of comgact cumulus and uniform cytoplasm
and cultured stati for 24 h in groups of 50 oocytes per 2 ml of maturation medium in 35 mm
petri dishes. Additional granulosa cells obtained by centrifugation and resuspension of cells after
oocyte removal from follicular aspirates were added 1o the maturation dishes at a concentration of 3

5 x 106 cells/ml

Following maturation, oocytes were denuded of their surrounding expanded cumulus celis
by shaking them for several minuies in a 3% solubion of tri-sodium citrate. Before transfer 10 the
fertilization droplets they were washed by transfer through 3 suceessive dishes of washing
medium (modified hepes-buffered Tyrode's solution, pH 7.4).

== S0 "Sihsmpggendligy- - -0 0 - 0w o w we w - o MEBYs s o

Spermatozoa from 2 Norwegian Red Bulls was used, with 1 bull carrying the 1/29%
translocation (Storm Kvakkesiad 838, nonreturn rate 59.2% based on 1082 inseminations; semen
frozen 071070) and the other (F. Torland 3939, nonrctum rate 70.6% based on 1156
inseminations; semen frozen 140389) serving as the control. A motile sample of spermatozoa for
IVF was obtained by swim-up scparation. Bricfly, approximately 0.25 mi of frozen-thawed semen
was layered under 1 ml of capacitation medium (madified Ca*+-free Tyrode's; pH 7.4) in conical
tubes. Following incubation for 1 h, the uppermost 0.5 10 0.8 ml were removed and pooled in 2
conical centrifuge wbe. This sample was then washed twice by centrifugation at 500g for 7 to 10
min. The resulting pellet was diluied with an equal volume of capacitation medium containing 200
pg heparin/ml {Sigma, car # H-3125). After incubation for 15 min the suspension was further
diluted with capacitation medium to oblain the desired concentration of spermatozoa.

Fertilization was carried out in 50 pl droplets of medified Tyrode's medium (without
glucose; pH 7.8) under mincral oil (Sigma, cat. # M-3516). The sperm moiility saimumlating
mixture PHE (containing penicillamine, hypotaurine and cpincphrinc) was added at the time of
insemination (16). For IVF, 5 ul of the Final sperm suspension were added 1o cach droplet
containing 5 oocytes to give a final concentration of approximately 1.5 x 108 spermyml

At 4% h post insemination cleaved oocytes (2 m 8 cell stage) were transferred to a previousty
prepared granulosa cell monclayer for a further S o 7 d. A representative numbcr of blastocysts
was fined (aceric acid:methanol, 1:3) and stained (1% aceto-orcein) to assess total cell number § d
post inseraination. The results were based on cleavage rate (number of oocytes that had cleaved to
the 2-cell stage or beyond st 48 h post insemination/number inseminated), blestocyst rate (number
of blastocysts/number of cleaved oocytes ransferred 1o monolayer), and blastocyst cell number.

Data were analyzed by Chi-square analysis and Student’s t-test where appropriate.
RESULTS

The results of the present study are presented in Table 1. There was a significant difference
between the control and carrier bull in the cleavage rate (P<0.005) and the blastocyst rate
(P<0.005). However, there was no significant difference between the bulls in the number of ¢clls
in the stained blasioeysts,

DISCUSSION

Reduced fertility in heterozygotes for the 1/29 wenslocation is thought to be due to the death
of embryos with unbalanced karyotypes resulting from nondisjunction of the chromosomes
comprising the mivelent at the first meiotic division (5, 22).

Gustavsson (8) reported that in the meiosis of the heterozygous carrier, the translocation and
its homologues build up a {hetero)trivalent, and segregation proceeds in a fairly regular way with
the production of chromosomally balanced embryos. At that time, while direct evidence for the
occurrence of nondisjunctional segregation of the heterotrivalent at the first meiotic division in the
form of unbalanced gametes or embryos was lacking, there was convincing indirect evidence for
the occurrence of cytogenetically unbalanced zygotes which resulted in reduced fertility in the

carriers. That chromosomally unbalanced spermatozoa are produced by carrier bulls
which are cepable of fertilization, and that the resulting zygote has the ability to continuc its
development to at least the blastocyst stage is now clear from several reports in the literature (3,
20). The work of King et al. (13) provided the first direct evidence for the occurrence of
chromosomally unbalanced embryos sired by bulls carrying the 1/29 translocation, suggestng
nondisjunction and the formation of hyper-haploid gametes with fertilizacion ability.



Table 1. Use of semen from a bull with the 1/29 translocation on the outcome of in viwo
fertilization and in vitro culture.

Bull Nonremrn rate?~ Cleavagerate %  Blastocystrate % Cell nob (n)
B3ig 59.2% 598% 12.0% 93 4137 5 (15)
(1082) {3B2/639)¢ (467382
3939 70.6% 71.1% 20.0% 93.0422.6 (17)
(1156) (323/454¥ (6673234

ENornreturn rate at 60 to 90 days cormected for double insemnination.

bMean + standard deviation.

cdValues in the same colomn with different superscripts differ significandy (P<0.005).
n: Number of blastocysts exaniined.

Bulil 838 heterozygous for 1/29 ranslocatian.

Bull 3939 control animal.

Mean of six replicates

Subsequeatly, King et al. (14) presenied information on the karyotypes, total cell numbers
and mitotic indices of embryos sired by normal and by bulls heterozygous for the 1729
wanslocation. No chromosomal abnormalities were identified in the group of embryos with normal
sires and dams. Of the embryos sired by heterozygous bulls that could be karyotyped, 55.3%
were normal, with 39.5% being 1/29 heterozygous. The mitotic index was slightly lower in the
group of Day-7 embryos with 1/29 sires than those with normal sires.

Linares et al. (17) reponed a significantly higher incidence of morphologically abnormal
embryos (degenerated and 1n the process of degeneration) sired by bulls hetcrozygous for the 1/29
wanslocation. Only 50 and 25% morphologically normal embryos were collected from nacurally
ovulating and superovulated doncrs sired by carrier bulls, respectively; whereas for embryos sired
by nommal bulls, the figures were 71 and 92%, respectively. As pointed out by these authors, it is
not clear when embryos sired by carrier bulls die. The same authors suggest that some of the
embryos probably begin o degenerate before blastocyst formation due to & lack of synchronization
of cell division prior to the late morulz stage, while others may be climinated at stapes beyond
implantation, since daughters of the carrier bulls had higher retumn rates at 56 d (5, 22).

Dain and Dot (2) carried cut cytogenetic studies of 1/29 manslocaton carrying cows and
their embryos. The examination of 2 infertile heifers showed that both animals produced gamerss
which underwent femilization and cell division during the first 7 d post fenilization. The same
authors pointed out 1) that the tanslocation can be compatable with high fertility in cows,
supggestng that the rearrangement caused by the translocation can sometimes be accomodated but
in other cases upsets meigsis, perhaps by altering the fine structure.and hence the timing of
disjunction, and 2) that there is a difference in survival times of aborted embryos which have 1
wanslocation camying pareat, with gestation tme varying from the first few days preceding
implantation o & period of several weeks after it.

The results of the present scudy clearly indicate that spermatozoa produced by & carrier bull
are capable of fertlizing in vito-matured cocytes and that the resulting zygotes arc capable of
developing to at lesst the blastocyst siage following culture in vitro. While the number of
blastocysts produced by the carrier bull was significantly lower than that produced by the coniol
bull, thc blestocyst quality, based on cell number at 8 d post insemination, was similar. It should
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be pointed out that, although not specifically assessed, such embryos were apparently capable of
hatching from the zona pellucida with  similar frequency to controls.

In the present study there was a close relationship between the resulis observed in vitro and
the field fertility reconds based on nonreturn rate. Such obscrvations are consistent with previous
reports (12, 18, 26, 27). It 1s now well known that, even in the absence of known genetic factors,
considerable vaniation exists between buils in their ability 1o fertilize oocytes in vitro (12, 26) and
that embryo development may differ among bulls even when fertilization rates are similar. Indeed,
the results of Otoi et al. (19) showed that embryo development rates may differ even among
d:ﬁ‘mm_c]aculatcs from the same bull. Bearing this in mind, and in the abscnee of suppordng
karyotyping data it can be concluded that the observed difference between the two bulls may be
duc to the presence of the 1729 wanslocation, but not necessarily,

To the authors” knowledge, this is the first report in the literature concerning the usc of
semen from a bull known 10 be heterozygous for the 1/29 transiocation in an IVF program, A
paper by Heuwieser et al. (11) described the use of semen from a Brown Swiss bull with a history
of 1/16 tandem translocarion with risomy 16 (15). A nonreturn rate of 42% was obscrved based
on 140 first inseminations, The fenilization rate achieved following IVF was only 1%, although
this was increased 1o 21 % following the microinjection of spermatozoa.
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Slaughter house PBS

Dissolve 5 PBS tablets (Oxoid BR0014G) in 500 m! of de-ionized distilled water and

steam sterilized at 121 oC for 15 min

Laboratory PBS
A
mgflitre mg/2litres
NaCl Merck 6404 8000 16000
KCl1 prolabo 26764298 200 400
KH,PO, Prolabo 26926298 200 400
Na,HPO,4 2H0 1430 2860
Dissolve in 500/or 1000 ml of mQ
B
mg/litre mg;/2litres
CaCl; 2H,O Merck 2382 140 280
| MgCl, 6H, O Merck 5833 200 400

Dissolve completely to avoid precipitation in 100/or 200ml of mQ

Addto A& B

mg/litre mg/litres
D-glucose 1000 2000
Pyruvate 36 72
Gentamycine Smi 10ml

Add sterile (Sigma water W1503) water up to lor 2 liters .

Check Osmolarity = should be around 280 mOsm (We do not adjust this osmolarity)

Then Add 0.5 gr BSA/litre (dissolve well) — Sigma fraction V, A9647.

PH =should be 7.2 - 7.4
Filter through 0.22 um filter
Store at 4 °C for maximum one month.
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PERCOLL

Stocks Minerals

I. KCl 1M : 0.745 gr/10ml prolabo 26764298
2. NaH:PO; 0.1 M : 0.138 gr/10ml Merck 6346 H20
3. CaCh I M : 1,47 g¢/10ml Merck 2382 2H20
4,

MgCl; 0.1 M :0.203 gr/10ml Merck 5833 6H20

NB: Stock 3 and 4 must be stored at 4 oC for weekly percol preparation

Stock 10X

4.675 gr NaCl Merck 6404
2.38 gr Hepes Sigma H 3375
3.1ml KCl 1M

2.9 mi NaH,PO, 0.1 M

Add sterile (SigmaWater) water up to 60 ml

Adjust PH =74 (NaOH 4N)

Add sterile (Sigma Water) water up to 100 ml

Filter and aliquot in 10 m] amounts and freeze at 20 °C

(The stock 10x that is in use can be stored at 4 °C)

Percoll 90

(This Recipe will make 25mis)

52 mg Bicarbonate Sigma S 5761
50l CaClz; 1 M

100 pl MgCh; 0.1 M

92 pul Lactate syrup Sigma L 4263
2.5 m] Stock 10X

Dissolve well
Add 225 ml Percoll Pharmacia

Store for 1 week maximumat 4 oC
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TYRODE ‘S MEDIUM (Basic medium for Fert, STL and STL-BSA)

Reference mM mg/500ml  mg/litre
NaCL Merck 6404 100 3333 6666
KCl Prolabo 26764298 3.1 120 240
NaH;PO, * HO Merck 6346 0.3 20 4]
CaCl; * 2H:0 Merck 2382 2.1 150 300
MgCl; * 6HO Merck 5831 0.4 50 100
Phenol Red Merck 7241 3 10

Dissolve well (sigma water) and top up to relevant volume (500mi or 1Lt) and check
osmolarity. Should be very close to 230 otherwise remakes the media. (We do not

adjust this osmolarity)
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To make Fertilization medinm, Washing medium (STL and STL-BSA)
Prepare the following beakers:

1. 650 mg Bicarbonate Sigma S 5761
34 mg Pyruvate : Sigma P 3662
2. 600 mg BSA (Fatty acid free) Sigma A 6003
3. 480 mg Hepes Sigma H 3375
4. 840 mg BSA Sigma A 9647

Take 300 mi of Tyrode’s Medium and add:
s Contents of Beaker 1

» 0.92 ml lactate syrup Sigma L 4263
e 1.48 ml Gentamycin Gibco 043-05710 D
300 ml
Divide: 100 ml " and 200 mi
Add: Beaoker 2 Beaker 3
(Fertilisation medium)
140 ml 60 mi
Add: Beakerd
(STL Medium Withouat BSA)
{STL Medium)
Fert Media:
Filter an aliquot in 10 ml exactly and store at 4 oC
STL ‘

Filter and aliquot in tubes {aprox 12 ml each) and store at 4 oC
STL-BSA.
Filter and aliquot in 4 tubes (aprox 12 ml each) and store at 4 oC

Above media must be used within 2 weeks
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Heparin Preparation

Weigh “X” amount in mg of Heparin and equal volume in mls of Sigma water. This
concentration is lmg/ml

Filter and aliquote in 1 10ul amounts and store at —2¢ oC

eg: Weigh 10mg of Heparin and add 10ml of Sigma water

Note: 100ul of Heparin is added to the 10 mls of Fert prior to use giving a final
concentration of 10ug/ml
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Compaosition of Synthetic Oviduct Fluid (SOF)

Reference MW Molarity
(mM) mg/500m]

NaCl Merck 6404 58.44 107.70 3147
KCl Prolabo 26 764 298 74.55 7.16 267
KH;PO, Prolabo 26 926 298 136.09 1.19 81
CaCl,*2H;0 Merck 2382 147.02 1.71 126
MgCL,*6H,0 Merck 5833 203.3 0.49 49
NaHCO; Sigma S-5761 84.01 25.07 1053
Na lactate Sigma L4263 112.1 3.30 141pl
Na Pyruvate Sigma P-3662 110.0 0.30 17
Phenol Red Merck 7241 354.38 1.3ug/mt  0.65
Glutamine 200mM  Gibco 043-05030H 1.0 2.5mt
aa essentials (BME)  Sigma B-6466 10ml
&‘:{E‘;'})esg""ﬁ‘“s Sigma M-7145 Smi
BSA Sigma A-9647 3.0g/ml 1500
Gentamycin Sigma G-1272 2.5ml

A) Dissolve the salts (1,2,3, 6, 8 &9) in ~ 300mI of Sigma Water
B) Dissolve CaCl2 (3) and MgCI2 (4) in 100ml.

C) Mix both solutions when dissolved completely and add :

Na lactate, Glutamine, Amino Acids, Gentamycin.

D) Adjust the volume to 500 mls and check Osmolarity (270-280: normally this is within
range, if not remake the media).

E) Add the BSA and measure the pH (7.2 — 7.4: if slightly out of range adjustment can be
made with 1 N NaQOH)

Filter through 0.22 um filter .

Aliquot in 15 ml volumes and store at 4 °C for maximum two weeks.
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Compasition of Holm Synthetic Oviduct Fluid

Stock A: 10 X solution Store 4 oC for 1 month

Reference MW
{g/mol) gr/100ml

NaCl Merck 6404 5844 6290
KCl Prolabo 26 764298 7455  0.534
KH,PO, Prolsbo 26 926298 13609  0.162
MgSO*7H;0 204  0.1%2
ha lectate () Ad Sigma 14263 121 0.600
Sigma Water (ml) 99.4
Filtor storilized 0.22

NB: This stock A is used for SOF B (Sheep) preparation

Stock B: 10 x Bicarbonate-phenol red solution (Store 1 month at 4 oC)

Reference MW
gr/100ml
NaHCO; Sigma S-3761 84.01 2.100
Phenol Red Merck 7241 354.38 0.010
Filter 0.22
Stock C: 100x Pyruvate solution (Store 1 week at 4 oC)
Reference MW
gr/10mli
Na-Pyruvate 0.0800
Sigma Water (ml) 10
Filter 0.22
Stock D: 100x CaCh solution (Store 1 month at 4 oC)
Reference MW
gr/50ml
CaCl; * 2H:O 1.3100
Sigma Water (ml) 50
Filter 0.22

NB: This stock D is used for SOF B (Sheep) preparation



SOF-IVC Medium Preparation

Reference MW
gr/100ml

Sigma Water (ml) W 1503 78
Tri-Sodium Citrate 0.0100
Myo-inositol 0.500
SOF-Stock A (ml) 10
SOF-Stock B (ml) 10
SOF-Stock C (ml) 1
SOF-Stock D (ml) 1
BME (ml) 3
MEM (ml) 1
L-Glutamine (mi) 100 ul
Gentomycin (ml) 500 ul

Check osmolarity: should be 275-285 mOsm (if not in range remake media)
Filter 0.22. Aliquot in 9.5 ml volumes and store in 4 oC for 1 week

Note: Prior to use add 5% of FCS
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A welcome from the symposium organizers

It is great pleasure ta welcome you to this IETS satellite symposium. We hope that
the scientifically tightly packed IETS Annual Conference left some energy and
enthusiasm for this post-conference. There are some very interesting presentations
and we hope that they will give rise to plenty of discussions.

For this symposium we have chosen a subject that should attract the attention
towards the future. At the 1997 IETS Annual Conference in Nice, France, Theo
Kruip and Nanke den Daas presented a review paper entitled “In vitro produced
and cloned embryos: effects on pregnancy, parturition and offspring”. This was an
eyeopener for-many of us and gave clear proof for the adverse effects of IVF and
SCNT procedures on the course of pregnancy, parturition and offspring. In 2003,
Theo Kruip passed away and we have asked Janneke to dedicate her lecture to
Theo.

Over the last decade, a lot of work has been done, both in the field of embryo
technology and in semen research. It has therefore been decided to let the morning
presentations of this symposium address these two main subjects in parallel
sessions. For the afternoon, we all then gather to hear lecturers addressing the
future from various points of view.

We wish to express our sincere thanks to the distinguished colleagues and friends
who have agreed to give a presentation. You will find a summary of their
presentations in the small abstract book, in which you are now reading. It should
be added that full size papers of their presentations will later appear in a special
issue of Theriogenology.

Finally, we are delighted to thank the sponsors of this symposium, namely OECD,
the Abildgaard Foundation and Royal Veterinary and Agricultural University
(KVL). We are particular indebted to OECD, where the Management Commiittee
of the Co-operative Research Programme: Biological Resource and Management
of Sustainable Agriculture Systems chaired by Dr. Allan King, decided to support
the travel of most of the speakers. The Abildgaard Foundation enabled us to invite
the remaining speakers and has also contributed to the lunch and coffee breaks.
Finally did KVL kindly provide housing for the symposium.

We wish you all a good and informative day!

Frederiksberg, 12 January 2005

To‘rben Greve and Henrik Callesen
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08.15-08.45: Registration (Marble Hall of KVL)

Parallel Sessign 1: Embryo tecbnologies and animal bealth — an interpational update
(Auditorium 3.01) ] _

09.00-09.15: Torben Greve, Denmark, Introduction and Chair of Session ¢ /
09.15-09.45; Keith J. Betteridge, Canada: “Domestic animal embryo-technologies:

achievements and perspectives” "
(9.45-10.30: Theo Kruip memorial lecture given by Janneke van Wagtendonk-de Leeu

New Zealand: *“OPU and IVP after use in several generations, a 2005 status”
10.30-11.00: Break (Marble Hall)

11.00-11.45; Tom McEvoy, Scotland: “Consequences for the animal following OPU, IVP and/"

somatic cell nuclear transfer”
11.45-12.15: Torben Greve, Denmark: Discussion and concluding remarks

Pargllel ion 2: Semen technologies and animal health — an intermational u te

(Auditorium 3.13)
09.00-09.15: Preben Christensen, Denmark, Introduction and Chair of Session

09.15-09.45: Duane L. Gammer, USA: “Flow cytometric sexing of mammelian sperm”
09.45-10.30: Bart M. Gadella, The Netherlands: “Detection of damage to DNA in mammalian

sm',
10.30-11.00: Break (Marble Hall)
11.00-11.45; Donald P, Evenson, USA: “Clinical aspects of detection of DNA fragmentation in

male infertility and comparison with other techniques”
11.45-12.15: Discussion and concluding remarks (Preben Christensen, Denmark)

12.15-13.30: Lunch (Marble Hall) /

Session 3: The next 10 vears with semen and ote logies (Auditorjum 3.01
13.30-13.45; Allan King, Canada, Introduction and Chair of Session

13.45-14.15: Tan Wilmut, UK: “Agricultural applications in research and industry”
14.15-14.45: Peter Sandge, Denmark: “Afier Dolly — ethical limits to the use of biotechnology
on farm animals™

14.45-15.15: Break (Marble Hall)

Concluding part {chaired by Henrik Callesen, Auditorium 3.01)

15.15-16.00: Panel Discussion (King, Wilmut, Sandee)



DOMESTIC ANIMAL EMBRYO TECHNOLOGIES:
ACHIEVEMENTS AND PERSPECTIVES

Keith J. Betteridge
Department of Biomedical Sciences, Ontario Veterinary College,
University of Guelph, Guelph, ON, N1G 2W|, Canada

Embryo technology (or embryo transfer, ET) was as fashionable a term 30 years ago as it is
today, but the procedures it conjures now were unimaginable then. Despite the enormous
changes, however, the embryo itself, its survival of transfer, and the quality of the animal it
produces still measure the success of any embryo manipulation. Therefore, progress in embryo
technology can be gauged in terms of how well we can make and use embryos, and how much
they have taught us about the maintenance of pregnancy and reproduction in general. The
extraordinary progress and diversification in what was initiaily a narrow field should also lead
us to consider how well, or poorly, our education prepared us for coping with rapid change, and
how we might improve the preparation of our successors. Thus the twin themes of progress
made and lessons leamed will be explored as a means of giving perspective the work that we do.

I shall argue that progress has come through collaboration and the exchange of mformatlon
The collegiality of veterinarians, animal scientists and biologists in the International Embryo
Transfer Society is exemplary and has paid important dividends, notably in the elaboration of
internationally accepted procedures for moving embryos around the world. Recent reviews of
the history and current status of ET will be mentioned with emphasis on the “three generations”
of ET in cattle — the first with embryos derived from donors (in vivo), the-second with embryos
produced in vitro, and the third including further in-vitro techniques, notably somatic cell
nuclear transfer and transgenesis. However, rather than attempting to review this immense field
even briefly, I shall consider four generalities that have emerged during the development of ET
and which are, I think, of enduring relevance.

The first generality is that the failures that have accompanied the development of ET —
especially its in-vitro aspects — are as instructive as the successes. Investigation of early
embryonic loss and the “Large Offspring Syndrome”, for example, have focused attention on the
epigenetic effects of the environment from the earliest stages of development.

The second generality is that ET research makes us rethink some established dogmas in
reproduction. Thus, early notions that “genotype is everything” (and the recipient relatively
unimportant), which have underpinned the application of ET, clearly need to be tempered as our
knowledge of epigenetics extends.

The third generality is that initially complex techniques become simplified as they are put to
use in the field. ET itself, embryo manipulation and cryopreservation are examples and cloning
may follow. The simpler the technique, the wider its applicability, and the better the prospects
for using it to benefit animal production in less advanced countries.

My final generality is an opinion: that a veterinary education is an excellent starting point for
those keen to advance embryo technology. For a research career, that education will have to be
extended of course, but a broad appreciation of the whole_ animal, as well as its gametes and
embryos, is a decided advantage. As scientists or practitioners working with embryos, our
knowledge of animals and their welfare will play an increasingly important role in influencing
public perception of embryo technology, potentially a major impediment to its use.



OVUM PICK UP AND IN VITRO PRODUCTION IN THE BOVINE
AFTER USE IN SEVERAL GENERATIONS: A 2005 STATUS

A.M. van Wagtendonk-de Leeuw

Livestock Improvement Corporation, Private bag 3016, Hamilton, New Zealand
e

The first In Vitro Produced (IVP) calf was born in 1982 and the non-surgical Ovum Pick Up
(OPU) technique for the bovine was adapted from the human in 1987. Since then, considerable
research has been aimed at improving both technologies in the bovine. Major breakthroughs in
efficiency and/or efficacy in OPU have been through the use of disposable needles, increased
frequency of collection and hormonal pre-stimulation prior to OPU, In IVP breakthroughs have
been the use of immature rather than mature oocytes, overcoming the 8-16 cell block through
low oxygen environments for in vitro culture, the removal of serum from culture media and the
re-discovery of the Synthetic Oviductal Fluid medium (originating from 1972) to decrease the
symptoms of the Large Offspring Syndrome (LOS).

Both OPU and IVP can now be seen as mature technologies. It can be estimated that more
than 200,000 IVP calves have been born world wide since 1996, and when the two technologies
are combined they are capable of producing over 50 calves per donor cow per year, however
with a large variation between donors. In contrast to MOET, OPU/IVP will produce offspring
from nearly every donor cow, will generate more offspring per time unit, is less dependent on
the reproductive status of the donor (offspring from immature calves and pregnant cows can be
produced) and several bulls rather than 1 can be used to fertilize cocytes from one OPU session.
It requires, however, a more demanding laboratory set-up compared to MOET, :

Not many new breakthroughs are expected for OPU. For IVP however, automation and
miniaturization as well as a greater understanding of the embryo through the application of
genomic technologies such as micro-arrays, may provide an environment that is more in-vivo
like than traditional micro drop/well systems. This improved environment should result in higher
embryo development rates as well as improved quality and welfare of subsequent offspring in
terms of birth weight, congenital abnormalities and viability.

[

The application of OPU/IVP has progressed from treating infertile MOET cows in
commercial situations to influencing the design of breeding schemes. The main advantage of
OPU/IVP over MOET is the much more consistent production of offspring, in spite of the
variation already mentioned, thus greatly enhancing the planning and efficacy of breeding
schemes. A higher increase in selection intensity on the female side by producing multiple
offspring per donor cow, as well as the increase in selection accuracy by generating full- and
half sib families has resulted in higher genetic gain in breeding schemes using OPU/IVP
compared to MOET. Application of OPU/IVP on juvenile animals (2-3 months of age)
compared to mature amimals (over 14 months of age) reduces the generation interval, but is
counteracted by a decrease in selection accuracy since the information on parent performance is
not yet available at the time of selection. Worldwide, the numbers of bovine OPU/IVP sessions
are currently decreasing (with significant differences between countries), because of the high
cost of the technology and the reduced expectations of an 1mprovement in results with an
accompanying reduction in costs.

‘With the bovine genome B‘eing rapidly sequenced and bovine genes for traits of economic
interest becoming available in the next years, OPU/IVP will prove invaluable in rapidly



multiplying rare genes or Quantitative Trait Loci (QTL) of high value. Bull breeding and the
subsequent dissemination of the genes through Al (in case of genes coding for animal
productivity traits such as health and fertility) and more importantly through herd population (in
the case of genes for milk composition traits) will be more efficient and effective through
OPU/TVP compared to MOET. Juvenile OPU/IVP will further accelerate gene dissemination.

In due time, it is anticipated that Marker Assisted Selection or Gene Assisted Selection
(MAS/GAS) schemes in combination with sib testing may (partially) replace conventional
progeny testing schemes and provide opportunities for customizing animals to different markets.
MAS/GAS is already applied at several places in the world. It is recognized that OPU, and
particularly IVP, provide the base for more advanced technologies such as cloning and
transgenics, which are believed to have limited scope due to animal welfare” and public
perception issues. This is likely to maintain, until the first convincing examples of positive uses
are presented, possibly first within areas outside of the farming industry but within the medical
or pharmaceutical industry. ‘

This paper is dedicated to celebrate and recognize the significant contributions made by Theo
Kruip to the wide area of bovine OPU and IVP.
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EMBRYOTECHNOLOGIES AND ANIMAL HEALTH - CONSEQUENCES FOR
THE ANIMAL FOLLOWING OVUM PICK-UP (OPU), IN VITRO PRODUCTION (IVP)
AND SOMATIC CELL NUCLEAR TRANSFER

T. G McEvoy, F.M. Alink, V.C. Moreira and R.G. Watt
Scottish Agricultural College (SAC), Sustainable Livestock Systems Group,
Craibstone Estate, Bucksbumn, Aberdeen, AB21 9YA, Scotland

Mammalian reproductive technologies that aim either to complement or to transcend
conventional livestock breeding options have contributed to some of the most remarkable
achievements in the field of reproductive biology in recent decades. In so doing they have
extended our horizons in two distinct dimensions, the first concerning what it is technically
possible to achieve and the second relating to the time-frame within which an individual’s life-
long developmental capability is initially established and ultimately realized or under-mined.
Our impressions of the benefits and values, or otherwise, of technologies such as in vitro embryo
production and nuclear transfer are rightly influenced by the extent to which they influence the
health of animals either subjected to or derived from them. Here we consider some of the health
implications of technologies applied to farm livestock and centred on the oocyte or embryo.

Ovum pick-up (OPU) technologies have been used to harvest oocytes repeatedly from either
gonadotrophin-stimulated or unstimulated donor animals, the latter instance being associated for
the most part with collection protocols that, when applied once-weekly in cattle, capitalise on
the wave-like emergence and growth of their ovarian follicles and in so doing usually modify
both behavioural and endocrine patterns associated with the animal’s natural oestrous cycle.
Less frequent OPU tends to include follicle ablation or administration of exogenous
gonadotrophins or both. Whether such protocols have significant or lasting effects on the
animals concerned is a question that has not been fully answered. Some reports have identified
changes brought about in the ovary — mainly scarring and textural modifications — but these have
tended not to compromise subsequent gonadal function in the donor. A study at SAC
investigated the legacy of repeated epidural anaesthesia in terms of injection site injuries and
indicated that, provided protocols are properly applied, in particular to maintain asepsis, the
animal’s health is not compromised significantly.

The health implications for animals generated via in vitro production of intact embryos seem
more varied in the case of ruminant species than, for example, in pigs. A case in point is the
‘Large Offspring Syndrome’, an enigmatic and multi-variate phenomenon of unpredictable
frequency. The syndrome is indicative of developmental sensitivities and aberrations that
undermine the viability of young derived from IVP embryos and in circumstances of severe
dystocia, that of their surrogate dams. Anomalies that contribute to losses during gestation
include compromised placental competence, while perinatal deaths tend to be due to
cardiovascular, pulmonary or other limitations, often but not always aggravated by foetal
oversize or parturient disorders. While some therapies or interventions can rescue vulnerable
offspring, there may remam inherent defects that subsequently result in ill-thrift or sudden
deaths.

Somatic cell nuclear transfer-derived individuals of all farm animal species manifest many of
the developmental anomalies now associated with exposure of intact ruminant livestock
embryos to in vitro environments. Effects are sometimes more severe, however, and the
incidence of failure is understandably higher in view of the additional traumas and
developmental re-programming requirements associated with the technology. When nuclear
transfer is used to generate .ransgenic livestock, further determining factors include the
contribution of transgene expression per se to health of the offspring. If disease resistance is the
goal, success should enhance animal welfare.



FLOW CYTOMETRIC SEXING OF MAMMALIAN SPERM

Duane L. Garner
Department of Animal Biotechnology, University of Nevada, Reno,
P. O. Box 1939, Graeagle, CA 95103-1939 USA

This review re-examines parameters needed for optimization of flow cytometric sexing
mammalian sperm and updates the current status of sperm sexing in species where this
technology is currently being applied. Differences in DNA content have provided not only a
method to differentiate between these sex-determining gametes, but serve as a basis for
predetermining sex in mammals. Although the DNA content of all cells for each mammalian
species is highly conserved, slight DNA content differences of sperm occur within species and
even among cattle breeds. Most mammals produce flattened, ova!-headed sperm that can be
oriented within a sorter using hydrodynamic forces. An approximated sorting index using the
difference in DNA content of the X- or Y-chromosome bearing sperm and the area of the flat
profile of the sperm head suggests that bull and boar sperm are well suited for separation in a
flow sorter. Successful sperm sexing of other species must take into account the relative
susceptibilities of gametes to the stresses that occur during sexing. Sorting conditions must be
optimized for each species to achieve acceptable sexing efficiency for sperm from a variety of
mammalian species. In the commercial application of sperm sexing to cattle, the fertility of sex-
sorted bull sperm at 2 x 10%dose remains at 70 to 80% of unsexed sperm at normal doses of 10
to 20 x 10° sperm. DNA content measurements have provided the precision necessary to
identify the X- and Y-chromosome bearing sperm populations in semen from at least 23
mammals while normal-appearing offspring have been produced from sexed sperm in at least 7
species.



DETECTION OF DAMAGE IN MAMMALIAN SPERM CELLS

B.M. Gadella'”?
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3584 CM, Utrecht, the Netherlands, B.Gadella@vet.uu.nl

A number of staining protocols have been developed to detect the membrane and organelle
integrity of mammalian sperm cells.

Membrane-integrity is usually assessed after staining cells with membrane impermeable dyes.
Those cells that are capable to exclude these dyes can be considered to be alive. An array of
membrane-impermeable fluorescent probes with: affinity for DNA is currently used for this
purpose. An alternatively (or simultaneously) way to study membrane integrity is to use acylated
membrane dyes. By virtue of their acyl-moiety these membrane probes they can pass the intact
membrane and enter living sperm cells. Entered probes are immediately be deacylated by
cytosolic esterases leaving the probe membrane impermeable. Thus living sperm cells become
loaded with probe, whereas, it leaks out of cells with damaged membranes. The combination
assay of SYBR-1 to color living (green fluorescent) and ethidium homodimer to color
deteriorated (red fluorescent) cells simultaneously is commercial available.

Organelle-specific dyes are commonly used to detect functionality of mitochondria or the
acrosome. Acrosome integrity is commonly measured with fluorescent conjugated lectins that
bind to acrosome specific carbohydrate moieties. Depending on the species lectin conjugates of
Pisum sativam (PSA), or of peanut (PNA) are used. Detection can be done on living sperm (no
fluorescence is indicative for an intact acrosome, fluorescence is indicative for acrosome
disruption or acrosome reaction) or on permeabilized sperm cells (full fluorescent acrosomes are
supposed to be intact whereas acrosomes with lower, patchy or equatorial band fluorescent
staining are disrupted or acrosome reacting). Mitochondria can be stained with mitotracker dyes
that specifically stain these organelles. Some of the mitotracker dyes change their fluorescent
properties due to changes in the potential of the inner mitochondrial membrane (IMM) and thus
can be used to report depolarization of the IMM. Since only polarized IMM are able to produce
ATP aerobically, these dyes enable to detect mitochondrial functionality.

Other new developments are the use of ratiometric probes like C11BODIPY fatty acids
analogs used to report lipid peroxidation: The intact probe is red fluorescent but turns into green
fluorescence when oxidized. This green formation is believed to indicate membrane damage.
Merocyanin as well as fluorescent annexin V monitor more disordered phospholipid
arrangements in the sperm plasma membrane bilayer. These changes are linked to initial
membrane damage during cryostorage or to early capacitation-specific membrane alterations.

Besides the importance of functional integrity of sperm membranes and organelles for
fertilization, the integrity of the paternal DNA is of crucial importance for the further
development of an embryo. DNA damage can be measured at different levels and for sperm
DNA - principally three different approaches are currently used. Firstly, the DNA of matured
sperm cells.(probably the fertilization competent subpopulation) is extremely highly condensed
to protamines. The condensation status of individual sperm cells can be assessed using
Transmission Electron Microscopy (TEM) in which condensed nuclei appear homogeneously
black in contrast to non-condensed nuclei. Using COMET discrimination can be made between
fluorescently labeled DNA of normally condensed sperm nuclei (minimal migration) and more
loosely packed DNA (tailing of DNA) after allowing DNA migration on an agarose gel under an
electric field. The second level is to detect whether sperm DNA is double stranded (intact) or



whether single stranded DNA (damaged, for example in nicks) are formed. Acridine orange can
be used to stain single stranded DNA (red fluorescent) and double stranded DNA (green
fluorescent). The other method is to allow enzymatic incorporation of fluorescent nucleotide
analogs into single stranded DNA areas by TUNEL: fluorescent sperm cells contain single
stranded DNA. The third level to detect DNA damage is to look at nuclear/DNA fragmentation,
which is (unlike the above mentioned other DNA damage levels) supposed to be specific for
apoptosis. Nuclear fragments can be imaged by TEM or fluorescently after staining the sperm
with a DNA probe. Furthermore, DNA fragmentation can be visualized by gelelectrophoresis
howing inter-histone DNA laddering. This is an unlikely process in normal sperm cells that
contain: The DNA is highly condensed but not to histones and the cells apparently lack an
apoptotic machinery.



AGRICULTURAL APPLICATIONS IN RESEARCH AND INDUSTRY

Ian Wilmut, Helen Sang and Bruce Whitelaw
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The applications that are being developed fall into two broad categories. They are for genetic
modification or for multiplication of specific genotypes. New opportunities for the genetic
modification of livestock will be created by the availability of information on genome sequences
and the development of several novel methods for precise genetic change. Efficient gene transfer
is being achieved by use of lentiviral vectors in both poultry and mammals. In addition to gene
addition studies, in due time it is to be expected that these vectors will also be able to offer tissue
specific expression of RNAI constructs. This will provide a comparatively cheap opportunity to
reduce the production of specific proteins in particular tissues in livestock. At present nuclear
transfer from cells in which precise genetic modifications have been made offers the only route
to total deletion of gene function or modification of the gene product. While this has been
achieved in sheep, pigs and cattle it remains a technically challenging and expensive procedure.
Cloning has not yet been described in poultry. This approach is limited by the lack of ceil
populations that can be maintained in culture for a sufficient period to allow targeting, selection
and testing to confirm that the desired change has been introduced and the inadequacies of the
present cloning procedures.

Several procedures for oocyte maturation, embryo culture and embryo manipulation have the
potential to increase the number of offspring available from selected mating. Procedures for
maturation of full-grown oocytes and fertilisation have become more successful in mammals,
Embryo culture is comparatively effective in mammals and chicken. However, progress is still
limited in research to support growth and maturation of cocytes from small follicles. Evidence in
the mouse and human that gametes may be derived from embryo stem cells offers the prospect
of being able to use comparable methods in selection programmes once stem cells are derived
from livestock. The potential value of nuclear transfer is well recognised, but much remains to
be achieved to improve the efficiency of the procedure before that potential can be delivered.

In the first place it seems likely that any new procedure will be used first in research,
particularly those concerned with genetic modification. In some parts of the world the
consumers have made it clear that they do not support proposals to genetically modified animals.
The populations of countries in which the supply of food is inadequate or in which draft animals
are too expensive for widespread use may hold different views. In Europe, it is possible that
public opinion will change if methods become available to enhance the health of livestock, to
make livestock resistant to viral infections such as foot and mouth disease, avian influenza or to
ensure that livestock could not transmit prion diseases.



AFTER DOLLY - ETHICAL LIMITS
TO THE USE OF BIOTECHNOLOGY ON FARM ANIMALS
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The cloning of the sheep Dolly brought to the attention of many people the fact that scientists
had made a major breakthrough in their attempt to manage and control life. It also gave rise to a
widespread call for ethical limits to the interference with life to be established and enforced.
Until recently the main limits to interference with life were of a technical kind: of what it is
possible to do. Now, and increasingly, scientists are faced with ethical limits: of what it is
acceptable to do.

Both the increase in power over nature, and the potential increase of speed and efficiency that
modern breeding and biotechnology presents, force us to recognise our moral responsibility and
to discuss the limits of acceptability. In such discussion ethics provides a way of ensuring
systematic and rational reflection on the moral issues raised in the public sphere within an
idealised framework of values and principles guiding behaviour.

To the general public animal biotechnology does not exist in a vacuum, It coexists with other
uses of biotechnology, primarily within agriculture and the medical area. It therefore makes
good sense to discuss, first of all, how in the view of the public animal applications relate to
these various uses of biotechnology. '

To get a grip on the public understanding two sources are made use of. One consists of the
so-called ‘Eurobarometer’ surveys used by the European Commission to monitor lay perceptions
of the new biotechnologies. These surveys have been carried out at regular intervals since 1989.
The other source consists of qualitative interviews carried out in Denmark in 2000.

Inspired by the study of public perception of animal biotechnology a number of concerns are
formulated and made the subject of closer discussion: utility, risk, animal welfare, animal
integrity, environmental concerns, human health, and the fear that there is a “slippery slope”
from the use of biotechnology on farm animals to uses on humans.

In the final part of the talk an attempt will be made to formulate different overall views about
how to set ethical limits to the use of biotechnology on farm animals. It will be argued that a
socially robust application of animal biotechnology must limit uses where problems with animal
welfare and animal integrity are likely to occur to applications which are of vital importance,
e.g. in biomedical research. For the purpose of farm animal breeding there must be rather narrow
limits to the use of biotechnology.
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The cloning of the sheep Dolly gave rise to e widespread call for limits to the interference with life. Until recently the
main Jimits to the interference with life were of a technical kind: What it is possibie to do. Now scientists are faced with
ethical limits as well: What it is acceprable to do.

In this context we see ethics as systematic and rational reflection on the moral issues raised in the publie sphere. It is not
that the concerns of the general public ere necessarily valid, but they are the best point of departure, if |:he discussion is
to lead to a socially robust framework for setting Jimits to the use of animal biotechnology.

To get a grip on the public understanding two sources are made use ol The Eurobarometer surveys from 1991-2002 and
a qualitative interview study carried our in Denmerk in 2000. Inspired by these studies of public percepuon of animal
biotechnology a number of concerns are formulated and made the subject of closer discussion, lhese are risk, animal
welfare, animal integrity, and usefulness.

In the final part of the article & pnnczplc of proportionality is suggested as the foundation for a socially robust
application of animal biotechnology. Only in cases where the usefulness of the technology can be said to outweigh the
moral concerns, as in biomedical research, will applications of animai biotechnology stand up to scruuny in the public

sphere,

1. The cloned sheep, Doliy, made the public aware of animal biotechnology

Dolly was an unusual sheep. She was in a radical sense fatherless. She originated from a cell taken
from the udder of her biological mother. This cell was inserted into a sheep ovum from which the
nucleus had been removed, and it was manipulated so that it fused with the ‘egg-mass’ or cytoplasm
of the ovum to form a pre-embryo. The pre-embryo was then inserted into a foster mother who went

through a normal albeit closely monitored pregnancy which resulted in the birth of Dolly ~ the first
mammal to be cloned from an adult animal.

Her life was quite different from the lives of other sheep in another way too, Few sheep have
names, and if they do, their names are peneraily known to very few people. Dolly’s name, on the
other hand, is known by millions of people. Her life and death was part of the intermational news
sphere and today she has become almost a symbol in the public debate on biotechnology. In the
main, her fame was and is not based on admiration and fascination. Rather, it is largely the product
of public anxiety, and in particular moral concern. This single Dorset ewe brought to many people’s
attention the fact that scientists had made a major breakthrough in their attempts to manage and
control life. She also gave rise to a widespread call for ethical limits to interference with life to be
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established and enforced. Until recently, the main limits of this kind of science were technical in
nature. The question was: What is it possible to do? Now, and increasingly, scientists face ethical
limits. The question has become: What is it acceptable to do?

This question of acceptability is an ethical question that can be answered from different points of
view. In this paper we will take as our starting point how the European public perceives animal
cloning and other applications of biotechnology on farm animal species. In taking this approach we
do not assume that the public is always right in matters of ethics. Rather our point is that the
problem that faces those who in a European context want to be allowed to make use of animal
biotechnology is to get on speaking terms with the rest of society. So by presenting the views of the
public within an ethical context it will be possible to make sure that the ethica! issues being
discussed are the relevant ones from the point of view of a wider public. And the upshot of the
ethical discussion presented in this paper will be to formulate the issues that have to be dealt with
when it comes to regulation and guidelines for the development and use of animal biotechnology in
a European — and probably aiso a much wider — context.

2. Biotechnology, animals, ethics and the public

For the general public animal biotechnology does not exist in a vacuum. It coexists with other uses
of biotechnology, primarily within agriculture and the medical area. It therefore makes good sense
to discuss, first of all, how animal applications relate to these other uses of biotechnology.

In order to monitor lay perceptions of the new biotechnologies within the EU, the European
Commission has carried out regular surveys since 1989 — the most recent being undertaken in
2002. Each of these so-called ‘Eurobarometer’ surveys consists of simultaneous and identical
national surveys of 1000 inhabitants in each member country. The surveys show that wholesale
rejection of biotechnology is not very common among Europeans, since many respondents make
balanced judgements in which the pros and cons of the different applications of biotechnology are
variably assessed (Gaskell, Allum & Stares (eds), 2003; Gaskell & Bauer (eds), 2001; Durant et al.
(eds), 1998). They also bring out interesting details of lay thought about biotechnology. In each
survey, and in connection with several applications, people are asked to consider the usefulness,
risks and moral acceptability of biotechnology, and to give an overall assessment. It turns out that,
across Europe, and for all applications, moral acceptability outweighs the other parameters when it
comes to explaining the overall assessment of the application. Less surprisingly, perhaps, medical
applications tend to be viewed as more acceptable than those within the food sector. Perceived
usefulness, risks and moral acceptability all play a role in this distinction. Crucially, however, the
usefulness of many medical applications is generally recognised, whereas the usefulness of food
applications has yet to be demonstrated to the public.



Application “Should be encouraged”
EU mean score

(-2= low; +2=high)

Using genetic testing to detect diseases we might inherit from our|0,91
parents such as cystic fibrosis/muscoviscidosis/thalassaemia

Inmoducing human genes into bacteria (o produce medicines or|0,8]
vaccines, for example to produce insulin for diabetes™

Taking genes from plant species and transferring them into crop|0,34
plants, to make them more resistant to insect pests

Developing genetically modified animals for laboratory research-0,07
studies, such as a mouse that has genes which cause it to develop
cancer

Use modem biotechnology in the production of foods, for example to]-0,11
make them higher in protein, keep longer or change the taste

Introducing human genes into animals to produce organs for human |-0,22
transplants, such as pigs for human heart transplants

Table 1: Mean scores in the judgement of to what extent different applications of gene technology
should be encouraged in EU in 1996. based on Durant, J. et al (eds), 1998, p.234, 260

As Table ! shows, the food-medical divide is not the only distinction separating negatively assessed
applications from positively assessed ones. Applications of biotechnology involving animals have,
it seems, a similar low level of support as applications within the food area: the least supporied
application at all is xenotransplantation, and the use of research animals enjoys almost as Jow a
level of support as the production of GM foods. The 1999 Eurobarometer survey exhibited similar
patterns. The one animal application (i.e. “cloning of animals such as sheep to get milk which can
be used to make medicines and vaccines”) emerged as having almeost as low level of support as the
least supporied application, GM foods (INRA (Europe), 2000). The 2002 Eurobarometer survey
(where the one animal application is xenotransplantation) also shows that although the technology
is used for clearly medical purposes, it is given almost as low level of support as the use of
biotechnology in the food-sector. It should be mentioned however that the surveys from 1999-2002
show a small but steady increasing support of the use of biotechnology in general and also for the
research into, and application of, xenotransplantation.




Application | “Should be emncouraged”
EU mean score

(-2= low; +2=high)

Using genetic testing to detect diseases we might have inherited from 0,67
our parents, such as cystic fibrosis/mucoviscidosis/thalassaemia

Introducing human genes into bacteria to produce medicines or{0,5]
vaccines, for example to produce insulin for diabetes

Developing genetically modified bacteria to clean spillages of oil or{0,51
dangerous chemicals

L N

Cioning human cells or tigsue to repiace sick celis in a patient which (0,33
are not functioning properly

Taking genes from plant species and transferring them into crop|0,03
plants to meke them more resistant to pests

Cloning animals such as sheep whose milk can be used to produce}-0,17
medicines or vaccine

Use modemn biotechnology in the production of foods, for example to |-0,3]
give them a higher protein content, to be able to keep longer or to
fhange the taste

Table 2: Mean scores in the judgemeni of to what extent different applications of gene technology
should be encouraged in EU in 1999. (INRA (Europe), 2000)

All three of the applications of animal biotechnology in Table 1 and Table 2 fall within the medical
sphere, and yet they enjoy a relatively low level of supporl. A possible explanation for this is the
simple fact that they all involve animals, It is also possible, however, that the specific applications
in question — cloning, research animals and xenotransplantation ~— in themselves evoke negative
feelings. Thus cloning is associated in some people’s minds with frightening popular images of
man-made copics of evil individuals (e.g. in the film ‘The Boys from Bmzil’). The
xenotransplantation of pig hearts into humans is likely to cause unrest because an important bartier
between man and animals is thereby breached and blurred. And for many people the use of animals
in research calls up an image of cruelty to animals.

Some of the follow-up questions in the 1999 Eurobarometer throw more light on animal cloning.
Responses to these questions partly explain the rejection of this particular application. Participants
were asked to assess 12 statements about cloning on r five point scale, where 5 = ‘strongly agree’
and | = ‘swongly disagree’. The two most strongly supported stalements concerned the perceived
unnaturainess of cloning. Thus the average score of the statement “even if animal cloning has
advantages, it is basically against nature” and “animal cloning threatens the natural order of things”




scored 4.24 and 4.12 respectively. Similarly most agreed (average score 3.85) that animal cloning
was simply not necessary, and most disagreed with the statements that animal cloning presents no
danger to future generations (average 2.19) and that the risks mvolved in animal cloning are
acceptable (average 2,28) (INRA (Europe), 2000).

The lack of support to animal cloning therefore seems to reflect the fact that ordinary people believe
it to be both unnatural, lacking in real usefulness and a genuine risk to mankind.. Other medical
applications are perceived to be much more useful and much less risky, even though they are also
thought of as unnatural.

3. Scepiicism does not merely reflect lack of knowledge

It might be supposed that the pronounced public scepticism about forms of biotechnology such as
cloning and other animal biotechnologies reflects a low level of understanding of biotechnology
among lay observers. According to this so-called ‘knowledge deficit’ or ‘knowledge gap’ model,
inadequate knowledge leads the public to draw moral conclusions about practices within science
that are ill-informed. And since the problem is knowledge, the cure is to feed information into the
public sphere more effectively — to educate people. Once this is done, public acceptance will
follow.

Surveys such as the Eurobarometer have seriously challenged this viewpoint by showing that the
question of acceptance or rejection is much more complex than advocates of the deficit model
suppose. Eurobarometer surveys include a ‘knowledge quiz’ in which respondents are asked a series
of factual questions about biotechnology. This quiz enables the relationship between optimism
about biotechnology and level of knowledge to be examined. The examination, however, reveals
that optimism and positive expectations have failed to increase with growing knowledge. In point of
fact, it was found in 1997.that, despite a moderate increase in overall knowledge of the subject-
matter, optimism about biotechnology had declined in Europe (Biotechnology and the European
Public Concerted Action group, 1997). As they acquire more information, people are better able to
form an opinion for or against biotechnology — that is, there is a decrease in the number of ‘don’t
knows’. But pace the deficit model, they do not acquire a more positive attitude to biotechnology.
In particular, there is at best a poor comrelation between knowledge and support of individual
applications.

The knowledge deficit model has also been challenged at the national level. In Denmark, for
example, considerable resources were invested in public information, education and debate about
biotechnology in the 1980s. Following this, Danes were among those scoring highest in the
Eurobarometer knowledge quiz (Gaskell, Allam & Stares, 2003; INRA (Europe), 2000; Durant et
al. (eds), 1998, 2003). But the surveys in which Danish participants displayed their knowledge also
show that Danes are among the most critical of biotechnology — which, obviously, is clear
evidence against the hypothesis that there is a causal link between knowledge and acceptance.

4. Animals, biotechnology and the public: moving beyond the general picture

Apart from the indications given by the follow-up questions about cloning, the Eurobarometer does
not offer any detailed explanation of the motives and reasoning lying behind critical attitudes to the
mix of animals and biotechnology. To add more detail to the picture painted by the Eurobarometer,
a series of focus group interviews were carried out in Denmark in 2000. In the course of these



interviews both food and non-food applications of biotechnology were examined. In both cases, a
number of animal applications were reviewed.

Generally the interviews reproduced the picture generated by the Eurobarometer surveys -— i.e.
confirmed that food applications are assessed much more negatively than non-food applications,
and that medical applications are assessed most positively. To many Danes, indeed, the border
between food and medical applications virtually constituted a boundary between the unacceptable
and the acceptable, although in no case did an interviewee approve of carte blanche being given to
scientists working in biomedicine.

4.1 Risks

The discussion revealed that people are concerned with risks to the environment as well as to
human health. It is mainly applications within agriculture and food production that give rise to
images of risk; whereas applications of biotechnology on animals, including farm animal species,
within biomedical research plays a remarkably insignificant role in people’s perception of risk.

Although a general fear of eating GM foods was not displayed, health risks were an important
theme in the food discussions. Concerns about eating genetically manipulated foods related, not to
dangers of the here and now, but to long-term risks. Health risks attaching to the consumption of
manipulated meat were only mentioned occasionally, but it must be assumed that geperal unease
about GM food will extend to products originating from genetically modified farm animals. Also
incorporated in this unease is a concern that at present ‘we’ lack sufficient knowledge to make
predictions. The ‘we’ here, as elsewhere, seems to relate to the scientific community and health
experts. It records a perception of scientific uncertainty. Such arguments are fortified with
experiences drawn from other contested issues, such as the issue of BSE. During the ﬁcriod of the
interviews, and following the discovery of an infected cow in Denmark, BSE was widely discussed
in Denmark. This gave rise to the fear that scientists are unable to control the consequences of what
they are doing.

As regards the risk to human health, anima] biotechnology is viewed as being on par with
applications of biotechnology to plants and micro-organisms. This contrasts with the attitude to
environmental risks, where some argue that modified animals pose less of a problem. GM animals
can be caught and slaughtered if necessary and thus there is less reason to worry about potential
problems caused by any uncontrolled spread of ‘unwanted genes’. These arguments claim that since
animals are larger and slower, they are also easier to control.

Occasionally, arguments about risk are supported with reference to the perceived unnaturalness of
the new biotechnologies. In such arguments — which are usually expressed in general terms and
relate to genetic modification as such — the idea is that, by manipulating animals, we challenge the
natural or God-given order of things and thus bypass certain (not always specified) safety
mechanisms that are inherent in nature. These safety mechanisms are often associated with barriers
between species and the inherent slowness of traditional breeding and propagation techniques.

Other qualitative interviews have demonstrated that, in contrast to widespread concern about its
health risks within the scientific community, xenotransplantation is only discussed in terms of risk
by lay people to a limited extent (Dahl et al., 2002). Similarly, these interviews demonstrate that



perception of risk plays no direct role in negative lay perceptions of the use genetically modified
research animals.

Finally it should be menticned the biotechnologies that are now being used on animals is often seen
as an augury of what later will be used on humans. The debate around the cloning of Dolly is a
school example of this. It very quickly turned from the ethical problems arising form the cloning of
animals to the problems arising from the same technology applied to humans. It is noteworthy that
most western countries very quickly legislated against the cloning of human cells where as only few
countries to date has made legislation concerning the use of cloning on animals. The implication
seems to be that to many the use of biotechnology on animals is the starting point of a “slippery
slope” that will end up with the same technologies being used on humans.

4.2 Animal welfare

Animal welfare, and especially the welfare of domestic animals, has been a major issue in Denmark
over recent decades. Strikingly, however, while the welfare of domestic and research animals have
been widely discussed, thé welfare problems of genetically modified or cloned animals has largely
been ignored in the public debate. This disparity is expressed in the interviews when discussion
touches on the domestic animals: the issue of animal welfare is only taken up spontaneously in two
of the interviews, and in both cases the interviewees referred to animal welfare problems in cows
engineered to produce more milk — doubtless, a reflection of the fact that this issue is the only cne
which has been the focus of public debate over animal welfare issues and biotechnology.

Although the suffering of genetically modified research animals has so far not become a public
issue, it does come up in the focus groups. This might be because animal suffering is one of the
issues — perhaps even the major issue — raised quite generally by the use of animals for research.
Here, as in debates over transgenic research animals, it should be noted that it is often hard to
separate situations in which research animals are generally disapproved of and situations in which
negative feelings are evoked by a special factor, such as the fact that the animals are transgenic.

4.3 Other moral arguments

Another group of concerns (closely related to concerns about animal welfare) has to do with the
place of animals in the hierarchy of nature. Thus some interviewees implied that arguments capable

of justifying the application of biotechnology to higher organisms would need to be better than

those required where micro-organisms and plants are at issue,

Typically, in these classifications, the more like us the animals are, the harder it becomes to justify
applications of biotechnology. Fish are not as important as calves, for example, and primates are
pre-eminent, The idea of xenotransplantation evokes a particularly negative feeling (Dahl et al.,
2002) and some interviewees cannot imagine walking around with the organs of another animal.
This feeling tends to be stronger when the organ is a heart and the donor is a pig — perhaps because
pigs have traditionally been thought to represent the very opposite of human purity and
sophistication.

These concerns often seem less palpable than concerns about risks and animal welfare, bur none the
less they play an important role. Often these concerns are expressed in the terms of borders and
limits. They indicate that to some people there are limits to the degree of control that humans can



ethically legitimate to exercise over other living beings regardless of the consequences to human
and animal welfare. Concepts as integrity and dignity are often evoked to describe these limits,
There is a tendency in the academic literature to write of these concerns as irrational and/or
religious, but lack of conceptual clarity should not make one dismiss them as relevant factors in the
discussion too quickly. The idea of nature having some sort of integrity (which we will say
something about in Section 5) seems to be rooted in very common everyday experiences of nature
and express a view of nature that goes beyond a purely scientific one. The concept is certainly
complex and ambiguous and in need of further reflection, but nonetheless seems to be very
important, if one is to understand the perception of biotechnology by the public (Cooper 1998).

4.4 Usefulness

In public debate about biotechnology the predominant tone is often negative — the question ofien
being whether this or that application should be rejected. A less negative attitude comes into the
foreground when people are asked to consider the usefulness of biotechnologies. However, the
concept of usefulness is complex. It is a contested concept.

Three interpretations of usefulness can be identified in the biotechnology debate. Each was reflected
at some point in the interviews. Some observers — primarily representatives of the biotech industry
and others with vested interests in biotechnology — defend an economic usefulness argument,
according to which biotechnology is useful in technical and financial terms. This notion was not
shared by many of the participants in the interviews. Indeed some stated that making money is, on
its own, not a sufficient argument for such controversial technologies.

The societal usefulness argument is in keeping with this latter attitude. It is commonly put directly,
or gestured at, in the interviews. The main idea here is that biotechnology is useful, and to that
extent more acceptable, when it serves societal needs that amount to more than mere economic
gain. The final kind of usefulness concerns usefulness to oneself or one’s close relatives. This (as
we might call it) self-interested usefulness often generates serious dilemmas in which abstract,
objective assessments clash with highly contextualised, subjective assessments involving the heaith,
life and death of oneself or a close relative.

In general societal usefulness relates primarily to the avoidance of risk, the management or
elimination of disease, and the alleviation of third-world poverty. In relation to domesticated
animals, the transgenic pig with reduced fat is sometimes put forward as an example of a useful
application, because it addresses a recognised health problem, obesity, and thus introduces a health
benefit to consumers. Those advancing this argument seldom do so with reference to themselves
They focus instead on obesity as a societal problem.

Others, however, argue that functional foods in general are the wrong strategy for solving problems
connected with the composition of a person’s diet. Both within the medical sphere and in relation to
domesticated animals, it is often argued that biotechnology is the wrong way to pursue laudable
goals. Alternative strategies should be pursued or examined.

In the medical sphere, debates about animals primarily concerned their use in research. Ofien, these
debates involved a dilemma between societal or self-interested usefulness, on the one hand, and the
general uneasiness about the use of biotechnology and animals, on the other. Like the medical



applications of biotechnology to which they lead, research animals were looked upon positively by
many interviewees because their use may help us to relieve the pain and suffering of the sick. This
kind of argument is, however, often presented with a disclaimer — a disclaimer in which it is
siressed that however useful they are, research animals are stil! problematic, The following highly
ambivalent statement from a male participant, replying to a question whether research animals are
acceptable, is a nice illustration of this: “Yes and ro. I feel sorry for the animals that they have to
pay. But if we don't have other possibilities then we have to try it. Apparently there are no other
possibilities — then you have 1o do something 10 produce these products to help cancer patients and
whatever. Then it's OK, but still [ believe it's wrong. ™

As mentioned above, it is quite commonly thought that, although transgenic research animals are
unacceptable, sufficient benefits to mankind can justify them. A number of arguments against
transgenic research animals were presented in which the individual (as a citizen) tried to weigh the
pros and cons at a societal level. But the individuals who put these arguments often confessed that,
when they had to assess biotechnological applications from a strictly individual point of view,
thinking of themselves as potential beneficiaries of the technology they had rejected, they were
inclined to adopt a more lenient attitude. )

Environment '~ Environment “~No need Integrity -

Health Health Wrong strategy ~ Animal welfare
3rd world

Figure I: Overview of argumenis for and against animal biotechnology offered by members of the
Danish public.

3. Ethical limits to the use of biotechnology on animals?

In this article we have tried to show what kind of questions and worries the use of biotechnology on
farm animals evokes in the European public both when it concerns farm animals as species and as
production units in the agricultural sector., They can roughly speaking be said to be a list of the
ethical questions that a society as Denmark has to discuss when considering the ethical aspects of
biotechnology and establishing a framework for the use of it, At least if the discussion is to be
informed by the ethical values held by large parts of the society. There are two main reasons why
this approach would be preferable.



First of all it is in tune with the democratic tradition of Western Europe that legislation and
regulation of ethically sensitive issues is based on thorough public debate and consensus seeking
policies that try to integrate the ethical questions raised. Secondly it seem obvious that the lesson to
be learned from the debate over GM-crops and the subsequent consumer reactions in Western
Europe is that it is a necessary requisite for the successful implementation of biotechnology in a
society like the Danish that the ethical doubts of the public are taken seriously when the technology
is introduced.

It would be premature to say that a thorough public debate on the use of biotechnology on farm
animals has taken place in Denmark or any other western country. But if we take the ethical
questions and worries described in this article as a rough picture of the ethical considerations that
will emerge from such a debate, the following framework for the use of the technology can be
drawn. It should be noted at this point that establishing the framework for applications of
biotechnology on farm animals only constitutes the first step in the very complex regulation and
legislation process. In this article however, we concentrate on the general framework, since the
discussion of how actually to regulate and legislate would lead to far in this context

First of all the framework has to accommodate the difference between the public and the scientific
conception of risks, both to human health and to the environment that can be found in many areas of
the debate on biotechnology (Hansen et al. 2003). Especially the public conception of scientific
uncertainty, lack of trust in experts and public distrust to all too firm reassurances about safety need
to be addressed.

Secondly it is necessary to take the question of animal welfare very seriously. Although it has not
yet figured as a predominant subject specifically in the discussion about the use of biotechnology on
farm animals there can be no doubt that the notion plays an important and even increasing role in
the general discussion about farm animal production. )

Thirdly the notion of other moral concemns than threats to human, environmental and animal welfare
has to be respected. These concems can be about social justice (who will benefit from the
technology?), the relationship between expert and public influence on legislation and regulation,
and about the consequences of the technology for the understanding of the relationship between
man and nature. However, in this article we will limit ourselves to a short description of the
concerns about biotechnology’s possible violation of the integrity of animals. This concern differs
from the risk and welfare concerns mentioned above in that violation of integrity cannot be
sustained by empirical evidence in the same way as for example environmental risks or welfare
problems can. However, it is still possible to exemplify what is at stake.

One example that many people react to is the case of the blind hens. A Canadian scientist involved
in poultry breeding bred a blind egg-laying hen. This hen according to the researcher would serve to
reduce the welfare problems of free-range chickens that inflict a lot of pain on each other by
pecking and sometimes even cannibalising the weaker members of the flock, The blindness was
thus not inflicted on the chickens, but something they were born with and from welfare perspective
they are better of than their seeing peers. Still the notion of deliberately breeding blind hens to solve
production problems in the agricultural sector stirs a lot emotions and resentment in the general
public. Something just seems to be wrong when you deliberately create an animal with less
potential than a normal animal of the same kind. This is not the place to discuss the many different



ways that the idea of blinding hens to improve their welfare can be defended or attacked. But it is
obvious from the data presented here that for many people there may be something inherently
ethically troublesome about using biotechnology to change the nature of animals, whether it hurts
them or not

Finally a key point in the discussion concemning the ethical acceptability of animal biotechnology is
the notion of utility. This will call for a balancing of the possible ethical good outcomes of the use
of biotechnology on farm animals against the ethical wrongs that this use also entails. This can be
clearly seen in the relatively sharp distinction that was found between medical and food oriented
uses of the technology. In the first case the good aspects are often seen as outweighing the bad,
whereas the opposite is true in the second case. If the goal is deemed important (ethically good)
enough the evil that it entails is accepted as a sort of necessary evil. This weighing of the ethical
scales is of course a complex and multi-facetted discipline that depends upon both the specific use
of biotechnology in question and the person who is performing it, But taken up on a societal scale it
clearly seems that in general the use of biotechnology on farm animals is something that needs to be
argued rather than the other way around where those opposing it, are left with the burden of
evidence.

To sum up it seems that a socially robust application of animal biotechnology must limit uses
where problems with animal welfare and animal integrity are likely to occur to applications which
are of vital importance, e.g. in biomedical research. For the purpose of farm animal breeding there
must be rather narrow limits to the use of biotechnology. A principle of proportionality where each
application of biotechnology is subjected to scientific and ethical discussion before either endorsed
or rejected seems to be the ethically most viable way to go, if the technology is to enjoy broad
appreciation in the general public. It should be mentioned that his principle has in fact been
suggested as the governing principle in the guidelines for applications of biotechnology to animals
in Denmark by a governmentally appointed committee (Ministeriet for Videnskab, Teknologi og
udvikling 2003).

This way of interpreting the concerns identified in this article and establishing a framework for the
application of the technology is perhaps more limiting than most scientists working within the field
would like. They may have hoped for more. But if we look at the attitudes of the general public it
seems that aspiring for very broad applications implies a risk that the general public will tum down
all uses of the technology — as we saw in the GM-food debate in Europe during the 1990°ies. By
taking heed of the principle of proportionality one might have to rule out several possible
applications of biotechnology to farm animals, but it ensures that the ones left will also be
acceptable to the general public — and that is both from a scientific and a societal perspective to be
preferred. ‘

6. Conclusion

The European public is worried about animal cloning and other forms of animal biotechnology.
However, contrary to a widespread belief in the scientific community, this worry cannot simply be
explained in terms of a lack or distortion of factual information. To create a socially robust
framework for the discussion of the ethical limits conceming the use of biotechnology on animals,
we believe that one should take these worries as the point of departure. It is not that they can stand



alone or uncritically be implemented. They have to be thoroughly discussed. But to do that it is
important to have a real understanding of them. The key items on this agenda concem risk, animal
welfare, usefulness and other moral concepts. But in connection with each of these items the public
and the scientists may well conceive of the problems differently. Thus the public typically view
risks in a broader and more long-term perspective than scientists. They also believe that if
usefulness is to serve as a positive argument, it must involve more than mere commercial success. It
follows that, if European scientists want to be able to use animal biotechnology in their research
with public support, they must broaden their conception of what matters beyond the idea of a
scientifically measurable risk and they must narrow their notion of usefulness so that the mere
possibility of making a profit is not enough to justify animal biotechnology. We suggest that a
principle of proportionality is made the basis of the ethical evaluation of the use of biotechnology
on farm animals. This basically means that all use of biotechnology must be justiﬁéd by arguing
why it is necessary in a specific case to transgress the ethical borders that the concepts of risk and
animal welfare and integrity raises. By limiting the use of biotechnology in this way we foresee that
many of the controversies surrounding other uses of biotechnology (e.g. GM-crops) can be avoided.
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