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ABSTRACYT OF THE DISCLOSURE

The invention provides nucleic acids encoding mutants of the
acetohydroxyacid synthase {(AFHAS) large subunit comprising at least two mutations,
for example double and triple mutants, which are useful for producing transgenic or
non-transgenic plants with improved levels of tolerance to AHAS-inhibiting
herbicides. The invention alse provides expression vectors, cells, plants comprising
the polynucleotides encoding the AHAS large subuait double and triple mutants,
plants comprising two or more AHAS large subunit single mutant polypeptides, and

methods for making and using the same.
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AHAS MUTANTS

FIELD OF THE INVENTION
This invention relates generally to compositions and methods for increasing

tolerance of planis to acetohydroxyacid synthase-inhibiting herbicides.

BACKGROUND OF THE INVENTION

Acstohydroxyacid synthase (AHAS, EC 4.1.3.18, also known as acetolactate
synthase or ALS), is the first enzyme that catalyzes the biochemical synthesis of the
branched chain amino acids valine, leucine and isoleucine {Singh (1999}
"Biosynthesis of valine, leucine and iscleucing,” in Plant dmino Acids, Singh, B,
ed., Marcel Dekker Inc. New York, New York, pp. 227-247). AHAS is the site of
action of four structurally diverse herbicide families including the sulfonylureas (Tan
et al, (2005) Pest Manag. Sci. 61:246-57; Mallory-Smoith and Retzinger (2003} Weed
Technology 17:620-626; LaRossa and Falco (1984) Trends Biotechnol. 2:158-161},
the imidazolinones (Shaner e af. (1984} Plant Physiol. 76:545-546), the
triazolopyrimidines (Subramanian and Gerwick (198%) "Inhibition of acetolactate
synthase by triazolopyrimidines,” in Biccatalysis in Agricultural Biotechnology,
Whitaker, L.R. and Sonnet, P.E.. eds., ACS Symposium Series, American Chernical
Society, Washington, D.C., pp. 277-288}, and the pyrimidinyloxybenzoates
{Subramanian ef al. {1990} Plant Physiol. 94: 239-244). Imidazolinone and
sulfonylurea herbicides are widely used in modern agriculture due to their
effectiveness at very low application rates and relative non-foxicity in aniinals. By
inhibiting AHAS activity, these families of herbicides prevent further growth and
development of susceptible plants including many weed species. Several examples of
cornmercially available imidazolinone herbicides are PURSUIT® (imazethapyr),
SCEPTER® {imazaquin) and ARSENAL® (imazapwr). Examples of sulfonylurea
herbicides are chlorsulfuron, metsulfuron methyl, sulformeturon methyl, ehlorinmuron
ethyl, thifensulfuron methyl, tribenuron methyl, bensulfuron methyl, nicosulfuron,
ethametsulfuron methyl, rimsulfuron, triflusulfuron methyl, triasulfuron,
primisulfuron methyl, cinosulfuron, amidosulfiven, fluzasulfuron, imazosulfuron,

pyrazosulfuron ethyl and halosalfuron.
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Due to their high effcctivencss and low-toxicity, imidazolinone herbicides are
favored for application by spraying over the top of a wide area of vegetation, The
ability to spray a herbicide over the top of a wide range of vegetation decreases the
costs associated with plant establishment and maintenance, and decreases the need for
site preparation prior to use of such chemicals. Spraying over the top of a desired
tolerant species also results in the ability to achieve maximum yield potential of the
desired species due to the absence of competitive species. However, the ability to use
such spray-over technigues is dependent upon the presence of imidazolinone-resistant
species of the desired vegetation in the spray over area,

Among the major agricultural crops, some leguminous species such as
sovhean are naturally resistant to imidazolinone herbicides due 1o their ability to
rapidly metabolize the herbicide compounds {Shaner and Robinson (1985} Weed Sci.
33:469-471). Other crops such as corn (Newhouse et «l. (1992) Plant Physiol.
100:882-886) and rice (Barrett ef al. (1989) Crop Safeners for Herbicides, Academic
Press, New York, pp. 195-220) are somewhat suscepiible to imidazolinones herbicides.
The differential sensitivity to the imidazolinone herbicides is dependent on the
chemical nature of the particular herbicide and differential metabolism of the
compound from a toxic to a non-toxic form in each plant (Shaner ef al. (1984) Plant
Physiol. 76:545-546; Brown et «f. (1987} Pestic. Biochem. Physiol. 27.24-2%). Other
plant physiological differences such as absorption and translocation also play an
important role in sensitivity (Shaver and Robinson (1985) Weed Sei. 33:469-471).

Plants resistant to imidazolinones, sulfonylureas, frizzolopyrimidines, and
pyrimidinyloxybenzoates have been successfully produced using seed, microspore,
pollen, and callus mutagenesis in Zeq mays, Arabidopsis thaliana, Brassica napus
(i.e., canola) Glycine max, Nicotiona tabacum, sugarbeet (Beta vulgaris) and Oryza
sativa (Schastian ef al. (1989} Crop Sci. 29:1403-1408; Swanson ef al. 1959 Theor.
Appl. Genet, 78:525-530; Newhouse ef al. {1991) Theor. Appl. Genet, 83:65-70;
Sathasivan ef ¢l (1991) Plant Physiof, 97:1044-1050; Mourand e af. (1993} J.
Heredity 84:91-96; Wright and Penner (1998} Theor. Appl. Gener. 96:612-620; U.S,
Patent No. 5,345,822), In all casss, a single, partially dominant nuclear gene
conferred resistance. Four imidazolinone resistant wheat plants were also previously

isolated following seed mutagenesis of Triticum aestivign L. ov. Fidel (Newhouse et
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al. (1992) Plant Physiol. 100:882-886). Inheritance studies confirmed that a single,
partially dominant gene conferred resistance. Based on allelic studies, the authors
concluded that the mutations in the four identified hines were located at the same
locus. One of the Fidel cultivar resistance genes was designated FS-4 (Newhouse er
al. {1992} Plant Physiol. 100:882-886).

Computer-based modeling of the three dimensional conformation of the
AHAS-inhibitor complex predicis several arnino acids in the proposed inhibitor
binding pocket as sites where induced mutations would likely confer selective
resistance to imidazolinones (Ot ef al, (1996} J. Mol Biol 263:359-368). Tobacco
plants produced with some of these rationally designed mutations in the proposed
binding sites of the AHAS enzyme have in fact exhibited specific resistance to a
single class of herbicides (Ott es al. (1996} .J. Mol Biol, 263:359-368).

Plant resistance to imidazolinone herbicides has also beenreported ina
number of patents. U.8. Patent Nos. 4,761,373, 5,331,107, 5,304,732, 6,211,438,
6,211,439 and 6,222,100 generally describe the use of an altered AHAS gene to elicit
herbicide resistance in plants, and specifically discloses ceriain imidazolinone
resistant corn lines, ULS. Patent No. 5,813,659 discloses plants exhibiting herbicide
resistance due to mutations in at least one amino acid in one or more conserved
regions. The mutations described therein encode either cross-resistance for
imidazolinones and sulfonviureas or sulfonylurea-specific resistance, but
imidazolinone-specific resistance is not described. U.S. Patent No. 5,731,180 and
1.8, Patent No. 5,767,361 discuss an isolated gene having a single amino acid
substitution in a wild-type monoeot AHAS amino acid sequence that results in
imidazolinone-specific resistance. In addition, rice plants that are resistant to
herbicides that interfere with AHAS have been developed by mutation breeding and
tissue culture selection. See, ULS. Patent Nos, 5,545,822, 5,736,629, 5,773,703,
5,773,704, 5,952,553 and 6,274,796,

I plants, as in all other organisms examined, the AHAS enzyme is comprised
of two subunits: a large subunit {catalytic role) and a small subunit (regulatory role}
{Duggleby and Pang (2000} J. Biochem. Mol. Biol 33:1-36). The AHAS large
subunit {also referred to herein as AHASL) may be encoded by a single gene as in the

caze of Arabidopsis, and sugar beet or by nmultiple gene family members as in maize,
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canola, and cotton, Specific, single-nucleotide substitutions in the large subunit
confer upon the enzyme a degree of insensitivity to one or more classes of herbicides
{Chang and Duggleby (1998} Biochem J. 333:765-777).

For example, bread wheat, Triticum aestivum L., contains three homoeologous
acetohydroxyacid synthase large subunit genes. Each of the genes exhibit significant
expression based on herbicide response and biochemical data from mutants in each of
the three genes (Ascenzi ef of, {2003) International Society of Plant Molecular
Biologists Congress, Barcelona, Spain, Ref. No. §10-17). The coding sequences of
all three genes share extensive homology at the nucleotide fevel (WO 03/014357).
Through sequencing the AHASL genes from several varieties of Triticum aestivim,
the molecular basis of herbicide tolerance in most IMI-tolerant (imidazolinone-
tolerant) lines was found to be the mutation S653{ANN, indicating a serine to
asparagine substitution at a position equivalent to the serine at amino acid 653 in
Arabidopsis thaliana (W0 03/014357). This mutation is due to a single nucleotide
polymorphism (SNP) in the DNA sequence encoding the AHASL protein.

Multiple AHASL genes are also known to occur in dicotyledonous plants
species. Recently, Kolloman ef al. {{2004) Theor. Appl. Genet. 109: 1147-1159)
reported the identification, cloning, and sequenecing for three AHASL genes
(AHASL1, AHASL2, and AHASL3) from herbicide-resistant and wild type
genotypes of sunflower (Helianthus annuus L.). Kolkman ef al. veported that the
herhicide-resistance wag due either to the Pro197Len {using the Arabidopsis AHASL
amino acid position nomenclature) substitution or the Ala205Val substitution in the
AHASL] protein and that each of these substitutions provided resistance to both
imidazolinone snd sulfonylurea herbicides.

A number of single mutations in the AHAS large subumit are known that resnit
in tolerance or resistance to herbicides (Duggleby e al. (20003 Joumal of Biochem
and Mol Bio. 33:1-36; Jander er af. (2003) Plant Physiology 131:135-146}. For
gxample, an alanine to valine substitution at position 122 of Arabidopsis AHASL {or
an alanine to threonine substitution at corresponding position 100 of Cocklebur
AHASL) confers resistance to imidazolinone and sulfonylureas. A methionine to
glitamic acid or isolencine substitution at position 124 of drabidepsis AHASL

confers resistance to imidazolinones and sulfonylureas. A proline to serine

>
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substitution af position 197 of Arabidopsis AHASL {or a proline to alanine, glutamic
acid, leucine, glutamine, arginine, valine, tryptophan, or tyrosine substitution at
corresponding position 192 of veast AHASL) confers resistance to imidazolinones,
sulfonylureas, and triazolopyrimidine, An arginine to alanine or glutamic acid
substitution at position 199 of Arabidopsis AHASL confers imidazolinone resistance.
An slanine to valine substitution at position 205 of Arabidopsis AHASL (or an
alanine to cysteine, aspartic acid, glulamic acid, arginine, threonine, tryptophan or
tyrosine substitution at corresponding position 200 of yeast AHASL) confers
imidazolinones and sulfonylureas resistance. A substitution of almost any amine acid
for the tryptophan at position 574 of Arekidopsis AHASL, corresponding to position
386 of yeast AHASL, confers resistance to imidazolinones, sulfonylureas,
triazolopyrimidine, and pyrimidyt oxybenzoates. A serine to phenylalaning,
asparagine, or threonine substitution at position 653 of Arabidopsis AHASL confers
resistance to imidazolinones and pyrimidyl oxybenzoates.

.S, Patent Nos, 5,853,973, 5,928,937, and 6,576,455 disclose structure-based
modeling methods for making AHAS variants which inelude amino acid substifutions
at specific positions that differ from the positions described above. In Mourad e/ al.
(1992} Planta 188;491-497, it has shown that mutant lines resistant to sulfonylureas
are cross-resistant to friazolopyrimidine, and mutant lines resistant to imidazolinones
are cross-resistant to pyrimidyl oxvbenzoates.

{I.8. Patent No. 5,859,348 discloses a double mutant sugar beet AHAS large
subunit having an alanine to threonine substitution at amino acid 113 and a proline to
serine substitution at amino acid 188, Sugar beet plants containing the double mutant
AHAS protein are described as being both imidazolinone and sulfonylurea resistant.

Mourad et al. (1994 Mol, Gen. Genet. 242:178-184, discloses an drabidopsis
AHAS double mutant designated cs#/~4. The csrf-4 mutant AHAS contained a C o
T nucleotide substitution at position 589 (corresponding & & proline to serine
substitution at amino acid 197 of Arabidopsis AHASL) and a G to A nucleotide
substitution at position 1958 {corresponding to a serine to threonine substifution at

amino acid 653 of Arabidopsis AHASL).

[&2]
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Lee er af. (1988) EMBO Journal 7:1241-1248, discloses a tobacco AHAS
double mutant designated 54-Hra, which includes a Pro-Ala substitation at amino acid
196 (corresponding to the amine acid 197 of Arabidopsis AHASLY and a Trp-Leu
substitution at amino acid 573 (corresponding to amino acid 574 of Arahidopsis
AHASL). Transgenic Jines carrying the double mutant gene show resistance to
sulfonylurea herbicide,

11.8. Patent No. 7,119,256 discloses a double mutant rice AHAS large subunit
having a tryptophan to leucine substitution at amino acid 548 and a serine to
isoleucine substitution at amino acid 627. Transgenic rice plants expressing a
polynucleotide encoding this double mutant AHAS protein were reported to have
increased resistance to the pyrimidiny! carboxy herbicide, bispyribac-sodium.

Given their high effectiveness and low-toxicity, imidazolinone herbicides are
favored for agricultural use. However, the ability to use imidazelinone herbicides in
particular crop production system depends upon the availability of imidazolinene-
resistant varieties of the crop plant of interast. To produce such imidazolinone-
resistant varieties, there remains a need for crop plants comprising mutant AHAS
polypeptides which contfer demonstrated improved tolerance to imidazolinones and/or
other AHAS-inhibiting herbicides when compared to crop plants with existing AHAS
rutants,

Although some AHAS mutants have been characterized, there remains a need
for mutant AHAS polypeptides which confer, when expressed in a crop plant of
interest, dermonstrated improved herbicide tolevance to one or more classes of AHAS-

inhibiting herbicides when compared to existing AHAS mutants in crop plants.

SUMBMARY OF THE INVENTION
This inveniion relates (o new mutant AHAS polypeptides that demounstrate
tolerance to a herbicide, in particular, an imidazolinone herbicide, or sulionylurea
herbicide, or a mixture thereof. In preferred embodiments, the herbicide tolerance
conferred by the mntants of the invention is improved and/or enhanced relative to that
obtained using known AHAS mutants. The mutants of the invention comprise at least

two amino acid substitutions in the AHAS large subugit polypeptide.
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In one embodiment, the invention provides an isolated polynucleotide encoding an
acetohydroxyacid synthase large subunit (AHASL) polypeptide having a glutamine
substitution at a position corresponding to position 122 of SEQ ID NO:1 or position 90 of
SEQ ID NO:2.

In another embodiment, the invention provides an isolated polynucleotide
encoding an acetohydroxyacid synthase large subunit (AHASL) amino acid-substituted
polypeptide selected from:

a) a polypeptide having a glutamine substitution at a position corresponding
to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and a glutamic acid,
valine, tryptophan, or tyrosine substitution at a position corresponding to position 197 of
SEQ ID NO:1 or position 165 of SEQ ID NO:2;

b) a polypeptide having a glutamine substitution at a position corresponding
to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and a cysteine, glutamic
acid, arginine, threonine, tryptophan, or tyrosine substitution at a position corresponding
to position 205 of SEQ ID NO:1 or position 173 of SEQ ID NO:2; or

c) a polypeptide having a glutamine substitution at a position corresponding
to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and a glycine, alanine,
valine, isoleucine, methionine, phenylalanine, proline, serine, threonine, cysteine,
tyrosine, asparagine, glutamine, aspartic acid, glutamic acid, lysine, arginine, or histidine
substitution at a position corresponding to position 574 of SEQ ID NO:1 or position 542
of SEQ ID NO:2.

In yet another embodiment, the invention provides an isolated polynucleotide
encoding an acetohydroxyacid synthase large subunit (AHASL) amino acid-substituted
polypeptide having a glutamine substitution at a position corresponding to position 122 of
SEQ ID NO:1 or position 90 of SEQ ID NO:2, a serine, alanine, glutamic acid, leucine,
glutamine, arginine, valine, tryptophan, tyrosine, or isoleucine substitution at a position
corresponding to position 197 of SEQ ID NO:1 or position 165 of SEQ ID NO:2, and an
alanine, glutamic acid, serine, phenylalanine, threonine, aspartic acid, cysteine, or
asparagine substitution at a position corresponding to position 199 of SEQ ID NO:1 or
position 167 of SEQ ID NO:2.

The invention also relates to AHASL polypeptides comprising the double and

triple mutants described above, expression vectors comprising the polynucleotides
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encoding the AHASL double and triple mutants described above, cells comprising the
polynucleotides encoding the AHASL double and triple mutants described above,
transgenic plants comprising the polynucleotides and polypeptides described above and
methods of making and using transgenic plants comprising the polynucleotides encoding
the AHASL double and triple mutants described above.

In yet another embodiment, the invention provides an isolated polynucleotide
encoding an acetohydroxyacid synthase large subunit (AHASL) amino acid-substituted
polypeptide selected from:

a) a polypeptide having glutamine substitution at a position corresponding to
position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and a serine, alanine,
glutamic acid, leucine, glutamine, arginine, valine, tryptophan, tyrosine, or isoleucine
substitution at a position corresponding to position 197 of SEQ ID NO:1 or position 165
of SEQ ID NO:2;

b) a polypeptide having a glutamine substitution at a position corresponding
to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and a valine, cysteine,
aspartic, acid, glutamic acid, arginine, threonine, tryptophan, or tyrosine substitution at a
position corresponding to position 205 of SEQ ID NO:1 or position 173 of SEQ ID NO:2;
or

c) a polypeptide having a glutamine substitution at a position corresponding
to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and any amino acid
substitution at a position corresponding to position 574 of SEQ ID NO:1 or position 542
of SEQ ID NO:2,

wherein the isolated polynucleotide is a polynucleotide of a plant selected from
Arabidopsis thaliana, maize, rye, oat, triticale, rice, barley, sorghum, millet, sugar beet,
sugarcane, soybean, peanut, cotton, rapeseed, canola, Brassica species, manihot, melon,
squash, pepper, tagetes, solanaceous plants, potato, sweet potato, tobacco, eggplant,
tomato, Vicia species, pea, alfalfa, coffee, cacao, tea, Salix species, oil palm, coconut, and
perennial grass.

The invention further relates to transgenic and non-transgenic plants comprising
one or more polynucleotides comprising two or more mutations. In one embodiment,
there is provided an isolated plant comprising a polynucleotide encoding an

acetohydroxyacid synthase large subunit (AHASL) polypeptide having a glutamine
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substitution at a position corresponding to position 122 of SEQ ID NO:1 or position 90 of
SEQ ID NO:2.

According to yet another embodiment, there is provided an isolated plant
comprising:

a) a first polynucleotide encoding a first AHASL polypeptide having a first
amino acid substitution and a second polynucleotide encoding a second AHASL
polypeptide having a second amino acid substitution, or

b) a polynucleotide encoding an AHASL polypeptide having both said first
and second amino acid substitutions;
wherein said first and second substitutions are selected from:

1) the first substitution being a glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being a glutamic acid, valine, tryptophan, or tyrosine for the amino
acid at a position corresponding to position 197 of SEQ ID NO:1 or position 165 of SEQ
ID NO:2;

i) the first substitution being glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being a cysteine, glutamic acid, arginine, threonine, tryptophan, or
tyrosine for the amino acid at a position corresponding to position 205 of SEQ ID NO:1 or
position 173 of SEQ ID NO:2; or

the first substitution being a glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being a glycine, alanine, valine, isoleucine, methionine,
phenylalanine, proline, serine, threonine, cysteine, tyrosine, asparagine, glutamine,
aspartic acid, glutamic acid, lysine, arginine, or histidine for the amino acid at a position
corresponding to position 574 of SEQ ID NO:1 or position 542 of SEQ ID NO:2.

According to yet another embodiment, there is provided an isolated plant
comprising:

a) a first polynucleotide encoding a first AHASL polypeptide having a first
amino acid substitution, and a second polynucleotide encoding a second AHASL
polypeptide having second amino acid substitution and a third amino acid substitution;

b) a first polynucleotide encoding a first AHASL polypeptide having the first

amino acid substitution and the second amino acid substitution, and a second
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polynucleotide encoding a second AHAASL polypeptide having the third amino acid
substitution;

c) a first polynucleotide encoding a first AHASL polypeptide having the first
amino acid substitution and the third amino acid substitution, and a second polynucleotide
encoding a second AHASL polypeptide having the second amino acid substitution; or

d) a polynucleotide encoding an AHASL polypeptide having the first, second,
and third amino acid substitutions;

wherein said first amino acid substitution is a glutamine, for the amino acid at a
position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2,
said second amino acid substitution is a serine, alanine, glutamic acid, leucine, glutamine,
arginine, valine, tryptophan, tyrosine, or isoleucine for the amino acid at a position
corresponding to position 197 of SEQ ID NO:1 or position 165 of SEQ ID NO:2, and said
third amino acid substitution is an alanine, glutamic acid, serine, phenylalanine, threonine,
aspartic acid, cysteine, or asparagine for the amino acid at a position corresponding to
position 199 of SEQ ID NO:1 or position 167 of SEQ ID NO:2.

According to yet another embodiment, there is provided an isolated plant
comprising:

a) a first polynucleotide encoding a first AHASL polypeptide having a first
amino acid substitution and a second polynucleotide encoding a second AHASL
polypeptide having a second amino acid substitution, or

b) a polynucleotide encoding an AHASL polypeptide having both said first
and second amino acid substitutions;

wherein said first and second substitutions are selected from:

1) the first substitution being a glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being a serine, alanine, glutamic acid, leucine, glutamine, arginine,
valine, tryptophan, tyrosine, or isoleucine for the amino acid at a position corresponding
to position 197 of SEQ ID NO:1 or position 165 of SEQ ID NO:2;

i1) the first substitution being a glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being a valine, cysteine, aspartic acid, glutamic acid, arginine,
threonine, tryptophan, or tyrosine for the amino acid at a position corresponding to

position 205 of SEQ ID NO:1 or position 173 of SEQ ID NO:2; or
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1i1) the first substitution being a glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being any amino acid for the amino acid at a position corresponding to
position 574 of SEQ ID NO:1 or position 542 of SEQ ID NO:2,

wherein the isolated plant is selected from Arabidopsis thaliana, maize, rye, oat,
triticale, rice, barley, sorghum, millet, sugar beet, sugarcane, soybean, peanut, cotton,
rapeseed, canola, Brassica species, manihot, melon, squash, pepper, tagetes, solanaceous
plants, potato, sweet potato, tobacco, eggplant, tomato, Vicia species, pea, alfalfa, coffee,

cacao, tea, Salix species, oil palm, coconut, and perennial grass.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 sets forth the full length sequence of the Arabidopsis AHAS large subunit
protein (amino acid sequence SEQ ID NO: 1; nucleic acid sequence SEQ ID NO: 31) with
putative translation showing positions of mutations indicated in bold and underlined.
DNA numbering is on the left and amino acid numbering on the right.

Figure 2 sets forth the sequence of the maize AHAS large subunit protein (amino
acid sequence SEQ ID NO: 2; nucleic acid sequence SEQ ID NO: 32) with amino acids at
positions of claimed mutations indicated in bold and underlined. DNA numbering is on

the left and amino acid numbering on the right.
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Figure 3 is an alignment of the positions of correspondence of the dradidopsis
AHAS large subunit protein (AtAHASL, SEQ 1D NO: 1) with the AHAS large
subunit protein of a number of species where the double and triple mutations of the
invention may be made showing the position of substitutions which correspond to the
positions of substitution in SEQ D NO: 1: dmaranthus sp. (AsAHASL SEQ 1D
NO:9), Brassica nopus (BnAHABLIA SEQ ID NG3, BoAHASLIC SEQ 1D NO1G,
BnAHASL2A 8EBQ 1D NO:11), Cameling microcarpa {CmAHASLI SEQ ID NG:12,
CmAHASL2 SEQ ID NO:13), Solamean tuberosum (StAHASLE SEQ ID NO: 14,
StAHASL2 3EQ ID NGID, Oryvza sativa (OsAHASL SEQ ID NG:4), Lolium
multiflorum (LmAHASL 3EQ 1D NOQ:20Y, Solamem prychanthum (SpAHASL SEQ ID
NO:14), Sorghum bicolor (SbAHASL SEQ [D NG:13), Glycine max (GmAHASL
SEQ ID NG:18Y, Helianthus anruus (HsAHASLI SEQ 1D NG:5, HaAHASLZ SEQ
1D NO:6, HaAHASLS SEQ ID NG:T, Triticum asstivam (TaAHASLIA SEQ ID
NQO:21, TaAHASLIB SEQ 1D NO:22, TaAHASLID SEQ D NO:23), Xanthium sp.
{XsAHASL SEQ ID NG9}, Zea mays (ZmAHASLL SEQ ID NOE, ZmAHASL2
SEQ IDNQ:2), Gassypium firsutum (GhAHASAS SEQ 1D NO:24, GhAHASAILD
SEQ IDNQ:25), and Ecoli (ivB SEQ ID MNO:26, ilvG SEQ TD NO:27, ivI SEQ ID
NO2E).

Figure 4 is a map of the AT base vector used for construction of drabidopsis
AHASL mutants AE2-AES in F. cofi, with relative positions of mutations in
Arabidopsis AHASL indicated.

Figure 5 is a vector map of plant transformation base vector AT used for
construction of vectors AP2-AT3, which differ only by the mutaiions indicated in
Table 1.

Figure & is a map of base vector ZE used to study maize AHASL mutants
ZEZ, ZES3, ZE6, and ZE7 in E. coli, with relative positions of mutations indicatsd.

Figure 7 is a map of plant transformation vector ZP used as a base vector for
construction of vectors ZP2-ZP10.

Figure § is a table showing the concordant amino acid positions of AHASL

genes derived from different spoeies.
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Figure 9 is a table showing the protein identity percentage of the AHASL
genes derived from different species. The analysis was performed in Vector NTI
software suite (gap opening penalty = 10, gap exlension penalty = 0.05, gap
separation penalty = &, blosum 62MTZ matrix}.

Figure 10 sets forth the results of a vertical plate growth assay of seeds from
several lines of Arabidopsis plated on media with 37.5 micromolar of imazethapyr.
The seeds used were: 1) wild type ecotype Columbia 2; 2} the csr1-2 mutant
{homozygous for the AIAHASL S5653N mutation in the genomic copy of the AHAS
large subunit gene); 3) Columbia 2 transformed with APY; 4) Columbia 2 transformed
with AP7; and 5) Columbia 2 transformed with APZ,

Figure 11 is a vector map of plant transformation base vector AUP used for
construction of vectors AUPZ2 and AUP, which differ only by the mutations indicated
in Table 3.

Figure 12 is a vector map of plant transtormation vector BAP1, which

comprises the coding sequence for an AtAFASL with the S653N mutation.

DETAILED DESCRIPTION OF THE INVENTION

The invention provides polynucleotides encoding AHASL with at least two
mutations, for example double and triple mutants, that demonsirate tolerance to
herbicides, in particelar, to imidazolinone herbicides and optionally, to sulfonylurea,
triazolopyrimidine sulfoanilide, and/or pyrimidyl oxybenzoate herbicides. The
AHASL mutants of the invention may be used to create transgenic plants that
dernonstrate levels of herbicide resistance sufficient to confer commercial levels of
herbicide tolerance when present on only one parent of a hybrid cross or on one
genome of a polypleid plant. The polynuciestides of the invention may also be used
as selectable markers for transformation of linked genes encoding other traits, as set
forth in U5, Patent No. 6,025,541,

Although the AHASL proteins of various species differ in length by a few
amino acids, the relative positions of residues subject to modification in accordance
with the present invention are conserved (Figore 8). Accordingly, the mutations
described herein are expressed in terms of positions corresponding to the amino acid

residue numbers of the 4rabidopsis AHASL polypeptide (SEQ ID NO: 1, Figure 1,
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Figure 8) unless noted otherwise or apparent from the context. For example, residue
122 of the drabidopsis ARASL corresponds to residue 90 of maize AHASL, residue
104 of Brassica napus AHASL 1A, residue 107 of B. napus AHASL 1C, residue 96
of & sotiva AHASL, residuc 113 of dmaranthus AHASL, residue 26 of Escherichio
coli 1WvG, residue 117 of Saccharomyces cerevisivge AHASL, residue 113 of sugar
beet, residue 111 of cotton, residue 120 of Cameling microcarng AHASLY, residue
117 of Cameling microcarpa AHASL2, residue 109 of Solonum tuberosum AHASLI,
vesidue 111 of Solanum tuberosum AHASLI, residue 92 of Lolium sudiifiorum,
residue 27 of Solanum ptychanthum, residue 93 of Serghuwm bicolor, residue 103 of
Glyeine max, residue 107 of Helianthus annuus AHASL], residue 101 of Helianthus
annuns AHASL2, residus 97 of Helionths annuus AHASL3, residue 59 of Triticum
aestivum, and residue 100 of Xanshium sp. These correspondences are well known to
those of skill in the art. Based on such correspondence, the corresponding positions in
AFIAS large subunit sequences not specifically disclosed herein could be readily
determined by the skilled artisan. Specific exemplary regions of correspondence
relevant to the present invention are set forth in Figure 3.

In a preferred embodiment, the invention provides an isolated polynucleotide
encading an drabidopsis AHASL double mautant selected from the group consisting
of a polypeptide having a valine, threonine, glutamine, cysteine, or methionine at a
position corresponding to position 122 of SE( ID NO:1 or position 90 of SEQ ID
NG:2 and a phenylalanine, asparagine, threonine, glycine, valine, or tryptophan at a
position corresponding to position 653 of SEQ ID NO:1 or position 621 of SEQ [D
N(:2; a polypeptide having a valine, threonine, ghutamine, cysteine, or methionine at
a position corresponding to position 122 of SEQ ID NO:1 or position 80 of SEQ ID
MO:2 and an alanine, glutamic acid, serine, phenylalanine, threonine, aspartic acid,
cysteine, or asparagine at a position corresponding to position 199 of SEQ ID NO:1 or
position 167 of SEQ D NO:2; a polypeptide baving a valine, threonine, glutamine,
cysteine, or methionine at a position corresponding to position 122 of SEQ ID NO:1
or position 90 of SEQ 1D NOZ and a sering, alanine, glutamic acid, leucine,
glutamine, arginine, valing, fryptophan, tyrosine, or isoleucine at a position
corresponding to position 197 of SEQ 13 NG:1 or position 165 of SEQ ID MNOZ, a

polypeptide having a valine, threonine, glutamine, cysteine, or methionine at a
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position corresponding to position 122 of SE( ID NO:1 or position 90 of SEQ 1D
NO:2 and a glutamic acid, isoleucine, leucine, or asparagine at a position
corresponding to position 124 of SEQ ID NO:1 or position 92 of SEQ ID NOZ; 2
polypeptide having a valine, threonine, glutamine, cysteine, or methionine at a
position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID
NO:2 and an isoleucine at a position corresponding to position 139 of SEQ 1D NO:1
or position 107 of SEQ 1D NO:2; a polypeptide having a valine, threonine, ghutamine,
cysteine, or methionine at a position corresponding to position 122 of SEQ I NO:
or position 90 of SEQ ID NOG:2 and a histidine at a position corresponding to position
269 of SEQ 1D NO:1 or position 237 of SEQ ID NG:Z; a polypeptide having a valine,
threonine, glutamine, cysteine, or methionine at a position corresponding fo position
122 of SEQ ID NO:1 or position 30 of SEQ ID NO:2 and a methionine at a posifion
corresponding to position 416 of SEQ 1D NO:1 or position 384 of SEQ ID NO:2; a
polypeptide having a valine, threonine, glutamine, cysteine, or methionine at a
position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID
NG:2 and an isoleucine at a position corresponding to position 426 of SEQ 1D NO:1
or position 394 of SEQ ID MNO:2; a polypeptide having a valine, threonine, glutamine,
cysteine, or methionine at a position corresponding to position 122 of SEQ 1D NO:1
or position 90 of SEQ 1D NO:2 and a valine at a position corresponding to position
430 of SEQ I NO:1 or position 398 of SEQ ID NO:2; a polypeptide having a valine,
threonine, glutamine, cysteing, or rethionine at a position corresponding to position
122 of SEQ 1D N{v:1 or position 30 of SEQ ID NO:2 and an iseleucine at a position
corresponding to position 442 of SEQ ID NO:1 or position 410 of SEQ ID N2, a
polypeptide having a valing, threonine, glutamine, cysteineg, or methionine at a
position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ 1D
NO:2 and an isoleucine or aspartic acid at a position cosresponding to position 445 of
SEQ ID NO:1 or position 413 of SEQ 1D NG:2; a polypeptide having a valine,
threonine, glutamine, cysteine, or methionine at a position corresponding fo position
122 of SEQ 1D NO:1 or position 90 of SEQ 1D NO:2 and a glutamic acid at a position
corresponding to position 580 of SEQ 1D NO:1 or position 548 of SEQ ID NO:2: a
polypeptide having a glutamic acid, isoleusine, leucine, or asparagine at a position
corresponding to position 124 of SEQ 1D NO:1 or position 92 of SEQID NO:Z and a



16 Dec 2013

2013270631

|71

10

phenylalanine, asparagine, threonine, glycine, valine, or tryptophan at a position
corresponding to position 653 of SEQ D NG:1 or position 621 of SEQ IDNG:2; 3
polypeptide having a serine, alanine, glutamic acid, lencine, glutamine, arginine,
valine, tryptophan, tyrosine, or iscleucine at a position corresponding to posilion 197
of SEQ [D NO:1 or position 165 of SE( ID NO:2 and a phenylalanine, asparagine,
threonine, glycine, valine, or trypiophan at a position corresponding to position 653 of
SEQ ID NO:1 or position 621 of SEQ 1D NG:2; a polypeptide having a serine,
alanine, glulamic acid, leacine, glutamine, arginine, valine, tryptophan, tyresine, or
isoleucine at a position corresponding to position 197 of SEQ ID NO:1 or position
165 of SEQ 1D NO:2 and an asparagine at a position corresponding to position 373 of
SEQ ID NO:1 or position 343 of SEQ 1D NO:2; a polypeptide having an alanine,
glutamic acid, leucine, glutamine, arginine, valine, iryptophan, tyrosine, or isoleucine
at 2 position corresponding to position 197 of SEQ 1D NG:1 or position 165 of SEQ
1D NO:2 and an alanine, glitamic acid, serine, phenylalanine, threonine, aspartic acid,
cysteine, or asparagine at a position corresponding to position 199 of SEQ ID NO:i or
position 167 of SEQ 1D NO:2; a polypeptide having an alanine, glutamic acid, serine,
phenyialanine, threonine, aspartic acid, cysteine, or asparagine at g position
corresponding to position 199 of BE 1D NO:1 or position 167 of SEQ ID NG:2 and
a phenvialanine, asparagine, threoning, glycine, valineg, or tryptophan at a position
corresponding to position 653 of SEQ ID NO:1 or position 621 of 3EQ 1D NO:2; and
a polypeptide having a valine, cysteine, aspartic acid, ghutamic acid, arginine,
threonine, tryptophan, or tyrosine at a position corresponding to position 205 of SEQ
1D NGt or position 173 of 5EQ ID NO.2 and a phenyialanine, asparagine, threonine,
glyeine, valine, or tryptophan at a position corresponding to position 653 of SEGQ ID
N1 or position 621 of SEQ ID NO:Z

I another preforred embodiment, the invention provides sn isolated
polymicieotide encoding an Arabidopsis AHAS large subunit triple mutant
polypeptide selected from the group consisting oft a podypeptide having a valine,
threonine, glutamine, cysteine, or methionine at 4 posttion corresponding to position
122 of SEQ ID N1 or position B0 of SEQ 1D NG:2, an alanine, ghitamic acid,
serine, phenylalanine, threonine, aspartic acid, cysteine, or asparagine at a position

corresponding o position 199 of SEQ ID NGO:1 or position 167 of SEQ 1D NO:2 and
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a phenylalanine, asparagine, threonine, glycine, valine, or fryptophan at a position
corresponding to position 653 of SEQ ID NO:1 or position 621 of SEQ ID NO:25 a
polypeptide having a valine, threonine, glutamine, cysteine, or methionine at a
position corresponding to position 122 of SEG ID NO:1 or position 90 of SEQ 1D
NO:2, a serine, alanine, glutamic acid, leucine, glutamine, arginine, valine,
tryptophan, tyrosine, or isoleucine at a position corresponding to position 197 of SEQ
1D NO:Y or position 165 of SEQ 1D NO:Z and a phenylalanine, asparagine, threonine,
glycine, valine, or tryptophan at a position corresponding 1o position 633 of SEQ ID
NO:1 or position 621 of SEQ I NO:2; a polypeptide having a valine, threonine,
glutamine, cysteine, or methionine at a position corresponding to position 122 of SEQ
10 NO:1 or position 90 of SEQ ID NO:2, a serine, alanine, glutamic acid, leucine,
glutamine, arginine, valine, tryptophan, tyrosine, or isoleucine at a position
corresponding to position 197 of SEQ D NO:1 or position 165 of SEQ ID NO:2 and
an alanine, glutamic acid, serine, phenylalanine, threonine, aspartic acid, cysteine, or
asparagine at a position corresponding o position 199 of 3EQ 1D NO:1 or position
167 of SEQ 1D NO:2; a polypeptide having a valine, threonine, glutamine, cysteine,
or methionine at a posttion corresponding to position 122 of SEQ ID NG:1 or position
90 of 8EQ 1D NO:2, an arginine at a position corresponding to position 57 of SEQ ID
NO:1 and a leucine at a position corresponding to position 398 of SEQ ID NO:t or
position 366 of SEQ 1D NO:2; a polypeptide having a ghutamic acid, isoleucine,
leucine, or asparagine at a position corresponding to postiion 124 of SEQ ID NO:1 or
position 92 of SEQ [D NO:2, a serine, alanine, glutamic acld, leucing, glutamine,
arginine, valine, tryptophan, tyrosine, or isoleucine at a posilion corresponding to
position 197 of SEQ 1D MO:1 or position 165 of SEQ 1D NQ:2Z and an alanine,
glutarnic acid, serine, phenylalanine, threonine, aspartic acid, cysteine, or asparagine
at a position corresponding to position 199 of SEQ D NO:1 or position 167 of SEQ
ID MNO:2; a polypeptide having a leucine at a position corresponding to position 95 of
SEQ ID NO:1 or position 63 of SEQ ID NO:2, a glutamic acid at a position
corresponding to position 416 of SEQ ID NO:1 or position 384 of 3EQ ID NO:Z and
a phenylalanine, asparagine, threonine, ghycine, valine, or tryptophan at a position
corresponding to position 633 of SEQ ID NO:1 or position 621 of SEQ ID NOZ; and

a polypeptide having a serine, alanine, gintamic acid, leucine, glhutamine, argimne,
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valine, tryptophan, tyrosine, or isoleucine at a pesition corresponding to position 197
of SEQ ID NO: 1 or position 165 of SEQ 1D NO:2, an alanine, glutamie acid, serine,
phenylalanine, threonine, aspartic acid, cysteine, or asparagine at a position
corresponding to position 199 of SEQ ID NO:1 or position 167 of SEQ D NG:2 and
any amino acid at a position corresponding to position 574 of SEQ ID NO:1 or
position 342 of BEQ 1D NG:2,

{Other preferred embodiments include AHASL double and triple mutants from
other species, wherein the double and triple mutations occur at positions
corresponding to those of the specific Arabidopsis and maize mutants deseribed above
and in table shown in Figure 8. For example, corresponding double and triple mutants
of AHASL from microorganisms such as F. coll, S cerevisiae, Seimonelln,
Synichocysiis; and from plants such as wheat, ryve, oat, {riticale, rice, barley, sorghum,
millet, sugar beet, sugarcane, soybean, peanut, cotton, rapeseed, canola, Brassica
species, manihnt, melon, squash, pepper, sunflower, tagetes, solanaceous plants,
potato, sweel potato, tobaccn, eggplant, tomato, Vicia species, pea, alfalfy, coffee,
cacag are also within the scope of the present invention. Such doube and triple
ratants can be made vsing known methods, for example, in vifro using site-directed
mutagenesis, or in vive using fargeted nutagenesis or sinilar techniques, as described
in U.8. Patent Nos. 5,565,350; 5,731,181 5756,325; 5,760,012; 5,795,972 and
5,871,984,

The polynucleotides of the invention are provided in expression casseties for
expression in the plant of interest. The casseite will include regulatory sequences
operably linked to an AHASL polynucleotide sequence of the invention. The term
“regulatory element” as used herein refers to a polynucleotide that is capable of
regulating the transcription of an operably linked polynucleotide. It includes, but not
timited to, promoters, enbancers, introns, 57 UTHs, and 3° UTRs. By "operably
linked” is intended a fumctional linkage between a promoter and a second seguence,
wherein the promoter sequence intliates and mediates franscription of the DNA
sequence corresponding to the second sequence. Generally, operably linked means

that the nucleic acid sequences being linked are contiguous and, where necessary to

join two protein coding regions, contiguous and in the same reading frame. The
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cassetie may additionally contain at least one additional gene to be cotransformed 1nto
the organism. Alternatively, the additional gene(s) can be provided on multiple
eXpression casseifes,

Such an expression cassette is provided with a plurality of restriction sites for
insertion of the AHASL polynucleotide sequence to be under the transcriptional
regulation of the regulatory regions. The expression cassette may additionally contain
sclectable marker genes.

The expression cassette will include in the 53" direction of transcription, a
transcriptional and translational initiation region {i.e., a promoter), an AHASL
polynuclectide sequence of the invention, and a transcriptional and tranelational
termination region (i.e., termination region) functional in plants. The promoter may
be native or analogous, or foreign or heterologous, to the plant host and/or to the
AHASL polynucleotide sequence of the invention. Additionally, the promoter may
be the natural sequence or alternatively a synthetic sequence. Where the promoter is
“foreign” or "heterologous” to the plant host, it is intended that the prometer s not
found in the native plant into which the promoter is introduced. Where the promoter
is "foreign”™ or "heterologous™ to the AHASL polynucleotide sequence of the
invention, it is intended that the promoter i3 not the native or naturally ocourring
prornoter for the operably linked AHASL polynucleotide sequence of the invention.
As used herein, a chimeric gene comprises a coding seguence operably linked toa
transcription initiation region that is heterologous to the coding sequence.

While it may be preferable to express the AHASL polymucleotides of the
invention using heterologous promoters, the native promoter sequences may be used.
Such constructs would change expression levels of the AHASL protein in the plant or
plant cell. Thus, the phenotype of the plant or plant cell is altered.

The termination region may be native with the transcriptional initigtion region,
may be native with the operably linked AHASL sequence of interest, may be native
with the plant host, or may be derived from another source (i.e., foreign or
heterologous to the promoter, the AHASL polynucleotide sequence of interest, the
plant host, or any combination thereof). Convenient termination regions are available
from the Ti-plasmid of 4. tumefacions, such as the octopine synthase and nopaline

synthase termination regions. See also Guerineau ef af. (1991) Mol Gen. Genet,
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262:141-144; Proudfoot {1991) Celi 64:671-674; Sanfacon er al. (1991) Genes Dev.
$:141-149; Mogen ef af, {1990} Plant Cell 2:1261-1272; Munroe ef ¢l (1990} Gene
$1:151-158; Ballas ef af. (1989) Nucleic Acids Res. 17.7891-7903; and Joshi ef al.
{1987) Nucleic Acid Res. 15:9627-9639.

Where appropriate, the gene(s) may be optimized for increased expression in
the transformed plant. That is, the genes can be synthesized using plant-preferred
codons for improved expression. See, for example, Campbell and Gowri (1990} Plans
Physiol. 92:1-11 for a discussion of host-preferred codon usage. Methods are
available in the art for synthesizing plant-preferred genes. See, for example, U.S.
Patent Mos. 5,380,831, and 5,436,391, and Murray er of. (1989) Nucleic Acids Res.
17:477-498, herein incorporated by reference.

Additional sequence modifications are known to enhance gene expression in a
cellular host. These include elimination of sequences encoding spurious
polyadenylation signals, exon-intron splice site signals, transposon-like repeats, and
other such well-characterized sequences that may he deleterious to gene expression.
The G-C content of the sequence may be adjusted fo levels average for a given
celtular host, as caloulated by reference to known genes expressed in the host cell
When possible, the sequence is modified to avoid predicted hairpin secondary mRNA
structures.

MNucleatide sequences for enhancing gene expression can also be used in the
plant expression vectors. These include the introns of the maize Adhl, intron] gene
{Callis ef gl Genes and Development 1:1183-1200, 1987), and leader sequences, {(W-
sequence) from the Tobacco Mosaie virus {TMV), Maize Chiorotic Mottle Virus and
Alfalfa Mosaic Virus (Gallie ef al. Nucleic Acid Res. 15:8653-8711, 1987 and
Skuzeski of al. Plant Mol Biol 15:65-79, 1990). The first intron from the shrunken-1
locus of maize, has been shown to increase expression of genes in chimeric gene
constructs. U.S. Pat. Nos. 5,424,412 and 5,393,874 disclose the use of specific
inirons in gene cxpression constructs, and Gallie ef al. (Plant Physiol, 106;929-939,
1994) also have shown that introns are useful for regulating gene expression on a
tissue specific basis. To finther enhance or to optimize AHAS large subunit gene

expression, the plant cxpression vectors of the invention may also contain DNA
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sequences containing matrix attachment regions (MARs). Plant cells transformed
with such modified expression systerns, then, may exhibit overexpression or
constitutive expression of a nucleotide sequence of the invention.

The expression casseites may additionally contain 5' leader seguences in the
expression cassetie construct. Such leader sequences can act to enhance translation.
Translation leaders are known in the art and include: picornavirus leaders, for
example, EMCYV leader (Encephalomyocarditis §' noncoding region) (Elroy-Stein ef
al. (1989} Proc. Natl. Acad. Sci. US4 86:6126-6130); potyvirus leaders, for example,
TEVY leader {Tobacco Etch Virus) (Gallie ef al. (1995) Gene 165(2):233-238),
MDMV leader (Maize Dwarf Mosaic Virus) (Virelogy 154:9-20), and buman
immunoglobulin heavy-chain binding protein (BiP) (Macejak er al. (1991} Nature
353:90-94); untransiated leader from the coat protein mRNA of alfalfa mosaic virus
{AMV RNA 4) (Jobling ef «/. (1987) Naure 325:622-625); tobacco mosaic virus
feader (TMV) {Gallie ef a/. {1989) in Molecular Biology of RNA, ed. Cech (Liss,
New York}, pp. 237-256); and maize chlorotic mettle virus leader (MCMV) {Lommel
et al. (1991) Firnlogy 81:382-385). See also, Della-Cioppa et al. (1987) Plant
Physiol. 84:965-968. Other methods known to enhance translation can also be
utilized, for example, introns, and the like,

In preparing the expression cassette, the various DNA fragments may be
manipulated, 30 as to provide for the DNA sequences in the proper orientation and, as
appropriate, in the proper reading frame. Toward this end, adapters or linkers may be
employed to join the DNA fragments or other manipulations may be involved to
provide for convenient restriction sites, removal of superfluous DNA, removal of
restriction sites, or the like. For this purpose, in vitro mutagenesis, primer repair,
restriction, annealing, resubstitutions, e.g., transitions and transversions, may be
mvolved.

A number of promoters can be used in the practice of the invention. The
promoters can be selected based on the desired outcome. The nucleic acids can be
combined with constitutive, tissue-preferred, or other promoters for expression in

plants.
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Such constitutive promoters include, for example, the core prometer of the
Rsyn7 promoter and other constitutive promoters disclosed in WO 99/43838 and 1.5,
Patent No. 6,072,050; the core CaMV 338 promoter (Odell ef af. (1985} Nature
3313:810-812); rice actin (McElroy ef af. (1990} Plant Cell 2:163-171); ubiquitin
{Christensen ef al. {1989) Plant Mol, Binl. 12:619-632 and Christensen ef al {1992)
Plant Mol. Biol 18.675-689); pEMU (Last ef al. (1991) Theor. Appl. Genet, 81:581-
588); MAS (Velten ef al. {1984} EMBO J. 3:2723-2730), ALS promoter (U.5. Patent
No. 3,659,026}, and the like. Other constitutive promoters include, for example, U.S,
Patent Nos, 5,608,149; 5,608,144, 5,604,121; 5,569,597, 5,466,785; 5,399,680,
5,268,463; 5,608,142; and 6,177,61 1.

Tissue-preferred promoters can be utilized to target enhanced AHASL
expression within a particular plant tissue, Soch tissue-preferred promoters include,
but are not Hmited to, leaf-preferred promoters, root-preferved promoters, seed-
preferred promoters, and stem-preferred pronoters. Tissue-preferred promoters
include Yamamoto ef of, (1997) Plont J. 12{2):255-263; Kawamata of al. (1997} Plant
Cell Physicl. 38(7):792-803; Hansen ef al. (1997} Mol Gen Genet. 254(33.337-343;
Russell ef af. (1997} Transgenic Res. 6(2):157-168; Rinehart ez ol. (1996) Plant
Physiol 112(33:1331-1341; Van Camp ef al (1996) Plant Physiol. 112(2):525-335;
Canevascini ef af, {1996) Plani Physiol, 112(21:513-524; Yamamoto of af. (1994)
Plant Cell Physiol, 35(5%.773-778; Lam {1994) Results Probl. Cell Differ. 20:181-
196; Orozeo et al. (1993) Plant Mol Biol. 23{6y:1129-1138; Matsuoka e al. {1993}
Proc Natl. Acad. Sci. USA 90(20%:9586-9590; and Guevara-Garcia et al. {1993} Plant
J. 4(31:495-505. Such promoters can be modificd, if necessary, for weak expression.

In one embodiment, the nucleic acids of interest are targeted to the chloroplast
for expression. In this manner, where the nucleic acid of interest is not divectly
inserted into the chivroplast, the expression cassette will additionally contain 2
chioroplast-targeting sequence comprising a muclestide seguence that encodes a
chloroplast transit peptide to direct the gene product of interest to the chloroplasts.
Such transit peptides are known in the art. With respect to chloroplast-targeting
sequences, "operably linked" means that the nucleic acid sequence encoding a transit
peptide (7.2, the chloroplast-targeting sequence) is linked to the AHASL

polynucleotide of the invention such that the two sequences are contiguous and in the
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same reading frame. See, for example, Von Hetjne ef al. (1981) Plant Mol. Biol, Rep.
0:104-126; Clark ez al. (1989} J. Biol Chem. 264:17544-17550; Della-Cioppa ef al.
(1987 Plant Physiol. 84:965-5968; Romer et al. (1993) Biochem. Biaphys. Res.
Commun. 196:1414-1421; and Shah ef al. {(1986) Science 233:478-481. While the
AHASL proteins of the invention include a native chloroplast transit peptide, any
chloroplast transit peptide known in the art can be fused to the amino acid sequence of
a mature AHASL protein of the invention by operably linking a choloroplast-targeting
sequence lo the 5-end of a nucleotide sequence encoding a mature AHASL protein of
the invention,

Chioroplast targeting sequences are known in the art and include the
chloroplast small subunit of ribulose-1,5-bisphosphate carboxylase (Rubisco) (de
Castro Silva Filho er al. (1996) Plant Mol. Biol. 30:769-780; Schnell ez o/, (1991) .7
Biol, Chem. 266(5):3335-3342); S-(enolpyruvyhshikimate-3-phosphate synthase
(EPSPS) {Archer ef af. {1990} J. Bicenerg. Biomemb. 22{6):789-810); tryptophan
synthase {Zhao ef af. {1995} Biel Chem. 270(11):6081-6087}; plastocyanin
(Lawrence et af. (1997} J. Biol Chem. 272(33):20357-20363}; chorismate synthase
(Schmidt ef af. (1993} J Biol Chem. 2068(36):27447-27457); and the light harvesting
chiorophyll a/b binding protein (LHBP) (Lamppa er @/, (1988) J. Biol. Chem.
263:14996-14999). See also Von Heijne ef al. (1991} Plant Mol Biol Rep. 9:104-
126; Clark et af. (1989} J. Biol. Chem. 264:17544-17550; Della-Cioppa et af. (1987)
Plarm Physiol. 84:965-968; Romer ef al, (1993) Biochem. Biophys. Res. Commun.
196:1414-1421; and Shah ef af. (1986) Science 233:478-481,

Methods for transformation of chloroplasts are known in the art. See, for
example, Svab et ol. (1990) Froc. Natl. Acad. Sci. USA 87:8526-8530; Svab and
Maliga (1993) Proc. Nail. Acad. Sci. US4 90:913-917, Svab and Maliga {1993}
EMBO J 12:601-606. The method relics on particle gun delivery of DNA containing
a selectable marker and targeting of the DNA to the plastid genome through
homologous recombination. Additionally, plastid transformation can be
accomplished by transactivation of a silent plastid-borne transgene by tissue-preferred
expression of a nuclear-encoded and plastid-directed RNA polymerase. Sucha
system has been reported in McBride et af. (1994} Proc. Natl, Acad. Sci. USA
91:7301-7305.
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The nucleic acids of interest to be targeted to the chloroplast may be optimized
for expression in the chloroplast to account for differences in codon usage between
the plant nucleus and this organelle. In this manner, the nucleic acids of interest may
be synthesized using chloroplast-preferred codons. See, for example, U.S. Patent No.
5,380,831, herein incorporated by reference.

In particular, the present invention describes using polynuclectides encoding
AHASE mutant polypeptides comprising at least two mutations to engineer plants
which are herbicide tolerant. This strategy has herein been demonstrated using
Arabidopsis AHASL mutants in drabidopsis thaliana and matze AHASLZ mutants in
corn, but its application is not restricted to these genes or to these plants. In preferred
embodiments, the herbicide is imidazolinone and/or sulfonylurea. In other preferred
embodiments, the herbicide tolerance is improved and/or enhanced comparcd to wild-
type plants and to known AHAS mutants.

The invention also provides 2 method of producing a transgenic crop plant
containing AHASL mutant coding nucleic acid comprising at least two mulations,
wherein expression of the nucleic acid(s) in the plant results in herbicide tolerance as
compared to wild-type plants or to known AHAS mutant type plants comprising: {a)
introducing into a plant cell an expression vector comprising nucleic acid encoding an
AHASL mutant with at least two mutations, and (b) generating from the plant cell a
transgenic plant which is herbicide tolerant. The plant cell includes, but 13 not limited
to, & protoplast, gamete producing cell, and a cell that regenerates into 2 whole plant.
As used herein, the term “transgenic” refors to any piant, plant cell, callus, plant
tissue, or plant part that contains all or part of at least one recombinant
polymucleotide. In many cases, all or part of the recombinant polymacleotide is stably
integrated into a chromosome or stable extra-chromosomal element, so that it is
passed on fo successive generations.

In ancther embodiment, the invention relates to using the mutant AHASL
polypeptides of the invention as selectable markers. The invention provides a method
of identifying or selecling a transformed plant eell, plant tissue, plant or part thereof
comprising a) providing a transformed plant cell, plant tissve, plant or part thereot,
wherein said transformed plant cell, plant tissue, plant or part thereof comprises an

isolated nucleic acid encoding an AHAS large subunit double mutant polypepiide of
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the invention as described above, wherein the polypeptide is used as a selection
marker, and wherein said transformed plant cell, plant tissue, plant or part thereof may
optionally comnprise a further isolated nucleic acid of interest; b) contacting the
transformed plant cell, plant tissue, plant or part thereof with at least one AHAS
inhibitor or AHAS inhibiting compound; ¢} determining whether the plant cel, plant
tissue, plant or part thereof is affected by the inlubitor or inhibiting compound; and d)
identifying or selecting the transformed plant cell, plant tissue, plant or part thereol

The invention is also embodied in puritied AHASL proteins that confain the
double and triple mutations described herein, which are useful in molecular modeling
studies to design further improvements to herbicide tolerance, Methods of protein
purification are well known, and can be readily accomplished using commercially
available products or specially designed methods, a3 set forth for example, in Protein
Bistechnology, Walsh and Headon (Wiley, 1994).

The invention further provides non-transgenic and transgenic herbicide-
tolerant plants comprising one polynucieotide encoding an AHASL double mutant
polypeptide, or two polynucleotides encoding AHASL single mutant polypeptides.
MNon-transgenic plants generated therefrom can be produced by cross-pollinating a
first plant with a second plant and allowing the pollen acceptor plant {can be either the
first or second plant) to produce seed from this cross pollination. Seeds and progeny
plants generated thereof can have the double mutations crossed onto one single allele
or two alleles. The pollen-acceptor plant can be either the first or second plant. The
first plant comprises a first pelynucleotide encoding a first AHASL single mutant
polypeptide. The second plant comprises a second polynuclestide encoding 2 second
AHASL single mutant polypepitide. The first and second AHASL single mutant
polypeptides comprise a different single amino acid substitution relative to a wild-
type AHASL polypeptide. Seeds or progeny plants arising therefrom which comprise
one polynuclectide encoding the AHASL double routant polypeptide or two
polynuelestides encoding the two AHASL single mutant polypeptides can be
sclected. The selected progeny plants display an unexpectedly higher level of
tolerance to an AHAS-inhibiting herbicide, for example an imidazolinone herbicide or
sulfonylurea herbicide, than is predicted from the combination of the two AHASL

single mutant polypeptides in a single plant. The progeny plants display a synergy
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with respect to herbicide tolerance, whereby the level of herbicide tolerance in the
progeny plants comprising the first and second mutations from the parent plants is
greater than the herbicide tolerance of a plant comprising two copies of the first
polynucleotide or two copies of the second polynucleotide.

When the first and second plants are homozygous for the fivst and second
polynucleotides, respectively, each of the resulting progeny plants comprises one
copy of each of the first and second polynuclestides and the selection step can be
omitted. When at least one of the first and second plants is heterozygous, progeny
plants comprising both polynucleotides can be selected, for example, by analyzing the
DNA of progeny plants to identify progeny plants comprising both the first and
second polynuclestides or by testing the progeny plants for increased herbicide
tolerance. The progeny plants that comprise both the first and second polynucleotides
display a level of herbicide tolerance that is greater than the herbicide tolerance of a
plant comprising two copies of the first polypeptide or two copies of the second
polypeptide.

In one embodiment, the plants of the invention comprise a first polymucleotide
encoding a first AHASL single mutant polypeptide and a second polynucleotide
encoding a second AHASL single mutant polypeptide, or an AHASL encoding
polynucleotide comprising two nucleotide mutations that result in the amino acid
mutations corresponding to the amino acid mutations of said first and said second
AHASL single mutant polypeptides, wherein said first and said second AHASL single
mutant polypeptides are selected from the group consisting of! a first polypeptide
having a valine, threonine, ghitamine, cysteine, or methionine at 3 position
corresponding to position 122 of SEQ ID NO:1 or pesition 90 of SEQ ID NO:Z and a
second polypoptide having a phenylalanine, asparagine, threonine, glycine, valine, or
tryptophan at a position corresponding to position 653 of SEQ [D NO:1 or position
621 of SEQ 1D NO:2; a first polypeptide having a valing, threonine, ghitamine,
cvsteine, or methionine at a position corresponding to position 122 of SEQ TD N1
or position 90 of SEQ 1D NO:2 and a second polypeptide having an alanine, glutamic
acid, serine, phenylalanine, threonine, aspartic acid, cvsteine, or asparagine at a
position corresponding to position 199 of 3EQ 1D NO: or pesition 167 of SEQ ID

NO:2: a first polypeptide having a valine, threonine, glutamine, cysteine, or
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methionine at a position corresponding to position 122 of SEQ 1D NO:1 or position
90 of SEQ ID NO:2 and a second polypeptide having a serine, alanine, glutamic acid,
leucine, glutamine, arginine, valine, iryptophan, tyrosine, or isoleucine at a position
corresponding to position 197 of SEQ 1D NO:1 or position 165 of SEQ 1D NO2; a
first polypeptide having a valine, threonine, glutamine, cysteine, or methionine at a
position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID
NO:2 and a second polypeptide having a glutamic acid, isoleucine, leucine, or
asparagine at a position corresponding to position 124 of SEQ ID NO:{ or position 92
of SEQ ID NQ:2; a first polypeptide having a valine, threonine, glutamine, cysteine,
or methionine at a position corresponding to position 122 of SEQ 1D NOG:1 or position
90 of 3EQ ID NO:2 and a second polypeptide having an isoleucine at a position
corresponding to position 139 of SEQ 1D NO:1 or position 107 of SEQ ID NOZ a
first polypeptide having a valine, threonine, ghutamine, cysteine, or methionine at a
position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID
NO:2 and a second polypeptide having a histidine at a position corresponding to
position 269 of SEQ ID NQO:1 or position 237 of SEQ ID NO:2; a first polypeptide
having a valine, threonine, glutamine, cysteine, or methionine at a position
corresponding to position 122 of SEQ ID NO:1 or pesition 90 of SEQ ID NO:2 and a
second polypeptide having a methionine at 3 position corresponding to position 416 of
SEQ ID NO:1 or position 384 of SEQ 1D NO:2; a first polypeptide having a valine,
threonine, glutamine, cysteing, or methionine at a position corresponding to position
122 of SEQ ID NG or position 90 of SEQ ID NO:2 and a second polypeptide
having an isoleucine at 2 position corresponding to position 426 of SEQ ID NO:1 or
position 394 of SEQ 1D N(O:2; a first polypeptide having a valine, threonine,
glutamine, cysteine, or methionine at a position corresponding to position 122 of SEQ
ID MO or position 90 of SEQ 1D NO:2 and a second polypeptide having a valine at
a position corresponding to position 430 of SEQ ID NO:1 or position 398 of SEQ ID
Mi¥:2; a first polypeptide having a valine, threonine, glutamine, cysteine, or
methionine at a position comresponding to position 122 of S8EQ ID NO:1 or position
S0 of SEQ ID NO:2 and a second polypeptide having an isoleucine at a position
correspording to position 442 of SEQ 1D NO: 1 or position 410 of SEQ ID NO:Z; a

first polypeptide having a valine, threonine, glutarnine, cysteine, or methionine at a
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position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID
WNO:2 and a second polypeptide having an isoleucine or aspartic acid at a position
corresponding to position 445 of SEQ [D NO:1 or position 413 of SEQ ID NOZ; &
first polypepiide having a valine, threonine, glutamine, cysteine, or methionine at 2
position corresponding to position 122 of SEQ 1D NO:1 or position 90 of SEQ ID
NO:2 and a second polypeptide having a ghutamic acid at a position corresponding to
position 580 of SEQ ID NO:1 or position 548 of SEQ ID NO:2; a first glutamic acid,
isoleucine, lencine, or asparagine at a position corresponding to position 124 of SEQ
ID NO:1 or position 92 of SEQ ID NO:2 and a second polypeptide having a
phenylalanineg, asparagine, threonine, glycine, valine, or tryptophan at a position
corresponding to position 653 of SEQ D NO:1 or position 621 of SEQ 1D NO:2; 2
first polypeptide having a serine, alanine, glutamic acid, leucine, glutamine, arginine,
valine, tryptophan, tyrosine, or isoleucine at a position corresponding to position 197
of SEQ ID NO:1 or pusition 165 of SEQ ID NO:2 and a second polypeptide having a
phenylalanine, asparagine, threonine, glycine, valine, or tryptophan at 4 position
corresponding to position 653 of SEGQ ID NO:1 or position 621 of SEQ I NG:2; a
first polypeptide having a serine, alanine, glutamic acid, leucine, glutamine, argining,
valine, tryptophan, tyrosing, or isolencine at a position corresponding to position 197
of SEQ ID NO:1 or position 165 of SEQ 113 NO:2 and a second polypeptide having an
asparagine at a position corresponding to position 375 of S5EQ I NO:1 or position
343 of SEQ ID NO:2; a first polypeptide having an alanine, glutamic acid, leucine,
glutamine, arginine, valine, trypiophan, tyrosine, or isvleucine af a position
corresponding 1o position 197 of SEQ 1D NO:1 or position 165 of SEQ 1D NOZ and
a second polypeptide having an alanine, glutamic acid, serine, phenylalanine,
threonine, sspartic acid, cysteine, or asparagine at a position corresponding to position
199 of SEQ ID NO:1 or position 167 of SEQ 1D NO:2; a first polypeptide having an
alanine, glutamic acid, serine, phenvialanine, threonine, aspartic acid, eysteine, or
asparagine at a position corresponding to position 199 of SEQ 1D NO:1 or position
167 of SEQ ID NO:2 and a second polypeptide having 2 phenylalanine, asparagine,
threonine, glyeine, valine, or tryptophan at a position corresponding to position 653 of
SEQ ID NQ:1 or position 621 of SEQ ID N(C:2; and a first polypeptide having a

valine, cysteine, aspartic acid, glutamic acid, arginine, threonine, tryptophan, or
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tyrosine at a position corresponding to position 205 of SEQ 1D NO:1 or position 173
of SEQ D NO:2 and a second polypeptide having a phenylalanine, asparagine,
threonine, glycine, valine, or tryptophan at a position corresponding to position 653 of
SEQ ID NO:1 or position 621 of SEQ ID NG:2, Non-transgenic plants comprising
the double mutations of AHASL polynucleotides can be produced by methods other
than the cross pollination described above, such as, for example but not limited to,
targeted in vivo mutagenesis as described in Kochevenko ef ol (Plant Phys. 132:174-
184, 2003). The double mutations can be localized on a single allele, or two alleles of
a plant genome,

Another embodiment of the invention relates to a transgenic plant transformed
with an expression vector comprising an isolated polynucleotide, wherein the isolated
polynucleotide encades an acetohydroxyacid synthase large subnnit (AHASL) double
mutant polypeptide selected from the group consisting oft a polypeptide having a
valing, threonine, ghutamine, cysteineg, or methionine at a position corresponding to
position 122 of SEQ ID NO:1 or position 90 of SEQ TD'NG:2 and a phenylalanine,
asparagine, threonine, glycine, valine, or tryptophan at a position corresponding fo
position 653 of SEC ID NO:1 or position 621 of SEQ ID NO:2; a polypeptide having
a valine, threonine, glutamine, cysteine, or methionine at a position corresponding to
position 122 of SEQ 1D NO:1 or position 90 of SEQ ID NO:2 and an alanine,
glutamic acid, serine, phenylalanine, threonine, aspartic acid, cysteine, or asparagine
at a position corresponding to position 199 of SEQ I NO:1 or position 167 of SEQ
1D N:2; a polypeptide having a valine, threonine, glutamine, cysteine, or methionine
at a position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID
N2 and a serine, alanine, glutamic aeid, leveins, glutamine, arginine, valine,
tryptophan, tyrosine, or iseleucine at a position corresponding to position 197 of SEQ
113 NO:1 or position 165 of SEQ ID NO:2; a polypeptide having a valing, threonine,
glutamine, cysieine, or methionine at a position corresponding to position 122 of SEQ
ID NO:1 or position 90 of SEQ 1D NOG:2 and 3 glhutamic acid, isoleucine, leucine, or
asparagine at a position corresponding to position 124 of SEQ 1D NO:1 or position 92
of SEQ ID NG:2; a polypeptide having a valine, threonine, glutamine, cysteine, or
methionine at a position corresponding to position 122 of SEQ 1D NO:1 or position

90 of 8EQ ID NO:2 and an isoleucine at a position corresponding to position 139 of
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SEQ ID NO:1 or position 107 of SEQ ID NO:2; a polypeptide having a valine,
threonine, glutamine, cysteine, or methionine at a position corresponding to position
122 of 8EQ 1D NO:1 or position 90 of SEQ 1D NO:2 and a histidine at a position
corresponding to position 269 of SEQ ID NO:1 or position 237 of SEQ ID NG:2; a
polypeptide having a valine, threonine, glutarnine, cysteine, or methionine ata
position corresponding to position 122 of SEQ ID NO:1 or position 90 of 3EQ ID
NO:2 and a methionine at a position corresponding to position 416 of SEQ ID NG
or position 384 of SEQ ID NG:2; a polypeptide having a valine, threonine, glutamine,
cysteine, or methionine at a position corresponding to position 122 of SEQ 1D NO:1
or position 90 of SEQ ID WO:Z and an isoleucine at a position corresponding to
position 426 of 8EQ ID NG or position 394 of SEQ ID NG:2; a polypeptide having
a valine, threonine, glutamine, cysteine, or methionine at a position corresponding to
position 122 of SEQ ID NO:1 or position 90 of SEQ 1D NO:2 and a valine at &
pasition corresponding to position 430 of SEQ ID NO:1 or position 398 of SEQ 1D
NO:Z; a polypeptide having a valine, threonine, glutamine, cysteine, or methionine at
a position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID
WNO:2 and an iselencine at a position corresponding to position 442 of 5EQ ID NG
ot position 410 of SEQ ID MNO:2; a polypeptide having a valine, threonine, glutamine,
cysteine, or methionine at a position corresponding to position 122 of SEQ 1D NO:
or position 90 of SEQ 1D NO:2 and an isoleucine or aspartic acid at a position
corregponding to position 445 of SEQ ID NO:1 or position 413 of SEQ I NGZ; a
polypeptide having a valine, threonine, glutamine, cysteine, or methionine at a
position corresponding to position 122 of SEQ 1D NO:1 or position 90 of SEQ ID
NG:2 and a glutamic acid at a position corresponding to position 380 of SEQ 1D
NO:1 or position 548 of SEQ ID NO:2; a polypeptide having a glutamic acid,
isolencine, leucine, or asparagine at a position corresponding to position 124 of 8EQ
1D NO:1 or position 92 of SEQ ID NO:2 and a phenylalanine, asparagine, threonine,
glycine, valine, or tryptophan at a position corresponding fo position 653 of SEQ ID
NO:T or position 621 of SEQ ID NO:2; a polypeptide having a serine, alanine,
glutamic acid, levcine, ghitamine, arginine, valine, tryptophan, tyrosine, or isoleucine
at a position corresponding to position 197 of SEQ ID NO:1 or position 165 of SEQ

[0 NO:2 and a phenylalanine, asparagine, threonine, glycine, valine, or tryptophan at
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a position corresponding to position 653 of SEQ ID NO:1 or position 621 of SEQ 1D
NO:2; a polypeptide having a serine, alanine, glutamic acid, leucine, glutamine,
argining, valine, tryptophan, tyrosine, or isoleucine at a position corresponding to
position 197 of SE(Q ID NO:1 or position 163 of SEQ ID NG:2 and an asparagine at a
position corresponding to position 375 of SEQ 1D NO:1 or position 343 of SEQ 1D
NO:2; a polypeptide having an alanine, glutamic acid, leucine, glutamine, arginine,
valine, tryptophan, tyrosine, or isoleucine at a position corresponding to position 197
of SEQ 1D NO:1 or position 165 of SE( 1D NO:2Z and an alanine, glutamic acid,
sering, phenylalanine, threonine, aspartic acid, cysteine, or asparagine at a position
corresponding to position 199 of SEQ ID NO:1 or position 167 of SEQ 1D NOZ a
polypeptide having an alanine, glutamic acid, serine, phenylalanine, threonine,
aspartic acid, cysteine, or asparagine ai a position corresponding te position 199 of
SEQ ID NO:1 or position 167 of SEQ ID NO:2 and a phenylalanine, asparagine,
threonine, glyeine, valine, or tryptophan at a position corresponding to position 633 of
SEQ ID NO:1 or position 621 of SEQ ID NO:2; and a polypeptide having a valine,
cysteine, aspartic acid, glutamic acid, arginine, threonine, tryptophan, or tyrosine at a
position corresponding to position 205 of SEQ ID NO:1 or position 173 of SEQ 1D
NO:2 and a phenylalanine, asparagine, threonine, glycine, valine, or {ryptophan at a
position corresponding to position 653 of SEQ 1D MNO:1 or position 621 of SEQ ID
NO:2.

The inventiop further provides non-transgenic and transgenic herbicide-
tolerant plants comprising one polynuclestide encoding an AHASL triple mutant
polypeptide, or one or more AHASL encoding polynucleotides comprising three
mutations. For the production of 8 non-transgenic plant with one or more
polynucleotides comprising three mutations, a progeny plant comprising one or two
polynucleotides comprising said first and said second mutations described above 18
cross pollinated with third plant that comprises a third polynucleotide encoding a third
AHASL single mutant polypeptide. The third AHASL single mutant polypeptide
comprises a different single amino acid substitution relative to a wild-type AHASL
polypeptide than either the first or second AHASL single mutant polypeptides. Seeds
or progeny plants that comprise one or more polynucleotides comprising the three

mutations are selected as described above. The selected progeny plants comprise a



16 Dec 2013

2013270631

L

o
£
L

ievel of herbicide tolerance that is groater than the additive sffect of combining the
three AHASL single mutant polypeptides in a single plant. Non-ransgenic plants
comprising the triple or multiple mutations of AHASL polynucleotides can be
produced by methods other than the cross pollination described above, such as, for
example but not limited to, targeted in vivo mutagenesis as described above. The
multiple mutations can be localized on a single allele, or multiple alleles of a plant
genome,

In one embodiment, plants of the invention comprise a fivst polynueleotide
encoding a first AHASL single mutant polypeptide, a second polynucleotide encoding
asecond AHASL single mutant polypeptide, and a third polynucieotide encoding a
third AHASL single mutant polypeptide. In another embodiment, plants of the
invention comyprise an AHASRT encoding polynueleotide comprising three mulations,
wherein the three nucleotide mutations result in the amino acid mutations
correspending to the mulations of said first, said second and said third AHASL single
mutant polypeptides. In yet another embodiment, plants of the invention comprise an
AHASL encoding polynucleotide comprising a single mutation and a polynucleotide
comprising a doublie muiations, wherein the nucleotide moutations result in the amine
acid mutations corresponding to the mutations of aforementioned first, second and
third AHASL single mutant polypeptides, wherein said first, second, and third
AHASL single mutant polypeptides are selected from the group consisting oft a
polypeptide having a valine, threonine, glutamine, cysteine, or methionine at a
position corresponding to posttion 122 of SEQ ID NO:1 or position 90 of SEQ ID
N2, an alanine, glutamic acid, serine, phenylalanine, threonine, aspartic acid,
cysteine, or asparagine at a position corresponding to position 199 of SEQ ID NO: or
position 167 of SEQ 1D WO:2 and a phenylalanine, asparagine, threoning, glycine,
valine, or tryptophan at a position corresponding to position 653 of SEQ ID NCG:1 or
position 621 of SEQ 1D NO:2; a polypeptide having a valine, threonine, glutamine,
cysieine, or methionine at a position corresponding io position 122 of SEQ ID NGO
or position 90 of SEQ 1D NO:2, a serine, alanine, glutamic acid, levcine, ghutamine,
arginine, valine, tryptophan, tyrosing, or isoleucing at a position corresponding to
position 197 of SEQ ID NO:1 or position 165 of SEQ ID NO:2 and a phenylalanine,

asparagine, threonine, glyeine, valine, or tryptophan at a position corresponding to
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position 653 of SEQ ID NO:1 or position 621 of SEQ ID NO:Z; a polypeptide having
a valine, threonine, glutamine, cysteing, or methionine at a position corresponding to
position 122 of SEQ 1D NO:1 or position 90 of SEQ 1D N(:2, a serine, alanine,
glutamic acid, leucine, glutamine, arginine, valine, tryptophan, tyrosine, or isoleucine
at a position corresponding to position 197 of SEQ ID NO:1 or position 165 of SEQ
1D NO:2 and an alanine, glutamic acid, serine, phenylalanine, threonine, aspartic acid,
cysteine, or asparagine at a position corresponding to position 199 of SEQ 1D NO:1 or
position 167 of SEQ ID NO:2; a polypeptide having a valine, threonine, glutamine,
cysteine, or methionine at a position corresponding to position 122 of SEQ ID NO:1
or position 90 of SEQ 1D NO:2, an arginine at a position corresponding to position 57
of SEQ 1D NO:1 and a leucine at a position corresponding to position 398 of SEQ 1D
NOC:1 or position 366 of SEQ ID NO:2; a polypeptide having a glutamic acid,
isoleucine, leucine, or asparagine at a position corresponding to pesition 124 of 8EQ
1D WO:1 or position 92 of SEQ 1D NO:2, a serine, alanine, ghutamic acid, leucine,
glutarnine, arginine, valine, tryptophan, tyrosine, or isoleucine at a position
corresponding to position 197 of SEQ 1D NO:1 or position 165 of SEQ ID NO:Z and
an alanine, glutamic acid, serine, phenylalanine, threonine, aspartic acid, cysteine, or
asparagine at a position corresponding to position 199 of SEQ ID NO:1 or position
167 of SEQ 1D NO:2; a polypeptide having a leucine at 3 position corresponding to
position 95 of SEQ ID NO:t or position 63 of SEQ ID NO:2, a glutamic acid ata
position corresponding to position 416 of SEQ ID NO:1 or position 384 of SEQ ID
NQ:2 and & phenvialanine, asparagine, threonine, glycine, valine, or tryptophanat a
position corresponding to position 653 of SEQ 1D NO:1 or position 621 of BEQ ID
NO:2; and a polypeptide having a serine, alanine, glutamic acid, leucing, glutamine,
arginine, valing, tryptophan, tyrosine, or isoleucine at a position corresponding to
position 197 of SEQ 1D NO:1 or position 165 of SEQ ID NO:Z, an alanine, glutamic
acid, serine, phenylalanine, threonine, aspartic acid, cysteine, or asparagine at a
position corresponding to position 199 of BEQ ID NO:1 or position 167 of SEQ I3
NO:2 and any amino acid at a position correspoending to position 574 of SEQ 1D

NO:1 or position 5342 of SECQ ID NOZ.
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Alternatively, plants comprising one or more polynuciestides encoding
AFASL single mutant polypeptides are produced by transforming a plant with two or
more of such polynucleotides or transforming a first plant with a tirst polynuclectide
encoding a first AHASL single mutant polypeptide and cross pollinating the first plant
with a second plant comprising a second polymucleotide encoding a second AHASL
single mutant polypeptide. The second plant comprises a second polynucleotide
comprising second AHASL single routant polypeptide that is endogenous or was
intreduced via transformation. The first and second AHASL single mutant
polypeptides comprise a different single amine acid substitution relative to a wild-
type AHASL polvpentide. As necessary, seeds or progeny plants comprising both the
tirst and second polynucleotides are selected as described above.

Y et another embodiment of the invention relates to a transgenic plant
transformed with an expression vector comprising an isolated polynucleotide, wherein
the isolated polynucleotide encodes an acetohydroxyacid synthase large subunit
(AHASL) triple mutant polypeptide selected from the group consisting oft a
polvpeptide having & valine, threonine, ghitamine, cysteine, or methioning at a
position cotresponding to position 122 of SEQ D NO:1 or position 90 of SEGQ ID
N2, an alanine, ghntamic acid, serine, phenylalanine, threonine, aspartic acid,
cysteine, or asparagine at a position corresponding to peosition 199 of SEQ 1D NG or
position 167 of SEQ 1D NO:2 and a phenylalanine, asparagine, threonine, glycine,
valine, or frypiophan at a position corresponding {o position 653 of SEQ D NO:1 or
position 621 of SEQ 1D NO:2; a polypeptiide having a valine, threonine, ghitamine,
cysteing, or methionine at a position corresponding to position 122 of SEQ 1D NO!
or position 90 of SEQ ID NO:2, a serine, alanine, glutamic acid, leucine, glutamine,
arginine, valine, tryptophan, tyrosine, or isolencine at a position corresponding to
position 197 of SEQ ID NO: 1 orposition 1635 of SEQ 1D NO:2 and a phenylalanine,
asparagine, threonine, glycine, valine, or trypiophan at a position corresponding o
position 653 of SEQ 1D MO:1 or position 621 of SEQ ID NO:2; a polypeptide having
a valine, threonine, glutamine, cysteine, or methionine at a position corresponding to
position 122 of SEQ 1D NO:1 orposition 90 of SBEQ B3 NO:2, a serine, alanine,
ghatamic acid, leucine, ghitamine, arginine, valine, tryptophan, tyrosing, or ispleucine

at a position corresponding to position 197 of SEQ 1D NO:1 or position 163 of SEQ
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I} NO:2 and an alanine, ghutarnic acid, serine, phenylalanine, threonine, aspartic acid,
cysteine, or asparagine at a position comesponding to position 199 of SEQ ID NO:1 or
position 167 of SEQ ID NO:2; a polypeptide having a valine, threonine, glutamine,
cysteine, or methionine at a position corresponding to position 122 of SEQ 1D NO:1
or position 90 of SEQ 1D NO:2, an arginine at a position corresponding to position 57
of SEQ ID NO:1 and a leucine at a position commesponding to position 398 of SEQ 1D
MNO:1 or position 366 of SEQ I} NO:2; a polypeptide having a glutamic acid,
isoleucine, feucine, or asparagine at a position corresponding to position 124 of SEQ
I NO: 1 or position 92 of SEQ ID NO:2, a serine, alanine, ghitamic acid, leucine,
glutamine, arginine, valine, tryptophan, tyrosine, or isoleucine at a position
comresponding to position 197 of SEQ ID NO:1 or position 165 of SEQ ID NO:Z and
an alanine, ghutamic acid, serine, phenylalanine, threonine, aspartic acid, cysteine, or
asparagine at a position corresponding to position 199 of SE(Q ID NO:1 or position
167 of SEQ ID NO:2; a polypeptide having a leucineg at a position corresponding {o
position 93 of SEQ 1D NO:1 or pesition 63 of SEQ ID NO:2, 2 glutamic acid at a
position corresponding to position 416 of SEQ ID NO:1 or position 384 of SEQ 1D
NO:? and a phenylalanine, asparagine, threonine, glycine, valine, or tryptophan at a
position corresponding to position 633 of SEQ ID NO:1 or position 621 of SEQ ID
N:2; and a polypeptide having a serine, alanine, glutamic acid, leucine, glutamine,
arginine, valine, fryptophan, tyrosine, or isoleucine at a position corresponding to
pasition 197 of SEQ 1D NO:1 or position 165 of SEQ ID NO:2, an alanine, glutamic
acid, serine, phenylalanine, threonine, aspartic acid, cysteine, or asparagine ata
position corresponding to position 199 of SE(Q ID NO:1 or position 167 of SEQ ID
NO:2 and any amine acid at a position corresponding to position 574 of SEQ 1D
N1 or position 542 of SEQ ID NO:Z.

The present invention provides herbicide-tolerant or herbicide-resistant plants
comprising a herbicide-tolerant or herbicide-resistant AHASL protein including, but
not limited to, AHASL single mutant polypeptides and AHASL double and iriple
mutani polypeptides that are encoded by the polynucleotides of the present invention,
By a "herbicide-tolerant” or "herbicide-resistant” plant, it is intended that a plant that
is tolcrant or resistant to at least one herbicide at a level that would normally kall, or

inhibit the growth of, a normal or wild-type plant. By "herbicide-tolerant AHASL
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protein” or "herhicide~-resistant AHASL protein”, it is intended that such an AHASL
protein displays higher AHAS activity, relative to the AHAS activity of a wild-type
AHASL protein, when in the presence of at least one herbicide that is known to
mterfere with AHAS activity and at a concentration or level of the herbicide that 1s
known to inhibit the AHAS activity of the wild-type AHASL protein, Furthermore,
the AHAS activity of such a herbicide-tolerant or herbicide-resistant AHASL protein
may be referred to herein as "herbicide-tolerant” or "herbicide-resistant” AHAS
activity.

For the present invention, the terms "herbicide-tolerant” and "herbicide-
resistant” are used interchangeable and are intended to have an equivalent meaning
and an equivalent scope. Similarly, the terms "herbicide-tolerance” and "herbicide-
resistance” are used interchangeable and are intended to have an equivalent meaning
and an equivalent scope. Likewise, the terms "imidazolinone-resistant” and
mnidazolinone-resistance” are used interchangeable and are intended to be of an
equivalent meaning and an equivalent scope as the terms "imidazolinone-tolerant™ and
"imidazolinone-tolerance”, respectively.

The invention encompasses herbicide-resistant AHASL polynucleotides and
herbicide-resistant AHASL proteins. By "herbicide-resistant AHASL polynucleofide”
ig intended a polynucleotide that encodes a protein comprising herbicide-resistant
AHAS activity. By "herbicide-resistant AHASL protein” is intended a protein or
polypeptide that comprises herbicide-resistant AHAS activity.

Further, it 15 recogruized that a herbicide-tolerant or herbicide-resistant
AHASL protein can be introduced into a plant by {ransforming a plant or ancestor
thereof with a nuclectide sequence encoding a herbicide-tolerant or herbicide-resistant
AHASL protein. Such herbicide-iolerant or herbicide-resistant AHASL proteins are
encoded by the herbicide-tolerant or herbicide-resistant AHASL polvnucieotides.
Alternatively, a herbicide-tolerant or herbicide-resistant AHASL protein soch as, for
example, an AHASL single mutation polypeptide as disclosed herein, may occurin a
plant as a result of a naturally occorring or indoced mutation in an endogenous

AHASL gene in the genome of a plant or progenitor thereol
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The present invention provides plants, plant tissues, plant cells, and host cells
with increased resistance or tolerance to af least one herbicide, particularly an
imidazolinone or sulfonylurea herbicide. The preferred amount or concentration of
the herbicide is an "effective amount” or "effective concentration.” By "effective
amount” and "effective concentration” is intended an amount and concentration,
respectively, that is sufficient to kill or inhibit the growth of a similar, wild-type,
plant, plant tissue, plant cell, or host cell, but that said amount does not kill or inlubit
as severely the growth of the herbicide-resistant plants, plant tissues, plant cells, and
host cells of the present invention, Typically, the effective amount of a herbicide is
an amount that is routinely used in agricultural production systems to kill weeds of
interest. Such an amount is known to those of ordinary skill in the art.

By "similar, wild-type, plant, plant tissue, plant cell or host cell” is intended a
plant, plant tissue, plant cell, or host cell, respectively, that lacks the herbicide-
resistance characteristics and/or particular polynuclestide of the invention that are
disclosed herein. The use of the term "wild-type” is not, therefore, intended to imply
that a plant, plant tissue, plant cell, or other host cell lacks recombinant DNA in ifs
genome, and/or does not possess herbicide-resistant characteristics that are different
from those disclosed herein.

Asused herein unless clearly indicated otherwise, the term "plant” intended to
mean a plant at any developmental stage, as well as any part or parts of a plant that
may be attached to or separate from a whole intact plant. Such paris of a plant
include, but are not Himited fo, organs, tissues, and cells of a plant. Examples of
particular plant parts include a stem, a leaf, a root, an inflorescence, a flower, a floret,
a fruit, a pedicle, a peduncle, a stamen, an anther, a stigima, a style, an ovary, a petal, a
sepal, a carpel, a root tip, a roof cap, a root hair, a leaf hair, a seed hair, a pollen grain,
a microspore, a cotyledon, a hypocotyl, an epicotyl, xvlem, phloem, parenchiyma,
endospern, a companion cell, a guard cell, and any other known organs, tissues, and
cells of a plant. Furthermore, it is recognized that a sced is a plant.

The plants of the present invention include both non-transgenic plants and
transgenic plants. By "non-transgenic plant” is intended to mean a plant lacking
recombinant DNA in its genome. By "transgenic plant” is intended to mean a plant

comprising recombinant DNA in its genome. Such a transgenic plant can be
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produced by introducing recombinant DNA into the genome of the plant. When such
recombinant IINA is incorporated into the genome of the transgenic plant, progeny of
the plant can also comprise the recombinant UNA. A progeny plant that comprises at
least 2 portion of the recombinant DNA of at least one progenitor trapsgenic plant is
also a fransgenic plant.

In certain embodiments, the present invention involves herbidicide-resistant
plants that are produced by mutation breeding.  Such plants comprise a polynucleotide
encoding an AHAS large subunit single mutant polypeptide and are tolerant to one or
more AHAS-intubiting herbicides. Such methods can involve, for example, exposing
the plants or seeds to a mutagen, particularly a chemical mutagen such as, for
example, ethyl methanesulfonate (EMS) and selecting for plants that have enhanced
iolerance (o a8t least one AHAS-inhibiting berbicide, particularly an imidazolinone
herbicide or sulfonylurea berbicide, However, the present mvention is not limited to
herbicide-tolerant plants that are produced by a mutagenesis method involving the
chemical mutagen EMS. Any mutagenesis method known in the art may be used to
produce the herbicide-rosistant plants of the present invention. Such mutagenesis
methods can involve, for example, the use of any one or more of the following
mutagens: radiation, such as X-rays, Gamma rays {e.g., cobalt 60 or cesium 137),
neutrons, {e.g., product of nuclear figsion by uranium 235 in an atomic reactor), Beta
radiation {e.g., emitted from radioisctopes such as phosphorus 32 or carbon 14}, and
witraviolet radiation (preferably from 2500 to 2900 nm), and chemical mutagens such
as base analogues (e.g., S-bromo-uracil), related compounds {e.g., 8-ethoxy caffeine},
antibiotics {e.g., streptonigrin), alkylating agents (e.g., sulfur mustards, nitrogen
mustards, epoxides, ethyvlenamines, sulfates, sulfonates, sulfones, lactones), azide,
hydroxylamine, nitrous acid, or acridines. Herbicide-resistant plants can also be
produced by using tissue culture methods to select for plant cells comprising
herbicide-resistance mutations and then regenerating herbicide-resistant plants
therefrom. See, for example, U5, Patent Nos, 5,773,702 and 5,859,348, both of
which are herein incorporated in their entirety by reference. Further details of
mutation breeding can be found in “Principals of Cultivar Development” Fehr, 1993
Macmillan Publishing Company the disclosure of which is incorporated herein by

reference.
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The present invention provides methods for enhancing the tolerance or
resistance of a plant, plant tissue, plant cell, or other host cell to at least one herbicide
that interferes with the activity of the AHAS enzyme. Preferably, such a herbicide is
an imidazolinone herbicide, a sulfonylurea herbicide, a triazolopyrimidine herbicide, a
pyrimidinyloxybenzoate herbicide, a sulfonylamino-carbonyltriazelinone herbicide,
or mixture thereof. More preferably, such a herbicide is an imidazolinone herbicide, a
sulfonylurea herbicide, or mixture thereof.  For the present invention, the
imidazolinone herbicides include, but are ot limited to, PURSUIT® (imazethapyr),
CADRE® (imazapic), RAPTOR® (imazamox), SCEPTER® (imazaquiny, ASSERT®
{imazethabenz), ARSENAL® (imazapyr), a derivative of any of the aforementioned
herbicides, and a mixture of two or more of the aforementioned herbicides, for
example, imazapyr/imazamox {ODYS3EY®). More specitically, the imidazolinone
herbicide can be selected from, but is not limited to, 2- {4-isopropyl-4-methyl-5-oxo-
2-imidiazolin-2-yl} -nicotinic acid, [2- {4-isopropyl}-4-] [methyi-5-oxo-2-imidazolin-
2-y1)-3-guinolinecarboxylic] acid, [3-cthyl-2- (4-isopropyl-] 4-methyl-5-0x0-2-
imidazolin-2-v1} -nicotinic acid, 2~ (4-isopropyl-4-methyi-5-ox0-2- imidazolin-2-yi}-
3- (methoxymethyl}-nicotinic acid, [2- (4-isopropyl-4-methyl-5-0x0-2-] imidazolin-2-
yi)-5-methylnicotinic acid, and a mixture of methyl {6- (4-isopropyl-4-] methyl-5-
oxo-2-imidazolin-2-y1) -m-toluate and methyl [2- (d-isopropyl-4-methyi-5-] oxo-2-
imidazolin-2-y} -p-toluate. The use of 5-ethyl-2- {4-isopropyl-4-methyl-5-0x0- 2-
imidazolin-2-yl} -nicotinic acid and [2- {(4-isopropyl-4-methyl-5-0xe-2-imidazolin-2-]
yi}-5- {methoxymethyl}-nicotinie actd is preferred. The use of [2- {(4-isopropyl-4-]
methyl-5-ox0-2-imidazolin-2-y1}-5- {methoxymethyl}-nicotinic acid is particularly
preferred.

For the present invention, the sulfonylurea herbicides include, but are not
fimited to, chlorsulfuron, metsulfuron methyl, sulfometuron methyl, chlorimuron
ethyl, thifensulfuron methyl, tribenuron methyl, bensulfuren methyl, nicosutfuron,
ethametsulforon methyl, rmsulfuron, triflusulforon methyl, triasulforon,
primisulfuron methyl, cinosutfuron, amidosulfiven, fluzasulfuron, imazosulfuron,
pyrazosulfuron ethyl, halosulfuron, azimsulfuron, cyclosulfuron, ethoxysulfuron,
flazasulfuron, flupyrsulfuron methyl, foramsulfuron, iodosulfuron, oxasulfuron,

mesosulfuron, prosulfiron, sulfosulfuroen, trifloxysulfuron, {ritosulfuron, a derivative
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of any of the aforementioned herbicides, and a mixture of two or more of the
aforementioned herbicides, The triazolopyrimidine herbicides of the invention
nclude, but are not limited to, cloransulam, diclosulam, florasulam, flumetsulam,
roetosulam, and penoxsulam. The pyrimidinyloxybenzoate (or pyrimidiny] carboxy)
herhicides of the invention inchade, but are not limited to, bispyribae, pyrithiobac,
pyriminobae, pyribenzoxim and pyriftalid. The sulfonylamine-carbenyltriazolinone
herbicides include, but are not limited o, flucarbazone and propoxycarbazone.

it is recognized that pyrimidinvloxybenzoate herbicides are closely related to
the pyrimidinyithiobenzoate herbicides and are generalized under the heading of the
latter name by the Weed Science Socisty of Amenica. Accordingly, the herbicides of
the present mvention further include pyrimidinylthiobenzoate herbicides, including,
but not limited to, the pyrimidinyioxybenzoate herbicides described above.

The present invention provides metheds for enhancing AHAS activityina
plant comprising transforming a plant with a pelvnucleotide construct comprising a
promoter operably linked to an AHASL nucleotide sequence of the invention., The
methods involve introducing a polynuclestide constroct of the invention into at least
one plant cell and regenerating s transformed plant therefrom. The methods involve
the use of a promoter that is capable of driving gene expression in a plant cell,
Preferably, such a promoter is a constitutive promoter or 2 tissue-preferred promoter.
The methods find use In enhancing or increasing the resistance of a plant fo at least
one herbicide that interferes with the catalyiic activity of the AHAS enzyme,
particularly an imidazolinone herbicide,

The present invention provides expression cassettes for expressing the
polynucleotides of the invention in plants, plant tissues, plant cells, and other host
cells. The expression casseties comprise a promoter expressible in the plant, plant
tissue, plant cell, or other host cells of interest operably linked to a polynucleotide of
the invention that comprises a nucleotide sequence encoding either a full-length (e
including the chloroplast transit peptide) or mature AHASL protein {(i.e. without the
chloroplast transit peptide). [f expression is desired in the plastids or chloroplasts of
plants or plant cells, the expression cassette may also comprisc an operably linked

chloroplast-targeting sequence that encodes a chloroplast transit peptide.
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The expression cassettes of the invention find use in a method for enhancing
the herbicide tolerance of a plant or a host cell. The method involves transforming the
plant or host cell with an expression cassetie of the invention, wherein the expression
cassette comprises a promoter that is expressible in the plant or host cell of interest
and the promoter is operably linked to a polynucleotide of the invention that
comprises a nucleotide sequence encoding an imidazolinone-resistant AHASL protein
of the invention.

The use of the terrn "polynucleotide constructs” herein is not intended to limit
the present invention o polynucleotide constructs comprising DNA. Those of
ordinary skill in the art will recognize that polynuclectide constructs, particularly
polynucleotides and oligonucleotides, comprised of ribonucleotides and eombinations
of ribonucleotides and deoxyribonucleotides may also be employed in the methods
disclosed herein. Thus, the polynucleotide constructs of the present invention
encompass all polynuclestide constructs that can be employed in the methods of the
present invention for transforming plants including, but not limited to, those
comprised of deoxyribonuclectides, ribonuclentides, and combinations thereof. Such
deoxyribonucleotides and ribonucleotides include both naturally cccurring molecnles
and synthetic analogues. The polynucleotide constructs of the invention also
encompass all forms of polynucleotide constructs including, but not limited to, single-
stranded forms, double-stranded forms, hairpins, stem-and-loop structures, and the
like. Furthermore, it is understood by those of ordinary skill in the art that sach
rucleotide sequences disclosed herein also encompasses the complement of that
exemplified nucleotide sequence.

Further, it is recognized that, for expression of a polynucleotide of the
invention in a host cell of interest, the polynucleotide is typically operably linked to a
promoter that is capable of driving gene expression in the host cell of interest. The
methods of the invention for expressing the polynuclestides in hest cells do not
depend on particular promoter. The methods encompass the use of any promoter that
is known in the art and that is capable of driving gene expression in the host cell of

interest.
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The present mvention encompasses AHASL polynucleotide molecules and
fragments and variants thereof. Polynucleotide molecudes that are fragments of these
nuclectide sequences are also encompassed by the present invention. By "fragment”
is intennded a portion of the nucleotide sequence encoding an AHASL protein of the
invention. Preferably, a fragment of an AHASL nuclectide sequence of the invention
encodes a biologically active portion of an AHASL protein. A biclogically active
portion of an AHASL protein can be prepared by isolating a portion of one of the
AHASL mucleotide seguences of the invention, expressing the encoded portion of the
AHASL protein (e.g., by recombinant expression in vifro), and assessing the activity
of the encoded portion of the AHASL protein. Polynudleotide molecules that are
fragments of an AHASL nuclestide sequence and encode biologically active portions
of AHASL proteins comprise at lsast abont 500, 750, 1000, 1250, 1500, 1600, 1700,
1800, 190G, or 2000 nucleotides, or up to the number of nuclectides present in a full-
length nucleotide sequence disclosed herein (for example, 2013 nucleotides for SE(}
1D NC: 303 depending upon the intended use.

A fragment of an AHASL nucleotide sequence that encodes a biclogically
active portion of an AHASL protein of the invention will encode at least about 200,
300, 400, 500, 550, 650, or 630 conliguous amino acids, or up to the tolal number of
atnino acids present in a full-length AHASL protein of the invention (for example,
670 amino acids for SEQ 1D NO: 1),

\ Polynucleotide molecules comprising nucleotide sequences that are variants of
the nucleotide sequences disclosed herein are also encompassed by the present
invention. "Variants” of the AHASL nucleotide sequences of the invention include
those sequences that encode the mutant AHASL polypeptides disclosed herein but
that differ conservatively hecause of the degeneracy of the genetic code. These
naturally cccurring allelic variants can be identified with the use of well-known
molecular bivlogy techniques, such as polymerase chain reaction (PCR) and
hybridization technigues as outlined below. Variant nucleotide sequences also
include synihetically derived nuclectide seguences that have been geoerated, for
example, by using sife-directed mutagenesis but which still encode the AHASL
protein disciosed in the present invention as discussed below. Generally,

polynuclestide sequence variants of the invention will have at least about 809, 85%,
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0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to a particular
nuclentide sequence disclosed berein. A variant AHASL polynucleotide sequence
will encode an AHASL mutant polypeptide, respectively, that has an amino acid
sequence having at least about 8096, 85%, 20%, 91%, 92%, 93%, 94%, 95%, ¥6%,
7% 08%;, or 99% identity to the amino acid sequence of an AHASL polypeptide
disclosed herein.

In addition, the skilled artisan will further appreciate that changes ¢an be
introduced by mutation into the polynucleotides sequences of the invention thereby
leading to changes in the amino acid sequence of the encoded AHASL double and
triple mutant polypepiides without altering the bioclogical activity of the double and
triple mutant polypepiides. Thus, an isolated polymucleotide molecule encoding an
AHASL double and triple mutant polvpeptide having a sequence that differs from the
double and triple mutant sequences set forth in Figures 1 and 2 can be created by
introducing one or more nucleotide substitutions, additions, or deletions into the
corresponding nuclentide sequence disclosed herein, such that one or more amino acid
substitutions, additions or deletions are introduced into the encoded protein.
Mutations can be introduced by standard techniques, such as site-directed
mutagenesis and PCR-mediated mutagenesis. Such variant nucleotide sequences are
also encompassed by the present invention.

For example, preferably, conservative amino acid substitutions may be made
at one or more predicted, preferably nonessential amino acid residoes. A
*nonessential” aming acid residue is a residue that can be altered from the wild-type
sequence of an AHASL protein {2.g., the sequence of 8E( ID NO: 1} without altering
the biological activity, whereas an "essential” amino acid residue is requirved for
biological activity. A "conservative amino acid substitution" is one in which the
arnino acid residue is replaced with an amine acid residue having a similar side chain.
Families of amino acid residues having similar side chains have been defined in the
art. These families include amino acids with basic side chains (e.g., lysine, arginine,
histidine}, acidic side chains {e.g., aspartic acid, glutamic acid), uncharged polar side
chains (e.g., glycine, asparagine, glutamine, sering, threoning, tyrosine, cysteinc),
nonpolar side chains {e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine,

methionine, tryptophan), beta-branched side chains {e.g., threonine, valine,
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isoleucing) and aromatic side chains {e.g., tyrosine, phenylalanine, tryptophan,
histidine). Such substitutions would not be made for conserved amino acid residucs,
or for amino acid residues residing within a conserved motifl

The proteins of the invention may be altered in various ways including amino
acid substitutions, deletions, troncations, and insertions. Methods for such
manipulations are generally known in the art. For example, amino acid sequence
variants of the AHASL proteins can be prepared by mutations in the DNA. Methods
for mutagenesis and nuclectide sequence alterations are well known i the art. See,
for example, Kunkel (1983} Proc. Natl, dcad. Sci. US4 82:488-492; Kunkel ef al.
{1987} Methods in Enzymel. 154:367-382; U.S. Patent No. 4,873,192; Walker and
Gaastra, eds. (1983) Technigues in Molecular Biology (MacMillan Publishing
Company, New York) and the references cited therein, Guidance as to appropriate
amino acid substitutions that do not affect biological activity of the protein of interest
may be found in the model of Davhoff ef al. (1978) drias of Protein Sequence and
Structure (Natl. Biomed. Res. Found., Washington, D.C.), herein incorporated by
reference. Conservative substifutions, such as exchanging one amino acid with
another having similar properties, may be preferable.

It is recognized that the polynucleotide moleceles and polypeptides of the
invention encompass polynuclectide molecules and polypeptides comprising a
nuclentide or an amino acid sequence that is sufficiently identical to the double or
triple nucleotide sequences set forth in Figures 1 and 2, or to the amino acid
sequences set forth in Figures | and 2. The term "sufficiently identical” is used herein
to refer to a first amino acid or nucleotide sequence that contains a sufficient or
minimunt sumber of identical or squivalent {e.g., with a similay side chain} amino
acid residues or nucleotides fo 3 second amino acid or nucleotide sequence such that
the first and sscond amino acid or nucleotide sequences have a common structural
domain and/or commeoen functional activity., For example, amino acid or nucleotide
sequences that contain a common structural domain having at least abont 30%
identity, preferably 85% identity, more preferably 90%, 95%, or 98% identity are

defined herein as sufficiently identical,
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o determine the percent identity of two amino acid sequences or of two
nucleic acids, the sequences are aligned for optimal comparison purposes. The
percent identity between the two sequences is a function of the number of identical
positions shared by the sequences {i.e., percent identity = number of identical
pasitions/total mumber of positions {e.g., overlapping positions) x 100). Inone
embodiment, the two seguences are the same length. The percent identity between
two sequences can be determined using techniques similar to those described below,
with or without allowing gaps. In calculating percent identity, typically exact matches
are counted.

The determination of percent identity between two sequences can be
aceomplished using a mathematical algorithm. A preferred, nonlimiting example of a
mathematical algorithm wiilized for the comparison of two sequences is the algonthm
of Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264, modified as in
Karlin and Altschul (1993) Proc. Natl, Acad. Sci. US4 90:5873-5877. Such an
algorithm is incorporated into the NBLAST and XBLAST programs of Alischul ef al
{1990).J. Mol Biol 215:403. BLAST nucleotide searches can be performed with the
NBLAST program, score = 100, wordlength = 12, to obtain nucleotide sequences
homologous to the pelynucleotide molecules of the invention. BLAST protein
searches can be performed with the XBLAST program, score = 50, wordlength =3, to
obtain amino acid sequences homologous to protein molecules of the invention. To
obtain gapped alignments for comparison purposes, Gapped BLAST can be utilized as
described in Altschul ef al. (1997} Nucleic Acids Res. 25:3389, Alternatively, P5I-
Blast can be used to perform an iterated search that detects distant relationships
between molecules. See, Altschul ef @, {1997) supra. When utilizing BLAST,
Gapped BLAST, and PS1-Blast programs, the d"efault parameters of the respective
programs (e.g., XBLAST and NBLAST) can be used. See
hitp://www.nebinlmonih.gov. Another preferred, non-limiting example of a
mathematical algorithm utilized for the comparison of sequences is the algorithm of
Myers and Miller (1988) CAB/08 4:11-17. Such an algorithm 1S ineorporated o the
ALIGN program (version 2.0}, which is part of the GCG sequence alignment software
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package. When utilizing the ALIGN program for comparing aming acid sequences, a
PAMI120 weight residue table, a gap length penalty of 12, and a gap penalty of 4 can
beused. Alignment may also be porformed manually by inspection.

Unless otherwise stated, sequence identity/similarity vatues provided herein
refer o the value obtained using the full-lengih sequences of the invention and using
muitipie alignment by mean of the algonthm Clustal W (Nacleic Acid Research,
A22):4673-4680, 1994 using the program Align¥X included in the software package
Vector NTI Suite Version 9 (Invitrogen, 1600 Faraday Ave., Carlshad, CA 92008)
using the default parameters; or any equivalent program therecf. By "egnivalent
program” 15 intended any saquence comparison program that, for any two sequences
in question, generates an alignment having identical nucleotide or amino acid residue
matches and an identical percent sequence identity when compared to the
corresponding alignment generated by AlignX in the sofiware package Vector NTI
Suite Version 9.

The deletions, inserticns, and substitutions of the protein sequences
encompassed herein are not expected to produce radical changes in the characlenistios
of the protein. However, when it s difficult to predict the exact effect of the
substitution, deletion, or insertion in advance of doing so, one skilled in the art will
appreciate that the effoct will be evaluated by routine screening assays. That s, the
activity can be evaluated by AHAS activity assays. See, for example, Singh et al.
{1988} Anal Biochem. 171:173-179, herein incorporated by reference.

As disclosed hergin, the polynacleotides of the invention find use in enhancing
the herbicide iolerance of plants that comprise in their genomes a gene encoding a
herbicide-tolerant AHASL protein. Such 3 gene may be an endogenous gene or a
transgene. Additionally, in certain embodiments, the polynucleotides of the present
invertion can be stacked with any combination of polynucleotide sequences of
interest in order to create plants with a desired phenotype., For example, the
polyiucleotides of the present invention may be stacked with any other
polynuclectides encoding polypeptides having pesticidal and/or insecticidal activity,

such as, for example, the Buciflus thuringiensis toxin proteins {described in U.S.
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Patent Mos. 5,366,892; 5,747,450; §,737,514; 5,723,756; 5,593,881; and Geiser ef /.
(1986) Gene 48:109). The combinations generated can also include multiple copies
of any one of the polynucleotides of interest.

While the polynuclectides of the invention find use as selectable marker genes
for plant transformation, the expression cassettes of the invention can include another
selectable marker gene for the selection of transformed cells. Selectable marker
genes, including those of the present invention, ave utilized for the selection of
transformed cells or tissucs. Marker genes include, but are not limited to, genes
encoding antibiotic resistance, such as those enceding neomycin phosphotransferase
11 (NEQ) and hygromycin phosphotransferase (HPT), as well as genes conferring
resistance to herbicidal compounds, such as glufosinate ammonium, bromoxynil,
imidazohinones, and 2,4-dichlorophenoxvacetate (2,4-D). Sce generally, Yarranion
(1992) Curr. Opin. Rivtech. 3:506-511; Christopherson et /. (1992} Proc. Natl. Acad.
Sei. US4 89:6314-6318; Yao ef al. (1992) Cell 71:63-72; Reznikotf (1992) Mol
Microbiol 6:2419-2422; Barkley ef al. (1980} in The Operon, pp. 177-220; Hu ef al.
{1987) Cell 48:555-566; Brown ef al. (1987} Cell 49:603-612; Figge et al. {1988} Cell
82:713-722; Deuschle et af. {1088} Proc. Natl. Acad. Aci, USA 86:5480-5404; Fuerst
et al. (1989} Proc. Nati, Acad. Sci. USA 86:2549-2553; Deuschie ef al. (1990} Science
248:480-483; Gossen (1993} Ph.D. Thesis, University of Heidelberg; Reines ef @l
{1993) Proc. Nail. Acad. Sci. USA 90:1917-1921; Labow et af. {1990 Mol Cell. Biol.
10:3343.3356; Zambretti ef al. (1992} Proc. Natl dcad. Sci, US4 89:3952-3956; Baim
et al. (1991} Proc. Natl. Acad. Sci. US4 88:5072-5076; Wyborski et al. (1991} Nucleic
Acids Res. 19:4647-4653; Hillenand-Wissman (1989} Topics Mol Siruc. Biol. 10:143-
162; Degenkolb et ¢f. (1991} Anrimicrob. Agents Chemother. 35:1591-1595;
Kleinschnidt er al. (1988} Biochemistry 27:1094-1104; Bonin (1993) Ph.D. Thesis,
University of Heidelberg; Gossen ef al. (1992) Proc. Natl. Acad. Sci. US4 89:5547-
5551; Oliva er al. (1992} dntimicrob. Agents Chemother. 36:913-919; Hiavka er al.
(1985} Handbook of Experimental Pharmacology, Vol. 78 { Springer-Verlag, Berlin};
Gill et al. (1988) Nature 334:721-724. Such disclosures are herein incorporated by

reference.
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The above List of selectable marker genes is not meant to be limiting. Any
selectable marker gene can be used in the present invention.

The isolated polyoucleotide molecules comprising nucleotide sequence that
encode the AHASL proteins of the invention can be used in vectors to transform
plants so that the plants created have enhanced resistant to herbicides, particularly an
imidarolinone herbicide or sulfonylurea herbicide. The isolated AHASL
polvmacleotide molecules of the invention can be used in vectors alone orin
combination with a nucleotide ssquence encoding the small subunit of the AHAS
(AHASS) enzvme in conferring herbicide resistance in plants. See, 11.5. Patent No.
6,348,643; which is herein incorporated by reference.

The invention also relates to a plant expression vector comprising a promoter
that drives expression in a plant operably linked to an isolated polynucieotide
molecule of the invention. The isolated polymucleotide molecuie comprises a
mucleotide sequence encoding an AHASL protein of the invention, or a functional
fragment and variant thergof. The plant expression vector of the invention does not
depend on a particular promaoter, only that such a promuster is capable of driving gene
expression in a plant cell. Preferred promoters include constitutive promoters and
tissug-preferred promoters,

The transformation vectors of the invention can be used to produce plants
transformed with a gene of interest. 'The transtormation vector will comprise a
selectable marker gene of the invention and a gene of interest io be infroduced and
typically expressed in the transformed plant. Such a selectable marker gene
cornprises a polynucleotide of the invention that encodes an AHASL double or triple
mutant polypeptide, wherein the polynucleotide is operably linked to a promoter that
drives expression in a host cell. Foruse in plants and plant cells, the transformation
veetor comprises a selectable marker gene comprising a polynucleotide of the
invention that encodes an AHASL double or triple mutant polypeptide operably
linked to a promoter that drives expression in a plant cell.

The genes of interest of the invention vary depending on the desired outcome,
For example, various changes in phenotype can be of interest including modifying the
fatty acid composition in a plant, altering the amino acid content of a plant, altering a

plant’s insect and/or pathogen defense mechanisms, and the like. These results can be
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achieved by providing expression of heterologous products or increased expression of
endogencus products in plants. Alternatively, the results can be achieved by
providing for a reduction of expression of one or more endogenous products,
particularly enzyrmes or cofactors in the plant. These changes result in a change in
phenotype of the transformed plant.

In one embodiment of the invention, the genes of interest include insect
resistance genes such as, for example, Bacillus thuringiensis toxin protein genes (U.S,
Patent Nos. 5,366,892; 5,747,450; 5,736,514; 5,723,756; 5,593,881 ; and Geiser ¢f al.
{1986} Gene 48:109).

The AHASL proteins or polypeptides of the invention can be purified from,
for example, sunflower plants and can be used in compuositions. Also, an isolated
polynuclestide molecule encoding an AHASL protein of the invention can be used to
express an AHASL protein of the invention in a microbe such as £, coli or a yesst,
The expressed AHASL protein can be purified from extracts of E. coll or yeast by any
method known to these of ordinary skill in the art.

The polynuclestides of the invention find use in methods for enhancing the
resistance of herbicide-iolerant plants, In one embodiment of the invention, the
herbicide-tolerant plants that comprise a polynuclectide of the invention that encodes
an AHASL double or triple mutant polypeptide. The invention further provides
herbicide-tolerant plants that comprise two or more polynucleotides encoding
AHASL single mutant polypeptides. Polynucleotides encoding herbicide-tolerant
AHASL proteins and herbicide-tolerant plants comprising an endogenous gene that
encodes a herbicide-tolerant AHASL protein include the polynucleotides and plants of
the present invention and those that are known in the art. See, for example, US.
Patent Nos. 5,013,659, 5,731,180, 5,767,361, 5,545,822, 5,736,629, 5,773,703,
5,773,704, 5,552,553 and 6,274,796; all of which are herein incorporated by
reference. Such methods for enhancing the resistance of herbicide-tolerant plants
comprise transforming a herbicide~tolerant plant with at least one polynuclentide
constract comprising a promoter that drives expression in a plant cell that is operably

linked to a polynucleotide of the invention.
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Numerous plant transformation vectors and methods for transforming plants
are available. See, for example, An, G. ef @l (1986} Plant Physiof, 81:301-3035; Fry,
1, et al (1987) Plant Cell Rep. 6:321-325; Block, M. (1988) Theor. App!

Genet. 76767774, Hinchee, ef al. (1990} Stadler. Genet. Symp.203212.203-212;
Cousins, ef al. (1991 dust. J Plant Physiol, 18:481-494; Chee, P. P. and Slightom, J.
L. (1992} Gene, 118:255-260; Christow, ¢f ol (1992) Trends. Bictechnol. 10:239-246;
D'Halluin, of ol (1992) Bio/Technol. 10:309-314; Dhir, ef af, (1992} Plant Fhysiol,
99:81-88; Casas ef al. (1993) Proc. Nat. Acad Sci. USA 90:11212-11216; Christou, P.
(1993) In Vitro Cell. Dev. Biol-Plant; 29P:119-124; Davies, ef al. (1993) Plant Cell
Rep. 12:180-183; Dong, J. A. and Mchughen, A, (1993) Plan: Sci, 91:129-148,
Franklin, C. L and Triew, T. N. (1993} Plant. Physiol. 102:167; Golovkin, ef al.
(1993} Plant Sci. 80:41-52; Guo Chin Sci. Bull. 38:2072-2078; Asanoe, ef al. {1994}
Plant Cell Rep. 13; Ayeres N, M. and Park, W. D, {1994) Crit. Rev, Plant. Sci.
13:219-239; Barcelo, er al. {1994) Plgne. J. 3:583-5392; Becker, of ol (1994} Plant. J.
3:296-307: Borkowska ef af. {1994) Acia. Fhysiol Plant, 16:225-230; Christou, P.
(1994) Adgro. Food. Ind. Hi Tech. 5: 17-27; Eapen et al. {1994} Plant Cell Rep.
13:582-586; Hartiman, ef ol {1994) Biv-Technology 12: 919923; Ritala, of /. (1994)
Plant. Mol Biol 24:317-325: and Wan, Y. C. and Lemaux, P. G. (1994} Plant
Physiol 104:3748.

The methods of the invention involve introducing a polynucleotide construct
into a plant. By "iatroducing” is intended presenting to the plant the polynucleotide
constritct in such a manner that the construct gains access to the interior of a cell of
the plant. The methods of the invention do not depend on a particular method for
introducing a polynucleotide construct to a plant, only that the polynucleotide
construct gains access to the inderior of at least one cell of the plant. Methods for
introducing polynucleotide constructs into plants are known in the art including, but
not lmdted to, stable transformation methods, transient transformation methods, and
virns-mediated methods.

By "stable transformation” is intended that the polynucleotide construct

introduced into a plant infegrates into the genome of the plant and is capable of being
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(1990} Biorechnology 8:736-740 {rice); Klein ef al. (1988) Proc. Na#l. Acad. Sci. US4
85:4305-4309 (maize); Klein ef of. (1988) Biotechnology 6:559-563 (maize}; Tomes,
U.5. Patent No, 5,240,855; Buising ef «f. U.S. Patent Nos. 5,322,783 and 5,324,646
Tomes ef af. {1995) "Direct IINA Transfer into Intact Plant Cells via Microprojectile
Bombardment,” in Plast Cell, Tissue, and Organ Culture: Fundamental Methods, ed.
Gamborg (Springer-Verlag, Berlin) {maize); Kiein ef of. (1988) Plant Physiol.
91:440-444 (maize); Fromm ef al. (1990) Biotechnology 3:833-832 (iajze);
Hooykaas-Van Slogteren ef af. (1984) Nature (London) 311:763-764; Bowen ef a.
U.8. Patent No. 5,736,369 (cereals); Bytebier ef af. (1987) Proc. Natl. Acad. Sci. US4
84:5345-5349 {Liliaceae); De Wet et ¢l (1985) in The Experimenial Manipulation of
Ovule Tissues, ed. Chapman ef al. {(Longman, New York), pp. 197-209 (pollen),
Kaeppler er al. {1990} Plant Cell Reports 9:415-418 and Kaceppler ef al. {1992} Theor.
Appl. Genet. 84:560-566 (whisker-mediated transformation); D'Halluin e o/ (1992}
Plant Cell 4:1495-1505 (electroporation), Li ef af. {1993) Plant Cell Reports 12:250-
255 and Christou and Ford (1995) dnnals of Botany 75:407-413 {rice); Osjoda ef al,
(1996} Nature Bictechnology 14:745-750 {maize via Agrobacterium tumefaciens), all
of which are herein incorporated by reference.

The polynucleotides of the invention may be introduced into plants by
contacting planis with a virus or viral nucleic acids. Generally, such methods involve
incorporating a polynucleotide construct of the invention within a viral DNA or RNA
molecule, It is recognized that the AHASL protein of the invention may be initially
synthesized as part of a viral polyprotein, which later may be processed by proteolysis
in vivo or in vitro 1o produce the desired recombinant protein, Further, itis
recognized that promoters of the invention also encompass promoters utilized for
transcription by viral RNA polymerases. Methods for introducing polynucleotide
constructs into plants and expressing a protein encoded therein, involving viral DNA
or RNA molecules, are known in the art. Ses, for example, U.S. Patent Nos,
5,880,101, 5,886,100, 5,866,785, 5,589,367 and 5,316,931, herein incorporated by
reference.

The cells that have been transformed may be grown into plants in accordance
with conventional ways. See, for example, McCommick et al. (1986} Plant Cell

Reports 5:81-84, These plants may then be grown, and either pollinated with the
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same transformed strain or different strains, and the resulting kybrid having
constitutive expression of the desired phenotypic characteristic identified. Two or
more generations may be grown to ensure that expression of the desired phenotypic
characteristic is stably maintained and inherited and then seeds harvested to ensure
expression of the desired phenotypic characteristic has been achieved. In this manner,
the present invention provides transtormed seed (also referred to as “transgenic seed”)
having a polymucleotide construct of the invention, for example, an expression
cassette of the invention, stably incorporated into their genome.

The present invention may be used for transformation of any plant species,
including, but not imited to, monocots and dicots. Examples of plant species of
interest include, but are not limited to, corn or maize {Fea mays), Brassica sp. {e.g., B.
napus, B. rapa, B. juncea), partionlarly those Brassica species useful as sources of seed
oil, alfalfa (Medicago sativa), rice (Orvza sativa), rye (Secale cereale), sorghum
(Sorghum bicolor, Sorghum vulgare), millet (c.g., pearl millet (Pennisetum giaucum),
proso millet {Paricum milincewm), foxtail millet {Setarin ftalicay, finger millet
(Eleusine coracana)), sunflower (Helionthus annuus), safflower {Carthamus
tinctoriusy, wheat (Triticum aestivum, T. Turgidum ssp. durum), sovbean (Glycine
max), tobaceo (Nicotiana fabacum), potato {(Solanum tuberosum), peanuts (Arachis
hypogaea), cotion (Gassypium barbadense, Gossypium hirsutum), sweet potato
{Ipomoea batatus), cassava (Manihot esculenta), coffee (Coffea spp.), coconut (Cocos
nucifera), pineapple {(Ananas comosus), citrus trees {Citrus spp.), cocoa (Theobroma
cacaay, tea {Camellia sinensis), banana (Musa spp.}, avocado (Persea americana}, fig
(Ficus casica), guava (Psidium guajave), mango (Mangifera indica), olive {((lea
ewropaen), papaya (Carica papaya), cashew {Anacardium ocoidentale), macadamia
(Macadamia integrifolia), almond (Prunus amygdalus), sugar beets (Beta vulgaris),
sugarcane (Saccharum spp.), oats, barley, vegetables, omamentals, and conifers.
Preferably, plants of the present invention are crop plants (for example, sunflower,
Brassica sp., cotion, sugar beet, soybean, peanut, alfalfa, safflower, tobaccoe, com,
rice, wheat, rve, barley triticale, sorghum, millet, sic.).

The plants of the invention are herbicide-resistant plants and thus, find use in
methods for controlling weeds that involve the application of a herbicide. Thus, the

present invention further provides a method for controiling weeds in the vicimity of a
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herbicide-resistant plant of the invention. The method comprises applying an
effective amount of a herbicide to the weeds and to the herbicide-resistant plant,
wherein the plant has increased resistance to at least one AHAS-inhibiting herbicide,
particularty an imidazolinone or sulfonylurea herbicide, when compared to a wild-
type plant. In such a method for controlling weeds, the herbicide-resistant plants of
the invention are preferably crop plants, including, but not limited to, sunflower,
alfalfa, Brassica sp., soybean, cotton, safflower, peanut, tobacco, tomato, potato,
wheat, rice, maize, sorghum, barley, rye, millet, and sorghum.

By providing plants having increased resistance to herbicides, particularly
imidazolinone and sulfonylurea herbicides, a wide variety of formulations can be
employed for protecting plants from weeds, 50 as to enhance plant growth and reduce
competition for nutrients. A herbicide can be used by itself for pre-emergence, post-
emergence, pre-planting and at planting control of weeds in areas surrounding the
plants described herein or an imidazolinone herbicide formulation can be used that
contains other additives. The herbicide can also be used as a seed treatment. Additives
found in an imidazolinone or sulfonylurea herbicide formulation include other
herbicides, detergents, adjuvants, spreading agents, sticking agenis, stabilizing agents,
or the like. The herbicide formulation can be a wet or dry preparation and can
include, but is not limited to, flowable powders, emulsifiable concentrates and liguid
concentrates. The herbicide and herbicide formulations can be applied in accordance
with conventional methods, for example, by spraying, irrigation, dusting, or the kike.

| The present invention provides non-transgenic and transgenic plants and seeds
with increased tolerance to at least one herbicide, particularly an AHAS-inhibiting
herbicide, more particularly imidazolinone and sulfonylurea herbicides, most
particularly imidazolinone herbicides. In preferred embodiment of the invention, the
plants and seeds of the invention display a higher level of herbicide tolerance that
similar planis that comprise only one AHASL single mutant polypeptide. Such plants
and seeds of the invention find use in improved methods for controlling weeds that
allow for the application of a herbicide to the weeds and to the herbicide-resistant
plant at an effective amount that comprises a higher herbicidal concentration or rate

than can be used with similar plants that comprise only one AHASL single mutant
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polypeptide. Accordingly, such improved methods provide superior weed control
when compared o existing methods involving planis comprising only one AHASL
single mutant polypeptide and the application of a lower herbicidal concentration or
rate,

The present invention provides herbicide-resistant plants comprising
polviucleotides encoding AHASL double or triple mutant polypeptides and
herbicide-resisiant plants comprising two or more polynucieotides encoding AHASL
single mutant polypeptides. These herbicide-resistant plants of the present invention
find use in methods for prodocing herbicide-resistant plants through conventional
plant breeding involving sexual reproduction. The methods comprise crossing a first
plant that is a herbicide-resistant plant of the invention to a second plant that is not
resistant to the herbicide. The second plant can be any plant that is capable of
producing viable progeny plants (i.e,, seeds) when crossed with the first plant.
Typically, but not necessarily, the first and second plants are of the same apeciss, The
methods can optionally involve selecting for progeny plants that comprise the
polynucieotide encoding the AHASL mutant polypeptide or the two or more
polymucleotides encoding AHASL single mutant polypeptides of the first plant. The
methods of the invention can further involve one or more generations of backerossing
the progeny plants of the first cross to a plant of the same Hne or genoetvpe as cither
the firet or second plant. Aliernatively, the progeny of the first cross or any
subsequent cross can be crossed to a third plant that is of a different line or genotype
than either the first or second plant. -

The herbicide-resistant plants of the invention that comprise polynucleotides
encoding AHASL double or triple mutant polypeptides and herbicide-resistant plants
comprising two ot raore polynucleotides encoding AHASL single mutant
polvpeptides also find use in methods for increasing the herbicide-resistance of a plant
through conventional plant breeding involving scxual reproduction. The methods
comprise crossing a {irst plant that is a herbicide-resistant plant of the invention to a
second plant that may or may not be resistant to the same herbicide or herbicides as
the first plant or may be resistant to different herbicide or herbicides than the first
plant. The second plant can be any plant that 1 capable of producing viable progeny

plants (i.e., seeds) when crossed with the first plant. Typically, but not necessarily,
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the first and second plants are of the same species. The methods can optionally
involve selecting for progeny plants that comprise the polynucleotide encoding the
AFASL mutant polypeptide or the two or more polynucleotides encoding AHASL
single mutant polypeptides of the first plant and the herbicide resistance
characteristics of the second plant. The progeny plants produced by this method of
the present invention have increased resistance to a herbicide when compared to either
the first or second plant or both. When the first and second plants are resistant to
different herbicides, the progeny plants will have the combined herbicide tolerance
characteristics of the first and second plants. The methods of the invention can
further involve one or more generations of backcrossing the progeny plants of the first
cross to a plant of the same line or genotype as either the first or second plant.
Alternatively, the progeny of the first cross or any subsequent cross can be crossed to
a third plant that is of a different line or genotype than either the first or second plant.

The present invention also provides plants, plant organs, plant tissues, plant
cells, seeds, and non-human hoest cells that are transformed with the at least one
polynuclestide molecule, expression cassette, or transformation vector of the
invention. Such transformed plants, plant organs, plant tissues, plant cells, seeds, and
non-human host cells have enhanced tolerance or resistance to at least one herbicide,
at levels of the herbicide that kill or inhibit the growth of an untransformed plant,
plant tissue, plant cell, or non-human host cell, respectively. Preferably, the
transformed plants, plant tissues, plant cells, and seeds of the invention are
Arabidopsis thaliana and crop plants.

The present invention provides methods that involve the use of at least one
AHAS-inhibiting herbicide selected from the group consisting of imidazolinone
herbicides, sulfonylurea herbicides, triazolopyrimidine herbicides,
pyrimidinyloxybenzoate herbicides, sulfonylamino-carbonyltriazolinone herbicides,
and mixtures thereof, In these methods, the AHAS-inhibiting herbicide can be
applied by any mcthod known in the art including, but not limited to, seed treatment,
soil treatment, and foliar reatment,

Prior to application, the AHAS-inhibiting herbicide can be converted into the

custornary formulations, for example solutions, ernulsions, suspensions, dusts,
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powders, pastes and granules. The use form depends on the particular intended
purpose; in cach case, it should ensure a fine and even distribution of the compound
according to the mvention.

The formulations are prepared in a known manner {see e.g. for review US
3,060,084, EP-A 707 443 (for Hquid concentrates), Browning, ”Agglomeration”,
Chemical Engineering, Dec. 4, 1967, 147-48, Perry’s Chemical Engineer’s
Handbool, 4th Ed., McGraw-Hill, New York, 1963, pages 8-57 and et seg. WO
91/13546, US 4,172,714, US 4,144,050, US 3,920,442, US 5,180,587, US 5,232,701,
US 3,208,030, GB 2,095,558, US 3,299,566, Klingman, Weed Control as a Science,
John Wiley and Sons, Inc., New York, 1961, Hance of o/ Wead Control Handbogk,
8th Ed., Blackwell Scientific Publications, Oxford, 1989 and Mollet, H., Grubemann,
A., Formulation technology, Wiley VCH Verlag GmbH, Weinheim (Germany), 2001,
2.0, AL Knowles, Chemistry and Technology of Agrochemizal Formulations, Kluwer
Academic Publishers, Dordrecht, 1998 (ISBN 0-7514-0443-8), for example by
extending the active compound with auxiliaries suttable for the formulation of
agrochemicals, such as solvents and/or carriers, if desired emulsifiers, surfactants and
dispersants, preservatives, antifoaming agents, anti-freezing agents, for seed treatment
formulation also optionally colorants and/or binders and/or gelling agents.

Examples of suitable solvents are water, aromatic solvents (for example
Solvesso products, xylens), parafting (for example mineral oil fractions), alcohols {for
example methanol, butanol, pentanol, benzyl alechol), ketones (for example
cyclohexanone, gamma-butyrolactone), pyrrolidones (INMP, NOP), acetates (ghveol
diacetate), glycnds, fatty acid dimethvlamides, fatty acids and fatty acid esters. In
principle, solvent mixtures may also be used.

Examples of suitable carriers are ground natural minerals (for example
kaockins, clays, tale, chalk) and ground synthetic minerals (for example highly disperse
silica, silicates).

Suitable emulsifiers are nopionic and antonic emulsifiers (for example
polyoxyethylene fatty alcohol sthers, alkylsulfonates and arylsulfonates).

Examples of dispersants are lignin-sulfite waste liquors and methyicellulose,
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Suitable surfactants used arve alkali metal, alkaline earth meta] and ammonium
salts of lignosulfonic acid, naphthalenesulfonic acid, phenolsulfonic acid,
dibutylnaphthalenesulfonic acid, alkylarylsulfonates, alkyl sulfates, alkylsulfonates,
fatty alcohol sulfates, fatty acids and sulfated fatty aleohol glycol ethers, forthermore
condensates of sulfonated naphthalene and naphthalene derivatives with
formaldehyde, condensates of naphthalene or of naphthalenesulfonic acid with phenol
and formaldehyde, polvoxyethylene octylphenol ether, ethoxylated isooctylphenol,
octylphenol, nonyiphenol, alkyiphenol polygiyeol ethers, tributylphenyl polyglycol
ether, tristearyiphenyl polyglyeol ether, alkylaryl polyether alcohols, alcohol and fatty
alcohol ethylene oxide condensates, cthoxylated castor oil, polyoxyethylene alkyl
ethers, ethoxylated polyoxypropylene, laurvi alcohol polyglycol ether acetal, sorbitol
esters, lignosulfite waste liquors and methylcelluloge.

Substanices which are suitable for the preparation of directly sprayable
solutions, emulsions, pastes or oil dispersions are mineral oil fractions of medium to
high boiling point, such as kerosene or diesel oil, furthermore coal tar oils and oils of
vegetable or animal origin, aliphatic, cyclic and aromatic hydrocarhons, for example
toluene, xvlene, paraffin, tetrahydronaphthalene, alkylated naphthalenes or their
derivatives, methanol, ethanol, propanol, butanol, cyclohexanol, cyclohexanone,
isophorone, highly polar solvents, for example dimethyl sulfoxide, N-
methyipyrrolidone or water.

Also anti-freezing agents such as glycerin, ethylens glycol, propylene glycol
and bactericides such as can be added to the formulation.

Suitable antifoaming agents are for example antifoaming agents based on
silicon or magnesium stearste.

Suitable preservatives are, for example, dichloropheno! and
benzylalcohothemiformaldehyde.

Sead Treaiment formulations may additionally comprise binders and
optionally colorants.

Binders can be added to improve the adhesion of the active materials on the
seads after treatment. Suitable binders ave block copolymers EQ/PO surfactants but

also polyvinylaleoholst, polyvinylpyrrolidones, pelyacrylates, polymethacrylafes,
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polvbutenes, polyvisobutylenes, polystyrene, polyethylencamines, polyethylensamides,
polyethylencimines (Lupasol®, Polymin®), polyethers, polyurethans,
polyvinyiacetate, tylose and copolymers derived from these polvmers,

Optionally, alse colorants can be included in the formulation. Suitable
colorants or dyes for seed treatment formulations are Rhodamin B, C.1. Pigment Red
112, C.L Solvent Red 1, pigment blue 15:4, pigment blue 15:3, pigment blue 15:2,
pigment blue 15:1, pigment blue 80, pigment vellow ¢, pigment vellow 13, pigment
red 112, pigment red 48:2, pigment red 48:1, pigment red 57:1, pigment red 53:1,
pigment orange 43, pigment orange 34, pigment orange 5, pigment green 36, pigment
green 7, pigment white 6, pigment brown 25, basic violet 10, basic viclet 49, acid red
51, acid red 52, acid red 14, acid blue 8, acid vellow 23, basic red 10, basic red 108,

An example of & suitable gelling agent 15 carragesn (Satiagel®).

Powders, materials for spreading, and dusiable products can be prepared by
mixing or concomitantly grinding the active substances with a solid carrier.

Granules, for example coated granules, impregnated granules and
homogensous granules, can be prepared by binding the active compounds to solid
carriers. Examples of solid camiers are minersl earths such as silica gels, silicates,
talc, kaolin, attaclay, limestone, Jime, chalk, bole, loess, clay, dolomite, diatomaceous
earth, calcium sulfite, magnesium sulfate, magnesium oxide, ground synthetic
materials, fertilizers, such as, for example, ammonium sulfate, amuoonium phosphate,
ammonivgm nitrate, ureas, and products of vegetable origin, such as cereal meal, tree
bark meal, wood meal and notshell meal, cellulose powders and other solid carriers.

Inn general, the formulations comprise from 0.01 to 95% by weight, proferably
from 0.1 1o 90% by weight, of the AHAS-inhibiting herbicide. In this case, the
AHASB-inhibiting herbicides are employed in a purity of from 90% to 100% by
weight, preferably 95% to 100% by weight {(according to NMR spectrum). For seed
treatment purposes, respective formulations can be diluted 2-10 fold leading to
concentrations in the ready to use preparations of 0.01 to 60% by weight active
compound by weight, preferably 0.1 to 40% by weight.

The AHAS-iohibiting herbicide can be used as such, in the form of their
formulations or the use forms prepared therefrom, for example in the form of directly

sprayable solations, powders, suspensions or dispersions, emulsions, oil dispersions,
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pastes, dustable products, materials for spreading, or granules, by means of spraying,
atomizing, dusting, spreading or pouring. The use forms depend entirely on the
intended purposes; they are intended to ensure in each case the finest possible
distribution of the AHAS-inhibiting herbicide according to the invention,

Agueous use forms can be prepared {rom emulsion concentrates, pastes or
wettable powders (sprayable powders, oil dispersions) by adding water. To prepare
emulsions, pastes or oil dispersions, the substances, as such or dissolved in an oil or
solvent, can be homogenized in water by means of a wetter, tackifier, dispersant or
emulsifier. However, it is also possible to prepare concentrates composed of active
substance, wetter, tackifier, dispersant or emulsifier and, if appropriate, solvent or o1,
and such concentrates are suitable for dilution with water.

The active compound concentrations in the ready-fo-use preparations can be
varied within relatively wide ranges. In general, they are from 0.0001 to 10%,
preferably from 0.01 to 1% per weight.

The AHAS-inhibiting herbicide may also be used successfully in the ulira-
low-volume process {UJLV), it being possible to apply formulations comprising over
95% by weight of active compound, or even to apply the active compound without
additives.

The following are examples of formulations:

1. Products for dilution with water for foliar applications. For seed
treatment purposes, such products may be applied to the seed diluted or
undiluted.

A) Water-soluble concentrates (8L, LE)

Ten parts by weight of the AHAS-inhibiting herbicide are dissolved in
90 parts by weight of water or a water-soluble solvent. Asan
alternative, wetters or other auxiliaries are added. The AHAS-
inhibiting herbicide dissolves upon dilution with water, whereby a
formulation with 10 % (w/w} of AHAS-inhibiting herhicide is

obtained,
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B) Dispersible concentrates (DC})

Twenty parts by weight of the AHAS-inhibiting herbicide are
dissolved in 70 parts by weight of cyclohexanone with addition of 10
parts by weight of a dispersant, for example polyvinylpyrrolidone.
Dilution with water gives a dispersion, whereby a formulation with
20% {w/w) of AHAS-inhibiting herbicide is obtained,

) Emuisifiable concentrates (EC) ,
Fifteen parts by weight of the AHAS-inhibiting herbicide are dissolved
in 7 parts by weight of xylene with addifion of calcium
dodecylbenzenesulfonate and castor oil ethoxylate {in each case 5 parts
by weight). Dilution with water gives an emulsion, whereby 2
formulation with 13% (w/w) of AHAS-inhibiting herbicide is obtained.
D) Emulsions (EW, EO, ES)

Twenty-five parts by weight of the AHAS-inhibiting herbicide are
dissolved in 35 parts by weight of xvlene with addition of calcium
dodecylbenzenesnlfonate and castor oil ethoxylate {in each case 5 parts
by weight). This mixiure is introduced into 30 paris by weight of water
by means of an emulsifier machine {e.g. Ultraturrax) and made into a
homogeneous emulsion. Ditution with water gives an emmision,
wherehy a formulation with 25% {(w/w) of AHAS-inhibiting herbicide
is obtained.

E) Suspensions {(3C, GD, FS)

In an agitated ball mill, 20 parts by weight of the AHAS-inhibiting
herbicide are commimuted with addition of 10 parts by weight of
dispersants, wetters and 70 parts by weight of water or of an organic
solvent to give a fine AHAS-inhibiting berbicide suspension. Dilution
with water gives a stable suspension of the AHAS-inhibiting herbicide,
whereby a formulation with 26% {(w/w) of AHAS-irdubiting herbicide

1s ohtained.
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Fy Water-dispersible granules and water-soloble granules (WG,
5G)

Fifty parts by weight of the AHAS-inhibiting herbicide are ground
finely with addition of 50 parts by weight of dispersands and wetters
and made as water-dispersible or water-soluble granules by means of
technical appliances (for example extrusion, spray tower, fluidized
bed). Dilution with water gives a stable dispersion or solution of the
AHAS-inhibiting herbicide, whereby a formulation with 30% (w/w}) of
AHAS-inhibiting herbicide is obtained.

) Water-dispersible powders and water-soluble powders (WP,
SP, 88, W8

Seventy-five paris by weight of the AHAS-iphibiting herbicide are
ground in a rotor-stator mill with addition of 25 parts by weight of
dispersants, wetlers and silica gel. Dilution with water gives a stable
dispersion or solution of the AHAS-inhibiting herbicide, whereby a
formulation with 75% (w/w) of AHAS-inhibiting herbicide is obtained.
H) Gel-Formulation {GF)

In an agitated ball mill, 20 parts by weight of the AHAS-inhibiting
herbicide are comminuted with addition of 10 parts by weight of
dispersants, | part by weight of a gelling agent wetters and 70 parts by
weight of water or of an organic solvent to give a fine AHAS-
inhibiting herbicide suspension. Dilution with water gives a stable
suspension of the AHAS-inhibiting herbicide, whereby a formulation
with 20% {w/w) of AHAS-inhibiting herbicide is obtained. This gel
formulation is suitable for us as a seed treatment.

Z. Products to be applied undiluted for foliar applications, For
seed ireatment purposes, such products may be applied to the seed

diluted.
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Al Dhustable powders (DP, DS)

Five parts by weight of the AHAS-inhibiting herbicide are ground

finely and mixed intimately with 93 paris by weight of finely divided

kaolin. This gives a dustable product having 5% (w/w) of AHAS-

inhibifing herbicide.

B) Grarules (GR, TG, GG, MG)

One-half part by weight of the AHAS-inhibiting herbicide is ground

finely and associated with 95.5 parts by weight of cammiers, whereby a

formulation with 0.5% (w/w) of AHAS-inhibiting herbicide is

obtained. Current methods are extrusion, spray-drying or the fluidized

bed. This gives granles to be applied undiluted for foliar use.

Conventional seed treatment formulations inclade for example flowable
concentrates FS, solutions LS, powders for dry treatment DS, water dispersible
powders for shurry treatment WS, water-soluble powders SS and emulsion ES and EC
and gel formulation GF. These formulations can be applied to the seed diluted or
undiluted. Application to the secds is carried out before sowing, or either directly on
the secds.
in a preferred embodiment a FS formulation is used for seed treatment.

Typeially, an FS formulation may comprise 1-800 g/l of active ingredient, 1-200 g/l
Surfactant, 0 to 200 g/l antifreezing agent, 0 to 400 g/l of binder, 0 to 200 g/l of a
pigment and up to 1 liter of a solvent, preferably water.
For seed treatment, seeds of the herbicide resistant plants according of the present
invention are treated with herbicides, preferably herbicides selected from the group
consisting of AHAS-inhihiting herbicides such as amidosutforon, azimsulfuron,
bensulfuron, chilorinuron, chlorsulfuren, cinesulfuron, cyclosulfanuiron,
sthametsoifuron, ethoxysulfuron, flazasulfuron, flupyrsulfuron, foramsulfuron,
halosulfuron, imazoesulfuron, iodosulfuren, mesosulfiron, metsulfuron, nicosulfuron,
oxasulfuron, primisulfuron, prosulfuron, pyrazosulfuron, rimsulfuren, sulfometuron,
sulfosulfuron, thifensulfuron, triasuifuron, tribenuron, trifloxysolfuren, triflusulfiron,
iritosulfiron, imazamethabenz, imazamox, imazapic, imazapyr, imazaquin,

imazethapyr, cloransulam, diclosulam, florasulam, flumetsulam, metosulam,
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penoxsulam, bispyribac, pyriminobac, propoxycarbazone, flucarbazone,
pyribenzoxim, pyriftalid, pyrithiobac, and mixtures thereof, or with a formulation
comprising a AHAS-inhibiting herbicide.

The term seed treatment comprises all suitable seed treatment techniques
known in the art, such as seed dressing, seed coating, seed dusting, seed soaking, and
seed pelleting.

In accordance with one variant of the present invention, a further subject of the
invention iz a method of treating soil by the application, in particular into the seed
drill: either of a granular formulation containing the AHAS-inhibiting herbicide as a
composition/formulation (e.g .a granular formulation, with optionally one or more
sohid or liguid, agriculturally acceptable camriers and/or optionally with one or more
agriculturally acceptable surfactants. This method is advantageously employed, for
example, in seedbeds of cereals, maize, cotton, and sunflower.

The prasent invention also comprises seeds coated with or containing with a
seed treatment formulation comprising at least one AHAS-inhibiting herbicide
selected from the group consisting of amidosulturon, azimsulfuron, bensulfuron,
chlorimuron, chlorsulfuron, cinosulfuron, cyclosulfamuron, ethametsulfuron,
ethoxysulfuron, flazasulfuron, flupyrsulfuron, foramsulfuron, halosulfaron,
imazosulfuron, iodosulfuron, mesosulfuron, metsulferon, nicosulfuron, oxasulfuron,
primisulfuron, prosulfuron, pyrazosulfuron, rimsulfuron, sulfometuon, sulfosulfuron,
thifensulfuron, triasulfuron, tribenuron, tritfloxysulfuron, triflusulfuron, tritosulfuron,
imazamethabenz, imazamox, imazapic, imazapyr, imazaguin, imazethapyr,
cloransalam, diclosulam, florasulam, flumetsulam, metosulam, penoxsulam,
bispyribac, pyriminobac, propoxycarbazone, flucarbazone, pyribenzoxim, pyriftalid
and pyrithiobac.

The term seed embraces seeds and plant propagules of all kinds including but
not limited to true seeds, seed pieces, suckers, corms, bulbs, fruit, tubers, grains,
cuttings, cut shoots and the like and means in a preferred embodiment true seeds.

The term “coated with and/or containing” generally signifies that the active

ingredient is for the most part on the surface of the propagation product at the tme of
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application, although a greater or lesser part of the ingredient rnay penetrate into the
propagation product, depending on the method of application. When the said
propagation product is (re)planted, it may absorb the active ingredient.

The seed treatment application with the AHAS-inhibiting herbicide or with a
formuiation comprising the AHAS-inhibiting herbicide is carried out by spraving or
dusting the seeds before sowing of the plants and before emergence of the plants.

In the treatment of seeds, the corresponding fornmlations are applied by
treating the sceds with an effective amount of the AHAS-inhibiting herbicide or a
formulation comprising the AHAS-inhibiting herbicide. Herein, the application rates
are generally from 0.1 g to 10 kg of the a.i. {or of the maxture of a1 or of the
formulation) per 100 kg of seed, preferably from 1 gio 5 kg per 100 kg of seed, in
particular from 1 g to 2.5 kg per 100 kg of seced. For specitic crops such as lettuce the
rate can be higher,

The present invention provides a method for combating undesired vegetation
or controlling weeds comprising contacting the sseds of the resistant plants according
to the present invention before sowing and/or after pregermination with an AHAS-
inhibiting herbicide. The method can further comprise sowing the seeds, for example,
i soil in g field or in a potting medium n greenhouse. The method finds particular
use in combating undesired vogetation or conirolling weeds in the immediate vicinity
of the seed.

The control of undesived vegetation is understood as meaning the killing of
weeds and/or otherwise retarding or inhibiting the nommal growth of the weeds.
Weeds, in the broadest sense, are understond as meaning all those plants which grow
in Iocations where they are undesired.

The waeds of the present invention include, for example, dicotyledonous and
monocetyltedonous weeds. Dhcotyledonous weeds inchude, but are not limiated to,
weeds of the genera: Sinapis, Lepidium, Galium, Stellaria, Matricaria, Authemis,
Galinsoga, Chenopodium, Urtica, Senecio, Amaranthus, Portulaca, Xanthium,
Convelvulus, Ipomoea, Polygomusn, Sesbania, Ambrosia, Cirsium, Carduus, Sonchus,
Sclanum, Rorippa, Rotala, Lindernia, Lamium, Veronica, Abutilon, Emex, Datura,
Viola, Galeopsis, Papaver, Centaurea, Trifolium, Ranunculus, and Taraxacum.

Monocotyledonous weeds include, but are not limited to, weads of of the genera:
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Fchinochloa, Setaria, Panicuimn, Digitaria, Phleum, Poa, Festuca, Eleusine, Brachiaria,
Lolium, Bromus, Avena, Cyperus, Sorghum, Agropyron, Cynodon, Monochoris,
Fimbristyslis, Sagittaria, Eleocharis, Scirpus, Paspalum, Ischaemum, Sphenoclea,
Dactyloctenium, Agrostis, Alopecurus, and Apera.

In addition, the weeds of the present invention can include, for example, crop
plants that are growing in an undesired location. For example, a volunteer maize
plant that is in a field that predominantly comprises soybean plants can be considered
a weed, if the maize plant is undesired in the field of soybean plants.

The articles "a" and "an” are used herein to refer to one or more than one {i.e.,
to at least one) of the grammatical object of the article. By way of example, "an
element” means one or more elements.

As used herein, the word "comprising,” or variations such as "comprises” or
"comprising,” will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other
glement, integer or step, or group of elements, integers or steps.

The following examples are offered by way of illustration and not by way of
limitation. Any variations in the exemplified methods that occur to the skilled artisan

are intended to fall within the scope of the present invention.

Example 1

Yectors containing drabidopsis AHASL mutant genes

The entire Xbal fragment of Arabidopsis thaliana genomic DNA that contains
the entire AHAS large subunit gene with some additional DNA, inclusive of the Xbal
sites at the 5' and 3' ends is set forth in SEQ 1D NO: 34 (AtAHASL). Bases 2484 to
4496 of SEG ID NO: 34 encompass the coding scquence of the Arabidopsis thaliona
AHAS large subunit gene serine 653 to threonine mutant allele, inclusive of the stop
codon shown in SEQ ID NO: 30. A smaller genomic fragment of the drabidopsis
thatiana AHAS large subunit gene serine 653 to threonine mutant allele shown in
SEQ ID NO: 33, encompassed in bases 2484 to 5717 of SEQ ID NO: 34, includes the
coding sequence and the 3" end, up 1o and including the 3' end Xbal site, with the first

two bases of the Neol site found at the start codon of AtAHASL left off for clarity.
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The DNA fragment of SEQ ID NO: 33 encoding the full-length Arabidopsis
AHASL single mutation S653N and 3' untransiated region was cloned nto pKK233-2
to yield the vector designated AET for expression and testing in £. coli. (pKX233-2,
bacterial expression vector, Pharmacia, GenBank Accession No. X70478). Vectors
AE? through AEY were generaled from AE] by mutagenesis and standard cloning
procedures. Figure 4 shows the map of the AE] base vector, with positions of
mutations indicated.

Vector APT (Figure 3) is a plant transformation veetor that includes a genomic
fragment of Arabidopsis thaliona DNA that includes the AtAHASL gene with the
single S653N routation (SEQ 1D N(G:34). The DNA fragment as shown in SEQ [D
NG: 34 was cloned into AP1 in the reverse-complement orientation. Vectors AP2-
APT were generated from AP and the AE plasnmuds using standard cloning
procedures and differ only by mutations as indicated in Table 1. For convenlence in
cloning, different fragments were used to generate APG and AP7, compared to AP2-
AP35, Thus, AP6 and AP7 are 47 base pairs shorter than APL-APS . This difference is
in the plasmid backbone and not the Arabidepsis thaliana genomic fragment.

Vectors AETD through AE24 were made as follows. The wild type
Arabidopsis thaliana AHASR large subunit gene was amplified under mutagenic
conditions using the Genemorph 1] randorm mutagenesis kit (Stratagene, La Jolla,
California), resulting in randomly mutagenized amplificd DNA fragments of this
gene. This mutant DNA was then cloned back into AE7, replacing the wild type 4.
thaliona large subunit gene {between the unigue Sacll and Agel sites on AE7} with
the mutagenized forms. This DNA was transformed into £, cofi strain TOP 10 and
selected on LB agar medium in such a fashion as to have g large number of unigue
transtormants, each with independent, mutagenized AHAS genes. These colonies
were scraped together and plasmid DNA was prepared from this entire primary
fibrary. This DNA was transformed into AHAS minus £, codf and again selected on
LB agar media with carbeniciliin. Plasmid positive colonies from this step were
replica plated using velvetoen onto minimal agar medium without branched chain
amino acids and containing 30-micromolar imazethapyr. Those colonies that grew on
this selective media possessed a functional 4. thallane AHAS mutant gene that was

also imidazolinone tolerant.
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The DNA sequence of the 4. thaliana AHAS large subunit gene was
determined for each of the growth positive colonies. No effort was made to determine
the sequence of the 4. thaliana AHAS large subunit genes that did not confer growth
on the selective media. Because the AHAS function and imidazolinone tolerance
screen was on a secondary library, replicates of the same mutations were found, as
determined by DNA sequence analysis. Only one clone of each was advanced for

testing on increasing imidazolinone concentrations and inclusion in Table 1.
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Table ¥
E. cnli Transgenic Plant |
Arubidopsis Imazethapyr Tolerance: X-fold =
E. coli | Transformation Tolerance improvement over '
Plasmid Yeetor® Mutations Score AP1®approximate)
AEL APY S633N + NA
AE2 APZ AL22T & S6353N ++ 16
AE3 AP3 P1973 & S653N + 2
AI22T, RISVA, & MA 18
AE4 APS S653N
AES AP4 RI99A, & S653N 4 1.3
AR2IT,PIO7S, & MNA g
AED APS SH3IN
AET7 Wild type - {IN} A
AEE APG A127T and R1994 At 2
AEY AP7 ALZZT and PI97S NA 8
A122T, S57R and At MA
AE10 53981
AELL A122T and V1391 - DA
AELZ A122T and Q269H + MNA
AEL3 A122T and K416M ++ NA
AEL4 ALVZIT and L4261 bt MA
AELS ALZET and A430V i WA
ALELS AL22T and N4421 ++ NA
AETT A122T and N4451 et MNA
AELR ALZZT and N443D it WA
AELY Al122T and K5380E Akt NA
AYZET, V4390, + MNA
AEZD D595G, and S653KN
AEZ1 P1975 and D375N +++ A
AR22 | D375N untested’ NA
D375N, K83R, V2541,
AEZ3 M277L and D3ISY + WA
QO5L, K416E, and
AEZ4 SE33N + WA

" List of vectors for expression of AtAHASL2 in £, coli (AR plasmids)

and for plant transformation plasmids (AP plasmids). Mutations in each

vector are indicated relative to SEQ 1D NO: 1.

o]
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A simple single, double or triple plus system, +, ++, or +++ for
respectively increasing volony size, was used to visually score the tolerance of
the drabidopsis AHAS function in AHAS minus E. coli containing the AE
plasraids in the presence of the AHAS inhibitor imazethapyr. A "-", indicates
there was no growth, meaning the mutation combination caused an inactive
protein or there was no tolerance for imazethapyr at the selected rate. IN
means inactive protein, while NT means not imidazolinone tolerant, NA
means no data available (not tested).

T Not tested compared to S653N, fact of tolerance determined by
screening protocol.

2 For transgeme planis comprising the AP1 vector, 18.75 pM
imazethapyr was the highest concentration which allowed good growth of the
plants in the microtiter format plates. This concentration was used as the basis

for determining X-fold improvement over AP1.

Example 2

Vectors containing Zen mays AHASL mutant genes

The Zea mays AHASL2 gene (SEQ 1D NO: 29) was cloned into the bacterial
expression vector pTreHis A (Invitrogen Corporation, Carlsbad, CA}, fused to the
vector tag and transtational start site, beginning with base 160 of SEQ ID NO: 29,
Mutagenesis and subcloning procedures were utilized to create vectors 2E2Z, ZES,
7E6, and ZE7 using ZE1 as a base vector. Subcloning procedures were used to make
ZE3 from ZE1, which is the maize AHASL2 gene fused 1o the vector tag and
translational start site of pTrcHis A, beginning with base 121 of SEQ 1D NO: 25,
Since no functional difference was noted in £, coff between ZE1 or ZE3, standard
mutagenesis and subcloning procedures were utilized fo create vectors ZE4 and ZES
through ZE22 using ZE3 as a base vector.

A plant transformation vector with an expression cassette comprising the
matze ubigquitin promoter in combination with a polynucleotide encoding the maize
AHASL2 $653N mutant was prepared using standard methods and designated ZP1

{Figure 7). To produce plant transformation vectors for expression of the other
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AHASL mutants, standard cloning techniques were used to replace polynucieotide
segments of ZP1 with polynucleotide fragments of the ZE vectors encoding the
mtations.

Vectors ZE23 through ZE38 were made as follows. Vector ZE3 was
subjected to saturating site directed mutagenesis using the QuikChange® Multi Site
Directed Mutagenesis Kit (Stratagene, La Jolla, California) following the "General
Guidelines for Creating Engineered Mutant Clone™ Collections” appendix protocol.
Mutagenic oligomucleotides that would generate all possible codons at the critical
sites of the maizg AHAS large subunit were used in various combinations (o create a
collection of mutants with substitutions at residues ASG, M92, P165, R167, 5621, and
G622, The muiant collection plasmids were transformed into AHAS deficient £, eoli
and plated on LB agar medium supplemented with 100 ug per liter of carbenicillin.
Colonies from this were picked into M9 salts at Ix concentration (for an isotonic
buffer} n microtiter plates and then replica plated on munimal agar mediom withow
branched chain amine acids and containing 150 micromolar imazethapyr. Those
colonies that grew on this sclective media possessed a functionsl majze AHAS mutant
gene that wag also imidazolinone tolerant,

The DNA sequence of the maize AHAS large subunit gene was determined for
each of the growth positive colonies. No effort was made to determine the sequence
of the maize AHAS large subunit genes that did not confer growth on the selective

media.
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Table 2
E. ool . Mi‘“m , L E. coli Imidazolinone Miﬁ!?:ﬁ th}ia
Plasmid’ Trags{furmgtwn Mutations Tolerance Srore™ Plant T olf.%ame
Yector Beore’
ZEL - S621N + MNA
LEZ - wild type ~{NT) WA
L83 - wild tyne - {WTY Na
ZE4 Zel S621M + +
ZES - W421, 821N - (I} MNa
ZEG ZP4 P163s, B621N + +
ZE7 - W5421 - {WT) PA
ZEE - MOIE, S821N - {13 WA
ZES ZBa RI&TS, 8621N et e
ZEID P2 ASOT S6ZIN ot e
ZEL} 2ZP3 ABQT, B1675, B621IN bt At
ZELZ ZP9 MOZE, S621N et At
ZEL3 - RISTA, 621N NA PLA
ZEl4 - AL73V,5621IN ot A
ZEiS ZP% ASHT, MO2T b e
AL ZPI0 ABOT, MOZE NA A
ZE1T AYS AT RIGTA bt At
ZEL8 Pi655 - {MT} MA
ZELD - Pi63S, RI167A - {MTY PLA
2E20 - T171, 56210 + A
ZE21 ZB7 ASQT 44 .
ZE22 - ABOT, P165S e MNA
ZE23 ZP11 ASGO bt bt
ZE24 ZP12 ADO(, MO2L ++ et
ZE25 - AS0Q, M921 e NA
ZE26 - ASDC G PiA
ZE27 - ASOM, MOZT + MNA
ZEZ% - PIGSE, RI6TF - {NTY MA
ZE2G - P16V, RI167A - {NT} WA
ZE30 - PiasE, RIGTT + +
ZE3Y - P16AL B167D ~ (I} TLA
ZE32 - Pi65L RISTE + WA
ZE33 - MO2E PI6SE, RIGTA - {NTY MNaA
ZE34 - AS0M, PI163R, RIG7C - {IN} A
ZE3S - MOIN, 56214 e WA
X PIGES, RI6THN, S621Y, oo MNa
£E30 ) G622D
ZE3T - S621%W +4t Ma
ATEY. - P1653S, R1670C, Wa42M g A
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" List of vectors for expression of ZmAHASL2 in E. cali (ZB
plasmids) and for plant transformation plasmids (ZP plasmids). Mutations in
each vector are indicated relative to SEQ 1D NO: 2,

A simple single, double or triple plus systern, +, ++, or +++ for
respectively increasing colony size, was used to visually score the tolerance of
the maize AHAS function in AHAS minus E. coli containing the ZF plasnuids
in the presence of the AHAS inhibilor imazethapyr. A "-", indicates there was
no growth, meaning the mutation combination caused an inactive protein or
there was no tolerance for imazethapyr af the selected rate. IN means inactive
protein, while NT means not imidazolinone tolerant. NA means no data
available (not tested).

€ The maize whole plant tolerance scores are based on combined
results from tesis conducted in the greenhouse and at multiple Gield sites over
several growing seasons. The scoring system for the maize whole plant
tolerance was the same as described above for the £ cofi imidazolinone
rolerance. Note that all ZP constructs with -+++ scores are tolerant to more
than three thousand grams irmaramox per hectare, which represents the highest

tested spray rate,

Example 3

E. caff Complementation Assay

E. coli strain IMC1 (genotype [[vB1201 ivHIZ202 rbs-221 ara thi delta(pro-
lac) recA58 sriC300: Tnl 0, DERsdR)::Cat) is a koockout for all copies of iVG of
the native £, coli AHASL gene. This strain can only grow on minimal growth
medium lacking leucine, isoleucine, and valine if AHASL is complemenied by an
exogenous AHASL gene {see Singh, e/ af (1992) Plant Physiol. 99, 812-816; Smith,
et af. (1989) Proo. Nai#l Acad. Sei, USA 86, 4179-4183). This E. coli
complementation assay was uscd to screen for AITASL enzyme activity and herbicide
tolerance encoded by the AE and ZE vectors in the absence and presence of the
imidazolinone herbicide Pursuit™ (imsazethapyr, BASF Corporation, Flotham Park,
DI
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Example 4

Biochemical Characterization

Based on growth during complementation testing or simple activity tests,
certain of the ZE series of vectors were used for AHAS biochemical assay inhibition
testing in crude E. coli lysates. A 2-4 mi culture of LB containing 30 pg/ml
carbenicillin (LB-carb) was inoculated with a single colony of IMC1 transformed
with the ZE vector 1o be tested and incubated overnight at 37°C with shaking. The
following moming, 0.5-1 m! of overnight culture was used to inoculate 20 mi of LB-
carb, which was incubated at 37°C with shaking until the culture optical density (0D}
at 600 nm was approximately 0.6 to 0.8 OD unuts. Isopropyl-1 -thio-beta D-
galactopyranoside (IPTG) was added to a concentration of 0.1 mM and the cultures
incubated with shaking for 1-1.5 howrs, The culture was centrifuged to pellet the cells
and the supernatani discarded. The cell pellet was lysed with AHAS assay buffer (as
in Singh ef al. (1988) dnal. Biochem. 171:173-179) supplemented with 10 mg/mi
tysozyme and subjected to brief sonication. The insoluble fraction was pelleted by
centrifugation and the supematant used in an assay for AHAS activity, At each
concentration of imazethapyr inhibitor used, the activity was compared to an
uninhibited control of the same ZE mutant. This resulis in a "percent of control”

measurement.

Example 5

Plant Transformation

The AP vectors were transformed into 4. #haliana ecotype Col-2. The T1
sseds were selected for transformation on plates with 100 nM Pursuit® as the selective
agent. T2 seeds from approximately twenty independent transformation events (lines)
were plated on M8 agar with increasing Pursuit® concentrations, to score increases in
tolerance compared to AP1. The vectors were scored by comparison of the highest
concentrations of Pursuit® havin g uninhibited growth of seedlings by visual
examination. The results of the drabidopsis transformation experiments are shown in

Tabla L.
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Seeds from several lines of Arabidopsis were tested by a vertical plate growth
assay. A plate with standard Murashige and Skoog semiselid media containing 37.5
micromolar Pursuit (imazethapyr) was spotted with several seeds in 0.1% agarose.
The plate was held vertically, so that the oots would grow along the agar surface.
The seeds used were: 1) wild type ecotype Columbia 2; 2) the csrl-2 mutant
(homozvgous for the AtAHASL S853N mutation in the genomic copy of the AHAS
large subunit gene); 3) Columbia 2 transformed with AP1; 4) Columbia 2 transformed
with AP7; 53 Cohurnbia 2 transformed with AP2. Note that numbers 2 and 3 are
roughly equivalent in terms of probable tolerance, as the AP plants are transformed
with a clone of the genomic Xbal fragment of csrl-2 (SEQ I NO: 34). At this
concentration of imazethapyr, the wild type scedlings failed to germinate, the single
mutant plants {csr1-2 and AP transformants) barely germinated. AP7 and APZ
produced good tolerant growth, although the AP7 plants appear to have slightly less
root growth. Note that all lines germinated and grew well on media without
imazethapyr. The results of the vertical plate growth assay are depicted in Figure 10.

2P constructs were introduced into maize immature embryos via
Agrobacterium-mediated {transformation. Transtormed cells were selected on
selection media supplemented with 0.75 M Pursuit® for 3-4 weeks. Transgenic
plantlets were regencrated on plant regeneration media supplemented with 0.75 gM
Pursuit®, Transgenic plantlets were rooted in the presence of 0.5 M Pursuit”.
Transgenic plants were subjected to TagMan analysis for the presence of the
transgene before heing transplanted to potting mixture and grown to maturity in
greenhouse. The resulis of the maize transformation experiments are shown in Table
2. Maize plants transformed with the ZP construets were sprayed with varying rates
of imazamox, in several field locations and in the greenhouse. The relative ratings of

the 7P constructs’ whole plant test data are summarized in Table 2.



16 Dec 2013

2013270631

15

20

Example 6
Expression of AtAHASL Mutant Genes in Soybean

Vectors were prepared for expressing the AtAHASK genes in transformed
soybean plants. Vectors AUPZ and AUP3 were made by cloning a polymerase chain
reaction product of the parsley ubiguitin promoter, amplified to incorporate sites for
the Asp718 and Neol restriction enzymes, digested and ligated into the same sites of
APZ2 and AP3 by standard cloning techniques (see, Figures 11 and 12). AUP2
encodes an AtAHASL protein with the A122T and 3653N mutations, and AUP3
encodes an AtAHASL protein with the A122T and S653N mutations. Vector BAP!
was made by cloning the entire promoter, coding sequence and 3-untranslated region
sequence of AP1 into a standard dicot transformation backbone containing the BAR
selectable marker expression casseite, by standard blunt-ended cloning techniques.

Constructs AP2, AUP2, and AUP3 were introduced into soybean's axillary
meristem cells at the primary node of seedling explants via Agrobacierium-mediated
transformation. Afler inoculation and co-cultivation with dgrobacteria, the explants
were transferred to shoot induction media without selection for one week. The
explanis were subsequently transferred to a shoot induction medium with 5 pM
imazapyr (Arsenal) for 3 weeks to select for transformed cefls. Explants with healthy
callus/shoot pads at the primary node wers then transferred to shoot elongation
medium containing 3 pM imazapyr until a shoot elongated or the explant died.
Transgenic plantlets were rooted, transplanted to potting mixture, subjected to
TaqMan analysis for the presence of the trangene, and then grown to maturity in
greenhouse. Construct BAP1 was used to produce transformed soybean plants in a
like manner, except that the selection agent was BASTAL

The transformed sovbean plants were tested for herbicide tolerance in both
greenhouse and field studies, For the field study, imazapyr was applied at a rate of
300 g aisha at V3 stage. For the greenhouse study, imazapyr was applied at about the

V32 stage. The results of these studies are summarized in Table 3.

-3
Ve



16 Dec 2013

2013270631

Table 3

. Maximum Field
e . Transformation - -
Transformation) |, Greenhouse Tolerance
e Yector, Parsley . . ‘
YVector, Native|_ . .. Muiations Tolerance {grams | {grams
L . [Ubiguitin promoten ) )
Arabidopsis Imazapyr per | Imazapyr
promoter hectare) per hectare)
BAP1 S653N 500 NA
, o crenny | AP2-1000, (APZ-NA
j ; T ~y !}P [anl o %" 1 s -
AP2 AUP2 AL22T & B653N AUP2 - 1500 AE;;% -
ALUR3 PI97S & 86353 NA 3007

" BAP1 (figure 12) was transformed using the BAR gene for selection,
as imazapyr selection in soybeans with the S633N mutation alone has not been
optimized.

** Some ingury compared to AUP2

Exaraple 7

Transformant Sclection

The polynucisotides generated by the invention roay be used as selectable
markers for plani transformation. The polynucleotides generated by the invention
may be used as selectable markers to identify and/or select transformed plants which
may comprise addifional genes of interest. Plants or plant cells transformed with
veotors containing the multiple mutant forms of the AHAS large subunit genes can be
selected from non-transformed plants or plant cells by plating on minimal media, such
as M3 media, which incorporate AHAS inhibitors or AHAS inhibiting bherbicides,
such as imidazolinoncs. The transformed plants or tissues will be able to continoe
growing in the presence of these inhibitors, while the untransformed plants or tissues
will die. In the case of transformed Hssues, since the non-transformed tissues may
receive branched chain aning acids from the transformed tissues, the actively
growing tissues are removed from the slower growing or dying tissues and replated on

selective media.
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Whole plants may alss be selected by planting the seeds and waiting for
germination and seedling growth, followed by spraying the seedlings with AHAS
inhihitors or AHAS inhibiting herbicides, such as imidazolinones. The transformed

plants will survive while the untransformed plants will be killed.

Example 8

Field Trials with Transformed Maize

Field trials were conducted to assess whether or not maize plants transformed
with one of the vectors comprising AHASL double and triple mutants displayed any
gross physiological or reproductive affects with and without an 1mazamox

application.

Materials and Methods

Source of Test Material

The genetically modified organism was produced by transforming corn inbred
I533. F1 hybrid seed from 8 vector constructs were produced using TR3733 as an
inbred male tester. The vector construets are described in Table 4. Seed for the trial
were produced in an isolated crossing block on the island of Kauai, Hawail. USA
during the 2006-2007 contraseason. Subsamples of each F1 hybrid produced were
analyzed for the presence of the correct vector construct and absence of adventitious
presence of other AHASL contructs.

Nontransformed comumercial hybrids were purchased from Midwest USA com
seed companies and analyzed to confirm the absence of any adventitious presence of

other AHASL conirucis.

81



16 Dec 2013

2013270631

16

15

Table d

Construct pZr UBIL+ Lic-ZmAHAS L2:-ZmAHAS L2 Mutations

{at Designation}

1 P1978

2 Al122T, R199A

3 AY22T

4 A1Z2T, M1241

5 M124[, S653N

6 AY22T, S653N

7 AT22T, R199S, S653N

& S653N

Frial Methodology

Trial design was a Split Plot in a Randomized Complete Block Design, with
the main plot being an herbicide treatment, and the sub plot being an F1 hybrid entry.
The herbicide treatments included 1) unireated and 2} imazamox applied at 150
gai/ha. The F1 hybrid entries included 29 events from 8 vector constructs and 4 non-
transformed comanercial hybrids (33951R from Pionger Hi-Bred International, Inc,
Johmston, 1A, USA; and 8342GLE/T, 854617, and 8390IT from Garst Seed Co., Inc,
Slater, IA. USA). Plot size was 2 rows: row width 2.5 feet; row length 20 feet. Each
ireatment combination had 4 replications. The trial was planted at three locations,
These locations were: Ames, [A, USA; Estherville, IA, USA; and York, NE, USA.

All trials were planted during May 2007,

Location condifions
The Ames, 1A location was in a corn-after-corn rotation which may have had
some impact on uniformity of emergence and early growth as significant amounis of

corn residue were present at planting. No major influences on the crop due to

oy
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weather, disease or insects were noted. The Estherville, IA site received heavy rain
driven by 70 mph wind gusts and sustained winds of around 40 mph on July 16, Root
lodging was observed in essentially every plot. No major influences on the crop due
o disease or insects were noted. The York, NE site received above-normal rainfall in

May, July and August and no major insect or disease issues were noted.

Fesults and Discussion

Data analyses combined across three locations resulted in one vector construct
with a significant yield decrease (p <0.05) when comparing yield with or without the
imazamox herbicide application (Table 5). One vector constroet had a significant
yield increase when treated with the imazamox application. Other agronomic
characteristics were also collected from the three trial locations, and no significant
differences were detected within a construct when treated or untreated with imazamox
for the traits plant height, ear height, stalk lodging and root lodging (data not shown).

The objective of the trial was to identify if an herbicide application of
imazamox applied to vector constructs that have been optimized to provide improved
herbicide tolerance to imazamex would result in gross, or obvious, physiological or
reproductive affects, primarily yield. Only one vector construct {Construct 1, single
mutant, P197L) had a significant {p <0.05) negative response for grain yield when
treated with imazamox. The remaining seven vector constructs exhibited no adverse
physiological or reproductive affects in the presence or absence of the herbicide
imazamox, The results of these field trials demonstrate the excellent agronomic
potential of maize plants transformed with a vector comprising either an AHASL

double or triple mutant.
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Table 5

Yield (bu/A)
Drescription Herbicide (H) Mon-herbicide (NH)
Construct # Mean oy Mean o= {05 J— p-

Event G.05 {H/NH)% value

1 4 160.68 B 175.58 BC 91.51 $.003

2 4 176.72 AB 177.65 ABC 99.81 0.94

3 4 180.59 A 178.02 AB 100.87 0.74

4 4 173.57 AB 163.79 C 105.97 G.i1
5 4 173.87 AB 180.84 AB 96.14 0.10

6 4 188.02 A 178.65 AB 105.24 0.04

7 i 187.45 AB 189.03 AB 99.16 0.88

& 4 183,14 A 177.54 ABC 103.15 0.27
33951R 168.03 AB 76.89 ABC 94 96 0.69
839017 181.92 AB EQ7Y5” 777777 A 92.08 0.04
3854617 174.94 AB 186.74 AB 93.68 0,40
GE342GLSAT 180.14 AB 177.53 ABC 101.47 .84

All publications and patent applications mentioned in the specification are

indicative of the lovel of those skilled in the art to which this invention pertains, All

publications and patent applications are herein incorporated by refercnce to the same

extent as if each individual publication or patent application was specificaily and

individually indicated to be incorporated by reference.
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Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be obvicus
that certain changes and modifications may be practiced within the scope of the

appended claims.
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inherited by progeny thereof. By "transient transformation” is intended that a
polypucleotide construct introduced into a plant does not integrate into the genome of
the plant.

For the transformation of plants and plant cells, the nucleotide sequences of
the invention are inserted using standard techniques inte any vector known in the art
that is suitable for expression of the nucleotide sequences in a plant or plant cell. The
selection of the vector depends on the preferred transformation technique and the
target plant species to be transformed. In an embodiment of the invention, an AHASL
nucleotide sequence is operably linked to a plant promoter that is known for high-
ievel expression in a plant cell, and this construct is then introduced into a plant that is
susceptible to an imidazolinone or sulfonylurea herbicide and a transformed plant is
regenerated. The transformed plant is tolerant to exposure to a level of an
imidazolinone or sulfonylurea herbicide that would kill or significantly injure an
untransformed plant. This method can be applied to any plant species; bowever, it is
most beneficial when applied to crop plants,

Methodologies for constructing plant expression casseties and introducing
foreign nucleic acids into plants are generally known in the art and have been
previously described. For example, foreign DNA can be introduced into plants, using
tumor-inducing (Ti) plasmid vectors. Agrobacterium based transformation techniques
are well known in the art. The Agrobacterium strain (e.g., Agrobacterium tumefaciens
or Agrobacterium rhizogenes) comprises a plasmid {Ti or Ri plasmid) and a T-DNA
element which is transferred to the plant following infection with Agrobacterium. The
T-DNA (transferred DNA) is integrated into the genome of the plant cell. The T-DNA
may be localized on the Ri~ or Ti-plasmid or is separately comprised in a so-called
binary vector. Methods for the Agrobacterium-mediated transformation are described,
for example, in Horsch RB ef al. {(1985) Science 225:12291. The Agrobacterium-
mediated transformation can be used in both dicotyledonous plants and
monoecotyledonous plants. The transformation of plants by dgrebacteria is described
in White FF, Vectors for Gene Transfer in Higher Plants; Vol. 1, Engineering and
Utilization, edited by $.D. Kung and R. Wu, Academic Press, 1993, pp. 15 - 38; Jenes
B et al. (1993) Technigues for Gene Transfer, in: Transgenic Plants, Vol. 1,
Engineering and Utilization, edited by S.D. Kung and R. Wu, Academic Press, pp.
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128-143; Potrykus (1991) dnnue Rev Plant Physiol Plant Molec Biol 42:205- 223.
(ther methods utilized for foreign DNA delivery involve the use of PEG mediated
protoplast transformation, electroporation, microinjection whiskers, and biolistics or
microprojectile bombardment for direct DNA uptake. Such methods are known in the
art. {ULS, Pat. No. 5,405,763 to Vasil ef af; Bilang ef gl (1991) Gene 100: 247-250;
Scheid ef af, (1991) Mol Gen. Genet., 228: 104-112; Guerche et ol (1987) Plant
Science 521 111-116; Neuhause et al. (1987} Theor, App! Genet. 75: 30-36; Klein ef
al. (1987} Narture 327: 70-73; Howell et al. (1980} Science 208:1265; Horsch ef af.
(1983} Science 227: 1229-1231; DeBlock ef al. (1989} Plant Physiology 91: 694-701;
Methods for Plani Molecular Biology (Weissbach and Weissbach, eds.} Academic
Press, Inc. {1988} and Methods in Plant Molecular Bivlegy (Schuler and Zielinski,
eds.} Academic Press, Inc. (1989). The method of transformation depends upon the
plant cell to be transformed, stability of vectors used, expression level of gene
products and other parameters.

Other suitable methods of introducing nucleotide seguences into plant cells
and subsequent inserfion into the plant genome inchide microinjection as Crossway ef
al. {1986) Ristechniques 4:32(-334, electroporation as described by Riges et ol.
{1986} Proc. Natl, Acad, Sci, US4 83:5602-5606, Agrobacterium-mediated
transformation as described by Townsend et af, U.S. Patent Wo. 5,563,055, Zhao et af.
U.5. Patent No. 5,981,840, direct gene transfer as described by Paszkowski e al.
(1984 EMBC J. 3:2717-2722, and ballistic particle acceleration as described in, for
example, Sanford e¢f «f U.S. Patent Neo. 4,945,050; Tomes ef @l U5, Patent No.
5,879,918; Toraes ef o, 1.S. Patent No. 5,886,244; Bidney e of. 1.5, Patent No.
5,032,782 Toraes ef ol (1993) "Direct DNA Transfer into Intact Plant Cells via
Microprojectile Bombardment,” in Plant Celi, Tissue, and Organ Culture:
Fundamental Methods, ed. Gamborg and Phillips (Springer-Verlag, Berlind; McCabe
ef al. (1988) Biotechnology 6:923-926); and Lecl transformation (WO 00/28058).
Also see, Weissinger ef al. (1988} Ann. Rev. Genet. 22:421-477; Sanford et af. {1987)
Partioulate Science and Technology 5:27-37 {onion); Christou ef al. (1988) Plant
Physiol. 87:671-674 {(soybean); McCabe et of (1988) Bio/Technology 6:923-026
{soybean); Finer and McMullen (1991} In Vitro Cell Dev. Biol. 27P:175-182
{soybean}; Singh ef g, (1998) Theor. Appl. Genet. 86:319-324 (soybeany, Datta ef gl

88
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An isolated polynucleotide encoding an acetohydroxyacid synthase large subunit
(AHASL) polypeptide having a glutamine substitution at a position corresponding to
position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2.

2. An isolated polynucleotide encoding an acetohydroxyacid synthase large subunit
(AHASL) amino acid-substituted polypeptide selected from:

a) a polypeptide having a glutamine substitution at a position corresponding
to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and a glutamic acid,
valine, tryptophan, or tyrosine substitution at a position corresponding to position 197 of
SEQ ID NO:1 or position 165 of SEQ ID NO:2;

b) a polypeptide having a glutamine substitution at a position corresponding
to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and a cysteine, glutamic
acid, arginine, threonine, tryptophan, or tyrosine substitution at a position corresponding
to position 205 of SEQ ID NO:1 or position 173 of SEQ ID NO:2; or

c) a polypeptide having a glutamine substitution at a position corresponding
to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and a glycine, alanine,
valine, isoleucine, methionine, phenylalanine, proline, serine, threonine, cysteine,
tyrosine, asparagine, glutamine, aspartic acid, glutamic acid, lysine, arginine, or histidine
substitution at a position corresponding to position 574 of SEQ ID NO:1 or position 542
of SEQ ID NO:2.

3. An isolated polynucleotide encoding an acetohydroxyacid synthase large subunit
(AHASL) amino acid-substituted polypeptide having a glutamine substitution at a
position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2, a
serine, alanine, glutamic acid, leucine, glutamine, arginine, valine, tryptophan, tyrosine, or
isoleucine substitution at a position corresponding to position 197 of SEQ ID NO:1 or
position 165 of SEQ ID NO:2, and an alanine, glutamic acid, serine, phenylalanine,
threonine, aspartic acid, cysteine, or asparagine substitution at a position corresponding to

position 199 of SEQ ID NO:1 or position 167 of SEQ ID NO:2.
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4. The isolated polynucleotide of any one of claims 1 to 3, wherein said
polynucleotide is a polynucleotide of a plant selected from Arabidopsis thaliana, maize,
wheat, rye, oat, triticale, rice, barley, sorghum, millet, sugar beet, sugarcane, soybean,
peanut, cotton, rapeseed, canola, Brassica species, manihot, melon, squash, pepper,
sunflower, tagetes, solanaceous plants, potato, sweet potato, tobacco, eggplant, tomato,
Vicia species, pea, alfalfa, coffee, cacao, tea, Salix species, oil palm, coconut, perennial

grass, and forage crops.

5. An 1solated polynucleotide encoding an acetohydroxyacid synthase large subunit
(AHASL) amino acid-substituted polypeptide selected from:

a) a polypeptide having glutamine substitution at a position corresponding to
position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and a serine, alanine,
glutamic acid, leucine, glutamine, arginine, valine, tryptophan, tyrosine, or isoleucine
substitution at a position corresponding to position 197 of SEQ ID NO:1 or position 165
of SEQ ID NO:2;

b) a polypeptide having a glutamine substitution at a position corresponding
to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and a valine, cysteine,
aspartic, acid, glutamic acid, arginine, threonine, tryptophan, or tyrosine substitution at a
position corresponding to position 205 of SEQ ID NO:1 or position 173 of SEQ ID NO:2;
or

c) a polypeptide having a glutamine substitution at a position corresponding
to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and any amino acid
substitution at a position corresponding to position 574 of SEQ ID NO:1 or position 542
of SEQ ID NO:2,

wherein the isolated polynucleotide is a polynucleotide of a plant selected from
Arabidopsis thaliana, maize, rye, oat, triticale, rice, barley, sorghum, millet, sugar beet,
sugarcane, soybean, peanut, cotton, rapeseed, canola, Brassica species, manihot, melon,
squash, pepper, tagetes, solanaceous plants, potato, sweet potato, tobacco, eggplant,
tomato, Vicia species, pea, alfalfa, coffee, cacao, tea, Salix species, oil palm, coconut, and

perennial grass.

6. An expression vector comprising the polynucleotide of any one of claims 1-5.



21 Apr 2016

2013270631

90

7. A plant transformed with the expression vector of claim 6.

8. The plant of claim 7, wherein the plant is a monocot.

9. The plant of claim 7, wherein the plant is a dicot.

10. The plant of claim 7, wherein the plant is selected from Arabidopsis thaliana, maize,

wheat, rye, oat, triticale, rice, barley, sorghum, millet, sugarcane, soybean, sugar beet,
peanut, cotton, rapeseed, canola, Brassica species, manihot, melon, sunflower, squash,
pepper, tagetes, solanaceous plants, potato, sweet potato, tobacco, eggplant, tomato, Vicia
species, pea, alfalfa, coffee, cacao, tea, Salix species, oil palm, coconut, perennial grass, and

forage crops.

11. The plant of any one of claims 7-10, wherein expression of the polynucleotide in the
plant results in tolerance to an herbicide selected from the imidazolinones, the sulfonylureas,

the triazolopyrimidines, and the pyrimidinyloxybenzoates.

12. A seed of the plant of any one of claims 7-11, wherein the seed comprises the

polynucleotide.

13. A purified AHASL protein encoded by the polynucleotide of any one of claims 1-
5.

14. An 1isolated plant comprising a polynucleotide encoding an acetohydroxyacid
synthase large subunit (AHASL) polypeptide having a glutamine substitution at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2.

15. An isolated plant comprising:

a) a first polynucleotide encoding a first AHASL polypeptide having a first
amino acid substitution and a second polynucleotide encoding a second AHASL
polypeptide having a second amino acid substitution, or

b) a polynucleotide encoding an AHASL polypeptide having both said first
and second amino acid substitutions;

wherein said first and second substitutions are selected from:
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1) the first substitution being a glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being a glutamic acid, valine, tryptophan, or tyrosine for the amino
acid at a position corresponding to position 197 of SEQ ID NO:1 or position 165 of SEQ
1D NO:2;

11) the first substitution being glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being a cysteine, glutamic acid, arginine, threonine, tryptophan, or
tyrosine for the amino acid at a position corresponding to position 205 of SEQ ID NO:1 or
position 173 of SEQ ID NO:2; or

1i1) the first substitution being a glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being a glycine, alanine, valine, isoleucine, methionine,
phenylalanine, proline, serine, threonine, cysteine, tyrosine, asparagine, glutamine,
aspartic acid, glutamic acid, lysine, arginine, or histidine for the amino acid at a position

corresponding to position 574 of SEQ ID NO:1 or position 542 of SEQ ID NO:2.

16.  Anisolated plant comprising:

a) a first polynucleotide encoding a first AHASL polypeptide having a first
amino acid substitution, and a second polynucleotide encoding a second AHASL
polypeptide having second amino acid substitution and a third amino acid substitution;

b) a first polynucleotide encoding a first AHASL polypeptide having the first
amino acid substitution and the second amino acid substitution, and a second
polynucleotide encoding a second AHAASL polypeptide having the third amino acid
substitution;

c) a first polynucleotide encoding a first AHASL polypeptide having the first
amino acid substitution and the third amino acid substitution, and a second polynucleotide
encoding a second AHASL polypeptide having the second amino acid substitution; or

d) a polynucleotide encoding an AHASL polypeptide having the first, second,
and third amino acid substitutions;

wherein said first amino acid substitution is a glutamine, for the amino acid at a
position corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2,

said second amino acid substitution is a serine, alanine, glutamic acid, leucine, glutamine,
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arginine, valine, tryptophan, tyrosine, or isoleucine for the amino acid at a position
corresponding to position 197 of SEQ ID NO:1 or position 165 of SEQ ID NO:2, and said
third amino acid substitution is an alanine, glutamic acid, serine, phenylalanine, threonine,
aspartic acid, cysteine, or asparagine for the amino acid at a position corresponding to

position 199 of SEQ ID NO:1 or position 167 of SEQ ID NO:2.

17.  The isolated plant of any one of claims 14-16, wherein the plant is a monocot.
18. The 1solated plant of any one of claims 14-16, wherein the plant is a dicot.
19. The isolated plant of any one of claims 14-16, wherein said plant is selected from

Arabidopsis thaliana, maize, wheat, rye, oat, triticale, rice, barley, sorghum, millet, sugar
beet, sugarcane, soybean, peanut, cotton, rapeseed, canola, Brassica species, manihot,
melon, squash, pepper, sunflower, tagetes, solanaceous plants, potato, sweet potato,
tobacco, eggplant, tomato, Vicia species, pea, alfalfa, coffee, cacao, tea, Salix species, oil

palm, coconut, perennial grass, and forage crops.

20. An isolated plant comprising:

a) a first polynucleotide encoding a first AHASL polypeptide having a first
amino acid substitution and a second polynucleotide encoding a second AHASL
polypeptide having a second amino acid substitution, or

b) a polynucleotide encoding an AHASL polypeptide having both said first
and second amino acid substitutions;

wherein said first and second substitutions are selected from:

1) the first substitution being a glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being a serine, alanine, glutamic acid, leucine, glutamine, arginine,
valine, tryptophan, tyrosine, or isoleucine for the amino acid at a position corresponding
to position 197 of SEQ ID NO:1 or position 165 of SEQ ID NO:2;

ii) the first substitution being a glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the

second substitution being a valine, cysteine, aspartic acid, glutamic acid, arginine,
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threonine, tryptophan, or tyrosine for the amino acid at a position corresponding to
position 205 of SEQ ID NO:1 or position 173 of SEQ ID NO:2; or

111) the first substitution being a glutamine for the amino acid at a position
corresponding to position 122 of SEQ ID NO:1 or position 90 of SEQ ID NO:2 and the
second substitution being any amino acid for the amino acid at a position corresponding to
position 574 of SEQ ID NO:1 or position 542 of SEQ ID NO:2,

wherein the isolated plant is selected from Arabidopsis thaliana, maize, rye, oat,
triticale, rice, barley, sorghum, millet, sugar beet, sugarcane, soybean, peanut, cotton,
rapeseed, canola, Brassica species, manihot, melon, squash, pepper, tagetes, solanaceous
plants, potato, sweet potato, tobacco, eggplant, tomato, Vicia species, pea, alfalfa, coffee,

cacao, tea, Salix species, oil palm, coconut, and perennial grass.

21. A seed of the isolated plant of any one of claims 14-20, wherein the seed

comprises the AHASL-encoding polynucleotide(s).

22. A method for controlling weeds in a field, said method comprising:
growing, in a field, the isolated plant of any one of claims 7-11 and 14-20; and
contacting said plant and weeds in the field with an effective amount of an AHAS-

inhibiting herbicide to which the plant is tolerant, thereby controlling the weeds.

23. The method of claim 22, wherein the AHAS-inhibiting herbicide comprises one or
more of an imidazolinone herbicide, a sulfonylurea herbicide, a triazolopyrimidine

herbicide, and a pyrimidinyloxybenzoate herbicide.

24. The method of claim 23, wherein the AHAS-inhibiting herbicide comprises an

imidazolinone herbicide.

25.  The method of claim 24, wherein the imidazolinone herbicide comprises one or

more of imazethapyr, imazapic, imazamox, and imazapyr.

26. A method of producing a transgenic plant comprising the steps of:
transforming a plant cell with the expression vector of claim 6; and

regenerating from the plant cell a plant that expresses the AHASL polypeptide.
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27. A method of identifying or selecting a plant cell, plant tissue, plant seed, or plant
or part thereof comprising:

providing a plant cell, plant tissue, plant seed, or plant or part thereof, wherein said
plant cell, plant tissue, plant seed, or plant or part thereof comprises the polynucleotide of
any one of claims 1-5;

contacting the plant cell, plant tissue, plant seed, or plant or part thereof with at
least one AHAS-inhibiting compound; and

determining whether the plant cell, plant tissue, plant seed, or plant or part thereof
is affected by the AHAS-inhibiting compound, thereby identifying or selecting the plant

cell, plant tissue, plant seed, or plant or part thereof.

28. The method of claim 27, wherein the AHAS-inhibiting compound comprises one
or more of an imidazolinone herbicide, a sulfonylurea herbicide, a triazolopyrimidine

herbicide, and a pyrimidinyloxybenzoate herbicide.

29. The method of claim 28, wherein the AHAS-inhibiting compound comprises an

imidazolinone herbicide.

30. The method of claim 29, wherein the imidazolinone herbicide comprises one or

more of imazethapyr, imazapic, imazamox, and imazapyr.

31. A method for producing a herbicide-tolerant plant comprising crossing a first plant
that is resistant to a herbicide to a second plant that is not resistant to the herbicide,

wherein the first plant is the plant of any one of claims any one of claims 7-11 and 14-20.

32. The method of claim 31 further comprising selecting for a progeny plant that is

resistant to the herbicide.

33. A seed of the plant of any one of claims 7-11 and 14-20, wherein said seed is

treated with a seed treatment formulation.

34. The seed of claim 33, wherein the seed treatment formulation comprises an

AHAS-inhibiting herbicide.
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35.  The seed of claim 34, wherein the AHAS-inhibiting herbicide comprises one or
more of an imidazolinone herbicide, a sulfonylurea herbicide, a triazolopyrimidine

herbicide, and a pyrimidinyloxybenzoate herbicide.

36. The seed of claim 35, wherein the AHAS-inhibiting herbicide comprises an

imidazolinone herbicide.

37. The seed of claim 36, wherein the imidazolinone herbicide comprises one or more

of imazethapyr, imazapic, imazamox, and imazapyr.

38. A method for combating undesired vegetation comprising contacting, with an
AHAS-inhibiting herbicide, a seed of the plant of any one of claims 7-10 and 14-20

before sowing and/or after pregermination.

39. The method of claim 38, wherein the AHAS-inhibiting herbicide comprises one or
more of an imidazolinone herbicide, a sulfonylurea herbicide, a triazolopyrimidine

herbicide, and a pyrimidinyloxybenzoate herbicide.

40. The method of claim 40, wherein the AHAS-inhibiting herbicide comprises an

imidazolinone herbicide.

41.  The method of claim 41, wherein the imidazolinone herbicide comprises one or

more of imazethapyr, imazapic, imazamox, and imazapyr.

42. An agricultural product produced from the plant of any one of claims 7-10 and 14-

20 or the seed of any one of claims 12 and 21.

43. The agricultural product of claim 42, wherein the product is seed oil.

44. A method for identifying a plant according to any one of claims 7-10 and 14-20,
said method comprising:

(A) providing biological material from a plant,
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(B) performing PCR or hybridization testing of the AHASL genes in said
biological material to determine if the biological material comprises the polynucleotide(s)
of the plant of any one of claims 7-10 and 14-20, and

(C) identifying, based on the results of step (B), that the plant of step (A) is a plant

according to any one of claims 7-10 and 14-20

45.  The method of claim 44, wherein said biological material is a plant seed.

BASF PLANT SCIENCE GMBH

WATERMARK PATENT AND TRADE MARKS ATTORNEYS
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FIGURE | {(Sheet | of 2)

Fuli length arabidopsis AHAS with conceptual fransiation and relevant amino acids highlighted.
DNA numbering on the lef}, amino acid numbering on the right.

MethladladlaTh rThrtheThrThr Th x8erfargar ilede rPhederThrLyaPr oSerProSerSersar 25
3 ATCCORCCOECAAL ARDARCRACAACAAC ATCTTOTTOCATOTS CTTETCOACCARAGS AICICOLTROIECTO &

LysSerProleufr o1lederhrgPhzfe rlieuProfhelerhe uisnbrodsnlysse rerSerferferdr g 50
76 AMTCRCCATTACT ARTCTOCASATTOTC COTCOCATICTOCCT AMACCCCAACARRTT ATCOTLLTCOTONE GO

ArghrgGlyIlely sf8arSerSerProfe réarfleSeralave LlevasnTarTheTh rAsnvalTheTheThy 75
15 CQUCUCGETATCRAA ATCCAOCTOTCCOTE CYODATCTCOBCGT GCTCARACACRALCAC CARTOTCACAALCRE T

ProSerProThrly sProThriys ProflulhrPhelleferar gPheAlaProhspd InProferglysGliyk ia 100
236 CCCTCTCCARCOAR ACCTAUCARACLOBA BACATTCRTCTCC0E ATTCOCTOCAGATE RACOCCHOARRGRNG CT
KB3 P25

AsplleleuValSl uhlabeudluargl nGlyVsl@luThrVe LPhealaTyrProdl yEival aserMatiln 128
301 SATATCCTOBTOGR ACCTTTACRAACETCA AGCUSTAGAARCOCT ATTCCOTTAOCCIGE AGGTGEATCAATGEAN
ALZ2 wMiag

[ieRistindlale uThrArgferSerse rileArghanyal LeubProhvgHi sGlus 1nBlyGlyval Phekla 150
378 ATTCACCARGCCT TARCCCOUTOTTCCT CAATCCGTARS GTUUTTOCTOOTORCGARD ARESAGRTETATTCC CA
Wids

A1aGluGlyTyral shrgSersardlyly sProGiyIlelysIl eRlathrSertlyPr Gl yAlaThrasnhew 175
A51 GUAGAAGGATROGC TCRRATCCTCRAGETAM ACCAGGTATCTGTA TAGCCACTTCAGETS COBGABCTACARATC TC

ValZerglyLeual asspalaleulenAs piexrval Proleuva 1ALATaThGLyGL nval PYohryREgMet 200
526  CTTAGUGGATTAGC COXNDRCETTIETTAGH TAGTETTCCTOTIGT AGTARTCACRGEATR RETCCOTCGTCETATS
BLE7  RI9D

Ile@lyThraepd LabheGinsluThe ¥ vollevalGluvaly hrargsarlieThrl yalishenTyrieuy al 228
601 ATTGEGTACAGAT GLGTTTCARGAEACTT COATTOTTEAGET A CRCGTTCENPTACED ASCATARCTATOTIC TG

MataspValGiuas pIleProdrygXiell eGlutlualabherh sLoull aThrSerad. YAIGPTOGSIyBroval 258
&7 KIOGRTCIVGAAGA TATCOCTAGCATTAT I8 ASGARGCTTICTY TITABCTACTIOIAS TAGACCTGRACOTEL T

E;éwﬁia.spval ProlyshsplleSing InGlnhevalaliep m&sm‘meﬁélﬁﬁéﬁa mrglpéu?ié{: 1 ¥ "275 »
751 TTCOTTGAT GTTCUTAAAGRTATTUAAC ARCAGOTICOGATED CIAATTGEGAN CAGGCTATGAGRT TALDTG 6T
V254 QRES

TyxMetSerirge tProlysProfrotl whspleriisheusl uglnllevalirgle ulleSerGlusSeriya 100
828  TATRTGTCTAGGATGCCTAAMOTCCCEA MENIICICATITHRA GCAGATTETTAGET TEAT TICTGAGTCTA AG
277

LysProvallewly yValelyelyGlyCy sLheudsnSerSard spClulenGlyArgP heValGiuLewThes Ly 325
30 ABRGRCTETGTTOTA TETTOOTOGTEETIN 1T IGARTCOTAGT GATGANTTREETAGST TOEFIGAGITTACEE B3
D3 1S

flavrovalilage rThrleudetGivie uGlySecTyrProly sAsphspllubeuSe rieulisMetleutl v 350
976  ATCCCTUTTECRAS TACGTICATGRERGUT GEGR L TTATCCTTG YEATBATGAGTYSTC OTTACKTATGCITCS A

MatHisGlyThiVa ITyrhisisnTyral aValaduliisSerhs phenleuleuilarlh atlyValargfhehep 375
kN3 ATBCATGOGRCTST GTATCCAMITACGC TETGGAGCATAGTSA TTTCTTETIEECETT TEGHGTRAGCETTT A
2375

REpRrgValThre] ylysheuGlualaPh eRlagerhrghlaly sIlevVaiHisYlehs pilerspferhliaGly 400
1126 BRTCATETCACGOE TARGOTTORGEOT T IGCTAGTAECOUTAR CATTETICATRATTOA TATTCAD TOGACTOAG
Sagg

I1eGlyLysAsnly sThrProdisValSe r¥alCyaGlynapya 1 Lyslheuhlabeud InGlyketAsnlysVal ¢2%

1201 ATTGEEAKGAATR ABACTCCTCATIST CTOTGISTORTEATS TTARAGCTCOOT TG ARGGCATEARTARAS TT
K318

123
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LevGiudsnhrghlstlutlnbeuly sl enisy phadlyVal TrpArghsn@lulenAsnyaldlnhysGlnk ys
CTPCAGRACCIA BOGHARGREBETTAASE TIGATIITGEA BRTTCOAGE AATGRETTEAACCTACRCARACACA A
La26 ALY G V439 a4z W44 5

PhefroLeulSerbh eLysThrrheGlyG) ualallebroProSl ntyralallalysa 1LaudgpiiuleuTh s
PTTPCCCTTEAGLTT TAMACCTTTEGEG ARGUTATTCOTOCAC ACTHIGCGATTRAAGE T ATGRETTEA CY

AspRlyLysalsll eTlafecThrGlyVva 1GlvGlnHisGinte cTrphlaRlaginPh eTyrAmnTyrLysly 8
GATGGARRAGLCAT AATRAGTALTGETET COGCOABCATCARAT GTGRECGHCECAGTE CEACANTTACAAGAR &

ProRegBinTrpbe uBerSerGlydliyl euGlyAlakesSly? haSlyLeulProhAlad laliaGlyAlaserv¥al
CCARGETAGTOGLT ATCATCRGERSECCT TERAGCTRTEGGRTT TREACTTCOTECTEE GATTGGRAGITCIGT T

AlansnProaspAl allevalvalhspil easpGlyAsptlyse yPhalleMetAsnva 16asinleuhiaTh
GOTAACCOTBATOR GRTAGTTATCEATA TTEACGGACATEGRA SCTTTATAATGRATS TCCARIAGTTAGONS OT

LleargValGivhenleubroVallysys LLeuleulevhsnis nGinil sloutlyks tValatslnTopGln
RITOSTSTAGAGAA TCTTCCASTORAGET ACTTTTATTAARIAS CCAGUATCTTGOCAT GOTTATOCARTGEG AR
w574

AsphrgPheTyriyshlaianarghlal isThrPhelheudlya spProdlablin@lul spBlullePhefrok &
EATOGOTTCTACR ARGCTARCCGAGCTT ACACATTTLTORGEE AT COGANTCAGGASE ACGRGATATTCCOGA AT
X580 D585

MeltlauLeurPhaehl ahlanlatysGlyYl «ProRladladrgvs IThriyshyshlsds plaudrgGluklall @
ATETTECTATTTEC AGUAGCTTEOEEAT TECAGUOEOIAGEST SACAAAGRARGCREGA TRTCCGAGABGTTAT T

GinThrMetLeuhs pThrProGlyPraTy yhesleudspValll eCysProlisd@indl uiisVal LeyProMe &
CRGACAATICTEOR TACACCASEALCTTA COTGTTIGATOISAT TTRTLCCCACCA ASA ACATETETIGCCOAT 8

IierrofaxdlyBlyThrihafsnAspV al 10eThebluGlyvh spGlyhrgTieLyaT yrvee

RPCCOGAYTGGTISOCACTITOAACCATS TOATARCGOARGERS ATCCCCGEATTAMAT ACTGA
8553 /0654

2423

PCTAUS2008/059287

475

S0

525

30]

625

[3:14]
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Full longth mialze AHAS with conceptual transintion and relevant amine acids highlighted.

FIGURE 2 (Sheet § of 2}

DNA sumbering on the leff, amine acid numbering on the vight

o

76

151

22¢

k1)

5

801

826

375

1301

We tAlaThealanlanl aalaserThralale wThrGlyAlaThrTh rRledlaProLysil sArghrghrgAla
ATGECCACCEOCECEEC COCETCTACSECECT CACTORCGTCATTAL ¢ECTGRSLCCAAGED GABRCACRERECS

Hi sLeuleudlathrhy ghrgilsleunlanl aProlleirgCyste ralshiaberProkl aMat ProMetila
CRASUTCCTGGRRACCCE COOLRCCOPLaOCE0 GUOLATCABETOCTC AGCRGCETCACTTEC CATECCATAROY

ProfroalaThr frole wArgProTrpGl yPr oThrRes Mrodrgly sGlyalsAspliels uWalGluSeriey
CECOOGELIRCCCOBIT CORGUROETEEGREN0T CACCRATOCOCCCAR GECRGONSACATOCT CETCRAGTIITTL
PE 1 D63

Gl uargly sGlyVelar ghapValPherlaTy rProflyGlyRlase ridatClul laii sGl nal abouThrary |

GAGCACTECGECETOOS CEACTICTTCGCCTE COCLEECHGOGCOTE CRTGAGATICALTA BECACTLACCCED
AL w32

SerProvalllsilatg nligheuPheargil s0ludinglyslunl abhenlarlafersl yTyralaAraler
TC COCCEPCATOGCCRRA COACCTCTTOOOCCA CHAGCARNGGGAGHET OTI'RG CRECOTCCE (TACSCACIOTOR
HO7

BerGlydrgValClyVea ICyallaalaThrée rElyProflyvhlaTh rAgnleuvalSerAl elmullshephla
TC GESCOBTITUEROET CYGCATCEUIACCTC COBUCCISEIBCCAT CARCCTTOTCTCCS CUTOOCCERALGNS

Le uLeunapServa iy oMetValAlalleth relydinvalProAr ghrgMat I LetlyTh rAsphlaPheiin
CTHCTCSATTCCSTOCC CATEE TOSUCATEAL GEGRTAGGTGCCGUS ACGUATGATTEO AT CGACGUCTICCAG
B1ES RIET K173

61 uThrProllsValsl wValThrirgSerll eThrlystid shanTy rleuvslLevhspVsa 1Asphopllelrn
CAGKTECCURYTHICER GUITACCUGUTOCAT CACCAAGCATAACTA COTESTCETCOANHTE COACOAINTCODD

ArgvalvalGlnGlunl aPhePheleuilase pSerGlyhrgfrotl yProvalleuvalas pIistroLyshisp
CEOBTCETGCAESAREE TTTCTTOCTCEOO CTCIGETORACCGEE GOUGGTEOTIBTCOR CATCCCCARGEAD
1222

1L eGinGlaElnMetal a¥alFrovalTrphs physProMetSerLe uProGlytyrIisal AArgLenProlys
AT CCAGTAGCAGRTAEL GUTHTCIBTOTHEGA CARABLCCATGAGTCT GOCTEEG TAC ATTR N CECC TTOCCARG
K237 I24%
ProProhlaThrGlule uleudluGinVslle nargleuValGlyGl uSerArgary Px.‘::‘i;é 2 I‘eui‘yrvaji@iif
CC CCCTAOGACTOAATT CCTTEAGCRAGSTACT GUSTOTTETTEETEA ATC OB ORI TeT TOTTIATATIGED

Gl yGlyCyshlanlafe rGlyGluGlulevArgirgPheValGluLe uPhrGlyIlekrova ITheiheThrlan
GG TEECTECECAGCALT TOETBAGGAGTTGCS ACGCTITETERAGCT SACTGEANTCCORET CACRACTAC O
rdix]

ke tGlyLeullyAsnlh aProSerAspispPr clevSerieusrgte tLeudl yNetHissl yTheValTyrala
AT GEGCCTCOETARCTT CODCABCGRACEACTT ACTETCTOTGCGCAT GUTAG S TAIGCATGS CACOOTETADGCA

AsnTyrAlavalhsplys Aladspheuleulen AlaLeuGlyValarg PheRspispiegya 1ThrGiyLysTiae
AR TTATOCAGTCGRTAK GECCERTL IS TTGUT TECACTICCTCTEOS O T EAT ATCCTST CACABGSRACNDT
2343

Gl uilaPhehlaSeriv ghlalysilevalii sValsplleaspPr oAlatlul LeGlyLy sAsniLysGlnPro
GAGECTTTTECARGUAG GEUTARGATTIOTEC0A OO T EGATATTGAT COGRCTGAGATTEGECAR GARCARGCAGOCA
P3s g
HisvalSerileCysal ahspVallyseudlaLenGinGl yetaon AlaLeuLontiuGl yserTheseriys
CATGTEILCATCIOTEC AGA TS T T AAG U I IGC T I T GUAGEGCRTORAY GUTC T T CY TOALGC AR ATETCARAG
K384 Li34 T398

Ly s@arPheAspPhedl yEerTrpAamAsplulauispiiniinty shrgGlurheProLe uGly Ty Ly sThy

ABRCACCTTTCACTITSE CTCATEGARCGATE RGP ACATORICARAR CACCGARTTCOOOUT TOCETATAAAACA
5407 B4ie D413

3723

R AU AVUBFUDY LS
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&
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300
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400
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SechsnGludlullesl nProGloTyralall eGlnvelheuhspGl uhenThriyaBlysl whlallelleGly 4 50

TheGipValGlyGlnRBi sGlnMetTrpalank aGinTyrTyrThe Ty rLysRegProArgsl aTrpleularier 495

BCAGCTATTGGECRGOA CCACATOTORECGAC ACASTACTACACTTA CAAGCEBITARGEOR GTHETTETITTCR

AlaGlyLeuGlyhlaMe tGlyPhatlyleuby o lanlarlailyal afervalaladsner ollyValTheval
GOTEETLTTGEEGCTAT GOSATTTEOTITGIC GOLTGCTRUTES TG TYONGTGEUOAMCC AGE TR TTACTERT

YalaspliaispGlyis pilySerfhalaute LAsnValGinGlule vAlaMet Tl e rgll eGlubasnleuPro
GTTGACATOGRTEGHOA TERTAGCTTTCTIAT GARCESTTURGGARGCT AGCTATEATCOGART THAGARCITCCCG

v LLysValPheVvalbe ubsnhanGliniishe uClyMetValvalGl nTrpGlubsphrgbh eTyrlysilafsn
GTGAABETCTTISTEOY ABACAACCASCACOT SOBEATEETERTCA CYERGAGEACAGATT CTATARGGLOMAL
W42 K548

arghlatisTheTyele UBlvBsnfrodliuae ntluBeztluiletyrrrodsprhevalth rilahlalystly
AGROCOCACACATACTT GEGAMACCCAGRG AR TOARRG TCAGRTATA TCCAGATT TCC TEM. GATCECORAAGEE
5562

Phehsnilebrorlave IhegVallhrivaly shsnGluvalbrgil adlallalyshysde theuliuthePre
TTCAACATTCCAGCGOT COSTOTCACAARGAR GARCOARGTLOGOCT RECEATAARGRAGAT GCTCEAGACTICA

GlyProlyrlevheuhs pXlelleVal Profi s¢lnGlulisVelileu Profet IlePross GlvelyAlarhe

GERCCOTARCICTTEGA TATRNTCGTUICACA CCACRABCATETETT GUCTATEATCCCTAA TRETCEGECTRTC
862 1/53822

LyahgpMstlleleubs pBlyAaptl phrglh sVallysass

ARCOATATGATCCTGEN TEGTEATEGCAGGAT TS THTACTER

5§23
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Beglll  Specific AHAS AHAS Residues
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16 SIAHASLI A192 | Vol | goss | mzed | Eaoz | Dasz | sses
17 SIAHASL2 4194 | voas | o268 | Moes | Esed | Dass | sasy
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Seqlld  Specific ATIAS AHAS Residuss )
1 AAHASL K416 | La26 | Aga0 | vass | Mgz | N | WeT4
2 ZmAHASL2 1384 | La94 | 7388 | 85407 | D418 | D413 | W4z
3 BrAHASLIA | K398 | L408 | Ad12 | Vazi | S424 | S4p7 | Wiss
4 OsAHMASL | K390 | L1400 | T404 | A413 | N416 | D419 | ws4s
5 HaAHASLA Kapl | L4il | N4is | T424 | K427 | D430 | Wsbs
B HaAHASLZ K6 | 1405 | N409 | N415 | K418 | D4gi | W50
7 HaAHASL3 | 394 | Laod | Beos | Pais | E419 | M4z | Wssl
8 ZmAHASLI Kage | Laosa | 71498 | sa0v | Daio | Dais | ws42
9 AsAHASL | K411 | 1421 | K426 | N434 | E437 | N440 | Wseo
10 GRAHASLIC | E4pl | L411 | A415 | V4pd | S427 | 8430 | Woss
11 BrAHASLZA | Qses | 1403 | Repy | Bad | o7 | Naso | wage
12 CmAHASL Kald | L424 | A428 | V437 | S440 | Na4a | w72
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