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HERBICIDE RESISTANCE GENES

CROSS-REFERENCE T RELATED
APPLICATION

This application is a continuation application of 1.8, Ser.
No. 14/820,893, filed Aug. 7, 2015, which is a continuation
application of U.S. Ser. No. 12/951,813, filed Nov. 22, 2010,
now patented as U.S. Pat. No. 9,127,289, which is a con-
tinuation of U.8. Ser. No. 11/587,893, filed May 22, 2008,
now patented as U.S. Pat. No. 7,838,733, which 1s a national
stage entry of PCT/US2005/014737, filed May 2, 2005,
which claims the benefit of U.S. Provisional Application Ser.
No. 60/567,052, filed Apr. 30, 2004, which are hereby
incorporated by reference in their entirety, including any
figures, tables, nucleic acid sequences, amino acid
sequences, or drawings.

BACKGROUND OF THE INVENTION

Weeds can quickly deplete soil of valuable nutrients
needed by crops and other desirable plants. There are many
different types of herbicides presently used for the control of
weeds. One extremely popular herbicide 12 glyphosate.

Crops, such as com, soybeans, canola, cotton, sugar beets,
wheat, turf, and rice, have been developed that are resistant
to glyphosate. Thus, fields with actively growing glyphosate
resistant corn, for example, can be sprayed to control weeds
without sigmificantly damaging the corn plants.

With the introduction of genetically engineered, glypho-
sate tolerant crops (GTCs) in the mid-1990"s, growers were
enabled with a simple, convenient, flexible, and inexpensive
tool for controlling a wide spectrum of broadleaf and grass
weeds unparalleled in agriculture. Consequently, producers
were quick to adopt GTCs and in many instances abandon
many of the accepted best agronomic practices such as crop
rotation, herbicide mode of action rotation, tank mixing,
incorporation of mechanical with chemical and cultural
weed control. Currently glyphosate tolerant soybean, cotton,
corn, and canola are commercially available in the United
States and elsewhere in the Western Hemisphere. More
GTCs (e.g., wheat, rice, sugar beets, twf, etc.) are poised for
introduction pending global market acceptance. Many other
glypliosate resistant species are in experimental to develop-
ment stages (e.g., alfalfa, sugar cane, suntlower, beets, peas,
carrot, cucumber, lettuce, onion, strawberry, tomato, and
tobacco; forestry species like poplar and sweetgum; and
horticultural species like marigold, petuma, and begonias;
see “isb.vtedwcfdocs/fieldtests] cfin, 2005 website).

Additionally, the cost of glyphosate has dropped dramati- :

cally in recent years to the point that few conventional weed
control programs can effectively compete on price and
performance with glyphosate GTC systems.

Glyphosate has been used successtully in burndown and

other non-crop areas for total vegetation control for more :

than 15 years. In many instances, as with GTCs, glyphosate
has been used 1-3 times per vear for 3, 5, 10, up to 15 years
in a row. These circumstances have led to an over-reliance
on glyphosate and GTC technology and have placed a heavy
selection pressure on native weed species for plants that are
naturally more tolerant to glyphosate or which have devel-
oped a mechanism to resist glyphosate’s hetbicidal activity.

Extensive vse of glyphosate-only weed control programs
is resulting in the selection of glyphosate-resistant weeds,
and is selecting for the propagation of weed species that are
inherently more tolerant to glyphosate than most target
species (i.e., weed shifts). (Ng et al., 2003; Simarmata et al.,
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2003; Lorraine-Colwill et al., 2003; Sfiligoj, 2004; Miller et
al,, 2003; Heap, 2005, Murphy et al., 2002; Martin et al.,
2002y Although glyphosate has been widely used globally
for more than 15 years, only a handful of weeds have been
reported to have developed resistance to glyphosate (Heap,
2005); however, most of these have been identified in the
past 3-3 years. Resistant weeds include both grass and
broadleaf species—ZLolium vigidum, Loliwm multifforam,
Eleusine indica, Ambrosia artemisiifolia. Conyza canaden-
sis. Conyza bonariensis, and Plantago lanceolata. Addition-
ally, weeds that had previously not been an agronomic
problem prior to the wide use of GTCs are now becoming
more prevalent and difficult to control in the context of
GTCs, which comprise =80% of U.S. cotton and soybean
acres and >20% of 11.8. corn acres (Gianessi, 2005). These
weed shifts are occurring predominantly with (but not
exclusively) difficult-to-control broadleaf weeds. Some
examples include Ipomoea, Amarvanthus, Chenopodium,
Taraxacum, and Commelina species.

In areas where growers are faced with glyphosate resistant
weeds or a shift to more difficult-to-control weed species,
growers can compensate for glyphosate’s weaknesses by
tank mixing or alternating with other herbicides that will
control the missed weeds. One popular and efficacions
tankmix partner for controlling broadleaf escapes in many
instances has been 2 4-diclorophenoxyacetic acid (2.4-D).
2.4-D has been used agronomically and in non-crop situa-
tions for broad spectriun, broadleaf weed control for more
than 60 years. Individual cases of more tolerant species have
been reported, but 2,4-D remains one of the most widely
used herbicides globally. A limitation to further use of 24-D
is that its selectivity in dicot crops like soybean or cotton is
very poor, and hence 2,4-D i1s not typically used on (and
generally not near) sensitive dicot crops. Additionally, 2.4-
D’s use in grass crops is somewhat limited by the nature of
crop injury that can occur. 2,4-D in combination with
glyphosate has been used to provide a more robust burn-
down treatment prior to planting no-till soybeans and cotton;
however, due to these dicot species’ sensitivity to 2,4-D,
these burndown treatments must occur at least 14-30 days
prior to planting (Agriliance, 2003).

2.4-D 15 in the phenoxy acid class of hetbicides, as are
MCPA, mecoprop, and dichlorprop. 2.4-D has been used in
many monocot crops (such as corn, wheat, and rice) for the
selective control of broadleaf weeds without severely dam-
aging the desired crop plants. 2,4-D is a synthetic auxin
derivative that acts to deregulate normal cell-hormone
homeostasis and impede balanced, controlled growth; how-
ever, the exact mode of action is still not known.

2,4-D has different levels of selectivity on certain plants
(e.g., dicots are more sensitive than grasses). Differential
metabolism of 2,4-D by different plants 15 one explanation
for varying levels of selectivity. In general, plants metabo-
lize 2.4-D slowly, so varying plant response to 2,4-D may be
more likely explained by different activity at the target
site(s) (WSSA, 2002). Plant metabolism of 2.4-D typically
occurs via a two-phase mechanism, typically hydroxylation
followed by conjugation with amino acids or glucose
(WSSA, 2002).

Over time, microbial populations have developed an
alternative and efficient pathway for degradation of this
particular xenobiotic, which results in the complete minet-
alization of 2,4-D. Successive applications of the herbicide
select for microbes that can utilize the herbicide as a carbon
source for growth, giving them a competitive advantage in
the soil. For this reason, 2,4-D is currently formulated to
have a relatively shott soil half-life, and no significant
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carryover effects to subsequent crops are encountered. Tlis
adds to the herbicidal utility of 2,4-D.

One organism that has been extensively researched for its
ability to degrade 2.4-D is Ralstonia eutropha (Streber et al,
1987). The gene that codes for the first enzymatic step in the
mineralization pathway is tfdA. See US. Pat. No. 6,153,401
and GENBANK Acc. No. M16730. TfdA catalyzes the
conversion of 24-D acid to dichlorophencl (DCP) via an
ce-ketoglutarate-dependent dioxygenase reaction (Smejkal et
al., 2001). DCP has little herbicidal activity compared to
2.4-D. TfdA has been used n transgenic plants to impart
24-D resistance in dicot plants {e.g.. cotton and tobacco)
normally sensitive to 2,4-D (Streber et al. {1989}, Lyon et al.
{1989), Lyon (1993), and U.S. Pat. No. 5,608,147).

A large number of tfdA-type genes that encode proteins
capable of degrading 2.4-D have been identified from the
environment and deposited into the Genbank database.
Many homologues are similar to tfdA (>85% amino acid
identity) and have similar enzymatic properties to tfdA.
However, there are a number of homologues that have a
significantly lower identity to tfdA (25-50%s), yet have the
characteristic residues associated with a-ketoglutarate
dioxygenase Fe*? dioxygenases. It is therefore not obvious
what the substrate specificities of these divergent dioxy-
genases are.

One unique example with low homology to tfdA (28%
amino acid identity) is rdpA from Sphingobium herbicido-
vorans (Kohler et al., 1999, Westendorf et al.,, 2002). Tlus
enzynie has been shown to catalyze the first step in (R)-
dichlorprop (and other (R)-phenoxypropionic acids) as well
as 2.4-D {a phenoxyacetic acid) mineralization {Westendorf
et al., 2003). Although the organisms that degrade phenoxy-
propionic acid were described some time ago, little progress
had been made in characterizing this pathway until recently
(Horvath et al., 1990). An additional complication to dichlo-
rprop degradation is the stereospecificity (R vs. S) involved
in both the uptake {Kohler, 1999} and initial oxidation of
dichlorprop (Westendorf et al., 2003). Heterologous expres-
sion of rdpA n other microbes, or transformation of tlus
gene into plants, has not heretofore been reported. Literature
has focused primarily around close homologues of tfd A that
primarily degrade achiral phenoxyacetic acids {e.g., 2,4-D).

Development of new herbicide-tolerant crop (HTC) tech-
nologies has been limited in success due largely to the
etticacy, low cost, and convenience of GTCs. Consequently,
a very high rate of adoption for GTCs has occurred among,
producers. This created little ncentive for developing new
HTC technologies.

Arvloxyalkanoate chemical substructures are a common
entity of many commercialized herbicides including the
phenoxy auxins (such as 2,4-D and dichlorprop)., pyridyloxy
auxing (such as fluroxypyr and triclopyr), arvloxyphenoxy-
propionates (AOQPP) acetyl-coenzyme A carboxylase (AC-
Case) inhibitors (such as haloxyfop. quizalofop, and diclo-
fop). and 5-substituted phenoxyacetate protoporphyrinogen
oxidase IX inhibitors (such as pyraflufen and flumiclorac).
However, these classes of herbicides are all quite distinct,
and no evidence exists in the current hiterature for common
degradation pathways among these chemical classes. Dis-
covery of a multifunctional enzyme for the degradation of
herbicides covering multiple modes would be both vwnique
and valuable as an HTC trait.

BRIEF SUMMARY OF THE INVENTION

The subject invention provides novel plants that are not
only resistant to 2,4-D, but also to AOPP herbicides. Here-
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tofore, there was no expectation or suggestion that a plant
with both of these advantageous properties could be pro-
duced by the introduction of a single gene. The subject
invention also includes plants that produce one or more
enzymes of the subject mvention “stacked” together with
one or more other herbicide resistance genes, including, but
not limited to, glyphosate-, imidazolinone-, and glufosinate-
resistance genes, so as to provide herbicide-tolerant plants
compatible with broader and more robust weed control and
herbicide resistance management options. The present
mvention further includes methods and compositions utiliz-
ing homologues of the genes and proteins exemplified
herein.

In some embodiments, the invention provides monocot
and dicot plaats tolerant to 2,4-D, AOPP, and one or more
commercially available herbicides (e.g., glyphosate, imida-
zolinones, glufosinate, sulfonylureas, dicamba, bromoxynil,
and others). Vectors comprising nucleic acid sequences
responsible for such herbicide tolerance are also disclosed,
as are methods of using such tolerant plants and combina-
tions of herbicides for weed control and prevention of weed
population shifts. The subject invention enables novel com-
binations of herbicides to be used in new ways. Furthermore,
the subject invention provides novel methods of preventing
the development of, and controlling, strains of weeds that
are resistant to one or more herbicides such as glyphosate.
The subject invention enables novel vses of novel combi-
nations of herbicides and crops, including preplant applica-
tion to an area to be planted immediately prior to planting
with seed for plants that would otherwise be sensitive to that
herbicide (such as 2.4-D).

The subject invention relates in part to the identification
of an enzyme that is not only able to degrade 2,4-D, but also
surprisingly possesses novel properties, which distinguish
the enzyme of the subject invention from previously known
tfdA proteins, for example. More specifically, the subject
invention relates to the use of an enzyme that is capable of
degrading both 2.4-D and AOPP herbicides, i an enantio-
specific manner. No a-ketoglutarate-dependent dioxygenase
enzyme has previously been reported to have the ability to
degrade herbicides of different chemical classes and modes
of action. The preferred enzyme and gene for use according
to the subject invention are referred to herein as AAD-1
(AryloxyAlkanoate Dioxygenase). This lughly novel dis-
covery is the basis of significant HTC trait and selectable
marker opportunities.

There was no prior motivation to produce plagts com-
prising an AAD-1 gene (preferably an AAD-1 polynucle-
otide that has a sequence optimized for expression in one or
more types of plants, as exemplified herein), and there was
no expectation that such plants could effectively produce an
AAD-1 enzyme to render the plants resistant to not only
phenoxy acid herbicides (such as 2.4-D) but also AOPP
herbicides (such as quizalofop, haloxyfop, et al.). Thus, the
subject invention provides many advantages that were not
heretofore thought to be possible in the art.

This invention also relates in part to the identification and
use of genes encoding aryloxyalkanvate dioxygenase
enzymes that are capable of degrading phenoxy auxin and
aryloxyphenoxypropionate herbicides. Methods of screen-
ing proteins for these activities are within the scope of the
subject invention. Thus, the subject invention includes deg-
radation of 2,4-dichlorophenoxyacetic acid, other phenoxy-
alkanoate auxin herbicides, and aryloxyphenoxypropionate
herbicides by a recombinantly expressed AAD-1 enzyme.
The subject invention also includes methods of controlling
weeds wherein said methods comprise applying one or more
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AQOPP, phenoxy auxin, or other aryloxyalkanoate herbicides
to plants comprising an AAD-1 gene. The subject invention
also provides methods of using an AAD-1 gene as a select-
able marker for identifying plant cells and whole plants
transformed with AAD-1, optionally including one, two, or
more exogenous genes simultaneously inserted nto target
plant cells. Methods of the subject invention include select-
ing transformed cells that are resistant to appropriate levels
of an herbicide. The subject invention further includes
methods of preparing a polypeptide, having the biological
activity of aryloxyalkanoate dioxygenase, by culturing
plants and/or cells of the subject invention.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a general scheme for dioxygenase cleavage
of phenoxy auxin or AOPP herbicides.

FIG. 2 shows loss of herbicidal activity from a 2,4-D
solution treated with AAD-1.

FIG. 3 shows loss of herbicidal activity from a haloxyfop
solution treated with AAD-1.

FIG. 4 shows anticipated phenols produced from repre-
sentative hetbicides catalyzed by AAD-1.

FIG. 5§ shows 2 4-dichlorophenol production by recom-
binant AAD-1.

FIGS. 64 and 6B show phenol production by recombinant
AAD-1 from various herbicide substrates.

FIG. 7 shows AAD-1 reaction rate to substrate concen-
tration for four herbicide substrates.

FIGS. 8A and 8B show that AAD-1 (v3) was expressed
equally in Arabidopsis leaves of different ages but continued
to accumulate throughout the 25 days of experiment. Plants
that were not sprayed with the herbicide 2.4-D (panel A)
expressed a little more AAD-1 (v3) than those had been
sprayed {panel B). Bars represent the mean+SEM of 5 leaves
from 5 different plants, with percent expression of AAD-1
{¥3) normalized to total soluble protein. Light bars represent
the third young leaves (N-3) collected from the top, dark
bars represent the 5% oldest leaves from the bottom.

FIGS. 94, 9B, and 9C show injury of Arabidopsis plants
after 2.4-D treatment. Four different lines were each treated
with four different doses of 2.4-D and their injury was
graded 4 (panel A) and 14 (panel B) days afier treatment.
Their expression of AAD-1 (v3) i leaves was also deter-
mined using ELISA (panel C). The results were mean+SEM
of five leaves from five different plants received the same
treatment.

FIG. 10 illustrates that pDAB3230-transformed Arabi-
dopsis (AAD-1+EPSPS) shows >14-fold level of glyphosate
tolerance 7 DAT wvs. wildtype and transformed control
Arabidopsis lines.

FIG. 11 shows dose response of callused maize suspen-
sions to R-haloxyfop.

FIG. 12 shows that at 1 pM cyhalofop phenol, growth is
still 76% as high as the control without cyhalofop phenol.

FIG. 13 illustrates dose-response data on one transgenic
event, 3404-006, to haloxyfop.

FIG. 14 shows the responses of several AAD-1 (v3)-
transtormed and non-transformed event clones to lethal
doses of two AOPP herbicides (haloxyfop and quizalofop)
applied as a postemergence spray 1 week prior.

FIG. 15 shows three different T2 lineages from 3404
transformations that were pre-screened with LibertyE to
remove nulls, which were chosen to compare their tolerance
to quizalofop with respect to their AAD-1 expression.
Expression was measured at 14 DAT (data not shown) and
at 30 DAT.
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FIG. 16 shows AAD-1 (v3)-transformed corn tolerant to
8x field rates of quizalofop (Assure II) under field condi-
tions.

FIG. 17 illustrates data from inunature maize embryos
grown on cyhalofop-containing media.

FIG. 18 shows Western Blotting analysis on soybean calli
transformed with AAD-1 (V3) gene indicating that the callus
cells are expressing AAD-1 (v3) protein.

FIG. 19 shows fitted curves for 2,4-D degradation rates by
AAD-2 (v]1) vs. AAD-1 (v]).

FIG. 20 shows the response of AAD-1 v3 (plant opti-
mized), or AAD-1 (v2) (native), AAD-2 (v1) (native), or
AAD-2 (v2) (plant optimized)~transformed T, drabidopsis
to a range of 2.4-D rates applied postemergence. Each pot
represents an individual transformation event within each
gene T, famuly.

FIG. 21 shows western blot analysis of individual native
AAD-2 (vI)-transformed T, Arabidopsis plants. This shows
that plants expressing the AAD-2 (v1) protein are suffering
severe injury from 200 g ae (acid equivalent)yha 24-D
treatments, which normally cauvses little injury to native
AAD-1 (v2) or plant optimized AAD-1 {v3)-transformed
Arabidopsis. AAD-2 protein is identified on the gel. Several
background bands were detected in AA D-2-transformed and
Pat/Cry1F-transformed samples.

FIG. 22 shows that the relative AAD-2 (v1) activity on the
substrates was 2.4-D=dichlorprop=>(R.5)-haloxyfop>>(R)-
haloxyfop.

BRIEF DESCRIPTION OF THE SEQUENCES

SEQ ID NO:1 is the sequence of a forward primer used to
amplify the rdpA/AAD-1 (v1) gene.

SEQ ID NO:2 1s the sequence of a reverse primer used to
amplify the rdpA/AAD-1 (v1) gene.

SEQ ID NO:3 is the nucleotide sequence of AAD-1 (v1)
from Sphingobium herbicidovorans.

SEQ ID N4 is the nucleic acid sequence of the native
AAD-1 gene with internal Notl restriction site removed.
This gene is designated AAD-1 (v2). DNA sequencing
confinmed that the correct PCR product was generated, but
an nadvertent change was made at amino acid #212 from
arginine to cysteine.

SEQ ID NO:5 15 a “plant-optimized” DNA sequence
AAD-1 (v3). This “gene” encodes SEQ ID NO: 11, which is
the same as SEQ ID NO:9 except for the addition of an
alanmine residue at the second position. The additional alanine
codon (GCT) was included to encode an Nco 1 site
(CCATGG) spanning the ATG start codon, to enable subse-
quent cloning operations.

SEQ ID NO:o (*rdpAincoly”y and SEQ ID NO:7
(*“3'sac1™) were used to amplify a DNA fragment using the
Fail Safe PCR System (Epicenter).

SEQ ID NO:8 is another PCR primer (*'BstEIl/Del NotI™)
that was used with the *3' SacI” primer.

SEQ ID NO:9 15 the native amino acid sequence encoded
by the AAD-1 (vl) gene from Sphingobium herbicido-
VOFdns.,

SEQ ID NQ:10 is the amino acid sequence encoded by the
AAD-1 (v2) DNA sequence of SEQ ID NO:4.

SEQ ID NO:11 15 the amino acid sequence encoded by the
AAD-1 (v3) plant-optimized DNA sequence of SE(} 1D
NG5,

SEQ ID NO:12 is the DNA sequence of the native AAD-2
(v1} gene.

SEQ ID N0O:13 is the amino acid sequence of the AAD-2
(v1) protein.
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SEQ ID N(O»:14 is a forward primer used to amplify
AAD-2 (v1) DNA for cloning.

SEQ ID N(x:. 15 is a reverse primer used to amplify AAD-2
{v1) DNA for cloning.

SEQ ID N(O:16 1: the M13 forward primer.

SEQ ID NO:17 15 the M13 reverse primer.

SEQ ID NO:18 is a forward primer used to amplify
AAD-2 (v1) DNA for cloning.

SEQ ID NO:19 is a reverse primer used to amphify AAD-2
(v1) DNA for cloning.

SEQ ID NO:20 1s the native soybean EPSPS protein.

SEQ ID NQ:21 is a doubly mutated soybean EPSPS
protein sequence, containing a mutation at residue 183
(threonine of native protein replaced with 1soleucine), and at
residue 187 (proline in native protein replaced with serine).

SEQ ID NO:22 is the soybean-biased DNA sequence that
encodes the EPSPS protein of SEQ ID NO:21.

SEQ ID N(:23 is primer Pat 5-3.

SEQ ID N(O:24 1z primer Pat 3-3.

SEQ ID NO:25 1 forward primer AAD-1 PTU.

SEQ ID N(:26 is reverse primer AAD-1 PTUL

SEQ ID N0O:27 is the forward primer for the Coding
Region PCR AAD-1.

SEQ ID NO:28 is the reverse primer for the Coding
Region PCR AAD-1.

SEQ ID NO:20 is the AAD-2 (v2) nucleotide (plant
optimized).

SEQ ID NO:30 15 the translated AAD-2 (v2) protein
sequence.

SEQ ID NO:31 is the Southern fragment PCR AAD-1
forward primer.

SEQ ID NO:32 is the Southern fragment PCR AAD-1
reverse primer.

DETAILED DESCRIPTION OF THE
INVENTION

The subject development of a 2,4-D resistance gene and
subsequent resistant crops provides excellent options for
controlling broadleaf, glyphosate-resistant (or highly toler-
ant and shifted) weed species for in-crop applications. 2,4-D
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15 a broad-spectrum, relatively inexpensive, and robust broa-
dleat’ herbicide that would provide excellent utility for
growers if greater crop tolerance could be provided in dicot
and monocot crops alike. 2.4-D-tolerant transgenic dicot
crops would also have greater flexability in the timing and
rate of application. An additional utility of an herbicide
tolerance trait for 2.4-D would be its utility to prevent
damage to normally sensitive crops from 2,4-D drift, vola-
tilization, inversion {or other off-site movement phenom-
enon), misapplication, vandalism and the like. An additional
benefit of the AAD-1 gene 15 that unlike all tfd A homologues
characterized to date, AAD-1 is able to degrade the R-en-
antiomers (herbicidally active 1somers) of the chiral phe-
noxy avxins (e.g., dichlorprop and mecoprop) in addition to
achiral phenoxy auxins (e.g.. 24-D, MCPA, d-chlorophe-
noxyacetic acid). See Table 1. Multiple mixes of different
phenoxy awan combinations have been used globally to
address specific weed spectra and environmental conditions
in various regions. Use of the AAD-1 gene mn plants would
afford protection to a much wider spectrum of phenoxy
auxin herbicides, thereby increasing the flexibility and spec-
tra of weeds that can be controlled, protecting from drift or
other off-site phenoxy herbicide injury for the full breadth of
commercially available phenoxy auxins.

Table 1. Commercially available phenoxy auxins. Refer-
ence to phenoxy auxin herbicides is generally made to the
active acid but some are commercially formulated as any of
a variety of corresponding ester formulations and these are
likewise considered as substrates for AAD-1 enzyme in
planta as general plant esterases convert these esters to the
active acids in planta. Likewise reference can also be for the
corresponding organic or norganic salt of the corresponding
acid. When chiral propionic acid, salt, or ester herbicides are
indicated, racemic (R,S) or optically purified (R or S)
enantiomers are considered the same herbicides for the
purpose of naming these herbicides, even though different
CAS numbers may correspond to optically pure compounds.
Possible vuse rate ranges can be as stand-alone treatiments or
in combination with other herbicides in both crop and
NON-Crop uses.

TABLE 1

Commercially available phenoxy auxins,

Preferred
Possible use  use rate
Chemical rate ranges ranges
name CAS no (g ae’ha) (g ae’ha) Structure
24D 94-75-7 254000 Fa0-1120 Cl
. V4
O—CH,—C
245T 9365 254000 254000 Cl
Cl
4
O0—CH,—C
COH
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TABLE 1-continued

Commercially available phenoxy auxins,

Chemical
name

Preferred
Possible use  use rate
rate rages ranges

4-CPaA

34-Da

MCPA

Dichlomptop

Mecoprop

Cloprop

4-CPP

Fenoprop

34-DF

CAS no (g as'ha) (g as'ha) Struchue
122-88-3 254000 24000 Cl., :
O0—_CH,—C
oH
SBE-I2T O 24000 25-4000  Cl
:O\ 4
Cl O0—CH,—(
OH
O4-74-6  25-4000 1251530 €I
; O0—_CH,—C
CH; COH
120-36-5  25-12000 1002240 C
CH; s}
O0—CH—C
Cl OH

TOBS-19-0  25-3000 250-3360 C

1
CH; o
s
O—CH—C
CH; COH
101-10-0  25-4000 25-4000
CH; O
Cl 0 (le CJ/
N
CH
3307-39-9 25-4000 25-4000 I
CHy o
\@\ y
O—CH— C\
OH

93-72-1  25-4000 25-4000 Cl
C
CH; O
O0—CH—C
Ol OH

&

3307-41-3  25-4000 25-4000  Cl

CH; o

&

C O—CH—C;

OH
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An additional benefit of the AAD-1 gene is its unprec-
edented ability to concomitantly degrade a host of commer-
cial and non-commercial graminicidal compounds of the
general class aryloxyphenoxypropionates (AOPPs). See
Table 2. Tlus attribute may allow the use of any of a munber

12
generally made to the active acid but most are commercially
formulated as any of a variety of corresponding ester for-
mulations and these are likewise considered as substrates for
AAD-1 enzyme in planta as general plant esterases convert

5 . . R .
of AOPP compounds in transgenic crops containing AAD-1, these esters to the active acids in planta. Likewise reference
where tolerance in those crops had not previously warranted can also be for the corresponding organic or inorganic salt
use in those crops. These will most commonly include grass — of the corresponding acid. When chiral propionic acid, salt,
crops such as corn, rice, wheat, barley, rye, oats, sorghum, 1 octor herbicides are indicated, racemic (R,S) or optically
warm and cool-season turf species, grass pasture species, . . .
- . 10 purified (R or 8) enantiomers are considered the same

and many others, but could also include dicot crops where herbicides for it £ ing these herbicid
AQPP tolerance {naturally present in most dicots) is not at 1erbicides tor the purpose ol aming these herbicides. even
commercially acceptable levels to allow AOPP use in said ~ though different CAS 1?umbers may cotrespond to optically
dicot crop. pure compounds. Possible use rate ranges can be as stand-

Table 2. AQPP graminicidal compounds listed by  alone treatments or in combination with other herbicides in
accepted common names. Reference to AOPP herbicides is both crop and non-crop uses.

TABLE 2

AOPE graminicidal compounds listed by accepted common names.

Possible  Preferred
use rate  Use rate
Chemical ranges ranges
name CAS o (g aesha) (g aetha) Structure
Chlorazifop 72492047 102000 10-2000 —N
Cl \ / O,
CH; s}
el I //
O—CH—C,
\
OH
Clodinafop 103512-06-% 10-2000  20-200 —N
Cl \ / 8]
CH; o
F |~ 7
O—(IZ—C\
H CH
Clofop SO621-49-7 102000 10-2000
Cl G
CH; s}
|~ 7
O—CH—C
N
OH
Cyhalofop 122008-835-4 10-2000  105-350
N=C G
CH; s}
F | 7
O—C—C
| AN
H OH
Diclofop T1283-65-3  10-2000  280-2000

—CH—C,
OH
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TABLE 2-continued
AOQFPFP graminicidal compounds listed by accepted common names.
Possible Preferred
use rate  use rate
Chemical ranges ranges
name CASno  (gaeha) (g aefha) Structure
Fenoxaprop 66441-23-4  10-2000 20200 Cl O
/>—0
N CH; o
1 7
O—C—C
| B
H OH
Fenthiaprop 95721-12-3  10-2000 10-2000 Cl g
N CH: o
O—CH—C
OH
Fluazifop 693335-01-7  10-2000 23420 II: —N
F—C \ / O
F CH;:
|
0—(13—(
H OH
Haloxyfop GORDG-40-2  10-2000  20-600 ll: —
F—C \ / 4]
F \O\ (':H_;
4
= O0—C—7C
é[ oH
Isoxapyrifop BTTST-18-4  10-2000  30-240 —N
Cl \ / o,
{27 (iH o
V]
a O—CH—C
Y
N
03
Metamifop 256412-85-2 10-2000 35280 Cl O
/}—0
N CH: ¢
|
Q—C—C
| A
B N—CH;



revistacultivar.com.br

US 10,947,555 B2

15

16

TABLE 2-continued

AOPE graminicidal comppounds listed vy accepted common names.

Possible  Preferred

Use rate  use rate
Chemical ranges ranges
name CASno (g aetha) (g astha) Structure
Propaquizafop  111479-05-1 10-2000  30-240
Cl —N
C
\N J_ /
.,
~ 0—C—C
1![ O—CH;—CH;—0O
\
T CH;
CH;
Quizalofop Te578-14-8  10-2000  20-240
Cl =N
\ _/)70
N CH; ¢
Vv 7
O—0—C
'
H OH
Tritop 58597744 10-2000  10-2000 1|:
s
F CHs O
\Q\ Y
O0—CH—C
\
OH

A single gene {(AAD-1) has now been identified which,
when genetically engineered for expression in plants, has the
properties to allow the use of phenoxy auxin herbicides in
plants where inherent tolerance never existed or was not
sufficiently high to allow use of these herbicides. Addition-
ally, AAD-1 can provide protection in planta to AOPP
lerbicides where natural tolerance also was not sufficient to
allow selectivity. Plants contamning AAD-1 alone now may
be treated sequentially or tank mixed with one, two, or a
combination of several phenoxy auxin herbicides. The rate

for each phenoxy auxin herbicide may range from 25 to :

4000 g ae/ha, and more typically from 100 to 2000 g aetha
for the control of a broad spectrum of dicot weeds. Likewise,
one, two, or a mixture of several AOPP graminicidal com-
pounds may be applied to plants expressing AAD-1 with

reduced risk of injury from said herbicides. The rate for each :

AOPP may range from 10 to 2000 g ae'ha, and more
typically from 20-500 g ae/ha for the control of a broad
spectrum of monocot weeds. Combinations of these differ-
ent chemistry classes and herbicides with different modes of
action and spectra in the same field (either sequentially or in
tank mix combination) shall provide control of most poten-
tial weeds for which herbicidal control 15 desired.
Glyphosate is used extensively because it controls a very
wide spectrum of broadleaf and grass weed species. How-
ever, repeated use of glyphosate in GTCs and in non-crop
applications has, and will continue to, select for weed shifis
to naturally more tolerant species or glyphosate-resistant
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biotypes. Tankmix herbicide partners vsed at efficacious
rates that offer control of the same species but having
different modes of action is prescribed by most herbicide
resistance management strategies as a method to delay the
appearance of resistant weeds. Stacking AAD-1 with a
glyphosate tolerance trait {and/or with other herbicide-tol-
erance traits) could provide a mechanism to allow for the
control of glyphosate resistant weed species (either grass
weed species with one or more AQPP herbicides, or broa-
dleaf weed species with one or more phenoxy auxins) in
GTCs by enabling the use of glyphosate, phenoxy auxin{s)
(e.g., 2,4-D) and AOPP herbicide(s) {e.g.. quizalofop) selec-
tively n the same crop. Applications of these herbicides
could be simultaneously in a tank mixture comprising two or
more herbicides of different modes of action: individual
applications of single herbicide composition in sequential
applications as pre-plant, preemergence, or postemergence
and split timing of applications ranging from 2 hours to 3
months; or, alternatively, any combination of any number of
herbicides representing each chemical class can be applied
at any timing within 7 months of planting the crop up to
harvest of the crop (or the preharvest interval for the
mndividual herbicide, whichever is shortest).

It is important to have flexibility in controlling a broad
spectrum of grass and broadleaf weeds in terms of timing of
application, rate of individual herbicides, and the ability to
control difficult or resistant weeds. Glyphosate applications
mn a crop with a glyphosate resistance gene/AAD-1 stack
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could range from 250-2500 g ae/ha; phenoxy auxin herbi-
cide(s) (one or more) could be applied from 25-4000 g ae'ha;
and AOPP herbicide(s) (one or more) could be applied from
10-2000 g ae/ha. The optimal combination{s) and timing of
these application(s) will depend on the particular situation,
species, and environment, and will be best determined by a
person skilled in the art of weed control and having the
henetit of the subject disclosure.

Herbicide formulations (e.g., ester, acid, or salt formula-
tion; or soluble concentrate, emulsifiable concentrate, or
soluble Liquid) and tankmix additives (e.g., adjuvaats or
compatibility agents) can signiticantly affect weed control
from a given herbicide or combination of one or more
herbicides. Any combination of these with any of the afore-
mentioned herbicide chemistries 15 within the scope of tlus
mvention.

One skilled in the art would also see the benefit of
combining two or more modes of action for increasing the
specttum of weeds controlled and/or for the control of
naturally more tolerant species or resistant weed species
could also extend to chemistries for which herbicide toler-
ance was enabled in crops through human involvement
(either transgenically or non-transgenically) beyond GTCs.
Indeed, traits encoding glyphosate resistance (e.g., resistant
plant or bacterial EPSPS, GOX, GAT), glufosinate resis-
tance (e.g., Pat, bar), acetolactate synthase (ALS)-inhibiting
herbicide resistance (e.g., imidazolinone, sulfonylurea, tri-
azolopyrimidine sulfonanilide, pyrmidinylthiobenzoates,
and other chemistries=AHAS, Csrl, SurA, et al.), bromoxy-
nil resistance (e.g.. Bxn), resistance to inhibitors of HPPD
{4-hiydroxlphenyl-pyruvate-dioxygenase) enzyme, resis-
tance to inhibitors of phytoene desaturase {PDS), resistance
to photosystem TT inhibiting hetbicides (e.g., psbA), resis-
tance to photosystem 1 ntubiting herbicides, resistance to
protoporphyrinogen oxidase IX (PPO)-inhibiting herbicides
{e.g., PPO-1), resistance to phenylurea herbicides (e.g.,
CYP76B1), dicamba-degrading enzymes (see, e.g., US
20030135879), and others could be stacked alone or in
multiple combinations to provide the ability to effectively
control or prevent weed shifts and/or resistance to any
lLerbicide of the aforementioned classes.

Regarding additional herbicides, some additional pre-
ferred ALS imhibitors include the triazolopyrimidine sulfo-
nanilides (such as cloransulam-methyl, diclosulam, florasu-
lam, flumetsulam, metosulam, and penoxsulam),
pyrimidinylthiobenzoates (such as bispyribac and pyrithio-
bac), and flucarbazone. Some preferred HPPD mhibitors
include mesotrione, isoxaflutole, and sulcotrione. Some pre-
ferred PPQ inhibitors include flumiclorac, tflumioxazin,

flufenpyr, pyraflufen, fluthiacet, butafenacil, carfentrazonc, :

sulfentrazone, and the diphenylethers (such as acifluorfen,
fomesafen, lactofen, and oxyfluorfen).

Additionally, AAD-1 alone or stacked with one or more
additional HTC traits can be stacked with one or more

additional input {e.g., insect resistance, fungal resistance, or :

stress tolerance, et al) or output (e.g., increased vield,
improved oil profile, improved fiber quality, et al.) traits.
Thus, the subject invention can be used to provide a com-
plete agronomic package of improved crop quality with the
ability to flexibly and cost effectively control any number of
agronomic pests.

The subject invention relates in part to the identification
of an enzyme that is not only able to degrade 2.4-D, but also
surprisingly possesses novel properties, which distinguish
the enzyme of the subject invention from previously known
tfdA protens, for example. Even though this enzyme has
very low homology to tfdA, the genes of the subject nven-
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tion can still be generally classified mn the same overall
family of c-ketoglutarate-dependent dioxygenases. This
family of proteins is characterized by three conserved his-
tidine residves in a “HX({D/E)X;;..T/S)X 14.15:HX 0.
13R” motif which comprises the active site. The histidines
coordinate Fe*? ion in the active site that is essential for
catalytic activity (Hogan et al., 2000). The preliminary in
vitro expression experiments discussed herein were tailored
to help select for novel attributes.

More specifically, the subject invention relates in part to
the use of an enzyme that is not only capable of degrading
2.4-D, but also AOPP herbicides. No ¢-ketoglutarate-de-
pendent dioxygenase enzyme has previously been reported
to have the ability to degrade herbicides of different chemi-
cal classes and modes of action. Preferred enzymes and
genes for use according to the subject invention are referred
to herein as AAD-1 { AryloxyAlkanoate Dioxygenase) genes
and proteins. As disclosed herein a peptide of SEQ 1D NO:
9 is provided that is capable of degrading 2 .4-D, and AOPP
herbicides. Mapping the a-ketoglutarate-dependent dioxy-
genase motif disclosed in the previous paragraph to the
sequence of SEQ ID NO: 9 reveals the AAD-1 motif of
HX, 2D 140137 T ) 39.26sH (X Da7 ) 250R, Wherein

X,,, represents a single amino acid at position 112,

relative to the sequence of SEQ ID NO: 9;

{X)|14.137 Tepresents a sequence of 24 amino acids,

{X)| 30.260 Tepresents a sequence of 131 amino acids; and

(X);371.200 represents a sequence of 10 amino acids.

This invention also relates in part to the identification and
use of genes encoding aryloxyalkanoate dioxygenase
enzymes that are capable of degrading phenoxy auxin and
aryloxyphenoxypropionate herbicides. Thus, the subject
mvention relates in part to the degradation of 2 4-dichloro-
phenoxyacetic acid, other phenoxyalkanoic auxin herbi-
cides, and aryloxyphenoxyalkanoate herbicides by a recom-
binantly expressed AAD-1 enzyme.

The subject proteins tested positive for 2,4-D conversion
to 2.4-dichlorophenol (“DCP”; herbicidally inactive) in ana-
Iytical and biological assays. Partially purified proteins of
the subject invention can rapidly convert 2,4-D to DCP
(ranging trom 50-100% conversion) in vitro. An additional
advantage that AAD-1-transformed plants provide is that
parent herbicide(s) are metabolized to nactive forms,
thereby reducing the potential for harvesting herbicidal
residues in grain or stover.

The subject invention also includes methods of control-
ling weeds wherein said methods comprise applying an
AQPP herbicide and/or a phenoxy awman herbicide to plants
comprising an AAD-1 gene.

In light of these discoveries, novel plants that comprise a
polynucleotide encoding this type of enzyme are now pro-
vided. Heretofore, there was no motivation to produce such
plants, and there was no expectation that such plants could
effectively produce this enzyme to render the plants resistant
to not only phenoxy acid herbicides (such as 2,4-D) but also
AQPP herbicides. Thus, the subject invention provides
many advantages that were not heretofore thought to be
possible in the art.

Publicly available strains {deposited in culture collections
like ATCC or DSMZ) can be acquired and screened, using
techniques disclosed herein, for novel genes. Sequences
disclosed lherein can be used to amplify and clone the
homologous genes into a recombinant expression system for
further screening and testing according to the subject inven-
tion.

As discussed above in the Background section, one organ-
ism that has been extensively researched for its ability to
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degrade 2,4-D is Ralstonia eutropha (Streber et al., 1987).
The gene that codes for the first enzyme in the degradation
pathway is tfdA. See 11.8. Pat. No. 6,153,401 and GEN-
BANK Acc. No. M16730. TfdA catalyzes the conversion of
2.4-D acid to herbicidally inactive DCP via an ct-ketoglut-
arate-dependent dioxygenase reaction {Smejkal et al., 2001).
TtdA has been used in transgenic plants to impart 2,4-D
resistance in dicot plants {e.g.. cotton and tobacco) normally
sensitive to 2.4-D (Streber et al., 1989; Lyon et al., 1989;
Lyon et al., 1993). A large number of tfdA-type genes that
encode proteins capable of degrading 2.4-D have been
identified from the environment and deposited into the
Genbank database. Many homologues are quite similar to
tfd A (>85% amino acid dentity) and have similar enzymatic
properties to tfdA. However, a small collection of a-keto-
ghutarate-dependent dioxygenase hiomologues are presently
identified that have a low level of homology to tfdA.

Rdpa, from Sphingobiunt herbicidovorans (Westendorf
et al.,, 2002), is one unique example with low homology
(28% amino acid identity). This enzyme has been shown to
catalyze the first step in (R)-dichlorprop {and other (R)-
phenoxypropionic acids) as well as 2,4-D (a phenoxyacetic
acid) mineralization (Westendorf et al., 2003). Although the
organism responsible for phenoxypropionic acid degrada-
tion has been known for some time, little progress has been
made in characterizing this pathway until recently (Horvath
et al, 1990). An additional complication to dichlorprop
degradation is the stereospecificity (R vs. 8) mvolved in both
the uptake (Kohler, 1999) and mitial oxidation of dichlo-
rprop (Westendorf et al., 2003). Heterologous expression of
rdpA in other microbes or transformation of this gene into
plants, heretofore, was not reported. Literature has focused
primarily around close homologues of tfdA that primarily
degrade achiral phenoxyacetic acids. There was no prior
expectation that rdpA or AAD-1 genes could be successfully
expressed in plants to render the plants resistant to 2,4-D
{not to mention the completely surprising AOPP resistance).

As described in more detail n the Examples below, rdpA
was cloned from Sphingobium herbicidovorans and tested
for substrate promiscuity among various herbicide chemical
classes. This a-ketoglutarate-dependent dioxygenase
enzyme purified mn its native form had previously been
shown to degrade 2.4-D and dichlorprop (Westendorf et al.,
2002 and 2003). However, no a-ketoglutarate-dependent
dioxygenase enzyme las previously been reported to have
the ability to degrade herbicides of different chemical
classes and modes of action. Rdp A has never been expressed
in plants, nor was there any motivation to do so because
development of new HTC technologies has been limited due

largely to the efficacy, low cost, and convenience of GTCs :

{Devine, 2005).

In light of the novel activity, proteins and genes of the
subject vention are referred to herein as AAD-1 proteins
and genes. AAD-1 was presently confirmed to degrade a

variety of phenoxyacetic and phenoxypropionic auxin her- :

bicides i vitro. However, this enzyme, as reported for the
first time herein, was surprisingly found to also be capable
of degrading additional substrates of the class of aryloxy-
alkanoate molecules. Substrates of significant agronomic
importance are the aryloxyphenoxypropionate ( AOPP) grass
herbicides. This highly novel discovery is the basis of
significant Herbicide Tolerant Crop (HTC) and selectable
marker trait opportunities.

The broad spectrum grass AOPP herbicides are reported
herein to be excellent substrates for AAD-1 as well as 2,4-D,
dichlorprop, and other phenoxy auxins. This enzyme is
unique in its ability to deliver herbicide degradative activity

3
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to a range of broad spectrum broadleaf herbicides (phenoxy
auxins) and a range of broad spectrum, highly active grass
herbicides (AQPPs).

Thus, the subject invention relates in part to the degra-
dation of 2.4-dichlorophenoxyacetic acid, other phenoxyal-
kanoic auxin herbicides, and aryloxyphenoxy-alkanoate her-
bicides by a recombinantly expressed aryloxyalkanoate
dioxygenase enzyme (AAD-1). This invention also relates in
part to identification and uses of genes encoding an aryloxy-
alkanoate dioxygenase degrading enzyme (AAD-1) capable
of degrading phenoxy auxin and aryloxyphenoxypropionate
herbicides.

The subject enzyme enables transgenic expression result-
ing in tolerance to combinations of herbicides that would
control nearly all broadleaf and grass weeds. AAD-]1 can
serve as an excellent herbicide tolerant crop (HTC) trait to
stack with other HTC traits {e.g., glyphosate resistance,
glufosinate resistance, imidazolinone resistance, bromoxy-
nil resistance, et al.), and insect resistance traits (CrylF,
CrylAb, Cry 34/45, et al.) for example. Additionally,
AAD-1 can serve as a selectable marker to aid in selection
of primary transformants of plants genetically engineered
with a second gene or group of genes.

In addition, the subject microbial gene has been rede-
signed such that the protein is encoded by codons having a
bias toward both monocot and dicot plant vsage (hemicot).
Arabidopsis, corn, tobacco, cotton, soybean, canola, and rice
have been transformed with AAD-1-containing constructs
and have demonstrated high levels of resistance to both the
phenoxy auxin and AOPP herbicides. Thus, the subject
invention also relates to “plant optimized” genes that encode
proteins of the subject invention. As shown below in
Examiple 6, the exemplified rebuilt gene was more efhica-
cious in conveying herbicide resistance to the plant, as
compared to the bacterial gene.

Oxyalkanoate groups are useful for introducing a stable
acid functionality into herbicides. The acidic group can
umpart phloem mobility by “acid trapping,” a desirable
aftribute for herbicide action and therefore could be mcor-
porated into new herbicides for mobility purposes. Aspects
of the subject invention also provide a mechanism of cre-
ating HTCs. There exist many potential commercial and
experimental herbicides that can serve as substrates for
AAD-1. Thus, the use of the subject genes can also result in
herbicide tolerance to those other herbicides as well.

HTC traits of the subject invention can be used in novel
combinations with other HTC traits (including but not
limited to glyphosate tolerance). These combinations of
traits give rise to novel methods of controlling weed (and
like) species, due to the newly acquired resistance or inher-
ent tolerance to herbicides {e.g., glyphosate). Thus, in addi-
tion to the HTC traits, novel methods for controlling weeds
using herbicides, for which herbicide tolerance was created
by said enzyme in transgenic crops, are within the scope of
the invention.

Additionally, glyphosate tolerant crops grown worldwide
are prevalent. Many times in rotation with other glyphosate
tolerant crops, control of glyphosate-resistant volunteers
may be difficult in rotational crops. Thus, the use of the
subject transgenic traits, stacked or transformed individuvally
mnto crops, provides a tool for controlling other HTC vol-
unteer crops.

This invention can be applied in the context of commer-
cializing a 2.4-D resistance trait stacked with current gly-
phosate resistance traits in soybeans, for example. Thus, this
mvention provides a tool to combat broadleaf weed species
shifts and/or selection of herbicide resistant broadleaf
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weeds, which culminates from extremely high reliance by
growers on glyphosate for weed control with various crops.

The transgenic expression of the subject AAD-1 genes is
exemplified mn, for example, Arabidopsis, com (maize),
tobacco, cotton, rice, soybean, and canola. However, the
subject invention can be applied to any other desired types
of plants. Soybeans are a preferred crop for transformation
according to the subject invention. However, this mvention
can be applied to multiple other grass and other broadleaf
crops. Likewise, 2,4-D can be more positively utilized in
grass crops where tolerance to 2.4-D is moderate, and
increased tolerance via tlus trait would provide growers the
opportunity to use 2.4-D at more efficacious rates and over
a wider application timing without the risk of crop injury.

Still further, the subject invention provides a single gene
that can provide resistance to herbicides that control broa-
dleaf weed (awans) and grass weeds (AOPPs). This gene
may be utilized in multiple crops to enable the use of a broad
spectrum herbicide combination. The subject invention can
also control weeds resistant to current chemicals, and aids in
the control of shifting weed spectra resulting from current
agronomic practices. The subject AAD-1 can also be used in
efforts to effectively detoxify additional herbicide substrates
to non-herbicidal forms. Thus, the subject invention pro-
vides for the development of additional HTC traits and/or
selectable marker technology.

22

Separate from, or in addition to, vsing the subject genes
to produce HTCs, the subject genes can also be used as
selectable markers for successfully selecting transformants
in cell cultures, greenhiouses, and in the field. There is high
mherent value for the subject genes simply as a selectable
martker for biotechnology projects. The promiscuity of
AAD-1 for other phenoxyalkanoic auxinic herbicides pro-
vides many opportunities to utilize this gene for HTC and/or
selectable marker purposes.

One gene of the subject invention, referred to herein as
AAD-1 {aryloxyalkanoate dioxygenase), was cloned from
Sphingobium herbicidovorans (ATCC 700291) by PCR to
pET 280-S8/S8 (designated pDAB 3203) and expressed in
BL-21 Star E. coli. When this gene 15 overexpressed (by
induction of 1 mM IPTG and culture lysate combined with
the following reaction mix: 112.5 pg/ml 2,4-D, 1 mM
Ascorbic acid, | mM a-ketoglutarate, 50 pM Fe{NH,),
(80,),. the recombinantly produced enzyme degrades 2,4-D
mto herbicidally mactive DCP (as determined by HPLC,
mass spectrometry, colorimetric assay, and Arabidopsis
plate assay). Additionally, AAD-1 has been demonstrated to
convert the following herbicides into their corresponding
mactive phenol: dichlorprop, mecoprop, haloxyfop, dichlo-
fop, and others (See Tables 3 and 4).

TABLE 3

Effect of punified AAD-1 {v1) on various herbicidal auxins and auxin analogs.

Repistry AAD]
STRUCTURE ID Campeotnd AAaDl (10x)
CH; 117613 (R, S)dichlorprop  0.566  2.594
9 cl
O
HO
Cl
CH; 188874  (R.&)}-mecoprop 0,341 20835
OY( / Cl
o —
HO
HsC
CHs 83283 (RS)-2-chloro, 4- 0304 2338
a F tlucrophenosy-
proprionate
o
HO
Cl
NHa 11113675 (R,S)-3- 0225 2676
aminedichlorpop
Cl Cl
CHs
o]
O
OH
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TABLE 3-continued

Effect of punified AAD-1 (v1} on various herbicidal auxins and auxin analogs.

Registry AAD
STRUCTURE 1D Compound AADL (10%)
Na* 188476 0077 0.687
s /O Cl
o= \\ Y\
C
CH; 192132 0064 0,204
H:N Cl
&)
4]
1
O . 195517 24-D 0034 0383
1
Y\O
HO
Cl
Nat 398166 SES0NE 002 0.177
Cl
O O
o ~
. Cl
// O
8]
CH; 190252 0008 0211
Ha
2 s c
%0
N
1
124988 0007 0058
0, F
Y\O
HO
Cl
NH, 11263526 0004 0069
1 1
&)

he

24
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TABLE 3-continued

Registry AAD
STRUCTURE ID Campound AADL  (10x)
H;O. CH; 178377 0003 0021
NH:
o]
N SN ;
HO 0
1
Na* 178587 0003 002
Cl
0,
)/\/\ I
HC a
Cl
* 188527 0003 0034

Na
'l
HO
Q. 0
O \/\
O o
Cl

Substrates were assayed at 1 mM in 25 mM MOPS pH 6.8, 200 uM Fez', 200 pM Na ascorbate, | mM o-ketoghutarate usimg
cither | pg or 14 pg (10X) punfied AAD-1 (v} per 0.16 m]

2353y,
TABLE 4
Effect of peified AAD-1 (v1) on varicus AOPP graminicides and analogs, and on cloquintocet.
Registry AAD]
STRUCTURE ID Compotnd AADL {10x)
Cl N 18706 (R)- 043 21
™~ quizalop
Ny

N C
R
| Koo
Z CH
CH; COH
COH F 67131 {R.5)- 0.427 217
F tluazitop
0
o] N TRy
| F
CH;
0 =
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TABLE 4-continued

Effect of peified AAD-1 (v1) on varicus AOPP graminicides and analogs, and on cloquintocet.

Registry AADL
STRUCTURE ID Compotnd AADL {10x)
4] 11044492 (R)- 0,408 0,597
fenoxaprop
o) OH
C
CHs
C
o
4] 34697 {R,S)- 0,205 1.98
CH; cl clodinofop
=
HO N
o %
o
F
COH 14603 {Ro- 0222 1.989
cyhalotop
F C
i H
N== o} 0
N OH 14623 {R.5)- 0215 1.815
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TABLE 4-continued

Effect of pwified AAD-1 (w1} on varicus AOPP graminicides and analogs, and on cloguintocet.

Registry AADL
STRUCTURE ID Compotnd AADL {10x)
COH F E 23646 0.144 1.a%
F
O
o] N TRy
I F
CH;
0 #
C
OH 0222 {R.8})- 0.128 1.584
chlotazifop
O Cl
i \O\ bi >
CHs
o 7
1
o 199608 cyhalotop 0114 1.26
CHs
O OH
F
HO‘__""'-:
O

43865 halexytop- W 0,053

F
A/ F ox_vacelate
o
I F
0 #

Cl
COH T466 (8- 0005 0017
cyhalotop
F o 3 i
CH:
N= o} 0
1 24358 Cloquintocet 0 o001
/
e
N
o}
o OH

Substrates wers assayed at | mM in 23 mM MOPS pH 6.2, 200 uM Fc:', 00 uM Na ascorbate. | mM c-ketoghetarate using sither | pg or
1 g (10X) purified AAD-1 (v1) per 0.16 il assay.

Proteins (and Source Isolates) of the Subject Invention. 60 preferably produce “an effective amount™ of the protein so

The present invention provides functional proteins. By that when the plant is treated with a herbicide, the level of
“functional activity” (or “active™} it is meant herein that the protein expression is sufficient to render the plant com-
proteins/enzymes for use according to the subject invention  pletely or partially resistant or tolerant to the herbicide (at a
have the ability to degrade or diminish the activity of a ¢s typical rate, unless otherwise specified; typical application
herbicide (alone or in combination with other proteins). rates can be found in the well-known Herbicide Handbook
Plants producing proteins of the subject invention will {Weed Science Society of America, Fighth Edition, 2002},
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for example). The herbicide can be applied at rates that
would normally kill the target plant, at normal field use rates
and concentrations. (Because of the subject invention, the
level and/or concentration can optionally be higher than
those that were previously used. ) Preferably, plant cells and
plants of the subject invention are protected against growth
inhibition or injury caused by herbicide treatment. Trans-
formed plants and plant cells of the subject invention are
preferably rendered resistant or tolerant to an herbicide, as
discussed herein, meaming that the transformed plant and
plant cells can grow n the presence of effective amounts of
one or more herbicides as discussed lerein. Preferred pro-
teins of the subject invention have catalytic activity to
metabolize one or more aryloxyalkanoate compounds.

Transfer of the functional activity to plant or bacterial
systems can involve a nucleic acid sequence, encoding the
amino acid sequence for a protein of the subject invention,
integrated into a protein expression vector appropriate to the
host in which the vector will reside. One way to obtain a
nucleic acid sequence encoding a protein with functional
activity is to isolate the native genetic material from the
hacterial species which produce the protein of interest, using
information deduced from the protein’s amino acid
sequence, as disclosed herein. The native sequences can be
optimized for expression in plants, for example, as discussed
in more detail below. Optimized polynucleotide can also be
designed based on the protein sequence.

The subject invention provides classes of proteins having
novel activities as identified herein. One way to characterize
these classes of proteins and the polynucleotides that encode
them is by defining a polynucleotide by its ability to Liybrid-
ize, under a range of specified conditions, with an exempli-
fied mucleotide sequence (the complement thereof and/or a
ptobe or probes derived from either strand) and/or by their
ability to be amplified by PCR using primers derived from
the exemplified sequences.

There are a number of methods for obtaining proteins for
use according to the subject wvention. For example, anti-
bodies to the proteins disclosed herein can be used to
identify and isolate other proteins from a mixture of pro-
teins. Specifically, antibodies may be raised to the portions
of the proteins that are most conserved or most distinet, as
compared to other related proteins. These antibodies can
then be used to specifically identify equivalent proteins with
the characteristic activity by immunoprecipitation, enzyme
linked immunosorbent assay {(ELISA), or immuno-blotting.
Antibodies to the proteins disclosed herein, or to equivalent
proteins, or to fragments of these proteins, can be readily
prepared using standard procedures. Such antibodies are an

aspect of the subject invention. Antibodies of the subject :

invention include monoclonal and polyclonal antibodies,
preferably produced in response to an exemplified or sug-
gested protein.

One skilled in the art would readily recognize that pro-

teins {and genes) of the subject invention can be obtained :

from a variety of sources. Since entire herbicide degradation
operons are known to be encoded on transposable elements
such as plasmids, as well as genomically integrated, proteins
of the subject invention can be obtained from a wide variety
of microorganisms, for example, including recombinant
and/or wild-type bacteria. Other members of the orders
Firmicutes and Proteobacteria, and specific genera with
known rdpA’s, such as Sphingobium, Delftia, Rodoferax,
and Comanioras for example, can be used as source isolates.

Mutants of bacterial isolates can be made by procedures
that are well known in the art. For example, asporogenous
mutants can be obtained through ethylmethane sulfonate
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(EMS) mutagenesis of an isolate. The mutants can be made
using ultraviolet light and nitrosoguanidine by procedures
well known 1n the art.

A protein “from’™ or “obtainable from™ any of the subject
isolates referred to or suggested lheremn means that the
protein (or a similar protein) can be obtained from the isolate
or some other source, such as another bacterial strain or a
plant. “Derived from” also has this connotation, and
includes proteins obtainable from a given type of bactermm
that are modified for expression n a plant, for example. One
skilled 1n the art will readily recognize that, given the
disclosure of a bacterial gene and protein, a plant can be
engineered to produce the protein. Antibody preparations,
nucleic acid probes (DNA, RNA, or PNA, for example), and
the like can be prepared using the polynucleotide and/or
amino acid sequences disclosed herein and vsed to screen
and recover other related genes from other {natural} sources.

Standard molecular biology techniques may be uvsed to
clone and sequence the proteins and genes described herein.
Additional information may be found i Sambrook et al.,
1989, which is incorporated herein by reference.

Polynucleotides and Probes.

The subject invention further provides nucleotide
sequences that encode proteins for use according to the
subject wvention. The subject invention further provides
methods of identifying and characterizing genes that encode
proteins having the desired herbicidal activity. In one
embodiment, the subject invention provides nnique nucleo-
tide sequences that are useful as hybridization probes and/or
primers for PCR techniques. The primers produce charac-
teristic gene fragments that can be used in the identification,
characterization, and/or isolation of specific genes of inter-
est. The nucleotide sequences of the subject invention
encode proteins that are distinct from previously described
proteins.

The polynucleotides of the subject invention can be used
to form complete “genes” to encode proteins or peptides in
a desired host cell. For example, as the skalled artisan would
readily recognize, the subject polynucleotides can be appro-
priately placed under the control of a promoter in a host of
interest, as is readily known in the art. The level of gene
expression and temporal/tissue specific expression can
greatly impact the utility of the invention. Generally, greater
levels of protein expression of a degradative gene will result
in faster and more complete degradation of a substrate {in
this case a target herbicide). Promoters will be desired to
express the target gene at high levels unless the lugh
expression has a consequential negative impact on the health
of the plant. Typically, one would wish to have the AAD-1
gene constitutively expressed in all tissues for complete
protection of the plant at all growth stages. However, one
could alternatively use a vegetatively expressed resistance
gene; this would allow use of the target herbicide n-crop for
weed control and would subsequently control sexual repro-
duction of the target crop by application during the flowering
stage.

As the skilled artisan knows, DNA typically exists in a
double-stranded form. In this arrangement, one strand is
complementary to the other strand and vice versa. As DNA
is replicated in a plant (for example), additional comple-
mentary strands of DNA are produced. The “coding strand™
is often used in the art to refer to the strand that binds with
the anti-sense strand. The mRNA is transcribed from the
“anti-sense” strand of DNA. The “sense” or “coding™ strand
has a series of codons (a codon is three nucleotides that can
be read as a three-residue unit to specify a particular amino
acid) that can be read as an open reading frame (ORF) to
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form a protein or peptide of interest. In order to produce a
protein in vivo, a strand of DN A is typically transcribed into
a complementary strand of mRNA which is vsed as the
template for the protein. Thus, the subject invention includes
the use of the exemplified polynucleotides shown in the
attached sequence listing and/or equivalents including the
complementary strands. RNA and PNA {peptide nucleic
acids) that are functionally equivalent to the exemplified
DNA molecules are included in the subject invention.

In one embodiment of the subject mvention, bacterial
isolates can be cultivated under conditions resulting in high
multiplication of the microbe. After treating the microbe to
provide single-stranded genomic nucleic acid, the DNA can
be contacted with the primers of the invention and subjected
to PCR amplification. Characteristic fragments of genes of
interest will be amplified by the procedure, thus identitying
the presence of the gene(s) of interest.

Further aspects of the subject invention include genes and
isolates identified using the methods and nucleotide
sequences disclosed herein. The genes thus identified can
encode herbicidal resistance proteins of the subject inven-
tion.

Proteins and genes for use according to the subject
invention can be identified and obtained by using oligo-
nucleotide probes, for example. These probes are detectable
nucleotide sequences that can be detectable by virtue of an
appropriate label or may be made inherently fluorescent as
described n International Application No. WO 93/16094.
The probes (and the polynucleotides of the subject nven-
tion) may be DNA, RNA, or PNA. In addition to adenine
{A), cytosine (C), guanine {G), thymine (T), and vracil (U,
for RNA molecules), synthetic probes {(and polynucleotides)
of the subject invention can also have inosine (a neutral base
capable of pairing with all four bases; sometinies used in
place of a mixture of all four bases in synthetic probes)
and/or other synthetic (non-natural) bases. Thus, where a
synthetic, degenerate oligonucleotide is referred to herein,
and “N™ or “n” is used generically, “N” or “n” can be G, A,
T, C, or osine. Ambiguity codes as used herein are in
accordance with standard TUPAC naming conventions as of
the filing of the subject application (for example, R means
Aor G, Y means Cor T, etc).

As s well known in the art, if a probe molecule hybridizes
with a nucleic acid sample, it can be reasonably assumed
that the probe and sample have substantial homology/simi-
larity/identity. Preferably, hybridization of the polynucle-
otide is first conducted followed by washes under conditions
of low, moderate, or high stringency by techniques well-
known in the art, as described in, for example, Keller, G. H.,

M. M. Manak (1987) DNA4 Probes, Stockton Press, New :

York, N.Y.. pp. 169-170. For example, as stated therein, low
stringency conditions can be achieved by first washing with
2x88C  (Standard Saline Citrate)0.1% SDS (Sodium
Dodecyl Sulfate) for 15 minutes at room temperature. Two

washes are typically performed. Higher stringency can then :

be achieved by lowering the salt concentration and/or by
raising the temperature. For example, the wash described
above can be followed by two washings with 0.1x88C/0.1%
SDS for 15 minutes each at room temperature followed by
subsequent washes with 0.1x58C/(.1% SDS for 30 minutes
each at 55° C. These temperatures can be used with other
hybridization and wash protocols set forth herein and as
would be known to one skilled in the art (SSPE can be used
as the salt instead of S8C, for example). The 2xSSC/0.1%
SDS can be prepared by adding 50 ml of 20x83C and 5 ml
of 10% SDS to 445 ml of water. 20x85C can be prepared by
combining NaCl (175.3 g/0.150 M), sodium citrate (88.2
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/0.015 M), and water, adjusting pH to 7.0 with 10 N NaOH,
then adjusting the volume to 1 liter. 10% SDS can be
prepared by dissolving 10 g of SDS in 50 ml of autoclaved
water, then diluting to 100 ml.

Detection of the probe provides a means for determining
in a known manner whether hybridization has been main-
tained. Such a probe analysis provides a rapid method for
identifying genes of the subject invention. The nucleotide
segments used as probes according to the invention can be
synthesized using a DNA synthesizer and standard proce-
dures. These nucleotide sequences can also be used as PCR
primers to amplify genes of the subject invention.

Hybridization characteristics of a molecule can be used to
define polynucleotides of the subject invention. Thus the
subject mvention includes polynucleotides (and/or their
complements, preferably their full complements) that
hybridize with a polynucleotide exemplified herein. That is,
one way to define a gene {and the protein it encodes), for
example, is by its ability to hybridize (uader any of the
conditions specifically disclosed herein) with a known or
specifically exemplified gene.

As vsed herein, “stringent” conditions for hybridization
refers to conditions which achieve the same, or about the
same, degree of specificity of hybridization as the conditions
employed by the current applicants. Specifically, hybridiza-
tion of immobilized DNA on Southem blots with **P-
labeled gene-specific probes can be performed by standard
methods (see, e.g., Maniatis et al. 1982). In general, hybrid-
ization and subsequent washes can be carried out under
conditions that allow for detection of target sequences. For
double-stranded DNA gene probes, hybridization can be
carried out overnight at 20-25° C, below the melting tem-
perature (Tm) of the DNA hybrid in 6x8SPE, 5«xDenhardt’s
solution, 0.1% SDS, 0.1 mg/ml denatwed DNA. The melt-
ing temperature is described by the following formula (Beltz
et al. 1983).

Tm=581.5° C.+16.6 Log [Na+]+041(% G+{)=0.61(%
formamide)}—600¢ length of duplex i base pairs.

Washes can typically be carried out as follows:

{1) Twice at room temperature for 1.5 minutes in 1xSSPE,
0.1% SDS (low stringency wash).

(2) Once at Tm-20° C. for 15 minutes in 0.2xSSPE, 0.1%
SDS (moderate stringency wash).

For oligonucleotide probes, hybridization can be carried
out overnight at 10-20° C. below the melting tenmperature
(Tm) of the hiybrid in 6<SSPE, 5xDenhardt’s solution, 0.1%
SDE, 0.1 mg/ml denatured DNA. Tm for oligonucleotide
probes can be determined by the following formula:

Tmi® C.)=2{number 74 base paiis)}+3number G
base pairs)
(Suggs et al., 1981).
Washes can typically be out as follows:
{1) Twice at room temperature for 15 minutes 1xSSPE,
0.1% SDS (low stringency wash).
(2) Once at the hybridization temperature for 15 minutes
in 1x8SSPE, 0.1% SDS (moderate stringency wash).
In general, salt and/or temperature can be altered to
change stringency. With a labeled DNA fragment =70 or so
bases in length, the following conditions can be used:
Low: 1 or 2x8SPE, room temperature
Low: | or 2x353PE, 42° C.
Moderate: 0.2x or 1xSSPE, 65° C.
High: 0.1xSSPE, 65° C.
Duplex formation and stability depend on substantial
complementarity between the two strands of a hybrid, and,
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as noted above, a certain degree of mismatch can be toler-
ated. Therefore, the probe sequences of the subject invention
include mutations {both single and multiple), deletions,
insertions of the described sequences, and combinations
thereof, wherein said mutations, nsertions and deletions
permit formation of stable hybrids with the target polynucle-
otide of interest. Mutations, insertions, and deletions can be
produced in a given polynucleotide sequence in many ways,
and these methods are known to an ordinarily skilled artisan.
Other methods may become known in the future.

PCR Technology.

Polymerase Chain Reaction (PCR}) is a repetitive, enzy-
matic, primed synthesis of a nucleic acid sequence. This
procedure 15 well known and commonly used by those
slalled mn this art (see Mullis, US. Pat. Nos. 4,683,195,
4,683,202, and 4,800,159, Saiki et al., 1985). PCR is based
on the enzymatic amplification of a DNA fragment of
interest that is flanked by two oligonucleotide primers that
hybridize to opposite strands of the target sequence. The
primers are preferably oriented with the 3' ends pomting
towards each other. Repeated cycles of heat denaturation of
the template, annealing of the primers to their complemen-
tary sequences, and extension of the annealed primers with
a DNA polymerase result in the amplification of the segment
defined by the 5' ends of the PCR primers. The extension
product of each primer can serve as a template for the other
primer, so each cycle essentially doubles the amount of
DNA fragment produced in the previous cycle. This results
in the exponential accumulation of the specific target frag-
ment, up to several million-fold in a few hours. By using a
thermostable DNA polymerase such as Taq polymerase,
isolated from the thermophilic bacterium Thermus aquati-
cus, the amplification process can be completely automated.
Other enzymes which can be used are known to those skilled
i the art.

Exemplified DN A sequences, or segments thereof, can be
vsed as primers for PCR amplification. In performing PCR
amplification, a certain degree of mismatch can be tolerated
between primer and template. Therefore, mutations, dele-
tions, and insertions (especially additions of nucleotides to
the 5' end) of the exemplified primers fall within the scope
of the subject invention. Mutations, insertions, and deletions
can be produced n a given primer by methods known to an
ordinarily slalled artisan.

Modification of Genes and Proteins.

The subject genes and proteins can be fused to other genes
and proteins to produce chimeric or fusion protemns. The
genes and proteins useful according to the subject mvention
include not only the specifically exemplified full-length

sequences, but also portions, segments and/or fragments :

{including contiguous fragments and internal and/or termi-
nal deletions compared to the full-length molecules) of these
sequences, variants, mutants, chimerics, and fusions thereof.
Proteins of the subject invention can have substituted amino

acids so long as they retain desired functional activity. :

“Variant™ genes have nucleotide sequences that encode the
same proteins o equivalent proteins having activity equiva-
lent or similar to an exemplified protein. The terms “variant
proteins™ and “equivalent proteins” refer to proteins having
the same or essentially the same biological/functional activ-
ity against the target pests and equivalent sequences as the
exemplified proteins. As used herein, reference to an
“equivalent” sequence refers to sequences having amino
acid substitutions, deletions, additions, or insertions that
improve or do not adversely affect activity to a significant
extent. Fragments retaining activity are also included in tlus
definition. Fragments and other equivalents that retain the
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same or similar function or activity as a corresponding
tragment of an exemplified protein are within the scope of
the subject invention. Changes, such as amino acid substi-
tutions or additions, can be made for a variety of purposes,
such as increasing (or decreasing) protease stability of the
protein (without materially/substantially decreasing the
functional activity of the protein), removing or adding a
restriction site, and the like. Varjations of genes may be
readily constructed uwsing standard techniques for maling
point mutations, for example.

In addition, U.S. Pat. No. 5,605,793, for example,
describes methods for generating additional molecular
diversity by using DNA reassembly atter random or focused
fragmentation. This can be referred to as gene “shuffling,”
which typically volves mixing fragments (of a desired
size) of two or more ditferent DNA molecules, followed by
repeated rounds of renaturation. This can improve the activ-
ity of a protein encoded by a starting gene. The result is a
chimeric protein having improved activity, altered substrate
specificity, increased enzyme stability, altered stereospeci-
ficity, or other characteristics.

“Shuffling” can be designed and targeted after obtaining
and examining the atomic 3D (three dimensional) coordi-
nates and crystal structure of a protein of interest. Thus,
“focused shuffling” can be directed to certain segments of a
protein that are ideal for modification, such as surface-
exposed segments, and preferably not intemnal segments that
are involved with protein folding and essential 3D structural
ntegrity.

Variant genes can be used to produce variant proteins;
recombinant hosts can be used to produce the variant
proteins. Using these “gene shuffling” techniques, equiva-
lent genes and proteins can be constructed that comprise any
5, 10, or 20 contiguous residues (amino acid or nucleotide)
of any sequence exemplified herein. As one skilled in the art
knows, the gene shuffling techniques, for example, can be
adjusted to obtain equivalents having, for example, 3, 4, 5,
6,7.8,9.10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 30, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 63, 66, 67, 68, 69, 70,
71, 72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, &4, 85, 86,
87, 8%, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101,
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, 126, 130, 131, 132, 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149,
150, 151, 152, 153, 154, 155, 156, 157, 1538, 159, 160, 161,
162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173,
174, 175, 170, 177, 178, 179, 180, 181, 182, 183, 184, 183,
186, 187, 188, 185, 190, 191, 192, 193, 154, 195, 196, 197,
198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209,
210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221,
222,223,224, 225, 226, 227, 228, 229, 230, 231, 232, 233,
234,235,236, 237, 238, 235, 240, 241, 242, 243, 244, 245,
246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257,
258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269,
270, 271,272, 273, 274, 275, 276, 277, 278, 279, 280, 281,
282, 283, 284, 285, 286, 287, 288, 289, 200, 201, 292, 293,
294, 203, 296, or 297 contiguous residues (amino acid or
nucleotide), corresponding to a segment (of the same size)
i any of the exemplified or suggested sequences (or the
complements {full complements) thereof). Similarly sized
segments, especially those for conserved regions, can also
be used as probes and/or primers.

Fragments of full-length genes can be made using com-
mercially available exonucleases or endonucleases accord-
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ing to standard procedures. For example, enzymes such as
Bal31 or site-directed mutagenesis can be used to system-
atically cut off nucleotides from the ends of these genes.
Also, genes that encode active fragments may be obtained
using a variety of restriction enzymes. Proteases may be
used to directly obtain active fragments of these proteins.

Tt is within the scope of the invention as disclosed herein
that proteins can be truncated and still retain functional
activity. By “truncated protein” it is meant that a portion of
a protein may be cleaved off while the remaming truncated
protein retains and exhibits the desired activity after cleav-
age. Cleavage can be achieved by various proteases. Fur-
thermore, effectively cleaved proteins can be produced using
molecular biology techniques wheremn the DNA bases
encoding said protein are removed either through digestion
with restriction endonucleases or other techniques available
to the skilled artisan. After truncation, said proteins can be
expressed in heterologous systems such as E. cofi, baculo-
viruses, plant-based viral systems, veast, and the like and
then placed in insect assays as disclosed herein to determine
activity. It is well-known in the art that truncated proteins
can be successfully produced so that they retain functional
activity while having less than the entire, full-length
sequence. For example, B.t. proteins can be used in a
truncated {core protein) form (see, e.g., Hofte et al. (1989),
and Adang et al. {1985)). As used herein, the term “protein™
can include functionally active truncations.

In some cases, especially for expression in plants, it can
be advantageous to use truncated genes that express trun-
cated proteins. Preferred truncated genes will typically
encode 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54, 55, 56, 537, 58, 39, 60, 61, 62, 63, 64, 63, 66, 67, 68, 69,
70,71,72,73, 74,75, 76,77, 78, 79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% of
the full-length protein.

Certain proteins of the subject invention have been spe-
cifically exemplified herein. As these proteins are merely
exemplary of the proteins of the subject invention, it should
be readily apparent that the subject mvention comprises
variant or equivalent proteins (and nucleotide sequences
coding for equivalents thereot) having the same or similar
activity of the exemplified proteins. Equivalent proteins will
have amino acid similanty (andfor homology) with an
exemplified protein. The amino acid identity will typically
be at least 60%, preferably at least 75%, more preferably at
least 80%, even more preferably at least 90%, and can be at
least 95%. Preferred proteins of the subject nvention can
also be defined in terms of more particular ideatity and/or
similarity ranges. For example, the identity and/or similarity

can be 49, 50, 51, 32, 53, 34, 55, 56, 57, 58, 5%, 60, 01, 62, :

63, 64, 63, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, or 99% as compared to a sequence exem-
plified or suggested herein. Any number listed above can be
vsed to define the upper and lower limits.

Unless otherwise specified, as used herein, percent
sequence dentity and/or similarity of two nucleic acids 1s
determined using the algorithm of Karlin and Altschul,
1990, modified as in Karlin and Altschul 1993, Such an
algorithm is incorporated into the NBLAST and XBLAST
programs of Altschul et al, 1990. BLAST nucleotide
searches are performed with the NBLAST program,
score=100), wordlength=12. Gapped BLAST can be used as
described in Altschul et al.,, 1997. When utilizing BLAST
and Gapped BLAST programs, the defavlt parameters of the
respective programs (NBLAST and XBLAST) are used. See
NCBI/NIH website. To obtain gapped alignments for com-
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parison purposes, the Align¥X function of Vector NTI Suite
8 (InforMax, Inc., North Bethesda, Md., U.S.A ), was used
eniploying the default parameters. These were: a Gap open-
ing penalty of 15, a Gap extension penalty of 6.66, and a Gap
separation penalty range of 8.

Various propetties and three-dimensional features of the
protein can also be changed without adversely atfecting the
activity/functionality of the protein. Conservative amino
acid substitutions can be tolerated/made to not adversely
affect the activity and/or three-dimensional configuration of
the molecule. Amino acids can be placed in the following
classes: non-polar, uncharged polar, basic, and acidic. Con-
servative substitutions whereby an amino acid of one class
15 replaced with agother amino acid of the same type fall
witlun the scope of the subject invention so long as the
substitution is not adverse to the biological activity of the
compound. Table 5 provides a listing of examples of amino
acids belonging to each class.

TABLE 5

Class of Amino Acid Examples of Amino Acids

Nonpolar Ala, Val, Leuw, Ile, Pro, Met, Phe, Trp
Uncharged Polar Gly, Ser. Thr, Cys, Tyr. Asn, Glo
Acidic Asp, Glu

Basic Lys, Arg, His

In some instances, non-conservative substitutions can also
be made. However, preferred substitutions do not sigmfi-
cantly detract from the functional/biological activity of the
protein.

As used herein, reference to “isolated” polynucleotides
and/or “purified” proteins refers to these molecules when
they are not associated with the other molecules with which
they would be found in nature. Thus, reference to “isolated”
and/or “purified” signities the involvement of the *hand of
man” as described herein. For example, a bacterial “gene” of
the subject invention put into a plant for expression is an
“isolated polynucleotide.” Likewise, a protein derived from
a bacterial protein and produced by a plant is an “isolated
protein.”

Because of the degeneracy/redundancy of the genetic
code, a variety of different DNA sequences can encode the
amino acid sequences disclosed herein. It 13 well within the
skill of a person trained in the art to create alternative DNA
sequences that encode the same, or essentially the same,
proteins. These variant DNA sequences are within the scope
of the subject invention. This iz also discussed in more detail
below in the section entitled “Optimization of sequence for
expression in plants.”

Optimization of Sequence for Expression in Plants.

To obtain high expression of heterologous genes in plants
it is generally preferred to reengineer the genes so that they
are more efficiently expressed in {the cytoplasm of) plant
cells. Maize is one such plant where it may be preferred to
re-design the heterologous gene(s) prior to transformation to
increase the expression level thereof in said plant. Therefore,
an additional step n the design of genes encoding a bacterial
protein is reengineering of a heterologous gene for optimal
expression, using codon bias more closely aligned with the
target plant sequence, whether a dicot or monocot species.
Sequences can also be optimized for expression in any of the
more particular types of plants discussed elsewhere herein.

Transgenic Hosts.

The protein-encoding genes of the subject invention can
be mtroduced into a wide variety of microbial or plant hosts.
The subject invention ncludes transgenic plant cells and
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transgenic plants. Preferred plants (and plant cells) are corn,
Arabidopsis, tobacco, soybeans, cotton, canola, rice, wheat,
turf and pasture grasses, and the like. Other types of trans-
genic plants can also be made according to the subject
invention, such as fruits, vegetables, and trees. More gen-
erally, dicots and/or monocots can be used i various aspects
of the subject invention.

In preferred embodiments, expression of the gene results,
directly or indirectly, in the intracellular production {and
maintenance) of the protein(s) of interest. Plants can be
rendered herbicide-resistant in this manner. Such hosts can
be referred to as transgenic, recombinant, transformed, and/
or transfected hosts and/or cells. In some aspects of tlus
invention {(when cloning and preparing the gene of interest,
for example), microbial {preferably bacterial) cells can be
produced and used according to standard techniques, with
the benefit of the subject disclosure.

Plaat cells transfected with a polynucleotide of the subject
invention can be regenerated to whole plants. The subject
invention includes cell cultures including tissue cell cul-
tures, liquid cultures, and plated cultures. Seeds produced by
and/or used to generate plants of the subject invention are
also ncluded within the scope of the subject invention.
Other plant tissues and parts are also included in the subject
invention. The subject invention likewise includes methods
of producing plants or cells comprising a polynucleotide of
the subject mvention. One preferred method of producing
such plants 13 by planting a seed of the subject invention.

Insertion of Genes to Form Transgenic Hosts.

One aspect of the subject invention is the transformation/
transfection of plants, plant cells, and other host cells with
polyvaucleotides of the subject mvention that express pro-
teins of the subject wvention. Plants transformed in tlus
manner can be rendered resistant to a variety of herbicides
with different modes of action.

A wide variety of methods are available for introducing a
gene encoding a desired protein into the target host under
conditions that allow for stable maintenance and expression
of the gene. These methods are well known to those skilled
in the art and are described, for example, in U.S. Pat. No.
5.135,867.

Vectors comprising an AAD-1  polynucleotide are
included in the scope of the subject invention. For example,
a large number of cloning vectors comprising a replication
system in F. cofi and a marker that permits selection of the
transformed cells are available for preparation for the inser-
tion of foreign genes into higher plants. The vectors com-
prise, for example, pBR322, pUC series, M13mp series,

pACYC184, etc. Accordingly, the sequence encoding the :

protein can be inserted into the vector at a suitable restriction
site. The resulting plasmid is used for transformation to E.
coli. The E. coli cells are cultivated in a suitable nutrient
medium, then harvested and lysed. The plasmid is recovered

by purification away from genomic DNA. Sequence analy- :

813, restriction analysis, electrophoresis, and other biochemi-
cal-molecular biological methods are generally carried out
as methods of analysis. After each manipulation, the DNA
sequence used can be restriction digested and joined to the
next DNA sequence. Each plasmid sequence can be cloned
in the same or other plasmids. Depending on the method of
inserting desired genes into the plant, other DNA sequences
may be necessary. If, for example, the Ti or Ri plasmid is
vsed for the transformation of the plant cell, then at least the
right border, but often the right and the left border of the Ti
or Ri plasmid T-DNA has to be joined as the flanking region
of the genes to be inserted. The use of T-DNA for the
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transformation of plant cells has been mtensively researched
and described in EP 120 516; Hoekema (1985}, Fraley et al.
(1986). and An et al. (1985).

A large number of techniques are available for inserting
DNA to a plant host cell. Those techniques nclude trans-
formation with T-DNA using Agrobacterium tumefaciens or
Agrobacterium rhizogenes as transformation agent, fusion,
injection, biolistics (microparticle bombardment), silicon
carbide whiskers, aerosol beaming, PEG, or electroporation
as well as other possible methods. If Agrobacteria are used
for the transformation, the DNA to be inserted has to be
cloned into special plasmids, namely either into an interme-
diate vector or into a binary vector. The intermediate vectors
can be integrated into the Ti or Ri plasmid by homologous
recombination owing to sequences that are homologous to
sequences in the T-DNA. The Ti or Ri plasmid also com-
prises the vir region necessary for the transfer of the T-DNA.
Intermediate vectors cannot replicate themselves in Agro-
bacteria. The intermediate vector can be transferred nto
Agrobacterium tumefaciens by means of a helper plasmid
{conjugation). Binary vectors can replicate themselves both
in E. coli and in Agrobacteria. They comprise a selection
martker gene and a linker or polylinker which are framed by
the right and left T-DNA border regions. They can be
transformed directly into Agrobacteria (Holsters, 1978). The
Agrobacterium used as host cell is to comprise a plasmid
carrying a vir region. The vir region is necessary for the
transfer of the T-DNA into the plant cell. Additional T-DNA
may be contamed. The bacterium so transformed 1 used for
the transformation of plant cells. Plant explants can be
cultivated advantageously with Agrobacterium tumefaciens
or Agrobacterium rhizogenes for the transfer of the DNA
mnto the plant cell. Whole plants can then be regenerated
from the infected plant material (for example, pieces of leaf,
segments of stalk, roots, but also protoplasts or suspension-
cultivated cells) in a suitable medium, which may contain
antibiotics or biocides for selection. The plants so obtained
can then be tested for the presence of the wnserted DNA. No
special demands are made of the plasmids n the case of
injection and electroporation. It is possible to vse ordinary
plasmids, such as, for example, pUC derivatives.

The transformed cells grow inside the plants in the usual
manner, They can form germ cells and transmit the trans-
formed trait(s) to progeny plaats. Such plants can be grown
in the normal manner and crossed with plants that have the
same transformed hereditary factors or other hereditary
factors. The resulting hybrid individuals have the corre-
sponding phenotypic propetties.

In some preferred embodiments of the invention, genes
encoding the bacterial protein are expressed from transcrip-
tional umits inserted into the plant genome. Preferably, said
transcriptional units are recombinant vectors capable of
stable tegration into the plant genome and enable selection
of transformed plant lines expressing mRNA encoding the
proteins.

Once the mserted DNA has been integrated in the
genome, it 1s relatively stable there (and does not cone out
agan). It normally contains a selection marker that confers
on the transtormed plant cells resistance to a biocide or an
antibiotic, such as kanamycin, G418, bleomycin, hygromy-
cin, or chloramphenicol, inter alia. Plant selectable markers
also typically can provide resistauce to various herbicides
such as glufosinate, (PAT), glyphosate (EPSPS), imazethy-
apyr (AHAS), and many others. The individually employed
marker should accordingly permit the selection of trans-
formed cells rather than cells that do not contain the msetted
DNA. The gene(s) of interest are preferably expressed either
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by constitutive or inducible promoters in the plant cell. Once
expressed, the mRNA is translated into proteins, thereby
incorporating amino acids of interest into protein. The genes
encoding a protein expressed in the plant cells can be under
the comtrol of a constitutive promoter, a tissue-specific
promoter, or an mducible promoter.

Several techmques exist for mtroducing foreign recom-
binant vectors into plant cells, and for obtaining plants that
stably maintain and express the introduced gene. Such
techniques include the introduction of genetic material
coated onto microparticles directly into cells (U.S. Pat. No.
4,945 050 to Comell and U.S. Pat. No. 5,141,131 to Dow-
Elanco, now Dow AgroSciences, LLC). In addition, plants
may be transtormed vsing Agrebacterium technology, see
U.S. Pat. No. 5,177,010 to University of Toledo: U.S. Pat.
No. 5,104,310 to Texas A&M; European Patent Application
0131624B1; European Patent Applications 120516,
159418B1 and 176,112 to Schilperoot; 1.8, Pat. Nos. 5,149,
645, 5,469,976, 5,464,763 and 4,940,838 and 4,693,976 to
Schilperoot; European Patent Applications 116718, 290799,
320500, all to Max Planck; Evropean Patent Applications
604662 and 627752, and U.8. Pat. No. 5,591,616, to Japan
Tobacco; European Patent Applications 0267159 and
0292435, and 118, Pat. No. 5,231,019, all to Ciba Geigy.
now Syngenta, U.S. Pat. Nos. 5,463,174 and 4,762,785, both
to Calgene; and 11.8. Pat. Nos. 5,004,863 and 5,159,135,
both to Agracetus. Other transformation technology includes
whiskers technology. See U.S. Pat. Nos. 5302523 and
5,464,765, both to Zeneca, now Syngenta. Electroporation
teclinology has also been used to transform plants. See WO
87/06614 to Boyce Thompson Institute; U.S. Pat. Nos.
5.472,869 and 5,384,253, both to Dekalb; and WO 92/09696
and WO 93/21335, both to Plant Genetic Systems. Further-
more, viral vectors can also be vsed to produce transgenic
plants expressing the protein of interest. For example, mono-
cotyledonovus plants can be transformed with a viral vector
using the methods described in U.S. Pat. No. 5,569,597 to
Mycogen Plant Science and Ciba-Geigy (now Syngenta), as
well as U.S. Pat. Nos. 5,589,367 and 5,316,931, both to
Biosource, now Large Scale Biology.

As mentioned previously, the manner in which the DNA
construct is introduced to the plant host is not critical to
this wnvention. Any method that provides for efficient trans-
formation may be employed. For example, various methods
for plant cell transformation are described herein and
include the use of Ti or Ri-plasmids and the like to perform
Agrobacterium mediated transformation. In many instances,
it will be desirable to have the construct used for transtor-
mation bordered on one or both sides by T-DNA borders,
more specifically the right border. This is particularly useful
when the construct uses Agrobacterium tumefaciens or
Agrobacterium rhizogenes as a mode for transformation,
although T-DNA borders may find vse with other modes of
transformation. Where Agrobacterium is vsed for plant cell
transformation, a vector may be used which may be intro-
duced into the host for homologous recombination with
T-DNA or the Ti or Ri plasnud present in the host. Intro-
duction of the vector may be performed via electroporation,
tri-parental mating and other techniques for transforming
gram-negative bacteria which are known to those skilled in
the art. The manner of vector transformation into the Agro-
bacterium host is not critical to this invention. The Ti or Ri
plasmid containing the T-DNA for recombination may be
capable or incapable of causing gall formation, and is not
critical to said invention so long as the vir genes are present
in said host.
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In some cases where Agrobacterium is used for transfor-
mation, the expression construct being within the T-DNA
borders will be inserted into a broad spectrum vector such as
pRK2 or derivatives thereof as described in Ditta et al.
{1980y and EPO 0 120 515. Included within the expression
construct and the T-DNA will be one or more markers as
described herein which allow for selection of transtormed
Agrobacterium and transformed plant cells. The particular
marker employed is not essential to this mveantion, with the
preferred marker depending on the host and construction
used.

For transformation of plant cells using Agrobacterium,
explants may be combined and incubated with the trans-
formed Agrobacterium for sufficient time to allow transfor-
mation thereof. After transformation, the Agrobacteria are
killed by selection with the appropriate antibiotic and plant
cells are cultured with the appropriate selective medium.
Onice calli are formed, shoot formation can be encouraged
by employing the appropriate plant hormones according to
methods well known n the art of plant tissue culturing and
plant regeneration. However, a callus intermediate stage is
not always necessary. After shoot formation, said plant cells
can be transferred to medmm which encourages root for-
mation thereby completing plant regeneration. The plants
may then be grown to seed and said seed can be used to
establish future generations. Regardless of transformation
technique, the gene encoding a bacterial protein is preferably
mncorporated into a gene transfer vector adapted to express
said gene in a plant cell by including in the vector a plant
promoter regulatory element, as well as 3' non-translated
transcriptional termination regions such as Nos and the like.

In addition to numerous technologies for transforming
plants, the type of tissue that 1s contacted with the foreign
genes may vary as well. Such tissue would include but
would not be limited to embryogenic tissue, callus tissue
types L, 11, and III, hypocotyl, meristem, root tissue, tissues
for expression in phloem, and the like. Almost all plant
tissies may be transformed during dedifferentiation using
appropriate techniques described herein.

As mentioned above, a variety of selectable markers can
be used, if desired. Preference for a particular marker is at
the discretion of the artisan, but any of the following
selectable markers may be used along with any other gene
not listed heremn which could function as a selectable marker.
Such selectable markers include but are not limited to
aminoglycoside phosphotransferase gene of transposon TnS
{Aph II) which encodes resistance to the antibiotics kanamy-
cin, neomycin and G418, as well as those genes which
encode for resistance or tolerance to glyphosate; hiygromy-
cin; methotrexate; phosphinothricin (bialaphos or glufosi-
nate); imidazolinones, sulfonylureas and triazolopyrimidine
herbicides, such as chlorsulfuron; bromoxynil, dalapon and
the like.

In addition to a selectable marker, it may be desirous to
use a reporter gene. In some instances a reporter gene may
be used with or without a selectable marker. Reporter genes
are genes that are typically not present i the recipient
orgamsm or tissue and typically encode for proteins result-
ing in some phenotypic change or enzymatic property.
Examples of such genes are provided in Weising et al., 1988.
Preferred reporter genes wmclude the beta-glucuronidase
(GUS) of the uidA locus of E. cofi, the chloramphenicol
acetyl transferase gene from Tn9 of E. coli, the green
fluorescent protein from the bioluminescent jellyfish
Aequorea victoria, and the luciferase genes from firetly
Photinus pyralis. An assay for detecting reporter gene
expression may then be performed at a suitable time after
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said gene has been introduced nto recipient cells. A pre-
ferred such assay entails the use of the gene encoding
beta-glucuronidase {GUS) of the uidA locus of E. cofi as
described by Jefferson et al., (1987) to identify transformed
cells.

In addition to plant promoter regulatory elements, pro-
moter regulatory elements from a variety of sources can be
vsed efficiently in plant cells to express foreign genes. For
example, promoter regulatory elements of bacterial origin,
such as the octopine synthase promoter, the nopaline syn-
thase promoter, the mannopine synthase promoter; promot-
ers of viral origin, such as the cavlitlower mosaic virus (358
and 198), 35T (which is a re-engineered 358 promoter, see
U.S. Pat. No. 6,166,302, especially Example 7E) and the like
may be used. Plant promoter regulatory elements nclude but
are not limited to ribulose-1.6-bisphosphate (RUBP) car-
hoxylase small subunit {ssu), beta-conglycinin promoter,
beta-phaseolin promoter, ADH promoter, heat-shock pro-
moters, and tissue specific promoters. Other elements such
as matrix attachment regions, scaffold attachment regions,
introns, enhancers, polyadenylation sequences and the like
may be present and thus may improve the transcription
efficiency or DNA integration. Such elements may or may
not be necessary for DNA function, although they can
provide better expression or functioning of the DNA by
affecting transcription, mRNA stability, and the like. Such
elements may be included in the DNA as desired to obtain
optimal performance of the transformed DNA i the plant.
Typical elements include but are not limited to Adh-intron 1,
Adh-intron 6, the alfalfa mosaic virus coat protein leader
sequence, osmotin UTR sequences, the maize streak virus
coat protein leader sequence, as well as others available to
a skilled artisan. Constitutive promoter regulatory elements
may also be used thereby directing continuous gene expres-
sion in all cells types and at all times {e.g., actin, ubiquitin,
CaMV 3585, and the like). Tissue specific promoter regula-
tory elements are responsible for gene expression in specific
cell or tissue types, such as the leaves or seeds (e.g., zein,
oleosin, napin, ACP, globulin and the like) and these may
also be used.

Promoter regulatory elements may also be active (or
inactive) during a certain stage of the plant’s development as
well ag active n plant tissues and organs. Examples of such
include but are not Limited to pollen-specific, embryo-
specific, corn-silk-specific, cotton-fiber-specific, root-spe-
cific, seed-endospermi-specific, or vegetative phase-specific
promoter regulatory elements and the like. Under certain
circumstances it may be desirable to use an inducible
promoter regulatory element, which is responsible for

expression of genes in response to a specific signal, such as: :

physical stimulus (heat shock genes), light (RUBP carboxy-
lase), hormone (Em), metabolites, chemical (tetracycline
responsive), and stress. Other desirable transcription and
translation elements that function in plants may be used.

Numerous plant-specific gene transfer vectors are known in :

the art.

Plant RN A viral based systems can also be used to express
bacterial protein. In so doing, the gene encoding a protein
can be inserted into the coat promoter region of a svitable
plant virus which will infect the host plant of interest. The
protein can then be expressed thus providing protection of
the plant from herbicide damage. Plant RNA viral based
systems are described in 11.5. Pat. No. 3,500,360 to Myco-
gen Plant Sciences, Inc. and U.S. Pat. Nos. 5,316,931 and
5,589,367 to Biosource, now Large Scale Biology.

All patents, patent applications, provisional applications,
and publications referred to or cited herein are incorporated

]
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by reference n their entirety to the extent they are not
inconsistent with the explicit teachings of this specification.

Following are examples that illustrate procedures for
practicing the invention. These examples should not be
construed as limiting. All percentages are by weight and all
solvent mixture proportions are by volume unless otherwise
noted.

Example 1

Method for Identifying Genes that Impart
Resistance to 2,4-D in Planta

As a way to identify genes which possess herbicide
degrading activities in planta, it 15 possible to mine current
public databases such as NCBI (National Center for Bio-
technology Information). To begin the process, it is neces-
sary to have a functional gene sequence already identified
that encodes a protein with the desired characteristics (i.e.,
a-ketoglutarate  dioxygenase activity). This  protein
sequence 15 then used as the wput for the BLAST (Basic
Local Alignment Search Tool) {Altschul et al., 1997) algo-
rithm to compare against available NCBI protein sequences
deposited. Using default seftings, this search retwrns
upwards of 100 homologous protein sequences at varying
levels. These range from highly identical (83-98%) to very
low identity (23-32%) at the amino acid level. Traditionally
only sequences with high homology would be expected to
retain similar properties to the wput sequence. In this case
we chose only those sequences with =50% homology. We go
on to exemplify that cloning and recombinantly expressing
homologues with as little as 27% amino acid conservation
can be vsed to impart commercial levels of resistance not
only to the intended herbicide, but also to substrates never
previously tested with these enzymes.

PCR and Cloning of Gene into pET.

A single gene (rdpA) was identified from the NCBI
database (see the nchinlm.nih.gov website; accession
#AF516752) as a homologue with only 28% amino acid
identity to tfdA from Ralsionia entropha. Percent identity
was determined by first translating both the rdpA and tfdA
DNA sequences deposited in the database to proteins, then
using Clustal W in the VectorNTI software package to per-
form the multiple sequence alignment.

The strain of Sphingobium herbicidovorans containing
the rdpA gene was obtained from ATCC (American Type
Culture Collection strain #700291). The lyophilized strain
was revived according to ATCC protocol and stored at —80°
C. n 20% glycerol for internal use as Dow Bactenal strain
DB 536. From this freezer stock, a plate of Tryptic Soy Agar
was then struck out with a loopful of cells for isolation, and
mncubated at 28° C. for 3 days.

A single colony was used to inoculate 100 ml of Tryptic
Soy Broth in a 500 ml tri-baffled flask, which was incubated
overnight at 28 C. on a floor shaker at 150 rpmi. From this,
total DNA was isolated with the gram negative protocol of
Qiagen’s DNeasy kit ((hagen cat. #69504). The following
primers were designed to amplify the target gene from
genomic DNA, Forward:

[(SEQ ID WO:
TCT AGR AGG AGR TAT ACC ATG CAT GCT GCA CTG

1)
X

TCC CCC CTC TCC CAG OG 3°

(added Xba I restriction site and Ribosome Binding Site
(RBS&))] and Reverse:
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[{8EQ ID NG: 2}
5' CTC GAG TTA CTA GUG OGC 0GG GOG CAC GOC ACC

GRC CG 3

{added extra stop codon and Xho 1 site)].

Twenty microliter reactions were set up as follows: Mas-
terMix 8 pl, ea. primer 1 pl (50 pmoles/ul), gDNA 2.5 pl,
H,O 7.5 pl. PCR was then carried out under the following
conditions: 94° C. 45 sec, 52° C. 1.5 minute, 72° C. 1.5
munute, for 30 cycles, followed by a final cycle of 72° C. 5
minute, using Eppendorf s Master Taq kit (Eppendort cat.
#0032 002.250). The resulting ~1 kb PCR product was
cloned mto pCR 2.1 (Invitrogen cat. #K4550-40) following
the mcluded protocol, with chemically competent TOP10F
E. cofi as the host strain, for venfication of nucleotide
sequence.

Ten of the resulting white colonies were picked into 4 ml
Luria Broth+50 pg/ml Kanamycin (LB K), and grown
overmght at 37° C. with agitation. Plasmids were purified
from each culture vsing Promega Wizard Plus SV kit (Pro-
mega cat. #41460) and following the included protocol.
Sequencing was carried out with Beckman CE(Q} Quick Start
Kit (Beckman Coulter cat. #608120) using M13 Forward (&'
GTA AAA CGA CGG CCA GT 3) (S8EQ ID NO:16) and
Reverse (3' CAG GAA ACA GCT ATG AC 3 (SEQ ID
NO:17) primers, per manufacturers instructions. This gene
sequence (SEQ ID N(O:3), and its corresponding protein
(SEQ 1D NO:9) was given a new general designation for
internal consistency AAD-1 (v1) (Aryloxy Alkanoate Dioxy-
genase).

Using the restriction enzymes corresponding to the sites
added with the primer linkers (Xba 1, Xho 1) AAD-1 (v1)
was cut out of the pCR2.1 vector and ligated into a pET 280
streptomycin/spectinomycin resistant vector. Ligated prod-
ucts were then transformed into TOP10F' E. coli, and plated
on to Luria Broth+50 pg/ml Streptomycin & Spectinomycin
(LB 5/8) agar plates. To differentiate between AAD-1 (v1):
pET 280 and pCR2.1:pET 280 ligations, approximately 20
isolated colonies were picked into 6 ml of LB 5/5, and
grown at 37° C. for 4 hours with agitation.

Each culture was then spotted onto LB K plates, which
were mcubated at 37° C. overmight. Colomes that grew on
the LB K were assumed to have the pCR2.1 vector ligated
in, and were discarded. Plasmids were isolated from the
remaining cultures as before. This expression construct was
given the designation pDAB 3203,

Example 2
Expression and Testing

2.1—HPLC Analysis.

Plasmid pDAB 3203 was maintained frozen at -80° C. in
TOPI1OF' cells (Invitrogen) as Dow Recombinant strain DR
1878 For expression, plasmid DNA purified from TOP10F"
culture using Promega’s Wizard kit (Fisher cat. #PR-A1460)
was transformed into BL-21 Star (DE3) cells (Invitrogen cat.
#C6010-03) following manufacturer’s protocol. After trans-
formation, 50 pl of the cells were plated onto LB 8/S agar
plates and incubated overmight at 37° C.

The next morming, all colonies from the entire plate were
scraped into 100 mls LB in a 500 ml tri-baffled flask and
incubated at 37° C./200 rpm for 1 hr. Gene expression was
then induced with 1 mM IPTG, and incubated for 4 hrs at
30° C./200 rpm. All 100 ml of culture was centrifuged at
4000 rpm for 20 min. The supernatants were then discarded,
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and the pellets were resuspended in 10 ml of 50 mM MOPS.
These were then subjected to three 45-sec rounds of soni-
cation to lyse the cells. Following this, lysates were centri-
fuged at 15,000 rpm to remove cell debris. The supernatant
was pipetted off and stored at 4° C. To check for recombi-
nant expression, a 20 pl aliquot was run on a 4-20% Tris
Glycine gel {Invitrogen cat. #EC60253).

After expression was confirmed, enzyme activity was
tested as follows. First, an aliquot of the cell extract was
desalted with a PD-10 cartridge {Amersham cat. #17-0433-
01). This was then used for subsequent herbicide enzyme
reactions.

For each reaction, the following were combined: 2 4-D
(125 pg/ml), [Ascorbate (1 mM), Ferrous jon {50 pM}),
a-ketoglutarate {1 mM), in 100 mM MOPS], cell extract
(100 ). Tlus reaction was then incubated at room temp for
30 min., after which the reaction was stopped with the
addition of 0.1 N HC1 until pH was between 2 and 3. Half
of the reaction volume (~500 pl) was set aside for bioassay,
the remaning volume was organically extracted vsing Solid
Phase Extraction tubes (Fisher cat. #11-131-6), eluting with
400 ul of Acetonitrile+0.05% TFA.

The extracts were then tested on HPLC for loss of the
24-D peak or presence of any additional peaks resulting
from the degradation or modification of 2.4-D. Conditions
for the HPLC were: Luna 10n C18(2) 250x4.6 mm (Phe-
nomenex cat. #00G-4253-E0), run at 50% ACN+0.05%
TFA: 30% H,0+0.05% TFA to 100% ACN+0.05% TFA
over 5 min.

2.2—Plate Test Bioassays for Herbicide Degradation.

Plant bicassays were used to determine if in vitro enzy-
matic herbicide transformation resvlted in a concomitant
loss in herbicidal activity. Because of the selective nature of
the hetbicides being tested (i.e., monocot plants controlled
by AOPP herbicides and dicot plants controlled by auwxinic
herbicides), wildtype Agrostis palustris var. Pencross and
Arabidopsis thaliana var. Columbia were vsed as monocot
and dicot test species, respectively. Each species is amenable
to germination and growth 1 small Petri dishes.

Arabidopsis seeds were surface sterilized for 10 mun in
50% commercial bleach/deionized water {v/v) with 1 pL of
Tween-20 added as a wetting agent with vigorous agitation
(shaker table (@ 250 rpm). Bleach solution was decanted
inside a sterile hood and rinsed three times with sterile water.
Bentgrass seeds were surface sterilized for 20 minutes in a
like manner.

Twenty to thirty sterilized seeds for each test species used
were added onto a sterile, solidified agar Plate Test Medum
(PTM) [2.5 mM KNQO,, 2.5 mM KH.PQ,, 50 mM FeSQ,,
10 mM NaEDTA (pH 8.0), 2 mM MgS0,, 2 mM Ca(NQ, ).
70 pM H,BO,, 14 pM MnCl,, 0.5 pM CuSQ,, 1 pM ZnS0O,,
0.2 pM NaMoQ, .2H,0, 10 pM NaCl, 10 nM CoCl,.H,0,
0.8% (wiv) sucrose, 0.4% agarose (w/v)] for bioassay in
60x15-mm Petri dishes (Falcon 1007). PTM was addition-
ally modified by adding vp to six rates of test herbicide
standards or herbicide-enzyme test solution dilutions such
that the four-fold concentration increments covered a rate
range of three orders of magnitude with the GR.; rate (50%
growth reduction) approximately n the center of the range.

For herbicide-enzyme test solutions, the maximal concen-
tration was determined based on the nominal concentration
before any subsequent enzymatic degradation would occur.
Seeds were evenly spread by adding 3 ml of melted PTM of
the same composition, swirling, and allowing to solidify.
Plates were sealed and maintained under sterile conditions in
a low light growth chamber (24 h day™', 100 puE/m?s', 23°
C.) for 7 days. Root length or root+shoot length were
measured for five randomly chosen Arabidopsis and bent-
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grass plants, respectively, average mean length (percent of
untreated control) vs. nominal herbicide concentration and
GR,, determined.

This bicassay was used to confinn the loss of herbicidal
activity as a result of AAD-1 (v1) degradation of the

48

oxyalkanoate side chain from varions agronomically rel-
evant herbicides. In several instances, the anticipated phenol
product co-eluted with the parent acid on HPLC and the
bioassay served as the primary screen for herbicide degra-
dation. Tables & and 7 represent herbicidal substrates tested.

TABLE 6

Avabidopsiz plate test bicassay for commercial phenoxy and

pyridiuiyloxyalkanoate auxin substrates.

GRap (b
Chemical
Chemical + Blank  Chemical +  GRyy
Chemical tested alone Vector ¥ AAD-1 vl ratio ** Stricture
24D ) 17 267 14
0, Cl
Y\O
HO
1
DCP 1000 nd nd nd Cl
Cl
0
Dichlorprop nd 30 1000 33 CH;
G, cl
0
HC
Cl
Triclopyr 255 1000 1000 1 Cl
0 1/4 N\
Y\O B
HO
1
Flwoxypyr 22010 2250 1825 <1

F
0 AR N
A
0 -
HO
cl

* Blank vector represents of cell Iysate weatment where £, cofi pET vector had no gene

insert

*r GR30 ratio is a measure of the loss of herbicidal activity of enzyme-expressing lysate

treatment v blank vetor heatments. A number 22 is considersd the threshold for detecting

herbicide activity losz with this assay.
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TABLE 7

30

Bentgrass plate test bicassay for commercial aryloxyphenowyalkancate

ACCase-mhibiting substrates.

GRS0 (nM)
Chemical Chemical
Chemical + Blank + AAD-1  GRsy
Chemical tested alone Vector * vl ratie ** Structure
Halosyfop-RS 5 | 520 25 OH F
F
O
o N7 X
| F
CH:
o #
1
Dhiclotop-RE nd juis] 130

7 cl
5}
CH;
0
O

* Blank vector represents of cell lysate treatment where E. colf pET vector had no gene
insert.
** GR50 ratio 15 2 measure of the loss of herbuedal activity of enzyne-expressing lysate

weatinent v blank vector treatinents, A number =2 is comsidered the threshold for detectng

herbicide activity loss with this assay.

2.3—HPLC Results.

From the literature, it was known that dioxygenase
enzymes in this class require a-ketoglutarate as a co-
substrate (for a general scheme, see FIG. 1) and ferrous ion
to bind in the active site. Other experiments in the literature
have shown that the addition of ascorbate increased the
enzymatic activity by maintaining the iron in the reduced
state, thus preventing the enzyme for being degraded. Based
on thus previous work, nitial assays were set up under the
assumption that the subject enzyme would work in the same
way as other members of this general class of enzyme.

Surprisingly, the initial HPLC results showed the pres-
ence of a new peak at 6.1 minute, in addition to a reduced
2.4-D peak at 5.5 min. This new peak was not present in the
control assay. For an initial identification of the peak at 6.1
minutes, a DCP control was run under our assay conditions
and predictably this also eluted at 6.1 minutes. The forma-
tion of this product was confirmed using a colorimetric assay
to detect phenols (see example 3.1) as well as mass spec-
trometry. As expected, AAD-1 {v1) carries out a similar
reaction as other members of this enzyme class. In the
bioassay, these same samples were also shown to have an
almost complete loss of 2.4-D herbicidal activity m the
Arabidopsis plate assay (FIG. 2). Regardless of the specific
conditions of the assay (i.e., longer incubations, more
enzyme), only 50-75% of the 2.4-D could be degraded to
DCP as measured by HPLC. In fact, longer induction of the
BL-21 E. coli cells with IPTG only resulted i less active
enzyme, even though more total recombinant protein was
expressed.

After demonstrating degradation of 2,4-D, additional sub-
strates were tested with similar ring substitutions (i.e.,
oxyacetates and oxypropionates). The first compounds
tested were the pyridine analogs tluroxypyr and triclopyr,
which are pyridinyloxyacetates. No enzyme activity was
detected on either of these as substrates. Additional tests on
various analogs of these two pyridinyloxyacetates with
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either the fluorine or the amino groups removed also were
not degraded. Interestingly however, adding a fluorine to the
5 position of 2,4-D resulted in an almost total loss of enzyme
degradation (see next section for additional results).

ACCase mhibitors, haloxyfop and diclofop, were then
tested using the same conditions as with 2,4-D. (The corre-
sponding phenol metabolites co-eluted with the parent com-
pound under the HPLC conditions used.y The bioassay
results from these samples showed loss of herbicidal activity
aganst both haloxyfop (FIG. 3) and diclofop. These results
were also confirmed by the colorimetric assay, which was
also used to test a wider sampling of these compounds.

2.4—Plate test bioassays for herbicide degradation.

Bivassay tests results corroborated mitial HPLC results
that indicated loss of 2,4-D parent following incubation of
2.4-D solutions with unpurified recombinant AAD-1 (v1)
extracts (FIG. 2). Additionally, the herbicidal activity of the
phenoxypropionic acid, dichlorprop, was also effectively
degraded. The ratio of the nominal GR,, for herbicide+
enzyme solution versus the herbicide solution alone served
as measure of loss of parent herbicide activity resulting from
enzyme activity. A ratio of 2-3 typically correlated with
50-75% loss of parent herbicide activity (Table 6). Often a
GR,;, could not be determined following enzyme treatment;
de facto, no detectable hetbicide activity remained.

The AOPP class of herbicides, too, served as excellent
substrates for AAD-1 (v1) as shown by near complete
degradation of graminicidal activity using the bentgrass
plate bioassay (FIG. 3 and Table 7). These data are sigmfi-
cant in that this 15 the first reported observation for any
members of this class of enzyme to be active on herbicides
outside the phenoxy auxins. The implications are that this
enzyme is promiscuous enough to utilize chemicals with
similar phenoxyalkanoate substructures even though they
have completely different modes of action as herbicides.
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Examiple 3

In Vitro Assay of AAD-1 (v1) Activity Via
Colorimetric Phenol Detection

3.1—AAD-1 (v1) Assay.

AAD-1 (v1) enzyme activity was measired by colorimet-
ric detection of the product phenol using a protocol modified
from that of Fukumori and Havsinger {1993) (J. Biol. Chem.
268: 24311-24317) to enable deployment in a 96-well
microplate format. The colorimetric assay has been
described for use in measuring the activity of dioxygenases
cleaving 2.4-D and dichlorprop to release the product 2 4-
dichlorophenol. However, other phenols could potentially be
released from different arvloxyalkanoate herbicides such as
haloxyfop and cyhalofop (see FIG. 4). The color yield from
several phenols was compared to that of 2 4-dichlorophenol
vsing the detection method previously described to ascertain
which phenol products could be readily detected. Phenols
and phenol analogs were tested at a final concentration of
100 pM in 0.15 m] 20 mM MOPS pH 6.75 containing 200
uM NH,(Fe8Q,),, 200 pM sodium ascorbate. The phenols
derived from haloxyfop and cyhalofop had equivalent color
vields to that of 24-dichlorophenol and so were readily
detected. Pyridinols derived from fluroxypyr and triclopyr
produced no significant color. The color yield of 2.4-dichlo-
rophenol and the haloxytop phenol was linear and propor-
tional to the concentration of phenol 1 the assay up to ~500
uM. A calibration curve performed under standard assay
conditions (160 pl final assay volume) indicated that an
absorbance at 510 nm of 1.0 was obtained from 172 pM
phenol.

Enzyme assays were performed in a total volume of 0.15
ml 20 mM MOPS pH 6.75 containing 200 pM NH, FeSO,,
200 pM sodium ascorbate, 1 mM a-ketoglutarate, the appro-
ptiate substrate (added from a 100 mM stock made up in
DMSQO), and enzyme. Assays were initiated by addition of
the aryloxyalkanoate substrate, enzyme or a-ketoglutarate at
time zero. After 15 munutes of incubation at 25° C., the
reaction was terminated by addition of 10 pl 100 mM
sodinm EDTA. Color was developed by addition of 15 pl pH
10 buffer (3.09 g boric acid+3.73 g KCl444 ml 1 N KOH),
1.5 pl 2% 4-aminoantipyrine and 1.5 pl 8% potassium
ferricyanide. After 10 to 20 min, the absorbance at 510 nm
was recorded m a spectrophotometric microplate reader.
Blanks contained all reagents except for enzyme to account

for the occasional slight contamination of some of the :

substrates by small amounts of plienols. Later assays were
made more convenient by consolidating the additions as
follows: the reaction was quenched by addition of 30 pl of
a 1:1:1 mix of 50 mM Na EDTA: pH 10 buffer and 0.2%

4-aminoantipyrine, then adding 10 pl 0.8% potassium fer- :

ricyanide.

3.2—Extraction.

Activity of recombinant AAD-1 (vl) expressed mn
Escherichia coli.

E. coli cell pellets were resuspended in 0.1 M Tris, pH
7.4+1 mg/ml lysozyme (5 ml/cells from 250 ml culture; 20
ml/cells from 1 liter) at room temperature. After about 15
minutes with occasional shaking, the suspension was frozen
in liquid nitrogen then thawed. DNase was added to 0.02
mg/ml final concentration and MgCl, to 1 mM. After the
extract was no longer viscous, the extract was centrifuged
for 15 min. The supernatant was passed over a BioRad
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10DG column pre-equilibrated with 20 mM MOPS pH 6.75
and the eluant stored in aliquots at -70° C. Assays were
either performed with these unpurified desalted extracts or
with purified enzymes.

A cell pellet from a 250 ml culture of induced E. cofi cells
expressing pDAB3203 contaiming the gene encoding
AAD-1 (v]) was extracted and assayed using the previously
described protocols. The 2,4-D cleaving activity in the
AAD-1 (vl) extract was compared to that from E. coli cells
expressing a vector without AAD-1 Op using 1 mM 2 4-D
and 1z shown in FIG. 5. The amount of 2,4-dichlorophenol
formed is clearly proportional to the amount of extract added
to the assay whereas the control extract contains no 2.4-D
cleaving activity.

The activity of tlus extract was tested on four additional
herbicides, (R,S)-dichlorprop, (R.S)-mecoprop, (R,S)-ha-
loxytop and (R,S)-diclofop in comparison to 2,4-D (all at a
final concentration of (.5 mM) using 4 pl of the E. coli
extract per assay with a 15 min assay period. FIG. 6A shows
that AAD-1 (v1) cleaved all five herbicides to yield a phenol
with the relative activity on the substrates being
dichlorprop=mecoprop=diclofop=haloxyfop>24-D. Thus
AAD-1 (v1) has activity on graminicidal aryloxyphenoxy-
propionate hetbicides as well as phenoxy auxins.

The AAD-1 (v1) extract was then tested using racemic
(R.8)-haloxytop, the R enantiomer of haloxyfop and the
S-enantiomer of cyhalofop (all at 0.5 mM) as potential
substrates to ascertain the likely enantiomeric specificity of
AAD-1 (vl). The results are shown in FIG. 6B. The activity
of the enzyme on (R)-haloxyfop was equivalent to that on
(R.3)-haloxyfop whereas no activity could be seen on the
S-enantiomer of cyhalofop indicating that AAD-1 (v1) has R
specificity on AOPPs.

Example 4
Substrate Specificity of AAD-1 {v1)

4.1—Additional substrates of AAD-1 (v1).

The substrate specificity of AAD-1 (v1) toward a variety
of commercial and experimental herbicides was tested.
Puritied AAD-1 (v1) was used at either 1 or 10 pg per 160
pl assay and each substrate was tested at 1 mM with an assay
time of 15 minutes. Table 3 shows the A, , detected after the
action of AAD-1 (v1) on a varety of aryloxyalkanoate
auxinic herbicides and auxin analogs. The best substrate
tested was dichlorprop, with mecoprop also being efficiently
cleaved. Two other phenoxypropionates, the 4-fluoro and
3-amino analogs of dichlorprop, were also acted on effec-
tively by AAD-1 (v1). AAD-1 {v1) produced small amounts
of phenol from a variety of phenoxyacetates including
2.4-D. The relative rates on these substrates are better
gauged from the assays using the higher amounts (10 pg) of
AAD-1 (¥1). From these data, 2,4-D is cleaved by AAD-1
(vl), as are two phenoxyalkylsulfonates, X188476 and
X308166 (sesone).

Table 4 shows data for a vanety of AOPP graminicide
herbicides as AADI substrates, and also the safener clo-
quintocet. All the commercial AQPP herbicides tested were
effectively cleaved by AAD-1 {v1). This is an unexpected
discovery and greatly increases the potential utility of this
enzyme for conferring resistance to a wide varjety of
graminicidal herbicides in transgenic wvses, in addition to
auxins. AAD-1 (v1) had the highest activity on quizalofop
(76% of the dichlorprop rate) and lowest activity on cyha-
lofop (27% of the quizalofop rate, 21% of the dichlorprop
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rate). The aryloxyacetate analog of haloxyfop (X043865)

was cleaved very slowly with only a small increase in A,
vsing the higher {10 pg) amount of enzyme. This is consis-
tent with higher activity of AAD-1 (v1) seen on phenoxy-
propionates relative to auxin phenoxyacetates. Minimal
activity was detected on (S)-cyhalofop indicating that
AAD-1 (v1) has a significant preference for the R enan-
tiomers of aryloxypropionate substrates. Similarly, no activ-
ity was noted against the quinolinoxyacetate safener, clo-
quintocet, which is consistent with the observation that
AAD-1 (vl) prefers aryloxypropionate substrates over phe-
NOXY auxins.

Substrates X11115427, X124987 and MCPA were tested
at 1 mM using 27 pg crude recombinant AAD-1 (v1) per
assay. All three compounds were substrates for AAD-1 (v1)
but with different relative effectiveness (Table 8).
X11115427 was slightly better as a substrate than 2.4-D
(125% of the 24-D rate) in contrast to the close analog
3-amino-dichlorprop, which is ~7-fold better than 2 4-D as
a substrate (Table 3). The 5-F substitution appears to
decrease the effectiveness of X11115427 as a substrate for
AAD-1 (vl). The rates of product formation from 5-F-
phenoxyacetate and MCPA were 32% and 55% that of 2,4-D
respectively.

Table 8.

Effect of AAD-1 (v1) on three substrates relative to 2,4-D).

15

20

23

. . 30
Substrates were assayed as in Table 6 at 1 mM using a crude

recombinant AAD-1 (v1) extract from E. cofi.

TABLE 8

54

4 2—Kinetic Characterization.

The K, and k_,, values of punfied AAD-1 (vl) (see
Exaniple 10) were determuned for four herbicide substrates,
{R)-dichlorprop. (R)-haloxyfop. (R)-quizalofop and 24-D
under standard assay conditions (25 mM MOPS, pH 6.8,
200 pM Na ascorbate; 200 pM Fe™; 1 mM c-ketoglutarate,
25% C.). The dose response curves were fitted vsing Grafit
(Erithacus Software, UK), and the graphs and derived con-
stants are shown in FIG. 7 and Table 9 respectively. The K,
values for the four substrates were fairly similar (75-125
PM), but the k., values varied significantly. {R)-dichlorprop
had the highest k_,, value and 2.4-D the lowest (10% that of
(R)-dichlorprop). These k_,, values were consistent with the
range of values seen in the substrate specificity tests shown
in Table 3 and Table 4 as these were performed at high
(saturating) substrate concentrations {1 mM).

Table 9:

Kinetic Constants for AAD-1 (v1) Substrates. Kinetic
constants were derived from the data in FIG. 7 using Graft
fitting to the Michaelis-Menten equation.

TABLE 9

Kinetic Constants for AAD-1 (v1} Substrates.

V.’max krmj Kru

K, (uM) £ (umol min™' mg™' k.  tmin™!

Substrate SE AADL) = SE min™) mM™")
R-dichlomprop T3z 10 0.7 & 003 26.1 348
R-quizalofop 125 £ 20 057 =003 182 151

Effect of AAD-1 (v1) on three substrates relative to 2.4-D.

Registry ID MOLSTRUCTURE Compolnd AS10 % 24D
195517 24D L8 Al (1.1
G, cl
Y\O
HO
1
11115427 NH; (R.2)-3-amino. 5- 0221 125
F-dichlotprop
1 Cl
CH;
OH
F o
0
124987 F 5-F, 2.4-D 056 32
G, cl
}/\O
HC
Cl
142711 MCPA 0057 33
C, cl
Y\O
HO

HC
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TABLE 9-continued

Kinetic Constants for AAD-1 (v1) Substrates,

FhET kmr".Km

K, (ivD £ (umol min~t mg k.,  (mn

Substrate SE AADI1) = SE tmin "} mM™h
B-halesyfop 120 £ 54 0.34 =0.04 11.2 94
24-D 95 = 8 0.57 = 0.00 23 28

The relative K, and k., values for dichlorprop and 2,4-D
differ significantly from those published for the R-specific
dioxygenase from Delfiia acidovorans by Westendorf et al.
(2003) (dcta Biotechnol. 23: 3-17). The published k__ /K,
value for 2,4-D 15 0.6% that of dichlorprop, whereas in our
studies, the k_ /K, valve for 2,4-D is 8% that of dichlo-
rprop. Thus, in this study, AAD-1 (v1) is unexpectedly
effective at catalyzing the cleavage of 2.4-D. This increases
itz potential utility for conferring diverse herbicide tolerance
traits in transgenic applications.

4.3 —Additional substrates for AAD-1 (v1).

Three additional substrates were tested at 1 mM using 27
ug crude recombinant AAD-1 (v1) per assay; X11115427,
X124987 and MCPA. The results are shown 1 Table 8. All
three compounds were substrates for AAD-1 (v1) but with
different relative effectiveness. X11115427 was only slightly
better (125%) as a substrate than 2.4-D. This is in contrast
to 3-aminodichlorprop wluch 1s =7 fold better than 2,4-D as
a substrate (Table 3). Thus, the 5-F substitution has signifi-
cantly decreased the effectiveness of X11115427 ag a sub-
strate for AAD-1 (v1). A similar pattern is seen with 5-F-
2,4-D which is only 32% as effective as a substrate relative
to 2.4-D. In this assay, MCPA was also less effective as a
substrate of AAD-1 (v1) (55% relative to 2.4-D).

Example 5
Optimization of Sequence for Expression i Plants

3.1—Background.

To obtain high expression of heterologous genes in plants,
it may be preferred to reengineer said genes so that they are
more efficiently expressed in (the cytoplasm of) plant cells.
Maize is one such plamt where it may be preferred to
re-design the heterologous gene(s) prior to transformation to
increase the expression level thereof in said plant. Therefore,
an additional step in the design of genes encoding a bacterial
protein is reengineering of a heterologous gene for optimal
eXpression.

One reason for the reengineering of a bacterial protein for :

expression in maize is due to the non-optimal G+C content
of the native gene. For example, the very low G+C content
of many native bacterial gene(s) (and consequent skewing
towards high A+T content) results in the generation of

sequences mimicking or duplicating plant gene control :

sequences that are known to be lughly A+T rich. The
presence of some A+T-rich sequences within the DNA of
gene(s) introduced mto plants (e.g.., TATA box regions
normally found in gene promoters) may result in aberrant
transcription of the gene(s). On the other hand, the presence
of other regulatory sequences residing in the transcribed
mRNA (e.g., polyadenylation signal sequences (AAUAAA),
or sequences complementary to small nuclear RNAs
involved in pre-mRNA splicing) may lead to RNA instabil-
ity. Therefore, one goal in the design of genes encoding a
bacterial protein for maize expression, more preferably
referred to as plant optimized gene(s), 15 to generate a DNA
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sequence having a higher G+C content, and preferably one
close to that of maize genes coding for metabolic enzymes.
Another goal in the design of the plant optimized gene(s)
encoding a bacterial protein is to generate a DNA sequence
i which the sequence modifications do not hinder transla-
tion.

Table 10 illustrates low high the G+C content is in maize.
For the data in Table 10, coding regions of the genes were
extracted from GenBank (Release 71) entries, and base
compositions were calculated using the MacVector™ pro-
gram (Accelerys, San Diego, Calif.). Intron sequences were
ignored in the calculations.

TABLE 10

Compilation of G + C contents
of protein coding regions of maize genes

Protein Class.sup.a Range % G + C  Mean % G + Csup.b

Metalwlic Enzymes (76) 44.4-75.3 500 (+=8.0
Structural Proteins (18) 48.6-T0.5 83,6 [4+—.0.7)
Regulatory Proteing (5) 57.2-68.8 620 (+-4.9
Uncharacterized Proteins (9) 41.5-70.3 84.3 (+-7.0)
All Proteins (108) 44.4-75.3 B0L8 L4+—50

sup.aNumber of genss in class given in parentheses.
sup bStandard deviations given in parentheses.
supc Combined groups inean ignored mnean caleulation

Due to the plasticity afforded by the redundancy/degen-
eracy of the genetic code (ie., some ammo acids are
specified by more than one codon), evolution of the genomes
in different organisms or classes of organisms hias resulted in
differential vsage of redundant codons. This “‘codon bias™ is
reflected in the mean base composition of protein coding
regions. For example, organisms with relatively low G+C
contents utilize codons having A or T in the third position of
redundant codons, whereas those having higher G+C con-
tents utilize codons having G or C in the third position. It is
thought that the presence of “munot” codons within an
mRNA may reduce the absolute translation rate of that
mRNA, especially when the relative abundance of the
charged tRNA corresponding to the minor codon is low. An
extension of this is that the diminution of translation rate by
mndividual minor codons would be at least additive for
multiple minor codons. Therefore, mRNAs having lugh
relative contents of minor codons would have correspond-
ingly low translation rates. This rate would be reflected by
subsequent low levels of the encoded protein.

In engineering genes encoding a bacterial protein for
maize (or other plant, such as cotton or soybean) expression,
the codon bias of the plant has been determined. The codon
bias for maize is the statistical codon distribution that the
plant uses for coding its proteins and the preferred codon
usage is shown in Table 11. After determining the bias, the
percent frequency of the codons in the gene(s) of interest is
determined. The primary codons preferred by the plant
should be determined, as well as the second, third, and
fourth choices of preferred codons when multiple choices
exist. A new DNA sequence can then be designed which
encodes the amino sequence of the bacterial protein, but the
new DNA sequence differs from the native bacterial DNA
sequence (encoding the protein) by the substitution of the
plant (first preferred, second preferred, tlurd preferred, or
fourth preferred) codons to specify the amino acid at each
position within the protein amino acid sequence. The new
sequence is then analyzed for restriction enzyme sites that
might have been created by the modification. The identified
sites are further modified by replacing the codons with first,
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second, third, or fourth choice preferred codons. Other sites
in the sequence which could affect transcription or transla-
tion of the gene of interest are the exonintron junctions {5'
or 3", poly A addition signals, or RNA polymerase termu-
nation signals. The sequence is further analyzed and modi-
fied to reduce the frequency of TA or GC doublets. In
addition to the doublets, G or C sequence blocks that have
more than about four residves that are the same can affect
transcription of the sequence. Therefore, these blocks are
also modified by replacing the codons of first or second
choice, etc. with the next preferred codon of choice.

TABLE 11

Preferred amine acid codons for proteins expressed in maize
Amino Acid Codaon®
Alanine GCCHGOG
Cystemne TGCTGT
Aspartic Acid GACIGAT
Glutamic Acid GAGIGAA
Phenylalanine TTCTTT
Glycine GGUIGGE
Histidine CACICAT
Isalencine ATCATT
Lysine AAGIAAA
Lencine CTG/CTC
Methionine ATG
Asparagine AMCIANT
Proline CCGICCA
Glutamine CAGICAA
Arginine AGGICGE
Serine AGCITCC
Threcnine ACC/ACG
Valine GTG/GTC
Tryptoplan TGG
Tryresine TACTAT
Stop TGATAG

Tt is preferred that the plant optimized gene(s) encoding a
hacterial protein contain about 63% of first choice codons,
between about 22% to about 37% second choice codons, and
between about 15% to about 0% third or fourth choice
codons, wherein the total percentage is 100%. Most pre-
ferred the plant optimized gene(s) contains about 63% of
first choice codons, at least about 22% second choice
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codons, about 7.5% third choice codons, and about 7.5%
fourth choice codons, wherein the total percentage is 100%.
The method described above enables one skilled in the art to
modify gene(s) that are foreign to a particular plant so that
the genes are optimally expressed 1 plants. The method is
further illustrated in PCT application WO 97/13402.

Thus, in order to design plant optimized genes encoding
a bacterial protein, a DNA sequence is designed to encode
the amino acid sequence of said protein utilizing a redundant
genetic code established from a codon bias table compiled
for the gene sequences for the particular plant. The resulting
DNA sequence has a higher degree of codon diversity, a
desirable base composition, can contain strategically placed
restriction enzZyme recognition sites, and lacks sequences
that might interfere with transcription of the gene, ot trans-
lation of the product mRNA. Thus, synthetic genes that are
functionally equivalent to the proteins/genes of the subject
invention can be used to transform hosts, including plants.
Additional guidance regarding the production of synthetic
genes can be found in, for example, U.S. Pat. No. 5,380,831.

5.2—Rebuild Analysis.

Extensive analysis of the 888 base pairs (bp) of the DNA
sequence of the native AAD-1 (v1) coding region (SEQ ID
NO:3) revealed the presence of several sequence motifs that
are thought to be detrimental to optimal plaat expression, as
well as a non-optimal codon composition. To improve
production of the recombinant protein in monocots as well
as dicots, a “plant-optimized” DNA sequence (SEQ 1D
NO:5) was developed that encodes SEQ ID NO:11, which is
the same as the native SEQ [D NO:9 except for the addition
of an alanine residue at the second position. The additional
alanine codon {GCT; underlined in SEQ ID NO:5) was
mnclhuded to encode an Nco [ site (CCATGG) spanning the
ATG start codon, to enable subsequent clomng operations.
The proteins encoded by the native (v1) and plant-optinuzed
(v3) coding regions are 99.3% identical, differing only at
amino acid number 2. In contrast, the native {vl1) and
plant-optimized (v3) DNA sequences of the coding regions
are only 77.7% identical. A sequence alignment was made of
the native and plant-optimized DNAs, and Table 12 shows
the differences in codon compositions of the native and
plant-optimized sequences.

TABLE 12

Codon composition compatison of native AAD-1 {¥1} coding region and Plant-

Optimized version,

Plant Plant Plant Plant

Armino Mative  MNative Opt Opt  Amino Mative Opt Opt
Acid Codon Gene # (Gene % Gene #  Gene % Acid Codon Gene # Gene # Gene %

ALA (A) GCA 2 9.1 5 22 LEU (L) CTA 0 0.0 0 0

22 GCC 10 43.5 8 33 22 CTC 3 227 7 32

GCG 9 40.9 0 0 CTG 16 723 0 0

GCT 1 4.5 10 43 CTT 0 0.0 8 36

ARG (R) AGA 0 0.0 7 30 TTA 0 0.0 0 0

23 AGG 0 0.0 7 30 TTG 1 4.5 7 32

CGA 0 0.0 0 0 LYS{K)7 AAA 1 14.3 2 29

cGCe 16 69.6 5 22 AAG & B5.7 5 71

CGG 4 174 0 0 MET (M) ATG 8 100 8 100

CGT 3 13.0 4 17 PHE(F) TTC 10 6.9 9 69

ASN (N} 8 AaC 8 100.0 4 50 13 TTT 3 231 4 31

AAT 0 0.0 4 50 PRO(P) CCA 1 5.9 5 47

ASF (DN GAC 15 789 10 53 17 cCC ° 529 1 6

19 GAT 4 211 9 47 CcCG 7 41.2 0 0

CYS{C1 3 TGC 3 100.0 2 &7 CCT 0 0.0 8 47

TGT 0 0.0 1 33 SER(S) AGC 11 733 4 27
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TABLE 12-continued
Codon composition comparisen of native AAD-1 (v1) coding region and Plant-
Optirmized version.
Plant Plant Plant Plant
Amino MNative  Native Opt Opt  Amino Mative Opt Opt
Acid Codon Gene # Gene % Gene #  Gene % Acid Codon  Gene # Gene # Gene %
END 1 Tas 1] 0.0 1] 0 15 AGT 0 0o 0 0
TAG 1 100.0 1] 0 TCA 0 0o 4 27
TGA 0 0.0 1 100 TCC 2 13.3 3 20
GLN {Q} Cas 1] 0.0 7 34 TCG 2 13.3 0 0
13 CAG 13 100.0 & 46 TCT 0 0 4 27
GLU {E) GAA 8 500 5 31 THR (T) ACA 1 4.3 6 26
16 GAG 8 50.0 11 69 23 ACC 16 6.6 9 39
GLY (G) GGA 0 0.0 & 29 ACG 5 217 0 0
21 GGC 15 714 7 33 ACT 1 4.3 g 35
GGG 3 14.3 2 10 TRP (W) TGG 5 100 5 100
GGT 3 14.3 & 29 TYRI(Y) TAC 7 T 6 60
HIS (H) CAC & a0.0 3 30010 TAT 3 30,0 4 40
10 CAT 4 40.0 5 500 VAL (V) GTA 2 EB! 0 0
ILE (I} ATA 0 0.0 3 25 28 GTC 11 303 2 29
12 ATC 12 100.0 3 42 GTG 15 RN 10 36
ATT i 0.0 4 33 GTT 0 0 10 36
Totals 148 144 Totals 148 148
25

5.3—Completion of Binary Vectors.

5.3.1—Rebuilt AAD-1 (v3).

The plant optimized gene AAD-1 (v3) was received from
Picoscript (the gene rebuild design was completed (see
above) and out-sourced to Picoscript for construction) and
sequence verified (SEQ ID NO:5) internally, to confirm that
no alterations of the expected sequence were present. The
sequencing reactions were carried out with M13 Forward
(SEQ ID NO:16) and MI13 Reverse (SEQ ID NO:17)
primers using the Beckman Coulter “Dye Terminator Cycle
Sequencing with Chuck Start Kit” reagents as before.
Sequence data was analyzed and results indicated that no
anomalies were present in the plant optimized AAD-1 (v3)
DNA sequence. The AAD-1 (v3) gene was cloned into
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pDAB726 as an Nco 1-Sac 1 fragment. The resulting 4o

construct was designated pDAB720, containing: [AtUbil0
promoter: Nt OSM 5'UTR: AAD-1 (v3) Nt OSM3'UTR:
ORF1 poly A 3'UTR] (verified with Not I restriction digests).
A Not I-Not [ fragment contaming the described cassette
was then cloned into the Not I site of the binary vector
pDAB3038. The resulting binary vector, pDAB721, con-
taining the following cassette [AtUbi10 promoter: Nt
OSMS5S'UTR: AAD-1 (v3): Nt OSM 3UTR: ORFl polyA
IUTR: CsVMV promoter: PAT: ORF25/26 3'UTR] was
restriction digested (with Bam HI, EcoR I, EcoR V, HinD
111, Pac 1, and Xmn I} for verification of the correct orien-
tation. The verified completed construct (pDAB721) was
used for transformation mto Agrobacterium (see section
a.2).

5.3.2—Native AADI (v1) and Modified AAD-1 (v2).

The AAD-1 (v1) gene (SEQ [D NO:3) was PCR amplified
from pDAB3203. During the PCR reaction, alterations were
made within the primers to mtroduce the Neol and Sacl
restriction sites in the 5' primer and 3' primer, respectively.
The primers “rdpA(ncol)” [CCC ATG GCT GCT GCACTG
TCC CCC CTC TCC) (SEQ ID N(r6) and “I'saci” [GAG
CTC ACT AGC GCG CCG GGC GCA CGC CAC CGA]
{SEQ ID N(:.7) were used to amplity a DNA fragment using
the Fail Safe PCR System (Epicenter).

The PCR amplicon was ligated into the pCR 2.1 TOPO
TA clomng vector (Invitrogen) and sequence verified with
M13 Forward (SEQ ID NO:16) and M13 Reverse (SEQ ID
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NQO:17) primers using the Beckman Coulter “Dye Termina-
tor Cycle Sequencing with Quick Start Kit” sequencing
reagents.

Sequence data identified a clone with the correct
sequence. During analysis a superfluous Notl restriction site
was identified toward the 3' end of AAD-1 (v1). This site
was removed to facilitate clomng mmto pDAB3038. To
remove the additional site a PCR reaction was performed
with an internal 5' primer. The Notl site was altered by
incorporating a new codon for an amino acid to remove the
spurious Notl site. This change would alter the arginine at
position 212 to a cysteine. The PCR primers “BstEIl/Del
Notl” [TGG TGG TGA CCC ATC CGG GCA GCG GCT
GCA AGG GCC] (SEQ ID N(O:8) and “3' sac1™ (SEQ ID
NO:7) were used.

A PCR reaction was completed using the Fail Safe PCR
System (Epicenter) and the resulting fragment was cloned
into the pCR 2.1 TOPO TA cloning kit (Invitrogen). Con-
firmation of the correct PCR product was completed by
DNA sequencing, and the “fixed” gene was given the
designation AAD-1 (v2) (SEQ ID NO-4).

A sequencing reaction using the MI13 Reverse primer
(SEQ ID NO:17) and the Beckman Coulter “Dye Terniinator
Cycle Sequencing with Quick Start Kit” sequencing
reagents indicated that the correct PCR fragment had been
isolated. This construct was digested with the BstEIl and
Sacl enzymes. The resulting fragment was cloned into the
pCR2.1 AAD-1 (v2) construct (pCR2.1 Delta Notl) and
confirmed via restriction enzyme digestion.

The modified AAD-1 (v2) gene was then cloned nto
pDAB726 as a Ncol/Sacl DNA fragment. The resulting
construct (pDAB708) was verified with restriction digests.
This construct was then cloned into the binary pDAB3038 as
a Notl-Notl fragment. The final resulting construct was
given the designation pDAB766, containing the [AtUm10
promoter: Nt OSMSUTR: AAD-1 (v2). Nt OSM 3'UTR:
ORFI1 polyA 3UTR: CsVMV promoter: PAT: ORF25/26
3'UTR] and was restriction digested for verification of the
correct orientation. The completed construct was then used
for transformation into Agrobacterium.
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533—Design of a Sovbean-Codon-Biased DNA
Sequence Encoding a Soybean EPSPS Having Mutations
that Confer Glyphosate Tolerance.

This exaniple teaches the design of a new DNA sequence
that encodes a mutated soybean 5-enolpyruvoylshikimate
3-phosphate synthase (EPSPS), but is optimized for expres-
sion in soybean cells. The amino acid sequence of a triply-
mutated soybean EPSPS is disclosed as SEQ ID NO:5 of
WO 2004/009761. The mutated amino acids in the so-
disclosed sequence are at residue 183 (threomine of native
protein replaced with isoleucine), residue 186 (arginine in
native protein replaced with lysine), and residue 187 {pro-
line in native protein replaced with serine). Thus, one can
deduce the amino acid sequence of the native soybean
EPSPS protein by replacing the substituted amino acids of
SEQ ID NO:3 of WO 2004/009761 with the native amino
acids at the appropriate positions. Such native protein
sequence is presented herein as SEQ ID NO:20. A doubly
mutated sovbean EPSPS protein sequence, containing a
mutation at residue 183 (threonine of native protein replaced
with isoleucine), and at residve 187 (proline in native protein
replaced with serine) is presented herein as SEQ ID NO:21.

A codon usage table for soybean (Glycine max) protemn
coding sequences, calculated from 362,096 codons (ap-
proximately 870 coding sequences), was obtained from the

]
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soybean genes. It is evident that some synonymous codons
for some amino acids {an amino acid may be specified by 1,
2, 3. 4, or 6 codons) are present relatively rarely in soybean
protein coding regions (for example, compare usage of GCG
and GCT codons to specify alanine). A biased soybean
codon usage table was calculated from the data in Table 13.
Codons found in soybean genes less than about 102 of total
occurrences for the particular amino acid were ignored. To
balance the distribution of the remaining codon choices for
an amino acid, a weighted average representation for each
codon was calculated, using the formula:

Weighted % of C1=1/% Cl+% C2+% Ci+etc. =%
Clx100

where C1 is the codon in question, C2, C3, etc. represent the
remaining synonymous codons, and the % values for the
relevant codons are taken from columns D and H of Table
13 (ignoring the rare codon values in bold font). The
Weighted % value for each codon is given in Columns C and
G of Table 13. TGA was arbitrarily chiosen as the translation
terminator. The biased codon usage frequencies were then
entered to a specialized genetic code table for use by the
OptGene™ gene design program (Ocimum Biosolutions
LLC, Indianapolis, Ind.).

TABLE 13

Synonymous coden representation in soybean protein coding sequences, and
calculation of a biased codon representation set for sovbean-optirmized synthetic eene desien.

A E
Amino B C D Armino F G H
Acid Codon  Weighted %0 Soybean % Acid Codon Weighted % Sovbean %
ALA (A GCA 331 30.3 LEU{L} CTA DNU 91
GCC 245 225 CTC 224 18.1
GCG DNU* 8.5 CTG 16.3 13.2
GCT 423 387 CTT 31.5 253
ARG (R) AGA 36.0 300 TTA DNU 9.8
AGG 322 27.6 TTG 229 24.2
CGA DNU 8.2 LYS (K} AAs 42.5 425
CGC 14.8 12.7 AAG 57.5 57.5
CGG DNU 60 MET (M) ATG 10wy, 100
CGT 16.9 14.5 PHE (F} TTC 49,2 45.2
ASN(N)  AAC 500 50,0 TTT 508 50.8
AAT 50.0 0.0 PRO(F} CCA 308 36.5
ASP (D) GAC 381 381 cce 0.4 19.2
GAT 61.9 61.2 CCG DNU 8.3
CY5 () TGC 50.0 0.0 CCT 303 36.0
TGT 500 50,0 SER (3) AGC 160 151
END TAA DNU 40,7 AGT 18.2 171
TAG DNU 223 TCA 21 208
TGA 100.0 36.6 TCC 180 16.9
GLN {Q1  Caa 553 355 TCG DNU 6.1
CAG 445 44,5 TCT 258 24.2
GLU (E} GAA 50.5 50.5 THR(T) ACA 324 29.7
GAG 49.5 49.5 ACC 0.2 273
GLY (3)  GGA 31.9 310 ACG DNU 8.3
GGC 19.3 19.3 ACT 374 34.3
GGG 18.4 18.4 TRP (W1 TGG 1000 100
GGT 304 304 TYR{Y) TAC 48.2 482
HIS (Hy CAC 44.8 44.8 TAT S8 1.8
CAT 55.2 352 VAL (V) GTA 11.5 11.5
ILE (I} ATA 234 234 GTC 178 17.8
ATC 299 299 GTG 30 320
ATT 46,7 46,7 GTT 387 387

*DNU = Do Not Use

“kazusa.orjp/codon” World Wide Web site. Those data were
reformatted as displayed in Table 13. Columns Dy and H of
Table 13 present the distributions (in % of usage for all
codons for that amino acid) of synonymous codons for each
amino acid, as found in the proten coding regions of

65

To derive a soybean-optimized DNA sequence encoding
the doubly mutated EPSPS protein, the protein sequence of
SEQ ID NO:21 was reverse-translated by the OptGene™
program using the soybean-biased genetic code derived
above. The initial DNA sequence thus derived was then
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modified by compensating codon changes (while retaining
overall weighted average representation for the codons) to
reduce the numbers of CG and TA doublets between adja-
cent codons, increase the numbers of CT and TG doublets
between adjacent codons, remove highly stable intrastrand
secondary structures, remove or add restriction enzyme
recognition sites, and to remove other sequences that might
be detrimental to expression or cloning manipulations of the
engineered gene. Further refinements of the sequence were

64

5.3 4—Clomng of Additional Binary Constructs.

The completion of pDAB3295 and pDAB3757 incorpo-
rated the use of the GateWay Cloning Technology (Invitro-
gen, cat #11791-043 and cat #12535-019). The GateWay
Technology uses lambda phage-based site-specific recom-
bination to insert a gene cassette into a vector. For more
information refer to Gateway Technology: A universal tech-
nology to clone DNA sequence for functional analysis and
expression in multiple systems, © 1999-2003, Invitrogen
Corp., 1600 Faraday Ave., Carlshad, Calif. 92008 (printed—

A - . L 10 ; L
made to eliminate potential plant intron splice sites, long 2003). All other constructs created for transformation into
runs of A/T or C/G residues, and other motifs that might appropriate plant species were built using similar procedures
interfere with RNA stability, transcription, or translation of as ab_ov‘e and other standard molecular cloning meth(?ds
the coding region in plant cells. Other changes were made to (Maniatis et al., 1982). Table 14 lists all the transformation
eliminate long internal Open Reading Frames (frames other |, constructs wsed with appropriate promoters and features
iy - 13 defined, as well as the crop transformed.

than +1). These changes were all made within the constraints :

P - b bean-biased cod. ... The sacB gene was added to the binary vector pDAB3289
0 ) retaining the soybean-biased codon composition as as a bacterial negative selection marker to reduce the per-
described above, and while preserving the amino acid  gigience of 4grobacterium associated with transformed plant
seéquence dlSClUSC‘_j as SEQ ID NO:21. tissue. SacB is a levan-sucrase enzyme produced by Bacilfus

The soybean-biased DNA sequence that encodes the 20 spp. and is toxic to most Gram negative bacteria when

EPSPS protein of SEQ ID NQ:21 is given as bases 1-1575
of SEQ ID N(O: 22, Synthesis of a DNA fragment comprising
SEQ ID NO:22 was performed by a commercial supplier
{PicoScript, Houston Tex.).

grown in the presence of sucrose (Gay et al,, 1983). The
sacB gene was recovered on a Hind IIT fragment from
plasmid pRE112 (Edwards, et al., 1998) and cloned nto the
unigque Hind III site in pDAB3289.

TABLE 14

Binary constructs used in transtormation of various plant species,

Species® {Gene of
Transformed mterest
pDAB # pDAS # mto (GOl Promoter  Feature 1 Featwre 2 GOI 2 Promoter
721 AT.CHLE. Ca AADL I AUGLOD  NtOsm — — —
3130 A EPSPS AUTW10 NtOsm EB7 Mar — —
v2
3280 3 AADL w3 CsVMV NtOsm RB7 Mar EPSPE  AtUbild
v2
311 5 AADL v CEVMY O NiOsm EB7 Mar EPSPS  AtUbilo
vl
3205 3 AADL w3 CsVMV NtOsm RB7 Mar — —
v2
3207 1270 AT AADL w3 CsVMV NtOsm RB7 Mar — —
vl
3403 Ci R AADL v ZmUbil — RB7 Mar — —
v2
3404 <n AADL v3 ZmUbil — RB7 Mar — —
vl
3415 1283 Cn AADL vy ZmUbil — EB7 Mar — —
vl
3602 1421 Cn AADL v3 ZmUbil — RB7 Mar — —
v2
317 Ca AADL v CEVMY O NiOsm EB7 Mar EPSPS  AtUbilo
v2
305 A AAD2 w2 AUbil0 NiOsm EB7 Mar — —
v2
Bacterial  Plant
Bactenal Selection  Selection
pDAB # Selection gene  gene 2 aene Promoter  Trxn Method
721  Erythromycin — pat CsVMY Apro binary
3230 Spectinomycin — AADI v3 CsWMY Apro binary
3282  Spectinomycin  sacB HnlI AtUbi3 Agro binary
3201 Spectinomycin — HnlI AtUbi3 Agro binary
3295 Spectinomycin — pat AUkl Aerosol beam
3207  Spectinomycin — pat ALY Agro binary
303 Ampicillin — Same as GOI Whiskers'
Gun
3404 Ampicillin — pat Osactl Whiskets
315 Ampicillin — AHAS v Osactl Whiskers
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TABLE 14-continued
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Binary constructs used in transformation of various plant species,

3602 Spectinomycin — AHAS v OsActl Apto
Superbinary

3757 Spectinomycin — pat AtlUbill  Apro binary

3705 Erythromycin — pat CsVMV Apro binary

*A = Arabidopsis T = Tobacco § = Soybean Ct = Cotton R = Rice Cn = Corn Ca = Canola

CsVMV: Cassava Vein Mosawe Vins Promoter

ZmlTl w Zea mavs Ubaquatin 1 Prowmoter

AL = Arafedopsis thaliena Ubiquitin 10 Promoter

Hptll m bygromyein phosphotransferase

RBT Mar v2 = Meoviana rafgckm matnix associated region (MAR)

Nt Osm = Meodfana tabacunr Osmotin 5 Unhanslated Region and the Nicorana tabacunr Osmotin 3 Untranslated Region
(721 and 7931 Ata ORF1 3 UTR = dgrobacterinm timefaciens Open Readmg Frame 1 3" Uneranslated Regon
(3295 and 3757y Atu ORFI4 3 UTR = Agrobacteriunr twmefaciens Open Eeading Frame 24 3 Unbvanslated Eegion

Example 6
Transformation into Arabidopsis and Selection

6.1—Arabidopsis thaliana Growth Conditions.

Wildtype Arabidopsis seed was suspended mn a 0.1%
Agarose (Sigma Chemical Co., St. Louis, Mo.) solution. The
suspended seed was stored at 4° C. for 2 days to complete
dormancy requirements and ensure synchronovs seed ger-
muination (stratification).

Suashine Mix LP5 (Sun Gro Horticulture, Bellevue,
Wash.) was covered with fine vermiculite and sub-irrigated
with Hoagland's solution unti]l wet. The soil mix was
allowed to drain for 24 hours. Stratified seed was sown onto
the vermiculite and covered with humidity domes (KORD
Products, Bramalea, Ontario, Canada) for 7 days.

Seeds were germinated and plants were grown mn a
Conviron (models CMP4030 and CMP3244, Controlled
Environments Limited, Winnipeg, Manitoba, Canada) under
long day conditions {16 hours light/8 hours dark}) at a light
intensity of 120-150 umol/m® sec under constant tempera-
ture (22° Cy and humadity (40-50%). Plants were intially
watered with Hoagland's solution and subsequently with
deionized water to keep the soil moist but not wet.

6.2—Agrobacierivm Transformation.

An [LB+agar plate with erythromycin (Sigma Chemical
Co., St. Louis, Mo.) (200 mg/L) or spectinomycin (100
mg/L) containing a streaked DH3c¢ colony was vsed to
provide a colony to inoculate 4 ml mini prep cultures {liquid
LB+erythromycin). The cultures were incubated overnight
at 37° C. with constant agitation. Qiagen (Valencia, Calif)
Spin Mini Preps, performed per manufacturer’s instructions,
were used to purify the plasmid DNA.

Electro-competent Agrobacterium tumefaciens (strains
27075, EHA101s, and LBA4404s) cells were prepared using
a protocol from Weigel and Glazebrook (2002). The com-
petent dgrobacterium cells were transformed using an elec-
troporation method adapted from Weigel and Glazebrook
(2002). 50 pl of competent agro cells were thawed on ice and
10-25 ng of the desired plasmid was added to the cells. The
DNA and cell nux was added to pre-chilled electroporation
cuvettes {2 mm)} An Eppendorf Electroporator 2510 was
used for the transformation with the following conditions,
Voltage: 2.4 kV, Pulse length: 5 msec.

After electroporation, 1 ml of YEP broth {per liter: 10 g
yeast extract, 10 g Bacto-peptone, 5 g NaCl) was added to
the cuvette, and the cell-YEP suspension was transferred to
a 15 ml culture tube. The cells were incubated at 28° C. in
a water bath with constant agitation for 4 hours. Afier
incubation, the culture was plated on YEP+agar with eryth-
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romycin (200 mg/L) or spectinomycin (100 mg/L) and
streptomycin {Sigma Chemical Co., St. Louis, Mo.) (250
mg/L). The plates were incubated for 2-4 days at 28° C.

Colonies were selected and streaked onto fresh YEP+agar
with erythromycin (200 mg/L ) or spectinomycin (100 mg/L)
and streptomycin (250 mg/L ) plates and incubated at 28° C.
for 1-3 days. Colonies were selected for PCR analysis to
verity the presence of the gene insert by using vector specific
primers. Qiagen Spin Mini Preps, performed per manufac-
turer's instructions, were used to punify the plasmid DNA
from selected Agrobacterizmm colonies with the following
exception: 4 ml aliquots of a 15 ml overmght mini prep
culture (liquid YEP+erythromycin (200 mg/L) or spectino-
mycin (100 mg/L)} and streptomycin (250 mg/L)) were used
for the DNA purification. An alternative to using Qiagen
Spin Mini Prep DNA was lysing the transformed Agrobac-
terinm cells, suspended n 10 pl of water, at 100° C. for 5
minutes, Plasmid DNA from the binary vector used in the
Agrobacterium transformation was included as a control.
The PCR reaction was completed vsing Taq DNA poly-
metase from Takara Minis Bio Inc. (Madison, Wis.) per
manufacturer’s instructions at 0.5x concentrations. PCR
reactions were carried out in a MJ Research Peltier Thermal
Cycler programmed with the following conditions; 1) 94° C.
for 3 minutes, 2) 94° C. for 45 seconds, 3) 55° C. for 30
seconds, 4) 72° C. for 1 minute, for 29 cycles then 1 cycle
of 72° C. for 10 minutes. The reaction was maintained at 4°
C. after cycling. The amplification was analyzed by 1%
agarose gel electrophoresis and visualized by ethidium bro-
mide stamning. A colony was selected whose PCR product
was identical to the plasmid control.

6.3—drabidopsis Transformation.

Arabidopsis was transformed using the floral dip method.
The selected colony was used to inoculate one or more 15-30
ml pre-cultures of YEP broth contaming erythromycin (200
mg/L) or spectinomycin (100 mg/L) and streptomycin (250
mg/L). The culture(s) was incubated overnight at 28° C.
with constant agitation at 220 rpm. Each pre-culture was
used to inoculate two 500 ml cultures of YEP broth con-
taining  erythromycin (200 mg/L) or spectinomycin (100
mg/L) and streptomycin (250 mg/L) and the cultures were
incubated overnight at 28° C. with constant agitation. The
cells were then pelleted at approx. 8700xg for 10 minutes at
room temperature, and the resulting supematant discarded.
The cell pellet was gently resuspended i 500 ml infiltration
media containing: Y2»x Murashige and Skoog salts/Gambo-
rg's BS vitamins, 10% (w/v) sucrose, 0.044 puM benzy-
lamino purine {10 plliter of 1 mg/ml stock in DMSO) and
300 pl/liter Silwet L-77. Plants approximately 1 month old
were dipped into the media for 15 seconds, being sure to
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submerge the newest mflorescence. The plants were then
laid down on their sides and covered (transparent or opaque)
for 24 hours, then washed with water, and placed upright.
The plants were grown at 22° C., with a 16-hour light/8-hour
dark photoperiod. Approximately 4 weeks after dipping, the
seeds were harvested.

6.4—Selection of Transformed Plants.

Freshly harvested T, seed (transformed with native
[AAD-1 (v2)] or plant optimized [AAD-1 (v3)] gene) was
allowed to dry for 7 days at room temperature. T, seed was
sown i1 26.5x51-cm germination trays (1.0, Plastics Inc.,
Clearwater, Minn.), each receiving a 200 mg aliquots of
stratified T, seed (~10.000 seed) that had previously been
suspended in 40 ml of 0.1% agarose solution and stored at
4° C. for 2 days to complete dormancy requirements and
ensure synchronous seed germination.

Sunshine Mix LP5 (Sun Gro Horticulture Inc., Bellevue,
Wash.) was covered with fine vermiculite and subirrigated
with Hoagland’s solution until wet, then allowed to gravity
drain. Each 40 ml aliquot of stratified seed was sown evenly
onto the vermiculite with a pipette and covered with humid-
ity domes {(KORD Products, Bramalea, Ontario, Canada) for
4-5 days. Domes were removed 1 day prior to mitial
transformant selection using glufosinate postemergence
spray (selecting for the co-transformed PAT gene).

Five to six days after planting (DAP) and again 10 DAP,
T, plants (cotyledon and 2-4-1f stage, respectively) were
spraved with a 0.2% solution of Liberty herbicide (200 g
ai/LL glufosinate, Bayer Crop Sciences, Kansas City, Mo.) at
a spray volume of 10 mlftray (703 L/ha) vsing a DeVilbiss
compressed air spray tip to deliver an effective rate of 280
g ai‘ha glufosinate per application. Survivors (plants
actively growing) were identified 5-7 days afier the final
spraying and transplanted individually into 3-inch pots pre-
pared with potting media (Metro Mix 360). Transplanted
plants were covered with hunudity domes for 3-4 days and
placed in a 22° C. growth chamber as before. Donles were
subsequently removed and plants moved to the greenhouse
(2225° C., 50£30% RH, 14 h light:10 dark, minimum 500
wE/m3s! natural+supplemental light) at least 1 day prior to
testing for the ability of AAD-1 {v3) {plant optimized gene)
or AAD-1 (v2) (native microbial gene) to provide phenoxy
auxin herbicide resistance.

Random individual T, plants selected for glufosinate
resistance abhove were confirmed for expression of the PAT
protein using a PAT ELISA kit (Part no. 7000045, Strategic
Diagnostics, Inc., Newark, Del) to non-destructively con-
firm fidelity of selection process {manufacturer’s protocol).
Plants were then randomly assigned to various rates of
phenoxy hetbicides (dichlorprop or 2,4-D). Phenoxy rates
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mitially applied were 12.5 g aeg/ha 2.4-D and 50 or 200 g
aefha dichlorprop. GR,, for Arahidopsis is about 50 g ae/ha
24-D and 200 g ae’ha dichlorprop. Elevated rates were
applied in subsequent trials {50, 200, 800, or 3200 g ae/ha).

All auxin herbicide applications were made using the
DeVilbiss sprayer as described above to apply 703 L/ha
spray volume (0.4 ml solution/3-inch pot) or applied by
track sprayer in a 187 L/ha spray volume. 2,4-D vsed was
either technical grade (Sigma, St. Louis, Mo.) dissolved in
DMS0 and diluted in water (<1% DMSO final concentra-
tion) or the commercial dimethylamine salt formulation (456
g ae/L, NuFarm, St Joseph, Mo.). Dichlorprop used was
technical grade (Sigma, St. Louis, Mo ) dissolved 10 DMSO
and diluted in water {(<1% DMSQ final concentration). As
herbicide rates increased beyond 800 g ae/ha, the pH of the
spray solution became exceedingly acidic, burning the
leaves of young, tender Arabidopsis plants and complicating
evaluation of the primary effects of the herbicides. It became
standard practice to apply these high rates of phenoxy
herbicides in 200 mM Tris buffer (pH 9.0) to a final pH of
~7-8.

Some T, individuals were subjected to alternative com-
mercial herbicides instead of a phenoxy avxin. One point of
interest was determining whether haloxyfop could be effec-
tively degraded in planta.

Although Arabidopsis, being a dicot, 13 not an optimal
system for testing ACCase-inhibiting AOPP grass herbi-
cides, AAD-1 (v3)-transformed T, plants were subjected to
elevated rates {400-1600 g ae’ha) of RS-haloxyfop acid
(internally synthesized) that do cause growth abnormalities
and death of wildtype Arabidopsis using the DeVilbiss
sprayer as described above Injury ratings were taken 7 and
14 days after treatment. Likewise, T, individuals were
treated with the pyridyloxyacetate auxin herbicide, fluroxy-
pyr.

6.5—Results of Selection of Transformed Plants.

The first drabidopsis transformations were conducted
using AAD-1 (v3) (plant optimized gene). T, transformants
were first selected from the background of untranstormed
seed using a glufosinate selection scheme. Over 400,000 T,
seed were screened and 493 glufosinate resistant plants were
identified (PAT gene}, equating to a transformation/selection
tfrequency of 0.12%. Depending on the lot of seed tested, this
ranged from 0.05-0.23% (see Table 15). A small lot of
AAD-1 (v2) (native)-transformed seed were also selected
using the glufosinate selection agent. Two hundred seventy
eight glufosinate-resistant T, individuals were identified out
of 34,000 seed screened (0.33% transformation/selection
frequency).

TABLE 15

Selection of AAD-1 (v3) (plant optimized), or AAD-1 (v2} (native), AAD-2 (v1) (native), ot plant
optimized AAD-2 (v}-transtormed T, individual plants using glutosinate and 2.4-Ty

Total seed % of selected
Selection Codon sewn and  Number of  Selection Selection rate  plants expressing
agent Gene bias screened  resistant T, rate rahge PAT?
Glufosinate' AAD-1 (v2) n 84.000 278 0.33% 0.33% nd?
Glufosinate!  AAD-1 (v3) P 400,500 493 0.12% 0.05 to 0.23% 7%
24-D° AAD-1{+3) p 0,000 33 (LO8% 0.07 to 0.08% Gate
Glufosinate'  AAD-2 (v1) ] 1,301.500 228 0.018% 0NV to 0L021% 100%
Glufosinate!  AAD-2(v2) P 200,000 224 0.11% 0.11% nd*

'Ciafosmate selection scheme: 280 g avha glofosmate appled 3«6 + 10 DAP
22,61-—D selection schems: 50 g aitha 2,4-D applied 57 + [{-14 DAP
3paT protein sxpression determined by PAT ELISA ships

4rld, not determiined

%cadon bias. n-native microhial gene, 1 = plant optimized



revistacultivar.com.br

US 10,947,555 B2

69

T, plaats selected above were subsequently transplanted
to individual pots and sprayed with various rates of com-
mercial aryloxyalkanoate herbicides. Table 16 compares the
response of native AAD-1 (v2) and plant optimized AAD-1
(v3) genes to impart 2,4-D resistance to Arabidopsis T,
transformants. Both genes imparted resistance to ndividual
T, Arabidopsis plants. Within a given treatment, the level of
plant response varied greatly and can be attributed to the fact
each plant represents an independent transformation event.
Of mportant note, at each 2,4-D rate tested, there were
individuvals that were unaffected while some were severely
affected. An overall population gjury average by rate 1s
presented 1n Table 16 simply to demonstrate the sigmificant
difference between the plants transformed with AAD-1 (v2)
or AAD-1 (v3) versus the wildtype or PAT/CrylF trans-
formed controls. Also evident is that tolerance appears to be
significantly greater (frequency and overall level of indi-
viduval response) for the plant optimized sequence AAD-1
{¥3) versus the native sequence AAD-1 {v2) (see Table 16).

Higher rates of 2,4-D (up to 3,200 g ae/ha) have been -

applied to additional T, individuals expressing AAD-1 (v3).
Injury levels tend to be greater and the frequency of lughly
resistant plants is lower at these elevated rates (6x field
rates). Also at these high rates, the spray solution becomes
highly acidic wmless buffered. drabidopsis grown mostly in
the growth chamber has a very thin cuticle and severe
burning effects can complicate testing at these elevated rates.
Nonetheless, some individuals have survived 3,200 g ae'ha
2.4-D with little or no injury.

Table 16. AAD-1 v3 (plant optimized), or AAD-1 v2
(native), or AAD-2 (native)-transformed T, Arabidopsis
response to a range of 2.4-D rates applied postemergence.
Response is presented in terms of % visval injury 2 WAT,
Data are presented as a histogram of individuals exhibiting
little or no injury (<20%), moderate injury (20-40%), or
severe injury (>40%). Suce each T, is an ndependent
transformation event, one can expect significant variation of
individual T, responses within a given rate. An arithmetic
mean and standard deviation is presented for each treatment.
The range in individual response 1s also indicated in the last
column for each rate and transformation. PAT/Cry1F-trans-
formed Arabidopsis served as an auxin-sensitive trans-
formed control. Wildtype drabidopsis is untransformed.

TABLE 16

AAD-1 3 (plant optimized). or AAD-1 2 (nativel. ov
AAD-2 (nativel-transformed T, Aradidopsis response
to 2 range of 2.4-T¥ rates apjlied postemergence.

Averages <20% 20-40%% =40%  Ave Dev
Native AAD-1 (v2) gene

Untreated control-lnuffer 20 6 700253 34T
50 g aefha 2.4-D 53 16 9 148 227
2y g aetha 2,4-D 45 1 24 31 393
B0 g aetha 2,4-D 1 32 37 525 342
Mative AAD-2 zene

Untreated control-buffer 4 1 1 250 2.7
50 g aefha 2.4-D 1 2 11 682 30.2
2y g aetha 2,4-D 0 3 11 827 288
B0 g aetha 24D 0 0 14 G938 0.8
Bebuilt AAD-1 (v3) gene

Untreated control-buffer 9 0 0 0.0 0.0
50 g ae'ha 24-D 10 1 5 243 359

]
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TABLE 16-continued

AAD-1 v3 (plant optirized), or AAD-1 +2 (native), or
AAD-2 (native)-transformed T, Arabidopsis response

to a range of 2,4-D rates applied postemergence.

% Injury

% Injury Std
Averapes =20% 20-40% =40 Ave  Dev
200 g setha 24-D 11 4 1 140 259
800 ¢ aetha 24-D 11 4 1 147 2561
Wildeype
Untreated control-buffer 11 0 1] o0 00
50 ¢ ae'ha 24D 0 0 13 90.0 00
200 ¢ aetha 2.4-D 0 13 951 03
800 g se/ha 24-D 0 15 1000 00
BAT/C1y1F (transformed control)
Untreated contrel-butfer 11 0 ] 00 00
50 g aetha 2.4-D 0 0 15 907 4.2
200 g setha 24-D 0 0 15 972 1.7
800 g se/ha 24-D 0 0 15 1000 00

Table 17 shows a similar dose response of T, drabidopsis
to the phenoxypropionic acid, dichlorprop. Similar trends
were seen as with 2,4-D, indicating the clural propionic side
chain indeed serves as an acceptable substrate. Next, it was
determined that a degree of increased haloxyfop tolerance
could be imparted to transformed Arabidopsis at elevated
rates of 400-1,600 g ac/ha (Table 18). Normal field use rate
for haloxyfop (a grass-specific herbicide) is around 50-70 g
ac/ha. Dicots are generally considered naturally tolerant to
AOPP herbicides; however, severe physiological effects do
occur in Adrabidopsis at these elevated rates. Some AADI
(v3) transformed individuals did exhibit increased tolerance
to haloxyfop. This provides the first in planta data that
AAD-1 (v3) will provide AOPP resistance. No resistance
was observed with fluroxypyr (a pryridyloxyacetate auxin)
in transformed Arabidopsis, consistent with in vitro work
using hieterologously expressed enzyme.

Table 17.

T, Arabidopsis response to a range of dichlroprop rates
applied postemergence. Response is presented n terms of %
visual injury 2 WAT. Data are presented as a histogram of
individuals exhibiting little or no injury (<20%), moderate
injury (20-40%), or severe injury {(>40%). Since each T, is
an independent transformation event, one can expect sig-
nificant vanation of individual T, responses within a given
rate. An arithmetic mean and standard deviation is presented
for each treatment. The range in individual response is also
indicated in the last column for each rate and transformation.
PAT/Cry1F-transformed Arabidopsis served as an auxin-
sensitive transformed control. Wildtype Arabidopsis is
untransformed.
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T, Avabidopsis response to a range of dichlroprop rates applied postemergence.

% Injury % Injury
Averages =P 20-40% =40% Ave 5td Dev  Range
AAD-1 3
Untreated wontrol 3 0 0 0.0 0.0 1]
12.5 g aesha RS-dichlorprop 7 1 0 50 76 -20
50 g ae/ha RS-dichlorprop 7 1 0 31 g8 0-25
Wy g aedha R3-dichlorprop 4 1 3 Ah0 0.1 0-100
R0 g aedha R3-dichlorprop ] 3 3 5.9 400 20-100
PAT/Cry1F
Untreated wontrol 3 0 0 0.0 0.0 1]
12.5 g ae/ha RS-dichlorprop 1] & 2 381 253 20495
30 g ae‘ha BS-dichlovprop ] 0 2 BO0 353 A0-100
200 & aeha RS-dichlomprop 1] 0 g 983 22 495100
R0 g aedha R3-dichlorprop ] 0 2 1000 0.0 100
Wildtype
Untreated control 3 0 0 0.0 0.0 0
12.5 g ae/ha RS-dichlorprop 3 0 0 13.3 29 10-13
50 g ae/ha RS-dichlorprop 1] 0 3 533 58 S0-60
Wy g aedha R3-dichlorprop ] 0 3 5.0 50 S0-100
B0 & aeha RS-dichlomprop 1] 0 3 100.0 0.0 100

Table 18.

T1 Arabidopsis response to a range of haloxyfop rates
applied postemergence at artificially high rates attempting to
show tolerance of the dicot Arabidopsis to the graminicide.

transformation event, one can expect significant variation of
individual T1 responses within a given rate. An arithmetic

mean and standard deviation 1s presented for each treatment.
30

Response is presented in terms of % visval injury 2 WAT,
Data are presented as a histogram of individuals exhibiting
little or no injury (<20%), moderate injury (20-40%), or
severe mjury (>40%). Since each T1 13 an independent

The range in individual response is also indicated n the last
column for each rate and transformation. PAT/Cry1F-trans-
formed Arabidopsis served as an auxin-sensitive trans-
formed control. Wildtype Arabidopsis is untransformed.

TABLE 18

Tl dradidopsiz response to a range of haloxyfop rates applied postemergence at
artificially high rates attemting to show tolerance of the
dicot Aralidopsis to the graminicide.

% Injury % Injury
Averages =P 20-400% =40 Ave Std Dev  Range
AAD-1 3
Untreated control 3 0 1] 0.0 00 1]
100 g ae/ha halowyfop 4 0 ] 0.0 i i
HWy g aedha halowyfop 4 0 ] 0.0 i i
400 ¢ ae‘ha haloxyfop 3 1 1] 6.3 9.5 0-20
800 ¢ ae'ha haloxyfop 1 1 2 46.3 427 0-83
1600 g aedha halexytop 1 a 3 650 47.3 (-100)
PAT/Cry1F
Untreated control 3 0 0 0.0 0.0 0
100 g ae/ha halowyfop 4 0 ] 0.0 i i
200 ¢ ae‘ha haloxyfop 4 0 1] 10.0 0o 10
400 ¢ ae‘ha haloxyfop 1] 4 1] 273 000 20-30
R0 g aedha haloxyfop i 0 4 TER 683 T0-B5
1600 g ae'ha haloxyfop 1] 0 4 473 43.5 B0-100
Wildtype
Untreated control 3 0 0 0.0 0.0 0
100 ¢ ae'ha haloxyfop 3 0 1] 0.0 0o 1]
HWy g aedha halowyfop 3 0 ] 0.0 i i
AWy g aetha halosyfop ] 3 ] 0.0 i 20
800 ¢ ae'ha haloxyfop 1] 0 3 733 104 T0-85
1600 g ae'ha haloxyfop 1] 0 3 933 11.5 B0-100
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6.6—AAD-1 (v3) as a Selectable Marker.

The ability to use AAD-1 (v3) as a selectable marker
vsing 2.4-D as the selection agent was analyzed initially
with drabidopsis transtormed with as described above. T,
seed transformed with PAT and AADI (v3) (pDAB 721)
were sown into flats and germinated as described above and
compared to similar seed treated with the normal glufosinate
selection scheme (5 and 10 DAP). 2,4-D (50 g ae/ha) was
applied to seedling Arabidopsis as previously done with
glufosinate. Variation in number of applications and timing
of application were tested. Each tray of plants received
either one or two application timings of 2,4-D in one of the
following treatment schemes: 5+10 DAP, 5414 DAP, 10
DAP, 10+14 DAP. 14 DAP. Plants were identified as Resis-
tant or Sensitive 19 DAP and ELISA test strips run to
determine frequency of successfully co-transforming an
active PAT gene.

Fifty-three out of 70,000 seed planted were identified as
resistant to 2.4-D. ELISA was used to screen a subset of
44-individuals from this population for PAT protein expres-
sion. Ninety six percent of the individuals were positive
indicating the presence of the co-transformed gene, PAT.
The low number of negative ELISA results (4%) 15 in line
with a 3% error rate in populations of glufosinate-resistant
plants {Table 15). The efficiency of selection appears to be
somewhat less with 2,4-D (0.08%) vs. glufosinate (0.12%),
however, the range of selection rates across all experiments
would indicate both selection agents are equally good for
selecting Arabidopsis transformed with AAD-1 (v3) or PAT
genes, respectively. Two successive applications most accu-
rately identify resistant individuals with both herbicides
tested.

6.7—Heritability.

A variety of T, events were self-pollinated to produce T,
seed. These seed were progeny tested by applying 2,4-D
(200 g ae/ha) to 100 random T, siblings. Each individual T,
plant was transplanted to 7.5-cm square pots prior to spray
application (track sprayer at 187 L‘/ha applications rate).
More than 60% of the T, families (T, plants) segregated in
the anticipated 3 Resistant:] Sensitive model for a domi-
nantly inherited single locus with Mendelian inheritance as
determined by Chi square analysis (P>0.05).

Seed were collected from 12 to 20 T, individuals (T,
seed). Twenty-five T, siblings from each of eight randomly-
selected T, families were progeny tested as previously
described. Approximately one-third of the T, families antici-

pated to be homozygous (non-segregating populations) have -

been identified in each line tested: ranging in frequency from
one to four out of the eight families tested. These data show
AADI (v3)is stably integrated and inherited in a Mendelian
fashion to at least three generations.

6.8—Additional Herbicide Resistance Attributable to °

AAD-1 in drabidopsis.
The ability of AAD-1 (v3) to provide resistance to other

aryloxyphenoxyalkanoate herbicides in transgenic Arabi-
dopsis was determined using a modified in vitro plate assay.
Seeds from wild-type Arabidopsis thaliana as well as Ara-
bidopsis thaliana containing the plant optimized AAD-1
(v3) gene (T, homozygous plants id=PAAD1.315.064) were
sterilized by agitating for 10 min in a 50% bleach solution.
These seeds were then rinsed four times with sterile water to
remove the bleach.
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Dose response assays utilized a nutnient media (see
below) supplemented with various rates of test compounds.
The test compounds were added to the heated media (55° C.)
as concentrated solutions in DMSO. Control wells had the
appropriate amount of DMSO without any additional com-
pound. The final concentration of DMSQ never exceeded
1%% (v/v). After thorough mixing, a 6 mL aliquot of the warm
media containing the appropriate concentration of com-
pound was added to each well of a 6-well, flat bottom,
polystyrene tissue culture tray (Falcon 353046, Becton
Dickson and Company, Franklin Lakes, N.I.). After the
media solidified, approximately 20 to 30 drabidopsis seeds
were applied on top of the solidified media and the remain-
ing 2 mL of media was poured over the seeds. The plates
were lightly agitated to disperse the seeds, covered and
allowed to cool until the media had completely solidified.
The plates were incubated for 7 days at 25° C. under
continual fluorescent lighting (75 uE m™ s7'). Nutrient
Media Composition was as described in Example 2.2 and in
Somerville and Orgen (1982).

Assessment of Growth Reduction.
The apical portion of the Arabidopsis plants grown in the

treated media was assessed visually relative to the apical
portion of the plants grown in the media containing only
DMSO. Values were recorded as % growth reduction.
Assessments of root growth inhibition of the drabidopsis
plants grown in the treated media were achieved by carefully
extracting the plants from the media and measuring the
length of the root. These root lengths were then compared to
the root length of the control plants to determine a % growth
reduction. A minimum of five plants were assessed for each
treatment. The values recorded are an average of all the
plants assessed. The calculated concentration to reach 50%
inhibition effect (I.,) were determined for both root and
shoots of wildtype and AAD-1-transformed Arabidopsis.
The ratios of resistant to sensitive biotypes are mcluded in
Table 19. A ratio =2 for both root and shoot measurements
generally signifies significant resistance. The higher the
ratio, the greater the level of resistance. All commercial
phenoxy auxins showed significant levels of resistance
mncluding oxyacetic acids (2,4-D and MCPA) as well as
oxypropionic acids (dichlorprop and mecoprop). In fact, the
chronic root assessment shows resistance to the oxypropi-
onic acid 1 higher with AAD-1 (v3) than for the oxyacetic
acids, consistent with enzymatic characteristics of AAD-1
(v1). Assessment of other auxins containing pyridine rings
showed AAD-1 (v3) did not effectively protect Arabidopsis
form pyridyloxyacetates herbicides, triclopyr and fluroxy-
pyr, or the picolimic acid herbicide, picloram. The broad
phenoxy auxin resistance 1s the first reported in planta. The
alternative auxins to which AAD-1 does not protect would
be viable tools for the control and containment of AAD-1-
transformed commercial crops or experimental plant spe-
cies.



revistacultivar.com.br

US 10,947,555 B2

TABLE 19
In vitro plate test assessment of herbicide substrate cross resistance afforded by
AAD-1 {v3} in homozygous T,y drabidopsis (ARBTH).
wi
ARBTH PAADI1.315.064 wt
shoot T3 ARBTH ARBTH PAADI.315.064
150 shoot 150 root [50 _ARBTH reot IS0 shoot root
Compound Structure pptn ratio ratio
Phenoxy auxins
24-D Cl Cl 0.2 10 <0.01 0.04 30 =4
\CE 4]
O\/K
0
dichlorprop €1 Cl 2 5 0.01 1.5 2.3 150
U 0
0.
8}
Mecoprop Cl 2 25 001 1.3 123 150
\g 4]
Q.
0
MCPA Cl 0z 1 0,01 0,03 5 3
\@ 8}
O\A
8}
245T Cl Cl 1.5 10 <001 <] .67 NA
m O
Cl O\A
0
Pyndine auxins
Flurosypyr N 2 1 0.2 0.2 0.5 1
Cl 1
Ry
O
P
F N o
0
Triclopyr Cl Cl 0.2 0.0 0.02 002 0.2 1
Ry
| 0
i =
Cl N O,
0
Picloram N 1 0.5 0.3 015 0.5 0.5
Cl Cl
®
O
Cl N
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6.9—Foliar Applications Herbicide Resistance i1 AAD-1
Arabidopsis.

The ability of AAD-1 (v3) to provide resistance to other
aryloxyphenoxyalkanoate auxin herbicides in transgenic
Arabidopsis was determined by folar application of various
substrates described 1 Example 6.8. T, generation Arabi-
dopsis  seed, homozygous for AAD-1 (v3) (lne
AAD1.01.315.076) was stratified, and sown into selection
trays much like that of Arabidopsis (Example 6.4). A
transformed-control line containing PAT and the insect resis-
tance gene Cry1F was planted n a similar manner. Seedlings
were transferred to individual 3-inch pots in the greenhouse.
All plants were sprayed with the use of a track sprayer set
at 187 L/ha. The plants were sprayed from a range of
phenoxy auxin herbicides: 12.5-1600 g ae/ha 2,4-D dimeth-
ylamme salt (DMA) (Riverside Chemicals), 12.5-1600 g
ae/ha mecoprop (AH Marks), 50-3200 g ae/ha R-dichlo-
rprop (AH Marks), 8.75-1120 g ae/ha 24.5-T (technical
grade); pyridyloxyacetates herbicides 50-3200 g ae/ha tric-
lopyr (Dow AgroSciences) and 50-3200 g ae/ha fluroxypyr
(Dow AgroSciences); and the 2.4-D metabolite resulting
from AAD-1 activity, 2,4-dichlorophenol {(DCP, Sigma) (at
50-3200 g ae/ha, technical grade). All applications were
formulated in 200 mM Hepes buffer (pH 7.5). Each treat-
ment was replicated 3-4 times. Plants were evaluated at 3
and 14 days after treatment and are averaged over two
experiments.

These results {see Table 20) confirm that AAD-1 (v3) in
Arabidopsis provides robust resistance to the phenoxyacetic
auxing, phenoxypropionic auxins, but have not shown sig-
nificant cross resistance to the pyridyloxyacetic auxins
tested and corroborates the in vitro enzyme and whole plate
substrate specificity data. Additionally, there is no effect of
the metabolite, 2. 4-dichlorphohenol (DCP), on wildtype or
transgenic Arabidopsis.

TABLE 20

Comparison of homozygous T, AAD-1 (v3) and wildtype
Avabidopsis plant response to various foligr-applied auxinic herbvicides.

Ave % Injury 14DAT

AADL01.315.076.T, ParCrylf -
Herbicide Treatment homozygous AAD] plants Control
Phenoxypropionic auxins
50 g aeha R-Dichlorprop 3 3l
200 g ae/ha R-Dichlorprop 3 73
800 g acha R-Dichlorprop 3 B0
3200 g aeha R-Dichlorprop 3 a5
12.5 g ae/ha Mecoprop 3 1]
25 g as'ha Mecoprop 0 2
30 g ae/ha Mecoprop 1] 17
100 gz ae/ha Mecoprop 1] 33
200 g as'ha Mecoprop 3 62
400 = aesha Mecoprop 1] 78
800 g as'ha Mecoprop 0 93
1600 g ae'ha Mecoprop 0 100
Phenoxyacetic auxs

12.5 g asha 24-D DMA i a7
25 g ae/ha 24-D DMA 1] 78
50 g aetha 24-D DMA i 93
100 gz ae/ha 2.4-D DMA 1] 100
200 g aeha 2.4-D DMA 1] 100
400 g ae'ha 24-Dr DMA i 100
800 £ ae/ha 2.4-D DMA 1] 100
1600 g ae'ha 24-Dr DMA i 100
875 g ae'ha 24.5-T i 0
17.5 g ae/ha 24.5-T 3 20
35 gaeha 24.5-T i 43

3
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TABLE 20-continued

Comparison of homozygous Ty AAD-1 (v3) and wildtype
Arabidopsis plant response to various foliar-applied auxinic herhicides.

Ave % Injury 14DAT

AADLOLF15.076.T, PatCrylf -

Herbicude Treatment homezyeous AADI plants Control
70 g aetha 245-T 3 83
140 g aetha 24.5-T i a5
280 o ae'ha 245-T ] o8
360 g aetha 24.5-T 17 106
1120 g ae/ha 24.5-T 3 106

Pynidyloxyacetic auxins
50 g ae'ha Triclopyr 31 36
200 g ae'ha Triclopyr 58 65
R0 g aeha Triclopyr 74 84
3200 g ae'ha Triclopyr a7 93
30 g aetha Flwoxypyr 48 ]
200 g ae'ha Fluoxypyr 75 85
800 g ae'ha Fluroxypyr 13 85
3200 g aeha Fluoxypyr a5 a5
Inactive DCP metabolite

50 g aetha 2.4-DCP i a
200 g ae'ha 24-DCP ] 0
R00 g ae'ha 2.4-DCP i a
3200 g aetha 2.4-DCP i a

6.10—Relationslup of Plant Growth to AAD-1 (¥3)
Expression in Arabidopsis.

An experiment was designed to examine if the level of
AAD-1 (v3) expression in Arabidopsis varies at different
growth stages. A high-tolerance, homozygous, AAD-1 (v3)
T, line (1 d=PAAD1.01.345.163) was grown in greenhouse.
Half of the plants were treated with 800 g ae/ha of 2.4-D (as
previously described) while the other half were not treated.
Two leaves, the 3rd leaf from the top and the 5th leaf from
the bottom, were harvested from 5 plants, both treated and
untreated, and analyzed by ELISA and Western Blotting (as
described in Example 11} experiments at 4, 10, 14, 20 and
25 DAT. FIGS. 84 and 8B showed that there was statistically
no difference in AAD-1 {v3) expression between young and
old leaves. In addition, the herbicide 2,4-D had little impact
on the expression level of AAD-1 (v3) protein. The protein
levels accumulated in older plants with some significant
protein degradation at the later time points.

In a separate experiment, four different homozygous T,
lines of Arabidopsis displaying different tolerance level to
the herbicide 2,4-D were sprayed with various levels (0, 200,
800 and 3200 g/ha) of 2.4-D and their herbicide injury and
AAD-1 (v3) expression were examined. Four days after the
herbicide treatment, little injury was observed in three of the
four lines, even at the highest dose tested (FIG. 9A). These
plants also expressed high level of AAD-1 (v3), from 0.1 to
0.25% of (FIG. 9B). On the contrary, the low tolerance line
expressed less than .1% of AAD-1 (v3) in TSP and suffered
observable injury. More importantly, they recovered from
the injury on 14 DAT (FIG. 9A), indicating that the low level
of AAD-1 (v3) expression was able to protect the plants
from the serious herbicide damage. All control plants suf-
fered serious injury and died 14 DAT at doses 8(0{ g ae/ha
2,4-D and above.

6.11—Molecular Analysis of AAD-1 (v3) Arabidopsis.

Invader Assay (methods of Third Wave Agbio Kit Proce-
dures) for PAT gene copy number and/or Southern blot
analysis was performed with total DNA obtained from
Qiagen DNeasy kit on multiple AAD-1 (v3) homozygous
lines to determine stable integration of the plant transfor-
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mation unit containing PAT and AAD-1 (v3). Analysis
assumed direct physical linkage of these genes as they were
contained on the same plasmid.

For Southern analysis, a total of 1 pg of DNA was
subjected to an overnight digest of Nsi 1 for pDAB721 to
obtain ntegration data. The samples were run on a large
0.85% agarose gel overnight at 40 volts, The gel was then
denatured in 0.2 M NaOH, 0.6 M NaCl for 30 minutes. The
gel was then neutralized 1 0.5 M Tris HCL, 1.5 M NaCl pH
of 7.5 for 30 minutes. A gel apparatus containing 2085C was
then set up to obtain a gravity gel to nylon membrane
{Millipore INYCO0010) transfer overnight. After the over-
night transfer the membrane was then subjected to UV light
via a crosslinker (stratagene UV stratalinker 1800) at 1200
100 microjoules. The membrane was then washed 1 0.1%
SDS, 0.1 S8C for 45 minutes, Atter the 45 minute wash, the
membrane was baked for 3 hours at 80° C. and then stored
at 4° C. until hybridization. The hybridization template
fragment consisted of the prepared primers (Pat 5-3 AGA-
TACCCTTGGTTGGTTGC) (SEQ ID NO:23) and (Pat 3-3
CAGATGGATCGTITGGAAGG) (SEQ 1D NO:24)
designed to obtain the coding region of PAT. The product
was un on a 1% agarose gel and excised and then gel
extracted using the Qiagen (28706) gel extraction procedure.
The membrane was then subjected to a pre-hybridization at
60° C. step for 1 hour in Perfect Hyb buffer (Sigma H7033).
The Prime it RmT dCTP-labeling rxn (Stratagene 300392)
procedure was used to develop the p32 based probe (Perkin
Elmer). The probe was cleaned up using the Probe Quant.
G50 columns {(Amersham 27-5335-01). Two million counts
CPM per ml of Perfect Hyb buffer was used to hybridize the
southern blots overnight. Atter the overnight hybridization
the blots were then subjected to two 20 minute washes at 65°
C.m 0.1% SDS, 0.1 88C. The blots were then exposed to
film overnight, incubating at -80° C.

Results showed all 2.4-D resistant plants assayed con-
tained PAT (and thus by inference, AAD-1 {v3)). Copy
number analysis showed total inserts ranged from 1 to >10
copies. This correlates, too, with the AAD-1 (V3) protein
expression data indicating that the presence of the enzyme
vields significantly high levels of resistance (=200 fold) to
all commercially available phenoxyacetic and phenoxypro-
pionic acids.

6.12—Arabidopsis Transformed with Molecular Stack of
AAD-1 (v3) and Glyphosate Resistance Gene.

Tl Arabidopsis seed was produced, as previously
described, containing pDAB3230 plasmid (AAD-1 (v3)+
EPSPS) coding for a putative glyphosate resistance trait. T,
transformants were selected using AAD-1 (v3) as the select-
able marker as described in example 6.6, except the 2,4-D
rate used was 75 g aetha. Twenty-four T, individually
transformed events were recovered from the first selection
attempt and transferred to three-inch pots in the greenhouse
as previously described. Three different control Arabidopsis
lines were also tested: wildtype Columbia-0, AAD-1 (v3)+
PAT T, homozygous lines (pDAB721-transformed), and
PAT+CrylF homozygous line (transformed control). Only
pDAB3230 plants were pre-selected at the seedling stage for
2,4-D tolerance. Four days after transplanting, plants were
evenly divided for foliar treatment by track sprayer as
previously described with 0, 26.25, 105, 420, or 1680 g
ae'ha glyphosate (Glyphomax Plus, Dow AgroSciences) in
200 mM Hepes buffer (pH 7.5). All treatimients were repli-
cated 4 or 5 times. Plants were evalvated 7 and 14 days after
treatment. I, values were calculated and show =14 fold
level of tolerance imparted by EPSPS molecularly stacked
with AAD-1 (v3) (see FIG. 10). AAD-1 (v3) did not provide
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resistance to glyphosate itself (re: pDAB721 response).
These T, plants will be grown to seed, self-pollinated to
yield T, seed. The pDAB 3230 T, plants have demonstrated
tolerance to lethal doses of 2,4-D and glyphosate. T, plants
will be further tested to demonstrate these co-transformed
plants will withstand glyphiosate+2,4-D treatments applied
in tankmix as described in Example 21 and shown for
AAD-1 (v3)-transformed corn in Example 8.

Example 7

WHISKERS-Mediated Transformation into Maize,
and Use of AAD-1 {v3) as a Selectable Marker

7.1—Cloning of AAD-1 (v3).

The AAD-1 (v3) fragment was received on an Ncol/Sacl
tragment. Construct pDAB4005 was digested with Ncol and
Sacl and the 5175 bp backbone fragment isolated. The two
fragments were ligated together using T4 DNA lLigase and
transformed nto DHS5a cells. Minipreps were performed on
the resulting colonies using (agen’s QIA Spin mini prep
kit, and the colonies were digested to check for orientation.
The correct intermediate plasmid was named pDAB3403.
Both pDAB3403 and pDABS8505 (OsActl/PAT/ZmLip)
were digested with Notl. The 3442 bp band from pDAB3403
and the 11017 bp band from pDABBS05 were isolated and
puritied. The fragments were ligated together, transtormed
mto DH5at, and the resulting plasmids were screened for
orientation. The final construct was designated pDAB3404,
which contains ZmUbil/po-aadl/ZmPer5::0sAct1/PAT/
ZmLip.

7.2—Callus/Suspension Initiation.

To obtain immature embryos for callus culture mitiation,
F, crosses between greenliouse-grown Hi-1I parents A and B
{Armstrong et al. 1991) were performed. When embryos
were 1.0-1.2 mm in size {approximately 9-10 days post-
pollination), ears were harvested and surface sterilized by
scrubbing with Ligqui-NoxE soap, immersed in 70% ethanol
for 2-3 minutes, then immersed in 20% commercial bleach
{(0.1% sodium hypochlorite) for 30 minutes.

Ears were rinsed in sterile, distilled water, and immature
Zygotic embryos were aseptically excised and cultured on
154210 medm (N6 Medium (Chu et al., 1975), 1.0 mg/L
24-D, 20 g/ sucrose, 100 mg/L casein hydrolysate (enzy-
matic digest), 25 mM L-proline, 10 mg/L. AgNO,, 2.5 g/l
Gelrite, pH 5.8) for 2-3 weeks with the scutellum facing
away from the medium. Tissue showmng the proper mor-
phology (Welter et al., 1995) was selectively transferred at
biweekly intervals onto fresh 15Ag10 medium for about 6
weeks, then transferred to 4 medium (N6 Medium, 1.0 mg/L
2.4-D, 20 g/L sucrose, 100 mg/L casein hydrolysate {enzy-
matic digest), 6 mM L-proline, 2.5 g/L. Gelrite, pH 58) at
bi-weekly ntervals for approximately 2 months.

To initiate embryogenic suspension cultures, approxi-
mately 3 ml packed cell volume (PCV) of callus tissue
originating from a single embryo was added to approxi-
mately 30 ml of H9CP+ liquid medmm (MS basal salt
mixture (Muraslige and Skoog, 1962), modified MS Vita-
mins containing 10-fold less nicotinic acid and 5-fold higher
thiamine-HCl, 2.0 mg/l. 24-D, 2.0 mg/L &-naphthale-
neacetic acid (NAA), 30 g/l sucrose, 200 mg/l. casein
hydrolysate (acid digest), 100 mg/l. myo-inositol, 6 mM
L-proline, 5% viv coconut water (added just before subcul-
ture), pH 6.0). Suspension cultures were maintained vnder
dark conditions in 125 ml Erlenmeyer flasks in a tempera-
ture-controlled shaker set at 125 rpm at 28° C. Cell lines
typically became established within 2 to 3 months after
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imtiation. During establishment, suspensions were subcul-
tured every 3.5 days by adding 3 m] PCV of cells and 7 ml
of conditioned medivm to 20 ml of fresh HOCP+ liquid
medium vsing a wide-bore pipette. Once the tissue started
doubling n growth, suspensions were scaled-up and main-
tained in 500 ml flasks whereby 12 ml PCV of cells and 28
ml conditioned medium was transferred nto 30 ml HYCP+
medium. Once the suspensions were fully established, they
were cryopreserved for future use.

7.3—Cryopreservation and Thawing of Suspensions.

Two days post-subculture, 4 ml PCV of suspension cells
and 4 ml of conditioned medium were added to 8 ml of
cryoprotectant (dissolved in HICP+ medium without coco-
nut water, 1 M glycerol, 1 M DMSQ, 2 M sucrose, filter
sterilized) and allowed to shake at 125 rpm at 4° C. for 1
hour in a 125 ml flask. After 1 hour 4.5 ml was added to a
clilled 5.0 ml Corning cryo vial. Once filled individual vials
were held for 15 minutes at 4° C. in a controlled rate freezer,
then allowed to freeze at a rate of —0.5° C./minute until
reaching a final temperature of -40° C. After reaching the
final temperature, vials were transferred to boxes within
racks mside a Cryoplus 4 storage unit (Forma Scientific)
filled with Liquid nitrogen vapors.

For thawing, vials were removed from the storage umit
and placed in a closed dry ice container, then plunged into
a water bath held at 40-45° C. until “boiling™ subsided.
When thawed, contents were powed over a stack of -8
sterile 70 mm Whatman filter papers (No. 4) in covered
10025 mm Petri dishes. Liquid was allowed to absorb into
the filters for several minutes, then the top filter containing
the cells was transferred onto GN6 medium (N6 medium,
2.0 mg/l 2.4-D, 30 g/L sucrose, 2.5 g/l Gelrite, pH 5.8) for
1 week. After 1 week, only tissue with promising morphol-
ogy was transferred off the filter paper directly onto fresh
GNé6 medium. This tissue was subcultured every 7-14 days
until 1 to 3 grams was available for suspension initiation into
approximately 30 mL HICP+ medium in 125 ml Erlenmeyer
flasks. Three muilliliters PCV was subcultured into fresh
H9CP+ medium every 3.5 days until a total of 12 ml PCV
was obtained, at which point subculture took place as
described previously.

7.4—Dose Response of Non-Transformed Tissue to
Haloxyfop Acid.

Non-transtormed donor Hi-II cell lines were pooled
together, WHISKERS-treated without DNA, filtered onto
GN6 medium at the rate of 6 ml per filter, and allowed to
callus for 2-3 weeks at 28° C. Approximately 200 mg of
callused suspension tissue was transferred per treatment to

selection media in 60x20 mm plates containing 30, 100 or :

300 nM R-haloxyfop acid. Three replicates were used per
concentration. A control medivm containing 1 mg/l. biala-
phos (from Herbiace commercial formulation, Meiji Seika,
Japan), GN6 (1H}), was also included for comparison. Callus

was removed after 2 weeks, weighed, and transterred to :

fresh media of the same concentration for another 2 weeks.
After a total of 4 weeks elapsed time, tissue was removed,
weighed a final time, and then discarded. Results are shown
in FIG. 11.

Two separate dose response studies of callus tissve to the
phenol degradation products of haloxyfop and cyhalofop,
respectively, were also completed to confirm that tlus end
product would not be deleterious to callus growth. Data from
a cyhalofop phenol dose response (see FIG. 12) shows that
at 1 pM cyhalofop phenol, growth is still 76% as high as the
control without cyhalofop phenol. Data from a haloxyfop
phenol dose response showed that even at 300 nM haloxyfop
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phenol, growth was equal to or greater than the control
lacking haloxyfop phenol {data not shown).

7.5—WHISKERS-Mediated  Transformation
Bialaphos Selection.

Approximately 24 hours prior to transformation, 12 ml
PCV of previously cryopreserved embryogenic maize sus-
pension cells plus 28 ml of conditioned medivm was sub-
cultured into 80 ml of GNé liquid medium {GN6 medium
lacking Gelrite) n a 500 ml Erlenmeyer flask, and placed on
a shaker at 125 rpm at 28° C. This was repeated 2 times
using the same cell line such that a total of 36 ml PCV was
distributed across 3 flasks. After 24 hours the GN6 liquid
media was removed and replaced with 72 ml GN6 S/M
osmotic medium (N6 Medium, 2.0 mg/l. 2.4-D, 30 g/l
sucrose, 45.5 g/l sorbitol, 45.5 ¢/l manmitol, 100 mg/L
myo-inositol, pH 6.0) per flask in order to plasmolyze the
cells. The flasks were placed on a shaker in the dark for
30-35 minutes, and during this time a 50 mg/ml suspension
of silicon carbide whiskers was prepared by adding the
appropriate volume of GN6 /M lLiquid medium to ~405 mg
of pre-autoclaved, silicon carbide whiskers (Advanced
Composite Materials, Inc.).

After incubation i GN6 S/M, the contents of each flask
were pooled into a 250 m] centrifuge bottle. Once all cells
settled to the bottom, all but ~14 ml of GN6 5/M Liquid was
drawn off and collected in a sterile 1-L flask for future vse.
The pre-wetted suspension of whiskers was vortexed for 60
seconds on maximum speed and 8.1 ml was added to the
bottle, to which 170 pg DNA was added as a last step. The
bottle was immediately placed in a modified Red Devil 5400
commercial paint mixer and agitated for 10 seconds. After
agitation, the cocktail of cells, media, whiskers and DNA
was added to the contents of the 1-L flask along with 125 ml
fresh GN6 liquid medum to reduce the osmoticant. The
cells were allowed to recover on a shaker for 2 hours before
being filtered onto Whatman #4 filter paper (5.5 cm) vsing
a glass cell collector unit that was connected to a house
vacuum line.

Either 3 or & mL of dispersed suspension was pipetted
onto the surface of the filter as the vacuvm was drawn.
Filters were placed onto 60x20 mm plates of GN6 medium.
Plates were cultured for 1 week at 28° C. 1n a dark box that
was loosely sealed with a single layer of plastic (<2 mils
thick) to minimize evaporation of the individual plates.

After 1 week, filter papers were transferred to 6020 mm
plates of GN6 (1H) medium (Né Medium, 2.0 mg/L 2.4-D,
30 g/L sucrose, 100 mg/L myo-inositol, 1.0 mg/T bialaphos,
2.5 g/L Gelrite, pH 5R8) or GN6D (1H) medum (same as
GN6 (1H) except with 8.0 mg/L. dicamba and (.8 mg/L
2.4-D).

Plates were placed in boxes and cultured as before for an
addtional week. Two weeks post-transformation, the tissue
was embedded by scraping either 1 the cells on the plate or
else all cells on the plate into 3.0 mL of melted GNé agarose
medivm (N6 medivm, 2.0 mg/L 2,4-D, 30 g/L sucrose, 100
mg/l. myo-mositol, 7 g/l Sea Plaque agarose, pH 5.8,
autoclaved for only 10 minutes at 121° C.) contamning 1
mg/L bialaphos. The tissue was broken up and the 3 mL of
agarose and tissue were evenly poured onto the surface of a
10015 mm plate of GN6 (1H) or GN6D (1H) medivm. This
was repeated for all remaimning plates. Once embedded,
plates were individually sealed with Nescofilm® or Parafilm
M®, and then cultured for 1 week at 28* C. in dark boxes.

Putatively transformed isolates were typically first visible
3-8 weeks post-transformation. Any potential isolates were
removed from the embedded plate and transferred to fresh
selection medium of the same concentration i 60x20 mm

Using



revistacultivar.com.br

US 10,947,555 B2

83

plates. If sustained growth was evident after approximately
2 weeks, an event was deemed to be resistant and was
submitted for molecular analysis.

Regeneration was initiated by transferring callus tissue to
a cytokinin-based induction medium, 28 (1H), containing 1
mg/L balaphos, MS salts and vitamins, 30.0 g/L sucrose, 5
mg/L BAP, 0.25 mg/L 2,4-D, 2.5 g/L. Gelrite; pH 5.7. Cells
were allowed to grow in low light (13 pEm?s') for one week
then higher light (40 pEm=3s~!) for another week before
being transferred to regeneration medmm, 36 (1H), which
was identical to 28 (1H) except that it lacked plant growth
regulators. Small (3-5 cm) plantlets were removed and
placed into 150x25-mm culture tubes containing selection-
free SHGA medium (Schenk and Hildebrandt basal salts and
vitamins, 1972; 1 ¢/ myo-inositol, 10 /1. sucrose, 2.0 g/l
Gelrite, pH 5.8). Ounce plantlets developed a sufficient root
and shoot system, they were transplanted to soil in the
greenhouse.

7.6—WHISKERS-Mediated
Haloxyfop Selection.

DNA delivery parameters for direct selection on “fops™
were identical to the bialaphos selection procedure except
that 85 pg of pDARB3403 and 85 pg of construct containing
a GFP (Green Fluorescent Protein) reporter gene were
co-transformed together, and only 3 mL of suspension was
filtered onto GN6 medium following the 2-hour recovery.

After 0-7 days on GN6& selection-free medium, filter
papers were transferred to 60x<20-mm plates of GNé
medium containing 2 mg/L 2,4-D plus 50, 100, or 200 nM
R-haloxyfop acid. Plates were placed in boxes and cultured
for one additional week. After one week, the tissue was
embedded by scraping all cells from the plate into 3.0 mL of
melted GN6 agarose medium containing the same concen-
tration of selection agent as in the previous transfer. All steps
afterward were identical to the PAT selection/regeneration
protocol except that 100 nM R-haloxyfop acid was included
in the regeneration media instead of 1 mg/L. halaphos.

7.7—Raesults.

Multiple experiments testing various levels of haloxyfop
and cyhalofop were initiated, and 47 isolates were recovered
from direct selection. A subset of the callus events were
submitted for screening vsing PCR and Western analyses.
Following these expression data, 21 lead events were sub-
mitted for Southern analysis. Results using Ncol, a wnique
cutter, to obtain ntegration data following probing with
AAD-1 (¥3), unequivocally demonstrate stable integration
of AAD-1 (v3) following Whiskers-mediated transformation
coupled with “fop™ selection.

7.8—Quantitative Demonstration of In Vitro Tolerance
from AAD-1 (v3) Expressing Callus Events from Bialaphos
Selection

Ninety-seven callus isolates recovered from bialaphos
selection were submitted for PAT copy number via Invader
analysis and AAD-1 (v3) PTU analysis via PCR (see
Example 7.10%. AAD-1 {v3) protein expression using West-

Transformation  Using

em blot/Sandwich ELISA (Example 11) was completed on °

a subset of the events. A summary is described in Table 21
below. At least 15 T, plants were regenerated from each of
these events and sent for spray testing and seed production.

TABLE 21
PCR for
AAD-1 {v3) Callus
Event PAT Copy # PTU Western
3404001 2 + +
3000 2 + +
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TABLE 21-continued
PCR for

AAD-1 (v3) Callus
Ewvent PAT Copy # PTU Western
3404013 3 + +
3404017 1 + +
3404-020 3 + nd
3404022 2 + +
3404023 2 + +
3404-027 3 + *
3404031 1 + +
3404-033 2 + nd
3404-030 3 + *
3404-044 3 + +
3404-050 3 + +
3404053 3 + +
3404074 2 + +
3404-082 2 + *

A smaller subset of these events was assessed in dose-
response studies in comparison to a non-transformed con-
trol. A range of concentrations of haloxyfop (from Gallant
Super formulation), vp to 400 nM, were tested. Dose
response data for one event, 3404-006, was generated using
the general methods of Examiple 7.4, and is shown in FIG.
13. This demonstrates that event 3404-006 showed no
significant reduction in callus growth at haloxyfop concen-
trations up to 400 1M whereas non-transgenic corn callus
tissue growth was inhibited at this rate. These data have not
been normalized to account for inherent growth differences
that are not related to the expression of the transgene.

79—WHISKERS-Mediated  Transformation  Using
Imazethapyr Selection.

The ZmUbil/AAD-1 (v3)/ZmPer5 cassette was removed
from pDAB3404 with Ascl/Swal and inserted into
pDAB2212 to create the AAD-1 (v3) and AHAS Whiskers
transformation vector pDAB3415, which is also referred to
as pDAS1283) Once completed, this construct was trans-
formed into maize via silicon carbide whiskers-mediated
transformation as described in Example 7.4 except 2 mL of
cells were filtered, followed by a 7-day recovery on GNé
medium followed by selection on media containing 3 pM
imazethapyr from Pursuit® DG  herbicide. Following
Invader analysis, 36 events were identified that contained
the AAD-1 {v3) and the AHAS genes.

Fifty-three com calli events from these transformations
were tested n both ELISA and Western Blotting experi-
ments for their AAD-1 (v3) expression—a subset of the data
15 shown below. For the events hsted in Table 22, the
expression levels of those detected positive ranged from 90
to over 1000 ppm of total soluble proteins.

TABLE 22

AAD-1 Event ID Expression Western
Nutnber Level {(ppm) Blot
1283[1]-001 2 -
1283[1]-002 206 +++
1283[1]-003 1 -
1283[1]-004 Y +++
128311003 1 -
1283[1]-006 104 +++
1283[1]-007 212 ++
1283[1]-008 114 ]
1283[1]-009 305 +
1283[1]-010 2 -
1283[1]-011 4 -
1283[1]-012 200y +++
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TABLE 22-continued

AAD-1 Event ID Expression Western
MNumber Level (ppm} Blot
1253[1]-013 134 -+
1283[1]-014 4 -
1283[1]-015% 194 +H+
1253[1]-016 4 -
1283[1]-017 195 +H+
1283[1]-018 3 -
1253[1]-01% 175 +
1283[1]-020 260 +H
1253[1]-021 144 -+
1253[1]-022 1440 -+
1283[1]-023 191 +H+
1253[1]-024 392 -+
1283[1]-023 368 +H
1283[1]-026 14 -
1253[1]-027 1006 -+
Meg Control 3 -
Meg Control 3 -
Standad (0.5 ug/mL) -+
Standard (3 peiml ) -

7.10—Molecular Analysis: Maize Materials and Meth-
ods.

7.10.1—Tissue Harvesting DNA Isolation and Quantifi-
cation.

Fresh tissue was placed into tubes and lyophilized at 4° C.
for 2 days. After the tissue was fully dried, a tungsten bead
(Valenite) was placed in the tube and the samples were
subjected to 1 mimute of dry grinding using a Kelco bead
mill. The standard DNeasy DNA isolation procedure was
then followed (Qiagen, DNeasy 69109). An aliquot of the
extracted DNA was then stained with Pico Green {Molecular
Probes P7589) and read in the fluorometer (BioTek) with
known standards to obtain the concentration in ng/ul.

7.10.2—Invader Assay Analysis.

The DNA samples are diluted to 20 ng/ul then denatured
by incubation in a thermocycler at 95° C. for 10 minutes.
Signal Probe mix was then prepared using the provided
oligo mix and MgCl, (Tlurd Wave Technologies). An aliquot
of 7.5 pl was placed in each well of the Invader assay plate
followed by an aliquot of 7.5 pl of controls, standards, and
20 ng/l diluted vnknown samples. Each well was overlaid
with 15 pl of mineral oil (Sigma). The plates are then
incubated at 63° C. for 1 hour and read on the floorometer
{Biotek). Calculation of % signal over background for the
target probe divided by the % signal over background
internal control probe will calculate the ratio. The ratio of
known copy standards developed and validated with South-
ern blot analysis was used to identify the estimated copy of
the unknown events.

7.10.3—Polymerase Chain Reaction.

A total of 100 ng of total DNA was used as the template.
20 mM of each primer was used with the Takara Ex Tag PCR
Polymerase kit (Mirus TAKRRO01A). Primers for the
AAD-1
CTGTTAAACGCC) (SEQ ID N:25) and (Reverse—CT-
CAAGCATATGAATGACCT CGA) (S8EQ ID NO:26). The
PCR reaction was carried out in the 9700 Geneamp ther-
mocycler {(Applied Biosystems), by subjecting the samples
to 94° C. for 3 minutes and 33 cycles of 94° C. for 30
seconds, 63° C. for 30 seconds, and 72° C. for 1 minute and
45 seconds followed by 72° C. for 10 minutes. Primers for
Coding Region PCR AAD-1 (v3) were (Forward—
ATGGCTCATGCTGCCCTCAGCC) (SEQ ID NO:27) and
{Reverse—CGGGC AGGCCTAACTCCACCAA)Y (SEQ ID
NO:28). The PCR reaction was cartied out in the 9700
Geneamp thermocycler {Applied Biosystems), by subjecting

(v3) PTU were (Forward—ATAATGCCAGC :
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the samples to 94° C. for 3 minutes and 35 cycles of 94° C.
for 30 seconds, 65° C. for 30 seconds, and 72° C. for |
minute and 45 seconds followed by 72° C. for 10 minutes.
PCR products were analyzed by electrophioresis on a 1%
agarose gel stained with EtBr.

7.10.4—S8outhern Blot Analysis.

Southern blot analysis was performed with total DNA
obtained from Qiagen DNeasy kit. A total of 2 pg of DNA
was subjected to an overnight digestion of Afl IT and also
EcoRV for pDAB3404, Ncol for pDAB3403, and Spel for
pDAB142]1 to obtain integration data. After the overmight
digestion an aliquot of ~100 ng was run on a 1% gel to
ensure complete digestion. After this assurance the samples
were run on a large 0.85 agarose gel overnight at 40 volts.
The gel was then denatured in 0.2 M NaOH, 0.6 M NaCl for
30 minutes. The gel was then neutralized i 0.5 M Tris HC,
1.5 M NaCl pH of 7.5 for 30 minutes. A gel apparatus
containing 20xS3C was then set up to obtain a gravity gel
to nylon membrane (Millipore INYCO0010) transfer over-
night. After the overnight transfer the membrane was then
subjected to UV light via a crosslinker (Stratagene UV
stratalinker 18009 at 1200x100 microjoules. The membrane
was then washed in 0.1% SDS, 0.1 SSC for 45 minutes.
After the 45 minute wash, the membrane was baked for 3
hours at 80° C. and then stored at 4° C. until hybridization.
The hybridization template fragment was prepared vsing the
above coding region PCR using plasmid pDAB3404. The
product was run on a 1% agarose gel and excised and then
gel extracted using the Qiagen (28706) gel extraction pro-
cedure. The membrane was then subjected to a pre-hybrid-
ization at 60° C. step for 1 hour in Perfect Hyb buffer (Sigma
H7033). The Prime it RmT dCTP-labeling rxn (Stratagene
300392) procedure was used to develop the p32 based probe
(Perkin Elmer). The probe was cleaned up using the Probe
Quant. G50 columns {Amersham 27-5335-01). Two million
counts CPM were used to hybridize the southern blots
overnight. After the overnight hybridization the blots were
then subjected to two 20 minute washes at 65° C. in 0.1%
SDE, 0.1 SSC. The blots were then exposed to film over-
night, incubating at -80° C.

Example 8

In Vivo Tolerance and Field Tolerance Data
Generated from PAT-Selected (pDAB3404) AAD-1
{v3) Events

8. 1—Toletance of T;, Corn Plants to AQPP Herbicides.

If more than 15 clone plants per event were successfully
regenerated, then extra plants were transferred to the green-
house for preliminary tolerance screening with postemer-
gence-applied AOPP herbicides on T, cotn plants. Green-
house-acclimated plants were allowed to grow until 2-4 new,
normal looking leaves had emerged from the whorl (i.e.,
plants had transitioned from tissue culture to greenhouse
growing conditions). Plants were grown at 27° C. under 16
hour light: 8 hour dark conditions in the greenhouse. Plants
were then treated with commercial formulations of one of
three AOPP herbicides: Assure® II {DuPont), Clincher*
(Dow AgroSciences), or Gallant Super* (Dow AgroSci-
ences) for quizalofop, cyhalofop, or haloxyfop, respectively.
Herbicide applications were made with a track sprayer at a
spray volume of 187 L/ha, 50-cm spray height, and all
sprays contained 1% v/v Agridex crop oil concentrate adju-
vant. The number of clones of each event varied from week
to week due to the rate of regeneration and acclimation of
each event. Overall, an attempt was made to treat represen-
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tative clones of each event with a range of herbicide doses
ranging from 1= lethal dose {(~V5x field dose) up to 8x field
doses (64x lethal dose). A lethal dose is defined as the rate
that causes »93% injury to the Hi-II inbred. Hi-II is the
genetic background of the transformants of the present
invention,

AOPP’s are generally very potent comn-killing herbicides.
Three to four leaf Hi-1I corn grown from seed is effectively

88

FIG. 14 shows the responses of several AAD-1 (v3)-
transformed and non-transformed event clones to lethal
doses of two AOPP herbicides (haloxyfop and quizalofop)
applied 1 week prior.

Table 23 shows data for the responses of selected AAD-1
{(v3)-transformed T, corn events to three AOQPP herbicides
applied postemergence.

TABLE 23

Selected AAD-1 (vi)-transtormed TO corn events response to three AOPP herbicides

aylied postemergence.

Haloxytop® Cyhalofop*®  Cuizalofop*** g % Injwry
Constriwt Event Clone 2 ae'ha 2 ae'ha ae'ha 14 DAT
3404 oo 0ls B8 ]
3404 ool 01% 62.5 a
3404 oo 017 %4 ]
3404 ool 019 5.5 30
3404 ool 020 35 a
3404 017 018 33 ]
3404 a17 o 01w 35 a
3404 a17  0Xo 70 ]
3404 a17 0l 70 ]
3404 o17 022 140 a
3404 a17 023 140 30
3404 a17 024 250 30
3404 a17 025 250 o]
3404 0:r 014 B8 ]
3404 022 020 17.5 a
3404 022 016 17.5 a
3404 0:r 0x4 G5 ]
3404 022 01% 125 a
3404 0:r 0 %4 ]
3404 0 07 17.5 ]
3404 02z 022 35 a
3404 0:r 023 70 ]
3404 a3z 012 35 a
3404 033 013 T a
3404 033 014 70 ]
3404 a3z 015 140 a
3404 033 0ls 250 ]
3404 038 0ls B8 ]
3404 3% 01 62.5 a
3404 038 017 %4 ]
3404 a3 019 35 ]
3404 038 020 35 o]
3404 03 02 70 B0
3404 a3 022 T o]
{lethal dose = (lethal dose = {lethal dose =
8.8 o aetha) 62.5 g ae'ha) 4.4 g ae’ha)

*Gallant supﬂ" + 1% COC (viv)
o+Clncher® # 1% COC (viv)

e neanre [1 4+ 1% OO0 (viv)
*Trademark of Dow Agrodciences, LLC

killed {>95% injury) with 8.8, 62.5, and 4.4 g ae/ha of
haloxyfop, cyhalofop, and quizalofop. respectively. Each
AAD-1 (v3)-transformed line tested survived a mimmally
lethal dose of each AOPP herbicide tested. In fact, most lines

tested survived with no visible jury (14 DAT) even when -~

treated with an 8x field dose (64 lethal dose) of quizalofop.
Several individual clones from events “017" and “038.
however, did incur significant injury at elevated rates. This
could be a function of lower gene expression due to how or
where the gene was inserted.

The high level of AOPP tolerance was demonstrated in
most events, even when applications were made to plants
just coming out of tissue culture (T, stage). Significantly,
this tolerance was shown for all three AOPP herbicides and
likely will extend to all AOPP herbicides as previously
shown for AAD-1 in vitro.

50

60

65

8.2—Field Tolerance of pDAB3404 T, Com Plants to
Quizalofop 2.4-D, and Glufosinate Herbicides.

Two field trials were established at field stations in Hawaii
and Indiana. Com seed from inbred T, plants were utilized
to evaluate sixteen AADI event lines for tolerance against
quizalofop and 2.4-D. Three non-transformed hybrids were
mncluded for comparison purposes. The hybrid Hi-Ilx
5XH571 1s of the same parentage as the AAD-1 (v3) event
lines. The hybrid Croplan 5835SR is a sethoxydim resistant
line.

The experimental design was a split-plot with four repli-
cations. The main plot was hetbicide treatment and the
sub-plot was AAD-1 (v3) event or comparison hiybrid. Plots
were one row by 3.7 meters with approximately twenty-five
seeds planted in each row. For AAD1 events, seeds from a
different lineage within the event were planted mn each
replicate.
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Glufosinate at 560 g a/ha was applied to AAD-1 (v3)
plots at the V2 stage to eliminate non-transtormed plants.
Experimental treatments included commercial formulations
of quizalofop applied at 70 and 140 g ae/ha, 2,4-D (dim-
ethylamine salt) at 560 and 1120 g ae/ha, and an untreated
control. Treatments were applied using backpack broadcast
boom equipment delivering 187 L/ha carrier volume at
130-200 kpa pressure. Quizalofop treatments were applied
at the V3-V4 corn stage and 2.4-D treatments were applied
at the V5-V6 stage.

Quizalofop treated plots were visually assessed for crop
injury at one and three weeks after application {WAA) using
a 0-100% scale, where 0 equals no injury and 100 equals
complete death. 2.4-D treated plots were visually assessed
for plant leaning at 2 days after application (DAA) using
0-100% scale where ( equals no leaning from any plant and
100 equals all plants prone. Additionally, 2.4-D plots were
visually assessed at 3-4 WAA for brace root deformation
using a 0-10 scale.

8.2.1—Results.

AAD-1 (v3) event response to the highest rates tested of
quizalofop and 2,4-D are shown in Table 24. These rates
represent approximately twice the normal commercial use
rates. Non-transformed hybrids were severely injured (80-
100%%) by quizalofop at 70 g ae'ha including the sethoxydim
resistant line, although it displayed slightly better tolerance
than the other two hybrids. All AAD-1 (v3) events except
one lineage of event 3404.001 displayed excellent tolerance
to quizalofop at 70 g ae/ha. No visible symptoms were
observed on the AAD-1 {v3) events except with the events
noted above.

TABLE 24

3

30

%0

2.4-D at the 1120 g ae/ha rate caused significant levels
(11-33%) of epinastic leaning in the non-transformed
hybrids, a normal response when applied beyond the V4
growth stage. Little or no leaning was observed with all
AAD-1 (v3) events except one lineage of 3404.001 (Indiana
location only) where moderate levels (5-13%) of leaming
occurred.

Brace roots of non-transformed hybrids were severely
deformed (rating of 9 on a 0-10 scale) by 2,4-D at the 1120
g ae/ha rate. Again, this 13 a normal response to 2,4-D
applied beyond the V4 growth stage. As with the leaming
response, little or no brace root injury was observed with all
AAD-1 (¥3) events except one lineage of 3404 .001.

Similar trends occurred with lower tested rates of quizalo-
fop and 2,4-D although at reduced but still significant
response levels in the non-transformed hybrids (data not
shown).

These results indicate that most AAD-1 {v3) transtormed
event lines displayed a high level of resistance to quizalofop
and 2,4-D at rates that were lethal or caused severe epinastic
malformations to non-transformed comn liybrids. See also
FIG. 16.

8.2 2—Expected Mendelian Segregation Ratios on Three
T, Events.

Plants from individual lineages of each event were ran-
domly self-pollinated in the field. T, seed were hand har-
vested at physiological maturity. Based on single gene copy
number (see Table 24 above) and overall performance in T,
generation (segregation, hetbicide tolerance, and vigor),
three events (022, 031, and 074) were chosen for further
evaluation in the field. Breeding rows of each event were

Treatment {rate) =

24D Resistance
amine 24-D amine Sepregation Ratios
Quizalofop (1120 g (1120 g following Liberty
140 g as'ha) ae‘ha) ae'ha) Analysis Results Spray
Evaluation =
Yo AAD-]
% Injury 3 Leaning Braceroot copy
WA 2 DAA Dreformation number  AAD-1 AAD-1 T,
(0-100 {0-100 34 Was leaf Leaf Leaf T, Population  Population

Event or scale} scale] {0-10 scale) {(Southern Western ELISA Average Average
Hybrid IN HI N HI N HI analysis)  Blot T, Ty IN HI HI
340,001 25 25 i 5 1 2 3 et e A0%% 47% X
3404.006 ] 1] 1] ] 1] 1] 1 + +H+ 3% 6% X
3404.013 ] 1] 1] ] 1] 1] 1 +H+ 53% 8% X
3404.017 a i 1 a i i 2 += -+ 45% 47% X
3404.010) ] 1] 1] ] 1] 1] 2 + +H+ 0% 1% X
3404.022 ] 1] 1 ] 1] 1] 1 +H 1% 1% Tt
3404025 a i i a i i 2 et e 55% 59% X
3404.027 ] 1] 3 ] 1] 1] 3 +H 1% 0% X
340,031 a i 1 a i i 1 -+ e 47% 43% 6%
340,033 a i i a i 0 2ord + 52% 45% X
3404.036 ] 1] 1] ] 1] 1] 4 + +H+ 2% 48% X
3404044 a i 1 a i 1 1 +i= 50%% 48%% X
3404.030 ] 1] 1] 1 1] 1 2 nd nd 8% 8% X
3404.053 ] 1] 1 ] 1] 1] 2 +H+ +H+ 48%% 6% X
340,074 a i i a i i 1 -+ -+ 53% 52% T3
3404.082 ] 1] 1] ] 1] 1 3 nd nd 8% 6% X
D493 g 1o 20 23 5§ o
HI-II X
3XHAT o 1o 13 34 7 o
CROPLAN
SR55R B0 95 11 33 o o

*Fits single Jocus domninant trait segregation as detennined by chi square analysis (P = 0.05)
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planted using a precision cone planter each consisting of
2500-3000 seeds. At the V2 growth stage, all AAD-1 (v3)
lines were sprayed with 140 g ae/ha quizalofop {Assure® II)
vsing a backpack sprayer as previously described. This rate
rapidly killed all “null” (uatransformed) segregants. Each
event had a segregation ratio consistent with Mendelian
inheritance of a single locus, domnant gene (3 resistant:1
sensitive, or 75% survival) {(see Table 24). Homozygotes and
hemizygotes from event 74 were identified by zygosity
testing (refer to AAD-1 (v3) Invader assay description for
corn). Hemizygous plants were removed and homozygous
AAD-1 (v3) plants were crossed with BE1146 corn nbred
introgressed and homozygous for glyphosate resistance trait,
NK&03, creating a homogeneous F, hiybrid seed that is
hemizygous for glyphosate resistance, AAD-1 (¥3), and
glufosinate resistance.

8.3—Stacking of AAD-1 (v3) and PAT with Glyphosate
Resistance Genes in Corn.

Homozygous T, AAD-1 (v3)/PAT corn plants were
crossed with glyphosate resistant corn plants producing F,
seed containing AAD-1 {v3), PAT, and glyphosate resistance
genes as described in the previous example.

F, seeds were planted ndividually into 3-inch pots pre-
pared with Metro-MixE 360 growing medium (Sun Gro
Horticulture). The pots were initially subirrigated with
Hoagland’s solution until wet, then allowed to gravity drain,
and grown at 27° C. under 16 hour light:8 hour dark
conditions 1 the greenhouse. For the remainder of the study
the plants were subirrigated with deionized water.

Plants were allowed to grow until 2-4 leaves had emerged
from the whorl. At this point herbicide applications were
made with a track sprayer at a spray volume of 187 L/ha,
50-cm spray height. The plants were sprayed with rates of
24-D DMA, glyphosate, glufosinate, and various combina-
tions of the three. All applications were formulated in 200
mM Hepes buffer (pH 7.5). In spray applications where
glufosinate was present the treatment was formulated with
the addition of 2% w/v ammeonium sulfate.

At 3 and 14 days after treatment (DAT) plants were
evaluated. Plants were assigned injury rating with respect to
stunting, chlorosis, and necrosis. Plants assigned an jury
rating of 90% or above are considered dead. Results of the
study at 14 DAT can be seen 1 Table 25.

TABLE 25
% Injury at 14 DAT
HillX

Field SXH751  RR/PAT/AAD]

Rate Ave Ave
Untreated wontrol — 0 0
240 g aetha glyphosate 1X o8 a
1680 g ae'ha glyphosate 2X 100 0
3360 g aetha glyphosate 4x 106 a
560 g aefha 2,4-D DMA 1X 10 a
1120 g aedha 2.4-D DA e 14 ]
2240 g aetha 2.4-D DMA 4x 28 a
470 g aetha glufosinate 1X 50 a
940 & ae'ha glufosinate 2X 490 3
1850 g aetha glutosinate 4x o6 15
840 & ae'ha glyphosate + 1X + 11X 96 1
560 g acha 2.4-D DA
1650 g aetha glyphosate + 2X +2X 100 2
1120 g ae/ha 2.4-D DMA
3360 g aetha glyphosate + A4X + 4% 100 1
2240 g aetha 2.4-D DMA
470 & ae'ha glufosinate + 1X + 11X 59 5

560 g aefha 2,4-D DMA
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TABLE 25-continued

% Injwry at 14 DAT

HIIIX

Field SXHT51 RE/PAT/AADI]

Rate Aye Ave
240 g aetha glutosinate + X +2X 91 10
1120 g ae'ha 24D DMA
1880 g ae/ha glhufosinate + 4X + 4% a7 13
2240 g aeha 2.4-D DMA
540 o ae'ha plyphosate + 1X +1X Q0 3
470 g aetha glutosinate
1680 g aesha glyphosate + 2X + XX 98 15
940 ¢ aeha elufosinate
3360 g aeha glyphosate + 4X + 4X 100 15

1880 5 ae/ha glufosinate

This study demonstrated that the AAD-1 (v3) gene in com
can be stacked with a glyphosate resistance gene and a
glufosinate resistance gene to provide robust field-level
tolerance to 2,4-D, glyphosate, and glufosinate alone or in
tank mix combinations.

83 1—Resistance of AAD-1 (v3) Corn Using a Tank Mix
of 2,4-D DMA and Quizalofop.

T,BC, seeds of hemizygous event number 3404-
025001 R/R0O01 Bulked.001.8058 were planted individually
mto 3-inch pots prepared with Metro-Mix® 360 growing
medium. The pots were itially sub-wrigated with
Hoagland’s solution until wet, then allowed to gravity drain,
and grown at 27° C. under 16 hour light:8 hour dark
conditions in the greenhouse. For the remainder of the study
the plants were sub-itrigated with de-ionized water.

Plants were allowed to grow until V1 stage in the green-
house. At this point the plants were selected with 560 g ae'ha
Assure® II with the addition of 1% Agridex crop oil
concentrate in 200 mM Hepes bufter with the research track
sprayer set at 187 L/ha. Plants were allowed 4 days to show
symptoms of the selection. All plants were uninjured. Her-
bicide applications were made with a track sprayer at a spray
volume of 187 L/ha, 18-in spray height. All applications
were formulated in 200 mM Hepes buffer (pH 7.5) with the
addition of 1% viv Agridex.

At 3 and 14 days after treatment (DAT) plants were
evaluated. Plants were assigned injury rating with respect to
stunting, chlorosis, and necrosis. Plants assigned an injury
rating of 90% or above are considered dead. Plants from this
particular lineage had 0% wmjury at 14 DAT for all tank
mixed combinations, while the wild-type had 100% njury.
These results indicate AAD-1 {¥3) not only provides robust
field level resistance to 2,4-D and quizalofop individually,
but also to exaggerated rates of multiple combinations of the
two chemistries. One could logically expect to implement
novel weed control measures with combinations of phenoxy
auxins and AQPP graminicides in corn (or other crops
transformed with AAD-1) not previously enabled by a single
gene HTC.

832 Toletance of (pDAB3403) T, Corn Plants to
Quizalofop Herbicide.

Atarget of approximately eight T, plant clones from each
of 17 events were regenerated and transferred to the green-
house for preliminary tolerance screening with postemer-
gence-applied discriminating rate of quizalofop herbicide
applied by track sprayer at 35 g ae/ha (1x field rate, 4x lethal
dose) to 3-leaf, greenhouse-adapted T, com plants vsing
track sprayer conditions previously described. Plants were
rated as Resistant or Sensitive 7 days after treatment. Con-
trol, non-transgenic corn was included with each spray
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application. Two events, Event 014 and 047, had two or
more T, clones sensitive to 35 g ae/ha quizalofop, indicating
an unexpected level of sensitivity tor this event. The 15 other
events showed stable integration, protein expression, and the
ability to tolerate a 4 lethal dose of quizalofop at the whole
plant level.

8.3.3 Expression of AAD-1 (v3) with Respect to Quizalo-
fop Tolerance.

Three different T2 lineages from 3404 transformations
that were pre-screened with Liberty® (as described previ-
ously) to remove mills were chosen to compare their toler-
ance to quizalofop with respect to their AAD-1 (v3) expres-
sion. Expression was measured at 14 DAT (data not shown)
and at 30 DAT (see FIG. 15.). The highest tolerance line,
event 3404-074, always expressed with a higher amount of
AAD-1 (v3) than the other two events at 1x and higher field
rates. This data concludes that corn expressing AAD-1 (v3)
can be protected from quizalofop njury at the highest level
tested (2,240 g/ha), which 15 16 times the 1x field dose of 35
g/ha. In addition, the expression level was consistent
throughout the period of the experiment.

Exaniple 9

Agrobacterium-Mediated Transformation of Maize
with AAD-1 (v3)

9.1—Plant Material.

Seeds of a “High II" (i.e., Parent A and B) F, cross
{Armstrong et al., 1991} are planted directly into 5 gallon-
pots containing 95:5 Metro-MixE 360. Mineral soil. The
plants are grown n the greenhouse with a 16 hour photo-
petiod supplemented by a combination of high pressure
sodium and metal halide lamps.

9.2—Tissue Source.

For obtaining immature Hi-II {F2) embryos, controlled
sib-pollinations were performed. On the day of pollination,
actively shedding tassels are bagged, and fresh pollen 1s
collected and applied carefully onto the silks. Immature
embryos were isolated as described in Example 7.2.

9.3—Preparation of a Superbinary Vector.

Construction of an Agrobacterivm construct, pDAB2272,
containing the AAD-1 (v3) gene in combination with the
AHAS selectable marker gene was accomplished by isolat-
ing the 3443 base pair Notl fragment from pDAB3404
contamning ZmUbil v2/AAD-1 (v3)/ZmPer5 v2 and nsert-
ing it into the Notl site of pDAB8549. The resulting plasmid
contains the ZmUbil v2/AAD-1 (v3)/ZmPer5 v2 and the

OsAct] v2/AHAS v3/ZmLip v1 cassettes flanked by non- :

identical MAR regions in the direct orientation. This was
subsequently transformed into LBA4404/pSB1 to create the
supetbinary vector, which was named pDAB3602 but was
also referred to as pDASI1421.

9.4—Bacterial Supply.

All transformations use the “Super Binary™ vector from
Japan Tobacco described in US. Pat. No. 5591616
(*“Method for Transforming Monocotyledons™). To prepare
the Agrobacterium suspension for treatment, 1-2 loops of
pDAS1421 recombinant bacteria from a YP streak plate was
put into 5 ml of LS-inf. Mod medium (LS Basal Medium
(Linsmaier and Skoog, 1965), N6 vitamins, 1.5 mg/l. 2.4-D,
68.5 g/ sucrose, 36.0 g/L glucose, 6 mM L-proline, pH 5.2).
The mixture was vortexed until a uniform suspension was
achieved. The bacterial concentration was taken using a
Klett-Summerson Photoelectric Colorimeter by reading the
density of the solution. The solution was adjusted to a
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concentration of Klett 200 (~1x10° cfivml) and 100 pM
actetosyringone added to the solution.

9.5—Infection and Cocultivation.

The immature embryos are isolated directly into a micro-
fuge tube contamning 2 ml LS-inf. Mod liquid medium. Each
tube, containing ~100 embryos, is vortexed for 3-5 sec. The
medium 18 removed and replaced with fresh liquid medmm
and the vortex is repeated. The liquid medium is again
removed and this time replaced with an Agrobacterium
solution at the Klett 200 concentration. The dgrobacterium
and embryo mixture is vortexed for 30 sec. Following a 5
minute incubation at room temperature, the embryos were
transferred to LE-As Mod medium (LS Basal Medium, N6
vitamins, 1.5 mg/L. 2,4-D, 30.0 g/L sucrose, 6 mM L-proline,
035 mg/L. AgNO,1, 100 uM actetosyringone, 3.0 g/l
Gelrite, pH 5.8) for a 5-day co-cultivation at 25° C.

9.6—Dose Response Using Immature Embryos.

Dose response studies were initiated using immature
embryos treated with Agrobacterium strain LBA4404 lack-
ing a plasmid as described previously. Once treated,
embryos were allowed to co-cultivate for 5 days at 25° C.
and were then transferred to selection media contaiming
various levels of R-haloxyfop or R-cyhalofop. Embryos
were also transferred to media containing 1 mg/L bialaplios
and 100 nM imazethapyr as negative controls. Embryos
were scored for % embryogenic callus formation after 2
weeks, and then again after 4 weeks. Embryos were tested
on R-haloxyfop levels up to 30 nM; however, insufficient
reduction of callus formation was seen at the highest levels,
so higher concentrations (50-100 nM) were wsed during
transformation experiments. Data from embryos grown on
cyhalofop-containing media is shown i FIG. 17.

9.7—Selection.

After co-cultivation, the embryos were moved through a
2-step selection scheme after which transformed isolates
were obtained. For selection, LSD Mod medivm (LS Basal
Medium, Né vitamins, 1.5 mg/T 2,4-D, 0.5 g/I. MES, 30.0
/L sucrose, 6 mM L-proline, 1.0 mg/T. AgNO,, 250 mg/l
cephotaxime, 2.5 g/L. Gelrite, pH 5.7) was used along with
one of two selection levels of either haloxyfop, cyhalotop, or
imazethapyr. Throughout the selection phase, the embryos
are cultured in the dark at 28° C. The embryos were first
transferred to an initial level of selection (50-100 oM
R-haloxyfop or 300 nM R-cyhalofop) for 14 days, then
moved up to a higher selection level {250-500 nM R-ha-
loxyfop acid or 1.5 pM cyhalofop) at a rate of 5 embryos/
plate. A subset of embryos were similarly stepped-up from
100 to 500 nM imazethapyr from PursuitE DG as a positive
control. Pursuit® is vsed as the chemical selection agent
when the AHAS gene is used, based on 1L.S. Pat. No.
5,731,180. Tissue was transferred at biweekly intervals on
the sanie medium until embryogenic colomes were obtained.
These colonies were maintained on the high selection pres-
sure for the remainder of the culture period. The recovered
transgenic colomes were bulked up by transferring to fresh
selection medium at 2-week intervals for regeneration and
further analysis.

9.8.—Regeneration and Seed Production.

For regeneration, the cultures are transferred to 28 “induc-
tion” medium and 36 “regeneration™ medium as described
previously containing either 100 nM R-haloxyfop or 1.5 pM
cyhalofop for differentiation of plantlets. When plantlets
were established, they were transferred to SHGA tubes to
allow for further growth and development of the shoot and
roots as described previously. Controlled pollinations for
seed production were conducted as described previously.
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9.9—Event Recovery and Analysiz Particulars; Whole
Plant Screening of T, Corn Lineages Containing AAD-1
(v3) and AHAS (pDAS1421).

Seventy-two dgrobacterium-transtormed events were
selected on various levels of R-haloxyfop acid and R-cyha-
lofop acid in witro. Twenty-two callus samples were ana-
lyzed by Southern blot analysis for stable integration of
AAD-1 (¥3) into the genome as described previously. Ten
single copy events, as indicated in Table 26, were chosen to
be regenerated.

96

Example 11

Recombinant AAD1 Purification and Antibody
Production

Plasmid pDAB3203 containing the AAD-1 (v1) gene was
maintained frozen at -80° C. in TOP10F' cells {Invitrogen}
as Dow Recombinant strain DR1878. For expression, plas-
mid DNA purified from TOP10F' cell culture using Pro-
mega’s Wizard Kit (Fisher cat. #PR-A1460) was trans-

TABLE 26
Southern

In vitro Copy #  Westem Blot Assezsment of T, lineages

Selection agent teallus}  (AAD-1) T, resistant to 33 o aetha guizalofop
Corn event {nM} AAD-] Callus Resistant Sensitive
1421[21}-016 50 Haloxyfop 1 + g 0
1421[22]-020 100 Haloxytop 1 ++ 8 0
1421[22}-022 100 Haloxyfop 1 + g 0
1421[22]-023 100 Haloxytop 1 ++ 8 0
1421[3]-036 100 Haloxy fop 1 ++ 8 0
1421[4]-031 300 Cyhalofop 1 ++ 9 0
1421[4]-032 300 Cyhalofop 1 ++ 8 0
1421[4]-033 300 Cyhalofop 1 ++ 12 0
1421[4)-034 300 Cyhalofop 1 ++ g 0
1421[4]-035 300 Cyhalofop 1 ++ o 0

Events with more than 1 copy were not taken to the greenhouse

A minimum six regenerated clonal lineages per event
were moved to soil in the greenhouse and screened using a
track sprayer as previously described to apply 35 g ae/ha
quizalofop when 2-4 new, normal leaves had emerged (see
section 8.3.3). Presence of AAD-1 protein on a Western blot
correlated perfectly with herbicide resistance in the T,
generation regardless of which AOPP herbicide was used for
selection. There is no negative impact of the second HTC
gene (AHAS) on the function of the AAD-1 (v3).

Example 10

Purification of AAD-1 (v1) for Antibody Creation
and Biocliemical Characterization

All operations during purification were carried out at 4° C.
Frozen or fresh E. coli cells from approximately 1 L culture,
grown and induced as in Example 3, were re-suspended in
200 ml of extraction buffer containing 20 mM Tris-HCI, 1
mM EDTA, and 2 ml of Protease Inhibitor Cocktail (Sigma),
and disrupted by ultrasonication treatment on ice using a
Branson sonifier. The soluble extract was obtained by cen-
trifugation in a GSA rotor (Sorvall) at 12,000 rpm (24,000
g) for 20 minutes. The supernatant was then loaded onto a
Mono QQ ion exchange column (Pharmacia HR 10/10) equili-
brated with 20 mM Tris-HCL, 1 mM EDTA, pH 8.0, and the
column was washed with same buffer for 10 CV (80 ml). The
protein wag eluted with 80 ml of a 0 to 0.25 M NaCl linear
gradient in column buffer, while 2 ml fractions were col-
lected. The fractions containing AAD-1 (v1) were pooled
and concentrated using MWCO 30 kDa membrane centritu-
gation spin columns (Millipore). The sample was then
further separated on a Superdex 200 size exclusion column
{Pharmacia, XK 16/60) with buffer containing 20 mM
Tris-HCL, (.15 M NaCl, and 1 mM DTT, pH 8.0 at a flow
rate of 1 MI/min. Purification procedures were analyzed by
SDS-PAGE, and protein concentration was determined by
Bradford assay using bovine serum albumin as standard.
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formed into BL-21 Star (DE3) cells (Invitrogen cat.
B#C6010-03) following manufacturer’s protocol. After trans-
formation, 50 pl of the cells were plated onto LB S/8 agar
plates, and incubated overnight at 37° C. All colonies from
the entire agar plate were scraped into 100 mL LB in a 500
mL tribaftled tlask and incubated at 37° C. with 200 rpm
shaking for | hr. Gene expression was then induced with 1
mM IPTG, and mcubated for 4 hrs at 30° C. with 200 rpm
shaking. All 100 mL of culture was centrifuged at 4000 rpm
for 20 min. The supernatant were then discarded, and the
pellets were resuspended in 200 mL of extraction containing
20 mM Tris-HCI (pH 8.0), | mM EDTA, and 2 mL of
Protease Inhibitor Cocktail (Sigma), and disrupted by ultra-
sonication treatment on ice using a Branson sonifier. The
lysate was centrifuged at 24,000xg for 20 min to remove cell
debris. The supernatant containing the AAD-1 protein was
then subjected to purification protocol.

All AAD-1 (v]) purifications were conducted at 4° C. as
discussed i Example 10, unless otherwise stated. The cell
lysate was loaded onto a Mono (Q ion exchange column
{Pharmacia Cat. #HR 10:10) equilibrated with 20 mM
Tris-HC1 (pH 8.0) 1 mM EDTA, followed by 80 mL of
washing with the same buffer. The proteins were eluted with
80 mL of a 0 to 0.25 M NaCl linear gradient in colunn
buffer, while 2 mL fractions were collected. The fractions
containing AAD-1 were pooled and concentrated using
MWCO 30 kDa membrane centrifugation spin columns
(Millipore). The sample was then further separated on a
Superdex 200 size exclusion column (Pharmacia, XK 16/60)
with buffer containing 20 mM Tris-HC] (pH 8.00, (.15 M
NaCl and 1 mM DTT. Protein concentration was determined
by Bradford assay using bovine serum albumin as standard.

Five mulligtams purified AAD-1 (v1) was delivered to
Zymed Laboratories, Inc. (South San Francisco, Calif.) for
rabbit polyclonal antibody production. The rabbit received 5
injections in the period of 5 weeks with each injection
containing 0.5 mg of the purified protein suspended in 1 mL
of Incomplete Freund’s Adjuvant. Sera wete tested in both
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ELISA and Western blotting experiments to confirm speci-

ficity and affinity before affinity purification and horseradish

peroxidase (HRP) conjugation {Zymed Lab Inc).
11.1—Extracting AAD-1 {v3) from Plant Leaves.

Approximately 50 to 100 mg of leaf tissue was cut into
small pieces and put into microfuge tubes containing 2
stainless steel beads (4.5 mm; Daisy Co., cat. #145462-000)
and 300 pL plant extraction buffer (PBS containing 0.1%
Triton X-100 and 10 mM DTT). The tubes were shaken for
4 min with a bead beater at maximum speed followed by
centrifugation for 10 min at 5,000xg. The supernatant con-
taining the plant soluble proteins were analyzed for both
total soluble protein (TSP) and AAD-1 (v3) concentrations.

11.2—Bradford Assay.

Total soluble protein concentration from plant leaf tissues
were determined by Bradford assay using bovine serum
albumin (BSA) as standard. Five mucro-liter of serially
diluted BSA in PBS or plant extract was transferred to
96-well microtiter plate in triplicates. For standards, con-
centrations were ranged from 2000 to 15.6 pg/mL. The
protein assay concentrate was first diluted 5 fold in PBS and
250 uL was added to each well and incubated at room temp
for 5 min. Each optical density (OD) was measured at 595
nm using a microplate reader. The protein concentration of
each sample was extrapolated from standard curve using the
Softmax® Pro (ver. 4.00 (Molecular Devices).

11.3—Enzyme Linked Immuno-Sorbent Assay (ELISA).

The assay was conducted at room temperature unless
otherwise stated. One hundred micro-liter of purified anti-
AAD-1 antibody (0.5 pg/ml.) was coated on 96-well micro-
titer well and incubated at 4° C. for 16 hours. The plate was
washed four times with washing buffer (100 mM phosphate
huffered saline (PBS. pH 7.4) containing 0.05% Tween 20)
using a plate washer, followed by blocking with 4% skim
milk dissolved mn PBS for 1 hour. After washing, 100 pL
standard AAD-1 of known concentrations or plant extract
{see previous section) was incubated in the wells. For
standard curve, puritied AAD-1 concentrations ranged from
100 to 1.6 ng/mL in triplicates. Plant extracts were diluted
5, 10, 20, and 40 fold in PBS and analyzed in duplicates.
After 1 hour incubation, the plate was washed as above. One
hundred micro-liter anti-AAD-1 antibody-HRP conjugate
{0.25 ug/mL) was incubated in each well for 1 hour before
washing. One hundred micro-liter HRP substrate, 1-Step™
Ultra TMB-ELISA (Pierce), was incubated in each well for
10 minutes before the reaction was stopped by adding 100
uL 4N H,30,. The OD of each well was measured using

a microplate reader at 430 nm. To determine the concentra- :

tions of AAD-1 in plant extract, the OD value of duplicates
were averaged and extrapolated from the standard curve
using the Softmax® Pro ver. 4.0 (Molecular Devices).

For comparison, each sample was normalized with its

TSP concentration and percent expression to TSP was cal- :

culated.

11.4—Western Blotting Analysis.

Plant extracts or AAD-1 standards (5 and 0.5 pg/ml) were
incubated with Laemmli sample buffer at 95° C. for 10
minutes and electrophoretically separated in 8-16% Tris-
Glycine Precast gel. Proteins were then electro-transferred
onto nitrocellulose membrane using standard protocol. Afier
blocking in 4% skim milk in PBS, AAD-1 protein was
detected by anti-AAD] antiserum followed by goat anti-
rabbit/HRP conjugates. The detected protein was visualized
by chemiluminescence substrate ECL Western Analysis
Reagent (Amersham cat. #RPN 21058).
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Example 12

Tobacco Transformation

Tobacco transformation with Agrebacterium tumefaciens
was carried out by a method similar, but not identical, to
published methads (Horsch et al., 1988). To provide source
tissue for the transformation, tobacco seed (Nicoriana taba-
cum cv. Kentucky 160) was surface sterilized and planted on
the surface of TOB-medium, which is a hormone-free
Murasluge and Skoog medium (Murashige and Skoog,
1962) solidified with agar. Plants were grown for 6-8 weeks
in a lighted incubator room at 28-30° C. and leaves collected
stetilely for use n the transformation protocol. Pieces of
approximately one square centimeter were sterilely cut from
these leaves, excluding the midrib. Cultures of the Agro-
bacterium strains (EHA101S containing pDAB721, AAD-1
(v3)+PAT), grown overnight in a flask on a shaker set at 250
rpm at 28° C., were pelleted in a centrifuge and resuspended
in sterile Murashige & Skoog salts, and adjusted to a final
optical density of 0.5 at 600 nm. Leaf pieces were dipped in
this bacterial suspension for approximately 30 seconds, then
blotted dry on sterile paper towels and placed right side up
on TOB+ medium (Murashige and Skoog medium contain-
mng 1 mg/L indole acetic acid and 2.5 mg/L. benzyladenine)
and incubated in the dark at 28° C. Two days later the leaf
pieces were moved to TOB+ medium containing 250 mg/L
cefotaxime (Agri-Bio, North Miami, Fla) and 5 mg/L
glufosinate ammonivm (active ingredient in Basta, Bayer
Crop Sciences) and incubated at 28-30° C. in the light. Leaf
pieces were moved to fresh TOB+ medium with cefotaxime
and Basta twice per week for the first two weeks and once
per week thereafter. Four to six weeks after the leaf pieces
were treated with the bacteria, small plants arising from
transformed foci were removed from this tissue preparation
and planted into medivm TOB-containing 250 mg/L cefo-
taxime and 10 mg/L Basta in Phytatray™ II vessels (Sigma).
These plantlets were grown n a lighted incubator room.
After 3 weeks, stem cuttings were taken and re-rooted in the
same media. Plants were ready to send out to the greenhouse
after 2-3 additional weeks.

Plants were moved to the greenhouse by washing the
agar from the roots, transplanting into soil in 13.75 cm
square pots, placing the pot wto a Ziploc® bag (SC Johnson
& Son, Inc.), placing tap water into the bottom of the bag,
and placing in indirect light in a 30° C. greenlicuse for one
week. After 3-7 days, the bag was opened; the plants were
fertilized and allowed to grow in the open bag until the
plants were greenhouse-acclimated, at which time the bag
was removed. Plants were grown under ordinary warmm
greenhouse conditions (30° C., 16 hour day, 8 hour night,
minimum natural+supplemental light=500 pE/m?s'),

Prior to propagation, T, plants were sampled for DNA
analysis to determine the insert copy number. The PAT gene
which was molecularly linked to AAD-1 (v3) was assayed
for convenience. Fresh tissue was placed into tubes and
Iyophilized at 4° C. for 2 days. Afier the tissue was fully
dried, a tungsten bead (Valemite) was placed in the tube and
the samples were subjected to 1 minute of dry grinding vsing
a Kelco bead mill. The standard DNeasy DNA isolation
procedure was then followed ((hagen, DNeasy 69109). An
aliquot of the extracted DNA was then staned with Pico
Green (Molecular Probes P7589) and read in the florometer
{BioTek) with known standards to obtain the concentration
in ngful.

The DNA samples were diluted to 9 ng/pl, then denatured
by incubation in a thermocycler at 95° C. for 10 minutes.
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Signal Probe mix was then prepared using the provided
oligo mix and MgCl2 (Third Wave Technologies). An ali-
quot of 7.5 pl was placed in each well of the Invader assay
plate followed by an aliquot of 7.5 ul of controls, standards,
and 20 ng/pl diluted wonknown samples. Each well was
overlaid with 15 pl of mineral oil (Sigma). The plates were
then mcubated at 63° C. for 1.5 hours and read on the
florometer (Biotek). Calculation of % signal over back-
ground for the target probe divided by the % signal over
background internal control probe will calculate the ratio.
The ratio of known copy standards developed and validated
with southern blot analysis was used to identify the esti-
mated copy of the unknown events (Table 27).

TABLE 27

Tobaceo T events transformed
with pDABT2] (AAD-1iv3) + PAT).

Relative

PAT copy Coding ELISA (ug tolerance
number Begion FCR AAD-U'ml  TO spray with

Event (Southem}  for AAD-1  plant extract) 2.4-D *
TI{1n 1 + 0.4 hedium
212N nd nd s Medium
72122 5 + 3 Low
T3 3 + 2.6 hedium
T2UHS 5 + 4.1 Variable
T2 3 + 5 Variable
T8 3 + 0.3 High
72121 3 + n‘a High
TI{N2 3 + 4.1 hedium
TI{IN3 2 + 0.5 hedium
721204 5 + .2 High
TI{2N8 4 + 3.2 hedium
TaenT 3 + nd High
T212NE 5 + nd High
21218 =10 + nd Low
T2HHW 5 + nd Medium
T2 4 + nd High
F21(2)22 7 + nd Medium
T2 =10 + nd Variable
TI{3H003 3 + id Variable
TI(3008 2 + id High
721302 1 + nd High
T3 2 + 0.5 High
T2UHS g + 3.3 High
723 4 + 7.1 Variable
T30 2 + 1 Low
72130 3 + .6 High
72131 7 + & Low
TI1{(313 4 + 0.1 High
7213014 2 + il Medium

nd = not done
Legend: Relative tolerance * Injury at 3200 g ae/ha 2.4-D (14 DAT)

Low =30% injury
hedium H-50% injury
High <20% injiry
Vanable Hwonsistent

Copy number estimations were confirmed by Southern
Analysis on several events. Southern blot analysiz was
performed with total DNA obtained from Qiagen DNeasy
kat. A total of 2 pgs of DNA was subjected to an overnight
digest of Nsil and also HindIII for pDAB721 to obtain
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integration data. After the overnight digestion an aliquot of 6o

~100 ngs was run on a 1% gel to ensure complete digestion.
After this assurance the samples were processed using same
protocol as in Example 6 section 11.

All events were also assayed for the presence of the
AAD-1 (¥v3) gene by PCR using the same extracted DNA
samples. A total of 100 ng of total DNA was used as
template. 20 mM of each primer was used with the Takara
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Ex Taq PCR Polymerase kit (Mirus TAKRROO1A). Primers
for the Coding Region PCR AAD-1 were (RdpAcodF
ATGGCTCA TGCTGCCCTCAGCC) (SEQ ID NO:27) and
(RdpAcodR CGGGCAGGCCTAACTCCACC AA) (SEQ
ID N:28). The PCR reaction was carried out in the 9700
Geneamp thermocycler { Applied Biosystems), by subjecting
the samples to 94° C. for 3 minutes and 35 cycles of 94° C.
for 30 seconds, 64 C. for 30 seconds, and 72° C. for |
minute and 45 seconds followed by 72° C. for 10 minutes.
PCR products were analyzed by electrophoresis on a 1%
agarose gel stained with EtBr. Four to 12 clonal lineages
from each of 30 PCR positive events were regenerated and
moved to the greenhouse.

A representative plant from each of 19 events was assayed
for AAD-1 (v3) expression by ELISA methods previously
described. All events assayed showed detectable levels of
AAD-1 (v3) (Table 27). Protein expression varied across
events.

T, plants from each of the 30 events were chiallenged with
a wide range of 2,4-D sprayed on plants that were 3-4 inches
tall. Spray applications were made as previously described
using a track sprayer at a spray volume of 187 L/ha. 24-D
dimethylamine salt (Riverside Corp) was appled at 0, 50,
200, 804), or 3200 g ae/ha to representative clones from each
event mixed in deiomized water. Each treatment was repli-
cated 1-3 times. Injury ratings were recorded 3 and 14 DAT.
Every event tested was more tolerant to 2,4-D than the
untransformed control line KY160. In several events, some
mitial auxinic herbicide-related epinasty occurred at doses
of 800 g ae/ha or less. Some events were uninjured at this
rate (equivalent to 1.5x field rate). All events suffered some
level temporary avxinic damage 3 DAT when treated with
3200 g ae/ha. Some leaf bwrning also occwrred at this lugh
rate due to the acidity of the spray solution. Future trials at
high 2.4-D rates were buffered. Response of T, plants treated
with 3200 g ae'ha 2.4-D {(~6x field rate) was used to discerm
relative tolerance of each event into “low™ (>50% injury 14
DAT), “medium™ (20-50% injury), “lugh” (<20% injury).
Some events were inconsistent in response among replicates
and were deemed “variable™ (Table 27).

Verification of High 2,4-D Tolerance.

Two to four T,, individuals surviving high rates of 2,4-D
were saved from each event and allowed to self fertilize in
the greenhouse to give nise to T, seed. Two AAD-1 (v3)
tobacco lines (event 721(2)-013.010 and 721(3)-008.005)
were chosen from the T, generation. The T, seed was
stratified, and sown nto selection trays much like that of
Arabidopsis (Example 6.4), followed by selective removal
of untransformed nulls in this segregating population with
280 g aiMha glufosinate (PAT selection). Survivors were
transferred to individual 3-inch pots in the greenhouse.
These lines provided medium and high levels of robustness
to 24-D in the T, generation. Improved consistency of
response is anticipated in T, plants not having come directly
from tissue culture. These plants were compared against
wildtype KY 160 tobacco. All plants were sprayed with the
use of a track sprayer set at 187 L/ha. The plants were
sprayed from a range of 70-4480 g ac/ha 2,4-D dimethyl-
amine salt (DMA), R-Dichlorprop, and a 50/50 mix of the
two herbicides. All applications were formulated in 200 mM
Hepes buffer (pH 7.5). Each treatment was replicated 4
times. Plants were evaluated at 3 and 14 days after treatment.
Plants were assigned injury rating with respect to stunting,
chlorosis, and necrosis. The T, generation is segregating, so
some variable response is expected due to difference in
zygosity. (Table 28). No imjury was observed at rates below
1x field rates (560 g ae/hia) for 2.4-D or R-dichlorprop in
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either event. Very little injury was observed even up to 8
times field rates (4480 g ae/ha) and this was exhibited as
stunting, not avxinic herbicide damage. These results indi-
cated commercial level tolerance can be provided by AAD-1
(¥3), even in a very auxi-sensitive dicot crop like tobacco.
These results also show resistance can be imparted to both
clural (2. 4-dichlorophenoxypropionic acid) and achiral (2 4-
dichlorophenoxyacetic acid) phenoxy auxin herbicides
alone or in tank mix combination.

TABLE 28

Segregating AAD-1 T, tobaceo plants®
response to phenoxy auwxin herbicides,

T2HHO13.010 T2LIWI0R.005

EY160 - {mediwn tolerance  thigh tolerance
Wildtype  in Ty generation)  in Tp generation)
Herbicide Average % Iyjury of Replicates 14 DAT
560 g ae'ha 75 5 0
24D DMA
1120 z ae/ha g0 5 2
2.4-D DMA
2240 g aetha Y 5 a
2.4-D DMA
4450 g ae'ha 95 5 5
24D DMA
560 g ae'ha 0 5 0
B-dichlovprop
1120 z ae/ha 75 5 0
R-dichlorprop
2240 g aetha 85 5 a
R-dichlorprop
4450 g ae'ha 95 10 5
B-dichlovprop
560 g ae'ha 24D g0 5 5
DM AR-dichlorprop
1120 g ae/ha 2.4-D g0 10 10
DM AR-dichlotprop
2240 g aetha 2.4-D 95 15 15
DM AR-dichlotprop
4480 g ae'ha 2.4-D 95 15 15

DM AR-dichlorprop

A 100 plant progeny test was also conducted on each of
the two AAD-1 (v3) lines (events 721(2)-013.010 and 721
{3)-008.005). The seeds were stratified, sown, and trans-
planted with respect to the procedure above except null
plants were not removed by Liberty selection. All plants
were then sprayed with 560 g ae/ha 2.4-D DMA as previ-
ously described. After 14 DAT, resistant and sensitive plants
were counted. Both event 013" and ‘008" segregated as a
single locus, dominant Mendelian trait (3R:1S) as deter-
mined by Chi square analysis. AAD-1 is heritable as a robust
phenoxy auxin resistance gene in multiple species.

Field level tolerance will be demonstrated by planting T,
or T, seed in the greenhouse, selectively removing the null
plants by Liberty selection as previously described, and
rearing mdividual seedlings in 72-well transplant flats
{Hummert International} in Metro 360 media according to
growing conditions indicated above. Individual plants will
be transplanted into the field plots using an industrial
vegetable planter. Drip or overhead irrigation will be used to
keep plants growing vigorously. Once plants reach 6-12
inches in heiglt, tobacco plants will be sprayed with a broad
range of phenoxy auxins and rated as shown above. Envi-
ronmental stresses are more significant under field condi-
tions. however, based on previous experience with AAD-1
(v3)-transformed corn, robust translation of resistance from
the greenhouse to the field is expected.
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Example 13

Soybean Transformation

Soybean mprovement via gene transfer techniques has
been accomplished for such traits as herbicide tolerance
{Padgette et al., 1995), amino acid modification {Falco et al.,
1995), and insect resistance (Parrott et al., 1994), Introduc-
tion of foreign traits into crop species requires methods that
will allow for routine production of transgemc lines using
selectable marker sequences, containing simple insetts. The
transgenes should be inherited as a single functional locus in
order to simplify breeding. Delivery of foreign genes into
cultivated soybean by microprojectile bombardment of
zygotic embryo axes (McCabe et al., 1988) or somatic
enibryogenic cultures (Finer and McMullen, 19913, and
Agrobacterivm-mediated transformation of cotyledonary
explants (Hinchee et al., 1988) or zygotic embryos (Chee et
al., 1989) have been reported.

Transformants derived from Agrobacterinm-mediated
transformations tend to possess simple inserts with low copy
number (Birch, 1991). There are benefits and disadvantages
associated with each of the three target tissues investigated
for gene transfer into soybean, zygotic embryonic axis
(Chee et al., 1989; McCabe et al., 1988), cotyledon (Hinchee
et al., 1988) and somatic embryogenic cultures {Finer and
McMullen, 1991). The latter have been extensively inves-
tigated as a target tissue for direct gene transfer. Embryo-
genic cultures tend to be quite prolific and can be maintained
over a prolonged period. However, sterility and chromo-
somal aberrations of the primary transformants have been
associated with age of the embryogenic suspensions (Singh
et al., 1998) and thus continuous initiation of new cultures
appears to be necessary for soybean transformation systems
utilizing this tissue. This system needs a high level of 2,4-D,
40 mg/L. concentration, to initiate the embryogenic callus
and this poses a fundamental problem in using the AAD-1
(v3) gene since the transformed locus could not be devel-
oped further with 2,4-D in the medium. So, the meristem
based transformation is ideal for the development of 2.4-D
resistant plant using AAD-1 {v3).

13.1—Transformation Method 1: Cotyledonary Node
Transformation of Soybean Mediated by Agrobacterium
tumefaciens.

The first reports of soybean transformation targeted meri-
stematic cells in the cotyledonary node region {(Hinchee et
al., 1988) and shoot multiplication from apical meristems
(McCabe et al., 1988). In the 4. tumefaciens-based cotyle-
donary node method, explant preparation and culture media
composition stimulate proliferation of auxiliary meristems
in the node (Hinchee et al., 1988). It remains unclear
whether a truly dedifferentiated, but totipotent, callus culure
15 initiated by these treatments. The recovery of multiple
clones of a transformation event from a single explant and
the infrequent recovery of chimeric plants (Clemente et al.,
2000; Olhoft et al., 2003) indicates a single cell origin
followed by multiplication of the transgenic cell to produce
either a proliferating transgenic meristem culture or a uni-
formly transformed shoot that undergoes further shoot mul-
tiplication. The soybean shoot multiplication method, origi-
nally based on microprojectile bombardment (McCabe et al.,
1988) and, more recently, adapted for Agrobacterivm-me-
diated transformation (Martinell et al, 2002), apparently
does not undergo the same level or type of dedifferentiation
as the cotyledonary node method because the system is
based on successful identification of germ line chimeras.
The range of genotypes that have been transformed via the
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Agrobacterium-based cotyledonary node method is steadily
growing (Olhoft and Somers, 2001). This de novo meristem
and shoot multiplication method is less limited to specific
genotypes. Also, this is a non 2,4-D based protocol which
would be ideal for 2.4-D selection system. Thus, the coty-
ledonary node method may be the method of choice to
develop 2,4-D resistant soybean cultivars. Though tlus
method was described as early as 1988 (Hinchee et al,
1988), only very recently has it been optimized for routine
high frequency transformation of several soybean genotypes
(Zhang et al.,, 1999; Zeng et al., 2004).

13.1. 1—Agrobacterium preparation.

The plasmid, pDAB721, contains the AAD-1 (v3) gene
under the control of the drabidopsis Ubil0 promoter. This
plasmid also carries the PAT gene under the control of rice
actin promoter coding for an enzyme that degrades glufo-
sinate which can be used as a selection agent for transfor-
mants. This vector can be used in the transformation experi-
ment described below. The construct pDAB721 was
mobilized into the Agrobacterium strain EHA101S by elec-
troporation.

Agrobacterium cultures harboring pDAB721 used n the
transformations can be grown in YEP medium (10 g/l
peptone, 5 g/l veast extract and 5 g/l NaCl, pH 7.0).
Agrobacterium cultures are pelleted at low speed and resus-
pended in SCM liquid medium {see below) to OD&60 of 0.6
for use in the inoculations.

13.1 2—Plant Transformation.

Seeds of “Thome,” “Williams82,” or “NE3001,” public
genotypes of soybean, can be disinfected by a 20-minute
wash in 20% (v/v) commercial bleach (NaCl() amended
with 2 drops of Liqui-Nox®. The seeds should be rinsed five
times with sterile water on hormone-free SHGA medium
and allowed to germinate for 5 days at 24° C_, with an 18/6
hour light/dark regime. B5 medium consists of macro and
micro nutrients and vitamins described by Gamborg et al.
(1968) (Sigma, cat. #G 5893, St. Lous). All media are
solidified with 0.8% (w/v) washed agar (Sigma cat. #A
8678). Alternatively, certain genotypes of soybean can
undergo a dry surface sterilization procedure using chlorine
gas (C1,) whereby mature seeds are placed into 100x25 mm
Petri plates in a single layer using about 130 seeds per plate.
Approximately 3-4 plates are placed into a desiccator within
a fume hood in such a way that all the plates are half open
and that there is enough space for a 250 ml beaker in the
middle of the desiccator. The beaker is filled with 95 ml of
commercial bleach, to which 5 ml of concentrated (12N)
HCl is added dropwise along the side of the beaker. The

desiccator is immediately closed and allowed to stand for at -

least 16 hours in a fume hood. Following sterilization, the
plates are closed, then brought to a laminar flow hood and
left open for about 30 minutes to remove any excessive Cl,
gas. Seeds are then germinated as described previously. The

dry surface sterilized seeds will remain sterile at room :

temperature for about 2 weeks. Explants are prepared for
inoculation as previously described (Hinchee et al.,, 1988).

Explants should be inoculated for 30 minutes. Cocultiva-
tion and Agrobacterium re-suspension medium consists of
B3 medium supplemented with 1 mg/L BAP, 1 mg/L GA3,
3% (w/v) sucrose, 20 mM MES(2-[N-morpliolino]ethane
sulfonic acid), 400 mg/l. L-cysteine (Mhoft and Somers,
2001y pH 5.7, 0.99 mM dithiothreitol (DTT), and 200
acetosyringone {AS). Explants are cocultivated for 5 days at
25° C. Following cocultivation, explants were washed in the
cocultivation medivm containing 100 mg/l. timentin and
200 mg/L cefotaxime, without MES and AS.
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Explants are to be placed on shoot induction medium and
transferred every 14 days for a total of 28 days prior to
herbicide selection. The shoot induction medium consists of
tull-strength BS medivm supplemented with 1.7 mg/L. BAP,
100 mg/L timentin, 200 mg/T. cefotaxime pH 5.7 and 3%
(w/v) sucrose. Cotyledons should be placed adaxial side up
with the cotyledonary nodal region flush to the medium,
amended with increasing levels of Basta (2, 5, 6 then 7 mg/L
glufosinate ammonium) or sublethal levels of 2,4-D ranging
from 10 mg to 400 mg/L every 2 weeks for a total of 8
weeks.

Differentiating explants are subsequently transferred to
shoot elongation medium for an additional 4 to 10 weeks
under the same glufosinate selection or under decreased
2,4-D selection pressure ranging from 10 mg to 100 mg/T.
The elongation medium consisted of B3 medium {Sigma cat.
#M0404) amended with 1 mg/L zeatin riboside, 0.1 mg/L
IAA (indole-3-acetic acid), 0.5 mg/L. GA3, 50 mg/L gluta-
mine, 50 mg/L asparagine, and 3% (w/v) sucrose, pH 5.8.
Elongated shoots should be rooted, without further selection,
on half-strength MS/BS medium with full-strength vitamins
plus 0.5 mg/L. NAA (a-naphthaleneacetic acid) or 0.1 mg/L
[AA and 2% (w/v) sucrose.

The antibiotics, timentin and cefotaxime, are maintained
witlun the media throughout selection. Cultures are trans-
terred to fresh medium every 2 weeks. Plantlets are accli-
mated for 1 to 2 weeks prior to transfer to the greenhouse.

13.1.3—Progeny Evaluation.

T, plants will be allowed to self fertilize in the greenhouse
to give rise to T, seed. T, plants {and to the extent enough
T, plant clones are produced) will be sprayed with a range
of herbicide doses to determine the level of herbicide
protection afforded by AAD-1 (v3) and PAT genes in trans-
genic soybean. Rates of 2.4-D used on T, plants will
typically use one or two selective rates in the range of
100-400 g ae/ha. T, seed will be treated with a wider
herbicide dose ranging from 50-3200 g ae/ha 2.4-D. Like-
wise, T, and T, plants can be screened for glufosinate
resistance by postemergence treatment with 200-800 and
50-3200 g ae/ha glufosinate, respectively. Analysis of pro-
tein expression will occur as described in Example 9 for
Arabidopsis and corn. Determination of the inheritance of
AAD-1 (v3) will be made using T, and T, progeny segre-
gation with respect to herbicide tolerance.

13.2—Transformation Method 2: “No-Shake™ Agrohac-
terium Mediated Trans-Formation of Non-Regenerable Soy-
bean Suspension Cells.

The DAS Soybean cell suspensions were cultured on a 3d
cycle with 10 ml of settled suspension volume transferred to
115 ml of fresh liquid medium. Settled cell volume was
determined by allowing the cell suspension to settle for 2
min in the 125-mL flask after vigorous swirling and then
drawing cells from the bottom of the flask with a wide bore
10 ml pipette. The flasks were then transferred to orbital
shakers at 140 rpm.

Aliguots of 4 ml of the suspension cells at 0.72 0D was
transferred along with 200 pM acetosyringone (AS) onto a
100x25 sterile Petr plate. EHA105 Agrobacterium suspen-
sion at a density of 1.2 OD*** in a 100 uL volume was added
and mixed well. The dgrobacterium and suspension cell
mixture was swirled well and the plate was transferred to
dark growth chamber where the temperature was maintained
at 25° C.

13.2.1—Selection of Soybean Suspension Cells and Iso-
lation of Transformed Colonies.

After 4 days of co-cultivation the plate was swirled again
to mux the suspension well and a 1.5 ml aliquot was
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transferred to the selection medium and spread on the gel
medium on a 100x15 ml Petri-plate. The selection medium
consisted of full-strength BS medivm supplemented with 1.7
mg/L BAP, 100 mg/L timentin, 200 mg/L cefotaxime pH 5.7
and 3% (w/v) sucrose and the medium was amended with
glufosinate ammonium at 5 mg/L level. After a 10 min
drying in the hood the plates were incubated for 4 weeks in
dark at 28° C. Colonies appeared in selection and a total of
11 colonies were transferred to fresh medium from 3 dit-
ferent experiments and maintained for 3-4 months. All the 11
resistant colonies produced calli that were growing on the 5
mg/l. glufosinate containing selection medium. The non-
transformed suspension cells were sensitive when plated on
to 0.5 mg/l glufosinate ammonium medium. However, the
transtormed colonies were resistant to 5x concentration of
glufosinate ammonivm and were maintained for vp to 4
months.

Callus events were sampled for analyses when they

reached 2 to 3 cm in diameter. At least two of colony -

isolates, one each from two different experiments, were
analyzed for AADI protein expression. The ELISA and
Western analysis cartied out on these two isolates showed
positive expression of AAD] proteins. Both ELISA (Table

29) and Western Blotting (FIG. 18) analysis on two separate -

soybean calli transformed with AAD-1 (v3) gene indicated
that the callus cells are expressing AAD-1 (v3) protein. The
sandwich ELISA detected 0.0318% and 0.0102% total
soluble protein of AAD-1 (¥3) in two different callus tissue
samples. Due to the sensitivity and cross reactivity of the
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months. Transgenic events were identified when callus tis-
sue generated by transformation experiments began to orga-
nize and develop into embryogenic structures while still on
selective media containing 2.4-D plus bialaphos. Once iden-
tified, the maturing structures were regenetated ato plants
according to the following protocol: Embryogenic structures
were  transferred off B1-30 3Co5My  or Bl1-30
3/coSMy0.25PAD.SK to B3 medivm. After 3 to 4 weeks’
growth on B3 medivm, individual structures were trans-
ferred to fresh medium. After another 3 to 4 weeks, maturing
embryos were transferred to B5SG medium and placed in the
light. Embryos that had elongated and produced roots were
transferred to tubes containing > B5G medmm where they
continued development into plantlets; and these plantlets
were removed from the tubes and placed into pots.

Variations of media referred to in Table 30 were tested,
e.g.. B1-30 3Co5My, which was made by adding 3% coco-
nut water and 5 gm/l myo-mnositol to B1-30. Other vanations
included: B1-30 3CoSMy0.25 PAQ.SK which contained
B1-30 basal medivm plus 3% coconut water, 5 gm/l myo-
mositol, 0.25 gm/l phytic acid, and 0.5 gm/l additional
KH.PQ, and %2 B5G which contained all ingredients of B5G
medium at half strength.

TABLE 30

Growth Media for Sovbean

Ingredients in 1 Liter

antiserum, multiple bands were observed in the western blot. B1-30 B3 B3G
However, AAD-1 (v3) specific band was observed in both Ms Salts 4431 & 441 e
callus samples but not m the wild type (negative) tissue. B5 Salts B B 319 g
Coding region PCR analyses showed the expected size NaEDTA 37.3 mg 37.3 mg 33 mg
products of the AADI1 and the PAT coding regions in these 35 f{:t'i?“e 4 charconl 30 g s
colonies indicating that they were transtormed, Phytagar ' § o " g
Gelrite 2g
TABLE 29 pH 58 5.8 58
PCR and ELISA data for transpenic soybean events. 0
AAD-1 PAT Example 14
Coding Coding TSP  AAD- Yo
Event region FCR. region PCR  (ng‘mL) (ng/mL} Expression AAD-1 (\-’3) Enablement in Cotton
1-1 + + 199513 633.89  0.0318%
21 + + 201891 20591 00102% 45 14.1—Cotton Transformation Protocol.
Negative - - 07463 122 -00001% Cotton seeds (Co310 genotype) are surface-sterilized in
Control 95%% ethanol for 1 minute, rinsed, sterilized with 50%
commetcial bleach for twenty minutes, and then rinsed 3
13.3—Transformation Method 3: Aerosol-Beam Medi- times with sterile distilled water before being germinated on
ated Transformation of Embryogenic Soybean Callus Tis- 50 G-media (Table 31) in Magenta GA-7 vessels and main-

sue.

Culture of embryogemc soybean callus tissue and subse-
quent beaming were as described i U.S. Pat. No. 6,809,232
{Held et al.).

Embryogenic calluses of several Stine elite varieties, :

including 96E750, 96E94, 97E986, 96E144 and 96E6Y2,
were separately collected nto the center of plates of B1-30
3Co5My or B1-30 3Co5My0.25PA0.SK three days after
transter to fresh medivm. The tissue was then beamed with
pDAB3295 using linearized DNA at a concentration of
approximately 0.2 pg/ml. After beaming, the embryogenic
callus was transferred to fresh B1-30 3Co5My or B1-30
3Co5My0.25PA0SK for one passage of a month. The tissue
was then transferred to selective medium containing 1 mg/l
bialaphos. With bialaphos, selection typically was main-
tained at 1 mg/l for the first two one-month passages and
then increased to 2 my/l for the following three to seven
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tained under high light intensity of 40-60 pE/m2, with the
photoperiod set at 16 hours of light and 8 hours dark at 28°
C.

Cotyledon segments (~5 mm) square are isolated from
7-10 day old seedlings into liquid M liquid media (Table 31)
i Petri plates (Nunc, item #0875728). Cut segments are
treated with an Agrebacterium solution (for 30 minutes) then
transferred to semi-solid M-media (Table 31) and undergo
co-cultivation for 2-3 days. Following co-cultivation, seg-
ments are transferred to MG media (Table 31). Carbenicillin
15 the antibiotic used to kill the Agrobacieritm and glufo-
sinate-ammonium 15 the selection agent that would allow
growth of only those cells that contain the transferred gene.

Agrobacterium Preperation.

Inoculate 35 ml of Y media (Table 31) (containing strep-
tomycin (100 mg/ml stock) and erythromycin (100 mg/ml
stock)), with one loop of bacteria to grow overmight in the
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dark at 28° C., while shaking at 150 rpm. The next day, pour
the Agrobacterium solution into a sterile oakridge tube
{Nalge-Nunc, 3139-0050), and centrifuge for in Beckman
J2-21 at 8,000 rpm for 5 minutes. Pour off the supernatant

108

high copy number, so those lines are not regenerated. Of the
475 pDAB721 transformed callus lines, 306 were sent for
PCR analysis and Invader assay (Table 32). Very few lines
were PCR negative. The Invader results are not complete at

and resuspend the pellet n 25 ml of M liquid (Table 31yand 35 this time, because some samples had low DNA amouats
vortex. Place an aliquot into a glass culture tube (Fisher, when extracted, and these have been resubmitted. However,
14-961-27) for Klett reading {Klett-Summerson, model §00- the current Invader data shows a few of the lines submitted
3). Dilute the new suspension using M liquid media to a have high copy number {copy number of >2) (Table 32).
Klett-meter reading of 10® colony forming units per mL with Due to the large number of lines that passed analysis, it was
a total volume of 40 ml. 10 necessary to decrease the number of embryogenic callus
After three weeks, callus from the cotyledon segments 1s lines being maintained due to the volume. Ninety lines have
isolated and transferred to fresh MG media. The callus is been sent for Western analysis, and eight of those were
transferred for an additional 3 weeks on MG media. Callus negative. The western analysis showed high expression from
is then transferred to CG-media (Table 31), and transferred the majority of the lines (Table 32). Eighty-two embryogenic
again to fresh selection medium after three weeks. After 15 callus lines are being maintained for plant regeneration
another three weeks the callus tissue is transferred to D based on analysis results (and results pending).
media (Table 31) lacking plant growth regulators for
embryogenic callus induction. After 4-8 weeks on this TABLE 32
media, embryogenic callus is formed, and can be distin- -
guished from the non-embryogenic callus by its vellowish- 20 Analvsis of cotton callus
white color and gral}ul‘ar cells. El}lbryos start to regenerate Line Copy # PTU Westem
soon after and are distinct green in color.
Larger, well-developed embryos are isolated and trans- }, 2 pos :::
ferred to DK media (Table 31) for embryo development. R i iz .
After 3 weeks (or when the embryos have developed), 23 4 2 pos xax
germinated embryos are transferred to fresh media for shoot 3 1 pos Tk
and root development. Atter 4-8 weeks, any well-developed ? ! pos neg
plants are transferred into soil and grown to maturity. . ! pos e
. ) .3 1 pos
Follo_w111g a couple of months, th&_plal:lt‘ l?as grown to a point o 2 pos *
that it can be sprayed to determine if it has resistance to 3o 10 1 pos *
24-D.
TABLE 31
Media for Cotton Transfonmation
Ingredients in 1 liter G M liquid M MG oG D DK Y
LS Salts (5X) 200 ml 200 ml 200 ml 200 ml 200 ml
Glucose 30 grams 30 grams 30 grams 30 grams 20 grams
madified B5 vit 1 ml 1 ml 1 ml 1 ml 1 ml 10 ml 1 ml
{10007
Kinetin (1 mM) 1 ml 1 ml 1 ml 4.6 ml 0.5 ml
24-D (1 mbDy 1 ml 1 ml 1 ml
agar 8 prams 8 grams 8 grams 8 grams 8 grams 8 grams
DEW salts (IX190) 1 package 1 package
MYO-Inositol 1 ml 10 ml
(100%)
Sucrase 3% 3 grams 30 grams 10 grams
Naa
Carbenicillin 2 ml 0.4 ml
{250 me/ml)
GLA (10 mg/ml} 0.3 ml 0.3 ml
Pepptone 10 grams
Yeast Extract 10 prams
NaCl 5 prams
14.2—Experiment Specifics. TABLE 32-continued
For this experiment 500 cotyledon segments were treated 5°
with pDAB721. Of the 500 segments treated, 475 had callus Analysis of cotton callus
isolated while on selection (95% transformation frequency). ) . W
The callus was selected on glufosinate-ammonium, due to Line Copy fu estern
the inclusion of the PAT gene in the construct, since there 11 1 pos wrr
was already a selection scheme developed. Callus line 6o 12 1 pos *
analysis in the form of PCR and Invader were mitiated to 13 1 s *
determine the msertion patterns and to be sure the gene was 14 1 pos ::**
present at the callus stage, then callus lines that were :; } ;2: ana
embryogenic were sent for Western analysis. 17 1 pos *
14.3—Callus Analysis Results. 65 18 1 pos wor
The object of the analysis 13 to eliminate any lines that do 19 1 pos s

not have the complete PTU, show no expression or that have
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TABLE 32-continued

Analysis of cotton callus

Line Copy # PTLI Western

20 1 pOS LEL A ]
21 2 pOS LEL A ]
22 1 pos RSN
23 1 pOS LEL A ]
24 4 pos * or neg
25 1 pos rEas
26 1 pos Hwy
27 low DNA pos rrRLE
2% low DNA pos i

29 low DNA pos Kk
30 17 pos *

31 low DNA pos Kk
32 low DNA pos Kk
33 low DNA pos wraa
34 low DNA faint pos Kk
35 low DNA pos wraa
36 low DMNA pos neg
37 low DNA pos Hwy
ki low DNA neg rrRLE
39 1 pos Hwy
40 low DNA pos *

41 low DMNA pos ®

42 low DNA pos *

4:." 1 pos RSN
44 low DNA pos rrRLE
45 1 pos HEAF
46 2 pos RSN
47 1 pos wEs
48 1 pos Hw
49 3 faint pos neg
30 1 pos Hwy
31 4 pos neg
52 2 pos rEas
33 1 pos Hw
54 1 pos rEas
55 1 pos neg
36 5 pos *

57 2 faint pos neg
8 g pos Hwy
39 2 pos Hwy
60 5 pos RSN
61 1 pos *

62 1 pos e

63 1 pos s
64 1 pos Hw
65 3 pos rEas
66 5 pos *

67 & pos *

68 Low DNA pos neg
69 Low DNA pos Hwy
0 low DMNA pos i

71 low DMNA faint pos e

72 low DNA pos Hwy
73 low DNA neg wEs
74 low DMNA faint pos L
75 Low DNA pos Hw
76 Low DNA pos neg
77 low DNA faint pos Hwy
8 low DNA pos Hwy
79 1 pos i

80 low DNA pos Hw
51 low DNA pos wEs
52 low DNA pos wEs
83 low DNA neg Hwy
54 low DNA pos wEs
85 low DNA pos *

56 low DNA pos *

standard AAT] 5 ugim| 4+
standard A48D1 0.5 ughnl **

14.4—Plant Regeneration.

Two AAD-1 (v3) cotton lines have produced plants
according to the above protocol that have been sent to the
greenhouse. To demonstrate the AAD-1 (v3) gene provides
resistance to 2.4-D 1 cotton, both the AAD-1 (v3) cofton
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plant and wild-type cotton plants were sprayed with a track
sprayer set at 187 L/ha. The plants were sprayed at 560 g
aetha 24-DMA formulated in 200 mM Hepes buffer (pH
7.5). The plants were evaluvated at 3, 7, and 14 days after
treatment. Plants were assigned injury ratings with respect to
stunting, chlorosis, and necrosis. Plants assigned an injury
rating of 90% or above are considered dead. Three days after
treatment (AT ) the wild-type plant began showing epinasy
and received a rating of 15%; in contrast, the AAD-1 (v3)
plant showed 0% injury. By 7 DAT epinasy continued on the
wild-type and the new growth shoots began turming brown.
It received a rating of 50% at tlus time. At 14 DAT the
AAD-1 (v3) plant was still nninjured, whereas the wild-type
was severely stunted, and the new growth areas were brown
and shriveled. Thus, the wild-type received a rating of 50%
at 14 DAT.

This study demonstrates that the AAD-1 (v3) gene in
cotton provides substantial tolerance to 2.4-D up to at least
560 g ae’ha.

Example 15
Agrobacterium Transformation of Other Crops

In light of the subject disclosure, additional crops can be
transformed according to the subject invention vsing tech-
niques that are known in the art. For dgrobacterivm-medi-
ated trans-formation of rye, see, e.g.. Popelka and Altpeter
(2003). For Agrobacterium-mediated transformation of soy-
bean, see, e.g., Hinchee et al., 1988, For Agrobacterinm-
mediated transformation of sorghum, see, e.g., Zhao et al.,
2000. For Agrobacterium-mediated transformation of bar-
ley, see, eg., Tingay et al., 1997, For Agrobacterium-
mediated transformation of wheat, see, e.g., Cheng et al.,
1997. For Agrobacterim-mediated transformation of rice,
see, e.g., Hiei et al,, 1997.

The Latin names for these and other plants are given
below. It should be clear that these and other {non-4gro-
bacterium) transformation techniques can be used to trans-
form AAD-1 (v3), for example, into these and other plants,
including but not limited to Maize (Gramineae Zea mays),
Wheat (Pooideae Triticum spp.), Rice (Gramineae Orvza
spp. and Zizania spp.). Barley (Pooideae Hovrdeunt spp.).
Cotton {(dbroma Dicotvledoneae Abroma augusta, and Mal-
vaceae Gossypium spp.), Soybean (Sova Leguminosae Ghy-
cine max), Sugar beet (Chenopodiaceae Beta vulgaris
altissima), Sugar cane {drenga pinnata), Tomato (Solan-
aceae Lyvcopersicon esculentum and other spp.. Physalis
ixocarpa, Solanum incanunt and other spp.., and Cvphoman-
dra betacea), Potato, Sweet potato, Rye (Pooideae Secale
spp.). Peppers (Solanaceae Capsicum anmum, sinense, and
frutescens), Lettuce (Compositae Lactuca sativa, perennis,
and puichella), Cabbage, Celery (Umbelliferae Apium gra-
veolens), Eggplant (Sofanaceae Solanum melongena), Sor-
ghum (all Sorghum species), Alfalfa (Leguminosae Med-
icage sativim), Carvot (Umbelliferae Daucus carota sativa),
Beans (Legumninosae Phaseolus spp. and other genera), Qats
(Avera Sativa and Strigosa), Peas (Leguminosae Pisum,
Figna, and Tetragonolobus spp.), Sunflower (Compositae
Helianthus annuus), Squash (Dicotyledoneae Cucurbita
spp.), Cucumber {Dicotyledoneae genera), Tobacco (Solan-
aceae Nicotiana spp.), Arabidopsis (Cruciferae Avabidopsis
thaliana), Turfgrass (Lolium, Agrostis, and other families),
and Clover (Leguminosae). Such plants, with AAD-1 (v3)
genes, for example, are included in the subject invention.
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Example 16

Stacking AAD-1 (v3) with AHAS Herbicide
Resistance Gene

Stacking AAD-1 (v3) with an AHAS herbicide resistance
gene is described in Example 7.9.

Example 17

Further Evidence of Surprising Results: AAD-1 vs.
AAD-2

17.1—AAD-2 (v1) Initial Cloning.

Another gene was identified from the NCBI database (see
the nchi.nlm.nih.gov website, accession #AP005940) as a
homoelogue with only 44% amino acid identity to tfdA. This
gene is referred to herein as AAD-2 (vl) for consistency.
Percent identity was determined by first translating both the
AAD-2 and tfdA DNA sequences (SEQ ID NO:12 and
GENBANK Accession No. M16730, respectively) to pro-
teins (SEQ ID NO:13 and GENBANK Accession No.
M16730, respectively), then using ClustalW in the Vec-
torNTI software package to perform the multiple sequence
alignment.

The strain of Bradvrhizobium Japonicum containing the
AAD-2 (vl) gene was obtained from Morthern Regional
Research Laboratory (NRRL, stran #B4450). The lyo-
philized strain was revived according to NRRL protocol and
stored at —80° C. in 20% glycerol for internal use as Dow
Bacterial strain DB 663. From this freezer stock, a plate of
Tryptic Soy Agar was then struck out with a loopful of cells
for 1solation, and cubated at 28° C. for 3 days. A single
colony was used to moculate 100 ml of Tryptic Soy Broth in
a 500 ml tri-baffled flask, which was incubated ovemiglt at
28° C. on a floor shaker at 150 rpm. From this, total DNA
was isolated with the gram negative protocol of Qiagen’s
DNeasy kit (Qiagen cat. #69504). The following primers
were designed to amplify the target gene from genomic
DNA, Forward: 5' ACT AGT AAC AAA GAA GGA GAT
ATA CCA TGA CGAT 3 [(brjap 5'{spel) SEQ ID NO:14
(added Spe I restriction site and Ribosome Binding Site
(RBS))] and Reverse: 5' TTC TCG AGC TAT CAC TCC
GCC GCC TGC TGC TGC 3 [(br jap 3' (xhol) SEQ ID
NQ:15 (added a Xho [ site)].

Fifty microliter reactions were set up as follows: Fail Safe
Buffer 25 pl, ea. primer 1 pd (50 ng/pl), gDNA 1 (200 ng/ul),
H,O 21 Taq polymerase 1 (2.5 umts/pl). Three Fail Safe
Buffers—A, B, and C—were used in three separate reac-

tions. PCR was then carried out under the following condi- :

tions: 95° C. 3.0 minutes heat denature cycle; 95° C. 1.0
muinute, 50° C. 1.0 munute, 72° C. 1.5 minutes, for 30 cycles;
followed by a final cycle of 72° C. 5 munutes, using the
FailSafe PCR System (Epicenter cat, #FS99100). The result-

ing ~1 kb PCR product was cloned into pCR 2.1 (Invitrogen :

cat. #K4550-40) following the included protocol, with
chemically competent TOP10F' E. coli as the host strain, for
verification of mucleotide sequence.

Ten of the resulting white colonies were picked into 3 pl
Luria Broth+ 1000 pg/ml Ampicillin (LB Amp), and grown
overmght at 37° C. with agitation. Plasmids were purified
from each culture using Nucleospin Plus Plasmid Mimiprep
Kit (BD Biosciences cat. #K3063-2) and following included
protocol. Restriction digestion of the isolated DNA’s was
completed to confirm the presence of the PCR product in the
pCR2.1 vector. Plasmid DNA was digested with the restric-
tion enzyme EcoRI (New England Biolabs cat. #R01018).
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Sequencing was carried out with Beckman CEQ Quick Start
Kit {(Beckman Coulter cat. #608120) vsing M13 Forward [5'
GTA AAA CGA CGG CCA GT 31 (SEQ ID NO:16) and
Reverse [5' CAG GAA ACA GCT ATG AC 3] (SEQ ID
NO:17) primers, per manufacturers mstrictions. This gene
sequence and its corresponding protein was given a new
general designation AAD-2 (vl) for internal consistency.
17.2—Completion of AAD-2 (vl) Binary Vector,

The AAD-2 (vl) gene was PCR amplified from
pDAB3202. During the PCR reaction alterations were made
witlun the primers to introduce the AfIIl and Sacl restriction
sites in the 5' primer and 3' primer, respectively. The primers
“Ncol of Brady™ [5' TAT ACC ACA TGT CGA TCG CCA
TCC GGC AGC TT 31 (SEQ ID NO:18) and “Sacl of
Brady” [5' GAG CTC CTATCACTC CGC CGC CTG CTG
CTG CAC 3] (SEQ ID N(O:19) were used to amplify a DNA
fragment using the Fail Safe PCR System (Epicentre). The
PCR product was cloned into the pCR 2.1 TOPO TA cloming
vector (Invitrogen) and sequence verified with M13 Forward
and M13 Reverse primers using the Beckman Coulter “Dye
Terminator Cycle Sequencing with Quick Start Kit”
sequencing reagents. Sequence data identified a clone with
the correct sequence (pDAB716). The AfllIl/Sacl AAD-2
(vl) gene fragment was then cloned into the Ncol/Sacl
pDAB726 vector. The resulting construct {(pDAB717).
AtUbil0 promoter: Nt OSM 3'UTR: AAD-2 (vl): Nt
OSM3UTR: ORF1 polyA 3'UTR was verified with restric-
tion digests (with Ncol/Sacl). This construct was cloned nto
the binary pDAB3038 as a Notl-Notl DNA fragment. The
resulting construct (pDAB767); AtUbILO promoter: Nt
OSM5UTR: AAD-2 (v1): Nt OSM 3'UTR: ORF1 polyA
JUTR: CsVMV promoter: PAT: ORF25/26 3UTR was
restriction digested (with Notl, EcoRI, HinDIIIL, Ncol, Pvull,
and Sall) for verification of the correct orientation. The
completed construct (pDAB767) was then used for trans-
formation into dgrohacterium.

17.3—Comparison of Substrate Specificities of AAD-2
{vl) and AAD-1 (v1)

The activity of an extract from E. coli expressing AAD-2
(v1) (pDAB3202) prepared as in Example 11 was tested on
four hetbicides, 2.4-D, (R,S)-dicllorprop, (R,S)-haloxyfop
and (R)-haloxyfop (all at a final concentration of 0.5 mM)
using 3 pl (42 pg) of E. cofi extract per assay with a 15 min
assay period. FIG. 22 shows that the relative AAD-2 (v1)
activity on the substrates was 2.4-D=dichlorprop>=(R.5)-
haloxyfop==(R)-haloxyfop. Thus AAD-2 (v1) ditfers from
AAD-1 (vl)nthat it has a similar level of activity on 2 4-D>
as on dichlorprop (whereas the activity of AAD-1 {v1) on
2.4-D is =10% that of dichlorprop). AAD-2 (v1) also differs
from AAD-1 {v1)in that it is unable to act on {R)-haloxyfop.
Table 33 shows data from additional substrates tested with
AAD-1 (v1) and AAD-2 (v1) that confirm that AAD-2 (v1)
15 specific for (S)-enantiomer substrates, in contrast to
AAD-1 (vl) which 13 specific for (R)-enantiomers. In
another test, AAD-2 (v1) was found to ditfer from AAD-1
{v1) in that it releases little or no detectable phenol from
2.4-D sulfonate (in which a sulfonate group replaces the
carboxylate of 2,4-D) whereas AAD-1 (v1) produces sig-
nificant levels of phenol from this compound (~25% of
24-D)
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TABLE 33
Comparison of AAD! and AADZ activity on various substrates.
A310
STRUCTURE Beg I  Compound Enatiomer  AADL AAD2
Cl N 18706 quizalotop R 0,27 0.01
Ry
-
N 83
\O\ : 2
ojr{
cH; OH
. F 8671 haloxyfop R 012 a
Cl
ey
F
=
N 0
OICHg
HO 0
CH F 66805 haloxyfop R.5 0l 0.3
F
0
o N7 TR
| F
CH;
0 7
Cl
OH

14623 cyhalotop R.E 012 0.1
CHs
8]
N,

COH 14603 cyhalofop E 0.14 0
o]
CH;
N
OH T466  evhalotop g i 0.15
o}
= CHy
a
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TABLE 33-continued
Comparison of AAD and AADZ? activity on various substrates.
AS10
STRUCTURE Ree ID Compound  Enantiomer  AADI AaD2
Chiral 11044492 fenoxaprop R 014 0
C
] o OH
Cl
?; : CH;
!
/)\o
N
43865 halowyfop- — i 22

OH F
F
0
°)\/\©\ i
| F
o /
Cl

Substrates were assayed at 0.3 mM for 15 mm m 25 inM MOPS pH 6.8, 200 pM Fe"‘, 200 pM Na ascorbate, 1 m o-ketoglutarate using 4 pl AATH

(32 pg proteind extvact or 3 pl AADZ extract (42 pg profein),

The enzyme kinetics of partially purified AAD-1 (v1)and
AAD-2 (v1) were compared using 2,4-D as substrate. See
FIG. 19. The K,, values for 2.4-D were 97 and 423 pM for
AAD-1 (vl) and AAD-2 (v]) respectively and the apparent
Vo.ze values were 0.11 and 0.86 A, , umts, respectively
{Table 34). Because equivalent amounts of enzyme were
vsed in the assays (as determined by SDS-PAGE analysis),
it can be concluded that the k,,, of AAD-2 (v1) for 2.4-D is
almost 8-fold higher than AAD-1 (v1) and the k_,/K,, 15
2-fold higher. Thus AAD-2 (v1) is significantly more effi-
cient at cleaving 2.4-D) in vitro than AAD-1 {v1). This is in
surprising contrast to the in planta findings reported below,
where plants expressing AAD-1 (v1) are significantly better
in conferring 2.4-D resistance relative to AAD-2 (v1).

TABLE 34

Caompanson of the Kin and “Vimax” valies for the aryloxyalkanoate
dioxygenases (AADs) from pDAB3I202 (AAD-2) and pDAB3I203 [AAD-1
iv1}] with different herbicide substrates:

Vmax KmVmax
Enzyme  Compound Km (pM) = SE (A510 units) ({arbitrary units)
AAD-2 24-D 423 {x1} 0.86 203
AAD-1 24-D o7 (=21) 0.11 1.16
{x1
Motes:

Assays were performed in MOPS pH 6.75 + | mM o-ketoghatarate + 0.1 mM Na azcorbate
+ 0.1 inM Fel+ and the released phenols colerimetnically detected usmg 4-amineantipy-
rins/fernicyanide.

17.4—FEvaluation of Transformed drabidopsis.

Freshly harvested T, seed transformed with a native
[AAD-1 {v2)], plant optimized [AAD-1 (v3)]. or native
AAD-2 (vl) gene was allowed to dry for 7 days at room
temperature. T, seed was sown in 26.5x51-cm germination
trays (T.O. Plastics Inc., Clearwater, Minn.), each receiving
a 200 mg aliquots of stratified T, seed (10,000 seed) that had
previously been suspended in 40 ml of 0.1% agarose solu-
tion and stored at 4° C. for 2 days to complete dormancy
requirements and ensure synchronous seed germination.

35

40

45

50

55

65

Sunshine Mix LP35 (Sun Gro Horticulture Inc., Bellevue,
Wasl.) was covered with fine vermiculite and subirrigated
with Hoagland’s solution until wet and then allowed to
gravity drain. Each 40 ml aliquot of stratified seed was sown
evenly onto the vermiculite with a pipette and covered with
humidity domes (KORD Products, Bramalea, Ontario,
Canada) for 4-5 days. Domes were removed 1 day prior to
initial transformant selection using glufosinate postemer-
gence spray (selecting for the co-transformed PAT gene).

Five to six days after planting (DAP) and again 10 DAP,
T, plants {(cotyledon and 2-4-1f stage, respectively) were
sprayed with a 0.2% solution of Liberty herbicide (200 g
ai/LL glufosinate, Bayer Crop Sciences, Kansas City, Mo.) at
a spray volume of 10 ml/tray {703 L/ha) using a DeVilbiss
compressed air spray tip to deliver an effective rate of 280
g avha glufosinate per application. Survivors (plants
actively growing) were identified 5-7 days after the final
spraying and transplanted ndividually ato 3-inch pots pre-
pared with potting media (Metro Mix 360). Transplanted
plants were covered with humidity domes for 3-4 days and
placed in a 22° C. growth chamber as before. Domes were
subsequently removed and plants moved to the greenhouse
(22+5° C., 50£30% RH, 14 hours light:10 dark, nunimum
500 uE/m°s" natural+supplemental light} at least 1 day prior
to testing for the ability of AAD-1 (v3), AAD-1 (v2), or
AAD-2 (v1) to provide phenoxy auxin herbicide resistance.

Random individuval T, plants selected for glufosinate
resistance above were confirmed for expression of the PAT
protein using a PAT ELISA kit (Part no. 7000045, Strategic
Diagnostics, Inc., Newark, Del.) to non-destructively con-
firm fidelity of selection process (manufacturer’s protocol).
Plants were then randomly assigned to various rates of 2,4-D
(50-800 g ae’ha).

Herbicide applications were applied by track sprayer in a
187 L/ha spray volume. 2,4-D used was the commercial

dimethylamine salt formulation (456 g ae/L, NuFarm, St
Joseph, Mo.) mixed in 200 mM Tris buffer (pH 9.0).
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17.5—Results of Selection of Transformed Plants.

The first Arabidopsis transformations were conducted
vsing AAD-1 (v3). T, transformants were first selected from
the background of untransformed seed using a glufosinate
selection scheme. Over 400,000 T, seed were screened and
493 glufosinate resistant plants were dentified (PAT gene),
equating to a transformation/selection frequency of 0.12%.
Depending on the lot of seed tested, this ranged from
0.05-0.23% (see Table 15 in Example 6.5 above). A small lot
of native AAD-1 (v2) transformed seed were also selected
using the glufosinate selection agent. Two hundred seventy
eight glufosinate-resistant T, individuals were identified out
of 84,000 seed screened (0.33% transtormation/selection
frequency). Surprisingly, Arabidopsis transformations using
the native AAD-2(vl) gene provided a very low transfor-
mation frequency when selected for glufosinate tolerance
{PAT selectable marker function). Approximately 1.3 mil-
lion seed have been screened and only 228 glufosinate
transformants were recovered, equating to a transformation/
selection frequency of 0.018% (see Table 15). Transforma-
tion frequency for native AAD-2 (v1) was only 6% of that
of native AAD-1 (v2). The native AADZ (v1) gene was
subsequently synthetically optimized, cloned, and trans-
formed as pDAB3705, into Arabidopsis using methods
previously described (see Example 5). The plant optimized
AAD2 (v2) (SEQ ID N(:29, which encodes SEQ ID
NO:30) vielded a normal T, drabidopsis selection trequency
using Liberty herbicide of approximately 0.11% (see Table
15).

T, plants selected above were subsequently transplanted
to individual pots and sprayed with various rates of com-
mercial aryloxyalkanoate herbicides. Table 16 {in Example
6.5 above) compares the response of AAD-1 (v2), AAD-1
(v3), AAD-2 (v]) and AAD-1(v2) genes to impart 2.4-D
resistance to drabidopsis T, transformants. All genes did
provide some significant 2.4-D resistance versus the trans-
formed and untranstormed control lines, however, indi-
vidual constructs were widely variable in their ability to
impart 2,4-D resistance to individual T, Arabidopsis plants.
Within a given treatment, the level of plant response varied
greatly and can be attributed to the fact each plant represents
an mdependent transformation event. Of important note, at
each 24-D rate tested, there were individuals that were
unaffected while some were severely affected. An overall
population injury average by rate is presented in Table 16
simply to demonstrate the significant difference between the
plants transformed with AAD-1 (v2), AAD-1 (v3), AAD-2
(v1) or AAD-2 (v2) versus the wildtype or PAT/CrylF
transtormed controls.

Surprisingly, AAD-2 (v1) transformants were far less
resistant to 2,4-D than either AAD-1 (v2) or AAD-1 (v3)
genes (Table 16) both from a frequency of highly tolerant
plants as well as overall average mjury. No plants trans-
formed with AAD-2 (v1) survived 200 g ae‘ha 2.4-D rela-
tively uninjured {<20% visual injury), and overall popula-
tion mjury was about 83%. Conversely, 56% (45 of 80)
AAD-1 (v2)-transformed T, plants survived 200 g ae'ha
2.4-D uninjured (population mmjury average=34%), and
»73% (11 of 15) AAD-1 (v3) T, plants were uninjured
{population injury average=14%). See FIG. 20. Tolerance
improved slightly for plant-optimized AAD2 (v2) versus the
native gene; however, comparison of both AAD-1 and -2
plant optimized genes indicates a significant advantage for
AAD-1 (v3) in planta (see Table 16).

These results are unexpected given that in vitro compari-
son of native AAD-1 (v2) and AAD-2 (v1) indicated 2.4-D
was better degraded by AAD-2 (v1). AAD-2 (v1) 1s
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expressed in individual T, plants to varying levels with the
anticipated size; however, little protection from 2.4-D injury
is afforded by this expressed protein. Little correlation exists
between expression level noted on the Western blot and the
level of injury from 2,4-D on the same plants. See FIG. 21.
No large difference was evident in protein expression level
(in planta) for the native and plant optimized AAD-2 genes.
These data corroborate earlier findings that make the func-
tional expression of AAD-1 (v3) in planta for imparting
herbicide resistance to 2,4-D and AOPP herbicides is unex-
pected.

Example 18
Preplant Burndown Applications

This and the following Examples are specific examples of
novel herbicide uses made possible by the subject AAD-1
nvention.

Preplant burndown herbicide applications are intended to
kill weeds that have emerged over winter or early spring
prior to planting a given crop. Typically these applications
are applied in no-till or reduced tillage managenient systems
where pliysical removal of weeds is not completed prior to
planting. An herbicide program, therefore, must control a
very wide spectrum of broadleaf and grass weeds present at
the time of planting. Glyphosate, gramoxone, and glufosi-
nate are examples of non-selective, non-residual herbicides
widely used for preplant burndown herbicide applications.
Some weeds, however, are difficult to control at this time of
the season due to one or more of the following: inherent
insensitivity of the weed species or biotype to the herbicide,
relatively large size of winter annual weeds, and ocool
weather conditions limiting herbicide uptake and activity.
Several herbicide options are available to tankmix with these
herbicides to increase spectrum and activity on weeds where
the non-selective herbicides are weak. An example would be
2, 4-D tankmix applications with glyphosate to assist in the
control of Comza canadensis (horseweed). Glyphosate can
be used from 420 to 1680 g ae/ha, more typically 560 to 340
g ae/ha, for the preplant burndown control of most weeds
present; however, 280-1120 g ae'ha of 2,.4-D can be applied
to aid in control of many broadleaf weed species (e.g.,
horseweed). 2,4-D is an herbicide of choice because it is
effective on a very wide range of broadleaf weeds, effective
even at low temperatures, and extremely inexpensive. How-
ever, if the subsequent crop is a sensitive dicot crop, 2,4-D
residues 1 the soil (although short-lived) can negatively
impact the crop. Soybeans are a sensitive crop and require
a minimum time period of 7 days (for 280 g ae/ha 2,4-D rate)
to at least 30 days (for 2,4-D applications of 1120 g ae/ha)
to occur between burndown applications and planting. 2,4-D>
15 prohibited as a burndown treatment prior to cotton plant-
ing (see federal labels, most are available through CPR,
2003 or online at cdms.net/manuf/manuf.asp). With AAD-1
(v3) transformed cotton or soybeans, these crops should be
able to survive 2,4-D residues in the soil from bumdown
applications applied night up to and even after planting
before emergence of the crop. The increased flexibility and
reduced cost of tankmix {or commercial premix)} partners
will improve weed control options and increase the robust-
ness of burmdown applications 1 important no-till and
reduced tillage situations. This example is one of many
options that will be available. Those skilled in the art of
weed control will note a variety of other applications includ-
ing, but not limited to gramoxone+2 4-D or glufosinate+2,
4-D by wtilizing products described n federal herbicide
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labels (CPR, 2003) and uses described in Agriliance Crop
Protection Guide {2003), as examples. Those skilled in the
art will also recognize that the above example can be applied
to any 2,4-D-sensitive {or other plienoxy auxin herbicide)
crop that would be protected by the AAD-1 (v3) gene if
stably transformed.

Example 19

In-Crop Use of Phenoxy Auxins Herbicides in
AAD-1 (v3) Only Transformed Soybeans, Cotton,
and Other Dicot Crops

AAD-1 (v3) can enable the use of phenoxy auxin herbi-
cides (e.g., 2,4-D, dichlorprop, MCPA, et al.) for the control
of a wide spectrum of broadleaf weeds directly in crops
normally sensitive to 2,4-D. Application of 2.4-D at 280 to
2240 g ae’ha would control most broadleaf weed species
present in agronomic environments. More typically, 560-
1120 g ae/ha is used. For a complete weed control system,
grass weeds must be controlled. A variety of broad spectrum
graminicide herbicides, including but not limited to haloxy-
fop, quizalofop, fenoxaprop, fluazifop, sethoxydim, and
clethodim are currently registered for use in most dicot crops
which are naturally tolerant to these herbicides. A combi-
nation of quizalofop (20-100 g ae/ha) plus 2,4-D (420-840
g ae/ha) could provide two herbicide modes of action in an
AAD-1 (v3)-transformed dicot crop (1.e., soybean or cotton)
that would control most agronomic weeds m a similar
fashion to glyphosate in glyphosate tolerant crops (see weed
control spectra by reference to Agriliance Crop Protection
Guide performance ratings).

An advantage to this additional tool is the extremely low
cost of the broadleaf herbicide component and potential
short-lived residual weed control provided by higher rates of
24-D and/or AOPP herbicides when used at higher rates,
whereas a non-residual herbicide like glyphosate would
provide no control of later germinating weeds. This tool also
provides a mechanism to rotate herbicide modes of action
with the convenience of HTC as an integrated herbicide
resistance and weed shift management strategy in a glypho-
sate tolerant crop/AAD-1 (v3) HTC rotation strategy,
whether one rotates crops species or not. Additionally, the
grass and broadleaf weed control components of this system
are independent of one another, thus allowing one skilled in
the are of weed control to determine the most cost effective
and efficacious ratio of auxin and AOPP herbicide. For
example, if broadleaf weeds were the only significant weeds
present when herbicide applications were needed, an herbi-

cide application of 560 to 1120 g ae/ha 2,4-D could be made :

without another herbicide. This would reduce unnecessary
herbicide applications, provide flexibility to reduce input
costs and reduce environmental loads of pesticides, and
reduce unnecessary selection pressure for the development
of herbicide resistant weeds.

Further benefits could include tolerance to 2,4-D drift or
volatilization as mechanisms for off-site 2.4-D ijury to
dicot crops; no mnterval required before planting following
2,4-D application (see previous example); and fewer prob-
lems from contamination injury to dicot crops resulting from
incompletely cleaned bulk tanks that had contaned 2.4-D.
Dicamba (and other herbicides) can still be used for the
subsequent control of AAD-1 {v3)-transformed dicot crop
volunteers.

Those skilled in the art will also recognize that the above
example can be applied to any 24-D-sensitive (or other
phenoxy auxin herbicide) crop that would be protected by
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the AAD-1 (v3) gene if stably transformed. One skilled in
the art of weed control will now recognize that use of
various commercial phenoxy avxin herbicides alone or in
combination with any commercial AOPP herbicide is
enabled by AAD-1 (v3) transformation. Specific rates of
other herbicides representative of these chemistries can be
determined by the herbicide labels compiled in the CPR
{Crop Protection Reference)} book or similar compilation or
any commercial or academic crop protection references such
as the Crop Protection Guide from Ageiliance (2003). Each
alternative herbicide enabled for use in HTCs by AAD-1
{(v3), whether used alone, tank mixed, or sequentially, is
considered within the scope of this invention.

Exaniple 20

In-Crop Use of Phenoxy Auxins and AOPP
Herbicides in AAD-1 (v3) Only Transformed Com,
Rice, and Other Monocot Species

In an analogous fashion, transformation of grass species
(such as, but not limited to, corn, rice, wheat, barley, or turf
and pasture grasses) with AAD-1 (v3) would allow the use
of highly efficacious AOPP graminicides in crops normally
sensitive to these herbicides. Most grass species have a
natural tolerance to auxinic herbicides such as the phenoxy
auxins (i.e., 2,4-D, dichlorprop, et al.). However, a relatively
low level of crop selectivity has resulted in diminished
utility in these crops due to a shortened window of appli-
cation timing and alternative broadleaf weeds. AAD-1 (v3)-
transformed monocot crops would, therefore, enable the use
of a similar combination of treatments described for dicot
crops such as the application of 2,4-D at 280 to 2240 g ae'ha
to contro]l most broadleaf weed species. More typically,
560-1120 g ae/ha would be vsed. A variety of broad spec-
trum AOPP graminicide herbicides {including but not lim-
ited to haloxyfop, quizalofop, fenoxaprop, and fluazifop)
could be utilized for effectively controlling a wide selection
of grass weeds. Cyclohexanedione graminicidal herbicides
like sethoxydim, clethodim, et al. could not be vsed in this
system as shown for dicot crops since AAD-1 would not
protect from this chemistry, and grass crops will be naturally
sensitive to the cyclohexanedione chemistries. However,
this attribute would enable the use of cyclohexanedione
herbicides for the subsequent control of AAD-1 (v3)-trans-
formed grass crop volunteers. Similar weed control strate-
gies are now enabled by AAD-1 for the dicot crop species.
A combination of quizalofop (20-100 g ae/ha) plus 2,4-D
{(420-840 g ae’ha) could provide two herbicide modes of
action in an AAD-1 (v3) transformed monocot crop (e.g.
corn and rice) that would control most agronomic weeds in
a similar fashion to glyphosate in glyphosate tolerant crops
(see weed control spectra by reference to Agriliance Crop
Protection Guide performance ratings).

An advantage to this additional tool is the extremely low
cost of the broadleaf herbicide component and potential
short-lived residual weed control provided by higher rates of
2, 4-D and/or AOPP herbicides when used at higher rates. In
contrast, a non-residual herbicide like glyphosate would
provide no control of later-germinating weeds. This tool
would also provide a mechanism to rotate herbicide modes
of action with the convenience of HTC as an integrated-
herbicide-resistance and weed-shift-management strategy in
a glyphosate tolerant crop/AAD-1 (v3) HTC rotation strat-
egy, whether one rotates crops species or not. Additionally,
the grass and broadleaf weed control components of this
system are independent of one another, thus allowing one
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slalled in the are of weed control to determine the most cost
effective and efficacious ratio of auxin and AOPP hLerbicide.
For example, if broadleaf weeds were the only significant
weeds present when herbicide applications were needed, an
herbicide application of 560 to 1120 g ae/ha 2,4-D could be
made without another herbicide. This would reduce unnec-
essary herbicide applications, provide flexibility to reduce
input costs and reduce environmental loads of pesticides,
and reduce unnecessary selection pressure for the develop-
ment of herbicide resistant weeds. The mncreased tolerance
of corn, and other monocots to the phenoxy auxins shall
enable use of these herbicides in-crop without growth stage
restrictions or the potential for crop leaning, unfurling
phenomena such as “rat-tailing,” crop leaning, growth regu-
lator-induced stalk brittleness in corn, or deformed brace
10015,

Those skilled in the art will now also recognize that the
above example can be applied to any monocot crop that
would be protected by the AAD-1 (v3) gene from mjury by
any AOPP herbicide. One skilled in the art of weed control
will now recognize that use of various commercial phenoxy
auxin herbicides alone or in combination with any commer-
cial AOPP herbicide is enabled by AAD-1 (v3) transforma-
tion. Specific rates of other herbicides representative of these
chemustries can be determined by the herbicide labels com-
piled in the CPR {Crop Protection Reference) book or
similar compilation, labels compiled online (e.g., cdms.net/
manif/manuf.asp), or any commercial or academic crop
protection guides such as the Crop Protection Guide from
Agriliance (2003). Each alternative herbicide enabled for
vse in HTCs by AAD-1 (v3), whether vsed alone, tank
mixed, or sequentially, is considered within the scope of this
invention,

Exanmiple 21

AAD-1 (v3) Stacked with Glyphosate Tolerance
Trait in any Crop

The vast majority of cotton, canola, and soybean acres
planted in North America contain a glyphosate tolerance
(GT) trant, and adoption of GT com is on the rise. Additional
GT crops (e.g., wheat, rice, sugar beet, and turf) have been
under development but have not been commercially released
to date. Many other glyphosate resistant species are in
experimental to development stage (e.g., alfalta, sugar cane,
sunflower, beets, peas, carrot, cucumber, lettuce, onion,
strawberry, tomato, and tobacco; forestry species like poplar
and sweetgum; and horticultural species like marigold,
petunia, and begonias; isb.vt.edv/cfdocs/fieldtests1.cfim,
2005 on the World Wide Web). GTC’s are valuable tools for
the sheer breadth of weeds controlled and convenience and
cost effectiveness provided by this system. However, gly-
phosate’s utility as a now-standard base treatment is select-
ing for glyphosate resistant weeds. Furthermore, weeds that
glyplhiosate is inherently less efficacious on are shifting to the
predominant species in fields where glyphosate-only chernu-
cal programs are being practiced. By stacking AAD-1 (v3)
with a GT trait, either through conventional breeding or
jointly as a novel transtormation event, weed control effi-
cacy, flexibility, and ability to manage weed shifts and
herbicide resistance development could be improved. As
mentioned in previous examples, by transforming crops with
AAD-1 {v3), one can selectively apply AOPP herbicides in
monocot crops, monocot crops will have a higher margin of
phenoxy auxin safety, and phenoxy auxins can be selectively
applied in dicot crops. Several scenarios for improved weed
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control options can be envisioned where AAD-1 (v3) and a
GT trait are stacked in any monocot or dicot crop species:
a) Glyphosate can be applied at a standard postemergent
application rate (420 to 2160 g ae/ha, preferably 560 to
840 g ae/ha) for the control of most grass and broadleaf
weed species. For the control of glyphosate resistant
broadleaf weeds like Comyza caradensis or weeds
inherently difficult to control with glyphosate (e.g.
Connmeling spp), 280-2240 g aetha (preferably 360-
1120 g aetha) 2.4-D can be applied sequentially, tank
mixed, or as a premix with glyphosate to provide
effective control.

h) Glyphosate can be applied at a standard postemergent
application rate (420 to 2160 g ae/ha, preferably 560 to
840 g ae/ha) for the control of most grass and broadleaf
weed species. For the control of glyphosate resistant
grass species like Lolium rigidum or Eleusine indica,
10-200 g ae/ha (preferably 20-100 g ae/ha) quizalofop
can be applied sequentially, tank mixed, or as a premix
with glyphosate to provide effective control.

c) Currently, glyphosate rates applied in GTC's generally
range trom 560 to 2240 g ae/ha per application timing.
Glyphosate is far more efficacious on grass species than
broadleaf weed species. AAD-1 (v3)+GT stacked traits
would allow grass-effective rates of glyphosate (105-
840 g ae/ha, more preferably 210-420 g ae/ha). 2.4-D
{at 280-2240 g ae’ha, more preferably 560-1120 g
ae/ha) could then be applied sequentially, tank mixed,
or as a premix with grass-effective rates of glyphosate
to provide necessary broadleaf weed control. An AOPP
lLerbicide like quizalofop at 10-200 g ae/ha (preferably
20-100 g ae/ha and more preferably 20-35 g ae/ha),
could be for more robust grass weed control and/or for
delaving the development of glyphosate resistant
grasses. The low rate of glyphosate would also provide
some benetit to the broadleaf weed control: however,
primary control would be from the 2,4-D.

One skilled in the art of weed control will recognize that
use of one or more commercial phenoxy auxin herbicides
alone or in combination {sequentially or independently) with
one or more commercial AQOPP herbicide is enabled by
AAD-1 (¥3) transformation into crops. Specific rates of
other herbicides representative of these chemistries can be
determined by the herbicide labels compiled in the CPR
{Crop Protection Reference) book or similar compilation,
labels compiled online (e.g.. cdms.net/manuffmanuf.asp), or
any commetrcial or academic crop protection guides such as
the Crop Protection Guide from Agnliance (2003). Each
alternative herbicide enabled for use in HTCs by AAD-1
{(v3), whether used alone, tank mixed, or sequentially, is
considered within the scope of this invention.

Example 22

AAD-1 (v3) Stacked with Glufosinate Tolerance
Trait in Any Crop

Glufosinate tolerance (PAT or bar) is currently present in
a number of crops planted in North America either as a
selectable marker for an input trait like insect resistance
proteins or specifically as an HTC trait. Crops include, but
are not limited to, ghifosinate tolerant canola, corn, and
cotton. Additional glufosinate tolerant crops (e.g.. rice, sugar
beet, soybeans, and turf) have been under development but
have not been commercially released to date. Glufosinate,
like glyphosate, 15 a relatively non-selective, broad spectrum
grass and broadleaf herbicide. Glufosinate’s mode of action
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differs from glyphosate. It is faster acting, resulting n
desiccation and “buming” of treated leaves 24-48 hours after
herbicide application. This is advantageous for the appear-
ance of rapid weed control. However, this also limits trans-
location of glufosinate to menstematic regions of target
plants resulting n poorer weed control as evidenced by
relative weed control performance ratings of the two com-
pounds in many species {Agriliance, 2003).

By stacking AAD-1 (v3) with a glufosinate tolerance trait,
either through conventional breeding or jomntly as a novel
transformation event, weed control efficacy, flexibility, and
ability to manage weed shifts and herbicide resistance
development could be improved. As mentioned in previous
examples, by transforming crops with AAD-1 (v3), one can
selectively apply AOPP herbicides in monocot crops, mono-
cot crops will have a higher margin of phenoxy auxin safety,
and phenoxy auxins can be selectively applied in dicot
crops. Several scenarios for improved weed control options
can be envisioned where AAD-1 (v3) and a glufosinate
tolerance trait are stacked mn any monocot or dicot crop
species:

a) Glufosinate can be applied at a standard postemergent

application rate (200 to 1700 g ae/ha, preferably 350 to

500 g aetha) for the control of many grass and broadleaf

weed species. To date, no glufosinate-resistant weeds

have been confirmed; however, glufosinate has a

greater number of weeds that are inherently more

tolerant than does glyphosate.

1) Inherently tolerant grass weed species (e.g., Echi-
nochioa spp or Serghum spp) could be controlled by
tank mixing 10-200 g ae/ha (preferably 20-100 g
ae/ha) quizalofop.

11) Inherently tolerant broadleaf weed species (e.g.,
Cirsium arvensis and Apocynum cannabimim) could
be controlled by tank mixing 280-2240 g ae/ha, more
preferably 560-2240 g ac/ha, 24-D for effective
control of these more difficult-to-control perennial
species and to improve the robustness of control on
annual broadleaf weed species.

h) A three-way combination of glufosinate {(200-500 g
ae'ha)+2.4-D (280-1120 g ae/ha)+quizalofop (10-100 g
aefha), for example, could provide more robust, over-
lapping weed control spectrum. Additionally, the over-
lapping spectrum provides an additional mechanism for
the management or delay of herbicide resistant weeds.

One skilled in the art of weed control will recognize that
use of one or more commercial phenoxy auxin herbicides
alone or in combination (sequentially or independently) with
one of more commercial AQPP herbicide iz enabled by
AAD-1 (v3) transformation into crops. Specific rates of
other herbicides representative of these chemistries can be
determined by the herbicide labels compiled n the CPR
{Crop Protection Reference) book or similar compilation,
labels compiled online (e.g., cdms.net/manut/manuf.asp), or
any comniercial or academic crop protection guides such as
the Crop Protection Guide from Agriliance (2003). Each
alternative hetbicide enabled for use in HTCs by AAD-1
(v3), whether used alone, tank mixed, or sequentially, 1s
considered within the scope of this invention.

Example 23
AAD-1 (v3) Stacked with AHAS Trait in any Crop
Imidazolinone herbicide tolerance (AHAS, et al.) is cur-

rently present i1 a nuniber of crops planted in North America
including, but not limited to, corn, rice, and wheat. Addi-
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tional imidazolinone tolerant crops (e.g., cotton and sugar
beet) have been under development but have not been
commercially released to date. Many imidazolinone herbi-
cides (e.g.. imazamox, imazethapyr, imazaquin, and
imazapic) are cutrently used selectively in various conven-
tional crops. The use of imazethapyr, imazamox, and the
non-selective imazapyr has been enabled through imidazoli-
none tolerance traits like AHAS et al, Imidazolinone tolerant
HTCs to date have the advantage of being non-transgenic.
This chiemistry class also has sigmificant soil residual activ-
ity, thus being able to provide weed control extended beyond
the application timing, unlike glyphosate or glufosinate-
based systems. However, the spectrum of weeds controlled
by imidazolinone herbicides is not as broad as glyphosate
(Agriliance, 2003). Additionally, imidazolinone herbicides
have a mode of action (inhibition of acetolactate synthase,
ALS) to which many weeds have developed resistance
{Heap, 2004). By stacking AAD-1 (v3) with an imidazoli-
none tolerance trait, either through conventional breeding or
Jointly as a novel transformation event, weed control effi-
cacy, flexibility, and ability to manage weed shifts and
herbicide resistance development could be improved. As
mentioned in previous examples, by transforming crops with
AAD-1 (v3), one can selectively apply AOPP herbicides in
monocot crops, monocot crops will have a higher margin of
phenoxy auxin safety, and phenoxy auxins can be selectively
applied in dicot crops. Several scenarios for improved weed
control options can be envisioned where AAD-1 (v3) and an
imidazolinone tolerance trait are stacked n any nionocot or
dicot crop species:

a) Imazethapyr can be applied at a standard postemergent
application rate of (35 to 280 g ae/ha, preferably 70-140
g aefha) for the control of many grass and broadleaf
weed species.

1) ALS-inhibitor resistant broadleaf’ weeds like Ania-
ranthus vudis, Ambrosia trifida, Chenopodiun album
{among others, Heap, 2004} could be controlled by
tank mixing 280-2240 g ae'ha, more preferably
560-1120 g ae/ha, 2,4-D.

ii} Inherently more tolerant broadleaf species to imi-
dazolinone herbicides like Ipomoea spp. can also be
controlled by tank mixing 280-2240 g ae/ha, more
preferably 560-1120 g aefha, 2.4-D.

ii1) AL S-inhibitor resistant grass weeds like Sorghum
halepense and Lolium spp. can be controlled by tank
mixing 10-200 g ae/ha (preferably 20-100 g ae/ha)
quzalofop.

iv} Inherently tolerant grass weed species (e.g., Agro-
pyron repens) could also be controlled by tank mix-
ing 10-200 g ae’ha (preferably 20-100 g ae/ha)
quizalofop.

b} A three-way combination of imazethapyr (35 to 280 g
ae'ha, preferably 70-140 g ae/ha)+2,4-D (280-1120 g
ae/ha)+quizalofop (10-100 g ae/ha), for example, could
provide more robust, overlapping weed control spec-
trum. Additionally, the overlapping spectrum provides
an additional mechanism for the management or delay
of herbicide resistant weeds.

One skilled in the art of weed control will recognize that
use of any of various commercial imidazolinone herbicides,
phenoxy auxin herbicides, or AOPP herbicide, alone or in
multiple combinations, is enabled by AAD-1 (v3) transfor-
mation and stacking with any imidazolinone tolerance trait
either by conventional breeding or genetic engineering.
Specific rates of other herbicides representative of these
chemistries can be determined by the herbicide labels com-
piled n the CPR (Crop Protection Reference) book or
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similar compilation, labels compiled online (e.g., cdms net/
manuf/manuf.asp), or any commercial or academic crop
protection guides such as the Crop Protection Guide from
Agriliance (2003). Each alternative herbicide enabled for
use in HTCs by AAD-1 (v3), whether used alone, tank
mixed, or sequentially, is considered within the scope of tlus
mvention.

Example 24
AAD-1 (v3) in Rice

24.1—Media Description.

Culture media employed were adjusted to pH 5.8 with 1
M KOH and solidified with 2.5 g/l Phytagel (Sigma).
Embryogenic calli were cultured in 100x20 mm Petri dishes
containing 40 ml semi-solid medium. Rice plantlets were
grown on 30 ml medium in Magenta boxes. Cell suspensions
were maintained 1 125-m] comical flasks containing 35 ml
liquid medium and rotated at 125 rpm. Induction and main-
tenance of embryogenic cultures took place in the dark at
25-26" C., and plant regeneration and whole-plant culture
took place in a 16-hi photoperiod (Zhang et al. 1996).

Induction and maintenance of embryogenic callus took
place on NB basal medium as described previously (Li et al.
1993), but adapted to contain 500 mg/]1 glutamine. Suspen-
sion cultures were initiated and maintained in SZ liquid
medium (Zhang et al. 1998) with the inclusion of 30 gl
sucrose in place of maltose. Osmotic medium (NBO) con-
sisted of NB medium with the addition of 0.256 M each of
mannitol and sorbitol. Hygromycin-B-resistant callus was
selected on NB medium supplemented with 50 mg/l hygro-
mycin B for 3-4 weeks. Pre-regeneration took place on
medium (PRHSO) consisting of NB medium without 2 4-
dichlorophenoxyacetic acid (2,4-D), but with the addition of
2 mg/l 6-benzylaminopurine (BAP), 1 mg/l c-naplthale-
neacetic acid (NAA), 5 mg/l abscisic acid (ABA) and 50
mg/l hygromycin B for 1 week. Regeneration of plantlets
followed wvia culture on regeneration medinm (RNH50)
comprising NB medium without 2.4-D, and supplemented
with 3 mg/l BAP, 0.5 mg/l NAA, and 50 mg/] hygromycin
B until shoots regenerated. Shoots were transferred to root-
ing mediun with half-strength Murashige and Skoog basal
salts and Gamborg’s B5 vitamins, supplemented with 1%
sucrose and 50 mg/l hygromycin B (V2MSHS0).

24.2—Tissue Culture Development.

Mature desiccated seeds of Oryzu sativa L. japonica cv.
Taipei 309 were sterilized as described 10 Zhang et al. 1996,
Embryogenic tissues were induced by culturing sterile
mature rice seeds on NB medium in the dark. The primary
callus approximately 1 mm in diameter, was removed from
the scutellum and used to imtiate cell suspension in 82
liguid medium. Suspensions were then maintained as
described in Zhang 1993. Suspension-derived embryogenic
tissues were removed from liquid culture 3-5 days after the
previous subculture and placed on NBO osmotic medium to
form a circle about 2.5 cm across i a Petri dish and cultured
for 4 h prior to bombardment. Sixteen to 20 h after bom-
bardment, tissues were transferred from NBO medium onto
NBH30 hiygromycin B selection medivm, ensuring that the
bombarded surface was facing upward, and incubated in the
dark for 14-17 days. Newly formed callus was then sepa-
rated from the original bombarded explants and placed
nearby on the same mediun. Following an additional 8-12
days, relatively compact, opaque callus was visually iden-
tified, and transferred to PRHSQO pre-regeneration medium
for 7 days in the dark. Growing callus, which became more
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compact and opaque was then subcultured onto RNH50
regeneration medium for a period of 14-21 days under a 16-h
photoperiod. Regenerating shoots were transferred to
Magenta boxes containing 2 MSHS30 medium. Multiple
plants regenerated from a single explant are considered
siblings and were treated as one ndependent plant line. A
plant was scored as positive for the hph gene if it produced
thick, white roots and grew vigorously on Y2 MSHS0
medivm. Once plantlets had reached the top of Magenta
boxes, they were transterred to soil in a 6-cm pot under
100% humidity for a week, then moved to a growth chamber
with a 14-h light period at 30° C. and in the dark at 21° C.
for 2-3 weeks before transplanting into 13-cm pots in the
greenhouse. Seeds were collected and dried at 37° C. for one
week prior to storage at 4° C.

24.3—Microprojectile Bombardment.

All bombardments were conducted with the Biolistic
PD&-1000/He™ system (Bio-Rad, Laboratories, Inc.).
Three milligrams of 1.0 micron diameter gold particles were
washed once with 100% ethanol, twice with sterile distilled
water and resuspended in 50 pl water mn a silicomzed
Eppendorf tube. Five micrograms plasmid DNA represent-
ing a 1:6 molar ratio of pDOW3303(Hpt-containing vector)
to pDAB3403, 20 pl spermidine (0.1 M) and 50 pl calcium
chloride (2.5 M) were added to the gold suspension. The
mixture was incubated at room temperature for 10 min,
pelleted at 10000 rpm for 10 s, resuspended in 60 pl cold
100%% ethanol and 8-9 pl was distributed onto each macro-
carrier. Tissue samples were bombarded at 1100 psi and 27
i of Hg vacuum as described by Zhang et al. (1996).

24 4—Tolerance Testing.

Rice plantlets at the 3-5 leaf stage were sprayed with a
0.3% (v/v) solution of DuPont™ Assurel 11 containing 1%
(v/v) Agridex crop oil concentrate using a DeVilbiss bulb
sprayer (model 15-RD glass atomizer). This concentration
corresponds to approximately 140 g ae/ha. Each plant was
spayed in a fume hood at a distance of 8-12 inches with 6 full
squirts of the sprayer directed so that the entire plant was
covered with an equal portion of herbicide. Each squirt
delivered approximately 100 pl solution to the plantlet. Once
sprayed, plantlets were allowed to dry for one hour before
being moved out of the fume hood. Rating for sensitivity or
resistance was done at 10-14 days after treatment (DAT) and
is shown in Table 35 below.

TABLE 35
Sample
Name 140 g ae/ha quuzalofop
Control Dead
63-14 No nyury
63-1F Mo injury
63-4B No injury
634D No nyury
63-60 Dead

24.5—Tissue Harvesting, DNA Isolation and Quaatifica-
tion.

Fresh tissue was placed into tubes and lyophilized at 4° C.
for 2 days. After the tissue was fully dried, a tungsten bead
(Valenite) was placed in the tube and the samples were
subjected to 1 minute of dry grinding using a Kelco bead
mill. The standard DNeasy DNA isolation procedure was
then followed (Qiagen, Dneasy 69109). An aliquot of the
extracted DN A was then stained with Pico Green (Molecular
Probes P7589) and scanned in the florometer (BioTek) with
known standards to obtain the concentration in ng/ul.
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24 6—Southern Blot Analysis.

Southern blot analysis was performed with total DNA
obtained from the Qiagen DNeasy kit. A total of 2 pg of
DNA was subjected to an overnight digest of HindIII for
pDAB3403 to obtain integration data. Likewise a total of 2
ug of DNA was subjected to an overnight digest of Mfel to
obtain the PTU data. After the overnight digestion an aliquot
of ~100 ng was run on a 1% gel to ensure complete
digestion. After this assurance the samples were run on a
large (.85% agarose gel overnight at 40 volts. The gel was
then denatured in 0.2 M NaOH. 0.6 M NaCl for 30 mimutes.
The gel was then neutralized in 0.5 M Tris HCI, 1.5 M NaCl
pH of 7.5 for 30 minutes. A gel apparatus containing
20x85C was then set-up to obtain a gravity gel to nylon
membrane (Millipore INYCO0010) transfer overnight. After
the overnight transfer the menibrane was then subjected to
UV light via a crosslinker (Stratagene UV stratalinker 1800)
at 1200 X100 microjoules. The membrane was then washed
in 0.1% SDS, 0.1 88C for 45 minutes. After the 45 mimte
wash, the membrane was baked for 3 hours at 80° C. and
then stored at 4° C. until hybridization. The hybridization
template fragment was prepared using coding region PCR
using plasmid pDAB3404. A total of 100 ng of total DNA
was used as template. 20 mM of each primer was used with
the Takara Ex Taq PCR Polymerase kit {(Minis
TAKRROO1A). Primers for Southern fragment PCR AAD-1
were (Forward—ATGGCTCATGCTGCCCTCAGCC)
(SEQ ID N(O:31) and (Reverse—GGGCAGGCCTAACTC-
CACCAA) (SEQ ID NO:32). The PCR reaction was carried
out in the 9700 Geneamp thermocycler (Applied Biosys-
tems), by subjecting the samples to 94° C. for 3 minutes and
35 cycles of 94° C. for 30 seconds, 65° C. for 30 seconds,
and 72° C. for 1 minute and 45 seconds followed by 72° C.
for 10 minutes.

The product was run on a 1% agarose gel and excised then
gel extracted using the Chagen (28706} gel extraction pro-
cedure. The membrane was then subjected to a pre-hybrid-
ization at 60° C. step for 1 hour in Perfect Hyb buffer (Sigma
H7033). The Prime it RmT dCTP-labeling reaction (Strata-
gene 300392) procedure was used to develop the p32 based
probe (Perkin Elmer). The probe was cleaned-up using the
Probe Quant. G50 columns (Amersham 27-5333-01). Two
million counts CPM were used to Lybridize the Southern
blots overnight. After the overnight hybridization the blots
were then subjected to two 20 minute washes at 65° C. in
0.1% SDS, 0.1 88C. The blots were then exposed to a
phosphor image screen overnight and scanned vsing a storm

scanner (MOLECULAR DEVICES). A summary of the -

results is presented in Table 36,

TABLE 36

Southern Results.

Integration Southern data PTU Scuthern data

Event Nutnber of bands Expected size 3044 bp

63-1 A 8 ves, T distinet bands

63-1F 3 yes, 9 distinet bands

63-4 A 20 yes, 20 distinet bands

634 D 20 ves, 19 distinet bhands

63-6 C 2 Insufficient DNA yield for bath cuts

Plants 63-1 A and 63-1 F are not the same event; Plants
63-4 A and 63-4 D are the same event. These events have the
expected size PTU’s, but they are very complex. Tls
Southern blot PTU data correlates with expression data and
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the spray data. Sample 63-6 C did not have enough DNA
present to perform both Integration and PTU southern blots.

24.7—Western Data

Sample preparation and analysis conditions were as
described previously. Five transgenic rice lines and 1 non-
transgenic control were analyzed for AAD-1 expression
using ELISA and Western blot. AAD-1 was detected in four
lines (63-1A, 63-1F, 63-4B and 63-4D) but not in line 63-1C
or the control plant. Expression levels ranged from 15.6 to
183 ppm of total soluble protein. A summary of the results
15 presented in Table 37.

TABLE 37
ELISA
Sample [AAD1]  Expression
Lane Name TSP {pgrmly  {ng/mL} (ppm) Western
1 Control 6719.58 000 0.00 -
2 63-1A 2311.87 351.17 4225 ES
3 63-1F 1145331 200235 182,69 +
4 63-4B 1383500 216,00 15.61 +
5 36-4D 13656.44% 717.05 32351 +
& 63-6C 3343.63 000 0.00 -
7 AAD] Standard 4
(0.5 pgimlL)
2 AAD] Standard e+
(5.0 pgmL)
Example 25

Turf Grass Transformation Procedures

Genetic transformation, with AAD-1 (v3) substituted for
the “bar” gene as described below, of creeping bentgrass
mediated by dgrobacterivm tumefaciens could be achieved
through embryogenic callus initiated from seeds {cv. Penn-
A-4), as described generally below. See “Efficiency of
Agrobacterium tumefaciens-mediated turfgrass (Agrostis
stolonifera L) transformation™ (Luo et. al., 2004).

Callus is infected with an A. swmefaciens strain
(LBA4404) harboring a super-binary vector that contained
an herbicide-resistant bar gene driven either by a rice
ubiquitin promoter. The overall stable transformation effi-
ciency ranged from 18% to 45%. Southern blot and genetic
analysis confirmed transgene integration in the creeping
bentgrass genome and normal transmission and stable
expression of the transgene n the T, generation. All inde-
pendent transformation events carried one to three copies of
the transgene, and a majority {60-65%) contained only a
single copy of the foreign gene with no apparent rearrange-
ments.

25.1—8eed Preparation for Embryogenic Callus Induc-
tion.

Mature seeds were dehusked with sand paper and surface
sterilized in 10% (v/v) Clorox bleach (6% sodium hypo-
chlorite) plus 0.2% (v/v) Tween 20 (Polysorbate 20) with
vigorous shaking for 90 min. Following rinsing five times in
sterile distilled water, the seeds were placed onto callus-
induction medium (MS basal salts and vitamins, 30 g/l
sucrose, S0 mg/1 casein hydrolysate, 6.6 mg/1 3,6-dichloro-
o-amsic acid (dicamba), 0.5 mg/l 6-benzylaminopurine
(BAP) and 2 g/l Phytagel. The pH of the medium was
adjusted to 5.7 before autoclaving at 120° C. for 20 min).

25.2—Embryogenic Callus Induction.

The culture plates containing prepared seed explants were
kept in the dark at room temperature for 6 weeks. Embryo-
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genic calli were visually selected and subcultured on fresh
callus-induction medivm in the dark at room temperature for
1 week before co-cultivation.

25.3—Adgrobacterivm Infection and Co-Cultivation.

One day before agro-infection, the embryogemc callus
was divided into 1- to 2-mm pieces and placed on callus-
induction medium containing 100 uM acetosyringone. A
10-ul aliquot of Adgrobacterivm (LBA4404) suspension
(OD=1.0at 660 nn) was then applied to each piece of callus,
followed by 3 days of co-cultivation in the dark at 25° C.

25 4—Resting Stage and Agrobacieritm Control,

For the antibiotic treatment step, the callus was then
transferred and cultured for 2 weeks on callus-induction
medium plus 125 my/] cefotaxime and 250 mg/1 carbenicil-
lin to suppress bacterial growth.

25.5—S8election and Potential Transgenic Colony Identi-
fication.

Subsequently, for selection, the callus was moved to
callus-induction medium containing 250 mg/] cefotaxime
and 10 mg/1 phosphinothricin (PPT) for 8 weeks. Antibiotic
treatment and the entire selection process were performed at
room temperature in the dark. The subculture interval during
selection was typically 3 weeks.

25.6—Regeneration of Transgemic Plants.

For plant regeneration, the PPT-resistant proliferating
callus events are first moved to regeneration medium (MS
hasal medium, 30 g/l sucrose, 100 mg/l myo-inositol, 1 mg/1
BAP and 2 g/l Phytagel) supplemented with cefotaxime,
PPT or hygromycin. These calli were kept in the dark at
room temperature for 1 week and then moved into the light
for 2-3 weeks to develop shoots. No Albino plants with PPT
selection (Hygromycin if used as a selection agent, produces
a high level of albino plants).

25 7—Root Induction and Transfer to Greenhouse.

Small shoots were then separated and transferred to
hormone-free regeneration medium containing PPT and
cefotaxime to promote root growth while maintaining selec-
tion pressure and suppressing any remaining Agrobacterimm
cells. Plantlets with well-developed roots (3-5 weeks) were
then transferred to soil and grown either in the greenhouse
or in the field.

25 8—Vermalization and Out-Crossing of Transgenic
Plants.

Transgemc plants were maintained out of doors m a
containment nursery (3-6 months) until the winter solstice in
December. The vernalized plants were then transferred to the
greenhouse and kept at 25° C. under a 16/8 h photoperiod
and surrounded by non-transgenic wild-type plaats that
physically isolated them from other pollen sources. The

plants started flowering 3-4 weeks after being moved back :

into the greenhouse. They were out-crossed with the pollen
from the surrounding wild type plants. The seeds collected
from each individual transgenic plant were germinated in
soil at 25° C., and T1 plants were grown in the greenhouse
for further analysis.

25 9—nher Target Grasses.

Oiher grasses that can be targeted for AAD-1 transfor-
mation according to the subject invention mclude Annual
meadowgrass (Fea anhua), Baliagrass, Bentgrass, Ber-
mudagrass, Bluegrass, Bluestems, Bromegrass, Browntop
bent (Agrostis capillaries), Buffalograss, Canary Grass, Car-
petgrass, Centipedegrass, Chewings fescue (Festuca rubra
commutate), Crabgrass, Creeping bent {(Agrostis
stolonifera), Crested hairgrass {(Koeleria macrantha), Dal-
lisgrass, Fescue, Festolium, Hard/sheeps fescue (Festuca
oving), Gramagrass, Indiangrass, Johnsongrass, Lovegrass,
mixes (Equine, Pasture, etc ), Native Grasses, Orchardgrass,
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Perenmial rvegrass (Lolium perenne), Redtop, Rescuegrass,
annual and perennial Ryegrass, Slender creeping red fescue
(Festuca rubra trichophvila), Smooth-stalked meadowgrass
(Poa pratensis), St. Augustine, Strong creeping red fescue
(Festuca rubra rubra), Sudangrass, Switchgrass, Tall fescue
(Festuca arundinacea), Timothy, Tufted hairgrass (Des-
champsia caespitosa), Turfgrasses, Wheatgrass, and Zoy-
siagrass.

Exaniple 26
AAD-1 (v3) in Canola

26.1—Canola Transformation.

The AAD-1 (v3) gene conferring resistance to 2.4-D was
used to transform Brassica papus var. Nexera* 710 with
Agrobacterium-mediated transformation. The construct con-
tained AAD-1 (v3) gene driven by CsVMV promoter and
Pat gene driven by AtUbil0 promoter.

Seeds were surface-sterilized with 10% commercial
bleach for 10 minutes and rinsed 3 times with sterile distilled
water. The seeds were then placed on one half concentration
of MS basal medium (Murashige and Skoog, 1962) and
mamtammed under growth regime set at 25° C.,, and a
photoperiod of 16 hrs light/8 hrs dark.

Hypocotyl segments (3-3 nun) were excised from 5-7 day
old seedlings and placed on callus induction medivm K1D1
(MS medium with 1 mg/1 kinetin and 1 mg/1 2,4-D) for 3
days as pre-treatment. The segments were then transferred
into a petri plate, treated with dgrobacterium Z7075 or
LBA4404 strain containing pDAB721. The dgrobacterium
was grown overiglit at 28° C. in the dark on a shaker at 150
rpm and subsequently re-suspended in the culture medinm.

After 30 min treatment of the hypocotyl segments with
Agrobacterium, these were placed back on the callus induc-
tion medivm for 3 days. Following co-cultivation, the seg-
ments were placed K1DI1TC (callus induction medium con-
taimng 250 mg/l Carbenicillin and 300 mg/1 Timentin) for
one week of recovery. Alternately, the segments were placed
directly on selection medium K1D1H]1 {above medium with
1 mg/l Herbiace). Carbenicillin and Timentin were the
antibiotics used to kill the Agrobacterium. The selection
agent Herbiace allowed the growth of the transformed cells.

Callus saniples from 35 independent events were tested
by PCR. All the 35 samples tested positive for the presence
of AAD-1 (v3), whereas the non-transformed controls were
negative (section on PCR assay). Ten callus samples were
confirmed to express the AAD-1 protein as determined by
ELISA (section on protein analysis).

Callused hypocotyl segments were then placed on
B3Z1H1 {(MS medium, 3 mg/l benzylamino purine, 1 mg/l
Zeatin, 0.5 g/l MES [2-(N-morpholino) ethane sulfonic
acid], 5 mg/l silver nitrate, 1 mg/l Herbiace, Carbenicillin
and Timentin) shoot regeneration medium. After 3 weeks
shoots started regenerating. Hypocotyl segments along with
the shoots are transferred to B3Z1H3 mediom (MS medium,
3 mg/l benzylamino purine, 1 mg/l Zeatin, 0.5 gm/l MES
[2-(N-morpholino) ethane sulfonic acid], 5 mg/l silver
nitrate, 3 mg/l Herbiace, Carbenicillin and Timentin) for
another 3 weeks.

Shoots were excised from the hypocotyl segments and
transferred to shoot elongation medinm MESH10 (MS, 0.5
em/l MES, 10 mg/l Herbiace, Carbenicillin, Timentin} for
2-4 weeks. The elongated shoots are cultured for root
induction on MSIL1 (MS with 0.1 mg/l Indolebutyric acid).
Once the plants had a well established root system, these
were transplanted into soil. The plants were acclimated
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under controlled environmental conditions in the Conviron
for 1-2 weeks before transfer to the greenhouse.

The transtormed TO plants were self-pollinated in the
greenhouse to obtain T1 seed. The TO plants and T1 progeny
were sprayed with a range of herbicide concentrations to
establish the level of protection by the AAD-1 (v3) gene.

26.2—"Molecular Analysis™: Canola Materials and Meth-
ods

26.2.1—Tissve Harvesting DNA Isolation and Quantifi-
cation. Fresh Tissue was Placed into tubes and lyophilized at
4° C. for 2 days. After the tissue was fully dred, a tungsten
bead (Valenite) was placed n the tube and the samples were
subjected to 1 minute of dry grinding using a Kelco bead
mill. The standard DNeasy DNA isolation procedure was
then followed (Qiagen, DNeasy 69109). An aliquot of the
extracted DN A was then stained with Pico Green (Molecular
Probes P7589) and read mn the florometer (BioTek) with
known standards to obtain the concentration in ng/ul.

26.2.2—Polymerase Chain Reaction.

Actotal of 100 ng of total DNA was used as the template.
20 mM of each primer was used with the Takara Ex Tag PCR
Polymerase kit (Minis TAKRROOLA). Primers for Coding
Region PCR AAD-1 (v3) were {(Forward—ATGGCTCATG
CTGCCCTCAGCC) (SEQ ID NO:27) and (Reverse—
CGGGCAGGCCTAACTCCACCAA) (SEQ ID NO:28).
The PCR reaction was carried out i the 9700 Geneamp
thermocycler (Applied Biosystems), by subjecting the
samples to 94° C. for 3 minutes and 35 cycles of 94° C. for
30 seconds, 65° C. tor 30 seconds, and 72° C. for 2 minutes
followed by 72° C. for 10 minutes. PCR products were
analyzed by electrophoresis on a 1% agarose gel stained
with EtBr. 35 samples from 35 plants with AAD-1 {(v3)
events tested positive. Three negative control samples tested
negative,

26 3—ELISA.

Using established ELISA described in previous section,
AAD-1 protein was detected in 10 different canola transfor-
mation events. Expression levels ranged from 150 to over
1000 ppm of total soluble protein (TSP). Three different
untransformed calli samples were tested in parallel with
little signal detected, indicating that the antibodies used in
the assay have minimal cross reactivity to the canola cell
matrix. A summary of the results is presented in Table 38.

TABLE 38

Exppression of AAD] in Canela calli,

[TSF] [4ADM] Expression PCR for

Sample #  Weight (img)  {pe'mLy  (ng/mL} (ppm TSF} AAD1
1 114 757.02 119.36 157.67 +
2 55 839,70 131,84 156.99 +
3 53 72441 20212 279,01 +
4 52 629.01 28489 452,92 +
5 55 52175 17588 337.08 +
& 81 707.69 74.24 1533.71 +
7 51 642,02 559.11 1026.73 +
8 [ 707.6% 270,73 382,56 +
9 51 642,02 197.90 308,28 +
10 51 141742 220,63 156.66 +
Control 1 53 2424.67 18.67 .70 -
Control 2 81 2549.60 35.00 13.73 -
Contrel 3 59 237441 2279 2.60 -
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SEQUENCE LISTING

<160> HUMBER OF SEQ ID NOS: 22

«zl0> SEQ ID HO 1
«211> LENGTH: S0

=2l2z= TYPE

: DHA

<213> ORGANISM.: Artificial sSequence
«220> FERTOURE:
<223 OTHER INFORMATION: Forward primer used to amplify the vdpa/AAD-1

{wrl}

gene

=400 SEQUENCE: 1

totagaagga gatataccat geatgetgea cotgiooccec teoetogcagey

=21l0= SEQ ID HO 2
«211> LEWNGTH: 22

=2l2z= TYPE

: DHA

=213> ORGANISHM: Artificial Seguence
«220> FERTOURE:
<223 OTHER INFORMATION: Reverse primer used to amplify the vdpa/AAD-1

{wrl}

gene

=400 SEQUENCE: 2

ctogagttac tagogogeog ggcgoacges accgaccg

=21l0= SEQ ID HO 3
=211= LENGTH: 15

czl2> TYPE

: DHA

=213>= QRGANISH: Sphingobium herbicidovorans
«220> FERTOURE:
«221> HAME/KEY: miege_feature

=222> LOCATION:

(1) .. (18}

<223> OTHER INFORMATICN: DBrimer
«220> FEATURE:
«221> HAME/KEY: misc_feature
222> LOCATION: (907}
223> OTHER INFORMATION: Primer linker

<d00> SEQUENCE: 23

totagaagga

atcgoggrec

gagoogoteg

abctattbEs

ggoaasgtay

atcogecgeg

accttoctyg

dyogdoegaca

caggosacca

taccaggoos

gogogacogtg

ctgtasgtyga

cogotgstys

tggaagaagg

gactacgogg

cgotagtaas

gatataccat
agecgctgac
acgacageac
cogyecagye
atcoegtges
aagcoaacga
acgcaccgec
soggELLEot
tegaagygbt
agaaccggeg
aaacegtgea
accaggteta
agttectgta
accaggteoct
geaagttoeg

Eogay

«21l0> SEQ ID HO 4
=211> LENGTH: &£27

.. {915}

geatgotgea
cggegtoctg
ctggaacgas
gatcacsaas
cotgobsaay
aagcgggegt
ggecgecgtg
gagcatgtas
gaacgtagty
cttcagcaac
coccotggtg
EEgscagegs
cgagoatyay
gototgggac

ctacctgacg

linker

cEgraassas
gogcgoogaga
atcctogacg
gaacagsaca
agcatogaay
gtgateggrg
gtgatgcgeg
acogogtggy
cacagogsca
accagegtea
grgacocats
atocgagggca
acacggrtay
aaccrgtgea

cgcaccacyg

Eotcacagey
toacoggogt
cgtteocacac
Eogoobtaag
ggtatasaga
aygactggea
cgatogacgt
agacgotges
cgogbgtger
aggtgatgga
cgggcagody
Egasagatge
atttoassey
cgatgeacey

toggroggogt

cEEtgagsye
cgacotgoge
ttaccaggre
coggagstes
ggtgcagaty
caccgacage
goccgageat
geccacsaty
cggobagses
cgtcgacgey
cogcaaggge
¢gaaagcaaa
cogogbgsye
gocogtaces

gegoecggey

50

33

60

120

130

240

200

3580

420

420

540

&00

&80

720

720

840

400

915
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-continued

«212> TYPE: DHA

=213> ORGANISHM: Artificial Seguence
«220> FERTOURE:

<223> OTHER INFORMATION: ARD-1 (v2) primary seguence
=220> FEATURE:

«221> HAME/KEY: miege_feature

=222>= LOCATION: (1)..(2)

=223 > QOTHER INFORMATION: primer linker
«220> FERTOURE:

221> NAME/KEY: misc_feature

«222> LOCATION: (891} .. {897}

«223> OTHER INFORMATION: primer linker

<d00> SEQUENCE: 4

coatggotge tgcactgtec cooctotoor agogetttga geogoatogoy gtocagooge 50
tgaceggeogt cotgggogec gagatcaceg goghogacet geogogageooy ctogacgaca 120
geacotgygaa ¢gasatsobs gacgoghibos acactbasca ggtcabstab EEtooogged 120
aggogateas caacgaacay cacabogedt boagooggey cbtoggssas gtogabssay 240
tgceectget caagagcate gaagggtate cagaggtgea gatgatcocoge cgogaageoca 300
acgaaagogg geogtgtgate ggtgatgact ggoacaccga cagoacctte gtggacgeoac 350
cgooggsags ogtggtgaty ogogogabay acgtgossyga goatddsgye gacacogger 420
tbsEgageat gtasasogey bgggagacgs bgtogoosas catgoagges acsabogaag 4320
ggttgaacgt agtgeacage geocacgogtg tgttoggeote geoetotaccayg goccagaacye 540

gocgettoag caacaccage gtoaaggtga tggacgboga cgogygegae cgtgaaacey £00
Egsacoooct gotgygtgacs catsogggoa goggctgsaa dggscbgtac gtgaacsagy g0
totabtgeca gogsatogay ggcatgaceg atgsocdgaaay casacogsoty cbgsagttes 720
tgtaggagea tgogacacgg ttogatttea cotgoogogt gogotggaay aaggaccoagy 720
toctggiotg ggacaacotg tgcacgatge accgygecgt acccgactac goggooaagt 240

Losgotacet gasgogoacs acggtoggty gogtgcgocs ggsgogstay bgagets 837

«210> SEQ ID HO S

=211> LENGTH: @1%¢

«212> TYPE: DHA

=213> ORGANISHM: Artificial Seguence

=220> FEATURE:

<223> OTHER INFORMATION: ARD-1 (v3) primary seguence
=220> FEATURE:

221> NAME/KEY: misc_feature

222> LOCATION: (1) .. (2}

=223 > QOTHER INFORMATION: primer linker

«220> FERTOURE:

«221> HAME/KEY: miege_feature

=222>= LOCATION: (£)..(2)

<223> OTHER IHNFORMATION: additional alanine codon (GCT)
=220> FEATURE:

221> NAME/KEY: misc_feature

«222> LOCATION: (894} .. {919}

=223 > QOTHER INFORMATION: primer linker

<d00> SEQUENCE: S

coatggetea tgotgoscte agescbobet ¢ccaacyctkt btyagagaata getgbecage 60
cactgactgg tgtoettggt geoetgagatea ctggagtgga cottgagggaa ccacttgaty 120
acageaccety gaatgagata ttggatgect bcocacactba ¢caagbeabe tastbbeocky 120
gocaageaat caccaatgag cagcacabbty cattebtocaay aaggbtbtgga ccagttbgate 240
cagrgectet totcaagage attgaagget atccagagghb toagatgate cgoagagaag 300

coaatgagbs tggaaggygty attggtgaby actggoasas agacbosacdt Ebocbbgatby 360



revistacultivar.com.br

141

US 10,947,555 B2

-continued

142

cacctecage
ggtEostEEs
aagggctcoaa
accgtogeott
cagtecates
aagtetacty
toctotatga
aagrocttgt
agttcagata

Jottaatcac

ottty
aatgtacaca
cgttgtgeac
cagcaacacc
SELgYLLyby
tcagagaatt
geatgecacs
ctgggacaac
cttgactege

ctagagsts

«2l0> SEQ ID RO &
=211> LENGTH: 30

=2l2z= TYPE

: DHA

atgagggeca
gettgggaga
totgecacac
toagtoaagg
actcabsoby
gagggeatga
agatttgact
ttgtgoacea

accacagtby

tagatbgttes
cottgEstas
grgtgttcgg
tgatggatgt
getcbggaay
cagatgsaga
toacttgoeg
tgcacegtac

gtygagrttag

<213> ORGANISM.: Artificial sSequence
<220> FEATURE:

«222> OTHER INFORMATION: rdpA{ncel)

=400 SEQUENCE: &

cocabggety ctgoastgbs cocoobsbas

=21l0= SEQ ID HO 7
=211> LENGTH: 32

czl2> TYPE

: DHA

=213> ORGANISHM: Artificial Seguence
«220> FERTOURE:
«223> OTHER INFORMATICON: 2'eaci

<d00> SEQUENCE: 7

primexr

gagotoacta gogogocygg Cgcacgosac oga

«zl0> SEQ ID HO 8
«211> LEWNGTH: 2é

=2l2z= TYPE

: DHA

<213> ORGANISM.: Artificial sSequence
<220> FEATURE:
«223 > OTHER INFORMATION: BetEII/ Del Notl 5' primer

=400> SEQUENCE: £

Eggbggtgas coatooggds agogygctgea aggged

«zl0> SEQ ID HO &
=211= LENGTH: 235

czl2> TYPE

: PRT

=213 > ORGANISH: Sphingobium herb

<d00> SEQUENCE: &

Met His Rla Ala Leu Ser Pro Leu

1

Val Gln Pro

c

Leu Thr &1y Val Leu

20

Leu RAyg Glu Pro Leu Asp Asp Ser

35

Phe Hiz Thr

50

Glu Gln His

65

40

Tyr G1n Val Ile Tyr

55

Ile Ala Phe Ser Arg

70

icidovorans

Sar dln Arg
10

dly Ala Glu
25

Thr Trp Asn

Phe Pro 4ly

Arg Phe 41y
75

Egageatygge
aaccatgscaa
troootctag
tgatgetggt
Haaaggssee
atcaaagsca
tgtgaggtay
tgtteoctgac

geotgassys

5' primer

Phe G1lu Aryg

Il Thr Gly
30

ggagacastsy
gecacoatay
caagoacaga
gacagagaga
tatgtgaate
EEgctbsagt
aagaaagace
tatgotggea

tgagtagtta

Ile B2la
15

Val Rsp

Glu Ile Leu Bsp Ala

45

Gln Rla Ile
60

Pro Val Rsp

Thr Rsn

Pro Val
20

420

420

540

&00

660

720

720

840

S00

919

30

33

36
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143

-continued

144

Pro

AP

Ile

Thr

145

Leu

Ala

Bep

Gly

Il=

225

Tyr

Lys

Val

Gly

Leu Leu Lys Ser Ile $dlu &1y Tyr Pro $lu Val Gln Met Ile

85 @0

Glu Rla &Asn Glu Ser Gly Arg Val Ile Gly Rep Rep

100 105

Ser Thr Phe Leun Asp Ala Pro Pre ABla Ala Val Val

115 120

125

Asp Val Pro Glu His Gly Gly Asp Thr Gly Phe Leu
130 135 149

Ala Trp Glu Thr Leun Ser Pro Thr Wet Gln Ala Thr

150 155

Asn Val Val His Ser Ala Thr Arg Val Phe Gly Ser

165 170

Gln RAsn Arg Arg Phe Ser Aesn Thr Ser Val Lys Val

180 125

Ala Gly Rsp Arg Glu Thr Val Hie Pro Leu Val Val

185 200

205

Ser Gly Arg Lye Gly Leu Tyr Val Aen Gln Val Tyr
210 215 220

Glu Gly Met Thr Asp Ala 3lu Ser Lye Pro Leu Leu

230 235

Glu His Rla Thr Arg Phe Asp PBhe Thr Cys Rrg Val

245 250

Asp Gln Val Leu Val Trp Asp Rsn Leu Cys Thr Met

260 2585

Pro Asp Tyr Ala Gly Lys Phe Arg Tyr Leu Thr Arg

275 220

Gly Val Arg Pro Ala Ary
290 295

«210> SEQ ID HO 10

=211> LENGTH: 2%%

«212= TYPE: PRT

<213> ORGANISM.: Artificial sSequence

=220> FEATURE:

<223> OTHER IHNFORMATION: ARD-1 v2 Translatien
=220> FEATURE:

«221= HAME/KEY: WISC_FEATURE

222> LOCATION: (2)..(2)

=223 > QTHER INFORMATION: Different from vl
=220> FEATURE:

<221> HRME/KEY:. MISC_FERTURE

=222>= LOCATION: (212} ..{212)

«223> OTHER INFORMATICON: Different from vl

=400= SEQUENCE: 10

HMet

1

Val

Leu

FPhe

Glu

65

Pro

Arg

zas

Ala Ala Ala Lew Ser Pro Leu Ser Gln Arg Phe Glu

5 10

Gln Pro Leu Thr Gly Val Leu Gly Ala Glu Ile Thr

20 25

Arg Glu Pro Leun Asp Asp Ser Thr Trp Asn Glu Ile

35 40

45

His Thr Tyr Gln Val Ile Tyr Fhe Pre Gly Gln Ala

50 55 60

Gln His Ile Ala FPhe Ser Arg Aryg Phe Gly Pro Val

70 75

Leu Leu Lys Ser Ile Glu Gly Tyr Fre Glu Val Gln

85 o0

Glu Ala Asn Glu Ser Gly Arg Val Ile Gly Asp Asp

Trp
1140
HMat
Sar
Ile
Leau
M=t

190

Thr

Cys

Sln

ary

His

270

Thr

Arg

Gly

30

Leau

Ile

ASp

HMat

Trp

35

His

Arg

HMat

Glu

Tyr

175

Rsp

His

Sln

Phe

Trp

255

Arg

Thr

Ile

15

Val

ASp

Thr

Pro

Ile

95

His

Ary

Thr

Ala

Tyr

Gly

160

Gln

Val

Pro

Leu
240
Lys

Ala

Val

Ala

ASp

Ala

Asn

Val

20

Arg

Thr
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-continued

146

Bep

Il=

Thr

145

Leu

Ala

AP

Gly

Ile
228

Tyr

Lys

Val

Gly

=210
211
212>
=213
<220
223>
<220
221>
=222
223>

Ser

Bsp

130

Ala

Bsn

Gln

Ala

Sar

210

Glu

Glu

Rsp

Pro

Gly
290

Thr

115

Val

Trp

Val

Asn

Gly

195

Gly

Gly

His

Sln

Bsp

275

Val

100

Phe

Pro

Glu

Val

Arg

1g0

ASE

Cys

HMat

Ala

Val
280

Tyr

Ary

=400 = SEQUENCE:

Met Ala His Ala

1

Ala

AP

Ala

65

Val

Thr

Ala

Val

Leau

Phe
RO

Glu

Pro

Ary

Rsp

Ile
130

Gln

Arg

35

His

Sln

Leu

Glu

Ser
115

Rsp

Pro

20

Glu

Thr

His

Leu

Ala

100

Thr

Val

Leu

Glu

Thr

Hie

165

Arg

Arg

Lya

Thr

Thr

245

Leu

Ala

Pro

SEQ ID NO 1l
LEMNETH:
TYPE: PRT
ORGANISH: Artificial Sequence
FERTURE:
OTHER INFORMATION: AAD-1 v3 Translation
FERTURE:
HEME/KEY: MISC_FERTURE
LOCATION:
OTHER IHFORMATICON: Different from

298

{2y .. (3)

11

Ala

<

Lan

Pro

Tyx

Ile

Lve

85

Asn

Fhe

Pro

Asp

Hie

Leu

150

Ser

Phe

Gla

Gly

Asp

220

Arg

Val

aly

Ala

Lan

Thr

Lan

Gln

Ala

70

Ser

Glu

Leu

Glu

Ala

aly

135

Ser

Ala

Ser

Thr

Lan

215

Ala

Phe

Trp

Lve

Arg
295

Ser

Gly

Asp

Val

55

Fhe

Ile

Ser

Asp

Hie
135

Pro

1z0

aly

Pro

Thr

Asn

Val
200

Tyt

Glu

Agp

Aep

Fhe
220

Pro

Val

Agp

Ile

Sar

Glu

aly

Ala

1z0

aly

105

Pro

Aep

Thr

Thr

135

Hisz

Val

ser

Phe

Aen

265

Arg

Len
Len
25

ser

Tyt

Arg

aly

Arg

105

Pro

aly

Ala

Thr

Mar

Val

170

ser

Pro

Asn

Lya

Thr

250

Leu

Tyr

ser
10

Gly
Thr
Phe
Arg
Tyr
&0

Val

Pro

Aep

Ala

a1y

Gln

155

Fhe

Val

Leu

Gln

Pro
238
Cys

Cys

Leu

V1

Gln

Ala

TTp

Pro

Fhe

75

Ero

Ile

Ala

Thr

Val

Phe

1440

Ala

Gly

Lys

Val

Val

220

Leu

Arg

Thr

Thr

Arg

Glu

AEn

Gly

60

Gly

Glu

Gly

Ala

Gly
149

Val

1z5

Leu

Thr

Ser

Val

Val
208

Tyr

Leu

Val

Mat

Arg
2485

FPhe

Ile

Glu

Gln

Pro

Val

Bep

Val

1z5

Phe

110

M=t Ryg Rla
Ser Met Tyr
Ile Glu Gly

150

Leu Tyr Gln
17%

Met Asp Val
190

Thr His Pro

Cys Gln Arg

Gln Phe Leu
240

Arg Trp Lys
255

His Rry Rla
270

Thr Thr Val

Glu Arg Ile
15

Thr Gly Val
30

Ile Leu Asp

Ala Ile Thr

Val Rsp Pro
20

Gln Met Ile
L

RAap Trp His
11d

Val Met Rryg

Leu Zer Met
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-cont inued

Tyr Thr &la Trp Glu Thr Leu Ser Pro Thr Met Gln Rla Thr Ile Glu
145 150 155 10
Gly Leuw Rsn Val Val Hie Ser Ala Thr Arg Val Phe Gly fer Leu Tyr

1e% 170 175
Gln Ala Gln Asn Arg Arg Phe Ser Rsn Thr Ser Val Lys Val Met Asp

180 135 190
Val Asp Ala Gly Asp Arg Glu Thr Val His FPro Leu Val Val Thr His
155 200 208
Pro Gly Ser Gly Arg Lys Gly Leu Tyr Val Asn Gln Val Tyr Cys Gln
210 215 220

Arg Ile Glu Gly Wet Thr Asp Ala Glu Ser Lys Pro Leu Leu Gln Phe
225 230 235 240
Leu Tyr Glu His Ala Thr Arg Phe Aep Phe Thr Cyvs RAry Val Rrg Trp

245 250 2585
Lys Lys Rsp Gln Val Leu Val Trp Aep 2en Leu Cys Thr Met His Rrg

260 255 270
Ala Val Preo Asp Tyr Ala 31y Lye Phe Arg Tyr Leu Thr Arg Thr Thr
275 220 285
Val Gly Gly Val Arg Pro Ala Arg
290 295

=21l0= SEQ ID MO 12
«211> LEMNGETH: 828
=2l2= TYPE: DHA
=213> ORGANISH: Bradyrhizcbium japonicum USDA 110
=400 SEQUENCE: 12
atgacgateg ccatecggea gettcagacy cattbbgtey gecagygttbe cggoctogat 60
EEgogaaage cgotcacgoc gagogaggos cgogagyteg agtecgecat ggacaaatad 1zo0
gogotgeoteg ttittocacga ocaggacate accgacgage agoagatgge tttcgogety 130
aacttoggec agogegagga Qgogegegge ggcacggtea ccaaggagaa ggactaccogg 240
ctgeaatecyg goctgaacga cgtobecaat ctogycaagy acggcaageds getggecaay 200
gacagecgca ¢goacchgbt caatcboyge aactycoctet ggcactooga cagcbegtbe 360
cgbegoattc cogoaaaatt otogotgotg toggeogogeg tggtgaacos gacgugogge 420
aacagogaat togoggacat gogogocogeo tatgacgoge togacgacga gaccaaggeos 420
gasategagyg accteghceby cgageactey ctgabgtabt cgogeggobe getoggeotbe 540
accgagtaca ¢ogacgaaga gaageagaty btocaagocyy btectgeaacy ccteogbyeoge €00
acceatoogg tocagcgoeg caagtogotg tatototogh cgoatgocgy caagatogod £50
agcatgageg tgcocggaggg geggetgetg ttgogegatc toaacgagea cgogacgcag 720
coggaatbeg tetacghtoca caaatggaay ctgcatgace btegtgatgby ggacaacscoge 720
cagaccatge accgoghoog cogotacgac cagtococage coocgegacat gegoogogey 840
acggtggegg ggacggagec gacggtgeag cagcaggegg cggagtag 888

=21l0= SEQ ID HO 13
«21l> LENGTH: 229%

czl2> TYPE

: PRT

=213> ORGANISH: Bradyrhizcbium japonicum USDA 110

<d00> SEQUENCE: 12

Mzt Thr Ile Ala Ile Arg $1n Leu GIln Thr His Phe Val Gly Gln Val

1

c

10

15
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-continued

150

Ser

Val

AP

Arg

65

Leu

Pro

Leu

Leu

Ala

145

Glu

Ser

Pro

Ser

Pro

225

Pro

Trp

Sln

Val

Gly Leu Asp Leu Arg Lye Proe Leu Thr Pro Gly Glu Rla Aryg

20 25

30

Glu Ser Rla Met Asp Lye Tyr Ala Val Leu Val Phe His Rsp

35 40

45

Ile Thr Asp Glu Gln Gln Met Ala Phe Ala Leu Asn Phe Gly

S0 55

50

Glu Asp Ala Arg Gly Gly Thr Val Thr Lys Glu Lys Asp Tyr

70 75

Gln Ser Gly Leu Asn Asp Val Ser Rsn Leu Gly Lys Asp Gly

Leu Ala Lys Asp Ser Arg Thr His Leu Phe Asn Leu Gly Asn

100 105

110

Trp His Ser Asp Ser Ser Phe Arg Pro Ile Pro Rla Lys Phe

115 1z0

1z5

Leu Ser Ala Arg Val Val Zesn Pro Thr $ly Gly Ren Thr Glu

130 135

1440

Asp Met Ryg Ala Ala Tyr Aep Ala Leu App Zep Glu Thr Lvs

150 155

Ile Glu Asp Leu Val Cye Glu Hie Ser Leu Met Tyr Ser Arg

165 170

17%

Leu Gly Phe Thr Glu Tyr Thr Asp Glu 3lu Lys Gln Met Phe

1g0 135

180

Val Leu Gln Arg Leu Val Arg Thr His Pro Val His Arg Arg

185 200

205

Leu Tyr Leu Ser Ser His Ala Gly Lys Ile Ala Ser Met Ser

210 215

220

Glu Gly Arg Leu Leu Leu Arg Asp Leun Asn Glu His Ala Thr
230 235

Glu Phe Val Tyr Wal His Lys Trp Lys Leu His Asp Leu Val

245 250

255

Asp Rsn RArg G1n Thr Met Hie Arg Val Arg Arg Tyr Rsp Gln

260 265

270

Pro Ryg Asp Met Arg Arg Ala Thr Val Ala Gly Thr Glu Pro

275 280

«210> SEQ ID RO 14

«211> LENGTH: 34

«212> TYPE: DHA

<213> ORGANISM.: Artificial sSequence
<220> FEATURE:

«223>» OTHER INFORMRTION: brjap S'{epel)

=400 SEQUENCE: 14

actagtaaca aagaaggaga tataccatga cgat

=210= SEQ ID HO 15

«211> LEMETH: 23

«212> TYPE: DHA

=213> ORGANISHM: Artificial Seguence
«220> FERTOURE:

<223> OTHER INFORMATION: br jap 2' (xhol}

<d00> SEQUENCE: 15

ttotogaget atcactooge cgoctgotge tgc

=21l0= SEQ ID HO lé

285

Glu

Sln

Gln

Arg

20

Lys

Cys

Ser

Phe

Ala

150

Gly

Lys

Lys

Val

Gln

z40

HMat

Ser

Thr

24

33
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151 152

-continued

«211> LENGTH: 17

«2l2> TYPE: DNHA

<213> ORGANISM.: Artificial sSequence

«220> FERTURE:

«222> OTHER INFORMATION: M12 forward primer

=400 SEQUENCE: 1é&

gtaaaasgas ggocagt 17

«210> SEQ ID HO 17

=211> LENGTH: 17

«212> TYPE: DHA

=213> ORGANISHM: Artificial Seguence

=220> FEATURE:

<223> OTHER IHNFORMATION: M13 reverse primer

<d00> SEQUENCE: 17

caggaaacag ctatgac 17

=210= SEQ ID HO 18

«211> LEMETH: 232

=2l2= TYPE: DHA

=213> ORGANISHM: Artificial Seguence
«220> FERTOURE:

=223 > QTHER INFORMATION: Necol of Brady

<d400> SEQUENCE: 18

tataccacat gbegatogeoos atcoggoage EE 32
«210> SEQ ID HO 1%

=211> LENGTH: 32

«212> TYPE: DHA

<213> ORGANISM.: Artificial sSequence

=220> FEATURE:

«223> OTHER INFORMATION: Sacl of Brady

=400= SEQUENCE: 19

gagetoctat cactecgoeg cotgetgotg cac 33
=210= SEQ ID HO 20

«211> LEMNG3TH: S25

=2l2= TYPE: PRT

=213 > QRGANISH: Glycine max

=400= SEQUENCE: 20

Mat Rla Gln Val Ser Arg Val Hie Aen Leu Ala Gln Ser Thr Gln Ile
1 s 0 15

Phe Gly His Ser Ser Asn Ser Aen Lye Leu Lys Ser Val Rsn Ser Val
20 25 20

Ser Leu Arg Pro Arg Leu Trp Gly Ala Ser Lys Ser Arg Ile Pro Met
35 40 45

His Lys Asn Gly Ser Phe Met Gly Asn Phe Asn Val Gly Lys Gly Asn
=11 3= 60

Ser Gly Val Phe Lys Val Ser Ala Ser Val Ala Ala Ala Glu Lys Pro
65 To 75 20

Ser Thr Ser Pro Glu Ile Val Leu Glu Pro Ile Lys Asp Phe Ser Gly
85 &0 95

Thr Ile Thr Leu Pro Gly Ser Lys Ser Leu Ser Asn Arg Ile Leu Leu
100 105 11d

Leu Ala Ala Leu Ser Glu Gly Thr Thr Val Val Asp Asn Leu Leu Tvr
115 1zo0 125

Ser Glu Asp Ile His Tyr Met Leu Gly Ala Leu Arg Thr Leu Gly Leu
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154

Ary

145

Gly

Phe

Val

HMet

Gly

225

Val

Ser

Ala

Pro

Val

305

Lys

Ala

Val

Glu

Val

3as

Arg

Leu

Val

Thr

Cys

455

Tyr

Bep

Pro

120

Val

Gly

Leu

Ala

Arg

210

Ala

Asn

Val

Leau

Tyr

290

Glu

Tyr

Ser

Asn

Val

370

Thr

Gly

Ala

Ala

Glu

450

Val

Val

Rsp

Glu

Leu

Gly

Ala

185

Glu

ASE

Gly

Sar

Gly

275

Val

His

Lys

Tyr

Gly

355

Leau

Val

Ile

Val

Ser

435

Leu

Ile

Rsp

Pro

Tyr
Els

Rsp

Phe

Bsn

1g0

Gly

Arg

Val

Lys

Sar

260

ASE

Glu

Ser

Ser

Leu
240

Cys

Glu

Sar

ASE

Val

420

Trp

Ary

Thr

His

Val
E00

Phe

Asp

Pro

165

Ala

aly

Pro

Asp

Gly

245

Gln

Val

Mer

aly

Pro

325

Leu

Gly

Lya

Gly

Val

405

Ala

Arg

Lve

Pro

Arg

485

Thr

Glu

=21l0= SEQ ID MO 21
«211> LEMNG3TH: S25
«212= TYPE: PRT
=213> ORGANISHM: Artificial seguence

Lve

150

Thr

aly

Asn

Ile

Cya

220

Gly

Tyx

Gla

Thr

Asn

310

aly

Ala

Thr

Mar

Pro

350

Asn

Lan

Val

Leu

Pro

470

Mer

Ile

Val

125

Thr

Ser

Thr

Ala

Gly

21%

Phe

Lan

Lan

Ile

Leu

295

Trp

Asn

aly

Ser

Gly

375

Pro

Mar

Phe

Lve

aly

455

Glu

Ala

Lve

Leu

Thr

Lye

Ala

Sar

200

Agp

Len

Pro

Thr

Glu

220

Lye

Aep

Ala

Ala

ser

3580

Ala

Arg

Asn

Ala

Glu

440

Ala

Lye

Mar

Aep

Glu
S20

Lye

Glu

Mar

135

Tyr

Len

Gly

Gly

Ala

265

Ile

Leu

Arg

Fhe

Ala

345

Len

Lya

Agp

Lya

Asn

425

Thr

Thr

Leu

Ala

Pro
505

Arg

Gln

Sar

170

Arg

Val

Val

Thr

Gly

250

Len

Val

Mar

Fhe

Val

330

Il=

Gln

Val

Phe

Met

410

Gly

Glu

Val

Aen

Fhe
450

aly

Leu

Ala

155

Lys

Ero

Leu

Ala

Asgn

235

Lys

Leu

ASp

Glu

Leu

315

Glu

Thr

Gly

Thr

ser

385

Pro

Pro

Arg

Glu

Val

475

Sar

Cys

Thr

140

Il=

Bep

Leu

Bep

Gly

220

Cys

Val

HMet

Lys

Arg

300

Val

Gly

Gly

AP

Trp

320

Gly

AP

Thr

Mat

Glu

450

Thr

Leu

Thr

Lys

Val

Glu

Thr

Gly

205

Leu

Pro

Lys

Ala

Leu

zas

Phe

His

Bep

Gly

Val

355

Ser

Arg

Val

Ala

Il=

445

Gly

Ala

Ala

His
525

Glu

Ile

Ala

180

Val

Lys

Pro

Leau

Ala

270

Ile

Gly

Gly

Ala

Thr

350

Lys

Glu

Lys

Ala

Ile

420

Ala

Pro

Ile

Ala

Lys
510

Gly

Bsn

17%

Ala

Pro

Gln

Val

Sar

255

Pro

Sar

Val

Gly

Ser

335

Ile

Phe

Asn

Val

HMat

415

Arg

Ile

Rsp

Rsp

Cys

485

Thr

Cys

160

Leu

Val

Ary

Leau

Arg

z40

Gly

Leau

Val

Ser

Sln

320

Ser

Thr

Ala

Sar

Leau

400

Thr

ASE

Cys

Tyr

Thr

480

Gly

Phe
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155 156

-continued

«220> FERTOURE:
=223 > QTHER INFORMATION: Doukly matated Sovbean EPSPS protein: threonine
183 converted to isoleucine; proline 1287 converted to gerine

=400 SEQUENCE: 21

Met Ala Gln Val Ser Arg Val His Asn Leu Ala Gln Ser Thr Gln Ile
1 s 10 15

Phe Gly His Ser Ser Asn Ser Asn Lys Leu Lys Ser Val Asn Ser Val
20 25 30

Ser Leu Arg Pro Arg Leu Trp Gly Ala Ser Lys Ser Arg Ile Pro Met
His Lys Asn Gly Ser Phe Met Gly Asn Phe Asn Val Gly Lys Gly Asn
=11 3= 60

Ser Gly Val Phe Lye Val Ser Ala Ser Val Ala Ala Rla Glu Lys Pro
65 70 75 20

Zer Thr Ser Pro Glu Ile Val Leu Glu Pro Ile Lys Rep Phe Zer Gly
85 80 95

Thr Ile Thr Leu Pro $3ly Ser Lye Ser Leu Ser Ren Arg Ile Leu Leu
140 s 110

Leu Rla Ala Leu Ser Glu &1y Thr Thr Val Val AResp Ren Leu Leu Tyr
115 120 125

Ser Glu Rsp Ile His Tyr Met Leu 81y Ala Leu Arg Thr Leu Gly Leu
130 135 140

Arg Val Glu Asp Asp Lys Thr Thr Lys Gln Ala Ile Val Glu Gly Cys
145 150 155 10

Gly Gly Leu Phe Pre Thr Ser Lys Glu Ser Lys Asp Glu Ile Asn Leu
185 170 175

Phe Leu Gly Asn Ala Gly Ile Ala Met Arg Ser Leu Thr Ala Ala Val
180 1235 150

Val Ala Ala Gly Gly Asn Ala Ser Tyr Val Leu Asp Gly Val Pro Arg
155 200 208

Mat Ryg Glu Arg Pro Ile &1y Asp Leu Val Ala Gly Leu Lys Gln Leu
210 215 220

Gly Rla Asp Val Asp Cye Phe Leu Gly Thr Aesn Cys Pro Pro Val Arg
225 230 238 240

Val Rsn Gly Lys Gly Gly Leu Pro Gly Gly Lys Val Lys Leu Ser Gly
245 250 255

Ser Val Ser Ser Gln Tyr Leu Thr Ala Leu Leu Met Rla Bla Pro Leu
260 255 270

Ala Leu Gly Asp Val Glu Ile Glu Ile Val Zep Lys Leu Ile Ser Val
275 280 2435

Pro Tyr Val Glu Wet Thr Leu Lys Leu Met Glu Arg Phe Gly Val Ser
290 295 200

Val Glu His Ser Gly Asn Trp Rsp Arg Phe Leu Val His Gly Gly Gln
308 210 31% 320

Lys Tyvr Lys Ser Preo Gly Asn Ala Fhe Val Glu Gly Asp Ala Ser Ser
325 330 338

Ala Ser Tyr Leu Leun Ala Gly Ala Ala Ile Thr Gly Gly Thr Ile Thr
340 245 350

Val Asn Gly Cys Gly Thr Ser Ser Leu Gln Gly Asp Val Lys Phe Ala
3658 360 365

Glu Val Leu Glu Lys Met Gly Ala Lys Val Thr Trp Ser Glu Asn Ser
370 375 320

Val Thr Val Ser Gly Pro Pro Ary Asp Phe Ser Gly Arg Lys Val Leu
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157

-continued

138

3as

Leu

Val

Thr

Cys
455
Tyr

AP

Pro

350 385 400

Gly Ile Asp Val Asn Met Asn Lye Met Pro Rep Val Rla Met Thr
405 410 415

Ala Val Val Ala Leu Phe Ala Asn Gly Pro Thr Ala Ile RArg Rsp
420 425 430

Ala Ser Trp Arg Val Lye $lu Thr Glu Arg Met Ile Rla Ile Cys
435 440 445

Glu Leu Arg Lye Leu $3ly Ala Thr Val $lu Glu Sly Pro Rsp Tyr
450 4585 450

Val Ile Thr Pre Pro Glu Lys Leu Asn Val Thr Ala Ile Asp Thr
470 475 480

Asp Asp His Arg Wet Ala Met Ala Fhe Ser Leu Ala Ala Cys Gly
485 490 455

Val Pro Val Thr Ile Lys Asp Pro Gly Cys Thr Arg Lys Thr Phe
500 c05 Eld

Asp Tyr Phe Glu Val Leu Glu Arg Leu Thr Lys His
1% £20 525

«210> SEQ ID RO 22

«211> LENGTH: 1604

«212> TYPE: DHA

<213> ORGANISM.: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sovbean-biased DNA sequence encoding deoubly-

matated EPSPS discleosed in SEQ ID NO:21, with added sequence

=220> FEATURE:

«221> HAME/KEY: miege_feature

=222> LOCATION: (1l)..(1575)

<223> OTHER IHNFORMATION: Coding sequence of sovbean-biaged DNA sequence

encoding the EPSPE protien of SEQ ID HO:21

=220> FEATURE:

«221> HAME/KEY: miege_feature

=222> LOCATION: (1576}.. (1578}

=223 > QTHER INFORMATION: Translation terminator tga

«220> FERTOURE:

221> NAME/KEY: misc_feature

«222>» LOCATION: (1579} ..(1604)

<223> OTHER INFORMATION: Sequence included to introduce translation stop

codons in all six open reading frames, and to introduce a Sacl
regtriction enzyme recognition gite for cloning purposes

=400 SEQUENCE: 22

atggetcoaag totooogtgt teoacaatott geotcagtcaa ccocaaatott tggacattea 50
agcaactcaa acaaactgaa gtotgtgaat betgbcetcac tbogeccacy octtbgygga 1zo0
geatecaaga gtogeatace aatgeacaay aatgygagbt bteatgggoaa cbtcaatget 120
gogaaaggea attotggtgt ottcaaagtit toagotictg tigoagooge agagaaacos 240
agcacttoor ctgagattgt tottgaacec attaaggact toagtggaag aatcactoty 300
cotggateaa agagtetbbe aaacagaata ¢btcbettyy cageobetgay bgaaggaace 360
actgtagtby acaacctbbt grtactetygaa gatabboabt acatgbtyggy bgotetoaga 420
actettgggt tgagagttga agatgacaag accacaaaac aagcocatagt tgaaggatgt 420
getgggttgt ttocaacaag caaagaabcs aaagatgaga bteaacttgbb bettggeoaat 540
getggaatby caatgagaag cotcactyct geagtagtby cagoebygtygy gaatgeaagt €00
tatgtocottg atggtgtooc cagaatgagg gaaaggooea toggtgacot tgtggetgge £50
ctgaaacage ttggagcaga btgttgatbge EEotbgggea caaacktgoee becagtgaga 720
gtgaatggga agggaggtit gectggtyga aaggbcaaac tyagtygatbe agtobettee 720

cagratctga otgoettget catggetgec cototggott tgggtgatgt ggagattgaa 240
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atagtggaca agttgattte tgtitgocatat gtggaaatga coctcaaact catggagagy @00
EEtggagbbt ¢bgtbgaaca tbcotggeaac tgggateogbt bectbgtaca bggaggtcag 960
aagtacaaaa goocbggeaa bgocbbEtgbt gaaggggaty caagoboetge tboctatcbe 1az0
ttgoetgoogg ctgeeatoac tggtgggace atcactgtga atggeotgtgy caccteateog 1020
cttcaaggtg atgtaaagtit tgcagaggtc ttggagaaaa tgggtgocaa ggtcacctgy 1140
totgagaaca ghgtaactgt ghbotggacot cocagagact teagtggeoay aaaggbtcobe 1z00
cgtggaatty atgtgaacat gaacaagatbtyg ccagatgtgy ccatgacook ogotgbtgta 1ze0
gooetgtttg caaatggace aactgoaate cgtgatgttg ottcatggay ggtgaaggay 1320
acagagagga tgattgocat ttgoacagaa oLoCcgoaaac ttggtgcoaag agttgaagag 1380
ggaccagatt actgbgtgat aaccodcacot gagaagcetoa atgtgacage cattgacace 1440
Latgatgacs acagaatgge aatggctbbs boccbbgeoby cotgbggtga bgtgoctgey 1500
actatcaaag acoctgggtg cacaaggaag acatttcocag actactttga agtittggay 1550
aggttgacaa agcactgaght agttagetta atcacctaga gete 1604
=21l0= SEQ ID MO 23
«211> LEMETH: 20
«212> TYPE: DHA
=213> ORGANISHM: Artificial seguence
«220> FERTOURE:
=223 > QTHER INFORMATION: Primer Pat 5-2
<d400> SEQUENCE: 23
agataccobt ggttggtbge 20
«210> SEQ ID NO 24
=211= LENGTH: 20
=2l2= TYPE: DHA
<213> ORGANISM.: Artificial sequence
=220> FEATURE:
«223> OTHER INFORMATICON: Primer Pat 2-3
=400 SEQUENCE: 24
cagatggatc gtttggaagg 20
=210= SEQ ID MO 25
=211> LENGTH: 22
«212> TYPE: DHA
=213> ORGANISHM: Artificial seguence
«220> FERTOURE:
«223> OTHER INFORMATICON: ARD-1 PTU forward primer
<d400> SEQUENCE: 25
ataatgcocag cotgttaaac geg 23
«210> SEQ ID HNO 2Z6
«211> LEMETH: 23
=2l2= TYPE: DHA
<213> ORGANISM.: Artificial sequence
«220> FERTOURE:
=223 > QOTHER INFORMATION: AAD-1 PTU reverse primer
<d400> SEQUENCE: 26
cbcaagcata bgaatgacot oga 23

«2l0> SEQ ID RO 27
«211> LEWNGTH: 22

=2l2z= TYPE

: DHA
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<213> ORGANISM.: Artificial sequence

=220> FEATURE:

<223> OTHER INFORMATION: Porward primer for Coding Reglon BCR ARD-1
{RdpioodP)

<d00> SEQUENCE: 27

atggetoatg ctgoectoag oo

«210> SEQ ID HO 28

«211> LEMETH: 22

=2l2= TYPE: DHA

<213> ORGANISM.: Artificial sequence

=220> FEATURE:

=223 > OTHER INFORMATION: Reverse primer for Coding Region PCR BAD-1
{RdpioodR)

<d400> SEQUENCE: 28

cgggeaggec taactcocacc aa

=210= SEQ ID MO 29

«211> LEMETH: 932

=2l2= TYPE: DHA

=213> ORGANISHM: Artificial seguence

«220> FERTOURE:

=223 > QOTHER INFORMATION: ARAD-2 v2 plant-optimized nucleotide

<d00> SEQUENCE: 2%

ceatggetas catagcaate agacagcebes agacecactkt btytggytcocaa gbtttotggat

tggacctoag aaagecacte actogtggag aagocagaga agttgaatca geotatggaca

agtaggragt tottgtotte catgaccaag acatcacaga tgagraacag atggectttyg

cocteaactt tggtcagagy gaggatgeas gtggbggcac btytcaccaaa gagaaggatt

accgbetbea gtotggectes aatgabgbbt ccaacttgyy caaagatygga aagecactby

coaaggacag cogoacocat ttgitoaace ttggaaactg cottgtggeat teotgactoca

goettoagacs aatcocagec aagttoagec toctttotge teoeghgtigty aaccgaacty

gtgggaacac tgagtttget gacatgagay ctgoctatya btyctebtgac gatgaaaccea

aagcetgagat tgaggaccbt gtgtgtgage actcebceteat grtacteaagy ggoteacthby

goettoactga gtacacagat gaagagaage aaatgttcaa geoocgtotty cagogettgy

tocgeacaca coctgtgeac cgtogoaaat cactotacet ctocagecat gocggaaaga

Ebgocageat gbocghocet gaagggagge boctbttgag ggattbgaat gaacatgcta

ctcagectga gbtegtotat gttcacaaat ggaagttgea tgatebtgbty atgtgggaca

ataggcaaac catgracaga gtgaggagat atgaccagtc C€Caacecaga gacatgogee

gtgoaacagt tgctgggacs gagoocacag tgcaacagoa agoagoagay tgagtagtta

gettaatcas ctagagstey gboaccagat ot

«210> SEQ ID RO 30

«211> LENGTH: 28¢é

«212> TYPE: PRT

<213> ORGANISM.: Artificial sequence

<220> FEATURE:

<223> OTHER INPORMATION: Translated ARD-Z vI protein

=400 SEQUENCE: 30

Mat Rla Thr Ile Ala Ile Arg Gln Leu $31n Thr His Phe Val Gly Gln
1 s 0 15

Val Ser Gly Leu Asp Leu Arg Lye Pro Leu Thr Pro Gly Glu Ala Arg
20 25 20

2z

2z

60

120

130

240

200

3580

420

420

540

&00

&80

720

720

840

400

932
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Glu

Gln

Gln

65

Lys

Cys

Ser

FPhe

145

Ala

Gly

Lys

Lys

Val

225

Gln

HMet

Ser

Thr

=210=
211
=2l2=
=213=
<220
223>

Val

ASp

50

Arg

Leu

Pro

Leu

Leu

130

Ala

Glu

Sar

Pro

Sar

210

Pro

Pro

Trp

Gln

Val
290

Glu

Ile

Glu

Sln

Leu

Trp

115

Leu

ASp

Ile

Leau

Val

185

Leau

Glu

Glu

ASp

Pro

275

Gln

Sar

Thr

ASp

Ser

Ala

100

His

Ser

HMat

Glu

Gly
180

Leau

Tyr

Gly

Phe

Asn

260

Arg

Gln

<d400> SEQUENCE:

2z

Ala

Asp

Ala

aly

85

Lve

Ser

Ala

Arg

Asp

165

Phe

Gln

Lan

Arg

Val
24%

Arg

Asp

Gln

SEQ ID NHO 31
LEMNETH:
TYPE: DHA
ORGANISH: Artificial seqguence
FERTURE:
OTHER IHFORMATICON: Southern fragment PCR ARD-1 forward primer

21

Mar

Gla

Arg

70

Leu

Asp

Asp

Arg

Ala

150

Lan

Thr

Arg

Ser

Lan
230

Tyx

Gln

Mar

Ala

Asp

Gln

55

Gly

Asn

Ser

Ser

Val

135

Ala

Val

Gla

Lan

Ser

21%

Lan

Val

Thr

Arg

Ala
Z29s

atggetoatg ctgoectoag oo

=210=
211
a2l
=213
<220
223>

<400

SEQUENCE :

21

SEQ ID NO 32
LEMNETH:
TYPE: DHA
ORGANISH: Artificial seqguence
FERTURE:
OTHER IHFORMATICON: Southern fragment PCR ARD-1 reverse primer

3z

gogeaggeoet aactocacea a

Lya
40

Gln
Gly
Aep
Arg
Sar

120

Val

Tyr

Tyr

Val

200

Hisz

Len

Hisz

Met

Arg

280

Glu

Tyr

Met

Thr

Val

Thr

105

Fhe

Aen

Agp

Glu

Thr

135

Arg

Ala

Arg

Lya

Hisz

2585

Ala

Ala

Ala

Val

Sar

o0

Hie

Arg

Pro

Ala

Hisz

170

Agp

Thr

Gly

Agp

Trp

250

Arg

Thr

Val

Fhe

Thr

75

Aen

Leu

Ero

Thr

Leu

155

ser

Glu

His

Lys

Leu
238
Lys

Val

Val

Leu

Ala

60

Lys

Leu

Phe

Il=

Gly

1440

AP

Leu

Glu

Pro

Ile

220

AEn

Leu

Arg

Ala

Val Phe His

45

Leu

Glu

Gly

Aen

Pro

125

Gly

AP

HMet

Lys

Val

205

Ala

Glu

His

Arg

Gly
285

Asn

Lys

Lys

Leu

114

Ala

Bsn

Glu

Tyr

Gln

180

His

Sar

His

ASp

Tyr

270

Thr

Phe

ASp

Bsp

95

Gly

Lys

Thr

Thr

Sar

17%

HMat

Arg

HMat

Ala

Leau

255

ASp

Glu

ASp

Gly

Tyr

20

Gly

Bsn

Phe

Glu

Lys

150

Arg

Phe

Arg

Sar

Thr

240

Val

Gln

Pro
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The invention claimed 1s:

1. A transgenic plant cell comprising a recombinant
polynucleotide that encodes an AAD-1 protein that exhibits
aryloxyalkanoate dioxygenase activity wherein said activity
enzymatically degrades a phenoxy auxin herbicide and an
(R)-aryloxyphenoxypropionate herbicide, further wheremn
said AAD-] protein comprises:

i) an amino acid sequence having at least 85% sequence

identity with SEQ ID NO: 9; and

ii) an AAD-1 motif having the general formula of:

HX 2D 140377130 260H0X) 271 290R, wherein

Xz represents a single amino acid at position 112,
relative to the sequence of SEQ ID NO» 94

(X),,.4 37 represents a sequence of 24 amino acids;

(X)y30.260 represents a sequence of 131 amino acids;
and

(327,35, Tepresents a sequence of 10 amino acids.

2. The plant cell of claim 1 wherein said AAD-1 motif has
the general formula of:

HE 2D 403770 130 260800 27120 (N5 2 054
wherein (X)zgz 2ea Fepresents a sequence of 3
amino acids.

3. The plant cell of claim 1 wherein the AAD-1 protein
comprises an amino acid sequence having at least 90%
sequence identity with SEQ ID NO: 9.

4. The plant cell of claim 1 wherein said plant cell 15
dicotyledonous and selected from the group consisting of a
cotton cell, a tobacco cell, a canola cell, a soybean cell, and
an Arabidopsis cell.

5. The plant cell of claim 1 wherein said plant cell is a
monocotyledonous cell selected from the group consisting
of a rice cell and a maize cell.

6. A transgenic plant comprising a plurality of the plant
cells of claim 1, wherein expression of said polynucleotide
renders said plant tolerant to an aryloxyalkanoate herbicide.

7. The plant of claim & wheremn said aryloxyalkanoate
Lerbicide is a phenoxy auxin herbicide.

8. The plant of claim 6 wherein said aryloxyalkanoate
herbicide is selected from the group consisting of 2.4-
dichlorophenoxyacetic acid, MCPA, dichlorprop, and meco-
prop.

9. The plant of claim 6 wherein said aryloxyalkanoate
Lerbicide is an (R)-aryloxyphenoxypropionate.

10. The plant of claim 6 wherein said aryloxyalkanoate
herbicide is selected from the group consisting of (R)-
fluazifop, (R)-haloxyfop, (R)-diclofop, (R)-quizalofop, (R)-

fenoxaprop, (R)-metamifop, (R)-cyhalofop, and (R)-~clodi- :

nofop.

11. The plant of claim 6 wherein said plant further
comprises a second herbicide resistance gene.

12. The plant of claim 11 wherein said second herbicide

resistance gene renders said plant resistant to an herbicide :

selected from the group consisting of glyphosate, glufosi-
nate, acetolactate synthase (ALS) inhibitors, inlubitors of
4-hydroxyphenyl-pyruvate-dioxygenase (HPPD), dicamba,
and inhibitors of protoporphyrinogen oxidase (PPO).

13. A method of controlling at least one weed in a field,
wherein said field contains at least one plant of claim 6,
wherein said method comprises applying to at least a portion
of said field a first herbicide selected from the group
consisting of a phenoxy auxin herbicide and an (R)-aryloxy-
phenoxypropionate herbicide.

14. The method of claim 13 wherein saxd phenoxy auxin
herbicide is an R-enantiomer of a chiral phenoxy auxin.

10

15

35

40

45

60

65
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15. The method of claim 13 wherein said plienoxy auxin
herbicide is an achiral phenoxy auxin selected from the
group consisting of 2,4-D and MCPA.

16. The method of claim 13 wherein said {R)-aryloxy-
phenoxypropionate herbicide iz selected from the group
consisting of (R)-fluazifop, (R)-haloxyfop. (R)-diclofop,
(R)~quizalofop, (R)-fenoxaprop. (R)-metamifop, (R)-cyha-
lofop, and (R)-clodinofop.

17. The method of claim 13 wherein said method com-
prises applying a second herbicide.

18. The method of claim 17 wherein said first herbicide
and said second herbicide are applied sequentially.

19. The method of ¢laim 17 wherein said first herbicide
and said second herbicide are applied concurrently.

20. The method of claim 17 wherein said first herbicide is
a phenoxy auxin and said second herbicide is an (R)-
aryloxyphenoxypropionate.

21. The methed of claim 17 wherein said second herbicide
15 selected from the group consisting of glyphosate, glufo-
sinate, dicamba, acetolactate synthase (ALS) inhibitors,
protoporphyrinogen oxidase (PPO) inhibitors, and 4-hy-
droxyphenyl-pyruvate-dioxygenase (HPPD) inhibitors.

22. The method of claim 17, wherein said first herbicide
15 2,4-D and sand second herbicide 1s glyphosate or glufo-
sinate.

23. The method of claim 17, wherein said first herbicide
is an (R)-aryloxyphenoxypropionate and said second herbi-
cide is glyphosate or glufosinate.

24. The method of claim 17 wherein said plant forther
comprises a second herbicide resistance gene that renders
said plant resistant to said second herbicide.

25. The methed of claim 24 wherein said second herbicide
resistance gene is selected from the group consisting of a
modified acetolactate synthase (ALS) gene, a glyphosate
resistance gene, a glufosinate resistance gene, and a
dicamba-degrading enzyme gene.

26. The method of claim 25 wherein:

(a) said modified ALS gene is selected from the group

consisting of SurA, SurB, Csrl, Csrl-1, and Csrl-2;

{b) said glyphosate resistance gene is selected from the

group consisting of modified EPSPS {5-enolpyruvyl-
shikimate-3-phosphate synthase), GOX, and GAT; and,

{c) said glufosinate resistance gene is selected from the

group consisting of phosphinothricin-N-acetyltransfer-
ase (PAT) and bar.

27. The method of claim 17 wherein said method further
comprises applying a third herbicide.

28. The method of claim 27, wherein said third herbicide
is selected from the group consisting of glyphosate, glufo-
sinate, HPPD-inhibitors, PPO-inhibitors, ALS inhibitors,
and dicamba.

29. The method of claim 28 wherein said first, second and
third herbicides are 2.4-D, quizalofop, and glyphosate.

30. A seed comprising a plurality of the plant cells of
claim 1.

31. A method of controlling weeds in a field, wherein said
method comprises applying an aryloxyalkanoate herbicide
to said field and planting a seed of claim 30 in sad field
within 14 days of applying said aryloxyalkanoate herbicide.

32. A plant grown from the seed of claim 30.

33. A part, progeny, or asexual propagate of the plant of
claim 32, wherein said part, progeny, or sexual propagate
comprises said polynucleotide.

34. An (R)-aryloxyphenoxypropionate herbicide tolerant
transgenic plant cell comprising a recombinant polynucle-
otide that encodes an AAD-1 protein that exhibits aryloxy-
alkanoate dioxygenase activity wherein said activity enzy-
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matically degrades a phenoxy auxin herbicide and an (R)-
aryloxyphenoxypropionate herbicide, further wherein said
AAD-1 protein comprises:
i) an amino acid sequence having at least 85% sequence
identity with SEQ ID NO: 9; and 3
ii) an AAD-1 motif having the general formula of:

HX 2D 140377130 260H0X) 271 290R, wherein

X, represents a single amino acid at position 112,
relative to the sequence of SEQ ID NO» 94 10

(X),,.4 37 represents a sequence of 24 amino acids;

(X)y30.260 represents a sequence of 131 amino acids;
and

(327,050 tepresents a sequence of 10 ammo acids,
wherein said motif has 90% sequence identity with
corresponding amino acids of position 111 to 281 of
SEQ ID NG 9.

* # # # &
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