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HERBICIDE-TOLERANT PLANTS

BACKGROUNDOF THE INVENTION

[0001] Rice is one of the most important food crops in the world, particularly in Asia.

Rice is a cereal grain produced byplants in the genus Oryza. The two most frequently

cultivated species are Oryza sativa and Oryza glaberrima, with O. sativa being the most

frequently cultivated domestic rice. In addition to the two domestic species, the genus Oryza

contains more than 20 wild species. One of these wild species, Oryza rufipogon (“red rice”

also referred to as Oryza sativa subsp. rufipogon) presents a major problem in commercial

cultivation. Red rice produces red coated seeds. After harvest, rice seeds are milled to

removetheir hull. After milling, domestic rice is white while wild red rice appears

discolored. The presence of discolored seeds reducesthe value of the rice crop. Since red

rice belongsto the same speciesas cultivated rice (Oryza sativa), their genetic makeupis

very similar. This genetic similarity has made herbicidal control of red rice difficult.

[0002] Domesticrice tolerant to imidazolinone herbicides have been developed and are

currently marketed underthe tradename CLEARFIELD®. Imidazolinone herbicidesinhibit a

plant's acetohydroxyacid synthase (AHAS) enzyme. Whencultivating CLEARFIELD®rice,

it is possible to control red rice and other weeds by application of imidazolinone herbicides.

Unfortunately, imidazolinone herbicide-tolerant red rice and weeds have developed.

[0003] Acetyl-Coenzyme A carboxylase (acetyl-Coenzyme A carboxylase; EC 6.4.1.2)
enzymes synthesize malonyl-CoA as the start of the de novofatty acid synthesis pathwayin
plant chloroplasts. ACCasein grass chloroplasts is a multifunctional, nuclear-genome-

encoded, very large, single polypeptide, transported into the plastid via an N-terminal transit

peptide. The active form in grass chloroplasts is a homomeric protein, likely a homodimer.

[0004] ACCase enzymesin grasses are inhibited by three classes ofherbicidal active

ingredients. The two mostprevalent classes are aryloxyphenoxypropanoates (“FOPs”) and

cyclohexanediones (“DIMs’”). In addition to these two classes, a third class

phenylpyrazolines (“DENs”) has been described.
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[0005] A numberofACCase-inhibitor-tolerance (AIT) mutations have been found in

monocot weed species exhibiting tolerance toward one or more DIM or FOP herbicides.

Further, an AIT maize has been marketed by BASF. All such mutations are found in the

carboxyltransferase domain of the ACCase enzyme, and these appearto be located in a

substrate binding pocket, altering access to the catalytic site.

[0006] DIMsand FOPsare important herbicides and it would be advantageousifrice

could be provided that exhibits tolerance to these classes of herbicide. Currently, these

classes of herbicide are of limited value in rice agriculture. In some cases, herbicide-

tolerance-inducing mutations create a severefitness penalty in the tolerant plant. Therefore,

there remainsa need in theart for an AITricethat also exhibits no fitness penalty. This need

and others are met by the present invention.

BRIEF SUMMARYOF THE INVENTION

[0007] Thepresent invention relates to herbicide-tolerant plants and methods of

producing andtreating herbicide-tolerant plants. In one embodiment, the present invention

providesa rice plant tolerant to at least one herbicide that inhibits acetyl-Coenzyme A

carboxylaseactivity at levels of herbicide that would normally inhibit the growth ofa rice

plant. Typically, an herbicide-tolerantrice plant of the invention expressesan acetyl-

Coenzyme A carboxylase (ACCase) in which the amino acid sequencediffers from an amino

acid sequence of an acetyl-Coenzyme A carboxylase of a wild-type rice plant. By

convention, mutations within monocot ACCase amino acid residuesare typically referred to

in referenceto their position in the Alopecurus myosuroides (blackgrass) ACCase sequence

(Genbank CAC84161.1) and denoted with an (4m). Examples of aminoacid positionsat

which an acetyl-Coenzyme A carboxylase ofa herbicide-tolerant plant of the invention

differs from the acetyl-Coenzyme A carboxylase of the corresponding wild-type plant

include, but are not limited to, one or moreof the following positions: 1,781(Am), 1,999(Am),

2,027(Am), 2,041(Am), 2,078(Am), 2088(Am) or 2,096(Am). Examplesofdifferencesat

these aminoacid positions include, but are not limited to, one or moreofthe following: the

amino acid at position 1,781(Am)is other.than isoleucine; the amino acid at position

1,999(Am)is other than tryptophan; the amino acid at position 2,027(Am)is other than

tryptophan; the amino acid at position 2,041(4m) is other than isoleucine; the aminoacid at
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position 2,078(Am)is other than aspartate; the aminoacidat position 2088(4m) is other than

cysteine; or the aminoacid at position 2,096(Am)is other than glycine. In some

embodiments, the present invention providesa rice plant expressing an acetyl-Coenzyme A

carboxylase enzyme comprising an amino acid sequence that comprises one or moreofthe

following: the aminoacid at position 1,781(Am)is leucine or alanine; the amino acid at

position 1,999(Am)is cysteine; the aminoacid at position 2,027(Am) is cysteine; the amino

acid at position 2,041(Am) is asparagine; the aminoacidat position 2,078(Am) is glycine; the

amino acidat position 2088(Am) is arginine or the amino acidat position 2,096(Am)is

alanine.

[0008] Thepresent invention also provides methods ofproducing herbicide-tolerant

plants and plants produced by such methods. An exampleofa plant produced by the

methodsof the invention is an herbicide-tolerant rice plant which is tolerant to at least one

herbicide that inhibits acetyl-Coenzyme A carboxylaseactivity at levels of herbicide that

would normally inhibit the growth ofsaid plant, wherein the herbicide-tolerantplantis

produced by: a) obtainingcells from a plantthat is not tolerant to the herbicide;b)

contacting the cells with a medium comprising one or more acetyl-Coenzyme A carboxylase

inhibitors; and c) generating an herbicide-tolerant plant from the cells. Herbicide-tolerant

plants produced by methodsofthe invention include, but are not limited to, herbicide-

tolerant plants generated by performing a), b) and c) above and progeny ofa plant generated

by performing a), b), and c) above. In one embodiment,cells used to practice methods of
this type will be in the form ofa callus.

[0009] Thepresent invention provides plants expressing acetyl-Coenzyme A carboxylase

enzymes comprising defined amino acid sequences. For example, the present invention

providesa rice plant, wherein one or more of the genomesofsaid rice plant encode a protein

comprising a modified version of one or both of SEQ ID NOs:2 and 3, wherein the sequence

is modified suchthat the encoded protein comprises oneor moreofthe following: the amino

acid at position 1,781(Am) is leucine or alanine; the aminoacid atposition 1,999(Am)is

cysteine;the aminoacid at position 2,027(Am)is cysteine; the aminoacid at position
2,041(Am) is asparagine; the amino acid at position 2,078(Am) is glycine; the aminoacid at

position 2088(Am)is arginine or the aminoacid at position 2,096(Am)is alanine. Table 3
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below provides an alignmentof the Alopecurus myosuroides acetyl-Coenzyme A carboxylase

sequence (SEQ ID NO:1), the Oryza sativa Indical acetyl-Coenzyme A carboxylase

sequence (SEQ ID NO:2)and the Oryza sativa Japonica acetyl-Coenzyme A carboxylase

sequence (SEQ ID NO:3) with examples ofpositions where the wild type sequences may

differ with sequences of the invention indicated.

[0010] In another embodiment, the present invention comprises seeds deposited in an

acceptable depository in accordance with the Budapest Treaty, cells derived from such seeds,

plants grown from such seedsandcells derived from such plants, progeny of plants grown

from such seed and cells derived from such progeny. The growth ofplants produced from

deposited seed and progeny ofsuch plants will typically be tolerant to acetyl-Coenzyme A

carboxylase-inhibiting herbicides at levels of herbicide that would normally inhibit the

growth of a corresponding wild-type plant. In one embodiment, the present invention

providesa rice plant grown from a seed having ATCC accession number PTA-10267. The

present invention also encompasses mutants, recombinants, and/or genetically engineered

derivatives of the plant grown from a seed having ATCCaccession number PTA-10267as

well as any progenyofthe plant grown from a seed having ATCCaccession number PTA-

10267 so long as such plants or progeny havethe herbicide tolerance characteristics of the

plant grown from a seed having ATCC accession number PTA-10267. The present invention

also encompassescells cultured from such seeds and plants and their progeny produced from
the cultured cells.

[0011] Anherbicide-tolerant plant of the invention may be a memberofthe species O.

sativa. Herbicide-tolerant plants of the invention are typically tolerant to

aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides, phenylpyrazoline

herbicides or combinations thereofat levels of herbicide that would normally inhibit the

growth of a corresponding wild-typeplant, for example,a rice plant. In some embodiments,

an herbicide-tolerant plant of the invention is not a GMO-plant. The present invention also

provides an herbicide-tolerantplant that is mutagenized, for example, a mutagenized rice
plant. The present invention also encompassescells derived from the plants and seedsofthe |
herbicide-tolerant plants described above.
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[0012] The present invention provides methods for controlling growth of weeds. In one

embodiment, the present invention provides a method of controlling growth of weedsin

vicinity to rice plants. Such methods may comprise applying to the weedsandrice plants an

amount of an acetyl-Coenzyme A carboxylase-inhibiting herbicidethat inhibits naturally

occurring acetyl-Coenzyme A carboxylaseactivity, wherein said rice plants comprise altered

acetyl-Coenzyme A carboxylaseactivity such that said rice plants are tolerant to the applied

amount ofherbicide. Methodsofthe invention may be practiced with any herbicidethat

interferes with acetyl-Coenzyme A carboxylaseactivity including, but not limited to,

aryloxyphenoxypropionateherbicides, cyclohexanedioneherbicides, phenylpyrazoline
herbicides or combinationsthereof.

[0013] The present invention provides a method for controlling growth of weeds in

vicinity to rice plants. One example of such methods may comprise applying one or more

herbicides to the weeds andto therice plants at levels of herbicide that would normally

inhibit the growth ofa rice plant, wherein at least one herbicide inhibits acetyl-Coenzyme A

carboxylase activity. Such methods maybe practiced with any herbicide that inhibits acetyl-

Coenzyme A carboxylase activity. Suitable examplesofherbicides that may be used in the

practice of methods of controlling weeds include, butare notlimited to,

aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides, phenylpyrazoline
herbicides or combinations thereof.

[0014] The present invention encompasses a method for controlling growth of weeds.

One example of such methods may comprise (a) crossing an herbicide-tolerant rice plant
with otherrice germplasm, and harvesting the resulting hybrid rice seed; (b) planting the
hybrid rice seed; and (c) applying one or more acetyl-CoenzymeA carboxylase-inhibiting

herbicidesto the hybrid rice and to the weedsin vicinity to the hybrid rice at levels of

herbicide that would normally inhibit the growth of a rice plant. Such methods may be
practiced with any herbicide that inhibits acetyl-Coenzyme A carboxylase activity. Suitable

examples of herbicides that may be usedin the practice of methods of controlling weeds

include, but are not limited to, aryloxyphenoxypropionate herbicides, cyclohexanedione

herbicides, phenylpyrazoline herbicides or combinations thereof.
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[0015] In another embodiment, the present invention includes a methodfor selecting

herbicide-tolerant rice plants. One example of such methods may comprise(a) crossing an

herbicide-tolerant rice plant with other rice germplasm,and harvesting the resulting hybrid

rice seed; (b) planting the hybrid rice seed; (c) applying one or more herbicides to the hybrid

rice at levels ofherbicide that would normally inhibit the growth of a rice plant, wherein at

least one of the herbicides inhibits acetyl-Coenzyme A carboxylase; and (d) harvesting seeds

from the rice plants to which herbicide has been applied. Such methods maybepracticed

with any herbicide that inhibits acetyl-Coenzyme A carboxylaseactivity. Suitable examples

of herbicides that may be usedin the practice ofmethods of controlling weeds include, but

are not limited to, aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,

phenylpyrazoline herbicides or combinationsthereof.

[0016] The present invention also encompasses a method for growing herbicide-tolerant

rice plants. One example of such a method comprises(a) planting rice seeds; (b) allowing

the rice seeds to sprout; (c) applying one or moreherbicides to the rice sprouts at levels of

herbicide that would normally inhibit the growth of a rice plant, wherein at least one of the

herbicides inhibits acetyl-Coenzyme A carboxylase. Such methods maybe practiced with

any herbicide that inhibits acetyl-Coenzyme A carboxylase activity. Suitable examples of

herbicides that may be used in the practice ofmethodsofcontrolling weeds include, but are

not limited to, aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides,

phenylpyrazoline herbicides or combinationsthereof.

[0017] In one embodiment, the present invention provides a seed of an herbicide-tolerant
rice plant. Such seed maybeusedto grow herbicide-tolerantrice plants, wherein a plant
grown from the seed is tolerant to at least one herbicide that inhibits acetyl-Coenzyme A

carboxylaseactivity at levels ofherbicide that would normally inhibit the growth ofa rice

plant. Examples of herbicides to which plants grown from seeds of the invention would be

tolerant include but are not limited to, aryloxyphenoxypropionate herbicides,

cyclohexanedioneherbicides, phenylpyrazoline herbicides or combinationsthereof.

[0018] In another embodiment, the present invention provides a seed ofa rice plant,

wherein a plant grown from the seed expresses an acetyl-Coenzyme A carboxylase (ACCase)

in which the amino acid sequencediffers from an amino acid sequence ofan acetyl-
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CoenzymeA carboxylase of a wild-type rice plant at one or moreof the following positions:

1,781(Am), 1,999(Am), 2,027(Am), 2,041(Am), 2,078(Am), 2088(Am) or 2,096(Am).

Examples of differences at these amino acid positions include, but are not limited to, one or

more of the following: the amino acid at position 1,781(Am)is other than isoleucine; the

aminoacid at position 1,999(4m)is other than tryptophan; the aminoacid at position

2,027(Am)is other than tryptophan; the aminoacid at position 2,041(Am) is other than

isoleucine; the aminoacid at position 2,078(Am)is other than aspartate; the amino acidat

position 2088(4m)is other than cysteine; or the amino acid at position 2,096(Am)is other

than glycine. In some embodiments,a plant grown fromaseed ofthe invention may

expresses an acetyl-Coenzyme A carboxylase enzyme comprising an amino acid sequence

that comprises one or moreofthe following: the aminoacid at position 1,781(Am)is leucine

or alanine; the aminoacid at position 1,999(Am)is cysteine; the amino acid at position

2,027(Am)is cysteine; the amino acid at position 2,041(Am) is asparagine; the aminoacid at

position 2,078(Am)is glycine; the amino acid at position 2088(Am)is arginine or the amino

acid at position 2,096(Am)is alanine.

.. [0019] The present invention encompasses seedsofspecific cultivars. One example of

such seedsis a seed ofrice cultivar Indical, wherein a representative sample of seed of said

cultivar was deposited under ATCC Accession No. PTA-10267. The present invention also

encompassesa rice plant, or a part thereof, produced by growing the seeds as well as a tissue

culture ofcells produced from the seed. Tissue cultures of cells may be produced from a
seed directly or from a part of a plant grown from a seed, for example, from the leaves,

pollen, embryos, cotyledons, hypocotyls, meristematic cells, roots, root tips, pistils, anthers,

flowers and/or stems. The present invention also includes plants and their progeny that have

been generated from tissue cultures of cells. Such plants will typically have all the

morphological and physiological characteristics of cultivar Indical.

[0020] The present invention also provides methods for producing rice seed. Such

methods may comprise crossing an herbicide-tolerantrice plant with other rice germplasm;

and harvesting the resulting hybrid rice seed, wherein the herbicide-tolerantrice plantis

tolerant to aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides,
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phenylpyrazoline herbicides or combinations thereofat levels of herbicide that would

normally inhibit the growth ofa rice plant.

[0021] The present method also comprises methods ofproducing F1 hybrid rice seed.

Such methods may comprise crossing an herbicide-tolerant rice plant with a different rice

plant; and harvesting the resultant F1 hybrid rice seed,wherein the herbicide-tolerant rice

plant is tolerant to aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides,

phenylpyrazoline herbicides or combinationsthereof at levels ofherbicide that would

normally inhibit the growth of a rice plant.

[0022] The present invention also provides methods of producing herbicide-tolerant rice

plants that may also comprise a transgene. One example of such a method may comprise

transforminga cell of a rice plant with a transgene, wherein the transgene encodesan acetyl-

Coenzyme A carboxylase enzyme that confers tolerance to at least one herbicide is selected

from the group consisting of aryloxyphenoxypropionate herbicides, cyclohexanedione

herbicides, phenylpyrazoline herbicides or combinations thereof. Any suitable cell may be
used in the practice of the methods of the invention, for example, the cell may be in the form

ofa callus. In some embodiments,the transgene may comprise a nucleic acid sequence

encoding an amino acid sequence comprising a modified version of one or both of SEQ ID

NOs: 2 and 3, wherein the sequence is modified such that the encoded protein comprises one

or more of the following: the amino acid at position 1,781(Am) is leucine or alanine; the

aminoacid at position 1,999(Am) is cysteine; the amino acid at position 2,027(Am)is

cysteine; the amino acid at position 2,041(Am) is asparagine; the amino acid at position

2,078(Am)is glycine; the aminoacid at position 2088(Am)is arginine or the aminoacid at

position 2,096(Am)is alanine. The present invention also encompassesplants produced by

such methods. Another example of a method ofproducing an herbicide-tolerantplant

comprising a transgene may comprise transforminga cell of a rice plant with a transgene

encoding an enzymethat confers herbicide tolerance, wherein the cell was produced from a

rice plant or seed thereof expressing an acetyl-Coenzyme A carboxylase enzymethat confers

tolerance to at least one herbicide is selected from the group consisting of

aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides, phenylpyrazoline

herbicides or combinations thereof. Any suitable cell may be usedin the practice ofthe
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methodsof the invention, for example, the cell may be in the form of a callus. The present

invention also encompassesherbicide-tolerant plants produced by such methods.

[0023] In one embodiment, the present invention comprises methods of producing

recombinant plants. An example of a method for producing a recombinantrice plant may

comprise transformingacell of a rice plant with a transgene, wherein the cell was produced

from a rice plant expressing an acetyl-Coenzyme A carboxylase enzymethat confers

tolerance to at least one herbicide is selected from the group consisting of

aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides, phenylpyrazoline

herbicides or combinations thereof. Any suitable cell may be used in the practice of the

methodsof the invention, for example, the cell may be in the form of a callus. A transgene

for use in the methodsofthe invention may comprise any desired nucleic acid sequence, for

example, the transgene may encode a protein. In one example, the transgene may encode an

enzyme, for example, an enzyme that modifies fatty acid metabolism and/or carbohydrate

metabolism. Examples of suitable enzymes include but are notlimited to,

fructosyltransferase, levansucrase, alpha-amylase, invertase and starch branching enzymeor

encoding an antisense of stearyl-ACP desaturase. The present invention also encompasses

recombinant plants produced by methodsofthe invention.

[0024] Methodsof the invention maybe used to producea plant, e.g., a rice plant, having

any desired traits. An example of such a method may comprise:(a) crossing a rice plant that

is tolerant to aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,

phenylpyrazoline herbicides or combinationsthereofat levels ofherbicide that would

normally inhibit the growth of a rice plant with a plant of anotherrice cultivar that comprises

the desired trait to produce progenyplants; (b) selecting one or more progenyplants that

havethe desired trait to produce selected progeny plants; (c) crossing the selected progeny

plants with the herbicide-tolerant plants to produce backcross progenyplants; (d) selecting

for backcross progenyplants that have the desired trait and herbicide tolerance; and (e)

repeating steps (c) and (d) three or moretimes in succession to produceselected fourth or

higher backcross progeny plants that comprise the desired trait and herbicide tolerance. Any

desired trait may be introduced using the methodsof the invention. Examplesoftraits that

maybedesired include, butare not limited to, male sterility, herbicide tolerance, drought
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toleranceinsect resistance, modified fatty acid metabolism, modified carbohydrate

metabolism and resistance to bacterial disease, fungal disease or viral disease. An example

of a method for producing a malesterile rice plant may comprise transforminga rice plant

tolerant to at least one herbicide that inhibits acetyl-Coenzyme A carboxylase activity at

levels of herbicide that would normally inhibit the growth ofa rice plant with a nucleic acid

molecule that confers male sterility. The present invention also encompasses malesterile

plants produced by such methods.

[0025] The present invention provides compositions comprising plant cells, forexample,

cells from a rice plant. One example of such a composition comprises one or morecells of a

rice plant; and an aqueous medium, wherein the medium comprises a compoundthat inhibits

acetyl-CoenzymeA carboxylaseactivity. In some embodiments, the cells may be derived

from a rice plant tolerant to aryloxyphenoxypropionate herbicides, cyclohexanedione

herbicides, phenylpyrazoline herbicides or combinations thereof at levels of herbicide that

would normally inhibit the growth of atice plant. Any compoundthat inhibits acetyl-
Coenzyme A carboxylase activity may be used in the compositionsof the invention, for

example, one or more of aryloxyphenoxypropionate herbicides, cyclohexanedione

herbicides, phenylpyrazoline herbicides and combinations thereof.

[0026] The present invention comprises nucleic acid molecules encoding all or a portion

of an acetyl-Coenzyme A carboxylase enzyme. In some embodiments,the invention

comprises a recombinant, mutagenized, synthetic, and/or isolated nucleic acid molecule

encoding a rice acetyl-Coenzyme A carboxylase (ACCase) in which the amino acid sequence

differs from an amino acid sequenceofan acetyl-Coenzyme A carboxylase of a wild-type

rice plant at one or moreofthe following positions: 1,781(Am), 1,999(Am), 2,027(Am),

2,041(Am), 2,078(Am), 2088(Am) or 2,096(Am). Examples of differences at these amino acid

positionsinclude, but are not limited to, one or more of the following: the aminoacid at

position 1,781(4m)is other than isoleucine; the aminoacid at position 1,999(Am)is other

than tryptophan; the aminoacid at position 2,027(Am)is other than tryptophan; the amino

acid at position 2,041(Am)is other than isoleucine; the aminoacid at position 2,078(Am) is

other than aspartate; the aminoacidat position 2088(Am)is other than cysteine; or the amino

acid at position 2,096(Am)is other than glycine. In some embodiments,a nucleic acid
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molecule of the invention may encode an acetyl-Coenzyme A carboxylase enzyme

comprising an amino acid sequence that comprises one or moreofthe following: the amino

acid at position 1,781(Am)is leucine or alanine; the aminoacid at position 1,999(Am)is

cysteine; the amino acid at position 2,027(Am)is cysteine; the aminoacid atposition

2,041(Am) is asparagine; the amino acid at position 2,078(Am)is glycine; the amino acid at

position 2088(Am)is arginine or the amino acid at position 2,096(Am)is alanine. In some

embodiments, the invention comprises a recombinant, mutagenized, synthetic, and/or.

isolated encoding a protein comprisingall or a portion of a modified version of one or both

of SEQ ID NOs:2 and 3, wherein the sequence is modified such that the encodedprotein

comprises one or more ofthe following: the amino acid at position 1,781(Am)is leucine or

alanine; the aminoacid at position 1,999(Am)is cysteine; the aminoacidat position

2,027(Am)is cysteine; the amino acid at position 2,041(Am)is asparagine; the aminoacidat

position 2,078(Am)is glycine; the amino acid at position 2088(Am)is arginine or the amino’

acid at position 2,096(Am)is alanine.

[0027] In one embodiment, the present invention provides an herbicide-tolerant, BEP

clade plant. Typically such a plant is one having increased tolerance to an ACCase-inhibitor

(ACCI) as compared to a wild-type variety of the plant. Such plants may be produced by a

process comprising either:

(1) the steps of

(a) providing BEP clade plant cells having a first, zero or non-zero level of

ACCTtolerance;

(b) growingthe cells in contact with a medium to form a cell culture;

(c) contacting cells of said culture with an ACCI;

(d) growing ACCI-contactedcells from step (c) to form a culture containing

cells having a level of ACCItolerance greater thanthefirst level of step

(a); and

(e) generating, from ACCI-tolerantcells of step (d), a plant having a level of

ACCItolerance greater than that of a wild-type variety of the plant; or

(II) the steps of

(f) providinga first, herbicide-tolerant, BEP clade plant having increased

tolerance to an ACCase-inhibitor (ACCI) as comparedto a wild-type
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variety of the plant, said herbicide-tolerant plant having been produced by

a process comprising steps (a)-(e); and

(g) producing from thefirst plant a second, herbicide-tolerant, BEP clade

plant that retains the increased herbicide tolerance characteristics of the

first plant;

thereby obtaining an herbicide-tolerant, BEP clade plant. In some embodiments, an

herbicide-tolerant plant of the invention may be a memberof the Bambusoideae-

Ehrhartoideae subclade. Any suitable medium for growingplant cells may be used in the

practice of the invention. In some embodiments, the medium may comprise a mutagen while

in other embodiments the medium does not comprise a mutagen. In some embodiments, an

herbicide-tolerant plant of the invention may be a memberofthe subfamily Ehrhartoideae.

Any suitable cells may be usedin the practice of the methodsofthe invention, for example,

the cells maybe in the form of a callus. In some embodiments, an herbicide-tolerant plant of

the invention may be a memberof the genus Oryza, for example, may be a memberofthe

species O. sativa.

[0028] The present invention includes herbicide-tolerant BEP clade plants produced by
the above method. Such herbicide-tolerantplants may express an acetyl-Coenzyme A
carboxylase (ACCase) in which the amino acid sequencediffers from an amino acid

sequence of an acetyl-Coenzyme A carboxylase of a corresponding wild-type BEP clade

plant at one or moreof the following positions: 1,781(Am), 1,999(Am), 2,027(Am),

2,041(Am), 2,078(Am), 2088(Am) or 2,096(4m). Examplesofdifferencesat these amino acid

positions include, but are not limited to, one or moreof the following: the aminoacid at

position 1,781(Am)is other than isoleucine; the aminoacid at position 1,999(Am)is other

than tryptophan; the amino acid at position 2,027(Am)is other than tryptophan; the amino

acid at position 2,041(Am) is other than isoleucine; the amino acidat position 2,078(Am) is

other than aspartate; the aminoacid at position 2088(4m)is other than cysteine; or the amino

acid at position 2,096(Am) is other than glycine. In some embodiments, an herbicide-tolerant

BEPclade plantofthe invention may expresses an acetyl-Coenzyme A carboxylase enzyme

comprising an amino acid sequence that comprises one or more ofthe following: the amino

acid at position 1,781(Am)is leucine or alanine; the aminoacid at position 1,999(Am) is
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cysteine; the aminoacid at position 2,027(Am)is cysteine; the aminoacid at position

2,041(Am)is asparagine; the amino acid at position 2,078(Am)is glycine; the amino acid at

position 2088(Am)is arginine or the amino acid at position 2,096(Am)is alanine.

[0029] Thepresent invention also encompasses herbicide-tolerant BEP cladeplants

produced by the process of(a) crossing or back-crossing a plant grown from a seed of an

herbicide-tolerant BEP clade plant produced as described above with other germplasm; (b)

growing the plants resulting from said crossing or back-crossing in the presence ofat least

one herbicide that normally inhibits acetyl-Coenzyme A carboxylase, at levels of the

herbicide that would normally inhibit the growth of a plant; and (c) selecting for further

propagation plants resulting from said crossing or back-crossing, wherein the plants selected

are plants that grow withoutsignificant injury in the presenceof the herbicide.

[0030] Thepresent invention also encompasses a recombinant, mutagenized, synthetic,

and/orisolated nucleic acid molecule comprising a nucleotide sequence encoding a

mutagenized acetyl-Coenzyme A carboxylase of a plantin the BEPcladeofthe Family
Poaceae, in which the amino acid sequenceof the mutagenized acetyl-Coenzyme A
carboxylase differs from an amino acid sequenceofan acetyl-Coenzyme A carboxylase of
the corresponding wild-type plant at one or more ofthe following positions: 1,781(Am),

1,999(Am), 2,027(Am), 2,041(Am), 2,078(Am), 2088(Am)or 2,096(4m). Such a nucleic acid
molecule may b produced by a process comprisingeither:

(I) the steps of .

(a) providing BEPclade plant cells havingafirst, zero or non-zero level of

ACCase-inhibitor (ACCI) tolerance;

(b) growingthe cells in contact with a medium to form a cell culture;

(c) contacting cells of said culture with an ACCT;

(d) growing ACCI-contacted cells from step (c) to form a culture containing

cells having a level of ACCI tolerance greater thanthefirst level of step

(a); and

(e) generating, from ACCI-tolerant cells of step (d), a plant having a level of

ACCItolerance greater than that of a wild-type variety ofthe plant; or

(ID the steps of
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(f) providinga first, herbicide-tolerant, BEP clade plant having increased

tolerance to an ACCase-inhibitor (ACCI) as compared to a wild-type

variety of the plant, said herbicide-tolerant plant having been produced by

a process comprising steps (a)-(e); and

(g) producing from the first plant a second, herbicide-tolerant, BEP clade

plant that retains the increased herbicide tolerance characteristics of the

first plant;

thereby obtaining an herbicide-tolerant, BEP clade plant; and

isolating a nucleic acid from the herbicide-tolerant BEP cladeplant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Figure 1 is a bar graph showingrelative growthrice calli derived from Oryza

sativa subsp. indica grownin the presenceofdifference selection levels ofherbicide. Figure

1A showstheresults obtained with tepraloxydim, Figure 1B showsthe results obtained with

sethoxydim, and Figure 1C showsthe results obtained with cycloxydim.

[0032] Figure 2 is a diagram of the selection process used to produce herbicide-tolerant

rice plants.

[0033] Figure 3 shows photographsofplants taken one week after treatment with

herbicide.

[0034] Figure 4 showsphotographsofplants taken two weeksafter treatment with

herbicide.

[0035] Figure 5 provides the GenBank record for acetyl-coenzyme A carboxylase from

Alopecurus myosuroides accession number CAC84161.

[0036] Figure 6 provides the GenBank record for the mRNA encoding acetyl-coenzyme

A carboxylase from Alopecurus myosuroides accession number AJ310767 region: 157..7119.

[0037] Figure 7A provides the nucleotide sequence encoding Oryza sativa Indica acetyl-
Coenzyme A carboxylase (SEQ ID NO:5).

[0038] Figure 7B provides the amino acid sequence of Oryza sativa Indica acetyl-

Coenzyme A carboxylase (SEQ ID NO:3).
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[0039] Figure 8A provides the nucleotide sequence encoding Oryza sativa Japonica

acetyl-Coenzyme A carboxylase (SEQ ID NO:6).

[0040] Figure 8B provides the amino acid sequence of Oryza sativa Japonica acetyl-

Coenzyme A carboxylase (SEQ ID NO:3).

[0041] Figure 9A provides the nucleotide sequence encoding Zea mays acetyl-Coenzyme

A carboxylase (SEQ ID NO:11).

[0042] Figure 9B provides the amino acid sequence of Zea mays acetyl-Coenzyme A

carboxylase (SEQ ID NO:12).

[0043] Figure 10A provides the nucleotide sequence encoding Zea mays acetyl-

Coenzyme A carboxylase (SEQ ID NO:13).

[0044] Figure 10B provides the amino acid sequence ofZea mays acetyl-Coenzyme A

carboxylase (SEQ ID NO:14).

[0045] Figure 11A provides the nucleotide sequence encoding Triticum aestivum acetyl-

Coenzyme A carboxylase (SEQ ID NO:15).

[0046] Figure 11B provides the amino acid sequenceof Triticum aestivum acetyl-

Coenzyme A carboxylase (SEQ ID NO:16).

[0047] Figure 12A provides the nucleotide sequence encoding Setaria italica acetyl-

Coenzyme A carboxylase (SEQ ID NO:17).

[0048] Figure 12B provides the amino acid sequence ofSetaria italica acetyl-Coenzyme

A carboxylase (SEQ ID NO:18).

[0049] Figure 13A provides the nucleotide sequence encoding Setaria italica acetyl-

Coenzyme A carboxylase (SEQ ID NO:19).

[0050] Figure 13B provides the amino acid sequence of Setariaitalica acetyl-Coenzyme

A carboxylase (SEQ ID NO:20).

[0051] Figure 14A provides the nucleotide sequence encoding Setaria italica acetyl-

Coenzyme A carboxylase (SEQ ID NO:21).
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[0052] Figure 14B provides the amino acid sequence of Setaria italica acetyl-Coenzyme

A carboxylase (SEQ ID NO:22).

[0053] Figure 15A provides the nucleotide sequence encoding Alopecurus myosuroides

acetyl-Coenzyme A carboxylase (SEQ ID NO:23).

[0054] Figure 15B provides the amino acid sequence ofAlopecurus myosuroides acetyl-

CoenzymeA carboxylase (SEQ ID NO:24).

[0055] Figure 16A provides the nucleotide sequence encoding Aegilops tauschii acetyl-

Coenzyme A carboxylase (SEQ ID NO:).

[0056] Figure 16B provides the amino acid sequence ofAegilops tauschii acetyl-

Coenzyme A carboxylase (SEQ ID NO:).

DETAILED DESCRIPTION OF THE INVENTION

[0057] Definitions

[0058] As used herein,“tolerant” or “herbicide-tolerant” indicates a plant or portion

thereof capable of growing in the presence of an amountofherbicide that normally causes

growth inhibition in a non-tolerant(e.g., a wild-type) plant or portion thereof. Levels of

herbicide that normally inhibit growth of a non-tolerant plant are known andreadily

determined by those skilled in the art. Examples include the amounts recommended by
manufacturers for application. The following table contains a list ofherbicides with the

maximum rate of herbicide that is typically applied. The maximumrate is an example ofan

amountofherbicide that would normally inhibit growth of a non-tolerant plant.

Table 1 List of Herbicides

Maximum

Red Rice Rate
ACCaseInhibitor Class Company_Example Trade Names Control [g ai/ha] Use
alloxydim DIM BASF Fervin, Kusagard, NP- 1000

48Na, BAS 9021H Good POST
butroxydim DIM Syngenta Falcon, ICI-A0500 Good 75 POST
clethodim DIM Valent Select, Prsim, RE-

45601 Good 280 POST

clodinafop- FOP Syngenta Discover, Topik, CGA
propargyl 184 927 - Unsure 80 POST
cycloxydim DIM BASF Focus, Laser, Stratos,

BAS 517H ~ Good 448 POST

cyhalofop-butyl FOP Dow Clincher, XDE 537, DEH None 310 POST
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112

diclofop-methyl FOP Bayer Hoegrass, Hoelon,
Illoxan, HOE 23408 Good 1120 POST

fenoxaprop-P- FOP Bayer Super Whip, Option
ethyl Super, Exel Super,

HOE-46360, Aclaim,
Puma S Partial 111 POST

fluazifop-P-butyl FOP Syngenta Fusilade, Fusilade 2000,
Fusilade DX, ICI-A
0009, ICI-A 0005, SL-
236, IH-773B, TF-1169 Good 210 POST

haloxyfop-etoty! FOP Dow Gallant, DOWCO 453EE Good 600 POST
haloxyfop- FOP Dow Verdict, DOWCO
methyl 453ME Good 600 POST
haloxyfop-P- FOP Dow Edge, DE 535
methyl Good 600 POST
metamifop FOP Dongbu NA None 201 POST
pinoxaden DEN Syngenta Axial Good 60 POST
profoxydim ‘DIM BASF Aura, Tetris, BAS 625H None 212 POST
propaquizafop FOP Syngenta Agil, Shogun, Ro 17-

3664 Good 150 POST

quizalofop-P- FOP DuPont Assure, Assure II, DPX-
ethyl Y6202-3, Targa Super,

NC-302 Good 112 POST

quizalofop-P- FOP Uniroyal Pantera, UBI C4874
tefuryl Good 412 POST
sethoxydim DIM BASF Poast, Poast Plus,

NABU,Fervinal, NP-55,
Sertin, BAS 562H Partial 560 POST

tepraloxydim DIM BASF BAS 620H, Aramo Good 60 POST
tralkoxydim . DIM Syngenta Achieve, Splendor, ICI-

A0604 Good 3400 POST

[0059] Asused herein, “recombinant”refers to an organism having genetic material from

different sources.

[0060] Asused herein, “mutagenized”refers to an organism having an altered genetic

material as comparedto the genetic materialof a corresponding wild-type organism, wherein
the alterations in genetic material were induced and/or selected by human action. Examples

of humanaction that can be used to produce a mutagenized organism include, but are not

limited to, tissue culture ofplant cells (e.g., calli) in sub-lethal concentrations ofherbicides

(e.g., acetyl-Coenzyme A carboxylase inhibitors such as cycloxydim or sethoxydim),

treatment ofplant cells with a chemical mutagen and subsequentselection with herbicides

(e.g., acetyl-CoenzymeA carboxylase inhibitors such as cycloxydim or sethoxydim); or by
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treatment of plant cells with x-rays and subsequent selection with herbicides(e.g., acetyl-

Coenzyme A carboxylase inhibitors such as cycloxydim or sethoxydim). Any method

knowninthe art may be used to induce mutations. Methods of inducing mutations may

induce mutations in random positionsin the genetic material or may induce mutations in

specific locations in the genetic material (i.e., may be directed mutagenesis techniques).

[0061] As used herein, a “genetically modified organism” (GMO)is an organism whose

genetic characteristics have been altered by insertion of genetic material from another source

organism or progenythereofthat retain the inserted genetic material. The source organism

maybeofa different type of organism (e.g., a GMO plant may contain bacterial genetic

material) or from the same type of organism (e.g., a GMO plant may contain genetic material

from anotherplant). As used herein, recombinant and GMOare considered synonyms and

indicate the presence of genetic material from a different source whereas mutagenized

indicates altered genetic material from a corresponding wild-type organism but no genetic

material from another source organism.

[0062] Asused herein,“wild-type” or “corresponding wild-type plant” means the typical

form of an organism orits genetic material, as it normally occurs, as distinguished from

mutagenized and/or recombinant forms.

[0063] Plants

[0064] Thepresent invention provides herbicide-tolerant monocotyledonousplants of the

grass family Poaceae The family Poaceae maybe divided into two majorclades, the clade

containing the subfamilies Bambusoideae, Ehrhartoideae, and Pooideae (the BEP clade) and
the clade containing the subfamilies Panicoideae, Arundinoideae, Chloridoideae,

Centothecoideae, Micrairoideae, Aristidoideae, and Danthonioideae (the PACCMADclade).

Thepresent invention relates to plants of the BEPclade,in particular plants of the

subfamilies Bambusoideae and Ehrhartoideae. Plants of the invention are typically tolerant

to at least one herbicide that inhibits acetyl-Coenzyme A carboxylase activity as a result of

expressing an acetyl-Coenzyme A carboxylase enzymeofthe invention as described below.

[0065] In one embodiment, the present invention provides herbicide-tolerant plants of the

Bambusoideae subfamily. Such plants are typically tolerant to one or more herbicides that

inhibit acetyl-Coenzyme A carboxylaseactivity. Examples of herbicide-tolerant plants of the
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subfamily Bambusoideaeinclude, butare not limited to, those of the genera Arundinaria,

Bambusa, Chusquea, Guadua, and Shibataea.

[0066] In one embodiment, the present invention provides herbicide-tolerant plants of the

Ehrhartoideae subfamily. Such plants are typically tolerant to one or more herbicides that

inhibit acetyl-CoenzymeA carboxylase activity. Examples ofherbicide-tolerantplants of the

subfamily Ehrhartoideae include, but are not limited to, those of the genera Erharta, Leersia,

Microlaena, Oryza, and Zizania.

[0067] In one embodiment, herbicide-tolerant plants of the inventionare rice plants.

Twospecies of rice are most frequently cultivated, Oryza sativa and Oryza glaberrima.

Numeroussubspecies of Oryza sativa are commercially important including Oryza sativa

subsp. indica, Oryza sativa subsp. japonica, Oryza sativa subsp. javanica, Oryza sativa

subsp. g/utinosa (glutinous rice), Oryza sativa Aromatica group (basmati), and Oryza sativa

Floating rice group. The present invention encompassesherbicide-tolerant plants in all of the

aforementioned species and subspecies.

[0068] In addition to being able to tolerate herbicides that inhibit acetyl-Coenzyme A

carboxylase activity, plants of the invention mayalso be able to tolerate herbicides that work

on other physiological processes. For example, plants of the invention may be tolerant to

acetyl-Coenzyme A carboxylase inhibitors and also tolerant to other herbicides, for example,

enzymeinhibitors. Examples of other enzymeinhibitors to whichplants of the invention

may betolerant include,butare not limited to, inhibitors of 5-enolpyruvylshikimate-3-

phosphate synthase (EPSPS)such as glyphosate, inhibitors of acetohydroxyacid synthase

(AHAS) such as imidazolinone and sulfonamide herbicides, and inhibitors of glutamine
synthase such as glufosinate. In addition to enzyme inhibitors, plants of the invention may

also be tolerant of herbicides having other modesofaction, for example, auxin growth

regulators, chlorophyll/carotenoid pigmentinhibitors, cell membrane destroyers,

photosynthetic inhibitors, cell division inhibitors, root inhibitors, shoot inhibitors, and

combinationsthereof.

[0069] The present invention also encompasses progenyofthe plants ofthe invention as

well as seeds derived from the herbicide-tolerant plants of the invention and cells derived

from the herbicide-tolerant plants of the invention.
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The present invention provides plants expressing acetyl-Coenzyme A carboxylase

enzymes with amino acid sequences that differ from the amino acid sequenceofthe acetyl-

CoenzymeA carboxylase enzyme found in the corresponding wild-type plant. For ease of

understanding, the aminoacid numbering system usedherein will be the numbering system

used for the acetyl-Coenzyme A carboxylase from Alopecurus myosuroides [Huds.] (also

referred to as black grass). The mRNA sequence encoding the A. myosuroides acetyl-

Coenzyme A carboxylase is available at GenBank accession number AJ310767 and the

protein sequenceis available at GenBank accession no. CAC84161 both of which are

specifically incorporated herein by reference. The numberof the aminoacid referred to will

be followed with (Am)to indicate the amino acid in the Alopecurus myosuroides sequence to

which the amino acid corresponds. The following table provides the amino acid sequence of

Alopecurus myosuroides acety|-Coenzyme A carboxylase.

[0072] Table 2 Alopecurus myosuroides acetyl-Coenzyme A carboxylase amino acid

sequence GenBank accession no. CAC84161. Aminoacidsthat by be altered in the acetyl-

Coenzyme A carboxylase enzymesofthe invention are indicted in bold double underline.
1

61
121

181

241

301

361
421

481
541

601
661

721
781

841

901
961

1021

1081
1141

1201

1261

1321

1381
1441

1501

MGSTHLPIVG

DPAGHGOQSTR
KVYEFCTELG
INAEHIRTAD

AKGIVFLGPP

ACVTTADEAV

MRLASQSRHL
RRLAKAVGYV

IPLWQIPEIR
GFKPTGGKVK

LKETQTRGET
YKTITTNAET

NGSLIEANVQ
TPCKLLRFLI

LDLDDPSAVK

LVWCLDTPAL

TIEENLACVS
ITQSDVIERLR
SLNHKRYYKL

GDLVTAPLPV

EFTEGNHEKR

DSGDNDQAOD
CYEEEPILRH

FRTLVRQPSA

MYLCILKEQK
VKLKLVSDGP

FNASTTPSLS

QGLAGIIDLP
GKTPIHSVLV

QFVEVPGGTN
ASSMNALGDK

ASCOMIGYPA

EVOLLCDEYG
GAATVEYLYS
RFYGMDNGGG
EISFKSKPNV

HTNVDYTVDL

VSEYVSYLIK

TLCDGGLLMQ
ADGAHVDADV

RAEPFEGSFP

PFLQWEELMS
EKEMVTIERL

LOYSKDLOKV
ALKASELLEQ
EDALVSLFDC
LGAMVILKSL

KMDKLSFVLK

VEPPLSALLE
GNRFTSDHIT

LLDLVPVSGN

ASGSWRVVTT

TLROINSAAA
KEGASAPDVD

ANNGMAAAKF

NNNYANVQLI

VGSALIAQAA
MIKASWGGGG
NVAALHSRDC
METGEYYFLE

YDIWRKTAAL

WGYFSVKSGG

LNAPDFRENT

GQIPPKHISL
LDGNSHVIYA
PYAEVEVMKM

EMSLPIAASG
VLATRLPRRL

VDPLMSLLKS
VDIVLSHOGV
TKLSELRTSI

TDQTLOORVI
ESVSTAIGAA

QDVVMADLRA
LDKLKVKGYN

DVEVGHAEEP

TVVDVGQDEA
NVTGHTCTVD

AFQSSSPSRS
ISHGSEDHKA

MRSVRTWAND

VEIAERTGVS

GVPTLAWSGS

KGIRKVNNDD

SVQRRHOKII
LNPRLOVEHP
ATPFNFDEVD

GIHEFADSQOF
IHTGWLDTRI
VHSTISLNIE

EEEAGGTRLL

CMPLLSPAAG

QVHKRCAASL
KSELEGKYNE
YEGGRESHAH

RNKTKLILAL

ARNLSALDMF

QTYISRLYOP
LKDASHYASS

ADVKVVSCIV

EMKYTPSRDR

LSFTSSSILK

TACSLLKEMA

IYREVEDTES

20

SKKKSRRVKS

SYOMNGTLNE

TFGSEKAIOQL
AVWPGWGHAS

HVEIPLELCL

EVKALFKQVO
EEGPVTVAPR
VTESTAEVNL

SQWPKGHCVA
GHVFAYGETR

AMRVQAERPP
ESKYTIEIVR

IDGKTCLLON
VINVLLSEGQ
NAARMVLAGY
YKLNVDHVKT

FIVKSLFEEY
MEKLVYPNPA

TEEKADFSLQ

QLVKDSIQLK
AGNTVHTALL

QRDGAIMPMR

QWHIYTLRNT
SLKIAKEELE

LKIHELVGAR

QOKLVYHSTAL

IRDDGDGSVP

SHNGRHASLS

ITAMATPEDMR

ENPELPDALT

DSIPEEMYRK

GEVPGSPIFI

ETVKELEQAA

PAAQVAVGMG
VRITSENPDD

SAATITSMSLA
WYISVVGGAL

SGOQGSYRLRL
DHDPSRLLAE

AMQAGDLIAR

DHAANKVVQD
KDFPTEMLRE

LSVEELFSDG

AYRDQLIRFS
DRKLAINESM

YODSGVIALW
DADTOLNTTE
RTFLLSEEKL

ENPKMLHRVF

LHATRTGHSH

MHHLSVCQWE
SSGPLHGVAL
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1561

1621

1681
1741

1801

1861

1921
1981

2041

2101

2161
2221

2281

[0073]

NTSYQPLSVI
EKNGSWGTPI
DAFFEAVTNL

EDHDRIGSSV

LTFVTGRTVG

TNGVVHLTVP

ISGIDDSQGK
DPGQPDSHER

ILQAGSTIVE
PQGLIEIKFR
TQTAVRFAEL
FPHKSAIELI

DVAGSSSDLQ

DLKRCSARNN

IPMQRAAGLN
ACEKKLPLIY

IAHKMQLDSG
IGAYLARLGI

DDLEGVSNIL

WLGGMFDKDS

SVPRAGQVWF
NLRTYNQPAF
SEELKECMGR

HDTSLRMAAK
KKWYLASEAA

ALPQGLSMLL

KTTYCYDFPL

DIGMVAWILD

LAANSGARIG
EIRWVIDSVV

RCIQRIDQPI
RWLSYVPANT

FVETFEGWAK

PDSATKTAQA
VYIPKAAELR

LDPELIDLKA
GVIRKVVDWE

AAGSTDWDDD

DKMDPSKRAQ

TFEAAVOKSW
MSTPEFPSGR

TADEVKSCFR
GKEDGLGVEN

ILTGFSALNK

GGPLPITKSL

TVVTGRAKLG
MLDFNREGLP

GGAWVVIDSK
RLQGANGSLS
DSRSFFYKRL
DAFVAWRENP
FIBEVMKVLK

SNISSENNQC

QLIVIANDIT
VGWIDDSSPE

IHGSAAIASA
LLGREVYSSH
DPIDRPVAYI

GIPVGVIAVE

LFILANWRGF
INPDRIECYA
DGESLQKSIE
RRRLSEDVLA

ENYKEYIKEL

B248 1010.P1

YVKATELVFA

FRAGSFGPRE

RGFRYITYMTD
YSRAYEETFT

MOQLGGPKIMA
PENTCDPRAA

TOTMMOLVPA
SGGQRDLFEG

ERTAKGNVLE
ARKKQLLPLY
KETIRGVIGEK

RAQRVSRLLS

The amino acid sequences of wild-type Oryza sativa Indica (OSI) and Oryza

sativa Japonica (OSJ) acetyl-Coenzyme A carboxylase is provided in the followingtable.

[0074] Table 3 Amino acid sequence of wild-type Oryza sativa acetyl-Coenzyme A

carboxylases aligned with Alopecurus myosuroides acetyl-Coenzyme A carboxylase with

‘critical residues denoted.

Table 2 1 60

AmMACCI [CAC84161]

OSIACCI [BGIOSTBCE018385]

OsJACCI [EAZ33685]}

AMACCI [CAC84161]

OSIACCI [BGIOSIBCE018385]

OsJACCI [BAZ33685]

AmMACCI [CAC84161]

OSIACCI [BGIOSIBCE018385]

OsJACCI [EAZ33685]

AMACCI [CAC84161]

OSIACCI [BGIOSIBCE018385]

OsJACCI [EAZ33685]

AMACCI [CAC84161]

OSIACCI [BGIOSIBCE018385]

OsJACCI [EAZ33685]

AMACCI [CAC84161]

OSIACCI [BGIOSIBCE018385]

(1)

(1)

(1)

(61)

(58)

(58)

(116)

(116)

(116)

(176)

(176)

(176)

(236)

(236)

(236)

(296)

(296)

MGSTHLPIVGFNASTTPSLSTLROINSAAAAFQSSSPSRSSKKKSRRVKSIRDDGDGSVP

MTSTHVATLGVGAQAPPRHQ- - -KKSAGTAFVSSGSSRPSYRKNGQRTRSLREESNGGVS

MTSTHVATLGVGAQAPPRHQ-- -KKSAGTAFVSSGSSRPSYRKNGQRTRSLREESNGGVS

61 120

DPAGHGQS ITRQGLAGT IDLPKEGASAPDVDISHGSEDHKA-- - -- SYQMNGILNESHNGR

DSKKLNHS IRQGLAGIIDLPNDAAS- - EVDISHGSEDPRGPTVPGSYQMNGIINETHNGR

DSKKLNHS TRQGLAGIIDLPNDAAS- -EVDISHGSEDPRGPTVPGSYQMNGI INETHNGR

121 180

HASLSKVYEFCTELGGKTPIHSVLVANNGMAAAKEMRSVRTWANDTFGSEKATQLIAMAT

HASVSKVVEFCTALGGKTPIHSVLVANNGMAAAKFMRSVRTWANDTFGSEKAIQLIAMAT

HASVSKVVEFCTALGGKTPIHSVLVANNGMAAAKFMRSVRTWANDTFGSEKAIQLIAMAT

181 240

PEDMRINAEHTRIADQFVEVPGGTNNNNYANVQLIVELAERTGVSAVWPGWGHASENPEL

PEDLRINAEHTRIADQFVEVPGGTNNNNYANVQLIVEIAERTGVSAVWPGWGHASENPEL

PEDLRINABHIRIADQFVEVPGGTNNNNYANVQLIVETAERTGVSAVWPGWGHASENPEL

241 300

PDALTAKGIVFLGPPASSMNALGDKVGSALITAQAAGVPTLAWSGSHVEI PLELCLDSIPE

PDALTAKGIVFLGPPASSMHALGDKVGSALIAQAAGVPTLAWSGSHVEVPLECCLDSIPD

PDALTAKGIVFLGPPASSMHALGDKVGSALIAQAAGVPTLAWSGSHVEVPLECCLDSIPD

301 360

EMYRKACVTTADEAVASCQMIGYPAMIKASWGGGGKGIRKVNNDDEVKALFKQVQGEVPG

EMYRKACVTTTEEAVASCOVVGYPAMIKASWGGGGKGIRKVHNDDEVRTLFKQVQGEVPG
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OsJACCI [EAZ33685]} (296) EMYRKACVTTTEEAVASCOQVVGYPAMIKASWGGGGKGIRKVHNDDEVRTLFKQVQGEVPG

361 420

AmACCI [CAC84161] (356) SPIFIMRLASQSRHLEVQLLCDEYGNVAALHSRDCSVQRRHOKIIEEGPVIVAPRETVKE

OSTIACCI [BGIOSIBCE018385] (356) SPIFIMRLAAQSRHLEVQLLCDOYGNVAALHSRDCSVQRRHQKIIEEGPVIVAPRETVKE

OsJACCI [EAZ33685] (356) SPIFIMRLAAQSRHLEVQLLCDQYGNVAALHSRDCSVORRHQKI IEEGPVTVAPRETVEKE

421 480

AmACCI [CAC84161]} (416) LEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTES LAEVNLPAAQV

OSIACCI [BGIOSIBCE018385] (416) LEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTEWLAEVNLPAAQV

OsJACCI [EAZ33685] (416) LEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTEWIAEVNLPAAQV

481 540

AmACCI [CAC84161] (476) AVGMGIPLWQIPEIRRFYGMDNGGGYDIWRKTAALATPFNFDEVDSQWPKGHCVAVRITS
OSIACCI [BGIOSIBCE018385] (476) AVGMGIPLWQIPEIRRFYGMNHGGGYDLWRKTAALATPFNFDEVDSKWPKGHCVAVRITS

OsJACCI [EAZ33685] (476) AVGMGIPLWQTPEIRRFYGMNHGGGYDLWRKTAALATPFNFDEVDSKWPKGHCVAVRITS

541 600

AmACCI [CAC84161] (536) ENPDDGFKPTGGKVKEISFKSKPNVWGYFSVKSGGGIHEFADSQFGHVFAYGETRSAAIT

OSIACCI [BGIOSTBCE018385] (536) EDPDDGFKPTGGKVKELSFKSKPNVWAYFSVKSGGGIHEFADSQFGHVFAYGTTRSAAIT

OsJACCI [EAZ33685] (536) EDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSGGGIHEFADSQFGHVFAYGTTRSAAIT

601 660

AmACCI [CAC84161] (596) SMSLALKETQIRGELHTNVDYTVDLLNAPDFRENTIHTGWLDTRIAMRVQAERPPWYISV

OSIACCI [BGIOSIBCE018385] (596) TMALALKEVQIRGELHSNVDYTVDLLNASDFRENKIHTGWLDTRIAMRVQAERPPWYISV

OsJACCI [EAZ33685] (596) TMALALKEVQIRGEIHSNVDYTVDLLNASDFRENKIHTGWLDTRIAMRVQAERPPWYISV

661 720

AmACCI [CAC84161] (656) VGGALYKTITTNAETVSEYVSYLIKGQIPPKHISLVHSTISLNIEESKYTIELVRSGQGS

OSIACCI [BGIOSIBCE018385} (656) VGGALYKTVTANTATVSDYVGYLTKGQIPPKHISLVYTTVALNIDGKKYTIDTVRSGHGS

OsJACCI [(EAZ33685] (656) VGGALYKTVTANTATVSDYVGYLTKGQI PPKHISLVYTTVALNIDGKKYTIDTVRSGHGS

721 780

AmACCI [CAC84161] (716) YRLRLNGSLIEANVQTLCDGGLLMQLDGNSHVIYAEEEAGGTRLLIDGKTCLLONDHDPS

OSIACCI [BGIOSIBCE018385] (716) YRLRMNGSTVDANVQLLCDGGLLMQLDGNSHVIYAEEEASGTRLLIDGKTCMLONDHDPS

OsdJACCI [FAZ33685] (716) YRLRMNGSTVDANVQILCDGGLLMQLDGNSHVIYABEEASGTRLLIDGKTCMLONDHDPS

781 840

AmACCI [CAC84161] (776) RLLAETPCKLLRPLIADGAHVDADVPYAEVEVMKMCMPLLS PAAGVINVLLSEGQAMQAG

OSIACCI [BGIOSIBCE018385] (776) KLLAETPCKLLRFLVADGAHVDADVPYAEVEVMKMCMPLLS PASGVIHVVMSEGQAMQAG

OsJACCI [EAZ33685] (776) KLLAETPCKLLRFLVADGAHVDADVPYAEVEVMKMCMPLLS PASGVLHVVMSEGQAMQAG

841 900

AmACCI [CAC84161] (836) DLIARLDLDDPSAVKRAEPFEGSFPEMSLPIAASGQVHKRCAASLNAARMVLAGYDHAAN

OSIACCI [BGIOSIBCE018385] (836) DLIARLDLDDPSAVKRAEPFEDTFPQMGLPIAASGQVHKLCAASLNACRMILAGYEHDID

OsJACCI [EAZ33685] (836) DLIARLDLDDPSAVKRAEPFEDTFPQMGLPIAASGQVHKLCAASLNACRMILAGYEHDID
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901 : 960

AmACCI [CAC84161] (896) KVVQDLVWCLDTPALPFLQWEELMSVLATRLPRRLKSELEGKYNEYKLNVDHVKIKDFPT

OSIACCI [BGIOSIBCE018385] (896) KVVPELVYCLDTPELPFLQWEELMSVLATRLPRNLKSELEGKYEEYKVKFDSGIINDFPA

OSJACCI [EAZ33685] (896) KVVPELVYCLDTPELPFLQWEELMSVLATRLPRNLKSELEGKYEEYKVKFDSGLIINDFPA

961 1020

AMACCI [CAC84161] (956) EMLRETIEENLACVSEKEMVTIERLVDPLMSLLKSYEGGRESHAHFIVKSLFEEYLSVEE

OSIACCI [BGIOSIBCE018385] (956) NMLRVILTEENLACGSEKEKATNERLVEPLMSLLKSYEGGRESHAHFVVKSLFEEYLYVEE

OsJACCI [BAZ33685] (956) NMLRVITEENLACGSEKEKATNERLVEPLMSLLKSYEGGRESHAHFVVKSLFEEYLYVEE

1021 1080

AmACCI [CAC84161] (1016) LFSDGIQSDVIERLRLQYSKDLQKVVDIVLSHQGVRNKTKLILALMEKLVYPNPAAYRDQ

OSIACCI [BGIOSIBCE018385] (1016) LFSDGIQSDVIERLRLQHSKDLOKVVDIVLSHQSVRNKTKLILKLMESLVYPNPAAYRDQ

OSJACCI [EAZ33685] (1016) LFSDGIQSDVIERLRLQHSKDLOKVVDIVLSHQSVRNKTKLILKLMESLVYPNPAAYRDQ

1081 1140

AmACCI [CAC84161] (1076) LIRFSSLNHKRYYKLALKASELLEQTKLSELRTS [ARNLSALDMF'TEEKADFSLODRKLA

OSIACCI [BGIOSIBCE018385] (1076) LIRFSSLNHKAYYKLALKASELLEQTKLSELRARIARSLSELEMFTEESKGLSMHKREIA

OSJACCI [EAZ33685] (1076) LIRFSSLNHKAYYKLALKASELLEQTKLSELRARLARSLSELEMFTEESKGLSMHKREIA

1141 1200

AmACCI [CAC84161] (1136) INESMGDLVTAPLPVEDALVSLFDCTDQTLOQQRVIQTYISRLYQPQLVKDSIOLKYQDSG

OSIACCI [BGIOSIBCE018385] (1136) IKESMEDLVTAPLPVEDALISLFDCSDTTVQQRVIETYIARLYQPHLVKDSIKMKWIESG

OsJACCI [BAZ33685] (1136) IKESMEDLVTAPLPVEDALISLFDCSDTTVQQRVIETYIARLYQPHLVKDS LKMKWLIESG

1201 1260

AMACCI [CAC84161] (1196) VIALWEFTEGNHEKR-- ~-------LGAMVILKSLESVSTAIGAALKDASHYASSAGNTV

OSIACCI [BGIOSIBCEH018385] (1196) VIALWEFPEGHFDARNGGAVLGDKRWGAMVIVKSLESLSMAIRFALKETSHYTSSEGNMM

OsJACCI [EAZ33685] (1196) VIALWEFPEGHFDARNGGAVLGDKRWGAMVIVKSLESLSMAIRFALKETSHYTSSEGNMM

1261 1320

AmACCI [CAC84161] (1246) HIALLDADTQLNTTEDSGDNDQAQDKMDKLSFVLKQDVVMADLRAADVKVVSCIVQRDGA

OSIACCI [BGIOSIBCE018385] (1256) HIALLGADNKMHIIQESG- - -DDADRIAKLPLILKDN- -VIDLHASGVKTISFIVQRDEA

OsJACCI [EAZ33685] (1256) HIALLGADNKMHIIQESG- - -DDADRIAKLPLILKDN- -VIDLHASGVKTISFIVQRDEA

1321 1380

AmACCI [CAC84161] (1306) IMPMRRTFLLSEEKLCYEEEPILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIY

OSIACCI [BGIOSIBCE018385] (1311) RMTMRRTFLWSDEKLS YEEEPILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIY

OsJACCI [EAZ33685] (1311) RMTMRRTFLWSDEKLSYEEEPILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIY

1381 1440

AmACCI [CAC84161] (1366) TLRNTENPKMLHRVFFRTLVRQPSAGNRFTSDHITDVEVGHAEEPLSFTSSSILKSLKIA

OSIACCI [BGIOSIBCE018385] (1371) TLRNTENPKMLHRVFFRTLVROPSVSNKFSSGQIGDMEVGSAEEPLSFTSTSILRSLMTA

OsJACCI [BAZ33685] (1371) TLRNTENPKMLHRVFFRTLVRQPSVSNKFSSGQIGDMEVGSAEEPLSFTSTSILRSLMTA

1441 1500

AmACCI [CAC84161] (1426) KEBLELHATRTGHSHMYLCILKEQKLLDLVPVSGNTVVDVGQDEATACSLLKEMALKIHE
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OSIACCI [BGIOSIBCE018385] (1431) IEELELHALRTGHSHMYLHVLKEQKLLDLVPVSGNTVLDVGQDEATAYSLLKEMAMKIHE

OsJACCI [EAZ33685] (1431) ITEELELHAIRTGHSHMYLHVLKEQKLLDLVPVSGNTVLDVGQDEATAYSLLKEMAMKIHE

1501 1560

AMACCI [CAC84161] (1486) LVGARMHHLSVCQWEVKLKLVSDGPASGSWRVVTTNVIGHTCTVDIYREVEDTESQKLVY

OSIACCI [BGIOSIBCE018385] (1491) LVGARMHHLSVCQWEVKLKLDCDGPASGTWRIVTTNVTSHTCTVDIYREMEDKESRKLVY

OsJACCI [EAZ33685] (1491) LVGARMHHLSVCQWEVKLKLDCDGPASGTWRIVTTNVTSHTCTVDIYREMEDKESRKLVY

1561 1620

AMACCI [CAC84161] (1546) HSTALSSGPLHGVALNTSYQPLSVIDLKRCSARNNKTTYCYDFPLTFEAAVOKSWSNISS

OSIACCI [BGIOSIBCE018385] (1551) HPATPAAGPLHGVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETAVRKSWSSSTS

OSJACCI [EAZ33685] (1551) HPATPAAGPLHGVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETAVRKSWSSSTS

1621 1680

AmACCI [CAC84161] (1606) ------ENNQCYVKATELVFAEKNGSWGTPIIPMQRAAGLNDIGMVAWLLDMSTPEFPSG

OSIACCI [BGIOSIBCE018385] (1611) GASKGVENAQCYVKATELVFADKHGSWGTPLVQMDRPAGLNDIGMVAWTLKMSTPEFPSG

OsJACCI [EAZ33685] (1611) GASKGVENAQCYVKAT------------- ELVQMDRLAGLNDIGMVAWTLKMSTPEFLSG

1681 1740

AmACCI [CAC84161] (1660) RQLIVIANDITFRAGSFGPREDAFFEAVINLACEKKLPLIYLAANSGARIGIADEVKSCF

OSIACCI [BGIOSIBCE018385] (1671) RELIVVANDITFRAGSFGPREDAFFEAVINLACEKKLPLIYLAANSGARIGIADEVKSCF

OsJACCI [EAZ33685] (1658) RELIVVANDITFRAGSFGPREDAFFEAVTINLACEKKLPLIYLAANSGARIGIADEVKSCF

1741 1800

AmACCI [CAC84161] (1720) RVGWIDDSSPERGFRYLYMTDEDHDRIGSSVIAHKMQLDSGEIRWVIDSVVGKEDGLGVE

OSIACCI [BGIOSIBCE018385] (1731) RVGWSDDGSPERGFOYLYLSEEDYARIGTSVIAHKMQLDSGELRWVIDSVVGKEDGLGVE

OsJACCI [EAZ33685] (1718) RVGWSDDGSPERGFQYLYLSEEDYARIGTSVIAHKMQLDSGEIRWVIDSVVGKEDGLGVE

1801 1860

AmACCI [CAC84161] (1780) NIHGSAAITASAYSRAYEETFTLTFVTGRTIVGIGAYLARLGIRCIQRIDQPIILTGFSALN

OSIACCI [BGIOSIBCE018385] (1791) NIHGSAATASAYSRAYKETFTLTFVTGRTIVGIGAYLARLGIRCIORLDQPILLTGYSALN

OSJACCI [EAZ33685] (1778) NIHGSAATASAYSRAYKETFTLTFVTGRIVGIGAYLARLGIRCIQRLDQPILLTGYSALN
111781 (Am) L

1861 , 1920

AMACCI [CAC84161] (1840) KLLGREVYSSHMQLGGPKIMATNGVVHLTVPDDLEGVSNILRWLSYVPANIGGPLPITKS

OSIACCI [BGIOSIBCE018385] (1851) KLLGREVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPAYIGGPLPVTTP

OsJACCI [BAZ33685] (1838) KLLGREVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPAYIGGPLPVITP

1921 1980

AMACCI [CAC84161] (1900) LDPIDRPVAYI PENTCDPRAAISGIDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL

OSIACCI [BGIOSIBCE018385] (1911) LDPPDRPVAYIPENSCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL

OsJACCI [EAZ33685] (1898) LDPPDRPVAYIPENSCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL

1981 2040

AMACCI [CAC84161] (1960) GGIPVGVIAVETOTMMQLVPADPGQPDSHERSVPRAGQVWFPDSATKTAQAMLDFNREGL
OSIACCI [BGIOSIBCE018385] (1971) GGIPVGVIAVETOTMMQTIPADPGQLDSREQSVPRAGOQVWEPDSATKTAQALLDFNREGL
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OsJACCI [EBAZ33685] (1958) GGLIPVGVIAVETQOTMMQTIPADPGQLDSREQSVPRAGQVWFPDSATKTAQALLDFNREGL

W1999 (Am) Ct

2041 2100

AmACCI [CAC84161] (2020) PLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPKAAELRGGAWVVIDS
OSIACCI [BGIOSIBCE018385] (2031) PLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPMAAELRGGAWVVVDS

OsJACCI [EAZ33685] (2018) PLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPMAAELRGGAWVVVDS

W2027 (Am) Cr 12041 (Am) Nyt D2078 (Am) Gt

2101 2160

AmACCI [CAC84161] (2080) KINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELKECMGRLDPELIDLKARLQGAN-GS

OSIACCI [BGIOSIBCE018385]} (2091) KINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMSRLDPTLIDLKAKLEVANKNG
OsJACCI [EAZ33685] (2078) KINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMSRLDPTLIDLKAKLEVANKNG

C2088 (Am) Rt 1G2096(Am)A

2161 2220

AMACCI [CAC84161] (2139) LSDGESLQKSIBARKKQLLPLYTQIAVRFAELHDTSLRMAAKGVIRKVVDWEDSRSFFYK

OSIACCI [BGIOSIBCE018385] (2151) SADTKSLOQOENIEARTKQLMPLYTQIAIRFAELHDTSLRMAAKGVIKKVVDWEESRSFFYK

OsJACCI [BAZ33685] (2138) SADTKSLQOENIEARTKQLMPLYTQIALRFAELHDTSLRMAAKGVIKKVVDWEESRSFFYK

2221 2280

AMACCI [CAC84161] (2199) RLRRRLSEDVLAKEIRGVIGEKFPHKSALELIKKWYLASEAAAAGSTDWDDDDAFVAWRE

OSIACCI [BGIOSIBCE018385] (2211) RLRRRISEDVLAKEIRAVAGEQFSHQPAIELIKKWYSASHAA--- --EWDDDDAFVAWMD

OsJACCI [EAZ33685] (2198) RLRRRISEDVLAKETRAVAGEQFSHQPAIELIKKWYSASHAA--- ~~ EWDDDDAFVAWMD

2281 2340

AmACCI [CAC84161] (2259) NPENYKEYIKELRAQRVSRLLSDVAGSSSDLQALPQGLSMLLDKMDPSKRAQFIEEVMKV

OSIACCI [BGIOSIBCE018385] (2266) NPENYKDYIQYLKAQRVSQSLSSLSDSSSDLQALPQGLSMLLDKMDPSRRAQLVEEIRKV

OSJACCI [EAZ33685] (2253) NPENYKDYIQYLKAQRVSQSLSSLSDSSSDLQALPOGLSMLLDKMDPSRRAQLVEEIRKV

2341

AMACCI [CAC84161] (2319) LK

OSIACCI [BGIOSIBCE018385] (2326) LG

OsJACCI [EAZ33685] (2313) LG

[0075] In one embodiment, an acetyl-Coenzyme A carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at aminoacid position
1781(Am). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has an isoleucineat

position 1781(4m). Acetyl-Coenzyme A carboxylase enzymesof the invention will typically
have an amino acid other than isoleucineat this position. Suitable examples of aminoacids

that may befoundat this position in the acetyl-Coenzyme A carboxylase enzymesof the

invention include, but are not limited to, leucine and alanine. In one embodiment, an acetyl-

Coenzyme A carboxylase enzymeof the invention will have a leucineat 1781(Am).
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[0076] In one embodiment, an acetyl-Coenzyme A carboxylase of the invention differs

from the corresponding wild-type acetyl-CoenzymeA carboxylase at aminoacid position

1999(Am). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has a tryptophanat

position 1999(4m). Acetyl-Coenzyme A carboxylase enzymesof the invention will typically

have an aminoacid other than tryptophanat this position. Suitable examples of amino acids

that may be foundat this position in the acetyl-Coenzyme A carboxylase enzymesof the

invention include, but are not limited to, cysteine . In one embodiment, an acetyl-Coenzyme

A carboxylase enzyme ofthe invention will have a cysteine at 1999(Am).

[0077] In one embodiment, an acetyl-Coenzyme A carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at amino acid position

2027(Am). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has a tryptophan at

position 2027(Am). Acetyl-Coenzyme A carboxylase enzymesofthe invention will typically

have an aminoacid other than tryptophanatthis position. Suitable examples of amino acids

that may be foundat this position in the acetyl-Coenzyme A carboxylase enzymesofthe

inventioninclude, butare not limited to, cysteine. In one embodiment, an acetyl-Coenzyme

A carboxylase enzymeofthe invention will have a cysteine at 2027(Am).

[0078] In one embodiment, an acetyl-CoenzymeA carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at amino acid position

2041(Am). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has an isoleucine at

position 2041(A4m). Acetyl-Coenzyme A carboxylase enzymesofthe invention will typically

have an amino acid other than isoleucineat this position. Suitable examples of amino acids

that may be found atthis position in the acetyl-Coenzyme A carboxylase enzymesofthe

invention include, but are not limited to, asparagine. In one embodiment, an acetyl-

CoenzymeA carboxylase enzymeofthe invention will have an asparagine at 2041(Am).

[0079] In one embodiment, an acetyl-CoenzymeA carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at aminoacid position

2078(Am). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has an aspartate at

position 2078(Am). Acetyl-CoenzymeA carboxylase enzymes of the invention will typically
have an amino acid other than aspartate at this position. Suitable examples of amino acids

that may be foundatthis position in the acetyl-Coenzyme A carboxylase enzymesof the
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invention include, but are not limited to, glycine. In one embodiment, an acetyl-Coenzyme A

carboxylase enzymeofthe invention will have a glycine at 2078(Am).

[0080] In one embodiment, an acetyl-Coenzyme A carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at aminoacid position

2088(Am). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase hasa cysteine at

position 2088(4m). Acetyl-CoenzymeA carboxylase enzymesofthe invention will typically

have an aminoacid other than cysteineat this position. Suitable examples of amino acids

that may be found atthis position in the acetyl-Coenzyme A carboxylase enzymesofthe

invention include,butare not limited to, arginine. In one embodiment, an acetyl-Coenzyme

A carboxylase enzymeofthe invention will have an arginine at 2088(Am).

[0081] In one embodiment, an acetyl-Coenzyme A carboxylase of the invention differs

from the corresponding wild-type acetyl-CoenzymeA carboxylase at aminoacid position

2096(Am). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase hasa glycine at

position 2096(4m). Acetyl-Coenzyme A carboxylase enzymesofthe invention will typically

have an amino acid other than glycine at this position. Suitable examples of amino acidsthat
maybe foundatthis position in the acetyl-Coenzyme A carboxylase enzymesof the

invention include, but are not limited to, alanine. In one embodiment, an acetyl-Coenzyme A

carboxylase enzymeofthe invention will have an alanine at 2096(Am).

[0082] The present invention also encompasses acetyl-Coenzyme A carboxylase

enzymes with an amino acid sequencethat differs in more than one amino acid position from

that of the acetyl-Coenzyme A carboxylase enzymefoundin the corresponding wild-type

plant. For example, an acetyl-Coenzyme A carboxylase of the invention maydiffer in 2, 3,

4, 5, 6, or 7 positions from that of the acetyl-Coenzyme A carboxylase enzyme foundin the
corresponding wild-type plant.

[0083] In one embodiment, an acetyl-CoenzymeA carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at amino acid position

1781(Am)andat one or moreadditional aminoacid positions. Acetyl-Coenzyme A

carboxylase enzymesofthe invention will typically have a leucineor an alanineat position

1781(Am). In addition, enzymesof this embodiment will also comprise one or more of a

cysteine at position 1999(Am), a cysteine at position 2027(Am), an asparagineatposition
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2041(Am), a glycine at position 2078(Am), an arginine at position 2088(Am), and an alanine

at position 2096(Am). In one embodiment, an acetyl-CoenzymeA carboxylase of the

invention will have a leucineor an alanineat position 1781(Am)andacysteine at position

2027(Am). In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will

havealeucine oran alanineat position 1781(Am) and an asparagineat position 2041(Am).

In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will have a leucine

or an alanine at position 1781(4m) and an alanine at position 2096(4m). In one embodiment,

an acetyl-Coenzyme A carboxylase of the invention will have a leucine or an alanine at

position 1781(Am), a cysteine at position 2027(Am), and an asparagineat position 2041(Am).

In one embodiment, an acetyl-Coenzyme A carboxylaseofthe invention will have a leucine

or an alanineat position 1781(Am), a cysteine at position 2027(Am), an asparagine at position

2041(Am), and an alanine at position 2096(Am).

[0084] In one embodiment, an acetyl-Coenzyme A carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at amino acid position

1999(Am)andat oneor more additional aminoacid positions. Acetyl-Coenzyme A

carboxylase enzymesof the invention will typically have a cysteine at position 1999(Am). In

addition, enzymesof this embodimentwill also comprise one or more of a leucine oralanine

at position 1781(Am), a cysteine at position 2027(Am), an asparagineat position 2041(Am), a

glycine at position 2078(Am),an arginine at position 2088(4m), and an alanineat position

2096. In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will have a

cysteine at position 1999(4m)and a leucineoralanine at position 1781(Am)and a cysteine at

position 2027(Am). In one embodiment, an acetyl-Coenzyme A carboxylaseofthe invention

will have a cysteine at position 1999(4m)and a leucineoralanineat position 1781(4m) and

an asparagine at position 2041(A4m). In one embodiment, an acetyl-Coenzyme A carboxylase

of the invention will have a cysteine at position 1999(Am)and a leucine oralanine at position

1781(Am), a cysteine at position 2027(Am), and an.asparagine at position 2041(Am).

[0085] In one embodiment, an acetyl-Coenzyme A carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at amino acid position

2027(Am)andat one or more additional aminoacidpositions. Acetyl-Coenzyme A

carboxylase enzymesofthe invention will typically have a cysteine at position 2027(Am). In
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addition, enzymesofthis embodimentwill also comprise one or moreofa leucine or alanine

at position 1781(Am), a cysteine at position 1999(Am), an asparagine at position 2041(Am),a

glycine at position 2078(Am), an arginine at position 2088(Am), and an alanine at position

2096(Am). In one embodiment, an acetyl-CoenzymeA carboxylase of the inventionwill

have a cysteineat position 2027(Am)and a leucine or an alanine at position 1781(Am).

[0086] In one embodiment, an acetyl-Coenzyme A carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at aminoacid position

2041 (Am) andat one or moreadditional aminoacid positions. Acetyl-Coenzyme A

carboxylase enzymesofthe invention will typically have an isoleucine at position 2041(Am).

In addition, enzymesof this embodimentwill also comprise one or moreof a leucine or

alanineat position 1781(Am), a cysteine at position 1999(4m), a cysteine at position

2027(Am), a glycine at position 2078(Am), an arginineat position 2088(4Am), and an alanine

at position 2096(Am). In one embodiment, an acetyl-Coenzyme A carboxylaseofthe

invention will have an asparagine at position 2041(Am) anda leucine oralanine at position

1781(Am).

[0087] In one embodiment, an acetyl-CoenzymeA carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at aminoacid position

2078(Am)andat one or more additional aminoacid positions. Acetyl-Coenzyme A

carboxylase enzymesofthe invention will typically have a glycine at position 2078(4m). In

addition, enzymesof this embodimentwill also comprise one or moreofa leucineor alanine

at position 1781(4m), a cysteine at position 1999(Am),a cysteine at position 2027(Am), an

asparagine at position 2041(4m), an arginine at position 2088(Am), and an alanineatposition

2096(Am). In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will

have a glycine at position 2078(Am)anda leucineoralanineat position 1781(4m). In one

embodiment, an acetyl-Coenzyme A carboxylase ofthe invention will have a glycineat

position 2078(Am) and an alanineat position 2096(Am).

[0088] In one embodiment, an acetyl-Coenzyme A carboxylase of the invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at aminoacid position

2088(Am)and at one or moreadditional amino acid positions. Acetyl-Coenzyme A

carboxylase enzymesof the invention will typically have an arginine at position 2088(4m).
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In addition, enzymes of this embodiment will also comprise one or moreof a leucine or

alanine at position 1781(Am), a cysteine at position 1999(Am), a cysteineat position

2027(Am), an asparagine at position 2041(Am), a glycine at position 2078(Am), and an

alanine at position 2096(Am). In one embodiment, an acetyl-Coenzyme A carboxylaseofthe

invention will have an arginine at position 2088(Am) anda leucineor alanine at position

1781(Am). In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will

have an arginine at position 2088(Am) and an alanineat position 2096(Am).

[0089] In one embodiment, an acetyl-Coenzyme A carboxylase ofthe invention differs

from the corresponding wild-type acetyl-Coenzyme A carboxylase at aminoacid position

2096(Am)and at one or more additional amino acid positions. Acetyl-Coenzyme A

carboxylase enzymesof the invention will typically have an alanine at position 2096(Am). In

addition, enzymes of this embodimentwill also comprise one or more ofa leucine or alanine

at position 1781(Am), a cysteine at position 1999(Am),a cysteine at position 2027(Am), an

asparagine at position 2041(Am), a glycine at position 2078(Am), and an arginineat position

2088(Am). In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will

have an alanineat position 2096(Am)andaleucineor alanine at position 1781(Am). In one

embodiment, an acetyl-Coenzyme A carboxylase of the invention will have an alanineat

position 2096(Am)and an alanineat position 2096(Am).

[0090] Nucleic acid molecules

[0091] The present invention also encompasses nucleic acid molecules that encodeall or

a portion of the acetyl-Coenzyme A carboxylase enzymes described above. Nucleic acid

molecules of the invention may comprise a nucleic acid sequence encoding an amino acid

sequence comprising a modified version of one or both of SEQ ID NOs: 2 and 3, wherein the

sequenceis modified such that the encoded protein comprises one or more ofthe following:
the aminoacid at position 1,781(Am) is leucine or alanine; the aminoacidat position |

1,999(Am)is cysteine; the aminoacid at position 2,027(Am) is cysteine; the amino acid at

position 2,041(Am)is asparagine; the aminoacid at position 2,078(Am)is glycine; the amino

acid at position 2088(Am)is arginine or the aminoacid at position 2,096(Am)is alanine, as

well as nucleic acid molecules complementarytoall or a portion of the coding sequences. In
some embodiments, a nucleic acid molecule of the invention may encodean acetyl-
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Coenzyme A carboxylase having multiple differences from the wild type acetyl-Coenzyme A

carboxylase as described above.

[0092] In one embodiment, a nucleic acid molecule of the invention may encode an

acetyl-Coenzyme A carboxylase comprising a leucine or an alanine at position 1781(Am) and

a cysteine at position 2027(Am). In one embodiment, a nucleic acid molecule of the

invention may encode an acetyl-Coenzyme A carboxylase comprising a leucine or an alanine

at position 1781(Am) and an asparagineat position 2041(Am). In one embodiment, a nucleic

acid molecule of the invention may encode an acetyl-CoenzymeA carboxylase comprising a

leucine or an alanineat position 1781(Am) and an alanineat position 2096(4m). In one

embodiment, a nucleic acid molecule of the invention may encode an acetyl-Coenzyme A

carboxylase comprising a leucine or an alanine at position 1781(Am), a cysteineat position

2027(Am), and an asparagine at position 2041(Am). In one embodiment, a nucleic acid

molecule of the invention may encode an acetyl-Coenzyme A carboxylase comprising a

leucine or an alanine at position 1781(Am), a cysteine at position 2027(Am), an asparagine at

position 2041(Am), and an alanine at position 2096(4m).

[0093] A nucleic acid molecule of the invention may be DNA,derived from genomic

DNAor cDNA,or RNA. A nucleic acid molecule of the invention may benaturally

occurring or may be synthetic. A nucleic acid molecule of the invention maybeisolated,

recombinant and/or mutagenized.

[0094] In one embodiment, a nucleic acid molecule of the invention encodes an acetyl-

Coenzyme A carboxylase enzyme in which the amino acid at 1781(Am) is leucine or alanine

or is complementary to such a nucleic acid molecule. Such nucleic acid molecules include,

butare not limited to, genomic DNAthat servesas a template for a primary RNA

transcription, a plasmid molecule encoding the acetyl-Coenzyme A carboxylase, as well as

an mRNAencoding such an acetyl-Coenzyme A carboxylase.

[0095] Nucleic acid moleculesof the invention may comprise non-coding sequences,

which mayor maynotbe transcribed. Non-coding sequencesthat may be included in the

nucleic acid molecules of the invention include, but are not limited to, 5' and 3' UTRs,

polyadenylation signals and regulatory sequences that control gene expression (e.g.,

promoters). Nucleic acid moleculesof the invention may also comprise sequences encoding
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transit peptides, protease cleavagesites, covalent modification sites and the like. In one

embodiment, nucleic acid molecules of the invention encodea chloroplast transit peptide

sequencein addition to a sequence encoding an acetyl-Coenzyme A carboxylase enzyme.

[0096] In another embodiment, nucleic acid molecules of the invention may encode an

acetyl-Coenzyme A carboxylase enzymehaving at least 50%, 60%, 70%, 75%, 80%, 85%,

90%, 95% or more sequence identity to a modified version of one or both ofSEQ ID NOs: 2

and 3, wherein the sequence is modified such that the encoded protein comprises one or more

of the following: the aminoacid at position 1,781(Am)is leucine or alanine; the amino acid at

position 1,999(Am)is cysteine; the aminoacid at position 2,027(Am)is cysteine; the amino

acid at position 2,041(Am)is asparagine; the aminoacidat position 2,078(Am)is glycine; the

aminoacid at position 2088(Am)is arginine or the amino acidat position 2,096(4m)is

alanine, as well as nucleic acid molecules complementarytoall or a portion of the coding

sequences.

[0097] As used herein, "percent (%) sequenceidentity" is defined as the percentage of

nucleotides or amino acidsin the candidate derivative sequence identical with the nucleotides

or amino acids in the subject sequence(or specified portion thereof), after aligning the

sequences and introducing gaps,if necessary to achieve the maximum percent sequence

identity, as generated by the program BLASTavailable at

http://blast.ncbi.nlm.nih.gov/Blast.cgi with search parameters set to default values.

[0098] Thepresent invention also encompasses nucleic acid moleculesthat hybridize to

nucleic acid molecules encoding acetyl-Coenzyme A carboxylase of the invention as well as

nucleic acid moleculesthat hybridize to the reverse complementofnucleic acid molecules

encoding an acetyl-CoenzymeA carboxylase of the invention. In one embodiment, nucleic

acid molecules of the invention comprise nucleic acid molecules that hybridize to a nucleic
acid molecule encoding one or more of a modified version of one or both of SEQ ID NOs: 2

and 3, wherein the sequence is modified such that the encoded protein comprises one or more

of the following: the amino acid at position 1,781(Am) is leucine or alanine; the amino acidat

position 1,999(Am)is cysteine; the aminoacidat position 2,027(Am)is cysteine; the amino

acid at position 2,041(Am)is asparagine; the aminoacidat position 2,078(Am)is glycine; the

aminoacid at position 2088(Am)is arginine or the aminoacid at position 2,096(4m)is
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alanine, as well as nucleic acid molecules complementaryto all or a portion ofthe coding

sequences, or the reverse complementof such nucleic acid molecules under stringent

conditions. Thestringency of hybridization can be controlled by temperature, ionic strength,

pH,andthe presence of denaturing agents such as formamide during hybridization and

washing. Stringent conditions that may be used include those defined in Current Protocols

in Molecular Biology, Vol. 1, Chap. 2.10, John Wiley & Sons, Publishers (1994) and

Sambrooket al., Molecular Cloning, Cold Spring Harbor (1989) which are specifically

incorporated herein asthey relate to teaching stringent conditions.

[0099] In one embodiment, nucleic acid molecules invention encompasses

oligonucleotides that may be used as hybridization probes, sequencing primers, and/or PCR

primers. Such oligonucleotides may be used, for example, to determine a codon sequenceat

a particular position in a nucleic acid molecule encoding an acetyl-CoenzymeA carboxylase,

for example, by allele specific PCR. Such oligonucleotides may be from about 15 to about

30, from about 20 to about 30, or from about 20-25 nucleotides in length.

[0100] Herbicides

[0101] The present invention providesplants, e.g., rice plants, that are tolerant of

concentrations ofherbicide that normally inhibit the growth of wild-type plants. The plants

are typically resistant to herbicides that interfere with acetyl-Coenzyme A carboxylase

activity. Any herbicide that inhibits acetyl-Coenzyme A carboxylase activity can be used in
conjunction with the plants of the invention. Suitable examples include, but arenotlimited

to, cyclohexanedioneherbicides, aryloxyphenoxypropionate herbicides, and phenylpyrazole

herbicides. In some methodsofcontrolling weeds and/or growing herbicide-tolerant plants,

at least one herbicide is selected from the group consisting of sethoxydim, cycloxydim,

tepraloxydim, haloxyfop, or a derivative of any of these herbicides.

[0102] Table 4 providesa list of cyclohexanedione herbicides (DIMs,also referred toas:

cyclohexene oxime cyclohexanedione oxime; and CHD)that interfere with acetyl-Coenzyme
A carboxylase activity and may be used in conjunction with the herbicide-tolerant plants of

the invention. Oneskilled in the art will recognize that other herbicides in this class exist and

may be used in conjunction with the herbicide-tolerant plants of the invention.

[0103] Table 4
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Carbodimedon, Zizalon, BASP|
|Caloxydim|

Cloproxydim[|——‘iR
Cycloxydim BAS 517H, BAS 517

Profoxydim 625 Aura

Sethoxydim BASF620 Poast; Rezult; Vantage
Tepraloxydim BAS 620H, BAS 620

Tralkoxydim Tralkoxydime; Tralkoxidym Achieve; Splendor

[0104] Table 5 presentsa list of aryloxyphenoxy propionate herbicides(also referred to

 
  

  

as aryloxyphenoxy propanoate; aryloxyphenoxyalkanoate; oxyphenoxy; APP; AOPP; APA;

APPA;FOP,note that these are sometime written with the suffix ‘-oic’) that interfere with

acetyl-Coenzyme A carboxylase activity and may be used in conjunction with the herbicide-

tolerant plants of the invention. Oneskilled in the art will recognize that other herbicides in

this class exist and may be used in conjunction with the herbicide-tolerant plants of the

invention.

[0105] Table 5
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[0106] In addition to the herbicides listed above, any other herbicide that interferes with

acetyl-Coenzyme A carboxylase activity may be used in conjunction with the herbicide-

tolerant plants of the invention. One example is phenylpyrazoline (also known as DEN; and

sometimes referred to under the more general class of Phenylpyrazole). An example of such

an herbicide is pinoxadenandit is sold under the tradename Axial.

[0107] Those skilled in the art will recognize that any derivative of the above mentioned

herbicides that inhibits acetyl-Coenzyme A carboxylase activity can be used in the practice

of the invention.

[0108] In addition, any of the above acetyl-Coenzyme A carboxylase-inhibiting

herbicides can be combined with one or more herbicides of another class, for example, any of

the acetohydroxyacid synthase-inhibiting herbicides, EPSP synthase-inhibiting herbicides,

glutamine synthase-inhibiting herbicides, lipid- or pigment-biosynthesis inhibitor herbicides,

cell-membranedisruptor herbicides, photosynthesis or respiration inhibitor herbicides, or

growth regulator or growth inhibitor herbicides knownin the art. Non-limiting examples

include those recited in Weed Science Society of America’s Herbicide Handbook, 9th

Edition edited by S.A. Senseman, copyright 2007. An herbicidal composition herein can

contain one or more agricultural active ingredient(s) selected from the agriculturally-
acceptable fungicides, insecticides (including nematicides), miticides, and molluscicides.

Non-limiting examples include those recited in 2009 Crop Protection Reference

(www.greenbook.net), Vance Publications.

[0109] The herbicide compositions containing such active ingredient(s) can be provided

in any of the various formulations knownuseful in the art. Examples, include suspensions,

emulsions, granules, dusts, solutions, and the like.

[0110] Methodsofcontrolling weeds

[0111] Herbicide-tolerant plants of the invention maybe used in conjunction with an

herbicide to which they are tolerant. Herbicides may be appliedto the plants of the invention

using any techniques knownto those skilled in the art. Herbicides may be applied at any

point in the plant cultivation process. For example, herbicides may be applied pre-planting,

at planting, pre-emergence, post-emergence or combinations thereof.
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[0112] Herbicide compositions hereof can be applied, e.g., as foliar treatments, soil

treatments, seed treatments, or soil drenches. Application can be made,e.g., by spraying,

dusting, broadcasting, or any other mode knownusefulin theart.

[0113] | In one embodiment, herbicides may be used to control the growth of weedsthat
maybe found growingin the vicinity of the herbicide-tolerant plants invention. In

embodimentsof this type, an herbicide may be appliedto a plot in which herbicide-tolerant

plants of the invention are growing in vicinity to weeds. An herbicide to which the

herbicide-tolerantplant of the invention is tolerant may then be appliedto theplot at a

concentration sufficient to kill or inhibit the growth of the weed. Concentrations ofherbicide

sufficient to kill or inhibit the growth of weeds are knownintheart.

[0114] It will be readily apparentto one of ordinary skill in the relevantarts that other

suitable modifications and adaptations to the methods and applications described herein are

obvious and may be made without departing from the scopeof the invention or any

embodimentthereof. Having now described the present invention in detail, the same will be

more clearly understood by reference to the following examples, which are included herewith

for purposesofillustration only and are not intendedto be limiting of the invention.

EXAMPLES

EXAMPLE1

[0115] Tissue culture conditions

[0116] Anin vitro tissue culture mutagenesis assay has been developedto isolate and

characterize planttissue (e.g., rice tissue) that is tolerant to acetyl-Coenzyme A carboxylase

inhibiting herbicides, e.g., tepraloxydim, cycloxydim, and sethoxydim. Theassayutilizes the

somaclonal variation that is found in in vitro tissue culture. Spontaneous mutations derived

from somaclonalvariation can be enhanced by chemical mutagenesis and subsequent

selection in a stepwise manner, on increasing concentrations of herbicide.

[0117] Thepresent invention provides tissue culture conditions for encouraging growth

offriable, embryogenicrice callus that is regenerable. Calli were initiated from 4 different

rice cultivars encompassing both Japonica (Taipei 309, Nipponbare, Koshihikari) and Indica
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(Indica 1) varieties. Dehusked seed were surfacesterilized in 70% ethanol for approximately

1 min followed by 20% commercial Clorox bleach for 20 ‘minutes. Seeds were rinsed with

sterile water and plated on callus induction media. Various callus induction media were

tested. The ingredientlists for the media tested are presented in Table 6.
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Table 6

Ingredient Supplier ROO1M RO25M RO26M R327M MS711R
B5 Vitamins Sigma 1.0X
MSsalts Sigma 1.0 X 1.0 X 1.0X 1.0 X

MS Vitamins Sigma 1.0X 1.0 X |ING salts Phytotech|4.0 g/L|4.0g/L 2ING vitamins Phytotech|1.0X|1.0X |
L-Proline Sigma 2.9 g/L|0.5 g/L | 1.2 g/L |
Casamino Acids _|BD 03g| 03g|2g/
Casein Hydrolysate |Sigma 1.0 g/L |
L-Asp Monohydrate |Phytotech | 150 mg/L|

Nicotinic Acid Sigma | | 0.5 mg/LPyridoxine HCl Sigma 0.5 mg/L
Thiamine HCI Sigma | 1.0 mg/L
Myo-inositol Sigma 100 mg/L

[MES Sigma ___|500 mg/L| 500 mg/L | 500 mg/L|500 mg/L.|500 mg/L| 500 mg/L.
|Maltose VWR 30 g/L 30 g/L 30 g/L | 30Q/L
Sorbitol |Duchefa 30 g/L |
Sucrose VWR | 10 g/L | 30g/L
NAA Duchefa | 50 g/L
2,4-D Sigma 2.0 mg/L| 1.0 mg/L
MgCl,-6H,0 VWR 750 ma/L
—pH 5.8 5.8 5.8 5.8 5.8 5.7

Gelrite Duchefa|4.0 g/L 2.5 g/L
Agarose Type1 Sigma 7.0 g/L 10 g/L 10 g/L

IsAutoclave|15min|15min|15min|15min|15min|20min
Kinetin Sigma 2.0 mg/L|2.0 mg/L
NAA Duchefa _| 1.0 mg/L_| 1.0 mg/L |
ABA Sigma 5.0 mg/L

Cefotaxime [Duchefa||Otgh[otgt|oigh||
Vancomycin Duchefa||Oigh|O1gt|oigt|||

 
G418 Disulfate

  
Sigma||20mg.|20mg|20mg|

ROO1M callus induction media wasselected after testing numerous variations.

Cultures were kept in the dark at 30°C. Embryogenic callus was subcultured to fresh media

after 10-14 days.

EXAMPLE2

Selection of herbicide-tolerant calli

Oncetissue culture conditions were determined, further establishment of selection

conditions were established through the analysis of tissue survival in kill curves with

cycloxydim, tepraloxydim, sethoxydim (Figure 1) or haloxyfop (not shown). Careful

consideration of accumulation of the herbicide in the tissue, as well as its persistence and
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stability in the cells and the culture media was performed. Through these experiments, a sub-

lethal dose has been established for the initial selection of mutated material.

[0122] After the establishmentofthe starting dose of sethoxydim, cycloxydim,

tepraloxydim, and haloxyfop in selection media, the tissues were selected in a step-wise

fashion by increasing the concentration of the ACCase inhibitor with each transfer until cells

are recovered that grew vigorously in the presence of toxic doses (see Figure 2). The

resulting calli were further subcultured every 3-4 weeks to ROOIM with selective agent.

Over 26,000 calli were subjected to selection for 4-5 subcultures until the selective pressure

was abovetoxic levels as determined bykill curves and observations of continued culture.

Toxic levels were determined to be 50 uM sethoxydim, 20 uM cycloxydim, 2.5 uM

tepraloxydim (Figure 1) and 10 uM haloxyfop (not shown).

[0123] Alternatively, liquid cultures initiated from calli in MS711R (Table 5) with slow

shaking and weekly subcultures. Once liquid cultures were established, selection agent was

added directly to the flask at each subculture. Following 2-4 rounds ofliquid selection,

cultures were transferred to filters on solid ROOIM media for further growth.

EXAMPLE3

[0124] Regeneration ofplants

[0125] Tolerant tissue was regenerated and characterized molecularly for ACCase gene

sequence mutations and/or biochemically for altered ACCaseactivity in the presence of the

selective agent.

[0126] Following herbicide selection, calli were regenerated using a media regime of
RO25M for 10 — 14 days, RO26M for ca. 2 weeks, R327M until well formed shoots were

developed, and ROO8Suntil shoots were well rooted for transfer to the greenhouse (Table 5).

Regeneration wascarried out in the light. No selection agent was included during

regeneration.

[0127] _ Oncestrong roots were established, MO regenerants were transplantto the

greenhousein 4” square pots in a mixture of sand, NC Sandhills loamysoil, and Redi-earth

(2:4:6) supplemented with gypsum. Transplants were maintained undera clearplastic cup

until they were adapted to greenhouse conditions (ca. 1 week). The greenhouse wasset to a
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day/night cycle of 27°C/21°C (80°F/70°F) with 600W high pressure sodium lights

supplementing light to maintain a 14 hour day length. Plants were watered 2-3 times a day

depending in the weather andfertilized daily. Riceplants selected for seed increase were
transplanted into one gallon pots. As plants approached maturity and preparedto bolt, the
potswere placed in small floodflats to bettermaintain water and nutrient delivery. Plants

were monitored for insects and plant health and managed under standard Integrated Pest

Managementpractices.

EXAMPLE 4

[0128] | Sequenceanalysis

[0129] Leaf tissue was collected from clonal plants separated for transplanting and

analyzed as individuals. Genomic DNA wasextracted using a Wizard® 96 Magnetic DNA

Plant System kit (Promega, US Patent Nos. 6,027,945 & 6,368,800) as directed by the

manufacturer. Isolated DNA was PCR amplified using one forward and one reverse primer.

[0130] Forward Primers:

[0131] OsACCpUS142: 5°-GCAAATGATATTACGTTCAGAGCTG-3? (SEQ ID NO:7)

[0132] OsACCpU5205: 5’°-GTTACCAACCTAGCCTGTGAGAAG-3’ (SEQ ID NO:8)

[0133] Reverse Primers:

[0134] OsACCpL7100: 5’-GATTTCTTCAACAAGTTGAGCTCTTC-3’ (SEQ ID NO:

9)

[0135] OsACCpL7054: 5’-AGTAACATGGAAAGACCCTGTGGC-3’ (SEQ ID NO:

10)

[0136] PCR amplification was performed using Hotstar Taq DNA Polymerase (Qiagen)

using touchdown thermocycling program as follows: 96°C for 15 min, followed by 35 cycles

(96°C, 30 sec; 58°C — 0.2 °C per cycle, 30 sec; 72°C, 3 min and 30 sec), 10 min at 72°C.

[0137] PCR products were verified for concentration and fragmentsize via agarose gel

electrophoresis. Dephosphorylated PCR products were analyzed by direct sequence using

the PCR primers (DNA Landmarks). Chromatogram tracefiles (.scf) were analyzed for

mutation relative to Os05g0295300 using Vector NTI Advance 10™(Invitrogen). Based on
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sequence information, two mutations were identified in several individuals. 11781L and

D2078G werepresent in the heterozygous state. Sequence analysis was performed on the

representative chromatograms and corresponding AlignX alignment with default settings and

edited to call secondary peaks.

[0138] Samples inconsistent with an ACCase mutation were spray tested for tolerance

and discarded as escapes. Surprisingly, most of the recovered lines were heterozygousfor

the [1781L mutation and resistant events were generated in all tested genotypes using

cycloxydim or sethoxydim:Indical (>18 lines), Taipei 309 (>14 lines), Nipponbare (>3

lines), and Koshihikare (©6 lines). One line was heterozygous for a D2078G mutation. The

D2078G heterozygote line appeared stunted with narrow leaves, while the I1781L

heterozygotes varied in appearance, but most looked normalrelative to their parental

genotype. Several escapes were recovered and confirmed by sequencing and spraytesting;

however, sequencing results of the herbicide sensitive region of ACCase revealed that most

tolerant mutants were heterozygousfor an I11781L, A to T mutation. One line, ARWI010,

was heterozygous for a D2078G, A to G mutation. To date, all recovered plants lacking an

ACCase mutation have been sensitive to herbicide application in the greenhouse.

EXAMPLE5

[0139] Demonstration of herbicide-tolerance

[0140] Selected mutants and escapes were transferred to small pots. Wild-type cultivars

and 3 biovars of red rice were germinated from seed to serve as controls.

[0141] After ca. 3 weeks post-transplant, MO regenerants were sprayed using a track

sprayer with 400-1600 g ai/ha cycloxydim (BAS 517H) supplemented with 0.1% methylated

seed oil. After the plants had adapted to greenhouse conditions, a subset were sprayed with

800 g ai/ha cycloxydim. Once sprayed, plants were kept on drought conditions for 24 hours

before being watered andfertilized again. Sprayed plants were photographed andrated for

herbicide injury at 1 (Figure 3) and 2 weeksafter treatment (Figure 4). No injury was

observed on plants containing the I1781L heterozygous mutation while control plants and

tissue culture escapes (regenerated plants negative for the sequenced mutations) were heavily
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damaged after treatment (Figures 3 & 4). Figures 5-16 provide nucleic acid and/or amino

acid sequences of acetyl-Coenzyme A carboxylase enzymes from variousplants.

[0142] While the foregoing invention has been described in somedetail for purposes of

clarity and understanding, it will be appreciated by one skilled in the art from a reading of
this disclosure that various changes in form and detail can be made without departingfrom

the true scope of the invention and appended claims. All patents and publications cited

herein are entirely incorporated herein by reference.
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Whatis claimed is:

1. A rice plant tolerant to at least one herbicide that inhibits acetyl-Coenzyme A

carboxylase activity at levels of herbicide that would normally inhibit the growth ofa rice plant.

2. A rice plant that expresses an acetyl-Coenzyme A carboxylase (ACCase) in which

the amino acid sequence differs from an amino acid sequenceofan acetyl-Coenzyme A

carboxylase of a wild-type rice plant at one or more of the following positions: 1,781(Am),

1,999(Am), 2,027(Am), 2,041(Am), 2,078(Am), 2088(Am) or 2,096(Am).

3. A rice plant, wherein said plant expresses an acetyl-Coenzyme A carboxylase

(ACCase) in which the amino acid sequence comprises one or moreof the following: the amino

acid at position 1,781(Am)is other than isoleucine; the amino acid at position 1,999(Am)is other

than tryptophan; the amino acid at position 2,027(Am)is other than tryptophan; the aminoacid at

position 2,041¢Am)is other than isoleucine; the amino acid at position 2,078(Am) is other than

aspartate; the amino acid at position 2088(Am)is other than cysteine; or the amino acid at

position 2,096(Am)is other than glycine.

4. A rice plant, wherein said plant expresses an acetyl-Coenzyme A carboxylase

(ACCase) in which the amino acid sequence comprises one or more ofthe following: the amino

acid at position 1,781(Am)is leucine or alanine; the aminoacid at position 1,999(Am)is cysteine;

the amino acid at position 2,027(Am)is cysteine; the amino acid at position 2,041(Am)is
asparagine; the amino acid at position 2,078(Am)is glycine; the aminoacid at position

2088(Am) is Arginine or the amino acid at position 2,096(Am)is alanine.

5. An herbicide-tolerant rice plant which is tolerant to at least one herbicide that

inhibits acetyl-Coenzyme A carboxylase activity at levels ofherbicide that would normally

inhibit the growth of said plant, wherein the herbicide-tolerant plant is produced by:

a) obtaining cells from a plant that is not tolerant to the herbicide;

b) contacting the cells with a medium comprising one or more acetyl-Coenzyme A

carboxylase inhibitors; and |

c) generating an herbicide-tolerant plant from the cells;

wherein the herbicide-tolerant plant was generated by performinga), b) and c) or is a

progeny of a plant generated by performing a), b), and c).
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6. A rice plant, wherein one or more of the genomesofsaid rice plant encode a

protein comprising an amino acid sequence comprising one or more of a modified SEQ ID NO:2

and a modified SEQ ID NO:3, wherein the sequence is modified such that the encoded protein

comprises one or moreofthe following: the aminoacid at position 1,781(Am)is leucine or

alanine; the aminoacid at position 1,999(Am)is cysteine; the amino acid at position 2,027(Am)is

cysteine; the aminoacid at position 2,041(Am) is asparagine; the aminoacid at position

2,078(Am)is glycine; the amino acid at position 2088(Am)is arginine or the aminoacid at

position 2,096(Am)is alanine.

7. A rice plant wherein:

(a) growth of said plantis tolerant to acetyl-Coenzyme A carboxylase-inhibiting

herbicides at levels ofherbicide that would normally inhibit the growth ofa rice plant;

(b) said plant is grown from a seed having ATCCaccession number PTA-10267;or is a

mutant, recombinant, or genetically engineered derivative of the plant grown from a seed having

ATCCaccession number PTA-10267 or of any progeny of the plant grown from a seed having

ATCCaccession number PTA-10267;or is a plant which is the progeny of any ofthese plants;

and

(c) said plant has the herbicide tolerance characteristics of the plant grown from a seed

having ATCCaccession number PTA-10267.

8. Anherbicide-tolerant rice plant according to claim 5, wherein thecells are in the

form of a callus.

9. A plant of any oneof claimsclaim 1, 2, 3, 4, 5, 6, or 7, wherein said plant is a

memberof the species O. sativa.

10. A rice plant according to any oneof claims1, 2, 3, 4, 5, 6, or 7, wherein growth of

the plant is tolerant to aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,

phenylpyrazoline herbicides or combinations thereof at levels of herbicide that would normally

inhibit the growth ofa rice plant.

11. A rice plant according to any one of claims1, 2, 3, 4, 5, 6, or 7, wherein growth of

the plant is tolerant to at least one herbicide is selected from the group consisting of alloxydim,

butroxydim, caloxydim, clethodim, cloproxydim, cycloxydim, sethoxydim, tepraloxydim,

tralkoxydim, chlorazifop, clodinafop, clofop, diclofop, fenoxaprop, fenthiaprop, fluazifop,
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haloxyfop, isoxapyrifop, propaquizafop, quizalofop,trifop, and pinoxaden or a derivative of any

of these herbicidesat levels of herbicide that would normally inhibit the growth of a rice plant.

12. A rice plant according to any one of claims 1, 2, 3, 4, 5, 6, or 7, wherein growth of

the plant is tolerant to an amount of one or more of sethoxydim, cycloxydim, tepraloxydim,

haloxyfop,or a derivative of any of these herbicides at levels of herbicide that would normally

inhibit the growth of a rice plant.

13. A rice plant according to any one of claims 1, 2, 3, 4, 5, 6, or 7, wherein said rice

plant is not a GMO-plant.

14. A rice plant according toany one of claims 1, 2, 3, 4, 5, 6, or 7, wherein said rice

plant is a mutagenizedrice plant.

15. A cell from a rice plant according to any on of claims 1, 2, 3, 4, 5 6, or 7.

16. A method for controlling growth of weedsin vicinity to rice plants, comprising:

applying to the weeds andrice plants an amountof an acetyl-Coenzyme A carboxylase-

inhibiting herbicide that inhibits naturally occurring acetyl-Coenzyme A carboxylase activity,

wherein said rice plants comprise altered acetyl-Coenzyme A carboxylase activity such that said

rice plants are tolerant to the applied amountofherbicide.

17. The method of claim 16, wherein said acetyl-Coenzyme A carboxylase-inhibiting

herbicide is selected from the group consisting of aryloxyphenoxypropionate herbicides,

cyclohexanedioneherbicides, phenylpyrazoline herbicides or combinationsthereof.

18.|The method according to claim 16, wherein at least one herbicide is selected from

the group consisting ofalloxydim, butroxydim, caloxydim, clethodim, cloproxydim, cycloxydim,

sethoxydim, tepraloxydim,tralkoxydim, chlorazifop, clodinafop, clofop, diclofop, fenoxaprop,

fenthiaprop, fluazifop, haloxyfop, isoxapyrifop, propaquizafop, quizalofop,trifop, and

pinoxadenorora derivative of any of these herbicides.

19. The method according to claim 16, wherein at least one herbicide is selected from

the group consisting of sethoxydim, cycloxydim, tepraloxydim, haloxyfop,or a derivative of any

of these herbicides that would normally inhibit the growth ofa rice plant.

20.|Amethod for controlling growth of weeds in vicinity to rice plants, comprising:
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applying one or more herbicides to the weeds andto the rice plants at levels ofherbicide

that would normally inhibit the growth of.a rice plant, wherein at least one herbicide inhibits

acetyl-Coenzyme A carboxylase activity.

21. A method according to claim 20, wherein at least one herbicide is selected from

the group consisting of aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides,

phenylpyrazoline herbicides or combinationsthereof.

22. A method according to claim 20, wherein at least one herbicide is selected from

the group consisting of alloxydim, butroxydim, caloxydim,clethodim, cloproxydim, cycloxydim,

sethoxydim, tepraloxydim, tralkoxydim, chlorazifop, clodinafop, clofop, diclofop,fenoxaprop,

fenthiaprop, fluazifop, haloxyfop, isoxapyrifop, propaquizafop, quizalofop, trifop, and

pinoxaden,or a derivative of any of these herbicides.

23.|A method according to claim 20, wherein at least one herbicide is selected from

the group consisting of sethoxydim, cycloxydim, tepraloxydim, haloxyfop, or a derivative of any

of these herbicides.

24. A methodfor controlling growth of weeds, comprising:

(a) crossing an herbicide-tolerant rice plant with other rice germplasm, and harvesting the

resulting hybrid rice seed;

(b) planting the hybrid rice seed; and

(c) applying one or more acetyl-CoenzymeA carboxylase-inhibiting herbicides to the

hybrid rice and to the weedsin vicinity to the hybridriceat levels of herbicide that would

normally inhibit the growth ofa rice plant.

25. A method according to claim 24, wherein at least one herbicide is selected from

the group consisting of aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,

phenylpyrazoline herbicides or combinations thereof.

26.|A method accordingto claim 24, whereinat least one herbicide is selected from

the group consisting of alloxydim, butroxydim, caloxydim, clethodim, cloproxydim, cycloxydim,

sethoxydim,tepraloxydim,tralkoxydim, chlorazifop, clodinafop, clofop, diclofop,fenoxaprop,

fenthiaprop, fluazifop, haloxyfop, isoxapyrifop, propaquizafop, quizalofop,trifop, and
pinoxaden,or a derivative of any ofthese herbicides.
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27. A method according to claim 24, wherein at least one herbicide is selected from

the group consisting of sethoxydim, cycloxydim, tepraloxydim, haloxyfop,or a derivative of any

of these herbicides.

28.|Amethodfor selecting herbicide-tolerant rice plants, comprising:

(a) crossing an herbicide-tolerantrice plant with other rice germplasm, and harvesting the

resulting hybrid rice seed;

(b) planting the hybrid rice seed;

(c) applying one or more herbicides to the hybrid rice at levels of herbicide that would

normally inhibit the growth ofa rice plant, wherein at least one of the herbicides inhibits acetyl-

CoenzymeA carboxylase; and

(d) harvesting seeds from the rice plants to which herbicide has been applied.

29.|Amethod according to claim 28, wherein at least one herbicide is selected from

the group consisting of aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides,

phenylpyrazoline herbicides or combinationsthereof.

30. A method according to claim 28, wherein at least one herbicide is selected from

the group consisting of alloxydim, butroxydim, caloxydim,clethodim, cloproxydim, cycloxydim,

sethoxydim,tepraloxydim,tralkoxydim, chlorazifop, clodinafop, clofop, diclofop,fenoxaprop,

fenthiaprop, fluazifop, haloxyfop, isoxapyrifop, propaquizafop, quizalofop,trifop, and

pinoxaden,or a derivative of any of these herbicides.

31. A method according to claim 28, wherein at least one herbicide is selected from

the group consisting of sethoxydim, cycloxydim,tepraloxydim, haloxyfop, or a derivative of any
of these herbicides.

32.|Amethod for growing herbicide-tolerant rice plants, comprising:

(a) planting rice seeds;

(b) allowing the rice seeds to sprout;

(c) applying one or moreherbicidesto the rice sprouts at levels of herbicide that would

normally inhibit the growth of a rice plant, wherein at least one of the herbicides inhibits acetyl-

Coenzyme A carboxylase.
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33.|A method according to claim 32, wherein at least one herbicide is selected from

the group consisting of aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides,

phenylpyrazoline herbicides or combinationsthereof.

34. A methodaccordingto claim 32, wherein at least one herbicide is selected from
the group consisting of alloxydim, butroxydim, caloxydim, clethodim, cloproxydim, cycloxydim,

sethoxydim, tepraloxydim,tralkoxydim, chlorazifop, clodinafop, clofop, diclofop,fenoxaprop,

fenthiaprop, fluazifop, haloxyfop, isoxapyrifop, propaquizafop, quizalofop,trifop, and

pinoxaden,or a derivative of any of these herbicides.

35. A methodaccording to claim 32, wherein at least one herbicide is selected from

the group consisting of sethoxydim, cycloxydim, tepraloxydim, haloxyfop,or a derivative of any

of these herbicides.

36. A methodfor selecting herbicide-tolerant plants...

37. A seed of rice cultivar Indical, wherein a representative sample of seed of said

cultivar was deposited under ATCC Accession No. PTA-10267.

38. Arrice plant, or a part thereof, produced by growing the seed of claim 37.

39. A tissue culture of cells produced from the seed of claim 37.

40. A tissue culture of cells produced from the plant of claim 38, wherein said cells of

the tissue culture are produced from a plant part selected from the group consisting of leaves,

pollen, embryos, cotyledons, hypocotyls, meristematic cells, roots, root tips, pistils, anthers,

flowers and stems.

41. Arice plant generated from the tissue culture of any one of claims 39 or 40,

wherein the plant has all the morphological and physiological characteristics of cultivar Inidical.

42. A seed of an herbicide-tolerant rice plant, wherein a plant grown from the seed is
tolerant to at least one herbicide that inhibits acetyl-Coenzyme A carboxylase activity at levels of

herbicide that would normally inhibit the growthofa rice plant.

43.  Aseed of a rice plant, wherein a plant grown from the seed expresses an acetyl-

Coenzyme A carboxylase (ACCase) in which the amino acid sequence differs from an amino

acid sequence of an acetyl-Coenzyme A carboxylase of a wild-type rice plant at one or more of
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the following positions: 1,781¢Am), 1,999(Am), 2,027(Am), 2,041(Am), 2,078(Am), 2088(Am) or

2,096(Am).

44._A seed of arice plant, wherein a plant grown from the seed expresses an acetyl-

Coenzyme A carboxylase (ACCase) in which the amino acid sequence comprises one or more of

the following: the amino acid at position 1,781(Am)is other than isoleucine; the amino acid at
position 1,999(Am)is other than tryptophan; the amino acid at position 2,027(Am)is other than

tryptophan; the aminoacid at position 2,041(Am) is other than isoleucine; the amino acidat

position 2,078(Am)is other than aspartate; the amino acid at position 2088(Am)is other than

cysteine; or the amino acid at position 2,096(Am)is other than glycine.

45. A seed of a rice plant, wherein a plant grown from the seed expresses an acetyl-

Coenzyme A carboxylase (ACCase) in which the amino acid sequence comprises one or more of

the following: the amino acid at position 1,781(Am)is leucineor alanine; the amino acid at

position 1,999(Am)is cysteine; the aminoacid at position 2,027(Am)is cysteine; the amino acid

at position 2,041(Am)is asparagine; the aminoacidat position 2,078(Am)is glycine; the amino

acid at position 2088(Am) is arginine or the amino acid at position 2,096(Am)is alanine.

46. A method for producing rice seed, comprising:

crossing an herbicide-tolerantrice plant with other rice germplasm; and
harvesting the resulting hybrid rice seed, wherein the herbicide-tolerantrice plantis

tolerant to aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides, phenylpyrazoline

herbicides or combinations thereof at levels of herbicide that would normally inhibit the growth
of a rice plant.

47. A method for producing an F1 hybrid rice seed, comprising:

crossing an herbicide-tolerant rice plant with a different rice plant; and

harvesting the resultant F1 hybrid rice seed, wherein the herbicide-tolerantrice plant is

tolerant to aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides, phenylpyrazoline
herbicidesor combinations thereofat levels of herbicide that would normally inhibit the growth
of a rice plant.

48.|A method ofproducing an herbicide-tolerant rice plant, comprising:

transforming a cell of a rice plant with a transgene, wherein the transgene encodes an

acetyl-Coenzyme A carboxylase enzymethat confers toleranceto at least one herbicide is
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selected from the group consisting of aryloxyphenoxypropionate herbicides, cyclohexanedione

herbicides, phenylpyrazoline herbicides or combinationsthereof.

49. A method accordingto claim 48, whereinthecellis in the form ofa callus.

50. A method according to claim 48, wherein at least one herbicide is selected from

the group consisting of alloxydim, butroxydim, caloxydim, clethodim, cloproxydim, cycloxydim,

sethoxydim,tepraloxydim,tralkoxydim, chlorazifop, clodinafop, clofop, diclofop,fenoxaprop,

fenthiaprop, fluazifop, haloxyfop, isoxapyrifop, propaquizafop, quizalofop, trifop, and

pinoxaden,or a derivative of any of these herbicides.

51. A method according to claim 48, wherein at least one herbicide is selected from

the group consisting of sethoxydim, cycloxydim, tepraloxydim, haloxyfop, or a derivative of any

of these herbicides.

52.|A method accordingto claim 48, wherein the transgene comprises a nucleic acid

sequence encoding a protein comprising an amino acid sequence comprising one or more of a

modified SEQ ID NO:2 and a modified SEQ ID NO:3, wherein the sequence is modified such

that the encoded protein comprises one or more of the following: the amino acid at position

1,781(Am)is leucine or alanine; the amino acid at position 1,999(Am)is cysteine; the amino acid

at position 2,027(Am) is cysteine; the amino acid at position 2,041(Am)is asparagine; the amino
acid at position 2,078(Am)is glycine; the amino acid at position 2088(Am)is arginine or the

amino acid at position 2,096(Am)is alanine.

53: An herbicide-tolerantrice plant produced by the methodof claim 48.

54.|A method of producing an herbicide-tolerant rice plant, comprising:

transformingacell of a rice plant with a transgene encoding an enzymethat confers

herbicide tolerance,

wherein the cell was produced from a rice plant expressing an acetyl-Coenzyme A

carboxylase enzyme that confers tolerance to at least one herbicide is selected from the group
consisting of aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,
phenylpyrazoline herbicides or combinationsthereof.

55. A method accordingto claim 54, wherein thecell is in the form of a callus.

56. An herbicide-tolerant rice plant produced by the method of claim 54.
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57.|A method of producing a recombinantrice plant, comprising:

transforminga cell of a rice plant with a transgene,

wherein the cell was produced fromarice plant expressing an acetyl-Coenzyme A

carboxylase enzymethat confers toleranceto at least one herbicideis selected from the group

consisting of aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides,

phenylpyrazoline herbicides or combinationsthereof.

58. A methodaccording to claim 57, wherein the cell is in the form of a callus.

59. The method according to claim 57, wherein the transgene encodesa protein.

60. The method according to claim 59, wherein the protein is an enzyme that modifies

fatty acid metabolism and/or carbohydrate metabolism.

61. The method according to claim 57, wherein the transgeneis selected from the

group consisting of nucleotide sequences encoding fructosyltransferase, levansucrase, alpha-

amylase, invertase and starch branching enzymeor encoding an antisense of stearyl-ACP

desaturase.

62. A recombinantrice plant produced by the method of claim 57.

63. Amethodofproducinga rice plant having a desired trait, comprising:

(a) crossing a rice plant that is tolerant to aryloxyphenoxypropionate herbicides,

cyclohexanedione herbicides, phenylpyrazoline herbicides or combinations thereof at levels of
herbicide that would normally inhibit the growth of a rice plant with a plant of another rice

cultivar that comprises the desired trait to produce progenyplants;

(b) selecting one or more progenyplants that have the desired trait to produce selected

progenyplants;

(c) crossing the selected progeny plants with the herbicide-tolerant plants to produce

backcross progeny plants;

(d) selecting for backcross progenyplants that have the desired trait and herbicide

tolerance; and

(e) repeating steps (c) and (d) three or more times in succession to produce selected

fourth or higher backcross progeny plants that comprise the desired trait and herbicide tolerance.

51

PGR2021-00114 Ex. 1015

RiceTec,Inc.

Page 054



Ex. 1015 
RiceTec, Inc. 

Page 055

PGR2021-00114

B248 1010.P1

64. A method according to claim 63, wherein the desired trait is selected from the

group consisting of malesterility, herbicide tolerance, drought tolerance insect resistance,

modified fatty acid metabolism, modified carbohydrate metabolism and resistance to bacterial

disease, fungal diseaseor viral disease.

65. A method of producing a male sterile rice plant wherein the method comprises

transforming a rice plant tolerant to at least one herbicide that inhibits acetyl-Coenzyme A
carboxylase activity at levels of herbicide that would normally inhibit the growth of a rice plant

with a nucleic acid molecule that confers male sterility.

66. Amalesterile rice plant producedby the method of claim 65.

67. A composition, comprising:

one or morecells of a rice plant; and

an aqueous medium, wherein the medium comprises a compoundthatinhibits acetyl-

Coenzyme A carboxylase activity, and wherein the cells are derived from a rice plant tolerant to

aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides, phenylpyrazoline
herbicides or combinationsthereofat levels of herbicide that would normally inhibit the growth

of a rice plant.

68. A composition according to claim 67, wherein the compound comprises one or

more of aryloxyphenoxypropionate herbicides, cyclohexanedioneherbicides, phenylpyrazoline
herbicides and combinations thereof.

69. An isolated nucleic acid molecule encoding a rice acetyl-Coenzyme A

carboxylase (ACCase) in which the amino acid sequencediffers from an amino acid sequence of

an acetyl-Coenzyme A carboxylase of a wild-type rice plant at one or moreofthe following

positions: 1,781(Am), 1,999(Am), 2,027(Am), 2,041(Am), 2,078(Am), 2088(Am) or 2,096(Am).

70.+An isolated nucleic acid molecule encodingarice acetyl-Coenzyme A

carboxylase (ACCase) in which the amino acid sequence comprises one or more ofthe

following: the amino acid at position 1,781(Am) is other than isoleucine; the amino acid at

position 1,999(4m) is other than tryptophan; the aminoacidat position 2,027(Am)is other than

tryptophan; the aminoacid at position 2,041(4Am)is other than isoleucine; the amino acid at
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position 2,078(Am)is other than aspartate; the amino acid at position 2088(Am)is other than

cysteine;or the aminoacid at position 2,096(Am)is other than glycine.

71. An isolated nucleic acid molecule encoding a rice acetyl-Coenzyme A

carboxylase (ACCase) in which the amino acid sequence comprises one or moreofthe

following: the amino acid at position 1,781(Am) is leucine or alanine: the amino acid at position
1,999(Am)is cysteine; the amino acid at position 2,027(Am)is cysteine; the amino acid at

position 2,041(Am) is asparagine; the aminoacid at position 2,078(Am)is glycine; the amino

acid at position 2088(Am) is Arginine or the aminoacid at position 2,096(Am)is alanine.

72. An isolated nucleic acid molecule encoding a protein comprising SEQ ID

NO:XX.

73.  Anherbicide-tolerant, BEP clade plant having increased tolerance to an ACCase-

inhibitor (ACCT) as compared to a wild-type variety of the plant, wherein the herbicide-tolerant

plant is produced by a process comprising either:

(1) the steps of

(a) providing BEPcladeplantcells having a first, zero or non-zero level of

ACCItolerance; |
(b)—growingthecells in contact with a medium to form a cell culture;

(c) contacting cells of said culture with an ACCT;

(d) growing ACCI-contacted cells from step (c) to form a culture containing

cells having a level of ACCItolerance greater than the first level of step

(a); and

(e) generating, from ACCI-tolerant cells of step (d), a plant having a level of

ACCItolerance greater than that of a wild-type variety ofthe plant; or

(II) the steps of

(f) providing a first, herbicide-tolerant, BEP clade plant having increased

tolerance to an ACCase-inhibitor (ACCI) as comparedto a wild-type

variety ofthe plant, said herbicide-tolerant plant having been produced by

a process comprising steps (a)-(e); and
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(g) producing from thefirst plant a second, herbicide-tolerant, BEP clade

plant that retains the increased herbicide tolerance characteristics of the

first plant;

thereby obtaining an herbicide-tolerant, BEP clade plant.

74. An herbicide-tolerant plant according to claim 73, wherein said plant is a member

of the Bambusoideae - Ehrhartoideae subclade.

75. An herbicide-tolerant plant according to claim 73, wherein said plant is a member

of the subfamily Ehrhartoideae.

76. An herbicide-tolerant plant according to claim 73, wherein the cells are in the

form of a callus.

77. An herbicide-tolerant plant according to claim 73, wherein said plant is a member

of the genus Oryza.

78. An herbicide-tolerant plant according to claim 73, wherein said plant is a member

of the species O, sativa.

79. An herbicide-tolerant plant according to claim 73, wherein the medium doesnot

comprise a mutagen.

80. An herbicide-tolerant plant according to claim 73, wherein said herbicide-tolerant

plant expresses an acetyl-Coenzyme A carboxylase (ACCase) in which the amino acid sequence

differs from an amino acid sequenceofan acetyl-CoenzymeA carboxylase ofa corresponding

wild-type BEP clade plantat one or more of the following positions: 1,781(Am), 1,999(Am),

2,027(Am), 2,041(Am), 2,078(Am), 2088(Am) or 2,096(Am).

81. An herbicide-tolerant plant according to claim 73, wherein said herbicide-tolerant

plant expresses an acetyl-Coenzyme A carboxylase (ACCase) in which the amino acid sequence

comprises one or more of the following: the aminoacid at position 1,781(Am)is other than

isoleucine; the aminoacid at position 1,999(Am)is other than tryptophan; the aminoacidat

position 2,027(Am) is other than tryptophan; the amino acid at position 2,041(Am)is other than

isoleucine; the amino acid at position 2,078(Am)is other than aspartate; the amino acid at

position 2088(Am)is other than cysteine; or the aminoacid at position 2,096(Am)is other than
glycine. .
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82. An herbicide-tolerant plant according to claim 73, wherein said herbicide-tolerant

plant expresses an acetyl-Coenzyme A carboxylase (ACCase) in which the amino acid sequence

comprises one or moreofthe following: the aminoacid at position 1,781(Am)is leucine or

alanine; the aminoacid at position 1,999(Am)is cysteine; the aminoacid at position 2,027(Am) is
cysteine; the aminoacid at position 2,041(Am) is asparagine; the aminoacid atposition

2,078(Am)is glycine; the amino acid at position 2088(Am)is arginine or the aminoacid at

position 2,096(Am)is alanine.

83. An herbicide-tolerant plant, wherein said plant is produced bythe processof:

(a) crossing or back-crossing a plant grown from a seedofa plant according to claim 73

with other germplasm;

(b) growing theplants resulting from said crossing or back-crossing in the presenceofat

least one herbicide that normally inhibits acetyl-Coenzyme A carboxylase, at levels of the

herbicide that would normally inhibit the growth of a plant; and

(c) selecting for further propagation plants resulting from said crossing or back-crossing,

wherein the plants selected are plants that grow without significant injury in the presenceof the
herbicide.

84. Anisolated nucleic acid molecule comprising a nucleotide sequence encoding a

mutagenized acetyl-Coenzyme A carboxylaseof a plant in the BEP clade of the Family Poaceae,

in which the amino acid sequence of the mutagenized acetyl-Coenzyme A carboxylase differs

from an amino acid sequenceof an acetyl-Coenzyme A carboxylase of the corresponding wild-

type plant at one or moreofthe followingpositions: 1,781(Am), 1,999(Am), 2,027(Am),

2,041(Am), 2,078(Am), 2088(Am) or 2,096(Am).

85. A nucleic acid according to claim 84, wherein the nucleic acid has been isolated

from a plant by a process comprisingeither:

(1) the steps of

(a) providing BEP cladeplant cells having a first, zero or non-zero level of
ACCase-inhibitor (ACCI) tolerance;

(b) growingthe cells in contact with a medium to formacell culture;

(c) contacting cells of said culture with an ACCI;
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(d) growing ACClI-contactedcells from step (c) to form a culture containing

cells having a level of ACCItolerance greater than thefirst level of step

(a); and

(e) generating, from ACCI-tolerantcells of step (d), a plant having a level of

ACCItolerance greater than that of a wild-type variety of the plant; or

(II) the steps of

(f) providingafirst, herbicide-tolerant, BEP clade plant having increased

tolerance to an ACCase-inhibitor (ACCI) as compared to a wild-type

variety of the plant, said herbicide-tolerant plant having been produced by

a process comprising steps (a)-(e); and

(g) producing from the first plant a second, herbicide-tolerant, BEP clade

plant that retains the increased herbicide tolerance characteristics of the

first plant;

thereby obtaining an herbicide-tolerant, BEP clade plant; and

isolating a nucleic acid from the herbicide-tolerant BEP cladeplant.

86. A rice plant according to claim 4, wherein said plant expresses an acetyl-

Coenzyme A carboxylase (ACCase) in which the amino acid the amino acidat position

1,781(Am)is leucineor alanineand at least one of the following: the aminoacidatposition

2,027(Am)is cysteine; the amino acid at position 2,041(Am)is asparagine; or the amino acidat

position 2,096(4m)is alanine.

87. A rice plant according to claim 86, plant expresses an acetyl-Coenzyme A

carboxylase (ACCase) in which the aminoacid the amino acid at position 2,027(Am)is cysteine.

88. A rice plant according to claim 86, plant expresses an acetyl-Coenzyme A

carboxylase (ACCase) in which the aminoacid the aminoacidat position 2,041(Am)is

asparagine.

89. A rice plant according to claim 86, plant expresses an acetyl-Coenzyme A

carboxylase (ACCase) in which the aminoacid the amino acid at position 2,096(Am)is alanine.
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90... Arice plant according to claim 86, plant expresses an acetyl-Coenzyme A

carboxylase (ACCase) in which the aminoacid the aminoacid at position 2,027(Am)is cysteine

and the aminoacid the aminoacid at position 2,041(Am) is asparagine.
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ABSTRACT OF THE DISCLOSURE

The present invention provides herbicide-tolerant plants. The present invention also

provides methods for controlling the growth of weeds by applying an herbicide to which

herbicide-tolerant plants of the invention are tolerant. Plants of the invention may express an

acetyl-Coenzyme A carboxylase enzymethat is tolerant to the action of acetyl-Coenzyme A

carboxylase enzymeinhibitors.
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FIGURE 5

2320 aa PLN 14-NOV-CAC84161 linear

DEFINITION acetyl-coenzyme A carboxylase [Alopecurus myosuroides].
ACCESSION

VERSION

DBSOURCE

KEYWORDS

SOURCE

CAC84161

CAC84161.1 GI:20975574

embl accession AJ310767.1
.

Alopecurus myosuroides
ORGANISM Alopecurus myosuroides

Eukaryota; Viridiplantae; Streptophyta; Embryophyta;
Tracheophyta;

Spermatophyta; Magnoliophyta; Liliopsida; Poales; Poaceae; BEP
clade; Pooideae; Aveneae; Alopecurus.

REFERENCE 1

AUTHORS Delye,C., Matejicek,A. and Gasquez,J.
TITLE PCR-based detection of resistance to acetyl-CoA

carboxylase-inhibiting herbicides in black-grass (Alopecurus
myosuroides Huds) and ryegrass (Lolium rigidum gaud)

JOURNAL Pest Manag. Sci. 58 (5), 474-478 (2002)
PUBMED 11997974

REFERENCE 2

AUTHORS Delye,C., Calmes,E. and Matejicek,A.
TITLE SNP markers for black-grass (Alopecurus myosuroides Huds.)

genotypes resistant to acetyl CoA-carboxylase inhibiting
herbicides

JOURNAL Theor. Appl. Genet. 104 (6-7), 1114-1120 (2002)
PUBMED 12582620

REFERENCE 3

AUTHORS Delye,C., Zhang,X.Q., Chalopin,C., Michel,S. and Powles,S.B.
TITLE An isoleucine residue within the carboxyl-transferase domain of

multidomain acetyl-coenzyme A carboxylase is a major determinant
of

sensitivity to aryloxyphenoxypropionate but not to
cyclohexanedione

inhibitors

JOURNAL Plant Physiol. 132 (3), 1716-1723 (2003)
PUBMED 12857850

REFERENCE 4

AUTHORS Delye,C., Straub,C., Michel,S. and Le Corre,V.
TITLE Nucleotide variability at the acetyl coenzyme A carboxylase gene

and the signature of herbicide selection in the grass weed
Alopecurus myosuroides (Huds.)

JOURNAL Mol. Biol. Evol. 21 (5), 884-892 (2004)
PUBMED 15014166

REFERENCE 5

AUTHORS Delye,C., Zhang,X.Q., Michel,S., Matejicek,A. and Powles,S.B.
TITLE Molecular bases for sensitivity to acetyl-coenzyme A carboxylase

inhibitors in black-grass
JOURNAL Plant Physiol. 137 (3), 794-806 (2005)

PUBMED 15579665

REFERENCE 6 (residues 1 to 2320)
AUTHORS Delye,Cc.
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Submitted (18-JUN-2001) Delye C., Malherbologie et Agronomie,
Institut National de la Recherche Agronomique, B. P. 86510, 21035
Dijon cedex, FRANCE

FEATURES
source

Protein

Region

Region

Region

Region

committed

Region

metabolism] ;

Region

biotin

Location/Qualifiers
1..2320

/organism="Alopecurus myosuroides"
/strain="V1i"

/db_xref="taxon: 81473"
/tissue_type="leaf"
/dev_stage="4 expanded leaves"
/country="France:Burgundy"
1..2320

/product="acetyl-coenzyme A carboxylase"
/EC_number="6.4.1.2"
/function="carboxylation of acetyl-coenzyme A"
135..643

/region_name="AccC"
/note="Biotin carboxylase [Lipid metabolism]; coG0439"
/db_xref="CDD:30788"
135..257

/region_name="CPSaseLchain"
/note="Carbamoyl-phosphate synthase L chain, N-terminal
domain. Carbamoyl-phosphate synthase catalyses the
ATP-dependent synthesis of carbamyl-phosphate from
glutamine or ammonia and bicarbonate; pfam00289"
/db_xref="CDD:64168"
259..492

/region_name="CPSaseLD2"
/note="Carbamoyl-phosphate synthase L chain, ATP binding
domain. Carbamoyl-phosphate synthase catalyses the
ATP-dependent synthesis of carbamyl-phosphate from
glutamine or ammonia and bicarbonate; pfam02786"
/db_xref="CDD:86112"
530..637

/region_name="Biotin_carbCc"
/note="Biotin carboxylase C-terminal domain. Biotin
carboxylase is a component of the acetyl-CoA carboxylase
multi-component enzyme which catalyses the first

step in fatty acid synthesis in animals, plants and
bacteria; pfam02785"
/do_xref="CDD:86111"
703..841

/region_name="AccB"
/note="Biotin carboxyl carrier protein [Lipid

CcoG051i1"

/db_xref="CDD:30857"
<787..841

/cvegion_name="Biotin_lipoyl"
/note="Biotin-requiring enzyme. This family covers two
Prosite entries, the conserved lysine residue binds

in one group and lipoic acid in the other. Note that the
HMM does not currently recognise the Glycine cleavage
system H proteins; pfam00364"
/db_xref="CDD:84723"
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CDS

details
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61

121
181

241

301

361
421

481
541

601

661

721

781
841

901

961
1021

1081

mgsthlpivg
dpaghgqsir
kvyeftctelg
inaehiriad

akgivflgpp
acvttadeav

mrlasgsrhl
rrlakavgyv
iplwqipeir
gfkptggkvk
lkeigqirgei
yktittnaet
ngslieanvg
tpcklirfli
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slnhkryykl
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842..1556

/region_name="ACC_central"
/note="Acetyl-CoA carboxylase, central region. The

featured in this family is found in various eukaryotic
acetyl-CoA carboxylases, N-terminal to the catalytic
domain (pfam01039). This enzyme (EC:6.4.1; pfam08326"
/do_xref="CDD:87496"
1654..2204

/region_name="Carboxyl_trans"
/note="Carboxyl transferase domain. All of the members

this family are biotin dependent carboxylases. The
carboxyl transferase domain carries out the following
reaction; transcarboxylation from biotin to an acceptor
molecule; pfam01039"
/db_xref="CDD:85202"
1..2320

/coded_by="AJ310767.1:157..7119"
/experiment="experimental evidence, no additional

recorded"

/do_xref="GOA:Q8LRK2"
/db_xref="HSSP:Q00955"

xref="InterPro: IPR/db_xref="I Pro: IPROO0022"
xrer= neerPro:/db_xref="InterPro:IPRO00089"
xref="InterPro:IPR 408"/db_xref P 000408
xref="InterPro: IPRO05 '/do_xref="I IPROO5479'
xref="InterPro:IPR005481"/dbxref P 00548
xref="InterPro: IPR 482"/do_xref P 005482
xrer= nterPro:/do_xref="Int IPRO11053"
xrer="TnterPro:IPR '/db_xref="InterPro:IPRO11054'
xrer= nterPro: 1/do_xref="Int IPRO11761"

/db_xref="InterPro:IPRO11763"
/db_xref="InterPro:IPRO11764"

xrert="InterPro:IPR "/do_xref="InterPro:IPRO13537
/db_xref="UniProtKB/TrEMBL : Q8LRK2"
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qklvyhstal
snissenngqe
giiviandit
vgwtddsspe
ihgsaaiasa
ligrevyssh
dpidrpvayi
gipvgviave
lfilanwrgf
inpdriecya
dgeslqksie
rrrlsedvla

enykeyikel

B248 1010.P1

yqdsgvialw
dadtqlntte
rtfllseekl

enpkmlhrvf
lhairtghsh
mhhlsvcqwe
ssgplhgval
yvkatelvfa
fragsfgpre
rgfryiymtd
ysrayeetft
mgqlggpkima
pentcdpraa
tqtmmgqlvpa
sggqrdlfeg
ertakgnvle
arkkqllply
keirgvigek
ragrvsrlls
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FIGURE6

LOCUS AJ310767 6963 bp mRNA linear PLN 14-
NOV-2006

DEFINITION Alopecurus myosuroides mRNA for acetyl-coenzyme A carboxylase.
ACCESSION AJ310767 REGION: 157..7119

VERSION AJ310767.1 GI:20975573

KEYWORDS acetyl-coenzyme A carboxylase.
SOURCE Alopecurus myosuroides

ORGANISM Alopecurus myosuroides
Eukaryota; Viridiplantae; Streptophyta; Embryophyta;

Tracheophyta;
Spermatophyta; Magnoliophyta; Liliopsida; Poales; Poaceae; BEP
clade; Pooideae; Aveneae; Alopecurus.

REFERENCE 1

AUTHORS Delye,C., Matejicek,A. and Gasquez,Jd.
TITLE PCR-based detection of resistance to acetyl-CoA

carboxylase-inhibiting herbicides in black-grass (Alopecurus
myosuroides Huds) and ryegrass (Lolium rigidum gaud)

JOURNAL Pest Manag. Sci. 58 (5), 474-478 (2002)
PUBMED 11997974

REFERENCE 2

AUTHORS Delye,C., Calmes,E. and Matejicek,A.
TITLE SNP markers for black-grass (Alopecurus myosuroides Huds.)

genotypes resistant to acetyl CoA-carboxylase inhibiting
herbicides

JOURNAL Theor. Appl. Genet. 104 (6-7), 1114-1120 (2002)
PUBMED 12582620

REFERENCE 3

AUTHORS Delye,C., Zhang,X.Q., Chalopin,Cc., Michel,S. and Powles,S.B.
TITLE An isoleucine residue within the carboxyl-transferase domain

of

multidomain acetyl-coenzyme A carboxylase is a major
determinant of

sensitivity to aryloxyphenoxypropionate but not to
cyclohexanedione

inhibitors

JOURNAL Plant Physiol. 132 (3), 1716-1723 (2003)
PUBMED 12857850

REFERENCE 4

AUTHORS Delye,C., Straub,C., Michel,S. and Le Corre,V.
TITLE Nucleotide variability at the acetyl coenzyme A carboxylase

gene

and the signature of herbicide selection in the grass weed
Alopecurus myosuroides (Huds.)

JOURNAL Mol. Biol. Evol. 21 (5), 884-892 (2004)
PUBMED 15014166

REFERENCE 5 :

AUTHORS Delye,C., Zhang,X.Q., Michel,S., Matejicek,A. and Powles,S.B.
TITLE Molecular bases for sensitivity to acetyl-coenzyme A

carboxylase

inhibitors in black-grass
JOURNAL Plant Physiol. 137 (3), 794-806 (2005)
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PUBMED

REFERENCE

AUTHORS

TITLE

JOURNAL

21035

FEATURES
source

CDS

details

(bases 1 to 6963)

Direct Submission

Submitted (18-JUN-2001) Delye C., Malherbologie et Agronomie,
Institut National de la Recherche Agronomique, B. P. 86510,

Dijon cedex, FRANCE
Location/Qualifiers
1..6963

/organism="Alopecurus myosuroides"
/mol_type="mRNA"
/strain="v1"
/db_xref="taxon: 814
/tissue_type="leaf"
/dev_stage="4 expanded leaves"

73"

/country="France:Burgundy"Y Y
1. .6963

/EC_number="6.4.1.2

B248 1010.P1

/function="carboxylation of acetyl-coenzyme A"
/experiment="experimental evidence, no additional

recorded"

/codon_start=1
/product="acetyl-coenzyme A carboxylase"
/protein_id="CAC841
/db xref="GI:209755

61.1"

74 "

/db_xref="GOA:Q8LRK2"
/db_xref="HSSP:Q009
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="InterPro:
/db_xref="UniProtKB/TrEMBL:Q8LRK2"

55"

IPROQO00022"

IPROOOO089"

IPROO0408"

IPROO5479"

IPROOS5481"

TIPRO05482"

IPRO11053"

IPRO11054"

IPRO11761"

IPRO11763"

IPRO11764"

IPRO13537"

/translation="MGSTHLPIVGFNASTTPSLSTLRQINSAAAAFQSSSPSRSSKKK

SRRVKS IRDDGDGSVPDPAGHGQS IRQGLAGI IDLPKEGASAPDVDISHGSEDHKASY

QMNGILNESHNGRHASLSKVYEFCTELGGKTPIHSVLVANNGMAAAKFMRSVRTWAND

TFGSEKAIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEIAERTG

VSAVWPGWGHAS ENPELPDALTAKGIVFLGPPASSMNALGDKVGSALIAQAAGVPTLA

WSGSHVEI PLELCLDS I PEEMYRKACVTTADEAVASCQMIGY PAMI KASWGGGGKGIR
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KVNNDDEVKALFKQVQGEVPGS PIFIMRLASQSRHLEVQLLCDEYGNVAALHSRDCSV

QRRHOKI TEEGPVTIVAPRETVKELEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLE

LNPRLQVEHPVTES [AEVNLPAAQVAVGMGI PLWOQIPEIRRFYGMDNGGGYDIWRKTA

ALATPFNFDEVDSQWPKGHCVAVRITSEN PDDGFKPTGGKVKEISFKSKPNVWGYFSV

KSGGGIHEFADSQFGHVFAYGETRSAAITSMSLALKEIQIRGEIHTNVDYTVDLLNAP

DFRENTIHTGWLDTRIAMRVQAERPPWY ISVVGGALYKTITTNAETVSEYVSYLIKGQ

IPPKHISLVHSTISLNIEESKYTIEIVRSGOGSYRLRLNGSLIEANVQTLCDGGLLMQ

LDGNSHVIYAEEEAGGTRLLIDGKTCLLQNDHDPSRLLAETPCKLLRFLIADGAHVDA

DVPYAEVEVMKMCMPLLS PAAGVINVLLSEGQAMQAGDLIARLDLDDPSAVKRAEPFE

GS FPEMSLPTAASGQVHKRCAASLNAARMVLAGYDHAANKVVQDLVWCLDTPALPFLQ

WEELMSVLATRLPRRLKSELEGKYNEYKLNVDHVKIKDFPTEMLRETIEENLACVSEK

EMVTIERLVDPLMSLLKS YEGGRESHAHF IVKSLFEEYLSVEELFSDGIQSDVIERLR

LOYSKDLOKVVDIVLSHQGVRNKTKLILALMEKLVYPNPAAYRDQLIRFSSLNHKRYY

KLALKASELLEQTKLSELRTS I[ARNLSALDMFTEEKADFSLQODRKLAINESMGDLVTA

PLPVEDALVSLFDCTDOTLOQRVIQTYISRLYOPQLVKDS IQLKYQDSGVIALWEFTE

GNHEKRLGAMVILKSLESVSTAIGAALKDASHYASSAGNTVHIALLDADTQLNTTEDS

GDNDQAQDKMDKLSFVLKQDVVMADLRAADVKVVSCIVQRDGAIMPMRRTFLLSEEKL

CYEEEP ILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHR

VFFRTLVRQPSAGNRFTSDHITDVEVGHAEEPLSFTSSSILKSLKIAKEELELHAIRT

GHSHMYLCILKEQKLLDLVPVSGNTVVDVGOQDEATACSLLKEMALK IHELVGARMHHL

SVCQWEVKLKLVSDGPASGSWRVVTITNVIGHTCTVDIYREVEDTESQKLVYHSTALSS

GPLHGVALNTSYQPLSVIDLKRCSARNNKTTYCYDFPLTFEAAVOKSWSNISSENNQC

YVKATELVFAEKNGSWGTPIIPMQRAAGLNDIGMVAWILDMSTPEFPSGRQIIVIAND

ITFRAGSFGPREDAFFEAVINLACEKKLPLIYLAANSGARIGIADEVKSCFRVGWTDD

SSPERGFRYIYMTDEDHDRIGSSVIAHKMQLDSGEIRWVIDSVVGKEDGLGVENIHGS

AAIASAYSRAYEETFTLTFVTGRIVGIGAYLARLGIRCIQRIDQPI ILTGFSALNKLL

GREVYSSHMQLGGPKIMATNGVVHLTVPDDLEGVSNILRWLSYVPANIGGPLPITKSL
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DPIDRPVAYIPENTCDPRAAISGIDDSQGKWLGGMFDKDSFVETFEGWAKTVVIGRAK

LGGIPVGVIAVETQTMMOLVPADPGQPDSHERSVPRAGQVWFPDSATKTAQAMLDFNR

EGLPLFILANWRGFSGGOQRDLFEGILQAGSTIVENLRTYNQPAFVYI PKAAELRGGAW

VVIDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELKECMGRLDPELIDLKARL

QGANGSLSDGESLOKS TEARKKQLLPLYTQIAVRFAELHDTSLRMAAKGVIRKVVDWE

DSRS FFYKRLRRRLSEDVLAKEIRGVIGEKFPHKSAIELIKKWYLASEAAAAGSTDWD

DDDAFVAWRENPENYKEY IKELRAQRVSRLLSDVAGSSSDLQALPQGLSMLLDKMDPS
KRAQFIEEVMKVLK"

variation 5341

/note="herbicide resistance"
/replace="c"

variation 5341

/note="herbicide resistance"
/replace="t"

variation 6081

/note="herbicide resistance"
/replace="ca"

variation 6081

/note="herbicide resistance"
/replace="t"

variation 6122

/note="herbicide resistance"
/replaces"a"

variation 6233

/note="herbicide resistance"
/replace="g"

variation 6287

/note="herbicide resistance"
/replace="c"

ORIGIN .

1 atgggatcca cacatctgee cattgtcggg tttaatgeat
atcgctatcc

61 actcttcgce agataaactc agctgctgcet gcattccaat
ttcaaggtca

121 tccaagaaga aaagecgacg tgttaagtca ataagggatg
aagegtgcca

181 gaccctgcag gcecatggcca gtctattcge caaggtctceg
egacctccca

241 aaggagggeg catcagctce agatgtggac atttcacatg
ccacaaggcc

301 tectaccaaa tgaatgggat actgaatgaa tcacataacg
etctctgtct

361 aaagtttatg aattttgcac ggaattgggt ggaaaaacac
tgtattagtc

421 gccaacaatg gaatggcage agctaagttc atgcggagtg
ggctaatgat

ccacaacacc

cttegtccce

atggcgatgg

ctggcatcat

ggtctgaaga

ggaggceacge

caattcacag

tecggacatg
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481 acatttgggt
agacatgaga

541 ataaatgcag
tggaacaaac

601 aataacaact

tggtgtctce

661 gccgtttgge
tgcactaact

721 gcaaaaggaa
aggcgacaag

781 gttggttcag
gagtggatca

841 catgtggaaa
gtataggaaa

901 gectgtgtta
ttaccctgcec

961 atgatcaagg
taatgatgac

1021 gaggtgaaag
gatatttatc

1081 atgagacttg
tgaatatggc

1141 aatgtagcag
aaagattatec

1201 gaggaaggac
gcaagcagca

1261 aggaggcttg
tctctacage

1321 atggagactg
tgagcaccca

1381 gtcaccgagt
tgggatgggt

1441 ataccecttt

tggaggagge
1501 tatgatattt

tgaagtagat

1561 tctcaatgge
tccagatgat

1621 ggattcaage
gccaaatgtc

1681 tggggatatt
ttctcagttt

1741 ggacacgttt
gtctcttgca

1801 ctaaaagaga
ggttgatctc

1861 ttgaatgcecce
taccagaata

1921 gctatgcegtg
aggagctcta

1981 tataaaacaa

tetcatcaag

2041 ggtcagattc
gaatatagag

cagagaagge

agcacattag

atgcaaatgt

ctggttgggg

ttgtttttct

ctctcattge

ttccattaga

caaccgctga

catcctgggg

cactgtttaa

catctcagag

cacttcacag

cagttactgt

ctaaggcecegt

gtgaatacta

cgatagetga

ggcagattcec

ggaggaaaac

cgaagggtca

ctactggtgg

tctcagttaa

ttgcectatgg

ttcaaattcg

cagacttcag

ttcaagetga
taaccaccaa

caccaaagca

gattcagttg

aattgctgat

ccaactcata

ecatgcatct

tgggccacca

tcaagcagca

actttgtttg

tgaagcagtt

tggtggtggt

gcaagtacag

tegtcatctt

tegtgattge

tgctcctcgt

gggttacgtc

ttttctggag

agtaaatttg

agagatcaga

agcagctctc

ttgtgtggca

aaaagtaaag

gtctggtgga

agagactaga

tggagaaatt

agaaaacacg

gaggcctccc

tgeggagacec

catatcectt

atagctatgg

cagtttgttg

gtggagatag

gagaatcctg

gcatcatcaa

ggggttccca

gactcgatac

gcaagttgte

aaagggatta

ggtgaagttc

gaagtccage

agtgtgcaac

gaaacagtga

ggtgctgcta

cttaatccac

ectgcagece

egtttctacg

gctactccat

gttaggataa

gagataagtt

ggcattcatg

tcagcageaa

catacaaacg

atccataccg

tggtatattt

gtttctgaat

gtccattcaa

B248 1010.Pi

caactccgga

aagtacctgg

cagagagaac

aacttccaga

tgaacgcact

ctcttgcttg

ctgaggagat

agatgattgg

gaaaggttaa

ctggctccce

tgetttgtga

gacgacacca

aagagctaga

ctgttgaata

ggttgcaggt

aagttgcagt

gaatggacaa

tcaactttga

ecagtgagaa

ttaaaagtaa

aatttgcgga

taaccagcat

ttgattacac

gttggctgga

cagtggttgg

atgttagcta

etatttcttt
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2101 gaaagcaaat
attgagactg

2161 aatggatcac
tttaatgeag

2221 ctggatggaa
acggcttctt

2281 attgatggaa
attagctgag

2341 acaccctgca
tgctgatgta

2401 ccatacgegg
tgetgectggt

2461 gtcattaatg
tatagcgaga

2521 cttgatctcg
atcttttcca

2581 gaaatgagec
tgcaagtttg

2641 aacgcetgctc
tgtgcaagat

2701 ttggtatggt
gcttatgtct

2761 gttttageaa
atacaatgaa

2821 tacaagttaa
gcttagagag

2881 acaatcgagg
tgagaggctt

2941 gttgaccectc
ccatgceccac

3001 tttattgtca
cagtgatggc

3061 attcagtctg
ccagaaggtt

3121 gtagacattg
actcgcegctc

3181 atggagaaac
tegcttttct

3241 tccectcaace

tcttgaacaa

3301 accaagctca
ggatatgttc

3361 accgaggaaa
tgagagceatg

3421 ggagatttag
gtttgattgt

3481 actgatcaaa
ataccagect

3541 caacttgtga
tgctttatgg

3601 gaattcactg
gaagtcacta

3661 gaatctgtgt
tgcaagctct

atacaattga

ttattgaage

atagccatgt

aaacatgctt

aacttcttcg

aagttgaggt

ttttgttgte

atgacecttc

ttectattge

gaatggtcct

gccttgatac

ctagacttce

atgttgacca

aaaatcttge

tgatgagect

agtcectttt

acgtgattga

ttttgtctca

tggtctatcc

ataaaagata

gcgaactcceg

aggcagattt

tcactgecce

ctcttcagca

aggatagcat

aaggaaatca

caacagccat

gattgtgagg

caatgtacaa

tatttatgct

gctacagaat

tttcttgatt

tatgaagatg

tgagggccag

tgctgtgaag

tgecttctgge

tgcaggatat

acctgetctt

aagacgtctt

tgtgaagatc

atgtgtttce

gctgaagtca

tgaggagtat

acgectgcge

ccagggtgtg

aaacectgct

ttataagttg

cacaagcatt

etecttgceaa

actgccagtt

gagagtgatt

ccagctgaaa

tgagaagaga

tggagctgcet

agtggacagg

acattatgtg

gaagaagaag

gaccatgatc

gecgatggtg

tgeatgeece

gcegatgcagg

agagccgagc

caagttcaca

gaccatgcgg

ectttcctac

aagagcgagt

aaggatttcc

gagaaggaaa

tacgagggtg

ctcteggttg

ctacaatata

agaaacaaaa

gcctacagag

gctcttaaag

gcaaggaace

gacagaaaat

gaagatgeac

cagacataca

tatcaggatt

ttgggtgcta

ctaaaggatg

B248 1010.P1

gtagctacag

atggaggcct

cgggtggtac

egtcaaggtt

ctcatgttga

tcttgtcgec

etggtgatct

catttgaagg

aaagatgtgc

ccaacaaagt

aatgggaaga

tggagggcaa

ctacecgagat

tggtgacaat

ggagagaaag

aggaactatt

gtaaagacct

caaagctgat

atcagttgat

etagtgaact

tttcagegct

tggecattaa

ttgtttcttt

tatctcgatt

ctggtgttat

tggttatcct

catcacatta

PGR2021-00114 Ex. 1015

RiceTec, Inc.

Page 075



Ex. 1015 
RiceTec, Inc. 

Page 076

PGR2021-00114

3721 gcegggcaaca
tacaactgaa

3781 gatagtggtg
tgtactgaaa

3841 caagatgttg
ttgeattgtt

3901 caaagagatg
ggaaaaactt

3961 tgttacgagg
acttcttgag

4021 ttggataaat

acgtgatcgt

4081 cagtggcata
cagggtattt

4141 ttccgaacac
ccatatcact

4201 gatgttgaag
catattaaaa

4261 tcgttgaaga
ccattctcat

4321 atgtacttgt
ttcagggaac

4381 actgttgtgg
agaaatggct

4441 ttaaagatac
ccagtgggaa

4501 gtgaaactta

tgtaacaacec

4561 aatgttactg
tacagaatca

4621 cagaaactag
tgttgcactg

4681 aatacttcgt
caggaacaac

4741 aaaactacat

gaagtcgtgg
4801 tctaacattt

tgtgtttget

4861 gaaaagaatg
tgggctgaat

4921 gacattggta
cagcggcaga

4981 cagatcattg
cccaagggaa

5041 gatgcatttt
acttatctac

5101 ttggctgceaa
ttgcttcegt

5161 gttggatgga
tatgactgac

5221 gaagaccatg
agatagtggc

5281 gagatcaggt
tgtggagaac

eggtgcatat

ataatgacca

tcatggctga

gagcaatcat

aagagecgat

tgaaagtgaa

tatacacact

ttgtcagaca

taggacacge

ttgctaaaga

gcatattgaa

atgttggtca

atgaacttgt

agttggtgag

gtcacacctg

tataccactc

atcagcecttt

actgctatga

ecagtgaaaa

ggtcgtgggg

tggtagectg

ttatcgcaaa

tegaagctgt

actctggtge

ctgatgatag

atcgtattgg

gggttattga

tgetttgttg

agctcaagac

tctacgtgct

gectatgege

tcttcggcat

aggatacaat

tagaaatact

acccagtgca

agaggaacct

agaattggag

agagcaaaag

agatgaagct

tggtgcaaga

egatgggcect

cactgtggat

cacegcattg

gagtgttatt

ttttceattg

caaccaatgt
cactcctata

gatcttggac

tgatattaca

aaccaacctg

teggattgge

cagccctgaa

ctcttcagtt

ttctgttgtg

gatgctgata

aagatggata

gctgatgtca

egtaccttcc

gtggagcectc

gagatgaagt

gaaaatccaa

ggcaacaggt

ctttcattta

cttcacgcga

ettcttgacc

actgcatgct

atgcatcatc

gecagtggta

atctaccggg

tcatctggtc

gatttaaaac

acatttgaag

tatgttaaag

attcctatge

atgtccactc

tttagagctg

gcttgtgaga

attgctgatg

cgtggattta

atagcacaca

ggaaaagagg

B248 1010.P1

eccaactgaa

aactttcttt

aggttgttag

tettgtcaga

cactttctgc

atacaccgtc

aaatgcetgca

ttacatcaga

cttcaagcag

tcaggactgg

ttgttcctgt

ctcttttgaa

tttctgtatg

gctggagagt

aggtcgaaga

etttgcatgg

gttgctctge

ctgcagtgca

egacagagct

agegtgctge

ctgaatttce

gatcatttgg

agaagcttcec

aagtaaaatc

ggtacattta

agatgceagct

atggactagg
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5341 atacatggaa
gacatttaca

5401 cttacattcg
acttggcata

5461 cggtgcatac
cctgaacaag

5521 cttcttggge
aatcatggcg

5581 acgaatggtg
taatatattg

5641 aggtggctca
aaaatctttg

5701 gacccaatag

tegtgcagec

5761 atcagtggca
caaagacagt

5821 tttgtggaga
aaaacttgga

5881 gggattcctg
egtcccegcet

5941 gatccaggcec
agtttggttt

6001 ccagattctg
aggattacct

6061 ctgttcatac
ttttgaagga

6121 attctgcagg
gectgecttt

6181 gtatatatce
tgatagcaag

6241 ataaacccag
tgttctcgaa

6301 cctcaagggt
catgggtagg

6361 cttgatccag
aagectatct

6421 gatggagaat
gectctgtac

6481 acccaaatcg
ggctgctaaa

6541 ggtgtgatca
caagagatta

6601 cggaggagge
tggtgagaag

6661 tttcctcaca

tgaggcagcet
6721 gcagcaggaa

ggagaaccct

6781 gaaaactata
gttgctctca

6841 gatgttgcag
catgctacta

6901 gataagatgg
ggtcctgaaa

gtgctgctat

ttactggacg

agcgtattga

gggaggtgta

ttgtccatct

gctatgttce

acagacecgt

ttgatgacag

catttgaagg

ttggtgttat

agcctgattc

ctaccaagac

ttgctaactg

ctgggtcaac

ccaaggctge

atcgcatcga

tgattgagat

aattgataga

cccttcagaa

eggtacgttt

ggaaagttgt

tatccgagga

aatcagcgat

gcaccgactg

aggagtatat

gctccagttc

atccctctaa

tgccagtgcec

aactgttgga

cecageccatt

cagctceccac

gactgttcca

tgcaaacatt

tgcatacatc

ccaagggaaa

atgggcgaag

agctgtggag

ecacgagcgg

agegcaggcg

gagaggcttc

aattgttgag

agagctacgt

gtgctatgcet

caagttcagg

tctgaaagca

gagcatagaa

tgeggaattg

agactgggaa

egttctggca

egagctgatc

ggatgacgac

caaagagctt

ggatttacaa

gagagcacag

tattctaggg

ateggagect

attttgaccg

atgcagttgg

gatgaccttg

ggtggacctc

cctgagaata

tggttgggtg

acagtagtta

acacagacca

tctgttcctec

atgttggact

tctggagggc

aaccttagga

ggaggagect

gagaggactg

tcagaggaac

agactccagg

gctcggaaga

cacgacactt

gactctcggt

aaggagatta

aagaaatggt

gatgcettttg

agggctcaaa

gecttgecge

tttatcgagg
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egtacgagga

atcttgcetcg

ggttttctge

gtggtcccaa

aaggtgtttc

ttectattac

catgtgatcc

gceatgtttga

ctggcagagc

tgatgcagct

gtgctgggca

tcaaccgtga

aaagagatct

catacaatca

gggtegtgat

caaagggtaa

tcaaagaatg

gagcaaatgg

aacagttgct

cccttagaat

ctttcttcta

gaggtgtaat

acttggcttc

tegectggag

gggtatctcg

agggtctttc

aggtcatgaa
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6961 tga
//
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FIGURE 7A

>OSI.ACCI [BGIOSIBCE018385]

atgacatccacacatgtggcgacattgggagttggtgcccaggcacctcctcgtcaccagaaaaagtcag
ctggcactgcatttgtatcatctgggtcatcaagaccctcataccgaaagaatggtcagcegtactcggtc
acttagggaagaaagcaatggaggagtgtctgattccaaaaagcttaaccactctattcgecaaggtctt
gctggcatcattgacctcccaaatgacgcagcttcagaagttgatatttcacatggttccgaagatccca
gggggcctacggtcccaggttcctaccaaatgaatgggattatcaatgaaacacataatgggaggcatge
ttcagtctccaaggttgttgagttttgtacggcacttggtggcaaaacaccaattcacagtgtattagtg
gccaacaatggaatggcagcagctaagttcatgcggagtgtccgaacatgggctaatgatacttttggat
cagagaaggcaattcagctgatagctatggcaactccggaggatctgaggataaatgqcagagcacatcag
aattgccgatcaatttgtagaggtacctggtggaacaaacaacaacaactatgcaaatgtccaactcata
gtggagatagcagagagaacaggtgtttctgctgtttggectggttggggtcatgceatctgagaatcctg
aacttccagatgcgctgactgcaaaaggaattgtttttcttgggccaccagcatcatcaatgeatgeatt
aggagacaaggttggctcagctctcattgctcaagcagctggagttccaacacttgcettggagtggatca
catgtggaagttcctctggagtgttgcttggactcaatacctgatgagatgtatagaaaagcttgtgtta
ctaccacagaggaagcagttgcaagttgtcaggtggttggttatcctgecatgattaaggcatcttgggg
tggtggtggtaaaggaataaggaaggttcataatgatgatgaggttaggacattatttaagcaagttcaa
ggcgaagtacctggttccccaatatttatcatgaggctagctgctcagagtcgacatcttgaagttcagt
tgctttgtgatcaatatggcaacgtagcagcacttcacagtcgagattgcagtgtacaacggegacacca
aaagataatcgaggaaggaccagttactgttgctcctcgtgagactgtgaaagagcttgagcaggceagca
ceggaggcttgctaaagctgtgggttatgttggtgctgctactgttgaatacctttacagcatggaaactg
gtgaatattattttctggaacttaatccacggctacaggttgagcatcctgtcactgagtggatagctga
agtaaatttgcctgcggctcaagttgctgttggaatgggtatacccctttggcagattccagagatcagg
egcttctacggaatgaaccatggaggagqgctatgacctttggaggaaaacagcagctctagegactccat
ttaactttgatgaagtagattctaaatggccaaaaggccactgcegtagctgttagaataactagegagga
tccagatgatgggtttaagectactggtggaaaagtaaaggagataagtttcaagagtaaaccaaatgtt
tgggcctatttctcagtaaagtctggtggaggcatccatgaattcgcetgattctcagttcggacatgttt
ttgcgtatggaactactagatcggcagcaataactaccatggctcttgcactaaaagaggttcaaattcg
tggagaaattcattcaaacgtagactacacagttgacctattaaatgcectcagattttagagaaaataag
attcatactggttggctggataccaggatagccatgcgtgttcaagctgagaggectccatggtatattt
cagtcgttggaggggctttatataaaacagtaactgecaacacggecactgtttctgattatgttggtta
tcttaccaagggccagattccaccaaagcatatatcccttgtctatacgactgttgctttgaatatagat
gggaaaaaatatacaatcgatactgtgaggagtggacatggtagctacagattgcgaatgaatggatcaa
eggttgacgcaaatgtacaaatattatgtgatggtgggcttttaatgeagctggatggaaacagecatgt
aatttatgctgaagaagaggccagtggtacacgacttcttattgatggaaagacatgcatgttacagaat
gaccatgacccatcaaagttattagctgagacaccatgcaaacttcttcgtttcttggttgctgatggtg
ctcatgttgatgctgatgtaccatatgcggaagttgaggttatgaagatgtgceatgeeactcttatcace
egcettctggtgtcatacatgttgtaatgtctgagggecaagcaatgceaggcetggtgatcttatagctagg
ctggatcttgatgacecttctgctgttaagagagctgagecgttcgaagatacttttccacaaatgggtc
tecctattgctgcettctggccaagttcacaaattatgtgctgcaagtctgaatgettgtcgaatgatact
tgcggggtatgagcatgatattgacaaggttgtgccagagttggtatactgectagacactccggagcett
cctttcctgcagtgggaggagcttatgtctgttttagcaactagacttccaagaaatcttaaaagtgagt
tggagggcaaatatgaggaatacaaagtaaaatttgactctgggataatcaatgatttcectgecaatat
gctacgagtgataattgaggaaaatcttgcatgtggttctgagaaggagaaggctacaaatgagaggett
gttgagectcttatgagcctactgaagtcatatgagggtqgqgagagaaagtcatgctcactttgttgtca
agtccctttttgaggagtatctctatgttgaagaattgttcagtgatggaattcagtctgatgtgattga
gegtctgcgecttcaacatagtaaagacctacagaaggtcgtagacattgtgttgtcccaccagagtgtt
agaaataaaactaagctgatactaaaactcatggagagtctggtctatccaaatcctgctgectacaggg
atcaattgattcgcettttcttcccttaatcacaaagcgtattacaagttggcacttaaagetagtgaact
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tcttgaacaaacaaaacttagtgagctccgtgcaagaatagcaaggagectttcagagcetggagatgttt
actgaggaaagcaagggtctctccatgcataagcgagaaattgccattaaggagagcatggaagatttag
tcactgctccactgccagttgaagatgegctcatttctttatttgattgtagtgatacaactgttcaaca
gagagtgattgagacttatatagctcgattataccagcctcatcttgtaaaggacagtatcaaaatgaaa
tggatagaatcgggtgttattgctttatgggaatttcctgaagggcattttgatgcaagaaatggaggag
ceggttcttggtgacaaaagatggggtgecatggtcattgtcaagtctcttgaatcactttcaatggecat
tagatttgcactaaaggagacatcacactacactagctctgagggcaatatgatgcatattgetttgttg
ggtgctgataataagatgcatataattcaagaaagtggtgatgatgctgacagaatagccaaacttcect
tgatactaaaggataatgtaaccgatctgcatgcectctggtgtgaaaacaataagtttcattgttcaaag
agatgaagcacggatgacaatgcgtcgtaccttcctttggtctgatgaaaagctttcttatgaggaagag
ccaattctccggcatgtggaacctcctctttctgcacttcttgagttggacaagttgaaagtgaaaggat
acaatgaaatgaagtataccccatcacgggatcgtcaatggcatatctacacacttagaaatactgaaaa
cceccaaaatgttgcaccgggtatttttccgaacccttgtcaggcaacccagtgtatccaacaagttttct
tegggccagattggtgacatggaagttgggagtgctgaagaacctctgtcatttacatcaaccagceatat
taagatctttgatgactgctatagaggaattggagcttcacgcaattagaactggecattcacacatgta
tttgcatgtattgaaagaacaaaagcttcttgatcttgttccagtttcagggaatacagttttggatgtt
ggtcaagatgaagctactgcatattcacttttaaaagaaatggctatgaagatacatgaacttgttggtg
caagaatgcaccatctttctgtatgccaatgggaagtgaaacttaagttggactgcgatggtcctgecag
tggtacctggaggattgtaacaaccaatgttactagtcacacttgcactgtggatatctaccgtgagatg
gaagataaagaatcacggaagttagtataccatcccgcecactceggeggetggtectctgeatggtgtgg
cactgaataatccatatcagcectttgagtgtcattgatctcaaacgctgttctgctaggaataatagaac
tacatactgctatgattttccactggcatttgaaactgcagtgaggaagtcatggtectctagtacctct
ggtgcttctaaaggtgttgaaaatgeccaatgttatgttaaagctacagagttggtatttgqceggacaaac
atgggtcatggggcactcctttagttcaaatggaccggectgctgggctcaatgacattggtatggtage
ttggaccttgaagatgtccactcctgaatttcctagtggtagggagattattgttgttgcaaatgatatt
acgttcagagctggatcatttggceccaagggaagatgcattttttgaagctgttaccaacctagectgtg
agaagaaacttcctcttatttatttggcagcaaattctggtgctcgaattggcatagcagatgaagtgaa
atcttgcttcegtgttgggtggtctgatgatggcagecctgaacgtgggtttcagtacatttatctaage
gaagaagactatgctcgtattggcacttctgtcatagcacataagatgcagctagacagtggtgaaatta
ggtgggttattgattctgttgtgggcaaggaagatggacttggtgtggagaatatacatggaagtgctge
tattgccagtgcttattctagggcatataaggagacatttacacttacatttgtgactggaagaactgtt
ggaataggagcttatcttgctcgacttggcatccggtgcatacagcegtcttgaccagectattattctta
caggctattctgcactgaacaagcttcttgggcgggaagtgtacagctcccacatgcagttgggtggtcc
caaaatcatggcaactaatggtgttgtccatcttactgtttcagatgaccttgaaggegtttctaatata
ttgaggtggctcagttatgttcctgectacattggtggaccacttccagtaacaacaccgttggacccac
eggacagacctgttgcatacattcctgagaactcgtgtgatcctcgagcggctatccgtggtgttgatga
cagccaagggaaatggttaggtggtatgtttgataaagacagctttgtgqgaaacatttgaaggttggget
aagacagtggttactggcagagcaaagcttggtggaattccagtgggtgtgatagetgtgqgagactcaga
ccatgatgcaaactatccctgctgaccctggtcagcttgattcccgtgagcaatctgttectcgtgcetgg
acaagtgtggtttccagattctgcaaccaagactgcgcaggcattgctggacttcaaccgtgaaggatta
ectctgttcatcctcgctaactggagaggcettctctggtggacaaagagatctttttgaaggaattcttc
aggctggctcgactattgttgagaaccttaggacatacaatcagectgectttgtctacattcceatgge
tgcagagctacgaggaggggcttgggttgtggttgatagcaagataaacccagaccgeattgagtgcetat
gctgagaggactgcaaaaggcaatgttctggaaccgcaagggttaattgagatcaagttcaggtcagagg
aactccaggattgcatgagtcggcttgacccaacattaattgatctgaaagcaaaactcgaagtagcaaa
taaaaatggaagtgctgacacaaaatcgcttcaagaaaatatagaagctcgaacaaaacagttgatgect
ctatatactcagattgcgatacggtttgctgaattgcatgatacatcectcagaatggctgcgaaaggtg
tgattaagaaagttgtggactgggaagaatcacgatctttcttctataagagattacggaggaggatctec
tgaggatgttcttgcaaaagaaattagagctgtagcaggtgageagttttccecaccaaccagcaatcgag
ctgatcaagaaatggtattcagcttcacatgcagctgaatgggatgatgacgatgettttgttgcttgga
tggataaccctgaaaactacaaggattatattcaatatcttaaggctcaaagagtatcccaatcectcta
aagtctttcagattccagctcagatttgcaagecctgcecacagggtctttccatgttactagataagatg
gatccctctagaagagctcaacttgttgaagaaatcaggaaggtccttggttga
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FIGURE 7B

>OsI.ACCI [BGIOSIBCE018385]

MTSTHVATLGVGAQAPPRHOKKSAGTAFVSSGSSRPS YRKNGORTRSLREESNGGVSDSKKLNHS IROGL

AGI IDLPNDAASEVDISHGSEDPRGPTVPGS YOMNGI INETHNGRHASVSKVVEFCTALGGKTPIHSVLV
ANNGMAAAKFMRSVRIWANDTFGSEKAIQLIAMATPEDLRINAEHIRIADQFVEVPGGTNNNNYANVQLI

VEIAERTGVSAVWPGWGHASENPELPDALTAKGIVFLGPPAS SMHALGDKVGSALIAQAAGVPTLAWSGS

HVEVPLECCLDS I PDEMYRKACVTTTEEAVAS COQVVGYPAMI KASWGGGGKGIRKVHNDDEVRTLFKQVQ

GEVPGS PI FIMRLAAQSRHLEVQLLCDOQYGNVAALHSRDCSVORRHQKIIEEGPVTIVAPRETVKELEQAA
RRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTEWLAEVNLPAAQVAVGMGI PLWQIPEIR
RFYGMNHGGGYDLWRKTAALATPFNFDEVDSKWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNV

WAYFSVKSGGGIHEFADSQFGHVFAYGTTRSAAITTMALALKEVQIRGE LHSNVDYTVDLLNASDFRENK
THTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTANTATVSDYVGYLTKGOQIPPKHISLVYTTVALNID

GKKYTIDTVRSGHGS YRLRMNGSTVDANVQILCDGGLLMQLDGNSHVI YAEEEASGTRLLIDGKTCMLON

DHDPSKLLAETPCKLLRFLVADGAHVDADVPYAEVEVMKMCMPLLS PASGVIHVVMSEGQAMQAGDLIAR
LDLDDPSAVKRAEPFEDTFPQMGLP IAASGQVHKLCAASLNACRMILAGYEHDIDKVVPELVYCLDTPEL
PFLOWEELMSVLATRLPRNLKSELEGKYEEYKVKFDSGIINDFPANMLRVIIEENLACGSEKEKATNERL

VEPLMSLLKSYEGGRESHAHFVVKSLFEEYLYVEELFSDGIQSDVIERLRLQHSKDLOQKVVDIVLSHQSV
RNKTKLILKLMESLVYPNPAAYRDQLIRFSSLNHKAYYKLALKASELLEQTKLSELRARIARSLSELEMF

TEES KGLSMHKRETAIKESMEDLVTAPLPVEDALISLFDCSDTTVQQRVIETYIARLYQPHLVKDSIKMK
WIESGVIALWEFPEGHFDARNGGAVLGDKRWGAMVIVKSLESLSMAIRFALKETSHYTSSEGNMMHIALL

GADNKMHI IQESGDDADRIAKLPLILKDNVIDLHASGVKTISFIVQRDEARMIMRRTFLWSDEKLSYEEE

PILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRTLVRQPSVSNKFS
SGQIGDMEVGSAEEPLSFTSTSILRSLMTAIEELELHAIRTGHSHMYLHVLKEQKLLDLVPVSGNTVLDV
GQDEATAYSLLKEMAMKTHELVGARMHHLSVCQWEVKLKLDCDGPASGTWRIVITNVISHTCTVDIYREM
EDKESRKLVYHPATPAAGPLHGVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETAVRKSWSSSTS
GASKGVENAQCYVKATELVFADKHGSWGTPLVOMDRPAGLNDIGMVAWTLKMSTPEFPSGREIIVVANDI

TFPRAGS FGPREDAFFEAVTNLACEKKLPLIYLAANSGARIGIADEVKSCFRVGWSDDGS PERGFQYIYLS
EEDYARIGTSVIAHKMQLDSGEIRWVIDSVVGKEDGLGVENIHGSAAIASAYSRAYKETFTLTFVIGRTV

GIGAYLARLGIRCIQRLDQPIILTGYSALNKLLGREVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNI
LRWLSYVPAYIGGPLPVITPLDPPDRPVAYI PENSCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWA
KTVVTGRAKLGGI PVGVIAVETOTMMQTI PADPGQLDSREQSVPRAGQVWFPDSATKTAQALLDFNREGL
PLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYI PMAAELRGGAWVVVDSKINPDRIECY

AERTAKGNVLEPQGLIEIKFRSEELQDCMSRLDPTLIDLKAKLEVANKNGSADTKSLOQENIEARTKQLMP
LYTQIAIRFAELHDTSLRMAAKGVIKKVVDWEESRSFFYKRLRRRISEDVLAKEIRAVAGEQFSHQPAIE
LIKKWYSASHAAEWDDDDAFVAWMDNPENYKDY IQYLKAQRVSQSLSSLSDSSSDLQALPQGLSMLLDKM
DPSRRAQLVEEIRKVLG
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FIGURE 8A

>OsJ.ACCI [0805922940]
atgccgatgcggccgtgggaatttattattttaggecgcacageccecatctctcececacecctcggga
tatccegecttctccegecegctccgectcegectcegcectccegectcgeegecgttgtcgacgecgcaag
gatccaaacgcecgcececgegtcgecttctcegecttcttcttcttcttcttcttcttctccgagggtctc
tctcgggaaggtacagctgceccgectccctgetcttatttatcgegtgecgttcattccegtgecttctce
agctccagatccgcgegecgcacgecgatccgegecceggecggttttagetgcegctcatcatttcctcge
gttggctcagggtttaagctcctctttgttaagtgggacgatttcacacatctggggatttatcttctct
ttgtatggcactacacatttgagaaaccgtgcaattctactgtttggtcttgctggceatcattgacctce
caaatgacgcagcttcagaagttgatatttcacatggttccgaagatcccagggggectacggtcccagg
ttcctaccaaatgaatgggattatcaatgaaacacataatgggaggcatgettcagtctccaaggttgtt
gagttttgtacggcacttggtggcaaaacaccaattcacagtgtattagtggccaacaatggaatggcag
cagctaagttcatgcggagtgtccgaacatgggctaatgatacttttggatcagagaaggceaattcaget
gatagctatggcaactccggaggatctgaggataaatgcagagcacatcagaattgecgatcaatttgta
gaggtacctggtggaacaaacaacaacaactatgcaaatgtccaactcatagtggagatagcagagagaa
caggtgtttctgctgtttggcctggttggggtcatgcatctgagaatcctgaacttccagatgcegcetgac
tgcaaaaggaattgtttttcttgggccaccagcatcatcaatgcatgceattaggagacaaggttggctca
gctctcattgctcaagcagctggagttccaacacttgcttggagtggatcacatgtggaagttcctctgg
agtgttgcttggactcaatacctgatgagatgtatagaaaagcttgtgttactaccacagaggaagcagt
tgcaagttgtcaggtggttggttatcctgcecatgattaaggcatcttggggtaggtggtggtaaaggaata
aggaaggttcataatgatgatgaggttaggacattatttaagcaagttcaaggcgaagtacctggttcce
caatatttatcatgaggctagctgctcagagtcgacatcttgaagttcagttgcetttgtgatcaatatgg
caacgtagcagcacttcacagtcgagattgcagtgtacaacggcgacaccaaaagataatcgaggaagga
ccagttactgttgctcctcgtgagactgtgaaagagettgagcaggcagcacggaggcttgctaaagctg
tgggttatgttggtgctgctactgttgaatacctttacagcatggaaactggtgaatattattttctgga
acttaatccacggctacaggttgagcatcctgtcactgagtggatagctgaagtaaatttgectgegget
caagttgctgttggaatgggtataccectttggcagattccagagatcaggegcettctacggaatgaace
atggaggaggctatgacctttggaggaaaacagcagctctagcegactccatttaactttgatgaagtaga
ttctaaatggccaaaaggcecactgcgtagctgttagaataactagcgaggatccagatgatgggtttaag
cectactggtggaaaagtaaaggagataagtttcaagagtaaaccaaatgtttgggectatttctcagtaa
agtctggtggaggcatccatgaattcgctgattctcagttcggacatgtttttgcgtatggaactactag
atcggcagcaataactaccatggctcttgcactaaaagaggttcaaattcgtggagaaattcattcaaac
gtagactacacagttgacctattaaatgectcagattttagagaaaataagattcatactggttggctgg
ataccaggatagecatgcegtgttcaagctgagaggectccatggtatatttcagtegttggaggggettt
atataaaacagtaactgccaacacggccactgtttctgattatgttggttatcttaccaagggecagatt
ccaccaaagcatatatcccttgtctatacgactgttgctttgaatatagatgggaaaaaatatacaatcg
atactgtgaggagtggacatggtagctacagattgcgaatgaatggatcaacggttgacgcaaatgtaca
aatattatgtgatggtgggcttttaatgcagctgqgatggaaacagecatgtaatttatgctgaagaagag
gccagtggtacacgacttcttattgatggaaagacatgcatgttacagaatgaccatgacccatcaaagt
tattagctgagacaccatgcaaacttcttcgtttcttggttgctgatggtgetcatgttgatgetgatgt
accatatgcggaagttgaggttatgaagatgtgcatgeccectcttatcaccegettctggtgtcatacat
gttgtaatgtctgagggccaagcaatgcaggetggtgatcttatagctaggetggatcttgatgacectt
ctgctgttaagagagctgagecgttcgaagatacttttccacaaatgggtctecctattgetgettctgg
ccaagttcacaaattatgtgctgcaagtctgaatgcttgtcgaatgatccttgcggggtatgageatgat
attgacaaggttgtgccagagttggtatactgcectagacactccggagcettectttectgceagtgggagg
agcttatgtctgttttagcaactagacttccaagaaatcttaaaagtgagttggagggcaaatatgagga
atacaaagtaaaatttgactctgggataatcaatgatttccctgccaatatgctacgagtgataattgag
gaaaatcttgceatgtggttctgagaaggagaaggctacaaatgagaggcettgttgagectcttatgagece
tactgaagtcatatgagggtgggagagaaagtcatgctcactttgttgtcaagtcectttttgaggagta
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tctctatgttgaagaattgttcagtgatggaattcagtctgatgtgattgagegtctgegecttcaacat
agtaaagacctacagaaggtcgtagacattgtgttgtcccaccagagtgttagaaataaaactaagctga
tactaaaactcatggagagtctggtctatccaaatcctgctgectacagggatcaattgattcgcttttc
tteecttaatcacaaagcegtattacaagttggcacttaaagctagtgaacttcttgaacaaacaaaactt
agtgagctccgtgcaagaatagcaaggagcectttcagagctggagatgtttactgaggaaagcaagggtc
tctccatgcataagcgagaaattgccattaaggagagcatggaagatttagtcactgctccactgcecagt
tgaagatgcegctcatttctttatttgattgtagtgatacaactgttcaacagagagtgattgagacttat
atagctcgattataccagectcatcttgtaaaggacagtatcaaaatgaaatggatagaatcgggtgtta
ttgctttatgggaatttcctgaagggcattttgatgcaagaaatggaggageggttcttggtgacaaaag
atggggtgccatggtcattgtcaagtctcttgaatcactttcaatggccattagatttgcactaaaggag
acatcacactacactagctctgagggcaatatgatgcatattgcetttgttgggtgctgataataagatge
atataattcaagaaagtggtgatgatgctgacagaatagccaaacttcccttgatactaaaggataatgt

aaccgatctgcatgcectctggtgtgaaaacaataagtttcattgttcaaagagatgaagcacggatgaca
atgegtcgtaccttcctttggtctgatgaaaagctttcttatgaggaagagcecaattctccggcatgtgg
aacctcctctttctgcacttcttgagttggacaagttgaaagtgaaaggatacaatgaaatgaagtatac
eccatcacgggatcgtcaatggcatatctacacacttagaaatactgaaaaccccaaaatgttgcaccgg
gtatttttccgaacccttgtcaggcaacccagtgtatccaacaagttttcttcgggecagattggtgaca
tggaagttgggagtgctgaagaacctctgtcatttacatcaaccagcatattaagatctttgatgactge
tatagaggaattggagcttcacgcaattagaactggccattcacacatgtatttgceatgtattgaaagaa
caaaagcttcttgatcttgttccagtttcagggaatacagttttggatgttggtcaagatgaagctactg
catattcacttttaaaagaaatggctatgaagatacatgaacttgttggtgcaagaatgcaccatctttc
tgtatgccaatgqggaagtgaaacttaagttgqgactgcgatggtcctgccagtggtacctggaggattgta
acaaccaatgttactagtcacacttgcactgtggatatctaccgtgagatgqgaagataaagaatcacgga
agttagtataccatcccgcecactccggeggctggtcctctgceatggtgtggcactgaataatccatatca
gcctttgagtgtcattgatctcaaacgctgttctgctaggaataatagaactacatactgctatgatttt
ecactggcatttgaaactgcagtgaggaagtcatggtcctctagtacctctggtgcttctaaaggtgttg
aaaatgcccaatgttatgttaaagctacagagttggtatttgceggacaaacatgggtcatggggcactecc
tttagttcaaatggaceggectgctgggetcaatgacattggtatggtagcettggaccttgaagatgtec
actcctgaatttcctagtggtagggagattattgttgttgcaaatgatattacgttcagagctggatcat
ttggcccaagggaagatgceattttttgaagctgttaccaacctagcectgtgagaagaaacttcctcttat
ttatttggcagcaaattctggtgctcgaattggcatagcagatgaagtgaaatcttgcettccgtgttggg
tggtctgatgatggcagecctgaacgtgggtttcagtacatttatctaagcgaagaagactatgctcgta
ttggcacttctgtcatagcacataagatgcagctagacagtggtgaaattaggtgggttattgattctgt
tgtgggcaaggaagatggacttggtgtggagaatatacatggaagtgctgctattgcecagtgettattct
agggcatataaggagacatttacacttacatttgtgactggaagaactgttggaataggagcttatcttg
ctcgacttggcatccggtgcatacagegtcttgaccagectattattcttacaggctattctgcactgaa
caagcttcttgggcgggaagtgtacagctccecacatgceagttgggtgqgtcccaaaatcatggcaactaat
ggtgttgtccatcttactgtttcagatgaccttgaaggcegtttctaatatattgaggtggctcagttatg
ttectgcctacattggtggaccacttccagtaacaacaccgttggacccaccggacagacctgttgcata
cattcctgagaactcgtgtgatcctcgagcggctatccgtggtgttgatgacagccaagggaaatggtta
ggtggtatgtttgataaagacagctttgtggaaacatttgaaggttgggctaagacagtggttactggcea
gagcaaagcttggtggaattccagtgggtgtgatagctgtggagactcagaccatgatgcaaactatccc
tgctgaccctggtcagcttgattccecgtgagcaatctgttcctcgtgctggacaagtgtggtttccagat
tctgcaaccaagactgcgcaggcattgctggacttcaaccgtgaaggattacctctgttcatcctcgcta
actggagaggcttctctggtggacaaagagatctttttgaaggaattcttcaggcetggctcgactattgt
tgagaaccttaggacatacaatcagcctgcectttgtctacattcccatggctgcagagctacgaggaggg
gcttgggttgtggttgatagcaagataaacccagaccgcattgagtgctatgctgagaggactgqcaaaag
gcaatgttctggaaccgcaagggttaattgagatcaagttcaggtcagaggaactccaggattgcatgag
teggcttgacccaacattaattgatctgaaagcaaaactcgaagtagcaaataaaaatggaagtgctgac
acaaaatcgcttcaagaaaatatagaagctcgaacaaaacagttgatgcctctatatactcagattgega
tacggtttgctgaattgcatgatacatccctcagaatggctgcgaaaggtgtgattaagaaagttgtgga
ctgggaagaatcacgatctttcttctataagagattacggaggaggatctctgaggatgttcttgcaaaa
gaaattagagctgtagcaggtgagcagttttcccaccaaccagcaatcgagctgatcaagaaatggtatt
cagcttcacatgcagctgaatgggatgatgacgatgettttgttgcettggatggataaccctgaaaacta
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caaggattatattcaatatcttaaggctcaaagagtatcccaatccctctcaagtctttcagattccage
tcagatttgcaagecctgcecacagggtctttccatgttactagataagatggatccctctagaagagctc

aacttgttgaagaaatcaggaaggtccttggttga
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FIGURE 8B

>OSJACCI [EAZ33685]
MTSTHVATLGVGAQAPPRHOKKSAGTAFVSSGSSRPSYRKNGQRTRSLREESNGGVSDSKKLNHSIRQGL

AGIIDLPNDAASEVDISHGSEDPRGPTVPGSYOQMNGI INETHNGRHASVSKVVEFCTALGGKTPIHSVLV

ANNGMAAAKFMRSVRIWANDTFGSEKATQLIAMATPEDLRINAEHTRIADQFVEVPGGTNNNNYANVQLI

VEIAERTGVSAVWPGWGHAS ENPELPDALTAKGIVFLGPPASSMHALGDKVGSALIAQAAGVPTLAWSGS

HVEVPLECCLDSIPDEMYRKACVTTTEEAVASCOVVGYPAMI KASWGGGGKGIRKVHNDDEVRTLFKQVQ

GEVPGS PIFIMRLAAOSRHLEVOLLCDQYGNVAALHSRDCSVQRRHQKIIEEGPVIVAPRETVKELEQAA

RRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQOVEHPVTEWIAEVNLPAAQVAVGMGI PLWQIPEIR
RFYGMNHGGGYDLWRKTAALATPFNFDEVDSKWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNV

WAYFSVKSGGGIHEFADSQFGHVFAYGTTRSAAITTMALALKEVOIRGEIHSNVDYTVDLLNASDFRENK

THTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTIANTATVSDYVGYLTKGQIPPKHISLVYTTVALNID

GKKYTIDTVRSGHGSYRLRMNGS TVDANVQI LCDGGLLMOLDGNSHVI YAEEEASGTRLLIDGKTCMLQN

DHDPSKLLAETPCKLLRFLVADGAHVDADVPYAEVEVMKMCMPLLS PASGVIHVVMSEGQAMQAGDLIAR
LDLDDPSAVKRAEPFEDTFPQMGLPIAASGQVHKLCAASLNACRMILAGYEHDIDKVVPELVYCLDTPEL
PFLQWEELMSVLATRLPRNLKSELEGKYEEYKVKFDSGIINDFPANMLRVIIEENLACGSEKEKATNERL

VEPLMSLLKSYEGGRESHAHFVVKSLFEEYLYVEELFSDGIQSDVIERLRLQHSKDLOKVVDIVLSHQSV

RNKTKLILKLMESLVYPNPAAYRDQLIRFSSLNHKAYYKLALKASELLEQTKLSELRARIARSLSELEMF

TEESKGLSMHKREIAIKESMEDLVTAPLPVEDALISLFDCSDTTVQQRVIETYIARLYQPHLVKDSIKMK
WIESGVIALWEFPEGHFDARNGGAVLGDKRWGAMVIVKSLESLSMAIRFALKETSHYTSSEGNMMHIALL

GADNKMHI IQESGDDADRIAKLPLILKDNVTDLHASGVKTISFIVQRDEARMTMRRTFLWSDEKLSYEEE
PILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRTLVRQPSVSNKFS
SGQIGDMEVGSAEEPLSFTSTSILRSLMTAIEELELHAIRTGHSHMYLHVLKEQKLLDLVPVSGNTVLDV
GQDEATAYSLLKEMAMKIHELVGARMHHLSVCQWEVKLKLDCDGPASGTWRIVTTNVISHTCTVDIYREM

EDKESRKLVYHPATPAAGPLHGVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETAVRKSWSSSTS
GASKGVENAQCYVKATELVQMDRLAGLNDIGMVAWTLKMSTPEFLSGREI IVVANDITFRAGSFGPREDA
FFEAVTINLACEKKLPLIYLAANSGARIGIADEVKSCFRVGWSDDGS PERGFOQYIYLSEEDYARIGTSVIA
HKMOLDSGEIRWVIDSVVGKEDGLGVENIHGSAATASAYSRAYKETFTLTFVTGRTVGIGAYLARLGIRC

IQRLDQPIILTGYSALNKLLGREVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPAYIGG

PLPVTTPLDPPDRPVAYIPENSCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKLGGI

PVGVIAVETQTMMOQTI PADPGQLDSREQSVPRAGQVWFPDSATKTAQALLDFNREGLPLFILANWRGFSG
GQRDLFEGILQAGSTIVENLRTYNQPAFVYI PMAAELRGGAWVVVDSKINPDRIECYAERTAKGNVLEPQ
GLIBIKFRSEELQDCMSRLDPTLIDLKAKLEVANKNGSADTKSLQENIEARTKQLMPLYTOQIAIRFAELH
DTSLRMAAKGVIKKVVDWEESRSFFYKRLRRRISEDVLAKEIRAVAGEOFSHQPAIELIKKWYSASHAAE
WDDDDAFVAWMDNPENYKDY IQYLKAORVSOSLSSLSDSSSDLQALPQGLSMLLUDKMDPSRRAQLVEEIR
KVLG
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FIGURE 9A

>AY312172Zea mays

ATGTCACAGCTTGGATTAGCCGCAGCTGCCTCAAAGGCCTTGCCACTACTCCCTAATCGCCAGAGAAGTT
CAGCTGGGACTACATTCTCATCATCTTCATTATCGAGGCCCTTAAACAGAAGGAAAAGCCGTACTCGTTC
ACTCCGTGATGGCGGAGATGGGGTATCAGATGCCAAAAAGCACAGCCAGTCTGTTCGTCAAGGTCTTGCT

GGCATTATCGACCTCCCAAGTGAGGCACCTTCCGAAGTGGATATTTCACATGGATCTGAGGATCCTAGGG
GGCCAACAGATTCTTATCAAATGAATGGGATTATCAATGAAACACATAATGGAAGACATGCCTCAGTGTC

CAAGGTTGTTGAATTTTGTGCGGCACTAGGTGGCAAAACACCAATTCACAGTATATTAGTGGCCAACAAT
GGAATGGCAGCAGCAAAATTTATGAGGAGTGTCCGGACATGGGCTAATGATACTTTTGGATCTGAGAAGG

CAATTCAACTCATAGCTATGGCAACTCCGGAAGACATGAGGATAAATGCAGAACACATTAGAATTGCTGA

CCAATTCGTAGAGGTGCCTGGTGGAACAAACAATAATAACTACGCCAATGTTCAACTCATAGTGGAGATG
GCACAAAAACTAGGTGTTTCTGCTGTTTGGCCTGGTTGGGGTCATGCTTCTGAGAATCCTGAACTGCCAG

ATGCATTGACCGCAAAAGGGATCGTTTTTCTTGGCCCACCTGCATCATCAATGAATGCTTTGGGAGATAA
GGTCGGCTCAGCTCTCATTGCTCAAGCAGCCGGGGTCCCAACTCTTGCTCGGAGTGGATCACATGTTGAA

GTTCCATTAGAGTGCTGCTTAGACGCGATACCTGAGGAGATGTATAGAAAAGCTTGCGTTACTACCACAG

AGGAAGCAGTTGCAAGTTGTCAAGTGGTTGGTTATCCTGCCATGATTAAGGCATCCTGGGGAGGTGGTGG
TAAAGGAATAAGAAAGGTTCATAATGATGATGAGGTTAGAGCGCTGTTTAAGCAAGTACAAGGTGAAGTC

CCTGGCTCCCCAATATTTGTCATGAGGCTTGCATCCCAGAGTCGGCATCTTGAAGTTCAGTTGCTTTGTG

ATCAATATGGTAATGTAGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGGCGACACCAGAAGATTAT
TGAAGAAGGTCCAGTTACTGTTGCTCCTCGTGAGACAGTTAAAGCACTTGAGCAGGCAGCAAGGAGGCTT

GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAGTATCTTTACAGCATGGAAACTGGAGACTACT

ATTTTCTGGAACTTAATCCCCGACTACAGGTTGAGCATCCAGTCACCGAGTGGATAGCTGAAGTAAATCT

GCCTGCAGCTCAAGTTGCTGTTGGAATGGGCATACCTCTTTGGCAGATTCCAGAAATCAGACGTTTCTAT
GGAATGGACTATGGAGGAGGGTATGACATTTGGAGGAAAACAGCAGCTCTTGCTACACCATTTAATTTTG

ATGAAGTAGATTCTCAATGGCCAAAGGGCCATTGTGTAGCAGTTAGAATTACTAGTGAGGACCCAGATGA

TGGTTTCAAACCTACTGGTGGGAAAGTGAAGGAGATAAGTTTTAAAAGCAAGCCTAATGTTTGGGCCTAC
TTCTCAGTAAAGTCTGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTCGGACATGTTTTTGCATATG

GGCTCTCTAGATCAGCAGCAATAACAAACATGACTCTTGCATTAAAAGAGATTCAAATTCGTGGAGAAAT

TCATTCAAATGTTGATTACACAGTTGACCTCTTAAATGCTTCAGACTTTAGAGAAAACAAGATTCATACT

GGTTGGCTCGACACCAGAATAGCTATGCGTGTTCAAGCTGAGAGGCCCCCATGGTATATTTCAGTGGTTG
GAGGTGCTTTATATAAAACAGTAACCACCAATGCAGCCACTGTTTCTGAATATGTTAGTTATCTCACCAA

GGGCCAGATTCCACCAAAGCATATATCCCTTGTCAATTCTACAGTTAATTTGAATATAGAAGGGAGCAAA
TACACAATTGAAACTGTAAGGACTGGACATGGTAGCTACAGGTTGAGAATGAATGATTCAACAGTTGAAG

CGAATGTACAATCTTTATGTGATGGTGGCCTCTTAATGCAGTTGGATGGAAACAGCCATGTAATTTATGC
AGAAGAAGAAGCTGGTGGTACACGGCTTCAGATTGATGGAAAGACATGTTTATTGCAGAATGACCATGAT

CCATCAAAGTTATTAGCTGAGACACCCTGCAAACTTCTTCGTTTCTTGGTTGCTGATGGTGCTCATGTTG

ATGCGGATGTACCATACGCGGAAGTTGAGGTTATGAAGATGTGCATGCCTCTCTTGTCACCTGCTTCTGG

TGTCATTCATTGTATGATGTCTGAGGGCCAGGCATTGCAGGCTGGTGATCTTATAGCAAGGTTGGATCTT

GATGACCCTTCTGCTGTGAAAAGAGCTGAGCCATTTGATGGAATATTTCCACAAATGGAGCTCCCTGTTG

CTGTCTCTAGTCAAGTACACAAAAGATATGCTGCAAGTTTGAATGCTGCTCGAATGGTCCTTGCAGGATA

TGAGCACAATATTAATGAAGTCGTTCAAGATTTGGTATGCTGCCTGGACAACCCTGAGCTTCCTTTCCTA
CAGTGGGATGAACTTATGTCTGTTCTAGCAACGAGGCTTCCAAGAAATCTCAAGAGTGAGTTAGAGGATA
AATACAAGGAATACAAGTTGAATTTTTACCATGGAAAAAACGAGGACTTTCCATCCAAGTTGCTAAGAGA

CATCATTGAGGAAAATCTTTCTTATGGTTCAGAGAAGGAAAAGGCTACAAATGAGAGGCTTGTTGAGCCT

CTTATGAACCTACTGAAGTCATATGAGGGTGGGAGAGAGAGCCATGCACATTTTGTTGTCAAGTCTCTTT

TCGAGGAGTATCTTACAGTGGAAGAACTTTTTAGTGATGGCATTCAGTCTGACGTGATTGAAACATTGCG

GCATCAGCACAGTAAAGACCTGCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGGAACAAA

GCTAAGCTTGTAACGGCACTTATGGAAAAGCTGGTTTATCCAAATCCTGGTGGTTACAGGGATCTGTTAG

TTCGCTTTTCTTCCCTCAATCATAAAAGATATTATAAGTTGGCCCTTABAGCAAGTGAACTTCTTGAACA

AACCAAACTAAGTGAACTCCGTGCAAGCGTTGCAAGAAGCCTTTCGGATCTGGGGATGCATAAGGGAGAA

ATGAGTATTAAGGATAACATGGAAGATTTAGTCTCTGCCCCATTACCTGTTGAAGATGCTCTGATTTCTT
TGTTTGATTACAGTGATCGAACTGTTCAGCAGAAAGTGATTGAGACATACATATCACGATTGTACCAGCC

TCATCTTGTAAAGGATAGCATCCAAATGAAATTCAAGGAATCTGGTGCTATTACTTITTGGGAATTTTAT
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GAAGGGCATGTTGATACTAGAAATGGACATGGGGCTATTATTGGTGGGAAGCGATGGGGTGCCATGGTCG
TTCTCAAATCACTTGAATCTGCGTCAACAGCCATTGTGGCTGCATTAAAGGATTCGGCACAGTTCAACAG

CTCTGAGGGCAACATGATGCACATTGCATTATTGAGTGCTGAAAATGAAAGTAATATAAGTGGAATAAGC

AGTGATGATCAAGCTCAACATAAGATGGAAAAGCTTAGCAAGATACTGAAGGATACTAGCGTTGCAAGTG

ATCTCCAAGCTGCTGGTTTGAAGGTTATAAGTTGCATTGTTCAAAGAGATGAAGCTCGCATGCCAATGCG

CCACACATTCCTCTGGTTGGATGACAAGAGTTGTTATGAAGAAGAGCAGATTCTCCGGCATGTGGAGCCT

CCCCTCTCTACACTTCTTGAATTGGATAAGTTGAAGGTGAAAGGATACAATGAAATGAAGTATACTCCTT
CGCGTGACCGCCAATGGCATATCTACACACTAAGAAATACTGAAAACCCCAAAATGTTGCATAGGGTGTT

TTTCCGAACTATTGTCAGGCAACCCAATGCAGGCAACAAGTTTACATCGGCTCAGATCAGCGACGCTGAA
GTAGGATGTCCCGAAGAATCTCTTTCATTTACATCAAATAGCATCTTAAGATCATTGATGACTGCTATTG

AAGAATTAGAGCTTCATGCAATTAGGACAGGTCATTCTCACATGTATTTGTGCATACTGAAAGAGCAAAA

GCTTCTTGACCTCATTCCATTTTCAGGGAGTACAATTGTTGATGTTGGCCAAGATGAAGCTACCGCTTGT

TCACTTTTAAAATCAATGGCTTTGAAGATACATGAGCTTGTTGGTGCAAGGATGCATCATCTGTCTGTAT

GCCAGTGGGAGGTGAAACTCAAGTTGGACTGTGATGGCCCTGCAAGTGGTACCTGGAGAGTTGTAACTAC

AAATGTTACTGGTCACACCTGCACCATTGATATATACCGAGAAGTGGAGGAAATAGAATCGCAGAAGTTA

GTGTACCATTCAGCCACTTCGTCAGCTGGACCATTGCATGGTGTTGCACTGAATAATCCATATCAACCTT
TGAGTGTGATTGATCTAAAGCGCTGCTCTGCTAGGAACAACAGAACAACATATTGCTATGATTTTCCGCT

GGCCTTTGAAACTGCACTGCAGAAGTCATGGCAGTCCAATGGCTCTACTGTTTCTGAAGGCAATGAAAAT

AGTAAATCCTACGTGAAGGCAACTGAGCTAGTGTTTGCTGAAAAACATGGGTCCTGGGGCACTCCTATAA

TTCCGATGGAACGCCCTGCTGGGCTCAACGACATTGGTATGGTCGCTTGGATCATGGAGATGTCAACACC

TGAATTTCCCAATGGCAGGCAGATTATTGTTGTAGCAAATGATATCACTTTCAGAGCTGGATCATTTGGC

CCAAGGGAAGATGCATTTTTTGAAACTGTCACTAACCTGGCTTGCGAAAGGAAACTTCCTCTTATATACT

TGGCAGCAAACTCTGGTGCTAGGATTGGCATAGCTGATGAAGTAAAATCTTGCTTCCGTGTTGGATGGTC
TGACGAAGGCAGTCCTGAACGAGGGTTTCAGTACATCTATCTGACTGAAGAAGACTATGCTCGCATTAGC

TCTTCTGTTATAGCACATAAGCTGGAGCTAGATAGTGGTGAAATTAGGTGGATTATTGACTCTGTTGTGG

GCAAGGAGGATGGGCTTGGTGTCGAGAACATACATGGAAGTGCTGCTATTGCCAGTGCTTATTCTAGGGC

ATATGAGGAGACATTTACACTTACATTTGTGACTGGGCGGACTGTAGGAATAGGAGCTTATCTTGCTCGA
CTTGGTATACGGTGCATACAGCGTCTTGACCAGCCTATTATTTTAACAGGGTTTTCTGCCCTGAACAAGC

TCCTTGGGCGGGAAGTGTACAGCTCCCACATGCAGCTTGGTGGTCCTAAGATCATGGCGACTAATGGTGT
TGTCCACCTCACTGTTCCAGATGACCTTGAAGGTGTTTCCAATATATTGAGGTGGCTCAGCTATGTTCCT

GCAAACATTGGTGGACCTCTTCCTATTACCAAACCTCTGGACCCTCCAGACAGACCTGTTGCTTACATCC
CTGAGAACACATGCGATCCACGTGCAGCTATCTGTGGTGTAGATGACAGCCAAGGGAAATGGTTGGGTGG

TATGTTTGACAAAGACAGCTTTGTGGAGACATTTGAAGGATGGGCAAAAACAGTGGTTACTGGCAGAGCA

AAGCTTGGAGGAATTCCTGTGGGCGTCATAGCTGTGGAGACACAGACCATGATGCAGATCATCCCTGCTG

ATCCAGGTCAGCTTGATTCCCATGAGCGATCTGTCCCTCGTGCTGGACAAGTGTGGTTCCCAGATTCTGC

AACCAAGACCGCTCAGGCATTATTAGACTTCAACCGTGAAGGATTGCCTCTGTTCATCCTGGCTAATTGG

AGAGGCTTCTCTGGTGGACAAAGAGATCTCTTTGAAGGAATTCTTCAGGCTGGGTCAACAATTGTCGAGA
ACCTTAGGACATCTAATCAGCCTGCTTTTGTGTACATTCCTATGGCTGGAGAGCTTCGTGGAGGAGCTTG

GGTTGTGGTCGATAGCAAAATAAATCCAGACCGCATTGAGTGTTATGCTGAAAGGACTGCCAAAGGTAAT

GTTCTCGAACCTCAAGGGTTAATTGAAATCAAGTTCAGGTCAGAGGAACTCCAAGACTGTATGGGTAGGC
TTGACCCAGAGTTGATAAATCTGAAAGCAAAACTCCAAGATGTAAATCATGGAAATGGAAGTCTACCAGA

CATAGAAGGGATTCGGAAGAGTATAGAAGCACGTACGAAACAGTTGCTGCCTTTATATACCCAGATTGCA

ATACGGTTTGCTGAATTGCATGATACTTCCCTAAGAATGGCAGCTAAAGGTGTGATTAAGAAAGTTGTAG

ACTGGGAAGAATCACGCTCGTTCTTCTATAAAAGGCTACGGAGGAGGATCGCAGAAGATGTTCTTGCAAA
AGAAATAAGGCAGATAGTCGGTGATAAATTTACGCACCAATTAGCAATGGAGCTCATCAAGGAATGGTAC

CTTGCTTCTCAGGCCACAACAGGAAGCACTGGATGGGATGACGATGATGCTTTTGTTGCCTGGAAGGACA
GTCCTGAAAACTACAAGGGGCATATCCAAAAGCTTAGGGCTCAAAAAGTGTCTCATTCGCTCTCTGATCT

TGCTGACTCCAGTTCAGATCTGCAAGCATTCTCGCAGGGTCTTTCTACGCTATTAGATAAGATGGATCCC
TCTCAGAGAGCGAAGTTTGTTCAGGAAGTCAAGAAGGTCCTTGATTGA
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>AAP78897Zea Mays
MSQLGLAAAASKALPLLPNRORS SAGTTFSSSSLSRPLNRRKSR

TRSLRDGGDGVSDAKKHSQSVROGLAGI IDLPSEAPSEVDISHGSEDPRGPTDSYOMN
GIINETHNGRHASVSKVVEFCAALGGKTPIHS ILVANNGMAAAKFMRSVRTWANDTFG

SEKAIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEMAQKLGVSA
VWPGWGHASENPELPDALTAKGIVFLGPPASSMNALGDKVGSALIAQAAGVPTLARSG
SHVEVPLECCLDAI PEEMYRKACVTTTEEAVAS CQVVGYPAMIKASWGGGGKGIRKVH

NDDEVRALFKQVQGEVPGS PIFVMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVORR
HQKI TEEGPVTVAPRETVKALEQAARRLAKAVGYVGAATVEYLYSMETGDYYFLELNP

RLQVEHPVTEWIAEVNLPAAQVAVGMGIPLWQIPEIRRFYGMDYGGGYDIWRKTAALA
TPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSG

GGIHEFADSOQFGHVFAYGLSRSAAITNMTLALKEIQIRGELHSNVDYTVDLLNASDFR
ENKIHTGWLDTRIAMRVQAERPPWY ISVVGGALYKTVTTNAATVSEYVSYLTKGQIPP
KHISLVNSTVNLNIEGSKYTIETVRTGHGSYRLRMNDSTVEANVQSLCDGGLLMQLDG
NSHVIYAEEEAGGTRLQIDGKTCLLONDHDPSKLLAETPCKLLRFLVADGAHVDADVP

YAEVEVMKMCMPLLS PASGVIHCMMSEGQALOQAGDLIARLDLDDPSAVKRAEPFDGIF
PQMELPVAVSSQVHKRYAASLNAARMVLAGYEHNINEVVQDLVCCLDNPELPFLQWDE
LMSVLATRLPRNLKSELEDKYKEYKLNFYHGKNEDFPSKLLRDI IEENLSYGSEKEKA

TNERLVEPLMNLLKSYEGGRESHAHFVVKSLFEEYLTVEELFSDGIQSDVIETLRHQH
SKDLOKVVDIVLSHQGVRNKAKLVTALMEKLVYPNPGGYRDLLVRFSSLNHKRYYKLA

LKAS ELLEQTKLSELRASVARSLSDLGMHKGEMS [KDNMEDLVSAPLPVEDALISLFD

YSDRTVQQOKVIETYISRLYQPHLVKDS TOMKFKESGAITFWEFYEGHVDTRNGHGAII
GGKRWGAMVVLKSLESASTAIVAALKDSAQFNSSEGNMMH IALLSAENESNISGISSD
DQAQHKMEKLSKILKDTSVASDLQAAGLKVISCIVQRDEARMPMRHTFLWLDDKSCYE
EEQILRHVEPPLSTLLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFF
RTIVRQPNAGNKFTSAQISDAEVGCPEESLSFTSNSILRSLMTAIEELELHAIRTGHS
HMYLCILKEQKLLDLIPFSGSTIVDVGQDEATACSLLKSMALKIHELVGARMHHLSVC
QWEVKLKLDCDGPASGTWRVVTTNVTGHTCTIDIYREVEEIESQKLVYHSATSSAGPL
HGVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETALQKSWOQSNGSTVSEGNEN
SKSYVKATELVFAEKHGSWGTPI IPMERPAGLNDIGMVAWIMEMSTPEFPNGRQIIVV
ANDITFRAGSFGPREDAFFETVINLACERKLPLIYLAANSGARIGIADEVKSCFRVGW
SDEGS PERGFQYIYLTEEDYARISSSVIAHKLELDSGELRWI IDSVVGKEDGLGVENT

HGSAATASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQRLDQPIILTGFSALN
KLLGREVYSSHMQLGGPKIMATNGVVHLTVPDDLEGVSNILRWLSYVPANIGGPLPIT

KPLDPPDRPVAYIPENTCDPRAAICGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTG

RAKLGGIPVGVIAVETQTMMQI I PADPGQLDSHERSVPRAGQVWFPDSATKTAQALLD
FNREGLPLF ILANWRGFSGGQRDLFEGILQAGSTIVENLRTSNQPAFVYI PMAGELRG
GAWVVVDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMGRLDPELINLK
AKLQDVNHGNGSLPDIEGIRKSIEARTKQLLPLYTQIAIRFAELHDTSLRMAAKGVIK
KVVDWEESRSFFYKRLRRRIAEDVLAKEIRQIVGDKFTHQLAMELIKEWYLASQATTG

STGNDDDDAFVAWKDS PENYKGHIQKLRAQKVSHSLSDLADSSSDLQAFSQGLSTLLD
KMDPSQRAKFVQEVKKVLD
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FIGURE 10A

ATGTCACAGCTTGGATTAGCCGCAGCTGCCTCAAAGGCCTTGCCACTACTCCCTAATCGCCAGAGAAGTT

CAGCTGGGACTACATTCTCATCATCTTCATTATCGAGGCCCTTAAACAGAAGGAAAAGCCGTACTCGTTC
ACTCCGTGATGGCGGAGATGGGGTATCAGATGCCAAAAAGCACAGCCAGTCTGTTCGTCAAGGTCTTGCT
GGCATTATCGACCTCCCAAGTGAGGCACCTT CCGAAGTGGATATTTCACATGGATCTGAGGATCCTAGGG

GGCCAACAGATTCTTATCAAATGAATGGGATTATCAATGAAACACATAATGGAAGACATGCCTCAGTGTC

CAAGGTTGTTGAATTTTGTGCGGCACTAGGTGGCAAAACACCAATTCACAGTATATTAGTGGCCAACAAT

GGAATGGCAGCAGCAAAATTTATGAGGAGTGTCCGGACATGGGCTAATGATACTTTTGGATCTGAGAAGG

CAATTCAACTCATAGCTATGGCAACTCCGGAAGACATGAGGATAAATGCAGAACACATTAGAATTGCTGA

CCAATTCGTAGAGGTGCCTGGTGGAACAAACAATAATAACTACGCCAATGTTCAACTCATAGTGGAGATG

GCACAAAAACTAGGTGTTTCTGCTGTTTIGGCCTGGTTGGGGTCATGCTTCTGAGAATCCTGAACTGCCAG

ATGCATTGACCGCAAAAGGGATCGTTTTITCTTGGCCCACCTGCATCATCAATGAATGCTTTGGGAGATAA

GGTCGGCTCAGCTCTCATTGCTCAAGCAGCCGGGGTCCCAACTCTTGCTTGGAGTGGATCACATGTTGAA
GTTCCATTAGAGTGCTGCTTAGACGCGATACCTGAGGAGATGTATAGAAAAGCTTGCGTTACTACCACAG
AGGAAGCAGTTGCAAGTTGTCAAGTGGTTGGTTATCCTGCCATGATTAAGGCATCCTGGGGAGGTGGTGG

TAAAGGAATAAGAAAGGTTCATAATGATGATGAGGTTAGAGCGCTGTTTAAGCAAGTACAAGGTGAAGTC

CCTGGCTCCCCAATATTTGTCATGAGGCTTGCATCCCAGAGTCGGCATCTTGAAGTTCAGTTGCTTTGTG

ATCAATATGGTAATGTAGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGGCGACACCAGAAGATTAT

TGAAGAAGGTCCAGTTACTGTTGCTCCTCGTGAGACAGTTAAAGCACTTGAGCAGGCAGCAAGGAGGCTT

GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAGTATCTTTACAGCATGGAAACTGGAGACTACT

ATTTTCTGGAACTTAATCCCCGACTACAGGTTGAGCATCCAGTCACCGAGTGGATAGCTGAAGTAAATCT

GCCTGCAGCTCAAGTTGCTGTTGGAATGGGCATACCTCTTTGGCAGATTCCAGAAATCAGACGTTTCTAT
GGAATGGACTATGGAGGAGGGTATGACATTTGGAGGAAAACAGCAGCTCTTGCTACACCATTTAATTTTG

ATGAAGTAGATTCTCAATGGCCAAAGGGCCATTGTGTAGCAGTTAGAATTACTAGTGAGGACCCAGATGA

TGGTTTCAAACCTACTGGTGGGAAAGTGAAGGAGATAAGTTTTAAAAGCAAGCCTAATGTTTGGGCCTAC

TTCTCAGTAAAGTCTGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTCGGACATGTTTTTGCATATG

GGCTCTCTAGATCAGCAGCAATAACAAACATGACTCTTGCATTAAAAGAGATTCAAATTCGTGGAGAAAT
TCATTCAAATGTTGATTACACAGTTGACCTCTTAAATGCTTCAGACTTTAGAGAAAACAAGATTCATACT

GGTTGGCTCGACACCAGAATAGCTATGCGTGTTCAAGCTGAGAGGCCCCCATGGTATATTTCAGTGGTTG

GGGGTGCTTTATATAAAACAGTAACCACCAATGCAGCCACTGTTTCTGAATATGTTAGTTATCTCACCAA
GGGCCAGATTCCACCAAAGCATATATCCCTTGTCAATTCTACAGTTAATTTGAATATAGAAGGGAGCAAA

TACACAATTGAAACTGTAAGGACTGGACATGGTAGCTACAGGTTGAGAATGAATGATTCAACAGTTGAAG

CGAATGTACAATCTTTATGTGATGGTGGCCTCTTAATGCAGTTGGATGGAAACAGCCATGTAATTTATGC

AGAAGAAGAAGCTGGTGGTACACGGCTTCAGATTGATGGAAAGACATGTTTATTGCAGAATGACCATGAT

CCATCAAAGTTATTAGCTGAGACACCCTGCAAACTTCTTCGTTTCTTGGTTGCTGATGGTGCTCATGTTG
ATGCGGATGTACCATACGCGGAAGTTGAGGTTATGAAGATGTGCATGCCTCTCTTGTCGCCTGCTTCTGG

TGTCATTCATTGTATGATGTCTGAGGGCCAGGCATTGCAGGCTGGTGATCTTATAGCAAGGTTGGATCTT

GATGACCCTTCTGCTGTGAAAAGAGCTGAGCCATTTGATGGAATATTTCCACAAATGGAGCTCCCTGTTG
CTGTCTCTAGTCAAGTACACAAAAGATATGCTGCAAGTTTGAATGCTGCTCGAATGGTCCTTGCAGGATA

TGAGCACAATATTAATGAAGTCGTTCAAGATTTGGTATGCTGCCTGGACAACCCTGAGCTTCCTTTCCTA

CAGTGGGATGAACTTATGTCTGTTCTAGCAACGAGGCTTCCAAGAAATCTCAAGAGTGAGTTAGAGGATA
AATACAAGGAATACAAGTTGAATTTTTACCATGGAAAAAACGAGGACTTTCCATCCAAGTTGCTAAGAGA

CATCATTGAGGAAAATCTTTCTTATGGTTCAGAGAAGGAAAAGGCTACAAATGAGAGGCTTGTTGAGCCT

CTTATGAACCTACTGAAGTCATATGAGGGTGGGAGAGAGAGCCATGCACATTTTGTTGTCAAGTCTCTTT

TCGAGGAGTATCTTACAGTGGAAGAACTTTTTAGTGATGGCATTCAGTCTGACGTGATTGAAACATTGCG

GCATCAGCACAGTAAAGACCTGCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGGAACAAA

GCTAAGCTTGTAACGGCACTTATGGAAAAGCTGGTTTATCCAAATCCTGGTGGTTACAGGGATCTGTTAG
TTCGCTTTTCTTCCCTCAATCATAAAAGATATTATAAGTTGGCCCTTAAAGCAAGTGAACTTCTTGAACA

AACCAAACTAAGTGAACTCCGTGCAAGCGTTGCAAGAAGCCTTTCGGATCTGGGGATGCATAAGGGAGAA

ATGAGTATTAAGGATAACATGGAAGATTTAGTCTCTGCCCCATTACCTGTTGAAGATGCTCTGATTTCTT

TGTTTGATTACAGTGATCGAACTGTTCAGCAGAAAGTGATTGAGACATACATATCACGATTGTACCAGCC
TCATCTTGTAAAGGATAGCATCCAAATGAAATTCAAGGAATCTGGTGCTATTACTTTTTGGGAATTTTAT

GAAGGGCATGTTGATACTAGAAATGGACATGGGGCTATTATTGGTGGGAAGCGATGGGGTGCCATGGTCG

TTCTCAAATCACTTGAATCTGCGTCAACAGCCATTGTGGCTGCATTAAAGGATTCGGCACAGTTCAACAG

CTCTGAGGGCAACATGATGCACATTGCATTATTGAGTGCTGAAAATGAAAGTAATATAAGTGGAATAAGT
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GATGATCAAGCTCAACATAAGATGGAAAAGCTTAGCAAGATACTGAAGGATACTAGCGTTGCAAGTGATC

TCCAAGCTGCTGGTTTGAAGGTTATAAGTTGCATTGTTCAAAGAGATGAAGCTCGCATGCCAATGCGCCA
CACATTCCTCTGGTTGGATGACAAGAGTTGTTATGAAGAAGAGCAGATTCTCCGGCATGTGGAGCCTCCC
CTCTCTACACTTCTTGAATTGGATAAGTTGAAGGTGAAAGGATACAATGAAATGAAGTATACTCCTTCGC
GTGACCGCCAATGGCATATCTACACACTAAGAAATACTGAAAACCCCAAAATGTTGCATAGGGTGTTTTT

CCGAACTATTGTCAGGCAACCCAATGCAGGCAACAAGTTTACATCGGCTCAGATCAGCGACGCTGAAGTA

GGATGTCCCGAAGAATCTCTTTCATTTACATCAAATAGCATCTTAAGATCATTGATGACTGCTATTGAAG

AATTAGAGCTTCATGCAATTAGGACAGGTCATTCTCACATGTATTTGTGCATACTGAAAGAGCAAAAGCT

TCTTGACCTCATTCCATTTTCAGGGAGTACAATTGTTGATGTTGGCCAAGATGAAGCTACCGCTTGTTCA
CTTTTAAAATCAATGGCTTTGAAGATACATGAGCTTGTTGGTGCAAGGATGCATCATCTGTCTGTATGCC

AGTGGGAGGTGAAACTCAAGTTGGACTGTGATGGCCCTGCAAGTGGTACCTGGAGAGTTGTAACTACAAA

TGTTACTGGTCACACCTGCACCATTGATATATACCGAGAAGTGGAGGAAATAGAATCGCAGAAGTTAGTG
TACCATTCAGCCACTTCGTCAGCTGGACCATTGCATGGTGTTGCACTGAATAATCCATATCAACCTTTGA

GTGTGATTGATCTAAAGCGCTGCTCTGCTAGGAACAACAGAACAACATATTGCTATGATTTTCCGCTGGC
CTTTGAAACTGCACTGCAGAAGTCATGGCAGACCAATGGCTCTACTGTTTCTGAAGGCAATGAAAATAGT

AAATCCTACGTGAAGGCAACTGAGCTAGTGTTTGCTGAAAAACATGGGTCCTGGGGCACTCCTATAATTC

CGATGGAACGCCCTGCTGGGCTCAACGACATTGGTATGGTCGCTTGGATCATGGAGATGTCAACACCTGA
ATTTCCCAATGGCAGGCAGATTATTGTTGTAGCAAATGATATCACTTTCAGAGCTGGATCATTTGGCCCA

AGGGAAGATGCATTTTTTGAAACTGTCACTAACCTGGCTTGCGAAAGGAAACTTCCTCTTATATACTTGG

CAGCAAACTCTGGTGCTAGGATTGGCATAGCTGATGAAGTAAAATCTTGCTTCCGTGTTGGATGGTCTGA
CGAAGGCAGTCCTGAACGAGGGTTTCAGTACATCTATCTGACTGAAGAAGACTATGCTCGCATTAGCTCT

TCTGTTATAGCACATAAGCTGGAGCTAGATAGTGGTGAAATTAGGTGGATTATTGACTCTGTTGTGGGCA

AGGAGGATGGGCTTGGTGTCGAGAACATACATGGAAGTGCTGCTATTGCCAGTGCTTATTCTAGGGCATA

TGAGGAGACATTTACACTTACATTTGTGACTGGGCGGACTGTAGGAATAGGAGCTTATCTTGCTCGACTT

GGTATACGGTGCATACAGCGTCTTGACCAGCCTATTATTTTAACAGGGTTTTCTGCCCTGAACAAGCTCC
TTGGGCGGGAAGTGTACAGCTCCCACATGCAGCTTGGTGGTCCTAAGATCATGGCGACTAATGGTGTTGT

CCACCTCACTGTTCCAGATGACCTTGAAGGTGTTTCCAATATATTGAGGTGGCTCAGCTATGTTCCTGCA

AACATTGGTGGACCTCTTCCTATTACCAAACCTCTGGACCCTCCAGACAGACCTGTTGCTTACATCCCTG

AGAACACATGCGATCCACGTGCAGCTATCTGTGGTGTAGATGACAGCCAAGGGAAATGGTTGGGTGGTAT
GTTTGACAAAGACAGCTTTGTGGAGACATTTGAAGGATGGGCAAAAACAGTGGTTACTGGCAGAGCAAAG
CTTGGAGGAATTCCTGTGGGCGTCATAGCTGTGGAGACACAGACCATGATGCAGATCATCCCTGCTGATC

CAGGTCAGCTTGATTCCCATGAGCGATCTGTCCCTCGTGCTGGACAAGTGTGGTTCCCAGATTCTGCAAC

CAAGACCGCTCAGGCATTATTAGACTTCAACCGTGAAGGATTGCCTCTGTTCATCCTGGCTAATTGGAGA

GGCTTCTCTGGTGGACAAAGAGATCTCTTTGAAGGAATTCTTCAGGCTGGGTCAACAATTGTCGAGAACC

TTAGGACATATAATCAGCCTGCTTTTGTGTACATTCCTATGGCTGGAGAGCTTCGTGGAGGAGCTTGGGT

TGTGGTCGATAGCAAAATAAATCCAGACCGCATTGAGTGTTATGCTGAAAGGACTGCCAAAGGTAATGTT

CTCGAACCTCAAGGGTTAATTGAAATCAAGTTCAGGTCAGAGGAACTCCAAGACTGTATGGGTAGGCTTG

ACCCAGAGTTGATAAATCTGAAAGCAAAACTCCAAGATGTAAATCATGGAAATGGAAGTCTACCAGACAT

AGAAGGGATTCGGAAGAGTATAGAAGCACGTACGAAACAGTTGCTGCCTTTATATACCCAGATTGCAATA

CGGTTTGCTGAATTGCATGATACTTCCCTAAGAATGGCAGCTAAAGGTGTGATTAAGAAAGTTGTAGACT

GGGAAGAATCACGCTCGTTCTTCTATAAAAGGCTACGGAGGAGGATCGCAGAAGATGTTCTTGCAAAAGA

AATAAGGCAGATAGTCGGTGATAAATTTACGCACCAATTAGCAATGGAGCTCATCAAGGAATGGTACCTT

GCTTCTCAGGCCACAACAGGAAGCACTGGATGGGATGACGATGATGCTTTTGTTGCCTGGAAGGACAGTC
CTGAAAACTACAAGGGGCATATCCAAAAGCTTAGGGCTCAAAAAGTGTCTCATTCGCTCTCTGATCTTGC

TGACTCCAGTTCAGATCTGCAAGCATTCTCGCAGGGTCTTTCTACGCTATTAGATAAGATGGATCCCTCT
CAGAGAGCGAAGTTTGTTCAGGAAGTCAAGAAGGTCCTTGATTGA
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FIGURE 10B

>AAP78896_Zea mays
MSQLGLAAAASKALPLLPNRORSSAGTTFSSSSLSRPLNRRKSR

TRSLRDGGDGVSDAKKHSQSVRQGLAGI IDLPSEAPSEVDISHGSEDPRGPTDSYOMN
GI INETHNGRHASVSKVVEFCAALGGKTP IHS ILVANNGMAAAKFMRSVRIWANDTFG

SEKAIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEMAQKLGVSA

VWPGWGHASENPEL PDALTAKGIVFLGPPASSMNALGDKVGSALIAQAAGVPTLAWSG

SHVEVPLECCLDAI PEEMYRKACVTTTEEAVAS CQVVGYPAMIKASWGGGGKGIRKVH

NDDEVRALFKQVQGEVPGSPIFVMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVORR

HQKI LEEGPVTVAPRETVKALEQAARRLAKAVGYVGAATVEYLYSMETGDYYFLELNP

RLQVEHPVTEWIAEVNLPAAQVAVGMGI PLWQI PEIRRFYGMDYGGGYDIWRKTAALA

TPFNFDEVDSQWPKGHCVAVR LTSEDPDDGFKPTGGKVKEIS FKSKPNVWAYFSVKSG

GGIHEFADSQFGHVFAYGLSRSAAITNMTLALKEIQIRGEIHSNVDYTVDLLNASDFR

ENK IHTGWLDTRIAMRVQAERPPWYLSVVGGALYKTVTTNAATVSEYVSYLTKGQIPP

KHISLVNSTVNLNIEGSKYTIETVRTGHGSYRLRMNDSTVEANVQSLCDGGLLMQLDG

NSHVIYAEEEAGGTRLQIDGKTCLLONDHDPSKLLAETPCKLLRFLVADGAHVDADVP

YAEVEVMKMCMPLLS PASGVIHCMMSEGQALQAGDLIARLDLDDPSAVKRAEPFDGIF

PQMELPVAVSSQVHKRYAASLNAARMVLAGYEHN INEVVQDLVCCLDNPELPFLQWDE
LMSVLATRLPRNLKSELEDKYKEYKLNFYHGKNEDFPSKLLRDIIEENLSYGSEKEKA

TNERLVEPLMNLLKSYEGGRESHAHFVVKSLFEEYLTVEELFSDGIQSDVIETLRHQH

SKDLQOKVVDIVLSHQGVRNKAKLVTALMEKLVYPNPGGYRDLLVRFSSLNHKRYYKLA
LKASELLEQTKLSELRASVARSLSDLGMHKGEMS IKDNMEDLVSAPLPVEDALISLFD

Y¥SDRTVQQKVIETY ISRLYQPHLVKDSIQMKFKESGAITFWEFYEGHVDTRNGHGAII

GGKRWGAMVVLKSLESASTAIVAALKDSAQFNSSEGNMMHIALLSAENESNISGISDD

QAQHKMEKLSKILKDTSVASDLOAAGLKVISCIVQRDEARMPMRHTFLWLDDKSCYEE
EQIULRHVEPPLSTLLELDKLKVKGYNEMKYTPSRDRQWHLYTLRNTENPKMLHRVFFR
TIVRQPNAGNKFTSAQT SDAEVGCPEESLSFTSNSILRSLMTAIEELELHAIRTGHSH

MYLCILKEQKLLDLIPFSGSTIVDVGQDEATACSLLKSMALKIHELVGARMHHLSVCQ

WEVKLKLDCDGPASGTWRVVTINVTGHTCTIDIYREVEEIESQKLVYHSATSSAGPLH

GVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETALQKSWOTNGSTVSEGNENS

KSYVKATELVFAEKHGSWGTPIIPMERPAGLNDIGMVAWIMEMSTPEFPNGRQIIVVA
NDITFRAGSFGPREDAFFETVINLACERKLPLIYLAANSGAR IGIADEVKSCFRVGWS

DEGS PERGFOYIYLTEEDYARISSSVIAHKLELDSGEIRWI IDSVVGKEDGLGVENIH

GSAAIASAYSRAYEETFTLTFVIGRTVGIGAYLARLGIRCIQRLDQPI ILTGFSALNK
LLGREVYSSHMQLGGPKIMATNGVVHLTVPDDLEGVSNILRWLSYVPANIGGPLPITK

PLDPPDRPVAYIPENTCDPRAAICGVDDSQGKWLGGMFDKDS FVETFEGWAKTVVTGR

AKLGGIPVGVIAVETQTMMQI I PADPGQLDSHERSVPRAGQVWF PDSATKTAQALLDF
NREGLPLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYI PMAGELRGG
AWVVVDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMGRLDPELINLKA
KLODVNHGNGSLPDIEGIRKS IEARTKQLLPLYTQIAIRFAELHDTSLRMAAKGVIKK
VVDWEESRSFFYKRLRRRIAEDVLAKEIRQIVGDKFTHQLAMELIKEWYLASQATTGS
TGWDDDDAFVAWKDS PENYKGHIQKLRAQKVSHSLSDLADSSSDLQAFSQGLSTLLDK
MDPSQRAKFVQEVKKVLD
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FIGURE1A

>AF029895Triticum aestivum
ATGGGATCCACACATTTGCCCATTGTCGGCCTTAATGCCTCGACAACACCATCGCTATCCACTATTCGCC
CGGTAAATTCAGCCGGTGCTGCATTCCAACCATCTGCCCCTTCTAGAACCTCCAAGAAGAAAAGTCGTCG

TGTTCAGTCATTAAGGGATGGAGGCGATGGAGGCGTGTCAGACCCTAACCAGTCTATTCGCCAAGGTCTT

GCCGGCATCATTGACCTCCCAAAGGAGGGCACATCAGCTCCGGAAGTGGATATTTCACATGGGTCCGAAG
AACCCAGGGGCTCCTACCAAATGAATGGGATACTGAATGAAGCACATAATGGGAGGCATGCTTCGCTGTC

TAAGGTTGTCGAATTTTGTATGGCATTGGGCGGCAAAACACCAATTCACAGTGTATTAGTTGCGAACAAT

GGAATGGCAGCAGCTAAGTTCATGCGGAGTGTCCGAACATGGGCTAATGAAACATTTGGGTCAGAGAAGG
CAATTCAGTTGATAGCTATGGCTACTCCAGAAGACATGAGGATAAATGCAGAGCACATTAGAATTGCTGA

TCAATTTGTTGAAGTACCCGGTGGAACAAACAATAACAACTATGCAAATGTCCAACTCATAGTGGAGATA

GCAGTGAGAACCGGTGTTTCTGCTGTTTGGCCTGGTTGGGGCCATGCATCTGAGAATCCTGAACTTCCAG

ATGCACTAAATGCAAACGGAATTGTTTTTCTTGGGCCACCATCATCATCAATGAACGCACTAGGTGACAA

GGTTGGTTCAGCTCTCATTGCTCAAGCAGCAGGGGTTCCGACTCTTCCTTGGAGTGGATCACAGGTGGAA

ATTCCATTAGAAGTTTGTTTGGACTCGATACCCGCGGAGATGTATAGGAAAGCTTGTGTTAGTACTACGG

AGGAAGCACTTGCGAGTTGTCAGATGATTGGGTATCCCGCCATGATTAAAGCATCATGGGGTGGTGGTGG
TAAAGGGATCCGAAAGGTTAATAATGACGATGATGTCAGAGCACTGTTTAAGCAAGTGCAAGGTGAAGTT

CCTGGCTCCCCAATATTTATCATGAGACTTGCATCTCAGAGTCGACATCTTGAAGTTCAGTTGCTTTGTG
ATCAATATGGCAATGTAGCTGCGCTTCACAGTCGTGACTGCAGTGTGCAACGGCGACACCAAAAGATTAT

TGAGGAAGGACCAGTTACTGTTGCTCCTCGCGAGACAGTGAAAGAGCTAGAGCAAGCAGCAAGGAGGCTT

GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAATATCTCTACAGCATGGAGACTGGTGAATACT
ATTTTCTGGAACTTAATCCACGGTTGCAGGTTGAGCATCCAGTCACCGAGTGGATAGCTGAAGTAAACTT

GCCTGCAGCTCAAGTTGCAGTTGGAATGGGTATACCCCTTTGGCAGGTTCCAGAGATCAGACGTTTCTAT

GGAATGGACAATGGAGGAGGCTATGACATTTGGAGGAAAACAGCAGCTCTTGCTACTCCATTTAACTTCG

ATGAAGTGGATTCTCAATGGCCAAAGGGTCATTGTGTAGCAGTTAGGATAACCAGTGAGGATCCAGATGA
CGGATTCAAGCCTACCGGTGGAAAAGTAAAGGAGATCAGTTTTAAAAGCAAGCCAAATGTTTGGGCCTAT

TI'CTCTGTTAAGTCCGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTTGGACATGTTTTTGCATATG

GAGTGTCTAGAGCAGCAGCAATAACCAACATGTCTCTTGCGCTAAAAGAGATTCAAATTCGTGGAGAAAT

TCATTCAAATGTTGATTACACAGTTGATCTCTTGAATGCCTCAGACTTCAAAGAAAACAGGATTCATACT

GGCTGGCTGGATAACAGAATAGCAATGCGAGTCCAAGCTGAGAGACCTCCGTGGTATATTTCAGTGGTTG
GAGGAGCTCTATATAAAACAATAACGAGCAACACAGACACTGTTTCTGAATATGTTAGCTATCTCGTCAA

GGGTCAGATTCCACCGAAGCATATATCCCTTGTCCATTCAACTGTTTCTTTGAATATAGAGGAAAGCAAA
TATACAATTGAAACTATAAGGAGCGGACAGGGTAGCTACAGATTGCGAATGAATGGATCAGTTATTGAAG

CAAATGTCCAAACATTATGTGATGGTGGACTTTTAATGCAGTTGGATGGAAACAGCCATGTAATTTATGC

TGAAGAAGAGGCCGGTGGTACACGGCTTCTAATTGATGGAAAGACATGCTTGTTACAGAATGATCACGAT
CCTTCAAGGTTATTAGCTGAGACACCCTGCAAACTTCTTCGTTTCTTGGTTGCCGATGGTGCTCATGTTG

AAGCTGATGTACCATATGCGGAAGTTGAGGTTATGAAGATGTGCATGCCCCTCTTGTCACCTGCTGCTGG

TGTCATTAATGTTTTGTTGTCTGAGGGCCAGCCTATGCAGGCTGGTGATCTTATAGCAAGACTTGATCTT

GATGACCCTTCTGCTGTGAAGAGAGCTGAGCCATTTAACGGATCTTTCCCAGAAATGAGCCTTCCTATTG

CTGCTTCTGGCCAAGTTCACAAAAGATGTGCCACAAGCTTGAATGCTGCTCGGATGGTCCTTGCAGGATA

TGATCACCCGATCAACAAAGTTGTACAAGATCTGGTATCCTGTCTAGATGCTCCTGAGCTTCCTTTCCTA

CAATGGGAAGAGCTTATGTCTGTTTTAGCAACTAGACTTCCAAGGCTTCTTAAGAGCGAGTTGGAGGGTA
AATACAGTGAATATAAGTTAAATGTTGGCCATGGGAAGAGCAAGGATTTCCCTTCCAAGATGCTAAGAGA

GATAATCGAGGAAAATCTTGCACATGGTTCTGAGAAGGAAATTGCTACAAATGAGAGGCTTGTTGAGCCT
CTTATGAGCCTACTGAAGTCATATGAGGGTGGCAGAGAAAGCCATGCACACTTTATTGTGAAGTCCCTTT

TCGAGGACTATCTCTCGGTTGAGGAACTATTCAGTGATGGCATTCAGTCTGATGTGATTGAACGCCTGCG
CCAACAACATAGTAAAGATCTCCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGAAACAAA

ACTAAGCTGATACTAACACTCATGGAGAAACTGGTCTATCCAAACCCTGCTGTCTACAAGGATCAGTTGA

CTCGCTTTTCCTCCCTCAATCACAAAAGATATTATAAGTTGGCCCTTAAAGCTAGCGAGCTTCTTGAACA
AACCAAGCTTAGTGAGCTCCGCACAAGCATTGCAAGGAGCCTTTCAGAACTTGAGATGTTTACTGAAGAA

AGGACGGCCATTAGTGAGATCATGGGAGATTTAGTGACTGCCCCACTGCCAGTTGAAGATGCACTGGTTT

CTTTGTTTGATTGTAGTGATCAAACTCTTCAGCAGAGGGTGATCGAGACGTACATATCTCGATTATACCA
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GCCTCATCTTGTCAAGGATAGTATCCAGCTGAAATATCAGGAATCTGGTGTTATTGCTTTATGGGAATTC
GCTGAAGCGCATTCAGAGAAGAGATTGGGTGCTATGGTTATTGTGAAGTCGTTAGAATCTGTATCAGCAG
CAATTGGAGCTGCACTAAAGGGTACATCACGCTATGCAAGCTCTGAGGGTAACATAATGCATATTGCTTT

ATTGGGTGCTGATAATCAAATGCATGGAACTGAAGACAGTGGTGATAACGATCAAGCTCAAGTCAGGATA

GACAAACTTTCTGCGACACTGGAACAAAATACTGTCACAGCTGATCTCCGTGCTGCTGGTGTGAAGGTTA

TTAGTTGCATTGTTCAAAGGGATGGAGCACTCATGCCTATGCGCCATACCTTCCTCTTGTCGGATGAAAA

GCTTTGTTATGAGGAAGAGCCGGTTCTCCGGCATGTGGAGCCTCCTCTTTCTGCTCTTCTTGAGTTGGGT

AAGTTGAAAGTGAAAGGATACAATGAGGTGAAGTATACACCGTCACGTGATCGTCAGTGGAACATATACA
CACTTAGAAATACAGAGAACCCCAAAATGTTGCACAGGGTGTTTTTCCGAACTCTTGTCAGGCAACCCGG

TGCTTCCAACAAATTCACATCAGGCAACATCAGTGATGTTGAAGTGGGAGGAGCTGAGGAATCTCTTTCA

TTTACATCGAGCAGCATATTAAGATCGCTGATGACTGCTATAGAAGAGTTGGAGCTTCACGCGATTAGGA
CAGGTCACTCTCATATGTTTTTGTGCATATTGAAAGAGCAAAAGCTTCTTGATCTTGTTCCCGTTTCAGG

GAACAAAGTTGTGGATATTGGCCAAGATGAAGCTACTGCATGCTTGCTTCTGAAAGAAATGGCTCTACAG
ATACATGAACTTGTGGGTGCAAGGATGCATCATCTTTCTGTATGCCAATGGGAGGTGAAACTTAAGTTGG
ACAGCGATGGGCCTGCCAGTGGTACCTGGAGAGTTGTAACAACCAATGTTACTAGTCACACCTGCACTGT

GGATATCTACCGTGAGGTCGAAGATACAGAATCACAGAAACTAGTGTACCACTCTGCTCCATCGTCATCT
GGTCCTTTGCATGGCGTTGCACTGAATACTCCATATCAGCCTTTGAGTGTTATTGATCTGAAACGTTGCT
CCGCTAGAAATAACAGAACTACATACTGCTATGATTTTCCGTTGGCATTTGAAACTGCAGTGCAGAAGTC

ATGGTCTAACATTTCTAGTGACACTAACCGATGTTATGTTAAAGCGACGGAGCTGGTGTTTGCTCACAAG

AACGGGT CATGGGGCACTCCTGTAATTCCTATGGAGCGTCCTGCTGGGCTCAATGACATTGGTATGGTAG
CTTGGAT CTTGGACATGTCCACTCCTGAATATCCCAATGGCAGGCAGATTGTTGTCAT CGCAAATGATAT

TACTTTTAGAGCTGGATCGTTTGGTCCAAGGGAAGATGCATTTTTTGAAACTGTTACCAACCTAGCTTGT

GAGAGGAAGCTTCCTCTCATCTACTTGGCAGCAAACTCTGGTGCTCGGATCGGCATAGCAGATGAAGTAA

AATCTTGCTTCCGTGTTGGATGGTCTGATGATGGCAGCCCTGAACGTGGGTTTCAATATATTTATCTGAC
TGAAGAAGACCATGCTCGTATTAGCGCTTCTGTTATAGCGCACAAGATGCAGCTTGATAATGGTGAAATT

AGGTGGGTTATTGATTCTGTTGTAGGGAAGGAGGATGGGCTAGGTGTGGAGAACATACATGGAAGTGCTG

CTATTGCCAGTGCCTATTCTAGGGCCTATGAGGAGACATTTACGCTTACATTTGTGACTGGAAGGACTGT

TGGAATAGGAGCATATCTTGCTCGACTTGGCATACGGTGCATACAGCGTACTGACCAGCCCATTATCCTA

ACTGGGTTCTCTGCCTTGAACAAGCTTCTTGGCCGGGAAGTTTACAGCTCCCACATGCAGTTGGGTGGCC
CCAAAATTATGGCGACAAACGGTGTTGTCCATCTGACAGTTTCAGATGACCTTGAAGGTGTATCTAATAT

ATTGAGGTGGCTCAGCTATGTTCCTGCCAACATTGGTGGACCTCTTCCTATTACAAAATCTTTGGACCCA

CCTGACAGACCCGTTGCTTACATCCCTGAGAATACATGCGATCCTCGTGCTGCCATCAGTGGCATTGATG
ATAGCCAAGGGAAATGGTTGGGGGGCATGTTCGACAAAGACAGTTTTGTGGAGACATTTGAAGGATGGGC

GAAGTCAGTTGTTACTGGCAGAGCGAAACTCGGAGGGATTCCGGTGGGTGTTATAGCTGTGGAGACACAG

ACTATGATGCAGCTCATCCCTGCTGATCCAGGCCAGCTTGATTCCCATGAGCGATCTGTTCCTCGTGCTG
GGCAAGT CTGGTTTCCAGATTCAGCTACTAAGACAGCGCAGGCAATGCTGGACTTCAACCGTGAAGGATT

ACCTCTGTTCATCCTTGCTAACTGGAGAGGCTTCTCTGGTGGACAAAGAGATCTTTTTGAAGGAATCCTT

CAGGCTGGGTCAACAATTGTTGAGAACCTTAGGACATACAATCAGCCTGCCTTTGTATATATCCCCAAGG
CTGCAGAGCTACGTGGAGGGGCTTGGGTCGTGATTGATAGCAAGATAAATCCAGATCGCATTGAGTTCTA

TGCTGAGAGGACTGCAAAGGGCAATGTTCTCGAACCTCAAGGGTTGATCGAGATCAAGTTCAGGTCAGAG
GAACTCCAAGAGTGCATGGGTAGGCTTGATCCAGAATTGATAAATCTGAAGGCAAAGCTCCAGGGAGTAA

AGCATGAAAATGGAAGTCTACCTGAGTCAGAATCCCTTCAGAAGAGCATAGAAGCCCGGAAGAAACAGTT
GTTGCCTTTGTATACTCAAATTGCGGTACGGTTCGCTGAATTGCATGACACTTCCCTTAGAATGGCTGCT

AAGGGTGTGATTAAGAAGGTTGTAGACTGGGAAGATTCTAGGTCGTTCTTCTACAAGAGATTACGGAGGA

GGATATCCGAGGATGTTCTTGCGAAGGAAATTAGAGGTGTAAGTGGCAAGCAGTTTTCTCACCAATCGGC
AATCGAGCTGATCCAGAAATGGTACTTGGCCTCTAAGGGAGCTGAAACAGGAAGCACTGAATGGGATGAT

GACGATGCTTTTGTTGCCTGGAGGGAAAACCCTGAAAACTACCAGGAGTATATCAAAGAACTCAGGGCTC
AAAGGGTATCTCAGTTGCTCTCAGATGTTGCAGACTCCAGTCCAGATCTAGAAGCCTTGCCACAGGGTCT

TTCTATGCTATTAGAGAAGATGGATCCCTCAAGGAGAGCACAGTTTGTTGAGGAAGTCAAGAAAGTCCTT
AAATGA :
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FIGURE 11B

>AAC39330_Triticum aestivum
MGSTHLPIVGLNASTTPSLSTIRPVNSAGAAFOPSAPSRTSKKK

SRRVOSLRDGGDGGVSDPNOQS ITROGLAGI IDLPKEGTSAPEVDISHGSEEPRGSYOMN
GILNEAHNGRHASLSKVVEFCMALGGKTPIHSVLVANNGMAAAKFMRSVRTWANETFG

SEKATQLIAMATPEDMRINAEHTRIADOFVEVPGGTNNNNYANVQLIVEIAVRTGVSA

VWPGWGHASENPELPDALNANGIVFLGPPSSSMNALGDKVGSALTAQAAGVPTLPWSG

SQVEIPLEVCLDSI PAEMYRKACVSTTEEALAS CQMIGYPAMIKASWGGGGKGIRKVN

NDDDVRALFKQVQGEVPGS PIFIMRLASQSRHLEVOQLLCDOQYGNVAALHSRDCSVORR

HQOKITEEGPVIVAPRETVKELEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNP

RLOVEHPVTEWIAEVNLPAAQVAVGMGI PLWOVPEIRRFYGMDNGGGYDIWRKTAALA

TPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSG

GGIHEFADSOQFGHVFAYGVSRAAAI TNMSLALKEIQIRGEIHSNVDYTVDLLNASDFK

ENRIHTGWLDNRIAMRVQAERPPWYISVVGGALYKTITSNTDTVSEYVSYLVKGQIPP

KHISLVHSTVSLNIEESKYTIETIRSGQGSYRLRMNGSVIEANVOTLCDGGLLMQLDG

NSHVIYAEEEAGGTRLLIDGKTCLLONDHDPSRLLAETPCKLLRFLVADGAHVEADVP

YAEVEVMKMCMPLLS PAAGVINVLLSEGQPMQAGDLIARLDLDDPSAVKRAEPFNGSF

PEMSLPIAASGQVHKRCATSLNAARMVLAGYDHPINKVVQDLVSCLDAPELPFLOQWEE
LMSVLATRLPRLLKSELEGKYSEYKLNVGHGKSKDFPSKMLRET TEENLAHGSEKETA

TNERLVEPLMSLLKSYEGGRESHAHFIVKSLFEDYLSVEELFSDGIQSDVIERLRQQH

SKDLOKVVDIVLSHOGVRNKTKLILTLMEKLVYPNPAVYKDOLTRFSSLNHKRYYKLA

LKASELLEQTKLSELRTS IARSLSELEMFTEERTAISEIMGDLVTAPLPVEDALVSLF

DCSDQOTLOORVIETYISRLYQPHLVKDSIQLKYQESGVIALWEFARAHSEKRLGAMVI

VKSLESVSAATGAALKGTSRYAS SEGN IMHIALLGADNQMHGTEDSGDNDQAQVRIDK

LSATLEQNTVTADLRAAGVKVISCIVORDGALMPMRHTFLLS DEKLCYEEEPVLRHVE

PPLSALLELGKLKVKGYNEVKYTPSRDROWNIYTLRNTENPKMLHRVFFRTLVRQPGA
SNKFTSGNISDVEVGGAEESLSFTSSS ILRSLMTAIEELELHAIRTGHSHMFLCILKE

QKLLDLVPVSGNKVVDIGQDEATACLLLKEMALQTHELVGARMHHLSVCQWEVKLKLD

SDGPASGTWRVVTTNVTSHTCTVDIYREVEDTESQKLVYHSAPSSSGPLHGVALNTPY

QPLSVIDLKRCSARNNRTTYCYDFPLAFETAVOKSWSNISSDTNRCYVKATELVFAHK
NGSWGTPVIPMERPAGLNDIGMVAWILDMSTPEYPNGROIVVIANDITFRAGSFGPRE

DAFFETVTNLACERKLPLIYLAANSGARIGIADEVKSCFRVGWSDDGS PERGFQYIYL

TEEDHARISASVIAHKMQLDNGEIRWVIDSVVGKEDGLGVEN IHGSAAITASAYSRAYE

ETFTLTFVTGRIVGIGAYLARLGIRCIQRTDOPIILTGFSALNKLLGREVYSSHMOLG
GPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPANIGGPLPITKSLDPPDRPVAYIPE

NTCDPRAAISGIDDSQGKWLGGMFDKDSFVETFEGWAKSVVTGRAKLGGI PVGVIAVE

TOTMMOLI PADPGQLDSHERSVPRAGQVWFPDSATKTAQAMLDFNREGLPLFILANWR

GFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPKAAELRGGAWVVIDSKINPDRI

EFYAERTAKGNVLEPQGLIEIKFRSEELQECMGRLDPELINLKAKLOQGVKHENGSLPE
SESLOKS IEARKKQLLPLYTQIAVRFAELHDTSLRMAAKGVI KKVVDWEDSRSFFYKR

LRRRISEDVLAKEIRGVSGKOFSHQSATELIQKWYLASKGAETGSTEWDDDDAFVAWR

ENPENYQEYIKELRAQRVSQLLSDVADSS PDLEALPQGLSMLLEKMDPSRRAQFVEEV
KKVLK
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FIGURE12A
>AY219174Setaria italica (foxtail millet)
ATGTCGCAACTTGGATTAGCTGCAGCTGCCTCAAAGGCGCTGCCACTACTTCCTAATCGCCATAGAACTT

CAGCTGGAACTACATTCCCATCACCTGTATCATCGCGGCCCTCAAACCGAAGGAAAAGCCGCACTCGTTC
ACTTCGTGATGGAGGAGATGGGGTATCAGATGCCAAAAAGCACAACCAGTCTGTCCGTCAAGGTCTTGCT

GGCATCATCGACCTCCCAAATGAGGCAACATCGGAAGTGGATATTTCTCATGGATCCGAGGATCCCAGGG

GGCCAACCGATTCATATCAAATGAATGGGATTGTAAGTGAAGCACATAATGGCAGACATGCCTCAGTGTC
CAAGGTTGTTGAATTTTGTGCGGCGCTAGGTGGCAAAACACCAATTCACAGTATACTAGTGGCCAACAAT

GGAATGGCAGCAGCAAAGTTCATGAGGAGTGTCCGGACATGGGCTAATGATACTTTTGGATCGGAGAAGG

CGATTCAGCTCATAGCTATGGCAACTCCAGAAGACATGAGGATAAATGCAGAACACATTAGAATTGCTGA
TCAATTTGTGGAGGTGCCTGGTGGAACAAACAATAACAACTATGCAAATGTTCAACTCATAGTGGAGGTA

GCAGAAAGAATAGGTGTTTCTGCTGTTTGGCCTGGTTGGGGTCATGCTTCTGAGAATCCTGAACTTCCAG

ATGCATTGACCGCAAAAGGAGTTGTTTTCCTTGGGCCACCTGCGGCATCAATGAATGCATTGGGAGATAA
GGTCGGTTCAGCTCTCATTGCTCAAGCAGCTGGGGTCCCGACCCTTTCGTGGAGTGGATCACATGTTGAA
GTTCCATTAGAGTGCTGCTTAGATGCGATACCTGAGGAAATGTATAGAAAAGCTTGTGTTACTACCACAG

AAGAAGCTGTTGCGAGTTGTCAGGTGGTTGGTTATCCTGCCATGATTAAGGCATCCTGGGGAGGTGGTGG
TAAAGGAATAAGAAAGGTTCATAATGACGATGAGGTTAGAGCACTGTTTAAGCAAGTACAAGGTGAAGTC
CCTGGCTCCCCAATATTTATCATGAGGCTTGCATCCCAGAGTCGTCATCTTGAAGTTCAGTTGCTTTGTG

ATCAATATGGCAATGTGGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGGCGACACCAAAAGATTAT

TGAGGAAGGCCCAGTTACTGTTGCTCCTCGTGAGACAGTTAAAGCGCTTGAGCAGGCAGCAAGGAGGCTT

GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAATACCTTTACAGCATGGAGACTGGGGAATACT

ATTTTCTGGAGCTTAATCCCAGATTACAGGTCGAGCATCCAGTCACTGAGTGGATTGCTGAAGTAAATCT

TCCTGCAGCTCAAGTTGCAGTTGGAATGGGCATACCTCTTTGGCAGATTCCAGAAATCAGACGTTTCGAT

GGAATGGACTATGGAGGAGGATATGACATTTGGAGGAAAACAGCAGCTCTTGCCACACCATTTAATTITG

ATGAAGTAGATTCTCAATGGCCAAAGGGCCATTGTGTAGCAGTTAGAATTACTAGCGAGGATCCAGATGA

TGGTTTCAAACCTACTGGTGGGAAAGTGAAGGAGATAAGTTTTAAAAGCAAGCCTAATGTTTGGGCCTAC

TTCTCAGTAAAGTCTGGTGGAGGCATTCATGAATTTGTTGATTCTCAGTTTGGGCATGTTTTTGCATATG

GGCTCTCTAGATCAGCAGCAATAACGAACATGGCTCTTGCATTAAAAGAGATTCAAATTCGTGGAGAAAT
TCATTCAAATGTTGATTACACAGTTGATCTCTTAAATGCTTCAGACTTCAGAGAAAATAAGATTCATACT

GGCTGGCTTGATACCAGAATAGCTATGCGTGTTCAAGCTGAGAGGCCCCCATGGTATATTTCAGTGGTTG

GAGGAGCTCTATATAAAACAGTAACTGCCAATGCAGCCACTGTTTCTGATTATGTCAGTTATCTCACCAA
GGGCCAGATTCCACCAAAGCATATATCCCTTGTCAGTTCAACAGTTAATCTGAATATCGAAGGGAGCAAA

TACACAGTTGAAACTGTAAGGACTGGACATGGTAGCTACAGATTACGAATGAATGATTCAGCAATTGAAG

CGAATGTACAATCCTTATGTGATGGAGGCCTCTTAATGCAGTTGGATGGAAATAGCCATGTAATTTACGC

GGAAGAAGAAGCTGGTGGTACACGACTTCTGATTGATGGAAAGACATGCTTGTTACAGAATGATCATGAT

CCATCAAAGTTATTAGCTGAGACACCCTGCAAACTTCTTCGGTTCTTGGTTGCTGATGGTGCCCATGTTG

ATGCTGATGTACCATATGCGGAAGTTGAGGTTATGAAAATGTGCATGCCTCTCTTGTCGCCTGCTTCTGG
TGTCATTCATGTTATGATGTCTGAGGGCCAGGCATTGCAGGCTGGTGATCTTATAGCAAGGCTGGATCTT

GATGACCCTTCTGCTGTGAAAAGAGCTGAACCATTTCATGGAATATTTCCACAAATGGACCTTCCTGTTG

CTGCCTCTAGCCAAGTACACAAAAGATATGCTGCAAGTTGGAATGCTGCTCGAATGGTCCTTGCAGGATA

CGAGCATAATATCAATGAAGTTGTACAAGATTTGGTATGCTGCCTGGATGATCCCGAGCTTCCCTTCCTA
CAGTGGGATGAACTTATGTCAGTTCTAGCAACTAGGCTTCCAAGAAATCTTAAGAGTGAGTTAGAGGATA

AATACATGGAATACAAGTTGAACTTTTACCATGGGAAAAACAAGGACTTCCCGTCCAAGCTGCTGAGAGA
CATCATTGAGGCAAATCTTGCATATGGTTCAGAGAAGGAAAAAGCTACGAATGAGAGGCTTATTGAGCCT

CTTATGAGCCTACTTAAGTCATATGAGGGTGGGAGAGAAAGCCATGCTCATTTTGTTGTCAAGTCCCTTT

TCAAGGAGTACCTTGCTGTGGAAGAACTTTTCAGTGATGGGATTCAGTCTGATGTGATTGAAACCCTGCG

TCATCAGCACAGTAAAGACTTGCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGGAACAAA

GCTAAGCTTGTAACAGCACTTATGGAAAAGCTGGTTTATCCAAATCCTGCTGCTTACAGGGATCTGTTGG

TICGCTTTTCTTCACTCAATCATAAAAGATATTATAAGTTGGCCCTTAAAGCAAGCGAACTTCTTGAACA

AACTAAACTAAGTGAACTCCGTGCAAGCATCGCAAGAAGCCTTTCTGATCTGGGGATGCATAAGGGAGAA

ATGACTATTGAAGATAGCATGGAAGATTTAGTCTCTGCCCCATTACCTGTCGAAGATGCACTTATTTCTT
TGTTTGATTACAGTGATCCAACTGTTCAGCAGAAAGTGATCGAGACATACATATCTCGATTGTATCAGCC

TCTTCTTGTGAAAGATAGCATCCAAGTGAAATTTAAGGAATCTGGTGCCTTTGCTTTATGGGAATTTTCT

GAAGGGCATGTTGATACTAAAAATGGACAAGGGACCGTTCTTGGTCGAACAAGATGGGGTGCCATGGTAG
CTGTCAAATCAGTTGAATCTGCACGAACAGCCATTGTAGCTGCATTAAAGGATTCGGCACAGCATGCCAG
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CTCTGAGGGCAACATGATGCACATTGCCTTATTGAGTGCTGAAAATGAAAATAATATCAGTGATGATCAA

GCTCAACATAGGATGGAAAAACTTAACAAGATACTCAAGGATACTAGTGTCGCAAATGATCTTCGAGCTG

CTGGTTTGAAGGTTATAAGTTGCATTGTTCAAAGAGATGAAGCACGCATGCCAATGCGCCACACATTACT

CTGGTCAGATGAAAAGAGTTGTTATGAGGAAGAGCAGATTCTTCGGCATGTGGAGCCTCCCCTCTCCATG

CTTCTTGAAATGGATAAGTTGAAAGTGAAAGGATACAATGAAATGAAGTATACTCCATCACGTGATCGTC

AATGGCATATCTACACACTAAGAAATACTGAARAACCCCAAAATGTTGCATAGGGTATTTTTCCGAACTAT

TGTCAGGCAACCCAATGCAGGCAACAAGTTTATATCAGCCCAAATTGGCGACACTGAAGTAGGAGGTCCT
GAGGAATCTTTGTCATTTACATCTAATAGCATTTTAAGAGCCTTGATGACTGCTATTGAAGAATTAGAGC

TTCATGCAATTAGGACTGATCATTCTCACATGTATTTGTGCATATTGAAAGAACAAAAGCTTCTTGATCT

CATTCCGTTTTCAGGGAGCACAATCGTCGATGTTGTCCAAGACGAAGCTACTGCTTGTTCACTTTTAAAA
TCAATGGCTTTGAAGATACACGAACTTGTTGGTGCACAGATGCATCATCTTTCTGTATGCCAGTGGGAGG
TGAAACTCAAGTTGTACTGCGATGGGCCTGCCAGTGGCACCTGGAGAGTTGTAACTACAAATGTTACTAG

TCACACTTGCACCGTTGATATCTACCGGGAAGTGGAAGATACTGAATCGCAGAAGTTAGTATACCATTCA

GCTTCTCCGTCAGCTAGTCCTTTGCATGGTGTGGCCCTGGATAATCCGTATCAACCTTTGAGTGTCATTG

ATCTAAAACACTGCTCTGCTAGGAACAACAGAACTACATATTGCTATGATTTTCCACTGGCATTTGAAAC
TGCCCTGCAGAAGTCATGGCAGTCCAATGGCTCCAGTGTTTCTGAAGGCAGTGAAAATAGTAGGTCTTAT

GTGAAAGCAACAGAGCTGGTGTTTGCTGAAAAACATGGGTCCTGGGGCACTCCTATAATTTCCATGGAGC
GTCCCGCTGGGCTCAATGACATTGGCATGGTAGCTTGGATCTTAGAGATGTCCACTCCTGAATTTCCCAA

TGGCAGGCAGATTATTGTCATAGCAAATGATATTACTTTCAGAGCTGGATCATTTGGCCCAAGGGAAGAT

GCGTTTTTTGAAGCTGTCACGAACCTGGCCTGCGAGAGGAAGCTTCCTCTTATATACTTGGCAGCAAACT

CCGGTGCTAGGATTGGCATAGCCGATGAAGTGAAATCTTGCTTCCGTGTTGGGTGGTCCGATGAAGGCAG

CCCTGAACGGGGTTTTCAGTACATTTATCTGACTGACGAAGACTATGCCCGTATTAGCTTGTCTGTTATA

GCACACAAGCTGCAGCTGGATAATGGTGAAATTAGGTGGATTATTGACTCTGTTGTGGGCAAGGAGGATG
GGCTTGGTGTTGAGAATATACATGGAAGTGCTGCTATTGCCAGTGCTTATTCTAGGGCATATGAGGAGAC

ATTTACACTTACATTTGTGACTGGGCGGACTGTTGGAATAGGAGCATATCTTGCTCGGCTCGGTATACGG
TGCATACAGCGTCTTGACCAGCCTATTATTTTAACTGGGTTTTCTGCCCTGAACAAGCTTCTTGGGCGGG

AAGTGTACAGCTCCCACATGCAGTTGGGTGGTCCTAAGATCATGGCGACCAATGGTGTTGTCCACTTGAC

TGTTTCAGATGACCTTGAAGGTGTTTCCAATATATTGAGGTGGCTCAGCTATGTTCCTGCCAACATTGGT

GGACCTCTTCCTATTACAAAACCTTTGGACCCACCAGACAGACCTGTTGCATACATCCCTGAGAACACAT
GTGATCCGCGCGCAGCCATTCGTGGTGTAGATGACAGCCAAGGGAAATGGTTGGGTGGTATGTTTGACAA

AGACAGCTTTGTCGAGACATTTGAAGGATGGGCGAAAACAGTGGTTACGGGCAGAGCAAAGCTTGGAGGA
ATTCCTGTTGGCGTCATAGCTGTGGAGACACAAACCATGATGCAGCTTATCCCTGCTGATCCAGGCCAGC
TIGATTCCCATGAGCGATCTGTTCCTCGGGCTGGACAAGTGTGGTTCCCAGATTCTGCAACCAAGACAGC

TCAGGCATTGTTGGACTTCAACCGTGAAGGATTGCCGCTGTTCATCCTTGCTAACTGGAGAGGATTCTCT

GGTGGACAAAGAGATCTGTTTGAAGGAATTCTTCAGGCTGGGTCAACAATTGTTGAGAACCTTAGGACAT

ACAATCAGCCTGCTTTTGTCTACATTCCTATGGCTGGAGAGCTGCGTGGAGGAGCTTGGGTTGTGGTTGA
TAGCAAAATAAATCCAGACCGAATTGAGTGTTATGCTGAGAGGACTGCTAAAGGCAATGTTCTGGAACCT

CAAGGGTTAATTGAAATCAAATTCAGATCAGAGGAGCTCCAAGACTGTATGGGTAGGCTTGACCCAGGGT
TGATAAATCTGAAAGCAAAACTCCAAGGTGCAAAGCTTGGAAATGGAAGCCTAACAGATGTAGAATCCCT

TCAGAAGAGTATAGATGCTCGTACGAAACAGTTGTTGCCTTTATACACCCAGATTGCAATACGGTTTGCT

GAATTGCATGATACTTCCCTCAGAATGGCAGCTAAAGGTGTGATTAAGAAAGTTGTAGATTGGGAAGAAT

CACGTTCTTTCTITCTACAGAAGGCTACGGAGGAGGATCTCTGAAGATGTTCTTGCAAAAGAAATAAGAGG

AATAGCTGGTGACCACTTCACTCACCAATCAGCAGTTGAGCTGATCAAGGAATGGTACTTGGCTTCTCAA

GCCACAACAGGAAGCACTGAATGGGATGATGATGATGCTTTTGTTGCCTGGAAGGAGAATCCTGAAAACT
ATAAGGGATATATCCAAGAGTTAAGGGCTCAAAAGGTGTCTCAGTCGCTCTCCGATCTTGCAGACTCCAG

TTCAGATCTAGAAGCATTCTCACAGGGTCTTTCCACATTATTAGATAAGATGGATCCCTCTCAGAGAGCC
AAGTTCATTCAGGAAGTCAAGAAGGTCCTGGGTTGA
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FIGURE 12B

>AAQ62902Setaria italica (foxtail millet)
MSQLGLAAAASKALPLLPNRHRTSAGTTFPS PVSSRPSNRRKSR

TRSLRDGGDGVSDAKKHNQSVROGLAGIIDLPNEATSEVDISHGSEDPRGPTDS YOMN
GIVSEAHNGRHASVSKVVEFCAALGGKTPIHS ILVANNGMAAAKFMRSVRIWANDTFG

SEKATIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEVAERIGVSA

VWPGWGHASENPELPDALTAKGVVFLGPPAASMNALGDKVGSALIAQAAGVPTLSWSG

SHVEVPLECCLDAI PEEMYRKACVTTTEEAVAS CQVVGYPAMIKASWGGGGKGIRKVH

NDDEVRALFKQVOGEVPGS PT FIMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVORR

HQOKI ITEEGPVTVAPRETVKALEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNP

RLQVEHPVTEWLAEVNLPAAQVAVGMGI PLWOT PEIRRFDGMDYGGGYDIWRKTAALA

TPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSG

GGIHEFVDSOQFGHVFAYGLSRSAAITNMALALKEIQIRGEIHSNVDYTVDLLNASDFR

ENKIHTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTANAATVSDYVSYLTKGQIPP

KHISLVSSTVNLNIEGSKYTVETVRTGHGSYRLRMNDSAIEANVQSLCDGGLLMQLDG

NSHVIYARBEEAGGTRLLIDGKTCLLQNDHDPSKLLAETPCKLLRFLVADGAHVDADVP

YAEVEVMKMCMPLLS PASGVIHVMMSEGQALOQAGDLIARLDLDDPSAVKRAEPFHGIF

PQMDLPVAASSQVHKRYAASWNAARMVLAGYEHN INEVVQDLVCCLDDPELPFLQWDE
LMSVLATRLPRNLKSELEDKYMEYKLNFYHGKNKDFPSKLLRDIIEANLAYGSEKEKA

TNERLIEPLMSLLKSYEGGRESHAHFVVKSLFKEYLAVEELFSDGIQSDVIETLRHQH
SKDLOKVVDIVLSHOGVRNKAKLVTALMEKLVYPNPAAYRDLLVRFSSLNHKRYYKLA
LKASELLEQTKLSELRAS TARSLSDLGMHKGEMTIEDSMEDLVSAPLPVEDALISLFD

YSDPTVQOKVIETYISRLYQPLLVKDS IQVKFKESGAFALWEFSEGHVDTKNGQGTVL
GRTRWGAMVAVKSVESARTAIVAALKDSAQHASSEGNMMH IALLSAENENNISDDQAQ
HRMEKLNKILKDTSVANDLRAAGLKVISCIVORDEARMPMRHTLLWSDEKSCYEEEQI
LRHVEPPLSMLLEMDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRTIV
RQPNAGNKFISAQIGDTEVGGPEESLSFTSNSILRALMTAIEELELHAIRTDHSHMYL

CILKEQKLLDLIPFSGSTIVDVVQDEATACSLLKSMALKIHELVGAQMHHLSVCQWEV
KLKLYCDGPASGTWRVVTINVTSHTCTVD1IYREVEDTESQKLVYHSAS PSAS PLHGVA
LDNPYQPLSVIDLKHCSARNNRTTYCYDF PLAFETALOQKSWOSNGSSVSEGSENSRSY

VKATELVFAEKHGSWGTPIISMERPAGLNDIGMVAWILEMSTPEFPNGRQIIVIANDI
TFRAGSFGPREDAFFEAVTINLACERKLPLIYLAANSGARIGIADEVKSCFRVGWSDEG

SPERGFOQY IYLTDEDYARISLSVIAHKLOLDNGEIRWIIDSVVGKEDGLGVENIHGSA

AIASAYSRAYEETFTLTFVTGRIVGIGAYLARLGIRCIQRLDQPIILTGFSALNKLLG
REVYSSHMQLGGPK IMATNGVVHLTVSDDLEGVSNILRWLSYVPANIGGPLPITKPLD
PPDRPVAYIPENTCDPRAATRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL

GGIPVGVIAVETQTMMQLT PADPGQLDSHERSVPRAGQVWFPDSATKTAQALLDFNRE
GLPLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYI PMAGELRGGAWV
VVDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMGRLDPGLINLKAKLQ
GAKLGNGSLTDVESLOKS IDARTKQLLPLYTQIAIRFAELHDTSLRMAAKGVIKKVVD
WEESRSFFYRRLRRRISEDVLAKEIRGIAGDHFTHQSAVELIKEWYLASQATTGSTEW
DDDDAFVAWKENPENYKGYIQELRAQKVSQSLSDLADSSSDLEAFSQGLSTLLDKMDP
SQRAKFIQEVKKVLG

B248 1010.P1

PGR2021-00114 Ex. 1015

RiceTec, Inc.

Page 097



Ex. 1015 
RiceTec, Inc. 

Page 098

PGR2021-00114

B248 1010.P1

FIGURE 13A

>AY219175 Setaria italica (foxtail millet)
ATGTCGCAACTTGGATTAGCTGCAGCTGCCTCAAAGGCGCTGCCACTACTTCCTAATCGCCATAGAACTT

CAGCTGGAACTACATTCCCATCACCTGTATCATCGCGGCCCTCAAACCGAAGGAAAAGCCGCACTCGTTC

ACTTCGTGATGGAGGAGATGGGGTATCAGATGCCAAAAAGCACAACCAGTCTGTCCGTCAAGGTCTTGCT

GGCATCATCGACCTCCCAAATGAGGCAACATCGGAAGTGGATATTTCTCATGGATCCGAGGATCCCAGGG

GGCCAACCGATTCATATCAAATGAATGGGATTGTAAATGAAGCACATAATGGCAGACATGCCTCAGTGTC

CAAGGTTGTTGAATTTTGTGCGGCGCTAGGTGGCAAAACACCAATTCACAGTATACTAGTGGCCAACAAT

GGAATGGCAGCAGCAAAGTTCATGAGGAGTGTCCGGACATGGGCTAATGATACTTTTGGATCGGAGAAGG

CGATTCAGCTCATAGCTATGGCAACTCCAGAAGACATGAGGATAAATGCAGAACACATTAGAATTGCTGA

TCAATTTGTAGAGGTGCCTGGTGGAACAAACAATAACAACTATGCAAATGTTCAACTCATAGTGGAGGTA

GCAGAAAGAATAGGTGTTTCTGCTGTTTGGCCTGGTTGGGGTCATGCTTCTGAGAATCCTGAACTTCCAG

ATGCATTGACCGCAAAAGGAATTGTTTTCCTTGGGCCACCTGCGGCATCAATGAATGCATTGGGAGATAA
GGTCGGTTCAGCTCTCATTGCTCAAGCAGCTGGGGTCCCGACCCTTTCGTGGAGTGGATCACATGTTGAA

GTTCCATTAGAGTGCTGCTTAGATGCGATACCTGAGGAAATGTATAGAAAAGCTTGTGTTACTACCACAG
AAGAAGCTGTTGCGAGTTGTCAGGTGGTTGGTTATCCTGCCATGATTAAGGCATCCTGGGGAGGTGGTGG

TAAAGGAATAAGAAAGGTTCATAATGACGATGAGGTTAGAGCACTGTTTAAGCAAGTACAAGGTGAAGTC
CCTGGCTCCCCAATATTTATCATGAGGCTTGCATCCCAGAGTCGTCATCTTGAAGTTCAGTTGCTTTGTG

ATCAATATGGCAATGTGGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGGCGACACCAAAAGATTAT

TGAGGAAGGCCCAGTTACTGTTGCTCCTCGTGAGACAGTTAAAGCGCTTGAGCAGGCAGCAAGGAGGCTT

GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAATACCTTTACAGCATGGAGACTGGGGAATACT
ATTTTCTGGAGCTTAATCCCAGATTACAGGTCGAGCATCCAGTCACTGAGTGGATTGCTGAAGTAAATCT

TCCTGCAGCTCAAGTTGCAGTTGGAATGGGCATACCTCTTTGGCAGATTCCAGAAATCAGACGTTTCTAT

GGAATGGACTATGGAGGAGGATATGACATTTGGAGGAAAACAGCAGCTCTTGCCACACCATTTAATTTTG
ATGAAGTAGATTCTCAATGGCCAAAGGGCCATTGTGTAGCAGTTAGAATTACTAGCGAGGATCCAGATGA

TGGTTTCAAACCTACTGGTGGGAAAGTGAAGGAGATAAGTTTTAAAAGCAAGCCTAATGTTTGGGCCTAC

TICTCAGTAAAGTCTGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTTGGGCATGTTTTTGCATATG
GGCTCTCTAGATCAGCAGCAATAACGAACATGGCTCTTGCATTAAAAGAGATTCAAATTCGTGGAGAAAT

TCATTCAAATGTTGATTACACAGTTGATCTCTTAAATGCTTCAGACTTCAGAGAAAATAAGATTCATACT

GGCTGGCTTGATACCAGAATAGCTATGCGTGTTCAAGCTGAGAGGCCCCCATGGTATATTTCAGTGGTTG

GAGGAGCTCTATATAAAACAGTAACTGCCAATGCAGCCACTGTTTCTGATTATGTCAGTTATCTCACCAA

GGGCCAGATTCCACCAAAGCATATATCCCTTGTCAGTTCAACAGTTAATCTGAATATCGAAGGGAGCAAA

TACACAGTTGAAACTGTAAGGACTGGACATGGTAGCTACAGATTACGAATGAATGATTCAGCAATTGAAG

CGAATGTACAATCTTTATGTGATGGAGGCCTCTTAATGCAGTTGGATGGAAATAGCCATGTAATTTACGC
GGAAGAAGAAGCTGGTGGTACACGACTTCTGATTGATGGAAAGACATGCTTGTTACAGAATGATCATGAT

CCATCAAAGTTATTAGCTGAGACACCCTGCAAACTTCTTCGGTTCTTGGTTGCTGATGGTGCTCATGTTG
ATGCTGATGTACCATATGCGGAAGTTGAGGTTATGAAAATGTGCATGCCTCTCTTGTCGCCTGCTTCTGG

TGTCATTCATGTTATGATGTCTGAGGGCCAGGCATTGCAGGCTGGTGATCTTATAGCAAGGCTGGATCTT

GATGACCCTTCTGCTGTGAAAAGAGCTGAACCATTTCATGGAATATTTCCACAAATGGACCTTCCTGTTG

CTGCCTCTAGCCAAGTACACAAAAGATATGCTGCAAGTTTGAATGCTGCTCGAATGGTCCTTGCAGGATA

CGAGCATAATATCAATGAAGTTGTACAAGATTTGGTATGCTGCCTGGATGATCCCGAGCTTCCCTTCCTA
CAGTGGGATGAACTTATGTCAGTTCTAGCAACTAGGCTTCCAAGAAATCTTAAGAGTGAGTTAGAGGATA
AATACATGGAATACAAGTTGAACTTTTACCATGGGAAAAACAAGGACTTCCCGTCCAAGCTGCTGAGAGA

CATCATTGAGGCAAATCTTGCATATGGTTCAGAGAAGGAAAAAGCTACGAATGAGAGGCTTATTGAGCCT

CTTATGAGCCTACTTAAGTCATATGAGGGTGGGAGAGAAAGCCATGCTCATTTTGTTGTCAAGTCCCTTT

TCAAGGAGTACCTTGCTGTGGAAGAACTTTTCAGTGATGGGATTCAGTCTGATGTGATTGAAACCCTGCG

TCATCAGCACAGTAAAGACTTGCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGGAACAAA

GCTAAGCTTGTAACAGCACTTATGGAAAAGCTGGTTTATCCAAATCCTGCTGCTTACAGGGATCTGTTGG
TICGCTTTTCTTCACTCAATCATAAAAGATATTATAAGTTGGCCCTTAAAGCAAGCGAACTTCTTGAACA

AACTAAACTAAGTGAACTCCGTGCAAGCATCGCAAGAAGCCTTTCTGATCTGGGGATGCATAAGGGAGAA

ATGACTATTGAAGATAGCATGGAAGATTTAGTCTCTGCCCCATTACCTGTCGAAGATGCACTTATTTCTT
TGTTTGATTACAGTGATCCAACTGTTCAGCAGAAAGTGATCGAGACATACATATCTCGATTGTATCAGCC
TCTTCTTGTGAAAGATAGCATCCAAGTGAAATTTAAGGAATCTGGTGCCTTTGCTTTATGGGAATTTTCT

GAAGGGCATGTTGATACTAAAAATGGACAAGGGACCGTTCTTGGTCGAACAAGATGGGGTGCCATGGTAG

CTGTCAAATCAGTTGAATCTGCACGAACAGCCATTGTAGCTGCATTAAAGGATTCGGCACAGCATGCCAG
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CTCTGAGGGCAACATGATGCACATTGCCTTATTGAGTGCTGAAAATGAAAATAATATCAGTGATGATCAA

GCTCAACATAGGATGGAAAAACTTAACAAGATACTCAAGGATACTAGTGTCGCAAATGATCTTCGAGCTG
CTGGTTTGAAGGTTATAAGTTGCATTGTTCAAAGAGATGAAGCACGCATGCCAATGCGCCACACATTACT

CTGGTCAGATGAAAAGAGTTGTTATGAGGAAGAGCAGATTCTTCGGCATGTGGAGCCTCCCCTCTCCATG

CTTCTTGAAATGGATAAGTTGAAAGTGAAAGGATACAATGAAATGAAGTATACTCCATCACGTGATCGTC

AATGGCATATCTACACACTAAGAAATACTGAAAACCCCAAAATGTTGCATAGGGTATTTTTCCGAACTAT

TGTCAGGCAACCCAATGCAGGCAACAAGTTTATATCAGCCCAAATTGGCGACACTGAAGTAGGAGGTCCT

GAGGAATCTTTGTCATTTACATCTAATAGCATTTTAAGAGCCTTGATGACTGCTATTGAAGAATTAGAGC
TTCATGCAATTAGGACTGGTCATTCTCACATGTATTTGTGCATATTGAAAGAACAAAAGCTICTTGATCT

CATTCCGTTTTCAGGGAGCACAATCGTCGATGTTGGCCAAGACGAAGCTACTGCTTGTTCACTTTTAAAA
TCAATGGCTTTGAAGATACACGAACTTGTTGGTGCACAGATGCATCATCTTTCTGTATGCCAGTGGGAGG

TGAAACTCAAGTTGTACTGCGATGGGCCTGCCAGTGGCACCTGGAGAGTTGTAACTACAAATGTTACTAG

TCACACTTGCACCATTGATATCTACCGGGAAGTGGAAGATACTGAATCGCAGAAGTTAGTATACCATTCA
GCTTCTCCGTCAGCTAGTCCTTTGCATGGTGTGGCCCTGGATAATCCGTATCAACCTTTGAGTGTCATTG

ATCTAAAACGCTGCTCTGCTAGGAACAACAGAACTACATATTGCTATGATTTTCCACTGGCATTTGAAAC
TGCCCTGCAGAAGTCATGGCAGTCCAATGGCTCCAGTGTTTCTGAAGGCAGTGAAAATAGTAGGTCTTAT
GTGAAAGCAACAGAGCTGGTGTTTGCTGAAAAACATGGGTCCTGGGGCACTCCTATAATTTCCATGGAGC

GTCCCGCTGGGCTCAATGACATTGGCATGGTAGCTTGGATCTTAGAGATGTCCACTCCTGAATTTCCCAA

TGGCAGGCAGATTATTGTCATAGCAAATGATATTACTTTCAGAGCTGGATCATTTGGCCCAAGGGAAGAT

GCGTTTTTTGAAGCTGTCACGAACCTGGCCTGCGAGAGGAAGCTTCCTCTTATATACTTGGCAGCAAACT

CCGGTGCTAGGATTGGCATAGCCGATGAAGTGAAATCTTGCTTCCGTGTTGGGTGGTCCGATGAAGGCAG
CCCTGAACGGGGTTTTCAGTACATTTATCTGACTGACGAAGACTATGCCCGTATTAGCTTGTCTGTTATA

GCACACAAGCTGCAGCTGGATAATGGTGAAATTAGGTGGATTATTGACTCTGTTGTGGGCAAGGAGGATG
GGCTTGGTGTTGAGAATCTACATGGAAGTGCTGCTATTGCCAGTGCTTATTCTAGGGCATATGAGGAGAC

ATTTACACTTACATTTGTGACTGGGCGGACTGTTGGAATAGGAGCATATCTCGCTCGGCTCGGTATACGG
TGCATACAGCGTCTTGACCAGCCTATTATTTTAACTGGGTTTTCTGCCCTGAACAAGCTTCTTGGGCGGG

AAGTGTACAGCTCCCACATGCAGTTGGGTGGTCCTAAGATCATGGCGACCAATGGTGTTGTCCACTTGAC
TGTTTCAGATGACCTTGAAGGTGTTTCCAATATATTGAGGTGGCTCAGCTATGTTCCTGCCAACATTGGT

GGACCTCTTCCTATTACAAAACCTTTGGACCCACCAGACAGACCTGTTGCATACATCCCTGAGAACACAT
GTGATCCGCGCGCAGCCATTCGTGGTGTAGATGACAGCCAAGGGAAATGGTTGGGTGGTATGTTTGACAA

AGACAGCTTTGTCGAGACATTTGAAGGATGGGCGAAAACAGTGGTTACGGGCAGAGCAAAGCTTGGAGGA

ATTCCTGTTGGTGTCATAGCTGTGGAGACACAAACCATGATGCAGCTTATCCCTGCTGATCCAGGCCAGC
TTGATTCCCATGAGCGATCTGTTCCTCGGGCTGGACAAGTGTGGTTCCCAGATTCTGCAACCAAGACAGC

TCAGGCATTGTTGGACTTCAACCGTGAAGGATTGCCGCTGTTCATCCTTGCTAACTGGAGAGGATTCTCT
GGTGGACAAAGAGATCTGTTTGAAGGAATTCTTCAGGCTGGGTCAACAATTGTTGAGAACCTTAGGACAT

ACAATCAGCCTGCTTTTGTCTACATTCCTATGGCTGGAGAGCTGCGTGGAGGAGCTTGGGTTGTGGTTGA

TAGCAAAATAAATCCAGACCGAATTGAGTGTTATGCTGAGAGGACTGCTAAAGGCAATGTTCTTGAACCT
CAAGGGTTAATTGAAATCAAATTCAGATCAGAGGAGCTCCAAGACTGTATGGGTAGGCTTGACCCAGAGT

TGATAAATCTGAAAGCAAAACTCCAAGGTGCAAAGCTTGGAAATGGAAGCCTAACAGATGTAGAATCCCT
TCAGAAGAGTATAGATGCTCGTACGAAACAGTTGTTGCCTTTATACACCCAGATTGCAATACGGTTTGCT

GAATTGCATGATACTTCCCTCAGAATGGCAGCTAAAGGTGTGATTAAGAAAGTTGTAGATTGGGAAGAAT

CACGTTCTTTCTTCTACAGAAGGCTACGGAGGAGGATCTCTGAAGATGTTCTTGCAAAAGAAATAAGAGG
AATAGCTGGTGACCACTTCACTCACCAATCAGCAGTTGAGCTGATCAAGGAATGGTACTTGGCTTCTCAA

GCCACAACAGGAAGCACTGAATGGGATGATGATGATGCTTTTGTTGCCTGGAAGGAGAATCCTGAAAACT

ATAAGGGATATATCCAAGAGTTAAGGGCTCAAAAGGTGTCTCAGTCGCTCTCCGATCTTGCAGACTCCAG

TTCAGATCTAGAAGCATTCTCACAGGGTCTTTCCACATTATTAGATAAGATGGATCCCTCTCAGAGAGCC
AAGTTCATTCAGGAAGTCAAGAAGGTCCTGGGTTGA
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FIGURE 13B

>AA062903Setaria italica (foxtail millet)
MSQLGLAAAASKALPLLPNRHRTSAGTTFPSPVSSRPSNRRKSR

TRSLRDGGDGVSDAKKHNOQSVROGLAGI IDLPNEATS EVDISHGSEDPRGPTDS YOMN
GIVNEAHNGRHASVSKVVEFCAALGGKTPIHS ILVANNGMAAAKFMRSVRTWANDTFG

SEKATOLIAMATPEDMRINAEHI RIADQFVEVPGGTNNNNYANVOLIVEVAERIGVSA

VWPGWGHASENPELPDALTAKGIVFLGPPAASMNALGDKVGSALIAQAAGVPTLSWSG

SHVEVPLECCLDAI PEEMYRKACVTTTEEAVAS COQVVGYPAMIKASWGGGGKGIRKVH

NDDEVRALFKQVOQGEVPGSPIFIMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVORR

HOKT ITEEGPVTVAPRETVKALEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNP

RLQVEHPVTEWIAEVNLPAAQVAVGMGI PLWOI PEIRRFYGMDYGGGYDIWRKTAALA

TPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSG

GGIHEFADSQFGHVFAYGLSRSAAITNMALALKEIQTRGEIHSNVDYTVDLLNASDFR

ENKIHTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTANAATVSDYVSYLTKGOQTPP

KHISLVSSTVNLNIEGSKYTVETVRTGHGSYRLRMNDSAIEANVQSLCDGGLLMQLDG

NSHVIYAEEEAGGTRLLIDGKTCLLONDHDPSKLLAETPCKLLRFLVADGAHVDADVP
YAEVEVMKMCMPLLS PASGVIHVMMS EGQALQAGDLIARLDLDDPSAVKRAEPFHGIF

PQMDLPVAASSQVHKRYAAS LNAARMVLAGYEHNINEVVQDLVCCLDDPELPFLOWDE
LMSVLATRLPRNLKSELEDKYMEYKLNFYHGKNKDFPSKLLRDIIEANLAYGSEKEKA

TNERLIEPLMSLLKSYEGGRESHAHFVVKSLFKEYLAVEELFSDGIQSDVIETLRHOQH
SKDLOKVVDIVLSHQGVRNKAKLVTALMEKLVYPNPAAYRDLLVRFSSLNHKRYYKLA
LKASELLEQTKLSELRAS IARSLSDLGMHKGEMTIEDSMEDLVSAPLPVEDALISLFD

YSDPTVQQOKVIETYISRLYQPLLVKDS IQVKFKESGAFALWEFSEGHVDTKNGQGTVL

GRTRWGAMVAVKSVESARTAIVAALKDSAQHASSEGNMMH IALLSAENENNISDDQAQ

HRMEKLNKILKDTSVANDLRAAGLKVISCIVOQRDEARMPMRHTLLWSDEKS CYEEEQI
LRHVEPPLSMLLEMDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRTIV
RQPNAGNKFISAQIGDTEVGGPEESLSFTSNS ILRALMTAIEELELHAIRTGHSHMYL

CILKEQKLLDLIPFSGSTIVDVGQDEATACSLLKSMALKIHELVGAQMHHLSVCQWEV
KLKLYCDGPASGTWRVVTTNVTSHTCTIDIYREVEDTESQKLVYHSAS PSAS PLHGVA

LDNPYQPLSVIDLKRCSARNNRTTYCYDF PLAFETALOKSWQSNGSSVSEGSENSRSY
VKATELVFAEKHGSWGTPIISMERPAGLNDIGMVAWILEMSTPEFPNGRQIIVIANDI
TFRAGS FGPREDAFFEAVINLACERKLPLIYLAANSGARIGIADEVKSCFRVGWSDEG

SPERGFQYIYLTDEDYARISLSVIAHKLOLDNGEIRWI IDSVVGKEDGLGVENLHGSA

ATASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQRLDQPLILTGFSALNKLLG
REVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPANIGGPLPITKPLD

PPDRPVAYIPENTCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL

GGT PVGVIAVETQTMMQLI PADPGQLDSHERSVPRAGQVWFPDSATKTAQALLDFNRE
GLPLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYI PMAGELRGGAWV
VVDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMGRLDPELINLKAKLQ
GAKLGNGSLTDVESLOKS IDARTKQLLPLYTQIAIRFAELHDTSLRMAAKGVIKKVVD
WEESRSFFYRRLRRRISEDVLAKEIRGIAGDHFTHQSAVELIKEWYLASQATTGSTEW
DDDDAFVAWKENPENYKGY IQELRAQKVSQSLSDLADSSSDLEAFSQGLSTLLDKMDP
SQRAKFIQEVKKVLG
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FIGURE 14A

>AF294805Setaria italica (foxtail millet)
ATGTCGCAACTTGGATTAGCTGCAGCTGCCTCAAAGGCGCTGCCACTACTTCCTAATCGCCATAGAACTT

CAGCTGGAACTACATTCCCATCACCTGTATCATCGCGGCCCTCAAACCGAAGGAAAAGCCGCACTCGTTC

ACTTCGTGATGGAGGAGATGGGGTATCAGATGCCAAAAAGCACAACCAGTCTGTCCGTCAAGGTCTTGCT
GGCATCATCGACCTCCCAAATGAGGCAACATCGGAAGTGGATATTTCTCATGGATCCGAGGATCCCAGGG

GGCCAACCGATTCATATCAAATGAATGGGATTGTAAATGAAGCACATAATGGCAGACATGCCTCAGTGTC

CAAGGTTGTTGAATTTTGTGCGGCGCTAGGTGGCAAAACACCAATTCACAGTATACTAGTGGCCAACAAT
GGAATGGCAGCAGCAAAGTTCATGAGGAGTGTCCGGACATGGGCTAATGATACTTTTGGATCGGAGAAGG

CGATTCAGCTCATAGCTATGGCAACTCCAGAAGACATGAGGATAAATGCAGAACACATTAGAATTGCTGA

TCAATTTGTAGAGGTGCCTGGTGGAACAAACAATAACAACTATGCAAATGTTCAACTCATAGTGGAGGTA

GCAGAAAGAATAGGTGTTTCTGCTGTTTGGCCTGGTTGGGGTCATGCTTCTGAGAATCCTGAACTTCCAG

ATGCATTGACCGCAAAAGGAATTGTTTTCCTTGGGCCACCTGCGGCATCAATGAATGCATTGGGAGATAA
GGTCGGTTCAGCTCTCATTGCTCAAGCAGCTGGGGTCCCGACCCTTTCGTGGAGTGGATCACATGTTGAA

GTTCCATTAGAGTGCTGCTTAGATGCGATACCTGAGGAAATGTATAGAAAAGCTTGTGTTACTACCACAG

AAGAAGCTGTTGCGAGTTGTCAGGTGGTTGGTTATCCTGCCATGATTAAGGCATCCTGGGGAGGTGGTGG

TAAAGGAATAAGAAAGGTTCATAATGACGATGAGGTTAGAGCACTGTTTAAGCAAGTACAAGGTGAAGTC
CCTGGCTCCCCAATATTTATCATGAGGCTTGCATCCCAGAGTCGTCATCTTGAAGTTCAGTTGCTTTGTG

ATCAATATGGCAATGTGGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGGCGACACCAAAAGATTAT

TGAGGAAGGCCCAGTTACTGTTGCTCCTCGTGAGACAGTTAAAGCGCTTGAGCAGGCAGCAAGGAGGCTT

GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAATACCTTTACAGCATGGAGACTGGGGAATACT

ATTTTCTGGAGCTTAATCCCAGATTACAGGTCGAGCATCCAGTCACTGAGTGGATTGCTGAAGTAAATCT
TCCTGCAGCTCAAGTTGCAGTTGGAATGGGCATACCTCTTTGGCAGATTCCAGAAATCAGACGTTTCTAT

GGAATGGACTATGGAGGAGGATATGACATTTGGAGGAAAACAGCAGCTCTTGCCACACCATTTAATTTTG

ATGAAGTAGATTCTCAATGGCCAAAGGGCCATTGTGTAGCAGTTAGAATTACTAGCGAGGATCCAGATGA

TGGTTTCAAACCTACTGGTGGGAAAGTGAAGGAGATAAGTTTTAAAAGCAAGCCTAATGTTTGGGCCTAC
TTCTCAGTAAAGTCTGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTTGGGCATGTTTTTGCATATG

GGCTCTCTAGATCAGCAGCAATAACGAACATGGCTCTTGCATTAAAAGAGATTCAAATTCGTGGAGAAAT
TCATTCAAATGTTGATTACACAGTTGATCTCTTAAATGCTTCAGACTTCAGAGAAAATAAGATTCATACT

GGCTGGCTTGATACCAGAATAGCTATGCGTGTTCAAGCTGAGAGGCCCCCATGGTATATTTCAGTGGTTG

GAGGAGCTCTATATAAAACAGTAACTGCCAATGCAGCCACTGTTTCTGATTATGTCAGTTATCTCACCAA

GGGCCAGATTCCACCAAAGCATATATCCCTTGTCAGTTCAACAGTTAATCTGAATATCGAAGGGAGCAAA
TACACAGTTGAAACTGTAAGGACTGGACATGGTAGCTACAGATTACGAATGAATGATTCAGCAATTGAAG
CGAATGTACAATCTTTATGTGATGGAGGCCTCTTAATGCAGTTGGATGGAAATAGCCATGTAATTTACGC

GGAAGAAGAAGCTGGTGGTACACGACTTCTGATTGATGGAAAGACATGCTTGTTACAGAATGATCATGAT

CCATCAAAGTTATTAGCTGAGACACCCTGCAAACTTCTTCGGTTCTTGGTTGCTGATGGTGCTCATGTTG

ATGCTGATGTACCATATGCGGAAGTTGAGGTTATGAAAATGTGCATGCCTCTCTTGTCGCCTGCTTCTGG

TGTCATTCATGTTATGATGTCTGAGGGCCAGGCATTGCAGGCTGGTGATCTTATAGCAAGGCTGGATCTT

GATGACCCTTCTGCTGTGAAAAGAGCTGAACCATTTCATGGAATATTTCCACAAATGGACCTTCCTGTTG

CTGCCTCTAGCCAAGTACACAAAAGATATGCTGCAAGTTTGAATGCTGCTCGAATGGTCCTTGCAGGATA

CGAGCATAATATCAATGAAGTTGTACAAGATTTGGTATGCTGCCTGGATGATCCCGAGCTTCCCTTCCTA
CAGTGGGATGAACTTATGTCAGTTCTAGCAACTAGGCTTCCAAGAAATCTTAAGAGTGAGTTAGAGGATA

AATACATGGAATACAAGTTGAACTTTTACCATGGGAAAAACAAGGACTTCCCGTCCAAGCTGCTGAGAGA

CATCATTGAGGCAAATCTTGCATATGGTTCAGAGAAGGAAAAAGCTACGAATGAGAGGCTTATTGAGCCT

CTTATGAGCCTACTTAAGTCATATGAGGGTGGGAGAGAAAGCCATGCTCATTTTGTTGTCAAGTCCCTTT

TCAAGGAGTACCTTGCTGTGGAAGAACTTTTCAGTGATGGGATTCAGTCTGATGTGATTGAAACCCTGCG
TCATCAGCACAGTAAAGACTTGCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGGAACAAA

GCTAAGCTTGTAACAGCACTTATGGAAAAGCTGGTTTATCCAAATCCTGCTGCTTACAGGGATCTGTTGG

TICGCTTTTCTTCACTCAATCATAAAAGATATTATAAGTTGGCCCTTAAAGCAAGCGAACTTCTTGAACA

AACTAAACTAAGTGAACTCCGTGCAAGCATCGCAAGAAGCCTTTCTGATCTGGGGATGCATAAGGGAGAA

ATGACTATTGAAGATAGCATGGAAGATTTAGTCTCTGCCCCATTACCTGTCGAAGATGCACTTATTTCTT
TGTTTGATTACAGTGATCCAACTGTTCAGCAGAAAGTGATCGAGACATACATATCTCGATTGTATCAGCC

TCTTCTTGIGAAAGATAGCATCCAAGTGAAATTTAAGGAATCTGGTGCCTTTGCTTTATGGGAATTTTCT
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GAAGGGCATGTTGATACTAAAAATGGACAAGGGACCGTTCTTGGTCGAACAAGATGGGGTGCCATGGTAG

CTGTCAAATCAGTTGAATCTGCACGAACAGCCATTGTAGCTGCATTAAAGGATTCGGCACAGCATGCCAG
CTCTGAGGGCAACATGATGCACATTGCCTTATTGAGTGCTGAAAATGAAAATAATATCAGTGATGATCAA

GCTCAACATAGGATGGAAAAACTTAACAAGATACTCAAGGATACTAGTGTCGCAAATGATCTTCGAGCTG
CTGGTTTGAAGGTTATAAGTTGCATTGTTCAAAGAGATGAAGCACGCATGCCAATGCGCCACACATTACT

CTGGTCAGATGAAAAGAGTTGTTATGAGGAAGAGCAGATTCTTCGGCATGTGGAGCCTCCCCTCTCCATG

CTTCTTGAAATGGATAAGTTGAAAGTGAAAGGATACAATGAAATGAAGTATACTCCATCACGTGATCGTC

AATGGCATATCTACACACTAAGAAATACTGAAAACCCCAAAATGTTGCATAGGGTATTTTTCCGAACTAT

TGTCAGGCAACCCAATGCAGGCAACAAGTTTATATCAGCCCAAATTGGCGACACTGAAGTAGGAGGTCCT
GAGGAATCTTTGTCATTTACATCTAATAGCATTTTAAGAGCCTTGATGACTGCTATTGAAGAATTAGAGC

TTCATGCAATTAGGACTGGTCATTCTCACATGTATTTGTGCATATTGAAAGAACAAAAGCTTCTTGATCT

CATTCCGTTTTCAGGGAGCACAATCGTCGATGTTGGCCAAGACGAAGCTACTGCTTGTTCACTTTTAAAA
TCAATGGCTTTGAAGATACACGAACTTGTTGGTGCACAGATGCATCATCTTTCTGTATGCCAGTGGGAGG

TGAAACTCAAGTTGTACTGCGATGGGCCTGCCAGTGGCACCTGGAGAGTTGTAACTACAAATGTTACTAG
TCACACTTGCACCGTTGATATCTACCGGGAAGTGGAAGATACTGAATCGCAGAAGTTAGTATACCATTCA

GCTTCTCCGTCAGCTAGTCCTTTGCATGGTGTGGCCCTGGATAATCCGTATCAACCTTTGAGTGTCATTG

ATCTAAAACGCTGCTCTGCTAGGAACAACAGAACTACATATTGCTATGATTTTCCACTGGCATTTGAAAC

TGCCCTGCAGAAGTCATGGCAGTCCAATGGCTCCAGTGTTTCTGAAGGCAGTGAAAATAGTAGGTCTTAT

GTGAAAGCAACAGAGCTGGTGTTTGCTGAAAAACATGGGTCCTGGGGCACTCCTATAATTTCCATGGAGC

GTCCCGCTGGGCTCAATGACATTGGCATGGTAGCTTGGATCTTAGAGATGTCCACTCCTGAATTTCCCAA

TGGCAGGCAGATTATTGTCATAGCAAATGATATTACTTTCAGAGCTGGATCATTTGGCCCAAGGGAAGAT

GCGTTTTTTGAAGCTGTCACGAACCTGGCCTGCGAGAGGAAGCTTCCTCTTATATACTTGGCAGCAAACT

CCGGTGCTAGGATTGGCATAGCCGATGAAGTGAAATCTTGCTTCCGTGTTGGGTGGTCCGATGAAGGCAG
CCCTGAACGGGGTTTTCAGTACATTTATCTGACTGACGAAGACTATGCCCGTATTAGCTTGTCTGTTATA

GCACACAAGCTGCAGCTGGATAATGGTGAAATTAGGTGGATTATTGACTCTGTTGTGGGCAAGGAGGATG

GGCTTGGTGTTGAGAATATACATGGAAGTGCTGCTATTGCCAGTGCTTATTCTAGGGCATATGAGGAGAC
ATTTACACTTACATTTGTGACTGGGCGGACTGTTGGAATAGGAGCATATCTTGCTCGGCTCGGTATACGG

TGCATACAGCGTCTTGACCAGCCTATTATTTTAACTGGGTTTTCTGCCCTGAACAAGCTTCTTGGGCGGG
AAGTGTACAGCTCCCACATGCAGTTGGGTGGTCCTAAGATCATGGCGACCAATGGTGTTGTCCACTTGAC

TGTTTCAGATGACCTTGAAGGTGTTTCCAATATATTGAGGTGGCTCAGCTATGTTCCTGCCAACATTGGT

GGACCTCTTCCTATTACAAAACCTTTGGACCCACCAGACAGACCTGTTGCATACATCCCTGAGAACACAT

GTGATCCGCGCGCAGCCATTCGTGGTGTAGATGACAGCCAAGGGAAATGGTTGGGTGGTATGTTTGACAA
AGACAGCTTTGTCGAGACATTTGAAGGATGGGCGAAAACAGTGGTTACGGGCAGAGCAAAGCTTGGAGGA

ATTCCTGTTGGTGTCATAGCTGTGGAGACACAAACCATGATGCAGCTTATCCCTGCTGATCCAGGCCAGC

TTGATTCCCATGAGCGATCTGTTCCTCGGGCTGGACAAGTGTGGTTCCCAGATTCTGCAACCAAGACAGC
TCAGGCATTGTTGGACTTCAACCGTGAAGGATTGCCGCTGTTCATCCTTGCTAACTGGAGAGGATTCTCT

GGTGGACAAAGAGATCTGTTTGAAGGAATTCTTCAGGCTGGGETCAACAATTGTTGAGAACCTTAGGACAT
ACAATCAGCCTGCTTTTGTCTACATTCCTATGGCTGGAGAGCTGCGTGGAGGAGCTTGGGTTGTGGTTGA

TAGCAAAATAAATCCAGACCGAATTGAGTGTTATGCTGAGAGGACTGCTAAAGGCAATGTTCTGGAACCT

CAAGGGTTAATTGAAATCAAATTCAGATCAGAGGAGCTCCAAGACTGTATGGGTAGGCTTGACCCAGAGT
TGATAAATCTGAAAGCAAAACTCCAAGGTGCAAAGCTTGGAAATGGAAGCCTAACAGATGTAGAATCCCT

TCAGAAGAGTATAGATGCTCGTACGAAACAGTTGTTGCCTTTATACACCCAGATTGCAATACGGTTTGCT

GAATTGCATGATACTTCCCTCAGAATGGCAGCTAAAGGTGTGATTAAGAAAGTTGTAGATTGGGAAGAAT
TACGTTCTTTCTTCTACAGAAGGCTACGGAGGAGGATCTCTGAAGATGTTCTTGCAAAAGAAATAAGAGG

AATAGCTGGTGACCACTTCACTCACCAATCAGCAGTTGAGCTGATCAAGGAATGGTACTTGGCTTCTCAA

GCCACAACAGGAAGCACTGAATGGGATGATGATGATGCTTTTGTTGCCTGGAAGGAGAATCCTGAAAACT

ATAAGGGATATATCCAAGAGTTAAGGGCTCAAAAGGTGTCTCAGTCGCTCTCCGATCTTGCAGACTCCAG
TTCAGATCTAGAAGCATTCTCACAGGGTCTTTCCACATTATTAGATAAGATGGATCCCTCTCAGAGAGCC
AAGTTCATTCAGGAAGTCAAGAAGGTCCTGGGTTGA
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FIGURE 14B

>AALO2056Setaria italica (foxtail millet)
MSQLGLAAAASKALPLLPNRHRTSAGTTFPS PVSSRPSNRRKSR

TRSLRDGGDGVSDAKKHNQSVROGLAGI IDLPNEATSEVDISHGSEDPRGPTDS YOMN
GIVNEAHNGRHASVSKVVEFCAALGGKTPIHS ILVANNGMAAAKFMRSVRTIWANDTFG

SEKAIQLIAMATPEDMRINAEHTRIADOQFVEVPGGTNNNNYANVQLIVEVAERIGVSA
VWPGWGHASENPELPDALTAKGIVFLGPPAASMNALGDKVGSALIAQAAGVPTLSWSG

SHVEVPLECCLDAI PEEMYRKACVITTEEAVAS COVVGYPAMI KASWGGGGKGIRKVH
NDDEVRALFKQVQGEVPGS PI FIMRLASQSRHLEVOLLCDQYGNVAALHSRDCSVORR
HOKIITEEGPVTVAPRETVKALEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNP

RLOVEHPVTEWIAEVNLPAAQVAVGMGI PLWQIPEIRRFYGMDYGGGYDIWRKTAALA

TPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSG

GGIHEFADSOFGHVFAYGLSRSAATTNMALALKEIQIRGEIHSNVDYTVDLLNASDFR

ENKIHTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTIANAATVSDYVSYLTKGQIPP
KHISLVSSTVNLNIEGSKYTVETVRTGHGSYRLRMNDSAI EANVQSLCDGGLLMQLDG
NSHVIYAEEEAGGTRLLIDGKTCLLONDHDPSKLLAETPCKLLRFLVADGAHVDADVP
YAEVEVMKMCMPLLS PASGVIHVMMSEGQALQAGDLIARLDLDDPSAVKRAEPFHGIF

PQMDLPVAASSQVHKRYAASLNAARMVLAGYEHNINEVVQDLVCCLDDPELPFLQWDE
LMSVLATRLPRNLKSELEDKYMEYKLNFYHGKNKDFPSKLLRDI IEANLAYGSEKEKA

TNERLIEPLMSLLKSYEGGRESHAHFVVKSLFKEYLAVEELFSDGIQSDVIETLRHQH
SKDLOKVVDIVLSHQGVRNKAKLVTALMEKLVYPNPAAYRDLLVRFSSLNHKRYYKLA

LKASELLEQTKLSELRAS IARSLSDLGMHKGEMTIEDSMEDLVSAPLPVEDALISLFD

YSDPTVQQKVIETYISRLYQPLLVKDS IQVKFKESGAFALWEFSEGHVDTKNGQGTVL

GRTRWGAMVAVKSVESARTAIVAALKDSAQHASS EGNMMH I[ALLSAENENNISDDQAQ
HRMEKLNKILKDTSVANDLRAAGLKVISCIVQRDEARMPMRHTLLWSDEKSCYEEEQI
LRHVEPPLSMLLEMDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRTIV
RQPNAGNKFISAQIGDTEVGGPEESLSFTSNSILRALMTAIEELELHAIRTGHSHMYL

CILKEQKLLDLIPFSGSTIVDVGQDEATACSLLKSMALKIHELVGAQMHHLSVCQWEV
KLKLYCDGPASGTWRVVTTNVTSHTCTVDIYREVEDTESQKLVYHSAS PSAS PLHGVA
LDNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETALOKSWQSNGSSVSEGSENSRSY
VKATELVFAEKHGSWGTPI ISMERPAGLNDIGMVAWILEMSTPEFPNGRQIIVIANDI
TFRAGSFGPREDAFFEAVTNLACERKLPLIYLAANSGARIGIADEVKSCFRVGWSDEG

SPERGFQYIYLTDEDYARISLSVIAHKLQLDNGEIRWIIDSVVGKEDGLGVENIHGSA

AIASAYSRAYEETFTLTFVTGRIVGIGAYLARLGIRCIQRLDQPIILTGFSALNKLLG
REVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPANIGGPLPITKPLD

PPDRPVAYIPENTCDPRAATRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTIGRAKL

GGIPVGVIAVETQTMMOQLI PADPGQLDSHERSVPRAGQVWF PDSATKTAQALLDFNRE
GLPLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYI PMAGELRGGAWV
VVDSKINPDRIECYAERTAKGNVLEPOGLIEIKFRSEELQDCMGRLDPELINLKAKLQ
GAKLGNGSLTDVESLOKS IDARTKOLLPLYTQIAIRFAELHDTSLRMAAKGVIKKVVD
WEELRSFFYRRLRRRISEDVLAKEIRGIAGDHFTHQSAVELIKEWYLASQATTGSTEW
DDDDAFVAWKENPENYKGY IQELRAQKVSQSLSDLADSSSDLEAFSQGLSTLLDKMDP
SQRAKFIQEVKKVLG
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FIGURE 15A

>AJ310767_Alopecurus myosuroides (black-grass)
ATGGGATCCACACATCTGCCCATTGTCGGGTTTAATGCATCCACAACACCATCGCTATCCACTCTTCGCC
AGATAAACTCAGCTGCTGCTGCATTCCAATCTTCGTCCCCTTCAAGGTCATCCAAGAAGAAAAGCCGACG

TGTTAAGTCAATAAGGGATGATGGCGATGGAAGCGTGCCAGACCCTGCAGGCCATGGCCAGTCTATTCGC

CAAGGTCTCGCTGGCATCATCGACCTCCCAAAGGAGGGCGCATCAGCTCCAGATGTGGACATTTCACATG
GGTCTGAAGACCACAAGGCCTCCTACCAAATGAATGGGATACTGAATGAATCACATAACGGGAGGCACGC

CTCTCTGTCTAAAGTTTATGAATTTTGCACGGAATTGGGTGGAAAAACACCAATTCACAGTGTATTAGTC

GCCAACAATGGAATGGCAGCAGCTAAGTTCATGCGGAGTGTCCGGACATGGGCTAATGATACATTTGGGT

CAGAGAAGGCGATTCAGTTGATAGCTATGGCAACTCCGGAAGACATGAGAATAAATGCAGAGCACATTAG

AATTGCTGATCAGTTTGTTGAAGTACCTGGTGGAACAAACAATAACAACTATGCAAATGTCCAACTCATA

GTGGAGATAGCAGAGAGAACTGGTGTCTCCGCCGTTTGGCCTGGTTGGGGCCATGCATCTGAGAATCCTG

AACTTCCAGATGCACTAACTGCAAAAGGAATTGTTTTTCTTGGGCCACCAGCATCATCAATGAACGCACT
AGGCGACAAGGTTGGTTCAGCTCTCATTGCTCAAGCAGCAGGGGTTCCCACTCTTGCTTGGAGTGGATCA

CATGTGGAAATTCCATTAGAACTTTGTTTGGACTCGATACCTGAGGAGATGTATAGGAAAGCCTGTGTTA

CAACCGCTGATGAAGCAGTTGCAAGTTGTCAGATGATTGGTTACCCTGCCATGATCAAGGCATCCTGGGG

TGGTGGTGGTAAAGGGATTAGAAAGGTTAATAATGATGACGAGGTGAAAGCACTGTTTAAGCAAGTACAG

GGTGAAGTTCCTGGCTCCCCGATATTTATCATGAGACTTGCATCTCAGAGTCGTCATCTTGAAGTCCAGC

TGCTTTGTGATGAATATGGCAATGTAGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGACGACACCA

AAAGATTATCGAGGAAGGACCAGTTACTGTTGCTCCTCGTGAAACAGTGAAAGAGCTAGAGCAAGCAGCA

AGGAGGCTTGCTAAGGCCGTGGGTTACGTCGGTGCTGCTACTGTTGAATATCTCTACAGCATGGAGACTG

GTGAATACTATTTTCTGGAGCTTAATCCACGGTTGCAGGTTGAGCACCCAGTCACCGAGTCGATAGCTGA

AGTAAATTTGCCTGCAGCCCAAGTTGCAGTTGGGATGGGTATACCCCTTTGGCAGATTCCAGAGATCAGA

CGTTTCTACGGAATGGACAATGGAGGAGGCTATGATATTTGGAGGAAAACAGCAGCTCTCGCTACTCCAT

TCAACTTTGATGAAGTAGATTCTCAATGGCCGAAGGGTCATTGTGTGGCAGTTAGGATAACCAGTGAGAA

TCCAGATGATGGATTCAAGCCTACTGGTGGAAAAGTAAAGGAGATAAGTTTTAAAAGTAAGCCABATGTC
TGGGGATATTTCTCAGTTAAGTCTGGTGGAGGCATTCATGAATTTGCGGATTCTCAGTTTGGACACGTTT

TTGCCTATGGAGAGACTAGATCAGCAGCAATAACCAGCATGTCTCTTGCACTAAAAGAGATTCAAATTCG

TGGAGAAATTCATACAAACGTTGATTACACGGTTGATCTCTTGAATGCCCCAGACTTCAGAGAAAACACG
ATCCATACCGGTTGGCTGGATACCAGAATAGCTATGCGTGTTCAAGCTGAGAGGCCTCCCTGGTATATTT

CAGTGGTTGGAGGAGCTCTATATAAAACAATAACCACCAATGCGGAGACCGTTTCTGAATATGTTAGCTA
TCTCATCAAGGGTCAGATTCCACCAAAGCACATATCCCTTGTCCATTCAACTATTTCTTTGAATATAGAG

GAAAGCAAATATACAATTGAGATTGTGAGGAGTGGACAGGGTAGCTACAGATTGAGACTGAATGGATCAC
TTATTGAAGCCAATGTACAAACATTATGTGATGGAGGCCTTTTAATGCAGCTGGATGGAAATAGCCATGT
TATTTATGCTGAAGAAGAAGCGGGTGGTACACGGCTTCTTATTGATGGAAAAACATGCTTGCTACAGAAT
GACCATGATCCGTCAAGGTTATTAGCTGAGACACCCTGCAAACTTCTTCGTTTCTTGATTGCCGATGGTG
CTCATGTTGATGCTGATGTACCATACGCGGAAGTTGAGGTTATGAAGATGTGCATGCCCCTCTTGTCECC
TGCTGCTGGTGTCATTAATGTTTTGTTGTCTGAGGGCCAGGCGATGCAGGCTGGTGATCTTATAGCGAGA

CTTGATCTCGATGACCCTTCTGCTGTGAAGAGAGCCGAGCCATTTGAAGGATCTTTTCCAGAAATGAGCC

TTCCTATTGCTGCTTCTGGCCAAGTTCACAAAAGATGTGCTGCAAGTTTGAACGCTGCTCGAATGGTCCT
TGCAGGATATGACCATGCGGCCAACAAAGTTGTGCAAGATTTGGTATGGTGCCTTGATACACCTGCTCTT
CCTTTCCTACAATGGGAAGAGCTTATGTCTGTTTTAGCAACTAGACTTCCAAGACGTCTTAAGAGCGAGT
TGGAGGGCAAATACAATGAATACAAGTTAAATGTTGACCATGTGAAGATCAAGGATTTCCCTACCGAGAT
GCTTAGAGAGACAATCGAGGAAAATCTTGCATGTGTTTCCGAGAAGGAAATGCTGACAATTGAGAGGCTT
GTTGACCCTCTGATGAGCCTGCTGAAGTCATACGAGGGTGGGAGAGAAAGCCATGCCCACTTTATTGTCA
AGTCCCTTTTTGAGGAGTATCTCTCGGTTGAGGAACTATTCAGTGATGGCATTCAGTCTGACGTGATTGA
ACGCCTGCGCCTACAATATAGTAAAGACCTCCAGAAGGTTGTAGACATTGTTTTGTCTCACCAGGGTGTG
AGAAACAAAACAAAGCTGATACTCGCGCTCATGGAGAAACTGGTCTATCCAAACCCTGCTGCCTACAGAG
ATCAGTTGATTCGCTTTTCTTCCCTCAACCATAAAAGATATTATAAGTTGGCTCTTAAAGCTAGTGAACT
TCTTGAACAAACCAAGCTCAGCGAACTCCGCACAAGCATTGCAAGGAACCTTTCAGCGCTGGATATGTTC
ACCGAGGAAAAGGCAGATTTCTCCTTGCAAGACAGAAAATTGGCCATTAATGAGAGCATGGGAGATTTAG
TCACTGCCCCACTGCCAGTTGAAGATGCACTTGTTTCTTTGTTTGATTGTACTGATCAAACTCTTCAGCA
GAGAGTGATTCAGACATACATATCTCGATTATACCAGCCTCAACTTGTGAAGGATAGCATCCAGCTGAAA
TATCAGGATTCTGGTGTTATTGCTTTATGGGAATTCACTGAAGGAAATCATGAGAAGAGATTGGGTGCTA

TGGTTATCCTGAAGTCACTAGAATCTGTGTCAACAGCCATTGGAGCTGCTCTAAAGGATGCATCACATTA
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TGCAAGCTCTGCGGGCAACACGGTGCATATTGCTTTGTTGGATGCTGATACCCAACTGAATACAACTGAA
GATAGTGGTGATAATGACCAAGCTCAAGACAAGATGGATAAACTTTCTTTTGTACTGAAACAAGATGTTG

TCATGGCTGATCTACGTGCTGCTGATGTCAAGGTTGTTAGTTGCATTGTTCAAAGAGATGGAGCAATCAT

GCCTATGCGCCGTACCTTCCTCTTGTCAGAGGAAAAACTTTGTTACGAGGAAGAGCCGATTCTTCGGCAT

GTGGAGCCTCCACTTTCTGCACTTCTTGAGTTGGATAAATTGAAAGTGAAAGGATACAATGAGATGAAGT
ATACACCGTCACGTGATCGTCAGTGGCATATATACACACTTAGAAATACTGAAAATCCAAAAATGCTGCA

CAGGGTATTTTTCCGAACACTTGTCAGACAACCCAGTGCAGGCAACAGGTTTACATCAGACCATATCACT

GATGTTGAAGTAGGACACGCAGAGGAACCTCTTTCATTTACTTCAAGCAGCATATTAAAATCGTTGAAGA

TTIGCTAAAGAAGAATTGGAGCTTCACGCGATCAGGACTGGCCATTCTCATATGTACTTGTGCATATTGAA

AGAGCAAAAGCTTCTTGACCTTGTTCCTGTTTCAGGGAACACTGTTGTGGATGTTGGTCAAGATGAAGCT
ACTGCATGCTCTCTTTTGAAAGAAATGGCTTTAAAGATACATGAACTTGTTGGTGCAAGAATGCATCATC

TTTCTGTATGCCAGTGGGAAGTGAAACTTAAGTTGGTGAGCGATGGGCCTGCCAGTGGTAGCTGGAGAGT
TGTAACAACCAATGTTACTGGTCACACCTGCACTGTGGATATCTACCGGGAGGTCGAAGATACAGAATCA

CAGAAACTAGTATACCACTCCACCGCATTGTCATCTGGTCCTTTGCATGGTGTTGCACTGAATACTTCGT

ATCAGCCTTTGAGTGTTATTGATTTAAAACGTTGCTCTGCCAGGAACAACAAAACTACATACTGCTATGA
TITTCCATTGACATTTGAAGCTGCAGTGCAGAAGTCGTGGTCTAACATTTCCAGTGAAAACAACCAATGT
TATGTTAAAGCGACAGAGCTTGTGTTTGCTGAAAAGAATGGGTCGTGGGGCACTCCTATAATTCCTATGC
AGCGTGCTGCTGGGCTGAATGACATTGGTATGGTAGCCTGGATCTTGGACATGTCCACTCCTGAATTTCC
CAGCGGCAGACAGATCATTGTTATCGCAAATGATATTACATTTAGAGCTGGATCATTTGGCCCAAGGGAA
GATGCATTTTTCGAAGCTGTAACCAACCTGGCTTGTGAGAAGAAGCTTCCACTTATCTACTTGGCTGCAA
ACTCTGGTGCTCGGATTGGCATTGCTGATGAAGTAAAATCTTGCTTCCGTGTTGGATGGACTGATGATAG
CAGCCCTGAACGTGGATTTAGGTACATTTATATGACTGACGAAGACCATGATCGTATTGGCTCTTCAGTT
ATAGCACACAAGATGCAGCTAGATAGTGGCGAGATCAGGTGGGTTATTGATTCTGTTGTGGGAAAAGAGG
ATGGACTAGGTGTGGAGAACATACATGGAAGTGCTGCTATTGCCAGTGCCTATTCTAGGGCGTACGAGGA
GACATTTACACTTACATTCGTTACTGGACGAACTGTTGGAATCGGAGCCTATCTTGCTCGACTTGGCATA
CGGTGCATACAGCGTATTGACCAGCCCATTATTTTGACCGGGTTTTCTGCCCTGAACAAGCTTCTTGGGC
GGGAGGTGTACAGCTCCCACATGCAGTTGGGTGGTCCCAAAATCATGGCGACGAATGGTGTTGTCCATCT
GACTGTTCCAGATGACCTTGAAGGTGTTTCTAATATATTGAGGTGGCTCAGCTATGTTCCTGCAAACATT
GGTGGACCTCTTCCTATTACAAAATCTTTGGACCCAATAGACAGACCCGTTGCATACATCCCTGAGAATA
CATGTGATCCTCGTGCAGCCATCAGTGGCATTGATGACAGCCAAGGGAAATGGTTGGGTGGCATGTTTGA
CAAAGACAGTTTTGTGGAGACATTTGAAGGATGGGCGAAGACAGTAGTTACTGGCAGAGCAAAACTTGGA
GGGATTCCTGTTGGTGTTATAGCTGTGGAGACACAGACCATGATGCAGCTCGTCCCCGCTGATCCAGGCC
AGCCTGATTCCCACGAGCGGTCTGTTCCTCGTGCTGGGCAAGTTTGGTTTCCAGATTCTGCTACCAAGAC
AGCGCAGGCGATGTTGGACTTCAACCGTGAAGGATTACCTCTGTTCATACTTGCTAACTGGAGAGGCTTC
TCTGGAGGGCAAAGAGATCTTTTTGAAGGAATTCTGCAGGCTGGGTCAACAATTGTTGAGAACCTTAGGA
CATACAATCAGCCTGCCTTTGTATATATCCCCAAGGCTGCAGAGCTACGTGGAGGAGCCTGGGTCGTGAT
TGATAGCAAGATAAACCCAGATCGCATCGAGTGCTATGCTGAGAGGACTGCAAAGGGTAATGTTCTCGAA
CCTCAAGGGTTGATTGAGATCAAGTTCAGGTCAGAGGAACTCAAAGAATGCATGGGTAGGCTTGATCCAG
AATTGATAGATCTGAAAGCAAGACTCCAGGGAGCAAATGGAAGCCTATCTGATGGAGAATCCCTTCAGAA
GAGCATAGAAGCTCGGAAGAAACAGTTGCTGCCTCTGTACACCCAAATCGCGGTACGTTTTGCGGAATTG
CACGACACTTCCCTTAGAATGGCTGCTAAAGGTGTGATCAGGAAAGTTGTAGACTGGGAAGACTCTCGGT
CTTTCTTCTACAAGAGATTACGGAGGAGGCTATCCGAGGACGTTCTGGCAAAGGAGATTAGAGGTGTAAT
TGGTGAGAAGTTTCCTCACAAATCAGCGATCGAGCTGATCAAGAAATGGTACTTGGCTTCTGAGGCAGCT
GCAGCAGGAAGCACCGACTGGGATGACGACGATGCTTTTGTCGCCTGGAGGGAGAACCCTGAAAACTATA
AGGAGTATATCAAAGAGCTTAGGGCTCAAAGGGTATCTCGGTTGCTCTCAGATGTTGCAGGCTCCAGTTC
GGATTTACAAGCCTTGCCGCAGGGTCTTTCCATGCTACTAGATAAGATGGATCCCTCTAAGAGAGCACAG
TTTATCGAGGAGGTCATGAAGGTCCTGAAATGA
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FIGURE15B

>CAC84161Alopecurus myosuroides (black-grass)
MGSTHLPIVGFNASTTPSLSTLROINSAAAAFOSSS PSRSSKKKSRRVKS IRDDGDGSVPDPAGHGOSIR
QGLAGI IDLPKEGASAPDVDISHGSEDHKASYOMNGI LNESHNGRHASLSKVYEFCTELGGKTPIHSVLV
ANNGMAAAKFMRSVRTIWANDTFGSEKAIQLIAMATPEDMRINAEHIRIADOFVEVPGGTNNNNYANVOLLI
VEIAERTGVSAVWPGWGHASENPELPDALTAKGIVFLGPPASSMNALGDKVGSALIAQAAGVPTLAWSGS
HVEI PLELCLDS I PEEMYRKACVTTADEAVASCQMIGYPAMI KASWGGGGKGIRKVNNDDEVKALFKQVQ
GEVPGS PIFIMRLASQSRHLEVQLLCDEYGNVAALHSRDCSVQRRHQKIIEEGPVTVAPRETVKELEQAA
RRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTES IAEVNLPAAQVAVGMGIPLWQIPEIR
RFYGMDNGGGYDIWRKTAALATPFNFDEVDSQWPKGHCVAVRITSENPDDGFKPTGGKVKEISFKSKPNV

WGYFSVKSGGGIHEFADSQFGHVFAYGETRSAAITSMSLALKEIQIRGEIHTNVDYTVDLLNAPDFRENT
IHTGWLDTRIAMRVQAERPPWYISVVGGALYRTITTNAETVSEYVSYLIKGOQIPPKHISLVHSTISLNIE
ESKYTIEIVRSGQGSYRLRLNGSLIEANVOTLCDGGLLMQLDGNSHVIYAEEEAGGTRLLIDGKTCLLON
DHDPSRLLAETPCKLLRFLIADGAHVDADVPYAEVEVMKMCMPLLS PAAGVINVLLSEGOQAMQAGDLIAR
LDLDDPSAVKRAEPFEGS FPEMSLP LTAASGQVHKRCAAS LNAARMVLAGYDHAANKVVODLVWCLDTPAL
PFLQWEELMSVLATRLPRRLKSELEGKYNEYKLNVDHVKIKDFPTEMLRETIEENLACVSEKEMVTIERL

VDPLMSLLKS YEGGRESHAHFIVKSLFEEYLSVEELFSDGIQSDVIERLRLQYSKDLOKVVDIVLSHOGV
RNKTKLILALMEKLVYPNPAAYRDQLIRFSSLNHKRYYKLALKASELLEQTKLSELRTS IARNLSALDMF
TEEKADFSLODRKLAINESMGDLVTAPLPVEDALVSLFDCTDQTLOQRVIQTYISRLYQPOLVKDSIQLK
YODSGVIALWEFTEGNHEKRLGAMVILKSLESVSTAIGAALKDASHYASSAGNTVHIALLDADTOLNTTE
DSGDNDQAQDKMDKLSFVLKQDVVMADLRAADVKVVSCIVOQRDGAIMPMRRTFLLSEEKLCYEEEPILRH
VEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRTLVROPSAGNRFTSDHIT
DVEVGHAEEPLSFTSSSILKSLKIAKEELELHAIRTGHSHMYLCILKEQKLLDLVPVSGNTVVDVGODEA
TACSLLKEMALKIHELVGARMHHLSVCQWEVKLKLVSDGPASGSWRVVTTNVTIGHTCTVDIYREVEDTES

QKLVYHSTALSSGPLHGVALNTSYQOPLSVIDLKRCSARNNKTTYCYDFPLTFEAAVQKSWSNISSENNOQC
YVKATELVFAEKNGSWGTPI I PMQRAAGLNDIGMVAWILDMSTPEFPSGRQIIVIANDITFRAGSFGPRE
DAFFEAVINLACEKKLPLIYLAANSGARIGIADEVKSCFRVGWTDDSSPERGFRYIYMTDEDHDRIGSSV
IAHKMQLDSGEIRWVIDSVVGKEDGLGVENIHGSAAITASAYSRAYEETFTLTFVTGRIVGIGAYLARLGLI
RCIQRIDQPIILTGFSALNKLLGREVYSSHMQLGGPKIMATNGVVHLTVPDDLEGVSNILRWLSYVPANI
GGPLPITKSLDPIDRPVAYI PENTCDPRAAISGIDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKLG
GIPVGVIAVETQTMMQLVPADPGOQPDSHERSVPRAGQVWF PDSATKTAQAMLDFNREGLPLFILANWRGF
SGGORDLFEGILQAGSTIVENLRTYNQPAFVYIPKAAELRGGAWVVIDSKINPDRIECYAERTAKGNVLE
POGLIBIKFRSEELKECMGRLDPELIDLKARLOQGANGSLSDGESLOKS [EARKKQLLPLYTOQIAVRFAEL
HDTSLRMAAKGVIRKVVDWEDSRSFFYKRLRRRLSEDVLAKEIRGVIGEKFPHKSAIELIKKWYLASEAA

AAGS TDWDDDDAFVAWRENPENYKEY [KELRAQRVSRLLSDVAGSSSDLOQALPQGLSMLLDKMDPSKRAQ
FIEEVMKVLEK
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FIGURE 16A

>EU660897Aegilops tauschii (jointed goatgrass)
ATGGGATCCACACATTTGCCCATTGTCGGCCTTAATGCCTCGACAACACCATCGCTATCCACTATTCGCCCGGTAAA

TTCAGCCGGTGCTGCATTCCAACCATCTGCCCCTTCTAGAACCTCCAAGAAGAAAAGTCGTCGTGTTCAGTCATTAA

GGGATGGAGGCGATGGAGGCGTGTCAGACCCTAACCAGTCTATTCGCCAAGGTCTTGCCGGCATCATTGACCTCCCA

AAGGAGGGCACATCAGCTCCGGAAGTGGATATTTCACATGGGTCCGAAGAACCCAGGGGCTCCTACCAAATGAATGG

GATACTGAATGAAGCACATAATGGGAGGCATGCTTCGCTGTCTAAGGTTGTCGAATTTTGTATGGCATTGGGCGGCA
AAACACCAATTCATAGTGTATTAGTTGCGAACAATGGAATGGCAGCAGCTAAGTTCATGCGGAGTGTCCGAACATGG

GCTAATGAAACATTTGGGTCAGAGAAGGCAATTCAGTTGATAGCTATGGCTACTCCAGAAGACATGAGGATAAATGC
AGAGCACATTAGAATTGCTGATCAATTTGTTGAAGTACCCGGTGGAACAAACAATAACAACTATGCAAATGTCCAAC

TCATAGTGGAGATAGCAGTGAGAACCGGTGTTTCTGCTGTTTGGCCTGGTTGGGGCCATGCATCTGAGAATCCTGAA

CTTCCAGATGCACTAAATGCAAACGGAATTGTTTTTCTTGGGCCACCATCATCATCAATGAACGCACTAGGTGACAA

GGTTGGTTCAGCTCTCATTGCTCAAGCAGCAGGGGTTCCGACTCTTCCTTGGAGTGGATCACAGGTGGAAATTCCAT
TAGAAGTTTGTTTGGACTCGATACCTGCGGATATGTATAGGAAAGCTTGTGTTAGTACTACGGAGGAAGCACTTGCG

AGTTGTCAGATGATTGGGTATCCAGCCATGATTAAAGCATCATGGGGTGGTGGTGGTAAAGGGATCCGAAAGGTTAA

TAACGACGATGATGTCAGAGCACTGTTTAAGCAAGTGCAAGGTGAAGTTCCTGGCTCCCCAATATTTATCATGAGAC

TTGCATCTCAGAGTCGACATCTTGAAGTTCAGTTGCTTTGTGATCAATATGGCAATGTAGCTGCGCTTCACAGTCGT
GACTGCAGTGTGCAACGGCGACACCAAAAGATTATTGAGGAAGGACCAGTTACTGTTGCTCCTCGCGAGACAGTGAA

AGAGCTAGAGCAAGCAGCAAGGAGGCTTGCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAATATCTCTACA

GCATGGAGACTGGTGAATACTATTTTCTGGAACTTAATCCACGGTTGCAGGTTGAGCATCCAGTCACCGAGTGGATA

GCTGAAGTAAACTTGCCTGCAGCTCAAGTTGCAGTTGGAATGGGTATACCCCTTTGGCAGGTTCCAGAGATCAGACG

TTTCTATGGAATGGACAATGGAGGAGGCTATGACATTTGGAGGAAAACAGCAGCTCTTGCTACCCCATTTAACTTTG

ATGAAGTGGATTCTCAATGGCCAAAGGGTCATTGTGTAGCAGTTAGGATAACCAGTGAGGATCCAGATGACGGATTC

AAGCCTACCGGTGGAAAAGTAAAGGAGATCAGTTTTAAAAGCAAGCCAAATGTTTGGGCCTATTTCTCTGTTAAGTC
CGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTTGGACATGTTTTTGCATATGGAGTGTCTAGAGCAGCAGCAA

TAACCAACATGTCTCTTGCGCTAAAAGAGATTCAAATTCGTGGAGAAATTCATTCAAATGTTGATTACACAGTTGAT

CTCTTGAATGCCTCAGACTTCAAAGAAAACAGGATTCATACTGGCTGGCTGGATAACAGAATAGCAATGCGAGTCCA

AGCTGAGAGACCTCCGTGGTATATTTCAGTGGTTGGAGGAGCTCTATATAAAACAATAACGAGCAACACAGACACTG

TTTCTGAATATGTTAGCTATCTCGTCAAGGGTCAGATTCCACCGAAGCATATATCCCTTGTCCATTCAACTGTTTCT

TTGAATATAGAGGAAAGCAAATATACAATTGAAACTATAAGGAGCGGACAGGGTAGCTACAGATTGCGAATGAATGG

ATCAGTTATTGAAGCAAATGTCCAAACATTATGTGATGGTGGACTTTTAATGCAGTTGGATGGAAACAGCCATGTAA

TTTATGCTGAAGAAGAGGCCGGTGGTACACGGCTTCTAATTGATGGAAAGACATGCTTGTTACAGAATGATCACGAT
CCTTCAAGGTTATTAGCTGAGACACCCTGCAAACTTCTTCGTTTCTTGGTTGCCGATGGTGCTCATGTTGAAGCTGA
TGTACCATATGCGGAAGTTGAGGTTATGAAGATGTGCATGCCCCTCTTGTCACCTGCTGCTGGTGTCATTAATGTTT

TGTTGTCTGAGGGCCAGCCTATGCAGGCTGGTGATCTTATAGCAAGACTTGATCTTGATGACCCTTCTGCTGTGAAG
AGAGCTGAGCCGTTTAACGGATCTTTCCCAGAAATGAGCCTTCCTATTGCTGCTTCTGGCCAAGTTCACAAAAGATG

TGCCACAAGCTTGAATGCTGCTCGGATGGTCCTTGCAGGATATGATCACCCGATCAACAAAGTTGTACAAGATCTGG

TATCCTGTCTAGATGCTCCTGAGCTTCCTTTCCTACAATGGGAAGAGCTTATGTCTGTTTTAGCAACTAGACTTCCA
AGGCTTCTTAAGAGCGAGTTGGAGGGTAAATACAGTGAATATAAGTTAAATGTTGGCCATGGAAAGAGCAAGGATTT

CCCTTCCAAGATGCTAAGAGAGATAATCGAGGAAAATCTTGCACATGGTTCTGAGAAGGAAATTGCTACAAATGAGA

GGCTTGTTGAGCCTCTTATGAGCCTACTGAAGTCATATGAGGGTGGCAGAGAAAGCCATGCACACTTTATTGTGAAG

TCCCTTTTCGAGGACTATCTCTCGGTTGAGGAACTATTCAGTGATGGCATTCAGTCTGATGTGATTGAACGCCTGCG

CCAACAACATAGTAAAGATCTCCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGAAACAAAACTAAGC

TGATACTAACACTCATGGAGAAACTGGTCTATCCAAACCCTGCTGCCTACAAGGATCAGTTGACTCGCTTTTCCTCC

CTCAATCACAAAAGATATTATAAGTTGGCCCTTAAAGCTAGCGAGCTTCTTGAACAAACCAAGCTTAGTGAGCTCCG

CACAAGCATTGCAAGGAGCCTTTCAGAACTTGAGATGTTTACTGAAGAAAGGACGGCCATTAGTGAGATCATGGGAG
ATTTAGTGACTGCCCCACTGCCAGTTGAAGATGCACTGGTTTCTTTGTTTGATTGTAGTGATCAAACTCTTCAGCAG
AGGGTGATCGAGACGTACATATCTCGATTATACCAGCCTCATCTTGTCAAGGATAGTATCCAGCTGAAATATCAGGA

ATCTGGTGTTATTGCTTTATGGGAATTCGCTGAAGCGCATTCAGAGAAGAGATTGGGTGCTATGGTTATTGTGAAGT

CGTTAGAATCTGTATCAGCAGCAATTGGAGCTGCACTAAAGGGTACATCACGCTATGCAAGCTCTGAGGGTAACATA

ATGCATATTGCTTTATTGGGTGCTGATAATCAAATGCATGGAACTGAAGACAGTGGTGATAACGATCAAGCTCAAGT

CAGGATAGACAAACTTTCTGCGACACTGGAACAAAATACTGTCACAGCTGATCTCCGTGCTGCTGGTGTGAAGGTTA

TTAGTTGCATTGTTCAAAGGGATGGAGCACTCATGCCTATGCGCCATACCTTCCTCTTGTCGGATGAAAAGCTTTGT

TATGAGGAAGAGCCGGTTCTCCGGCATGTGGAGCCTCCTCTTTCTGCTCTTCTTGAGTTGGGTAAGTTGAAAGTGAA

AGGATACAATGAGGTGAAGTATACACCGTCACGTGATCGTCAGTGGAACATATACACACTTAGAAATACAGAGAACC
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CCAAAATGTTGCACAGGGTGTTTTTCCGAACTCTTGTCAGGCAACCCGGTGCTTCCAACAAATTCACATCAGGCAAC

ATCAGTGATGTTGAAGTGGGAGGAGCTGAGGAATCTCTTTCATTTACATCGAGCAGCATATTAAGATCGCTGATGAC

TGCTATAGAAGAGTTGGAGCTTCACGCGATTAGGACAGGTCACTCTCATATGTTTTTGTGCATATTGAAAGAGCAAA

AGCTTCTTGATCTTGTTCCCGTTTCAGGGAACAAAGTTGTGGATATTGGCCAAGATGAAGCTACTGCATGCTTGCTT

CTGAAAGAAATGGCTCTACAGATACATGAACTTGTGGGTGCAAGGATGCATCATCTTTCTGTATGCCAATGGGAGGT

GAAACTTAAGTTGGACAGCGATGGGCCTGCCAGTGGTACCTGGAGAGTTGTAACAACCAATGTTACTAGTCACACCT

GCACTGTGGATATCTACCGTGAGGTTGAAGATACAGAATCACAGAAACTAGTGTACCACTCTGCTCCATCGTCATCT

GGTCCTTTGCATGGCGTTGCACTGAATACTCCATATCAGCCTTTGAGTGTTATTGATCTGAAACGTTGCTCCGCTAG

AAATAACAGAACTACATACTGCTATGATTTTCCGTTGGCATTTGAAACTGCAGTGCAGAAGTCATGGTCTAACATTT

CTAGTGACACTAACCGATGTTATGTTAAAGCGACGGAGCTGGTGTTTGCTCACAAGAACGGGTCATGGGGCACTCCT

GTAATTCCTATGGAGCGTCCTGCTGGGCTCAATGACATTGGTATGGTAGCTTGGATCTTGGACATGTCCACTCCTGA

ATATCCCAATGGCAGGCAGATTGTTGTCATCGCAAATGATATTACTTTTAGAGCTGGATCGTTTGGTCCAAGGGAAG
ATGCATTTTTTGAAACTGTTACCAACCTAGCTTGTGAGAGGAAGCTTCCTCTCATCTACTTGGCAGCAAACTCTGGT

GCTCGGATCGGCATAGCAGATGAAGTAAAATCTTGCTTCCGTGTTGGATGGTCTGATGATGGCAGCCCTGAACGTGG

GTTTCAATATATTTATCTGACTGAAGAAGACCATGCTCGTATTAGCGCTTCTGTTATAGCGCACAAGATGCAGCTTG

ATAATGGTGAAATTAGGTGGGTTATTGATTCTGTTGTAGGGAAGGAGGATGGGCTAGGTGTGGAGAACATACATGGA

AGTGCTGCTATTGCCAGTGCCTATTCTAGGGCCTATGAGGAGACATTTACGCTTACATTTGTGACTGGAAGGACTGT

TGGAATAGGAGCATATCTTGCTCGACTTGGCATACGGTGCATTCAGCGTACTGACCAGCCCATTATCCTAACTGGGT

TCTCTGCCTTGAACAAGCTTCTTGGCCGGGAAGTGTACAGCTCCCACATGCAGTTGGGTGGCCCCAAAATTATGGCC

ACAAACGGTGTTGTCCATCTGACAGTTTCAGATGACCTTGAAGGTGTATCTAATATATTGAGGTGGCTCAGCTATGT

TCCTGCCAACATTGGTGGACCTCTTCCTATTACAAAATCTTTGGACCCACCTGACAGACCCGTTGCTTACATCCCTG

AGAATACATGTGATCCTCGTGCAGCCATCAGTGGCATTGATGATAGCCAAGGGAAATGGTTGGGGGGTATGTTCGAC

AAAGACAGTTTTGTGGAGACATTTGAAGGATGGGCGAAGTCAGTAGTTACTGGCAGAGCGAAACTCGGAGGGATTCC

GGTGGGTGTTATAGCTGTGGAGACACAGACTATGATGCAGCTCATCCCTGCTGATCCAGGTCAGCTTGATTCCCATG

AGCGGTCTGTTCCTCGTGCTGGGCAAGTCTGGTTTCCAGATTCAGCTACTAAGACAGCGCAGGCAATGCTGGACTTC
AACCGTGAAGGATTACCTCTGTTCATCCTTGCTAACTGGAGAGGCTTCTCTGGTGGGCAAAGAGATCTTTTTGAAGG

AATCCTTCAGGCTGGGTCAACAATTGTTGAGAACCTTAGGACATACAATCAGCCTGCCTTTGTATATATCCCCAAGG

CTGCAGAGCTACGTGGAGGGGCTTGGGTCGTGATTGATAGCAAGATAAATCCAGATCGCATTGAGTTCTATGCTGAG
AGGACTGCAAAGGGCAATGTTCTTGAACCTCAAGGGTTGATTGAGATCAAGTTCAGGTCAGAGGAACTCCAAGAGTG

CATGGGCAGGCTTGACCCAGAATTGATAAATTTGAAGGCAAAACTCCTGGGAGCAAAGCATGAAAATGGAAGTCTAT

CTGAGTCAGAATCCCTTCAGAAGAGCATAGAAGCCCGGAAGAAACAGTTGTTGCCTTTGTATACTCAAATTGCGGTA

CGGTTCGCTGAATTGCATGACACTTCCCTTAGAATGGCTGCTAAGGGTGTGATTAAGAAGGTTGTAGACTGGGAAGA

TTCTAGGTCTTTCTTCTACAAGAGATTACGGAGGAGGATATCCGAGGATGTTCTTGCAAAGGAAATTAGAGGTGTAA
GTGGCAAGCAGTTTTCTCACCAATCGGCAATCGAGCTGATCCAGAAATGGTACTTGGCCTCTAAGGGAGCTGAAACG
GGAAACACTGAATGGGATGATGACGATGCTTTTGTTGCCTGGAGGGAAAACCCTGAAAACTACCAGGAGTATATCAA

AGAACTCAGGGCTCAAAGGGTATCTCAGTTGCTCTCAGATGTTGCAGACTCCAGTCCAGATCTAGAAGCCTTGCCAC

AGGGTCTTTCTATGCTACTAGAGAAGATGGATCCCTCAAGGAGAGCACAGTTTGTTGAGGAAGTCAAGAAGGCCCTT
AAATGA
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FIGURE 16B

>ACD46679Aegilops tauschii (jointed goatgrass)
MGSTHLPIVGLNASTTPSLSTIRPVNSAGAAFQPSAPSRTSKKKSRRVQSLRDGGDGGVSDPNQS IRQGL

AGIIDLPKEGTSAPEVDISHGSEEPRGSYOMNGILNEAHNGRHASLSKVVEFCMALGGKTPIHSVLVANN

GMAAAKFMRSVRTWANETFGSEKAIQLIAMATPEDMR INAEHIRIADQFVEVPGGTNNNNYANVQLIVEL

AVRTGVSAVWPGWGHASENPELPDALNANGIVFLGPPSSSMNALGDKVGSALIAQAAGVPTLPWSGSQVE
IPLEVCLDSIPADMYRKACVSTTEEALAS CQMIGYPAMIKASWGGGGKGIRKVNNDDDVRALFKQVQGEV

PGSPIFIMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVQRRHQKI IEEGPVTIVAPRETVKELEQAARRL

AKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTEWIAEVNLPAAQVAVGMGI PLWQVPEIRRFY
GMDNGGGYDIWRKTAALATPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEILSFKSKPNVWAY
FSVKSGGGIHEFADSQFGHVFAYGVSRAAAITNMSLALKEIQIRGELIHSNVDYTVDLLNASDFKENRIHT
GWLDNRTIAMRVQAERPPWYISVVGGALYKTITSNTDTIVSEYVSYLVKGQI PPKHISLVHSTVSLNIEESK
YTIETIRSGOGSYRLRMNGSVIEANVQTLCDGGLLMQLDGNSHVIYAEEEAGGTRLLIDGKTCLLQNDHD
PSRLLAETPCKLLRFLVADGAHVEADVPYAEVEVMKMCMPLLS PAAGVINVLLSEGQPMQAGDLTARLDL
DDPSAVKRAEPFNGSFPEMSLPIAASGQVHKRCATSLNAARMVLAGYDHPINKVVQDLVSCLDAPELPFL
QWEELMSVLATRLPRLLKSELEGKYSEYKLNVGHGKSKDFPSKMLREI IBENLAHGSEKEIATNERLVEP

LMSLLKSYEGGRESHAHFIVKSLFEDYLSVEELFSDGIQSDVIERLRQQHSKDLOKVVDIVLSHQGVRNK
TKLILTLMEKLVYPNPAAYKDQLTRFSSLNHKRYYKLALKASELLEQTKLSELRTS IARSLSELEMFTEE

RTAISEIMGDLVTAPLPVEDALVSLFDCSDQTLOORVIETYISRLYQPHLVKDS IQLKYQESGVIALWEF
AEAHSEKRLGAMVIVKSLESVSAAI GAALKGTSRYASSEGNIMHIALLGADNQMHGTEDSGDNDQAQVRI
DKLSATLEONTVTADLRAAGVKVISCIVQRDGALMPMRHTFLLSDEKLCYEEEPVLRHVEPPLSALLELG

KLKVKGYNEVKYTPSRDROWNIYTLRNTENPKMLHRVFFRTLVRQPGASNKFTSGNISDVEVGGAEESLS

FTSSSILRSLMTAIEELELHATRTGHSHMFLCILKEQKLLDLVPVSGNKVVDIGQDEATACLLULKEMALQ
IHELVGARMHHLSVCQWEVKLKLDSDGPASGTWRVVTTNVTSHTCTVDIYREVEDTESQKLVYHSAPSSS
GPLHGVALNTPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETAVOKSWSNISSDTNRCYVKATELVFAHK

NGSWGTPVIPMERPAGLNDIGMVAWILDMSTPEYPNGRQIVVIANDITFRAGSFGPREDAFFETVINLAC
BRKLPLIYLAANSGARIGIADEVKS CFRVGWSDDGS PERGFQYIYLTEEDHARISASVIAHKMQLDNGEI
RWVIDSVVGKEDGLGVENTHGSAATASAYSRAYEETFTLTFVIGRTIVGIGAYLARLGIRCIQORTDQOPIIL
TGFSALNKLLGREVYSSHMOLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPANIGGPLPITKSLDP

PDRPVAYI PENTCDPRAATSGIDDSQGKWLGGMFDKDSFVETFEGWAKSVVTGRAKLGGIPVGVIAVETQ
TMMQLI PADPGQLDSHERSVPRAGQVWFPDSATKTAQAMLDFNREGLPLF ILANWRGFSGGQRDLFEGIL
QAGSTIVENLRTYNQPAFVYIPKAAELRGGAWVVIDSKINPDRIEFYAERTAKGNVLEPQGLIEIKFRSE
ELQECMGRLDPELINLKAKLLGAKHENGSLSESESLOKS IEARKKQLLPLYTOQIAVRFAELHDTSLRMAA
KGVIKKVVDWEDSRSFFYKRLRRRISEDVLAKEIRGVSGKQFSHQSAIELIQKWYLASKGAETGNTEWDD
DDAFVAWRENPENYQEYIKELRAQRVSQLLSDVADSS PDLEALPQGLSMLLEKMDPSRRAQFVEEVKKAL
K :
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