University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln

Agronomy & Horticulture - Faculty Publications Agronomy and Horticulture Department

6-14-2016

HERBICIDE RESISTANTSORGHUM MUTANTS

Ismail M. Dweikat

Follow this and additional works at: https://digitalcommons.unl.edu/agronomyfacpub

b Part of the Agricultural Science Commons, Agriculture Commons, Agronomy and Crop Sciences
Commons, Botany Commons, Horticulture Commons, Other Plant Sciences Commons, and the Plant
Biology Commons

This Article is brought to you for free and open access by the Agronomy and Horticulture Department at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Agronomy & Horticulture -
Faculty Publications by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln.


https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/agronomyfacpub
https://digitalcommons.unl.edu/ag_agron
https://digitalcommons.unl.edu/agronomyfacpub?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F1365&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1063?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F1365&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1076?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F1365&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/103?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F1365&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/103?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F1365&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/104?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F1365&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/105?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F1365&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/109?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F1365&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/106?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F1365&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/106?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F1365&utm_medium=PDF&utm_campaign=PDFCoverPages

a2 United States Patent

Dweikat

US009365862B1

US 9,365,862 B1
Jun. 14, 2016

(10) Patent No.:
(45) Date of Patent:

(54) HERBICIDE RESISTANT SORGHUM
MUTANTS

(75) Inventor: Ismail M. Dweikat, Lincoln, NE (US)
(73) Assignee: NUtech Ventures, Lincoln, NE (US)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 712 days.

(21) Appl. No.: 13/480,576
(22) Filed: May 25, 2012

Related U.S. Application Data
(60) Provisional application No. 61/490,114, filed on May

26, 2011.
(51) Int.CL

AOIH 5/10 (2006.01)

CI2N 15/82 (2006.01)

AOIH 1/02 (2006.01)
(52) US.CL

CPC oo CI2N 15/8274 (2013.01); AOLH 5/10

(2013.01)
(58) Field of Classification Search
CPC ..o AO1H 5/10; C12N 15/8274
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,940,838 A 7/1990 Schilperoort et al.
4,945,050 A 7/1990 Sanford et al.
5,057,422 A 10/1991 Bol et al.
5,187,267 A 2/1993 Comai et al.
5,501,967 A 3/1996 Offringa et al.
5,824,877 A 10/1998 Hinchee et al.
5,853,973 A * 12/1998 Kakefuda .......... C12N 15/8278
435/232
5,981,839 A 11/1999 Knauf et al.
5,981,840 A 11/1999 Zhao et al.
6,051,757 A 4/2000 Barton et al.
6,369,298 Bl 4/2002 Cai et al.
6,395,684 Bl 5/2002 Feucht et al.
6,403,535 Bl 6/2002 Muller et al.
2008/0216187 Al* 9/2008 Tuinstra ............. C12N 15/8278
800/260
2010/0287641 Al* 11/2010 McElver .................. C12N 9/88
800/260

FOREIGN PATENT DOCUMENTS

EP 0292 435 11/1988
OTHER PUBLICATIONS

Tranel, Patrick J., and Terry R. Wright. “Resistance of weeds to
ALS-inhibiting herbicides: what have we learned?.” 2002.*
Anderson et al., “Discovery of a Primisulfuron-Resistant Shattercane
(Sorghum bicolar) Biotype,” Weed Tech., 1998, 12:74-77.
Anderson et al., “Mechanism of primisulfuron resistance in a shat-
tercane (Sorghum bicolor) biotype,” Weed Sci., 1998, 46:158-162.
Ballas et al., “Efficient functioning of plant promoters and poly(A)
sites in Xenopus oocytes,” Nucleic Acids Res., 1989, 17:7891-7903.
Bevan et al., “A chimaeric antibiotic resistance gene as a selectable
marker for plant cell transformation,” Nature, 1983, 304:184.

Blochlinger & Diggelmann, “Hygromycin B phosphotransferase asa
selectable marker for DNA transfer experiments with higher
eucaryotic cells,” Mol. Cell. Biol., 1984, 4:2929.

Bourouis et al., “Vectors containing a prokaryotic dihydrofolate
reductase gene transform Drosophila cells to methotrexate-resis-
tance,” EMBO J., 1983, 2:1099-1104.

Casas et al., “Transgenic sorghum plants via microprojectile bom-
bardment,” Proc. Natl. Acad. Sci. USA4, 1993, 90:11212-11216.
Chaleff and Mauvais, “Acetolactate Synthase Is the Site of Action of
Two Sulfonylurea Herbicides in Higher Plants,” Science, 1984,
224:1443-1445.

Chao et al., “Leucine aminopeptidase RNAs, proteins and activities
increase in response to water deficit, salinity and the wound signals:
systemin, methyl jasmonate, and abscisic acid,” Plant Physiol., 1999,
120:979-992.

Christopher et al., “Cross-Resistance to Herbicides in Annual
Ryegrass (Lolium rigidum),” Plant Physiol., 1991, 95:1036-1043
Christopher et al., “Resistance to Acetolactate Synthase-Inhibiting
Herbicides in Annual Ryegrass (Lolium rigidum) Involves at Least
Two Mechanisms,” Plant Physiol., 1992, 100:1909-1913.

Corbett et al., “Detection of resistance to acetolactate synthase
inhibitors in weeds with emphasis on DNA-based techniques: a
review,” Pest Manag. Sci., 2006, 62:584-597.

Crossway et al., “Micromanipulation techniques in plant biotechnol-
ogy,” BioTechniques, 1986, 4:320-334.

DeBlock et al., “Expression of foreign genes in regenerated plants
and in their progeny,” EMBO J., 1984, 3:1681-1689.

Durner et al., “Oligomeric Forms of Plant Acetolactate Synthase
Depend on Flavin Adenine Dinucleotide,” Plant Physiol., 1990,
93:1027-1031.

Fang et al., “Sequence of two acetohydroxyacid synthase genes from
Zea mays ,” Plant Mol. Biol., 1992, 18:1185-1187 .

Fraley et al., “Expression of bacterial genes in plant cells,” Proc. Natl.
Acad. Sci, USA, 1983, 80:4803-4807.

Fraley et al., “Liposome-mediated delivery of tobacco mosaic virus
RNA into tobacco protoplasts: A sensitive assay for monitoring lipo-
some-protoplast interactions,” Proc. Natl. Acad. Sci. USA, 1982,
79:1859-1863.

Fromm et al., “Expression of genes transferred into monocot and
dicot plant cells by electroporation,” Proc. Natl. Acad. Sci. USA,
1985, 82:5824-5828.

Gerwick et al., “Mechanism of action of the 1,2,4-triazolo[1,5-a]
pyrimidines,” Pestic. Sci., 1990, 29:357-364.

Guerineau et al., “Effect of deletions in the cauliflower mosaic virus
polyadenylation sequence on the choice of the polyadenylation sites
in tobacco protoplasts,” Mol. Gen. Genet., 1991, 262:141-144.

(Continued)

Primary Examiner — Russell Kallis
Assistant Examiner — Weihua Fan
(74) Attorney, Agent, or Firm — Fish & Richardson P.C.

(57) ABSTRACT

This disclosure provides for four different sorghum mutants
that exhibit resistance to ALS-inhibiting herbicides. This dis-
closure also provides for methods of using such sorghum
mutants that exhibit resistance to ALS-inhibiting herbicides
in breeding methods to make sorghum hybrids, varieties, or
lines. The sorghum hybrids, varieties, and lines provided in
this disclosure can be used in methods of controlling weeds.

7 Claims, No Drawings



US 9,365,862 B1
Page 2

(56) References Cited
OTHER PUBLICATIONS

Hayashimoto et al., “A Polyethylene Glycol-Mediated Protoplast
Transformation System for Production of Fertile Transgenic Rice
Plants,” Plant Physiol., 1990, 93:857-863.

Herrera-Estrella, “Expression of chimaeric genes transferred into
plant cells using a Ti-plasmid-derived vector,” Nature, 1983,
303:209-213.

Horsch et al., “Inheritance of functional foreign genes in plants,”
Science, 1984, 223:496-498.

Kalderon et al., “A short amino acid sequence able to specify nuclear
location,” Cell, 1984, 39:499-509.

Krens et al., “In vitro transformation of plant protoplasts with Ti-
plasmid DNA,” Nature, 1982, 296:72-74.

Lassner et al., “Targeting of T7 RNA polymerase to tobacco nuclei
mediated by an SV40 nuclear location signal,” Plant Mol. Biol.,
1991, 17:229-234.

Lee et al., “Comparison of ALS inhibitor resistance and allelic inter-
actions in shattercane accessions,” Weed Sci., 1999, 47:275-281.
Menendez et al., “Detoxification of chlorotoluron in a chlorotoluron-
resistant biotype of Alopecurus myosuroides. Comparison between
cell cultures and whole plants,” Physiologia Plantarum, 1997,99:97-
104.

Mogen et al., “Upstream Sequences Other than AAUAAA Are
Required for Efficient Messenger RNA 3'—FEnd Formation in
Plants,” Plant Cell, 1990, 2:1261-1272.

Munroe et al., “Tales of poly(A): a review,” Gene, 1990,91:151-158.
Odell et al., “Identification of DNA sequences required for activity of
the cauliflower mosaic virus 35S promoter,” Nature, 1985, 313:810.
Paszkowski et al., “Direct gene transfer to plants,” EMBO J., 1984,
3:2717.

Proudfoot, “Poly(A) signals,” Cell, 1991, 64:671-674.

Riggs et al., “Stable transformation of tobacco by electroporation:
evidence for plasmid concatenation,” Proc. Natl. Acad. Sci. USA,
1986, 83:5602.

Rosenberg et al., “Vectors for selective expression of cloned DNAs
by T7 RNA polymerase,” Gene, 1987, 56:125-135.

Saari et al., 1994, “Resistance to acetolactatesynthase inhibiting her-
bicides,” pp. 83-139, Eds. Powles and Holtum, Herbicide Resistance
in Plants: Biology and Biochemistry, CRC, Boca Raton, FL.
Sanfacon et al., “A dissection of the cauliflower mosaic virus
polyadenylation signal,” Genes Dev., 1990, 5:141-149.

Shaner et al., Imidazolinones Potent inhibitors of acetohydroxyacid
synthase, Plant Physiol., 1984, 76:545-546.

Shaner, “Resistance to Acetolactate Synthase(ALS) Inhibitors in the
United States: History, Occurrence, Detection, and Management,”
Weed Sci., 1999, 44:405-411.

Spencer et al., “Bialaphos selection of stable transformants from
maize cell culture,” Theor. Appl. Genet., 1990, 79:625

Stidham, “Herbicides that Inhibit Acetohydroxyacid Synthasel,”
Weed Sci., 1991, 39:428-434.

Veldhuis et al., “Metabolism-based resistance of a wild mustard
(Sinapis arvensis L.) biotype to ethametsulfuron-methyl,” J. Agric.
Food Chem., 2000, 48:2986-90.

Vieira and Messing, “The pUC plasmids, an M13mp7-derived sys-
tem for insertion mutagenesis and sequencing with synthetic univer-
sal primers,” Gene, 1982, 19: 259-268.

White et al., “A cassette containing the bar gene of Streptomyces
hygroscopicus: a selectable marker for plant transformation,” Nucl
Acids Res., 1990, 18:1062.

* cited by examiner



US 9,365,862 B1

1
HERBICIDE RESISTANT SORGHUM
MUTANTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of priority from U.S. Pro-
visional Application Ser. No. 61/490,114, filed on May 26,
2011, of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

This disclosure generally relates to sorghum mutants that
exhibit herbicide resistance.

BACKGROUND

Sorghum (Sorghum bicolor) is a monocot in the Poaceae
family. Sorghum has the ability to tolerate short-term
drought, and a late summer sorghum crop may follow an
early-season corn crop. Sorghum is being considered as an
alternative grain crop for ethanol and feed, particularly in
geographic areas that are more susceptible to dry soil condi-
tions or where it is difficult to cultivate land early in the
spring.

Weed control in sorghum is essential if high yields and
efficient harvest are to be achieved; however, good weed
control in sorghum fields is often difficult to achieve. Sor-
ghum is a small seeded grass and is relatively slow growing in
the first few weeks after emergence. In addition, sorghum will
not tolerate many of the herbicides which can be effectively
used on corn or other monocots. The slow seedling growth
combined with the limited number of herbicides and the low
rates that must be used makes weed control in sorghum dif-
ficult.

Thus, there is a need for sorghum plants that exhibit her-
bicide resistance.

SUMMARY

In one aspect, a first sorghum hybrid, variety, or line is
provided. Such a hybrid, variety or line includes plants having
a mutant acetolactate synthase (ALS), where the wild type
ALS has the amino acid sequence shown in SEQ ID NO:2,
and where the mutant ALS comprises the following amino
acid substitutions: Ala-15-Gly, Pro-169-Leu, Arg-360-Gly,
and Ile-532-Val, relative to SEQ ID NO:2. This mutant is
referred to herein as Mutant A.

In another aspect, a second sorghum hybrid, variety, or line
is provided. Such a hybrid, variety, or line includes plants
having a mutant acetolactate synthase (ALS), where the wild
type ALS has the amino acid sequence shown in SEQ ID
NO:2, and where the mutant ALS comprises the following
amino acid substitutions: Ala-15-Gly, Pro-169-Leu, and Ile-
532-Val, relative to SEQ ID NO:2. This mutant is referred to
herein as Mutant B.

In yet another aspect, a third sorghum hybrid, variety, or
line is provided. Such a hybrid, variety, or line includes plants
having a mutant acetolactate synthase (ALS), where the wild
type ALS has the amino acid sequence shown in SEQ ID
NO:2, and where the mutant ALS comprises the following
amino acid substitutions: Ala-15-Gly, Ile-532-Val, and Trp-
546-Leu, relative to SEQ ID NO:2. This mutant is referred to
herein as Mutant C.

In yet another aspect, a fourth sorghum hybrid, variety, or
line is provided. Such a hybrid, variety, or line includes plants
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2

having a mutant acetolactate synthase (ALS), where the wild
type ALS has the amino acid sequence shown in SEQ ID
NO:2, and where the mutant ALS comprises the following
amino acid substitutions: Ala-15-Gly and Trp-546-Leu, rela-
tive to SEQ ID NO:2. This mutant is referred to herein as
Mutant D.

Such hybrids, varieties, or lines typically are resistant to an
ALS-inhibiting herbicide selected from the group consisting
of sulfonylureas, imidazolinones, triazolopyrimides, and
pyrimidinylthiobenzoates.

In still another aspect, a sorghum hybrid, variety, or line is
provided. Such a hybrid, variety, or line includes plants hav-
ing a mutant acetolactate synthase (ALS), where the sorghum
hybrid, variety, or line is made by crossing plants from the
sorghum hybrid, variety, or line referred to as Mutant A with
plants from the sorghum hybrid, variety, or line referred to as
Mutant B, C or D.

In still another aspect, a sorghum hybrid, variety, or line is
provided. Such a hybrid, variety, or line includes plants hav-
ing a mutant acetolactate synthase (ALS), where the sorghum
hybrid, variety, or line is made by crossing plants from the
sorghum hybrid, variety, or line referred to as Mutant B with
plants from the sorghum hybrid, variety, or line referred to as
Mutant C or D.

In still another aspect, a sorghum hybrid, variety, or line is
provided. Such a hybrid, variety, or line includes plants hav-
ing a mutant acetolactate synthase (ALS), where the sorghum
hybrid, variety, or line is made by crossing plants from the
sorghum hybrid, variety, or line referred to as Mutant C with
plants from the sorghum hybrid, variety, or line referred to as
Mutant D.

In one aspect, a method of making a sorghum hybrid,
variety, or line is provided. Such a method typically includes
the steps of: providing: a first sorghum plant having a mutant
ALS, wherein the wild type ALS has the amino acid sequence
shown in SEQ ID NO:2, wherein the mutant ALS comprises
the following amino acid substitutions: Ala-15-Gly, Pro-169-
Leu, Arg-360-Gly, and Ile-532-Val, relative to SEQ ID NO:2
(referred to herein as Mutant A); a second sorghum plant
having a mutant ALS, wherein the wild type ALS has the
amino acid sequence shown in SEQ ID NO:2, wherein the
mutant ALS comprises the following amino acid substitu-
tions: Ala-15-Gly, Pro-169-Leu, and Ile-532-Val, relative to
SEQ ID NO:2 (referred to herein as Mutant B); a third sor-
ghum plant having a mutant ALS, wherein the wild type ALS
has the amino acid sequence shown in SEQ ID NO:2, wherein
the mutant ALS comprises the following amino acid substi-
tutions: Ala-15-Gly, Ile-532-Val, and Trp-546-Leu, relative to
SEQ ID NO:2 (Mutant C); or a fourth sorghum plant having
amutant ALS, wherein the wild type ALS has the amino acid
sequence shown in SEQ ID NO:2, wherein the mutant ALS
comprises the following amino acid substitutions: Ala-15-
Gly and Trp-546-Leu, relative to SEQ ID NO:2 (Mutant D);
crossing the first or the second or the third or the fourth
sorghum plant with a fifth sorghum plant that contains a
desired phenotypic trait to produce one or more F1 progeny
plants; collecting seed produced by the F1 progeny plants;
and germinating the seed to produce sorghum plants compris-
ing a mutant ALS, wherein the plants are resistant to inhibi-
tion by one or more ALS-inhibiting herbicides at levels that
inhibit the growth of sorghum plants lacking the amino acid
substitutions.

In certain embodiments, the desired phenotypic trait is
selected from the group consisting of disease resistance, her-
bicide resistance, drought tolerance, high yield, seed quality,
stalk size, early seed germination, sugar content in stalk,
non-flowering and high total biomass yield. In certain
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embodiments, the first or the second or the third or the fourth
sorghum plant also is resistant to inhibition by one or more
herbicides other than ALS-inhibiting herbicides.

In another aspect, a purified mutant acetolactate synthase
polypeptide is provided. Such a mutant ALS polypeptide
imparts resistance to one or more AL S-inhibiting herbicides
and that has the amino acid sequence shown in SEQ ID NO:4,
SEQ ID NO:6, SEQ ID NO:8, and SEQ ID NO:10.

In another aspect, an isolated nucleic acid is provided. Such
a nucleic acid encodes a mutant acetolactate synthase
polypeptide that imparts resistance to one or more ALS-
inhibiting herbicides and that has the nucleic acid sequence
shown in SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, and
SEQ ID NO:9.

In still another aspect, a transgenic sorghum plant cell is
provided that includes a transformation vector. Generally, the
transformation vector includes, in the 5' to 3' direction, regu-
latory elements that are functional in a sorghum plant cell
operably linked to a mutant acetolactate synthase gene having
the nucleic acid sequence shown in SEQ ID NO:3, SEQ ID
NO:5, SEQ ID NO:7, or SEQ ID NO:9, where the transgenic
plant cell is resistant to a level of one or more ALS-inhibiting
herbicides that prevents or inhibits the growth of a wild type
plant cell of the same species. In still another aspect, seed
obtained from plants grown from such a transgenic sorghum
plant cell is provided.

In yet another aspect, a method of controlling weeds in the
vicinity of a sorghum plant is provided. In this aspect, the
sorghum plant is from any of the hybrids, varieties, or lines
described above (e.g., Mutant A, B, C, D, and crosses
between/among Mutant A, B, C, and D). Such a method
includes: a) providing one or more ALS-inhibiting herbi-
cides, and b) applying the one or more ALS-inhibiting herbi-
cides to one or more of the plants, where the growth of the
weeds in the vicinity of the sorghum plant is adversely
affected by the application of the one or more AL S-inhibiting
herbicides while growth of the sorghum plant is not adversely
affected. Representative classes of ALS-inhibiting herbicides
include sulfonylureas, imidazolinones, triazolopyrimides,
and pyrimidinylthiobenzoates.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which the methods and
compositions of matter belong. Although methods and mate-
rials similar or equivalent to those described herein can be
used in the practice or testing of the methods and composi-
tions of matter, suitable methods and materials are described
below. In addition, the materials, methods, and examples are
illustrative only and not intended to be limiting. All publica-
tions, patent applications, patents, and other references men-
tioned herein are incorporated by reference in their entirety.

DETAILED DESCRIPTION

Acetolactate synthase (ALS; EC 2.2.1.6) is the first com-
mon enzyme in the biosynthetic pathway of the branched-
chain amino acids, valine, leucine, and isoleucine (Durner et
al., 1990, Plant Physiol., 93:1027-31). ALS requires thiamine
diphosphate as a co-enzyme. In the biosynthesis of valine,
two pyruvates are decarboxylated to 2-acetolactate and car-
bon dioxide; in the biosynthesis of isoleucine, the acetalde-
hyde from pyruvate is transferred to 2-oxobutanoate to form
2-aceto-2-hydroxybutanoate. The amino acid sequence of
wild type sorghum ALS is shown in SEQ ID NO:2, and the
nucleic acid sequence encoding the wild type sorghum ALS is
shown in SEQ 1D NO:1.
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This disclosure describes the characterization of several
shattercane mutants that were previously selected for resis-
tance to various ALS-inhibiting herbicides (see, for example,
Anderson et al., 1998, Weed Tech., 12:74-7; Anderson et al.,
1998, Weed Sci., 46:158-62; and Lee et al., 1999, Weed Sci.,
47:275-81). Shattercane is a subspecies of sorghum (Sor-
ghum bicolor subsp. X drummondii) and, thus, traits from
shattercane can be easily bred into sorghum to produce sor-
ghum hybrids, varieties or lines. As used herein, “hybrid”
refers to offspring or progeny of genetically dissimilar parent
plants produced as the result of controlled cross-pollination;
“variety” refers to a taxonomic nomenclature rank in botany,
below subspecies, but above subvariety and form (see, also,
the International Union for the Protection of New Varieties of
Plants (UPOV) Convention definition of plant varieties); and
“line” refers to a group of pure-breeding plants, distinguished
from other individuals of the same species by a unique geno-
type and phenotype.

A first ALS mutant that imparts herbicide resistance to
sorghum was determined to have the following amino acid
substitutions (relative to SEQ ID NO:2): Ala-15-Gly, Pro-
169-Leu, Arg-360-Gly, and Ile-532-Val. The amino acid
sequence of this first mutant ALS is shown in SEQ ID NO:4,
and the nucleic acid sequence encoding this first mutant AL.S
is shown in SEQ ID NO:3 (Appendix II). This mutant was
designated Mutant A, and was determined to exhibit resis-
tance to members of the Imizadolinone (e.g., Imazamox),
Sulfonylurea (e.g., Chlorsulfuron, Foramsulfuron, and Pri-
misulfuron) and Triazolone (e.g., Propoxycarbazone and
Thiencarbazone) classes.

A second ALS mutant that imparts herbicide resistance to
sorghum was determined to have the following amino acid
substitutions (relative to SEQ ID NO:2): Ala-15-Gly, Pro-
169-Leu, and Ile-532-Val. The amino acid sequence of this
second mutant ALS is shown in SEQ ID NO:6, and the
nucleic acid sequence encoding this second mutant ALS is
shown in SEQ ID NO:5 (Appendix II). This mutant was
designated Mutant B, and was determined to exhibit resis-
tance to members of the Sulfonylurea (e.g., Chlorsulfuron,
Foramsulfuron, and Primisulfuron) and Triazolone (e.g., Pro-
poxycarbazone, and Thiencarbazone) classes.

A third ALS mutant that imparts herbicide resistance to
sorghum was determined to have the following amino acid
substitutions (relative to SEQ ID NO:2): Ala-15-Gly, Ile-532-
Val, and Trp-546-Leu. The amino acid sequence of this third
mutant ALS is shown in SEQ ID NO:8, and the nucleic acid
sequence encoding this third mutant ALS is shown in SEQ ID
NO:7 (Appendix II). This mutant was designated Mutant C,
and was determined to exhibit resistance to members of the
Imizadolinone (e.g., Imazamox, Imazaquin, and
Imazethapyr), Pyrimidinyloxybenzoic acid (e.g., Bispyri-
bac), Sulfonylurea (e.g., Chlorsulfuron, Foramsulfuron,
Nicosulfuron, Primisulfuron, and Rimsulfuron), and Triaz-
olone (e.g., Propoxycarbazone, and Thiencarbazone) classes.

A fourth ALS mutant that imparts herbicide resistance to
sorghum was determined to have the following amino acid
substitutions: Ala-15-Gly and Trp-546-Leu. The amino acid
sequence of this fourth mutant ALS is shown in SEQ ID
NO:10, and the nucleic acid sequence encoding this fourth
mutant ALS is shown in SEQ ID NO:9 (Appendix II). This
mutant was designated Mutant D. For the herbicides tested,
this mutant was similar to wild type; however, given the
mutations, may exhibit resistance to other herbicides.

Seeds from plants of the first, second, third and fourth
mutants described herein were deposited with American Type
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Culture Collection (ATCC) on May 23,2011 under Accession
Nos. PTA-11896, PTA-11897, PTA-11898, and PTA-11899,
respectively.

As used herein, the term “mutant ALS” refers to ALS
nucleic acid and/or polypeptide sequences that differ from the
corresponding wild type sequence(s). The particular muta-
tions in the sorghum plants described herein are substitutions
of one amino acid for another, although other types of muta-
tions at or around or including the positions described herein
also can result in resistance to ALS-inhibiting herbicides. In
addition to amino acid substitutions (e.g., a point mutation in
the nucleic acid resulting in a conservative substitution, a
non-conservative substitution, or a stop codon), other types of
mutations include, for example, insertions, deletions, and
inversions.

Asused herein, a “functional mutant™ refers to a protein or
polypeptide that has a different sequence from the wild type
sequence but still retains enzymatic activity or, at least, partial
enzymatic activity. In the present application, a mutant ALS
typically refers to a functional mutant, in that the mutant ALS
polypeptide retains at least some of its activity to synthesize
essential amino acids, even in the presence of a chemical that
inhibits the wild type ALS enzymatic activity. Thus, such a
mutant ALS polypeptide is resistant to the ALS-inhibiting
herbicide and is said to impart or confer herbicide resistance
to the mutant plant.

As would be known to those skilled in the art, there is
degeneracy in the genetic code. That is, there are many
instances in which different codons specify the same amino
acid; or, in other words, some amino acids may each be
encoded by more than one codon. Therefore, the nucleic acid
sequences that encode the mutant ALS polypeptides
described herein can vary in sequence, and SEQID NOs: 3, 5,
7 and 9 are representative nucleic acid sequences that encode
the mutant ALS polypeptides having the amino acid
sequences shown in SEQ ID NOs: 4, 6, 8 and 10. In addition
to differences in sequence due to the degeneracy of the
genetic code, mutant ALS nucleic acids and polypeptides as
described herein may have a sequence that differs from the
wild type sequences, notwithstanding the positions identified
herein containing mutations. For example, a mutant ALS
nucleic acid or polypeptide can have a nucleic acid sequence
or amino acid sequence that has at least 70% sequence iden-
tity (e.g., at least 80%, at least 85%, atleast 90%, at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99%) to
wild type ALS (SEQ ID NO:1 or 2, respectively).

In calculating percent sequence identity, two sequences are
aligned and the number of identical matches of nucleotides or
amino acid residues between the two sequences is deter-
mined. The number of identical matches is divided by the
length of the aligned region (i.e., the number of aligned nucle-
otides or amino acid residues) and multiplied by 100 to arrive
atapercent sequence identity value. It will be appreciated that
the length ofthe aligned region can be a portion of one or both
sequences up to the full-length size of the shortest sequence.
It will be appreciated that a single sequence can align differ-
ently with other sequences and hence, can have different
percent sequence identity values over each aligned region. It
is noted that the percent identity value is usually rounded to
the nearest integer. It is also noted that the length of the
aligned region is always an integer.

The alignment of two or more sequences to determine
percent sequence identity is performed using the algorithm
described by Altschul et al. (1997, Nucleic Acids Res.,
25:3389-3402) as incorporated into BLAST (basic local
alignment search tool) programs, available at nchi.nlm.nih-
.gov on the World Wide Web. BLAST alignments using the
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Altschul et al. algorithm can be performed to determine per-
cent sequence identity between one sequence and any other
sequence or portion thereof. BLASTN is the program used to
align and compare the percent sequence identity between
nucleic acid sequences, while BLASTP is the program used
to align and compare the percent sequence identity between
amino acid sequences. When utilizing BLAST programs to
calculate the percent identity between a sequence of the
invention and another sequence, the default parameters of the
respective programs are used.

In addition, fragments of mutant ALS polypeptides having
the amino acid sequences shown in SEQ ID NOs: 4, 6, 8 and
10 are described herein. As used herein, the term “fragment”
refers to portions of a protein, while the term “functional
fragment” refers to portions of a protein that retain at least
partial functional activity. A fragment may be as small as four
amino acid residues (e.g., for use as an immunogen) or as
large as the entire amino sequence less one amino acid or
more.

Breeding of Sorghum Plants

Sorghum plants are, by nature, self-pollinating plants, but
they can be bred by cross-pollination. Sleper and Poehlman
(2006, Breeding Field Crops, Fifth Ed., Wiley-Blackwell
Publishing) provides a review of current breeding procedures
for field crops including sorghum.

Breeding typically starts with the crossing of two geno-
types. As indicated herein, initial crosses may be performed
between any one of the four ALS mutants described herein
and any other of the four ALS mutants described herein. For
example, in certain embodiments, the first ALS mutant
described herein can be crossed with the second ALS mutant,
the third ALS mutant, or the fourth ALS mutant described
herein. In some embodiments, the second ALS mutant
described herein can be crossed with the third ALS mutant or
the fourth ALS mutant described herein; and, in other
embodiments, the third ALS mutant described herein can be
crossed with the fourth ALS mutant. Unless specifically indi-
cated otherwise, the references herein to crossing one group
of plants with another group of plants is not meant to be
interpreted to limit either group to male or female plants. That
is, a cross between, for example, a first ALS mutant plant
described herein and a second ALS mutant plant described
herein refers to crosses where the first ALS mutant plants are
males and to crosses where the first ALS mutant plants are
females.

In some cases, other plants (e.g., fifth plants) having
desired traits can be included in a breeding population. For
example, if plants are desired that exhibit ALS-inhibiting
herbicide resistance as described herein and resistance to
another herbicide, then plants having each attribute can be
crossed using classical plant breeding techniques. In another
example, plants exhibiting ALS-inhibiting herbicide resis-
tance can be crossed with plants having a desired phenotypic
trait such as, but not limited to, disease resistance, drought
tolerance, high yield, seed quality, stalk size, early seed ger-
mination, sugar content in stalk, non-flowering high total
biomass yield, and herbicide resistance. Certain plants having
a desired phenotypic trait may be referred to as “elite plants,”
which typically are plants that resulted from breeding and
selection for superior agronomic performance. Representa-
tive elite sorghum lines include, but are not limited to, Tx430,
Tx2737, Tx2783, 00MN7645, HP162, Wheatland, Tx3042,
OK11, QL41 and Tx643.

As used herein, “filial generations” refer to the consecutive
generations of plants after a bi-parental cross (i.e. a cross
between two genetically different parents). The generation
resulting from a bi-parental cross is the first filial generation
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(i.e., “F17), with respect to the seed and the corresponding
plants, while the generation resulting from a cross between F1
plants is the second filial generation (i.e., “F2”), with respect
to the seed and the corresponding plants. Plants (e.g., F1
plants, F2 plants, etc.) can be selfed for any number of gen-
erations (e.g., S1, S2, S3, etc.) or backcrossed for any number
of generations (e.g., BC1, BC2, BC3, etc.). Combinations of
bi-parental crosses, selfing, and backcrossing are used by
plant breeders to move one or more traits from one line or
variety into another, to stabilize such traits in the line or
variety, and, in certain instances, to make the plants in the line
or variety homozygous for the trait. Such well known breed-
ing methods can be used to produce plants having the desired
traits.

Hybrid development is well known in the art. In current
hybrid sorghum breeding programs, new parent lines are
developed to be either seed-parent lines or pollen-parent
lines, depending on whether or not they contain fertility-
restoring genes. That is, the seed-parent lines do not have
fertility restoring genes and are male-sterile in certain cyto-
plasm (also known as “A-line” plants) and male fertile in
other cytoplasm (also known as “B-line” plants), whereas the
pollen-parent lines are not male sterile and do contain fertility
restoring genes (also known as “R-line” plants). The seed-
parent lines can be cytoplasmically male sterile such that the
anthers are minimal to non-existent in these plants or they can
be bred to contain genetically recessive male-sterile nuclear
genes. The seed-parent lines will only produce seed, and the
cytoplasm is transmitted only through the egg. The pollen for
cross-pollination is furnished by the pollen-parent, which
contains the genes necessary for complete fertility restoration
in the F1 hybrid. Typically, hybrid seed is produced by plant-
ing blocks of rows of male sterile (seed-parent) plants and
blocks of rows of fertility restorer (pollen-parent) plants, such
that the seed-parent plants are wind pollinated with pollen
from the pollen-parent plants. This process results in the
production of hybrid plants.

Transgenic Plants and Methods of Making

Nucleic acids encoding mutant ALS enzymes that are
intended for expression in plants are first assembled in trans-
formation vectors containing the mutant ALS nucleic acid
operably linked to the appropriate regulatory elements. Regu-
latory elements are required for expression in a plant and
include, without limitation, promoters, enhancers (e.g.,
introns), transcriptional terminator sequences, polyadenyla-
tion signals, localization signals (e.g., a nuclear localization
signal (Kalderon et al., 1984, Cell, 39:499; Lassner et al.,
1991, Plant Mol. Biol., 17:229)).

Promoters, for example, can be categorized as constitutive
promoters, tissue-, organ-, or developmentally-specific pro-
moters, and inducible promoters. Representative promoters
that are known to function in plants include, but are not
limited to the 35S promoter of cauliflower mosaic virus
(CMV); leucine amino peptidase from tomato (Chao et al.,
1999, Plant Physiol., 120:979-992); Pathogenesis-Related
(PR)-1 from tobacco; heat shock promoters (e.g., U.S. Pat.
No. 5,187,267); tetracycline-inducible promoter (U.S. Pat.
No. 5,057,422); and numerous seed-specific promoters. Ter-
minators, for example, are responsible for the termination of
transcription and the correct polyadenylation of the tran-
script. Representative transcriptional terminators that are
known to function in plants include, but are not limited to, the
CaMV 35S terminator, the tml terminator, the pea rbcS E9
terminator, and the nopaline and octopine synthase termina-
tor. See, for example, Odell et al., 1985, Nature, 313:810;
Rosenberg et al., 1987, Gene, 56:125; Guerineau et al., 1991,
Mol. Gen. Genet., 262:141; Proudfoot, 1991, Cell, 64:671,
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Sanfacon et al., 1990, Genes Dev., 5:141; Mogen et al., 1990,
Plant Cell, 2:1261; Munroe et al., 1990, Gene, 91:151; Ballas
et al., 1989, Nucleic Acids Res., 17:7891; Joshi et al., 1987,
Nucleic Acid Res., 15:9627.

Typically, transformation vectors also will include an anti-
biotic or herbicide selection marker. Selection markers used
routinely in plant transformations include the nptll gene,
which confers resistance to kanamycin (Messing & Vierra,
1982, Gene, 19: 259; Bevan etal., 1983, Nature, 304:184), the
bar gene, which confers resistance to the herbicide, phosphi-
nothricin (Whiteetal., 1990, Nucl Acids Res., 18:1062; Spen-
cer et al., 1990, Theor. Appl. Genet., 79:625), the hph gene,
which confers resistance to the antibiotic hygromycin
(Blochlinger & Diggelmann, 1984, Mol. Cell. Biol., 4:2929),
and the dhfr gene, which confers resistance to methotrexate
(Bourouis et al., 1983, EMBO J., 2:1099).

Methods of making transformation vectors are well known
to those skilled in the art. Methods include recombinant DNA
techniques, in vitro mutagenesis, synthetic techniques, and in
vivo genetic recombination. Exemplary techniques are
widely described in the art (see, e.g., Sambrook. et al., 1989,
Molecular Cloning, A Laboratory Manual, Cold Spring Har-
bor Press, Plainview, N.Y., and Ausubel, et al., 1989, Current
Protocols in Molecular Biology, John Wiley & Sons, New
York, N.Y.). A nucleic acid sequence within a transformation
vector can be manipulated so as to provide for the sequences
in the desired orientation (e.g., sense or antisense) or reading
frame.

Numerous transformation vectors are available for plant
transformation, and the selection of a vector will depend upon
the preferred transformation technique and the target species
for transformation. In some embodiments, a Ti plasmid vec-
tor (I-DNA) is used in an Agrobacterium mediated transfor-
mation process (e.g., U.S. Pat. Nos. 6,369,298, 6,051,757,
5,981,840, 5,981,839, 5,824,877 and 4,940,838; and Herrera-
Estrella, 1983, Nature, 303:209-13; Fraley et al., 1983, Proc.
Natl. Acad. Sci, USA, 80:4803-7; Horsch et al., 1984, Sci-
ence, 223:496-8; and DeBlock et al., 1984, EMBO J,, 3:1681-
9). Agrobacterium mediated transformation can utilize a
single vector (“co-integration”), where the vector contains
both the cis-acting and trans-acting elements required for
plant transformation, or two vectors (a “binary” vector sys-
tem), where the transgene is inserted into a vector containing
the cis-acting elements required for plant transformation and
a second vector contains the trans-acting elements. Represen-
tative co-integration vectors include, for example, pMLIJ1
and Ti plasmid pGV3850, while representative binary vector
systems include, for example, the pBIN19 shuttle vector and
the non-oncogenic Ti plasmid PAT.4404.

In addition to Agrobacterium mediated introduction of
nucleic acids, a transformation vector can be introduced into
plant cells using any number of art-recognized methods. For
example, in one embodiment, a transformation vector can be
microinjected directly into plant cells (Crossway, 1985, Mol.
Gen. Genet., 202:179). In certain embodiments, a transfor-
mation vector is introduced into a plant cell using polyethyl-
ene glycol (Krens et al., 1982, Nature, 296:72; Crossway et
al., 1986, Biolechniques, 4:320); protoplasts fusion (Fraley et
al., 1982, Proc. Natl. Acad. Sci. USA, 79:1859); protoplast
transformation (EP 0 292 435); or direct gene transfer (Pasz-
kowski et al., 1984, EMBO J.,, 3:2717; Hayashimoto et al.,
1990, Plant Physiol., 93:857). In some embodiments, a trans-
formation vector can be introduced into plant cells by elec-
troporation (Fromm et al., 1985, Proc. Natl. Acad. Sci. USA,
82:5824; Riggs et al., 1986, Proc. Natl. Acad. Sci. USA,
83:5602). In some embodiments, a transformation vector can
be introduced through ballistic particle acceleration or par-
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ticle bombardment (U.S. Pat. No. 4,945,050; Casas et al.,
1993, Proc. Natl. Acad. Sci. USA, 90:11212).

Insome embodiments, the nucleic acid sequence of interest
is targeted to a particular locus within the plant genome.
Site-directed integration of the nucleic acid sequence of inter-
est into the plant genome may be achieved using, for example,
homologous recombination. For example, plant cells can be
incubated with Agrobacterium that contains a transformation
vector in which sequences that are homologous to sequences
within the target locus are flanked by the Agrobacterium
T-DNA sequences (see, for example, U.S. Pat. No. 5,501,
967).

After selecting for transformed plant cells that express a
mutant ALS imparting herbicide resistance, whole plants are
regenerated. Plant regeneration from cultured protoplasts is
described in Evans et al., Handbook of Plant Cell Cultures,
Vol. 1, MacMillan Publishing Co. New York, (1983); and
Vasil 1. R. (ed.), Cell Culture and Somatic Cell Genetics of
Plants, Acad. Press, Orlando, Vol. 1, (1984) and Vol. III,
(1986). Means for regeneration of plants vary from species to
species. In one embodiment, callus tissue can be formed,
following induction of shoots and subsequent rooting. Alter-
natively, embryo formation can be induced, which ultimately
germinate and form mature plants. The culture media used for
regenerating plants typically contains amino acids and hor-
mones such as auxins and cytokines.

Mutagenesis of Sorghum

The ALS mutants described herein also can be obtained by
inducing mutagenesis in plant cells or tissue. For example,
sorghum cells or seeds can be mutagenized with one or more
commonly-used mutagens. Mutagens can be chemical
mutagens (e.g., nitrous acid, sodium azide, acridine orange,
ethidium bromide, and ethyl methane sulfonate) or ionizing
radiation mutagens (e.g., X-rays, gamma rays, and UV radia-
tion). Mutagenesis also can utilize transposons or T-DNA
insertional mutagenesis. In another embodiment, sorghum
cells or tissue can be cultured to induce somaclonal variants.
For example, protoplasts can be cultured to produce callus
tissue, which then can be regenerated into plants using well
known tissue culture methods.

The mutagenized population (i.e., M0), or a subsequent
generation of that population (i.e., M1, M2, M3, etc.), then
can be screened for the desired trait (e.g., resistance to an
ALS-inhibiting herbicide) that results from the mutation(s).
Alternatively or additionally, the mutagenized population, or
a subsequent generation of that population, is screened
directly for a mutation of interest (e.g., by sequencing the
ALS gene or a portion thereof). As discussed herein, the
particular herbicide resistance has been identified for Mutants
A, B and C, and crosses between and among any of the
mutants disclosed herein (i.e., Mutant A, B, C and D) for one
or more generations can result in progeny having any number
of different combinations of the following amino acid substi-
tutions: Ala-15-Gly, Pro-169-Leu, Arg-360-Gly, lle-532-Val,
or Trp-546-Leu.

Methods of Weed Control

For sorghum to be an economically sustainable field crop,
growth of grassy weeds must be controlled. There are fewer
options for weed control in sorghum than in corn, cotton and
soybeans. Sorghum lacks tolerance to many of the commonly
used grass and broadleaf herbicides, and is occasionally
injured even by herbicides labeled for use with sorghum. The
hybrids, varieties and lines described herein, or progeny of
those plants or progeny of crosses with those plants, allow for
weed control. Plants from these hybrids, varieties or lines, or
progeny thereof, can be grown in fields onto which one or
more ALS-inhibiting herbicides can be applied, without

20

25

30

35

40

45

50

55

60

65

10

adversely affecting the growth of the sorghum plants, while
inhibiting or adversely affecting the growth of the weeds in
the field. The most troublesome weeds for grain sorghum
include morning glory, pigweed, broadleaf signal grass, barn-
yard grass, prickly sida (or teaweed), crabgrass and sickle-
pod.

The mutant ALS sorghum plants described herein exhibit
resistance against one or more of the ALS-inhibiting classes
of herbicides as indicated above. As used herein, “ALS-in-
hibiting herbicide” refers to any member of a group of herbi-
cides that inhibit the activity of acetolactate synthase in a
plant. Since ALS is also known as acetohydroxyacid syn-
thase, ALS-inhibiting herbicides are sometimes referred to as
“AHAS herbicides.” ALS-inhibiting herbicides fall into five
structurally different classes of chemicals (see, for example,
Corbett et al., 2006, Pest Manag. Sci., 62:584-97). Such
classes, and representative members of each class, include:

sulfonylureas (SUs) such as, without limitation, amidosul-

furon, azimsulfuron, bensulfuron-methyl, chlorimuron-
ethyl, chlorsulfuron, cinosulfuron, cyclosulfamuron,
ethametsulfuron-methyl, ethoxysulfuron, flazasulfuron,
flupyrsulfuron-methyl-sodium, foramsulfuron, halosul-
furon-methyl, imazolsulfuron, iodosulfuron-methyl-so-
dium, mesosulfuron-methyl, metsulfuron-methyl, nico-
sulfuron, oxasulfuron, primisulfuron-methyl,
pyraxosulfuron-ethyl, rimsulfuron, sulfometuron-me-
thyl, sulfosulfuron, thifensulfuron-methyl, triasulfuron,
tribenuron-methyl, trifloxysulfuron-sodium, triftusulfu-
ron-methyl, triofensulfuron, and tritosulfuron. See, for

example, Chaleff and Mauvais, 1984, Science,
224:1443-5.
imidazolinones (IMIs) such as, without limitation,

imazamethabenz-methyl, imazamox, imazapic, imiza-
pyr, imizaquin, and imazethapyr. See, for example,
Shaner et al., 1984, Plant Physiol., 76:545-6.

pyrimidinylthiobenzoates (PTBs) such as, without limita-
tion, bispyribac-sodium, pyribenzoxim, pyriftalid,
pyriminobac-methyl, and pyrithiobac-sodium. See, for
example, Stidham, 1991, Weed Sci., 39:428-34.

triazolopyrimidine sulfonanilides (TPs) such as, without
limitation, cloransulam-methyl, diclusolam, florasulam,
flumetsulam, metosulam, and penoxsulam. See, for
example, Gerwick et al., 1990, Pestic. Sci., 29:357-64.

sulfonylamino carbonyl triazolinones (SCTs) such as,
without limitation, thiencarbazone-methly, flucarba-
zone, propoxycarbazone. See, for example, U.S. Pat.
Nos. 6,395,684 and 6,403,535.

Without being bound by any particular mechanism, resis-
tance to ALS-inhibiting herbicides can result from an altered
ALS enzyme with reduced sensitivity to the herbicides (Saari
et al., 1994, “Resistance to acetolactatesynthase inhibiting
herbicides,” pp 83-139, Eds. Powles and Holtum, Herbicide
Resistance in Plants: Biology and Biochemistry, CRC, Boca
Raton, Fla.), and resistance can be conferred by a single
amino acid substitution (Shaner, 1999, Weed Sci., 44:405-11).
However, resistance to ALS-inhibiting herbicides also can
result from enhanced rates of herbicide metabolism (Chris-
topheretal., 1991, Plant Physiol., 95:1036-43; Christopher et
al., 1992, Plant Physiol., 100:1909-13; Menendez et al.,
1997, Physiologia Plantarum, 99:97-104; and Veldhuis et al.,
2000, J. Agric. Food Chem., 48:2986-90).

In some embodiments, the ALS-inhibiting herbicide com-
prises a combination of active ingredients from one or more
of'the classes disclosed herein. However, the present applica-
tion is not limited to existing commercially available ALS-
inhibiting herbicides, and a skilled artisan will appreciate that
new chemicals may be identified that inhibit the ALS enzyme.
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In certain instances, it may be desirable to produce sor-
ghum plants that, in addition to the mutations described
herein that impart resistance to ALS-inhibiting herbicides,
further exhibit resistance to a herbicide from another group.
For example, other herbicide groups (i.e., non-ALS-inhibit-
ing herbicides) used to inhibit weed growth include, without
limitation, inhibitors of lipid synthesis (e.g., benzofuranes,
chlorocarbonic acids, cyclohexanodeiones, thiocarbamates),
inhibitors of photosynthesis at photosystem I (e.g., bipyridy-
liums), inhibitors of photosynthesis at photosystem II (e.g.,
phenylcarbamates, pyridazinones, triazines, triazinones, tria-
zolinones, uracils, amides, ureas, benzothiadiazinones,
nitriles, phenyl-pyridines), inhibitors of carotenoid biosyn-
thesis (e.g., pyridazinones, pyridinecarboxamides, isoxazoli-
dinones, triazoles), inhibitors of protoporphyrinogen oxidase
(e.g., diphenylethers, N-phenylphthalimides, oxadiazoles,
oxyzolidinediones, phenylpyrazoles, pyrimidindiones, thia-
diazoles), inhibitors of 4-hydroxyphenyl-pyruvate-dioxyge-
nase (e.g., callistemones, isoxazoles, pyrazoles, triketones),
inhibitors of EPSP synthase (e.g., glycines), inhibitors of
glutamine synthetase (e.g., phosphinic acids), inhibitors of
dihydropteroate synthase (e.g., carbamates), inhibitors of
microtubule assembly (e.g., benzamides, benzoic acids, dini-
troanilines, phosphoroamidates, pyridines), inhibitors of cell
division (e.g., acetamides, chloroacetamides, oxyaceta-
mides), inhibitors of cell wall synthesis (e.g., nitriles, triaz-
olocarboxamides) and inhibitors of auxin transport (e.g.,
phthalamates, semicarbazones). Such plants can be produced
using known methods (e.g., breeding or transgenic methods
as described herein).

In accordance with the present invention, there may be
employed conventional molecular biology, microbiology,
biochemical, and recombinant DNA techniques within the
skill of the art. Such techniques are explained fully in the
literature. The invention will be further described in the fol-
lowing examples, which do not limit the scope of the methods
and compositions of matter described in the claims.

EXAMPLES
Example 1
Plant Materials

Shattercane seed was initially collected in 1991 from fields
previously treated with primisulfuron for either 2 or 3 years.
A second collection was made in 1992 from the same fields
that had again been treated with primisulfuron. All seed was
evaluated under greenhouse conditions with IX (40 g ai‘ha)
and 0.25x rates of primisulfuron. Plants surviving the IX
treatment were treated a second time with a 2x application.
This screening process resulted in the discovery of four plants
resistant to both the IX and 2x applications.

Example 2
Assay for Resistance

The bioassay experiment was conducted in a greenhouse
on the East Campus of the University of Nebraska-Lincoln, in
Lincoln, Nebr. The experimental design was a randomized
complete block. Shattercane seed was planted in 0.9 L square
plastic pots in Miracle-Gro® Moisture Control® Potting Mix
(The Scotts Company LLC, Marysville, Ohio). The photope-
riod was 15/9 light/dark with supplemental light provided by
sodium halide lamps. Greenhouse temperatures were main-
tained at 24+2 C (day) and 19«2 C (night). Shattercane was
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thinned to 1 plant per pot when it reached the 2 leaf stage.
Herbicide treatments (Table 1 in Appendix 1) were applied
when the shattercane reached the V4 growth stage and was
approximately 12 cm tall. Individual plants ranged from
growth stage V3 to V5, and in height from 7 to 19 cm. At least
one tiller had formed on most plants by the time of applica-
tion. Herbicides were applied using an 8001 even flat fan
nozzle at 207 kPa in a single-tip track sprayer located in the
greenhouse facility. The application rate was 187 1/ha, and
treatment solutions were prepared in distilled water. Visual
injury ratings were made 7, 14 and 21 days after treatment on
a scale of 0 to 100, where O represents no injury and 100
represents plant death. At 21 DAT, plants were harvested at
the soil surface, dried for 48 h at 70 C, and weighed to
determine dry matter. Dry matter data for each experimental
unit was divided by the average dry matter of the untreated
control plants of that biotype and multiplied by 100 to deter-
mine relative percent biomass to the untreated control. Dry
matter data for each experimental unit was also divided by the
average dry matter data of the glyphosate-treated plants of
that biotype to determine growth in the three weeks after
herbicide application. Data were subjected to ANOVA using
Proc GLM of SAS 9.1 (SAS Institute Inc., Cary, N.C.). The
Run by Herbicide by Population interaction was significant
for each variable, so runs were analyzed separately. The Her-
bicide by Population interaction was also significant for each
run and each variable, so data were analyzed by herbicide to
describe differences among the populations. Treatment
means were separated using Duncan’s Multiple Range test.

Example 3
ALS Gene Sequencing

Genomic DNA Extraction

Leaves from the plants and biotypes used for the ALS
activity assay were individually sampled at the four-leaf stage
for DNA extraction. Genomic DNA was extracted from leaf
tissue of five plants per biotype using the CTAB (cetyltrim-
ethyl ammonium bromide) DNA protocol (Doyle etal., 1987,
Phytochem. Bull., 19:11-5).

ALS Gene Isolation:

The primers were designed from previously published corn
ALS sequence region (Feng et al., 1992, Plant Mol. Biol.,
18:1185-7). Phusion® DNA polymerase (New England
BioLabs) was used to amplify the ALS gene fragments from
genomic DNA of four mutants and wild type in separate PCR
reactions. The PCR cocktail consisted of genomic DNA, 4 ul
(25 ng/ul concentration); forward and reverse primer, 2 ul
each (20 pmol); 10 mM dNTP’s, 2.5 ul; 100% DMSO, 2 ul;
5% Phusion® GC reaction buffer, 10 pl; Phusion DNA poly-
merase, 1 pl (2 units); and water, 21.5 pl; to bring the final
volume to 50 pl. The PCR reaction protocol consisted of 30
sec of incubation at 98° C., followed by 35 cycles at 98° C. for
15 sec, annealing at X° C. for 30 sec and 72° C. for 15 sec;
then a final extension at 72° C. for 7 minutes, where X is the
annealing temperature for each primer set used (Table 5 in
Appendix I).

The PCR amplified products were resolved on a 1% (wt/v)
agarose gel containing 1 pl ethidium bromide at 10 mg/ml.
The desired PCR fragments were excised from the gel and
purified using Qiagen Gel Extraction Kit, and the purified
fragments of different sizes were directly sequenced using an
automated sequencer, and the primers used for sequencing
were the same as those used for PCR amplification. Each PCR
product was sequenced in both forward and reverse directions
to minimize sequencing errors. The generated nucleotide
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sequences from each sample were aligned with Bioedit
sequence alignment editor software. The aligned sequences
were compared with the sorghum ALS gene sequence by
Pairwise alignment to check the coverage of the gene by each
primer. After alignment, the overlapped regions from the
fragments were removed and the fragments were joined to
make a contiguous and full-length sequence from each
sample. Completely aligned sequences of the four mutants
were compared with the wild type sequence using ClustaW
(Clustal W Multiple alignment tool, European Bioinformatics
Institute, ebi.ac.uk/clustalW/ on the World Wide Web) to
detect single nucleotide changes. The nucleotide sequence
from each mutant and wild type was translated into the amino
acid sequence. The amino acid sequence of mutants was
compared with both wild type sequences in sorghum and the
susceptible shattercane wild type to identify the amino acid
substitutions using ClustalW.

Example 4
Pyramiding of ALS Genes

The four genes that confer resistance to ALS-inhibiting
herbicides in shattercane were introgressed into three elite
inbred lines of sorghum, N250, N252, and N532, for the
purpose of developing and deploying herbicide-resistant
inbreds and hybrids. AL S-inhibiting herbicide resistance was
transferred to sorghum by crossing sorghum with shattercane.
Crosses were developed in a greenhouse as follows: all sor-
ghum lines were used as females and the three inbreds con-
tained nuclear male sterility genes to eliminate the need for
emasculation and to reduce the probability of selfing. The
inbred sorghum lines, N 250 ms1, N252 ms3 and N532 ms7,
were crossed manually with the four shattercane resistant
plants. The F1 hybrids are backcrossed several generations to
remove the genetic drag associated with shattercane, using
the same female plant. The BC1 and BC2 generations are
screened for resistance using herbicides representing the four
classes of ALS-inhibiting herbicides. Panicles from the sur-
viving BC2 plants are bagged and allowed to self-pollinate
for several generations. To extend the durability of resistance,
the ALS genes are stacked in all combinations to produce
sorghum lines that contain one, two, three or four mutant ALS
genes.

Cross #1: N250 ms1xP2-2-05

Cross #2: N250 ms1xP8-30

Cross #3: N250 ms1xP9-102

Cross #4: N250 ms1x5-4FARM

To Pyrimid Two Genes

Cross #5: Cross #1xCross #2

Cross #6: Cross #1xCross #3

Cross #7: Cross #1xCross #4

Cross #8: Cross #2xCross #3

Cross #9: Cross #2xCross #4

Cross #10: Cross #3xCross #4

To Pyrimid Three Genes

Cross #5xCross #3 (to pyramid 1, 2, and 3)

Cross #5xCross #4 (to pyramid 1, 2, and 4)

Cross #2xCross #10 (to pyramid 2, 3, and 4)

Cross #1xCross #10 (to pyramid 1, 3, and 4)

To Pyramid Four Genes

Cross #5xCross #10 (to pyramid 1, 2, 3, and 4)

The same crossing scheme is used to pyramid the ALS gene
into N252 ms3 and N532 ms7.

w
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40
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Example 4

Experimental Results

Resistance to ALS-inhibiting herbicides varied by biotype.
The wild type and biotype 5-4Farm responded to the herbi-
cides similarly (Table 2 in Appendix I). The only herbicide
that did not reduce dry matter of these two biotypes was
penoxsulam. Penoxsulam is from the triazolopyrimidine
class. Herbicides from this class have limited activity on grass
species. Penoxsulam was selected to represent this chemical
family because it controls some grass weeds (Echinochloa
species).

Biotype P8-30 showed resistance relative to the wild-type
to all ALS-inhibiting herbicides tested (Table 2 in Appendix
I). For two herbicides, bispyribac and rimsulfuron, only par-
tial resistance was observed, and growth was reduced
approximately 65% and 84%, respectively. Biotype P9-102
was resistant to foramsulfuron, nicosulfuron, and propoxy-
carbazone (Table 2 in Appendix I), and was partially resistant
to primisulfuron and thiencarbazone (Table 3 in Appendix I).
Biotype P2-205 was resistant to chlorsulfuron and propoxy-
carbazone (Table 2 in Appendix I) and partially resistant to
imazamox, foramsulfuron, primisulfuron, and thiencarba-
zone (Table 3 in Appendix I). Visual ratings allowed distinc-
tion between plants that were severely stunted but still
capable of completing their life cycle and plants that were
severely stunted and near death. It was on this basis that these
“partial resistance” labels was suggested.

A total of 2170 by ALS gene from sorghum CK60, shat-
tercane, and four mutants were sequenced. Mutant’s gene
sequence is highly conserved with wild type with few amino
acid changes. In comparison with the wild type sequence, a
nucleotide change of GCC to GGC at position 45, relative to
SEQ ID NO:1, was observed in all four mutants (P2-2-05,
P8-30, P9-102 and 5-4FARM) and coded for an Ala to Gly
substitution at residue 15 (Ala,5 Gly), relative to SEQ ID
NO:2. In addition, a nucleotide change of CCG to CTG at
position 507, relative to SEQ ID NO:1, was observed in two
mutants, P2-2-205 and P9-102, and coded for a Pro, 4, Leu
substitution, relative to SEQ ID NO:2. A nucleotide change of
AGG to GGG at position 1079, relative to SEQ ID NO:1, was
observed in mutant P2-2-205 and coded for a Arg,., Gly
substitution, relative to SEQ ID NO:2. A nucleotide change of
ATC to GTC at position 1595, relative to SEQ ID NO:1 was
observed in three mutants, P2-2-205, P8-30 and P9-102,
which coded for a Iles;, Val substitution, relative to SEQ ID
NO:2. A nucleotide change of TGG to TTG at position 1638,
relative to SEQ ID NO: 1, was observed in two mutants, P8-30
and 5-4farm, and coded for a Trps, Leu substitution, relative
to SEQ ID NO:2. These changes are summarized in Table 4 in
Appendix [.

It is to be understood that, while the methods and compo-
sitions of matter have been described herein in conjunction
with a number of different aspects, the foregoing description
of'the various aspects is intended to illustrate and not limit the
scope of the methods and compositions of matter. Other
aspects, advantages, and modifications are within the scope of
the following claims.

Disclosed are methods and compositions that can be used
for, can be used in conjunction with, can be used in prepara-
tion for, or are products of the disclosed methods and com-
positions. These and other materials are disclosed herein, and
it is understood that combinations, subsets, interactions,
groups, etc. of these methods and compositions are disclosed.
That is, while specific reference to each various individual
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and collective combinations and permutations of these com- methods are discussed, each and every combination and per-
positions and methods may not be explicitly disclosed, each is mutation of the compositions and the methods are specifically
specifically contemplated and described herein. For example, contemplated unless specifically indicated to the contrary.
if a particular composition of matter or a particular method is Likewise, any subset or combination of these is also specifi-
disclosed and discussed and a number of compositions or cally contemplated and disclosed.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 22

<210> SEQ ID NO 1

<211> LENGTH: 2228

<212> TYPE: DNA

<213> ORGANISM: Sorghum bicolor subsp. X drummondii

<400> SEQUENCE: 1

caccatggece accaccgecg cegecgeege cgecgegceta gecgecgeca ctaccgetge 60
gcccaaggeyg aggcegeaggyg cgcacctect ggecgeacgg cgegeecteg ccgegeccat 120
caggtgcteca geggegecac cegecacgcet gacggtgacg getccecegg ccacceceget 180
ceggeegtgyg ggecccaceg atcccegeaa gggegecgac atcctegteg aggetcettga 240
gegetgegge gtecgegacg tcettegecta ccecggegge gegtecatgg agatccacca 300
ggcactcace cgttcccceg tcatcgecaa ccacctette cgecacgage aaggggagge 360
cttegeegee tetggetteg cgegetecte gggeegegte ggegtetgeg tcegecaccte 420
cggeceegge gecaccaace tagtctceege getegecgac gegetgeteg actcegtece 480
catggtegece atcacgggac aggttecgeg gegcatgatt ggcaccgacg ccttecagga 540
gacgcccate gtcgaggtca cccgetcecat caccaaacat aactacctgg tcectegacgt 600
cgacgacatce cceegegteg tgcaggagge tttettecte gectecteceg gtegeceggyg 660
accggtgett gtegacatce ccaaggacat ccagcagcag atggcegtge cggtcetggga 720
cacgececatyg agtctgectyg ggtacattge gegecttceee aagectectyg cgactgaatt 780
gcttgagecag gtgctgegte ttgttggtga atcaaggege cetgttettt atgttggtgg 840
tggctgegea geatctggeg aggagttgeg ccgetttgtg gagatgactg gaatcccagt 900
cacaaccact cttatgggece ttggcaattt ccetggegac gacccactgt ctcetgegeat 960

gcttggtatg catggcacgg tgtatgcaaa ttatgcagtg gataaggcgg atctgttget 1020
tgcatttggt gtgcggtttg atgatcgtgt gacagggaag attgaggctt ttgcaagcag 1080
ggctaagatt gtgcacattg atattgatcc cgctgagatt ggcaagaaca agcagccaca 1140
tgtgtccatce tgtgcagacg ttaagcttge tttgcagggc atgaatgctce ttcectggaagg 1200
aagcacatca aagaagagct ttgactttgg ctcatggcaa gctgagttgg atcagcagaa 1260
gagagagttc cceccttgggt ataaaacttt tgatgacgag atccagccac aatatgctat 1320
tcaggttectt gatgagctga caaaagggga ggccatcatt gccacaggtg ttgggcagca 1380
ccagatgtgg gcggcacagt actacactta caagcggcca aggcagtggt tgtcttcage 1440
tggtcttggg gctatgggat ttggtttgcce ggctgetget ggcgetgetg tggccaacce 1500
aggtatcact gttgttgaca tcgacggaga tggtagcttc ctcatgaaca ttcaggagct 1560
agctatgatc cgaattgaga acctcccagt gaagatcttt gtgctaaaca accagcacct 1620
ggggatggtyg gtgcagtggg aggacaggtt ctataaggcc aacagagcgce acacatactt 1680
gggaaaccca gagaatgaaa gtgagatata tccagatttc gtgacaattg ccaaagggtt 1740
caacattcca gcagtcegtg tgacaaagaa gagcgaagtce catgcagcaa tcaagaagat 1800

gcttgagact ccagggccat acctcttgga tataatcgtce ccgcaccagg agcatgtgtt 1860
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gectatgate

tgtgtattga

getggtacaa

geegtcaget

ttcctacctt

atgtaagtge

tacgaagc

cctagtggtyg

tctaaatttce

gggtgatgtg

atctatagtg

gtagtggtgt

cttttgctac

<210> SEQ ID NO 2
<211> LENGTH: 642
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 2

Thr

1

Thr

Arg

Thr

Pro

65

Arg

Glu

Phe

Ser

Thr

145

Met

Ala

Glu

Asp

225

Thr

Ala

Arg

Leu

Met Ala Thr Thr

Thr

Arg

Leu

50

Thr

Cys

Ile

Arg

Ser

130

Asn

Val

Phe

Asn

Ala

210

Ile

Pro

Thr

Pro

Arg
290

Ala

Ala

35

Thr

Asp

Gly

His

His

115

Gly

Leu

Ala

Gln

Tyr

195

Phe

Pro

Met

Glu

Val

275

Arg

Ala Pro
20

Leu Ala

Val Thr

Pro Arg

Val Arg
85

Gln Ala
100

Glu Gln

Arg Val

Val Ser

Ile Thr
165

Glu Thr
180

Leu Val

Phe Leu

Lys Asp

Ser Leu
245

Leu Leu
260

Leu Tyr

Phe Val

Sorghum

Ala

Lys

Ala

Ala

Lys

70

Asp

Leu

Gly

Gly

Ala

150

Gly

Pro

Leu

Ala

Ile

230

Pro

Glu

Val

Glu

gggctttcaa

agcatgcaca

ttatttatgt

tgcttgttty

agtctgttgt

agataaataa

bicolor

Ala

Ala

Pro

Pro

55

Gly

Val

Thr

Glu

Val

135

Leu

Gln

Ile

Asp

Ser

215

Gln

Gly

Gln

Gly

Met
295

Ala

Arg

Ile

40

Pro

Ala

Phe

Arg

Ala

120

Cys

Ala

Val

Val

Val

200

Ser

Gln

Tyr

Val

Gly

280

Thr

ggatatgatc

tctecctgee

gatgttctee

atgtactctg

ttcatgctygyg

ggaaataagc

ctggatggtyg atggcaggac

tttctttgac

tgtgttctat

ttatggtaat

catatctgte

attgctatge

subsp. X drummondii

Ala

Arg

25

Arg

Ala

Asp

Ala

Ser

105

Phe

Val

Asp

Pro

Glu

185

Asp

Gly

Gln

Ile

Leu
265

Gly

Gly

Ala

10

Arg

Cys

Thr

Ile

Tyr

90

Pro

Ala

Ala

Ala

Arg

170

Val

Asp

Arg

Met

Ala

250

Arg

Cys

Ile

Ala

Ala

Ser

Pro

Leu

75

Pro

Val

Ala

Thr

Leu

155

Arg

Thr

Ile

Pro

Ala

235

Arg

Leu

Ala

Pro

Ala

His

Ala

Leu

60

Val

Gly

Ile

Ser

Ser

140

Leu

Met

Arg

Pro

Gly

220

Val

Leu

Val

Ala

Val
300

Leu

Leu

Ala

45

Arg

Glu

Gly

Ala

Gly

125

Gly

Asp

Ile

Ser

Arg

205

Pro

Pro

Pro

Gly

Ser

285

Thr

Ala

Leu

30

Pro

Pro

Ala

Ala

Asn

110

Phe

Pro

Ser

Gly

Ile

190

Val

Val

Val

Lys

Glu

270

Gly

Thr

atgcatatga
ctttttgtaa
cttaagtagt
atcagaggtc

agtggttctyg

Ala Ala
15

Ala Ala

Pro Ala

Trp Gly

Leu Glu
80

Ser Met
95

His Leu

Ala Arg

Gly Ala

Val Pro

160

Thr Asp
175

Thr Lys

Val Gln

Leu Val

Trp Asp

240
Pro Pro
255
Ser Arg

Glu Glu

Thr Leu

1920

1980

2040

2100

2160

2220

2228
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-continued

Met Gly Leu Gly Asn Phe Pro Gly Asp Asp Pro Leu Ser Leu Arg Met
305 310 315 320

Leu Gly Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp Lys Ala
325 330 335

Asp Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val Thr Gly
340 345 350

Lys Ile Glu Ala Phe Ala Ser Arg Ala Lys Ile Val His Ile Asp Ile
355 360 365

Asp Pro Ala Glu Ile Gly Lys Asn Lys Gln Pro His Val Ser Ile Cys
370 375 380

Ala Asp Val Lys Leu Ala Leu Gln Gly Met Asn Ala Leu Leu Glu Gly
385 390 395 400

Ser Thr Ser Lys Lys Ser Phe Asp Phe Gly Ser Trp Gln Ala Glu Leu
405 410 415

Asp Gln Gln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe Asp Asp
420 425 430

Glu Ile Gln Pro Gln Tyr Ala Ile Gln Val Leu Asp Glu Leu Thr Lys
435 440 445

Gly Glu Ala Ile Ile Ala Thr Gly Val Gly Gln His Gln Met Trp Ala
450 455 460

Ala Gln Tyr Tyr Thr Tyr Lys Arg Pro Arg Gln Trp Leu Ser Ser Ala
465 470 475 480

Gly Leu Gly Ala Met Gly Phe Gly Leu Pro Ala Ala Ala Gly Ala Ala
485 490 495

Val Ala Asn Pro Gly Ile Thr Val Val Asp Ile Asp Gly Asp Gly Ser
500 505 510

Phe Leu Met Asn Ile Gln Glu Leu Ala Met Ile Arg Ile Glu Asn Leu
515 520 525

Pro Val Lys Ile Phe Val Leu Asn Asn Gln His Leu Gly Met Val Val
530 535 540

Gln Trp Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr Tyr Leu
545 550 555 560

Gly Asn Pro Glu Asn Glu Ser Glu Ile Tyr Pro Asp Phe Val Thr Ile
565 570 575

Ala Lys Gly Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys Ser Glu
580 585 590

Val His Ala Ala Ile Lys Lys Met Leu Glu Thr Pro Gly Pro Tyr Leu
595 600 605

Leu Asp Ile Ile Val Pro His Gln Glu His Val Leu Pro Met Ile Pro
610 615 620

Ser Gly Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly Arg Thr
625 630 635 640

Val Tyr

<210> SEQ ID NO 3

<211> LENGTH: 2217

<212> TYPE: DNA

<213> ORGANISM: Sorghum bicolor subsp. X drummondii

<400> SEQUENCE: 3

ccaccgecge cgccgetgee gecgegetag ceggegecac taccgetgeyg cccaaggcga 60
ggegecggge gcacctectyg gecgecacgge gegecctege cgegeccatce aggtgctcag 120

cggegecace cgccacgetg acggtgacgg ctecccegge cacccegete cggeegtggg 180
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geeccaccga tecccgcaag ggcgecgaca tectegtega ggetcettgag cgetgeggeg 240
tcegegacgt cttegectac ccecggeggeg cgtcecatgga gatccaccag gcactcacce 300
gtteccceegt catcgecaac cacctettece gecacgagca aggggaggec ttegecgect 360
ctggettege gegetecteg ggccgegteg gegtetgegt cgecacctece ggcecceggeyg 420
ccaccaacct agtctecgeg ctegecgacg cgetgctega ctecgtecee atggtegceca 480
tcacgggaca ggttctgegg cgcatgattg geaccgacge cttecaggag acgceccatcg 540
tcgaggtcac ccgctecatce accaaacata actacctggt cctegacgte gacgacatce 600
ccegegtegt gcaggaggcet ttettecteg cetecteegyg tegeccggga ccoggtgettyg 660
tcgacatccee caaggacatc cagcagcaga tggecgtgece ggtcectgggac acgceccatga 720
gtetgectygyg gtacattgeg cgcecttecca agectectge gactgaattg cttgagcagyg 780
tgctgegtet tgttggtgaa tcaaggegece ctgttettta tgttggtggt ggctgegcag 840
catctggega ggagttgege cgetttgtgg agatgactgg aatcccagtce acaactacte 900
ttatgggcct tggcaatttc cctggegacg acccactgte tcetgegcatyg cttggtatge 960
atggcacggt gtatgcaaat tatgcagtgg ataaggcgga tctgttgctt gcatttggtg 1020
tgcggtttga tgatcgtgtyg acagggaaga ttgaggcttt tgcaagcggg gctaagattg 1080
tgcacattga tattgatccc gctgagattg gcaagaacaa gcagccacat gtgtccatct 1140
gtgcagacgt taagcttgct ttgcagggca tgaatgctcect tcetggaagga agcacatcaa 1200
agaagagctt tgactttggc tcatggcaag ctgagttgga tcagcagaag agagagttcce 1260
ccettgggta taaaactttt gatgacgaga tccagccaca atatgcectatt caggttettg 1320
atgagctgac aaaaggggag gccatcattg ccacaggtgt tgggcagcac cagatgtggg 1380
cggcacagta ctacacttac aagcggccaa ggcagtggtt gtcttcaget ggtcttgggg 1440
ctatgggatt tggtttgccg getgctgcectg gcecgetgetgt ggccaaccca ggtatcactg 1500
ttgttgacat cgacggagat ggtagcttcc tcatgaacat tcaggagcta gctatgatcce 1560
gaattgagaa cctcccagtg aaggtctttg tgctaaacaa ccagcacctg gggatggtgg 1620
tgcagtggga ggacaggttc tataaggcca acagagcgca cacatacttyg ggaaacccag 1680
agaatgaaag tgagatatat ccagatttcg tgacaattgc caaagggttc aacattccag 1740
cagtccgtgt gacaaagaag agcgaagtcce atgcagcaat caagaagatg cttgagactc 1800
cagggccata cctcttggat ataatcgtce cgcaccagga gcatgtgttg cctatgatcce 1860
ctagtggtgg ggctttcaag gatatgatcc tggatggtga tggcaggact gtgtattgat 1920
ctaaatttca gcatgcacat ctccctgect ttectttgaca tgcatatgag ctggtacaag 1980
ggtgatgtgt tatttatgtg atgttctcct gtgttctatce tttttgtaag ccgtcagceta 2040
tctatagtgt gecttgtttga tgtactctgt tatggtaatc ttaagtagtt tectaccttg 2100
tagtggtgta gtctgttgtt tcgtgctgge atatctgtca tcagaggtca tgtaagtgcece 2160
ttttgctaca gataaataag gaaataagca ttgctatgca gtggttctgt acgaagce 2217

<210> SEQ ID NO 4
<211> LENGTH: 638

<212> TYPE:

PRT

<213> ORGANISM: Sorghum bicolor subsp. X drummondii

<400> SEQUENCE: 4

Thr Ala Ala Ala Ala Ala Ala Ala Leu Ala Gly Ala Thr Thr Ala Ala

1

5

10

15
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24

Pro

Ala

Thr

Arg

65

Arg

Ala

Gln

Val

Ser

145

Thr

Thr

Val

Leu

Asp

225

Leu

Leu

Tyr

Val

305

Gly

Ala

Phe

Ile

Leu
385
Lys

Arg

Gln

Lys

Ala

Ala

50

Lys

Asp

Leu

Gly

Gly

130

Ala

Gly

Pro

Leu

Ala

210

Ile

Pro

Glu

Val

Glu

290

Phe

Thr

Phe

Ala

Gly

370

Ala

Ser

Glu

Tyr

Ala

Pro

35

Pro

Gly

Val

Thr

Glu

115

Val

Leu

Gln

Ile

Asp

195

Ser

Gln

Gly

Gln

Gly

275

Met

Pro

Val

Gly

Ser

355

Lys

Leu

Phe

Phe

Ala

Arg

Ile

Pro

Ala

Phe

Arg

100

Ala

Cys

Ala

Val

Val

180

Val

Ser

Gln

Tyr

Val

260

Gly

Thr

Gly

Tyr

Val

340

Gly

Asn

Gln

Asp

Pro
420

Ile

Arg

Arg

Ala

Asp

Ala

85

Ser

Phe

Val

Asp

Leu

165

Glu

Asp

Gly

Gln

Ile

245

Leu

Gly

Gly

Asp

Ala

325

Arg

Ala

Lys

Gly

Phe
405

Leu

Gln

Arg

Cys

Thr

Ile

70

Tyr

Pro

Ala

Ala

Ala

150

Arg

Val

Asp

Arg

Met

230

Ala

Arg

Cys

Ile

Asp

310

Asn

Phe

Lys

Gln

Met
390
Gly

Gly

Val

Ala

Ser

Pro

55

Leu

Pro

Val

Ala

Thr

135

Leu

Arg

Thr

Ile

Pro

215

Ala

Arg

Leu

Ala

Pro

295

Pro

Tyr

Asp

Ile

Pro

375

Asn

Ser

Tyr

Leu

His

Ala

40

Leu

Val

Gly

Ile

Ser

120

Ser

Leu

Met

Arg

Pro

200

Gly

Val

Leu

Val

Ala

280

Val

Leu

Ala

Asp

Val

360

His

Ala

Trp

Lys

Asp

Leu

25

Ala

Arg

Glu

Gly

Ala

105

Gly

Gly

Asp

Ile

Ser

185

Arg

Pro

Pro

Pro

Gly

265

Ser

Thr

Ser

Val

Arg

345

His

Val

Leu

Gln

Thr
425

Glu

Leu

Pro

Pro

Ala

Ala

Asn

Phe

Pro

Ser

Gly

170

Ile

Val

Val

Val

Lys

250

Glu

Gly

Thr

Leu

Asp

330

Val

Ile

Ser

Leu

Ala
410

Phe

Leu

Ala

Pro

Trp

Leu

75

Ser

His

Ala

Gly

Val

155

Thr

Thr

Val

Leu

Trp

235

Pro

Ser

Glu

Thr

Arg

315

Lys

Thr

Asp

Ile

Glu
395
Glu

Asp

Thr

Ala

Ala

Gly

60

Glu

Met

Leu

Arg

Ala

140

Pro

Asp

Lys

Gln

Val

220

Asp

Pro

Arg

Glu

Leu

300

Met

Ala

Gly

Ile

Cys

380

Gly

Leu

Asp

Lys

Arg Arg Ala

Thr

45

Pro

Arg

Glu

Phe

Ser

125

Thr

Met

Ala

His

Glu

205

Asp

Thr

Ala

Arg

Leu

285

Met

Leu

Asp

Lys

Asp

365

Ala

Ser

Asp

Glu

Gly

30

Leu

Thr

Cys

Ile

Arg

110

Ser

Asn

Val

Phe

Asn

190

Ala

Ile

Pro

Thr

Pro

270

Arg

Gly

Gly

Leu

Ile

350

Pro

Asp

Thr

Gln

Ile
430

Glu

Thr

Asp

Gly

His

His

Gly

Leu

Ala

Gln

175

Tyr

Phe

Pro

Met

Glu

255

Val

Arg

Leu

Met

Leu

335

Glu

Ala

Val

Ser

Gln
415

Gln

Ala

Leu

Val

Pro

Val

80

Gln

Glu

Arg

Val

Ile

160

Glu

Leu

Phe

Lys

Ser

240

Leu

Leu

Phe

Gly

His

320

Leu

Ala

Glu

Lys

Lys

400

Lys

Pro

Ile
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-continued

26

Ile

Thr

465

Met

Gly

Ile

Phe

Arg

545

Asn

Asn

Ile

Val

Phe
625

<210>
<211>
<212>
<213>

<400>

Ala

450

Tyr

Gly

Ile

Gln

Val

530

Phe

Glu

Ile

Lys

Pro

610

Lys

435

Thr

Lys

Phe

Thr

Glu

515

Leu

Tyr

Ser

Pro

Lys

595

His

Asp

440

Gly Val Gly Gln His

455

Arg Pro Arg Gln Trp
470

Gly Leu Pro Ala Ala

485

Val Val Asp Ile Asp

500

Leu Ala Met Ile Arg

520

Asn Asn Gln His Leu

535

Lys Ala Asn Arg Ala
550

Glu Ile Tyr Pro Asp

565

Ala Val Arg Val Thr

580

Met Leu Glu Thr Pro

600

Gln Glu His Val Leu

615

Met Ile Leu Asp Gly
630

SEQ ID NO 5
LENGTH: 2219
TYPE: DNA
ORGANISM: Sorghum bicolor

SEQUENCE: 5

tggccaccac cgccgeoged

aggegaggeg

getcagegge

CgtggggCCC

geggegtecg

tcaccegtte

cegectetygyg

ceggegecac

tcgecatcac

ccatcgtega

acatcceeeg

tgcttgtega

ccatgagtct

agcaggtgcet

gegcageate

ctactcttat

gtatgcatgg

cegggegeac

gecaccegece

caccgatcce

cgacgtette

ccecegteate

cttegegege

caacctagtce

gggacaggtt

ggtcaccege

cgtegtgeag

catccccaag

gectgggtac

gegtettgtt

tggcgaggag

gggccttggc

cacggtgtat

getgeegecy

cteectggecy

acgctgacgyg

cgcaagggcyg

gectaccecyg

gccaaccacc

tcctegggec

tcegegeteg

ctgeggegea

tccatcacca

gaggctttet

gacatccage

attgcgegec

ggtgaatcaa

ttgcgeeget

aatttcecetyg

gcaaattatg

Gln Met Trp
Leu Ser Ser
475

Ala Gly Ala
490

Gly Asp Gly
505

Ile Glu Asn

Gly Met Val

His Thr Tyr
555

Phe Val Thr
570

Lys Lys Ser
585

Gly Pro Tyr

Pro Met Ile

Asp Gly Arg
635

Ala

460

Ala

Ala

Ser

Leu

Val

540

Leu

Ile

Glu

Leu

Pro

620

Thr

445

Ala

Gly

Val

Phe

Pro

525

Gln

Gly

Ala

Val

Leu

605

Ser

Val

subsp. X drummondii

cgctageegy

cacggegege

tgacggctee

ccgacatect

geggegegte

tctteegeca

gegteggegt

ccgacgeget

tgattggcac

aacataacta

tcctegecte

agcagatgge

ttcccaagee

ggcgeectgt

ttgtggagat

gegacgacce

cagtggataa

Gln

Leu

Ala

Leu

510

Val

Trp

Asn

Lys

His

590

Asp

Gly

Tyr

cgccactace

cctegecgey

cceggecace

cgtegagget

catggagatc

cgagcaaggg

ctgegtegee

getegactee

cgacgectte

cctggtecte

ctceggtege

cgtgeceggte

tcctgegact

tctttatgtt

gactggaatc

actgtctcetyg

ggcggatctg

Tyr Tyr
Gly Ala
480

Asn Pro
495

Met Asn

Lys Val

Glu Asp

Pro Glu
560

Gly Phe
575

Ala Ala

Ile Ile

Gly Ala

getgegecca
cccatcaggt
cegetecgge
cttgageget
caccaggcac
gaggcctteg
accteceggece
gtceccatgg
caggagacgce
gacgtcgacg
cegggacegyg
tgggacacge
gaattgcttg
ggtggtgget
ccagtcacaa
cgcatgetty

ttgcttgeat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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28

-continued
ttggtgtgcg gtttgatgat cgtgtgacag ggaagattga ggcttttgca agcagggcta 1080
agattgtgca cattgatatt gatcccgctg agattggcaa gaacaagcag ccacatgtgt 1140
ccatctgtgce agacgttaag cttgctttge agggcatgaa tgctcttctg gaaggaagca 1200
catcaaagaa gagctttgac tttggctcat ggcaagctga gttggatcag cagaagagag 1260
agttcccececct tgggtataaa acttttgatg acgagatcca gccacaatat gcectattcagg 1320
ttcttgatga gctgacaaaa ggggaggcca tcattgccac aggtgttggg cagcaccaga 1380
tgtgggcgge acagtactac acttacaagc ggccaaggca gtggttgtcet tcagetggtce 1440
ttggggctat gggatttggt ttgccggctg ctgctggege tgctgtggece aacccaggta 1500
tcactgttgt tgacatcgac ggagatggta gcttcctcat gaacattcag gagctagcta 1560
tgatccgaat tgagaacctc ccagtgaagg tctttgtget aaacaaccag cacctgggga 1620
tggtggtgca gtgggaggac aggttctata aggccaacag agcgcacaca tacttgggaa 1680
acccagagaa tgaaagtgag atatatccag atttcgtgac aattgccaaa gggttcaaca 1740
ttccagcagt ccgtgtgaca aagaagagcg aagtccatgce agcaatcaag aagatgcttg 1800
agactccagg gccataccte ttggatataa tcgtccecgca ccaggagcat gtgttgecta 1860
tgatccctag tggtggggcet ttcaaggata tgatcctgga tggtgatggce aggactgtgt 1920
attgatctaa atttcagcat gcacatctcce ctgectttet ttgacatgca tatgagectgg 1980
tacaagggtg atgtgttatt tatgtgatgt tctecctgtgt tctatctttt tgtaagcegt 2040
cagctatcta tagtgtgctt gtttgatgta ctctgttatg gtaatcttaa gtagtttect 2100
accttgtagt ggtgtagtct gttgtttcgt gctggcatat ctgtcatcag aggtcatgta 2160
agtgcctttt gctacagata aataaggaaa taagcattgce tatgcagtgg ttcectgtacg 2219

<210> SEQ ID NO 6
<211> LENGTH: 640
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 6

Ala
1
Ala
Ala
Thr
Asp

65

Gly

Gly

Leu
145

Sorghum bicolor

Thr Thr Ala Ala Ala Ala Ala

Ala

Leu

Val

Pro

Val

Gln

Glu

Arg

130

Val

Pro

Ala

35

Thr

Arg

Arg

Ala

Gln
115

Val

Ser

Lys Ala Arg Arg Arg

20

Ala Pro Ile Arg Cys

40

Ala Pro Pro Ala Thr

55

Lys Gly Ala Asp Ile

70

Asp Val Phe Ala Tyr

85

Leu Thr Arg Ser Pro

100

Gly Glu Ala Phe Ala

120

Gly Val Cys Val Ala

135

Ala Leu Ala Asp Ala
150

subsp. X drummondii

Ala Ala Leu
10

Ala His Leu
25

Ser Ala Ala

Pro Leu Arg

Leu Val Glu
75

Pro Gly Gly
90

Val Ile Ala
105

Ala Ser Gly

Thr Ser Gly

Leu Leu Asp
155

Ala

Leu

Pro

Pro

60

Ala

Ala

Asn

Phe

Pro

140

Ser

Gly

Ala

Pro

45

Trp

Leu

Ser

His

Ala
125

Gly

Val

Ala

Ala

30

Ala

Gly

Glu

Met

Leu
110
Arg

Ala

Pro

Thr Thr
15

Arg Arg

Thr Leu

Pro Thr

Arg Cys

80

Glu Ile

95

Phe Arg

Ser Ser

Thr Asn

Met Val
160
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-continued

30

Ala

Gln

Tyr

Phe

Pro

225

Met

Glu

Val

Arg

Leu

305

Met

Leu

Glu

Ala

Val

385

Ser

Gln

Gln

Ala

Tyr

465

Gly

Asn

Met

Lys

Glu
545

Pro

Gly

Ile

Glu

Leu

Phe

210

Lys

Ser

Leu

Leu

Phe

290

Gly

His

Leu

Ala

Glu

370

Lys

Lys

Lys

Pro

Ile

450

Tyr

Ala

Pro

Asn

Val
530
Asp

Glu

Phe

Thr

Thr

Val

195

Leu

Asp

Leu

Leu

Tyr

275

Val

Asn

Gly

Ala

Phe

355

Ile

Leu

Lys

Arg

Gln

435

Ile

Thr

Met

Gly

Ile

515

Phe

Arg

Asn

Asn

Gly

Pro

180

Leu

Ala

Ile

Pro

Glu

260

Val

Glu

Phe

Thr

Phe

340

Ala

Gly

Ala

Ser

Glu

420

Tyr

Ala

Tyr

Gly

Ile

500

Gln

Val

Phe

Glu

Ile

Gln

165

Ile

Asp

Ser

Gln

Gly

245

Gln

Gly

Met

Pro

Val

325

Gly

Ser

Lys

Leu

Phe

405

Phe

Ala

Thr

Lys

Phe

485

Thr

Glu

Leu

Tyr

Ser
565

Pro

Val

Val

Val

Ser

Gln

230

Tyr

Val

Gly

Thr

Gly

310

Tyr

Val

Arg

Asn

Gln

390

Asp

Pro

Ile

Gly

Arg

470

Gly

Val

Leu

Asn

Lys
550

Glu

Ala

Leu

Glu

Asp

Gly

215

Gln

Ile

Leu

Gly

Gly

295

Asp

Ala

Arg

Ala

Lys

375

Gly

Phe

Leu

Gln

Val

455

Pro

Leu

Val

Ala

Asn
535
Ala

Ile

Val

Arg

Val

Asp

200

Arg

Met

Ala

Arg

Cys

280

Ile

Asp

Asn

Phe

Lys

360

Gln

Met

Gly

Gly

Val

440

Gly

Arg

Pro

Asp

Met

520

Gln

Asn

Tyr

Arg

Arg

Thr

185

Ile

Pro

Ala

Arg

Leu

265

Ala

Pro

Pro

Tyr

Asp

345

Ile

Pro

Asn

Ser

Tyr

425

Leu

Gln

Gln

Ala

Ile

505

Ile

His

Arg

Pro

Val

Met

170

Arg

Pro

Gly

Val

Leu

250

Val

Ala

Val

Leu

Ala

330

Asp

Val

His

Ala

Trp

410

Lys

Asp

His

Trp

Ala

490

Asp

Arg

Leu

Ala

Asp
570

Thr

Ile

Ser

Arg

Pro

Pro

235

Pro

Gly

Ser

Thr

Ser

315

Val

Arg

His

Val

Leu

395

Gln

Thr

Glu

Gln

Leu

475

Ala

Gly

Ile

Gly

His

555

Phe

Lys

Gly

Ile

Val

Val

220

Val

Lys

Glu

Gly

Thr

300

Leu

Asp

Val

Ile

Ser

380

Leu

Ala

Phe

Leu

Met

460

Ser

Gly

Asp

Glu

Met
540
Thr

Val

Lys

Thr

Thr

Val

205

Leu

Trp

Pro

Ser

Glu

285

Thr

Arg

Lys

Thr

Asp

365

Ile

Glu

Glu

Asp

Thr

445

Trp

Ser

Ala

Gly

Asn

525

Val

Tyr

Thr

Ser

Asp

Lys

190

Gln

Val

Asp

Pro

Arg

270

Glu

Leu

Met

Ala

Gly

350

Ile

Cys

Gly

Leu

Asp

430

Lys

Ala

Ala

Ala

Ser

510

Leu

Val

Leu

Ile

Glu

Ala

175

His

Glu

Asp

Thr

Ala

255

Arg

Leu

Met

Leu

Asp

335

Lys

Asp

Ala

Ser

Asp

415

Glu

Gly

Ala

Gly

Val

495

Phe

Pro

Gln

Gly

Ala
575

Val

Phe

Asn

Ala

Ile

Pro

240

Thr

Pro

Arg

Gly

Gly

320

Leu

Ile

Pro

Asp

Thr

400

Gln

Ile

Glu

Gln

Leu

480

Ala

Leu

Val

Trp

Asn
560

Lys

His
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32

Ala Ala Ile
595

Ile Ile Val
610

Gly Ala Phe
625

<210> SEQ I
<211> LENGT.
<212> TYPE:

580

Lys Lys Met Leu Glu

600

Pro His Gln Glu His

615

Lys Asp Met Ile Leu
630

D NO 7
H: 2218
DNA

<213> ORGANISM: Sorghum bicolor

<400> SEQUE:

accaccgecg

aggegecggy

geggegecac

ggccccaccy

gtcegegacy

cgttecceeyg

tctggetteg

gccaccaacc

atcacgggac

gtcgaggtca

ccecegegteg

gtcgacatce

agtctgectyg

gtgctgegte

gcatctggeyg

cttatgggec

catggcacgg

gtgcggtttg

gtgcacattyg

tgtgcagacyg

aagaagagct

cceettgggt

gatgagctga

geggcacagt

gctatgggat

gttgttgaca

cgaattgaga

gtgcagttgg

gagaatgaaa

gcagtcegty

NCE: 7

cegecgetge

cgcacctect

cecgecacget

atcccegeaa

tcttegecta

tcatcgecaa

cgegetecte

tagtctecege

aggttecegeg

ccegetecat

tgcaggaggc

ccaaggacat

ggtacattge

ttgttggtga

aggagttgcg

ttggcaattt

tgtatgcaaa

atgatcgtgt

atattgatcc

ttaagcttge

ttgactttgg

ataaaacttt

caaaagggga

actacactta

ttggtttgee

tcgacggaga

acctcccagt

aggacaggtt

gtgagatata

tgacaaagaa

cgecegegeta

ggccgcacgg

gacggtgacg

gggcgccgac

ceceeggegyge

ccacctette

gggCCgCgtC

getegecgac

gegeatgatt

caccaaacat

tttcttecte

ccagcagcag

gegecttece

atcaaggcge

cecgetttgtyg

cecctggegac

ttatgcagtg

gacagggaag

cgctgagatt

tttgcaggge

ctcatggcaa

tgatgacgag

ggccatcatt

caagcggeca

ggctgetget

tggtagette

gaaggtcttt

ctataaggcec

tccagattte

gagcgaagte

585

Thr Pro Gly

Val Leu Pro

Asp Gly Asp
635

590

Pro Tyr Leu Leu Asp

605

Met Ile Pro
620

Gly Arg Thr

subsp. X drummondii

geeggegeca

cgegeecteg

geteceeegy

atcctegteg

gegtecatgg

cgccacgage

ggCgtCthg

gegetgeteg

ggcaccgacyg

aactacctgg

gectectecy

atggcegtge

aagcctectg

cctgttettt

gagatgactyg

gacccactgt

gataaggcgg

attgaggcett

ggcaagaaca

atgaatgcte

gectgagttgg

atccagccac

gccacaggty

aggcagtggt

ggCgCthtg

ctcatgaaca

gtgctaaaca

aacagagcge

gtgacaattg

catgcagcaa

ctaccgetge

cegegeccat

ccaccecget

aggctcettga

agatccacca

aaggggaggce

tcgecaccte

actccgtece

ccttecagga

tcctegacgt

gthCCngg

cggtctggga

cgactgaatt

atgttggtgg

gaatcccagt

ctctgegeat

atctgttget

ttgcaagcag

agcagccaca

ttctggaagy

atcagcagaa

aatatgctat

ttgggcagca

tgtcttcage

tggccaacce

ttcaggaget

accagcacct

acacatactt

ccaaagggtt

tcaagaagat

Ser Gly

Val Tyr
640

geccaaggeg
caggtgctca
ceggecgtgg
gegetgegge
ggcactcacce
cttegecgee
cggeceegge
catggtcgee
gacgcccate
cgacgacatce
accggtgett
cacgcecatyg
gettgageag
tggctgegea
cacaactact
gettggtatg
tgcatttggt
ggctaagatt
tgtgtccatce
aagcacatca
gagagagtte
tcaggttett
ccagatgtygyg
tggtcttggy
aggtatcact

agctatgatce

ggggatggtg
gggaaaccca
caacattcca

gettgagact

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
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-continued

ccagggecat

cctagtggtyg

tctaaatttce

gggtgatgtg

atctatagtg

gtagtggtgt

cttttgctac

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

<400>

acctcttgga
gggctttcaa
agcatgcaca
ttatttatgt
tgcttgtttyg
agtectgttgt

agataaataa

SEQ ID NO 8
LENGTH: 640
TYPE :
ORGANISM: Sorghum
FEATURE:
NAME/KEY: VARIANT
LOCATION: 510
OTHER INFORMATION:

PRT

SEQUENCE: 8

tataatcgtce
ggatatgatc
tctecctgee
gatgttctee
atgtactctg
ttcegtgetygyg

ggaaataagc

Ala Thr Thr Ala Ala Ala Ala Ala

1

Ala

Ala

Thr

Asp

65

Gly

Gly

Leu

145

Ala

Gln

Tyr

Phe

Pro

225

Met

Glu

Val

Ala

Leu

Val

Pro

Val

Gln

Glu

Arg

130

Val

Ile

Glu

Leu

Phe

210

Lys

Ser

Leu

Leu

Pro

Ala

35

Thr

Arg

Arg

Ala

Gln

115

Val

Ser

Thr

Thr

Val

195

Leu

Asp

Leu

Leu

Tyr
275

5

Lys Ala Arg Arg Arg

20

Ala Pro Ile Arg Cys

40

Ala Pro Pro Ala Thr

55

Lys Gly Ala Asp Ile

70

Asp Val Phe Ala Tyr

85

Leu Thr Arg Ser Pro

100

Gly Glu Ala Phe Ala

120

Gly Val Cys Val Ala

135

Ala Leu Ala Asp Ala
150

Gly Gln Val Pro Arg

165

Pro Ile Val Glu Val

180

Leu Asp Val Asp Asp

200

Ala Ser Ser Gly Arg

215

Ile Gln Gln Gln Met
230

Pro Gly Tyr Ile Ala

245

Glu Gln Val Leu Arg

260

Val Gly Gly Gly Cys

280

Xaa= any amino

ccgcaccagg agcatgtgtt gectatgatce

ctggatggtyg atggcaggac

tttctttgac
tgtgttctat
ttatggtaat
catatctgtc

attgctatge

Ala Ala Leu
10

Ala His Leu
25

Ser Ala Ala

Pro Leu Arg

Leu Val Glu

75

Pro Gly Gly
90

Val Ile Ala
105

Ala Ser Gly

Thr Ser Gly

Leu Leu Asp
155

Arg Met Ile
170

Thr Arg Ser
185

Ile Pro Arg

Pro Gly Pro

Ala Val Pro
235

Arg Leu Pro
250

Leu Val Gly
265

Ala Ala Ser

atgcatatga

ctttttgtaa

cttaagtagt

atcagaggtc

agtggttctyg

acid

Ala

Leu

Pro

Pro

60

Ala

Ala

Asn

Phe

Pro

140

Ser

Gly

Ile

Val

Val

220

Val

Lys

Glu

Gly

bicolor subsp. X drummondii

Gly

Ala

Pro

45

Trp

Leu

Ser

His

Ala

125

Gly

Val

Thr

Thr

Val

205

Leu

Trp

Pro

Ser

Glu
285

Ala

Ala

30

Ala

Gly

Glu

Met

Leu

110

Arg

Ala

Pro

Asp

Lys

190

Gln

Val

Asp

Pro

Arg
270

Glu

tgtgtattga
getggtacaa
geegteaget
ttcctacctt
atgtaagtgce

tacgaagce

Thr Thr
15

Arg Arg

Thr Leu

Pro Thr

Arg Cys
80

Glu Ile
95

Phe Arg

Ser Ser

Thr Asn

Met Val
160

Ala Phe
175

His Asn

Glu Ala

Asp Ile

Thr Pro
240

Ala Thr
255

Arg Pro

Leu Arg

1860

1920

1980

2040

2100

2160

2218
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35

-continued

Arg Phe Val Glu Met Thr Gly Ile Pro Val Thr Thr Thr Leu Met Gly
290 295 300

Leu Gly Asn Phe Pro Gly Asp Asp Pro Leu Ser Leu Arg Met Leu Gly
305 310 315 320

Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp Lys Ala Asp Leu
325 330 335

Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val Thr Gly Lys Ile
340 345 350

Glu Ala Phe Ala Ser Arg Ala Lys Ile Val His Ile Asp Ile Asp Pro
355 360 365

Ala Glu Ile Gly Lys Asn Lys Gln Pro His Val Ser Ile Cys Ala Asp
370 375 380

Val Lys Leu Ala Leu Gln Gly Met Asn Ala Leu Leu Glu Gly Ser Thr
385 390 395 400

Ser Lys Lys Ser Phe Asp Phe Gly Ser Trp Gln Ala Glu Leu Asp Gln
405 410 415

Gln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe Asp Asp Glu Ile
420 425 430

Gln Pro Gln Tyr Ala Ile Gln Val Leu Asp Glu Leu Thr Lys Gly Glu
435 440 445

Ala Ile Ile Ala Thr Gly Val Gly Gln His Gln Met Trp Ala Ala Gln
450 455 460

Tyr Tyr Thr Tyr Lys Arg Pro Arg Gln Trp Leu Ser Ser Ala Gly Leu
465 470 475 480

Gly Ala Met Gly Phe Gly Leu Pro Ala Ala Ala Gly Ala Ala Val Ala
485 490 495

Asn Pro Gly Ile Thr Val Val Asp Ile Asp Gly Asp Gly Xaa Phe Leu
500 505 510

Met Asn Ile Gln Glu Leu Ala Met Ile Arg Ile Glu Asn Leu Pro Val
515 520 525

Lys Val Phe Val Leu Asn Asn Gln His Leu Gly Met Val Val Gln Leu
530 535 540

Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr Tyr Leu Gly Asn
545 550 555 560

Pro Glu Asn Glu Ser Glu Ile Tyr Pro Asp Phe Val Thr Ile Ala Lys
565 570 575

Gly Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys Ser Glu Val His
580 585 590

Ala Ala Ile Lys Lys Met Leu Glu Thr Pro Gly Pro Tyr Leu Leu Asp
595 600 605

Ile Ile Val Pro His Gln Glu His Val Leu Pro Met Ile Pro Ser Gly
610 615 620

Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly Arg Thr Val Tyr
625 630 635 640

<210> SEQ ID NO 9

<211> LENGTH: 2218

<212> TYPE: DNA

<213> ORGANISM: Sorghum bicolor subsp. X drummondii
<400> SEQUENCE: 9

accaccgeeg ccgeogocge cgecgegeta geeggegeca ctaccgetge geccaaggeg 60

aggcgeeggyg cgcacctect ggecgeacgg cgegeccteg cegegeccat caggtgetca 120
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geggegecac ccgecacgcet gacggtgacg getccecegg ccaccecget ceggecgtgg 180
ggeeccaceyg atccccgcaa gggcegecgac atcctegteg aggctettga gegetgegge 240
gteegegacy tettegecta cceceggegge gegtcecatgg agatccacca ggcactcacce 300
cgttecceeg tcatcgecaa ccacctette cgecacgage aaggggagge cttegecgece 360
tetggetteg cgcegetecte gggccgegte ggegtetgeyg tegecaccte cggeccegge 420
gecaccaace tagtctccge getegecgac gegetgeteg actccegtece catggtcegece 480
atcacgggac aggttccgeg gegcatgatt ggcaccgacyg ccttecagga gacgeccate 540
gtegaggtca ccecgetccat caccaaacat aactacctgg tectcgacgt cgacgacatce 600
cceegegteg tgcaggagge tttettecte gectecteeyg gtegecceggyg accggtgett 660
gtegacatce ccaaggacat ccagcagcag atggcegtge cggtcetggga cacgeccatg 720
agtctgectyg ggtacattge gegecttece aagectectyg cgactgaatt gettgagcag 780
gtgctgegte ttgttggtga atcaaggcege cctgttettt atgttggtgg tggetgegea 840
gcatctggeyg aggagttgeg ccgetttgtg gagatgactg gaatcccagt cacaactact 900
cttatgggee ttggcaattt ccctggegac gacccactgt ctetgegeat gettggtatg 960
catggcacgg tgtatgcaaa ttatgcagtg gataaggcgg atctgttgct tgcatttggt 1020
gtgcggtttyg atgatcgtgt gacagggaag attgaggctt ttgcaagcag ggctaagatt 1080
gtgcacattg atattgatcc cgctgagatt ggcaagaaca agcagccaca tgtgtccatc 1140
tgtgcagacg ttaagcttgce tttgcagggc atgaatgctce ttctggaagg aagcacatca 1200
aagaagagct ttgactttgg ctcatggcaa gctgagttgg atcagcagaa gagagagttce 1260
ccecttgggt ataaaacttt tgatgacgag atccagccac aatatgctat tcaggttcett 1320
gatgagctga caaaagggga ggccatcatt gccacaggtg ttgggcagca ccagatgtgg 1380
gcggcacagt actacactta caagcggcca aggcagtggt tgtcttcage tggtcecttggg 1440
gctatgggat ttggtttgce ggetgctget ggcgetgctyg tggccaaccce aggtatcact 1500
gttgttgaca tcgacggaga tggtagcttc ctcatgaaca ttcaggagct agctatgatce 1560
cgaattgaga acctcccagt gaagatcttt gtgctaaaca accagcacct ggggatggtg 1620
gtgcagttgg aggacaggtt ctataaggcc aacagagcgc acacatactt gggaaaccca 1680
gagaatgaaa gtgagatata tccagatttc gtgacaattg ccaaagggtt caacattcca 1740
gcagtcegtyg tgacaaagaa gagcgaagtc catgcagcaa tcaagaagat gcttgagact 1800
ccagggccat acctcttgga tataatcgte ccgcaccagg agcatgtgtt gectatgatce 1860
cctagtggtg gggctttcaa ggatatgatc ctggatggtg atggcaggac tgtgtattga 1920
tctaaatttc agcatgcaca tctccctgcee tttetttgac atgcatatga getggtacaa 1980
gggtgatgtg ttatttatgt gatgttctcc tgtgttctat ctttttgtaa gccgtcaget 2040
atctatagtg tgcttgtttg atgtactctg ttatggtaat cttaagtagt ttcctacctt 2100
gtagtggtgt agtctgttgt ttegtgctgg catatctgte atcagaggtc atgtaagtge 2160
cttttgctac agataaataa ggaaataagc attgctatgc agtggttctg tacgaagce 2218

<210> SEQ ID NO 10
<211> LENGTH: 639

<212> TYPE:

PRT

<213> ORGANISM: Sorghum bicolor subsp. X drummondii

<400> SEQUENCE: 10

Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Ala Gly Ala Thr Thr Ala
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-continued

40

Ala

Leu

Val

Pro

65

Val

Gln

Glu

Arg

Val

145

Ile

Glu

Leu

Phe

Lys

225

Ser

Leu

Leu

Phe

Gly

305

Leu

Ala

Glu

Lys
385

Lys

Lys

Pro

Ala

Thr

50

Arg

Arg

Ala

Gln

Val

130

Ser

Thr

Thr

Val

Leu

210

Asp

Leu

Leu

Tyr

Val

290

Asn

Gly

Ala

Phe

Ile
370
Leu

Lys

Arg

Lys

Ala

35

Ala

Lys

Asp

Leu

Gly

115

Gly

Ala

Gly

Pro

Leu

195

Ala

Ile

Pro

Glu

Val

275

Glu

Phe

Thr

Phe

Ala

355

Gly

Ala

Ser

Glu

Ala

20

Pro

Pro

Gly

Val

Thr

100

Glu

Val

Leu

Gln

Ile

180

Asp

Ser

Gln

Gly

Gln

260

Gly

Met

Pro

Val

Gly

340

Ser

Lys

Leu

Phe

Phe
420

Arg

Ile

Pro

Ala

Phe

85

Arg

Ala

Cys

Ala

Val

165

Val

Val

Ser

Gln

Tyr

245

Val

Gly

Thr

Gly

Tyr

325

Val

Arg

Asn

Gln

Asp
405

Pro

Arg

Arg

Ala

Asp

Ala

Ser

Phe

Val

Asp

150

Pro

Glu

Asp

Gly

Gln

230

Ile

Leu

Gly

Gly

Asp

310

Ala

Arg

Ala

Lys

Gly

390

Phe

Leu

Arg

Cys

Thr

55

Ile

Tyr

Pro

Ala

Ala

135

Ala

Arg

Val

Asp

Arg

215

Met

Ala

Arg

Cys

Ile

295

Asp

Asn

Phe

Lys

Gln
375
Met

Gly

Gly

Ala

Ser

40

Pro

Leu

Pro

Val

Ala

120

Thr

Leu

Arg

Thr

Ile

200

Pro

Ala

Arg

Leu

Ala

280

Pro

Pro

Tyr

Asp

Ile

360

Pro

Asn

Ser

Tyr

His

25

Ala

Leu

Val

Gly

Ile

105

Ser

Ser

Leu

Met

Arg

185

Pro

Gly

Val

Leu

Val

265

Ala

Val

Leu

Ala

Asp

345

Val

His

Ala

Trp

Lys
425

10

Leu

Ala

Arg

Glu

Gly

90

Ala

Gly

Gly

Asp

Ile

170

Ser

Arg

Pro

Pro

Pro

250

Gly

Ser

Thr

Ser

Val

330

Arg

His

Val

Leu

Gln
410

Thr

Leu

Pro

Pro

Ala

75

Ala

Asn

Phe

Pro

Ser

155

Gly

Ile

Val

Val

Val

235

Lys

Glu

Gly

Thr

Leu

315

Asp

Val

Ile

Ser

Leu
395

Ala

Phe

Ala

Pro

Trp

60

Leu

Ser

His

Ala

Gly

140

Val

Thr

Thr

Val

Leu

220

Trp

Pro

Ser

Glu

Thr

300

Arg

Lys

Thr

Asp

Ile
380
Glu

Glu

Asp

Ala

Ala

45

Gly

Glu

Met

Leu

Arg

125

Ala

Pro

Asp

Lys

Gln

205

Val

Asp

Pro

Arg

Glu

285

Leu

Met

Ala

Gly

Ile

365

Cys

Gly

Leu

Asp

Arg

30

Thr

Pro

Arg

Glu

Phe

110

Ser

Thr

Met

Ala

His

190

Glu

Asp

Thr

Ala

Arg

270

Leu

Met

Leu

Asp

Lys

350

Asp

Ala

Ser

Asp

Glu
430

15

Arg

Leu

Thr

Cys

Ile

95

Arg

Ser

Asn

Val

Phe

175

Asn

Ala

Ile

Pro

Thr

255

Pro

Arg

Gly

Gly

Leu

335

Ile

Pro

Asp

Thr

Gln
415

Ile

Ala

Thr

Asp

Gly

His

His

Gly

Leu

Ala

160

Gln

Tyr

Phe

Pro

Met

240

Glu

Val

Arg

Leu

Met

320

Leu

Glu

Ala

Val

Ser
400

Gln

Gln
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Pro Gln Tyr Ala Ile Gln Val Leu Asp Glu
435 440

Ile Ile Ala Thr Gly Val Gly Gln His Gln
450 455

Tyr Thr Tyr Lys Arg Pro Arg Gln Trp Leu
465 470

Ala Met Gly Phe Gly Leu Pro Ala Ala Ala
485 490

Pro Gly Ile Thr Val Val Asp Ile Asp Gly
500 505

Asn Ile Gln Glu Leu Ala Met Ile Arg Ile
515 520

Ile Phe Val Leu Asn Asn Gln His Leu Gly
530 535

Asp Arg Phe Tyr Lys Ala Asn Arg Ala His
545 550

Glu Asn Glu Ser Glu Ile Tyr Pro Asp Phe
565 570

Phe Asn Ile Pro Ala Val Arg Val Thr Lys
580 585

Ala Ile Lys Lys Met Leu Glu Thr Pro Gly
595 600

Ile Val Pro His Gln Glu His Val Leu Pro
610 615

Ala Phe Lys Asp Met Ile Leu Asp Gly Asp
625 630

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide

<400> SEQUENCE: 11

gtgccecege cccaaaccct

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide

<400> SEQUENCE: 12

actaggttgg tggCgCngg

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide

<400> SEQUENCE: 13

caccteegge cceggegeca

<210> SEQ ID NO 14
<211> LENGTH: 20

Leu

Met

Ser

475

Gly

Asp

Glu

Met

Thr

555

Val

Lys

Pro

Met

Gly
635

Thr Lys Gly Glu Ala
445

Trp Ala Ala Gln Tyr
460

Ser Ala Gly Leu Gly
480

Ala Ala Val Ala Asn
495

Gly Ser Phe Leu Met
510

Asn Leu Pro Val Lys
525

Val Val Gln Leu Glu
540

Tyr Leu Gly Asn Pro
560

Thr Ile Ala Lys Gly
575

Ser Glu Val His Ala
590

Tyr Leu Leu Asp Ile
605

Ile Pro Ser Gly Gly
620

Arg Thr Val Tyr

20

20

20
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide

<400> SEQUENCE: 14

caatcttece tgtcacacga

<210> SEQ ID NO 15

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide

<400> SEQUENCE: 15

ggtttgatga tcgtgtgaca gg

<210> SEQ ID NO 16

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide

<400> SEQUENCE: 16

tacgccccaa gaccagctga aga

<210> SEQ ID NO 17

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide

<400> SEQUENCE: 17

gecagtggttg tcttcagetyg gt

<210> SEQ ID NO 18

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide

<400> SEQUENCE: 18

gatcataggce aacacatgat cct

<210> SEQ ID NO 19

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide

<400> SEQUENCE: 19

gtgatggcag gactgtgtat

<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide

<400> SEQUENCE: 20
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46

-continued

cgtacagaac cactgcatag

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

SEQ ID NO 21

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: oligonucleotide
<400>

SEQUENCE: 21

tcegtgtgac aaagaagage gaa

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

SEQ ID NO 22

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: oligonucleotide
<400>

SEQUENCE: 22

gaggcgtaca gaaccactgce atag

20

23

24

What is claimed is:

1. A sorghum plant comprising a mutant acetolactate syn-
thase (ALS), wherein the wild type ALS has the amino acid
sequence shown in SEQ ID NO:2, wherein said mutant ALS
comprises the following amino acid substitutions: Ala-15-
Gly, Pro-169-Leu, Arg-360-Gly, and Ile-532-Val, relative to
SEQ ID NO:2.

2. The sorghum plant of claim 1, wherein said plant has a
mutant ALS exhibit resistance to one or more ALS-inhibiting
herbicides selected from the group consisting of sulfony-
lureas, imidazolinones, triazolopyrimides, and pyrimidi-
nylthiobenzoates.

3. A method of making a sorghum plant, comprising the
steps of:

providing:

a first sorghum plant having a mutant ALS, wherein the
wild type ALS has the amino acid sequence shown in
SEQ ID NO:2, wherein said mutant ALLS comprises the
following amino acid substitutions: Ala-15-Gy, Pro-
169-Leu, Arg-360-Gy, and Ile-532-Val, relative to SEQ
ID NO: 2;

crossing said first sorghum plant with a second sorghum
plant that contains a desired phenotypic trait to produce
one or more F1 progeny plants;

collecting seed produced by said F1 progeny plants; and

germinating said seed and selecting for the mutant ALS to
produce sorghum plants comprising a mutant ALS,

25
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wherein said plants are resistant to inhibition by one or
more ALS-inhibiting herbicides at levels that inhibit the
growth of sorghum plants lacking said amino acid sub-
stitutions.

4. The method of claim 3, wherein said desired phenotypic
trait is selected from the group consisting of disease resis-
tance, herbicide resistance, drought tolerance, high yield,
seed quality, stalk size, early seed germination, sugar content
in stalk, non-flowering and high total biomass yield.

5. The method of claim 3, wherein said first or said second
sorghum plant further comprises resistance to inhibition by
one or more herbicides other than AL S-inhibiting herbicides.

6. A method of controlling weeds in the vicinity of a sor-
ghum plant, wherein said sorghum plant is the sorghum plant
of'claim 1, comprising:

a) providing one or more ALS-inhibiting herbicides, and

b) applying said one or more ALS-inhibiting herbicides to

one or more of said plants,

wherein the growth of said weeds in the vicinity of said

sorghum plant is adversely affected by the application of
said one or more ALS-inhibiting herbicides while
growth of said sorghum plant is not adversely affected.

7. The method of claim 6, wherein said one or more ALS-
inhibiting herbicides are selected from the group consisting
of sulfonylureas, imidazolinones, triazolopyrimides, and
pyrimidinylthiobenzoates.

#* #* #* #* #*
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