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GLYPHOSATE-TOLERANT WHEAT
GENOTYPES

CROSS REFERENCE TO RELATED
APPLICATIONS

This is the U.S. National Stage of International Application
No. PCT/US2008/009554, filed Aug. 7, 2008, which was
published in English under PCT Article 21(2), which in turn
claims the benefit of U.S. Provisional Application No.
60/963,990, filed Aug. 7, 2007. The provisional application is
incorporated herein in its entirety.

BACKGROUND

1. Technical Field

This invention is in the field of wheat (Triticum aestivum
L.) breeding, specifically relating to wheat genotypes that are
tolerant to the herbicide glyphosate.

2. Background Information

Weed competition is a primary cause of yield quality losses
in wheat production. Jointed goatgrass, cheat grass and wild
oats are major weed problems in wheat production systems in
the Pacific Northwest (PNW), and direct seed production is
completely reliant on chemical weed control. Most herbi-
cides used to control these weeds are expensive and highly
toxic. Yield losses from drought, Rhizoctonia root rot and
weed competition range from 0% to nearly 100% depending
on environmental conditions and the production system used.
Developing varieties with resistance or tolerance to any one
of these problems will greatly reduce economic risk factors
associated with wheat production. Currently Rhizoctonia is
managed by using glyphosate to eliminate infected plants
from the previous year to control the green bridge effect,
which typically occurs when fungal pathogens growing on
roots of dying weeds and volunteer crops transfer to the roots
of emerging cereal crops (Veseth, ““Green Bridge’ Key to
Root Disease Control,” PNW Conservation Tillage Hand-
book Series No. 16, chap. 4, “Disease Control,” pp. 1-8, 1992)
The “greenbridge effect” phenomenon often results in sig-
nificant plant stunting, reduced tillering and grain yield losses
(Smiley and Wilkins, Plant Dis. 76:399-404, 1992; Hornby et
al., “Take-all and Cereal Production Systems,” in: Take-all
Disease of Cereals, Cambridge, U.K.: CAB International, pp.
103-164, 1998). With the removal of Roundup Ready® wheat
(Monsanto Company, St. Louis, Mo.) from the commercial-
ization process due to market acceptability concerns, herbi-
cide-tolerant, transgenic wheat will not be available for many
years, if ever.

Weed competition is a primary threat to commercial wheat
production, resulting in decreased grain yields and inferior
grain quality. Although cultivation can be used to eliminate
weeds, soil from tilled fields is highly vulnerable to wind and
water erosion. Due to ease of application and effectiveness,
herbicide treatment is the preferred method of weed control.
Herbicides also permit weed control in reduced tillage or
direct seeded cropping systems designed to leave high levels
of residue on the soil surface to prevent erosion. The most
significant weed competition in wheat comes from highly
related grasses, such as wild oat and jointed goatgrass. Unfor-
tunately, it is difficult to devise effective chemical control
strategies for problematic weed species related to the culti-
vated crop since they tend to share herbicide sensitivities. One
approach to solving this problem involves the use of recom-
binant gene transfer to generate crop resistance to broad spec-
trum herbicides such as glyphosate (i.e. Roundup®) via
genetic modification (GM), i.e., through the introduction of
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foreign gene sequences into plants through recombinant
DNA and plant transformation techniques. In this system,
herbicide is applied “in-crop” to control weeds without injur-
ing the herbicide-tolerant crop plants. This approach was
used to develop Roundup Ready® soybean, cotton, corn and
canola varieties, which have been tremendously successful in
the U.S. Roundup Ready® soybeans became available for
commercial productionin 1997, and by 2006, 71 of 75 million
acres (95%) of soybeans grown in the U.S. were sown to
Roundup Ready® varieties demonstrating the tremendous
value of this technology (World Wide Web at nass.usda.gov).
Producers credit higher net profits, an expanded herbicide
application window, enhanced crop safety, and reduced soil
erosion due to the elimination of tillage as the primary reasons
for the wide-spread acceptance of Roundup Ready® soy-
beans.

In 1997, the Monsanto Corp. initiated collaborative efforts
with private breeding companies and universities across the
U.S. to develop Roundup Ready® spring wheat. Since other
GM crops were already in commercial production, Roundup
Ready® wheat was expected to be readily accepted. How-
ever, consumer perception of GM technology in wheat dif-
fered dramatically from other crops since wheat is primarily
used for human consumption instead of animal feed; there-
fore, developing GM wheat was highly controversial. Based
on economic impact assessments, investigators concluded
that commercialization of GM wheat could result in the loss
of 30 to 50% of U.S. export markets (Wisner, Economics
Staff Report, lowa State University Dept. of Economics,
Ames, lowa, 2004). Lack of consumer acceptance, particu-
larly in Europe and Asia, eventually led industry representa-
tives, including millers, bakers, and farmer organizations, to
ban the production of GM wheat in the U.S. As a result,
Monsanto halted the Roundup Ready® wheat development
program in May of 2004, eliminating the possibility of using
this approach to control problematic weeds in commercial
wheat fields.

Alternative methods for developing herbicide-tolerant
crop plants are available that do not involve genetic modifi-
cation per se. Mutation breeding is a non-GM approach
involving the use of chemical mutagenesis to increase genetic
diversity for traits of agronomic value in crop plants. The
process involves exposing seeds to a chemical mutagen,
which generates changes in the DNA sequence of the plant
resulting in the creation of novel, potentially useful genes that
are transmitted from the original mutated plant (M1) to its
offspring (M2) through normal sexual reproduction. Useful
genes generated through mutation breeding are incorporated
into adapted varieties using traditional cross-hybridization
techniques. Chemical-induced variants are not considered to
be GM since transformation (i.e. genetic engineering) is not
used to insert the desired gene into the DNA of the host plant.
The herbicide-tolerant Clearfield® Wheat, which is tolerant
to Imidazolinone (Immi) herbicides, is the best known
example of a wheat variety generated through mutation
breeding. See U.S. Pat. No. 6,339,184. The tolerance gene
was initially identified in a chemically-induced mutant
derived from a French winter wheat variety (Newhouse et al.,
Plant Physiol. 100:882-886, 1992), and was subsequently
transferred into other varieties through traditional breeding.
The first Immi-tolerant winter wheat varieties went into com-
mercial production in Colorado in 2003, and Clearfield®
varieties are now available in every major winter wheat pro-
duction region in the U.S. (Wide Web at nass.usda.gov).
ORCF101, a Clearfield® variety released by Oregon State
University, accounted for 6% of the soft white winter wheat
acreage in Washington State in 2006, and acreage of
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Clearfield® varieties is expected to steadily increase over the
next several years. Grain produced from Clearfield® varieties
is non-regulated; therefore, it is sold as a bulk commodity
without identity preservation or labeling requirements. Muta-
tion breeding has also been used successfully to develop
wheat varieties with resistance to powdery mildew (Kinane
and Jones, Euphytica 117:251-260, 2001) leaf rust and stem
rust (Williams et al., Crop Science 32:612-617, 1992, Friebe
et al., Crop Science 34:400-404, 1994, Kerber and Aung,
Crop Science 35:743-744,1995), and yellow and brown rust.

U.S. Pat. No. 7,087,809 describes obtaining glyphosate-
tolerant wheat that is tolerant to glyphosate by soaking non-
mutagenized wheat seeds in a glyphosate solution and select-
ing plants that are glyphosate-tolerant.

The well-known “Roundup Ready®” gene used to make
glyphosate tolerant soybean and maize by a GM approach is
the result of a mutation in a bacterial gene encoding the
enzyme target of glyphosate, EPSP synthase (Dill, Pest
Manag. Sci. 61:219-224, 2005). Naturally occurring muta-
tions in one or two genes have imparted glyphosate resistance
to weed populations in areas where glyphosate was heavily
used (Zelaya et al., Theor. Appl. Genet. 110:58-70, 2004;
Owen and Zelaya, Pest Manag. Sci. 61:301-311, 2005). In
addition, PCR mutagenesis of the cloned rice EPSP synthase
gene showed that a single point mutation (C317T, P106L; that
is, a single nucleotide change from cytosine to thymidine at
nucleotide 317 resulting in an amino acid change in the EPSP
protein from proline to lysine at amino acid 106) imparted
glyphosate tolerance when transformed into and expressed in
resulting transgenic plants (Zhou et al., Plant Physiol. 140:
184-195, 2006). This proline codon is conserved in wheat
EPSP synthase. Nonetheless, a majority of scientists in the
field has held the opinion that a GM approach for developing
glyphosate-tolerant crops was preferable since mutations
induced by ethyl methane sulfonate (EMS) resulting in gly-
phosate-tolerant plants had not been identified to date in any
plant species (Jander et al., Plant Physiol. 131:139-146,2003;
Dill, Pest Manag. Sci. 61:219-224, 2005). A screen of 125,
000 mutagenized Arabidopsis plants failed to recover a single
glyphosate-tolerant plant (Jander et al., Plant Physiol. 131:
139-146, 2003). The authors suggested, “It is likely that no
single-base change induced by EMS can produce glyphosate
resistance in Arabidopsis.”

There is a need for new wheat varieties that are glyphosate-
tolerant but that do not contain foreign DNA introduced into
the plant genome by recombinant DNA techniques. The
present invention meets these and other needs.

SUMMARY OF THE INVENTION

We have developed methods for mutagenizing and breed-
ing wheat to produce glyphosate-tolerant wheat genotypes. A
number of the wheat genotypes obtained by such methods are
tolerant to high levels of glyphosate, in some cases exceeding
two, three, or even four times or more of commercial appli-
cation rates.

According to one aspect of the invention, wheat plants, or
parts thereof, are provided that wheat plant, or a part thereof,
that are tolerant to an application rate in the field 0f3.36 kg/ha
or more of the isopropylamine salt of glyphosate, wherein the
wheat plants are free from foreign recombinant DNA. That is,
no DNA from a non-plant organism or even plant DNA that
has been manipulated by recombinant DNA techniques (such
as cloning, ligation to another DNA sequence such as a pro-
moter or vector sequence, etc.), has been directly introduced
into the wheat plant by transformation or indirectly intro-
duced into the wheat plant by introduction into a wheat plant
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used in the breeding of the wheat plant. According to another
embodiment, such a wheat plant, or said part thereof, com-
prises a single-gene mutation that confers glyphosate toler-
ance to 3.36 kg/ha or more of the isopropylamine salt of
glyphosate

According to another embodiment of the invention, wheat
plants, or parts thereof, are provided that comprise a mutation
that confers glyphosate tolerance, wherein said mutation is
derived from a glyphosate-tolerant wheat genotype selected
from the group consisting of: 1GT07002-0, IGT07003-No.
1-0, IGT07005-No. 1-0, IGT07006-0, IGT07011-0-0,
1GT07013-0-0,1GT07022-0-0, 1GT07027-0-0,1GT07028-0,
1GT07029-0-0, IGT07030-0-0, IGT07031-0-0, IGT07064-
0-0, 1GT07073-0-0, 1GT07074-0-0, IGTO7087-0,
1GT07091-0, 1GT07092-0, EGT07073-0, EGTO07081-0,
EGT07100-0, EGT07111-0, EGT07118-0, EGT07130-0,
EGT07132-0, EGT07138-0, EGT07139-0, EGT07140-0,
EGT07143-0, EGT07146-0, EGT07149-0, EGT07154-0,
EGT07155-0, EGT07156-0, EGT07158-0, EGT07162-0,
EGT07180-0, Re-Mut 3.1 M3 Bulk, Re-Mut 3.2 M3 Bulk,
Re-Mut 3.3 M3 Bulk, Re-Mut 3.4 M3 Bulk, Re-Mut 3.5 M3
Bulk, Re-Mut GTL 3.4-10, Macon M2 Bulk FR2 1-10,
MaconFR1-16 M4 Bulk, Macon FR3-1 M2, TaraFR1-15-57,
TaraFR1-15-94, TaraFR1-20-2, Tara 0.4.1, Tara 0.4.2, Tara
0.4.3, Tara0.4.4, Tara 0.4.5, Tara 0.4.6, Alpowa M2 Bulk FR2
1-32, Louise M2 Bulk FR2 1-45, Louise Double Mutated M2
Bulk FR2 1-13, Louise FR3-1, Louise FR1-33-6, Louise
FR1-42, Louise FR1-43, Louise FR1-62, Louise FR1-65-2,
and, Hollis FR1-9-14, and their progeny.

According to another embodiment, such a wheat plant, or
part thereof, is tolerant to an application rate in the field of
0.84 kilograms acid equivalent per hectare (kg ae/ha), 1.68 kg
ae’ha, 2.52 kg ae/ha, or 3.36 kg ae/ha or more of the isopro-
pylamine salt of glyphosate.

According to another embodiment of such a wheat plant or
part thereof, the mutation is a recessive mutation.

More than one mutation can be introduced into a glypho-
sate-tolerant plant by re-mutagenizing a plant that has a muta-
tion that confers glyphosate tolerance and selecting plants
that have the original mutation and a second mutation that
confers glyphosate tolerance. Alternatively, in a “gene pyra-
miding” approach, a second mutation can be introduced into
a plant that has a mutation that confers glyphosate tolerance
by cross-hybridizing the plant with another plant that has a
different mutation (for example, an independent mutation at a
second site in its genome, whether in the same or a different
gene) that confers glyphosate tolerance, and selecting plants
among resulting progeny that have both glyphosate-tolerance
mutations. As a further alternative, one of the mutations may
be a transgenic trait that is introduced into the wheat plant by
recombinant DNA techniques as described in greater detail
below.

Therefore, according to another embodiment, such a wheat
plant, or part thereof, comprises at least two different muta-
tions that confer glyphosate tolerance, wherein at least one of
said at least two different mutations is derived from said
glyphosate-tolerant wheat genotype. According to another
embodiment of such a wheat plant, or part thereof, each of
said at least two different mutations is derived from said
glyphosate-tolerant wheat genotype. According to another
embodiment of such a wheat plant, or part thereof, said at
least two different mutations are mutations of different wheat
genes.

According to another embodiment, such a wheat plant, or
part thereof, comprises a trait selected from the group con-
sisting of: male sterility, resistance to an herbicide other than
glyphosate, insect resistance, disease resistance (including
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but not limited to resistance to Rhizoctonia root rot); waxy
starch; modified fatty acid metabolism, modified phytic acid
metabolism, modified carbohydrate metabolism, modified
waxy starch content, modified gluten content, and modified
water stress tolerance.

According to another embodiment, seed of such a wheat
plant are provided. According to another embodiment, such
seed are true-breeding. According to another embodiment, a
wheat plant, or part thereof, is produced by growing such
seed.

According to another embodiment, a wheat plant, or part
thereof, is provided that has all the physiological and mor-
phological characteristics of a wheat plant of the present
invention as described above.

Methods are also provided for producing wheat plants
comprising a mutation that confers glyphosate-tolerance and
one or more additional desired traits (including glyphosate-
tolerance traits and other types of traits) by breeding. There-
fore, according to another embodiment of the invention,
methods are provided of producing a glyphosate-tolerant
plant comprising: (a) crossing a plant of a selected wheat
variety with a glyphosate-tolerant wheat plant as described
above, thereby producing a plurality of progeny; (b) selecting
a progeny that is glyphosate-tolerant. According to one such
embodiment, the method comprises: (a) crossing plants
grown from seed of said glyphosate-tolerant wheat plant
according to the present invention as described above with
plants of said selected wheat variety to produce F, progeny
plants; (b) selecting F, progeny plants that have the glypho-
sate-tolerance trait; (c) crossing the selected F, progeny
plants with the plants of said selected wheat variety to pro-
duce backcross progeny plants; (d) selecting for backcross
progeny plants that have the glyphosate-tolerance trait and
physiological and morphological characteristics of said
selected wheat genotype to produce selected backcross prog-
eny plants; and (e) repeating steps (c) and (d) three or more
times in succession to produce selected fourth or higher back-
cross progeny plants that comprise the glyphosate tolerance
trait and all of the physiological and morphological charac-
teristics of said selected wheat genotype as determined at the
5% significance level when grown in the same environmental
conditions. According to another embodiment of the inven-
tion, methods are provided of producing a glyphosate-toler-
ant plant that comprise: (a) crossing plants grown from seed
of'said glyphosate-tolerant wheat plant of claim 3 with plants
of said selected wheat variety to produce F, progeny plants,
wherein the selected wheat variety comprises a desired trait;
(b) selecting F, progeny plants that have the desired trait to
produce selected F, progeny plants; (c) crossing the selected
progeny plants with the plants of said glyphosate-tolerant
wheat genotype to produce backcross progeny plants; (d)
selecting for backcross progeny plants that have the desired
trait and physiological and morphological characteristics of
said glyphosate-tolerant wheat genotype to produce selected
backcross progeny plants; and (e) repeating steps (¢) and (d)
three or more times in succession to produce selected fourth
or higher backcross progeny plants that comprise the desired
trait and all of the physiological and morphological charac-
teristics of said glyphosate-tolerant wheat genotype as deter-
mined at the 5% significance level when grown in the same
environmental conditions. According to another such
embodiment, the desired trait is selected from the group con-
sisting of male sterility, herbicide resistance, insect resis-
tance, disease resistance (including but not limited to resis-
tance to Rhizoctonia root rot) and waxy starch.

It will be apparent to the skilled artisan that the methods of
the present invention may be applied to obtain glyphosate-
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tolerant mutants of other grass species, such as cereal grain
crops including but not limited to triticale, rye, barley, millet,
maize, rice, sorghum, and so on.

The foregoing and other aspects of the invention will
become more apparent from the following detailed descrip-
tion, accompanying drawings, and the claims.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
pertains. Although methods and materials similar or equiva-
lent to those described herein can be used in the practice or
testing of the present invention, suitable methods and mate-
rials are described below. All publications, patent applica-
tions, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict,
the present specification, including definitions, will control.
In addition, the materials, methods, and examples are illus-
trative only and not intended to be limiting.

DETAILED DESCRIPTION OF THE INVENTION

According to one embodiment of the invention, glypho-
sate-tolerant wheat varieties are provided. The term “glypho-
sate tolerant” (or, alternatively, “glyphosate resistant™) is
used herein to mean that the plant, or part thereof (such as a
seed), detectably differs from a control plant in its ability to
resist the effects of glyphosate herbicide, including, but not
limited to, improved survival, higher growth rate, higher
yield, etc.

There are many analytical methods available to determine
the homozygotic stability, phenotypic stability, and identity
of' wheat varieties. For a particular trait such as, for example,
glyphosate tolerance, to be of commercial value, it must be
heritable and exhibit stable expression.

The oldest and most traditional method of analysis is the
observation of phenotypic traits. The data is usually collected
in field experiments over the life of the wheat plants to be
examined. Phenotypic characteristics most often observed
are for traits such as seed yield, head configuration, glume
configuration, seed configuration, lodging resistance, disease
resistance, maturity, etc.

In addition to phenotypic observations, the genotype of a
plant also can be examined through segregation analysis or
the use of biotechnology. There are many laboratory-based
techniques available for the analysis, comparison and char-
acterization of plant genotype; among these are gel electro-
phoresis, isozyme electrophoresis, restriction fragment
length polymorphisms (RFLPs), randomly amplified poly-
morphic DNAs (RAPDs), arbitrarily primed polymerase
chain reaction (AP-PCR), DNA amplification fingerprinting
(DAF), sequence characterized amplified regions (SCARs),
amplified fragment length polymorphisms (AFLPs), simple
sequence repeats (SSRs) which also are referred to as micro-
satellites, and single nucleotide polymorphisms (SNPs). Gel
electrophoresis is particularly useful in wheat. Wheat variety
identification is possible through electrophoresis of gliadin,
glutenin, albumin and globulin, and total protein extracts
(Bietz, pp. 216-228, “Genetic and Biochemical Studies of
Nonenzymatic Endosperm Proteins” In Wheat and Wheat
Improvement, ed. E. G. Heyne, 1987).

Description of Wheat Variety Louise.

Wheat genotype GT Louise was obtained by selection of
glyphosate-tolerant plants derived from the wheat variety
Louise as described in Example 1. Further backcrosses using
conventional methods are performed in order to produce a
true-breeding glyphosate-tolerant wheat variety derived from
wheat genotype GT Louise.
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‘Louise’ soft white spring wheat (7riticum aestivum L.) (P1
634865) was developed and released in August 2005 as a
replacement for the soft white spring variety ‘Zak’ (Kidwell
etal., Crop Sci. 42:661-662, 2002) in the intermediate to high
rainfall (>400 mm of average annual precipitation), non-
irrigated wheat production regions of Washington State based
on its superior end-use quality, high grain yield potential,
high-temperature adult-plant resistance to local races of
stripe rust (caused by Puccinia striiformis Westend. f. sp.
tritici), and partial resistance to the Hessian fly [Mayetiola
destructor (Say)].

Louise is an F ;.5 head row selection derived from the cross
‘Wakanz’ (PI 506352)/* Wawawai’ (PI 574538), which was
made in 1992. The following modified pedigree-bulk breed-
ing method was used to advance early generation progeny.
Bulked seed (30 g) from F, plants was used to establishan F,
field plot. Approximately 100 heads were selected at random
from individual F, plants, and a 40 g sub-sample of the bulked
seed was used to establish a single F; plot. Seed from the F;
plot was bulk harvested, and a 60-g sub-sample was used to
establish an F, field plot. Single heads from approximately
150F, plants were threshed individually to establish F, s head
row families. Following selection among rows for general
adaptation, plant height and grain appearance, seed from 30
to 50 plants within each selected head row was bulk harvested
to obtain F, ¢ seed for grain yield assessment trials. The F,,
F,, F, and F progeny were advanced in field nurseries at
Pullman, Wash., whereas F; progeny were advanced at the
Lind Dryland Experiment Station in Lind, Wash. Breeder
seed of Louise was produced as a reselection, based on phe-
notypic uniformity, of 1100 F,.,, head rows grown under
irrigation in Othello, Wash. in 2003. Selected head rows were
bulked at harvest, resulting in the production of 563 kg of
breeder seed.

Louiseis an intermediate height, semi-dwarf cultivar. It has
lax, tapering, inclined curved heads with white awns and
white glumes that are long in length, wide in width with
medium, apiculate shoulders, and narrow beaks. Louise has
elliptical kernels that are white, soft and smooth. Seed of
Louise has a mid-sized germ with a narrow, mid-depth crease,
angular cheeks and a medium, non-collared brush.

In greenhouse seedling tests conducted in 2003 and 2004
under a low diurnal temperature cycle gradually changing
from 4° C. at 2:00 am to 20° C. at 2:00 pm (Chen and Line,
Phytopathology 82:1428-1434, 1992) reaction to wheat
stripe rustraces PST-37, PST-43, PST-45, PST-78 and PST-98
was assessed. Louise was susceptible to all races indicating
that it does not have all-stage (seedling) resistance. However,
when tested with races PST-78 and PST-100 in adult-plant
stages under a high diurnal temperature cycle gradually
changing from 10° C. at 2:00 am to 35° C. at 2:00 pm, Louise
was highly resistant indicating that it has high-temperature,
adult-plant (HTAP) resistance (Chen and Line, Phytopathol-
ogy 85:567-572, 1995). In field tests conducted in various
locations in Washington State from 2001 to 2004, Louise
displayed a high level of non-race-specific, HTAP resistance
to the primary virulent races of current stripe rust populations
in the Pacific Northwest region of the United States, including
PST-78, PST-98 and PST-100. On the basis of insect screen-
ing trials conducted at the University of Idaho using a collec-
tion containing the three primary biotypes found in the PNW,
Louise is heterogeneous (65%) for resistance to Hessian fly
biotypes E, F and GP. On the basis of pedigree and natural
field infestation ratings from Pullman, Wash., Louise is sus-
ceptible to the Russian wheat aphid [Diuraphis noxia (Mord-
vilko)].
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Louise was evaluated in replicated field trials under fallow,
non-irrigated and irrigated conditions. Grain yields of Louise
typically equaled or exceeded those of soft white spring
entries in nonirrigated and irrigated field evaluations con-
ducted in Washington, Oregon, and Idaho from 2002 to 2004.
In 51 tests conducted across 3 yr in Washington State, the
average grain yield of Louise was 3702 kg ha~", which was
significantly (P<0.05) higher than the yield averages of Zak
(3232kgha~') and Alturas (3581 kg ha™") (Souza et al., Crop
Sci. 44:1477-1478, 2004) and comparable to Alpowa (3668
kg ha™"), (PI 566596) and Nick (3742 kg ha™!) (proprietary
cultivar from WestBred LLC). On the basis of 24 site-years of
data from the intermediate and high rainfall zones (>400 mm
average annual precipitation), the average grain yield of Lou-
ise (4952 kg ha™') was equivalent to Alpowa (4905 kg ha™')
and Nick (4831 kg ha™), and significantly (P<0.05) higher
than Alturas (4690 kg ha™") and Zak (4280 kg ha™).

On the basis of 51 tests, grain volume weight of Louise
averaged 757 kg m™>, which was significantly higher
(P<0.05) than that of Zak (750 kg m™>), similar to Alturas
(756 kg m™) and Nick (763 kg m™), and significantly
(P<0.05) lower than Alpowa (771 kg m™~). Thousand-kernel
weight averages of Louise, Zak, Alpowa, Alturas, and Nick
were 50.1, 44.5, 44.7, 34.7, and 36.4 g, respectively. The
average plant height of Louise was 80 cm, which was 4 cm, 6
cm, 8 cm and 9 cm taller than Zak (76 cm), Alpowa (74 cm),
Nick (72 cm) and Alturas (71 cm), respectively. Lodging
percentages of Louise (5 to 10%) when grown with irrigation
were comparable to Alpowa (5 to 10%), higher than Nick (2
t0 5%) and Alturas (2 to 5%), and lower than Zak (25 to 30%).
Louise headed 1 d earlier than Zak [Day of Year (DOY) 168],
on the same date as Alpowa (DOY 167), one d later than
Alturas (DOY 166), and 2 d later than Nick (DOY 165).

Intests conducted at the USDA-ARS Western Wheat Qual-
ity Laboratory in Pullman, Wash. using grain produced in
breeding and commercial variety testing trials in Washington
State from 2002 through 2004, grain protein content of Lou-
ise (117 g kg™") was similar to Alpowa and Alturas (116 g
kg™"), and lower than Nick (120 gkg™") and Zak (123 gkg™).
Flour yield of Louise (671 g kg™') was comparable to Zak
(667 gkg™), Alturas (666 gkg™") and Nick (665 g kg™), and
significantly (P<0.01) higher than Alpowa (640 gkg™"). Flour
ash content for Louise (3.6 gkg™) was similar to Alpowa (3.5
g kg™!) and significantly (P<0.01) lower than Zak (3.9 g
kg™), Alturas (3.7 gkg™") and Nick (3.8 g kg™'). Louise had
a higher average milling score (84.0) than Zak (81.4), Alpowa
(80.6), Alturas (82.4), and Nick (81.5). Mixograph water
absorption of Louise was identical to Zak and Nick (531 g
kg™), slightly lower than Alpowa (534 g kg™"), and signifi-
cantly (P<0.01) lower than Alturas (544 g kg™'). Average
cookie diameter for Louise (9.7 cm) was comparable to Zak
(9.7 cm) and larger than Alpowa (9.3 cm), Alturas (9.5 cm),
and Nick (9.5 cm), and average sponge cake volume of Louise
(1305 cm?) was smaller than Zak (1322 cm®) and Alpowa
(1362 cm®) and larger than Alturas (1225 cm®) and Nick
(1230 cm®) when compared across production regions.

Foundation seed of Louise is maintained by the Washing-
ton State Crop Improvement Association under supervision
of the Department of Crop and Soil Sciences and the Wash-
ington State Agricultural Research Center and seed has been
deposited with the National Plant Germplasm System.

Area of Adaptability.

When referring to area of adaptability, such term is used to
describe the location with the environmental conditions that
would be well suited for this wheat genotype. Area of adapt-
ability is based on a number of factors, for example: days to
heading, winter hardiness, insect resistance, disease resis-
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tance, and drought resistance. Area of adaptability does not
indicate that the wheat genotype will grow in every location
within the area of adaptability or that it will not grow outside
the area. For example, areas of adaptability in the U.S. (using
the standard two-letter code for states) include: (a) Northern
area, including the states of DE, IL, IN, M1, MO, NI, NY, OH,
PA, WI and Ontario, Canada; (b) Mid-south, including the
states of AR, KY, MO boot heel and TN; (c) Southeast,
including the states of NC, SC, and VA; and (d) Deep South,
including the states of AL, GA, LA, and MS. Nonetheless,
wheat genotypes according to the present invention may be
grown within and outside areas of adaptability, whether in the
United States or outside the United States.

Wheat Breeding.

Field crops are bred through techniques that take advantage
of'the plant’s method of pollination. A plant is self-pollinated
if pollen from one flower is transferred to the same or another
flower of the same plant. A plant is sib-pollinated when indi-
viduals within the same family or line are used for pollination.
A plant is cross-pollinated if the pollen comes from a flower
on a different plant from a different family or line. The term
cross-pollination herein does not include self-pollination or
sib-pollination. Wheat plants (7#iticum aestivum L..), are rec-
ognized to be naturally self-pollinated plants which, while
capable of undergoing cross-pollination, rarely do so in
nature (the natural outcrossing level in wheat is about 5%).
Thus intervention for control of pollination is critical to the
establishment of superior varieties.

A cross between two different homozygous lines produces
a uniform population of hybrid plants that may be heterozy-
gous for many gene loci. A cross of two heterozygous plants
each that differ at a number of gene loci will produce a
population of plants that differ genetically and will not be
uniform. Regardless of parentage, plants that have been self-
pollinated and selected for type for many generations become
homozygous at almost all gene loci and produce a uniform
population of true breeding progeny. The term “homozygous
plant” is hereby defined as a plant with homozygous genes at
95% or more of its loci. The term “inbred” or “true breeding”
as used herein refers to a homozygous plant or a collection of
homozygous plants.

Choice of breeding or selection methods depends on the
mode of plant reproduction, the heritability of the trait(s)
being improved, and the type of variety used commercially
(e.g., F, hybrid variety, pureline variety, etc.). For highly
heritable traits, a choice of superior individual plants evalu-
ated at a single location will be effective, whereas for traits
with low heritability, selection should be based on mean
values obtained from replicated evaluations of families of
related plants. Popular selection methods commonly include
pedigree selection, modified pedigree selection, mass selec-
tion, and recurrent selection.

The complexity of inheritance influences choice of the
breeding method. In general breeding starts with cross-hy-
bridizing of two genotypes (a “breeding cross™), each of
which may have one or more desirable characteristics that is
lacking in the other or which complements the other. If the
two original parents do not provide all the desired character-
istics, other sources can be included by making more crosses.
In each successive filial generation, F|,—F,; F,—=F;; F;—F,;
F,—F;, etc., plants are selfed to increase the homozygosity of
the line. Typically in a breeding program five or more gen-
erations of selection and selfing are practiced to obtain a
homozygous plant.

Pedigree breeding is commonly used for the improvement
of self-pollinating crops. Two parents that possess favorable,
complementary traits are crossed to produce an F,. An F,
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population is produced by selfing or sibbing one or several
F,’s. Selection of the best individuals may begin in the F,
population; then, beginning in the F, the best individuals in
the best families are selected. Replicated testing of families
can begin in the F,, generation to improve the effectiveness of
selection for traits with low heritability. At an advanced stage
ofinbreeding (i.e., F5,F and F.), the best lines or mixtures of
phenotypically similar lines are tested for potential release as
new varieties.

Backcross breeding has been used to transfer genes for
simply inherited, qualitative, traits from a donor parent into a
desirable homozygous variety that is utilized as the recurrent
parent. The source of the traits to be transferred is called the
donor parent. After the initial cross, individuals possessing
the desired trait or traits of the donor parent are selected and
then repeatedly crossed (backcrossed) to the recurrent parent.
The resulting plant is expected to have the attributes of the
recurrent parent (e.g., variety) plus the desirable trait or traits
transferred from the donor parent. This approach has been
used extensively for breeding disease resistant varieties.

Each wheat breeding program should include a periodic,
objective evaluation of the efficiency of the breeding proce-
dure. Evaluation criteria vary depending on the goal and
objectives, but should include gain from selection per year
based on comparisons to an appropriate standard, overall
value of the advanced breeding lines, and number of success-
ful varieties produced per unit of input (e.g., per year, per
dollar expended, etc.).

Various recurrent selection techniques are used to improve
quantitatively inherited traits controlled by numerous genes.
The use of recurrent selection in self-pollinating crops
depends on the ease of pollination and the number of hybrid
offspring recovered from each successful cross. Recurrent
selection can be used to improve populations of either self- or
cross-pollinated crops. A genetically variable population of
heterozygous individuals is either identified or created by
intercrossing several different parents. The best plants are
selected based on individual superiority, outstanding prog-
eny, or excellent combining ability. The selected plants are
intercrossed to produce a new population in which further
cycles of selection are continued. Plants from the populations
can be selected and self-pollinated to create new varieties.

Another breeding method is single-seed descent. This pro-
cedure in the strict sense refers to planting a segregating
population, harvesting a sample of one seed per plant, and
using the one-seed sample to plant the next generation. When
the population has been advanced from the F, to the desired
level of inbreeding, the plants from which lines are derived
will each trace to different F, individuals. The number of
plants in a population declines each generation due to failure
of' some seeds to germinate or some plants to produce at least
one seed. As a result, not all of the F, plants originally
sampled in the population will be represented by a progeny
when generation advance is completed. In a multiple-seed
procedure, wheat breeders commonly harvest one or more
spikes (heads) from each plant in a population and thresh
them together to form a bulk. Part of the bulk is used to plant
the next generation and part is put in reserve. The procedure
has been referred to as modified single-seed descent. The
multiple-seed procedure has been used to save labor at har-
vest. It is considerably faster to thresh spikes with a machine
than to remove one seed from each by hand for the single-seed
procedure. The multiple-seed procedure also makes it pos-
sible to plant the same number of seeds of a population each
generation of inbreeding. Enough seeds are harvested to
make up for those plants that did not germinate or produce
seed.
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Bulk breeding also can be used. In the bulk breeding
method an F, population is grown. The seed from the popu-
lations is harvested in bulk and a sample of the seed is used for
planting the next season. This cycle can be repeated several
times. In general when individual plants are expected to have
ahigh degree of homozygosity, individual plants are selected,
tested, and increased for possible use as a variety.

Molecular markers including techniques such as starch gel
electrophoresis, isozyme electrophoresis, restriction frag-
ment length polymorphisms (RFLPs), randomly amplified
polymorphic DNAs (RAPDs), arbitrarily primed polymerase
chain reaction (AP-PCR), DNA amplification fingerprinting
(DAF), sequence characterized amplified regions (SCARs),
amplified fragment length polymorphisms (AFLPs), simple
sequence repeats (SSRs), and single nucleotide polymor-
phisms (SNPs) may be used in plant breeding methods. One
use of molecular markers is quantitative trait loci (QTL)
mapping. QTL mapping is the use of markers, which are
known to be closely linked to alleles that have measurable
effects on a quantitative trait. Selection in the breeding pro-
cess is based upon the accumulation of markers linked to the
positive effecting alleles and/or the elimination of the mark-
ers linked to the negative effecting alleles from the plant’s
genome.

Molecular markers also can be used during the breeding
process for the selection of qualitative and quantitative traits.
For example, markers closely linked to alleles or markers
containing sequences within the actual alleles of interest can
be used to select plants that contain the alleles of interest
during a backcrossing breeding program. The markers also
can be used to select for the genome of the recurrent parent
and against the markers of the donor parent. Using this pro-
cedure can minimize the amount of genome from the donor
parent that remains in the selected plants. It also can be used
to reduce the number of crosses back to the recurrent parent
needed in a backcrossing program (Openshaw et al. Marker-
assisted Selection in Backcross Breeding. In: Proceedings
Symposium of the Analysis of Molecular Marker Data, 5-6
Aug. 1994, pp. 41-43. Crop Science Society of America,
Corvallis, Oreg.). The use of molecular markers in the selec-
tion process is often called Genetic Marker Enhanced Selec-
tion or Marker-Assisted Selection.

The production of double haploids also can be used for the
development of homozygous lines in the breeding program.
Double haploids are produced by the doubling of a set of
chromosomes (1N) from a heterozygous plant to produce a
completely homozygous individual. This can be advanta-
geous because the process omits the generations of selling
needed to obtain a homogygous plant from a heterozygous
source. Various methodologies of making double haploid
plants in wheat have been developed (Laurie, D. A. and S.
Reymondie, Plant Breeding, 1991, v. 106:182-189. Singh, N.
et al., Cereal Research Communications, 2001, v. 29:289-
296; Redha, A. et al., Plant Cell Tissue and Organ Culture,
2000, v. 63:167-172; U.S. Pat. No. 6,362,393)

Though pure-line varieties are the predominate form of
wheat grown for commercial wheat production hybrid wheat
also is used. Hybrid wheat plants are produced with the help
of'cytoplasmic male sterility, nuclear genetic male sterility, or
chemicals. Various combinations of these three male sterility
systems have been used in the production of hybrid wheat.

Descriptions of other breeding methods that are commonly
used for different traits and crops can be found in one of
several reference books (e.g., Allard, Principles of Plant
Breeding, 1960; Simmonds, Principles of Crop Improvement,
1979; editor Heyne, Wheat and Wheat Improvement, 1987,
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Allan, “Wheat”, Chapter 18, Principles of Crop Develop-
ment, vol. 2, Fehr editor, 1987).

Promising advanced breeding lines are thoroughly tested
and compared to appropriate standards in environments rep-
resentative of the commercial target area(s). The best lines are
candidates for new commercial varieties; those still deficient
in a few traits may be used as parents to produce new popu-
lations for further selection.

A most difficult task is the identification of individuals that
are genetically superior, because for most traits the true geno-
typic value is masked by other confounding plant traits or
environmental factors. One method of identifying a superior
genotype is to observe its performance relative to other
experimental genotypes and to a widely grown standard vari-
ety. Generally a single observation is inconclusive, so repli-
cated observations are required to provide a better estimate of
its genetic worth.

A breeder uses various methods to help determine which
plants should be selected from the segregating populations
and ultimately which lines will be used for commercializa-
tion. In addition to the knowledge of the germplasm and other
skills the breeder uses, a part of the selection process is
dependent on experimental design coupled with the use of
statistical analysis. Experimental design and statistical analy-
sis are used to help determine which plants, which family of
plants, and finally which lines, are significantly better or
different for one or more traits of interest. Experimental
design methods are used to control error so that differences
between two lines can be more accurately determined. Sta-
tistical analysis includes the calculation of mean values,
determination of the statistical significance of the sources of
variation, and the calculation of the appropriate variance
components. Five and one percent significance levels are
customarily used to determine whether a difference that
occurs for a given trait is real or due to the environment or
experimental error.

Plant breeding is the genetic manipulation of plants. The
goal of wheat breeding is to develop new, unique and superior
wheat varieties. In practical application of a wheat breeding
program, the breeder initially selects and crosses two or more
parental lines, followed by repeated selfing and selection,
producing many new genetic combinations. The breeder can
theoretically generate billions of different genetic combina-
tions via crossing, selfing and naturally induced mutations.
The breeder has no direct control at the cellular level. There-
fore, two breeders will never develop exactly the same line.

Each year, the plant breeder selects the germplasm to
advance to the next generation. This germplasm is grown
under unique and different geographical, climatic and soil
conditions, and further selections are then made during and at
the end of the growing season.

Proper testing should detect major faults and establish the
level of superiority or improvement over current varieties. In
addition to showing superior performance, there must be a
demand for a new variety. The new variety must be compat-
ible with industry standards, or must create anew market. The
introduction of a new variety may incur additional costs to the
seed producer, the grower, processor and consumer, for spe-
cial advertising and marketing, altered seed and commercial
production practices, and new product utilization. The testing
preceding release of a new variety should take into consider-
ation research and development costs as well as technical
superiority of the final variety. It must also be feasible to
produce seed easily and economically.

These processes, which lead to the final step of marketing
and distribution, can take from six to twelve years from the
time the first cross is made. Therefore, development of new
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varieties is a time-consuming process that requires precise
forward planning, efficient use of resources, and a minimum
of changes in focused direction.

Wheat (Triticum aestivum L.), is an important and valuable
field crop. Thus, a continuing goal of wheat breeders is to
develop stable, high yielding wheat varieties that are agro-
nomically sound and have good milling and baking qualities
for its intended use. To accomplish this goal, the wheat
breeder must select and develop wheat plants that have the
traits that result in superior varieties.

Any known trait can be introduced into a wheat variety by
breeding using a donor plant that has the desired trait. One
example of such a desirable trait is resistance to Rkizoctonia
root rot. Co-pending U.S. provisional patent application Ser.
No. 60/771,402, which is incorporated herein by reference,
describes the development of wheat plants that have resis-
tance to Rhizoctonia root rot by mutation breeding and that
would be useful for the breeding of wheat that has both
glyphosate-tolerance and resistance to Rhizoctonia root rot.

Glyphosate Formulations and Spray Tests.

In one embodiment a greenhouse or field evaluation for
glyphosate tolerance is conducted. The term “glyphosate™ is
used herein to refer collectively to the parent herbicide
N-phosphonomethylglycine (otherwise known as glyphosate
acid), to a salt or ester thereof, or to a compound which is
converted to N-phosphonomethylglycine in plant tissues or
which otherwise provides N-phosphonomethylglycine in
ionic form (otherwise known as glyphosate ion). Illustra-
tively, water-soluble glyphosate salts useful herein are dis-
closedinU.S. Pat. Nos. 3,799,758 and 4,405,531 to Franz, the
disclosure of which is incorporated herein by reference. Gly-
phosate salts that can be used according to the present inven-
tion include but are not restricted to alkali metal, for example
sodium and potassium, salts; ammonium salt; C, , c alkylam-
monium, for example dimethylammonium and isopropylam-
monium, salts; C, | ; alkanolammonium, for example mono-
ethanolammonium, salt; C,_,¢ alkylsulfonium, for example
trimethylsulfonium, salts; mixtures thereof and the like. The
glyphosate acid molecule has three acid sites having different
pKa values; accordingly mono-, di- and tribasic salts, or any
mixture thereof, or salts of any intermediate level of neutral-
ization, can be used.

Glyphosate salts are commercially significant in part
because they are water-soluble. Many ammonium, alkylam-
monium, alkanolammonium, alkylsulfonium and alkali
metal salts are highly water-soluble, allowing for formulation
as highly concentrated aqueous solutions which can be
diluted in water at the point of use.

Such concentrated aqueous solutions can contain about 50
to about 500 grams per liter of glyphosate, expressed as acid
equivalent (g a.e./1). Higher glyphosate concentrations, for
example about 300 to about 500 g a,e./1, also may be used.

Selecting the proper rate for the situation and using the
appropriate additives are the key considerations in obtaining
consistent control with glyphosate products. Several different
concentrations of glyphosate are now being marketed, so it is
important to adjust rates according to the product used. Gly-
phosate labels usually state the concentration in two ways: (a)
Ibs per gal of formulated glyphosate and (b) lbs per gal of acid
equivalent of glyphosate. For example, Roundup Ultra® con-
tains 4 1bs per gal of the isopropylamine salt of glyphosate but
only 3 1bs per gal acid equivalent of glyphosate. The first
value includes the weight of the salt formulated with glypho-
sate, whereas the second only measures how much glypho-
sate is present. Since the salt does not contribute to weed
control, the acid equivalent is a more accurate method of
expressing concentrations and weed killing ability.
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Glyphosate salts are alternatively formulated as water-
soluble or water-dispersible compositions, in the form for
example of powders, granules, pellets or tablets. Such com-
positions are often known as dry formulations, although the
term “dry” should not be understood in this context to imply
the complete absence of water. Typically, dry formulations
contain less than about 5% by weight of water, for example
about 0.5% to about 2% by weight of water. Such formula-
tions are intended for dissolution or dispersion in water at the
point of use.

Contemplated dry glyphosate formulations can contain
about 5% to about 80% by weight of glyphosate, expressed as
acid equivalent (% a.e.). Higher glyphosate concentrations
within the above range, for example about 50% to about 80%
a.e., are preferred. Especially useful salts of glyphosate for
making dry formulations are sodium and ammonium salts.

Plant treatment compositions and liquid and dry concen-
trate compositions ofthe invention can optionally contain one
or more desired excipient ingredients. Especially useful
excipient ingredients for glyphosate compositions are surfac-
tants, which assist in retention of aqueous spray solutions on
the relatively hydrophobic surfaces of plant leaves, as well as
helping the glyphosate to penetrate the waxy outer layer
(cuticle) of the leaf and thereby contact living tissues within
the leaf. Surfactants can perform other useful functions as
well.

There is no restriction in the type or chemical class of
surfactant that can be used in glyphosate compositions of the
invention. Nonionic, anionic, cationic and amphoteric types,
or combinations of more than one of these types, are all useful
in particular situations. However, it is generally the case that
at least one of the surfactants, if any, present should be other
than anionic; i.e., at least one of the surfactants should be
nonionic, cationic or amphoteric.

Standard reference sources from which one of skill in the
art can select suitable surfactants, without limitation to the
above mentioned classes, include Handbook of Industrial
Surfactants, Second Edition (1997) published by Gower,
McCutcheon’s Emulsifiers and Detergents, North American
and International Editions (1997) published by MC Publish-
ing Company, and International Cosmetic Ingredient Dictio-
nary, Sixth Edition (1995) Volumes 1 and 2, published by the
Cosmetic, Toiletry and Fragrance Association.

Other optional components of compositions of the inven-
tion include agents to modify color, viscosity, gelling prop-
erties, freezing point, hygroscopicity, caking behavior, disso-
Iution rate, dispersibility, or other formulation characteristics.

Examples of commercial formulations of glyphosate
include, without restriction, those sold by Monsanto Com-
pany as Roundup®, Roundup Ultra®, Roundup CT®,
Roundup Extra®, Roundup Biactive®, Roundup Bioforce®,
Rodeo®, Polaris®, Spark® and Accord® herbicides, all of
which contain glyphosate as its isopropylammonium salt;
those sold by Monsanto Company as Roundup Dry® and
Rival® herbicides, which contain glyphosate as its ammo-
nium salt; that sold by Monsanto Company as Roundup Geo-
force®, which contains glyphosate as its sodium salt; and that
sold by Zeneca Limited as Touchdown® herbicide, which
contains glyphosate as its trimethylsulfonium salt.

The selection of application rates for a glyphosate formu-
lation that are biologically effective is within the skill of the
ordinary agricultural technician. One of skill in the art will
likewise recognize that individual plant conditions, weather
conditions and growing conditions can affect the results
achieved in practicing the process of the present invention.
Over two decades of glyphosate use and published studies
relating to such use have provided abundant information from






