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1. Yo, Luz Clemencia DE PAEZ, en mi condicién de apoderada de la sociedad solicitante

de la patente de la referencia, me refiero al oficio No. 17287 notificado por fijacién en lista

del 02 de octubre de 2012.

2. Mediante oficio No. 17287 se puso en conocimiento del solicitante el informe que

contiene las observaciones hechas por su Despacho sobre la presente solicitud de

patente. Las observaciones realizadas en el oficio son las siguientes:
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2.1 Excepcién a la patentabilidad

El objeto de las reivindicaciones 1 a 28 es una planta floricultural que no se

considera patentable de acuerdo con el articulo 20 literal c).

2.2 De la solicitud de patente

2.2.1 Descripcion :

La descripcidon no presenta informacién suficiente para reproducir la invencié:n

porque: :
- No revela elementos promotores para obtener la expresion en la capa L1.
- No es claro como se obtiene la transformacion especifica en los tejidos de la capa

L1 y que no se expresan en la capa L2 (células germinales).
2.2.2 Reivindicaciones

De manera resumida el Examinador ha expuesto lo siguiente:
e El término planta floricultural no es claro.
e Los meétodos reclamados en las reivindicaciones 29 y30 son caracterizados a partir

de los resultados a alcanzar.

2.3 Analisis de patentabilidad

2.3.1 Novedad ;
| |

Para la evaluacién de este requerimiento se emplean los documentos D1:
|

WO02004020637, y D2: W0O2005017147. ElI Examinador afirma que la reivindicacion 29

carece de novedad a la luz de las ensefianzas de los mencionados documentos.




2.3.2 Nivel Inventivo

|
|
|
|
|

|

Para la evaluacién de este requerimiento se emplean los documentos Di1:
WO02004020637 y D3: T. Schmilling, J. Schell. Plant Molecular Biology 21: 705-708.
El Examinador afirma que la reivindicacién 30 carece de nivel inventivo teniendo en
cuenta la combinacién de ensefianzas de D1 y D3 o de los documentos D1y D2. r‘
)

3. Respuesta a las objeciones f

De este modo y con el objeto de atender las objeciones arriba mencionadas, se

desea presentar las siguientes modificaciones, aclaraciones y argumentos:

3.1 Modificacion de una soliéitud en tramite

De acuerdo con el articulo 34 de la Decisién 486 de la Comision della
~ Comunidad Andina, donde se establece que la modificacién de una solicitud es posible en
cualquier momento del tramite mientras no implique una ampliacién de la solicitud inicial,

me permito presentar un nuevo pliego reivindicatorio conformado por 6 reivindicaciones:
Especificamente, las modificaciones realizadas al capitulo reivindicatorio son:

e Se han eliminado las antiguas reivindicaciones 1 a 28 y 30.

e Se ha reemplazado el término “planta floricultural” por el término “rosal’ en la

nueva reivindicacién 1.
e La nueva reivindicacion 1 (Antigua reivindicacion 29) se ha modificado de acue{do

a las observaciones hechas por el Examinador.

Respecto a la excepcion de patentabilidad del capitulo reivindicatorio, se supera

la objecion con la eliminacion de las reivindicaciones 1 a 28.




Respecto a la objecion hecha a la descripcion, el solicitante considera quelila
figura 3 muestra la estructura del vector binario pSPB130 el cual contiene una variante del
promotor 35S del virus del mosaico de la coliflor, es decir, E2-358 en el cual dos regiones
potenciadoras se ligan. Adicionalmente, una persona normalmente versada en la mate!ria
logra entender qué promotor puede ser usado refiriéndose al ejemplo 2 de la descripciPn
de la presente solicitud. Por otro lado, tal y como se establece en la argumentacion de
novedad, el método instantdneo para producir una planta de rosa que contiene un glen
extrafio en las células en la capa L1, pero no en las células de polen ni en las células
ovulares, esta caracterizado porque comprende la etapa de seleccion de una planta de
rosa que contiene el gen extrafio en las células de la capa L1, pero no en las células lde

polen ni en las células ovulares.

}

Asi entonces, consideramos que las modificaciones efectuadas son suficientes

para aclarar la materia reivindicada de manera faciimente comprensible y las mismas
., . i

deben tenerse por sustentadas en la descripcion, de acuerdo con el conocimiento de una

persona medianamente versada en la materia.

Por lo anterior, es posible establecer que el pliego reivindicatorio define

claramente el método para la produccion de una planta de rosa modificada.

En consecuencia, se han atendido las recomendaciones del Examinador con
respecto a las objeciones de claridad, excepcion y descripcion de la solicitud. Por lo tarllto,
se solicita atentamente tener en cuenta este nuevo pliego reivindicatorio para el analisis

de patentabilidad de la solicitud.

3.2 Argumentos a favor de la patentabilidad de la presente solicitud

3.2.1 Novedad

Siguiendo los lineamientos establecidos para el andlisis de novedad, es posible
establecer que una anterioridad afecta la novedad de una solicitud cuando revela todas y
t

cada una de las caracteristicas técnicas del producto. ;
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El Examinador considera que el documento citado D1, es una anterioridad que

afecta la novedad de la presente invencion. Respetuosamente manifestamos nuestro

desacuerdo por las razones mencionadas a continuacion:

La nueva reivindicacion 1 ahora incluye la caracteristica técnica esencial "/a}
etapa de seleccion de una planta de rosa que contiene el gen extrafio en las células que
comprenden la capa L1, pero no en las células de polen ni en las células ovulares” A
pesar de que D1 y D2 describen que el gen puede ser exclusivamente expresado enf
partes de la planta tales como las flores, tallos, hojas, ninguno de los documentos divulga,!
ensefia o sugiere que es necesario un paso de seleccion. De esta manera, el solicitante;
presenta que la novedad de la invencion reclamada en la nueva reivindicacion 1 no debe:

ser negada con base en los documentos D1 o D2. ;

De acuerdo con los argumentos anteriormente explicados, la nueva
reivindicaciéon independiente 1 es novedosa sobre el estado de la técnica. Como
consecuencia de lo anterior, las reivindicaciones dependientes 2-6 son también
novedosas en virtud de su dependencia.

3.2.2 Nivel inventivo

Con el fin de demostrar que la presente solicitud cumple con el requerimiento de

nivel inventivo, se pone de presente lo siguiente:

El articulo 18 de la Decision 486 sefiala lo siguiente:

“Articulo 18. - Se considerara que una invencion tiene nivel inventivo, si para una
persona del oficio normalmente versada en la materia técnica correspondiente, esa
invencion no hubiese resultado obvia ni se hubiese derivado de manera evidente del

estado de la técnica’.




Consecuentemente, una invencién se considerara inventiva si la misma no
hubiese resultado obvia a partir del arte previo, para una persona del oficio normalmente
versada en la materia. Esto a su vez implica que el Examinador a cargo de esta
evaluacion debe colocarse en el momento exacto en que el inventor buscaba resolver el
problema tecnico contemplado en la solicitud y para el cual poseia la literaturaly el

conocimiento disponibles en dicho momento.
!

Siguiendo entonces los lineamientos de la Jurisprudencia aplicable al analisis del
nivel inventivo de una solicitud de patente, se considera que una anterioridad o una
combinacion de dos anterioridades puede afectar dicho requerimiento de patentabilid:ad, si
una persona medianamente versada en la materia encuentra ensefianzas o sugereﬁcias ‘
claras que, a partir de un conocimiento medio en dicho campo, le permitan Ileg'ar de
manera obvia a la invencion reivindicada. f

Respecto a la objecion del nivel inventivo de la reivindicacion 30, ésta es
superada con la eliminacién de dicha reivindicacion. Por lo tanto, los argumentos

presentados a continuacién se refieren al nivel inventivo de la nueva reivindicacion 1!

En primer lugar, Schmuelling (D3) divulga la transformacién quimérica mediada

por Agrobacterium en una planta transgénica periclinal de tabaco.

Es conocido que la probabilidad de generar quimeras es generalmente baja y es
esperado que el efecto de introducir un gen en una cierta planta, e‘!n las
caracteristicas que ésta expresa, puede variar dependiendo de los tipos de genes
y plantas que se utilicen. Por estas razones, se requiere que el método reclamadfb enla
nueva reivindicacion 1 de la presente solicitud incluya, como caracteristica esencia'l de la
invencion, “la etapa de seleccion de una planta de rosa que contiene el gen extréaﬁo en
las células que comprenden la capa L1, pero no en las células de polen ni en las 'células

ovulares”.
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Para demostrar lo anterior se anexa el documento Oono et al., Plant Cell Ph}:/siol,
34 (5) : 745-752 (1993), el cual fue citado como el documento 8 en el reporte de bUsqdeda

internacional, que describe:

‘Aln no hemos establecido condiciones estandar para la produccién de
quimeras transgénicas periclinales. Las condiciones, tales como la
concentracion y la duracién de la aplicacion de antibiéticos, para la selecciéon de
plantas transgénicas, deben ser estandarizadas. La produccion de quimeras
transgénicas abrira un nuevo camino para el progreso de la biologia

desarrolladora de plantas” (Pagina 751, columna derecha, lineas 28-34).

A partir de esta descripcion, es claro que considerando cada una de las especies de
plantas usadas y cada una de las variedades de especies, el estudio detallado y el ensayo
y error requeriria no sélo un método especifico para la transformacién sino también un
método para la produccién de quimeras. Dado que una rosa difiere de las otras espegcies,
y la ocurrencia de una quimera periclinal en una rosa requeriria un delicado proceso
biolégico, una persona medianamente versada en la materia no tendria una expectativa
razonable de éxito al producir una rosa que contiene un gen extrafio especifico en las

células de la capa L1, pero no en las células de polen ni en las células ovulares.

1
Bl
&

Tal y como se indicd anteriormente, Schmililling (D3) revela la produccién deiuna :
quimera periclinal de planta de tabaco usando Agrobacterium, y los métodos para
investigar quimeras periclinales para capas transformadas y no transformadas.i D3
tambien describe que la capa L2 dan lugar a gametos, que Unicamente la capa L3| fue
transformada y por lo tanto, un gen extrafio esta presente en la capa L3 pero no én la
capa L2, y que la invasidn celular de células transgénicas L3 a la capa no transformada
L2 puede haber ocurrido (Pagina 707, parrafo que culmina la columna izquierda y
columna derecha). Asi, la persona versada en la materia, buscando una planta donde
Unicamente una parte de las células, y otra parte no (especialmente las células de la capa
L2), contenga un gen extrafio con el fin de evitar la dispersion del gen extrafio al medio

ambiente, al contrario, se habria abstenido de aplicar el método divulgado en D3, ya que

|
1
3
i
!
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puede ocurrir una invasion no deseada de células transformadas a la capa L2 con este

método.

De igual forma, tal y como se mencioné anteriormente, la probabilidad de generar
quimeras es generalmente baja, y es esperado que el efecto de introducir un gen en‘l una
cierta planta en las caracteristicas que ésta expresa puede variar dependiendo d? los
tipos de genes y plantas que se utilicen. En consecuencia, incluso si D1 y D2 desc[riben
que el gen puede ser expresado exclusivamente en partes de la planta tales como flbres,
tallos, hojas, una persona versada en el arte no podria faciimente haber concebido la:idea
de aplicar las ensefianzas de D1 y D2 a las ensefianzas de D3 para llegar a la invencion
reivindicada en la presente solicitud, la cual comprende , la etapa de seleccion de una
planta de rosa que contiene el gen extraiio en las células que comprenden la bapa
L1, pero no en las células de polen ni en las células ovulares, y donde el gen extrafio
es seleccionado del grupo formado por el gen flavonoide 3' ,5 —hidroxilasa y el gen
transferasa del grupo acilo aromatico. Cabe resaltar, que debido a la presencia de: esta
etapa, el método reclamado en la presente solicitud inevitablemente lleva al éxito, es
decir, que éste contiene todos los pasos relevantes necesarios para llegar directamente a

la invencion reivindicada (sin producir plantas que lleven el transgen en su linea germinal).
4. Conclusion

Con las modificaciones introducidas al pliego reivindicatorio y los argumentos de
novedad y nivel inventivo aca presentados, se superan las objeciones formuladas por el
Examinador en el oficio No. 17287. i'

5. Puesto que se ha dado respuesta a todas las objeciones formuladas gnor el
Examinador, se solicita atentamente proceder al otorgamiento de la solicitud de pa;ltente.
En este sentido, respetuosamente recordamos al Examinador que la patente no poqré ser
negada con base en objeciones diferentes a las expuestas en la accion oficial No. 17287,
toda vez que al no haber sido trasladadas a mi representada, dicha decision violaria tanto
el tenor literal del articulo 45 de la Decision 486 como el derecho constitucional al aebido

|
proceso. De la misma manera, en el evento que como consecuencia del nuevo analisis de

T — e e
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patentabilidad sobre el pliego reivindicatorio modificado, el Examinador llegue a la
conclusion que solamente algunas de las reivindicaciones son patentables,

respetuosamente solicitamos que se proceda al otorgamiento parcial del privilegio.
6. Anexos
¢ Nuevo pliego reivindicatorio conformado por 6 reivindicaciones.

e Formulario de modificaciones en solicitud pendiente. 5
e Documento: Oono et al., Plant Cell Physiol, 34 (5) : 745-752 (1993). ‘

Sefor Director, i
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LUZ CLEMENCIA DE PAEZ

' C.C. 35.456.344 de Usaquén
T.P.A. No. 23.555
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COLO-15218-0841-004-6
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Espacio reservado para el adhesivo de radicacion
i

DIRECCION DE NUEVAS CREACIONES
MODIFICACIONES Y/O CORRECCIONES

1. Identificacion del Tramite

D Error materiai @ Modificacion a una Solicitud en tramite

@ Patente de Invencidn
D Patente de Modelo de Utilidad
D Registro de Disefio industrial .

D Esquema de Trazado de Circuitos Integrados .

2. Datos del solicitante

Persona Natural - D : Persona Juridica

SUNTORY HOLDINGS LIMITED

Nombre o denominacion / Nombre o razén social completa

Nombre representante legal

Tipo de empresa Micro D Pequefia El Mediana D Otra D
Documento de identificacion: DC.C.’ D CE. D NIT D Otro Numero
Nacionalidad/Pais de constitucién | Direccién.y domicilio del titular Ciudad .
Japoén 1-40 Dojimahama 2-chome, Kita-Ku, Osaka §30-8203, | Osaka-shi
Direccion electréﬁica , ’ ' No. Fax Namero telefénico
clientes@cavelier.com , 2118650 34736 11

D Autorizo expresamente a la Superintendencia de Industria y Comercio para que todas las comunicaciones sean enviadas a

través de la direccion de correo electrénico

}

3. Datos del apoderado:

Apellidos y Nombre Documento de identificacion Tarjeta prbfesiopal

De Paez Luz Clemencia C.C. 35.456.344 T.P.A. 23.55|5
Direccién y domicilio Ciudad
Carrera 4 No. 72 -35 Bogota
Direccién electrénica No. Fax Numero telefénicq
cavelier@cavelier.com 2118650 . 347 36 11
En caso de haber presentado poder general para asuntos que se adelanten ante la Delegatura de Propiedad Industrial, sirvase
indicar el nimero de su radicacion o protocolo de poder general

PI02-F17 '!'rl (2012-04-19)
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4. Datos del tramite
Correccion:
Expediente No 09.106.063
Aparece
Debe ser

Modificacion:

E Modificacion al capitulo reivindicatorio.

Presento nuevo capitulo reivindicatorio compuesto por 6 reivindicaciones y pido respetuosamente que
el examen de patentabilidad sea realizado sobre estas nuevas reivindicaciones presentadas.
Respetuosamente manifiesto que a pesar de eliminar materia del pliego reivindicatorio originaimente
presentado, mi representada no renuncia a la proteccién que pueda obtener sobre dicha materia y se
reserva el derecho de presentar una solicitud divisional que la contenga durante el tramite de la
presente solicitud, beneficiandose de la fecha de prioridad inicialmente reivindicada.

D Modificacion al capitulo descriptivo.

E.] Modificacion al resumen.

D Modificacion a los dibujos.

[0  modificacion al solicitante.

5. Anexos

D Poder, si fuere el caso.
EI Documento que contiene las modificaciones o correcciones.

D Copia de la solicitud y sus anexos en formato magnético.

PI02-F17 vr1 (2012-04-19)
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6. Firma

Nombre y_apeyllidos‘

LUZ CLEMENCIA DE PAEZ
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REIVINDICACIONES

1. Un método para producir una planta de rosa que contiene 'un gen
extrafio en las células que comprenden la capa L1, pero no en las células d%e polen
o células ovulares, que comprende las etapas de: |

Introduccién de un gen extrafio dentro de una planta de rosa mediado por
Agrobacterium tumefaciens; y ' :
Seleccion de una planta de rosa que contenga el gen extraﬁo! en las

células que comprenden la capa L1, pero no en las células de polen o:células
|

1

ovulares,
donde el gen extrafio es seleccionado del grupo formado por: el gen

flavonoide 3’ ,5' —hidroxilasa y el gen transferasa del grupo acilo aromatico.

2. El método de acuerdo con la reivindicacién 1, donde el gen extrafio es
seleccionado del grupo formado por el gen flavonoide 3’ |5’ —hidroxilasa, derivado
de una planta que pertenece a la familia de las violetas, y el gen transferasa del
grupo acilo aromatico, derivado de una p.Ianta que pertenece a la familia de la

boca de dragén.

3. El método de acuerdo con la reivindicacion 2, donde la planta que

pertenece a la familia de las violetas es un pensamiento.

4. El método de acuerdo con la reivindicaciéon 2, donde la planta que

pertenece a la familia de la boca de dragdn es una torenia. |

5. El método de acuerdo con cualquiera de las reivindicaciones .1 a 4,
donde la rosa es Rosa hibrida.

6. El método de acuerdo con la reivindicaciéon 5, donde la rosa es rosa

hibrida de té, rosa floribunda o miniatura.

DGA\DGAWD-233355\WPC 17511
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Plant Ceit Physiol. 34(3); 143-752 (1993)
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Effects of the Over-Expression of the rolC Gene on Leaf Development
in Transgenic Periclinal Chimeric Plants -

Yutake Oono*, Takashi Suzuki?, Seiichi Toki'
and Hirofumi Uchimiya’

' Department of Biologicel Scicnce, HokKaldo University, Segporo, 060 Japen
t Departmens of Horticulture, Hokkaido University, Sappore, 060 Jopom
Y Iusirute of Molrcular and Celtidor Biosciences, University of Tokyo. Biumkyo-xu, Tokyo, 113 Japon

Uting Agrob fum faciens harboring a vector that carried the 70/C genc under the
control of the 35S RINA promoter of caulifiower mosaic virus, we produced several ransgenle
piants, Two of than ware poricling! chimeras with altered leaves that hed wrinkled dask green
margins snd inner pale green regions. One chimerie planc had sbortened internodes, reduced api-
o2l dominance, sinall flowess ond exhibited male sterility, but the other had a normal phmow;

Analysis of proteins, RNA and DNA indicsted

that the inner pale green tissues

transformed cells while the cuter dark green tissues were composed of non-transformed cefls.
Histological snalysis indicated that mesophyl cells were distorted snd larger jotercefiular spaces
were present i the transformed pale green regions. Furthermore, in young Icaves, ransformed
mesophyl) cells were larger than non-transformed cells. However, the normal parts had larger
numbers of cells per unit ares than the transformed parts. These observations suggest that the ex-
pression of 335-r0/C in leaves caused Inhibiton of ced} division in developing lcaves and that the

. undulsting margins, composed of noa-transformed cells, were a consequence of the requicement
for accommodauing more cells in less space within the region of roiC-transformed cells.

Key words: Agrobocterium rhizogenes — Cell lineage — Pui:lﬁal chimeray — rofC — Tobacco ~~

Transgenic planis.

Mairy root disease is 8 pathogenic conditien caused by
Agrobocterium rhizogenes, and it is the casult of the expres-
- sion of T-DNA genes of & Ri plasmid that have become
stably integrated into the host plant genome (Chilton et al.
1982). The adventitious roots induced by A. rhizogenes can
proliferate in hormone-free medium, and thar regenerate
into morphologically and physiofogically altered plants
(David et o). 1984, Tepfer L984). Thase regenerated plants
have unusual phenotypes, exhibiting dwarfism, reduced api-
cal dominance in both roots and stems, feduced fenility,
* wrinkled leaves, altered flower morphology, plagiotwropic

"Abbteviations: CaMV 35S promoter, promoler that directs
the produciion of the 358 RNA transcript of caulifiowes masalc
virus; DAP1, ¢'6-dlamidino-2-phenylindole; DTT, dithiathreitol |

. EDTA, abrylenediamieteunacetic acid: 3-ME. 2-muscapios
ethanok; NPT [1, neomycin phosphotansferase 13, PCR, poly-
roerase chain reaction; SDS-PAGE, SDS-polyscrviamide pel clee-
trophoresis; T-DNA, DNA transferred from 2 Ti or Ri plasmid 1o
s plant call, : L

oot growth (alteved geotropism), and reduced production
of polien and seeds. The combinsation of these phonotypes.
desigasted bairy root syndrome, is stably Inherited 10 the
progeny (Tepfer 1984). The best-defined Ri plasmid, the
agropine-type plasmid, has 1wo T-DNAs {TL- and TR-
DNA). while the cucumopins and mannopine type each
commins 3 single T-DNA tha is howologous to TL-DNA.
“These obscrvations, togather with the experimental sesults
obtained from infection experinents, and the sualysis of
DNA from plants from hairy roots, demon-
strats that the TL-DNA is sofficient for induction of hairy
roots and the hairy root syndroms (Vilaine et al. 1987,
Jouanin e¢ al, 1987). Four lodi, designated as rolA. rolB,
rolC, and rolD, sre invelved ia hairy root formation and

" have been idestified in the TL-DNA of the agropinc-type
Ri plasmid pRiAA by transpason mutageacsis (Whiteet al. -

1985). DNA pequence snalysis of TL-DNA has reveslod the
presence of 18 open readiog {ramos {ORFs) and the ro/A,
ralB, #0iC, and rolD Yoci correspond to ORFs 10. 11, 12,
and 15, respectvely (Stightom et al. 1986).
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Although there are many reports about rof gencs, the
srelationship between the functions of the products of rol
gencs and the physiological and morphological changes as-
sociated with hairy root syndrome is still unclear (for
teview, ses Oono et al. 1993). Transgenic tobacco plents
containing only the rofC genc have altered phenotypes,
tuch a5 dwarfism, reduced apical domi altered leaf
and Rower morphology. partial male sterility, early fower-
ing and auionomous proliferation of roots in vitro (Oono
ctal. 1987, 1990, Schmiilling et al, 1988). The expression of
the rolC gene under the regulation of its own promoter is
restricted toalnly 10 phloem tisnucs of dicot and monocot
plants (Sugays et al. 1989, Sugays and Uchimiya 1992,
Schmiilling ct al. 1989, Matsuki et al. 1989). When the pro-
morar of the ro/C gene is replaced by the CaMV 35S pro-
moter, new meorphologieal characteristics, such as pale
green and lanceolate lcaves, are observed (Schmilfing et al.
1989). .

in this communication, we report the production of
periclina) chimesic tobacco plants that consist of non-trans-
formed and traasformed cells possessing the ro/C gene
under the control af the CaMV 355 promaoter.

Materials and Methods

Construction of plasmids—The DNA fragment con-
1aining the coding sequencs of rolC and the 3-Ranking se-
quenee of pRiAS (Slightom et al. 1986) was digested with
Hpa 1 804 EcoR ) and subcloned into the Sme I/EcoR 1 si-
te of pUCI2. Then the #ind I11/BomH | fragment of the
CaMV 35S promoter from pBI2] (Jefferson et o). 1987)
was Inserted at the Alnd 155/BamH | stee of this consteuct.
The resuiting plasmid pUYO? was digested with Hind 1L/
EcoR 1 for {solation of the CaMY 33S-rolC frapruent,
which was introduced into the Hind L[ and EcoR I sites
of the binary vectos Binl9 (Bevan 1984). The rosultng
plasmid pBYO9 was transfessed from Escherichia coli to
A. rumefaciens LBA4404 by triparental mating (Bevan
1984), .

Estadlishment of transformants—Leaves of tobacco
{Nicotleng tadocum cv. Petite Havana SR1) were cut into
square of about 1 cm’ and Infected with the A. twmefaciens
LBA4404 that harbored the biaary plasmid contsining
pBYOP. The infected keaf explants were incubated in
Murashige and Skoog's (1962) medium supplemented with
1 mg Hier™' benzyladcnine and 0.1 mg liter~! NAA (MSNB
mcdium). After two days, explants were transfarred to
MSNB medium that conained 500 mgliter™' Claforan
(Hoechst, Germany). After onc week, explaats were trans-
ferred to the MSNB medium thst contained 100 mg Niter™'
kanamycin sulfare (Meifi Seika, Japan). Alter several
weeks, the greea shoots regenerated frow leaf explants
wete exciscd and placed onto MS medinm without plant
hormoncs, Plants with rools were then tranaferred to soil

and allowed 10 grow o maturity in 2 greenhouse.

Seeds were piated on 0.8 agar medium that contain.
ed MS saks and kansmycin sulfate (300 mg liter™) for
selection of Xanamycin-resistant secdlings. :

Extraction of proteins and immunoblot analysis—
Leaves of the tobacco plants were bomogenized in extrac-
tion buffer [SO mM Tris-HCI (DH 7.5). 0.4 M sucrose. and
0.7% 2-mercapiocthanol] and centrifoged at 3,000 g for
1S min. The supernatants were recenurifuged at 200,000 % g
for 30min o obisin the soluble fraction. All exiraction
procedures were performued at 4°C. Amouals of protein
wege determined by the method of Bradford (1976). Pro.
teins were denatused in electrophoresis sample buffer, sepa-
rated by SDS-PAGE on 8 155 polyactylamide gel. and
transferred 10 an Lmmobilon-P membrane (MILLIPORE,
Japan), Immumodetection of ROIC protein in plant extracts
was performed as reported previously (Oono &t al. 1991)
with the exception of the addigon of 0.1 mg ml™* protein
extracted from a leaf of normal planty to the affinity-puri-
fied andserum against RoIC when membranes were treated
with antiserum. ‘ .

Doi-bios hybridizarion—Total RNA was extracted
from Ieaf tissucs by the rdethod of Logamann e al. (1987).
RNA (1.722) was bloued onto a Hybond™-N+ mem-
drane (Amsersham, Japan) with 0.05 M N2OH and asllowed

to hybridize with the radiogctive prebe. A purified DNA -

fragment corresponding to the rolC.coding region (Cla 1.
Bet 11 fragment) was labeled with [a-"PMATP usiog the
Klcoow large fragment of DNA polymerase ) and & rop-
dom primer. Rybridisation and washing were carried ont
aceording ¢ the protocols provided by Amersham.

Deiection of NPT J]=Leaf tissues wore homogenized
with extracdon buffer [105¢ glycerol, 40 mM EDTA-Na,,
150 aM NaQl, 100 mM NH,C1, 10 mM Tris-HCl (pH 7.5
and 2.0 mgmi~' DTT]. After centrifugation at 3,000x ¢
for 10 min, 10 44 of each supematant fraction wefc ana.
lyzed by cloctrophoresiz on & non-depatwring polyacryl-
amide gel for detection of NPT 11 as desaibed by Scott a
sl (1988).

PCR anolysis—Leal extracts were prepared by the

" method of Bdwards et al, (1991). The 2.5 x4 aliquots of ex-

tracts (Agge=1.0) were added 10 47.5 2] of the reaction mix-
ture for PCR (400 #M each dNTP, 0.2 uM each primer, 2
mM MgCL,, 10 mM Tris-HQ {(pH 8.3), 0 mM KCl and
0.5U ™" of AmpiiTaq DNA polymerase (Perkin Elmes
Cerus, U.S.A.); Gnel concentrations). The synthesized
primers corresponded to tbe 5" and 3 termind of rofC (S-
ATGGCTGMOACOACCTGTOTT—S' and S-TTAGC-
CGATTGCAAACTTGCAC-3; Slightom ct al. 1986) or
psaDb, which encodes PSI-D1 protein (S-TCTAGAATT-
CTATOCAACAAAAATAGCTT: -3 and 5-TCTAGAATT-
CGTGTTAAAGACAATTACA-3; Yamamoto et al. in
preparation). The temperatuse eycle for amplification of
rolC was 94°C for 2 min, 60°C for 2 min, and 72°C for 3
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min, followed by 39 cycles of 94°C for 1 min, 60°C for 2
min, and 72°C for 3 min. The final extension was carried
out at 72°C for 15 min. For psoDb, the aforementioned
reactians at 60°C were conducted at 374,

Histological observations—TLeaf pleces were fixed in
FAA [a mixtore of formaiin, acetic scid, and 70 ethanol,
90 : 5 : 5 (v/v)}. Alter dehydration and clearing with an eth-
ahol/n-butanol series, tissues were embedded in parain.
Sections (10 um) were stained with hematoxytin.

Observation of the density of distribution of leaf cells
and preperation of protoplasts-—The lower epidermis was
removed from pleces of leaves thar included both pale
green and dark green regions, Then these pieces were incu-
bated in enzyme sofution [1.4% Cellulase Onozuka R-10
(Yakuit, Japan), 0.4% Macerozyme R-10 (Yakult) and 0.4
M sucross] for 2 b (for cbservations of the density of distris
bution of leaf cells) or for 3 h (for preparation of proto-
plass). T

Staining with ¢,6-diamidino-2-phenylindole (DAPJ)

«Pieces of leaves from which the Jower epidermis had -

been pecled off were fixed in ethano! and acetic acid {3: 1
{v/v)) for 2h. Aftcr washing in disulled water, the kal
pleces were sinined in NS buffer (Kuroiwa et al. 1981) that
contained 0.5 g ml™' DAP1 for 30 min. The samples were
mounted on glass slides and observed under & Nikon fluo-
rescence microscope (EFD2; Nikan, Japan) in the ulra
violel excitation mode [HBO 100W/2 mercury lamp from
OSRAM (Germoany) at the light source; 330-I80 am excita-
don filier (Nikon), DM40O dichrocic mirror (Nikon) and
BA420 barrier filter (Nikon)).

Results

Production of chirmeric transformants~—~We atismpted
t0 obwin transformed tobacco plants that expressed the
rolC gene under the control of the CaMV 358 promoter.
Agrobecterium-medistcd transformation yielded 21 tobac-
co regencrants. In 13 regenerunts, we noted specific mor-
phologieal changes that ars characteristic of CaMV 35S-

_roiC plants: pale greon snd lanceolate leaves; dramatically

reduced apica! dominance and internodal length; and very
small and malc-sterile Bowers (Schmilling et al. [988).
Six rcgeacrants had wild-type characteristics. The mature
leaves of two remaining plante had unexpected morpholo-
s¥: the paiphery of the leaves was severely wrinkied with

- and was dasker than the central region (Fig. 1a). lrregularly

delincated areas of the darker lissue invaded the eentral
regions of leaves in many cases (Fig.ls, indicated by
asterisk). In younger leavey, this periclinal chimerism was
aot visible (Fig. 13).

Dider b the two 2l regenerants were
also apparent: one showed reduced apical dominance and
internodal length, 25 well as very small and male-sierite

~ flowers, characieristic of 358-ro/C uansformants {(designat.

ed chimera-2; Fig. Ic and 2), whereas the other trans-
formant did not exhibh such morphological alterations in
jts stem and flowers (designated chimers.1; Fig. Ja, Ib, and
2).

Detection of the transgene—FErom the morphotogical
appearance of the transformants, we assumed that the
chimeric plants copsisted of tissues that expressed rofC as
judged by the pale green and lanceoiate [eaves (Sehmiilling
et al. 1969), and tissues that did not. To lnvestigate the ex-
pression of ¢the ro/C in pale green and dark green regions
independently, immunoblot analysis snd RNA dot-blot hy-
bridization analysis were performed. Figure 32 demon-
strates the presence of RolC proicin in the pale green
region of chimera-2. Furthermore, roiC RNA was detected
only in pale green regions bul not in dark green regions
(Fig. 3b). The level of expression of rofC In pale grecn
tegions of chimera-2 was higher than in chimera-). To ex-
amine the expression of the npr I/ geae, which was co.
transfected with the 355-r0(C gene, the actvity of the NPT
Il enzyme was analyzed. Figure 3¢ shows the NPT 1] activ-
fty in extracis of pale green tigsue snd 35S-transformed
leaves. The results of immunobdiot analysis, dot-blot hybrid-
ization and assey of the NPT 11 activity suggested that both
the 35S-roiC and npt [ genes wese inactivated [n or abseat
from the dark green tizsues. To confirm the presence o
absence of rofC gene in these chimeric tissues, PCR amaly-
sis was performed using primers that cotresponded 10 the
§' start cegion and the 3 stop region of the coding sequence
of roiC. Agarose gl clectrophoresls clearly reveaked & band
of approximatcly 540 bp that correspondes (o & fregment

of ro/C in the reaction mixture prepared with DNA from -

pale green tissues or 3SS-rolC transformed leaves as
template (Fig. 4a), The absence of a signal was oot due to
specific inhibithon of the PCR reactios by the extract of
dark green regi because prod of equivalent reac-
tions In each tane could be seen when primers specific for
_psaDb, s nucleus-encoded gene, wese used as controls
(Fig. 4%).

Fistological analysis—The bemztoxylin-stained ¢ross
section of & maturc Jeaf with both pale green and dark
green sectors is shown in Figure 53. The pale green region
has a smafier number of mesophyll cells with palisade cells
1o disarray, as compared with the dark green region.
Plasuds in pale green regions were weakly suained and
enlarged. In young lcaves, the difference between aormal
cells at the leaf edge and the enlarged and disorganized mes-
ophylt cells in the inner region were even cleares (Fig. Sb),
although the chimeric phenotype was not apparent in the
cisc of young leaves (Fig. 13).

Comparison of diameters of mesophyl] protoplests ob-
toined from dark green and pale green tissues—The lower
epldermis was pecled off from ¥ pieces of chimera-] leaves,
and 6 picces of chimera-2 leaves that contained dark and
palc green regions. Then the pale green region and the dark

\b
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Ti. 1 Morphology of chimesic planu and ph p of the b ¥ ragion b paie (P} and a dark green (D) ropion.
(a): Chlmeracl. The young leaves did aot show chimerizm [indicsted by an wrow). The {nvaglon by durk groen tiuucs of cearral regions
of [taves wa often observed (Indicated by an astalsk; the eacised region of this leaf was wied for PCR annbysle). (b); Chimera-1 did not
have shorcoed Imemodes xad redweed spical doinapee, (C)s Chlmere-2 had shortencs [ntcsnodes or reduccd apice] domiwunce, (d):
Boundary region berwern 3 dark and a pale procn region of & piecz of  deal from chimera-1 that had beea trealed with enzyme sohutioa.
(¢): A Bmilar boundary reghon slter xalalng witk DAPT,

w
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Fir. 2 Merphology of Sowers,  Flowers from a non-tranzfor.
mant (1), chimera-] (2), chimers-2 (3), and & I55-r0iC transfor-
mant (4) 2re shown,

(=}
1 2 3 4 ] &
My
30K —
. -
20k —
)]
1 2 3 4 5 a8
> @
5 :
1 2 3 4 & &
Fig. 3 Exptend nflhc-u in chimeric plams. {)
1 blot (the poskion of Ro}C protein i Indicated by an ar-

rowbead), (b): Dot hybridization with 3 rolC probe, (cf: Asay of
NPT I activity, RNA or provein was extracted from derk green
region of a feal of chimere-1 (lxoc @), & pale green reglon of
chimern-1 (lone 2}, a dark green reglon of chimern-2 Qane 3), 2
pale green roplon of chimere-2 Qane &), a 355-r0]C ansformed
leaf {trme 5}, and & moasttansformed el (lsne 6).

(@) 1234567

(e

(6) 1034567

Fig. 4 PCR anubyris of chimtric plinis.  PCR was perform-
ed wih {2} FoIC primets and {b) preDDd primers. DINA was ex-
trected [rom the dark green segioms of chimert.l (awe 1), pale
grecm tegions of chfmens-l (sae 7). dwk green regioms of
chimera-2 (lane 3). pale proen regions of chimers-2 (ane 4), 8 355-
rOiC transformant (ane 5). and 2 non-traniformed jeaf (lana 6).
Thete were -no sigeals when PCR war performed without -
tracted DINA {lane 7).

preen region weee scparated. After with co-
2ymes, the dizsmetess of 20 proloplans from each region
were estimated, As shown in Tabic 1, diameters of proto-
plasts from the pale green region were slgnifcanty larger
than those from the dark green réglon in 5 of § cases. The

* average dismecter of protoplasts (rem 9 sumples of pale

groen regions was 34,9x5.4m (n=180), compared with
30.2+ 5.8 pm (n=180) on average for $zamples of durk
preen region. .

Obxcrvatlon of @ boundary reglon alonp-the horizon.
tal plane—Figures }d xnd te show the boundary segion be-
tween the rwo phenotypes aloag the horizontal plane of 3
leaf. The palc green region has apparently a smaller num-
ber of cclls In a given area than the dark green reglon
{Fig. 16). This differcnes in the number of cells in a gven
arca wa confirmed by nucld staining with DAP] (Fig. le).

Phanoiype of progeny—The soeds of chimera-l’
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Fig. 5 CTroas sections of baaves of chi 1. @A
$caf and (b) a youag beaf were ot into 10 sections, D, dark

green region; P, pals preen rogion; LE, wdge of leal. Bar In (8)=
100 s The twe micrographs are £lown a2 (he sane magniica-
tioa.

were obtained by self-fertifization, whercas the goeds of
chimera.2 were obtained by coss-fertilimtion with wild.

Table 1 Comparison of the aversge diameter (um) of
protoplasis obtained from dark and pale green tissucs

Block  Dark green  Pals green

type pollen becanss the Sowers of chimera-2 were male-
sterile like those of 355-r0iC wansgenk plaots. Among
ke progeny of both chimeric lined, no plaots had the al-
tered phenolypes charscienitic of 355-r0/C tmnrgenic or
chiraerie plants. Furtheymaore, no plants were resistant to
kanamycin, In 355v0/C transgenic plants, the observed
alered phenotypes and resirisnce 1o kanamydn were trans-
mitled to the progesy by coss-fertiization with wild-lypc
polien {data nol aho'ml

Discusxion
In this report, we have deseribed that periclinal
chimeras can be obialned by Agrobatrarium-mediated
transfosmation. The chimeric leaves are characterized by &
wrinkled, dark green outer margin aod & pale green inner
reglon, Christow and McCsbe (1592) analyzed ehimeric

- transgenic soybean plants derfvad from experiments that in-

volved accaberatlon of particles jn an electric ficid. In our ex-
periments, the dramatic change in the phenotype of leaves
that contalned 355-rolC made it both possiblc and easy 1o

. datect chimeras. The dot-blot hybridization analysis of

mRNA prepared from leaves indicated that ro/C RNA was
expressed only In the inner pale green regions. The expres.
slon of ro/C under control of the CaMV 35§ promaoter bas
been shown to cause the producton of small, Janceclate,
pale gresn leaves In transyenie plasie (Schmiling et al.

1928} and this effect is cell-autonomous (Spena et al, 1929). .

Thus, in the preseat xudy, chimerism was a result: of
chimerlc expression of rolC. The ussy of NPT I activity
and the analysis of DNA after PCR revealed that the en-
rymatic activity of NPT 11 and the 0JC genc ware present
only in the inner pale greca reghons, suggesting that only
the inner region was transformed. It if, therefore, con-
ceivable thar these chimeras consistzed of non-transformed
tizues (outer regions) and waniformed tssues {innez ree
gicas), The low level of expreasion of the 7ofC genc in the
pale green regicns of chimera-] prevented detection of
RolC protein by immupoblot analysis.
According to reviews by Tilney-Bassett (1986) and
Pocthig (1939), periclinal chimerss uruslly aripe from a
P s or faduced somatic mutation that betcomes in-

Chirnera-1 A 29,34 34.6%
B 3.6+ 5.9

A c 27.3% 30.8%

Chimera-2 A 314 38.6*
B 38.9° 7.9
C 27.9% 7.1
D 28,5%4 L6
E 30,14 30.84
F 26.5¢ 33.9%

Values with the samc superseripts are not sipnificantly differens at
be S5 Toved, |

corporated into 2 lateral shoot, Omce a mnant lincnge
po*pl.l.lmsonc of the three layers of cells {termaed L-1, L-11
and LJIT} in & shoos, the pattera of cell division in the
shool ensures that this condition I perpotuated and In-
herited by all the lateral shoot produced by the original
chimeric meyistem. Thus, the chimerts found in the pretent
srudy could have eriginaied from nus!nrmcd cells that
- had been incorporated into the innér layer and from non-
wransformed cells of cells that had kost (he trantsgene incor-
paraled into the cuter Fayer of the metfsten of adventitious
shoats dutlng regeneration. The absenee of kxnamycih-re-
siatant or phenotypieally altered progeny suggests that the
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germ-linc cclls were derived from non-tracuformed cells,
Judged fram the pattern of dark gresn and pale graen
ussses and from the germeline genolype, Ussuey derived
from the L-]1 layer may constn of non-transformed cells
and tizsues derived from the L-11 layer may be trans-
formed. Th liszucs derived from the L-I layer (epidermis)
were probvably nonetransformed because extracts from
dark green timues containing cpidermal cclls gave no
signals after PCR (Fig. 4a, lanes [, 3). The invasion by dark
geeen vitsue of inner regions, ar shown in Figure 18, may
have resulted from intrusion cells derived from LI into
the L-IIT layer (Stewart 1986},

The difference berwmen chimers-l and chimera-2
was presumably a consequence of the difference in e
level of expression of rolc in L-I1J-derived cclls. Rectudy,
Szymkowiak and Sussex (1992) reported that the internal
meelsiem layer (L-I11) determines floral morphology in
periclinal chimeras of tomato, Results of immu noblet anal-
yiit and dor-blot hybridization suggested that the level of
expression of rofC in pale green regions of chimera-1 was
higher than that In pale green regions of chimera-1 {com-
parc lanes 2 and 4 In Figs. 3a and 3b),

The efects of roiC on the development of tobasco
leaves were determined by histological analysis. We fonad
that the parenchyma tissucs were disorganized in nner pale
grotn regions that contrined the 355-ro/C gone. In young
leaves, cells In the inner region were Iarger and fewer in

_ noanber per unlt area than those in Lhe outer region. Inleal
pictes from which the lows: epidermis had been peclad off
and which had been soaksd in enxyme solution. the num-
ber of cells per unkt area in the ioner pale green region was
Jower than Lhat in the cuter dark grecn reglon. Stalning
witk DAPI also gave the same result. These abrervations
fuggest that the difference of cell number between the pale

and the dark reglons caused the physical tensdon in the pals | |

green reglons tiat renlted in disorgardzed and/or cnjarged
cells in the pale green regions, and undulating leaf morphol-
ogy in the dark green reglons. The diameter of procoplasts
from pale green Ussucs was apparently Jarger than that of
protoplasts from dark green tssuz. However, the Inner
pulc green reglott contained ceflr darived from both L-11
and L-111 layers. Thus, k is possible that the large meso-
phyl) cells in innce regions, observed by hlrnological analy-
sis, were due not only 10 physical teasion exerted by noa-
. ransformed cells {L-1 and L-1) but also to thelr own size
which was altered by the expression of rolC. However,
enfargemnent in pale green reglony did noc contribute very
muech (o negstion of & wrap in leal. : ;
The results published by Estruch et sl. (1991b) on the
size and aumber of cells in rolC-chltaeric Ussues are ia con-
flict with the results prasented here. The discrepancy might
be due to the fact that In our case oaly one loyer of celly
was transformed wherexs in thelr case all thres Jayers ex-
pressed the rolC gene, Thess differences might be worthy of
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further analysis,

The differsnce in a mumbers of cells between pale and
dark reglons may have arises from delayed progression
and/or exrlier interruption of cell divislon in ro/C-irans-
formed calle, Thus, the effect of rolC on the division of
plant celly also requires further analysis.

The high level of expression of rof/C under control
of the 155 promoter in leaf tssues requlls in pale green,
lanceolate leaves (Schmalling et al. 1988). In Jeaves of
lancaolate mutants of tomeso (LA/+), Dangler (1984) ob-
served shat measurable enlargement of cells was initiated at
an earfier stage than in normal plants. Furthermore, he sug-
geated thar cell divislon ceases at an eatly stage during the
expansion of the lamina of leaves. Similar evenu, such a3
Inhibidon of cell division and carly enfargemenc of cells
may occur during the development of the cells transformed
with the 355-rolC.

WIth respect to the molecular funclion of the prod
of the 70lC, the RolC protein in present in the soluble ftne-
tion (Dopo ef a1, 1991, Estruch ez al. 1991b) and has cyto-
kinin-#-glocosidase activity (Estruck <t al. 1991a). Estruch
& al. hypothesized that RolC converis ax inadlive cyto-
kisin-ghicoside eonjugats to #n active form and causcs
shortened infermodes and reduced apical dominance. How-
ever, this fieding is contradicted by the fact that in 355-
rolC plants roat grawth was promoted and pale green
leaves were formed.

W have not yet established standard conditions for
the production of transgenic perictinal chimeras. Condl-
tions, such as concentration and doration of antibiotlcs ap-
plication for selection af transgeaic’ plants, have to be
standardired. Production of tansgenic chimeras will open
new avenues 1o the progress in plant developmental tlol-

agy.

W think Prof. S. Taalfuli for eocouraging us #6 pursue this
work, Wy ako thank Dr. H. An2ad for «o/C primen and D1 ).
Oboksts of for prabb primers, Valuable soggations from Dr, S,
Sato, Dr, X Kumada, Dr. T, Handa, Mr. K. Kogeme and M1, R.
Matruki, 30d critieal reading of this manuscript by Ms. E.T.
Asupria are spprecisted deepty. Thiv work was fupported by
Crantsa-Ald (or Seientlfic Rescarch, Minlsry of Educstion, Cul-
re sad Scicace, Japan, and 8 grant from Totcy Scicace Founda-
Lo,
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