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Cap.|

No. Solicitud internacional PCT/US2008/082590
Fecha de Presentacidon Internacional 08/Noviembre/2008

Como resultado del Examen 'de Fondo realizado, con fundamenta en e Articulo 45 de
la Decisién 486 de la Comisién de |1a Comunidad Andina, se comunica:

1. Documéntos estudiados

Descripcian: - Folios 94 g 154 . J10Muniof2010
- Relvindicaciones: Folios 190 a 196  10/dunio/2010 !
Dibujos: o Folios 198 a 198 10/dunio/2010
Prioridad; US 60/288,349 15/Marzo/2007

2. Analisis de la Prioridad

Se acepta la reivindicacton de Prioridad porque esta solicitud fue presentada dentro
del plaze establecido (Art. @ D 488), y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la inveneion

Titulo de la solicitud: "Plantas y semillas de soja correspondientes al evento
transgénico MON87701 y métodos de deteccién del mismo”

E! 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 céluias, semillas y plantas que comprenden un
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ADN diagnostico del evento de soja. La invencion también provee compasiciones que
comprenden secuencias de nucledtidos que son diagnésticos para dicho evento de
$0ja en una muestra bioldgica, sondas y cebadores para su use en la deteccion de
secuencias de nucledtidos que son diagndsticos de la presencia de dicho evento de
soja en una muestra bioldgica, y métodos para detectar la presencia de dichas
secuencias de nucleétidos del evento de soja en una muestra bioldgica. 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 de la presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): C12N 15/82, C12Q 1/68, AO1M 5/00

4. Excepcién 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 procesc esencialmente bioldgico en el cual un
insecto se alimenta de uma planta, un proceso que es natural y en el cual no
interviene la mano del solicitante.

5. De 1a 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 D488, por lo cual se suglere al
solicitante hacer ia carreccién 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 cua! se designé una planta transformada, pere que no remplaza las
caracteristicas técnicas en particular que dehen definir la invencién.

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

La reivindicacion 7 que se refiere a una composicién no es clara por que no
caracteriza todos y cada uno de sus componentes asl como las proporciones en lo
que dichos componentes se encuentran. Los ejemplos de composicidn reclamacdos
corresponden a alimentos, se recuerda al solicitante que un producto alimenticio tiene
su propia forma de caracterizar, que incluye !a composicién que lo conforma
indicando los elementos con los que se prepara y las proporciones de los mismos, o
a partir del método 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 reivindicacidon 8 contiene pasos que se consideran procesos
esencialmente blolégicos correspondientes a la obtencidn de plantas por medio de
eruces, el solicitante debe aclarar cual es su aporte de manera que la invencién sea
patentable, ya que tal como se encuentra escrita la relvindicacién, se entiende que el
objeto que el solicitante desea proteger es el proceso de deteccidn 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 ta estructura,
secuencia exacta, de los cebadores reclamados. La deflnicién lugar a un nimero
indefinido de posibles secuencias, de manera que no permite identificar
inequivocamente la invencién, el solicitante debe especificar las secuencias de los
cebadores e identificarlas con su respective SEQ ID NO.

El método de la reivindicaciéon 19 no es claro por que el literal a. no define
inequivocamente las secuencias de los cebadores usados, el solicitante debe
especificar las secuencias de los cebadores ¢ identificarlas con su respectivo SEQ ID
NO.

El método de la reivindicacion 21 no es claro por gue: i) no define inequivocamente la
secuencia de |la sonda usada, el solicitante debe especlificar las secuencias de los
cebadores e identificarlas con su respactivo SEQ ID NQ, ii} no proporciona las
“condiciones de hibridacion severas” necesarias para hacer el método repreducible.

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

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

6. Determinacidén del Estado de la Técnica
El Estado de la Técnica se determind con base en la Fecha de Prasentacion de la

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

item Documento Titulo P:;I‘I::: c?:n*
Characterization of soybean '
CROP exhibiting high expression of a
SCIENCE, vol. | synthetic Baolllus thuringiensis ,
D1 47 . no. 1, eryl A transgane that co?\fers a Enerc/2007
pages 148-187 | high degree of rasistance to
lepidopteran pests
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D1 divulga la caracterizacion de plantas de soya transgénicas que expresan Cry1A
del gen TIC107 usando técnicas de PCR gue involucran sondas y primers.
https:/iwww solis ora/publications/cs/articles/47/1/148

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

La reivindicacion 19 consiste en “Un método para detectar la presencia de una
molécula de ADN seleccionada del grupo que congiste de la SEQ ID N°:3, SEQ ID
N:4, SEQ ID N°:56 y SEQ ID N°:6 en una muestra biolégica, CARACTERIZADO
PORQUE dicho método comprende:

a) Poner dicha muestra bioldgica en contacto con un par de cebadores de ADN
que comprenden moléculas cebadoras de ADN de suficiente longitud de
nucleétidos contiguos de la SEQ ID N°:3 o 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
0 su complemento, como para funcionar como cehadores ¢ sondas de ADN
diagnésticos del ADN extraldo de la planta de soja MON8B7701 o de la
progenie de la misma,;

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

¢) Conducir dicha reacciéon de amplificacion de acidos nuclelcos, produciendo asi
una molécula de ADN de amplicon: y

d) Detectar dicha molécula de ADN del amplicon, en donde la deteccidn de un
amplicon que comprende al menos una de la SEQ ID N: 1, la SEQ ID N*:2y
un complemento de la misma es indicativa de la presencia de dicha molécula
de ADN en dicha muestra biolégica.

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

Caractaristicas esenciales D1
Método de deteccion del gen TIC107 Método de deteccién del gen TIC107
Cebadores y sendas especificas para el Cebadores y sondas especificas para el
gen TIC107 _ gen TIC107

Las caracteristicas esenciales de la composicion de la reivindicacién 1 habian sido
divuigadas previamente en D1, el cual da a conocer al gen TIC107, que codifica la
proteina cry1A que exhibe un alto grado de resistencia a lepiddpteros (Resumen
pagina 148, y pagina 148 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 c¢olumna izquierda Molecular
characterization). Como se describidé 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 que han sido modificadas para introducir el gen TIC107 (folio 149
Ilnea 00115), por tanto se realiza el analisis de patentabilidad sobre métodos para la
deteccion de dicho gen introducido en |a planta de soja, asl como las secuencias de
los cebadores y sondas necesarias para realizar dicho método. En consecuencia, la
reivindicacion 189 no es nueva, segun |o divuigado en el documento D1, ya que este
contiene todas las caracteristicas esenciales del método. La reivindicacidon
dependiente 20 no aporta ningunga caracteristica esencial novedosa a la materia, por
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lo cual se considera tampoco es nueva.
Nivel Inventivo (Art18 D486)

La reivindicacion 21 que hace referencia "21. Un método para detectar la presencia
de una molécula de ADN seleccienada del grupo que consiste de la SEQ ID N*:3,
SEQ ID N°4, SEQ ID N5 y SEQ ID N°8 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 ¢on una muestra bioldgica 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 bloléglca en
donde la deteccién de la hibridacién es indicativa de la presencia de dicha
molécula de ADN en dicha muestra bioldgica.

Como se mencionéd en el numeral anterior {novedad), el doecumento D1 divulga el
método de deteccidn para detectar la presencia de acido nucieico partleular de la
modificacion 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.

£l efecto que produce esta diferencia no resulta evidente puesto que ambos eventos
de transformacion involucran 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.

E! problema técnico objetivo que resuelve la invencién es realizar la modificacion de
la soya para obtener resistencia a lepidopterios por la insercién de TIC107 usando
otro sitio de insercidén.

Sin embargo, para la persona del oficio nermalmente versada en la materia resultaba
evidente usar otro sitio de insercidn y saber que se obtendria una planta transgéniea
resistente al glifosato. La deteccidon de este nuevo evento de insercién usa las
mismas técnicas moleculares que el método reportade en D1, con los primers
especificos para el segmento flanqueante en el genoma de soya. El disefio de dichos
primer corresponde a un proceso rutlnarlo para un experto en la materia, paralo cual
existen multlples herramientas en la red', y que por tanto no presenta nivel inventivo.
De la misma manera la determinacién de la cigosidad (relvindlcacién 30) de una
planta es un proceso rutinario, a partir de los resultados de la deteccidn del evento,
que un experto medio esta en capacidad de realizar.

'hitp: £ /www.ncbl.nim.nih, gov/tools/primer-blast/
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De esta manera, a partir de la informacién divulgada en D1, la persona del oficio
normalmente versada en la materia estaba en capacidad de llevar a cabo la
invencién tal como es planteada en ia solicitud y tener expectativa de éxite de
resolver el problema propuesto. La materia reclamada en las reivindicaclones 21, 30
y dependientes (22 a 26 y 31) carece de nivel inventivo e Incumpie el articulo 18 de la
D488,

8. Conclusién

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

Item Documento Reivindicaciones afectadas | Requisito que afecta
CROP SCIENCE, )
D1 vol. 47, no. 1, 19.a 26, 30 y 31 Novedad y Nivel
pages 148-1587 |

En cumplimiento del articulo 45 de ja Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (80) dias
contados a partir de la fecha de notificacién 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 concesidn, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
eapltulo quinto del titule primero de ja Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacién en lista, de fecha
a2 OCT. 8L

Elaborado par: Sandra Carolina Crespo Céardenas
Ravisado Por. Consuelo Leguizamon Legulzamen
Aprobado por: José Luis Salazar Lopez
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Ehuracterization of 8oybean Exhibiting High Expression of a Synthetie
Bacillus thuringiensis cryIA Transgene That Confers a High Degree of
Resistance to Lepidoptcran Pests

Jokn A, Miklos® Murtaza F. Alibhai, $tofan A, Bladig, Dannsite € Connor-Ward, At -Gue Gap, Beth A, Haimes,
Kotheyn H. Kolagz, Vidier T, Kabuye, Ted C. MacRas, Mark §, Paradise,
Andren §. Toedebusely, and Leslie A. Harrison

ABSTRAET

Wi report the genexatlon of transgente soyboan [Glyeine max (L))
Mo vin Agmbacteriumanodisisd gone transfur of o cryfA gene
(tel&F) from Hacilfug thueingionsis (110 that exhibits a high degree
of resiatance ageinst the lepidaptoran pam Psadaplusia inefudens
(Walker) (snyboan loojiee), Helleoverpa roa (Boddig) (soybean pod-
worin), and Antlearsia gommatalis ilmoz (velvotbeon catoeplilor).
Thiroe transgonic soybean lnes (662, 726, ond 781) wore evntuated for
cxpresslon, molcenlar composltion, cffleocy sguingt tasget posty, and
ugémmmie choracloristics. We havo deslgned and tevtod an oxprossion
cassetle (het eonsistenly and ropeoduclbly gencraies tronsgenic
anyboans lhal sceumulate the tlel0? prodcin ac lovels a5 high os
612 ppg mg” ! of total extroctable protoin, Expression levels of this
magnitude of & B¢ Inspeticidal protein have nover been reported in
soybeap, Previons reports have indicated expression lovels 100-fold
tower In the highast-cxpressing lines, In sddltion, the phenotypes of
theso high-expressing lings wero indistinguishoble [rom their negntive
segreguat and the transformation pavenl (Asgrow var. *AM3T), In.
sccl blopssay dotn demonstraie complefo protectlon apainst soybean
loaper, soybenn padworn, and velvetbenn caterplilay when negative

controls oxhibilod defoliafion as high as 08%. Unlike provions repuorts -

of transgenic soybeans, we report here highly efficacious, single-copy,
and normul phonotypes of tronsgenie soybean plants containing the
highly oxpressed crylA gene.

M ANY OF THE GCONOMICALLY SIGNIFICANT insect pests
of soybean are lepldoptorans and are espacially
important in areas with long growing seasons such as the
southeastern USA and South America (Higlev nnd
Bocthel, 1994, Aragén ot al., 1997). These inscet spocies,
primarily soybeen loeper, velvetbean caterpiliar, and
spybean podworm, are responsible for up ta 44% of the
econemic inseet damage in the southeastern USA, de-
pending on the year (McPherson ot al., 1999), Chemical
insecticides are commonly used for eontrolling infesta-
tions of lepidopteran pests in soybean; however, narrow
application windows, the emcrgence of inseclicide resis-
tance, and public pressure for reduced pesticide use limit
the desirability of this approach to pest management
(Aragén et al., 1997, Thomas and Boethel, 1984), Alter-
native control strategics utilizing biological insecticides

LA, Miklos, A.-Cl. Gao, T.C. MacRap, M 8, Paradise, A.8. Tocdebusch,
and L.A. Iardson, Monsanto Co., 700 Chosterfield Village Piwy.
West, Chasterficld, MQ 63017: M.F. Alibhai, §.A. Bledig, 2.C. Cannor-
Ward, B.A. Holmes, K.H. Kolacz, and VT, Kabuye, Monsanto Co,,
800 N. Lindbergh Blvd,, Creve Coeur, MO 63167, Received 17 July
206, *Carresponding author (john.o.miklos@monsante.com).

Published in Crop Sci. 47:148-157 (2007).
Genomics, Maleculer Genetics & Blotechnolopy
dpit10.2138/cropsci2iig.07.0463
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sre pvailable but have net gained widas read seoep-
{ance {Luttrell ot al, 1098 Moseardi, 1999). Hgcont
advances in crop biotechnology offsr transgenic plants
as an efficient and snvironmentally friendly shernative
strategy for controlling lepidopteren inscets in regions
where these pests are of agronomic concern (Williams
et al.,, 1998).

Bacillus thuringlensls, a cemmon soll basiarium,
is found throughout the environmanl, For »50 yr Bt
toxing have hoen used to caonirol certain inscct pests
(Tabashnik ot pl., 1994), Expressed as erystal proteins,
Bt 8-endotoxins are an effective way of controlling ces-
tain insects because their inspoticidal activity is limited
lo certain insect orders. In addition, §-endotoxing ure
highly specific and are nontoxic to mammals and other
species (Betz et al., 2000), making them a safer and more
environmentally benign alternative to syntheltic chemi-
cal insecticides. Bacilluy thuringiensis proteins (Cry pro-
teins) are encoded by cry genes and synthesized as
protoxms during bacterial sporulution, then solubilized
and activated under alkaline conditions of the insect
midgut. The insertion of the activated protein molecules
into the cell membranes of the midgut cpitheium results
in {ormation of cation channels that lsad to osmotle im-
bolance and lysis of the midgut cells, resulting i gut
paralysis and, eventually, insect death (Knowles, 1994).
‘Transgenic expression of B¢ proteins has proven to be a
highly effective method for controlling insect pests, and
nearly all major crop plants, including maize (Zea mays
L.}, rice (Oryze sativa L.), cotion {Gossypium hirsutum
L.}, potato (Solanum tuberosum L.), tomato (Lycoper-
sicon eseulentum Mill,), tobaceo (Nieotiana tabaeum L),
soybean, and canoln (Brassica napus var. napus) (Perlak
et al,, 1990, 1993; Stewart et al., 1996a; Armstrong et al,,
1995; Parrott et al,, 1994) have becn engineered to ex-
press ane ar more of these proteins. ‘This has resulted
in enormous economic and environmental benefils as
a result of inerensed yield with significant reductions
in the use of chemicnl insecticides (Purlak et al., 2001;
Shellon et al,, 2002).

Much attention has been peid by both academics and
industry experts in formulating strategles to prevent or
delay the dovelopmont of Bt resistance among inscet
pests (Tabashnik, 1989; Tabashnik et al., 1994; Huang
ot al., 2000, Andow et al,, 2000; Lewis et al., 1997). One
insect resistance managemeni strategy currently used
with Bt crops is so-called “high dose” {Gould, 1994)
expression of the Bt protein combined with a refuge of

Abbreviattons: 81, Bacilfus rhwmgferisiss PCR, polymerase chain
reaction; RT, toom temperature: T-DNA, transfer DNA.



A

MIKLOS OF 4l RHARAGIGRIZATION AF HIGH GXPRESIING BT §6¥ 140

aoBlransgenic plants (FIFRA Scientific Advisary Pansl,
1998}, Tn this strategy, oxprossion of the By protein is
sufficient to kill not anly suseeptible genotypes, but also
heterosygyous-resistant genotypes, the most common
curriors of resistanece aligles. This renders any resistanoe
alleles in the pest population functionally recessive,
aud maintenance of suscepltible insect genotypos by the
refuge proventy interbreeding nineng the rare homozygous-
rosisiant insect genotypes. To date, there have been lim-
ited reports of transgenic soybean (Stewart et al,, 1996b;
Walker et al,, 2000; Dufourmante! et al,, 2005); however,
their expression levels and corresponding efficacy have
not been sufflcient to gualily as high dose against any
of the primary lepidopteran pesis of soyboan. We report
here an exprossion eassette that results in %really in-
creascd expression of 8 Cryl Aeslike B proteln in soybean
plants. These plants sxhibit u high degreo of resistance
i lepidopleran insects with no apparent negative phe-
notypic effects. Data are aiso provided on the genelic
intogrity of the transgene insart.

MATERIALS ANID METHODS
Plasmid Constraction

The synthetic tel07, patternod aftar the Bt ssp. kurstaki
eryl Ac sequence, was dosigned for high oxpression in plants as
described by methods publishod in the patent by Fischhoff and
Pertak (1996). The synthetic Hef07 nucleotide sequence found
in this patent is referred to as synthetic Btk HD-73 (also
kinown as CrylAc). We renamed this protein ticl07 because
the encoded mature protein produeed by this gene is not iden-
tical (99.4%) to the nnturally cecurring CrylAc prolein pro-
duced by B thurlngiensis subsp. kurstaki. The Bt espression
casselle was asgembled in a high-copy pUC vecior ond inserted
info n binary veetor vin a Not I site (Tig, 1), The binary vector
contained 8 DNA fragment fram the pTiT37 plasmid contain-

P-GMBTOL  1g, 0 poca
13242 6p

TIC W7 spresaion spsatly
In the tavamre ortanialien

Tig. 1. Plasnld map of PY-GMBTOL Net 7 fragment contatng the B,
expresslon cossvtte, o = mierphinl oxiglo of roplication. Either CP4
EPSPS (S-enolpyruvulshikimate-3-phosphate synthuse [EPBI'S}
scquencg inolated frem Agrebacterium sp. siraln Citd) ur NPT
(neowyein phosphotransferase) was the selectable murker used in
plont (ransformation. Spedinomycin or streptomycin resistance
was used as a bacterial murker (nadA)., Restriction enzyme sites for
Ee¢o RV and Net I are shown,

ing tho 24 bp napalinestyps Gansfor BNA (TDINA) right
border used o initiate the ToRNA wansfer from Agrobacta-
Fiwn tumefaciens (o the plant genome (Daplcker ot al., 1952
Bovan ot ul., 1983) and acioplne left border from octopine Ti
plasmid TIAG (Baker, 1989), Prometer from A. wumsfocions
pliT37 for the gone enveding nopaline synthetase (Bevan
at af,, 1983) was rosponsible far the expression of the gens
isolated from 'T'n§ (Hock et al,, 1982) which encodes for ngo-
mycin phosphotransferaae type 11, Expreasien of this gene in
plant eells confers rosistance to kanamyein ond serves pe
seloctable morker for transformation (Fraley et ol,, 1983),
The 3' nontranslated region of the nopaline synthstase gene
from A, tumefaciony was used (o terminate transeription and
direct polyadonylation of the nptil mRNA (Depicker ei al,
1982; Bevan et al., 1983). Plasmid PV-GMBTUL, contained tho
origin of replication derived from the breud-host plasmid RK2
{Stalkor et al., 1981}, The gene for 3* (9)-O-uminoglycoside
adenylytransfernse allowed for bactarial selection on gpeeti-
nomycin or streptomycin (Fling et al., 198%),

Transtormatlon and Segregation Aunalysis

Soybaan Plants expressing the CrylA-llke &-endotoxin
(Adang &t al,, 1988) {rom B. thuringlensis vor. kursiaki wors
goneratad In 1996, The digarmed A. (umeafaciens plont trans-
formation system was used to produce all soybean lines o8
described in the Hinchee and Connos-Ward (1998) patent,
This dellvery system is well dosumented to transfer and stably
intggrate T-DNA into a plant nuclear chromosome (Klse ot al,.
1983), Vector PV-GMBT0O1 was mobilized into disarmed A
fumncefaciens strain ABI and selected on spoctinomycin and
chloramphenicol (Fig, 1), Soybean gotyledons were used as
explani sources and weore infected with the Agrobacterium
culture. Fallowing co-cultuye, Agrobacterium were killed using
a culture medie contoining the appropriate anubiotics. Bx-
plants were luter placed on kanamyeln or glyphosate sclection
madium, Developing shoots wore execised from an Ry plant,
positive shoots wers grows to matuyity, selfed to praducs sced,
and their progeny wero sergencd for the exprossion of 81 The
prosence of the gene was odlablished by doteeting the Br
protein wsing Bk Corn genechocks (SDD70755, Strategic
Diugnostics, Inc., Newark, DB} aecording to the manufac-
wrar's protosol,

Agranomi¢ Testing

The irials were planted ot three locations throughout Y-
neis. The experimental design was a split plot design with
positive and negative isolines for each evont paired within cach
of the four replications. The main plot reprascuiad the evont
and the split plot represonted the presence or absence of
tie107, A nontransgenic varietal control, A3237, was inciuded,
unpurired, st the same itequency as each pair of transgenics.
Each roplicntion conslated af three paired (pos and neg)
transgenic events per event and three unpaired A3237 plots.
The plots were four rows wide by 518 m (17 {1} long, The
seeding density was 136 seeds row™" (=8 seed {1~!) and the row
spacing was 76.2 ¢cm (30 in). A commercial soil regidual her
bicide was applied tg the entire exporimantal eres 10 maintnin
weedhIroe plots.

Statistical analysis of data was done using JTMP soltwore
(SAS Instituto Inc., Cary, NC, USA). Each pair of means was
comparad by one-way ANOVA using the Student's test. A
P value of <0.05 was considered statisticnlly significant. Emer
gence, flowering, plant height, lodging, maturlty, and yield
were measured within each line by cach treatment compared
with the untreatod check across locations.
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Maloculay Gharactorization

Gepamic BNA was isalsted from Ry, Ra, Ra, and Rg
generation tlssye from plants of A3227 (nontransformed)
and each transgenic line grown under preenhouse conditions
(14/10 h day/night phetoperiod at 200 wmo] pholons m™25™"),
with doytime tomperaiures of 32°C und nightiime (cmpers-
tures of 22°C. Gonomic DNA was extracted from =1 g of young
trifoliolate leaf tissuc using a Nucleon Plant DNA extraction
kit (RENB511, Amcrshnm Pharmocia Blotech, Pisentaway,
NI). After the final precipitation step, DNA was resuspandad
in 0.5 ml of Tyl and quantified using DyNA Quant 200
Ylourameter (Amersham Pharmocly Biotech, Piseataway, HJ).
Purifled genomic DNA was digosted with various restrigiion
enzymes, run of 4 0.85 agarose TAE gel for 16 h at 45 V,
trunsferred to n zots-prabe GT nylon membrene (162-0197,
BloRad, Hercules, CA), and DNA was crosslinked to the
nylen membrans. Templates for radionctive probie synthesis
were prepared from gel-purified restriction fragments of PV-
GMBTO! or generated by polymerase chain reaction (PCR)
using oligonucleotides that anneal at the ends of the respec-
tive cloment. Probes were labeled using the Rlenow frapniant
of IDNA polymorase ], random oligomers, and *P-dCTP
(GIBCO BRL RadPrime DNA labeling system, Invitregen,
Corlsbad, CA). Afier hybridization, blats were washed al
increasing stringency with the final wagh baing 0.1 X §8C (1 X
SSC, 150 mM sodium chloride, 15 mM sodium citrate, pH 7.0),
0.5% sodium dodecyl sulfate at 68%C. Multiple exposures of
the blat were gencrated using Kodok Blomax MR film ig
conjunction with a Koduk Biomax MY intensifylng sereen
(Eastman Kodak, Rochester, NY) includiag manyfold over
exposure to parmit detectlon of laint signals,

Detection of ticl)7 by Western Blotting and ELISA
Tiskue Collection

Plonts were grown under growth chumber settings e fol-
lows: 14/10 h (day/night) photoporied at 200 wmol phaotons
m=? 57!, with 2 daytime temperature of 32°C and nighttime
temperature of 22°C. The humidity was sot at $0%,. There were
two irrigation cyclas per day, one with nutrients and water lor
2 min and a sceond one with water for 1 inin. The conter leaf-
let of the newest fully expanded tfiloliolatc was folded, and
an open 1.5-inL MicroTube (Sarstedt Inc., Newlon, NC) was
snapped closed over the leaflet, producing two leaf disks In the
tube. The leaf tissue was stored on dry ice during collection of
subsequent samples end transferred-to —80°C until removed
from storage for extraction procedures,

Western Analysis

‘Total protein was extracted from the leaf dises by adding
800 WL of 1 2 phosphate bufferad saline, pH 7.4 (1666 789,
Haehringer Mannhein, Indianapolls, IN) plus 0.05% "Tween 20
(P9416, Sigma Chemieal Co,, 5t Louls, MO) (PBST) and using
a tissue homogenizer (903475, Wheaton Science Products,
Miilville, NI} to mechanically lyse the cells, Extrails were
centrifuged at maximum speed (14 000 rpm) for § min, and an
aliquot af the supernatant was removed and treated for 1h at
37°C with trypsin at & concentration of 175 pg mL™". The
reaction was stopped by adding 1.25 mM phenylmethylsul-
fonyl fluoride (PMSF). Tho nbove protain extraclions were
soparated under denaturing vonditions on a 4 to 20% poly-
acrylamide gel (OG-0420A, Owl Separation Systems, Port-
mouth, NH), Proteins were transferred to polyvinylidene
fluoride (PVDT) membrane (IPVH20200, Millipore, Bedford,
MA) via a semidry transfer system. The membrane was blocked

ta pravant nenspseific binding with NET/.25% gelatin for
1 h atl roem tempesotuse (RT. Rrimary antibody (13-3, vahbil
anti-CrylAcl) was insubated ot a 1:500 dilution in 1 % NET
for 1 h at RT, and woshed throe times for 5 min with 1 X NET
changing buffer alter each wash, Sesendory antibody (Anti-
[gG-HRP) was incubatad at a 1:5000 dilution In 1 % NET foxy
1 h at RT nnd washed as doscribed above, Immunereactive
bands wore visualized on x-ray film (RPN2103K, Amersham,
Pisegtaway, NJ) using the Enhkancod Chemliuminoscent Kit
(RPN2108, Amorshasn, Plseutawny, NI} according to manu-
facturer's instructions,

ELISA Assny

Five plants por event were sampled at 10, 14, 18, 22, 24, 30,
40, and 50 d after planting as degcribed above, Hash enmple
was evaluated In triplicnte by ELISA and then nveraged for
one value per datp point, Growth stage wos recorded at time pf
sampling, Por tiel07 oxpression unalysis, froisn loal discs
werg combined with chroma-steel beade (BioSpoe Frodpets
Ing., Barttosville, ©K), and axiraction bufler (30 mA sedlum
earbonate/bicarbonnte, 2 mM dithiothrsitel, 0.07% Tween-20)
way odded at n 1:60 ratio (lissug wt~vel.), then vigorously
shaken in a Harbil Mixer §G.11D (Fluid Mansgement, Wheel.
Ing, IL} for 3.5 min, The extracts were placed an wat iee for
30 min 10 allow solid phase to seitle, and an aliquot of su-
pernatant wos (ransferred 10 n new microcentrifuge ube.
Trypsin wus odded to a final concentration of 50 mM, All sam-
ples were diluted 1:83 {for 1:15000 total dilution wt~val.)
with TBA (100mM ‘'Tris bese, 100 mM Ng;B,0; SmM
MgCla, 0.05% ‘Tween20, HCI to adjust pH to 7.8, and 02%
L-ascorbic acid dissolved just before usc) before loading on
assay plates,

ticlQ7 protein levels were determined by ELISA as de-
seribed. Toxin slgnificantly equivalent to the CrylAc encoded
by B. thuringlensis subsp. kurstaki strnin HID-73 oxpressed and
purified from FEscharichia coli formentation was used a5 a
standard, Lyophilized toxin was disgelved in 530 mM sadium
bicarbonate (pH 9.6} and subjected to trypsinizatien as do-
scribed for sample treatment. The stondard was serially difuted
in Trls-borate-Ascorbic Acid (TBA} to cight concentrations
(32-0.25 ng mL™") 10 generate standard curveo for quantitation
of the expressed tic107. For ELISA asany, the 96-well Nune
immuno platcs (MaxiSorp Nunc-Immuno plates, Nalge Nunc
International, Roskilde, Denmark) wero coated with o 1:48 000
diluted monoclonal IgG Abl (M19N4AG) and incubated over-
night at 4°C. Plates were woshed threc timoe with PRST
(0.001M KH,PO,, 0.01M NagHPOQ,, 0.137M NaCl, 0.0027M
KL 0.07% Tween20, pH 7.4), snd blocked with PRSTD (1 %
FBST, 0.5% oval albumin) ai RT for 2 h. Plates were washad
one time with PBST, loaded wiih 100 pl. per well of freshly
trypsinized saimple {3 replicates plate™ for standards and
samples, 6 plate™! for controly, and 8 platc™ for blanks
(TBA)], and Incubated ut RT for 2 b, After three washes with
PBST, plates were loaded with HI3-73 polyclonal antibedy
diluted 1:1000 with PBSTO wnd incubated at T for 1.5 b,
Plutes were washed three times with PBST, the bound
polyclonal IgG were detected with donkey antirabbit 1gG-
HRP conjugate (Amersham, Piscatnway, NJ) diluted 1:3000
with PRSTO. Afller o fingl series of washes adding TMB
poroxidase substrate, and developing for 10 min, plates were
read for onzynie activities, Unknown optical density values
were adjusted for background affects by subtractng mean
nontransgenic (A3237) optimal densities. Unknowns were
estimated from a standard curve generated by plotting the
standard concentrutions vs. the obtoined mean optleal den-
sity values.
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‘Tatal protsin content of test saybean snmple oxtracts ware
measyred using (he Rio-Rad Protein Assay (Bio-Rod Labo-
ratories, New Yerk), following the manufastors protocol for
microtiter plates, Montrypsinized extracts were diluted 1:10
with BRET (11600 total dlllmian wil-xgl ) bofore peatain assny.
Bavine serum albumin 2.0 my mL~ standard (Pleree, Rock-
(ored, IL) waos used to generato u standard curve, Six glandard
dilutions werg propared from 0.8 to 0,05 mg mL™" using a
dilution buffer simllar to the unknown's 1:10 extraction buffer to
PHST. Plates (96-well MaxiSorp Nune-Immuno plates, Nalge
Nune International, Roskilde, Denmark) werg read at 595 nm in
Spectra Max plate reader with $OPTmax PRO 3.0 softwere
(Molesular Devices Corparation, Sunnyvale, CA). Total protein
lovols worg used (o normalive ticl07 proteln amounts.

Insect Biaossays
Laaf Diss Minassay

Twa tissue types (newly expandesd Joaves and N4 leaves) wore
sumpled fram R, generation transganic (862, 726, and 781} and
isoganic plants at Ry (862) or Ry, (726 and 781) stage of growth
and evalunied against first-instar larvae of velveibean catarpll-
lar, soybean podworm, and soevbean looper. Lenf dises were
placed singly in wells of 24-well tissue culturg plates containing
1.0 ml. of 2% ogar, infested singly with nconate Yarvae of the test
Insects (24 treatment™1), and incubated for 4 ¢ at 25°C under o
14L:10D photapesiod. Infect ortalily wos yecarded wnd
percent leaf consumption was estimated for each disc,

Whole Loof Bioassay

Leaf {eading studiss were condueted usiug third- and fourth-
instar valvatbean caterpillar larvae obtalned from inseel renring
at Embrapn Soja (Londring, Parand, Brazil). Bloassays con-
gigted of 60 larvac treatment™ (three replicates) including trans-
genic Bi lines 862, 726, and 781, and a 5t (negative) commercial
check (M-SOY3826), conducted in the MONSOY Laboratory
(Ponta Grossa, Porand, Brazil). Larvae were fed with foliage in
plastic boxes containing filter poaper, with {oliage being replaced
as neecssary, Larval martality was recorded daily. Foliage eon-
sumption was measured through a partable, integraied leaf
moter (LI-COR Modg¢l 3050A), estimating the follage arca of-
fered to the larvae, the area romaining afier feeding, and
dividing the foliage area consumed by the number of lnrvee In

thied b st }E}

aach roplicate. In the case whoro larvae gpow in slae and con-
sumed hoavily, the larvae in ench repliate (pelnelpaliy the
cheeka), wore subdivided to Fewor larvue in plostic boxes.

RESULTS
Plont Transformation

As plantlets regencraied and rooted, they wore
moved to soil and translerrad te the greenhouse. One
hundred and seven resistunt events were prodused that
were rogenerated into 87 plantlots for further testing
under greenhouse canditions, Onee in the greenheuscs,
plants were assayed for gxpression of Hr i approxi-
mately the V3 to V4 leaf stage. Lines were advanced,
based on axpression of A that behavod as a slngle demi-
nant gene inherited In a Mendelian fashion (fit a 311
segregation ratie) at K. Seven lines wers moved for-
wird for molesular charactarization (851, 859, 862, 863,
726, 781, and 1685) and single copy events were ad-
vancod (862, 726, and 781). All ovents contained the
selectable marker nptll with the excoption of svent 781
which contained CP4. The same phenotypic test was
done at R; and Ra to determine homozygous individuals
by identifying R individuals whose progeny were all
positive for expression of Bt (Tuble 2).

Charactorization of Transgene

Extenslve restviction enzyme mapping was done te
evaluote copy numbar and integrity of (raukgonic
olements on seven transgenic Bt lines. The rosulis from
genomic DNA digest with five single cnzymes and two
enzyme combinations confirmed the copy number and
integtity of the integrated transgenc in eagh line (data
not shown). Figure 2 is a Southern blot probed with the
entire ransformation plasmid showing the transgene
copy number resuits, as determined by digesting geno-
mic DNA with a restriction enzyme that cleaves once
within the T-DNA (ZcoR 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 soyhean line. Lines 851,

Table 1. Mean agronomie dota compnred with isogenic and parontal line with no significant differences at the 95% confidence level,

Laeation Line Elnéig_uasé (-9 Floworingd ' Haight§ Lodging (LD)!] - Maturilyd ' Yieldty
DA gin d Mg ™!
Wayaming, 1L #62 (Lio) 10 (1.0 414 (41.5) 76,2 (76:3) 20 (3.0 17 (13 L 53-.44
736 (lyew) 14 (L0 38,5 (3d.K) 76,3 {?5.3) Al (3.0 17 {117 2.40 (2.0
¥#1 (lvoy 1 (.0) 35,8 (34.3) Tha (76.3) 3.0 (3.0 1719 2.45 (3.85)
AJpay 14 3440 762 2.0n 1y 2.4
Monmouth, 1L §62 (Iso) 1.0 (1.0) 413 (41.8) 83.6 (37.1) 140 (L0) 15115 3165 (0.2%)
736 (i) 10 (1.0 1.5 (378 87,1 (BB.6) 1.0 (L) 118 (118 308 (3,34)
181 (Is0) 1.6 (1.0 383 (37.8) BR.9 (B6.4) L0 (3.0} 115 (115} 3.37 (3.21)
AT 1.8 30,3 Rl 1.0 116 353
Corlvie, 1L 862 (lao) 1.0 0.0 M0 (3.9 623 (TL.9) 1,0 (1.0) 40 () 378 (90
T2 (Iin) 14 (LD 3.3 (4.0 74.9 (77.6) 1.0 {5.0) 97 (97 310 (3,32
781 (Isg) 14 (1.0} 30 (4.3 8.7 (7A.3) L0 (&.00 99 (0 3,20 (248
AR 1.0 $4.3 3.7 j 1] 97 31K

% Emeepgonco for anch plal was rated wt;cﬁ neorly ﬁll the seuélings had emorgc;l“ﬂ Is ;xcellonu ¢ is poor),

$ Days aftor planting (DAP) when Dirt open Bawer was obgerved in each plot.

§ Hoightt Plant hoight was recorded at matustly In contimeter, An nvur_a{;n of three plants per plal wis recoxdod,

Y Lodglng: Lodging was rocordod ut hoxvest (1 = stroight up; ¥ = comp
# Moturliyt Doy from planting when 83% of the pods were brawn,
T ¥ield sdjusted fur molsturo conlent.

etely down),
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Tahle 2. Begrogatlen data and enalysls of prageny Eor Bé expressing lines.

_ ' E_mi'mud# [é!.li_l],ﬂﬂﬂ
l..isl_a Sencration lested Pasitlve Nugative Roiitive Pisg_éiivs i
563 Ity 2 7 21,95 136 Ot
7:6 0 7 .3h 678 O.ftiny
i 12 6 13,80 4.8 X511
hamorygeur al Ry hatorozygons at Ry homazygous nt Ry haterozygons at &)

a2 H; ] 9 A48 610 i flns
y24 14 I 4,35 29,38 2470z
i1 3 i 133 995 6.03n¢

segregnting for B¢ (hglorngygous).
#rig, nol slgnificant at P = 0.05 (x* = 3.84, 1 4D

559, and 8§63 contnined muliiple integration siles of
T-DNA as demonsteated by multiple bands in Fig. 2,
Ling 1085 exhibited a single band when digested with
BEeoR V, which s indieative of a single integration sito;
however, digestion with multiple gngyme revealed an ad-
ditional ecpy of the transgenc that co-migrated (Fig. 2,
Lane 10). Lines 863 and 1085 contain (wo intact copies
of the T-IDNA. Line 831 contains one intact and one
truncated copy of ticI07. The truncated insert was con-
firmed by PCR and scquence analysis, which showed the
nptll gene was also truncated and the 5' ticJ07 (ragment
wis in reverse orientation (data not shown). Line 859
contains five fragments of nptl], some of which were
linked (data not shown). All other lines containing more
thon one insertod T-DMNA were linked. Further evalua-
tions of transgenic Bt lines werc limited to lines 862, 726,
and 781, which contnined a singic intact transgene. The
three singlie copy lines were also evaluated by Southern
blot for transgene stability at Ry, Ry, and Rs (line 726
was not evalunted at Ra) and were stably integrated at a
single lacus (Fig. 3).

Protein Expression

Five plants were averaged together for one data point
used in Table 3. ticl07 expression levels were quanti-

23408 F TP 012

3 -y

2 -

Fig, 2, Southern hlot annlysis of B, transgeneic and control soybean
lines ta identify copy numbez. Fuach lane reprosents plosmid DNA or
Tug genomic DNA. DNA wus digested with EcoRY and subjected to
electrophoresis In a 0.8% pgarosce gel thon transferred 1o 8 nylon
membrang, hybridized to a 3 P-labeled probe with PV-GMBT01, and
subjected to auloradiography. Each band represents inserted DINA.,
‘The soybean line A3237 was the reeurreat paremt in ol materinl
cxamined: (1) 100pp PV-GMBTOL, (2} 50pg PV-GMTI, (3) blank,
{4) 851, (5) 859, {G) 8G2, (T) 863, (8) 726, (9) 781, (10) 108§, (11) 781
izoling, nnd (12) A32Y7 recurrent parent (negitive control).

+Ry dota unpmﬁeﬂ 03 number of poi_illvi_i and né-gnliv-u plihu boged on piéi_enéb of Br'\llawcte;h cnchock, iig dala eipmsa_d 25 number of hom;)zygmu
und hetorazygous Ry plants, Zygosity of Ry plants wera ostobllshed when all Ry progeny testod (18 plants) were olihor all poshtiva for it (homosygeaus) or

fied to make relative eomparisons betweon Bf expross-
ing lines. Horly-season exprcusion levals of Held? in all
transgonic cvents were not significantly different from
V1 through V3 with the exgeption of 862, which was
significantly less than 726 at V2 (P < 0.05), Howsver,
line 781 exhibited late-senson exprossion of ticl07 sig
nificantly lower ot V§ and V7 (P <2 0.05) and at first bud
through full pod (# < 0.001). During pod set, lines 862,
726, and 781 all expressed tic107 at significontly different
lovels (£ < 0.001), with means of 2.68 + 0.20, 1.26 *+
0.10, and 0.52 = 0.09, respestively (Thble 3). All lines
exhibited relatively stable expression lovels of tic107
expression over the differcnt plant developmental
stages ond exprossed the expected 64 kDa protein that
was immunoreactive 1o sntibodies raised (e CrylAc. In
addition, the 64 kDn protein obsent in isoline 862 is
present in the transgenic line 862 ns shown in Fig, 4,

1 2 3 4 8 6 7 68 910

- - -

g, 3. Transgene stnbility of 12f events, Soy genamic DNA (10 pg) was
digasted with EcoRY, clactrophoresod in 2 0.8% agarase gol,
transferred to o nylon membreno, hybridized to o 22P-labeled probe
with PY-GMBTO1, and subjected te autoradiogeaphy. Individual
lanes: (1) Maolocular weight markors, (2) A3237 nontransgenie eon-
frol, (3) 726 Ry, (4) 726 Ry, (5) 781 Ry, (6) 781 Ry, (7) 781 Ry, (8)
862 R,, (9) 862 Ry, and (10) 862 Ry, Moleculnr woight markers are
Indlented on the sido of the autoradiogram,
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Inbig 3. Mesn values of B protein deteoied in lonf tissue meaquecd by ELISA. Vinlucs roprasqit meand = 8T,

Line V10 DAPM V34 DAP) V3UADAP) VS (31DAP) V7 (26 DAB) Uit bud (30 DAD)  Bad sol (40 BAD)  Full pad (56 DAR)

462 ND# 256 = 0,218 ND

4.06 = 0.83
Ti6 4.68 + 0,51 6.32 = 089 M =08 441 = 1,06
#hl 240 & 06 470 £ 130 LS 093 192 & 029

. e mg"‘ urtufal extraetible profein —

1.25 & 031

nND 413 = D4l 268 = 0,20 274 = 038
449 2 1,68 a64 & 0,58 1.26 = 010 S0 & 082
0,60 # O.16u* 663 = 009 055 % 0A6se

* Ladicatos pm-huhilllk of trunsgenda Bieans |I:!J:1i.li -s-ignlncunﬁy differgut e nlha:r trnﬁsgnnl_n lincs, P < 0,08,
ly of tranigenie means being rignificantly differunt from olthor transgenic lineg, P < 0,01,

““Indlenton probabil
T DAR = duys after plunting
END = data anf tnkesn,

TR

fi # valuo Ipdieates probablity of tranigeniv wncans being slgnificontly differont from svent 736, P < (.08,

Lanes | and §. This band was also absent in the parontal
viriaty A3237 (Fig. 4, Lane 4). '

Insect Bloassays
Vetvothean Caterpitlar

Hoth young (center leaflct of newest fully expanded
trifoliolate) and old leaves (N4 leaves) of all thres
transgenie B¢ lines cauvod 100% mortality in the 4-d test
period, while mortality on the isogenic lines ranged from
28 1o 42%. Thove wore no upparent differances in mow
tality between isclines or tissue types. No Ussuo con-
aymptian wos observed for cither tigsug type in any of
the tranagenic 8¢ lines, while lsogenis lires axhibitod 33
1o 74% tissue consumption, There were no apparent dif-
ferencss in tissue consumplion botween isolines, hew-
ever, for all three lines; young leaves were more heavily
consumed than old leaves (lable 4). In the whole lgaf
bloassay, both third- and fourth-instar larvac on all three
Bt soybean lines exhibited 160% 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 em? of control leaf area, com-
pared with only 0.1 to 0.2 om? for the Bt lines (Tables §
and 6), This corresponds 10 8 reduction in feoding of
virtunlly 100%. Figure 5 shows the irhibition 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 contral jeaf arca,
compared with 0.5-0.6 em? of the ¢ lines, again repre-
aenting 4 reduction in feeding of virtually 100%.

1 2 3 4 3

Fig. 4. Wostern Blot analysie of Ky trangonie and nontransgenle
soyhean fines, Total protoln was extracied from leaves snd digested

with trypain, Donatured protein was separaivd by sedlum dadecsd

sulfate~polyacrylamide gal cloctroporodis, blotted, ond visunlized
using CrviAc antiservm ond chemilumlnescent deteetion systemn,
The soybean Hino A3237 was the recureont pasent in oll maferia)
examinud: (1) §62, (2) 726, (3} 781, () A3237 soybesn gonotype
(negative control), (5) negaiive sogregent for lino 862,

.-i'-rl

Soybean Podwoerm

Bath yeung and old lsaves of all three transgenie Ar
lines cavsed 100% meortality in the 4-d test pariod, while
mortality on the isogenic lines ranged from 0 to 17%. Ne
tissue consumption wag obssrved for gither tissue lype
in any of the transgenic A lines, while isogenic lines ox-
hibited 72 to 98% tissus consumption. 1n this case, there
ware ng apparent difforences in tissue consumption be-
tween isolines, nor wore young leaves mere haavily con-
sumed than old leaves {(Tabls 4),

Soybeun Loaper

Both young and old leaves ef all three (ranegenis Bt
lines caused 100% martality in the 4-d test poried, while
mortality on the isogenic lines rangad from 0 o $%. No
tissue consumption wai observed for either tissuo type
in any of the transgenic Bt linas, whily isegonic lines
¢xhibited 46 to 85% tissue consumption. Again, there
were no apparent differences in tissuc eonsumption be-
tween isolines, nor were young leavas more heavily con-

" sumed than old leaves (Table 4),

Agronomic ‘Testing

There was no significant differences in emergence,
flowering, plant helght, lodging, maturity, and yield as

Table 4. Antilbdosis trials vsing Gratsinstox (iolybean gndwom!.
soybeun looper, and volvathean valerpitlar) with Hel07 expross.
ing transgonlc Bt vs. a sogregant without the transgene (Iso).

q 0, e n
Lenf tssue % Mortality % Defoliation
Test Insect  Line fype He [[] i1 lao
Soybean 862 N4t 100 0 1 98
podworm now 100 4 2 74
T26 N4 160 0 1 83
new 160 17 1 72
781 Nd 100 ¢ 0 7™
new 100 0 1 v
Soyhoan B62 N4 160 5 0 73
lnopor now 100 4 0 42
726 N 1064 0 0 48
naw 100 0 0 62
781t N4 100 0 0 %
ngw 100 4 0 B5
Volvethcon 862 Nd 100 Y1 0 4
catorpltioe naw 166 E] ] 0 61
726 Nd 100 k1 ] kR
ROW 109 42 ] 15
Y81t Nd 104 a8 0 48
Q T4

now

# 94 w nade foue leaf.
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Table 8 Movtatily tiumbor and peveoutage) of tied-instar vglvetbeon estorjillor tnrvae fod with ransgenic Jir linos (863, 736, and 781) on
diiferent days ufter (roatmant (DAT) pnd menn foliage coniumpiion per larva, eampared with coek (M-BOY 5836 fa o commargial
check). Bioussay I, Ponta Grassu, MONSOY Exporimental Station.

Martality (Nu, Tarvae)

Total

Geantype 1 DAT IDAT 3 DAY 4 DAT Motality Masin foliage por larva
: bl % =
M.SO¥E8Z6 1 i 3 0 4 6.9 1233
ggg 12 it 39 0 it 1851 01
f 18 16 i f P 10 il
2h1 B ¥ L] (1] 1il) 0.8

tat o S p— ™ LT

described in Table 1. There was no significant differance
betwean the positive and negative iseline for aach event.
In addition, there was no significant difference be-
tween ovents.

DISCUSSION
Diesign of Exprossion Cassette

The tie}07 gene is under the control of the Arabidop-
sis ribulese 1,5 bisphasphate carboxylase small subunit
(rbc8) 1A gone promoter (P-ArabSSULA) (Krebbers
ctal,, 1988), Plant promoters were considered due to the
diminishing transcription levels of viral promoters dur-
ing plant development and the necd for expression in
seluctive tissugs where faeding occurs, In Arabidepsis
and other higher plants, rbeS mRNA are encoded by a
multigene fainily and their exprassion patteras can differ
both quantitatively and gualitatively in response to light
and development und in different tissues (Dedonder
etal., 1993). Cheng et al. (1998) have shown rbeS mRNA
exhibit diurnal patterns of expression, with peak abun-
dance occurring after dawn and minimal levels at the end
of the light period. The §'-flanking rogion contains
a functional G box (C/A-CACGTGGC) (Donald and
Cashmare, 1990) which has demonstrated high-level con-
stitutive expression in dicot and monocot plants (Ishige
ot al., 1999), These characteristics made the Arabidopsis
rheS promoter an interesting candidate for expression
of tic107 in soybean, The 3’ end of the cassette is {rom
the 3' nontranslated region of the soybean alpha sub-
unit of the beta-conglycinin gene (7§ 3') and provides
the mRNA polyadenylation signals (Schuler et al., 1982)
(Table 7).

To enuble transport into the chloroplast, the tiel 07 was
{fused to the targeting sequence from the Arabidopsis
rbeS 1A (CTP1). The CTP1 was gencerated with the use
of the chloroplast-targeting and mature NH2-terminai
coding regions of the rbeS. The targeting sequence was
modified by the addition of the first 24 amino acids of

T e i D Bt Lot

rbcS (MQVWPPIGKKKFETLSYLPDLTDS) bocouse
tha efficiency of proteln impert is ineroassd by additen
of the sequence from the mature region of this protein
{Stork ot al, 1992), To facllitate removal of the res
maining rbeS sequence from the Uel07 protsin, a see-
ond protease clsavage site (GGRVHCMOA) botween
these 24 amino acids of rbeS and the NH2-torminal Mat
of tic107 was added. We have generaied nentargeted
tic107 lines, and these llnes on avergge accumuiated
much lower levals of tic107 {data not showg),

The tic107 encades o full-length CrylA-like protesin
of 1178 amino aelds, which when subjected 1o trypsini-
zation yields an active N-terminal proteln produst or
tryptie core of =600 amino acids in planta and in vito
(Fig. 4), The crylA gone present in PY-GMBTO1 was
constructed by combining the first 1398 nuclectides of
the crylAb gene {eosresponding to amino scids 1-466)
(Perlak et al., 1990) with nuclsoticles 1399 (o 3524 of the
erplAe gono (corresponding to amino acids 467-1178)
(Fischhoff and Perlak, 1996). With the exception of 6
amino acid differences, the native CrylAb reglon is
identical to the analogous region of the native CrylAc
protein encoded by the 8. thuringlensis subsp, kurstaki
erylAe gene as deseribed by Adang et gl (1985). The
rempining portion of the tic/07 in PV-GMBTO! encodes
an amino acid soquence that is identical to the CrylAc
protein found in nature (Adong ot 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 protein 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 M.
thuringiensis subsp, kurstaki. However, this gens greatly
differs from the wild-type gone found in the gram-
positive prokaryote by increasing the G + C content via
codons from highly expressed plant pretoins, removing
polential plant polyadenylation signal sequences (Dean
ct al,, 1986}, and romoving ATTTA sequences that have

Tuble 6, Mortality (pumbsor and pereentage) of fourthsinstar volvalliean eaterpiliar Jarvao fod with transgenie B¢ lines (862, T26, and 781) on
different doys ufier treatment (IPAT) ond mewn folinge consumption pes lagva, compoared with ehock (M-SQY 8826 is » couunexclal
check), Bionssuy I1, Ponta Grorsa, MONSQY Exporimental Statlon,

Morullty (. lurvao)

Genolpe__ 1 RAT 3DAT 3 DAY 4PAT Tot! Mortalily Mean fallaye por layvy
% ' s

M-SOVII6 9 N 9 § 0 § 1163

4 ? 3 a4 8 f 6 e ﬁ.fa

:I'Bi 2 #i 18 u fil } i ).t

7] 1 20 i ] fi ; ik}

1



(A) transgenle f linp 781 comparcd with (1) M-SOYSB36 24 h
after supplylng folinge from these gennlypes to Ihirddinetar val
velbean eaterpillar larvoe,

been shown to destabilizs transcripts (Shaw and Kamen,
1986). Perlak et al. (1991) demonstrated that making
theee madifications to wild-type Bt genes could increase
the levels of inseet contral proteins 100-fold. Although
previouws reports of transgenic soybean containing Bt
genes have uscd o gene designed for high expression in
plants, they were unable to gencrate plants with insee-
ticidal proleins at the levels we are reporting (Stewart
et al., 1996b; Adang et al., 1993),

Transgene Infegration and Expression

Potential safety issue with multiple copy events or
poorly charaeterized integration sile of the transgene
can be easily screcned out because of the abundance of
commercially viable lines allowing us to reduce the risk
associated with ynintendsd {ransgenes or sequences.
Utilization of this plant expression cassoltg allowed iden-
tification of severul effleagious evants from the original
transformation output of 87 events. We have shown
this expression eassetle (Fig. 1) 1o perform well indepen-
dent of insertion siles, Apparently the tic107 expression
cassatie is not sensitive to position effects related (o
chromosomal locus and nearby DNA scquences. All
{ransgenic soybeas plants containing a {unctional tran-
scriptional unit that expressed the B¢ protein were found

Table 7. Genatlc cloments presont in T-DNA.,
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to ba cfflcacians, which s one less mullipller In caleus
lnting efficiancy. Many transgenic plants, a& in the gvonts
described here, have o seleotable marker included in the
T-DNA. The inclusion of the selectuble marker in the
T-DNA 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 1y whish the transgene was not asso-
ciated or linked to & selectuble marker we were nble (o
efficiently and reproducible generate efficacious plants
{MacRae et al., 2005). An optimized expression cassette
in one organism, however closely related, docs not nce-
essarily suggest success in other arganisms. Stewart ot al.
(1996b) generatod their Bt soy plants using the same
gonstruct which produced transgenic canola with ex-
prossion lovels of up to 0.4%, and Singzit et al, (1887)
have produced (ransgonic peanut with expression lovels
of 0.18%. We feel the underlying difference in the per-
formance of an expression cassette has (o be organism
specific and related to differcnees in transeript rogula-
tion and the stability of transcripts and proleins. It can
be hypothesized that transcription regulation s siy-
nificantly affected by slight alterations in nucleotide
sequence (primary strueture) in the promolter, affoating
binding of regulatory proteins that hove evolved in
preater affinity to native sequences. Provided binding
occurs, the intoraction of these regulators to the basal
transeriptionat unit (quaternary structure) may be sub-
optimal. In ous view, the success of these conplex rela-
tionships can only be amplrically determined. As we
become better at targeting expression to specific tissue
through the plethorn of genomics data avaflable we will
be able to limit the enviFonmental ¢xposure of thess
insecticldal protaing by expressing them primarily in
tisaue whero feeding ooours. Historieally, the first pro-
moter used to express u Bt gene has been fram a plant
virus, These prometers have evolved to give high consti-
tulive expression; howovar, they are not the most effi-
cient means of expression, These advanesments ia our
understanding of and use of tissue-spesific promoters
will minimize the superfluous expression of transgenes.

T

Elvment Bl Function
b

R-FMY 0.87 358 Agworl mozale virns promator (Gawda et al, 10893,

AEPFSPS/CTOE 031 DNA sequanca for chioroplast transit paptide, isolated from Arabidopaly thaliane EPBES; trandit peptide diveety tho CPdayn
proiein to the chloraplagt, the site of apomotic sminn add synihesis (Bhab ¢t vk, 1986),

CI¥4 gyn 136 Synthetic version of the S-onolpyrivulshikimate-3phosphato synthose (EPSPS) scquence isolated from Agrobaotarium op.
straln CP4 thut imparts tolerance fo glyphosets (Padgette of al., 1996), '

sy 0.65  The } nontrauslated rogion from rboS ?_co geac of Pisum sativam (pea) which torminatos trapscription and dircots
polyadenylalion of iho mRNA (Corazel ot gl., 1984),

P-ArabSSULA 193 Promaoter for Arabidopsis thollane ribulosy 1,5-hl|p!um{|hnlt_s carboxyluse small sihunit 1A gene {Krebbers et ol,, 1988),

CTF1 165 Chloroplost transit peptide from Arabidopsis thatiana ribulose 1,5binphosphate carboxylase engll subunit 1A
(TimKo el 4, 1985),

Hot? 3.5 ‘The gene, which confors Inscct reoslstance from Baciflus thuringiensis subsp, kyrsiakl, The modifind gene oncodes un
aming oeid sequonce that Is 99,4% identical ia tho crylAc gene as dosoribed by Tigechhoff and Peglak (1996).

Y 044 A ¥ nentranslated eepion of the seybenn sipha subunit of the befa-conglycinin gene thot provides the mRNA
polyadenylation yignsts (Schuler ot al., 19B2), i

P-NOS 0.3 Promoter from Agrobucterium umefactens pET37 for the gene oncoding nopollne synthetuse (Bevan of ol., 1963)

aptil L&¢  The gene isolnted from TnS(Bock et al,, 1982} which encodes for nepmyein phosphotransferase type [1, Expression of this
gene In plont celis confers rosistanco to kanpmyein and servos g5 & iniom Ho markar for transformation (Fruley ct al., 1083),

NOS ¥ 0.27 A5 nontransleted roglan of the nopsline synihetase gone from Agrobacierium symcfuciens, which funetions to torminate

transeription and direct polyadenylation of the npttl mRNA (Depleker el al., 1982) Dovan of al., 19583)
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Insect Bloassays

When gonerating transgenic B plants, the quality and
quantity of transgene sxpression is of great importance,
High-dose expression can reduce the risk of resistant
genatype develapment. An alternative mode of action
in combination with high dese may be an effective way
o control the rare homozygous-resistant insect gene-
typos. High dose i8 only possible when expression oas-
seites nre optimized {or the crop species of interest
All threo transgenic Bt lings exhibltod a high degree of
resistance ogainst the three insects tested. No apparent
differences in efficacy wore observed botween the thrse
transgenic B¢ linos against the three insect species
Looking et survival and tissue canaumption by tﬂa dif-
ferant ingoet on the lsogenic linex can aigess the quality
of the bioassay system. Velvetbean caterpillar, the mest
CrylAc-sensitive insect in the test, exhibiled relatively
higher mortality and lower tissue consumption in the
controls than soybean looper or soybear podworm, both
of which exhibited very low mortality and much higher
{iasue consumption. As a result, these latter two speeies
are considered more suitable subjects for use in early
assessments of insect resistance In transgenic Bt soy-
bean. A significant result af this study is the high degree
of efficacy observed against later instars of velvetbean
caterpillar. Qlder larvae are genernlly more toleront of
both formulated B thuringiensis insecticides (Roush,
1994; Ali and Young, 1996; Maseé et al, 2001) and
purified or transgenically-expressed endotoxins (Bai
et al,, 1993; Halcomb et al,, 1996; Ashfaq et al., 2000;
Henneberry and Jech, 2000; Parker et al,, 2000) than
neonates. The achievement of resistance against older,
presumably more tolerant larvae is undoubiedly a resylt
of the high tic107 expression levels achieved in these Bt
soybean lines.
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