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RESISTANCE TO ACETOLACTATE SYNTHASE-INHIBITING HERBICIDES
James Oard, Nengyi Zhang, and Dearl E. Sanders
File No. Oard 06A08W

TECHNICAL FIELD
[0001] This invention pertains to herbicide resistant plants, and to nucleotide
sequences conferring herbicide resistance to plants, particularly resistance to
herbicides that normally interfere with the plant enzyme acetolactate synthase (ALS),
such herbicides including for example those of the imidazolinone class and those of

the sulfonylurea class.

BACKGROUND ART

[0002] The development of novel herbicide resistance in plants offers
significant production and economic advantages. Weeds are a constant limitation to
optimal commercial crop production and cause substantial yield losses in all growing
areas of the world. The use of herbicides is an effective, easy, and comparatively
inexpensive approach to control weeds. Acetolactate synthase (ALS) (also known as
acetohydroxyacid synthase, AHAS; E.C. 4.1.3.18), which catalyses the first common
step in the biosynthesis of the branched-chain amino acids in plants, is a target of
several herbicide groups, including sulfonylureas, imidazolinones,
triazolopyrimidines,  pyrimidinyl oxybenzoates, and sulfonylaminocarbonyl-
triazolinones. These herbicides block the biosynthesis of the essential amino acids
valine, leucine, and isoleucine. It is believed that ALS-inhibiting herbicides cause
plant death essentially by starving the plants for these amino acids. Secondary
effects of ALS inhibition may also play a role, including buildup of a-ketobutyrate,
disruption of protein synthesis, and disruption of photosynthate transport.

[0003] The mature ALS protein has approximately 670 amino acids, and its
sequence is highly conserved across species. Most diploid plant species that have
been studied have a single ALS locus (e.g., Arabidopsis thaliana and Xanthium sp.),

with some exceptions. Maize (Zea mays) has two ALS loci, and sunflower
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(Helianthus annuus) three. Tetraploid tobacco (Nicotiana tabacum) has two loci;
Brassica species possess five loci; and Gossypium napus contains six loci.
Coreopsis tinctoria is diploid, but the number of ALS loci in the C. tinctoria genome is
- currently unknown. |
[0004] Advantages of herbicides that inhibit ALS, such as the sulfonylureas,
imidazolinones, and others, include their high efficacy, broad-spectrum weed control,
low application rates, and relative environmental safety. Herbicidally-effective
sulfonylureas include chlorsulfuron (Glean®) and sulfometuron methyl (Oust®).
Herbicidally-effective imidazolinones include imazethapyr (Pursuit®), imazaquin
(Scepter®), imazapic (Plateau®), and imazapyr (Arsenal®). Worldwide, there are over
thirty commercial ALS-inhibiting herbicides, indicating their importance for weed
management in a wide range of crops.

[0005]  Resistance to ALS-inhibiting herbicides has been reported in several
plant species, both monocots and dicots. it is difficult to predict in advance where
herbicide resistance will arise. Wheh herbicide resistance does arise, the mere
observation of resistance does not, in itself, indicate what the mechanism of
resistance is. The mechanism can usually only be determined by laboratory testing.
In some cases, resistance has been attributed to an altered form of the ALS enzyme
that is less sensitive to certain herbicides. In other cases, resistance has been
attributed to enhanced herbicide metabolism, rapid detoxification of the herbicide. In
still other cases, the mechanism of resistance remains unknown.

[0006] Further, different point mutations in different locations in the ALS gene
can result in differing herbicide resistance profiles, both within a class of ALS-
inhibiting herbicides, and between different classes of ALS-inhibiting herbicides.
[0007] There have been no prior reports describing the effect of compounding
different point mutations within a single ALS allele. If point mutations x and y in the
ALS gene are both associated with ALS-inhibiting herbicide resistance, it is unknown
whether combining both point mutations x and y in a single gene will result in the
same level of resistance, or different levels of resistance. Some mutations may be
offectively “redundant’” with one another, meaning that there is no substantial
cumulative effect from having both mutations in the same gene. Some mutations

may have a synergistic effect, so there is an enhanced effect. Some mutations may
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affect different classes of herbicide, so that the combination expands the range of
herbicides to which resistance is expressed, but without substantially changing the
levels of resistance to any individual herbicide. The effect of some mutations may be
to negate one another, or even to reduce the enzyme’s overall activity to the point
that it is detrimental to the plant. Until there has been further experimental work, the
effect of combining two mutations within the same ALS allele is unpredictable, even
if the separate effects of the individual mutations are known.

[0008] An additional factor that will, in some cases, make it difficult to predict
the effect of ALS mutations is that earlier reports have said little about regulation of
the ALS gene. It is possible that differences in the regulation of the ALS gene may
have a significant effect on herbicide resistance and herbicide sensitivity, although
prior reports have not provided much information that would be useful in making
predictions. If a previously unknown regulatory sequence were found for an ALS
gene in a particular species, then it would be particularly difficult to predict a priori
what the expression patterns for ALS will be in that species, and what the
susceptibility or resistance of the plant to different ALS-herbicides might be.

[0009] Mutations imparting resistance to ALS-inhibiting herbicides have been
identified both in mutants generated in the laboratory, e.g., tobacco (Nicotiana
tabacum), Arabidopsis thaliana, maize (Zea mays), rice (Oryza sativa), and Brassica
napus; and in the field, in both crops and weeds, presumably resulting from selective
pressure, e.g., lettuce (Lactuca serriola), kochia (Kochia scoparia), cocklebur
(Xanthium strumarium), Raphanus raphanistrum, Lindernia, and Amaranthus
blitoides. Most ALS mutant lines, whether from laboratory or field sources, do not
show resistance to a broad spectrum of ALS-inhibiting herbicides. There is an
unfilled need for new sources of ALS that exhibit a broad spectrum of resistance,
and that may be used to transfer high levels of herbicide resistance to commercial
crops.

[0010] Sulfometuron methyl, a strong inhibitor of ALS, is widely used as a
non-crop herbicide. It has limited selectivity and is primarily used as a “bare ground”
herbicide. It is used in Louisiana, for example, for the control of unwanted vegetation

on bermudagrass roadsides and for herbaceous weed control in pine forests.
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Sulfometuron methyl does have marginal selectivity for bermudagrass (Cynodon
dactylon).

[0011] Mutations conferring resistance to imidazolinone herbicides have been
reported at amino acid positions (codons) Ala122, Pro197, Ala205, Trp574, and
Ser653 in several plant species. (Unless context indicates otherwise, all amino acid
positions described in the present specification and claims are numbered by
correspondence to the sequence reported for A. thaliana by Sathasivan K., Haughn
G.W., and Murai N. 1990. Nucleotide sequence of a mutant acetohydroxyacid
synthase gene from an imidazolinone-resistant Arabidopsis thaliana var. Columbia.
Nucleic Acids Res. 18:2188; and Sathasivan K., Haughn G.W., and Murai N. 1991.
Molecular basis of imidazolinone herbicide resistance in Arabidopsis thaliana var
Columbia. Plant Physiol. 97:1044-1050. This numbering convention does not,
however, apply to the formal “Sequence Listing” section of this specification; nor to
the discussion in paragraphs 0014-0040 below.) Mutations at Ala122, Ser653, and
Ala205 have been reported to confer resistance to imidazolinones, but not
sulfonylureas. On the other hand, resistance to sulfonylureas has been reported for
the mutation Pro197. The Trp574 to Leu mutation has been reported to confer
resistance to representatives of all five families of ALS-inhibiting herbicides.
Commercial varieties of rice (Oryza sativa), maize (Zea mays), oilseed rape
(Brassica napus), sunflower, and wheat that are resistant to imidazolinone herbicides
‘have been released. Clearfield rice varieties CL121 and CL141 were developed by
chemical mutagenesis of seeds, with a mutation at Gly654. Seeds from the rice
variety Cypress were treated with the chemical EMS to produce a mutation at Ser
653, leading to the variety CL161. Four separate herbicide-resistance mutations
have been reported in the corn ALS gene (codons Ala122, Ala155, Trp574, Ser653),
produced from either cell culture or chemical rﬁutagenesis. Oilseed rape mutants
PM1 and PM2 were derived from microspore mutagenesis, with mutations at Ser653
and Trp574, respectively. Clearfield varieties of sunflower were produced with a
mutation at Ala205. Both winter and spring varieties of imidazolinone-resistant wheat
have been released, with a mutation at Ser653. Mutations at Ala122, Pro197, and at
other, unknown sites have been reported to confer resistance to imidazolinone

herbicides in sugarbeet (Beta vulgaris), cotion (Gossypium hirsutum), soybean
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(Glycine max), lettuce (Lactuca sativa), tomato (Lycopersicon esculenturn), and
tobacco (Nicotiana tabacum).

[0012] At least 23 herbicide-resistant weed species have been identified with
mutations in the ALS gene. See
http://www.weedscience.org/mutations/MutDispIay.aspx (Tranel 2006, visited on
May 27, 2008), which presents a table that is updated by its authors from time to
time. Included among the mutations reported in this table are Ala122, Pro197,
Ala205, Trp574, and Ser653. See also P. Tranel et al. 2002. Weed Science.
50:700-712.

[0013] It has been reported that enzyme-based resistance to ALS herbicides
is generally inherited in a semi-dominant manner. Homozygotes typically have much
higher resistance to herbicide than control, with heterozygotes having intermediate
levels of resistance, but still substantially higher than control. The manner in which
resistance is inherited in C. tinctoria has not previously been reported.

[0014] A three dimensional molecular model to predict the effect of ALS
mutations on resistance to different herbicide classes was recently reported by
McCourt J.A., Pang S.S., King-Scott J., Guddat L.W., and Duggleby R.G. 2006.
Herbicide-binding sites revealed in the structure of plant acetohydroxyacid synthase.
PNAS 103:569-573.

[0015] S. Tan et al., Evans R.R., Dahmer M.L., Singh B.K,, and Shaner D.L.
2005. Imidazolinone-tolerant crops: history, current status and future. Pest Manag.
Sci. 61:246-257 provides a review of the development of several imidazolinone-
tolerant crops, and the locations of point mutations for resistance, including Ala122,
Pro197, Ala205, Trp574, and Ser653.

[0016] U.S. Patent 4,761,373 describes the development of mutant herbicide-
resistant maize plants through exposing tissue cultures to herbicide. The mutant
maize plants were said to have an altered enzyme, namely acetohydroxyacid
synthase, that conferred resistance to certain imidazolinone and sulfonamide
herbicides. See also U.S. Patents 5,304,732, 5,331,107, 5,718,079, 6,211,438,
6,211,439, and 6,222,100.

[0017] Lee et al., "The Molecular Basis of Sulfonylurea Herbicide Resistance

in Tobacco," The EMBO J., vol. 7, no. 5, pp. 1241-1248 (1988), describe the
5
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isolation and characterization from Nicotiana tabacum of mutant genes specifying
herbicide resistant forms of acetolactate synthase, and the reintroduction of those
genes into sensitive lines of tobacco. |

[0018] Saxena et al., "Herbicide Resistance in Datura innoxia," Plant Physiol.,
vol. 86, pp. 863-867 (1988) describe several Datura innoxia lines resistant to
sulfonylurea herbicides, some of which were also found to be cross-resistant to
imidazolinone herbicides.

[0019] U.S. Patent No. 5,767,366 discloses transformed plants with
genetically engineered imidazolinone resistance, conferred through a gene cloned
from a plant such as a mutated Arabidopsis thaliana.

[0020] Examples of resistance to AHAS-inhibiting herbicides in various plants
are disclosed in U.S. Patent 5,013,659; K. Newhouse et al., "Mutations in corn (Zea
mays L.) Conferring Resistance to Imidazolinone Herbicides," Theor. Appl. Genet.,
vol. 83, pp. 65-70 (1991); K. Sathasivan et al., "Molecular Basis of Imidazolinone
Herbicide Resistance in Arabidopsis thaliana var Columbia,” Plant Physiol. vol. 97,
pp. 1044-1050 (1991); B. Miki et al., "Transformation of Brassica napus canola
cultivars with Arabidopsis thaliana Acetohydroxyacid Synthase Genes and Analysis
of Herbicide Resistance," Theor. Appl. Genet., vol. 80, pp. 449-458 (1990); P.
Wiersma et al., "lsolation, Expression and Phylogenetic Inheritance of an
Acetolactate Synthase Gene from Brassica napus," Mol. Gen. Genet., vol. 219, pp.
413-420 (1989); J. Odell et al., "Comparison of Increased Expression of Wild-Type
and Herbicide-Resistant Acetolactate Synthase Genes in Transgenic Plants, and
Indication of Postranscriptional Limitation on Enzyme Activity," Plant Physiol., vol.
94, pp. 1647-1654 (1990); published international patent application WO 92/08794;
U.S. Patent No. 5,859,348; published international patent application WO 98/02527;
published European Patent Application EP 0 965 265 A2, and published international
patent application WO 90/14000.

[0021] S. Sebastian et al., "Soybean Mutants with Increased Tolerance for
Sulfonylurea Herbicides," Crop. Sci., vol. 27, pp. 948-952 (1987) discloses soybean
mutants resistant to sulfonylurea herbicides. See also U.S. Patent 5,084,082.

[0022] ALS herbicide-resistant rice plants, rice-derived sequences encoding

that ALS herbicide resistance, and the transformation of other green plants with
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those rice-derived sequences are disclosed in U.S. Patents 6,274,796, 6,943,280,
and 7,019,196.

[0023] U.S. Patent 4,443,971 discloses a method for preparing herbicide
tolerant plants by tissue culture in the presence of herbicide. U.S. Patent 4,774,381
discloses sulfonylurea (sulfonamide) herbicide-resistant tobacco plants prepared in
such a manner.

[0024] U.S. Patent 5,773,702 discloses sugar beets with a resistant mutant
AHAS enzyme, derived from cell cultures grown in the presence of herbicide.

[0025] U.S. Patent 5,633,437 discloses a herbicide resistant AHAS enzyme
and gene isolated from cockleburs.

[0026] U.S. Patent 5,767,361 discloses a mutant, resistant AHAS enzyme
from maize. The definitions of the 5,767,361 patent are incorporated into the present
disclosure by reference, to the extent that those definitions are not inconsistent with
the present disclosure, as are that patent’s descriptions of certain genetic
transformation techniques for plants. See also U.S. Patent 5,731,180.

[0027] U.S. Patent 5,605,011 discloses resistant acetolactate synthase
enzymes derived from callus culture of tobacco cells in the presence of herbicide,
from spontaneous mutations of the ALS gene in yeast; EMS-induced mutations in
Arabidopsis seeds; certain modifications of those enzymes; and the transformation
of various plants with genes encoding the resistant enzymes. These patents
disclose several techniques for modifying AHAS genes to produce herbicide-
resistant AHAS enzymes, and for transforming plants with those genes.

[0028] US. Patent Re 35,661 discloses lettuce plants with enhanced
resistance to herbicides that target the enzyme acetolactate synthase. The initial
source of herbicide resistance was a prickly lettuce weed infestation in a grower’s
field, an infestation that was not controlled with commercial sulfonylurea herbicides.
[0029] Following are selected data taken from various references concerning
the locations of certain imidazolinone or sulfonylurea herbicide tolerance mutations
in AHAS/ALS from various species. No attempt has been made 1o reconcile or align
the different nucleotide or amino acid numbering systems used in the different

references discussed below. Contrary to the general convention followed in this
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specification, in the following paragraphs 0030-0040, the sequence numbering
systems are those used by the respective authors.
[0030] Lee et al. (1988) reported that there were two homologous ALS genes
in Nicotiana tabacum. The sulfonylurea herbicide-resistant C3 mutant in one ALS
gene had a Pro-Gln replacement at amino acid 196; while the sulfonylurea herbicide-
resistant S4-Hra mutant in the other ALS gene had two amino acid changes: Pro-Ala
at amino acid 196, and Trp-Leu at amino acid 573.
[0031] Sathasivan et al. (1990), Sathasivan et al. (1991), and U.S. Patent
5,767,366 reported a G-A nucleotide substitution at position 1958, corresponding to
a Ser-Asn substitution at position 653, in an imidazolinone herbicide-resistant
Arabidopsis thaliana.
[0032] Wiersma et al. (1989) reported sulfonylurea herbicide resistance in
tobacco plants that had been transformed with a mutant Brassica napus ALS gene,
in which codon 173 had been altered by site-directed mutagenesis to replace Pro
with Ser.
[0033] European patent application 0 257 993 A2 reported several
spontaneous mutations in the yeast (Saccharomyces cerevisiae) ALS gene that
resulted in sulfonylurea herbicide resistance: at amino acid position 121, a
substitution of wild-type Gly by Ser; at amino\ acid position 122, a substitution of wild-
type Ala by Pro, Asp, Val, or Thr; at position 197, a substitution of wild-type Pro by
Ser or Arg; at position 205, a substitution of wild-type Ala by Asp or Thr; at position
256, a substitution of wild-type Lys by Glu, Thr, or Asn; at position 359, a substitution
of wild-type Met by Val; at position 384, a substitution of wild-type Asp by Glu, Val, or
Asn; at position 588, a substitution of wild-type Val by Ala; at position 591, a
substitution of wild-type Trp by Arg, Cys, Gly, Leu, Ser, or Ala; at position 595, a
substitution of wild-type Phe by Leu. The same patent application reported several
site-directed mutations of the yeast ALS gene at some of the same positions to also
produce sulfonylurea herbicide resistance: at amino acid position 122, a substitution
of wild-type Ala by Ser, Val, Thr, Pro, Asn, lle, His, Arg, Leu, Tyr, Cys, Phe, Glu, Met,
Lys, Gln, or Trp; at position 205, a substitution of wild-type Ala by Arg, Cys, Glu, or
Trp; at position 256, a substitution of wild-type Lys by Asp, Gly, Leu, Pro, or Trp; at
position 359, a substitution of wild-type Met by Pro or Glu; at position 384, a
8
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substitution of wild-type Asp by Pro, Trp, Ser, Gly, Cys, or Lys; at position 591, a
substitution of wild-type Trp by Asp, Glu, Phe, His, Tyr, lle, Val, Lys, Arg, Met, Asn,
Gln, or Thr. See also U.S. Patent 5,605,011, which also describes experimental
data for the following site-directed mutations: at amino acid 121, a substitution of
wild-type Gly by Asn or Ala; at amino acid 197, a substitution of wild-type Pro by Gin,
Glu, Ala, Gly, Trp, Tyr, Cys, or Val; at amino acid 205, a substitution of wild-type Ala
by Tyr, Val, or Asn; at amino acid 359, a substitution of wild-type Met by Gin, Lys,
Tyr, or Cys; at position 583, a substitution of wild-type Val by Ser, Asn, Trp, or Cys;
and at position 595, a substitution of wild-type Phe by Gly, Asn, Arg, Cys, Pro, Ser,
or Trp. Other amino substitutions at the same positions are also described
prophetically, without experimental data. See also U.S. Patent 5,013,659.

[0034] WO 98/02527 reported sulfonylurea and triazolopyrimidine resistance
in a line of sugar beets resulting from a C-T substitution at nucleotide 562,
corresponding to a Pro-Ser substitution at amino acid 188. This same reference also
reported sulfonylurea, imidazolinone, and triazolopyrimidine resistance in a second
line of sugar beets resulting from two mutations: The same mutation as reported in
the first line (from which the second line had been derived), coupled with a G-A
substitution at nucleotide 337, corresponding to an Ala-Thr substitution at amino acid
113. See also WO 98/02526, U.S. Patents Nos. 5,859,348 and 5,773,702.

[0035] WO 96/33270 describes a number of designed or predicted mutations
from a structure-based modeling method, that were said to induce imidazolinone
tolerance in AHAS Experimental results confirming such tolerance in mutated
Arabidopsis AHAS, either in vitro or in transformed tobacco plants in vivo, were
provided for the following substitutions: Met-lle at amino acid position 124, Met-His at
position 124, Arg-Glu at position 199, and Arg-Ala at position 199. See also U.S.
Patents Nos. 5,928,937 and 5,853,973.

[0036] WO 92/08794 reported imidazolinone resistance in two lines of maize.
One had a G-A substitution at nucleotide position 171, resulting in an Ala-Thr
substitution at the corresponding amino acid position. The other had a G-A
substitution at position 1888, resulting in a Ser-Asn substitution at the corresponding

amino acid position.
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[0037] U.S. Patent 5,731,180 reported imidazolinone resistance in maize
resulting from a G-A substitution at nucleotide position 1898, resulting in a Ser-Asn
substitution at amino acid position 621. See also U.S. Patent 5,767,361 and
European patent application 0 525 384.

[0038] U.S. Patent 5,633,437 reported imidazolinone resistance in cockleburs,
characterized by five differences between resistant ALS enzyme biotypes and
sensitive biotypes: Lys-Glu at amino acid position 63, Phe-Leu at position 258, Gin-
His at position 269, Asn-Ser at position 522, and Trp-Leu at position 552. The
changes at positions 522 and 552 were thought to be particularly important.

[0039] T. Shimizu et al., “Oryza sativa ALS mRNA for acetolactate synthase,
complete cds, herbicide resistant biotype,” BLAST accession number AB049823
(April 2001) reported a nucleotide sequence and inferred amino acid sequence for a
rice ALS that was said to be herbicide resistant, although the nature of the herbicide
resistance was not specified in the BLAST entry. As compared to a
contemporaneous wild type ALS for the same rice variety (Kinmaze), the inferred
amino acid sequence for the resistant ALS appeared to display two differences: a
Trp-Leu substitution at position 548, and a Ser-lle substitution at position 627.

[0040] U.S. Patent 6,943,280 reports herbicide-resistant AHAS sequences in
rice with, inter alia, a serine-to-asparagine mutation at amino acid 627; or a serine-
to-lysine mutation at amino acid 627 coupled with a frame-shift mutation leading to a
stop codon soon thereafter. |

[0041] Resistance to ALS-inhibiting herbicides has been observed in a line of
Coreopsis tinctoria for several years. The resistant Coreopsis were first observed '
growing along a highway in Louisiana where sulfonylurea herbicide had been
sprayed. This herbicide-resistant Coreopsis has been in public use, for example
along Louisiana highways, more than one year before the priority date of this patent
application. However, there have been no prior reports concerning the underlying
mechanism for herbicide-resistance in Coreopsis. It has not previously been
reported whether the resistance is due to a resistant ALS enzyme, enhanced
metabolic breakdown of the enzyme, altered regulation of the ALS gene, or some

different mechanism entirely.
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[0042] Coreopsis sp. are annual flowering plants in the Compositae,
Asteraceae, or sunflower family. There are both domesticated and wild strains within
the genus. Domesticated strains are widely grown, either as bedding plants or from
seed in landscapes. Wild strains are found in the United States throughout the
South and Midwest. Coreopsis tinctoria is often used as a roadside wildflower in the
South. Coreopsis tinctoria seeds are produced commercially and marketed for the
roadside beautification.

[0043] A resistant population of Coreopsis tinctoria was serendipitously
discovered thriving alongside a Louisiana highway near Chase, Louisiana in an area
where it should not have been growing at all, as the area had been sprayed multiple
times with the herbicide sulfometuron methyl (trade name Oust™) to control
roadside weeds. Personnel from the Louisiana Department of Transportation and
Development (DOTD) were the first to observe that certain Coreopsis at this site
appeared to be unaffected by the herbicide. More than one year before the priority
date of the present application, DOTD had placed the herbicide-resistant Coreopsis
seeds and plants in public use by planting them for roadside beautification alongside
several public highways in Louisiana, in areas where ALS-inhibiting herbicides were
used for weed control. See J. LaBorde et al., “Characterization of flower types found
in a selected population of plains Coreopsis,” poster presented at American Society
of Horticultural Science meeting (Mobile, Alabama 2004); and D. Sanders, “Looking
for herbicide resistant wildflowers,” talk presented at National Roadside Vegetation

Management Association (Point Clear Alabama, 2003).

SUMMARY OF THE INVENTION
[0044] We have discovered a unique, herbicide resistant, acetolactate
synthase mutant allele, originally derived from Coreopsis tinctoria. The novel allele.
expresses resistance to a broad range of ALS-resistant herbicides, and is resistant
to very high levels of herbicide. The novel allele has a novel combination of point
mutations in its coding sequence that contributes to these unique herbicide-
resistance properties. The Coreopsis tinctoria ALS gene is under the control of a

novel promoter that has not previously been reported for other ALS genes.
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[0045] Coreopsis tinctoria mutants from the field showed high levels of
resistance at the whole-plant level to both sulfonylurea and imidazolinone herbicides.
[0046] We conducted ALS enzyme assays on both resistant and susceptible
C. tinctoria, using sulfometuron methyl, chlorsulfuron, and imazapyr as ALS
inhibitors. The results indicated that the ALS enzyme in the C. tinctoria mutants
either contributed to or was completely responsible for the observed herbicide
resistance phenotype. Without wishing to be bound by this hypothesis, it may be the
case that the novel promoter also provides a contribution to the overall level of
herbicide resistance. However, it is the case that the mutant ALS enzyme itself is
highly resistant, even if no resistance were attributable to the promoter.

[0047] The novel allele has a novel combination of two point mutations in the
ALS coding sequence that together impart pre-emergence resistance, post-
emergence resistance, or both pre-emergence resistance and post-emergence
resistance to a broad range of herbicides. Resistance has been demonstrated to
date against at least the following herbicides: sulfometuron methyl (Oust®), imazapyr
(Arsenal®), metsulfuron methyl (Escort®), sulfosulfuron (Outrider®), imazapic
(Plateau®), flazasulfuron (Katana®), and triasulfuron (Amber®). With further testing,
resistance to most if not all of the following herbicides is expected to be
demonstrated also: imazethapyr, imazamox, imazaquin, chlorimuron ethyl,
rimsulfuron, thifensulfuron methyl, pyrithiobac sodium, tribenuron methyl, and
nicosulfuron:; as well as additional ALS-inhibiting herbicides of the imidazolinone
class, sulfonylurea class, and other classes. Green plants transformed with these
nucleotide sequences are also resistant to derivatives of these herbicides, and to at
least some of the other herbicides that normally inhibit acetohydroxyacid synthase
(AHAS), particularly imidazolinone and sulfonylurea herbicides.

[0048] These nucleotide sequences may be used to transform green plants
generally, particularly crop plants, both dicots and monocots.  Alternatively,
analogous double mutations may be introduced into green plants by site-directed
mutagenesis of the plant's native ALS coding sequence(s). No marker gene is
needed to select for such a transformation, since selection may be performed

directly for the herbicide resistance trait itself.

12



WO 2007/149069 PCT/US2006/023247

[0049] The novel “double mutant” sequences, with point mutations at amino
acids 197 and 574, show surprising properties that could not have been predicted
from the earlier reports. The degree of herbicide resistance imparted by novel
“double mutant” allele is comparable to (and in some cases may be greater than) the
highest levels of resistance to ALS-inhibiting herbicides that have previously been
reported. The underlying reason is currently unknown. It could not previously have
been predicted that this would be the case, or that instead levels of herbicide
resistance might not plateau for the “stronger” of the two point mutations, or the

combination would not have been antagonistic rather than synergistic.

[0050] It is also expected that other amino acid substitutions at positions 197
and 574 will also lead to resistance to ALS-inhibiting herbicides, including mutations
that could not result from single-nucleotide substitutions in the coding sequence, and
would therefore be unlikely to result from undirected natural selection, or even from
undirected mutation breeding eff[orts. However, these mutations could be induced by
site-directed mutagenesis techniques known in the art. See, e.g., R. Higuchi,
“Recombinant PCR,” pp. 177-183 in M. Innis et al. (Eds.), PCR Protocols: A Guide to
Methods and Applications, Academic Press (1990); U.S. Patent 6,010,907; Kunkel,
Proc. Natl. Acad. Sci. USA, vol. 82, pp. 488-492 (1985); Kunkel et al., Methods
Enzymol., vol. 154, pp. 367-382 (1987); U.S. Patent 4,873,192; Walker et al. (Eds.),
Techniques in Molecular Biology (MacMillan, New York, 1983); or the Genoplasty™
protocols of ValiGen (Newtown, PA).

[0051] The mutations described here may be incorporated into the genome of
a green plant using site-directed mutagenesis, or using a transformation vector, such
as those known in the art. If a transformation vector is used, the encoded ALS
molecule may otherwise be native to the same plant species that is being
transformed, or it may be derived from another plant, for example the Coreopsis
sequences reported here. One embodiment of this aspect of the invention is a
green plant comprising an oligonucleotide sequence encoding an ALS molecule
identical to a wild-type ALS molecule from the same species, except for site-directed
mutagenesis of the codons for amino acids 197 and 574. If the double-mutant ALS

molecule is otherwise native to the plant in which it is expressed, except for the point
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mutations at positions 197 and 574, then such a plant should not be considered a
“genetically modified organism,” in the popular sense of an organism that has been
artificially transformed with an oligonucleotide coding sequence derived from a
different species. For example, such a plant could be a maize plant containing an
oligonucleotide sequence encoding an AHAS molecule identical to the wild-type
maize ALS molecule, except for site-directed point mutations at both codons 197 and
574.

BRIEF DESCRIPTION OF THE DRAWINGS
[0052] Figs. 1(a) through (f) depict ALS or AHAS enzyme activity in mutant
and wild type strains of C. tinctoria, and in mutant and wild type strains of rice, in the
presence of varying concentrations of Arsenal, Glean, and Oust herbicides as

inhibitors.

MODES FOR CARRYING OUT THE INVENTION
[0053] DNA and amino acid sequences of the ALS gene of cocklebur
(Xanthium sp.) were aligned with those from 14 other plant species. Conserved
homologous regions were identified, and primers for PCR amplification were
designed based on those conserved regions. The primers amplified 1.11 kb portions
from the ALS sequences of both resistant mutant and susceptible wild-type C.
tinctoria. The PCR-amplified ALS fragments from both mutant and wild-type plants
were cloned, sequenced and compared with known ALS sequences from other
plants by NCBI BLAST procedures (http://www.ncbi.nih.gov/BLAST/). The results
were consistent with an ALS gene fragment. Flanking upstream sequences were
then obtained. The 3° RACE method was used to amplify the cDNA 3’ ends of the
ALS genes using a 5 sequence beginning with the start codon as the primer. The
entire coding region of the ALS gene was then sequenced from both resistant and
susceptible C. tinctoria. Complete ALS coding sequences were obtained from four
susceptible wild-type (ALS1S1- 4) and four resistant mutant strains (Race, or
Genotype, 2, 3, 6, 9). All coding sequences were 1971 bp, except that sequence
ALS1S2 was 1974 bp. (Nomenclatural note: As used in the specification and

claims, the term “Races’ refers to variations in PCR products that were identified
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through the “3 RACE” PCR method. The term does not necessarily imply the
presence of a “race” or “variety” in the sense of an isolated breeding population.)

[0054] A total of 164 single nucleotide polymorphisms (SNPs) were identified
among the resistant and susceptible strains. Among the 164 SNPs, 124 were neutral
nucleotide polymorphisms resuiting in no change in amino acid sequence, while 40
resulted in amino acid substitutions. The 40 latter SNPs produced 32 different
amino acid polymorphisms. Mutations identified in four of the resistant clones
included Pro197 to Leu, and Trp574 to Leu. One of the resistant clones (i.e., one of
the amplified PCR products) contained a novel combination of mutations, at both
'Pro197 and Trp574. This combination has not previously been reported. This clone
exhibited strong resistance to at least the imidazolinone imazapyr [Arsenal®] and the
sulfonylureas chlorsulfuron [Glean®] and sulfometuron methyl [Oust®]. The breadth
and strength of herbicide resistance is atypical compared with ALS mutants that
have been reported for other plants. Both the susceptible and resistant C. tinctoria
ALS also showed a Ser653 to Ala shift (as compared to reported wild-type ALS for

most other plants previously reported).

[0055] Example 1. Plant materials: Herbicide susceptible (wild type) and
resistant (mutant) strains of C. tinctoria, and susceptible Cocodrie rice (CCDR) and
resistant CL161 rice varieties were used in this study. Seeds of Cocodrie rice,
CL161 rice, and wild type C. tinctoria are available commercially.

[0056] To confirm herbicide resistance, and to characterize herbicide
resistance profiles, seeds from the roadside-harvested, putatively-resistant
Coreopsis were harvested (Fo) and planted in a field in a separate location from the
original roadside stand. The resulting Fo plants were not subjected to herbicide
treatment. Fq seeds were harvested from the Fo plants, and the Fq seeds were
planted in a field in several blocks and replicates. The resulting Fy plants were
treated with various AHAS-inhibiting herbicides.

[0057] Commercial Coreopsis tinctoria seed were obtained as controls from
two commercial nurseries. The commercially-obtained seed and the experimental
seed were planted with a small grain drill at a seeding rate of 2 pounds per acre.

Three months later, herbicides were applied to the Fy plants at different rates in a
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randomized complete block design with three replications. The ALS-inhibiting
herbicides used in this trial were sulfometuron methyl (trade name Oust™); imazapic
(rade name Plateau™); “sulfosulfuron, 1-(2-ethylsulfonylimidazo[1,2a]pyridin-3-
ylsulfonyl)-3-(4,6-dimethoxypyrimidin-2-yl) urea (trade name Outrider™); and DPX
6447.

[0058] Percent injury ratings were taken at 23 and 49 days after herbicide
application. All herbicide treatments injured the susceptible Coreopsis. The most
severe injury to control plants was noted from the Oust applied at .07 pounds active
ingredient per acre (ai/A), with an injury rating of 98%. The lowest injury rating for
controls was from the DPX 6447 applied at 0.3 pounds ai/A, with an injury rating of
13%.

[0059] Seed were harvested from mature Coreopsis with a combine from
" plantings both inside and outside the herbicide treated areas at the Idlewild
Research Station in Clinton, Louisiana. Seed were also harvested with a combine
from the roadside area near Chase, Louisiana. Putative herbicide-resistant seed
from the Chase location, and putative herbicide-sensitive seed from the Idiewild
Research Station were separately cleaned and stored in a climate-controlled seed

storage facility.

[0060] Seed samples from both seed sources were planted in March at the
Idlewild Research Station using a small grain drill, at a 2 pound per acre seeding
rate. Area one contained both control seed grown the previous season at the
Idlewild Research Station, and seed obtained from the Chase, Louisiana site. A
second area was planted in March exclusively with seed from Chase, Louisiana. A

third area was planted in April with seed from Chase, Louisiana.

[0061] A single application of Oust at .07 pounds ai/A was applied in mid-May
to half of the first and third plantings and to all of the second planting. The |dlewild-
grown control seed had an injury rate of 98%, while the seed from Chase had an
injury rate less than 1%. A second application of Oust at .14 pounds ai/A was

applied to part of the second planting, with no noticeable effect.
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[0062] A transplanting trial was also conducted in May at the Idlewild
Research Station. Five-inch diameter divots of plants were collected at both the
Chase and Idlewild sites. Divots were transplanted to a location at Idlewild which
had had no previous Coreopsis crop. Divots were transplanted in a paired
arrangement on 36 inch centers. Oust, Plateau and Outrider were applied at various
rates 2 weeks after transplant. The trial used a randomized complete block design
with 3 replications. Visual injury and height ratings were taken 2 and 4 weeks after
application. Injury to the susceptible transplants from Idlewild ranged from a high of
100% at all rates of Oust to a low of 60% with the .06 pound ai/A rate of Outrider.
No injury was observed, nor any height differences noted in any application made to
the resistant transplants from the Chase site.
[0063] Samples of herbicide-resistant Coreopsis tinctoria seed grown at
Idlewild, derived from the Chase site, were deposited with the American Type
Culture Collection (ATCC), 10801 University Boulevard, Manassas, Virginia 20110-
2209 on January 15, 2002; and were assigned ATCC Accession No. PTA-3981.
[0064] Additionally, samples of CL161 rice seed, also known as PWC16, were
deposited with ATCC on November 2, 1999, and were assigned ATCC Accession
No. PTA-904.
[0065] Each of the ATCC deposits described above was made pursuant to a
contract between ATCC and the assignee of this patent application, Board of
Supervisors of Louisiana State University and Agricultural and Mechanical College.
Each of the contracts with ATCC provides for permanent and unrestricted availability
of these seeds or the progeny of these seeds to the public on the issuance of the
U.S. patent describing and identifying the deposit or the publication or the laying
open to the public of any U.S. or foreign patent application, whichever comes first,
and for the availability of these seeds to one determined by the U.S. Commissioner
of Patents and Trademarks (or by any counterpart to the Commissioner in any patent
office in any other country) to be entitled thereto under pertinent statutes and
regulations. The assignee of the present application has agreed that if any of the
seeds on deposit should become nonviable or be lost or destroyed when cultivated
under suitable conditions, they will be promptly replaced on notification with a viable
sample of the same seeds. |
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[0066] Each of the Coreopsis genotypes described in this specification derived
from the original collection of seeds harvested near Chase, Louisiana. At the time
the ATCC deposit was originally made, the different genotypes described here had
not been identified. A large sampling of flowers was collected for the ATCC deposit.
It is therefore considered to be statistically highly likely that each of the herbicide-
resistant genotypes (Races 2, 3, 6, 9) is represented in the ATCC deposit described
above, although this assumption has not been experimentally confirmed as of the
priority date of this application. These seeds were from highly resistant plants, as
their parents had been sprayed with both Oust and Arsenal to remove off-types.
Herbicide resistance cuts across the various resistant genotypes described here,
although levels of cross-resistance may vary from one to another. The genotypes

differ from one another phenotypically in shape, flower color, and days to maturity.

[0067] Example 2. Response of resistant and susceptible C. tinctoria to
imidazolinone and sulfonylurea herbicides treatments: Both wild-type and
mutant strains of C. tinctoria were planted in the greenhouse with ~ 100 seeds per
pot. Individual plants were transplanted to separate pots after seven weeks. The
greenhouse regime comprised natural light with temperatures of 25 to 30°C during
the day and 15 to 20°C at night. The experimental setup was a completely
randomized design with five treatments and six plants (replications) per treatment for
both wild-type and mutant strains. The five treatments were Arsenal (imazapyr),
Oust (sulfometuron methyl), Arsenal + Oust sequential, Oust + Arsenal sequential,
and control (no herbicide). Arsenal and Oust were applied with a back pack sprayer
to individual mutant or susceptible, 14-week plants at rates of 8 oz. active ingredient
/ Acre rate and 2 oz. a.i. / A, respectively, with 12 plants per each herbicide
treatment for both wild-type and mutants. Ten days later, the same rate of Oust was
sprayed on six plants that had previously been treated with Arsenal, and the same
rate of Arsenal was sprayed on six plants that had previously been treated with Oust,
for both wild-type and mutants. Plant heights and herbicide symptom ratings (0 = no
damage to 9 = dead plant) were recorded immediately prior to the initial spraying,

immediately prior to the second spraying, and 11 days after the second spraying.
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[0068] Example 3. ALS enzyme Assay: An ALS enzyme assay was used
to determine if resistance in the mutants was due to the ALS enzyme itself in the
mutant plants. A modification was used of the colorimetric method of Singh B.K,,
Stidham M.A., and Shaner D.L. 1988. Assay of acetohydroxyacid synthase.
Analytical Biochemistry 171:173-179.  Rice plants were used as controls.
Sulfometuron methyl (Oust), chlorsulfuron (Glean), and imazapyr (Arsenal) were
used as ALS inhibitors. Briefly, 10 grams of young leaves pooled from either mutant
plants or from susceptible plants were ground to a powder in liquid nitrogen, and
mixed with 50 ml of extraction buffer containing 100 mM KzHPO4 (pH 7.5), 10 mM
sodium pyruvate, 5 mM EDTA, 1mM valine, 1mM leucine, 10mM cysteine, 0.1mM
flavin adenine dinucleotide, 5mM MgCly, 10% (v/iv) glycerol, and 1% (w/v)
polyvinylpyrrolidone. The homogenate was filtered through eight layers of
cheesecloth and centrifuged at 25,000 g at 4% C for 20 min. The supernatant was
brought to 50% saturation with (NH4)2 SO, by adding an equal volume of 100%
saturated extraction buffer, and was then allowed to stand for 20-30 min on ice. The
resulting solution was centrifuged at 25,000 g at 4% C for another 20 min. The peliet
was dissolved in 10 ml resuspension buffer containing 100 mM K;HPO4 (pH7.5),
1mM EDTA, 100mM NaCl, and 10% (v/v) glycerol. Bradford Reagent (SIGMA, Saint
Louis; Missouri, USA) was used to determine the concentration of total protein in
solution: and resuspension buffer was used to adjust the concentrations of total
protein from wild- and mutant-type of C. tinctoria to the same level.

[0069] ALS activity was measured by mixing 1.5 ml of assay buffer, containing
100 mM KoHPO, (pH 7.0), 10 mM MgCl,, 100 mM sodium pyruvate, 1 mM thiamine
pyrophosphate, 0.1 mM flavin adenine dinucleotide, and 0.5 mL of the ALS extract,
with varying amounts of herbicide (0. 0.1, 1, 10, 100, 1000 pM). The mixture was
then incubated at 37°C for 1 h. The reaction was acidified by adding 6 N H25O4to a
final concentration of 0.5%, and the reaction mixture was then incubated at 60 °C for
30 min to facilitate decarboxylation of acetolactate to acetoin. In a blank sample for
compafison, the same concentration of KOH was added. After acidification, 1 mL
was added of a freshly-prepared solution of 1-naphthol and creatin (Sigma)
dissolved in 2.5 N NaOH (0.09 and 0.009 g / | respectively). The mixtures were

incubated at 37° C for 30 to 40 min for color development. The mixtures were then
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centrifuged at 12,000 g for 10 min, and absorbance was measured at 530 nm with a
Spectrophotometer 690.

[0070] Examples 4 and 5. Extraction of DNA and the design of PCR
primers for amplifying ALS gene fragments: One or two leaves from each of
about 200 individual wild-type plants were collected and combined to form a
“susceptible” pooled sample. One or two leaves from each of about 200 individual
mutant plants were collected and combined to form a “resistant” pooled sample. The
two pooled samples were ground separately with liquid nitrogen, and total genomic
DNA was isolated from each using an UltraClean™ Plant DNA Isolation Kit (MoBio
Laboratories, Inc., Solana Beach, California, USA). DNA and amino acid sequences
of the ALS gene of cocklebur (Xanthium sp.) were obtained from GenBank
(http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=563246;
Bernasconi et al. 1995) and aligned with those of 14 other plant species: Bidens
pilosa L. (Genbank Accession AJ514936), Gossypium hirsutum L.(Z46960, Z46959),
Arabidopsis thaliana L. Heynh. (AY124092, X51514, AL133315, AY042819,
NM114714), Bassia scoparia L. (AF094326), Solanum ptychanthum (AF308650,
. AF308649, AF308648,), Amaranthus sp. (U55852), Amaranthus powellii
(AF363370, AY094592), Amaranthus retroflexus (AF363369), Nicotiana tabacum L.,
tobacco, (X07644, X07645), Camelina microcarpa (AY428879, AY428880,
AY4288947), Lotus corniculatus var. japonicus (AP006351), Medicago truncatula
(AC141866), Zea mays (X63554), and Brassica napus (Z11524, M60068, Z11526)
using the program ClustalX (ftp://ftp—igbmc.u-strasbg.fr/pub/ClustalX/). Conserved
regions of the ALS gene were identified, and primers (designated AHAS3F and
AHAS3R) were designed based on those conserved regions using the program
Oligos© v.6.2 (http://www.biocenter.helsinki.fi/bi/bare-1html/oligos.htm, now called
FastPCR®) (Table 1).
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Table 1. PCR primers

Primers Sequence 5'— 3’

AHAS3F TTG GAA CAG ATG CGT TTC AAG SEQ ID NO. 1
AHAS3R CTC CAA CTG AAC CAC CAT ACC CA SEQID NO. 2
TSP1 TCG CAT AAACCGTCCCGT G SEQ ID NO. 3
TSP2 ATC ACT CGA AGC CGG GAACGCT SEQID NO. 4
TSP3 TCA TCC CAT TTC GGG ACC A SEQID NO. 5
TSP10 AGA TAA CCC GGT AACCTCATC G SEQID NO. 6
TSP11 GAT CAT TCT CCG CGG GAC TTGACC SEQID NO.7
TSP12 GGC CGG AAG TGG CTATGC AC SEQID NO. 8
P3F ATG GCG GCT GTC ACT CCC SEQIDNO. 9
P5F CCA ACC CTA GAC ACC ATT CAAAC SEQ ID NO. 10
ALS1R3 CCC CGT ACATAACAC TCT ATATGC G SEQ ID NO. 11
[0071] Example 6. Isolation and sequencing of ALS gene fragments:

Using the designed primers, ALS gene fragments were amplified from both mutant
and wild-type strains of C. finctoria. FailSafe™ PCR PreMix Selection Kit
(EPICENTRE, Madison, Wisconsin, USA) was used to identify a pre-mix for optimal
amplification. Each 50 pL. PCR reaction contained 75 ng of template DNA, 0.2 uM of
each primer, 0.5 uL FailSafe™ PCR Enzyme Mix, and 25 pL of each of 12
Eailsafe™ PCR 2xPremix solutions. The PCR was run on an iCycler’™ Thermal
Cycler (Bio-Rad, Hercules, California, USA) with the following thermocycle profile: 1
cycle of 94°C for 2 min; 35 cycles of 94°C for 45 sec, 53.5°C for 45 sec, and 72°C for
1 min 8 sec; and 1 cycle of 4°C for holding. Amplified DNA products were separated
on 1% agarose gels at 80 V for 1 h in 1x TAE buffer (40 mM Tris base, pH 8.0, 20
mM glacial acetic acid, 2 mM Na,EDTA), stained with ethidium bromide, and
visualized under UV light. Fragments of the expected size (AHAS3, 1.11 kb) were
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recovered from the agarose gel using ZymocleanTM Gel DNA Recovery Kit (Zymo
Research Corporation, Orange, California, USA). The fragments were cloned into a
TOPO TA Cloning® kit (Invitrogen Corp., Carisbad, California, USA). The inserts
were sequenced and compared with cocklebur and other known ALS sequences by
NCBI BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) procedures.

[0072] Examples 7-9. Isolation of additional regions of the ALS gene.
DNA Walking SpeedUp™ Premix Kit (Seegene USA, Rockville, Maryland, USA) was
used to obtain adjacent upstream and downstream sequences. Based on the 1.11 kb
AHAS3 fragment, three target-specific primers (TSP1, TSP2 and TSP3) were
designed using the program FastPCR® v.3.6
(http://www.biocenter.helsinki.fi/bi/bare-1_html/o|igos.htm) for upstream cloning
(Table 1). For the first PCR reaction, each 50 pL PCR reaction contained 75 ng of
template DNA derived from mutant-type of C. tinctoria, 0.2 uM of one of the four DW-
ACP, 0.2 uM of primer TSP1, and 25 L of 2 x SeeAmp™ ACP™ Master Mix Il. The
PCR tube was placed in a preheated (94°C) iCycler™ Thermal Cycler (Bio-Rad,
Hercules, California, USA) with the following thermocycle profile: 1 cycle of 94°C for
5 min; 1 cycle of 40°C for 1 min; 1 cycle of 72°C for 2 min; 30 cycles of 94°C for 30
sec, 55°C for 30 sec, and 72°C for 1 min 40 sec, 1 cycle of 72°C for 7 min, and 1
cycle of 4°C for holding. The PCR products were purified using QlAquick® PCR
Purification Kit (QIAGEN Inc., Valencia, California, USA) to remove the DW-ACP and
TSP1 primers present in the first PCR reaction. For the second PCR reaction, each
20 uL PCR reaction contained 5 pL purified first PCR products, 0.5 pM DW-ACPN,
0.5 uM of primer TSP2, and 10 uL of 2x SeeAmp™ ACP™ Master Mix Il. The PCR
tube was placed in a preheated (94°C) iCycler™ Thermal Cycler with the following
thermocycle profile: 1 cycle of 94°C for 3 min; 35 cycles of 94°C for 30 sec, 60°C for
30 sec, and 72°C for 1 min 40 sec; 1 cycle of 72°C for 7 min; and 1 cycle of 4°C for
holding. For the third PCR reaction, each 20 pL PCR reaction contained 2 pL of
second PCR products, 0.5 uM of Universal primer, 0.5 uM of primer TSP3, and 10
uL of 2x SeeAmp™ ACP™ Master Mix I. The PCR tube was placed in a preheated
(94°C) iCycler™ Thermal Cycler with the same thermocycle profile as in the second

PCR reaction. Amplified DNA products were separated on 1% agarose gels at 80V
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for 1 h in 1x TAE buffer (40 mM Tris base, pH 8.0, 20 mM glacial acetic acid, 2 mM
Na,EDTA), stained with ethidium bromide, and visualized under UV light. The
fragments were recovered from agarose gel using Zymoclean™ Gel DNA Recovery
Kit (Zymo Research Corporation, Orange, California, USA) and cloned into a TOPO
TA Cloning® kit (Invitrogen Corp., Carisbad, California, USA). The inserts were
sequenced and compared with cocklebur and other known ALS sequences by NCBI
BLAST (http://www.ncbi.nim.nih.gov/BLAST/) procedures.

[0073] The result was a 202 bp upstream fragment that did not span the entire
upstream coding region. Three additional target-specific primers (TSP10, TSP11,
and TSP12) were then designed for further upstream cloning (Table 1). The
procedures used were same as for the first set of three target-specific primers
(TSP1, TSP2 and TSP3), except that the thermocycle profile for the first PCR was 1
cycle of 35°C for 1 min instead of cycle of 40°C for 1 min. A 1.82 kb upstream
fragment was obtained, which covered the entire upstream and promoter (1.381 kb)

regions.

[0074] Example 10. Extraction of RNA, and isolation of the entire coding
region from mutant ALS genes. Pooled samples of young leaves were prepared
as in Examples 4 and 5. Total RNA was isolated from the pooled samples using an
RNeasy® Plant Mini Kit (QIAGEN Inc., Valencia, California, USA). An RNase-Free
DNase Set (QIAGEN Inc., Valencia, California, USA) was used for on-column
digestion of DNA during RNA purification. A commercial kit, “3’ RACE System for
Rapid Amplification of cDNA Ends” (Invitrogen Corp., Carlsbad, CA), was used to
amplify the cDNA 3’ ends of the ALS genes using a 5’ sequence beginning with the
start codon as the primer (P3F) (Table 1). Total RNA (2.45 ug) was used for first
strand cDNA synthesis. In amplifying target cDNA, a high-fidelity thermostable PCR
enzyme, Platinum® Pfx DNA Polymerase (Invitrogen Corp., Carlsbad, California),
was used. Each 25 L PCR reaction contained 1 plL of the cDNA synthesis reaction
solution as template, 1x pfx Amplification Buffer, 1 mM MgSOQy, 0.288 uM of each
primer (P3F and AUAP), 0.32 mM dNTPs, and 1.25 U Platinum® Pix DNA
Polymerase. The PCR was run on an iCycler™ Thermal Cycler (Bio-Rad, Hercules,

California, USA) with the following thermocycle profile: 1 cycle of 94°C for 3 min; 35
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cycles of 94°C for 15 sec, 60°C for 30 sec, and 68°C for 2 min; 1 cycle of 68°C for 7
min; and 1 cycle of 4°C for holding. Amplified DNA products were separated on 1%
agarose gels at 80 V for 1 h, in 1x TAE buffer (40 mM Tris base, pH 8.0, 20 mM
glacial acetic acid, 2 mM NazEDTA), stained with ethidium bromide and visualized
under UV light. Fragments of the expected size (~2 kb) were recovered from
agarose gel using Zymoclean™ Gel DNA Recovery Kit (Zymb Research
Corporation, Orange, California, USA). The fragments were cloned into the TOPO
TA Cloning® kit (Invitrogen Corp., Carlsbad, California, USA). Before ligation, 3’ A-
overhangs were added to the purified PCR fragments. Briefly, a 15 yL reaction
contained 11.6 L of purified PCR products (10 ng/ uL), 1x PCR Reaction Buffer, 2.5
mM MgCl,, 0.2 mM dNTPs, and 0.5 U Tag DNA polymerase (Promega Corp.,
Madison, Wisconsin, USA). The reaction was carried out at 72 °C water bath for 12
min. The inserts were sequenced and compared with cocklebur and other known
ALS sequences by NCBI BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) procedures.

[0075] Example 11. Isolation of entire coding region of wild-type ALS
Genes. PCR was carried out using wild-type C. tinctoria DNA as the template. The
forward primer, P5F, was immediately upstream of the ATG start codon, and the
reverse primer, ALS1R3 was immediately downstream of the TGA stop codon (Table
1). The sequence 5-CCC CG was inserted at the 5’ end of ALS1R3 as an adaptor to
increase the annealing temperature to 57°C (Table 1). A high fidelity thermostable
PCR enzyme, Platinum® Pfx DNA Polymerase (Invitrogen Corp., Carlsbad, CA),
was used in the PCR reactions. Each 15 yL PCR reaction contained 23 ng of wild-
type C. finctoria DNA, 1x pfx Amplification Buffer, 1 mM MgSOQy, 0.293 uM of each
primer (P5F and ALS1R3), 0.33 mM dNTPs, and 0.75 U Platinum® Pfx DNA
Polymerase. The PCR was run on an iCycler'™ Thermal Cycler (Bio-Rad, Hercules,
California, USA) with the following thermocycle profile: 1 cycle of 94°C for 2 min; 1
cycle of 50°C for 30 sec; 1 cycle of 68°C for 2 min; 34 cycles of 94°C for 15 sec,
60°C for 30 sec, and 68°C for 2 min; 1 cycle of 68°C for 5 min; and 1 cycle of 4°C for
holding. Amplified DNA products were separated on 1% agarose gels at 80 V for 1 h
in 1x TAE buffer (40 mM Tris base, pH 8.0, 20 mM glacial acetic acid, 2 mM

NazEDTA), stained with ethidium bromide and visualized under UV light. Fragments
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of the expected size (~2 kb) were recovered from agarose gel using Zymoc:leanTM
Gel DNA Recovery Kit (Zymo Research Corporation, Orange, California, USA). The
fragments were cloned into a TOPO TA Cloning® kit (Invitrogen Corp., Carlsbad,
California, USA). The cloning procedures were the same as those for the 3’ Race.
The inserts were sequenced and compared with cocklebur and other known ALS
sequences by NCBI BLAST (http://www.ncbi.nim.nih.gov/BLAST/) procedures.

[0076] Examples 12-17. Response of resistant and susceptible C.
tinctoria plants to herbicide treatments.

[0077] Table 2 shows that susceptible C. tinctoria plants sprayed with
sulfosulfuron methyl, or imazapyr, or a combination of both sustained a 68-89%
reduction in plant height 25 days after treatment as compared to unsprayed,
susceptible controls. The combined imazapyr + sulfosulfuron methyl treatment
impaired growth less than either herbicide used alone. The range of herbicide injury
ratings for the sprayed susceptible plants was 3.3 to 4.8, with essentially no injury for
the unsprayed controls. By forty-five days after herbicide treatment, all susceptible
plants had died; while all resistant plants were green, healthy, and showed little sign

of herbicide damage.
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Table 2. Mean plant height and injury rating for susceptible and resistant C. tinctoria

sprayed with sulfosulfuron methyl and imazapyr herbicides

% reduction
compared to no spray
Herbicide treatment control
Plant height Injury rating®”
(cm)
Susceptible plants*
Sulfosulfuron methyl (SM)' 6.2 89 3.3
Imazapyr (IM)? 11.0 80 3.5
SM + IM° 11.7 79 4.8
IM + SMm* 17.6 68 3.5
No spray 55.2 - 0
Resistant plants*
Sulfosulfuron methyl (SM)'  10.8 0 0.5
Imazapyr (IM)>? 9.2 0 0.7
SM + IM® 11.6 0 1.2
IM + SM* 30.2 0 0.7
No spray 9.2 - 0
SM sprayed at 8 oz.
a.i. /A
2|M sprayed at 2 oz. a.i. / A
3SM + IM: SM sprayed on March 3 and IM on March 13
4M + SM: IM sprayed on March 3 and SM on March 13
* Six plants were evaluated for each treatment
** |njury rating, where 0 = no injury, and 10 = dead plant
[0078] Plant height in resistant plants was not affected when sprayed with

sulfosulfuron methyl or imazapyr, as compared to the unsprayed resistant controls.

The height of the resistant plants actually increased 3-fold after the imazapyr +
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sulfosulfuron methyl sequential sprays (Table 2). It appeared that the imazapyr +
sulfosulfuron methyl treatment stimulated growth in the resistant plants, an
observation that will be confirmed in follow-up experiments. Various strains or
genotypes of C. tinctoria were used in this study, so a direct evaluation of herbicide
on plant height should be viewed with caution. However, a clear, general trend was
that the resistant plants showed far greater resistance to herbicide than the
susceptible plants. Herbicide injury ratings for the resistant plants ranged from 0.5 to
1.2 (Table 2). The resistant plants and the unsprayed control plants both showed

essentially no injury, while after 45 days all susceptible plants were dead.

[0079] Examples 18-20. AHAS/ALS enzyme activity. Figs. 1(a) through (f)
depict ALS enzyme activity in mutant and wild type strains of C. tinctoria, and in
mutant and wild type strains of rice, in the presence of several concentrations of
Arsenal, Glean, and Oust herbicides as inhibitors. Results from the enzyme
analyses showed that the ALS enzyme from the resistant C. tinctoria mutants were ~
2 5fold more tolerant to Arsenal herbicide (imazapyr) at 10 to 100 pM
concentrations as compared to that from the susceptible variety (Fig. 1a). By
contrast, the enzyme from CL161 rice was < 2-fold more tolerant at the 10 uM
concentration (Fig. 1b). The C. tinctoria mutant AHAS exhibited ~ 4 .5-fold greater
tolerance to Glean herbicide (chlorsulfuron) than the susceptible control at 1 to 10
UM concentrations (Fig. 1c). The CL161 rice variety AHAS was < 1-fold more
tolerant than control at 1 pM concentration (Fig. 1d). The C. tinctoria mutants were
more tolerant than the susceptible control for Oust herbicide (sulfometuron methyl)
(Fig. 1e), although the difference was not significant. The CL161 rice exhibited
significantly greater tolerance than the susceptible variety CCDR at 100 pM of Oust
herbicide (sulfometuron methyl) (Fig. 1f).

[0080] Examples 21 - 22. ALS sequence analysis of 1.11 kb fragment and
promoter region. The conserved region isolated with the primers AHAS3F and
AHAS3R (Table 1) was 1.11 kb. A search of the DNA sequence databases in the
GenBank showed that the 1.11 kb C. tinctoria sequence contained significant

sequence similarity to other higher plant ALS sequences (data not shown). The
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1381 kb promoter and upstream untranslated region of the C. tinctoria ALS
sequence exhibited the characteristic “TATATT” box of eukaryotic promoters

beginning at nucleotide 1330.

[0081] Examples 23-27. Nucleotide polymorphisms among C. tinctoria
ALS sequences associated with herbicide resistance. Table 3 below identifies
the various DNA sequences and inferred amino acid sequences, from resistant and

susceptible Coreopsis tinctoria.
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Table 3

ALS Promoter Region

SEQ ID NO 12
SEQ ID NO 13

ALS DNA Coding Sequence, Race 2,
Resistant

SEQ ID NO 14 ALS DNA Coding Sequence, Race 3,
Resistant

SEQ ID NO 15 ALS DNA Coding Sequence, Race ©,
Resistant

SEQ ID NO 16 ALS DNA Coding Sequence, Race 9,
Resistant

SEQ IDNO 17 ALS Inferred Amino Acid Sequence,
Race 2, Resistant

SEQ ID NO 18 ALS Inferred Amino Acid Sequence,
Race 3, Resistant

SEQIDNO 19 ALS Inferred Amino Acid Sequence,
Race 6, Resistant

SEQIDNO 20 ALS Inferred Amino Acid Sequence,
Race 9, Resistant

SEQ ID NO 21 ALS DNA Coding Sequence, ALS1S51,
Susceptible

SEQ ID NO 22 ALS DNA Coding Sequence, ALS182,
Susceptible

SEQ ID NO 23 ALS DNA Coding Sequence, ALS1S3,
Susceptible

SEQ ID NO 24 ALS DNA Coding Sequence, ALS154,
Susceptible

SEQ ID NO 25 ALS Inferred Amino Acid Sequence,
ALS1S1, Susceptible

SEQ ID NO 26 ALS Inferred Amino Acid Sequence,
ALS1S2, Susceptible

SEQ ID NO 27 ALS Inferred Amino Acid Sequence,
ALS1S3, Susceptible

SEQ ID NO 28 ALS Inferred Amino Acid Sequence,
ALS1S4, Susceptible

A comparison of mutant and wild
that all eight cloned sequences encod

C. tinctoria, the Race 2 clon

-type C. tinctoria ALS sequences revealed
ed Ala653. See Table 4. Among the mutant
e exhibited a nucleotide change from G1682 to T1682,

resulting in an amino acid change from Trp574 to Leu574 (Table 4). Race 9 had a
nucleotide change from C548 to T548, resulting in an amino acid change from
Pro197 to Leu197 (Table 4). Race3 had both Pro197—Leu197 and Trp574—Leu574
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changes (Table 4). Although Race 6 was obtained from the resistant pool of
Coreopsis leaves, we identified no mutation sites in the ALS sequence from Race 6
appearing to confer resistance to ALS-inhibiting herbicides, as compared to the four
sequences (ALS1S1-4) from wild-type C. tinctoria (Table 4). Compared to wild-type
ALS gene sequences of C. tihctoria, Race 2 and 3 exhibited putative mutations for
cross-tolerance to different ALS-inhibiting herbicides. Race 9 showed putative

resistance mutations for sulfonylureas (Table 4).

[0082] Race 3 was unique in harboring two mutations in the same allele, one
mutation associated with cross-tolerance, and one associated with sulfonylurea
herbicide resistance. Enzyme assays, greenhouse tests, and field tests, otherwise
along the lines generally described in this specification, will confirm that plants with
the Race 3 genotype have greater herbicide resistance and greater cross-tolerance \

and than plants with the other genotypes, including the other resistant genotypes.

Table 4. Nucleotide polymorphisms (indicated in bold italics within the codon) in the

ALS gene sequences of C. finctoria that resulted in amino acid substitutions in the

gene

Nucleotide Amino

position from 5’| Codons | acid® Sequences

end?®

16,17 ccC Pro6 Race2, 3, 6, 9, ALS1S1, 3, 4
GAC Aspb6 ALS1S2

23 AAC Asn8 Race2, 3, 9, ALS1S1-3
AGC Ser8 Race6, ALS154

25 CCT Pro9 Race2, 3, 9, ALS1S1-3
TCT Ser9 Race6, ALS154

31 ATC lle11 Race2, 3, 6, 9, ALS1S81, 3,4
TTC Phe11 ALS1S2

76,77,78 e Race2, 3, 6, 9, ALS181, 3,4
ACC Thr31 ALS1S2
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82, 83 AAC Asn32 Race2, ALS181, 3
TTC Phe32 Race3, 6, 9, ALS1S2, 4
104 CAT His39 Race3, 6, 9, ALS182
CGT Arg39 Race2, ALS181, 3,4
131 ccC Pro48 ALS154
CTC Leu48 Race2, 3, 6, 9, ALS151-3
140 CAA GIn51 ALS134
CGA Arg51 Race2, 3, 6, 9, ALS181-3
199, 200, 201 ACG Thr79 Race6
ACT Thr79 Race2, 3, 9, ALS1S1, 3, 4
TGT Cys79 ALS1S2
1268, 270 ATC lle104 ALS182
GTA Val104 Race2, ALS1S3, 4
GTC Val104 Race3, 6, 9
GTT Val104 ALS1S1
273 GAA Glu105 Race2, 3, 6, 9, ALS181, 3,4
GAT Asp105 ALS1S2
274 cCC Pro106 ALS1S2
GCC Ala106 Race2, 3, 6, 9, ALS181, 3,4
280 AAA Lys108 ALS1S2
GAA Glu108 Race2, 3, 6, 9, ALS151, 3, 4
283 CGC Arg109 Race2, 3, 6, 9, ALS181, 3, 4
GGC Gly109 ALS1S2
286 CAA GIn110 ALS182
GAA Glu110 Race2, 3, 6, 9, ALS1S1, 3, 4
295 ACC Thr113 Race2, 3, 6, 9, ALS181, 3,4
CcCC Pro113 ALS1S2
421 CCC Pro155 ALS1S2
GCC Ala155 Race2, 3, 6, 9, ALS1S1, 3, 4
454 cCC Pro166 ALS1S2
GCC Ala166 Race2, 3, 6, 9, ALS1S81, 3,4
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472 ACT Thr172 ALS152
GCT Ala172 Race2, 3, 6,9, ALS1S81, 3,4
494 CGT Arg179 ALS1S2
CTT Leu179 Race2, 3, 6, 9, ALS181, 3,4
513 GAC Asp185 ALS1S4
GAG Glu185 ALS132
GAT Asp185 Race2, 3, 6, 9, ALS181, 3
521 cccC Pro188 Race2, 3, 6, 9, ALS181, 3,4
CGC Arg188 ALS1S2
548 CCG Pro197 Race2, 6, ALS181-4
CTG Leu197 Race3, 9
551, 552 CCA Pro198 ALS1S2
CGG Arg198 Race2, 3, 6, 9, ALS181, 3,4
831 GAG Glu290 Race6, 9, ALS1S3, 4,
GAT Asp290 Race2, 3, ALS181, 2
906 GAC Asp315 Race6, 9, ALS1S81, 2, 4
GAG Glu315 Race2, 3, ALS1S3
927 GAG Glu322 Race2, 3, 6, ALS151-4
GAT Asp322 Race9
974 TAC Tyr338 Race6, 9, ALS1S3
TTC Phe338 Race2, 3, ALS181, 2,4
1250 GAT Asp430 ALS1S2
GGT Gly430 Race2, 3, 6, 9, ALS1S1, 3, 4
1387 GGC Glyd76 Race2, 3, 6, ALS151-4
TGC Cys476 Race9
1682 TGG Trp574 Race6, 9, ALS151-4
TTG Leub74 Race2, 3

3 I this table, the nucleotide sequences of the ALS gene are numbered in reference
to C. tinctoria ALS1S2, because its insertion mutation resulted in three more

nucleotides than other C. finctoria sequences.
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b In this table, the amino acids were numbered in correspondence to the reported

sequence for A. thaliana (Sathasivan et al. 1990).

Table 5. Amino acid polymorphisms in the ALS gene sequences of

C. tinctoria that correspond to analogous, previously-reported, individual point
mutations associated with resistance to ALS-inhibiting herbicides. (The

individual point mutations below have been previously reported in other plants.
However, it is believed that the combination of mutations in Race 3 has not

previously been reported.)

Sequence Amino acid? Herbicide resistance

Race2 Trp574—Leu574 Cross-tolerant
Ala653 Imidazolinones

Race3d Trp574—Leub74 Cross-tolerant

Pro197—Leu197 Sulfonylureas

Ala653 Imidazolinones
Race9 Pro197—lLeu197 Sulfonylureas

Ala653 Imidazolinones
Race6 Ala653 Imidazolinones
ALS1S1-4 Ala653 Imidazolinones

@ The amino acids were numbered according to A. thaliana (Sathasivan et al. 1990)

[0083] Thus we identified two nucleotide substitutions in mutant C. tinctoria

ALS genes that resulted in amino acid changes (Pro197—Leu197 and

Trp574—Leu574) that confer resistance to ALS-inhibiting herbicides. Specifically, a

Pro197 to Leu197 mutation was detected in Race 9, a Trp574 to Leu574 mutation

was observed in Race 2, and both Pro197 to Leu197 and Trp574 to Leu574

mutations were found in Race 3. This combination in a single allele, as in Race 3,
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has not been reported previously. The results from the AHAS enzyme assay were
consistent with the ALS DNA sequences, indicating that the AHAS locus was
associated with resistance to imidazolinone and sulfonylurea herbicides.

[0084] The mutation of Pro197 to Leu197 was identified in Race 3 and 9
mutant C. tinctoria ALS genes. Amino acid substitutions at Pro197 have been
identified in ALS genes of at least 13 different species (see Tranel 2006).

[0085] A Trp574 to Leu574 mutation was identified in Races 2 and 3 of the
mutant C. tinctoria. A Trp574 to Leu 574 substitution has been reported in several
other plant species with varieties resistant to AHAS-inhibiting herbicides. See, e.g.,
Tranel et al. 2006.

[0086] Two other mutations were ideﬁtified with potential implications for
herbicide tolerance. In Race 9 (only), we observed the previously-unreported
mutations Glu322 to Asp 322 and Gly476 to Cys476. Using enzyme, greenhouse,
and field assays as otherwise described in this specification, the effect of these two
mutations on imidazolinone resistance, sulfonylurea resistance, and resistance to
other ALS-inhibiting herbicides will be confirmed. If either or both of these mutations
are confirmed to impart herbicide resistance, then the use of either or both mutations
as otherwise described in this specification is considered to be within the scope of
this invention — both the use of such mutation(s) alone, or in conjunction with other
herbicide resistance mutations, such as Pro197 to Leu197, or Trp574 to Leu 574, or
other mutations known in the art.

[0087] The eight C. tinctoria ALS sequences we analyzed varied at 164
nucleotides within the coding sequence, which accounted for a combined total of
8.3% of the entire ALS coding sequence. Among the 164 SNPs, 124 were neutral
nucleotide polymorphisms, while 40 would cause amino acid substitutions, with a
total of 32 different polymorphisms at the amino acid level. Except for the two
mutations Pro197 to Leu197, and Trp574 to Leu574, none of the remaining 30 amino
acid mutations corresponded to any changes that have previously been reported as
being associated with herbicide resistance, nor are any of these 30 amino acids
unique to the resistant lines.

[0088] Of particular interest for developing herbicide resistant crops through

genetic engineering is Race 3, which has the herbicide resistance allele with a
34



WO 2007/149069 PCT/US2006/023247

unique combination of two mutations within the coding sequence: Pro 197 —Leu197
and Trp574—Leu574. This unique combination of mutations provides exceptionally
broad-spectrum resistance to both imidazolinone and sulfonylurea herbicides.

[0089] The judicious use of Race 2 and Race 9 in conjunction with Race 3
could also be used to reduce or eliminate selection of herbicide-resistant weeds by
rotation of different ALS-inhibiting herbicide classes.

[0090] The resistant ALS genes may also be used as selection markers in
plant transformation techniques otherwise known in the art, e.g.,, as otherwise
described in Kovar J.L., Zhang J., Funke R.P., and Weeks D.P. 2002. Molecular
analysis of the acetolactate synthase gene of Chlamydomonas reinhardtii and
development of a genetically engineered gene as a dominant selectable marker for
genetic transformation. The Plant Journal 29:109-117.

[0091] It will be understood by those skilled in the art that the nucleic acid
sequences of the resistant mutant Coreopsis ALS enzymes are not the only
sequences that can be used to confer resistance. As previously discussed, other
point mutations may be introduced at the same codons 197 and 574. In addition,
any of the above may be encoded by nucleic acid sequences that encode the same
amino acid sequences as otherwise described but that, because of the degeneracy
of the genetic code, possess different nucleotide sequences. The genetic code may
be found in numerous references concerning genetics or biblogy, including, for
example, Figure 9.1 on page 214 of B. Lewin, Genes VI (Oxford University Press,
New York, 1997). Figures 9.1 and 9.3 on pages 214 and 216 of Lewin directly
illustrate the degeneracy of the genetic code. For example, the (MRNA) codon for
leucine may be UUA, UUG, CUU, CUC, CUA, or CUG.

[0092] The sequences may be transformed into essentially any plant of
interest, for example crop plants and ornamental plants. The sequenced Coreopsis
ALS genes lacked introns, a situation that simplifies their regulation in other plants.
[0093] The expression products are preferably targeted to the chloroplasts,
which are believed to be the major site for wild type ALS activity in green plants. The
targeting signal sequence normally corresponds to the amino terminal end of the
protein expression product, and the corresponding coding sequence should

therefore appear upstream of the 5' end of the coding sequence. This targeting is
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preferably accomplished with the native Coreopsis ALS signal sequence, but it may
also use other plant chloroplast signal sequences known in the art, such as, for
example, those disclosed in Cheng et al., J. Biol. Chem., vol. 268, pp. 2363-2367
(1993); see also Comai et al., J. Biol. Chem., vol. 263, pp. 15104-15109 (1988).
[0094] The invention also encompasses nucleotide sequences encoding ALS
proteins having one or more silent amino acid changes in portions of the molecule
not involved with resistance or catalytic function. For example, alterations in the
nucleotide sequence that result in the production of a chemically equivalent amino
acid at a given site are contemplated; thus, a codon for the amino acid alanine, a
hydrophobic amino acid, may be substituted by a codon encoding another
hydrophobic residue, such as glycine, or may be substituted with a more
hydrophobic residue such as valine, leucine, or isoleucine. Similarly, changes that
result in the substitution of one negatively-charged residue for another, such as
aspartic acid for glutamic acid, or one positively-charged residue for another, such as
lysine for arginine, can also be expected to produce a biologically equivalent product.
See, e.g., Fig. 1.8 on page 10 of Lewin (1997), showing the nature of the side chains
of the "standard" 20 amino acids encoded by the genetic code. (Note also a
typographical error in that published figure, namely that the abbreviation for
glutamine should be "GIn.")

[0095] The invention also encompasses chimeric nucleotide sequences, in
which the mutated portion of a resistant Coreopsis ALS nucleotide sequence is
recombined with unaltered portions of the ALS nucleotide sequence from another
species.

[0096] This invention relates not only to a functional ALS enzyme having the
amino acid sequence encoded by a mutant, resistant ALS nucleotide sequence
described in this specification, including for example those from the resistant
Coreopsis described above, but also to an enzyme having modifications to such a
sequence resulting in an amino acid sequence having the same function (i.e., a
functional ALS enzyme, with resistance to at least some herbicides that normally
interfere with ALS), with point mutations at both locations 197 and 574, and
otherwise having about 60-70%, preferably 90% or greater homology to the

sequence of the amino acid sequence encoded by the Coreopsis ALS nucleotide
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sequence, most preferably about 95% or greater homology, particularly in conserved
regions such as, for example, a putative herbicide binding site. “Homology” means
identical amino acids or conservative substitutions (e.g., acidic for acidic, basic for
basic, polar for polar, nonpolar for nonpolar, aromatic for aromatic). The degree of
homology can be determined by simple alignment based on programs known in the
art, such as, for example, GAP and PILEUP by GCG, or the BLAST software
available through the NIH internet site. Most preferably, a certain percentage of
“homology” would be that percentage of identical amino acids.

[0097] A particular desired point mutation may be introduced into an ALS
coding sequence using site-directed mutagenesis methods known in the art, as

described previously.

[0098] Isolated ALS DNA sequences in accordance with the present invention
are useful to transform target crop plants or ornamental plants, and thereby confer
resistance. A broad range of techniques exists for achieving the direct or indirect
transformation of plants with exogenous DNA, and any method by which one of the
novel sequences can be incorporated into the host genome, and stably inherited by
its progeny, is contemplated by the present invention.

[0099] The cloned ALS coding sequence should be placed under the control
of a suitable promoter, so that it is appropriately expressed in cells of the
transformed plant. It is expected that the most suitable promoter would be a native
ALS promoter. The native ALS promoter could be that of any plant, for example, the
native ALS promoter from the plant that is being transformed. Alternatively, it is
expected that the native Coreopsis AHAS promoter will function appropriately in
other green plants generally (including, e.g., both monocots and dicots), and that for
simplicity the same Coreopsis ALS promoter may be used when transforming any |
plant species of interest. The Coreopsis ALS promoter comprises bases 1 to 1360 in
SEQ ID NO 12. This promoter contains the consensus “TATA” box, but otherwise
appears to be unique as compared to previously reported promoters.

[0100] As a further alternative, a constitutive promoter could be used to
control the expression of the transformed mutant AHAS coding sequence. Promoters
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that act constitutively in plants are well known in the art, and include, for example,

the cauliflower mosaic virus 35S promoter.

[0101] Transformation of plant cells can be mediated by the use of vectors. A
common method for transforming plants is the use of Agrobacterium tumefaciens to
introduce a foreign nucleotide sequence into the target plant cell. For example, a
mutant AHAS nucleotide sequence is inserted into a plasmid vector containing the
flanking sequences in the Ti-plasmid T-DNA. The plasmid is then transformed into
E. coli. A triparental mating is carried out among this strain, an Agrobacterium strain
containing a disarmed Ti-plasmid containing the virulence functions needed to effect
transfer of the ALS-containing T-DNA sequences into the target plant chromosome,
and a second E. coli strain containing a plasmid having sequences necessary to
mobilize transfer of the ALS construct from E. coli to Agrobacterium. A recombinant
Agrobacterium strain, containing the necessary sequences for plant transformation,
is used to infect leaf discs. Discs are grown on selection media and successfully
transformed regenerants are identified. The recovered plants are resistant to the

effects of herbicide when grown in its presence.

[0102] Plant viruses also provide a possible means for transfer of exogenous
DNA.
[0103] Direct uptake of DNA by plant cells can also be used. Typically,

protoplasts of the target plant are placed in culture in the presence of the DNA to be
transferred, along with an agent that promotes the uptake of DNA by protoplasts.
Such agents include, for example, polyethylene glycol and calcium phosphate.
[0104] Alternatively, DNA uptake can be stimulated by electroporation. In this
method, an electrical pulse is used to open temporary pores in a protoplast cell
membrane, and DNA in the surrounding solution is then drawn into the cell through
the pores. Similarly, microinjection can be used to deliver the DNA directly into a cell,
preferably directly into the nucleus of the cell.

[0105] In many of these techniques, transformation occurs in a plant cell in
culture. Subsequent to the transformation event, plant cells must be regenerated to

whole plants. Techniques for the regeneration of mature plants from callus or
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protoplast culture are known for a large number of plant species. See, e.g.,
Handbook of Plant Cell Culture, Vols. 1-5, 1983-1989 McMillan, N.Y.

[0106] Alternate methods are also available that do not necessarily require the
use of isolated cells and plant regeneration techniques to achieve transformation.
These are generally referred to as "ballistic" or "particle acceleration" methods, in
which DNA-coated metal particles are propelled into plant cells by either a
gunpowder charge (see Klein et al., Nature 327: 70-73, 1987) or by electrical
discharge (see EPO 270 356). In this manner, plant cells in culture or plant
reproductive organs or cells, e.g. pollen, can be stably transformed with the DNA
sequence of interest.

[0107] Direct uptake of DNA may be used. For example, in maize or rice the
cell wall of cultured cells is digested in a buffer with one or more cell wall-degrading
enzymes, such as cellulase, hemicellulase, and pectinase, to isolate viable
protoplasts. The protoplasts are washed several times to remove the degrading
enzymes, and are then mixed with a plasmid vector containing the nucleotide
sequence of interest. The cells can be transformed with either PEG (e.g. 20% PEG
4000) or by electroporation. The protoplasts are placed on a nitrocellulose filter and
cultured on a medium with embedded maize cells functioning as feeder cultures.
After 2-4 weeks, the cultures in the nitrocellulose filter are placed on a medium
containing herbicide and maintained in the medium for 1-2 months.  The
nitrocellulose filters with the plant cells are transferred to fresh medium with
herbicide and nurse cells every two weeks. The un-transformed cells cease growing
and die after a time.

[0108] Other methods of transforming plants are described in B. Jenes et al.,
and in S. Ritchie ef al., in S.-D. Kung et al. (Eds.), Transgenic Plants, vol. 1,
Engineering and Utilization, Academic Press, Inc., Harcourt Brace Jovanovich
(1993); and in L. Mannonen et al., Critical Reviews in Biotechnology, vol. 14, pp.
287-310 (1994). See also the various references cited on pages 15-17 of published
international patent application WO 00/26390, each of which is incorporated by
reference. Other transformation methods include vacuum infiltration and floral dip.
See Clough and Bent. 1998. The Plant Journal. 16:735-743.
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[0109] A particularly preferred transformation vector, which may be used to
transform seeds, germ cells, whole plants, or somatic cells of monocots or dicots, is
the transposon-based vector disclosed in U.S. Patent 5,719,055. This vector may be
delivered to plant cells through one of the techniques described above or, for
example, via liposomes that fuse with the membranes of plant cell protoplasts. The
use of the vector of U.S. Patent 5,719,055 allows the introduction of the desired
coding sequence only, without any other coding sequences being introduced into the
genome. No antibiotic-resistance genes or other markers will be needed: selection
for successful transformation events can be based directly on the herbicide
resistance itself. As explained more fully in U.S. Patent 5,719,055, the only
sequences that need be introduced in addition to the nucleotide sequence of interest
are flanking insertion sequences recognized by the transposase used by the vector.
The insertion sequences are not themselves coding sequences, and are inert in the
absence of the transposase; furthermore, the vector is designed so that the
transposase is not encoded by any DNA that is inserted into the transformed
chromosome. The only portion of the transformed DNA that will be active following
transformation is the resistant ALS nucleotide sequence itself.

[0110] The present invention can be applied to transform virtually any type of
green plant, both monocot and dicot. Among the crop plants, ornamental plants, and
other plants for which transformation for herbicide resistance is contemplated are (for
example) rice, maize, wheat, millet, rye, oat, barley, sorghum, sunflower, sweet
potato, cassava, alfalfa, sugar cane, sugar beet, canola and other Brassica species,
sunflower, tomato, pepper, soybean, tobacco, melon, lettuce, celery, eggplant,
carrot, squash, melon, cucumber and other cucurbits, beans, cabbage and other
cruciferous vegetables, potato, tomato, peanut, pea, other vegetables, cotton, clover,
cacao, grape, citrus, strawberries and other berries, fruit trees, and nut trees. The
novel sequences may also be used to transform turfgrass, ornamental species, such

as petunia and rose, and woody species, such as pine and poplar.
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Miscellaneous

[0111] It is expected that the resistant Coreopsis lines will show resistance to
ALS-inhibiting herbicides other than those tested to date. In addition to those
discussed above, such herbicides include others of the imidazolinone and
sulfonylurea classes, such as primisulfuron, chlorsulfuron, imazamethabenz methyl,
and triasulfuron. Other classes of AHAS herbicides known in the art include
triazolopyrimidines, triazolopyrimidine sulfonamides, sulfamoylureas,
sulfonylcarboxamides, sulfonamides, pyrimidyloxybenzoates, phthalides,
pyrimidylsalicylates, carbamoylpyrazolines, sulfonylimino-triazinyl heteroazoles, N-
protected  valylanilides, sulfonylamide azines, pyrimidyl —maleic  acids,

benzenesulfonyl carboxamides, substituted sulfonyldiamides, and ubiquinone-o.

[0112] As used in the specification and claims, the term "imidazolinone"
means a herbicidal composition comprising one or more chemical compounds of the
imidazolinone class, including by way of example and not limitation, 2-(2-imidazolin-
2-yl)pyridines, 2-(2-imidazolin-2-yl)quinolines and 2-(2-imidazolin-2-yl) benzoates or
derivatives thereof, including their optical isomers, diastereomers and/or tautomers
exhibiting herbicidal activity, including by way of example and not limitation 2-[4,5-
dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-3- quinolinecarboxylic
acid (generic name imazaquin); 2-[4,5-dihydro-4-methyl-4- (1-methylethyl)-5-oxo-1H-
imidazol-2-yl]-5-ethyl-3-pyridinecarboxylic acid (generic name imazethapyr); and 2-
[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1 H-imidazol-2-yl]-5-(methoxymethyl)-

3-pyridinecarboxylic acid (generic name imazamox); 2-[4,5-dihydro-4-methyl-4-(1-
methylethyl)-5-oxo-1H-imidazol-2-yl]-3-pyridinecarboxylic ~ acid  (generic  name
imazapyr); 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-
methyl-3-pyridinecarboxylic acid) (generic name imazameth, also known as
imazapic); and the other examples of imidazolinone herbicides given in the

specification.

[0113] As used in the specification and claims, the term "sulfonylurea” means
a herbicidal composition comprising one or more chemical compounds of the
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sulfonylurea class, which generaily comprise a sulfonylurea bridge, -SO,NHCONH-,
linking two aromatic or heteroaromatic rings, including by way of example and not
limitation 2-(((((4,6-dimethoxypyrimidin-2-yl) aminocarbonyl)) aminosulfonyl))-N,N-
dimethyl-3-pyridinecarboxamide ~ (generic ~ name nicosulfuron);  3-[4,6-bis
(difluoromethoxy)—pyrimidin-2-yl]-1-(2-methoxycarbonylphenylsuIfonyl) urea (generic
name primisulfuron); 2-[[[[(4,6-dimethyl-2-
pyrimidinyl}amino]carbonylJamino]sulfonyl]benzoic acid methyl ester (generic name
sulfometuron methyl); methyl 2-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-
yl)amino]carbonyf]lamino]sulfonyllbenzoate (generic name metsulfuron methyl);
methyl-2-[[[[N-(4-methoxy-6-methyl-1,3,5-triazin-2-yl)
methylamino]carbonyl]lamino]sulfonyllbenzoate (generic name tribenuron methyl);
methyl-3-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl) amino]carbonyljamino]sulfonyl]-2-
thiophenecarboxylate (generic name thifensulfuron methyl); 2-chloro-N-[(4-methoxy-
6-methyl-1,3,5-triazin-2-yl)aminocarbonyl]benzenesulfonamide (generic name
chlorsulfuron); ethyl 2-[[[[(4-chloro-6-methoxypyrimidin-2-
yl)amino]carbonyl]lamino]sulfonyl benzoate (generic name chlorimuron ethyl); methyl
2-[[[[N-(4-methoxy-6-methyl-1 3 5-triazin-2-yl)methylamino]carbonyl]Jamino]sulfonyl
benzoate (generic name tribenuron methyl); 3-(6-methoxy-4-methyl-1,3,5-triazin-2-
yl)-1-[2-(2-chioroethoxy)-phenylsulfonyl]-urea (generic name triasulfuron); and the

other examples of sulfonylurea herbicides given in the specification.

[0114] As used in the specification and claims, unless otherwise clearly
indicated by context, the term "plant” is intended to encompass plants at any stage
of maturity, as well as any cells, tissues, or organs taken or derived from any such
plant, including without limitation any embryos, seeds, leaves, stems, flowers, fruits,
roots, tubers, single cells, gametes, anther cultures, callus cultures, suspension
cultures, other tissue cultures, or protoplasts. Also, unless otherwise clearly
indicated by context, the term "plant” is intended to refer to a photosynthetic
organism or green plant including algae, mosses, ferns, gymnosperms, and
angiosperms. The term excludes, however, both prokaryotes, and eukaryotes that
do not carry out photosynthesis such as yeast, other fungi, and the so-called red
plants and brown plants that do not carry out photosynthesis.
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[0115] Unless otherwise clearly indicated by context, the “genome’ of a plant
refers to the entire DNA sequence content of the plant, including nuclear
chromosomes, mitochondrial chromosomes, chloroplast chromosomes, plasmids,
and other extra-nuclear or extra-chromosomal DNA. If, for example, a herbicide
resistance nucleotide sequence is incorporated into the cells of a transformed plant
in a plasmid or other genetic element that might not otherwise be consistently
maintained and inherited by the plant and its progeny, then the herbicide resistance
trait itself may be used to apply selective pressure upon such plants to maintain the
herbicide resistance phenotype and genotype. Such a plant is considered to have
the herbicide resistance nucleotide sequence in its “genome” within the

contemplation of this definition.

[0116] Unless otherwise clearly indicated by context, the "progeny” of a plant
includes a plant of any subsequent generation whose ancestry can be traced to that
plant, e.g., F1 progeny rice plants, F> progeny rice plants, Fso progeny rice plants,

varieties, hybrids, etc.

[0117] Unless otherwise clearly indicated by context, a "derivative" of a
herbicide-resistant plant includes both the progeny of that herbicide-resistant plant,
as the term "progeny" is defined above; and also any mutant, recombinant, or
genetically-engineered derivative of that plant, whether of the same species or of a
different species; where, in either case, the herbicide-resistance characteristics of
the original herbicide-resistant plant have been transferred to the derivative plant.
Thus a "derivative" of a Coreopsis plant with a resistant ALS enzyme would include,
by way of example and not limitation, any of the following plants that express the
same resistant ALS enzyme: F4 progeny Coreopsis plants (including hybrids), F
progeny rice plants (including hybrids and backcrosses), F3p progeny rice plants,
etc., a transgenic maize plant transformed with a herbicide resistance nucleotide
sequence from the resistant Coreopsis plant, and a transgenic sweet potato plant
transformed with a herbicide resistance nucleotide sequence from the resistant
Coreopsis plant.
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[0118] The following definitions should be understood to apply throughout the
specification and claims, unless otherwise clearly indicated by context.

[0119] An “isolated” nucleic acid sequence is an oligonucleotide sequence
that is located outside a living cell. A cell comprising an “isolated” nucleic acid
sequence is a cell that has been transformed with a nucleic acid sequence that at
one time was located outside a living cell; or a cell that is the progeny of, or a
derivative of, such a cell.

[0120] A "“functional" or "normal" ALS enzyme is one that is capable of
catalyzing the first step in the pathway for synthesis of the essential amino acids
isoleucine, leucine, and valine; regardless of whether the enzyme expresses
herbicide resistance.

[0121] A "resistant" plant is one that produces a functional ALS enzyme, and
that is capable of reaching maturity when grown in the presence of normally
inhibitory levels of a herbicide that normally inhibits ALS. The term "resistant" or
"resistance," as used herein, is also intended to encompass "tolerant” plants, i.e.,
those plants that phenotypically evidence adverse, but not lethal, reactions to one or
more ALS herbicides. A "resistant" ALS enzyme is a functional ALS enzyme that
retains substantially greater activity than does a wild-type ALS enzyme in the
presence of normally inhibitory levels of an ALS herbicide, as measured by in vitro
assays of the respective enzymes' activities. A "wild-type" or "sensitive" plant is one
that produces a functional ALS enzyme, where the plant is sensitive to normally
inhibitory levels of a herbicide that normally inhibits ALS. A “resistant” plant is a
plant that is resistant to normally inhibitory levels of a herbicide that normally inhibits
ALS (either due to a resistant ALS enzyme or another mechanism of resistance in
the plant). Note that within the contemplation of this last definition, "wild-type" plants
include cultivated varieties; the designation "wild-type" refers to the presence or
absence of normal levels of herbicide sensitivity, and in the context of this
specification and the claims the term "wild-type" carries no connotation as to whether
a particular plant is the product of cultivation and artificial selection, or is found in

nature in an uncultivated state.
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[0122] A "wild-type" ALS enzyme or "wild-type" ALS sequence is an ALS
enzyme or a DNA sequence encoding an ALS enzyme, respectively, that does not
impart herbicide resistance. Thus, within the scope of this definition, a “wild-type”
ALS may, for example, contain one or more mutations, provided that the mutations
do not impart herbicide resistance. In some species, more than one wild-type ALS
may naturally exist in different varieties. A “wild-type” ALS includes, for example,
any of these multiple ALS enzymes from different varieties. A “wild-type” AHAS also
includes, for example, a hybrid or mosaic of two or more of these wild-type AHAS
enzymes.

[0123] The complete disclosures of all references cited in this specification are
hereby incorporated by reference. Also incorporated by reference is the complete
disclosure of N. Zhang et al., “Cloning of genes encoding acetolactate synthase from
Coreopsis tinctoria Nutt. For resistance to sulfonylurea and imidazolinone herbicides”
(manuscript 2006); N. Zhang et al., “Phylogenetic analysis of the acetolactate
synthase gene from Coreopsis tinctoria” (manuscript poster 2006); N. Zhang et al.,
“Phylogenetic analysis of the acetolactate synthase (ALS gene from Coreopsis
tinctoria,” Abstract, Plant & Animal Genomes XIV Conference (San Diego, CA, Jan.
14-18, 2006). (Note: No presentation corresponding to this Abstract was in fact
made at the January 14-18, 2006 conference, nor otherwise publicly presented prior
to the international filing date of the present application.) In the event of an

otherwise irreconcilable conflict, however, the present specification shall control.

[0124] Notes on herbicide nomenclature -- the following listing gives trade
names, generic names, and chemical names for various herbicides: Pursuit™ or
Newpath™ (imazethapyr: (i)-2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-
imidazol-2-yl]-5-ethyl-3-pyridinecarboxylic acid); Scepter™ (imazaquin:  2-[4,5-
dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1 H-imidazol-2-yl]-3-quinolinecarboxylic

acid); Accent™ (nicosulfuron: 2-(((((4,6-dimethoxypyrimidin-2-yl) aminocarbonyl))
aminosulfonyl))-N,N-dimethyl-3-pyridinecarboxamide); Beacon™ (primisulfuron: 3-
[4,6-bis (diquoromethoxy)-pyrimidin-2-yl]-1—(2-methoxycarbonylphenylsulfonyl) urea;
Raptor™  (imazamox: (+)-5-methoxymethyl-2-(4-isopropyl-4-methyl-5-0x0-2-
imidazolin-2-yl) nicotinic acid; Cadre™ ( imazapic: (+)-2-[4,5-dihydro-4-methyl-4-(1-
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methyl-ethyl)-5-0x0-1H—imidazoI-2-y|]-5-methyl-3-pyridinecarboxylic acid; alternate
chemical hame (j:)-2-(4—isopropy|-4-methyl-5-oxo-2-imidazolin-2-y|)—5-methylnicotinic
acid); Arsenal™ (imazapyr: 2-4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-
imidazol-2-yl]-3-pyridinecarboxylic acid); Oust™ (sulfometuron methyl:  chemical
name 2-[[[[(4,6-dimethyl-2-pyrimidinyl)amino]carbonyl]amino]suIfonyl]benzoic acid
methyl ester); Ally™ (metsulfuron methyl: methyl 2-[[[[(4-methoxy-6-methyl-1,3,5-
triazin-2-yl)amino]carbonyl]lamino]sulfonyl]lbenzoate); Harmony™  (mixture of
thifensulfuron methyl and tribenuron methyl: mixture of methyl-3-[[[[(4-methoxy-6-
methyi-1,3,5-triazin-2-y1) amino]carbonyl]lamino]sulfonyl]-2-thiophenecarboxylate and
methyl-2-[[[[N-(4-methoxy-6-methyl-1,3,5-triazin-2-yi)
methylamino]carbonyl]lamino]sulfonyl]benzoate); Pinnacle™ (thifensulfuron methyl:
methyl-3-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl) amino]carbonyllamino]sulfonyl]-2-
thiophenecarboxylate); Glean™ or Telar™ (chlorsulfuron: 2-chloro-N-[(4-methoxy-6-
methyl-1 3,5-triazin-2-yl)aminocarbonyl]benzenesulfonamide); Classic™
(chlorimuron ethyl: ethyl 2-[[[[(4-chloro-6-methoxypyrimidin-2-
yl)amino]carbonyl]amino]sulfonyl benzoate); Express™ (iribenuron methyl: methyl
2-[[[[N-(4-methoxy-6-methyl-1 3 5-triazin-2-yl)methylamino]carbonyl]amino]sulfonyl
benzoate); Assert™ (imazamethabenz methyl: m-toluic acid, 6-(4-isopropyl-4-
methyl-5-oxo-2-imidazolin-2-yl)-, methyl ester; and p-toluic acid, 2-(4-isopropyl-4-
methyl-5-oxo-2-imidazolin-2-yl)-, methyl ester); and Amber™ (triasulfuron:  3-(6-
methoxy-4-methyl-1,3,5-triazin-2-y1)-1 -[2-(2-chloroethoxy)-phenylsulfonyl]-urea);
Staple ™ (pyrithiobac sodium: sodium 2-chloro-6-[(4,6-dimethoxy pyrimidin-2-
yl)thiolbenzoate); and Matrix™  (rimsulfuron: N-((4,6-dimethoxypyrimidin-2-
yl)aminocarbonyl)-3-(ethylsuIfonyl)-2-pyridinesulfonamide).
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What is claimed:

1. A nucleic acid sequence encoding a functional acetolactate synthase
(ALS) having about 95% or greater amino acid sequence homology with a wild-type
Coreopsis ALS; wherein the encoded ALS exhibits resistance to at least one
herbicide that normally inhibits wild-type Coreopsis ALS; and wherein, as compared
to the wild-type Coreopsis ALS, the encoded ALS has amino acid substitutions at
both amino acid positions Pro197 and Trp574.

2. A nucleic acid sequence as recited in Claim 1, wherein said nucleic

acid sequence is an isolated nucleic acid sequence.

3. A nucleic acid sequence as recited in Claim 1, wherein the encoded
ALS is identical to a wild-type ALS, except for the amino acid substitutions at
positions Pro197 and Trp574.

4, A nucleic acid sequence as recited in Claim 1, wherein, as compared
to the wild-type Coreopsis ALS, the encoded ALS has amino acid substitutions at
amino acid position Glu322, or at position Gly476, or at both positions Glu322 and
Gly476.

5. A nucleic acid sequence as recited in Claim 1, wherein the herbicide is
selected from the group consisting of herbicidally effective imidazolinones,
sulfonylureas, triazolopyrimidines, pyrimidyloxybenzoates,  and phthalide

compounds.

6. A nucleic acid sequence as recited in Claim 1, wherein the herbicide is
selected from the group consisting of imazapyr, chlorsulfuron, and sulfometuron

methyl, and derivatives of these herbicides.

7. A transformation vector comprising a nucleic acid sequence as recited
in Claim 1.
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8. A host plant cell comprising a nucleic acid sequence as recited in
Claim 1.

9. A nucleic acid construct comprising a nucleic acid sequence as recited

in Claim 1, wherein said sequence is operably linked to a promoter that is functional

in plants.

10. A nucleic acid construct as recited in Claim 9, wherein said promoter is

a native plant ALS promoter.

11. A nucleic acid construct as recited in Claim 9, wherein said promoter is

a native Coreopsis ALS promoter.

12. A nucleic acid construct as recited in Claim 9, wherein said promoter is

the cauliflower mosaic virus 35S promoter.

13. A method of conferring resistance to ALS-inhibiting herbicides to a
plant, comprising incorporating a nucleic acid construct as recited in Claim 9 into the

genome of a plant.
14. A plant transformed with a nucleic acid construct as recited in Claim 9.

15. A process for controlling weeds in the vicinity of a plant as recited in
Claim 14, said process comprising applying a herbicide to the weeds and to the
plant, wherein the herbicide normally inhibits acetohydroxyacid synthase, at levels of
the herbicide that would normally inhibit the growth of a plant of the same species.

16. A nucleic acid sequence encoding a functional acetolactate synthase
(ALS) identical to a herbicide-resistant ALS expressed by a Coreopsis plant with

ATCC accession number PTA-3981.

68



WO 2007/149069 PCT/US2006/023247

17. A nucleic acid sequence as recited in Claim 16, wherein said nucleic

acid sequence is an isolated nucleic acid sequence.

18. A transformation vector comprising a nucleic acid sequence as recited
in Claim 16.

19. A host plant cell comprising a nucleic acid sequence as recited in
Claim 16.

20. A nucleic acid construct comprising a nucleic acid sequence as recited
in Claim 16, wherein said sequence is operably linked to a promoter that is functional

in plants.

21. A nucleic acid construct as recited in Claim 20, wherein said promoter

is a native plant ALS promoter.

22. A nucleic acid construct as recited in Claim 20, wherein said promoter

is a native Coreopsis ALS promoter.

23. A nucleic acid construct as recited in Claim 20, wherein said promoter

is the cauliflower mosaic virus 35S promoter.
24. A method of conferring resistance to ALS-inhibiting herbicides to a
plant, comprising incorporating a nucleic acid construct as recited in Claim 20 into

the genome of a plant.

25. A plant transformed with a nucleic acid construct as recited in Claim
20.
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26. A process for controlling weeds in the vicinity of a plant as recited in
Claim 25, said process comprising applying a herbicide to the weeds and to the
plant, wherein the herbicide normally inhibits acetohydroxyacid synthase, at levels of

the herbicide that would normally inhibit the growth of a plant of the same species.

27. A nucleic acid sequence encoding a functional acetohydroxyacid
synthase (ALS) having about 95% or greater amino acid sequence homology with
the wild-type ALS from a green plant; wherein the encoded ALS exhibits resistance
to at least one herbicide that normally interferes with the wild-type ALS; and wherein,
as compared to the wild-type ALS for plants of the same species, the encoded ALS

has amino acid substitutions at both amino acid positions Pro197 and Trp574.

28. A nucleic acid sequence as recited in Claim 27, wherein said nucleic

acid sequence is an isolated nucleic acid sequence.

29. A nucleic acid sequence as recited in Claim 27, wherein the encoded
ALS is identical to a wild-type ALS, except for the amino acid substitutions at
positions Pro197 and Trp574.

30. A nucleic acid sequence as recited in Claim 27, wherein, as compared
to the wild-type Coreopsis ALS, the encoded ALS has amino acid substitutions at
amino acid position Glu322, or at position Gly476, or at both positions Glu322 and
Gly476.

31. A nucleic acid sequence as recited in Claim 27, wherein the herbicide
is selected from the group consisting of herbicidally effective imidazolinones,
sulfonylureas,  triazolopyrimidines,  pyrimidyloxybenzoates, and phthalide

compounds.

32. A nucleic acid sequence as recited in Claim 27, wherein the herbicide
is selected from the group consisting of imazapyr, chlorsulfuron, and sulfometuron
methyl, and derivatives of these herbicides.
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33. A transformation vector comprising a nucleic acid sequence as recited
in Claim 27.

34. A host plant cell comprising a nucleic acid sequence as recited in
Claim 27.

35. A nucleic acid construct comprising a nucleic acid sequence as recited
in Claim 27, wherein said sequence is operably linked to a promoter that is functional

in plants.

36. A nucleic acid construct as recited in Claim 35, wherein said promoter

is a native plant ALS promoter.

37. A nucleic acid construct as recited in Claim 35, wherein said promoter

is the cauliflower mosaic virus 35S promoter.
38. A method of conferring resistance to an ALS-inhibiting herbicide to a
plant, comprising incorporating a nucleic acid construct as recited in Claim 35 into

the genome of a plant.

39. A method as recited in Claim 38, wherein the nucleic acid construct is

incorporated into the genome of the plant by site-directed mutagenesis.

40. A transformed plant produced by the method of Claim 39.

41. A plant transformed with a nucleic acid construct as recited in Claim
35.
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42. A process for controlling weeds in the vicinity of a plant as recited in
Claim 41, said process comprising applying a herbicide to the weeds and to the
plant, wherein the herbicide normally inhibits acetohydroxyacid synthase, at levels of

the herbicide that would normally inhibit the growth of a plant of the same species.

43. An isolated nucleic acid sequence comprising a sequence selected
from the group consisting of SEQ ID NOS 13, 14, 15, and 16; or comprising a
sequence that encodes the same amino acid sequence as one of these nucleic acid

sequences, in accordance with the degeneracy of the genetic code.
44. A nucleic acid sequence as recited in Claim 43, wherein said nucleic
acid sequence comprises a sequence selected from the group consisting of SEQ ID

NOS 13, 14, 15, and 16.

45. A nucleic acid sequence as recited in Claim 43, wherein said nucleic

acid sequence comprises SEQ ID NO 13.

46. A nucleic acid sequence as recited in Claim 43, wherein said nucleic

acid sequence comprises SEQ ID NO 14.

47. A nucleic acid sequence as recited in Claim 43, wherein said nucleic

acid sequence comprises SEQ ID NO 15.

48. A nucleic acid sequence as recited in Claim 43, wherein said nucleic

acid sequence comprises SEQ ID NO 16.

49. A transformation vector comprising a nucleic acid sequence as recited
in Claim 43.

50. A host plant cell comprising a nucleic acid sequence as recited in
Claim 43.
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51. A nucleic acid construct comprising a nucleic acid sequence as recited
in Claim 43, wherein said sequence is operably linked to a promoter that is functional

in plants.

52. A nucleic acid construct as recited in Claim 51, wherein said promoter

is a native plant ALS promoter.

53. A nucleic acid construct as recited in Claim 51, wherein said promoter

is the cauliflower mosaic virus 35S promoter.

54. A method of conferring resistance to an ALS-inhibiting herbicide to a
plant, comprising incorporating a nucleic acid construct as recited in Claim 51 into

the genome of a plant.

55. A plant transformed with a nucleic acid construct as recited in Claim
51.

56. A plant transformed with a nucleic acid construct as recited in Claim 51

by site-directed mutagenesis.

57. A process for controlling weeds in the vicinity of a plant as recited in
Claim 55, said process comprising applying a herbicide to the weeds and to the
plant, wherein the herbicide normally inhibits acetohydroxyacid synthase, at levels of

the herbicide that would normally inhibit the growth of a plant of the same species.

58. A nucleic acid sequence encoding a functional acetolactate synthase
(ALS) having about 95% or greater amino acid sequence homology with a wild-type
Coreopsis ALS; wherein the encoded ALS exhibits resistance to at least one
herbicide that normally inhibits wild-type Coreopsis ALS; and wherein, as compared
to the wild-type Coreopsis ALS, the encoded ALS has amino acid substitutions at
amino acid position Glu322, or at position Gly476, or at both positions Glu322 and
Gly476.
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59. A nucleic acid sequence as recited in Claim 58, wherein said nucleic

acid sequence is an isolated nucleic acid sequence.

60. A nucleic acid sequence as recited in Claim 58, wherein the encoded
ALS is identical to a wild-type ALS, except for the amino acid substitutions at
positions Glu322 and Gly476.

61. A nucleic acid sequence as recited in Claim 58, wherein the herbicide
is selected from the group consisting of herbicidally effective imidazolinones,
sulfonylureas,  triazolopyrimidines,  pyrimidyloxybenzoates, and  phthalide

compounds.

62. A nucleic acid sequence as recited in Claim 58, wherein the herbicide
is selected from the group consisting of imazapyr, chlorsulfuron, and sulfometuron

methyl, and derivatives of these herbicides.

63. A transformation vector comprising a nucleic acid sequence as recited
in Claim 58.

64. A host plant cell comprising a nucleic acid sequence as recited in
Claim 58.

65. A nucleic acid construct comprising a nucleic acid sequence as recited
in Claim 58, wherein said sequence is operably linked to a promoter that is functional

in plants.

66. A nucleic acid construct as recited in Claim 65, wherein said promoter

is a native plant ALS promoter.

67. A nucleic acid construct as recited in Claim 65, wherein said promoter
is a native Coreopsis ALS promoter.
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68. A nucleic acid construct as recited in Claim 65, wherein said promoter

is the cauliflower mosaic virus 35S promoter.

69. A method of conferring resistance to ALS-inhibiting herbicides to a

plant, comprising incorporating a nucleic acid construct as recited in Claim 65 into

the genome of a plant.

70. A plant transformed with a nucleic acid construct as recited in Claim

65.

71. A process for controlling weeds in the vicinity of a plant as recited in
Claim 70, said process comprising applying a herbicide to the weeds and to the
plant, wherein the herbicide normally inhibits acetohydroxyacid synthase, at levels of
the herbicide that would normally inhibit the growth of a plant of the same species.
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<110>

<120>
<130>
<140>
<1l41l>
<160>
<170>
<210>
<211>
<212>
<213>
<220>
<223>
<400>

SEQUENCE LISTING

Oard, James H
Zhang, Nengyi
Sanders, Dearl E.

1/20

PCT/US2006/023247

Resistance to Acetolactate Synthase-Inhibiting Herbicides

Oard 06A08W
PCT/US2006/
2006-06-15

28

PatentIn version 3.3
1

21

DNA

Artificial sequence

gynthetic Primer
1

ttggaacaga tgcgtttcaa g

<210>
<211l>
<212>
<213>
<220>
<223>
<400>

2

23

DNA

Artificial sequence

gynthetic primer
2

ctccaactga accaccatac cca

<210>
<211l>
<212>
<213>
<220>
<223>
<400>

3

19

DNA

Artificial sequence

Synthetic primer
3 ‘

tcgecataaac cgtcecgtg

<210>
<211>
<212>
<213>
<220>
<223>
<400>

4

22

DNA

Artificial sequence

Synthetic primer
4

atcactcgaa gccgggaacg ct

<210>
<211>
<212>
<213>
<220>
<223>
<400>

5

19

DNA

Artificial sequence

Synthetic primer
5

tecatcccatt tcgggacca

<210>
<211l>
<212>
<213>
<220>
<223>
<400>

6

22

DNA

Artificial sequence

Synthetic primer
6

21

23

19

22

19
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agataacccg gtaacctcat cg

Artificial sequence

gSynthetic primer

gatcattctc cgecgggactt gacc

ggcecggaagt ggctatgceac

tcactccc

Artificial sequence

Synthetic primer

Artificial sequence

Synthetic primer

Artificial sequence

Synthetic primer

ccaaccctag acaccattca aac

Artificial sequence

Synthetic primer

cccegtacat aacactctat atgceg

<210> 7
<211> 24
<212> DNA
<213>
<220>
<223>
<400> 7
<210> 8
<211> 20
<212> DNA
<213>
<220>
<223>
<400> 8
<210> 9
<211> 18
<212> DNA
<213>
<220>
<223>
<400> 9
atggeggctyg
<210> 10
<211> 23
<212> DNA
<213>
<220>
<223>
<400> 10
<210> 11
<211l> 25
<212> DNA
<213>
<220>
<223>
<400> 11
<210> 12
<211> 1381
<212> DNA
<213>
<400> 12
cacagaagta
cgaagaactg
agaaggaaga
cgagggatcg
atttaacaga
agttaaaact
tcattgtteca
tctetttgtt
caaccgtegg
catatatgtt
caactaaaaa
caaagtccta

tgccaagcga
cagcaagtcg
accgtagaaa
aggggtagtt
gggacacgta
tcaatgtatt
ctgtatgcat
cctttagttt
ttecgecagceg
gtttagggat
aacaattaat
taagtatcat

Coreopsis tinctoria

9999999999
aggatccagt
ctgcaatcag
tggtacttgt
ctgattaaat
ttgtacatat
gctttgtttg
acacgtegta
acaaagacca
tccaaattat
ctcttcgatt
tttaggatta

2/20

tccaattatg
taagcttggg
aagtgtcgat
atcttggatt
tttaaaccac
aatttcctte
tttgtaccgt
tgcagacgac
acaccggatt
tatataatag
gctattgtat
catcattgat

cttgggettyg
ctcaatttca
ggtaatttgg
ggatggaata
gaggacgcaa
aaattttttt
atgctttcat
aacgactcgt
tacaactccecce
ctatggttgt
atacatgatt
tagagcatta

PCT/US2006/023247
22
24
20
18
23
25
atttcatage 60
tcgacgaaga 120
tagttttgaa 180
attaactcta 240
attattgggt 300
tacatataac 360
tatttctact 420
cgtttegtat 480
tactagtgtt 540
attaaccatt 600
tettgtaatt 660
aattatctgt 720
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gtatatgaac
catgattata
tgatcagatt
tcattaaata
catagcctaa
ttttttttet
tatccattce
cccaacttga
gtaagccaca
cacctaaaaa
attcattcct
c
<210>
<211l>
<212>
<213>
<400> 13
atggeggetg
gccgccacca
tccactectece
accaccacaa
cccegtaaag
ttegectacce
atccgtaacg
cgggcctegg
gttagcggtce
gtccegegga
cggtctatta
agggaggett
aaagatatac
tatcttgcta
ttgatatcgg
gaggaattgg
cttggagcgt
gtttatgcga
gatgatcgtg
gatatcgatt
attaaggtcg
cttgattttg
tttaaaacgt
acgggcggta
ttttacaagt
ttcgggctge
atcgatggtg
aatctgccgg
gaggaccgcet
actgaaatat
gtgacccgga
tacttgttgg
ggcggttteg
tcgecatatag
tagtttgaat
aaaa
<210>
<211>
<212>
<213>
<400>

13

14

DNA

14

2104
DNA
Coreopsis tinctoria

2135

acaattcaca
aaaatgttaa
ataattttceca
atgtaagata
tcacaaaaag
ttttttaaca
accctcagga
gcccectatt
cccetttgee
cactggaact
atattattaa

tcactcecte
ccaccacaaa
caaaacgaca
ccaccactca
gctcegacgt
cgggtggegce
tcecteecegeg
gtttacccgg
ttgcggatgce
gaatgatcgg
ctaaacataa
tttatcttgce
aacaacagtt
ggttaccgaa
aagcgaagag
gaaggtttgt
tceceggette
attacgcggt
tgacgggaaa
cggctgaaat
cattacaggg
cgaattggag
ttggtgaagce
atgcgattat
acaacaaacc
ccgetgetat
acgggagcett
ttaagatatt
tttacaaagce
tcececgaacat
aggcggacgt
atgtaattgt
cggatgtgat
agtgttatgt
gttectggtte

tacataataa
atttataatt
aaagacgtgt
gagtttggtg
aaaagggact
gccaaaggga
ggaaacccac
ttttgtcteca
actagactaa
caaaacaaaa
ccagaaaaac

aaaccctccc
ccgececcace
ccgtectcecacce
ttcacccect
cctegtagaa
ctctatggag
ccacgagcaa
cgtgtgcata
attacttgat
gaccgatgcg
ttaccttgtg
gagatcgggt
agtggtcccg
aacacaaagt
accggttttg
cgagcttacg
gagtgattta
tgataagagt
gctcgaggcg
cgggaagaat
cctcaacaag
gaaggagttg
gatteccgcea
tagecaccggg
gagacagtgg
cggggecagcet
tataatgaat
attacttaat
gaatcgggcet
gttgaagttt
acgggcagct
gccacatcaa
cactgaaggt
aagttgtttg
ggtttatcaa

Coreopsis tinctoria

3/20

attgaaaaaa
tactcggtce
acttgatttg
agttaatata
aaacttgcat
tcactgacgg
cattaaccaa
agtgagactt
acgagtggtg
atcaaccaca
accacaaacc

atctccacct
ctecttecte
atcgtgaatg
ccgttteccg
gcectegaac
atccaccaag
ggcggegtcet
gccacttccg
agtgtcccca
tttcaagaaa
ttagatgtcg
cggecccggec
aaatgggatg
gatgataata
tatgtgggtg
gggatccecgg
tcgetteata
gatttgttgce
tttgctagec
aagcagcctce
attttggagg
gacgagcaaa
caatacgcga
gtcgggcaac
ttgacttcgg
gttgcgagac
gttcaagaat
aatcagcatt
catacttact
gcggaagegt
attcagaaaa
gaacatgttt
gatggcagaa
ttttttaagt
cgtttetttt

aaaagtatct
ctacatattt
agtattatgt
cctattggtt
ctttcaacct
gccactgacc
tagatgagaa
gaactcacaa
taacctttaa
tgtttggttt
aaccctagac

atccctecacce
gtctcacatt
tcctctecaa
ctcggttege
gcgaaggegt
ccctaacccg
tecgeggecga
gccecggagce
tggttgecgat
ccecegattgt
aggatattcc
cggttttgat
aaccgatgag
gtttagatca
gtggttgttt
ttgctagtac
tgcttggaat
ttgegttegg
gagctaaaat
acgtgtcggt
gaaaaggttc
aggtgaagtt
ttcaggttct
atcagatgtg
gtggactcgg
ccgacgeggt
tagcgacaat
tgggtatggt
taggaaaccc
gtggtatccecce
tgttggatac
tgccecatgat
taaaatactg
taatgttttg
aataaaaaaa

PCT/US2006/023247
tacaaaaaca 780
aacactcagt 840
ttttatcectt 900
tttggaagtt 960
ctaatttttt 1020
cacccaatca 1080
aaccccetgg 1140
ccttatgatt 1200
attagacaga 1260
tcectgaccac 1320
accattcaaa 1380

1381
gecegtecgece 60
ctcagectcce 120
ctcgaaaccc 180
ccctgaccag 240
caccgacgtce 300
gtccaaaatc 360
gggctacgce 420
taccaatttg 480
tacgggtcaa 540
tgaggtaaca 600
tagaattgtt 660
tgatatcccg 720
gttacecgggt 780
aattgttcgg 840
gaattegggt 900
tttaatgggt 960
gcacgggacyg 1020
ggtgaggttt 1080
cgtgcatatc 1140
ttgtggtgat 1200
ggttactaat 1260
tcecgttaagt 1320
tgacgagtta 1380
ggectgecccag 1440
ggcgatgggt 1500
agtggtggat 1560
ccgegtcogaa 1620
ggttcaattyg 1680
gtcaaacgag 1740
ggctgeccga 1800
gecggggcecg 1860
tccagectggce 1920
aggtttgaag 1580
ttgtgtaatt 2040
aaaaaaaaaa 2100

2104
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atggeggctg
gccgecacca
tccactctece
accaccacaa
ccecgtaaag
ttegectacce
atccgaaacyg
cgcgectegg
gttageggtce
gtcetgegga
cggtctatta
agggaggett
aaagatatac
tatcttgcta
ttgatatcgg
gaggaattgg
cttggagcgt
gtttatgcga
gatgatcgtg
gatatcgatt
attaaggtcg
cttgattttg
tttaaaacgt
acgggcggta
ttttacaagt
ttcgggetge
atcgatggtg
aatctgecegg
gaggaccgct
actgaaatat
gtgacccgga
tacttgttgg
ggcggttteg
tcgcatatag
tttgaatgtt
cgtcttttat
<210> 15

<211>
<212>
<213>
<400> 15

atggcggetg
gccgeccacca
tccactetece
accaccacaa
ccgegtaaag
ttecgectace
atcecgaaacg
cgggectegg
gttagecggte
gtceecgegga
cggtctatta
agggaggctt
aaagatatac
tatcttgcta
ttgatttecgg
gacgagttgyg
cttggagegt

2242
DNA
Coreopsis tinctoria

tcactccctce
ccaccacatt
ccaaacgaca
ccaccactca
gctcecgacgt
cgggtggege
tccteeccgeg
gcttacccgg
ttgcggatgce
gaatgatcgg
ctaaacataa
tttatcttgce
aacaacagtt
ggttaccgaa
aagcgaagag
gaaggtttgt
tcececggette
attacgcggt
tgacgggaaa
cggctgaaat
cattacaggg
cgaattggag
ttggtgaagc
atgcgattat
acaacaaacc
ccgctgetat
acgggagctt
ttaagatatt
tttacaaagce
tccegaacat
aggcggacgt
atgtaattgt
cggatgtgat
agtgttatgt
ctcgttcagt
ctaaaaaaaa

tcactcccecte
ccaccacatt
caaaacgaca
ccaccacgca
gctcecgacgt
cgggtggegce
tecteccgeg
gtttaccecgg
ttgecggatge
gaatgatcgg
ctaaacataa
tttatcttge
aacaacaatt
ggttaccgaa
aagcgaaaag
ggaggtttgt
accecggette

aaaccctccc
ccgeccecace
ccgtctcacce
ttcacccect
cctegtcgaa
ctctatggag
tcacgagcaa
cgtgtgcata
attacttgat
gactgatgeg
ttaccttgtg
gagatcgggt
agtggtcccg
aacacaaagt
accggttttg
cgagcttacg
gagtgattta
tgataagagt
gctcgaggceg
cgggaagaat
cctcaacaag
gaaggagttg
gattecgcea
tagcaccggg
gagacagtgg
cggggcaget
tataatgaat
attacttaat
gaatcggget
gttgaagttt
acgggcaget
gccacatcaa
cactgaaggt
aagttgtttt
ttatcaacgt
aaaaaaaaaa

aagctctceccc
ccgecceacce
ccgteteace
ttcacccect
cctegtegaa
ctctatggag
tcacgagcaa
cgtgtgcata
attacttgat
gaccgatgcg
ttaccttgtg
gagatcgggt
agtggttccg
aacacaaagt
accggttttg
cgagcttacg
cagtgattta

4/20

atctccacct
ctcettecte
atcgtgaatg
ccgttteccg
gcecctegaac
atccaccaag
ggeggegtet
gccactteccg
agtgtcccca
tttcaagaaa
ttagatgtecg
cggcccggcece
aaatgggatg
gatgataata
tatgtgggtg
gggatcccgg
tcgcttcata
gatttgttge
tttgctagece
aagcagcctce
attttggagg
gacgagcaaa
caatacgcga
gtcgggcaac
ttgacttcgg
gttgcgagac
gttcaagaat
aatcagcatt
catacttact
gcggaagcgt
attcagaaaa
gaacatgttt
gatggcagaa
ttttttaagt
tttetttagt
aaaaa

atctccacct
ctecttecte
atcgtgaatg
ccgttteceg
gccctcegaac
atccaccaag
ggcggegtet
gccacttccg
agtgttccca
tttcaagaaa
ttagatgteg
cggcecgdgec
aaatgggatg
gatgataata
tatgtgggtg
gggattccgg
tcgettecata

atcecctecace
atctcacatt
tcctctecaa
cteggttege
gcgaaggegt
ccctaacccg
tcgcggccega
gccccggage
tggtcgegat
cccegattgt
aggatattcc
cggttttgat
aaccgatgag
gtttagatca
gtggttgttt
ttgctagtac
tgcttggaat
ttgegttegg
gagctaaaat
acgtgteggt
gaaaaggttc
aggtgaagtt
ttcaggttct
atcagatgtg
gtggactcgg
ccgacgeggt
tagcgacaat
tgggtatggt
taggaaaccc
gtggtatccc
tgttggatac
tgcccatgat
taaaatactg
tgttttgttyg
acctttecteg

atccctcecace
atctcacatt
tcctctecaa
cteggttege
gcgaaggcgt
ccctaaccceg
tecgeggecga
gcecceggagce
tggtcgecaat
ccccgattgt
aggatattcc
cggttttgat
aaccgatgag
gtttagagca
gcggttgttt
ttgctagtac
tgcttggaat

PCT/US2006/023247
gccgtcegec 60
ctcagectcee 120
ctcgaaaccc 180
ccectgaccag 240
caccgacgtc 300
gtccaaaatc 360
gggctacgcc 420
taccaatttg 480
tacgggtcaa 540
tgaggtaaca 600
tagaattgtt 660
tgatatcceg 720
gttaccgggt 780
aattgttecgg 840
gaattcgggt 900
tttaatgggt 960
gcacgggacg 1020
ggtgaggttt 1080
cgtgcatate 1140
ttgtggtgat 1200
ggttactaat 1260
tccgttaagt 1320
tgacgagtta 1380
ggctgecceag 1440
ggcgatgggt 1500
agtggtggat 1560
ccgegtegaa 1620
ggttcaattg 1680
gtcaaacgag 1740
ggctgcccga 1800
gceggggecg 1860
tccagetggce 1920
aggtttgaag 1980
tgtaatttag 2040
aataaatttc 2100

2135
gccgtecgece 60
ctcagectcee 120
ctcgaaaccc 180
ccetgaccag 240
caccgacgtce 300
gtccaaaatc 360
ggggtacgcc 420
taccaatttg 480
tacgggtcaa 540
tgaggtaaca 600
tagaattgtt 660
tgatatcceg 720
gttgecegggt 780
gattgttcgg 840
gaactcgggc 900
tttaatgggt 960
gcacggaacg 1020
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gtttatgcga
gatgatcgtg
gatatcgatt
attaaggtcg
ctecgattttg
tttaaaacgt
acgggeggta
ttttacaagt
ttecgggctgce
atcgatggceg
aatctgccgg
gaggaccggt
actgaaatat
gtgaccagga
tacttgttgg
ggeggtttcg
tcgcatatag
ttgaatgttc
gtcttttatc
aagtgtttat
tgaaaaaaaa
<210> 16

<211>
<212>
<213>
<400> 16

atggcggetg
gccgecacea
tccactctee
accaccacaa
cccegtaaag
ttcgectace
atccgaaacg
cgcgectegg
gttagcggte
gtcctgegga
cggtctatta
agggaggcect
aaagatatac
tatcttgceta
ttgatatcgg
gacgagttgg
cttggagegt
gtttatgcga
gatgatcgag
gatatcgatt
attaaggteg
cttgattttg
tttaaaacgt
acgtgcggta
ttttacaagt
ttecgggctgce
atcgatggcg
aatctgcececgg
gaggatcggt
acggaaatat
gtgaccecgga
tacttgttgg

2138
DNA
Coreopsis tinctoria

attacgeggt
tgacggggaa
cggctgaaat
cgttacaagg
cgaattggag
ttggtgaagc
atgcgattat
acaacaaacc
ccgetgetat
acgggagett
ttaagatatt
tttacaaagc
tccecgaacat
aggcggacgt
atgtaattgt
cggatgtgat
agtgttattt
tegttcagtt
ttttggttta
atgttgtttt
aaaaaaaaaa

tcactcecte
ccaccacatt
ccaaacgaca
ccaccactca
gctcegacgt
cgggtggcge
tecteeccgeg
gcttacccgg
ttgcggatgce
gaatgatcgg
ctaaacataa
tttatcttge
aacaacaatt
ggttaccgaa
aagcgaagag
ggaggtttgt
acccggette
attacgcggt
tgacggggaa
cggctgaaat
cgttacaggg
cgaattggag
ttggtgaagc
atgcgattat
acaacaaacc
ccgetgetat
acgggagett
ttaagatatt
tttacaaagc
tceccgaacat
aggcggatgt
atgttattgt

tgataagagt
gctcgaggeg
cgggaagaat
tcttaacaag
gaaggagttg
gattcecgeca
tagcaccggg
gagacagtgg
cggggcagcet
tataatgaac
attacttaat
gaatcgggcg
gttgaagttt
tegggegget
gccacatcaa
cactgaaggt
aagttgtttt
tatcaacgtt
tggttaggct
ctataagtcc
aa

aaacccteccc
ccgecccacce
ccgteteacce
ttcaccceet
cctegtegaa
ctctatggag
tcacgagcaa
cgtgtgcata
attacttgat
gactgatgceg
ttaccttgtg
gagatcgggt
agtggtcect
aacacaaagt
accggttttg
cgatcttacg
gagtgattta
tgataagagt
getegaggeg
cgggaagaat
tctcaacaag
gaaggagttg
gattcecgecceca
tagcaccggg
gagacagtgg
cggggcagcet
tataatgaat
attacttaat
gaatecgggcg
gttgaagttt
tcgggcagea
gcecgecatcaa

5/20

gatttgttgce
tttgctagcc
aagcagecte
attttggagg
gacgagcaaa
caatacgcga
gtcgggcaac
ttgacttectg
gttgegagac
gttcaagaat
aatcagcatt
catacctact
gcggaagegt
attcagaaga
gaacatgttt
gatggcagaa
tttttaagtt
ttctttagta
ttatattata
aaaagaatag

atctccacct
ctccttecte
atcgtgaatg
ccgttteceg
gccctegaac
atccaccaag
ggeggegtet
gccactteceg
agtgtcccca
tttcaagaaa
ttagatgttg
cggceocggcee
aaatgggatg
gatgataata
tatgtgggtg
gggatccegg
tcgcettcata
gatttgttgce
tttgctagcce
aagcagcctc
attttggagg
gacgagcaaa
caatacgcga
gtegggcaac
ttgacttegg
gttgegagge
gttcaagaat
aatcagcatt
catacttatt
gcggaagegt
attcagaaga
gaacatgttt

ttgcgtttgg
gagctaaaat
acgtgtecggt
gaaaaggttc
aggtgaagtt
ttcaggttct
atcagatgtg
gtggactcgg
cggatgcggt
tagcgacaat
tgggtatggt
taggaaaccc
gtggtatccc
tgttggatac
tgcccatgat
ttaaatactg
gttttgttgt
cctttctega
gaccaaatta
ttagttgaga

atccctcacc
atctcacatt
tcectetecaa
cteggttege
gcgaaggegt
ccctaacccg
tcgeggecga
gccccggagce
tggtcgcgat
cceccgattgt
aggatattce
cggttttgat
aaccgatgag
gtttagagca
gcggttgttt
ttgctagtac
tgecttggaat
ttgcgttegg
gagctaaaat
acgtgtcggt
gaaaaggttc
aagtgaagtt
ttcaggttct
atcagatgtg
gtggactecgyg
cggatgeggt
tagcgacaat
tgggtatggt
taggaaaccc
gtggtatccecc
tgttggatac
tacccatgat

PCT/US2006/023247
ggtgaggttc 1080
cgtgcatate 1140
ttgtggtgat 1200
ggttactaat 1260
tccgttaagt 1320
tgacgagtta 1380
ggctgcccag 1440
ggcgatgggt 1500
ggtggttgat 1560
ccgcgtcegaa 1620
ggttcaatgg 1680
gtcaaacgag 1740
ggctgcccga 1800
gcecggggcecg 1860
tccagetggce 1920
aggtttgaag 1980
gtaatttagt 2040
ataaatttcce 2100
tgtttttatt 2160
atgtgtttgg 2220

2242
gccgtcececgee 60
ctcagcectcece 120
ctcgaaaccc 180
ccctgaccag 240
caccgacgte 300
gtccaaaatc 360
gggctacgcc 420
taccaatttg 480
tacgggtcaa 540
tgaggtaaca 600
taggattgtt 660
tgatatcccg 720
gttaccgggt 780
aattgttcgg 840
gaattcgggt 900
tttaatgggt 960
gcacgggacg 1020
ggtgcggttt 1080
cgtgcacatt 1140
ttgtggtgat 1200
ggttactaat 1260
tccgttaagt 1320
tgacgagtta 1380
ggctgcececag 1440
ggcgatgggt 1500
ggtggttgat 1560
ccgegtegaa 1620
ggttcaatgg 1680
gtcaaacgag 1740
ggctgcccga 1800
gcecggggccg 1860
tcecagectggce 1920
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6/20

ggcggttteg cggatgtgat cactgaaggt gatggcagaa taaaatactg aggtttgagg 1980
tcgcatatag agtgttatgt aagttgtttg ttttttaagt tgatgttttg ttgtgtaatt 2040
tagtttgaat gttctcgttc agtttatcaa cgttttettt aatacctttc tcgaataaat 2100
ttccttcttt taaaaaaaaa aaaaaaaaaa aaaaaaaa 2138
<210> 17
<211l> 656
<212> PRT
<213> Coreopsis tinctoria
<400> 17
Met Ala Ala Val Thr Pro Ser Asn Pro Pro Ile Ser Thr Tyr Pro Ser
1 5 10 15
Pro Pro Ser Ala Ala Ala Thr Thr Thr Thr Asn Arg Pro Thr Leu Leu
20 . 25 30
Pro Arg Leu Thr Phe Ser Ala Ser Ser Thr Leu Pro Lys Arg His Arg
35 40 45
Leu Thr Tle Val Asn Val Leu Ser Asn Ser Lys Pro Thr Thr Thr Thr
50 55 60
Thr Thr His Ser Pro Pro Pro Phe Pro Ala Arg Phe Ala Pro Asp Gln
65 70 75 80
Pro Arg Lys Gly Ser Asp Val Leu Val Glu Ala Leu Glu Arg Glu Gly
85 90 95
val Thr Asp Val Phe Ala Tyr Pro Gly Gly Ala Ser Met Glu Ile His
100 105 110
Gln Ala Leu Thr Arg Ser Lys Ile Ile Arg Asn Val Leu Pro Arg His
115 120 125
Glu Gln Gly Gly Val Phe Ala Ala Glu Gly Tyr Ala Arg Ala Ser Gly
130 135 140
Leu Pro Gly Val Cys Ile Ala Thr Ser Gly Pro Gly Ala Thr Asn Leu
145 150 155 160
val Ser Gly Leu Ala Asp Ala Leu Leu Asp Ser Val Pro Met Val Ala
165 170 175
Ile Thr Gly @Gln Val Pro Arg Arg Met Ile Gly Thr Asp Ala Phe Gin
180 185 190
@lu Thr Pro Ile Val Glu Val Thr Arg Ser Ile Thr Lys His Asn Tyr
195 200 205
Leu Val Leu Asp Val Glu Asp Ile Pro Arg Ile Val Arg Glu Ala Phe
210 215 220
Tyr Leu Ala Arg Ser Gly Arg Pro Gly Pro Val Leu Ile Asp Ile Pro
225 230 235 240
Lys Asp Ile Gln Gln Gln Leu Val Val Pro Lys Trp Asp Glu Pro Met
245 250 255
Arg Leu Pro Gly Tyr Leu Ala Arg Leu Pro Lys Thr Gln Ser Asp Asp
260 265 270
Asn Ser Leu Asp Gln Ile Val Arg Leu Ile Ser Glu Ala Lys Arg Pro
275 280 285
Val Leu Tyr Val Gly Gly Gly Cys Leu Asn Ser Gly Glu Glu Leu Gly
290 295 300
Arg Phe Val Glu Leu Thr Gly Ile Pro Val Ala Ser Thr Leu Met Gly
305 310 315 320
Leu Gly Ala Phe Pro Ala Ser Ser Asp Leu Ser Leu His Met Leu Gly
325 330 335
Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp Lys Ser Asp Leu
340 345 350
Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val Thr Gly Lys Leu
355 360 365
@lu Ala Phe Ala Ser Arg Ala Lys Ile Val His Ile Asp Ile Asp Ser
370 375 380
Ala Glu Ile Gly Lys Asn Lys Gln Pro His Val Ser Val Cys Gly Asp



385
Ile

Sex
Gln
Pro
Ala
465
Phe
Gly
Arg
Met
Lys
545
Glu
Pro
Ala
Ala
Val

625
Gly

WO 2007/149069

Lys
vVal
Liys
Pro
450
Ile
Tyr
Ala
Pro
Asn
530
Ile
Asp
Ser
Cys
Ala
610
Ile

Gly

<210>
<211>
<212>
<213>
<400>
Met Ala Ala Val

1
Pro

Pro
Leu
Thr
65

Pro
vVal
Gln

Glu

Leu
145

Pro
His
Thr
50

Thr
Arg
Thr
Ala
Gln

130
Pro

val
Thr
Val
435
Gln
Ile
Lys
Met
Asp
515
Val
Leu
Arg
Asn
Gly
595
Ile
Val
Phe
18

656
PRT

Ala
Asn
420
Lys
Tyr
Ser
Tyr
Gly
500
Ala
Gln
Leu
Phe
Glu
580
Tle
Gln

Pro

Ala

Leu
405
Leu
Phe
Ala
Thr
Asn
485
Phe
val
Glu
Leu
Tyr
565
Thr
Pro
Lys
His

Asp
645

390
Gln

Asp
Pro
Ile
Gly
470
Lys
Gly
val
Leu
Asn
550
Lys
Glu
Ala
Met
Gln

630
val

Gly
Phe
Leu
Gln
455
Val
Pro
Leu
Val
Ala
535
Asn
Ala
Ile
Ala
Leu
615

Glu

Ile

Coreopsis tinctoria

18

Ser
Leu

35
Ile

Lys
Asp
Leu
115
Gly

Gly

Ala
20

Thr
vVal
Ser
Gly
vVal
100
Thr
Gly

val

Thr
5
Ala
Phe
Asn
Pro
Ser
85
Phe
Arg
Val

Cys

Pro
Ala
Ser
val
Pro
70

Asp
Ala
Ser

Phe

Ile
150

Ser
Thr
Ala
Leu
55

Pro
val
Tyr
Lys
Ala

135
Ala

Leu
Ala
Ser
440
Val
Gly
Arg
Pro
Asp
520
Thr
Gln

Asn

Phe

Asn
Thr
Ser
40

Ser
Phe
Leu
Pro
Ile
120
Ala

Thr

Asn
Asn
425
Phe
Leu
Gln
Gln
Ala
505
Ile
Ile
His
Arg
Pro
585
Val
Thr

Val

Glu

Pro
Thr
25

Ser
Asn
Pro
val
Gly
105
Ile
Glu

Ser

7/20

Lys
410
Trp
Lys

Asp

Trp
490
Ala
Asp
Arg
Leu
Ala
570
Asn
Thr
Pro

Leu

Gly
650

Pro
10

Thr
Thr
Ser
Ala
Glu
90

Gly
Arg
Gly

Gly

395
Ile

Arg
Thr
Glu
Gln
475
Leu
Ile
Gly
Val
Gly
555
His
Met
Arg
Gly
Pro

635
Asp

Ile
Phe
Leu
Lys
Arg
75

Ala
Ala
Asn
Tyr

Pro
155

Leu
Lys
Phe
Leu
460
Met
Thr
Gly
Asp
Glu
540
Met
Thr
Leu
Lys
Pro
620

Met

Gly

Ser
Arg
Pro
Pro
60

Phe
Leu
Ser
Val
Ala

140
Gly

Glu
Glu
Gly
445
Thr
Trp
Ser
Ala
Gly
525
Asn
Val
Tyr
Lys
Ala
605
Tyr

Ile

Arg

Thr
Pro
Lys
45

Thr
Ala
Glu
Met
Leu
125
Arg

Ala

Gly
Leu
430
Glu
Gly
Ala
Gly
Ala
510
Ser
Leu
Val
Leu
Phe
590
Asp
Leu

Pro

Ile

Tyr
Thr
30

Arg
Thr
Pro
Arg
Glu
110
Pro

Ala

Thr

Lys
415
Asp
Ala
Gly
Ala
Gly
495
Val
Phe
Pro
Gln
Gly
575
Ala
Val
Leu

Ala

Lys
655

Pro
15

Leu
His
Thr
Asp
Glu
95

Ile
Arg

Ser

Asn

PCT/US2006/023247

400
Gly

Glu
Tle
Asn
Gln
480
Leu
Ala
Ile
val
Leu
560
Asn
Glu
Arg
Asp
Gly

640
Tyx

Ser
Leu
Arg
Thr
Gln
80

Gly
His
His
Gly

Leu
160



val
Ile
Glu
Leu
Tyr
225
Lys
Arg
Asn
val
Arg
305
Leu
Met
Leu
Glu
Ala
385
Ile
Ser
Gln
Pro
Ala
465
Phe
Gly
Arg
Met
Lys
545
Glu
Pro

Ala

Ala

WO 2007/149069

Ser
Thr
Thr
val
210
Leu
Asp
Leu
Ser
Leu

290
Phe

Leu
Ala
370
Glu
Lys
val
Lys
Pro
450
Ile
Tyx®
Ala
Pro
Asn
530
Tle
Asp
Sexr

Cys

Ala
610

Gly
Gly
Pro
195
Leu
Ala
Ile
Pro
Leu
275
Tyx
val
Ala
Gly
Ala
355
Phe
Ile
Val
Thr
vVal
435
Gln
Ile
Lys
Met
Asp
515
Val
Leu
Arg
Asn
Gly

595
Ile

Leu
Gln
180
Ile
Asp
Arg
Gln
Gly
260
Asp
val
Glu
Phe
Thr
340
Phe
Ala
Gly
Ala
Asn
420
Lys
Tyr
Ser
Tyr
Gly
500
Ala
Gln
Leu
Phe
Glu
580

Ile

Gln

Ala
165
val
val
Val
Ser
Gln
245
Tyr
Gln
Gly
Leu
Pro
325
Val
Gly
Ser
Lys
Leu
405
Leu
Phe
Ala
Thr
Asn
485
Phe
val
Glu
Leu
Tyr
565
Thr

Pro

Lys

Asp
Leu
Glu
Glu
Gly
230
Gln
Leu
Ile
Gly
Thr
310
Ala
Tyr
val
Arg
Asn
390
Gln
Asp
Pro
Ile
Gly
470
Lys
Gly
val
Leu
Asn
550
Lys
Glu

Ala

Met

Ala
Arg
val
Asp
215
Arg
Leu
Ala
val
Gly
295
Gly
Ser
Ala
Arg
Ala
375
Lys
Gly
Phe
Leu
Gln
455
val
Pro
Leu
Val
Ala
535
Asn
Ala
Ile

Ala

Leu
615

Leu
Arg
Thr
200
Ile
Pro
Val
Arg
Arg
280
Cys
Ile
Ser
Asn
Phe
360
Lys
Gln
Leu
Ala
Ser
440
val
Gly
Arg
Pro
Asp
520
Thr
Gln
Asn
Phe
Arg

600
Asp

Leu
Met
185
Arg
Pro
Gly
val
Leu
265
Leu
Leu
Pro
Asp
Tyr
345
Asp
Ile
Pro
Asn
Asn
425
Phe
Leu
Gln
Gln
Ala
505
Ile

Ile

Arg
Pro
585
Val

Thr

8/20

Asp
170
Ile
Ser
Arg
Pro
Pro
250
Pro
Ile
Asn
val
Leu
330
Ala
Asp
val
His
Lys
410
Trp
Lys

Asp

Trp
490
Ala
Asp
Arg
Leu
Ala
570
Asn

Thr

Pro

Ser
Gly
Ile
Ile
val
235
Lys
Lys
Ser
Ser
Ala
315

Ser

val

Val
395
Ile
Arg
Thr
Glu
Gln
475
Leu
Ile
Gly
val
Gly
555
His
Met
Arg

Gly

val
Thx
Thr
val
220
Leu
Trp
Thr
Glu
Gly
300
Ser
Leu
Asp
vVal
Ile
380
Ser
Leu
Lys
Phe
Leu
460
Met
Thr
Gly
Asp
Glu
540
Met
Thr
Leu

Lys

Pro
620

Pro
Asp
Lys
205
Arg
Ile
Asp
Gln
Ala
285
Glu
Thr
His
Lys
Thr
365
Asp
val
Glu
Glu
Gly
445
Thr
Trp
Ser
Ala
Gly
525
Asn
Val
Tyxr
Lys
Ala

605
Tyr

Met
Ala
190
His
Glu
Asp
Glu
Ser
270
Lys
Glu
Leu
Met
Ser
350
Gly
Ile
Cys
Gly
Leu
430
Glu
Gly
Ala
Gly
Ala
510
Ser
Leu
val
Leu
Phe
590
Asp

Leu

Val
175
Phe
Asn
Ala
Ile
Pro
255
Asp
Arg
Leu
Met
Leu
335
Asp
Lys
Asp
Gly
Lys
415
Asp
Ala
Gly
Ala
Gly
495
val
Phe
Pro
Gln
Gly
575
Ala
val

Leu

PCT/US2006/023247

Ala
Gln
Tyr
Phe
Pro
240
Met
Asp
Pro
Gly
Gly
320
Gly
Leu
Leu
Ser
Asp
400
Gly
Glu
Iile
Asn
Gln
480
Leu
Ala
Ile
val
Leu
560
Asn
Glu

Arg

Asp



WO 2007/149069

val Ile Val Pro His Gln Glu

625

630

Gly Gly Phe Ala Asp Val Ile

<210>
<211l>
<212>
<213>
<400>

Met
1
Pro
Pro
Leu
Thr
65
Pro
Val
Gln
Glu
Leu
145
val
Ile
Glu
Leu
Tyxr
225
Lys
Arg
Asn
val
Arg
305
Leu
Met
Leu

Glu

Ala

Ala

Pro

Thr
50

Thr
Arg
Thr
Ala
Gln
130
Pro
Ser
Thr
Thr
Val
210
Leu
Asp
Leu
Ser
Leu

290
Phe

Leu

Ala
370
Glu

19
656
PRT

645

Coreopsis tinctoria

19
Ala

Ser
Leu
35

Ile
His
Lys
Asp
Leu
115
Gly
Gly
Gly
Gly
Pro
195
Leu
Ala
Ile
Pro
Leu
275
Tyr
Val
Ala
Gly
Ala
355

Phe

Ile

val
Ala
20

Thr
val
Ser
Gly
Vval
100
Thr
Gly
Val
Leu
Gln
180
Ile
Asp
Arg
Gln
Gly
260
Glu
val
Glu
Tyxr
Thr
340
Phe

Ala

Gly

Thr Pro Ser

5
Ala

Phe
Asn
Pro
Ser
85

Phe
Arg
val
Cys
Ala
165
val
vVal
Val
Ser
Gln
245
Tyr
Gln
Gly
Leu
Pro
325
val
Gly

Ser

Lys

Ala
Ser
Val
Pro
70

Asp
Ala
Ser
Phe
Ile
150
Asp
Pro
Glu
Glu
Gly
230
Gln
Leu
Ile
Gly
Thr
310
Ala
Tyr
val

Arg

Asn

Thr
Ala
Leu
55

Pro
val
Tyr
Lys
Ala
135
Ala
Ala
Arg
val
Asp
215
Arg
Leu
Ala
val
Gly
295
Gly
Ser
Ala
Arg
Ala

375
Lys

His

Thr

Ser
Thr
Ser
40

Ser
Phe
Leu
Pro
Ile
120
Ala
Thr
Leu
Arg
Thr
200
Ile
Pro
Val
Arg
Arg
280
Cys
Ile
Ser
Asn
Phe
360

Lys

Gln

vVal

Glu

Ser
Thr
25

Ser
Asn
Pro
Val
Gly
105
Ile
Glu
Ser
Leu
Met
185
Arg
Pro
Gly
val
Leu
265
Leu
Leu
Pro
Asp
Tyr
345
Asp

Ile

Pro

9/20

Leu

Gly
650

Pro
10

Thr
Thr
Ser
Ala
Glu
90

Gly
Arg
Gly
Gly
Asp
170
Ile
Ser
Arg
Pro
Pro
250
Pro
Ile
Asn
val
Leu
330
Ala
Asp

val

Pro
635
Asp

Ile
Phe
Leu
Lys
Arg
75

Ala
Ala
Asn
Tyr
Pro
155
Ser
Gly
ITle
Ile
Val
235
Lys
Lys
Ser
Ser
Ala
315
Ser
val
Arg
His

Val

Met

Gly

Ser
Arg
Pro
Pro
60

Phe
Leu
Ser
val
Ala
140
Gly
val
Thr
Thr
Val
220
Leu
Trp
Thr
Glu
Gly
300
Ser
Leu
Asp
Val
Ile

380
Ser

Ile

Arg

Thr
Pro
Lys
45

Thr
Ala
Glu
Met
Leu
125
Arg
Ala
Pro
Asp
Lys
205
Arg
Ile
Asp
Gln
Ala
285
Asp

Thr

Lys
Thr
365
Asp

val

Pro

Ile

Tyr
Thr
30

Arg
Thr
Pro
Arg
Glu
110
Pro
Ala
Thr
Met
Ala
190
His
Glu
Asp
Glu
Ser
270
Lys
Glu
Leu
Met
Ser
350
Gly
Ile

Cys

Ala

Lys
655

Pro
15

Leu
His
Thr
Asp
Glu
95

Ile
Arg
Ser
Asn
Val
175
Phe
Asn
Ala
Ile
Pro
255
Asp
Arg
Leu
Met
Leu
335
Asp
Lys

Asp

Gly
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Gly
640
Tyr

Ser
Leu
Arg

Thr

Leu
160
Ala
Gln
Tyxr
Phe
Pro
240
Met
BAsp
Pro
Gly
Gly
320
Gly
Leu
Leu

Ser

Asp



385
Ile

Ser
Gln
Pro
Ala
465
Phe
Gly
Arg
Met
Lys
545
Glu
Pro
Ala
Ala
val

625
Gly

WO 2007/149069

Lys
vVal
Lys
Pro
450
Ile
Tyr
Ala
Pro
Asn
530
Ile
Asp
Ser
Cys
Ala
610

Ile

Gly

<210>
<211>
<212>
<213>
<400>
Met Ala Ala

1
Pro

Pro
Leu
Thx
65

Pro
val
Gln

Glu

Leu
145

Pro
His
Thr
50

Thr
Arg
Thr
Ala
Gln

130
Pro

val
Thr
Val
435
Gln
Ile
Lys
Met
Asp
515
Val
Leu
Arg
Asn
Gly
595
Ile
val
Phe
20

656
PRT

Ala
Asn
420
Lys
Tyr
Ser
Tyx
Gly
500
Ala
Gln
Leu
Phe
Glu
580
Ile
Gln

Pro

Ala

Leu
405
Leu
Phe
Ala
Thr
Asn
485
Phe
val
Glu
Leu
Tyr
565
Thr

Pro

Lys

Asp
645

390
Gln

Asp
Pro
Ile
Gly
470
Lys
Gly
val
Leu
Asn
550
Lys
Glu
Ala
Met
Gln

630
val

Gly
Phe
Leu
Gln
455
val
Pro
Leu
val
Ala
535
Asn
Ala
Ile
Ala
Leu
615

Glu

Ile

Coreopsis tinctoria

20

Ser
Leu

35
Ile

Lys
AsSp
Leu
115
Gly

Gly

val
Ala
20

Thr
val
Ser
Gly
Val
100
Thr

Gly

val

Thr Pro Ser

5
Ala

Phe
Asn
Pro
Ser
85

Phe
Arg

val

Cys

Ala
Ser
Val
Pro
70

Asp
Ala
Ser

Phe

Ile
150

Thr
Ala
Leu
55

Pro
val
Tyr
Lys
Ala

135
Ala

Leu
Ala
Ser
440
vVal
Gly
Arg
Pro
Asp
520
Thr
Gln
Asn
Phe
Arg
600
Asp
His

Thr

Asn
Thr
Ser
40

Ser
Phe
Leu
Pro
Ile
120
Ala

Thr

Asn
Asn
425
Phe
Leu
Gln
Gln
Ala
505
Ile

Ile

Arg
Pro
585
val
Thr

val

Glu

Pro
Thr
25

Ser
Asn
Pro
val
Gly
105
Ile

Glu

Ser

10/20

Lys
410
Trp
Lys
Asp
His
Trp
490
Ala
Asp
Arg
Leu
Ala
570
Asn
Thr
Pro

Leu

Gly
650

Pro
10

Thr
Thr
Ser
Ala
Glu
90

Gly
Arg
Gly

Gly

395
Ile

Arg
Thr
Glu
Gln
475
Leu
Ile
Gly
vVal
Gly
555
His
Met
Arg
Gly
Pro

635
Asp

Ile
Phe
Leu
Lys
Arg
75

Ala
Ala
Asn
Tyr

Pro
155

Leu
Lys
Phe
Leu
460
Met
Thr
Gly
Asp
Glu
540
Met
Thr
Leu
Lys
Pro
620

Met

Gly

Ser
Arg
Pro
Pro
60

Phe
Leu
Ser
val
Ala

140
Gly

Glu
Glu
Gly
445
Thr
Trp
Ser
Ala
Gly
525
Asn
val
Tyr
Lys
Ala
605
Tyxr

Ile

Arg

Thr
Pro
Lys
45

Thr
Ala
Glu
Met
Leu
125
Arg

Ala

Gly
Leu
430
Glu
Gly
Ala
Gly
Ala
510
Ser
Leu
val
Leu
Phe
590
Asp
Leu

Pro

Ile

Tyr
Thr
30

Arg
Thxr
Pro
Arg
Glu
110
Pro

Ala

Thr

Lys
415
Asp
Ala
Gly
Ala
Gly
495
val
Phe
Pro
Gln
Gly
575
Ala
val
Leu

Ala

Lys
655

Pro
15
Leu

Thr
Asp
Glu
95

Ile
Arg

Ser

Asn

PCT/US2006/023247

400
Gly

Glu
Ile
Asn
Gln
480
Leu
Ala
Ile
val
Trp
560
Asn
Glu
Arg
Asp
Gly

640
Tyr

Ser
Leu
Arg

Thr



val
Ile
Glu
Leu
Tyr
225
Lys
Arg
Asn
val
Arg
305
Leu
Met
Leu
Glu
Ala
385
Ile
Ser
Gln
Pro
Ala
465
Phe
Gly
Arg
Met
Lys
545
Glu
Pro

Ala

Ala

WO 2007/149069

Ser
Thr
Thr
Val
210
Leu
Asp
Leu
Ser
Leu
290
Phe
Gly
His
Leu
Ala
370
Glu
Lys
val
Lys
Pro
450
Ile
Tyr
Ala
Pro
Asn
530
Ile
Asp
Ser

Cys

Ala
610

Gly
Gly
Pro
195
Leu
Ala
Ile
Pro
Leu
275
Tyx
Val
Ala
Gly
Ala
355
Phe
Ile
Val
Thr
Val
435
Gln
Ile
Lys
Met
Asp
515
Val
Leu
Arg
Asn
Gly

595
Ile

Leu
Gln
180
Ile
Asp
Arg
Gln
Gly
260
Glu
val
Asp
Tyr
Thr
340
Phe
Ala
Gly
Ala
Asn
420
Lys
Tyr
Ser
TyTr
Gly
500
Ala
Gln
Leu
Phe
Glu
580
Ile

Gln

Ala
165
val
val
Val
Ser
Gln
245
Tyr
Gln
Gly
Leu
Pro
325
vVal
Gly
Ser
Lys
Leu
405
Leu
Phe
Ala
Thr
Asn
485
Phe
Val
Glu
Leu
Tyxr
565
Thr

Pro

Lys

Asp
Leu
Glu
Glu
Gly
230
Gln
Leu
Ile
Gly
Thr
310
Ala
Tyr
Val
Arg
Asn
390
Gln
Asp
Pro
Ile
Gly
470
Lys
Gly
Val
Leu
Asn
550
Lys
Glu

Ala

Met

Ala
Arg
val
Asp
215
Arg
Leu
Ala
val
Gly
295
Gly
Ser
Ala
Arg
Ala
375
Lys
Gly
Phe
Leu
Gln
455
Val
Pro
Leu
val
Ala
535
Asn
Ala
Ile

Ala

Leu
615

Leu
Arg
Thr
200
Ile
Pro
val
Arg
Arg
280
Cys
Ile
Ser
Asn
Phe
360
Lys
Gln
Leu
Ala
Ser
440
val
Gly
Arg
Pro
Asp
520
Thr
Gln
Asn
Phe
Arg

600
Asp

Leu
Met
185
Arg
Pro
Gly
val
Leu
265
Leu
Leu
Pro
Asp
Tyr
345
Asp
Ile
Pro
Asn
Asn
425
Phe
Leu
Gln
Gln
Ala
505
Ile

Ile

Arg
Pro
585
val

Thr

11/20

Asp
170
Ile
Ser
Arg
Pro
Pro
250
Pro
Ile
Asn
val
Leu
330
Ala

Asp

val

Trp
490
Ala
Asp
Arg
Leu
Ala
570
Asn

Thr

Pro

Ser
Gly
Ile
Ile
val
235
Lys
Lys
Ser
Ser
Ala
315

Ser

val

val
395
Ile
Arg
Thr
Glu
Gln
475
Leu
Ile
Gly
val
Gly
555
His
Met
Arg

Gly

vVal
Thr
Thr
Val
220
Leu
Trp
Thr
Glu
Gly
300
Ser
Leu
Asp
vVal
Ile
380
Ser
Leu
Lys
Phe
Leu
460
Met
Thr
Gly
Asp
Glu
540
Met
Thr
Leu

Lys

Pro
620

Pro
Asp
Lys
205
Arg
Ile
Asp
Gln
Ala
285

Asp

Thr

Lys
Thr
365
Asp
vVal
Glu
Glu
Gly
445
Thr
Trp
Ser
Ala
Gly
525
Asn
vVal
Tyxr
Lys
Ala

605
Tyr

Met
Ala
190
His
Glu
Asp
Glu
Ser
270
Lys
Glu
Leu
Met
Ser
350
Gly
Ile
Cys
Gly
Leu
430
Glu
Cys
Ala
Gly
Ala
510
Ser
Leu
val
Leu
Phe
590

Asp

Leu

Val
175
Phe
Asn
Ala
Ile
Pro
255
Asp
Arg
Leu
Met
Leu
335
Asp
Lys
Asp
Gly
Lys
415
Asp
Ala
Gly
Ala
cly
495
val
Phe
Pro
Gln
Gly
575
Ala
Val

Leu
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Ala
Gln
Tyr
Phe
Pro
240
Met
Asp
Pro
Gly
Gly
320
Gly
Leu
Leu
Ser
Asp
400
Gly
Glu
Ile
Asn
Gln
480
Leu
Ala
Ile
val
Trp
560
Asn
Glu
Arg

Asp
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12/20

val Ile Val Pro His Gln Glu His Val Leu Pro
630
Gly Gly Phe Ala Asp Val Ile Thr Glu Gly Asp

625

<210>
<211>
<212>
<213>
<400> 21
atggcggetg
gcegecacca
tccactetcee
accaccacaa
cctegtaaag
ttcgecetacce
atcecgtaacg
cgggectegg
gttagcggtc
gtcccgegga
cggtctatta
agggaggect
aaagatatac
tatcttgcta
ttgatatcgg
gacgagttgg
cttggagcegt
gtttatgcga
gatgatcgag
gatatcgatt
attaaggteg
ctcgattttg
ttcaaaacgt
acgggcggta
ttttacaagt
ttcgggetge
atcgatggtg
aatctgccgg
gaggaccggt
actgaaatat
gtgacccgga
tacttgttgg
ggcggtttcg
t
<210>
<211>
<212>
<213>
<400> 22
atggcggctg
gcggccacca
tecectecacte
cccaccacca
cagccgegta
gtctttgecet
atcatccgaa
cceccgegect
ttggttageg
caagtcecgc

21
1981
DNA

22
1984
DNA

645

tcactceccte
ccaccacaaa
caaaacgaca
ccaccactca
gctccgacgt
cgggtggege
tcectecegeg
gtttacccgg
ttgcggatge
gaatgatcgg
ctaaacataa
tttatcttgce
aacaacagtt
ggttaccgaa
aagcgaagag
ggaggtttgt
tceceggette
attacgcggt
tgacggggaa
cggctgaaat
cattacaggg
cgaattggag
ttggtgaagc
atgcgattat
acaacaaacc
ccgetgetat
acgggagcett
ttaagatatt
tttacaaagc
tcccgaacat
aggcggatgt
atgttategt
cggatgtgat

tcactgactce
ccaccaccac
tcccaaaacyg
caaccacctyg
aaggctccga
accecgggtgg
acgtcctcecce
cgggcttacc
gtcgtgcgga
caagaatgat

Coreopsis tinctoria

aaaccctccce
ccgececacce
ccgtetecacc
ttcacccect
cctegttgaa
ctctatggag
tcacgagcaa
cgtgtgecata
attacttgat
gactgatgcg
ttaccttgtg
gagatcgggt
agtggtcccg
aacacaaagt
accggttttg
cgagcttacg
gagtgattta
tgataagagt
gctcgaggeg
cgggaagaat
tctcaacaag
gaaggagttg
gattcegeceg
cagcaccggg
gagacagtgg
cggggcaget
tataatgaat
attacttaat
gaaccgggcg
gttgaagttt
tcgggcagcet
gccacatcaa
cactgaaggt

Coreopsis tinctoria

aaaccctecc
attcecgecce
acaccgtcte
tcattcaccc
cgtcctcate
cgectctatyg
gcgtcacgag
cggcgtgtge
tgcgttactt
cggcaccgat

635

650

atctccacct
ctecttecte
atcgtgaatg
ccgttteceg
gccctegaac
atccaccaag
ggcggegtet
gccacttceg
agtgtcccca
tttcaagaaa
ttggatgtcg
cggcccggec
aaatgggatg
gatgataata
tatgtgggeg
ggtatcccgg
tecgettcata
gatttgttge
tttgctagcee
aagcagcctc
attttggagg
gacgagcaaa
caatacgcga
gtcgggcage
ttgacttecgg
gttgcgagac
gttcaagaat
aatcagcatt
catacttact
gcggaagegt
attcagaaga
gaacatgttt
gatggcagaa

ttctccacct
accctecette
accatcgtga
ccgecgttte
gatcccctea
gagatccacce
caaggtggag
atacccactt
gagagtgtcc
gcgtttcaag

PCT/US2006/023247

Met Ile Pro Ala Gly

640

Gly Arg Ile Lys Tyr

atccecteace
gtctecacatt
tcctctecaa
ctcggttege
gcgaaggcegt
ccctaacccg
tcgeggecga
gccceggagce
tggtecgcaat
cccegattgt
aggatattcc
cggttttgat
aaccgatgag
gtttagatca
gcggttgttt
ttgctagtac
tgcttggaat
ttgegttegg
gagctaaaat
atgtgteggt
gaaaaggttce
aggtgaagtt
ttcaggttct
atcagatgtg
gtggactcgg
ccgacgeggt
tagcgacaat
tgggtatggt
taggaaaccc
gtggtatccce
tgttggatac
tacccatgat
taaaatactg

atcecctceacce
ctcatcteac
atgtecctete
cecgeteggtt
aaggccaagg
aagccctaac
tecttegegge
ccggeccecgg
gcatggtcge
aaaccccgat

655

gcegtecgece
ctcagccectce
ctcgaaaccc
ccectgaccecag
caccgacgte
gtccaaaatc
gggctacgcc
taccaatttg
tacgggtcaa
tgaggtaaca
tagaattgtt
tgatatcccg
gttaccgggt
aattgttegg
gaattcecggt
tttaatgggt
gcacgggacyg
ggtgaggttt
cgtgcacatt
ttgtggtgat
ggttactaat
tccgttaagt
tgacgagtta
ggctgcceccag
ggcgatgggt
agtggtggat
ccgtgtcgaa
ggttcaatgg
gtcaaacgag
ggctgccecga
accggggecg
tccagetggce
aggtttgaag

gcegteegece
attctecagcece
caactccaaa
cgccectgac
cgtececcegac
ccggtccaaa
cgagggctac
aactaccaat
aattacaggt
tgttgaggta

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
1981

60
120
180
240
300
360
420
480
540
600
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acacggtcta
gttagggagg
ccgaaagaca
ggttatcttg
cggttgatat
ggtgacgagt
ggtcttggag
acggtttatg
tttgatgatc
atcgatatcg
gatataaagg
aatctecgatt
agttttaaaa
ttaacgggcyg
cagttttaca
ggtttcgggce
gacatcgatg
gaaaatctgc
tgggaggatc
gagacggaaa
cgagtgaccce
ccgtatttgt
ggcggtggtt
aagt

<210>
<211>
<212>
<213>
<400> 23

atggcggetg
gccgecacca
tccactctec
accaccacaa
ccgegtaaag
ttcgectacce
atccgtaacg
cgggectegy
gttagcggte
gtcecegegga
cggtctatta
agggaagcct
aaagatatac
tatcttgeta
ttgatatcgg
gaggagttgg
cttggagegt
gtttatgcga
gatgatcgtg
gatatcgatt
attaaggttyg
ctcgattttyg
tttaaaacgt
acgggcggta
ttttacaagt
ttecgggetge
atcgatggcg
aatctgecegg
gaggatcggt

23

1981
DNA
Coreopsis tinctoria

ttactaaaca
ccttttatcet
tacaacaaca
ctaggttacc
cggaagcgaa
tggggaggtt
cgtteccegge
cgaattacgc
gtgtgacggg
attcggctga
tcgegttaca
ttgcgaattg
cgtttggtga
gtaatgcgat
agtacaacaa
tgccegetge
gcgacgggad
cggttaagat
ggttttacaa
tattcccgaa
ggaaggccga
tggatgttat
tcgeggatgt

tcactcccte
ccaccacaaa
caaaacgaca
ccaccactca
gctccgacgt
cgggtggege
tcectececcgeg
gtttacccgg
ttgeggatgce
gaatgatcgg
ctaaacataa
tttatcttge
aacaacagtt
ggttaccgaa
aagctaagag
ggaggtttgt
acccggctte
attacgeggt
tgacgggaaa
cggctgaaat
cgttacaggg
cgaattggag
ttggtgaagc
atgcgattat
acaacaaacc
ccgctgetat
acgggagctt
ttaagatatt
tttacaaagc

taattacctt
tgcgaggtcg
attagtggta
gaaaacacaa
aagaccggtt
tgtcgagctt
ttcgagtgat
ggtcgataag
aaagctcgag
aatcgggaag
gggtctcaac
gaggaaggag
agcgattccg
tattagcacc
accgagacag
tatcggggca
ctttataatg
attattactt
agcgaatcgg
catgttgaag
cgttcgggca
tgtgccacat
gatcactgaa

aaaccctceccce
ccgecececace
ccgtectcacce
ttcaceccccot
cctegtagaa
ctctatggag
tcacgagcaa
cgtgtgeata
attacttgat
gaccgatgeg
ttaccttgtg
gaggtcgggt
agtggtgccg
aacacaaagt
accggttttg
cgagcttacg
gagtgattta
tgataaaagt
gctcgaggcg
cgggaagaat
tctcaacaag
gaaggagttg
gattccgcca
tagcaccggg
gagacagtgg
cggggcagcece
tataatgaac
attacttaat
gaatcgggca

13/20

gtgttagatg
ggteggeeeg
ccgaaatggg
agtgatgata
ttgtatgtgg
acggggattc
ttatcgctte
agtgatttat
gcgtttgcta
aataagcagc
aagattttgg
ttggacgagc
ccacaatacg
ggggtegggce
tggttgactt
gcegttgega
aacgttcaag
aataatcaac
gcgcatactt
tttgecggaag
gcaattcaga
caagaacatg
ggtgatggca

atctccacct
ctcettecte
atcgtgaatg
ccgtttececeg
gcectegaac
atccaccaag
ggcggegtet
gccactteceg
agtgtcccca
tttcaagaaa
ttagatgtcg
cggcceggec
aaatgggatg
gatgataata
tatgtgggtg
gggatcccgg
tegecttcata
gatttgttge
tttgetagcce
aagcagccte
attttggagg
gacgagcaaa
caatacgcga
gtcgggcaac
ttgacttcag
gttgcgagac
gttcaagaat
aatcagcatt
catacttact

tcgaggatat
gcceggtttt
acgaaccgat
atagtttaga
gtggtggttg
cggttgcectag
atatgcttag
tgcttgegtt
gccgagctaa
ctcacgtgtce
agggaaaaga
aaaaggtgaa
cgattcaggt
aacatcagat
ctggtggact
gacccgacgce
aattagcgac
atttgggtat
acttaggaaa
cgtgtggtat
aaatgttgga
ttttgccceat
gaataaaata

atcccteacc
gtctcacatt
ttctctceccaa
cteggttcge
gcgaaggegt
ccctaacccg
tcgcggecga
gcccecggage
tggtcgcaat
ccccgattgt
aggatattcce
cggttttgat
aaccgatgag
gtttagagca
gcggttgttt
ttgctagtac
tgcttggaat
ttgegttcgg
gagctaaaat
acgtgtcagt
gaaaaggttc
aggtgaagtt
ttcaggttct
atcagatgtg
gtggactcgg
ccgacgeggt
tagcgacaat
tgggtatggt
taggaaaccc

PCT/US2006/023247
tcctagaatt 660
gattgatatc 720
gaggttaccg 780
tcaaattgtt 840
tttgaattec 900
tactttaatg 960
aatgcacggg 1020
tggggtgegg 1080
aatagtgcat 1140
ggtttgtggt 1200
ttcggttact 1260
gtttccgtta 1320
tcttgacgag 1380
gtgggctgee 1440
cggggegatg 1500
ggtagtggtg 1560
aatccgegtce 1620
ggtggttcaa 1680
cccgtcaaac 1740
cceggetgece 1800
tacgecctggg 1860
gattccagct 1920
ctgaggtttg 1980

1984
gccgteegec 60
ctcagccectcce 120
ctcgaaaccc 180
ccctgaccag 240
caccgacgte 300
gtccaaaatc 360
gggctacgce 420
taccaatttg 480
tacgggtcaa 540
tgaggtaaca 600
tagaattgtt 660
tgatatcccg 720
gttaccgggt 780
gattgttecgg 840
gaattcgggt 900
tttaatgggt 960
gcacgggacg 1020
ggtgeggttt 1080
cgtgcacatt 1140
ttgtggtgat 1200
ggttactaat 1260
tcegttaagt 1320
tgacgagtta 1380
ggctgccecceag 1440
ggcgatgggt 1500
ggtggttgat 1560
ccgegtegaa 1620
ggttcaatgyg 1680
gtcaaacgag 1740
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actgaaatat
gtgacccgga
tacttgttgg
ggeggttteg
t
<210>
<211>
<212>
<213>
<400> 24
atggcggcetg
gccgccacca
tctactecce
accaccacaa
cccegtaaag
ttcgcectacce
atccgtaacg
cgggcectcetg
gttagecggtc
gtccecgegga
cggtctatta
agggaggcct
aaagatatac
tatcttgcta
ttgatatcgg
gacgagttgg
cttggggegt
gtttatgcga
gatgatcgag
gatatcgatt
ataaaggtcg
ctcgattttg
tttaaaacgt
acaggcggta
ttttacaagt
ttecgggetge
atcgatggtg
aatctgcecgg
gaggatcggt
actgaaatat
gtgacccgaa
tacttgttgg
ggeggttteg
t
<210>
<211>
<212>
<213>
<400>

24

DNA

25
656
PRT

25

Met Ala Ala Vval Thr Pro Ser

1
Pro

Pro
35

Leu
50

Thr

1981

tcccgaacat
aggcggacgt
atgttattgt
cggatgtgat

tcactcecte
ccaccacatt
caaaacaaca
ccaccactca
gctccgacgt
cgggtggegce
tcctcecegeg
gtttaccecgg
ttgecggatgce
gaatgatcgg
caaagcataa
tttatcttge
aacaacaatt
ggttaccgaa
aagcgaaaag
ggaggtttgt
tceceggette
attacgcggt
tgacggggaa
cggctgaaat
cattacaagg
cgaattggag
ttggtgaagc
atgcgattat
acaacaaacc
ccgctgetat
acgggagcett
ttaagatatt
tttacaaagce
tccecgaacat
aggcggacgt
atgttattgt
cggatgtgat

5

Pro Ser Ala Ala Ala Thr

20

Arg Leu Thr Phe Ser Ala
Thr Ile Val Asn Val Leu

Thr His Ser Pro Pro Pro

gttgaagttt
tcgggcagcet
gccacatcaa
cactgaaggt

Coreopsis tinctoria

aagctctccee
ccgccccacce
ccgtcetceacc
ttecacccceccet
cctegtagaa
ctctatggag
tcacgagcaa
cgtgtgeata
attacttgac
taccgatgcg
ttaccttgtg
gagatcgggt
agtggtgccg
aacacaaagt
accggttttg
cgagcttacg
gagcgattta
cgataagagt
gctecgaggceg
cgggaagaat
tctcaacaag
gaaggagttg
gattccgcecca
tagcaccggg
gagacagtgg
cggggcagct
tataatgaac
attacttaat
gaatcgggct
gttgaagttt
ccgggegget
gccacatcaa
cactgaaggt

Coreopsis tinctoria

Asn

Thr

Ser
40
Ser
55

Phe

Pro
Thr
25

Ser

Asn

Pro

14/20

gcggaagcgt
attcagaaga
gaacatgttt
gatggcagaa

atctccacct
ctccttecte
atcgttaacg
ccgttteceeg
gccctegaac
atccaccaag
ggcggegtcet
gccacttecg
agtgtcccca
tttcaagaaa
ttagatgtcg
cggcecggec
aaatgggatg
gatgataata
tatgtgggtyg
gggatcecegg
tcgctteata
gatttgttgce
tttgctagcec
aagcagcctce
attttggagg
gacgagcaaa
caatacgcga
gtcgggcaac
ttgacttcgg
gttgcgagac
gttcaagaat
aatcagcatt
catacttact
gcggaagegt
attcagaaga
gaacatgttt
gatggcagaa

Pro Ile
10
Thr Asn

Thr Leu

Ser Lys

Ala Arg

gtggtatccc
tgttggatac
tgcccatgat
taaaatactg

atccctcace
gtctcacatt
tcectctecaa
cteggttege
gcgaaggcgt
ccctaacteg
tcgcecggcecga
gccecggagce
tggtcgeaat
cceccgattgt
aggatattcc
cggttttgat
aaccgatgag
gtttagagca
gtggttgttt
ttgctagtac
tgcttggaat
ttgecgttegg
gagctaaaat
atgtgteggt
gaaaaggttc
aggtgaagtt
ttcaggttet
atcagatgtg
gtggactcgg
cggatgcggt
tagcgacaat
tgggtatggt
taggaaaccc
gtggtatccc
tgttggatac
tgcccatgat
ttaaatactg

Ser Thr Tyr
Thr
30

Arg

Arg Pro

Pro Lys

45
Pro Thr Thr
60
Phe

Ala Pro

PCT/US2006/023247
ggctgccega 1800
accggggecyg 1860
tccagetgge 1920
aggtttgaag 1980

1981
gécgtccgcc 60
ctcagccectcet 120
ctegaaacce 180
ccctgaccag 240
caccgacgtc 300
gtccaaaatc 360
ggggtacgcce 420
tacaaatttg 480
tacgggtcaa 540
tgaggtaaca 600
tagaattgtt 660
tgatatcccg 720
gttaccgggt 780
gattgttcgyg 840
gaatteccggt 200
tttaatgggt 960
gcacgggacyg 1020
ggtgeggtte 1080
cgtgcacatt 1140
ttgtggtgat 1200
ggttactaat 1260
tccgttaagt 1320
tgacgagtta 1380
ggctgcccag 1440
ggcgatgggt 1500
ggtggtggat 1560
ccgegtcegaa 1620
ggttcaatgg 1680
gtcaaacgag 1740
ggeecgecaga 1800
gccggggecg 1860
tccagetgge 1920
aggtttgaag 1980
1981
Pro Ser
15
Leu Leu
His Arg
Thr Thr

Asp Gln



65
Pro

val
Gln
Glu
Leu
145
val
Ile
Glu
Leu
Tyr
225
Lys
Arg
Asn
val
Arg
305
Leu
Met
Leu
Glu
Ala
385
Ile
Ser
Gln
Pro
Ala
465
Phe
Gly

Arg

Met

WO 2007/149069

Arg
Thr
Ala
Gln
130
Pro
Ser
Thr
Thr
val
210
Leu
Asp
Leu
Ser
Leu
290
Phe
Gly
His
Leu
Ala
370
Glu
Lys
val
Lys
Pro
450
Ile
Tyr
Ala

Pro

Asn

Lys
Asp
Leu
115
Gly
Gly
Gly
Gly
Pro
195
Leu
Ala
Ile
Pro
Leu
275
Tyr
val
Ala
Gly
Ala
355
Phe
Ile
Val
Thr
vVal
435
Gln
Ile
Lys
Met
Asp

515
Val

Gly
Val
100
Thr
Gly
Val
Leu
Gln
180
Ile
Asp
Arg
Gln
Gly
260
Asp
val
Glu
Phe
Thr
340
Phe
Ala
Gly
Ala
Asn
420
Lys
Tyr
Ser
Tyr
Gly
500
Ala

Gln

Ser
85

Phe
Arg
val
Cys
Ala
165
val
val
val
Ser
Gln
245
Tyr
Gln
Gly
Leu
Pro
325
val
Gly
Ser
Lys
Leu
405
Leu
Phe
Ala
Thr
Asn
485
Phe
val

Glu

70
Asp

Ala
Ser
Phe
Ile
150
Asp
Pro
Glu
Glu
Gly
230
Gln
Leu
Ile
Gly
Thr
310
Ala
Tyr
Val
Arg
Asn
390
Gln
Asp
Pro
Ile
Gly
470
Lys
Gly

val

Leu

Vval
Tyr
Lys
Ala
135
Ala
Ala
Arg
val
Asp
215
Arg
Leu
Ala
val
Gly
295
Gly
Ser
Ala
Arg
Ala
375
Lys
Gly
Phe
Leu
Gln
455
val
Pro
Leu

val

Ala

Leu
Pro
Ile
120
Ala
Thr
Leu
BArg
Thr
200
Tle
Pro
val
Arg
Arg
280
Cys
Ile
Ser
Asn
Phe
360
Lys
Gln
Leu
Ala
Ser
440
Val
Gly
Arg
Pro
Asp

520
Thr

Val
Gly
105
Tle
Glu
Ser
Leu
Met
185
Arg
Pro
Gly
val
Leu
265
Leu
Leu
Pro
Asp
YT
345
Asp
Ile
Pro
Asn
Asn
425
Phe
Leu
Gln
Gln
Ala
505
Ile

Ile

15/20

Glu
90

Gly
Arg
Gly
Gly
Asp
170
Ile
Ser
Arg
Pro
Pro
250
Pro
Ile
Asn
Val
Leu
330
Ala
Asp

val

Trp
490
Ala
Asp

Arg

75
Ala

Ala
Asn
Tyr
Pro
155
Ser
Gly
Ile
Ile
vVal
235
Lys
Lys
Ser
Ser
Ala
315
Ser
Val
Arg
His
Val
395
Ile
Arg
Thr
Glu
Gln
475
Leu
Ile
Gly

val

Leu
Ser
val
Ala
140
Gly
Val
Thr
Thr
val
220
Leu
Trp
Thr
Glu
Gly
300
Ser
Leu
Asp
val
Ile
380
Ser
Leu
Lys
Phe
Leu
460
Met
Thr
Gly
Asp

Glu

Glu
Met
Leu
125
Arg
Ala
Pro
Asp
Lys
205
Arg
Ile
Asp
Gln
Ala
285
Asp
Thr
His
Lys
Thr
365
Asp
val
Glu
Glu
Gly
445
Thr
Trp
Ser
Ala
Gly

525
Asn

Arg
Glu
110
Pro
Ala
Thr
Met
Ala
190
His
Glu
Asp
Glu
Ser
270
Lys
Glu
Leu
Met
Ser
350
Gly
Ile
Cys
Gly
Leu
430
Glu
Gly
Ala
Gly
Ala
510

Ser

Leu

Glu
95

Ile
Arg
Ser
Asn
Val
175
Phe
Asn
Ala
Ile
Pro
255
Asp
Arg
Leu
Met
Leu
335
Asp
Lys
Asp
Gly
Lys
415
Asp
Ala
Gly
Ala
Gly
495
Val

Phe

Pro

PCT/US2006/023247

80
Gly

His
His
Gly
Leu
160
Ala
Gln
Tyr
Phe
Pro
240
Met
Asp
Pro
Gly
Gly
320
Gly
Leu
Leu
Ser
Asp
400
Gly
Glu
Ile
Asn
Gln
480
Leu
Ala

Ile

val



Lys
545
Glu
Pro
Ala

Ala

Val

" 625

Gly

WO 2007/149069

530
Ile

Asp
Ser
Cys
Ala
610

Ile

Gly

<210>
<211l>
<212>
<213>
<400>

Met
1
Pro
Leu
Arg
Thr
65
Gln
Gly
His
His
Gly
145
Leu
Ala
Gln
Tyr
Phe
225
Pro
Met
Asp

Pro

Ala
Pro
Pro
Leu
50

Thr
Pro
Val
Gln
Glu
130
Leu
val
ITle
Glu
Leu
210
Tyxr
Lys
Arg

Asn

val
290

Leu
Arg
Asn
Gly
595
Ile
val
Phe
26

657
PRT

Leu
Phe
Glu
580
Ile
Gln

Pro

Ala

Leu
Tyxr
565
Thr
Pro
Lys
His

Asp
645

Asn
550
Lys
Glu
Ala
Met
Gln

630
val

535
Asn

Ala
Ile
Ala
Leu
615

Glu

Ile

Coreopsis tinctoria

26

Ala val Thr Asp Ser

Ser
His
35

Thy
Cys
Arg
Pro
Ala
115
Gln
Pro
Ser
Thr
Thr
195
val
Leu
Asp
Leu
ser

275
Leu

Ala
20

Leu
Ile
His
Lys
Asp
100
Leu
Gly
Gly
Gly
Gly
180
Pro
Leu
Ala
Ile
Pro
260

Leu

Tyx

5
Ala

Thr
Val
Ser
Gly
85

val
Thr
Gly
Val
Arg
165
Gln
Ile
Asp
Arg
Gln
245
Gly

Asp

val

Ala
Phe
Asn
Pro
70

Ser
Phe
Arg
val
Cys
150
Ala
Val
val
val
Ser
230
Gln
Tyr

Gln

Gly

Thr
Ser
vVal
55

Pro
Asp
Ala
Ser
Phe
135
Tle
Asp
Pro
Glu
Glu
215
Gly
Gln
Leu

Tle

Gly
295

Gln
Asn

Phe

Asn
Thr
Ala
40

Leu
Pro
val
Tyr
Lys
120
Ala
Pro
Ala
Pro
val
200
Asp
Arg
Leu
Ala
val

280
Gly

His
Arg
Pro
585
val
Thr

val

Glu

Pro
Thr
25

Ser
Ser
Phe
Leu
Pro
105
Ile
Ala
Thr
Leu
Arg
185
Thr
Ile
Pro
val
Arg
265
Arg

Cys

16/20

Leu
Ala
570
Asn
Thr
Pro

Leu

Gly
650

Pro
10

Thr
Ser
Asn
Pro
Ile
90

Gly
Ile
Glu
Ser
Leu
170
Met
Arg
Pro
Gly
vVal
250
Leu

Leu

Leu

Gly
555
His
Met
Arg
Gly
Pro

635
Asp

Phe
Thr
Thr
Ser
Ala
75

Asp
Gly
Arg
Gly
Gly
155
Glu
Ile
Ser
Arg
Pro
235
Pro
Pro

Ile

Asn

540
Met

Thr
Leu
Lys
Pro
620

Met

Gly

Ser
Phe
Leu
Lys
60

Arg
Pro
Ala
Asn
Tyr
140
Pro
Ser
Gly
Ile
Ile
220
Val
Lys
Lys

Ser

Ser
300

val
Tyr
Lys
Ala
605
Tyr

Ile

Arg

Thr
Arg
Pro
45

Pro
Phe
Leu
Ser
val
125
Pro
Gly
Val
Thr
Thr
205
Val
Leu
Trp
Thr
Glu

285
Gly

val
Leu
Phe
590
Asp
Leu

Pro

Ile

Tyx
Pro
30

Lys
Thr
Ala
Lys
Met
110
Leu
Arg
Thr
Arg
Asp
190
Lys
Arg
Ile
Asp
Gln
270
Ala

Asp

Gln
Gly
575
Ala
Val
Leu

Ala

Lys
655

Pro
15

Thr
Arg
Thr
Pro
Gly
95

Glu
Pro
Ala
Thr
Met
175
Ala
His
Glu
Asp
Glu
255
Ser

Lys

Glu

PCT/US2006/023247

Trp
560
Asn
Glu
Arg
Asp
Gly

640
Tyr

Ser

Leu

Thr
Asp
80

Gln
Ile
Arg
Ser
Asn
160
val
Phe
Asn
Ala
Tle
240
Pro
Asp
Arg

Leu



Gly
305
Gly
Gly
Leu
Leu
Ser
385
Asp
Asp
Glu
Ile
Asn
465
Gln
Leu
Ala
Ile
val
545
Trp
Asn
Glu
Arg
Asp
625
Cly

Tyr

WO 2007/149069

Arg
Leu
Met
Leu
Glu
370
Ala
Ile
Ser
Gln
Pro
450
Ala
Phe
Gly
Arg
Met
530
Lys
Glu
Pro
Ala
Ala
610

Val

Gly

<210>
<211>
<212>
<213>
<400>
Ala Ala vVal Thr Pro Ser

Met
1
Pro

Pro

Leu

Leu
355
Ala
Glu
Lys
Val
Lys
435
Pro
Ile
Tyr
Ala
Pro
515
Asn
Ile
Asp
Ser
Cys
595
Ala
Ile

Gly

27
656
PRT

val
Ala
Gly
340
Ala
Phe
Ile
val
Thr
420
val
Gln
Tle
Lys
Met
500
Asp
Val
Leu
Arg
Asn
580
Gly
Ile

vVal

Phe

Glu
Phe
325
Thr
Phe
Ala
Gly
Ala
405
Asn
Lys
Tyxr
Ser
TYyTY
485
Gly
Ala
Gln
Leu
Phe
565
Glu
Ile
Gln

Pro

Ala
645

Leu
310
Pro
val
Gly
Ser
Lys
390
Leu
Leu
Phe
Ala
Thr
470
Asn
Phe
val
Glu
Leu
550
TyTr
Thxr
Pro
Lys
His

630
Asp

Thr
Ala
Tyr
Val
Arg
375
Asn
Gln
Asp
Pro
Ile
455
Gly
Lys
Gly
val
Leu
535
Asn
Lys
Glu
Ala
Met
615

Gln

Val
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