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WT AHASL1D
CACGTGCTGCCTATGATCCCAAGCGRTGGTGCTTTCAAGGAC
HVLPMI PSS G GATFKTD
MUT
CACGTGCTGCCTATGATCCCAAACGGTGGTGCTTTCAAGGAC
H VL PMI PNGGATFKD
Wt AHASL1B
CACGTGCTGCCTATGATCCCAAGCGGTGGTGCTTTTAAGGAC
HY L PMTIPSGS G AF KD
MUT
CACGTGCTGCCTATGATCCCAARCGGTGGTGCTTTTAAGGAC
HVLPMIPNTGTGATFEKD
W AHASL1A
CACGTGCTGCCTATGATCCCAAGCGGTGGTGCTTTCAAGGAC
MUTHVLPMIPSGGAFKD

CACGTGCTGCCTATGATCCCAAACGGTGGTGCTTTCAAGGAC
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(57) Abrégée/Abstract:
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The invention relates to methods and compositions for analyzing plant acetohydroxy acid synthase large subunit (AHASL) genes.
In particular, the invention relates to methods for the detection of wild-type AHASL alleles and mutant AHASL alleles that encode
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(57) Abrege(suite)/Abstract(continued):

Imidazolinone-tolerant AHASL proteins. The methods Iinvolve the use of PCR amplification and novel compositions comprising
allele-specific and gene-specific primers to detect the presence of mutant and/or wild-type alleles present at the individual AHASL
genes of a plant. Specifically, the methods and compositions are useful for analyzing the three AHASL genes of Triticum aestivum
and the two AHASL genes of Triticum turgidum ssp. durum.
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(57) Abstract: The invention relates to
methods and compositions for analyzing
plant acetohydroxy acid synthase large

WT AHASL1D subunit (AHASL) genes. In particular,
CACGTGCTGCCTATGATCCCAAGOGGTGGTGCTTTCAAGGAC ¢ vention relates to methods  for
VL PM I PSGGATF K D the detection of wild-type AHASL
MUT | | alleles and mutant AHASL alleles that
CACGTGCTGCCTATGATCCCAAACGGTGGTGCTTTCAAGGAC  Srecce imidazolinonetoferant  ATAS
H VLI PMI PNGSGATETZKD proteins. e methods involve the
= use of PCR amplification and novel
compositions comprising allele-specific
and gene-specific primers to detect the
B presence of mutant and/or wild-type alleles
present at the individual AHASL genes
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METHODS AND COMPOSITIONS FOR ANALYZING AHASL GENES

FIELD OF THE INVENTION

5
This invention relates to the field of gene analysis, particularly to novel methods for the
identification of wild-type and herbicide-tolerant alleles of plant AHASL genes.
BACKGROUND OF THE INVENTION
10

Acetohydroxyacid synthase (AHAS; EC 4.1.3.18, also known as acetolactate synthase
or ALS), is the first enzyme that catalyzes the biochemical synthesis of the branched-
chain amino acids valine, leucine and isoleucine (Singh (1999) "Biosynthesis of valine,
leucine and isoleucine," in Plant Amino Acids, Singh, B.K., ed., Marcel Dekker inc. New
15  York, New York, pp. 227-247). AHAS is the site of action of four structurally diverse
herbicide families including the sulfonylureas (L.aRossa and Falco (1984) Trends Bio-
technol. 2:158-161), the imidazolinones (Shaner ef al. (1984) Plant Physiol. 76:545-
546), the triazolopyrimidines (Subramanian and Gerwick (1989) "Inhibition of acetolac-
tate synthase by triazolopyrimidines,” in Biocatalysis in Agricultural Biotechnology,
Whitaker, J.R. and Sonnet, P.E. eds., ACS Symposium Series, American Chemical
Society, Washington, D.C., pp. 277-288), and the pyrimidyloxybenzoates (Subrama-
nian ef al. (1990) Plant Physiol. 94: 239-244.). Imidazolinone and sulfonylurea herbi-
cides are widely used in modern agriculture due to their effectiveness at very low appli-
cation rates and relative non-toxicity in animals. By inhibiting AHAS activity, these fami-
lies of herbicides prevent further growth and development of susceptible plants includ-
ing many weed species. Several examples of commercially available imidazolinone
herbicides are PURSUIT® (imazethapyr), SCEPTER® (imazaquin) and ARSENAL®
(imazapyr). Examples of sulfonylurea herbicides are chlorsulfuron, metsulfuron methyi,
sulfometuron methyl, chlorimuron ethyl, thifensulfuron methyl, tribenuron methyl, ben-
30 sulfuron methyl, nicosulfuron, ethametsulfuron methyl, rimsulfuron, triflusulfuron
methyl, triasulfuron, primisulfuron methyl, cinosulfuron, amidosulfiuon, fluzasulfuron,
imazosulfuron, pyrazosulfuron ethyl and halosulfuron.
Due to their high effectiveness and low-toxicity, imidazolinone herbicides are favored
for application by spraying over the top of a wide area of vegetation. The ability to
35 spray an herbicide over the top of a wide range of vegetation decreases the costs as-
sociated with plantation establishment and maintenance, and decreases the need for
site preparation prior to use of such chemicals. Spraying over the top of a desired {ol-
erant species also results in the ability to achieve maximum yield potential of the de-
sired species due to the absence of competitive species. However, the ability to use
40 such spray-over techniques is dependent upon the presence of imidazolinone-resistant
species of the desired vegetation in the spray over area.
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Among the major agricultural crops, some leguminous species such as soybean are
naturally resistant to imidazolinone herbicides due to their ability to rapidly metabolize
the herbicide compounds (Shaner and Robinson (1985) Weed Sci. 33:469-471). Other
crops such as corn (Newhouse et al. (1992) Plant Physiol. 100:882886) and rice (Bar-
rett ef al. (1989) Crop Safeners for Herbicides, Academic Press, New York, pp. 195-

220) are somewhat susceptible to imidazolinone herbicides. The differential sensitivity

to the imidazolinone herbicides is dependent on the chemical nature of the particular
herbicide and differential metabolism of the compound from a toxic to a non-toxic form
in each plant (Shaner ef al. (1984) Plant Physiol. 76:545-546; Brown et al., (1987) Pes-
tic. Biochem. Physiol. 27:24-29). Other plant physiological differences such as absorp-
tion and translocation also play an important role in sensitivity (Shaner and Robinson
(1985) Weed Sci. 33:469-471).

Plants resistant to imidazolinones, sulfonylureas and triazolopyrimidines have been
successfully produced using seed, microspore, pollen, and callus mutagenesis in Zea
mays, Arabidopsis thaliana, Brassica napus, Glycine max, and Nicoliana tabacum
(Sebastian et al. (1989) Crop Sci. 29:1403-1408; Swanson et al., 1989 Theor. Appl.
Genet. 78:525-530; Newhouse ef al. (1991) Theor. Appl. Genet. 83:65-70; Sathasivan
et al. (1991) Plant Physiol. 97:1044-1050; Mourand et al. (1993) J. Heredity 84:91-96).
In all cases, a single, partially dominant nuclear gene conferred resistance. Four imi-
dazolinone resistant wheat plants were also previously isolated following seed mutage-
nesis of Triticum aestivum L. cv. Fidel (Newhouse et al. (1992) Plant Physiol. 100:882-
886). Inheritance studies confirmed that a single, partially dominant gene conferred
resistance. Based on allelic studies, the authors concluded that the mutations in the
four identified lines were located at the same locus. One of the Fidel cultivar resistance
genes was designated FS-4 (Newhouse ef al. (1992) Plant Physiol. 100:882-886).
Computer-based modeling of the three dimensional conformation of the AHAS-inhibitor
complex predicts several amino acids in the proposed inhibitor binding pocket as sites
where induced mutations would likely confer selective resistance to imidazolinones (Ott
el al. (1996) J. Mol. Biol. 263:359-368). Wheat plants produced with some of these
rationally designed mutations in the proposed binding sites of the AHAS enzyme have
in fact exhibited specific resistance 1o a single class of herbicides (Ott ef al. (1996) J.
Mol. Biol. 263:359-368).

Plant resistance to imidazolinone herbicides has also been reported in a number of
patents. U.S. Patent Nos. 4,761,373, $,331,107, 5,304,732, 6,211,438, 6,211,439 and
6,222,100 generally describe the use of an altered AHAS gene to elicit herbicide resis-
tance in plants, and specifically discloses certain imidazolinone resistant corn lines.
U.S. Patent No. 5,013,659 discloses plants exhibiting herbicide resistance due to muta-
tions in at least one amino acid in one or more conserved regions. The mutations de-
scribed therein encode either cross-resistance for imidazolinones and sulfonylureas or
sulfonylurea-specific resistance, but imidazolinone-specific resistance is not described.
Additionally, U.S. Patent No. 5,731,180 and U.S. Patent No. 5,767,361 discuss an iso-
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lated gene having a single amino acid substitution in a wild-type monocot AHAS amino
acid sequence that results in imidazolinone-specific resistance.

In plants, as in all other organisms examined, the AHAS enzyme is comprised of two
subunits: a large subunit (catalytic role) and a small subunit (regulatory role) (Duggleby
and Pang (2000) J. Biochem. Mol. Biol. 33:1-36). The large subunit (termed AHASL)

may be encoded by a single gene as in the case of Arabidopsis and rice or by multiple

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

Mutations in genes encoding the AHAS large subunit, which are referred to herein as
AHASL genes, are the molecular basis of herbicide tolerance in CLEARFIELD® crops
which have increased tolerance to imidazolinone herbicides. Because each of these
mutations results in a semi-dominant phenotype one mutation in a heterozygous state
may be sufficient to produce a level of herbicide tolerance that is sufficient for many
crop productions systems. However, for particular herbicide applications, and in cases
with crop plants having multiple AHASL genes such as wheat, combinations of |
mutations are desired to achieve an increased level of resistance to herbicides.

For example, bread wheat, Triticum aestivum L., contains three homoeologous
acetohydroxyacid synthase large subunit genes. Each of the genes exhibit significant
expression based on herbicide response and biochemical data from mutants in each of
the three genes (Ascenzi ef al. (2003) International Society of Plant Molecular
Biologists Congress, Barcelona, Spain, Ref. No. $S10-17). The coding sequences of alll
three genes share extensive homology at the nucleotide level (WO 03/014357).
Through sequencing the AHASL genes from several varieties of Triticum aestivum, the
molecular basis of herbicide tolerance in most imidazolinone (IMI)-tolerant lines was
found to be the mutation S653(Af)N, indicating a serine to asparagine substitution at a

- position equivalent to the serine at amino acid 653 in Arabidopsis thaliana

(WO 03/01436; WO 03/014357). The S653(Af)N mutation in each gene is shaded in
Figures 1A, 1B, and 1C. This mutation is due to a single nucleotide polymorphism
(SNP) in the DNA sequence encoding the AHASL protein.

One goal of plant breeders is to introduce imidazolinone tolerance into existing wheat
lines by inducing the S653(Af)N mutation in the existing lines or by crossing non-IMI-
tolerant lines with IMl-tolerant lines following by backcrossing and selection for
imidazolinone tolerance. Another goal of plant breeders is to produce wheat plants
with increased levels of imidazolinone tolerance, beyond the levels of tolerance seen in
wheat plants possessing a single S653(Af)N mutation in a single wheat AHASL gene.
Thus, it is desirable to breed wheat plants that possess combinations of S653(Af)N
mutations at two or more of the AHASL genes. In addition, it is also desirable to breed
wheat plants that are homozygous for the mutant S653(Af)N allele at one or more of
the AHASL genes. However, to develop the desired wheat plants, rapid methods for
identifying the desired plants are needed. Existing methods of detecting wheat plants
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with imidazolinone toierance are not well suited for use in the development of plants
that possess more than a single S653(Af)N allele at a single AHASL gene.

Existing methods of identifying plants with enhanced imidazolinone tolerance include
field or greenhouse herbicide spray tests and biochemical assays for AHAS activity.
Such methods are time consuming, however, and generally not suited for

distinguishing, among large numbers of individual plants, subtle increases in

imidazolinone tolerance that may occur when a second S653(Af)N allele is introduced
into a wheat plant.

Alternative methods for identifying desired plants include DNA-based methods. For
example, the AHASL genes, or portions thereof, can be amplified from genomic DNA
by polymerase chain reaction (PCR) methods and the resulting amplified AHASL gene
or portion thereof can be sequenced to identify the mutant S653(Af)N allele and the
particular AHASL gene that it is present in. However, such a DNA-sequencing-based
method is not practical for large numbers of samples. Another approach involves that
use of radiolabelled or non-isotopically tagged, allele-specific oligonucleotides (ASOs)
as probes for dot blots of genomic DNA or polymerase chain reaction (PCR) amplified
DNA (Connor ef al. (1983) Proc. Nall. Acad. Sci. USA 80:278-282; Orkin et al. (1983) J.
Clin. Invest. 71:775-779; Brun ef al. (1988) Nucl. Acids Res. 16:352; and Bugawan ef
al. (1988) Biofechnology 6:943-947. While such an approach is useful for
distinguishing between two alleles at a single locus, this approach is not useful for the
wheat AHASL genes, because three AHASL genes are nearly identical (Figure 1) in
region surround the SNP that gives rise to the mutant S653(Af)N AHASL protein.
Thus, a set of six oligonucleotide probes could not be developed that would be able {o
distinguish between the mutant and wild-type alleles at each of the three wheat AHASL
genes. |

One method that can be adapted for rapidly screening large numbers of individuals for
the analysis of an SNP is the amplification refractory mutation system (ARMS) (Newton
et al. (1989) Nucl. Acids Res. 17:2503-2516). This PCR-based method can be used to
distinguish two alleles of a gene that differ by a single nucleotide and can also be used
to distinguish heterozygotes from homozygotes for either allele by inspection of the
PCR products after agarose gel electrophoresis and ethidium-bromide staining. The
ARMS method is based on the premise that oligonucleotides with a mismatched 3'-
residue will not function as primers in PCR under the appropriate conditions (Newton ef
al. (1989) Nucl. Acids Res. 17:2503-2516). While this method has proven useful for
the analysis of an SNP at a single gene, whether this method, or a other PCR-based
methods, can be used be used for the analysis of the SNP that gives rise fo the
S653(Af)N mutation in each of the three wheat AHASL genes has not been reported.

SUMMARY OF THE INVENTION

The present invention provides methods for analyzing plant AHASL genes. The meth-
ods are directed to detecting in samples comprising plant genomic DNA the presence
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of the wild-type allele and/or a mutant allele at each of the AHASL genes in a plant's
genome. The mutant AHASL alleles of the invention encode imidazolinone-tolerant
AHASL proteins comprising the S653(Af)N substitution. At the DNA-level, the mutant
allele results from a G-to-A transition at the position that corresponds to nucleotide

O 1958 of the Arabidopsis AHASL nucleotide sequence set forth in EMBL Accession No.
X51514. The methods are particularly directed to analyzing the AHASL genes of
plants that comprise two or more AHASL genes, including, but not limited to, Triticum
aestivum and Triticum turgidum ssp. durum. "
In a first aspect, the invention provides a method for detecting a mutant allele of an

10 AHASL gene that confers on a plant tolerance to imidazolinone herbicides. The
method comprises the steps of: (a) obtaining genomic DNA from a plant, particularly a
wheat plant; (b) using the DNA as a template for a PCR amplification comprising the
DNA, polymerase, deoxyribonucleotide triphosphates, a forward AHASL-gene-specific
primer, a reverse AHASL-gene-specific primer, and a mutant-allele-specific primer; and

15 (c) detecting the products of the PCR amplification. The mutant-allele-specific primer
comprises a nucleotide sequence with a 5' end and a 3' end, wherein the nucleotide
sequence corresponds to the coding strand of an AHASL gene, the 3' end nucleotide
corresponds to the site of the G-to-A point mutation, and the 3' end nucleotide is cytidi-
ne. In addition the mutant-allele-specific primer is capable of annealing to a region of

20 * an AHASL gene that is nested between the annealing sites of the forward and reverse
AHASL-gene-specific primers. In an embodiment of the invention, the mutant-allele-
specific primer comprises a nucleotide sequence with a 5' end and a 3' end, wherein
the nucleotide sequence is capable of annealing to the complement of nucleotides 3 to
23 of SEQ ID NO: 12 and has a cytidine at the 3' end.

25  In a second aspect, the invention provides a method for analysis of a plant AHASL
gene, particularly an AHASL gene selected from the group consisting of AHASL 1D,
AHASL1B, and AHASL 1A of Triticum aestivum and the AHASL 1B and AHASL 1A of
Triticum turgidum ssp. durum. The method comprises the steps of: (a) obtaining ge-
nomic DNA from a plant, particularly a wheat plant; (b) using the DNA as a template for

30 - afirst PCR amplification comprising said DNA, polymerase, deoxyribonucleotide
triphosphates, a forward AHASL-gene-specific primer, a reverse AHASL-gene-specific
primer, and a mutant-allele-specific primer as described above; (c) using the DNA as a
template for a second PCR amplification comprising said DNA, polymerase, deoxyribo-
nucleotide triphosphates, the forward AHASL-gene-specific primer, the reverse

35 AHASL-gene-specific primer, and a wild-type-allele-specific primer; and (d) detecting
the products of said first and said second PCR amplifications. The wild-type-allele-
specific primer comprises a nucleotide sequence with a 5' end and a 3' end, wherein
the nucleotide sequence corresponds to the coding strand of an AHASL gene, the 3'
end nucleotide corresponds to the site of the G-to-A point mutation, and the 3' end nu-

40  cleotide is guanosine. The wild-type-allele-specific primers of the invention are capable
of annealing to a region of an AHASL gene that is nested between the annealing sites
of the forward and reverse AHASL-gene-specific primers. In another embodiment of
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the invention, the wild-type-allele-specific primer comprises a first nucleotide sequence
with a 5' end and a 3' end, wherein the first nucleotide sequence is capable of anneal-
ing to the complement of nucleotides 4 to 23 of SEQ ID NO: 10 and has a guanosine at
the 3' end.

In a third aspect , the invention provides a method for analysis of an AHASL gene, in-
volving an initial PCR amplification of at least a fragment of each of the AHASL genes
in a plant, so as to enrich a sample of genomic DNA for the AHASL genes or fragments
thereof. The steps of the method comprise: (a) obtaining genomic DNA from a plant,
particularly a wheat plant; (b) using the DNA as a template in a pre-amplification com-
prising the DNA, deoxyribonucleotide triphosphates, polymerase, a forward AHASL
primer, and a reverse AHASL primer, so as to produce pre-amplified DNA; (c) using the
pre-amplified DNA as a template for a first PCR amplification comprising the pre-
amplified DNA, polymerase, deoxyribonucleotide triphosphates, a forward AHASL-
gene-specific primer, a reverse AHASL-gene-specific primer, and a mutant-allele-
specific primer as described above; (d) using the pre-amplified DNA as a template for a
second PCR amplification comprising the pre-amplified DNA, polymerase, deoxyribo-
nucleotide triphosphates, said forward AHASL-gene-specific primer, the reverse
AHASL-gene-specific primer, and a wild-type-allele-specific primer as described above;
and (e) detecting the products of said first and said second PCR amplifications. The
mutant-allele-specific primer and the wild-type-allele-specific primer are capable of an-
nealing to a region of an AHASL gene that is nested between the annealing sites of the
forward and reverse AHASL-gene-specific primers. In addition, the forward and re-
verse AHASL-gene-specific primers are nested between the annealing sites of the for-
ward and reverse AHASL primers.

The present invention provides the oligonucleotide primers that are described above.
These primers include, but are not limited to, a mutant-allele-specific primer comprising
the nucleotide sequence set forth in SEQ ID NO: 3, the wild-type-allele-specific primer
comprising the nucleotide sequence set forth in SEQ ID NO: 4, the forward AHASL-
gene-specific primers comprising the nucleotide sequences set forth in SEQ ID NOS: 5
and 6, the reverse AHASL-gene-specific primers comprising the nucleotide sequences
set forth in SEQ ID NOS: 7, 8, and 9, the forward AHASL primer comprising the nucleo-
tide sequence set forth in SEQ ID NO: 1, and the reverse AHASL primer comprising
the nucleotide sequence set forth in SEQ ID NO: 2.

The present invention also provides kits for performing the methods of the invention as
described above. Such kits comprise at least one forward AHASL-gene-speciiic
primer, at least one reverse AHASL-gene-specific primer, a mutant-allele-specific
primer, at least one polymerase enzyme capable of catalyzing the PCR amplification of
a first fragment of a wheat AHASL gene and a second fragment of a wheat AHASL
gene. The kits of the invention can further comprise any additional components that
are required for the performing methods of the present invention as described herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A depicts the nucleotide (SEQ ID NO: 10) and amino acid (SEQ ID NO: 11)
sequences of the wild-type (WT) AHASL1D and nucleotide (SEQ ID NO: 12) and
amino acid (SEQ ID NO: 13) sequences of the mutant (MUT) AHASL1D. The shaded
region indicates the site of the mutation in the mutant sequences.
Figure 1B depicts the nucleotide (SEQ ID NO: 14) and amino acid (SEQ ID NO: 15)
sequences of the wild-type (WT) AHASL1B and nucleotide (SEQ ID NO: 16) and amino
acid (SEQ ID NO: 17) sequences of the mutant (MUT) AHASL1B. The shaded region
indicates the site of the mutation in the mutant sequences.
Figure 1C depicts the nucleotide (SEQ ID NO: 18) and amino acid (SEQ ID NO: 19)
sequences of the wild-type (WT) AHASL7A and nucleotide (SEQ ID NO: 20) and amino
acid (SEQ ID NO: 21) sequences of the mutant (MUT) AHASL7A. The shaded region
Indicates the site of the mutation in the mutant sequences.
Figure 2 is a schematic representation of one embodiment of the invention.
Figure 3 is a partial alignment of the three wheat AHASL cDNA sequences with the
forward and reverse AHASL primers (shaded).
Figure 4 is a partial alignment of the three wheat AHASL cDNA sequences with the
wild-type-allele specific, mutant-allele-specific, forward AHASL-gene-specific and
reverse AHASL-gene-specific primers. The forward AHASL-gene-specific primers are
shown in light shading. The reverse AHASL-gene-specific primers are shown in dark
shading. The wild-type-allele specific and mutant-allele-specific primers are in italics
- and boldface type, respectively. |
Figure § is a negative photographic image of a single UV-transnllumlnated ethidium-
bromide-treated agarose gel. Four wheat genotypes were analyzed by all six assays
as described in Example 3. The wheat genotypes tested are; Kirschauff (indicated as
-"wild-type" in Figure 5), CV9804, G-208, and K-42. Of the four genotypes, CV9804, G-
208, and K-42 possess the IMI-tolerance trait. Above the bands the reaction is
denoted by a capital letter (above the panels) and by a lower-case letter within the
panels. For example the left most pair of bands within each panel is the assay for
AHASL1D (D), wild-type allele (w), while the right-most lanes are AHASL1A (A)
mutant-allele (m) reactions. The center two lanes in each panel are represent the
result of the wild-type allele (w) and the mutant-allele (m) assays for AHASL 1B (B). In
each lane, the control band is the upper band (longer fragment) and the diagnostic
band is the lower (shorter fragment). |
Figure 6 is a table of percent nucleotide sequence identities from pairwise comparisons
of the wheat AHASL gene coding sequences. Hexaploid L1D, Hexaploid L1B, and
Hexaploid L1A denote the AHASL1D, AHASL1B, and AHASL 1A genes, respectively,
from Triticum aestivum. Tetraploid L1B, and Tetraploid L1A denote the AHASL 1B and
AHASL1A genes, respectively, from T. Turgidum ssp. durum.
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SEQUENCE LISTING

The nucleic acid and amino acid sequences listed in the éccompanying sequence list-
ing are shown using standard letter abbreviations for nucleotide bases, and three-letter
code for amino acids. The nucleic acid sequences follow the standard convention of

beginning at the 5' end of the sequence and proceeding forward (i.e., from left to right

in each line) to the 3' end. Only one strand of each nucleic acid sequence is shown,
but the complementary strand is understood to be included by any reference to the
displayed strand. The amino acid sequences follow the standard convention of begin-
ning at the amino terminus of the sequence and proceeding forward (i.e., from left to
right in each line) to the carboxy terminus.

SEQ ID NO: 1 sets forth the nucleotide sequence of the forward AHASL primer, which

is also referred to herein as CM-F.

SEQ ID NO: 2 sets forth the nucleotide sequence of the reverse AHASL primer, which
is also referred to herein as CM-R.

SEQ ID NO: 3 sets forth the nucleotide sequence of the mutant-allele-specific primer,
which is also referred to herein as MU-F.

- SEQ ID NO: 4 sets forth the nucleotide sequence of the W|Id-type-allele-specnflc primer,

which is also referred to herein as WT-F.
SEQ ID NO: 5 sets forth the nucleotide sequence of a forward AHASL-gene-speaflc

primer, which is also referred to herein as 1A,D-F.
SEQ ID NO: 6 sets forth the nucleotide sequence of a forward AHASL-gene-specific

primer, which is also referred to herein as 1B-F.

SEQ ID NO: 7 sets forth the nucleotide sequence of a reverse AHASL-gene-specific

primer, which is also referred to herein as 1D-R. ‘

SEQ ID NO: 8 sets forth the nucleotide sequence of a reverse AHASL-gene-speCIflc
primer, which is also referred to herein as 1B-R. =

SEQ ID NO: 9 sets forth the nucleotide sequence of a reverse AHASL—gene-specuf iC
primer, which is also referred to herein as 1A-R. ' |

SEQ ID NO: 10 sets forth the nucleotide sequence of a portion of the wild-type allele of
AHASL1D that is depicted in Figure 1A. *

SEQ ID NO: 11 sets forth the amino acid sequence encoded by the portion of the
nucleotide sequence of the wild-type allele of AHASL1D that is depicted in Figure 1A
SEQ ID NO: 12 sets forth the nucleotide sequence of a portion of the mutant allele of
AHASL1D that is depicted in Figure 1A.

SEQ ID NO: 13 sets forth the amino acid sequence encoded by the portion of the
nucleotide sequence of the wild-type allele of AHASL1D that is depicted in Figure 1A.
SEQ ID NO: 14 sets forth the nucleotide sequence of a portion of the wild-type allele of
AHASL 1B that is depicted in Figure 1B.

SEQ ID NO: 15 sets forth the amino acid sequence encoded by the portion of the
nucleotide sequence of the wild-type allele of AHASL 1B that is depicted in Figure 1B.
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SEQ ID NO: 16 sets forth the nucleotide sequence of a portion of the mutant allele of
AHASL 1B that is depicted in Figure 1B. - |

SEQ ID NO: 17 sets forth the amino acid sequence encoded by the portion of the
nucleotide sequence of the wild-type allele of AHASL 1B that is depicted in Figure 1B.
SEQ ID NO: 18 sets forth the nucleotide sequence of a portion of the wild-type allele of
AHASL1A that is depicted in Figure 1C.

SEQ ID NO: 19 sets forth the amino acid sequence encoded by the portion of the
nucleotide sequence of the wild-type allele of AHASL1A that is depicted in Figure 1C.
SEQ ID NO: 20 sets forth the nucleotide sequence of a portion of the mutant allele of
AHASL1A that is depicted in Figure 1C. |

SEQ ID NO: 21 sets forth the amino acid sequence encoded by the portion of the
nucieotide sequence of the wild-type allele of AHASL 1A that is depicted in Figure 1C.

DETAILED DESCRIPTION OF THE INVENTION

The invention is directed to rapid methods for analyzing the genomes of plants,
particularly for analyzing the AHASL genes therein. The methods of the invention find
particular use in analyzing the AHASL genes of plants with multiple AHASL genes such
as, for example, bread wheat, Triticum aestivum L., and durum wheat, T. Turgidum
Ssp. durum. T. aestivum comprises in its hexaploid genome three highly similar, but
distinct, AHASL genes, designated as AHASL1D, AHASL 1B, and AHASL1A. In.
contrast, 7. turgidum ssp. durum comprises in its tetraploid genome two highly similar,
but distinct, AHASL genes, designated as AHASL1B, and AHASL1A gene. While not
identical, AHASL1B and AHASL1A of T. aestivum are closely related to AHASL 1B and

- AHASL1A of T. turgidum ssp. durum as is apparent from sequence alignments and-

calculations of percentage sequence identity. Figure 6 provides nucleotide sequence
Identities from pairwise comparisons of the AHASL gene coding sequences of T.
aestivum and T. turgidum ssp. durum.

- The methods of the invention involve determining whether a mutant allele is present at

one or more of the AHASL genes in the genome of a plant. The mutant alleles com-
prise nucleotide sequences that encode imidazolinone-tolerant AHASL proteins com-
prising the S653(Af)N substitution. The methods further involve determining whether
there Is present at one or more of the AHASL genes a wild-type AHASL allele. In fact,
the methods of the invention allow for the determination of the zygosity of each of the
AHASL genes in a plant. For example, the methods of the invention can be used to
rapidly determine—for each of the three AHASL genes in a wheat plant (or two AHASL
genes in the case of durum wheat)—whether a wheat plant is homozygous for the mu-
tant AHASL allele, heterozygous, or homozygous for the wild-type allele. Thus, the
methods of the invention find use in breeding programs for the production of imidazoli-
none-tolerant wheat plants having one, two, three, four, five, or six mutant AHASL al-
leles in their genomes.

The following terms used herein are defined below.
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A "primer" is a single-stranded oligonucleotide. having a 3' end and a 5' end, that is
capable of annealing to an annealing site on a target DNA strand, and the primer
Serves as an initiation point for DNA synthesis by a DNA polymerase, particularly in a
PCR amplification, Such a primer may or may not be fully complementary to its an-

nealing site on the target DNA
An "annealing" site on a strand of a target DNA is the site to which a primer is capable

of annealing in the methods of the present invention.

Generally for the amplification of a fragment of a gene by PCR, a pair of primers that
anneal to opposite strands of a double-stranded DNA molecule are employed. By
standard convention, the "forward primer" anneals to the non-coding strand of the gene
and the "reverse primer” primer anneals to the coding strand.

A "nested primer" is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>