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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. NC2016/0005027
Solicitud de patente a nombre de OXITEC LIMITED

Yo, CAROLINA DAZA MONTALVO identificada como aparece al pie de mi firma,
domiciliada en la Carrera 11 No. 86-53, obrando como apoderada de la sociedad
OXITEC LIMITED, domiciliada en Abingdon, Gran Bretafa, solicitante de la patente de
la referencia, en respuesta al Oficio No. 192 notificado mediante notificacion electrénica
el 28 de febrero de 2020, relacionado con el tercer concepto técnico de fondo, y para
el cual solicité oportunamente préorroga el 31 de marzo de 2020, atentamente me
permito presentar la siguiente informacion:

1. Modificacion al capitulo reivindicatorio

Con fundamento en la facultad que confiere el Articulo 34 de la Decision 486 al
solicitante para modificar la solicitud de patente en cualquier momento del tramite,
presento junto con este memorial un nuevo capitulo reivindicatorio, el cual consta de
treinta y ocho (38) reivindicaciones y reemplaza completamente el capitulo presentado
anteriormente.

En el nuevo capitulo reivindicatorio se realizaron las siguientes modificaciones:

1.1 Como primera medida, se modificé la antigua reivindicacion 1 con el propdsito de
hacer claridad en que, en la secuencia de polinucledtidos de la invencion, los
primer y segundo genes letales dominantes son letales cuando se expresan en
insectos. El soporte para dicha modificacién se encuentra al menos en el resumen
de la solicitud como fue presentado originalmente, en donde se describe que los
sistemas letales de expresidon génica proporcionan altos niveles de penetrancia
en insectos, y que la invencidén es (til para el control de poblaciones de insectos.
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Véase también la pagina 6, lineas 5-10 de la descripcion como fue presentada
originalmente.

1.2 Se han eliminado las antiguas reivindicaciones 39 y 40.

1.3 Las demas reivindicaciones han sido modificadas solo para propodsitos de
reenumeracién, para ajustar su dependencia y para mejorar su traduccion.

En cuanto a estas modificaciones, me permito decir que las mismas no amplian de
ninguna manera la materia objeto de la solicitud original y que fueron realizadas
siguiendo las recomendaciones realizadas por el examinador, con el fin de superar las
objeciones de claridad y sustento en la descripcién planteadas en su concepto técnico,
por lo que es posible afirmar que el nuevo pliego reivindicatorio se ajusta a las
disposiciones del Articulo 34 de la Decisién 486/00.

2. Pago de tasas

En relacidon con el numero de reivindicaciones, atentamente nos permitimos decir que
no se adjunta pago de tasa por reivindicaciones adicionales, toda vez que el nuevo
capitulo reivindicatorio tiene un menor numero de clausulas que el anteriormente
presentado y es, en esencia, una limitacion al anterior pliego reivindicatorio.

3. Claridad, concision y sustento de las nuevas reivindicaciones

El solicitante manifiesta que mediante la presentacion del nuevo capitulo reivindicatorio
quedan subsanadas la totalidad de las objeciones, de modo tal que las nuevas
reivindicaciones proporcionan claridad y concision a la invencidn descrita, a la vez que
cuentan con el debido sustento en la descripcidn de la solicitud. Al respecto, se desean
presentar las siguientes observaciones

3.1 Reivindicacion 1

El examinador objeta que la antigua reivindicacidon 1 no tiene sustento en la descripcion
porque considera que no hace referencia a que los sistemas de expresién comprenden
genes letales para insectos, por lo que sugiere mencionar en la reivindicacion 1 que los
genes son genes letales de insectos.
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Al respecto, se hace notar que, si bien no concordamos con la objecién del examinador,
con el Unico propdsito de darle continuidad al tramite de la solicitud, se modificé
reivindicacion 1, de manera que ahora menciona que "el primer y segundo genes letales
dominantes son letales cuando se expresan en insectos". Por lo tanto, los sistemas de
expresion reivindicados comprenden genes letales para insectos. La modificacion sigue
la sugerencia del examinador y permite superar por completo la objecién.

Por lo tanto, en vista de las modificaciones realizadas al pliego reivindicatorio, se solicita
respetuosamente reconsiderar y retirar la objecion.

3.2 Reivindicacion 9

De acuerdo con la amable recomendacion del examinador, el error tipografico en la
reivindicacion 9 en la palabra "Tephririd” ha sido corregido, de forma que la nueva
reivindicacion se refiere a "Tefritido”.

3.3 Reivindicaciones 39y 40

El examinador objeta que las antiguas reivindicaciones 39 y 40 no son claras porque
considera que el método para controlar una poblacidn de insectos que comprende
liberar un insecto no contiene etapas técnicas. Al respecto, se hace notar que, con el
unico propdsito de darle continuidad al tramite de la solicitud, dichas reivindicaciones
han sido excluidas del actual pliego reivindicatorio, con lo cual el nuevo pliego no da
lugar a la objecion.

4. Determinacion del estado de la técnica

El examinador manifiesta que, consultadas las fuentes de informaciéon con que se
cuenta, se encontraron los siguientes documentos que anticipan el objeto de esta
solicitud:

Item Documento Titulo Fecha de Publicacidn
“Expression systems for insect
D2 W02005012534 pest controP 10 de febrero de 2005
D3 W02005003364 “Stable integrands” 13 de enero de 2005
Philip T. Leftwich, University of East | lac teProductive success and
D5 Anglia, School of Biological popu . h Agosto 2012
Sciences Mem_nterranean Fruit Fly, Ceratitis
) capitata”
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5. Novedad y nivel inventivo

El examinador objeta que las antiguas reivindicaciones 1-19, 23 y 24 carecen de
novedad a la luz de la ensefanzas contenidas en el documento D5 (Philip T. Leftwich,
University of East Anglia, School of Biological Sciences). Adicionalmente, el examinador
objeta que las antiguas reivindicaciones 20-22, 25 carecen de nivel inventivo a la luz
de la ensefianzas del documento D5 en combinacién con las ensefianzas del documento
del documento D2 (WO02005012534), al igual que considera que las antiguas
reivindicaciones 27-40 carecen de nivel inventivo a la luz de la ensefanzas del
documento D5 en combinacion con las ensefianzas del documento del documento D3
(W02005003364), siendo D5 considerado como el arte previo mas cercano a la
invencion descrita.

Al respecto, se hace notar que el documento D5 corresponde a la tesis de doctorado de
Philip T. Leftwich presentada ante la Facultad de Ciencias Bioldgicas de la Universidad
de East Anglia. Si bien el Dr. Leftwich no figura como inventor de la presente solicitud,
al menos parte de la investigacion presentada en su tesis se realizé en Oxitec Limited,
quien es el solicitante de la presente solicitud, bajo la supervision del Dr. Luke Alphey
(véase el documento D5 en la pagina 20, en donde se menciona que el Dr. Alphey es
fundador de Oxitec Limited y co-supervisor del Dr. Leftwich). El Dr. Alphey es uno de
los inventores de la presente solicitud. Por lo tanto, el documento D5 estuvo sujeto a
requisitos de confidencialidad, como se establece claramente en la pagina 2 de la tesis:

"Este documento contiene informacion confidencial y de propiedad de Oxitec Ltd,
el socio del proyecto. Este informe debe mantenerse en estricta confidencialidad
en todo momento. Es para cumplir con los requisitos especificos de doctorado de
Philip T. Leftwich y no se puede utilizar para ningun otro propdsito. Ninguna parte
de este documento, o la informacion aqui contenida, puede publicarse de forma
alguna sin la aprobacion previa por escrito de un Director de Oxitec Ltd.”

El documento D5 también declara en la pagina 45:

"Este trabajo se encuentra actualmente en preparacion para su presentacion a
ante las Actas de la Academia Nacional de Ciencias (Proceedings of the National
Academy of Sciences) con los coautores Martha Koukidou, Polychronis
Rempoulakis, Tracey Chapman, Aris Economopoulas, John Vontas y Luke
Alphey.”
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La Dra. Martha Koukidou es otra de las inventoras de la presente solicitud. El manuscrito
para Proceedings of the National Academy of Sciences al que se hace referencia en el
documento D5 finalmente fue publicado como Leftwich et al., Proc. R. Soc. B 281:
20141372 (2014) (para su mejor referencia se adjunta copia al presente memorial).
El trabajo descrito en el manuscrito y en la publicacién cientifica se refiere al Capitulo 5
del documento D5 e incluye a la Figura 5.1 citada por el Examinador (véase el
documento D5 en la pagina 45). Sin embargo, dicho documento no fue publicado sino
hasta octubre de 2014, varios meses después de la fecha de prioridad de la presente
solicitud. Por lo tanto, el solicitante ha sido diligente en mantener la confidencialidad
del trabajo hasta que se presentd la solicitud de patente.

Ademas, se hace notar que el Informe de Busqueda Internacional de la Solicitud PCT
sobre la cual reclama prioridad la presente solicitud solo se completd hasta el 8 de
octubre de 2015. A pesar de las exhaustivas busquedas alli realizadas, la autoridad de
busqueda no encontrd el documento D5 dentro el estado de la técnica. Por lo tanto, se
cree que el documento D5 no estuvo disponible publicamente sino hasta después del 8
de octubre de 2015, varios meses después de la presentacion de la solicitud PCT y mas
de un afo después de la fecha de prioridad de la presente solicitud.

Por ultimo, pero no menos importante, la naturaleza confidencial del documento D5 se
evidencia aun mas por el hecho de que cada pagina del documento esta claramente
marcada como "Confidencial" en el encabezado.

De acuerdo con la politica de tesis electrénicas de la Universidad de East Anglia,
disponible en https://portal.uea.ac.uk/library/research-support/e-thesis-faqg, es posible
depositar una tesis que contenga informacién confidencial al repositorio y solicitar que
esta permanezca bajo acceso restringido por hasta tres anos (solo queda accesible para
los examinadores). En vista del documento D5 en si y de las otras pruebas descritas
anteriormente, el solicitante tiene razones para creer que el documento D5 permanecié

bajo acceso restringido y, como resultado, no se encontraba disponible publicamente si
no hasta después de que se presentd la presente solicitud. Por lo tanto, el documento
D5 no hace parte del estado de técnica anterior y no puede emplearse para objetar la
novedad o el nivel inventivo de la solicitud.

El solicitante desea manifestar que se ha puesto en contacto con la Universidad de East
Anglia a fin de solicitar evidencia documental sobre el acceso restringido al documento
D5, tales como la como la fecha en que la tesis fue depositada y puesta bajo acceso
restringido, y la fecha en que expird dicho acceso restringido. Desafortunadamente, la
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Universidad, incluidas sus bibliotecas, actualmente se encuentra cerrada debido a la
pandemia causada por el COVID-19, y no puede proporcionar una estimacién de cuando
podra acceder a sus registros. Sin embargo, tan pronto el solicitante cuente con dicha
informacién, se le hara llegar al examinador como complemento de informacién a la
presente solicitud. Por lo tanto, se le solicita respetuosamente al examinador posponer
decisidon sobre esta decision hasta recibir la informacion complementaria.

6. Conclusiones

Con las modificaciones introducidas y los argumentos presentados puede concluirse
que:

i) Las modificaciones aqui presentadas se ajustan a los requisitos legales seguin
el articulo 34 de la Decision 486;

i) La materia objeto de las actuales reivindicaciones es clara, concisa y cuenta
con el debido sustento en el capitulo descriptivo, el cual también es claro para
una persona normalmente versada en la materia, cumpliendo asi con los
requerimientos de los Articulos 28 y 30 de la Decision 486;

iii) El documento D5 no debe ser considerado como un documento del estado de
la técnico dado que no se encontraba publicamente disponible antes de la
fecha presentacidn de la solicitud original sobre la que la presente reivindica
prioridad;

Asi, respetuosamente se solicita al examinador reconocer la novedad, el nivel inventivo
y la aplicacién industrial para la invencién titulada POLINUCLEOTIDOS Y METODOS
PARA UN SISTEMA DE EXPRESION LETAL CONDICIONAL EN INSECTOS” a nombre de
OXITEC LIMITED vy, por lo tanto, conceder el privilegio de patente, si los cumpliese; o
si el sefior examinador considera que subsisten razones para objetar la presente
invencion, rogamos comunicarnos los debidos motivos y razones que sustenten su
objecion con el fin de que nuestro mandante tenga la posibilidad de exponer sus
argumentos con base en la interpretacién del Articulo 42 del Cédigo de Procedimiento
Administrativo y de lo Contencioso Administrativo que senala que: "Habiéndose dado
oportunidad a los interesados para expresar sus opiniones, y con base en las pruebas e
informes disponibles, se tomara la decision, que serd motivada. La decision resolvera
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todas las peticiones que hayan sido oportunamente planteadas dentro de la actuacion
por el peticionario y por los terceros reconocidos”, (el subrayado es nuestro).

7. Anexos

7.1 Nuevo capitulo reivindicatorio que incluye treinta y ocho (38)
reivindicaciones.

7.2 Publicacién cientifica Leftwich et al., Proc. R. Soc. B 281: 20141372 (2014)

Sefiora Directora,

( ~n N A i‘i (P |
CAROLINA DAZA ALVO
C.C. 66.783.790 de Palmira Valle

TP-141563 CSJ
notificaciones@clarkemodet.com.co
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REIVINDICACIONES

1. Una secuencia de polinucleétidos que comprende un primer y un segundo sistema de
expresién génica, en el que:
i) el primer sistema de expresién génica comprende un primer gen letal dominante
operativamente unido a un primer promotor, un gen que codifica un primer factor de
activacion de la transcripcion, y una primera secuencia de control de empalme,
i) el segundo sistema de expresion génica comprende un segundo gen letal
dominante operativamente unido a un segundo promotor, un gen que codifica un
segundo factor de activacion de la transcripcién, y una segunda secuencia de control
de empalme,
en donde
los primer y segundo genes letales dominantes son letales cuando se expresan en
insectos,
cada uno de dichos factores de activacion de la transcripcién de es capaz de activar
al menos uno de dichos promotores, con la condicion de que ambos de dichos promotores
se activan cuando se expresan ambos de dichos factores de transcripcion,
cada una de la primera y segunda secuencia de control de empalme media la
expresion especifica en hembras del primer y segundo gen letal dominante,
respectivamente, mediante empalme alternativo, y una o ambas de la primera y segunda
secuencia de control de empalme se derivan, independientemente, de un gen transformer
(tra), doublesex (dsx), o Actina-4.
la actividad de transactivacion de cada uno del primer y segundo factor de activacion
de la transcripcidén de es represible por un primer y un segundo factor de control exégeno,
respectivamente, en donde dicho primer factor de control exégeno es igual o diferente de
dicho segundo factor de control exégeno;y
cada uno de dichos componentes de dicho primer sistema de expresidon génica es
el mismo o diferente de dichos componentes de dicho segundo sistema de expresion
génica.

2.  Lasecuenciade polinucleétidos de acuerdo con la reivindicacion 1, en la que el primer
factor de activacion de la transcripcion es el producto génico del primer gen letal dominante
y/o el segundo factor de activacién de la transcripcion es el producto génico del segundo
gen letal dominante, de manera que dicho factor de transcripcion también proporciona el
efecto letal conferido por dicho gen letal dominante.
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3. Lasecuencia de polinucleétidos de acuerdo con la reivindicacion 1 6 2, en la que una
o0 ambas de las primera y segunda secuencias de control de empalme media la expresion
especifica en hembras por el respectivo gen letal dominante, junto con un espliceosoma
mediando el empalme de un transcripto de ARN del gen letal dominante respectivo para
producir un ARN mensajero que codifica una proteina funcional y al menos un ARN
mensajero que codifica una proteina no funcional, en donde el ARN mensajero que codifica
una proteina funcional se produce en una hembra.

4, La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que cada uno de los primer y segundo promotores son sustancialmente
inactivos en ausencia del factor de transcripcién de activacién capaz de activar dicho
promotor.

5.  La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que uno o ambos de los primer y segundo genes letales son,
independientemente, tTA (activador de la transcripcidén reprimible con tetraciclina) o una
tTAV (variante del gen tTA).

6. La secuencia de polinucleétidos de acuerdo con la reivindicacién 5, en la que uno o
ambos de los primer y segundo genes letales dominantes son, independientemente, uno
de {TAV (SEQ ID NO: 26), tTAV2 (SEQ ID NO: 27) y tTAV3 (SEQ ID NO: 28).

7. La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que una o ambas de las primera y segunda secuencias de control de
empalme se derivan, independientemente, de un intrén tra, un gen dsx o un gen Actina-4.

8.  La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que una o ambas de las primera y segunda secuencias de control de
empalme se derivan, independientemente, de un intron tra.

9. Lasecuencia de polinucleétidos de acuerdo con la reivindicacion 7 u 8, en la que una
o0 ambas de la primera y segunda secuencias de control de empalme se derivan de un
Tefritido.

10. La secuencia de polinucle6tidos de acuerdo con cualquiera de las reivindicaciones 7-
9, en la que una o ambas de la primera y segunda secuencias de control de empalme se
derivan de uno de los géneros Ceratitis, Bactrocera, Anastrepha'y Rhagoletis.
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11. La secuencia de polinucle6tidos de acuerdo con la reivindicacién 9 o 10, en la que
una o ambas de la primera y segunda secuencias de control de empalme se derivan de
Ceratitis capitata.

12. La secuencia de polinucleétidos de acuerdo con la reivindicacién 9 o 10, en la que
una de la primera y segunda secuencias de control de empalme se deriva de Ceratitis
capitatay la otra secuencia de control de empalme se deriva de una especie diferente.

13. La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que uno o ambos del primer y segundo sistemas de expresion génica
ademas comprende un potenciador asociado con el promotor respectivo, y al menos uno
de los factores de activacion de la transcripcién de actua en el potenciador respectivo.

14. La secuencia de polinucleétidos de acuerdo con la reivindicacion 13, en la que el
potenciador, o0 uno o ambos de los potenciadores, es un elemento tetO (operador de
tetraciclina) que comprende una o mas repeticiones de tetO.

15. La secuencia de polinucleétidos de acuerdo con la reivindicacion 14, en la que cada
potenciador es, independientemente, tetOx7, tetOx14 o tetOx21.

16. La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que uno o ambos del primer y segundo promotores es un promotor
embrionario.

17. La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que uno o ambos del primer y segundo promotores es un promotor
minimo.

18. La secuencia de polinucleétidos de acuerdo con la reivindicacion 16, en la que cada
uno de los primer y segundo promotores es, independientemente, Hsp70 (proteina de
choque térmico 70) o srya (proteina del locus de serendipia alfa).

19. La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
15-17, en la que uno de los primer y segundo promotores es Hsp70y el otro de los primer
y segundo promotores es srya.
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20. La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que uno de los primer y segundo sistemas de expresion génica
comprende un tercer gen dominante letal y un tercer promotor operativamente unido al
tercer gen letal dominante, en el que el factor de activacion de la transcripcion capaz de
activar el promotor de dicho sistema de expresiéon génica también es capaz de activar el
tercer promotor.

21. La secuencia de polinucleétidos de acuerdo con la reivindicacion 20, dependiente de
cualquiera de las reivindicaciones 11 a 13, en la que dicho sistema de expresion génica
comprende ademas un potenciador asociado con el promotor de dicho sistema de
expresion génica, y el tercer promotor esta también asociado con dicho potenciador.

22. La secuencia de polinucleétidos de acuerdo con la reivindicacion 20 o 21, en la que
el tercer gen letal dominante es VP16 (proteina del virus del herpes simple vmwe65) y el
tercer promotor es Hsp70 o srya.

23. La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que la secuencia de polinucleétidos comprende ademas un marcador
fluorescente.

24. La secuencia de polinucleétidos de acuerdo con la reivindicacion 23, en la que el
marcador fluorescente es DsRed?2.

25. La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que el primer gen letal dominante es tTAV (SEQ ID NO: 26), el primer
factor de activacion de la transcripcion es el producto del gen tTAV, el primer promotor es
Hsp70, la secuencia de control es Cctra,

el segundo gen letal dominante es tTAV3 (SEQ ID NO: 28), el segundo factor de
activacion de la transcripcion es el producto génico {TAVS3, el segundo promotor es sryay
la segunda secuencia control de empalme es Bzira,

el primer sistema de expresion génica comprende ademas un primer potenciador
asociado con el primer promotor, en el que el primer potenciador es tetOx?7,

el segundo sistema de expresién génica comprende ademas un segundo potenciador
asociado con el segundo promotor, en el que el segundo potenciador es tetOx14,

la secuencia de polinucleétidos comprende ademas un tercer gen letal dominante
operativamente unido a un tercer promotor, estando asociado el tercer promotor al segundo
potenciador, en el que el tercer gen dominante letal es VP16'y el tercer promotor es Hsp70,



P-12634
Nuevo capitulo reivindicatorio
Junio 08 de 2020

en el que el segundo promotor esta asociado con un extremo del segundo potenciador y el
tercer promotor esta asociado con el otro extremo del segundo potenciador,

la secuencia de polinucleétidos comprende ademas un primer marcador genético, que
es DsRed?2.

26. La secuencia de polinucleétidos de acuerdo con cualquiera de las reivindicaciones
precedentes, en la que la secuencia de polinucle6tidos comprende la secuencia de
nucleétidos representada por la SEQ ID NO: 1.

27. Un vector recombinante, que comprende la secuencia de polinucleétidos segun se
describe en cualquiera de las reivindicaciones precedentes, en donde el vector
recombinante comprende ademdas al menos cuatro repeticiones invertidas, formando al
menos dos pares de repeticiones invertidas opuestas.

28. EIl vector recombinante de acuerdo con la reivindicacion 27, en el que el vector
recombinante comprende cuatro repeticiones invertidas de transposén, formando dos pares
de repeticiones invertidas de transposén opuestas, en donde dicha secuencia de
polinucleédtidos esta situada entre los dos pares de repeticiones invertidas de transposon
opuestas de tal manera que la escisidon por una transposasa o transposasas de dichos
pares, in situ, es efectiva para poder dejar dicha secuencia de polinucleétidos integrada en
el genoma del huésped, sin repeticiones invertidas del transposén flanqueante en el
genoma del huésped.

29. El vector recombinante de acuerdo con la reivindicacién 28, en la que cada una de
las repeticiones invertidas del transposén que delimitan dicha secuencia de polinucleétidos
es una repeticion invertida terminal minima.

30. EIl vector recombinante de acuerdo con la reivindicacion 28 o 29, que tiene cuatro
repeticiones invertidas de transposon.

31. El vector recombinante de acuerdo con la reivindicacién 30, en la que las cuatro
repeticiones invertidas de transposon forman un primer y un segundo par de repeticiones
invertidas opuestas, en donde:
las cuatro repeticiones invertidas del transposon son repeticiones invertidas piggyBac,
el primer par consta de un extremo piggyBac 3' interno proximal de la secuencia de
polinucleétidos y un extremo piggyBac 5' externo distal de la secuencia de polinucleétidos,

y
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el segundo par consiste en un extremo piggyBac 5' interno proximal de la secuencia
de polinucleétidos y un extremo distal piggyBac 3' externo de la secuencia de
polinucleétidos.

32. El polinucledétido de la reivindicacion 31, en el que:

el extremo interno piggyBac 3' consiste en la secuencia de polinucleétidos
representada por la SEQ ID NO: 32,

el extremo piggyBac 5' externo consiste en la secuencia de polinucleétidos
representada por la SEQ ID NO: 30

el extremo piggyBac 5' interno consiste en la secuencia de polinucleétidos
representada por la SEQ ID NO: 30, y

el extremo piggyBac 3' externo consiste en la secuencia de polinucleétidos
representada por la SEQ ID NO: 31.

33. Elvector recombinante de acuerdo con cualquiera de las reivindicaciones 27-32, que
comprende ademas al menos un marcador genético entre las repeticiones invertidas de
transposo6n de al menos un par de repeticiones invertidas de transposén opuestas.

34. Un método para detectar un insecto transformado que comprende el vector
recombinante de acuerdo con cualquiera de las reivindicaciones 27-33, que comprende las
etapas de:

i) poner en contacto una muestra de ADN aislado de un insecto con un par de primers
especifico para el insecto transformado, en el que el primer primer en el par es especifico
para la secuencia de polinucledtidos del vector recombinante y el segundo primer en el par
es especifico para una secuencia nucleétido gendmico que flanquea la secuencia de
polinucleétidos,

ii) amplificar la muestra de ADN, y

i) detectar el ADN amplificado.

35. El método de acuerdo con la reivindicacién 34, en el que la etapa i) comprende
ademas poner en contacto la muestra de ADN con una sonda especifica del producto de
amplificacion por PCR producido en la etapa ii), para la deteccién del producto de
amplificacion por PCR, en el que la sonda es una sonda doblemente etiquetada que
comprende una molécula reportera y una molécula de desactivacién fluorescente, y en el
que la molécula reportera es liberada de la sonda por Taq polimerasa durante la
amplificaciéon por PCR, cuando dicha sonda se hibrida a dicho producto de amplificacion
por PCR.
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36. EI método de acuerdo con la reivindicacion 34, en el que el primer primer tiene la
secuencia de nucleétidos representada por la SEQ ID NO: 6 y el segundo primer tiene la
secuencia de nucleotidos representada por la SEQ ID NO: 7; o el primer primer tiene la
secuencia de nucleétidos representada por la SEQ ID NO: 4 y el segundo primer tiene la
secuencia de nucle6tidos representada por la SEQ ID NO: 5; o el primer primer tiene la
secuencia de nucleétidos representada por la SEQ ID NO: 10 y el segundo primer tiene la
secuencia de nucledtidos representada por la SEQ ID NO: 11.

37. El método de acuerdo con la reivindicacion 34, en el que el primer y segundo primers
tienen las secuencias de nucle6tidos representadas por las SEQ ID NOs: 10 y 11,
respectivamente.

38. El método de acuerdo con la reivindicacién 35, en el que la sonda tiene la secuencia
de nucleotidos representada por la SEQ ID NO: 12.
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The Mediterranean fruit fly (medfly, Ceratitis capitata Wiedemann) is a pest
of over 300 fruits, vegetables and nuts. The sterile insect technique (SIT) is
a control measure used to reduce the reproductive potential of populations
through the mass release of sterilized male insects that mate with wild
females. However, SIT flies can display poor field performance, due to the
effects of mass-rearing and of the irradiation process used for sterilization.
The development of female-lethal RIDL (release of insects carrying a domi-
nant lethal) strains for medfly can overcome many of the problems of SIT
associated with irradiation. Here, we present life-history characterizations
for two medfly RIDL strains, OX3864A and OX3647Q. Our results show
(i) full functionality of RIDL, (ii) equivalency of RIDL and wild-type strains
for life-history characteristics, and (iii) a high level of sexual competitiveness
against both wild-type and wild-derived males. We also present the first
proof-of-principle experiment on the use of RIDL to eliminate medfly popu-
lations. Weekly releases of OX3864A males into stable populations of
wild-type medfly caused a successive decline in numbers, leading to eradi-
cation. The results show that genetic control can provide an effective
alternative to SIT for the control of pest insects.

1. Introduction

The Mediterranean fruit fly (medfly, Ceratitis capitata Wiedemann) is a globally
distributed agricultural pest, infesting over 300 types of cultivated and wild
fruits, vegetables and nuts—the widest known host range of any pest fruit fly
[1]. Control methods include the use of baited traps [2,3], insecticides [4],
biological control [5] and the sterile insect technique (SIT) [1,6,7]. Of these, SIT
has garnered the most attention as an environmentally friendly and species-
specific method, successfully implemented against the medfly as well as several
other insects [8]. SIT involves the mass release of sterilized insects to disrupt
normal mating patterns and induce a high frequency of sterile matings [9].
A potential benefit of SIT is that it can facilitate the establishment of ‘medfly-
free zones’, removing the need for costly quarantine measures that become
necessary within medfly-infested areas in order to export produce [10,11].
Opverall, SIT must be cost-effective in comparison to other control methods
[12-15]. Its success depends upon the ability of released sterile males to find a
lek, perform courtship, attract wild females, successfully mate, inseminate
females and finally to elicit effective female refractoriness to remating [16-18].
The most common mechanism by which sterility is achieved in SIT released

© 2014 The Authors. Published by the Royal Society under the terms of the Creative Commons Attribution
License http://creativecommons.org/licenses/by/4.0/, which permits unrestricted use, provided the original
author and source are credited.
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males is through exposure to ionizing radiation. However, this
has well-documented negative impacts on longevity and
mating performance [16,19-21].

Release of insects carrying a dominant lethal (RIDL)
[22-27] provides an alternative that removes the need to sub-
ject insects to ionizing radiation. One version of RIDL, on
which we focus here, involves the mass release of male insects
carrying a female-specific lethal transgene (fsRIDL) [28-31].
Matings with fsRIDL males by wild females produce no
viable female offspring, thereby decreasing the reproductive
potential of the wild population. If sufficient numbers of
females mate with fsSRIDL males over time then the population
will collapse. Prototype fsRIDL strains of medfly have already
been developed [25,27,28,32-34] giving 100% female-specific
lethality at the pre-pupal stage. This lethality can be switched
off to enable females to develop normally during mass rearing
by providing a chemical repressor (tetracycline) in the diet.

OX3864A and OX3647Q are the leading fsRIDL strains for
this important agricultural pest. Here, we describe the develop-
ment and testing of these two new fsRIDL strains, and also
large cage population suppression trials using the OX3864A
strain. OX3864A provided repressible, fully penetrant female-
specific lethality, together with the expression of a dominant
fluorescent marker to facilitate identification. In a series of
tests of life history, this strain displayed greater fitness than
existing strains used for SIT and exhibited a high level of
mating competitiveness. Large cage experiments demon-
strated proof-of-principle that periodic release of OX3864A
males could eradicate wild-type (wt) medfly populations.

2. Material and methods
(a) Medfly stocks

We used the TOLIMAN medfly strain as the wt background for the
construction of both transgenic lines and for all subsequent testing
of life-history traits prior to the experiments in Crete. TOLIMAN is
a wt strain originating from Guatemala; it has been maintained at
Oxitec (Oxford, UK) since 2004. fsl is the genetic sexing strain
T(Y;5)101 called also Vienna-8 (without the pericentric inversion
D53), introgressed into the TOLIMAN wt [35]. Genetic sexing in
tsl is usually achieved by heat stress through exposure of eggs to
34°C for 24 h, though female survival may still be compromised
by temperatures above 23°C. A wp marker is closely linked to fsl
and is usually used to detect females [35-37]. OX3864A and
OX3647Q are the newly developed RIDL strains tested in this
study. Both are engineered to carry DsRed?2 fluorescent markers
[38] and use the tetracycline-repressible transactivator (tTA),
which functions as both the transactivator and lethal effector via
a positive feedback loop as described below [27].

(b) Germ line transformation with 0X3864 and 0X3647

constructs
Germline transformation of medfly with the OX3864 and OX3647
constructs was carried out using a piggyBac transposon vector, by
standard micro-injection [39]. Two hundred and thirty pre-blasto-
derm medfly embryos were microinjected with OX3864, and 2700
with OX3647.

(c) Insect rearing at Oxitec

Adult fly colonies were kept at 21°C (tsl female survival is compro-
mised at higher temperatures), 50% RH and a 13L:11D cycle.
Adults were fed on a diet of yeast hydrolysate and sucrose (1:4

ratio by mass). Water was supplied through damp cotton wicks. n

Newly hatched larvae were transferred to larval medium, consist-
ing of standard yeast—wheat germ—glucose—agar diet. For ‘on-tet’
rearing, suppressing transgene expression, this was supplemen-
ted with tetracycline hydrochloride to a final concentration of
100 pg ml ', Densities of approximately 1 larva per 0.5 g of diet
were used throughout. Pupae were kept between 18 and 25°C
(depending on requirements) until eclosion.

(d) Insect rearing at the University of Crete

Insects were reared as above, except that experiments were con-
ducted at 25°C, and the larval diet comprised 550 ml distilled
water, 162 g sugar, 81 g brewer’s yeast, 6g citric acid, 5g
sodium benzoate and 242 g wheat bran. For ‘on-tet’ rearing,
this diet was supplemented with tetracycline hydrochloride to
a final concentration of 100 pg ml ™.

(e) Tests for longevity

Longevity tests were performed at 21°C and RH 50% in six repli-
cate plastic cages (9 x 9 x 9 cm), each containing 30 males and
30 females of the same genotype (1 insect/8.1 cm> cage surface).
Three of the cages were randomly assigned to a stress test of no
food and no water. This was done to assess relative measures of
nutrient reserves available at eclosion, an important indicator of
potential longevity under release conditions. The remaining
cages had an ad libitum supply of food and water. Cages were
monitored on a daily basis; dead adults were removed and
sexed, until all flies were dead, in line with FAO/IAEA /USDA
guidelines [40].

(f) Lifetime female fertility and egg hatching rates
From the non-stressed cages described above, eggs were collected
over 24-h periods and counted under a dissecting microscope. The
egg samples were then incubated on wet Whatman filter paper
(Fisher Scientific) and sealed into a Petri dish with parafilm (200
eggs per Petri dish, 600 eggs per line in total). Seventy-two
hours after egg collection, Petri dishes were unsealed and exam-
ined under a dissection microscope in order to count the number
of empty versus unhatched egg casings.

(g) Adult eclosion rates

Three hundred pupae from each line were kept singly and mon-
itored for eclosion. Adults were checked for sex and visible
deformity before recording. Uneclosed or partially eclosed
pupae casings were counted and then discarded.

(h) Mating competition and remating tests

Competitive mating tests, in which the OX3864A and OX3647Q
strains competed against wt males for access to wt females, were
carried out according to FAO/IAEA/USDA guidelines [40].
Adult OX3864A, 0OX3647Q and TOLIMAN wt were obtained
from larvae reared ‘off-tet’ at low density (1 larva/05g
medium). Field cages (1.25 m tall with a base of 0.5 m?) were con-
structed inside a greenhouse at the Zoology Department, Oxford
University (Oxford, UK), with small orange trees (approx. 1 m in
height) placed inside. Experiments took place during August (sun-
rise 06.00) using natural light and a stable temperature and
humidity (25°C, 50% RH). Thirty males from either OX3864A or
0OX3647Q were placed together with 30 wt males at 06.30, and
30 females were introduced 30 min later.

The basic sequence of courtship and copulation is well
characterized in the medfly and follows a distinct sequence of
male behaviour patterns, consisting of ‘pheromone calling’” and
rapid wing vibrations [41]. After courting, the male will leap
onto the female and if successful intromission occurs, the pair
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will generally remain still for the duration of copulation, typi-
cally 90-195 min [42]. Mating pairs were removed from cages
following intromission, and carefully introduced into horizon-
tally placed 1.5-ml eppendorfs. Copulation initiation time was
recorded and copulations were scored as successful only if the
pair mated for more than 30 min after transfer to the eppendorf.
Short copulations (less than 15 min) were eliminated from the
data as they often fail to result in sperm transfer [42]. The
mating experiments ended 9 h after initiation (16.00) or when-
ever all females had copulated, whichever was sooner. The
identity of the mating males was determined by scoring for the
presence of the DsRed?2 fluorescent marker under a fluorescence
microscope. Tests were performed with 10 replicates for each
line; 167 and 237 couples were assessed for OX3864A and
OX3647Q, respectively.

To test the ability of males to induce refractoriness to remat-
ing in females, we separated the mated females into two groups
of 40 based on their initial mating choice (wt or fsRIDL male)
then re-exposed them to equal numbers of wt and fsRIDL
males on the following day. This process was repeated with
the OX3647Q experiment and run for 3 days, with cages scored
for matings for 9 h daily. Mating pairs were removed during
mating as described above and the males again genotyped by
screening fluorescence. For mating competitiveness tests with
wild-derived flies, pupae were recovered from infested oranges
gathered from insecticide-free orchards in Heraklion province,
Crete. Wild-derived adults were separated by sex immediately
after eclosion and left at 25°C, 50% RH for 10-13 days to reach
sexual maturity. All flies were allowed to adjust to natural light
and temperature conditions of the glasshouse for a minimum
of 24 h prior to the start of the experiment. Experiments began
1 h after sunrise and lasted for a minimum of 9 h. Mating tests
were performed in greenhouse facilities at the University of
Crete. OX3864A mating competition tests were performed in
seven replicates with 89 pairs assessed.

(i) Caged suppression of stable wild-type populations
Stable populations of wt medfly were established in four large
field cages with two cages chosen at random to be ‘treatment’
cages into which, in addition to the normal number of pupae
added to the cages, approximately 1500 RIDL males per week
were released. This protocol was based on that of Valdez et al.
[30]. The greenhouse-based field cages measured 8 m® and
were housed at the University of Crete, Heraklion, using natural
light and a stable temperature and humidity (ca 25°C, 50% RH).
Each cage contained a 1.5m high lemon tree, three food and
water sources and two oviposition pots filled with deionized
water (emptied daily), each with two 40 cm? egg laying surfaces.

Wt populations were established over an eight week period by
introducing a fixed number of pupae to each cage per week (200 in
week 1, 300 in week 2, 180 in week 3 and 230 thereafter in weeks
4-8). Pupal additions for the first four weeks originated from a
wt stock colony; thereafter all pupal additions were from eggs
caught in the oviposition pots and reared in the laboratory at
low density (1 larva/0.5 g medium) before re-introduction to
field cages as pupae. Egg numbers were counted daily from the
oviposition pots, while adult numbers were calculated weekly
(electronic supplementary material, table S1).

At week 7, cages were randomly divided into treatment or
control. From week 8 onwards, RIDL treatment cages received
weekly additions of 1700 OX3864A pupae reared off-tet (result-
ing in the addition of approx. 1500 adult males per week). This
gave an initial ratio of approximately 7 OX3864A males to 1 wt
male in week 8, based on estimates of cage populations (1500
males released into cages with an approximate population of
220 wt males) and a weekly recruitment ratio of roughly 15:1
(OX3864A to wt males). Once OX3864A introductions began,

the pupal return to a treatment cage was made proportional to
its rate of pupae production, with the control cages providing a
stable weekly pupal return coefficient for this calculation. For
example, in week 16 the mean number of pupae recovered
from the control cages was 300. Because returns to the control
cages were set at a constant 230 per week, the number of
pupae to return to all cages, out of all of those which developed,
was set by a coefficient of (230/300 = 0.76). Also in week 16, one
of the treatment cages produced a total of 126 pupae. The
number of pupae that were returned to this cage (using the coef-
ficient) was therefore 96 (126 x 0.76). This methodology allowed
for a dynamic pupal return that was dependent on egg pro-
duction and pupal survival and reflected the number of eggs
laid and the action of RIDL on female larval survival.

(j) Statistical analysis

Longevity was compared using Cox’s model of Proportional
Hazards. Comparisons of fecundity and fertility were made
using repeated measures ANOVA analysis on (i) total daily egg
production per cage, (ii) the estimated mean daily egg pro-
duction per female and (iii) egg-first instar larva hatch rate. A
Greenhouse—Geiger correction was used for egg production
per female, to correct for violations of sphericity in the repeated
measures design. Comparisons of the eclosion rates and male
proportions among lines were made using ANOVA with a
Tukey HSD post hoc test. For repeated measures analyses, pair-
wise comparisons were made following Bonferroni correction.
Net reproductive rate per female (Ry) and average generation
time (G) (spanning the peak of female fertility from one gener-
ation to the next) were calculated. From these estimates, an
index of fitness (r) value for comparison of the potential popu-
lation growth rate of each line was calculated by adapting the
Euler equation [43]. Pairwise comparisons of each relative steri-
lity index (RSI) to wild-derived or wt flies were performed
using t-tests. Proportions were first arcsine transformed for
analysis. Comparisons of remating rates were performed using
Fisher’s exact tests. The Cox’s Proportional Hazards model was
run in R [44], all other tests were performed using SPSSv14
(SPSS Inc., Chicago, IL, USA).

3. Results
(a) Strain development

Repressible female-specific lethality was achieved by introduc-
tion of alternatively spliced, sex-specific introns from the
medfly and the peach fruit fly transformer genes (Cctra and
Bztra) in the tTA open reading frame [28]. Only females produce
functional tTA, and this initiates a lethal tTA positive feed-
back loop in the absence of tetracycline (figure 1a) [28]. This
mechanism functions as both the pre-release genetic sexing
and post-release population suppression mechanism. The
OX3864A and OX3647Q) strains developed and tested here con-
tained potentially significant improvements over previous
fsRIDL strains. These include double tetO/tTA autoloops
with two separate fra introns in the open reading frames,
and DsRed2 fluorescent markers for ease of identification
(figure 1b,c) [25,28]. tsl is the genetic sexing strain T(Y;5)101
called also Vienna-8 (without the pericentric inversion D53),
introgressed into the TOLIMAN wt [35].

Forty-nine Gy adults were obtained for OX3864 (a survi-
val rate of 21%), and 950 for OX3647 (35% survival).
Backcrossing to wt flies yielded multiple transgenic lines
(electronic supplementary material, table S2). OX3864A and
0OX3647Q were selected for further development as they
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Figure 1. Life-history traits of fsRIDL strain flies, visualization of RIDL transformation marker and RIDL construct details. (a) Key elements of transgenic constructs:
0X3864 and 0X3647 use a tet0—tTA positive feedback system to give tetracycline-repressible lethality [26,31], rendered female-specific by addition of two sex-
specific alternative splicing introns from two different tephritid species (to avoid repetitive genetic elements and the risk of recombination): Bactrocera zonata, BzTra
(GenBank accession: Banklt1696174 BzTra KJ397268), and Ceratitis capitata, CcTra [28]. Only females produce splice variants encoding functional tTA protein. 0X3864
and 0X3647 differ in the promoter used for DsRed2. 0X3864 used HR5 IE1, whereas 0X3647 used polyubiquitin. (b) DsRed2 fluorescence renders the RIDL males
(middle, 0X3647Q; right, 0X3864A) easily and reliably distinguishable from wt (left). (c) Same adults as in panel (b), under white light. (d) Survival under stress test
conditions, i.e. without food or water post-eclosion. Adult male and female survival data are combined (n = 180). (e) Survival under non-stressed conditions of ad
libitum food and water (n = 180), 0X3647Q showed significantly reduced survival relative to wt. (f) Female lifetime egg productivity: average production from three
cages of 30 females over three weeks. Wt lines produced more eggs than the other three lines; 0X3864A produced more eggs than ts/ and 0X3647Q. (g) Individual female
lifetime fecundity: no difference between the strains in the average number of eggs laid per female. (h) Hatching rates of eggs laid by the females in panel (g). s/ and
0X3647Q had reduced egg hatch rates relative to wt, 0X3864A did not differ from wt. All values are mean (+s.e.) unless otherwise stated.
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displayed complete penetrance, full repressibility, pre-pupal
female lethality and excellent fluorescence (table 1). After the
initial transformations, the ends of the piggyBac transposable
elements were removed from the new strains via crossing to
strain OX3133, which provides a source of transposase, follow-
ing the method described by Dafa’alla et al. [45] (electronic
supplementary material, figure S1). Homozygous lines of
each strain were subsequently derived by inbreeding, with con-
firmation by PCR. Flanking sequences for each insertion site in
these two strains are provided in the electronic supplementary
material, figure S1, and the chromosomal insertion site of the
OX3864 construct in line OX3864A is shown in the electronic
supplementary material, figure S2. Insecticide bioassays were
conducted (electronic supplementary material, table S3) in
order to determine the resistance status of the OX3864A line.
We know of no reason for thinking that the transgene might
affect insecticide susceptibility, however we considered it
important to assess insecticide susceptibility of the strains to
minimize the risk that release might introgress insecticide
resistance into wild populations.

(b) Longevity

Flies held under the stress conditions had significantly reduced
lifespans compared with those provided with food and water
(log rank test x? = 1307, p <0.001). All stressed flies were
dead within 6 days (figure 1d). In the non-stressed cages sup-
plied with food and water, there were significant effects on
survival of strain genotype (i.e. RIDL versus wt and fsl;
X2 = 15.6, p < 0.001; figure le). Sex had no significant effect
on longevity (x3 = 0.17, p = 0.68) and therefore the survival
data for both sexes were combined. Under stress conditions,
0OX3647Q showed significantly higher survival in both sexes
in comparison to the wt (means + s.e.: wt = 4.1 days + 0.054;
0OX3647Q = 4.38 days + 0.066; Cox’s proportional hazards:
z= —2.1, p=0.035). However, the pattern under full food,
non-stressed conditions was reversed (wt = 18.9 days + 0.52;
0OX3647Q = 13.7 days + 0.53; z=5.92, p < 0.01). There was
no significant difference in the average lifespan of OX3864A
and tsl flies in comparison to the wt for either the stressed or
non-stressed treatments (stressed treatment: OX3864A = 4.13
days + 0.055; z=0.59, p =0.55, tsl =4.13 days + 0.064; z =
0.53, p = 0.33; full food, non-stressed treatment: OX3864A =
17.2 days + 0.53; z=1.13, p=0.26, tsl=17.0 days + 0.52;
z=0.7,p=0.49).

(c) Lifetime female fecundity

Per-cage daily egg production from the non-stressed cages
declined significantly over time (repeated measures ANOVA:
Fi6120=253.04, p <0.001) and there was also a significant
effect of strain genotype (Fyg129 = 5.19, p = 0.008). Pairwise
comparisons with a Bonferroni correction revealed that signifi-
cantly fewer eggs were produced over the lifetime for both
RIDL and tsl lines in comparison to the wt (wt mean life-
time egg production = 4315 + 48.51; OX3864A = 3470 + 226,
p <0.014; OX3647Q = 2593 + 147, p <0.001; tsl = 2465+
93.29, p < 0.001). OX3647Q and tsl strains also produced sig-
nificantly fewer eggs than OX3864A (OX3647Q versus wt,
p < 0.001; tsl versus wt, p = 0.005, figure 1f).

By recording daily mortality, it was also possible to esti-
mate age-specific egg production per female. Consistent with
the above, this showed that fecundity declined significan-
tly with time (repeated measures ANOVA: F; 15, = 131.85,

Table 1. Repressibility and penetrance of the female lethality phenotype of 0X3864A and 0X3647Q on tetracycline and non-tetracycline food. Heterozygous males of each fsRIDL strain were crossed to virgin wt females, with the

resulting progeny being reared either ‘on-tet’ or ‘off-tet’. Progeny were scored for sex and fluorescence. There was an equal survival ratio when raised ‘on-tet’, but no transgenic female survivors ‘off-tet’. The ratio of fluorescent to non-

fluorescent pupae ‘off-tet’ indicates that constructs induced female lethality at a pre-pupal stage. 0X3864A and 0X3647Q are independent transgene insertions (electronic supplementary material, figure S1), showing Mendelian

inheritance consistent with a single autosomal insertion.
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p < 0.001). However, there was no significant effect of geno-
type on this decline (F5715.=2.19, p=0.104, figure 1g).
Supporting this, a one-way ANOVA on the number of eggs
laid at peak fecundity (day 10) also revealed no signifi-
cant differences in egg laying per female between the lines
(F35=0.029, p = 0.97).

(d) Egg hatching rates

There was a significant effect of age on egg hatching rates
(repeated measures ANOVA Fs49=207.3, p<0.001), as
well as a significant effect of strain genotype (Fys549 = 4.52,
p < 0.001, figure 1h). Pairwise comparisons with a Bonferroni
correction showed that OX3647Q and tsl, but not OX3864A,
had mean percentage egg hatching rates that were signifi-
cantly lower than the wt (wt = 89.56% =+ 0.84; OX3647Q =
79.11% + 0.84, p <0.001; tsI=78.33% +0.84, p <0.001;
OX3864A = 87.11% + 0.84, p = 0.247).

(e) Adult eclosion rates

There was also a significant difference in adult eclosion rates
between lines (ANOVA: F3;9=9.89, p <0.001). A Tukey
HSD post hoc test revealed that this was mostly attributable
to a significantly lower adult eclosion rate in OX3647Q in
comparison to wt (wt=86.1% + 0.69; OX3647Q = 75.7% +
243, p<0.01;, OX3864A =847%+091, p=0.9; ftsl=
81.2% + 1.04, p =0.25). There was a significant effect of
strain genotype on adult sex ratio (Fz19=5.06, p = 0.036),
attributable to a difference in the sex ratio of males to females
in OX3647Q but not in the other lines (Tukey HSD post hoc
tests: wt=47%+ 1.8, OX3647Q=54%+1, p=0.035;
OX3864A = 55% + 2.3, p = 0.055; tsl = 50% + 1.5, p = 0.83).

(f) Fitness indices

From the individual life-history components, Ry and G were
calculated (electronic supplementary material, table S4), and
from these estimates an index of fitness (r) per female was
then derived. The r value for the wt was 0.195, which equates
to each female contributing on average 0.195 females per day
to the next generation. The other lines had lower fitness indi-
ces (OX3864A: r = 0.187, OX3647Q: r = 0.176, tsl: r = 0.165).

(g) Mating competitiveness of 0X3864A and 0X3647
males with wild-type TOLIMAN flies

We used the RSI as a measure of male sexual competitiveness
[46]. RSI ranges between 0 and 1. A RSI of 1 would represent
100% of matings by transgenic males, a value of 0 would rep-
resent 100% female mating with wt and 0.5 equal numbers
with each [40]. The results showed that neither transgenic
strain showed a significant reduction in competitiveness relative
to wt males (t-test: OX3864A: RSI 0.46 + 0.08, t;g= —2.09,
OX3864A mated males 1 =77, wt mated males n =90, p =
0.05; OX3647Q: RSI 0.47 + 0.09, t15 = —1.72, OX3647Q mated
males nn = 112, wt mated males n = 125, p = 0.1).

We saw no differences in female remating frequency
between females initially mated with wt or fsRIDL males
(Fisher’s exact test: OX3864A: )(% =0.82, n=40, p=0.775;
seven females first mated to OX3864A males remated, eight
females first mated to wt males remated; OX3647Q: )(% =0,
n=40, p=1, 12 females first mated to OX3647Q males
remated and 12 females first mated to wt males remated).

For those females that did remate when first mated to a RIDL n

male, no male genotype was preferred (OX3864A: x? = 0.58,
p = 0.4 (females that first mated with OX3864A then remated
with wt n =3, remated with OX3864A n =4; females that
first mated with wt then remated with wt n =15, remated
with OX3864A n = 3); OX3647Q: X% =0.17, p= 0.5 (females
that first mated with OX3647Q then remated with wt n =6,
remated with OX3647Q n = 6, females that first mated with
wt then remated with wt n = 7, remated with OX3647Q n = 5).

(h) Mating competitiveness of 0X3864A males

with wild-derived medfly
The mean RSI value of the OX3864A flies when mating with
wild-derived medfly from Crete was 0.45 + 0.13 (f-test:
ti,= —0.9, n=289, p=0.38), which gave no evidence for a
difference in mating competitiveness between OX3864A
and wild-derived males.

(i) Suppression of stable caged populations of wild-
type medfly using 0X3864A

Dramatic decreases in weekly egg production were observed
seven weeks post-RIDL release (PR) in treatment cages, com-
pared with a continued stable rate of egg production in
control cages (figure 2a). This was due to the proportion of
returned progeny carrying the OX3864A transgene increasing
in treatment cages, resulting in a rapid decline in the female
population (figure 2b). Transgene frequency in the treatment
cage populations was monitored by screening the returning
pupae (chosen from all the pupae produced at random)
for the presence of the DsRed?2 fluorescent marker. The fre-
quency of the transgene in the returning progeny of the
treatment cages was at 100% by week 8 PR (figure 2c), with
both cages considered extinct by week 14 PR (extinction
defined as zero egg production for two consecutive weeks).

4. Discussion

In this study, we investigated the OX3864A and OX3647Q
homozygous fsRIDL lines of the medfly. Both lines had
higher fitness than the classic genetic sexing strain Vienna-
8, but equal mating competitiveness with the wt TOLIMAN
strain from which they were derived. In addition, OX3864A
displayed equal mating competitiveness with wild-derived
males and proved capable of population suppression in
proof-of-principle cage trials. By comparison at each stage
with wt and fsl, it was possible to investigate any impacts
on performance that arose during strain development.

The lack of a strong effect on female survival in the trans-
genic strains is important as it implies no adverse ‘leaky
expression’ of the female-lethal insert at the adult stage. While
all the non-wild-type strains displayed reduced egg production
over the course of their lifetime when compared with the wt, the
magnitude of this effect was greatest for the OX3647Q and tsl
strains, which were significantly less fecund than OX3864A.
However, analysis of age-specific egg production showed no
significant differences between any of the strains, indicating
that differences in egg production over the lifetime of the
cages were due to minor differences in adult female survival
rates not previously detected. Pupal to adult eclosion rates
did not differ significantly between wt, OX3864A or tsl.
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Figure 2. Changing medfly population dynamics through introduction of 0X3864A males into large cages of stable wild-type medfly populations. (a) Average daily egg
production for each week in treatment and control cages. Weeks 0—8 constituted the population stabilization period (230 pupae added each week). Introductions of 1700
(0X3864A pupae into each treatment cage commenced from week 8 onwards, in addition pupal return to each treatment cage was made proportional to the control cages.
Six weeks after 0X3864A male introductions, there was a clear reduction in egg production in the treatment cages compared with the control cages, continuing until
eventual extinction of the wild-type population in both treatment cages (as assessed by two weeks of no egg production) by week 22 (14 weeks post initial RIDL release).
The dotted line denotes the average weekly daytime temperature (Celsius) taken from daily midday temperature readings. (b) Numbers of females in treatment and control
cages. () Proportion of progeny returned to each of the treatment cages from the oviposition traps displaying the DsRed2 fluorescent phenotype. Percentage of returning
pupae carrying a copy of the 0X3864A transgene reached 100% in both treatment cages by week 17 (11 weeks post-RIDL release).

However, there was a significant reduction in overall eclosion
along with a decreased proportion of female eclosion in
OX3647Q. This could indicate incomplete suppression of the
fsRIDL transgene at this stage.

Mating competitiveness of both transgenic strains was high,
neither strain was significantly different from the wt and there
was no evidence for negative impacts of transgenesis as
measured by this important parameter. In addition, we found
no impairment in the ability of transgenic males to induce

female refractoriness to remating. By contrast, previous
work has shown that female remating is significantly higher
following matings to irradiated (as in SIT) as compared with
non-irradiated males [21]. Overcoming this deleterious effect by
use of an fsRIDL strain represents a significant improvement.
Those negative effects as were observed (e.g. minor
decreases in adult longevity and egg hatching rates) could
arise from the presence of the transgene, potentially from inser-
tion effects, but could also be due to inbreeding during
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the construction of the strain [47,48]. Further work could poten-
tially improve the fsRIDL system used here, for example by
backcrossing strains to the wt genetic background. This
would counter any deleterious effects of inbreeding relative
to the wt strain but would not eliminate costs due to the inser-
tion itself. The latter can instead be reduced by the creation and
comparison of multiple transgenic lines, as in this study.

Lethality in the OX3864A strain occurs during late larval
development. Lethality acting earlier in the life cycle, as has
recently been shown in medfly [49] and Anastrepha suspensa
[50], could be beneficial for control. Such early-acting lethality
might reduce factory production costs, as all Iarvae in the release
generation are male and there are no superfluous female larvae
competing for food. However, the first and second instar larvae
are much smaller relative to the last instar and consume only a
small fraction of the total diet required to produce an adult, pro-
ducing a minimal effect on rearing costs. The stage at which
female killing occurs should also have little impact on the poten-
tial for fruit damage and efficacy of control. In all sterile-male
strategies, including fsRIDL, wild females mating a released
‘sterile’ male still oviposit in fruit, producing ‘sting” damage
which may allow microbial infection. All sterile-male systems
aim rather to provide long-term control and damage reduction
by reducing the number of females in subsequent generations.
Our results show that the fsRIDL system tested has excellent
characteristics for this purpose.

The key finding was that both fsRIDL strains tested here
showed good competitiveness in life-history tests in comparison
to fsl. Rearing strains at higher temperatures (not permissive to
tsl) is predicted to further increase r (fitness measured as popu-
lation growth rates) through a reduction in the generation time
(electronic supplementary material, table S4). OX3864A in par-
ticular compared well with the TOLIMAN wt and was selected
for the next phase of assessment.

There was no evidence for a difference in mating competi-
tiveness between OX3864A and wild-derived medfly under
caged conditions. In these experiments, this strain displayed
better mating competitiveness (RSI 0.45 + 0.13) than recorded
with traditional genetic sexing strains such as the tsl line
Vienna-8 (RSI ca 0.3 [51]), and far exceeded the minimum pro-
posed RSI for viable SIT strains in tephritids (0.2 [40]).
However, larger scale field trials of mating competitiveness
are needed to confirm this for release programmes.

Importantly, we have shown that weekly releases of
OX3864A males caused rapid, replicated population collapse
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