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Como resultado del Examen de Fondo realizado, con fundamento en e| Articulo 45 de
la Decisién 486 de la Comisién de la Comunidad Andina, se comunica:

1. Dosuméﬁms estudiados

‘Descripcion; ~ Folios 94a 154 - 10/Junio/2010
“Reivindicaciones: Folios 190 a 196 - 10/Junio/2010
Dibujos: Folios 198 a 199 - 10/Junio/2010
Prioridad; US 60/988,349 " 15/Marzo/2007

2. Anélisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486), y su contenido técnice corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: "Plantas y semillas de soja correspondientes al evento
transgénico- MONB7701 y métodos de deteccién del mismo”

El problema planteado en esta solicitud consiste en suministrar plantas resistentes a
infestaciones de insectos del orden lepidéptera.

Para resolver este problema técnico la solicitud en estudio proporciona n evento
transgénico MONB7701 de soja, y células, semillas y plantas que comprenden un
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ADN diagnostico del evento de soja. La invencién también provee composiciones que
comprenden secuencias de nucleétidos que son diagnésticos para dicho evento de
soja en una.muestra biolégica, sondas y cebadores para su uso en la deteccién de
secuencias de nuclebtidos que son diagnésticos de la presencia de dicho evento de
soja en una muestra bioldgica, y métodos para detectar la presencia de dichas
secuencias de nuclettidos del evento de soja en una muestra biolégica. La invencién
provee ademas métodos de cultivo de las semillas de dicho evento de soja en plantas
de soja, y métodos de desarrollo para producir plantas de soja que comprenden al
ADN diagnostico del evento de soja.

El objeto della presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): C12N 15/82, C12Q 1/68, A01M 5/00

4. Excepcidn a la Patentabilidad (Art 20 D 486 literales (c))
El objeto de las reivindicaciones 4 y 5 no es patentable de acuerdo con el Art citado.

El objeto de las reivindicaciones 10 y 11 no es patentable de acuerdo con el Art
citado, ya que corresponde a un proceso esencialmente bioldgico en el cual un
insecto se alimenta de una planta, un proceso que es natural y en el cual no
interviene la mano del solicitante.

5. De la Solicitud de Patente
Titulo

Eltitulo no corresponde con el objeto de la solicitud porque nace referencia a plantas
y semillas, materia no patentable bajo el Ar. 20 D486, por lo cual se sugiere al
solicitante hacer la correccién necesaria.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

El capitulo en general se refiere al “evento de soja MON87701”, el cual es un nombre
propio con el cual se designé una planta transformada, pero que no remplaza las
caracteristicas técnicas en particular que deben definir la invencién.

Se sugiere al solicitante modificar las reivindicaciones 3 y 4, removiendo Ia expresion
‘esencialmente” ya que no es clara y no define especificamente la estructura de la
invencion.

La reivindicacion 7 que se refiere a una composicion no es clara por que no
caracteriza todos y cada uno de sus componentes asi como las proporciones en lo
que dichos componentes se encuentran. Los ejemplos de composicién reclamados
corresponden a alimentos, se recuerda al solicitante que un producto alimenticio tiene
su propia forma de caracterizar, que incluye la composicién que lo conforma
indicando los elementos con los que se prepara y las proporciones de los mismos, o
a partir del metodo de preparacién del alimento cuando este método le aporta una
caracteristica especial, y que no es una caracteristica esencial del mismo el ser
derivado de una planta que contiene un evento que lo hace resistente a una plaga.
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El método 'de la reivindicacién 8 contiene pasos que se consideran procesos
esencialmente blolégicos correspondientes a la obtencién de plantas por medio de
cruces, el solicitante debe aclarar cual es su aporte de manera que la invencién sea
patentable, ya que tal como se encuentra escrita la reivindicacién, se entiende que el
objeto que el solicitante desea proteger es el proceso de deteccion del evento que
corresponderia solo al literal ¢, se pide al solicitante haga las alcaraciones
necesarias.

Las reivindicaciones 12 a 15, 17, no son claras por que no define la estructura,
secuencia exacta, de los cebadores reclamados. La definicién lugar a un nimero
indefinido de posibles secuencias, de manera que no permite identificar
inequivocamente la invencion, el solicitante debe especificar las secuencias de los
cebadores e identificarlas con su respectivo SEQ ID NO.

El método de la reivindicacién 19 no es claro por que el literal a. no define
inequivocamente las secuenclas de los cebadores usades, el solicitante debe
especificar las secuencias de los cebadores e identificarlas con su respectivo SEQ ID
NO. '

El método de la reivindicacién 21 no es claro por que: i) no define inequivocamente la
secuencia de la sonda usada, el solicitante debe especificar las secuencias de los
cebadores e identificarlas con su respectivo SEQ ID NO, ii) no proporciona las
“condiciones de hibridacion severas” necesarias para hacer el método reproducible.

Las reivindicaciones 27 a 29 no son claras por que hacen referencia a un “conjunto”
pero solo caracterizan un elemento, el solicitante debe propercionar las
caracteristicas esenciales de los otros elementos de dicho conjunto. Ademas el Gnico
elemento caracterizado se refiere a cebadores que no estan definidos de manera
inequivoca, el solicitante debe especificar las secuencias de los cebadores e
identificarias con su respective SEQ ID NO.

|

El método dela reivindicacién 30 no es claro por que no define la estructura de los
amplicones de los literales a, d y f, informacién relevante para que la invencién sea
reproducible por una persona versada en la materia.

6. Determinacioén del Estado de la Técnica
E| Estado de |la Técnica se determiné con base en la Fecha de Presentaciéon de la

Solicitud de Prioridad: 15/Marzo/2007, y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

‘ Focha de
item | Documento Titulo 7 Publicacién®
Characterization of soybean - '
~ CROP exhibiting high expression of a

SCIENCE, vol. | synthetic Bacillus thuringiensis ,
D1 47, no. 1, cryl A transgene that co?wfers a Enero/2007

pages 148-157 | high degree of resistance to

lepidopteran pests
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D1 divulga la caracterizacion de plantas de soya transgeénicas que expresan Cry1A
del gen TIC107 usando técnicas de PCR que involucran sendas y primers.
hitps://www.soils.org/publications/cs/articles/47/1/148

7. Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)

L.a reivindicacion 19 consiste en “Un método para detectar la presencia de una
molécula de ADN seleccionada del grupo que consiste de la SEQ ID N°:3, SEQ ID
N:4, SEQ ID N°:5 y SEQ ID N°:6 en una muestra biolégica, CARACTERIZADO
PORQUE dicho método comprende:

a) Poner dicha muestra biolégica en contacto con un par de cebadores de ADN
gque comprenden moleculas cebadoras de ADN de suficiente longitud de
nucleétidos contiguos de la SEQ ID N°:3 0 su complemento de la SEQ ID N°:4
o su complemento de la SEQ ID N°:5 o su complemento o de la SEQ ID N°:6
o su complemento, como para funcionar como cebadores o sondas de ADN
diagnésticos del ADN extraido de la planta de soja MON87701 o de la
progenie de la misma;

b) Proveer condiciones para una reaccion de amplificacién de acidos nucleicos;

¢) Conducir dicha reaccién de amplificacién de acidos nucleicos, produciendo asi
una molécula de ADN de amplicon: y

d) Detectar dicha molécula de ADN del amplicon, en donde la deteccién de un
amplicon que comprende al menos una de la SEQIDN: 1, la SEQID N®:2y
un complemento de la misma es indicativa de la presencia de dicha molécula
de ADN en dicha muestra biologica.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales ‘ D1
Método de deteccion del gen TIC107 Metodo de deteccion del gen TIC107
Cebadores y sondas especificas para el | Cebadores y sondas aspecificas para el
| gen TIC107 7 gen TIC107

Las caracteristicas esenciales de la composicion de la reivindicacién 1 habian sido
divuigadas previamente en D1, el cual da a econocer el gen TIC107, que cedifica la
proteina cry1A que exhibe un alto grado de resistencia a lepidépteros (Resumen
pagina 148, y pagina 149 columna izquierda Materials and Methods; plasmid
construction). Divulga ademas los métodos para la deteccién de dicho gen
introducido en la planta de soya, usando una PCR que hace necesario el disefio de
cebadores y sondas especificos (Pagina 150 columna izquierda Molecular
characterization). Como se describid en el numeral 5 (De la solicitud de patente;
Reivindicaciones), las definiciones de las caracteristicas esenciales del método no
son claras, ya que el solicitante no define los cebadores ni las sondas por su
secuencia exacta. De la descripcion se entiende que el evento MON 87701 se refiere
a plantas de soya gue han sido modificadas para introducir el gen TIC107 (felio 149
linea 00115), por tanto se realiza el andlisis de patentabilidad sobre métodos para la
deteccién de dicho gen introducido en la planta de soja, asi como las secuencias de
los cebadores y sondas necesarias para realizar dicho método. En consecuencia, la
reivindicacién 19 no es nueva, segun lo divulgado en el documento D1, ya que este
contiene todas las caracteristicas esenciales del método. La reivindicacion
dependiente 20 no aporta ninguna caracteristica esencial novedosa a la materia, por
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lo cual 8¢ considera tampoco es nueva.
Nivel Inventivo (Art18 D486)

La reivindicacién 21 que hace referencia “21. Un método para detectar la presencia
de una molécula de ADN seleccionada del grupo que consiste de la SEQ ID N*:3,
SEQ ID N°4, SEQ ID N°5 y SEQ ID N°6 en una muestra biolégica,
CARACTERIZADO PORQUE dicho método comprende:

a) Poner dicha muestra biolégica en contacto con una sonda de ADN que se
hibridiza bajo condiciones severas con dicha molécula de ADN, y no se
hibridiza bajo las condiciones severas con una muestra biclégica que no
contiene a dicha molécula de ADN;

b) Someter dicha muestra biolégica y sonda de ADN a condiciones de hibridacién
severas; y

c) Detectar la hibridacién de dicha sonda de ADN con dicha muestra biclogica, en
donde la deteccién de la hibridacién es indicativa de la presencia de dicha
molécula de ADN en dicha muestra biolégica.

Como se menciond en el numeral anterior (novedad), el documento D1 divulga el
método de deteccion para detectar la presencia de acido nucieico particular de la
modificacién por TIC107 en una muestra (Pagina 150 columna izquierda Molecular
characterization).

La diferencia entre la materia reclamada en la solicitud y D1 esta dada por las
secuencias especificas a ser detectadas, puesto que para la solicitud corresponden a
SEQ N°3 a 8, mientras que para D1 corresponden a otras secuencias.

El efecto que produce esta diferencia no resulta evidente puesto que ambos eventos
de trangformacién invelueran el inserto TIC107 y lo que cambla es el punto de
insercién del mismo en el genoma de la planta de soya, y por tanto el segmento de
DNA flanqueante de la planta.

El problema técnico objetivo que resuelve la invencidn es realizar la modificacién de
la soya para obtener resistencia a lepidopterios por la insercién de TIC107 usando
otro sitio de insercién.

Sin embargo, para la persona del oficio normalmente versada en la materia resultaba
evidente usar otro sitio de insercién y saber que se obtendria una planta transgénica
resistente al glifosato. La detecciéon de este nuevo evento de insercién usa las
mismas técnicas moleculares que el método reportado en D1, con los primers
especificos para el segmento flanqueante en el genoma de soya. El disefio de dichos
primer corresponde a un proceso rutmano para un experto en la materia, para lo cual
existen multiples herramientas en la red’ , Y que por tanto no presenta nivel inventivo.
De la misma manera la determinacion de la cigosidad (reivindicacién 30) de una
planta es un procese rutinario, a partir de los resultados de la deteccién del evento,
que un experto medio esta en capacidad de realizar.

'hitp:/ /www.ncbi.nim.nih.gov/tocls/primer-blast/
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De esta manera, a partir de la informacién divulgada en D1, la persona del oficio
normaimente versada en la materia estaba en capacidad de llevar a cabo la
invencién tal como es planteada en la solicitud y tener expectativa de éxito de
resolver el prablema propuesto. La materia reclamada en las reivindicaciones 21, 30
y dependientes (22 a 26 y 31) carece de nivel inventivo @ incumple el articulo 18 de la
D486,

8. Conclusidn

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asl:

iftem | Documento Reivindicaciones afectadas | Requisito que afecta
| CROP SCIENCE, | " — -
D1 vol. 47, no. 1, 19226, 30 y 31 Novedad y Nivel
pages 148-157 - | e

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del términe de sesenta (80) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesién, se denegard la patente.

Notifiqguese el presente oficio conforme alo dispyesto en el numeral 5.2, literal e), del
capltule quinto del titulo primero de |a Circular Unica No, 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificade por fijacion en lista, de fecha
a2 01 Ui

Elaborado por: Sandra Carolina Crespo Cardenas
Revisado Por: Consuele Leguizamon Leguizamen
Aprobado por: José Luis Salazar Lépez
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&huracterization of Soybean Exhibiting High Exproession of a Synthetic
Bacillus thuringiensis erylA Transgene That Confers a High Degree of
Resistance 10 Lepidopteran Pests

Jahn A, Miklgs?

Murtaza P. Alibhai, Stefan A, Bledig, Panustie €, Connor-Wird, Ai -Clue Gase, Beth A, Heimes,

Katheyn H. Kolacz, Vieter T. Ksbuye, Ted €. MacRas, Mark §, Paradise,
Andren S, Toedebuseh, and Leslie A, Hagrison

ABSTRACT

We report the genexation of tranggenie soyboan [Glyeine max (1.)
Mern) via Agrobacterium-mediated gene trensfers of 6 eryfA gene
(tic107) from Basiltus tburmgiensis (B1) that exhibits a high degree
of resietance against the lepidopteran pests Pseudaplusia includens
(Walker) (snybean looper), Helleoverpa sea (Boddig) (soyhean pod-
werm), and Andcarsia genimatalis Hibner (velvotbeon caterpillar),
Three transgenie soyhean lines (662, 726, and T81) wero evaluated for
expression, molecular composition, efficucy against targel pests, and
agronemie choracteristics, We have designed and tewtod an expression
cassotte that consistently 'and reproducibly generates transgenic
soyboans !hat accomulate the icl07 pretein at lovels as high os
6.12 pg mg~ 1 of total extractable protein, Expression lovels of this
magnitude of a Br insectividal protein have nover been reported in
voybean. Previous reporis have indicated expression levels 100-fold
lower in the highest-expressing lines. In addition, the phenotypes of
thicse high-expressing lines were indistinguishuble from their negative
segregant and the transformation parent (Asgrow var, ‘A3237°), In.
seel biogssay data demonstente complete protection against soybeuan
loopey, soybean podworm, and velvethean caterpillar when negative

controls exhibited defoliation as high as 98%, Unlike previous reports

of transgenic soybeans, we report here highly efficacious, single-copy,
and normal phenotypes of transgenic soybean plants containing the
highly expressed crylA gene.

M ANY OF THE BCOMOMICALLY SIGNIPICANT iﬁSGC{ pests

of soybean are lepidopterans and are especially

important in areas with long growing seasons such as the
southeastern USA and South America (Higley and
Boethel, 1994; Aragén et al,, 1997), These inscct spocies,
primarily soybean looper, velvetbean caterpillar, and
soybean podworm, are responsible for up te 44% of the
economic insect damage in the southeastern USA, de-
pending on the year (McPherson et al., 1999), Chemical
insecticides are commonly used for eontrolling infesta-
tions of lepidopteran pests in soybean; however, narrow
application windows, the emergence of insecticide resis-
tance, and pubhc pressure for reduced pesticide use limit
the desirability ‘of this approach to pest management
(Aragén et al., 1997; Thomas and Boethel, 1994). Alter-
native control strategies utilizing biolagical insecticides
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8§00 N. Lindbergh 'Blvd., Creve Coeur, MO 63167. Received 17 July
2006: *Corresponding author (john.a.miklos@monsanto. com)
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are available but have noi gained undeszagead 860ep:
tance (Luttreil ot al,, 1998; Moseardi, 1998). Heeont
advances in crop biotechnology offsr transgenic plants
as an efficient and environmentally friendly alternative
strategy for controlling lepxdopteron insects in regions
where these pests are of agronomic concern (Williams
et al., 1998),

[‘aelllua thuringlensis, a eommon soil baeterium,
is found throughout the environment. For »50 yr Bt
toxins have been used to conirol certain insect pests
(Tabashnik ot al., 1994). Expressed as srystal proteins,
Bt 8-endotoxins are an effactive way of ccmtfellmg cer-
tain insacts because their insecticidal activity is limited
to certain insect orders. In addition, 8-endotoxins are
highly specilic and are nentoxic to mammals and other
species (Betz et al., 2000), making them a safer and more
environmentally benign alternative to synthetic chemi-
cal insecticides. Bacillus thuringiensis proteins (Cry pro-
teins) are encoded by cry genes and synthesized as

- protoxins during bacterial sporulation, then solubilized

and aetivated under alkaline conditions of the insect
midgut. The insertion of the activated protein molecules
into the cell membranes of the midgut epithelium results
in formation of cation channels that lead to osmotic im-

‘balance and lysis of the midgut cells, resulting in gut

paralysis and, eventually, insest death (Knawles, 1994).
Transgenie expression of Bt proteins has proven te be a
highly effective method for controlling insect pests, and
nearly all major crop plants, including maize (Zea mays

L.), rice (Qryza sativa L.), cotton (Gossypium hirsutiom
L.), potato (Solanum mberosum L.), tomato (Lyeoper-
sicon esculentum Mill.), tohacco (Nicotiana tabacym L),
soybean, and canola (Brassica napus var, napus) (Petlak
ot al., 1990, 1993; Stewart et al,, 1996a; Armstrong et al.,
1995; Parrott ef al,, 1994) have been engineered to ex-
press one or more of these proteins. This has resulted
in enormous economic and environmental benefits as
a result of increased yield with significant reductions
in the use of chemical insecticides (Perlak et al,, 2001;
Shelton et al,, 2002).

Muich attention has been paid by both academics and
industry experts in formulating strategies to provent or
delay the development of Bt resistance among insect
pests (Tabashnik, 1989; Tabashnik et al,, 1994; Huang
et al,, 2000; Andow et al,, 2000; Lewis et al 1997). One
insect resistance management strategy currently used
with Br crops is so-called “high dose™ (Gould, 1994)
expression of the B¢ protein combmed with a refuge of

Abbreviations: Bt Bacillus (hurlngcensw PCR polymﬂrase chain
reaction; RT, room temperature: T-DNA, trnnsfer DNA.
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nantransganie plants (FIFRA Scientific Advisory Panel,
1008). In this strategy, expressien of the Bt protein is
sufficient to kill not only susgeptible genotypes, but also
heterogygyous-resistant genetypes, the most common
carriors of resistanee aligles. This senders any resistance
alleles in the pest population functionally recessive,
and maintenance of susceptible insect genotypes by the
refuge prevents interbreeding among the rare homozygous-
resistant insect penotypes. To date, there have been lim-
ited reports of transgenic soybean (Stewart et al., 1996b;
Walker et al,, 2000; Dufourfantel et al,, 2005); however,
their expression levels and.corresponding efficacy have
not been sufficient to qualify as high dose against any
of the primary lepidopteran pesis of soybean. We report
here an expression eassette that results in greatly in-
creased expression of a CrylAe-like Bt protein In soybesn
plants. These plants exhibit a high degree of resistance
to lepidopteran insects with no apparent negative phe-
notypic effects. Data are piso provided on the genetie
integrity of the transgene insert.

MATERIALS AND METHQDS
Plasmid Consfruction

The synthetic t/cf07, patiernod afier the Bt ssp. kurstaki
eryl Ac sequence, was designed for high expression in plants as
described by methods published in the patent by Fiscliholf and
Perlak (1996). The synthetic tie] 07 nucleotide sequence found
in this patent is referred to as synthetic B.tk. HD-73 (also
known as CrylAc), We repamed this protein tic107 because
the encoded mature protein produced by this gene is not iden-
ticul (99.4%) to the naturally oceurring CrylAc protein pra-
duced by B. thuringiensis gubsp. kurstaki, The Bt expression
cassette was asssmbled in a high-copy pUC vector and inssrted
into a binary vector via a Not I site (Fig, 1). The binary vector
contained a DNA fragment {rom the pTiT37 plasmid contain-

EcoRY T opa EpsFs
bony,

TiC107 spinasion gamalle
inthe reveme afiantation

Fig. 1. Plasmid map of PV-GMBTOL. No¢ I feagment containy the B,
expression cafsptte. oW = microbinl origin of replication, Either CP4
EPSPS (Svenoipyruvulshikimate-3-phosphate synthagse [EPSPS]
sequence isolated from 'Agrobecierium sp. strala CR4) or NPTI
(neomyein phosphotransferase) was the selectable morker used in
plant transformation. Spectinomyein or streptemycin resistunce
was vsed as a bacteriol marker (aadA), Restriction enzyme sites for
Eca RV and Net I are shown,

ing the 24 bp nepaline-iype transfor DNA (T\DRA) right
barder used o initiate the TRBNA transfer from Agrebgaie-
rium tumefaciens \o the plant genome (Dapicker ot al,, 1982;
Bevan ot al,, 1983) end ectoping left border fram ectopine Ti
plasmid TIAG (Baker, 1989), Promoter from A, tiumefpciens
pTiT37 for the gens enceding napaline synthetase (Bevan
at al., 1983) was resposaible for the expression of the gsng
isclated from TnS (Hock et al,, 1982) which encodes for nee-
myecin phogphotransferase type 11, Bxpression of this gene in
plant eells confers rosistance to kapamyein and serves as 4
selectable marker for transformation (Fraley ot al., 1983),
The 3’ nontranslated region of the nopaling synthetase gene
from A, fumefaciens was used to terminate transeription and
direct polyadenylation of the nptil mRNA (Depicker ot al.,
1982; Bevan et al,, 1983). Plasmid PV-GMBT01, contained the
origin of replication derived from the broad-hest plasmid RK2
(Stalker et al, 1981), The gene for 3" (9)-O-amineglycoside
adenylytransferase allowed for bacterial selection on gpecti-
nomyein or streptomyein (Fling et al., 1985),

Transformation and Segregation Analysis

Soybean plants expressing the CrvlA-like B-endotexin
(Adang et al,, 1988) from B. thuringiensis vor. urstaki were
generated in 1996, The disarmed A, fumefaciens plant trans-
formation system was used to produce all spybean lines as
described in the Hinchse and Coanor-Wazd (1998) patent,
This delivery system is well dosumented to transfer and stably
integrate T-DNA into a plant nuclesr chromgsome (Kles ot al,
1983}, Vector PV-GMDBT(! was mobilized into disarmed A
tumefaciens sixain ABI and sclected on spectinomycin and
chloramphenicol (Fig. 1). Soybean ¢otyledons were used as
explant sources and were infected with the Agrobacterium
culture. Following co-culture, Agrobacterium were killod using
a culture media containing the appropriate antibiotics, Ex-
plants were lator placed on kanamycin er glyphesate selection
medium. Developing shoats were excised from an R, plant,
positive shoots were grown te maturity, selfed te produce seed,
and their progeny were sereened for the expression of Bt The
presenes of the gene was established by detecting the Bi
protein using B.Lk Corn genechecks (§D70753, Strategic
Diugnestics, Inc., Mewark, DE) according to the manufag-
turer’s protecol,

Agronomie Testing

The trials were planted at three locations throughout Iili-
neis. The experimental design was a split plot design with
positive and nagative isolines for each event paired within each
of the four replications, The main plot ropresentsd the event
and the split plot represented the presence or absence of
tic107, A nontransgenic varietal control, A3237, was included,
unpaired, at the same frequency as cach pair of transgenics,
Ench replication consisted of three paired (pes and neg)
transgenic avents per event and three unpaired A3237 plots.
The plots were four rows wids by 518 m (17 ft) long, The
seeding density was 136 seeds row™" (w8 seed fi™!) and the row
spacing was 76.2 em (30 in), A sommercial soil residual her-
bicide was applied to the entire experimantal area to maintain
weed-froe plots.

Statistical analysis of data was done using JMP software
(SAS Institute Inc., Cary, NC, USA). Each paiv of means was
compared by one-way ANOVA using the Student’s test, A
P value of <(1.05 was considered statistically significant, Emer-
gence, flowering, plant height, lodging, maturity, and yield
were measured within each line by cach treatment compared
with the untreated check across locations.
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Molocular Characterization

Genomic DMNA was isolated from Ry, Ra Ry, and Ry
generation tissue from plants. of A3227 (nontransformed)
and each transgenic ling grown under greenhouse conditions
(14/10 b day/night photoperied at 200 umol photons m™?5™1),
with daytime temperatures of 32°C and nighttime tempera-
tures af 22°C. Genomic DNA was extracted from =1 g of young
trifoliolate leaf tissue using a Nucleon Plant DNA extraction
kit (RPN&511, Amersham Pharmacia Biotech, Piscataway,
NI). After the final precipitation step, DNA was resuspended
in 0.5 mlL of T\E; and quantificd using DyNA Quant 200
Flouremeter (Amersham Pharmacla Biotech, Plscataway, M),
Rurified genomic DNA was digested with varieus rosiristion
enzymes, run on a 0.8% agarose TAE gel for =16 h at 45 V,
transferred to a zota-probe GT nylon membrane (162-0197,
BioRad, Hereunles, CA), and DNA wus crosslinked to the
nylen membrane. Templates fer raclioactive probe synthesis
were prepared from gel-purified resteietion fragments of PV-
GMBTO01 or genstated by polymerase chain reaction (PCR)
using oligonuclentides that anneal at the ends of the respee-
tive glement, Probss were labeled using the Klenow fragment
of DNA polymerase 1, random oligomers, and *P-dCTP
(GIBCO BRI RadPrime DNA labeling system, Invitrogen,
Carlsbad, CA). After hybridization, blets were washed at
inereasing stringency with the final wagh being 0.1 X 8§C (1 X
$8C., 150 mM sodium chleride, 15 mM sodium citrate, pH 7.0),
0.5% sedium dodecyl sulfate at 68°C. Multiple exposures of
the blot were generated using Kodak Biomax MR film in
conjunction with a Kodak Biomax MS intensifying soreen
(Eastman Kodak, Roechester, NY) including manyfold over-
exposure {o permit detection- of faint signals.

Detection of tic107 by Western Blotting and ELISA
Tissue Collection

Plants were grown under growth chambar settings as fol-
lows; 14/10 b (day/night) photeperiod at 200 umol photens
m=* 5”1, with a daytime temperature of 32°C and nighttime
temperature of 22°C. The humidity was set at $0%. There were
two irrigation cycles per day, one with nutrients and water for
2 min and a second ane with water fer 1 min. The center lgaf-
let of the newest fully expanded trifoliolate was folded, and
an open 1.5-mL MicroTube (Sarstedt Inc., Newton, NC) was
snapped closed over the leaflét, producing two leaf disks in the
tube. The leaf tissue was stored on dry ice during collection of
subsequent samples and transferred-to —80°C until removed
from storage for extraction procedures,

Western Analysis

Total protein was extracted from the leaf dises by adding
800 L of 1 X phosphate buffered saline, pH 7.4 (1666 789,
Hochringer Mannhein, Indianapolis, IN) plus 0.05% Tween 20
(P9416, Sigma Chemical Co,, 5t Louis, MO) (PBST) and using
a tissue homegenizer (903475, Wheaton Secience Products,
Millvitle, NJ) to mechanicilly lyse the cells. Extraets were
centrifuged at maximum speed (14 000 rpm) for 5 min, and an
aliquot of the supernatant was removed and treated for 1 h at
37°C with trypsin at a concentration of 175 pg mL™% The
reaction was stopped by adding 1.25 mM phenylmethylsul-
fonyl {luoride (PMSF). The above protein extractions were
separated usder denaturing conditions on a 4 to 20% poly-
acrylamide gel (OG-0420A, Owl Separation Systems, Port-
mouth, NH). Proteins wére transferred to polyvinylidene
fluoride (PVDF) membrane (IPVH20200, Millipore, Bedford,
MA) via a semidry transfer system. The membrane was blocked

te pravent nenspecific binding with NETA.25% gelatin for
1 h at room tempersture (RT). Primary antihedy (B-3, rabbit
anti-Cry1Acl) was inoubated ot a 1:800 dilutien in 1 X NET
for 1 h at RT, and washed three times for § min with 1 X NET
ghanging buffer after cach wash. Secandary antibedy (Anti-
IgG-HRP) was incubated at a 1:5000 dilution in 1 X NET fof
1 h at RT and washed as described above. Immunerzactive
bands were visualized en x-ray film (RPN2103K, Amersham,
Piscataway, NJI) using the Enhancad Chemilumincscent Kit
(RPN2108, Amersham, Piseataway, NJ) according to manu-
facturer’s instructions,

ELISA Assay

Five plants per event were sampled af 10, 14, 18, 22, 24, 30,
40, and 30 d after planting as deseribed above. Hach sample
was evaluated In tripliente by ELISA and then averaged for
one value per data point. Growth stage was recorded at time of
sampling. For ticl07 oxpression analysis, frozen lsaf dises
were combined with ehrome-steel bsads (BioSpee Predusts
Inc., Bartlesville, OK), and axiraction buffer (50 mM sedium
carbonate/bicarbonate, 2 mA dithiathrsital, 0.07% Tween-=20)
wag added at a 1:60 ratio (tissue wi~val), then vigerously
shaken in a Harbil Mixer 5G-HD (Fluid Management, Wheel-
ing, 1L) for 3.5 min. The extracts wers placed an wat ige for
30 min to allow solid phase to seitle, and an aliguot of su-
pernatant was transferred 1o o new microcentrifuge tube.
Trypsin was added to a final concentration of 50 mM., All sam-
ples were diluted 1:83 (for 1:15000 tetal dilution wt-vol.)
with TBA (100mAf 'fris base, 100 mM Ng.B,0, SmM
MgCly, 0.05% Tween20, HCl to adjust pH to 7.8, and 0.2%

. L-ascorbic acid dissolved just before use) before loading on

nssay plates,

tic107 protein levels were determined by ELISA as de-
scribed, Toxin significantly equivalent to the CrylAsc eneaded
by B. thuringiensis subsp, kurstaki strain HD-73 sxpressed and
purified from Eseherichia coli fermentation was used as a
standard. Lyophilized texin was disselved in 50 mM sodium
bicarbenate (pH 9.6) and subjected te trypsinization as de-
soribed {or sumple treatment. The standard was serially diluted
in Tris-borate-Aseorbic Acid (TBA) to eight concentrations
(32-0.25 ng mL™") to generate standard curve for quantitation
of the expressed tiel07. For ELISA assay, the 96-well Nune
immuno plates (MaxiSorp Nunc-Immune plates, Nalge Nune
International, Roskilde, Denmark) were coated with a 1:48 000
diluted monoclonal IgG Abl (M19N4A6) and incubated over
night at 4°C. Plates were washed threc times with PBST
(0.001M KH,PO,, 0.01M Na,HPQ,, 0.137M NaCl, 0.0027M
KCl, 0.07% Tween2(, pH 7.4), and blocked with PESTO (1 %
PBST, 0.5% oval albumin) at RT for 2 h, Plates were washed
ofe time with PBST, loaded with 100 pL psr well of freshly
trypsinized sample [3 replicates plate™ for standards and
samples, 6 plate™ for controls, and 8§ plate™ for blanks
(TBA)], and incubated at RT for 2 h. After three washes with
PBST, plates wore loaded with HID-73 polyelanal antibedy
diluted 1:1000 with PBSTO and incubated at RT for 1.5 h.
Plates were washed three times with PBST, the bound
polyclonal IgG were detected with donkey antirabbit IgG-
HRP conjugate (Amersham, Piscataway, NJ) diluted 1:3000
with PBSTO. After o final seriés of washes adding TMB
poroxidase substrats, and developing for 10 min, plates were
read for enzyme activities. Unknown gptical density values
were adjusted for background affects by subtracting mean
nontransgenic (A3237) optimal densitics. Unknowns were
estimated from a standard eurve generated by plotting the
standard concentrations vs. the obtained mean optical den-
sity values, ‘
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Rraicin Assay

Tetal protein content of test saybean sample exiracts werg
mensured using the Bié-Rad Protein Assay (Bie-Rad Labo-
ratorics, New York), following the manufastors protocol for
microtiter plates. Montiypsinized extracts wore diluted 1:10
with FBAT (1600 total ailluti@n wi~vol,) Beforc protein agsay.
Rovine serum albumin 2.0 mg mL "' standard (Pierce, Rack-
ford, IL) was used te génerato a standard curve, §ix standard
dilutions werg prepared from 0.5 to 0,05 mg mL™" using o
dilution buffer similar to the unknewa’s 1:10 extraction buffer to
PBST. Plates (96-well MaxiSorp Nune-Immung plates, Nalge
Nune International, Roskilde, Denmark) were read at $95 nm in
Spectra Max plate reader with SOQFTmax PRO 3.0 software
(Molecular Devices Corparation, Sunnyvale, CA), Total pretein
levols wers used to normalize ticl07 proteln amounts.

isoct Bioassays
Leaf Dise Bisagsay

Twao tissue types (newly sxpanded leaves and N4 leaves) ware
sampled from R, %{mgr‘aiion transgenic (862, 726, and 781) and
isogenic plants at Rs (862) or R, (726 and 781) stage of growth
and evaluated against first-instar larvae of velvetbean caterpil-
lar, soybean podworm, and soybean looper. Leaf dises were
placed singly in wells of 24-well tissue culture plates containing
LOmL of 2% agar, infested singly with neonate larvae of the test
insects (24 treatment™!), and incubated for 4 d at 25°C under a
14L:10D pheteperiod; Insect martality was yecorded and
percent leaf eonsumption was estimated for each dise.

Whole Leaf Bioassay

Leaf foeding studles were eondueted using third- and fourth-
instar velvatbean caterplillar larvae ebtained from insect rearing
at Embrapa Seja (Londrina, Parand, Brazil), Bicassays con-
sisted of 60 larvae treatinent™ (three replicates) including trans-
genic Bt lines 862, 726, and 781, and a Bt (negative) commercial
check (M-80Y5826), conducted in the MONSOY Labaratory
(Ponta Grassa, Farmﬁ!;ﬁrazil). Larvae were fed with foliage in
plastic boxes containing filter paper, with follage being replaced
as neecssary, Larval mortality was recorded daily. Foliage con-
sumption was measuied through a portable, integrated leaf
meter (LI-COR Model 3050A), estimating the foliage area of-
fered to the larvae, the area remaining after feeding, and
dividing ths foliage ar¢a consumed by the number of larvas in
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eoch replicaie. In the case where larvas grew in slza and cope
sumed heavily, the larvae In each replignie (principally the
cheeke), were subdivided io fowsr larvag in plastic bexes. -

RESTILTS
Plant Transformation

As plantlets regonerated and rooted, they were
moved to seil and transferred to the groenheuss, One
hundrad and seven resistant events were prodused that
were regenerated into 87 plantlets for further testing
under greenhouse conditions, Onee in the greenhouse,
plants were assayed for expression of Hr at apprexi-
mately the V3 to V4 leaf stage. Lines were advanesd,
based on axpression of Br that behaved as a single demi:
nant gene inherited in 3 Mendelian fashion (fit a 31
segregation ratio) at K;. Seven lines were maved for-
ward for molecular characterization (851, 859, 862, 863,
726, 781, and 1085) and single eopy events were ad-
vanced (862, 726, and 781), All events contained the
sclectable marker nptll with the exception of event 781
which contained CP4. The same phenotypic test was
done at R, and R, to determine homozygous individuals
by identifying R, individuals whose pregeny were all
positive for cxpression of Bt (Table 2).

Characterization ef Transgene

Extensive restriction enzyme mapping was done te
evalunte copy nymber and integrity of tranegenic
elements on seven transgenic At lines. The results from
genomic DNA digest with five single enzymes and two
enzyme combinations confirmed the copy number and
integrity of the integrated transgenc in cach line (data
not shown). Figure 2 is a Southern blot probed with the
entire transformation plasmid showing the transgene
copy number results, as determined by digesting geno-
mic DNA with a restriction enzyme that cleaves once
within the T-DNA (EcoR V). This restriction enzyme
and probe combination should produce a single unique
band if there is a single copy of the T-DNA inserted in
the gonome of the transgenic soybean line. Lines 851,

Table 1. Moan agronomic data compared with isogenic and parenial line with no significant differences at the 95% confidenee Iovel.

Locution Line

Einergonse (1)t Flawsring Hoight§ Lodging (-0 Maturity¥ Yioldtt
‘ DAR an d Mg ha !
Wyoming, 1L 862 (Isq) 10 (40 41,8 (41.5) 762 (16.3) 20 (2.0) 117 (11%) 238 (244
736 (isa) 10 (L) 353 (34.4) 763 (76,3) 24 (3.0) 17 (119 340 (2,69)
781 (Iso) 10 3.0 35,8 (34.3) 76 (76.9) 20 (3.0) 17 (119 2,45 (3.85)
A7 10 3440 6.2 200 117 3

Monmouth, TL $62 (Iso) 1.0 (1.0) 41,3 (41.8) 83,6 (8%,1) 10 (1. 115 (118 3,18 (3.28)
736 (Is0) 1.0 (10) 375 (376) 87,1 (85.0) 1.0 (19) 138 (118 308 (3.34)
781 {Is0) 1.0 (L) 38.3 (37.8) 869 (86.4) 10 (1.0) 115 (115 3.37 3.21)

AR 10 193 86.1 1. 115 353
Carlyle, 1L 862 (150) 1.0 (10) 340 (4.9) 693 (31.9) 10 (L0) 20 (96) 378 270)
: 726 (Fs0) 104 343 (4.9) 749 (71.5) 10 (1.0) 97 (99) (32
781 (Js0) 1.0 (1.0) 340 (4.3) 787 (73.3) 140 (1) 97 (97 3.20 (345

AN W 34, 3 19 97 318

¥ Eme;géneé for ench %loi was rated when nenﬂj all the see&!ing& iléd emergetf (is dxealleﬁl; 9 is‘ [inoﬁ),
AR) when first opon flower was ebserved in each plot,

¥ Viays aftor planting ¢

4§ Height: Plant height wa§ recosded af matyrity in centimetor, An average of three plants per plot was recorded,
A Ludging: Lodging was rocorded at hprvest (1 = stegight up; 9 = complotely down),

# Muturity: Duys from plaating when 98% of the pods wero brown.
1 Yiold sdjusted for mnisture content,

76
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Table 2. Aegregation data and analysls of progeny for B/ expressing lines, _

. o Bhscrvedt o 7 _ Ewpeeted » ;
Lin Gengratipn tosted Pusitive. Nygative _Positive _ Nogaitve X
863 ” 2 I nw 2,28 0.0insk
726 2 1 20.28 6.8 0.01ns
751 12 é 13,80 4.50 0:69ns

hamogygeus al By hetorozygous at Ry homazygeus at Ky heterozygous at R

] B k| U .09 .60 {liifing
128 ' id 3 088 39,38 FdTng
781 ' 3 1 1.35 993 6.03ns

¥ Ri danin expfessed 85 nimber of}msﬁive ond négati‘;e plm{ts based on p‘ﬂssenéé of Bt“d'e(eeiéc‘l by gencheck. Ra dafa eiprasséﬂ 28 number of immﬁzygem
and hieterozygous By plants. Zygosity of Ry plants were established whon all Ry progeny testod (15 plants) were cither all positivo for Br (nomozygous) or

018)s

segeegating for Be (huternz
N s (x* = 384, 1 4,

¥
% ns, not significant at # = 0.0

€59, and 863 contained muliple integration sites of
T-DNA as demonstrated by multiple bands in Fig. 2,
Ling 1085 exhibited a single band when digested with
EeoR V, which is indicative of a single intagration site;
however, digestion with multiple enzyme reveoled an ad-
ditional eopy of the transgene that co-migrated (Fig. 2,
Lanc 10). Lines 863 and 1085 contain two intact copies
of the T-DMNA. Line 851 contains one intact and one
truncated copy of ficl07. The truncated insert was con-
firmed by PCR and sequence analysis, which showed the
nptll gene was also truncated and the §' tic107 fragment
was in reverse orientation (data not shown). Line 859
contains five fragments of aptll, some of which were
linked (data not shown). All other lines containing more
than one inserted T-DNA were linked. FPurther evalua-
tions of transgenic Bt lines were limited to lines 862, 726,
and 781, which contained a singie intact transgene. The
three single copy lines were also evaluated by Southern
blot for transgene stability at Ry, Ry, and Ry (line 726
was not ¢valuated at Bs) and were stably integrated at a
single locus (Fig. 3).

Protein Expression

Five plants wgre averaged together for one data point
used in Table 3. tic107 expression levels were quanti-

123 4% ¢ 78¢5 1811 12

Fig, 2, Southern blot analysis of R, transgencic and control soybean
lines fo identify copy numbez. Each lane represents plasmid DNA or
Tug genomic DNA, DNA was digested with EcoRV and subjected to
cleetrophoresis in o 0.8% agarose gel then transferred to g nylon
membrane, hybridizod to a 32P-labeled probe with PV-GMBTO1, and
subjected to autoradiography. Each band represcnts insexted DNA.
‘The soybean ling A3237 was the recurrent parent in sll materin
examined; (1) 100pg PV-GMBTO1, (2) 50pg PV-GMT01, (3) blank,
(4) 851, (5) 859, (6) 862, (T) 863, (8) 726, (9) 781, (10) 1088, (11) 781

_ isoling, and (12) 'A3237 recurrent parent (negative contyel),

fied to make relative comparisons betwesn Bt expross-
ing lines. Barly-scason exprossion levals of 46167 in all
transgenic events were not significantly different frem
Vi through V3 with the execption of 862, which was
significantly less than 726 at V2 (P < 0,05), Howsover,
line 781 exhibited late-season exprossion of tic107 aig-
nificantly lower at V8 and V7 (P < 0,05) and at fiyst bud
through full ped (P < 0.001). During pod set, lines 862,
726, and 781 all expressed tic107 at significantly different
levels (P < 0.001), with means of 2.68 = 0,20, 1.26 =
0.10, and 0.52 % 0.09, respectively (Table 3). All lines
exhibited relatively stable cxpression levels of tic107
expression over the different plant developmental
stages and expressed the expected 64 kDa protein that
was immunoreactive Lo antibadies raised te CrylAc. In
addition, the 64 kDDa protein absent in isoline 862 is
present in the transgenic line 862 as shown in Fig, 4,

1 23 4 5 6 7 8 9 10

e 3 52

T B

Fig. 3. Transgene stability of Bt events. Soy genomic DNA (10 pg) was
digested with EcoRY, cleetrophoresed in o 0.8% ngarosc gol,
transforred to a nylon membrane, hybridized to o 32P-labeled probe
with PV-GMBT01, and subjected to nutoradiography. Individual
langs: (1) Molecular weight markers, (2) A3237 nontransgenic con-
trol, (3) 726 Ry, (4) 726 Ry, (5) 781 Ry, (6) 781 Ry, (7) 781 Ry, (8)
862 124, (9) 862 Ry, and;(10) 862 Ky, Molecular weight markers are
indiented on the side of the avtoradiogram.
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‘Fahie 3. Mean yalues of Bf protein detecied in loaf fissuc measured by ELISA. Values ropresent moans # BE.
Line V1 ({0 DAP)t V3 (14 DAP) V3 (18 DAP) V5 (3 DAP) VY (26 DAD)  fisut bud (30 DAP) _ Pod sof (40 BAR) _Full pod (50 DAR)

NDE 2,56 = 0.21% ND

562 36 2 0,21 4.06 % 0.83
76 AS6E0M G206 3M =080 44 = 106
P 60060 470120 LIB =093 192 % 0,200

ug mg™? of tofal eatractible protein

437 = 0,68

ND 413 = 041 268 + 0,20 274 + 038
4,64 = 0,58 136 % 010 371 & 0,80
135 031 (.60 £ 0.18% 0.82 % 00062

097 = (6%

% Indicates pm-hahilil' of tt{insgerﬁc means hgi;ag iigniﬂgnntly different fram other 'tmnﬁgénio lings, P « 0,08,

** Indicatos probability of tiansgenic means belng significantly diffcrent from othey transgenic lines, P < 0,01,

Y DAP = duys after planting.
END = data not taken.

# £ yaiue Indicated probability of tfransgenie means heing significontiy diffarent from evont 736, P < 0.04,

Lanes 1 and 8, This band was also absent in the parental
variety A3237 (Fig. 4, Lane 4). ‘

Insect Bioassays
Velvethean Caterpillar

Both young (center leaflet of newest fully expanded
trifoliolate) and old leaves (N4 leaves) of all three
transgenic B lines caused 100% mortality in the 4-d test
period, while mortality on the isogenic lines ranged from
25 {0 42%. Thore were no apparent differences in mow-
tality betwegn isolines or tissue types No tissuc eon-
sumption was obsorved fev eithsy tissue type in any of
the transgenic Br lines, while lsogenis lines exhibited 33
to 7% tissue consumption. There were no appazest dif-
ferences in tissue consymption between isolines, hew-
ever, for all three lines; young leaves were more heavily
consumed than old leaves (Table 4), In the whele lgaf
bioassay, both third- and fourth-instar larvae on all three
Bt soybean lines exhibited 100% mortality after 4 d,
compared with 6.7 and 0% mortality, respectively, on
the control (Tables 5 and 6). Third-instar larvac con-
sumed an average 123 c¢m? of control leaf area, com-
pared with only 0.1 to 0.2 em? for the B lines (Tables §
and 6), This corresponds to 3 reduction in feeding of
virtually 100%. Figure 5 shows the inhibition of feeding
by third-instar larvae caused by line 781, compared with
the control, =24 h after initiation. Fourth-instar larvae-
consumed an average of'117 em?* of eontrol leaf area,
compared with,0.5-0.6 em? of the Bt lines, again repre-
senting a reduction in feeding of virtually 100%.

45

Fig. 4. Western Blot analysis of Rs transgenic and nontransgenie
soybean lines. Total protoin was xtracted from leaves and digested
with teypyin, Denatured protein was separated by sodium dadecy]
sulfate~pelyacrylamide gol clocteaporesis, blotted, and visualized
using CrylAc antiserum and chemilwminescens defection system,
The soybean lino A3237 was the recursent parent in oll material
examinod: (1) 862, (2) 726, (3) 783, (4) A3Z3T soyboan genotype
(negative control), (5) negative segregent for line 862,

Soybean Podworm

Both young and old leaves of all three transgenic Br
lines causad 100% mertality in the 4-d test period, while
mortality on the isegenic lines ranged from 0 to 17%. No
tissue consumption was observed for sither tissue type
in any of the transgenic Bt lines, while isegenic lines ex-
hibited 72 to 98% tissue eonsumption. In this ease, there
were no apparent differences in tissue sonsumption be-
tween isalines, nor were young leaves mere heavily con-
sumed than old leavee (Table 4),

Seybean Loaper

Reth yaung and eld leaves of all thrae transgenic Bf
lines caused 100% mertality in the 4-d test peried, while
mortality on the isogenic lines ranged from 0 to §%. No
tissue consumption was observed for either tissue type
in any of the transgenic Bt lines, while isegenic lines
exhibited 46 to 85% tissue consumption. Again, there
were no apparent differences in tissue consumption be-
tween isolines, nor were young leaves mare heavily son-

- sumed than old leaves (Table 4).

Agronomic Testing

There was no sigaificant differences in emergence,
flowering, plapt height, lodging, maturity, and yield as

Toble 4. Antibiosis trials using first-instar (soybesn podworm,
soybean loaper, and velvethean catorpillar) with tic107 expross-
ing transgenic Bt vs. 0 segregant without the transgene (Jso),

% Moriality % Defoliation

Leaf tissue

Test Insegt  Line type B Tio Bt Iso
Soybean 862 N4# 100 (1] 1 98
podworm new 100 4 2 74
726 N4 100 0 1 83

new 100 19 1 72

781 Ng 100 0 0 79

new 160 ] 1 99

Soyhean 862 Nd 100 8 0 73
looper new 100 4 0 49
726 N4 100 0 0 58

new 100 [ 0 62

T8It N4 100 L] 0 46

new 100 4 0 83

Velvethoan 862 N4 100 20 0 41
catorpiliar now 100 A 0 63
726 N 00 k1 ] EX]

neW 100 42 8 4]

81t N4 140 25 1] 48

now 100 & 0 74

N4 = unds four leaf.

TH
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Tahle 8, Mortslity (number and psroentage) of third-instar velvetbean enterpillar larvae fed with Ganagenic ¥ lines (863, 726, and 781) on
difforent days after troatment (DAT) and mean foliage consumption per layva, compared with cheek (M-50Y 5836 is a commorgial

check). Bioassay 1, Ponta Grossa, MON,S()Y Experimental Stqtion.

Mertality (No, .lm:vacj

1 DAT

G@H()!_}’gﬁ , ‘ 2 DAT i DAT \ 4A NAT ’i‘nigl Linﬂgl!ty_ 7 Mugn fniiage per larva
' 4 g an?

M-§O¥ 5636 1 1 3 0 4 6.9 1233

‘363;3 12 12 29 8 2(} I al

A8 i6 18 38 8 6l i (i1

%1 _ 20 ; 7 A @ fil 10 0.3

TR

described in Table 1, There was no significant difference
hetween the positive and negative isoline for each event,
In addition, there was no significant difference be-
tween events.

DISCUSSION
Design of Expression Cassette

The ticI07 gene i§ under the control of the Arabidop-
sis ribulose 1,5 bisphosphate carboxylase small subunit
(rbc8) 1A gone promoter (P-ArabSSU1A) (Krebbers
ct al,, 1988). Plant promoters were considered due to the
diminishing transeription levels of viral promoters dur-
ing plant development and the need for expression in
selective tissugs where feeding occurs, In Arabidepsis
and other higher plants, rbeS mRNA are encoded by a
multigene family and their expression patterns can differ
both quantitatively and qualitativcly in response to light
and development and in different tissues (Dedonder
et al., 1993). Cheng et al. (1998) have shown rbe$ mRNA
exhibit diurnal patterns of expression, with peak abun-
danee accurring after dawn and minimal levels at the end
of the light period. The §'-flanking region contains
a funetional G box (C/A-CACGTGGC) (Donald and
Cashmore, 1990) which has demonstrated high-level ¢on-
stitutive expression in dicot and monocot plants (Ishige
et al,, 1999). These characteristics made the Arabidopsis
rbe8 promoter an interesting candidate for expression
of tic107 in soybean, The 3’ end of the cassette is from
the 3’ nontranslated region of the soybean alpha sub-
unit of the beta-conglycinin gene (7S 3’) and provides
the mRNA polyadepiylation signals (Schuler et al., 1982)
(Table 7).

To enable transpart into the chloroplast, the tic107 was
fused to the targeting sequence from the Arabidopsis
rbeS 1A (CTP1). The CTP1 was generated with the use
of the chloroplast-targeting and mature NH2-terminal
cading regions of the rbc8. The targeting sequence wag
modified by the addlition of the first 24 amino acids of

N S Y AT Tt e

rbeS (MOQVWPPIGKKKFETLSYLPDLTDS) because
the sfficiency of proteln impert is inereased by additien
of the sequence frem the mature region of this protein
(Stark et al, 1992). To facilitate removal of the re-
maining rbeS seguence from the tiel107 protein, a sec-
ond protease cleavage site (GGRVNCMEOA) bstweon
these 24 amino acids of rbeS and the NH2-tesminal Met
of tic107 was added. We have generated nentargeted
tic107 lines, and these lnes on average aceumulated
much lower levels of tic107 (data not shown),

The Hel07 encodes a full-length CrylA-like protein
of 1178 amino aecids, which when subjected to trypsini-
zation vields an active N-terminal preteln produst or
iryptic eore of «600 amino aeids in planta and in vitro
(Fig. 4). The cryiA gone present in PV-GMBTO1 was
construeted by combining the first 1398 nueleotides of
the cryl Ab gene (cosresponding to amino aeids 1-466)
(Perlak et al., 1990) with nucleotides 1399 to 3524 of the
crylAe gene (correspending to amine acids 467-1178)
(Fischhoff and Perlak, 1996). With the sxeeption of 6
amino acid differences, the native CrylAb region is
identical to the analogous region of the native CrylAc
protein encoded by the B thuringlensis subsp. kurstaki
crylAg gene as deseribed by Adang et al. (1985). The
remaining portion of the ticI07 in PV-GMBTO! encodes
an amine acid sequence that is identical to the CrylAc
protein found in nature (Adang et al., 1985) with the
exception of one amino acid at position 766 contained
in the C-terminal region that is clipped away from
the active portion of the pretein during trypsinization.
Thus, the encoded mature protein produced in these
transgenic soybean lines are »99.4% identical to the
naturally occurring CrylAe protein produced by B
thuringiensis subsp. kurstaki, However, this gene greatly
differs from the wild-type gene found in the gram-
positive prokaryote by increasing the G + C content via
codons from highly expressed plant proteins, removing
potential plant polvadenylation signal sequences (Rean
ct al,, 1986), and removing A1T'T'TA sequences that have

Table 6. Mortality (numbar and perecntage) of fourth-instar velvetbean caterpiliar lorvac fod with transgenic B¢ lines (862, 736, and 781) on
different days efter (rentment (DAT) and meun folinge consnmption per larea, compared with eheck (M-SOY 5836 is a commeragial
¢heck). Bioassay Il, Ponta Grossa, MONSOY Experimental Station.

Maostality (Ne. larvag)

1 DAT 3 DAT

Geuotype B 3 DAT’ , ' 4 DAT Total Motaiily Mean fallags pex layep
. ' ' % ' o

g : ag > 0 0 109 v

e B L] s { ) 1680 ﬁsg

36 3 40 18 0 6 1D fi.h

731 1 28 34 0 [ 100 D
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Fig. 8. Leuf foeding studies using velvetbosn caterpillar. Defoliation of
(A) transgenis At line 781 compared with (B) M-SOY5826 24 b
after supplying foliage from those genotypes to thirdsinstar vels
vatheun caterpiliar larvoe.

been shown to destabilize transcripts (Shaw and Kamen,
1986). Perlak et al, (1991) demonstrated that making
these modifications to wild-type Bt genes could increase
the levels of inseet control proteins 100-fold. Although
previous reports of transgenic soybean centaining Bt
genes have used a gene designed for high expression in
plants, they were unable to generate plants with insee-
ticidal proteins at the levels we are reporting (Stewart
et al,, 1996b; Adang et al., 1993),

Transgene Integration and Expression

Potential safety issue with multiple copy events or
poorly characterized integration site of the transgone
can be easily screened out because of the abundanee of
commercially viable lines allowing us to reduce the risk
associated with unintended transgenes or sequences.
Utilization ef this plant expression eassette allowed iden-
tification of several efficagious events from the original
transformation output of 87 events, We have shown
this expression cassette (Fig. 1) to perform well indepen-
dent of insertion sites. Apparently the tic107 expression
cassette is not sensitive to position effects related te
chromasomal locus and nearby DNA sequences. All
transgenic soybean plants containing a functional tran-
scriptional unit that expressed the Bt protein were found

Table 7, Genstic eloments present in TDNA,

MIKLOG BT Al GHARAGTRRIZATIAN OR HIGH BXPRESSING RT S0¥ 158

to he afficacious, which is one less multiplier in calcu:
lating efficieney. Many transgenis plants, aa in the evenis
deseribed here, have a selectable marksr included in the
T-DNA. The inclusion of the selectable marker in the
T-IDNA aids in the selection of transgenic plants that are
integrated in arcas of the genome that arc transcrip-
tionally active, thus increasing the opportunity of gen-
erating efficacious plants (McCormac et al., 2001). Even
under conditions in which the transgene was not asso-
ciated or linked to a selectable marker we were able to
efficiently and reproducible generate effieacious plants
(MacRae et al., 2005). An optimized expression cassette
in one organism, however closely related, does not nee-
essarily suggest suceess in other organisms, Stewart st al.
(1996b) generated their Bt soy plants using the same
gonstruct which produeed transgonic canola with ex-
pression levels of up to 6.4%, and Singsit et al. (1997)
have produced transgonic peanut with expression levels
of 0.18%, We feel the underlying difference in the per
formance of an expression cassette has to be organism
specific and related to differenees in transeript regula-
tion and the stability of transcripts and proteins. It can
be hypothesized that transcription regulation is sig-
nificantly affected by slight alteratiens in nucleotide
sequenece (primary structure) in the promoter, affecting
binding of regulatory proteins that have evolved in
greater affinity to native sequences. Provided binding
oecurs, the interaction of these regulators to the basal
transeriptional unit (quaternary structure) may be sub-
optimal. In our view, the success of these complex rela-
tionships can only be empirically determined. As we
become better at targeting expression to speeific tissue
through the plethora of genomics data available we will
be able to limit the environmental exposure of these
insecticidal protelns by expressing them primarily in
tissue where feeding oeeurs. Historically, the first pro-
moter used to express a Bf gene has been from a plant
virus, These promoters have evalved to give high consti-
tutive expression; hewever, they are nat the most effi-
cient means of expression. These advanesments in eur
understanding of and use of tissue-speeific prometers
will minimize the superfluous expression of transgenes.

Hlement Slae Bunstion
kh

F-EMY 0.67  3E8 figworl mozale virns promater (Gowda et al,, 1889},

AEPSPS/CTEZ 031  DNA soquinge for ehloroplast transit }wptidﬂ, jsolatod frow Arabidapsis thalions KPSDE; wensit peptide dircots the CR&wwm
proigin ta the chlovoplast, the site of aromatic amino acld synthesis (Bhah ¢! al,, 1086),

C14 eyn 136 Synthetic vorsion of the S-onolpyruvnlshikimates3-phosphate sypthase (EPSPS) sequence isolated from Agrobacteriem sp.
straln CP4 thyt imparts tolerance to giyphosate (Padgette ef al., 19%6), ’

ES ¥ .65  The 3’ nontranslated region from rbeS K9 gone of Plsum sativum (pea) which terminates trapscription and direets
pelyadenylation of the mRNA (Coruzel ot al,, 1984).

P-Arab8SUIA 173 Promater far Argbidopsis shaligna ribulose 1,5-bisphosphate cachoxylase small aubunit 1A gene (Krehbers et al,, 1988).

TRl 165 Chloroplast transit peptide from Arabidopsis thaliana ribulose 1,5-hisphogphate carboxylase smell subunit 1A
(TimKo ¢t al,, 1985}:

Hot07 3.53  The gone, which confers insect rosistance from Bacillus thuringiensis subsp. kurstaki. The modified gene encodes an
aming acid sequonce that is 99.4% identical to the cryAc gene as described by Fiscihoff and Perlak (1996).

78 % 0.44 A 3 nontrapsiated region of the soybean alpha sybunit of the betw-conglycinin gene (hat provides the mRNA,
polyadenylation signals (Schuler ot al., 1982),

P-NOS 0.3 Promoter froin Agrobacterium tumefaeiens pYiT37 for the gene encoding nopaline synthetase (Bevan cf al,, 1983)

nptdl 1.0 The gene isolafed from TnS(Beck et al,, 1982) which encodes for neomyein phosphofransferase type 1. Expression of this
gene in plont cclls confers resistance fo kanamycin and sorves as a sclectabls markor for transfovmation (Fraley et al., 1983),

NOS 3 0.27 A 3 nontranslated reglon of the nopaling synthetase genc from Agrobacterium tumefaciens, which functions fo ferminate

transcription and divect polyadenylation of the nptll mRNA (Depicker of al,, 1982; Bovan et al,, 1983)
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When generating transgenic Bt plants, the quality and
quantity of transgenc expression is of great importance,
High-dese expression can reduce the risk of resistant
genotype development. An alternative mode of action
in combination with high dese may be an cffective way
to contrel the rare homozygous-resistant insect gene-
types, High dose is only possible when expression cas-
seftes dre optimized for the crop species of interest.
All three transgenic Bt lings exhibited 8 high degree of
resistanes against the three insects tested. No apparent
differenees in efficacy were observed between the three
transgenie Bf linos against the three insect species,
Loocking at survival and tissue caraumption by the dif-
ferant inscets on the isagenic lines can assess the quality
of the bioassay system. Valvetbean caterpillar, the mest
Cryl Ac-sensitive insect ip the test, exhibited relatively
higher mortality and lower tissue consumption in the
controls than soybean looper or soybean podworm, both
of which exhibited very low mertality and much higher
tissue consumption.. As a result, these latter two species
are considered more suitable subjects for use in early
assessments of inseet resistance in transgenic Bt soy-
bean. A significant result of this study is the high degree
of efficacy observed against later instars of velvetbean
caterpillar. Qlder larvae are generally more tolerant of
both formulated B thuringiensis insecticides (Roush,
1994; Ali and Young, 1996; Massé et al, 2001) and
purified or transgenically-expressed endotoxins (Bai
et'al,, 1993; Halcomb et al., 1996, Ashfaq et al.,, 2000;
Henneberry and Joch, 2000; Parker et al,, 2000) than
neonates. The achievement of resistance against older,
presumably more tolerant larvae is undoubtedly a resylt
of the high tic107 expression levels achieved in these Bt
soybean lines. '
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