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B248 1010.P2

HERBICIDE-TOLERANT PLANTS

BACKGROUND OF THE INVENTION

[0001] Rice is one of the most important food crops in the world, particularly in Asia.
Rice is a cereal grain produced by plants 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
remove their hull. After milling, domestic rice is white while wildl red rice appears
discolored. The presence of discolored seeds reduces the value of the rice crop. Since red
rice belongs to the same species as cultivated rice (Oryza sativa), their genetic makeup is

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

[0002] Domestic rice tolerant to imidazolinone herbicides have been developed and are
currently marketed under the tradename CLEARFIELD®. Imidazolinone herbicides inhibit a
plant's acetohydroxyacid synthase (AHAS) enzyme. When cultivating 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 developéd.

[0003] Acetyl-Coenzyme A carboxylase (acetyl-Coenzyme A carboxylase; EC 6.4.1.2)
enzymes synthesize malonyl-CoA as the start of the de novo fatty acid synthesis pathway in
plant chloroplasts. ACCase in 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 enzymes in grasses are inhibited by three classes of herbicidal active
ingredients. The two most prevalent 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 number of ACCase-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 appear to be located in a

substrate binding pocket, altering access to the catalytic site.

[0006] DIMs and FOPs are important herbicides and it would be advantageous if rice
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 severe fitness penalty in the tolerant plant. Therefore,
there remains a need in the art for an AIT rice that also exhibits no fitness penalty. This need

and others are met by the present invention.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention relates to herbicide-tolerant plants and methods of
producing and treating herbicide-tolerant plants. In one embodiment, the present invention
provides 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. Typically, an herbicide-tolerant rice plant of the invention 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. By
convention, mutations within monocot ACCase amino acid residues are typically referred to
in reference to their position in the Alopecurus myosuroides (blackgrass) ACCase sequence
(Genbank CAC84161.1) and denoted with an (4m). Examples of amino acid positions at
which an acetyl-Coenzyme A carboxylase of a 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 more of the following positions: 1,781(4m), 1,999(4m),
2,027(Am), 2,041(Am), 2,078(Am), 2088(4Am) or 2,096(4m). 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(4m) is other than isoleucine; the amino acid at position
1,999(4m) is other than tryptophan; the amino acid at position 2,027(4m) is other than

tryptophan; the amino acid at position 2,041(4m) is other than isoleucine; the amino acid at
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position 2,078(4m) is other than aspartate; the amino acid at position 2088(4m) is other than
cysteine; or the amino acid at position 2,096(4m) is other than glycine. In some
embodiments, the present invention provides a rice plant expressing an acetyl-Coenzyme A
carboxylase enzyme comprising an amino acid sequence that comprises one or more of the
following: the amino acid at position 1,781(4m) is leucine or alanine; the amino acid at
position 1,999(4m) is cysteine; the amino acid at position 2,027(4m) is cysteine; the amino
acid at position 2,041(4m) is asparagine; the amino acid at position 2,078(4m) is glycine; the
amino acid at position 2088(4m) is arginine or the amino acid at position 2,096(4m) is

alanine.

[0008] The present invention also provides methods of producing herbicide-tolerant
plants and plants produced by such methods. An example of a plant produced by the
methods of the invention is an herbicide-tolerant rice plant which is tolerant to at least one
herbicide that inhibits acetyl-Coenzyme A carboxylase activity at levels of herbicide 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 ¢) generating an herbicide-tolerant plant from the cells. Herbicide-tolerant
plants produced by methods of the invention include, but are not limited to, herbicide-
tolerant plants generated by performing a), b) and c) above and progeny of a 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 of a callus.

[0009] The present invention provides plants expressing acetyl-Coenzyme A carboxylase
enzymes comprising defined amino acid sequences. For example, the present invention
provides a rice plant, wherein one or more of the genomes of said 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 such that the encoded protein comprises one or more of the following: the amino
acid at position 1,781(4m) is leucine or alanine; the amino acid at position 1,999(4dm) is
cysteine; the amino acid at position 2,027(4m) is cysteine; the amino acid at position
2,041(A4m) is asparagine; the amino acid at position 2,078(4m) is glycine; the amino acid at

position 2088(4m) is arginine or the amino acid at position 2,096(4m) is alanine. Table 3
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below provides an alignment of 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 of positions 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 seeds and cells derived from such plants, progeny of plants grown
from such seed and cells derived from such progeny. The growth of plants produced from
deposited seed and progeny of such 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
provides a 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 ATCC accession number PTA-10267 as
well as any progeny of the plant grown from a seed having ATCC accession number PTA-
10267 so long as such plants or progeny have the herbicide tolerance characteristics of the
plant grown from a seed having ATCC accession number PTA-10267. The present invention
also encompasses cells cultured from such seeds and plants and their progeny produced from

the cultured cells.

[0011] An herbicide-tolerant plant of the invention may be a member of the species O.
sativa. Herbicide-tolerant plants of the invention are typically tolerant to
aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides, phenylpyrazoline
herbicides or combinations thereof at levels of herbicide that would normally inhibit the
growth of a corresponding wild-type plant, 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-tolerant plant that is mutagenized, for example, a mutagenized rice
plant. The present invention also encompasses cells derived from the plants and seeds of the

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 weeds in
vicinity to rice plants. Such methods may comprise applying to the weeds and rice plants an
amount of 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
amount of herbicide. Methods of the invention may be practiced with any herbicide that
interferes with acetyl-Coenzyme A carboxylase activity including, but not limited to,
aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides, phenylpyrazoline

herbicides or combinations thereof.

[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 and to the rice plants at levels of herbicide that would normally
inhibit the growth of a rice plant, wherein at least one herbicide inhibits acetyl-Coenzyme A
carboxylase activity. Such methods may be practiced with any herbicide that inhibits acetyl-
Coenzyme A carboxylase activity. Suitable examples of herbicides that may be used in the
practice of methods of controlling weeds include, but are not limited to,
aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides, 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 other rice germplasm, and harvesting the resulting hybrid rice seed; (b) planting the
hybrid rice seed; and (c) applying one or more acetyl-Coenzyme A carboxylase-inhibiting
herbicides to the hybrid rice and to the weeds in 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 used in 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 method for 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 of herbicide 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 may be practiced
with any herbicide that inhibits acetyl-Coenzyme A carboxylase activity. Suitable examples
of herbicides that may be used in the practice of methods of controlling weeds include, but
are not limited to, aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,

phenylpyrazoline herbicides or combinations thereof.

[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 more herbicides 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 may be practiced with
any herbicide that inhibits acetyl-Coenzyme A carboxylase activity. Suitable examples of
herbicides that may be used in the practice of methods of controlling weeds include, but are
not limited to, aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,

phenylpyrazoline herbicides or combinations thereof.

[0017] In one embodiment, the present invention provides a seed of an herbicide-tolerant
rice plant. Such seed may be used to grow herbicide-tolerant rice plants, 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 growth of a 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,

cyclohexanedione herbicides, phenylpyrazoline herbicides or combinations thereof.

[0018] In another embodiment, the present invention provides 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 differs from an amino acid sequence of an acetyl-
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Coenzyme A carboxylase of a wild-type rice plant at one or more of the following positions:
1,781(4Am), 1,999(Am), 2,027(4Am), 2,041(4Am), 2,078(4dm), 2088(4m) or 2,096(4m).
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(4m) is other than isoleucine; the
amino acid at position 1,999(4m) 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 amino acid at position 2,078(4m) is other than aspartate; the amino acid at
position 2088(4m) is other than cysteine; or the amino acid at position 2,096(4m) is other
than glycine. In some embodiments, a plant grown from a seed of the invention may
expresses an acetyl-Coenzyme A carboxylase enzyme comprising an amino acid sequence
that comprises one or more of the following: the amino acid at position 1,781(4m) is leucine
or alanine; the amino acid at position 1,999(4m) is cysteine; the amino acid at position
2,027(4m) is cysteine; the amino acid at position 2,041(4m) is asparagine; the amino acid at
position 2,078(4m) is glycine; the amino acid at position 2088(4m) is arginine or the amino

acid at position 2,096(4m) is alanine.

[0019] The present invention encompasses seeds of specific cultivars. One example of
such seeds is a seed of rice cultivar Indical, wherein a representative sample of seed of said
cultivar was deposited under ATCC Accession No. PTA-10267. The present invention also
encompasses a rice plant, or a part thereof, produced by growing the seeds as well as a tissue
culture of cells 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-tolerant rice plant with other rice germplasm;
and harvesting the resulting hybrid rice seed, wherein the herbicide-tolerant rice plant is

tolerant to aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,
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phenylpyrazoline herbicides or combinations thereof at levels of herbicide that would

normally inhibit the growth of a rice plant.

[0021] The present method also comprises methods of producing 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, cyclohexanedione herbicides,
phenylpyrazoline herbicides or combinations thereof at levels of herbicide 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
transforming a cell of a rice plant with a transgene, wherein the transgene encodes 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 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
of a 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(4m) is leucine or alanine; the
amino acid at position 1,999(4m) is cysteine; the amino acid at position 2,027(4m) is
cysteine; the amino acid at position 2,041(4m) is asparagine; the amino acid at position
2,078(Am) is glycine; the amino acid at position 2088(4m) is arginine or the amino acid at
position 2,096(4m) is alanine. The present invention also encompasses plants produced by
such methods. Another example of a method of producing an herbicide-tolerant plant
comprising a transgene may comprise transforming a cell of a rice plant with a transgene
encoding an enzyme that confers herbicide tolerance, wherein the cell was produced from a
rice plant or seed thereof expressing an acetyl-Coenzyme A carboxylase enzyme thaf 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
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methods of the invention, for example, the cell may be in the form of a callus. The present

invention also encompasses herbicide-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 recombinant rice plant may
comprise transforming a cell of a rice plant with a transgene, 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 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 of a callus. A transgene
for use in the methods of the 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 not limited to,
fructosyltransferase, levansucrase, alpha-amylase, invertase and starch branching enzyme or
encoding an antisense of stearyl-ACP desaturase. The present invention also encompasses

recombinant plants produced by methods of the invention.

[0024] Methods of the invention may be used to produce a 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 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 progeny plants; (b) selecting one or more progeny plants that
have the desired trait to produce selected progeny plants; (c) crossing the selected progeny
plants with the herbicide-tolerant plants to produce backcross progeny plants; (d) selecting
for backcross progeny plants that have the desired trait and herbicide tolerance; and (e)
repeating steps (¢) 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. Any
desired trait may be introduced using the methods of the invention. Examples of traits that

may be desired include, but are not limited to, male sterility, herbicide tolerance, drought
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tolerance insect 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 male sterile rice plant may comprise 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. The present invention also encompasses male sterile

plants produced by such methods.

[0025] The present invention provides compositions comprising plant cells, for example,
cells from a rice plant. One example of such a composition comprises one or more cells ofa
rice plant; and an aqueous medium, wherein the medium comprises a compound that inhibits
acetyl-Coenzyme A carboxylase activity. 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 a rice plant. Any compound that inhibits acetyl-
Coenzyme A carboxylase activity may be used in the compositions of 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 sequence of an acetyl-Coenzyme A carboxylase of a wild-type
rice plant at one or more of the following positions: 1,781(4dm), 1,999(4m), 2,027(4m),
2,041(4m), 2,078(4Am), 2088(4m) or 2,096(4m). 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(4m) is other than isoleucine; the amino acid at position 1,999(4m) is other
than tryptophan; the amino acid at position 2,027(4m) is other than tryptophan; the amino
acid at position 2,041(4m) is other than isoleucine; the amino acid at position 2,078(4m) is
other than aspartate; the amino acid at position 2088(4m) is other than cysteine; or the amino

acid at position 2,096(4m) is other than glycine. In some embodiments, a nucleic acid

10
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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 more of the following: the amino
acid at position 1,781(4m) is leucine or alanine; the amino acid at position 1,999(4m) is
cysteine; the amino acid at position 2,027(4m) is cysteine; the amino acid at position
2,041(4m) is asparagine; the amino acid at position 2,078(4m) is glycine; the amino acid at
position 2088(4m) is arginine or the amino acid at position 2,096(4m) is alanine. In some
embodiments, the invention comprises a recombinant, mutagenized, synthetic, and/or
isolated encoding a protein comprising all 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 encoded protein
comprises one or more of the following: the amino acid at position 1,781(4m) is leucine or
alanine; the amino acid at position 1,999(4m) is cysteine; the amino acid at position
2,027(4m) is cysteine; the amino acid at position 2,041(4m) is asparagine; the amino acid at
position 2,078(4m) is glycine; the amino acid at position 2088(4m) is arginine or the amino

acid at position 2,096(4m) 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:

(I) the steps of
(a) providing BEP clade plant cells having a first, zero or non-zero level of
ACCI tolerance;
(b) growing the cells in contact with a medium to form a cell culture;
© contacting cells of said culture with an ACCI;
(d)  growing ACClI-contacted cells from step (c) to form a culture containing
cells having a level of ACCI tolerance greater than the first level of step
(a); and
(e) generating, from ACCl-tolerant cells of step (d), a plant having a level of
ACCI tolerance greater than that of a wild-type variety of the plant; or
(II) the steps of
@ providing a first, herbicide-tolerant, BEP clade plant having increased

tolerance to an ACCase-inhibitor (ACCI) as compared to 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 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. In some embodiments, an
herbicide-tolerant plant of the invention may be a member of the Bambusoideae -
Ehrhartoideae subclade. Any suitable medium for growing plant 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 member of the subfamily Ehrhartoideae.
Any suitable cells may be used in the practice of the methods of the invention, for example,
the cells may be in the form of a callus. In some embodiments, an herbicide-tolerant plant of
the invention may be a member of the genus Oryza, for example, may be a member of the

species O. sativa.

[0028] The present invention includes herbicide-tolerant BEP clade plants produced by
the above method. Such herbicide-tolerant plants may express 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 corresponding wild-type BEP clade
plant at one or more of the following positions: 1,781(4m), 1,999(4dm), 2,027(Am),
2,041(4Am), 2,078(Am), 2088(4Am) or 2,096(4m). 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(4m) is other than isoleucine; the amino acid at position 1,999(4m) is other
than tryptophan; the amino acid at position 2,027(4m) is other than tryptophan; the amino
acid at position 2,041(4m) is other than isoleucine; the amino acid at position 2,078(4m) is
other than aspartate; the amino acid at position 2088(4m) is other than cysteine; or the amino
acid at position 2,096(4Am) is other than glycine. In some embodiments, an herbicide-tolerant
BEP clade plant of the invention may expresses an acetyl-Coenzyme A carboxylase enzyme
comprising an amino acid sequence that comprises one or more of the following: the amino

acid at position 1,781(4m) is leucine or alanine; the amino acid at position 1,999(4m) is
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cysteine; the amino acid at position 2,027(4m) is cysteine; the amino acid at position
2,041(A4m) is asparagine; the amino acid at position 2,078(4m) is glycine; the amino acid at

position 2088(Am) is arginine or the amino acid at position 2,096(4m) is alanine.

[0029] The present invention also encompasses herbicide-tolerant BEP clade plants
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 of at 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 presence of the herbicide.

[0030] The present invention also encompasses a recombinant, mutagenized, synthetic,
and/or isolated nucleic acid molecule comprising a nucleotide sequence encoding a
mutagenized acetyl-Coenzyme A carboxylase of 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 sequence of an acetyl-Coenzyme A carboxylase of
the corresponding wild-type plant at one or more of the following positions: 1,781(4m),
1,999(4dm), 2,027(4Am), 2,041(Am), 2,078(Am), 2088(4m) or 2,096(4m). Such a nucleic acid
molecule may b produced by a process comprising either:

(I) the steps of
(@) providing BEP clade plant cells having a first, zero or non-zero level of
ACCase-inhibitor (ACCI) tolerance;
(b)  growing the cells in contact with a medium to form a cell culture;
(©) contacting cells of said culture with an ACCI;
(d)  growing ACCl-contacted cells from step (c) to form a culture containing
cells having a level of ACCI tolerance greater than the first level of step
(a); and
(e) generating, from ACCl-tolerant cells of step (d), a plant having a level of
ACCI tolerance greater than that of a wild-type variety of the plant; or
(II) the steps of
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® providing a 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 clade plant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Figure 1 is a bar graph showing relative growth rice calli derived from Oryza
sativa subsp. indica grown in the presence of difference selection levels of herbicide. Figure
1A shows the results obtained with tepraloxydim, Figure 1B shows the results obtained with

sethoxydim, and Figure 1C shows the 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 photographs of plants taken one week after treatment with
herbicide.

[0034] Figure 4 shows photographs of plants taken two weeks after 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 acety!-

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 of Zea 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 sequence of 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 of Setaria 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 Setaria italica 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 of Alopecurus myosuroides acetyl-

Coenzyme A 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 of 4egilops 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 amount of herbicide 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 and readily
determined by those skilled in the art. Examples include the amounts recommended by
manufacturers for application. The following table contains a list of herbicides with the
maximum rate of herbicide that is typically applied. The maximum rate is an example of an

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

Table 1 List of Herbicides

Maximum
Red Rice Rate

ACCase Inhibitor 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,

lloxan, 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-etotyl 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 |l, DPX-
ethyl Y6202-3, Targa Super,

NC-302 Good 112 POST
quizalofop-P- FOP Uniroyal Pantera, UBI C4874
tefuryl Good 112 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] As used herein, “recombinant” refers to an organism having genetic material from
different sources.
[0060] As used herein, “mutagenized” refers to an organism having an altered genetic

material as compared to the genetic material of a corresponding wild-type organism, wherein
the alterations in genetic material were induced and/or selected by human action. Examples
of human action that can be used to produce a mutagenized organism include, but are not
limited to, tissue culture of plant cells (e.g., calli) in sub-lethal concentrations of herbicides
(e.g., acetyl-Coenzyme A carboxylase inhibitors such as cycloxydim or sethoxydim),
treatment of plant cells with a chemical mutagen and subsequent selection with herbicides

(e.g., acetyl-Coenzyme A 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
known in the art may be used to induce mutations. Methods of inducing mutations may
induce mutations in random positions in 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 progeny thereof that retain the inserted genetic material. The source organism
may be of a 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 another plant). As used herein, recombinant and GMO are 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] As used herein, “wild-type” or “corresponding wild-type plant” means the typical
form of an organism or its genetic material, as it normally occurs, as distinguished from

mutagenized and/or recombinant forms.
[0063] Plants

[0064] The present invention provides herbicide-tolerant monocotyledonous plants of the
grass family Poaceae The family Poaceae may be divided into two major clades, 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 PACCMAD clade).
The present invention relates to plants of the BEP clade, 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 enzyme of the 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 carboxylase activity. Examples of herbicide-tolerant plants of the
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subfamily Bambusoideae include, but are 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-Coenzyme A carboxylase activity. Examples of herbicide-tolerant plants of the
subfamily Ehrhartoideae include, but are not limited to, those of the genera Erharta, Leersia,

Microlaena, Oryza, and Zizania.

[0067] In one embodiment, the present invention provides herbicide-tolerant plants of the
Pooideae subfamily. Such plants are typically tolerant to one or more herbicides that inhibit
acetyl-Coenzyme A carboxylase activity. Examples of herbicide-tolerant plants of the
subfamily Ehrhartoideae include, but are not limited to, those of the genera Triticeae,

Aveneae, and Poeae.

[0068] In one embodiment, herbicide-tolerant plants of the invention are rice plants.
Two species of rice are most frequently cultivated, Oryza sativa and Oryza glaberrima.
Numerous subspecies of Oryza sativa are commercially important including Oryza sativa
subsp. indica, Oryza sativa subsp. japonica, Oryza sativa subsp. javanica, Oryza sativa
subsp. glutinosa (glutinous rice), Oryza sativa Aromatica group (basmati), and Oryza sativa
Floating rice group. The present invention encompasses herbicide-tolerant plants in all of the

aforementioned species and subspecies.

[0069] In one embodiment, herbicide-tolerant plants of the invention are wheat plants.
Two species of wheat are most frequently cultivated, Triticum aestivum, and Triticum
turgidum. Numerous other species are commercially important including, but not limited to,
Triticum timopheevii, Triticum monococcum, Triticum zhukovskyi and Triticum urariu and
hybrids thereof. The present invention encompasses herbicide-tolerant plants in all of the
aforementioned species and subspecies. Examples of T. aestivum subspecies included within
the present invention are aestivum (common wheat), compactum (club wheat), macha
(macha wheat), vavilovi (vavilovi wheat), spelta and sphaecrococcum (shot wheat).
Examples Qf T. turgidum subspecies included within the present invention are turgidum,
carthlicum, dicoccon, durum, paleocolchicuna, polonicum, turanicum and dicoccoides.

Examples of T. monococcum subspecies included within the present invention are
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monococcum (einkorn) and aegilopoides. In one embodiment of the present invention, the

wheat plant is a member of the Triticum aestivum species, and more particularly, the CDC

Teal cultivar.

[0070] In one embodiment, herbicide-tolerant plants of the invention are barley plants.
Two species of barley are most frequently cultivated, Hordeum vulgare and Hordeum
arizonicum. Numerous other species are commercially important including, but not limited,
Hordeum_bogdanii, Hordeum_brachyantherum, Hordeum brevisubulatum, Hordeum
bulbosum, Hordeum comosum, Hordeum depressum, Hordeum intercedens, Hordeum
jubatum, Hordeum marinum, Hordeum marinum, Hordeum parodii, Hordeum pusillum,
Hordeum_secalinum, Hordeum spontaneum. The present invention encompasses herbicide-

tolerant plants in all of the aforementioned species and subspecies.

[0071] In one embodiment, herbicide-tolerant plants of the invention are rye plants. Two
species of rye are most frequently cultivated Lolium canariense and Lolium edwardi.
Numerous other species are commercially important including, but not limited to, Lolium
multiflorum, Lolium perenne, Lolium persicum, Lolium remotum, Lolium rigidum, and
Lolium temulentum. The present invention encompasses herbicide-tolerant plants in all of

the aforementioned species and subspecies.

[0072] In one embodiment, herbicide-tolerant plants of the invention are turf plants.
Numerous commercially important species of Turf grass include Zoysia japonica, Agrostris
palustris, Poa pratensis, Poa annua, Digitaria sanguinalis, Cyperus rotundus, Kyllinga
brevifolia, Cyperus amuricus, Erigeron canadensis, Hydrocotyle sibthorpioides,
Kummerowia striata, Euphorbia humifusa, and Viola arvensis. The present invention

encompasses herbicide-tolerant plants in all of the aforementioned species and subspecies.

[0073] In addition to being able to tolerate herbicides that inhibit acetyl-Coenzyme A
carboxylase activity, plants of the invention may also 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,
enzyme inhibitors. Examples of other enzyme inhibitors to which plants of the invention
may be tolerant include, but are not limited to, inhibitors of 5-enolpyruvylshikimate-3-

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

20

PGR2021-00113 Ex. 1014
RiceTec, Inc.
Page 023



B248 1010.P2

(AHAS) such as imidazolinones, sulfonylureas 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 modes of action, for example, auxin
herbicides such as 2,4-D or dicamba, chlorophyll/carotenoid pigment inhibitors such as
hydroxyphenylpyruvate dioxygenase (HPPD) inhibitors or phytoene desaturase (PDS)
inhibitors, protoporphyrinogen-IX oxidase inhibitors, cell membrane destroyers,
photosynthetic inhibitors such as bromoxynil or ioxynil, cell division inhibitors, root

inhibitors, shoot inhibitors, and combinations thereof.

[0074] Furthermore, plants are also covered that, in addition to being able to tolerate
herbicides that inhibit acetyl-Coenzyme A carboxylase activity, are by the use of
recombinant DNA techniques capable to synthesize one or more insecticidal proteins,
especially those known from the bacterial genus Bacillus, particularly from Bacillus
thuringiensis, such as delta-endotoxins, e. g. CryIA(b), CrylA(c), CrylF, CrylF(a2),
CryIIA(b), CryIIIA, CryllIB(b1) or Cry9c; vegetative insecticidal proteins (VIP), e. g. VIP1,
VIP2, VIP3 or VIP3A; insecticidal proteins of bacteria colonizing nematodes, ¢. g.
Photorhabdus spp. or Xenorhabdus spp.; toxins produced by animals, such as scorpion
toxins, arachnid toxins, wasp toxins, or other insect-specific neurotoxins; toxins produced by
fungi, such Streptomycetes toxins, plant lectins, such as pea or barley lectins; agglutinins;
proteinase inhibitors, such as trypsin inhibitors, serine protease inhibitors, patatin, cystatin or
papain inhibitors; ribosome-inactivating proteins (RIP), such as ricin, maize RIP, abrin,
luffin, saporin or bryodin; steroid metabolism enzymes, such as 3-hydroxy-steroid oxidase,
ecdysteroid-IDP-glycosyl-transferase, cholesterol oxidases, ecdysone inhibitors or HMG-
CoA-reductase; ion channel blockers, such as blockers of sodium or calcium channels;
juvenile hormone esterase; diuretic hormone receptors (helicokinin receptors); stilben
synthase, bibenzyl synthase, chitinases or glucanases. In the context of the present invention
these insecticidal proteins or toxins are to be understood expressly also as pre-toxins, hybrid
proteins, truncated or otherwise modified proteins. Hybrid proteins are characterized by a
new combination of protein domains, (see, e. g. WO 02/015701). Further examples of such
toxins or genetically modified plants capable of synthesizing such toxins are disclosed, e. g.,
in EP-A 374 753, WO 93/007278, WO 95/34656, EP-A 427 529, EP-A 451 878, WO
03/18810 und WO 03/52073. The methods for producing such genetically modified plants
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are generally known to the person skilled in the art and are described, e. g. in the publications
mentioned above. These insecticidal proteins contained in the genetically modified plants
impart to the plants producing these proteins tolerance to harmful pests from all taxonomic
groups of athropods, especially to beetles (Coeloptera), two-winged insects (Diptera), and
moths (Lepidoptera) and to nematodes (Nematoda). Furthermore, plants are also covered that
are by the use of recombinant DNA techniques capable to synthesize one or more proteins to
increase the resistance or tolerance of those plants to bacterial, viral or fungal pathogens.
Furthermore, plants are also covered that are by the use of recombinant DNA techniques
capable to synthesize one or more proteins to increase the productivity (e.g. biomass
production, grain yield, starch content, oil content or protein content), tolerance to drought,
salinity or other growth-limiting environmental factors or tolerance to pests and fungal,
bacterial or viral pathogens of those plants. Furthermore, plants are also covered that contain
by the use of recombinant DNA techniques a modified amount of substances of content or
new substances of content, specifically to improve human or animal nutrition. Furthermore,
plants are also covered that contain by the use of recombinant DNA techniques a modified
amount of substances of content or new substances of content, specifically to improve raw

material production.

[0075] The present invention also encompasses progeny of the plants of the 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.
[0076] Acetyl-Coenzyme A carboxylase Enzymes

[0077] The present invention provides plants expressing acetyl-Coenzyme A carboxylase
enzymes with amino acid sequences that differ from the amino acid sequence of the acetyl-
Coenzyme A carboxylase enzyme found in the corresponding wild-type plant. For ease of
understanding, the amino acid numbering system used herein will be the numbering system
used for the acetyl-Coenzyme A carboxylase from 4lopecurus 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 sequence is available at GenBank accession no. CAC84161 both of which are

specifically incorporated herein by reference. The number of the amino acid referred to will
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be followed with (4m) 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 acetyl-Coenzyme A carboxylase.

[0078]

Table 2 Alopecurus myosuroides acetyl-Coenzyme A carboxylase amino acid

sequence GenBank accession no. CAC84161. Amino acids that by be altered in the acetyl-

Coenzyme A carboxylase enzymes of the 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
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281

[0079]

MGSTHLPIVG
DPAGHGQSIR
KVYEFCTELG
INAERIRIAD
AKGIVFLGPP
ACVTTADEAV
MRLASQSRHL
RRLAKAVGYV
IPLWQIPEIR
GFKPTGGKVK
LKEIQIRGEI
YKTITTNAET
NGSLIEANVQ
TPCKLLRFLT
LDLDDPSAVK
LVWCLDTPAL
TIEENLACVS
IQSDVIERLR
SLNHKRYYKL
GDLVTAPLPV
EFTEGNHEKR
DSGDNDQAQD
CYEEEPILRH
FRTLVRQPSA
MYLCILKEQK
VKLKLVSDGP
NTSYQPLSVI
EKNGSWGTPI
DAFFEAVTNL
EDHDRIGSSV
LTFVTGRTVG
TNGVVHLTVP
ISGIDDSQGK
DPGQPDSHER
ILOAGSTIVE
PQGLIEIKFR
TQIAVRFAEL
FPHKSATELT
DVAGSSSDLQ

FNASTTPSLS
QGLAGIIDLP
GKTPIHSVLV
QFVEVPGGTN
ASSMNALGDK
ASCOMIGYPA
EVQLLCDEYG
GRATVEYLYS
REYGMDNGGG
EISFKSKPNV
HTNVDYTVDL
VSEYVSYLIK
TLCDGGLLMQ
ADGAHVDADV
RAEPFEGSFP
PFLOWEELMS
EKEMVTIERL
LOYSKDLQKV
ALKASELLEQ
EDALVSLFDC
LGAMVILKSL
KMDKLSFVLK
VEPPLSALLE
GNRFTSDHIT
LLDLVPVSGN
ASGSWRVVTT
DLKRCSARNN
IPMQRAAGLN
ACEKKLPLIY
IAHKMQLDSG
IGAYLARLGI
DDLEGVSNIL
WLGGMFDKDS
SVPRAGQVWF
NLRTYNQPAF
SEELKECMGR
HDTSLRMAARK
KKWYLASEAR
ALPQGLSMLL

TLRQINSAAA
KEGASAPDVD
ANNGMAAAKF
NNNYANVQLT
VGSALIAQAA
MIKASWGGGG
NVAALHSRDC
METGEYYFLE
YDIWRKTAAL
WGYFSVKSGG
LNAPDFRENT
GQIPPKHISL
LDGNSHVIYA
PYAEVEVMKM
EMSLPIAASG
VLATRLPRRL
VDPLMSLLKS
VDIVLSHQGV
TKLSELRTSI
TDQTLOQORVI
ESVSTAIGAA
QDVVMADLRA
LDKLKVKGYN
DVEVGHAEEP
TVVDVGQDEA
NVTGHTCTVD
KTTYCYDFPL
DIGMVAWILD
LAANSGARIG
EIRWVIDSVV
RCIQRIDQPI
RWLSYVPANI
FVETFEGWAK
PDSATKTAQA
VYIPKAAELR
LDPELIDLKA
GVIRKVVDWE
AAGSTDWDDD
DKMDPSKRAQ

AFQSSSPSRS
ISHGSEDHKA
MRSVRTWAND
VEIAERTGVS
GVPTLAWSGS
KGIRKVNNDD
SVQRRHQKII
LNPRLQVEHP
ATPFNFDEVD
GIHEFADSQF
IHTGWLDTRI
VHSTISLNIE
EEEAGGTRLL
CMPLLSPAAG
QVHKRCAASL
KSELEGKYNE
YEGGRESHAH
RNKTKLILAL
ARNLSALDMF
QTYISRLYQP
LKDASHYASS
ADVKVVSCIV
EMKYTPSRDR
LSFTSSSILK
TACSLLKEMA
IYREVEDTES
TFEAAVOKSW
MSTPEFPSGR
IADEVKSCFR
GKEDGLGVEN
ILTGFSALNK
GGPLPITKSL
TVVTGRAKLG
MLDFNREGLP
GGAWVVIDSK
RLQGANGSLS
DSRSFFYKRL
DAFVAWRENP
FIEEVMKVLK

SKKKSRRVKS
SYQMNGILNE
TFGSEKAIQL
AVWPGWGHAS
HVEIPLELCL
EVKALFRQVQ
EEGPVTVAPR
VTESIAEVNL
SQWPKGHCVA
GHVFAYGETR
AMRVQAERPP
ESKYTIEIVR
IDGKTCLLON
VINVLLSEGQ
NAARMVLAGY
YKLNVDHVKI
FIVKSLFEEY
MEKLVYPNPA
TEEKADFSLQ
QLVKDSIQLK
AGNTVHIALL
QRDGAIMPMR
QWHIYTLRNT
SLKIAKEELE
LKIHELVGAR
QKLVYHSTAL
SNISSENNQC
QIIVIANDIT
VGWTDDSSPE
IHGSAAIASA
LLGREVYSSH
DPIDRPVAYI
GIPVGVIAVE
LFILANWRGF
INPDRIECYA
DGESLQKSTIE
RRRLSEDVLA
ENYKEYIKEL

IRDDGDGSVP
SHNGRHASLS
IAMATPEDMR
ENPELPDALT
DSIPEEMYRK
GEVPGSPIFI
ETVKELEQAA
PAAQVAVGMG
VRITSENPDD
SAAITSMSLA
WYISVVGGAL
SGQGSYRLRL
DHDPSRLLAE
AMQAGDLIAR
DHAANKVVQD
KDFPTEMLRE
LSVEELFSDG
AYRDQLIRFS
DRKLAINESM
YQDSGVIALW
DADTQLNTTE
RTFLLSEEKL
ENPKMLHRVEF
LHAIRTGHSH
MHHLSVCQWE
SSGPLHGVAL
YVKATELVFA
FRAGSFGPRE
RGFRYIYMTD
YSRAYEETET
MQLGGPKIMA
PENTCDPRARA
TQTMMQLVPA
SGGQORDLFEG
ERTAKGNVLE
ARKKQLLPLY
KEIRGVIGEK
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 following table.
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[0080] 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
AmACCI [CAC84161] (1) MGSTHLPIVGFNASTTPSLSTLRQINSAAAAFQSSSPSRSSKKKSRRVKSIRDDGDGSVP

OSIACCI [BGIOSIBCE(018385] (1) MTSTHVATLGVGAQAPPRHQ———KKSAGTAFVSSGSSRPSYRKNGQRTRSLREESNGGVS
OsJACCI [EAZ33685] (1) MTSTHVATLGVGAQAPPRHQ-——KKSAGTAFVSSGSSRPSYRKNGQRTRSLREESNGGVS

61 120

AmMACCI [CAC84161] (61) DPAGHGQSIRQGLAGIIDLPKEGASAPDVDISHGSEDHKA----- SYQMNGILNESHNGR

OSIACCI [BGIOSIBCE(018385] (58) DSKKLNHSIRQGLAGIIDLPNDAAS——EVDISHGSEDPRGPTVPGSYQMNGIINETHNGR
0sJACCI [EAZ33685] (58) ﬁSKKLNHSIRQGLAGIIDLPNDAAS——EVDISHGSEDPRGPTVPGSYQMNGIINETHNGR

121 180

AmMACCI [CAC84161] (116) HASLSKVYEFCTELGGKTPIHSVLVANNGMAAAKFMRSVRTWANDTFGSEKAIQLIAMAT

OSIACCI [BGIOSIBCE(018385] (116) HASVSKVVEFCTALGGKTPIHSVLVANNGMAAAKFMRSVRTWANDTFGSEKAIQLIAMAT
0OsJACCI [EAZ33685] (116) HASVSKVVEFCTALGGKTPIHSVLVANNGMARAKFMRSVRTWANDTFGSEKAIQLIAMAT

181 240

AmMACCI [CAC84161] (176) PEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEIAERTGVSAVWPGWGHASENPEL

OSIACCI [BGIOSIBCE018385] (176) PEDLRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEIAERTGVSAVWPGWGHASENPEL
OsJACCI [EAZ33685] (176) PEDLRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEIAERTGVSAVWPGWGHASENPEL

241 300

AMACCI [CAC84161] (236) PDALTAKGIVFLGPPASSMNALGDKVGSALIAQAAGVPTLAWSGSHVEIPLELCLDSIPE

OSIACCI [BGIOSIBCE(018385] (236) PDALTAKGIVFLGPPASSMHALGDKVGSALIAQAAGVPTLAWSGSHVEVPLECCLDSIPD

OsJACCI [EAZ33685] (236) PDALTAKGIVFLGPPASSMHALGDKVGSALIAQAAGVPTLAWSGSHVEVPLECCLDSIPD

301 360

AmACCI [CAC84161] (296) EMYRKACVTTADEAVASCQOMIGYPAMIKASWGGGGKGIRKVNNDDEVKALFKQVQGEVPG

OSIACCI [BGIOSIBCE(018385] (296) EMYRKACVTTTEEAVASCQVVGYPAMIKASWGGGGKGIRKVHNDDEVRTLEFRQVQGEVPG

OsJACCI [EAZ33685] (296) EMYRKACVTTTEEAVASCQVVGYPAMIKASWGGGGKGIRKVHNDDEVRTLFKQVQGEVPG

361 420

AmACCI [CAC84161] (356) SPIFIMRLASQSRHLEVQLLCDEYGNVAALHSRDCSVQRRHQKIIEEGPVTVAPRETVKE

OSIACCI [BGIOSIBCE(018385] (356) SPIFIMRLAAQSRHLEVQLLCDQYGNVAALHSRDCSVQRRHQKIIEEGPVTVAPRETVKE

OsJACCI [EAZ33685] (356) SPIFIMRLAAQSRHLEVQLLCDQYGNVAALHSRDCSVQRRHQKIIEEGPVIVAPRETVKE

421 480

AmMACCI [CAC84161] (416) LEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTESIAEVNLPAAQV

OSIACCI [BGIOSIBCE018385] (416) LEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTEWIAEVNLPAAQV

OsJACCI [EAZ33685] (416) LEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLOQVEHPVTEWIAEVNLPAAQV

481 540

AmACCI [CAC84161] (476) AVGMGIPLWQIPEIRRFYGMDNGGGYDIWRKTAALATPFNFDEVDSQWPKGHCVAVRITS

OSIACCI [BGIOSIBCE(018385] (476) AVGMGIPLWQIPEIRRFYGMNHGGGYDLWRKTAALATPFNFDEVDSKWPKGHCVAVRITS
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OsJACCI [EAZ33685] (476) AVGMGIPLWQIPEIRRFYGMNHGGGYDLWRKTAALATPFNFDEVDSKWPKGHCVAVRITS

541 600

AmMACCI [CAC84161] (536) ENPDDGFKPTGGKVKEISFKSKPNVWGYFSVKSGGGIHEFADSQFGHVFAYGETRSAAIT

OSIACCI [BGIOSIBCE018385] (536) EDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSGGGIHEFADSQFGHVFAYGTTRSARIT
OsJACCI [EAZ33685] (536) EDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSGGGIHEFADSQFGHVFAYGTTRSAAIT

601 660

AmACCI [CAC84161] (596) SMSLALKEIQIRGEIHTNVDYTVDLLNAPDFRENTIHTGWLDTRIAMRVQAERPPWYISV

OSIACCI [BGIOSIBCEQ18385] (596) TMALALKEVQIRGEIHSNVDYTVDLLNASDFRENKIHTGWLDTRIAMRVQAERPPWYISV
0OsJACCI [EAZ33685] (596) TMALALKEVQIRGEIHSNVDYTVDLLNASDFRENKIHTGWLDTRIAMRVQAERPPWYISV

661 720

AmACCI [CACB84161] (656) VGGALYKTITTNAETVSEYVSYLIKGQIPPKHISLVHSTISLNIEESKYTIEIVRSGQGS

OSIACCI [BGIOSIBCE018385] (656) VGGALYKTVTANTATVSDYVGYLTKGQIPPKHISLVYTTVALNIDGKKYTIDTVRSGHGS
OsJACCI [EAZ33685] (656) VGGALYKTVTANTATVSDYVGYLTKGQIPPKHISLVYTTVALNIDGKKYTIDTVRSGHGS

721 780

AmACCI [CAC84161] (716) YRLRLNGSLIEANVQTLCDGGLLMQOLDGNSHVIYAEEEAGGTRLLIDGKTCLLONDHDPS

OSIACCI [BGIOSIBCE(Q18385] (716) YRLRMNGSTVDANVQILCDGGLLMQLDGNSHVIYAEEEASGTRLLIDGKTCMLONDHDPS
OsJACCI [EAZ33685] (716) YRLRMNGSTVDANVQILCDGGLLMQLDGNSHVIYAEEEASGTRLLIDGKTCMLONDHDPS

781 840

BAmACCI [CAC84161] (776) RLLAETPCKLLRFLIADGAHVDADVPYAEVEVMKMCMPLLS PAAGVINVLLSEGQAMOAG

OSIACCI [BGIOSIBCE018385] (776) KLLAETPCKLLRFLVADGAHVDADVPYAEVEVMKMCMPLLSPASGVIHVVMSEGQAMOAG

OsJACCI [EAZ33685] (776) KLLAETPCKLLRFLVADGAHVDADVPYAEVEVMKMCMPLLS PASGVIHVVMSEGQAMOAG

841 200

AmMACCI {CAC84161} (836) DLIARLDLDDPSAVKRAEPFEGSFPEMSLPIAASGQVHKRCAASLNAARMVLAGYDHAAN

OSIACCI [BGIOSIBCE(Q18385] (836) DLIARLDLDDPSAVKRAEPFEDTFPQMGLPIAASGQVHKLCAASLNACRMILAGYEHDID
0OsJACCI [EAZ33685] (836) DLIARLDLDDPSAVKRAEPFEDTFPQMGLPIAASGQVHKLCAASLNACRMILAGYEHDID

901 960

AmACCI [CACB84161] (896) KVVQDLVWCLDTPALPFLQWEELMSVLATRLPRRLKSELEGKYNEYKLNVDHVKIKDFPT

OSIACCI [BGIOSIBCE(018385] (896) KVVPELVYCLDTPELPFLOWEELMSVLATRLPRNLKSELEGKYEEYKVKFDSGIINDEFPA
0sJACCI [EAZ33685] (896) KVVPELVYCLDTPELPFLOWEELMSVLATRLPRNLKSELEGKYEEYKVKFDSGIINDFPA

961 1020

AmACCI [CAC84161] (956) EMLRETIEENLACVSEKEMVTIERLVDPLMSLLKSYEGGRESHAHFIVKSLFEEYLSVEE

OSIACCI [BGIOSIBCE018385] (956) NMLRVIIEENLACGSEKEKATNERLVEPLMSLLKSYEGGRESHAHFVVKSLFEEYLYVEE
0sJACCI [EAZ33685] (956) NMLRVIIEENLACGSEKEKATNERLVEPLMSLLKSYEGGRESHAHFVVKSLFEEYLYVEE

1021 1080

AMACCI [CAC84161] (1016) LFSDGIQSDVIERLRLQYSKDLQKVVDIVLSHQGVRNKTKLILALMEKLVYPNPAAYRDQ
OSIACCI [BGIOSIBCE018385] (1016) LFSDGIQSDVIERLRLQHSKDLQKVVDIVLSHQSVRNKTKLILKLMESLVYPNPAAYRDQ
OsJACCI [EAZ33685] (1016) LFSDGIQSDVIERLRLQHSKDLQKVVDIVLSHQSVRNKTKLILKLMESLVYPNPAAYRDQ
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1081 1140

AmACCI [CAC84161] (1076) LIRFSSLNHKRYYKLALKASELLEQTKLSELRTSIARNLSALDMFTEEKADFSLODRKLA

OSIACCI [BGIOSIBCE018385] (1076) LIRFSSLNHKAYYKLALKASELLEQTKLSELRARIARSLSELEMFTEESKGLSMHKREIA
OsJACCI [EAZ33685] (1076) LIRFSSLNHKAYYKLALKASELLEQTKLSELRARIARSLSELEMFTEESKGLSMHKREIA

1141 1200

AmACCI [CAC84161] (1136) INESMGDILVTAPLPVEDALVSLFDCTDOTLQORVIQTYISRLYQPQLVRDSIQLKYQDSG

OSIACCI [BGIOSIBCE018385] (1136) IKESMEDLVTAPLPVEDALISLFDCSDTTVQORVIETYIARLYQPHLVKDSIKMKWIESG
OsJACCI [ERZ33685] (1136) IKESMEDLVTAPLPVEDALISLFDCSDTTVQORVIETYIARLYQPHLVKDSIKMKWIESG

1201 1260

AmACCI [CAC84161] (1196) VIALWEFTEGNHEKR---——~-=-= LGAMVILKSLESVSTAIGAALKDASHYASSAGNTV

OSIACCI [BGIOSIBCE(018385] (1196) VIALWEFPEGHFDARNGGAVLGDKRWGAMVIVKSLESLSMAIRFALKETSHYTSSEGNMM
OsJACCI [EAZ33685] (1196) VIALWEFPEGHFDARNGGAVLGDKRWGAMVIVKSLESLSMAIRFALKET SHYTSSEGNMM

1261 1320

AmACCI [CAC84161]1 (1246) HIALLDADTQLNTTEDSGDNDQAQDKMDKLSFVLKQDVVMADLRAADVKVVSCIVQRDGA
OSIACCI [BGIOSIBCE(018385] (1256) HIALLGADNKMHIIQESG--~DDADRIAKLPLILKDN--VTDLHASGVKTISFIVQRDEA

0sJACCI (EAZ33685]1 (1256) HIALLGADNKMHIIQESG---DDADRIARLPLILKDN-~VTDLHASGVKTISFIVQRDEA

1321 1380

AmACCI [CAC84161] (1306) IMPMRRTFLLSEEKLCYEEEPILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIY

OSIACCI [BGIOSIBCE018385] (1311) RMTMRRTFLWSDEKLSYEEEPILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIY

OsJACCI [EAZ33685] (1311) RMTMRRTFLWSDEKLSYEEEPILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIY

1381 1440

AmACCI [CAC84161] (1366) TLRNTENPKMLHRVFFRTLVRQPSAGNRFTSDHITDVEVGHAEEPLSFTSSSILKSLKIA

OSIACCI [BGIOSIBCE(18385] (1371) TLRNTENPKMLHRVFFRTLVRQPSVSNKFSSGQIGDMEVGSAEEPLSFTSTSILRSLMTA
OsJACCI [EAZ33685] (1371) TLRNTENPKMLHRVFFRTLVRQPSVSNKFSSGQIGDMEVGSAEEPLSFTSTSILRSLMTA

1441 1500

AmACCI [CAC84161] (1426) KEELELHAIRTGHSHMYLCILKEQKLLDLVPVSGNTVVDVGQDEATACSLLKEMALKIHE

OSIACCI [BGIOSIBCE018385] (1431) IEELELHAIRTGHSHMYLHVLKEQKLLDLVPVSGNTVLDVGQDEATAYSLLKEMAMKIHE
0OsJACCI [EAZ33685] (1431) IEELELHAIRTGHSHMYLHVLKEQKLLDLVPVSGNTVLDVGQDEATAYSLLKEMAMKIHE

1501 1560

AMACCI {[CAC84161] (1486) LVGARMHHLSVCQOWEVKLKLVSDGPASGSWRVVTTNVTGHTCTVDIYREVEDTESQKLVY
OSIACCI [BGIOSIBCE018385] (1491) LVGARMHHLSVCQWEVKLKLDCDGPASGTWRIVITNVTSHTCTVDIYREMEDKESRKLVY
OsJACCI [EAZ33685] (1491) LVGARMHHLSVCQWEVKLKLDCDGPASGTWRIVTTNVTSHTCTVDIYREMEDKESRKLVY

1561 1620

AmACCI [CACS84161] (1546) HSTALSSGPLHGVALNTSYQPLSVIDLKRCSARNNKTTYCYDFPLTFEAAVQKSWSNISS

OSIACCI [BGIOSIBCE018385] (1551) HPATPAAGPLHGVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETAVRKSWSSSTS
OsJACCI [EAZ33685] (1551) HPATPAAGPLHGVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETAVRKSWSSSTS

1621 1680
AmACCI [CAC84161] (1606) ------ ENNQCYVKATELVFAEKNGSWGTPIIPMQRAAGLNDIGMVAWILDMSTPEFPSG
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OSIACCI [BGIOSIBCE(018385] (1611) GASKGVENAQCYVKATELVFADKHGSWGTPLVOMDRPAGLNDIGMVAWTLKMSTPEFPSG
OsJACCI [EAZ33685] (1611) GASKGVENAQCYVKAT-=-——=——===== ELVOMDRLAGLNDIGMVAWTLKMSTPEFLSG

1681 1740

AMACCI [CAC84161) (1660) RQIIVIANDITFRAGSFGPREDAFFEAVTNLACEKKLPLIYLAANSGARIGIADEVKSCFEF

OSIACCI [BGIOSIBCE(018385] (1671) REIIVVANDITFRAGSFGPREDAFFEAVINLACEKKLPLIYLAARNSGARIGIADEVKSCFEF
OsJACCI [EAZ33685] (1658) REIIVVANDITFRAGSFGPREDAFFEAVTNLACEKKLPLIYLAANSGARIGIADEVKSCF

1741 1800

AmACCI [CAC84161] (1720) RVGWTDDSSPERGFRYIYMTDEDHDRIGSSVIAHKMQLDSGEIRWVIDSVVGKEDGLGVE

OSIACCI [BGIOSIBCE018385] (1731) RVGWSDDGSPERGFQYIYLSEEDYARIGTSVIAHKMQLDSGEIRWVIDSVVGKEDGLGVE
OsJACCI [EAZ33685] (1718) RVGWSDDGSPERGFQYIYLSEEDYARIGTSVIAHKMQLDSGEIRWVIDSVVGKEDGLGVE

1801 1860

AmACCI [CAC84161] (1780) NIHGSAAIASAYSRAYEETFTLTFVIGRTVGIGAYLARLGIRCIQRIDQPIILTGEFSALN

OSIACCI [BGIOSIBCE018385] (1791) NIHGSAAIASAYSRAYKETFTLTFVTGRTVGIGAYLARLGIRCIQRLDQPIILTGYSALN
OsJACCI [EAZ33685] (1778) NIHGSAAIASAYSRAYKETFTLTEVTGRTVGIGAYLARLGIRCIQRLDQPIILTGYSALN

1I1781(Am)L
1861 1920
AmACCI [CAC84161} (1840) KLLGREVYSSHMQLGGPKIMATNGVVHLTVPDDLEGVSNILRWLSYVPANIGGPLPITKS
OSIACCI [BGIOSIBCE018385] (1851) KLLGREVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPAYIGGPLPVTTP
OsJACCI [EAZ33685] (1838) KLLGREVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPAYIGGPLPVTTP
1921 : 1980

AmMACCI [CAC84161] (1900) LDPIDRPVAYIPENTCDPRAAISGIDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL
OSIACCI [BGIOSIBCE018385] (1911) LDPPDRPVAYIPENSCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL
OsJACCI [EAZ33685] (1898) LDPPDRPVAYIPENSCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL

1981 2040
AmACCI [CAC84161] (1960) GGIPVGVIAVETQTMMQLVPADPGQPDSHERSVPRAGQVWEFPDSATKTAQAMLDFNREGL
OSIACCI [BGIOSIBCE018385] (1971) GGIPVGVIAVETQTMMQTIPADPGQLDSREQSVPRAGQVWFPDSATKTAQALLDFNREGL
OsJACCI [EAZ33685] (1958) GGIPVGVIAVETQTMMQTIPADPGQLDSREQSVPRAGQVWFPDSATKTAQALLDFNREGL
W1999 (Am)Ct

2041 2100
AMACCI [CAC84161] (2020) PLFILAN@RGFSGGQRDLFEGELQAGSTIVENLRTYNQPAFVYIPKAAELRGGAWVVIQS
OSIACCI [BGIOSIBCE018385] (2031) PLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPMAAELRGGAWVVVDS
0sJACCI [EAZ33685] (2018) PLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPMAAELRGGAWVVVDS
w2027 (Am)C1t I2041(Am)N1 D2078 (Am) Gt

2101 2160
AMACCI [CACB84161]) (2080) RINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELKECMGRLDPELIDLKARLQGAN-GS
OSIACCI [BGIOSIBCE018385] (2091) KINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMSRLDPTLIDLKAKLEVANKNG
OsJACCI [EAZ33685] (2078) KINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMSRLDPTLIDLKAKLEVANKNG
C2088 (Am)R1t 1G2096 (Am) A
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2161 2220
AMACCI [CAC84161] (2139) LSDGESLQKSIEARKKQLLPLYTQIAVRFAELHDTSLRMAAKGVIRKVVDWEDSRSFFYK
OSIACCI [BGIOSIBCE018385] (2151) SADTKSLQENIEARTKQLMPLYTQIAIRFAELHDTSLRMAAKGVIKKVVDWEESRSFFYK

0sJACCI [EAZ33685] (2138) SADTKSLQENIEARTKQLMPLYTQIAIRFAELHDTSLRMAAKGVIKKVVDWEESRSFFYK

2221 2280

AMACCI [CAC84161] (2199) RLRRRLSEDVLAKEIRGVIGEKFPHKSAIELIKKWYLASEAAAAGSTDWDDDDAFVAWRE

OSIACCI [BGIOSIBCE(018385] (2211) RLRRRISEDVLAKEIRAVAGEQFSHQPAIELIKKWYSASHAA-—--- EWDDDDAFVAWMD
OsJACCI [EAZ33685] (2198) RLRRRISEDVLAKEIRAVAGEQFSHQPAIELIKKWYSASHAA-—~~— EWDDDDAFVAWMD

2281 2340

AMACCI [CAC84161] (2259) NPENYKEYIKELRAQRVSRLLSDVAGSSSDLQALPQGLSMLLDKMDPSKRAQFIEEVMKV
OSIACCI [BGIOSIBCE018385) (2266) NPENYKDYIQYLKAQRVSQSLSSLSDSSSDLQALPQGLSMLLDKMDPSRRAQLVEEIRKV
OsJACCI [EAZ33685] (2253) NPENYKDYIQYLKAQRVSQSLSSLSDSSSDLQALPQGLSMLLDKMDPSRRAQLVEEIRKV

2341
AMACCI [CAC84161] (2319) LK
OSIACCI [BGIOSIBCE(018385] (2326) LG
OsJACCI [EAZ33685] (2313) LG

[0081] 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
1781(4m). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has an isoleucine at
position 1781(4m). Acetyl-Coenzyme A carboxylase enzymes of the invention will typically
have an amino acid other than isoleucine at this position. Suitable examples of amino acids
that may be found at this position in the acetyl-Coenzyme A carboxylase enzymes of the
invention include, but are not limited to, leucine and alanine. In one embodiment, an acetyl-

Coenzyme A carboxylase enzyme of the invention will have a leucine at 1781(Am).

[0082] 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(4m). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has a tryptophan at
position 1999(4m). Acetyl-Coenzyme A carboxylase enzymes of the invention will typically
have an amino acid other than tryptophan at this position. Suitable examples of amino acids
that may be found at this position in the acetyl-Coenzyme A carboxylase enzymes of the
invention include, but are not limited to, cysteine . In one embodiment, an acetyl-Coenzyme

A carboxylase enzyme of the invention will have a cysteine at 1999(4m).
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[0083] 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(4m). Acetyl-Coenzyme A carboxylase enzymes of the invention will typically
have an amino acid other than tryptophan at this position. Suitable examples of amino acids
that may be found at this position in the acetyl-Coenzyme A carboxylase enzymes of the
invention include, but are not limited to, cysteine. In one embodiment, an acetyl-Coenzyme

A carboxylase enzyme of the invention will have a cysteine at 2027(Am).

[0084] In ohe embodiment, an acetyl-Coenzyme A carboxylase of the invention differs
from the corresponding wild-type acetyl-Coenzyme A carboxylase at amino acid position
2041(4dm). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has an isoleucine at
position 2041(4m). Acetyl-Coenzyme A carboxylase enzymes of the invention will typically
have an amino acid other than isoleucine at this position. Suitable examples of amino acids
that may be found at this position in the acetyl-Coenzyme A carboxylase enzymes of the
invention include, but are not limited to, asparagine. In one embodiment, an acetyl-

Coenzyme A carboxylase enzyme of the invention will have an asparagine at 2041(4Am).

[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
2078(4Am). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has an aspartate at
position 2078(4m). Acetyl-Coenzyme A 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 found at this position in the acetyl-Coenzyme A carboxylase enzymes of the
invention include, but are not limited to, glycine. In one embodiment, an acetyl-Coenzyme A

carboxylase enzyme of the invention will have a glycine at 2078(4m).

[0086] 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
2088(4Am). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has a cysteine at
position 2088(4m). Acetyl-Coenzyme A carboxylase enzymes of the invention will typically
have an amino acid other than cysteine at this position. Suitable examples of amino acids

that may be found at this position in the acetyl-Coenzyme A carboxylase enzymes of the
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invention include, but are not limited to, arginine. In one embodiment, an acetyl-Coenzyme

A carboxylase enzymé of the invention will have an arginine at 2088(4m).

[0087] 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
2096(4Am). Wild-type A. myosuroides acetyl-Coenzyme A carboxylase has a glycine at
position 2096(4m). Acetyl-Coenzyme A carboxylase enzymes of the invention will typically
have an amino acid other than glycine at this position. Suitable examples of amino acids that
may be found at this position in the acetyl-Coenzyme A carboxylase enzymes of the
invention include, but are not limited to, alanine. In one embodiment, an acetyl-Coenzyme A

carboxylase enzyme of the invention will have an alanine at 2096(4m).

[0088] The present invention also encompasses acetyl-Coenzyme A carboxylase
enzymes with an amino acid sequence that differs in more than one amino acid position from
that of the acetyl-Coenzyme A carboxylase enzyme found in the corresponding wild-type
plant. For example, an acetyl-Coenzyme A carboxylase of the invention may differ in 2, 3,
4, 5, 6, or 7 positions from that of the acetyl-Coenzyme A carboxylase enzyme found in the

corresponding wild-type plant.

[0089] 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
1781(4Am) and at one or more additional amino acid positions. Acetyl-Coenzyme A
carboxylase enzymes of the invention will typically have a leucine or an alanine at position
1781(Am). In addition, enzymes of this embodiment will also comprise one or more of a
cysteine at position 1999(4m), a cysteine at position 2027(4m), an asparagine at position
2041(4Am), a glycine at position 2078(4m), an arginine at position 2088(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(4m) and a cysteine at position
2027(4Am). In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will
have a leucine or an alanine at position 1781(4m) and an asparagine at position 2041(4m).
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
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position 1781(4m), a cysteine at position 2027(4m), and an asparagine at 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), a cysteine at position 2027(4m), an asparagine at position

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

[0090] 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) and at one or more additional amino acid positions. Acetyl-Coenzyme A
carboxylase enzymes of the invention will typically have a cysteine at position 1999(4m). In
addition, enzymes of this embodiment will also comprise one or more of a leucine or alanine
at position 1781(4m), a cysteine at position 2027(4m), an asparagine at position 2041(4m), a
glycine at position 2078(4m), an arginine at position 2088(4m), and an alanine at position
2096. In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will have a
cysteine at position 1999(4m) and a leucine or alanine at position 1781(4m) and a cysteine at
position 2027(4m). In one embodiment, an acetyl-Coenzyme A carboxylase of the invention
will have a cysteine at position 1999(4m) and a leucine or alanine at position 1781(4m) and
an asparagine at position 2041(4m). In one embodiment, an acetyl-Coenzyme A carboxylase
of the invention will have a cysteine at position 1999(4m) and a leucine or alanine at position

1781(4Am), a cysteine at position 2027(4m), and an asparagine at position 2041(4m).

[0091] 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) and at one or more additional amino acid positions. Acetyl-Coenzyme A
carboxylase enzymes of the invention will typically have a cysteine at position 2027(4m). In |
addition, enzymes of this embodiment will also comprise one or more of a leucine or alanine
at position 1781(4m), a cysteine at position 1999(4m), an asparagine at position 2041(4m), a
glycine at position 2078(4m), an arginine at position 2088(4m), and an alanine at position
2096(4Am). In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will

have a cysteine at position 2027(4m) and a leucine or an alanine at position 1781(4m).

[0092] 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

2041(Am) and at one or more additional amino acid positions. Acetyl-Coenzyme A
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carboxylase enzymes of the invention will typically have an isoleucine at position 2041(4m).
In addition, enzymes of this embodiment will also comprise one or more of a leucine or
alanine at position 1781(4m), a cysteine at position 1999(4dm), a cysteine at position
2027(4m), a glycine at position 2078(4m), an arginine at position 2088(4m), and an alanine
at position 2096(4m). In one embodiment, an acetyl-Coenzyme A carboxylase of the
invention will have an asparagine at position 2041(4Am) and a leucine or alanine at position

1781(4Am).

[0093] 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
2078(4m) and at one or more additional amino acid positions. Acetyl-Coenzyme A
carboxylase enzymes of the invention will typically have a glycine at position 2078(4m). In
addition, enzymes of this embodiment will also comprise one or more of a leucine or alanine
at position 1781(4m), a cysteine at position 1999(4m), a cysteine at position 2027(4m), an
asparagine at position 2041(4m), an arginine at position 2088(4m), and an alanine at position
2096(4m). In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will
have a glycine at position 2078(4m) and a leucine or alanine at position 1781(4m). In one
embodiment, an acetyl-Coenzyme A carboxylase of the invention will have a glycine at

position 2078(4m) and an alanine at position 2096(Am).

[0094] 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
2088(4m) and at one or more additional amino acid positions. Acetyl-Coenzyme A
carboxylase enzymes of the invention will typically have an arginine at position 2088(4m).
In addition, enzymes of this embodiment will also comprise one or more of a leucine or
alanine at position 1781(4m), a cysteine at position 1999(4m), a cysteine at position
2027(4m), an asparagine at position 2041(4m), a glycine at position 2078(4m), and an
alanine at position 2096(4m). In one embodiment, an acetyl-Coenzyme A carboxylase of the
invention will have an arginine at position 2088(4m) and a leucine or alanine at position
1781(Am). In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will

have an arginine at position 2088(4m) and an alanine at position 2096(4m).
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[0095] 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
2096(4m) and at one or more additional amino acid positions. Acetyl-Coenzyme A
carboxylase enzymes of the invention will typically have an alanine at position 2096(4m). In
addition, enzymes of this embodiment will also comprise one or more of a leucine or alanine
at positioh 1781(4m), a cysteine at position 1999(4m), a cysteine at position 2027(4m), an
<asparagine at position 2041(4m), a glycine at position 2078(4m), and an arginine at position
2088(4m). In one embodiment, an acetyl-Coenzyme A carboxylase of the invention will
have an alanine at position 2096(4n1) and a leucine or alanine at position 1781(4m). In one
embodiment, an acetyl-Coenzyme A carboxylase of the invention will have an alanine at

position 2096(4m) and an alanine at position 2096(4m).
[0096] Nucleic acid molecules

[0097] The present invention also encompasses nucleic acid molecules that encode all 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
sequence is modified such that the encoded protein comprises one or more of the following:
the amino acid at position 1,781(4m) is leucine or alanine; the amino acid at position
1,999(Am) is cysteine; the amino acid at position 2,027(4m) is cysteine; the amino acid at
position 2,041(4m) is asparagine; the amino acid at position 2,078(4m) is glycine; the amino
acid at position 2088(4m) is arginine or the amino acid at position 2,096(4m) is alanine, as
well as nucleic acid molecules complementary to all or a portion of the coding sequences. In
some embodiments, a nucleic acid molecule of the invention may encode an acetyl-
Coenzyme A carboxylase having multiple differences from the wild type acetyl-Coenzyme A

carboxylase as described above.

[0098] 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(4m) and
a cysteine at position 2027(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(4m) and an asparagine at position 2041(4m). In one embodiment, a nucleic
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acid molecule of the invention may encode an acetyl-Coenzyme A carboxylase comprising a
leucine or an alanine at position 1781(4m) and an alanine at 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(4m), a cysteine at position
2027(Am), and an asparagine at position 2041(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(4m), a cysteine at position 2027(4Am), an asparagine at

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

[0099] A nucleic acid molecule of the invention may be DNA, derived from genomic
DNA or cDNA, or RNA. A nucleic acid molecule of the invention may be naturally
occurring or may be synthetic. A nucleic acid molecule of the invention may be isolated,
recombinant and/or mutagenized.

[0100] In one embodiment, a nucleic acid molecule of the invention encodes an acetyl-
Coenzyme A carboxylase enzyme in which the amino acid at 1781(4m) is leucine or alanine
or is complementary to such a nucleic acid molecule. Such nucleic acid molecules include,
but are not limited to, genomic DNA that serves as a template for a primary RNA
transcription, a plasmid molecule encoding the acetyl-Coenzyme A carboxylase, as well as

an mRNA encoding such an acetyl-Coenzyme A carboxylase.

[0101] Nucleic acid molecules of the invention may comprise non-coding sequences,
‘which may or may not be transcribed. Non-coding sequences that 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 (€.g.,
promoters). Nucleic acid molecules of the invention may also comprise sequences encoding
transit peptides, protease cleavage sites, covalent modification sites and the like. In one
embodiment, nucleic acid molecules of the invention encode a chloroplast transit peptide

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

[0102] In another embodiment, nucleic acid molecules of the invention may encode an
acetyl-Coenzyme A carboxylase enzyme having at least 50%, 60%, 70%, 75%, 80%, 85%,
90%, 95% or more sequence identity to 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
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of the following: the amino acid at position 1,781(4m) is leucine or alanine; the amino acid at
position 1,999(4m) is cysteine; the amino acid at position 2,027(4m) is cysteine; the amino
acid at position 2,041(4m) is asparagine; the amino acid at position 2,078(4m) is glycine; the
amino acid at position 2088(4m) is arginine or the amino acid at position 2,096(4m) is
alanine, as well as nucleic acid molecules complementary to all or a portion of the coding

sequences.

[0103} As used herein, "percent (%) sequence identity" is defined as the percentage of
nucleotides or amino acids in 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 BLAST available at

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

[0104] The present invention also encompasses nucleic acid molecules that hybridize to
nucleic acid molecules encoding acetyl-Coenzyme A carboxylase of the invention as well as
nucleic acid molecules that hybridize to the reverse complement of nucleic acid molecules
encoding an acetyl-Coenzyme A 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(4m) is leucine or alanine; the amino acid at
‘position 1,999(4m) is cysteine; the amino acid at position 2,027(4m) is cysteine; the amino
acid at position 2,041(4m) is asparagine; the amino acid at position 2,078(4m) is glycine; the
amino acid at position 2088(4m) is arginine or the amino acid at position 2,096(4m) is
alanine, as well as nucleic acid molecules complementary to all or a portion of the coding
sequences, or the reverse complement of such nucleic acid molecules under stringent
conditions. The stringency of hybridization can be controlled by temperature, ionic strength,
pH, and the 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
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Sambrook et al., Molecular Cloning, Cold Spring Harbor (1989) which are specifically

incorporated herein as they relate to teaching stringent conditions.

[0105] 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 sequence at
a particular position in a nucleic acid molecule encoding an acetyl-Coenzyme A 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.
[0106] Herbicides

[0107] The present invention provides plants, e.g., rice plants, that are tolerant of
concentrations of herbicide 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 are not limited
to, cyclohexanedione herbicides, aryloxyphenoxy propionate herbicides, and phenylpyrazole
herbicides. In some methods of controlling weeds and/or growing herbicide-tolerant plants,
at least one herbicide is selected from the group consisting of sethoxydim, cycloxydim,

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

[0108] Table 4 provides a list of cyclohexanedione herbicides (DIMs, also referred to as:
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. One skilled 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.

[0109] Table 4
Active Name Synonyms Example Products
Carbodimedon, Zizalon, BAS

Alloxydim 90210H

Butroxydim Butoxydim ' Falcon

Caloxydim

Clethodim Cletodime Select; Prism; Centurion
Cloproxydim
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Active Name Synonyms Example Products
Cycloxydim BAS 517H, BAS 517 Focus
Clefoxydim, BAS 625H, BAS
Profoxydim 625 Aura
Cyethoxydim, BAS 562H,

Sethoxydim BASF 620 Poast; Rezult; Vantage
Tepraloxydim BAS 620H, BAS 620 Aramo
Tralkoxydim Tralkoxydime; Tralkoxidym Achieve; Splendor

[0110]

Table 5 presents a 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. One skilled in the art will reco gnize that other herbicides in

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

invention.
[0111] Table 5
Active Name Synonyms Example Products
Chlorazifop
Clodinafop Discover, Topik
Clofop Fenofibric Acid Alopex
Cyhalofop Barnstorm; Clincher
Diclofop Dichlorfop; llloxan Hoelon; Hoegrass
Fenoxaprop, Option; Fusion;
Fenoxaprop-P Acclaim
Fenthiaprop Taifun; Joker
Fluazi . .
Flﬁ:;ggg iP Fusilade DX; Fusion
Haloxyfop, ) -
Haloxyfop-P Motsa; Verdict; Gallant
Isoxapyrifop
Metamifop
Propaquizafop Correct; Shogun
Quizalofop, . )
Quizalofop-P Quizafop Assure; Targa
Trifop
[0112] 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
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sometimes referred to under the more general class of Phenylpyrazole). An example of such

an herbicide is pinoxaden and it is sold under the tradename Axial.

[0113] 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-membrane disruptor herbicides, photosynthesis or respiration inhibitor herbicides, or
growth regulator or growth inhibitor herbicides known in the art. Non-limiting examples
include those recited in Weed Science Society of America’s Herbicide Handbook, 9th
Edition edited by S.A. Senseman, copy right 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.

[0114] In one embodiment of the invention, any of the above acetyl-Coenzyme A
carboxylase-inhibiting herbicides are combined with herbicides which exhibit low damage to
rice, whereby the rice tolerance to such herbicides may optionally be a result of genetic
modifications of the crop plants. Examples of such herbicides are the acetohydroxyacid
synthase-inhibiting herbicides imazamethabenz, imazamox, imazapic, imazapyr, imazaquin,
imazethapyr, azimsulfuron, bensulfuron, chlorimuron, cyclosulfamuron, ethoxysulfuron,
flucetosulfuron, halosulfuron, imazosulfuron, metsulfuron, orthosulfamuron, propyrisulfuron,
pyrazosulfuron, bispyribac, pyrimisulfan or penoxsulam, the EPSP synthase-inhibiting
herbicides glyphosate or sulfosate, the glutamine synthase-inhibiting herbicides glufosinate,
glufosinate-P or bialaphos, the lipid biosynthesis inhibitor herbicides benfuresate, molinate or
thiobencarb, the photosynthesis inhibitor herbicides bentazon, paraquat, prometryn or
propanil, the bleacher herbicides benzobicyclone, clomazone or tefuryltrione, the auxin
herbicides 2,4-D, fluroxypyr, MCPA, quinclorac, quinmerac or triclopyr, the microtubule
inhibitor herbicide pendimethalin, the VLCFA inhibitor herbicides anilofos, butachlor,

fentrazamide, ipfencarbazone, mefenacet, pretilachlor, acetochlor, metolachlor or S-

38

PGR2021-00113 Ex. 1014
RiceTec, Inc.
Page 041



B248 1010.P2

metolachlor or the protoporphyrinogen-IX-oxidase inhibitor herbicides carfentrazone,

oxadiazon, oxyfluorfen, pyraclonil or saflufenacil.

[0115] In one embodiment of the invention, any of the above acetyl-Coenzyme A
carboxylase-inhibiting herbicides are combined with herbicides which exhibit low damage to
cereals such as wheat, barley or rye, whereby the cereals tolerance to such herbicides may
optionally be a result of genetic modifications of the crop plants. Examples of such
herbicides are the acetohydroxyacid synthase-inhibiting herbicides imazamethabenz,
imazamox, imazapic, imazapyr, imazaquin, imazethapyr, amidosulfuron, chlorsulfuron,
flucetosulfuron, flupyrsulfuron, iodosulfuron, mesosulfuron, metsulfuron, sulfosulfuron,
thifensulfuron, triasulfuron, tribenuron, tritosulfuron, florasulam, pyroxsulam, pyrimisulfan,
flucarbazone, propoxycarbazone or thiencarbazone, the EPSP synthase-inhibiting herbicides
glyphosate or sulfosate, the glutamine synthase-inhibiting herbicides glufosinate, glufosinate-
P or bialaphos, the lipid biosynthesis inhibitor herbicides prosulfocarb, the photosynthesis
inhibitor herbicides bentazon, chlorotoluron, isoproturon, ioxynil, bromoxynil, the bleacher
herbicides diflufenican, flurtamone, picolinafen or pyrasulfotole, the auxin herbicides
aminocyclopyrachlor, aminopyralid, 2,4-D, dicamba, fluroxypyr, MCPA, clopyralid, MCPP,
or MCPP-P, the microtubule inhibitor herbicides pendimethalin or trifluralin, the VLCFA
inhibitor herbicide flufenacet, or the protoporphyrinogen-IX-oxidase inhibitor herbicides

bencarbazone, carfentrazone or saflufenacil, or the herbicide difenzoquat.

[0116] In one embodiment of the invention, any of the above acetyl-Coenzyme A
carboxylase-inhibiting herbicides are combined with herbicides which exhibit low damage to
turf, whereby the turf tolerance to such herbicides may optionally be a result of genetic
modifications of the crop plants. Examples of such herbicides are the acetohydroxyacid
synthase-inhibiting herbicides imazamethabenz, imazamox, imazapic, imazapyr, imazaquin,
imazethapyr, flazasulfuron, foramsulfuron, halosulfuron, trifloxysulfuron, bispyribac or
thiencarbazone, the EPSP synthase-inhibiting herbicides glyphosate or sulfosate, the
glutamine synthase-inhibiting herbicides glufosinate, glufosinate-P or bialaphos, the
photosynthesis inhibitor herbicides atrazine or bentazon, the bleacher herbicides mesotrione,
picolinafen, pyrasulfotole or topramezone, the auxin herbicides aminocyclopyrachlor,

aminopyralid, 2,4-D, 2,4-DB, clopyralid, dicamba, dichlorprop, dichlorprop-P, fluroxypyr,
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MCPA, MCPB, MCPP, MCPP-P, quinclorac, quinmerac or trichlopyr, the microtubule
inhibitor herbicide pendimethalin, the VLCFA inhibitor herbicides dimethenamide,
dimethenamide-P or ipfencarbazone, the protoporphyrinogen-IX-oxidase inhibitor herbicides

saflufenacil or sulfentrazone, or the herbicide indaziflam.

[0117] Furthermore, any of the above acetyl-Coenzyme A carboxylase-inhibiting
herbicides can be combined with safeners. Safeners are chemical compounds which prevent
or reduce damage on useful plants without having a major impact on the herbicidal action of
the herbicides towards unwanted plants. They can be applied either before sowings (e. g. on
seed treatments, shoots or seedlings) or in the pre-emergence application or post-emergence
application of the useful plant. The safeners and the aforementioned herbicides can be

~ applied simultaneously or in succession. Suitable safeners are e. g. (quinolin-8-oxy)acetic
acids, 1-phenyl-5-haloalkyl-1H-1,2,4-triazol-3-carboxylic acids, 1-phenyl-4,5-dihydro-5-
alkyl-1H-pyrazol-3,5-dicarboxylic acids, 4,5-dihydro-5,5-diaryl-3-isoxazol carboxylic acids,
dichloroacetamides, alpha-oximinophenylacetonitriles, acetophenonoximes, 4,6-dihalo-2-
phenylpyrimidines, N-[[4-(aminocarbonyl)phenyl]sulfonyl]-2-benzoic amides, 1,8-naphthalic
anhydride, 2-halo-4-(haloalkyl)-5-thiazol carboxylic acids, phosphorthiolates and N-alkyl-O-
phenylcarbamates. Examples of saferners are benoxacor, cloquintocet, cyometrinil,
cyprosulfamide, dichlormid, dicyclonon, dietholate, fenchlorazole, fenclorim, flurazole,
fluxofenim, furilazole, isoxadifen, mefenpyr, mephenate, naphthalic anhydride, oxabetrinil,
4-(dichloroacetyl)-1-oxa-4-azaspiro[4.5]decane (MON4660, CAS 71526-07-3) and 2,2,5-
trimethyl-3-(dichloroacetyl)-1,3-oxazolidine (R-29148, CAS 52836-31-4).

[0118] Those skilled in the art will recognize that some of the above mentioned
herbicides and/or safeners are capable of forming geometrical isomers, for example E/Z
isomers. It is possible to use both, the pure isomers and mixtures thereof, in the compositions
according to the invention. Furthermore, some of the above mentioned herbicides and/or
safeners have one or more centers of chirality and, as a consequence, are present as
enantiomers or diastereomers. It is possible to use both, the pure enantiomers and
diastereomers and their mixtures, in the compositions according to the invention. In
particular, some of the aryloxyphenoxy propionate herbicides are chiral, and some of them

are commonly used in enantiomerically enriched or enantiopure form, e. g. clodinafop,
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cyhalofop, fenoxaprop-P, fluazifop-P, haloxyfop-P, metamifop, propaquizafop or quizalofop-
P. As a further example, glufosinate may be used in enantiomerically enriched or enantiopure

form, also known as glufosinate-P.

[0119] Those skilled in the art will recognize that any derivative of the above mentioned
herbicides and/or safeners can be used in the practice of the invention, for example

agriculturally suitable salts and esters.

[0120] The herbicides and/or safeners, or the herbicidal compositions comprising them,
can be used, for example, in the form of ready-to-spray aqueous solutions, powders,
suspensions, also highly concentrated aqueous, oily or other suspensions or dispersions,
emulsions, oil dispersions, pastes, dusts, materials for broadcasting, or granules, by means of
spraying, atomizing, dusting, spreading, watering or treatment of the seed or mixing with the
seed. The use forms depend on the intended purpose; in any case, they should ensure the

finest possible distribution of the active ingredients according to the invention.

[0121] The herbicidal compositions comprise an herbicidal effective amount of at least
one of the acetyl-Coenzyme A carboxylase-inhibiting herbicides and potentially other
herbicides and/or safeners and auxiliaries which are customary for the formulation of crop

protection agents.

[0122] Examples of auxiliaries customary for the formulation of crop protection agents
are inert auxiliaries, solid carriers, surfactants (such as dispersants, protective colloids,
emulsifiers, wetting agents and tackifiers), organic and inorganic thickeners, bactericides,
antifreeze agents, antifoams, optionally colorants and, for seed formulations, adhesives. The

person skilled in the art is sufficiently familiar with the recipes for such formulations.

[0123] Examples of thickeners (i.e. compounds which impart to the formulation modified
flow properties, i.e. high viscosity in the state of rest and low viscosity in motion) are
polysaccharides, such as xanthan gum (Kelzan® from Kelco), Rhodopol® 23 (Rhone
Poulenc) or Veegum® (from R.T. Vanderbilt), and also organic and inorganic sheet minerals,

such as Attaclay® (from Engelhardt).
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[0124] Examples of antifoams are silicone emulsions (such as, for example, Silikon®
SRE, Wacker or Rhodorsil® from Rhodia), long-chain alcohols, fatty acids, salts of fatty

acids, organofluorine compounds and mixtures thereof.

[0125] Bactericides can be added for stabilizing the aqueous herbicidal formulations.
Examples of bactericides are bactericides based on diclorophen and benzyl alcohol
hemiformal (Proxel® from ICI or Acticide® RS from Thor Chemie and Kathon® MK from
Rohm & Haas), and also isothiazolinone derivates, such as alkylisothiazolinones and

benzisothiazolinones (Acticide MBS from Thor Chemie).

[0126] Examples of antifreeze agents are ethylene glycol, propylene glycol, urea or
glycerol.
[0127] Examples of colorants are both sparingly water-soluble pigments and water-

soluble dyes. Examples which may be mentioned are the dyes known under the names
Rhodamin B, C.I. Pigment Red 112 and C.L Solvent Red 1, and also pigment blue 15:4,
pigment blue 15:3, pigment blue 15:2, pigment blue 15:1, pigment blue 80, pigment yellow
1, pigment yellow 13, pigment red 112, pigment red 48:2, pigment red 48:1, pigment red
57:1, pigment red 53:1, pigment orange 43, pigment orange 34, pigment orange 3, pigment
green 36, pigment green 7, pigment white 6, pigment brown 25, basic violet 10, basic violet
49, acid red 51, acid red 52, acid red 14, acid blue 9, acid yellow 23, basic red 10, basic red
108.

[0128] Examples of adhesives are polyvinylpyrrolidone, polyvinyl acetate, polyvinyl

alcohol and tylose.

[0129] Suitable inert auxiliaries are, for example, the following: mineral oil fractions of
medium to high boiling point, such as kerosene and diesel oil, furthermore coal tar oils and
oils of vegetable or animal origin, aliphatic, cyclic and aromatic hydrocarbons, for example
paraffin, tetrahydronaphthalene, alkylated naphthalenes and their derivatives, alkylated
benzenes and their derivatives, alcohols such as methanol, ethanol, propanol, butanol and
cyclohexanol, ketones such as cyclohexanone or strongly polar solvents, for example amines

such as N-methylpyrrolidone, and water.
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[0130] Suitable carriers include liquid and solid carriers. Liquid carriers include e.g. non-
aqeuos solvents such as cyclic and aromatic hydrocarbons, e.g. paraffins,
tetrahydronaphthalene, alkylated naphthalenes and their derivatives, alkylated benzenes and
their derivatives, alcohols such as methanol, ethanol, propanol, butanol and cyclohexanol,
ketones such as cyclohexanone, strongly polar solvents, e.g. amines such as N-
methylpyrrolidone, and water as well as mixtures thereof. Solid carriers include e.g. mineral
earths such as silicas, silica gels, silicates, talc, kaolin, limestone, lime, chalk, bole, loess,
clay, dolomite, diatomaceous earth, calcium sulfate, magnesium sulfate and magnesium
oxide, ground synthetic materials, fertilizers such as ammonium sulfate, ammonium
phosphate, ammonium nitrate and ureas, and products of vegetable origin, such as cereal

meal, tree bark meal, wood meal and nutshell meal, cellulose powders, or other solid carriers.

[0131] Suitable surfactants (adjuvants, wetting agents, tackifiers, dispersants and also
emulsifiers) are the alkali metal salts, alkaline earth metal salts and ammonium salts of
aromatic sulfonic acids, for example lignosulfonic acids (e.g. Borrespers-types, Borregaard),
phenolsulfonic acids, naphthalenesulfonic acids (Morwet types, Akzo Nobel) and
dibutylnaphthalenesulfonic acid (Nekal types, BASF AG), and of fatty acids, alkyl- and
alkylarylsulfonates, alkyl sulfates, lauryl ether sulfates and fatty alcohol sulfates, and salts of
sulfated hexa-, hepta- and octadecanols, and also of fatty alcohol glycol ethers, condensates
of sulfonated naphthalene and its derivatives with formaldehyde, condensates of naphthalene
or of the naphthalenesulfonic acids with phenol and formaldehyde, polyoxyethylene
octylphenol ether, ethoxylated isooctyl-, octyl- or nonylphenol, alkylphenyl or tributylphenyl
polyglycol ether, alkylaryl polyether alcohols, isotridecyl alcohol, fatty alcohol/ethylene
oxide condensates, ethoxylated castor oil, polyoxyethylene alkyl ethers or polyoxypropylene
alkyl ethers, lauryl alcohol polyglycol ether acetate, sorbitol esters, lignosulfite waste liquors
and proteins, denaturated proteins, polysaccharides (e.g. methylcellulose), hydrophobically
modified starches, polyvinyl alcohol (Mowiol types Clariant), polycarboxylates (BASF AG,
Sokalan types), polyalkoxylates, polyvinylamine (BASF AG, Lupamine types),
polyethyleneimine (BASF AG, Lupasol types), polyvinylpyrrolidone and copolymers
thereof.
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[0132] Powders, materials for broadcasting and dusts can be prepared by mixing or

concomitant grinding the active ingredients together with a solid carrier.

[0133] Granules, for example coated granules, impregnated granules and homogeneous

granules, can be prepared by binding the active ingredients to solid carriers.

[0134] Aqueous use forms can be prepared from emulsion concentrates, suspensions,
pastes, wettable powders or water-dispersible granules by adding water. To prepare
emulsions, pastes or oil dispersions, the herbicidal compositions, either as such or dissolved
in an oil or solvent, can be homogenized in water by means of a wetting agent, tackifier,
dispersant or emulsifier. Alternatively, it is also possible to prepare concentrates comprising
active compound, wetting agent, tackifier, dispersant or emulsifier and, if desired, solvent or

oil, which are suitable for dilution with water.
[0135] Methods of controlling weeds

[0136] Herbicide-tolerant plants of the invention may be used in conjunction with an
herbicide to which they are tolerant. Herbicides may be applied to the plants of the invention
using any techniques known to 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.

[0137] 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 known useful in the art.

[0138] In one embodiment, herbicides may be used to control the growth of weeds that
may be found growing in the vicinity of the herbicide-tolerant plants invention. In
embodiments of this type, an herbicide may be applied to a plot in which herbicide-tolerant
plants of the invention are growing in vicinity to weeds. An herbicide to which the
herbicide-tolerant plant of the invention is tolerant may then be applied to the plot at a
concentration sufficient to kill or inhibit the growth of the weed. Concentrations of herbicide

sufficient to kill or inhibit the growth of weeds are known in the art.

[0139] It will be readily apparent to one of ordinary skill in the relevant arts that other

suitable modifications and adaptations to the methods and applications described herein are
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obvious and may be made without departing from the scope of the invention or any
embodiment thereof. 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 purposes of illustration only and are not intended to be limiting of the invention.

EXAMPLES
EXAMPLE 1
[0140] Tissue culture conditions
[0141] An in vitro tissue culture mutagenesis assay has been developed to isolate and

characterize plant tissue (e.g., rice tissue) that is tolerant to acetyl-Coenzyme A carboxylase
inhibiting herbicides, e.g., tepraloxydim, cycloxydim, and sethoxydim. The assay utilizes the
somaclonal variation that is found in in vitro tissue culture. Spontaneous mutations derived
from somaclonal variation can be enhanced by chemical mutagenesis and subsequent

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

[0142] The present invention provides tissue culture conditions for encouraging growth
of friable, embryogenic rice callus that is regenerable. Calli were initiated from 4 different
rice cultivars encompassing both Japonica (Taipei 309, Nipponbare, Koshihikari) and Indica
(Indica 1) varieties. Dehusked seed were surface sterilized 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 ingredient lists for the media tested are presented in Table 6.

Table 6

Ingredient Supplier RO01M R025M R026M R327M RO0OBM | MS711R
B5 Vitamins Sigma 1.0X

MS salts Sigma 1.0X 1.0X 1.0X 1.0X
MS Vitamins Sigma 1.0X 1.0X

N6 salts Phytotech | 4.0g/L | 4.0g/L

N6 vitamins Phytotech 1.0X 1.0X

L-Proline Sigma 29¢g/L | 059l 1.2g/L
Casamino Acids BD 03g/lLl | 03¢/l 29/l

Casein Hydrolysate |[Sigma 1.0g/L
L-Asp Monohydrate |Phytotech 150 mg/L |
Nicotinic Acid Sigma 0.5 mg/L |
Pyridoxine HCI Sigma 0.5 mg/L |
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ingredient Supplier R001M RO25M RO26M R327M ROOSM | MS711R
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 309/l 30g/L 30g/L 309/l

Sorbitol Duchefa 30g/L

Sucrose VWR 10 g/L 309/l
NAA Duchefa 50 pa/l

2,4-D Sigma 2.0 mg/L 1.0 mg/L |
MgCl,-6H,0 VWR 750 mg/L

—pH 5.8 5.8 5.8 5.8 5.8 5.7
Gelrite Duchefa | 4.0¢g/L 2.59/L

Agarose Type1 Sigma 7.09/L 10 g/L 10g/L

—Autoclave 15 min | 15 min 156 min 15 min 15 min_| 20 min
Kinetin Sigma 2.0mg/L | 2.0 mg/L

NAA Duchefa 1.0mg/L | 1.0 mg/L

ABA Sigma 5.0 mg/L

Cefotaxime Duchefa 01g/l | 019/t 019/t

Vancomycin Duchefa 01g/lL | 0.1g/lL 0.1g/L

G418 Disulfate Sigma 20mg/L | 20mg/L. | 20 mg/L

RO01M callus induction media was selected after testing numerous variations.

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

after 10-14 days.

EXAMPLE 2

Selection of herbicide-tolerant calli

Once tissue 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

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.

After the establishment of the 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 ROO1M with selective agent.

Over 26,000 calli were subjected to selection for 4-5 subcultures until the selective pressure
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was above toxic levels as determined by kill 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).

[0147] 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 of liquid selection,

cultures were transferred to filters on solid RO01M media for further growth.

EXAMPLE 3
[0148] Regeneration of plants

[0149] Tolerant tissue was regenerated and characterized molecularly for ACCase gene
sequence mutations and/or biochemically for altered ACCase activity in the presence of the

selective agent.

[0150] Following herbicide selection, calli were regenerated using a media regime of
R025M for 10 — 14 days, R026M for ca. 2 weeks, R327M until well formed shoots were
developed, and RO08S until shoots were well rooted for transfer to the greenhouse (Table 5).
Regeneration was carried out in the light. No selection agent was included during

regeneration.

[0151] Once strong roots were established, MO regenerants were transplant to the
greenhouse in 4” square pots in a mixture of sand, NC Sandhills loamy soil, and Redi-earth
(2:4:6) supplemented with gypsum. Transplants were maintained under a clear plastic cup
until they were adapted to greenhouse conditions (ca. 1 week). The greenhouse was set to a
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 and fertilized daily. Rice plants selected for seed increase were
transplanted into one gallon pots. As plants approached maturity and prepared to bolt, the |
pots were placed in small flood flats to better maintain water and nutrient delivery. Plants
were monitored for insects and plant health and managed under standard Integrated Pest

Management practices.
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EXAMPLE 4
[0152] Sequence analysis

[0153] Leaf tissue was collected from clonal plants separated for transplanting and
analyzed as individuals. Genomic DNA was extracted 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.

[0154] Forward Primers:

[0155] OsACCpU5142: 5°-GCAAATGATATTACGTTCAGAGCTG-3’ (SEQ ID NO:7)

[0156] OsACCpU5205: 5°-GTTACCAACCTAGCCTGTGAGAAG-3’ (SEQ ID NO: 8)

[0157] Reverse Primers:

[0158] OsACCpL.7100: 5°-GATTTCTTCAACAAGTTGAGCTCTTC-3’ (SEQ ID NO:
9)

[0159] OsACCpL7054: 5°-AGTAACATGGAAAGACCCTGTGGC-3’ (SEQ ID NO:
10)

[0160] 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.

[0161] PCR products were verified for concentration and fragment size via agarose gel
electrophoresis. Dephosphorylated PCR products were analyzed by direct sequence using
the PCR primers (DNA Landmarks). Chromatogram trace files (.scf) were analyzed for
mutation relative to 0s05g0295300 using Vector NTI Advance 10™ (Invitrogen). Based on
sequence information, two mutations were identified in several individuals. 11781L and
D2078G were present 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.

[0162] Samples inconsistent with an ACCase mutation were spray tested for tolerance
and discarded as escapes. Surprisingly, most of the recovered lines were heterozygous for

the I1781L mutation and resistant events were generated in all tested genotypes using
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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 11781L
heterozygotes varied in appearance, but most looked normal relative to their parental
genotype. Several escapes were recovered and confirmed by sequencing and spray testing;
however, sequencing results of the herbicide sensitive region of ACCase revealed that most
tolerant mutants were heterozygous for an 11781L, A to T mutation. One line, ARWIO10,
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.

EXAMPLE 5
[0163] Demonstration of herbicide-tolerance
[0164] 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.

[0165] 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 and fertilized again. Sprayed plants were photographed and rated for
herbicide injury at 1 (Figure 3) and 2 weeks after 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
damaged after treatment (Figures 3 & 4). Figures 5-16 provide nucleic acid and/or amino

acid sequences of acetyl-Coenzyme A carboxylase enzymes from various plants.

[0166] While the foregoing invention has been described in some detail 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 departing from
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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What is 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 of a 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 sequence of an acetyl-Coenzyme A
carboxylase of a wild-type rice plant at one or more of the following positions: 1,781(4m),

1,999(4m), 2,027(Am), 2,041(Am), 2,078(4m), 2088(4m) or 2,096(4Am).

3. A rice plant, wherein said plant 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(4m) is other than isoleucine; the amino acid at position 1,999(4m) is other
than tryptophan; the amino acid at position 2,027(4m) is other than tryptophan; the amino acid at
position 2,041(4m) is other than isoleucine; the amino acid at position 2,078(4m) is other than
aspartate; the amino acid at position 2088(4m) is other than cysteine; or the amino acid at

position 2,096(4Am) 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 of the following: the amino |
acid at position 1,781(4m) is leucine or alanine; the amino acid at position 1,999(4m) is cysteine
: the amino acid at position 2,027(4m) is cysteine; the amino acid at position 2,041(4dm) is
asparagine; the amino acid at position 2,078(4m) is glycine; the amino acid at position

2088(Am) is Arginine or the amino acid at position 2,096(4m) 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 of herbicide 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

¢) generating an herbicide-tolerant plant from the cells;

wherein the herbicide-tolerant plant was generated by performing a), b) and ¢) oris a

progeny of a plant generated by performing a), b), and ¢).
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6. A rice plant, wherein one or more of the genomes of said 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 more of the following: the amino acid at position 1,781(4m) is leucine or
alanine; the amino acid at position 1,999(4m) is cysteine; the amino acid at position 2,027(4m) is
cysteine; the amino acid at position 2,041(4m) is asparagine; the amino acid at position
2,078(Am) is glycine; the amino acid at position 2088(4m) is arginine or the amino acid at

position 2,096(4m) is alanine.

7. A rice plant wherein:

(a) growth of said plant is tolerant to acetyl-Coenzyme A carboxylase-inhibiting
herbicides at levels of herbicide that would normally inhibit the growth of a rice plant;

(b) said plant is grown from a seed having ATCC accession number PTA-10267; or isa
mutant, recombinant, or genetically engineered derivative of the plant grown from a seed having
ATCC accession number PTA-10267 or of any progeny of the plant grown from a seed having
ATCC accession number PTA-10267; or is a plant which is the progeny of any of these plants;
and

(c) said plant has the herbicide tolerance characteristics of the plant grown from a seed
having ATCC accession number PTA-10267.

8. An herbicide-tolerant rice plant according to claim 5, wherein the cells are in the

form of a callus.

9. A plant of any one of claims claim 1, 2, 3, 4, 5, 6, or 7, wherein said plant is a

member of the species O. sativa.

10. 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 aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,
phenylpyrazoline herbicides or combinations thereof at levels of herbicide that would normally

inhibit the growth of a rice plant.

11. 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 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, fenoxaprop-P, fenthiaprop,
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fluazifop, fluazifop-P, haloxyfop, haloxyfop-P, isoxapyrifop, propaquizafop, quizalofop,
quizalofop-P, trifop, and pinoxaden or a derivative of any of these herbicides at 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, haloxyfop-P, 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 to any one of claims 1, 2, 3, 4, 5, 6, or 7, wherein said rice

plant is a mutagenized rice plant.
15. A cell from a rice plant according to any on of claims 1, 2, 3, 4, 56,o0r7.

16. A method for controlling growth of weeds in vicinity to rice plants, comprising:

applying to the weeds and rice plants an amount of 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 amount of herbicide.

17.  The method of claim 16, wherein said acetyl-Coenzyme A carboxylase-inhibiting
herbicide is selected from the group consisting of aryloxyphenoxypropionate herbicides,

cyclohexanedione herbicides, phenylpyrazoline herbicides or combinations thereof.

18.  The method according to claim 16, 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,
fenoxaprop-P, fenthiaprop, fluazifop, fluazifop-P, haloxyfop, haloxyfop-P, isoxapyrifop,
propagquizafop, quizalofop, quizalofop-P, trifop, and pinoxaden or a 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, haloxyfop-P, or a

derivative of any of these herbicides that would normally inhibit the growth of a rice plant.
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20. A method for controlling growth of weeds in vicinity to rice plants, comprising:
applying one or more herbicides to the weeds and to the rice plants at levels of herbicide
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, cyclohexanedione herbicides,

phenylpyrazoline herbicides or combinations thereof.

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,
fenoxaprop-P, fenthiaprop, fluazifop, fluazifop-P, haloxyfop, haloxyfop-P, isoxapyrifop,
propaquizafop, quizalofop, quizalofop-P, 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, haloxyfop-P, or a

derivative of any of these herbicides.

24. A method for 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-Coenzyme A carboxylase-inhibiting herbicides to the
hybrid rice and to the weeds in vicinity to the hybrid rice at levels of herbicide that would

normally inhibit the growth of a 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 according to claim 24, 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,
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fenoxaprop-P, fenthiaprop, fluazifop, fluazifop-P, haloxyfop, haloxyfop-P, isoxapyrifop,
propaquizafop, quizalofop, quizalofop-P, trifop, and pinoxaden, or a derivative of any of these

herbicides.

27. A method according to claim 24, wherein at least one herbicide is selected from
the group consisting of sethoxydim, cycloxydim, tepraloxydim, haloxyfop, haloxyfop-P, or a

derivative of any of these herbicides.

28. A method for selecting herbicide-tolerant rice plants, 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;

(c) applying one or more herbicides to the hybrid rice 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; and

(d) harvesting seeds from the rice plants to which herbicide has been applied.

29. A method according to claim 28, wherein at least one herbicide is selected from
the group consisting of aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,

phenylpyrazoline herbicides or combinations thereof.

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,
fenoxaprop-P, fenthiaprop, fluazifop, fluazifop-P, haloxyfop, haloxyfop-P, isoxapyrifop,
propaquizafop, quizalofop, quizalofop-P, 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, haloxyfop-P, or a

derivative of any of these herbicides.

32. A method for growing herbicide-tolerant rice plants, comprising:
(a) planting rice seeds;

(b) allowing the rice seeds to sprout;
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(c) applying one or more herbicides 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.

33. A method according to claim 32, wherein at least one herbicide is selected from
the group consisting of aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides,

phenylpyrazoline herbicides or combinations thereof.

34. A method according to 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,
fenoxaprop-P, fenthiaprop, fluazifop, fluazifop-P, haloxyfop, haloxyfop-P, isoxapyrifop,
propaquizafop, quizalofop, quizalofop-P, trifop, and pinoxaden, or a derivative of any of these

herbicides.

35. A method according to claim 32, wherein at least one herbicide is selected from
the group consisting of sethoxydim, cycloxydim, tepraloxydim, haloxyfop, haloxyfop-P, or a

derivative of any of these herbicides.
36. A method for 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.  Arice 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, hypocbtyls, 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.
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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 growth of a rice plant.

43. 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 differs from an amino
acid sequence of an acetyl-Coenzyme A carboxylase of a wild-type rice plant at one or more of
the following positions: 1,781(4m), 1,999(4m), 2,027(Am), 2,041(4Am), 2,078(4Am), 2088(4m) or
2,096(4m).

44, 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(4m) is other than isoleucine; the amino acid at
position 1,999(4m) is other than tryptophan; the amino acid at position 2,027(4m) is other than
tryptophan; the amino acid at position 2,041(4m) is other than isoleucine; the amino acid at
position 2,078(4m) is other than aspartate; the amino acid at position 2088(4m) is other than

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

45. 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(4m) is leucine or alanine; the amino acid at
position 1,999(4m) is cysteine; the amino acid at position 2,027(4m) is cysteine; the amino acid
at position 2,041(4m) is asparagine; the amino acid at position 2,078(4Am) is glycine; the amino

acid at position 2088(4m) is arginine or the amino acid at position 2,096(4m) is alanine.

46. A method for producing rice seed, comprising:

crossing an herbicide-tolerant rice plant with other rice germplasm; and

harvesting the resulting hybrid rice seed, wherein the herbicide-tolerant rice plant 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.

47. ‘A method for producing an F1 hybrid rice seed, comprising:

crossing an herbicide-tolerant rice plant with a different rice plant; and
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harvesting the resultant F1 hybrid rice seed, wherein the herbicide-tolerant rice plant 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.

48. A method of producing 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 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.
49. A method according to claim 48, wherein the cell is in the form of a 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,
fenoxaprop-P, fenthiaprop, fluazifop, fluazifop-P, haloxyfop, haloxyfop-P, isoxapyrifop,
propaquizafop, quizalofop, quizalofop-P, 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, haloxyfop-P, or a

derivative of any of these herbicides.

52. A method according to 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(4m) is leucine or alanine; the amino acid at position 1,999(4m) is cysteine; the amino acid
at position 2,027(4m) is cysteine; the amino acid at position 2,041(4m) is asparagine; the amino
acid at position 2,078(4m) is glycine; the amino acid at position 2088(A4m) is arginine or the

amino acid at position 2,096(4m) is alanine.
53.  An herbicide-tolerant rice plant produced by the method of claim 48.

54. A method of producing an herbicide-tolerant rice plant, comprising:
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transforming a cell of a rice plant with a transgene encoding an enzyme that 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 combinations thereof.
55. A method according to claim 54, wherein the cell is in the form of a callus.
56.  An herbicide-tolerant rice plant produced by the method of claim 54.

57. A method of producing a recombinant rice plant, comprising:

transforming a cell of a rice plant with a transgene,

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 combinations thereof.
58. A method according to claim 57, wherein the cell is in the form of a callus.
59.  The method according to claim 57, wherein the transgene encodes a 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 transgene is selected from the
group consisting of nucleotide sequences encoding fructosyltransferase, levansucrase, alpha-
amylase, invertase and starch branching enzyme or encoding an antisense of stearyl-ACP

desaturase.
62. A recombinant rice plant produced by the method of claim 57.

63. A method of producing a 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 progeny plants;

58

PGR2021-00113 Ex. 1014
RiceTec, Inc.
Page 061



B248 1010.P2

(b) selecting one or more progeny plants that have the desired trait to produce selected
progeny plants;

(c) crossing the selected progeny plants with the herbicide-tolerant plants to produce
backcross progeny plants;

(d) selecting for backcross progeny plants 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.

64. A method according to claim 63, wherein the desired trait is selected from the
group consisting of male sterility, herbicide tolerance, drought tolerance insect resistance,
modified fatty acid metabolism, modified carbohydrate metabolism and resistance to bacterial

disease, fungal disease or 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. A male sterile rice plant produced by the method of claim 65.

67. A composition, comprising:

one or more cells of a rice plant; and

an aqueous medium, wherein the medium comprises a compound that inhibits acetyl-
Coenzyme A carboxylase activity, and wherein the cells are 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 a rice plant.

68. A composition according to claim 67, wherein the compound comprises one or
more of aryloxyphenoxypropionate herbicides, cyclohexanedione herbicides, phenylpyrazoline

herbicides and combinations thereof.

69.  Anisolated nucleic acid molecule encoding a rice acetyl-Coenzyme A

carboxylase (ACCase) in which the amino acid sequence differs from an amino acid sequence of
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an acetyl-Coenzyme A carboxylase of a wild-type rice plant at one or more of the following
positions: 1,781(4m), 1,999(4m), 2,027(Am), 2,041(Am), 2,078(4Am), 2088(4m) or 2,096(4m).

70.  Anisolated nucleic acid molecule encoding a rice 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(4m) is other than isoleucine; the amino acid at
position 1,999(4m) is other than tryptophan; the amino acid at position 2,027(4m) is other than
tryptophan; the amino acid at position 2,041(4m) is other than isoleucine; the amino acid at
position 2,078(4m) is other than aspartate; the amino acid at position 2088(4m) is other than

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

71.  Anisolated nucleic acid molecule encoding a rice 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(4m) is leucine or alanine; the amino acid at position
1,999(4m) is cysteine; the amino acid at position 2,027(4m) is cysteine; the amino acid at
position 2,041(4m) is asparagine; the amino acid at position 2,078(4m) is glycine; the amino

acid at position 2088(Am) is Arginine or the amino acid at position 2,096(4m) is alanine.

72.  Anisolated nucleic acid molecule encoding a protein comprising SEQ ID
NO:XX.

73.  An herbicide-tolerant, BEP clade plant having increased tolerance to an ACCase-
inhibitor (ACCI) as compared to a wild-type variety of the plant, wherein the herbicide-tolerant
plant is produced by a process comprising either:

(D) the steps of

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

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

(© contacting cells of said culture with an ACCI;

(@ growing ACCI-contacted cells from step (c) to form a culture containing
cells having a level of ACCI tolerance greater than the first level of step
(a); and

(e) generating, from ACCl-tolerant cells of step (d), a plant having a level of
ACCI tolerance greater than that of a wild-type variety of the plant; or
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(II) the steps of
® providing a 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.

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 does not

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 sequence of an acetyl-Coenzyme A carboxylase of a corresponding
wild-type BEP clade plant at one or more of the following positions: 1,781(4m), 1,999(4m),
2,027(4m), 2,041(4Am), 2,078(4m), 2088(4m) or 2,096(4m).

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 amino acid at position 1,781(4m) is other than
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isoleucine; the amino acid at position 1,999(4m) is other than tryptophan; the amino acid at
position 2,027(4m) is other than tryptophan; the amino acid at position 2,041(4m) is other than
isoleucine; the amino acid at position 2,078(4Am) is other than aspartate; the amino acid at
position 2088(4m) is other than cysteine; or the amino acid at position 2,096(4m) is other than

glycine;.

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 more of the following: the amino acid at position 1,781(4Am) is leucine or
alanine; the amino acid at position 1,999(4m) is cysteine; the amino acid at position 2,027(4m) is
cysteine; the amino acid at position 2,041(4m) is asparagine; the amino acid at position "
2,078(4m) is glycine; the amino acid at position 2088(Am) is Arginine or the amino acid at

position 2,096(4m) is alanine.

83.  An herbicide-tolerant plant, wherein said plant is produced by the process of:

(a) crossing or back-crossing a plant grown from a seed of a plant according to claim 73
with other germplasm;

(b) growing the plants resulting from said crossing or back-crossing in the presence of at
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 presence of the '
herbicide.

84.  Anisolated nucleic acid molecule comprising a nucleotide sequence encoding a
mutagenized acetyl-Coenzyme A carboxylase of a plant in the BEP clade of the Family Poaceaé,
in which the amino acid sequence of the mutagenized acetyl-Coenzyme A carboxylase differs
from an amino acid sequence of an acetyl-Coenzyme A carboxylase of the corresponding wild-
type plant at one or more of the following positions: 1,781(4m), 1,999(4m), 2,027(4m),
2,041(4Am), 2,078(Am), 2088(4Am) or 2,096(4m).

85. A nucleic acid according to claim 84, wherein the nucleic acid has been isolated
from a plant by a process comprising either:

(I) the steps of
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(a) providing BEP clade plant cells having a first, zero or non-zero level of
ACCase-inhibitor (ACCI) tolerance;
W) growing the cells in contact with a medium to form a cell culture;
(c) contacting cells of said culture with an ACCI;
(d) growing ACClI-contacted cells from step (c) to form a culture containing
cells having a level of ACCI tolerance greater than the first level of step
(a); and
() generating, from ACCl-tolerant cells of step (d), a plant having a level of
ACCI tolerance greater than that of a wild-type variety of the plant; or
(IT) the steps of
® providing a 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)-(€); and
(2) 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 clade plant. ,

86. A rice plant according to claim 4, wherein said plant expresses an acetyl-
Coenzyme A carboxylase (ACCase) in which the amino acid at position 1,781(4m) is leucine or
alanine and at least one of the following: the amino acid at position 2,027(4m) is cysteine; the
amino acid at position 2,041(4m) is asparagine; or the amino acid at position 2,‘096(Am) is

alanine.

87.  Arice plant according to claim 86, wherein said plant expresses an acetyl-

Coenzyme A carboxylase (ACCase) in which the amino acid at position 2,027(4m) is cysteine.

88.  Arice plant according to claim 86, wherein said plant expresses an acetyl-
Coenzyme A carboxylase (ACCase) in which the amino acid at position 2,041(4m) is

asparagine.
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89. A rice plant according to claim 86, wherein said plant expresses an acetyl-
Coenzyme A carboxylase (ACCase) in which the amino acid at position 2,049(4m) is

phenylalanine.

90.  Arice plant according to claim 86, wherein said plant expresses an acetyl-

Coenzyme A carboxylase (ACCase) in which the amino acid at position 2,078 (4m) is glycine.

91. A rice plant according to claim 86, wherein said plant expresses an acetyl-

Coenzyme A carboxylase (ACCase) in which the amino acid at position 2,096(4m) is alanine.

92. A rice plant according to claim 86, wherein said plant expresses an acetyl-
Coenzyme A carboxylase (ACCase) in which the amino acid at position 2,027(4m) is cysteine

and the amino acid at position 2,041(4m) is asparagine.

93.  Arice plant according to claim 4, wherein said plant expresses an acetyl-
Coenzyme A carboxylase (ACCase) in which the amino acid at position 1,781(4m) is alanine,
the amino acid at position 2027(4m) is cysteine, and the amino acid at position 2041(4m) is

asparagine.

94.  An herbicide-tolerant plant according to claim 73, wherein said plant is a wheat,

barley or rye plant and is a member of the genus Triticum, Hordeum, or Lolium.

95. A wheat, barley or rye plant according to claim 94, 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

of a wheat, barley or rye plant.

96. A wheat, barley or rye plant according to claim 94, wherein growth of the plant is
tolerant to at least one herbicide selected from the group consisting of butroxydim, clethodim,
cycloxydim, profoxydim, sethoxydim, tepraloxydim, clodinafop, clofop, fenoxaprop,
fenoxaprop-P, fluazifop, fluazifop-P, haloxyfop, haloxyfop-P, metamifop, propaquizafop,
quizalofop, quizalofop-P and pinoxaden or a derivative of any of these herbicides at levels of

herbicide that would normally inhibit the growth of a wheat, barley or rye plant.

97. A method for controlling growth of weeds in vicinity to wheat, barley or rye

plants, comprising:
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applying to the weeds and wheat, barley or rye plants an amount of an acetyl-Coenzyme
A carboxylase-inhibiting herbicide that inhibits naturally occurring acetyl-Coenzyme A
carboxylase activity, wherein said wheat, barley or rye plants comprise altered acetyl-Coenzyme
A carboxylase activity such that said wheat, rye or barley plants are tolerant to the applied

amount of herbicide.

98.  The method of claim 97, wherein said acetyl-Coenzyme A carboxylase-inhibiting
herbicide is selected from the group consisting of aryloxyphenoxypropionate herbicides,

cyclohexanedione herbicides, phenylpyrazoline herbicides or combinations thereof.

99.  The method of claim 97, wherein said acetyl-Coenzyme A carboxylase-inhibiting
herbicide is selected from the group consisting of butroxydim, clethodim, cycloxydim,
profoxydim, sethoxydim, tepraloxydim, clodinafop, clofop, fenoxaprop, fenoxaprop-P, fluazifop,
fluazifop-P, haloxyfop, haloxyfop-P, metamifop, propaquizafop, quizalofop, quizalofop-P and

pinoxaden or a derivative of any of these herbicides or combinations thereof.

100. The method of claim 97, 98 or 99, wherein said acetyl-Coenzyme A carboxylase-
inhibiting herbicide is used in combination with at least one other herbicide selected from the
group consisting of the acetohydroxyacid synthase-inhibiting herbicides imazamethabenz,
imazamox, imazapic, imazapyr, imazaquin, imazethapyr, amidosulfuron, chlorsulfuron,
flucetosulfuron, flupyrsulfuron, iodosulfuron, mesosulfuron, metsulfuron, sulfosulfuron,
thifensulfuron, triasulfuron, tribenuron, tritosulfuron, florasulam, pyroxsulam, pyrimisulfan,
flucarbazone, propoxycarbazone and thiencarbazone, the EPSP synthase-inhibiting herbicides
glyphosate and sulfosate, the glutamine synthase-inhibiting herbicides glufosinate, glufosinate-P
and bialaphos, the lipid biosynthesis inhibitor herbicides prosulfocarb, the photosynthesis
inhibitor herbicides bentazon, chlorotoluron, isoproturon, ioxynil, bromoxynil, the bleacher
herbicides diflufenican, flurtamone, picolinafen and pyrasulfotole, the auxin herbicides
aminocyclopyrachlor, aminopyralid, 2,4-D, dicamba, fluroxypyr, MCPA, clopyralid, MCPP and
MCPP-P, the microtubule inhibitor herbicides pendimethalin and trifluralin, the VLCFA
inhibitor herbicide flufenacet, or the protoporphyrinogen-IX-oxidase inhibitor herbicides
bencarbazone, carfentrazone and saflufenacil, and the herbicide difenzoquat or a derivative of

any of these herbicides.
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101.  An herbicide-tolerant plant according to claim 73, wherein said plant is a turf

plant and is a member of the genus Zoysia japonica, Agrostris palustris or Poa pratensis.

102. A turf grass plant according to the claim 101, 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

of a turf grass plant.

103. A turf grass plant according to claim 101, wherein growth of the plant is tolerant
to at least one herbicide selected from the group consisting of alloxydim, butroxydim, clethodim,
cycloxydim, profoxydim, sethoxydim, tepraloxydim, tralkoxydim, clodinafop, clofop, diclofop,
fenoxaprop, fenoxaprop-P, fluazifop, fluazifop-P, haloxyfop, haloxyfop-P, metamifop,
propaquizafop, quizalofop, quizalofop-P and pinoxaden or a derivative of any of these herbicides

at levels of herbicide that would normally inhibit the growth of a turf grass plant.

104. A turf grass plant according to claim 101, wherein growth of the plant is tolerant
to at least one herbicide selected from the group consisting of clethodim, cycloxydim,
profoxydim, sethoxydim and tepraloxydim or a derivative of any of these herbicides at levels of

herbicide that would normally inhibit the growth of a turf grass plant.

105. A method for controlling growth of weeds in vicinity to turf grass plants,
comprising:

applying to the weeds and turf grass plants an amount of an acetyl-Coenzyme A
carboxylase-inhibiting herbicide that inhibits naturally occurring acetyl-Coenzyme A
carboxylase activity, wherein said turf grass plants comprise altered acetyl-Coenzyme A
| carboxylase activity such that said turf grass plants are tolerant to the applied amount of
herbicide.

106. The method of claim 105, wherein said acetyl-Coenzyme A carboxylase-
inhibiting herbicide is selected from the group consisting of aryloxyphenoxypropionate

herbicides, cyclohexanedione herbicides, phenylpyrazoline herbicides or combinations thereof.

107. The method of claim 105, wherein said acetyl-Coenzyme A carboxylase-
inhibiting herbicide is selected from the group consisting of butroxydim, clethodim, cycloxydim,

profoxydim, sethoxydim, tepraloxydim, clodinafop, clofop, fenoxaprop, fenoxaprop-P, fluazifop,
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fluazifop-P, haloxyfop, haloxyfop-P, metamifop, propaquizafop, quizalofop, quizalofop-P and

pinoxaden or a derivative of any of these herbicides or combinations thereof.

108. The method of claim 105, wherein said acetyl-Coenzyme A carboxylase-
inhibiting herbicide is selected from the group consisting of clethodim, cycloxydim, profoxydim,

sethoxydim and tepraloxydim or a derivative of any of these herbicides or combinations thereof.

109. The method of claim 105, 106, 107 or 108, wherein said acetyl-Coenzyme A
carboxylase-inhibiting herbicide is used in combination with at least one other herbicide selected
from the group consisting of the acetohydroxyacid synthase-inhibiting herbicides
irhazamethabenz, imazamox, imazapic, imazapyr, imazaquin, imazethapyr, flazasulfuron,
foramsulfuron, halosulfuron, trifloxysulfuron, bispyribac and thiencarbazone, the EPSP
synthase-inhibiting herbicides glyphosate and sulfosate, the glutamine synthase-inhibiting
herbicides glufosinate, glufosinate-P and bialaphos, the photosynthesis inhibitor herbicides
atrazine and bentazon, the bleacher herbicides mesotrione, picolinafen, pyrasulfotole and
topramezone, the auxin herbicides aminocyclopyrachlor, aminopyralid, 2,4-D, 2,4-DB,
clopyralid, dicamba, dichlorprop, dichlorprop-P, fluroxypyr, MCPA, MCPB, MCPP, MCPP-P,
quinclorac, quinmerac and trichlopyr, the microtubule inhibitor herbicide pendimethalin, the
VLCFA inhibitor herbicides dimethenamide, dimethenamide-P and ipfencarbazone, the
protoporphyrinogen-IX-oxidase inhibitor herbicides saflufenacil and sulfentrazone, and the

herbicide indaziflam or a derivative of any of these herbicides.

110. The method of claim 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34 or 35, wherein said acetyl-Coenzyme A carboxylase-inhibiting herbicide is used in
combination with at least one other herbicide selected from the group consisting of the
acetohydroxyacid synthase-inhibiting herbicides imazamethabenz, imazamox, imazapic,
imazapyr, imazaquin, imazethapyr, azimsulfuron, bensulfuron, chlorimuron, cyclosulfamuron,
ethoxysulfuron, flucetosulfuron, halosulfuron, imazosulfuron, metsulfuron, orthosulfamuron,
propyrisulfuron, pyrazosulfuron, bispyribac, pyrimisulfan and penoxsulam, the EPSP synthase-
inhibiting herbicides glyphosate and sulfosate, the glutamine synthase-inhibiting herbicides
glufosinate, glufosinate-P and bialaphos, the lipid biosynthesis inhibitor herbicides benfuresate,
molinate and thiobencarb, the photosynthesis inhibitor herbicides bentazon, paraquat, prometryn

and propanil, the bleacher herbicides benzobicyclone, clomazone and tefuryltrione, the auxin
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herbicides 2,4-D, fluroxypyr, MCPA, quinclorac, quinmerac and triclopyr, the microtubule
inhibitor herbicide pendimethalin, the VLCFA inhibitor herbicides anilofos, butachlor,
fentrazamide, ipfencarbazone, mefenacet, pretilachlor, acetochlor, metolachlor and S-
metolachlor and the protoporphyrinogen-IX-oxidase inhibitor herbicides carfentrazone,

oxadiazon, oxyfluorfen, pyraclonil and saflufenacil or a derivative of any of these herbicides.
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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 enzyme that is tolerant to the action of acetyl-Coenzyme A

carboxylase enzyme inhibitors.
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FIGURE 1
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FIGURE 2

 Indica 1
Taipei 309 1st 0-2.5 pM
Koshihikari 2rd: 2.5 uM
Nipponbare 31 10 M
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FIGURE 3
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FIGURE 4
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FIGURE 3

LOCUS CAC8416l 2320 aa linear PLN 14-NOV-
2006

DEFINITION acetyl-coenzyme A carboxylase [Alopecurus myosuroides].
ACCESSION CAC84161

VERSION CAC84161.1 GI:20975574

DBSOURCE enbl accession AJ310767.1

KEYWORDS

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,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), 7924-806 (2005)

PUBMED 15579665
REFERENCE 6 (residues 1 to 2320)
AUTHORS Delye,C.
TITLE Direct Submission
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JOURNAL

FEATURES

source

Protein

Region

Region

Region

Region

committed

Region
metaboliém];

Region

biotin
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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

Location/Qualifiers

1..2320

/organism="Alopecurus myosuroides"

/strain="vV1"

/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="CPSase_L chain"
/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="CPSase_L_D2"

/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 carb C"

/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

cCoGO511"

/db_xref="CDD:30857"

<787..841

/region 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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842..1556
/region_name="ACC_central"
/note="Acetyl-CoA carboxylase,

Region

central region. The

region :
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"
/db_xref="CDD:87496"

1654..2204

/region name="Carboxyl trans"

/note="Carboxyl transferase domain. All of the members

Region

in

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

CDS

details
recorded"
/db_xref="GOA:Q8LRK2"
/db_xref="HSSP:Q00955"
/db_xref="InterPro:IPR0O00022"
/db_xref="InterPro:IPRO000E9"
/db_xref="InterPro:IPR000408"
/db_xref="InterPro:IPR005479"
/db_xref="InterPro:IPRO05481"
/db_xref="InterPro:IPR005482"
/db_xref="InterPro:IPR0O11053"
/db_xref="InterPro:IPR011054"
/db_xref="InterPro:IPRO11761"
/db_xref="InterPro:IPRO11763"
/db_xref="InterPro:IPRO11764"
/db_xref="InterPro:IPR01L3537"

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081

mgsthlpivg
dpaghggsir
kvyefctelg
inaehiriad
akgivElgpp
acvttadeav
mrlasgsrhl
rrlakavgyv
iplwgipeir
gfkptggkvk
lkeigirgei
yvktittnaet
ngslieanvqg
tpckllrfli
ldlddpsavk
lvwcldtpal
tieenlacvs
igsdvierlr
slnhkryykl

/db_xref="UniProtKB/TrEMBL:Q8LRK2"

fnasttpsls
gglagiidlp
gktpihsvlv
gfvevpggtn
assmnalgdk
ascgmigypa
evgllcdeyg
gaatveylys
rfygmdnggyg
eisfkskpnv
htnvdytvdl
vseyvsylik
tlcdggllmg
adgahvdadv
raepfegsfp
pflgweelms
ekemvtierl
lgyskdlgkv
alkaselleq

tlrginsaaa
kegasapdvd
anngmaaakf
nnnyanvgli
vgsaliaqgaa
mikaswgggg
nvaalhsrdc
metgeyyfle
ydiwrktaal
wgyfsvksgg
lnapdfrent
ggippkhisl
ldgnshviya
pyaevevmkm
emslpiaasg
vliatrlprrl
vdplmsllks
vdivlshqgv
tklselrtsi

afgssspsrs
ishgsedhka
mrsvrtwand
veiaertgvs
gvptlawsgs
kgirkvnndd
svgrrhgkii
lnprlgvehp
atpfnfdevd
gihefadsqgf
ihtgwldtri
vhstislnie
eeeaggtrll
cmpllspaag
gvhkrcaasl
kselegkyne
yveggreshah
rnktklilal
arnlsaldmf

skkksrrvks
sygmngilne
tfgsekaiqgl
avwpgwghas
hveiplelcl
evkalfkqvg
eegpvtvapr
vtesiaevnl
sqwpkghcva
ghvfaygetr
amrvgaerpp
eskytieivr
idgktcllagn
vinvllsegq
naarmvlagy
yklnvdhvki
fivkslfeey
meklvypnpa
teekadfslqg

irddgdgsvp
shngrhasls
iamatpedmr
enpelpdalt
dsipeemyrk
gevpgspifi
etvkeleqgaa
paagvavgmg
vritsenpdd
saaitsmsla
wylsvvggal
sgqggsyrlrl
dhdpsrllae
amgagdliar
dhaankvvqgd
kdfptemlre
1sveelfsdg
ayrdqlirfs
drklainesm
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/7

1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281

gdlvtaplpv
eftegnhekr
dsgdndgagd
cyeeepilrh
frtlvrgpsa
mylcilkeqk
vklklvsdgp
ntsyqgplsvi
ekngswgtpi
daffeavtnl
edhdrigssv
ltfvtgrtvg
tngvvhltvp
isgiddsqgk
dpggpdsher
ilgagstive
pgglieikfr
tgiavrfael
fphksaieli
dvagsssdlq

edalvslfdc
lganmvilksl
kmdklsfvlk
vepplsalle
gnrftsdhit
1ldlvpvsgn
asgswrvvtt
dlkrcsarnn
ipmgraagln
acekklpliy
iahkmgldsg
igaylarlgi
ddlegvsnil
wlggmfdkds
svpragqvwi
nlrtyngpaf
seelkecmgr
hdtslrmaak
kkwylaseaa
alpgglsmll

tdgtlqggrvi
esvstaigaa
gdvvmadlra
ldklkvkgyn
dvevghaeep
tvvdvggdea
nvtghtctvd
kttycydfpl
digmvawild
laansgarig
eirwvidsvv
rcigridgpi
rwlsyvpani
fvetfegwak
pdsatktaga
vyipkaaelr
ldpelidlka
gvirkvvdwe
aagstdwddd
dkmdpskrag

qtyisrlyqp
lkdashyass
advkvvsciv
emkytpsrdr
lsftsssilk
tacsllkema
iyrevedtes
tfeaavgksw
mstpefpsgr
iadevkscfr
gkedglgven
iltgfsalnk
ggplpitksl
tvvtgraklg
mldfnreglp
ggawvvidsk
rlggangsls
dsrsffykrl
dafvawrenp
fieevmkvlk

glvkdsiglk
agntvhiall
grdgaimpmr
gwhiytlrnt
slkiakeele
lkihelvgar
gklvyhstal
snissenngc
giiviandit
vgwtddsspe
ihgsaaiasa
llgrevyssh
dpidrpvayi
gipvgviave
lfilanwrgf
inpdriecya
dgeslgksie
rrrlsedvla
enykeyikel
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yqgdsgvialw
dadtglntte
rtfllseekl
enpkmlhrvE
lhairtghsh
mhhlsvcgwe
ssgplhgval
yvkatelvfa
fragsfgpre
rgfryiymtd
ysrayeetft
mglggpkima
pentcdpraa
tgtmmglvpa
sggqrdlfeg
ertakgnvle
arkkgllply
keirgvigek
ragqrvsrlls
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FIGURE 6

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,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)
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PUBMED
REFERENCE
AUTHORS
TITLE
JOURNAL

21035

FEATURES

source

CDS

details

15579665

6 (bases 1 to 6963)

Delye,C.

Direct Submission
Submitted (18-JUN-2001) Delye C., Malherbologie et Agronomie,

Institut National de la Recherche Agronomique,

Dijon cedex,

FRANCE
Location/Qualifiers
1..6963

/organism="Alopecurus myosuroides"

/mol type="mRNA"
/strain="v1l"

/db_xref="taxon:81473"

/tissue_type="leaf"

/dev_stage="4 expanded leaves"

/country="France:Burgundy"
Yy

1..6963
/EC_number="6.4.1.2

"

B248 1010.P2

B. P. 86510,

/function="carboxylation of acetyl-coenzyme A"
/experiment="experimental evidence, no additional

recorded"
/codon_start=1

/product="acetyl-coenzyme A carboxylase"
/protein id="CAC84161.1"

/db_xref="GIL:209755

74"

/db_xref="GOA:Q8LRK2"
/db_xref="HSSP:Q00955"

/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"

IPROO0OOZ22"
IPROOOOBO™
IPRO00O408"
IPRO05479"
IPRO05481"
IPR0O05482"
IPRO11053"
IPR0O11054"
IPRO11761"
IPRO11763"
IPRO11764"
IPR0O13537"

/translation="MGSTHLPIVGFNASTTPSLSTLRQINSAARAFQSSSPSRSSKKK

SRRVKSIRDDGDGSVPDPAGHGQSIRQGLAGIIDLPKEGASAPDVDISHGSEDHKASY

OMNGILNESHNGRHASLSKVYEFCTELGGKTPIHSVLVANNGMAAAKFMRSVRTWAND

TFGSEKAIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEIAERTG

VSAVWPGWGHASENPELPDALTAKGIVFLGPPASSMNALGDKVGSALIAQAAGVPTLA

WSGSHVEIPLELCLDSIPEEMYRKACVTTADEAVASCQMIGYPAMIKASWGGGGKGIR
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KVNNDDEVKALFKQVQGEVPGSPIFIMRLASQSRHLEVQLLCDEYGNVAALHSRDCSV
QRRHQKIIEEGPVTVAPRETVKELEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLE
LNPRLQVEHPVTESIAEVNLPAAQVAVGMGIPLWQIPEIRRFYGMDNGGGYDIWRKTA
ALATPFNFDEVDSQWPKGHCVAVRITSENPDDGFKPTGGKVKEISFKSKENVWGYFSV
KSGGGIHEFADSQFGHVFAYGETRSAAITSMSLALKEIQIRGEIHTNVDYTVDLLNAP
DFRENTIHTGWLDTRIAMRVQAERPPWYISVVGGALYKTITTNAETVSEYVSYLIKGQ
IPPKHISLVHSTISLNIEESKYTIEIVRSGQGSYRLRLNGSLIEANVQTLCDGGLLMQ
LDGNSHVIYAEEEAGGTRLLIDGKTCLLQNDHDPSRLLAETPCKLLRFLIADGAHVDA
DVPYAEVEVMKMCMPLLS PAAGVINVLLSEGQAMQAGDLIARLDLDDPSAVKRAEPFE
GSFPEMSLPIAASGQVHKRCAASLNAARMVLAGYDHAANKVVQDLVWCLDTPALPFLQ
WEELMSVLATRLPRRLKSELEGKYNEYKLNVDHVKIKDFPTEMLRETIEENLACVSEK
EMVTIERLVDPLMSLLKSYEGGRESHAHFIVKSLFEEYLSVEELFSDGIQSDVIERLR
LQYSKDLQKVVDIVLSHQGVRNKTKLILALMEKLVYPNPAAYRDQLIRFSSLNHKRYY
KLALKASELLEQTKLSELRTSIARNLSALDMFTEEKADFSLQDRKLAINESMGDLVTA
PLPVEDALVSLFDCTDQTLQQRVIQTYISRLYQPQLVKDSIQLKYQDSGVIALWEFTE
GNHEKRLGAMVILKSLESVSTAIGAALKDASHYASSAGNTVHIALLDADTQLNTTEDS
GDNDQAQDKMDKLSFVLKQDVVMADLRAADVKVVSCIVQRDGAIMPMRRT FLLSEEKL
CYEEEPILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHR
VFFRTLVRQPSAGNRFTSDHITDVEVGHAEEPLSFTSSSILKSLKIAKEELELHATIRT
GHSHMYLCILKEQKLLDLVPVSGNTVVDVGQDEATACSLLKEMALKIHELVGARMHHL
SVCQWEVKLKLVSDGPASGSWRVVTTNVTGHTCTVDIYREVEDTESQKLVYHSTALSS
GPLHGVALNTSYQPLSVIDLKRCSARNNKTTYCYDFPLTFEAAVQKSWSNISSENNQC
YVKATELVFAEKNGSWGTPI I PMQRAAGLNDIGMVAWILDMSTPEFPSGRQITIVIAND
ITFRAGSFGPREDAFFEAVTNLACEKKLPLIYLAANSGARIGIADEVKSCFRVGWTDD
SSPERGFRYIYMTDEDHDRIGSSVIAHKMQLDSGEIRWVIDSVVGKEDGLGVENTHGS
AAIASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQRIDQPIILTGFSALNKLL

GREVYSSHMQLGGPKIMATNGVVHLTVPDDLEGVSNILRWLSYVPANIGGPLPITKSL
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DPIDRPVAYIPENTCDPRAATISGIDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAK

LGGIPVGVIAVETQTMMQLVPADPGQPDSHERSVPRAGQVWFPDSATKTAQAMLDENR

EGLPLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPKAAELRGGAW

VVIDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELKECMGRLDPELIDLKARL

QGANGSLSDGESLQKSIEARKKQLLPLYTQIAVRFAELHDTSLRMAAKGVIRKVVDWE

DSRSFFYKRLRRRLSEDVLAKEIRGVIGEKFPHKSAIELIKKWYLASEAAAAGSTDWD

DDDAFVAWRENPENYKEYIKELRAQRVSRLLSDVAGSSSDLQALPQGLSMLLDKMDPS
KRAQFIEEVMKVLK"

variation

variation

variation

variation

variation

variation

variation

ORIGIN
1 atgggatcca
atcgctatcc
61 actcttcgcee
ttcaaggtca
121 tccaagaaga
aagcgtgcca
181 gaccctgcag
cgacctccecca
241 aaggagggcg
ccacaaggcce
301 tcctaccaaa
ctctetgtet
361 aaagtttatg
tgtattagtce
421 gccaacaatg
ggctaatgat

5341

/note="herbicide resistance"
/replace="¢c"

5341

/note="herbicide resistance"
/replace="t"

6081

/note="herbicide resistance"
/replace="¢c"

6081 ,
/note="herbicide resistance"
/replace="t"

6122

/note="herbicide resistance"
/replace="a"

6233

/note="herbicide resistance"
/replace="g"

6287

/note="herbicide resistance"
/replace="¢"

cacatctgcc
agataaactc
aaagccgacg
gccatggcca
catcagctcc
tgaatgggat
aattttgcac

gaatggcagce

cattgtcggg
agctgctgcet
tgttaagtca
gtctattcge
agatgtggac
actgaatgaa

ggaattgggt

agctaagttc

tttaatgcat
gcattccaat
ataagggatg
caaggtctcg
atttcacatg
tcacataacyg

ggaaaaacac

atgcggagtg

ccacaacacc
cttegteccece
atggcgatgg
ctggcatcat
ggtctgaaga
ggaggcacgc
caattcacag

tccggacatg
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481 acatttgggt
agacatgaga
541 ataaatgcag
tggaacaaac
601 aataacaact
tggtgtctcce
661 gccgtttgge
tgcactaact
721 gcaaaaggaa
aggcgacaag
781 gttggttcag
gagtggatca
841 catgtggaaa
gtataggaaa
901 gcctgtgtta
ttaccectgee
961 atgatcaagg
taatgatgac
1021 gaggtgaaag
gatatttatc
1081 atgagacttg
tgaatatggce
1141 aatgtagcag
aaagattatc
1201 gaggaaggac
gcaagcagca
1261 aggaggcttg
tctectacage
1321 atggagactyg
tgagcaccca
1381 gtcaccgagt
tgggatgggt
1441 ataccccttt
tggaggaggc
1501 tatgatattt
tgaagtagat
1561 tctcaatggc
tccagatgat
1621 ggattcaagc
gccaaatgtc
1681 tggggatatt
ttctcagttt
1741 ggacacgttt
gtctcttgea
1801 ctaaaagaga
ggttgatctc
1861 ttgaatgccc
taccagaata
1921 gctatgcgtg
aggagctcta
1981 tataaaacaa
tctcatcaag
2041 ggtcagattc
gaatatagag

cagagaaggc
agcacattag
atgcaaatgt
ctggttgggg
ttgtttttet
ctctecattge
ttccattaga
caaccgctga
catcctgggg
cactgtttaa
catctcagag
cacttcacag
cagttactgt
ctaaggccgt
gtgaatacta
cgatagctga
ggcagattcc
ggaggaaaac
cgaagggtca
ctactggtgg
tctcagttaa
ttgcctatygg
ttcaaattcg
cagacttcag
ttcaagctga
taaccaccaa

caccaaagca

gattcagttg
aattgctgat
ccaactcata
ccatgcatct
tgggccacca
tcaagcagca
actttgtttg
tgaagcagtt
tggtggtggt
gcaagtacag
tcgtecatett
tcgtgattge
tgctccetegt
gggttacgtc
ttttctggag
agtaaatttg
agagatcaga
agcagctctc
ttgtgtggca
aaaagtaaag
gtctggtgga
agagactaga
tggagaaatt
agaaaacacg
gaggcctccece
tgcggagacce

catatccctt

atagctatgg
cagtttgttg
gtggagatag
gagaatcctg
gcatcatcaa
ggggttccca
gactcgatac
gcaagttgtc
aaagggatta
ggtgaagttc
gaagtccagc
agtgtgcaac
gaaacagtga
ggtgctgcta
cttaatccac
cctgcagccece
cgtttctacyg
gctactccat
gttaggataa
gagataagtt
ggcattcatg
tcagcagcaa
catacaaacg
atccataccyg
tggtatattt
gtttctgaat

gtccattcaa

B248 1010.P2

caactccgga
aagtacctgg
cagagagaac
aacttccaga
tgaacgcact
ctcttgettg
ctgaggagat
agatgattgg
gaaaggttaa
ctggctcccce
tgctttgtga
gacgacacca
aagagctaga
ctgttgaata
ggttgcaggt
aagttgcagt
gaatggacaa
tcaactttga
ccagtgagaa
ttaaaagtaa
aatttgcgga
taaccagcat
ttgattacac
gttggctgga
cagtggttgg
atgttagcta

ctatttcttt
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2101 gaaagcaaat
attgagactg

2161 aatggatcac
tttaatgcag A

2221 ctggatggaa
acggcttctt

2281 attgatggaa
attagctgag

2341 acaccctgceca
tgctgatgta

2401 ccatacgcgg
tgctgectggt

2461 gtcattaatg
tatagcgaga

2521 cttgatctcg
atcttttcca

2581 gaaatgagcc
tgcaagtttg

2641 aacgctgctc
tgtgcaagat

2701 ttggtatggt
gcttatgtct

2761 gttttagcaa
atacaatgaa

2821 tacaagttaa
gcttagagag

2881 acaatcgagg
tgagaggcett

2941 gttgacccte
ccatgcccac

3001 tttattgtca
cagtgatggc

3061 attcagtctyg
ccagaaggtt

3121 gtagacattg
actcgegetce

3181 atggagaaac
tcgecttttet

3241 tccctcaacc
tcttgaacaa

3301 accaagctca
ggatatgttc

3361 accgaggaaa
tgagagcatyg

3421 ggagatttag
gtttgattgt

3481 actgatcaaa
ataccagcect

3541 caacttgtga
tgctttatgg

3601 gaattcactg
gaagtcacta

3661 gaatctgtgt
tgcaagctct

atacaattga
ttattgaagc
atagccatgt
aaacatgctt
aacttctteg
aagttgaggt
ttttgttgtc
atgacccttc
ttcctattge
gaatggtcct
gccttgatac
ctagacttcc
atgttgacca
aaaatcttge
tgatgagcct
agtccctttt
acgtgattga
ttttgtctca
tggtctatce
ataaaagata
gcgaactccyg
aggcagattt
tcactgcccce
ctcttcagea
aggatagcat
aaggaaatca

caacagccat

gattgtgagg
caatgtacaa
tatttatgct
gctacagaat
tttcttgatt
tatgaagatg
tgagggccag
tgctgtgaag
tgcttctgge
tgcaggatat
acctgctcett
aagacgtctt
tgtgaagatc
atgtgtttce
gctgaagtca
tgaggagtat
acgcctgegc
ccagggtgtg
aaaccctgcet
ttataagttg
cacaagcatt
ctccttgcaa
actgccagtt
gagagtgatt
ccagctgaaa
tgagaagaga

tggagctgct

agtggacagg
acattatgtg
gaagaagaag
gaccatgatc
gccgatggtg
tgcatgcceccce
gcgatgcagg
agagccgagc
caagttcaca
gaccatgcgg
cctttectac
aagagcgagt
aaggatttcc
gagaaggaaa
tacgagggtg
ctcteggttg
ctacaatata
agaaacaaaa
gcctacagag
gctcttaaag
gcaaggaacc
gacagaaaat
gaagatgcac
cagacataca
tatcaggatt
ttgggtgcta

ctaaaggatg
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gtagctacag
atggaggcect
cgggtggtac
cgtcaaggtt
ctcatgttga
tcttgtcgece
ctggtgatct
catttgaagg
aaagatgtgc
ccaacaaagdt
aatgggaaga
tggagggcaa
ctaccgagat
tggtgacaat
ggagagaaag
aggaactatt
gtaaagacct
caaagctgat
atcagttgat
ctagtgaact
tttcagcgcet
tggccattaa
ttgtttettt
tatctcgatt
ctggtgttat
tggttatcct

catcacatta
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3721 gcgggcaaca
tacaactgaa

3781 gatagtggtg
tgtactgaaa

3841 caagatgttg
ttgcattgtt

3901 caaagagatg
ggaaaaactt

3961 tgttacgagyg
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
tgtaacaacc

4561 aatgttactg
tacagaatca

4621 cagaaactag
tgttgcactyg

4681 aatacttcgt
caggaacaac

4741 aaaactacat
gaagtcgtgg

4801 tctaacattt
tgtgtttgcet

4861 gaaaagaatg
tgggctgaat

4921 gacattggta
cagcggcaga

4981 cagatcattg
cccaagggaa

5041 gatgcatttt
acttatctac

5101 ttggctgcaa
ttgecttecgt

5161 gttggatgga
tatgactgac

5221 gaagaccatg
agatagtggc

5281 gagatcaggt
tgtggagaac

cggtgcatat
ataatgacca
tcatggctga
gagcaatcat
aagagccgat
tgaaagtgaa
tatacacact
ttgtcagaca
taggacacgc
ttgctaaaga
gcatattgaa
atgttggtca
atgaacttgt
agttggtgag
gtcacacctg
tataccactc
atcagccttt
actgctatga
ccagtgaaaa
ggtcgtgggy
tggtagcctyg
ttatcgcaaa
tcgaagctgt
actctggtgc
ctgatgatag
atcgtattgg

gggttattga

tgctttgttyg
agctcaagac
tctacgtgcet
gcctatgcege
tctteggeat
aggatacaat
tagaaatact
acccagtgca
agaggaacct
agaattggag
agagcaaaag
agatgaagct
tggtgcaaga
cgatgggcecet
cactgtggat
caccgcattg
gagtgttatt
ttttccattg
caaccaatgt
cactcctata
gatcttggac
tgatattaca
aaccaacctg
tcggattgge
cagccctgaa
ctcttcagtt

ttctgttgtg

gatgctgata
aagatggata
gctgatgtca
cgtaccttcecc
gtggagcctce
gagatgaagt
gaaaatccaa
ggcaacaggt
ctttcattta
cttcacgcga
cttcttgacc
actgcatgct
atgcatcatc
gccagtggta
atctaccggg
tcatctggtc
gatttaaaac
acatttgaag
tatgttaaag
attcctatgce
atgtccactc
tttagagctg
gcttgtgaga
attgctgatg
cgtggattta

atagcacaca

ggaaaagagy

B248 1010.P2

cccaactgaa
aactttcttt
aggttgttag
tcttgtcaga
cactttctgce
atacaccgtc
aaatgctgca
ttacatcaga
cttcaagcag
tcaggactgg
ttgttcctgt
ctcttttgaa
tttctgtatg
gctggagagt
aggtcgaaga
ctttgcatgg
gttgctctgce
ctgcagtgca
cgacagagct
agcgtgetge
ctgaatttcc
gatcatttgg
agaagcttcc
aagtaaaatc
ggtacattta
agatgcagct

atggactagg
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5341 atacatggaa

gacatttaca

5401 cttacattcg

acttggcata

5461 cggtgcatac

cctgaacaag

5521 cttettggge

aatcatggcg

5581 acgaatggtg

taatatattg

5641 aggtggctca

aaaatctttg

5701 gacccaatag

tcgtgcagec

5761 atcagtggca

caaagacagt

5821 tttgtggaga

aaaacttgga

5881 gggattcctg

cgtccccget

5941 gatccaggcce

agtttggttt

6001 ccagattctg

aggattacct

6061 ctgttcatac

ttttgaagga

6121 attctgcagg

gcectgecttt

6181 gtatatatcc

tgatagcaag

6241 ataaacccag

tgttctcgaa

6301 cctcaagggt

catgggtagg

6361 cttgatccag

aagcctatct

6421 gatggagaat

gcctctgtac

6481 acccaaatcg

ggctgctaaa

6541 ggtgtgatca

caagagatta

6601 cggaggaggc

tggtgagaag

6661 tttcctcaca

tgaggcagct

6721 gcagcaggaa

ggagaaccct

6781 gaaaactata

gttgctctca

6841 gatgttgcag

catgctacta

6901 gataagatgg

ggtcctgaaa

gtgctgctat
ttactggacyg
agcgtattga
gggaggtgta
ttgtccatct
gctatgttec
acagacccgt
ttgatgacag
catttgaagg
ttggtgttat
agcctgattce
ctaccaagac
ttgctaactyg
ctgggtcaac
ccaaggcectge
atcgcatcga
tgattgagat
aattgataga
cccttecagaa
cggtacgttt
ggaaagttgt
tatccgagga
aatcagcgat
gcaccgactg
aggagtatat
gctccagtte

atccctctaa

tgccagtgece
aactgttgga
ccagcccatt
cagctcccac
gactgttcca
tgcaaacatt
tgcatacatc
ccaagggaaa
atgggcgaag
agctgtggag
ccacgagcgg
agcgcaggcg
gagaggcttc
aattgttgag
agagctacgt
gtgctatgct
caagttcagg
tctgaaagca
gagcatagaa
tgcggaattg
agactgggaa
cgttctggea

cgagctgatc

ggatgacgac.

caaagagctt
ggatttacaa

gagagcacag

tattctaggg
atcggagcect
attttgaccyg
atgcagttgg
gatgaccttg
ggtggacctc
cctgagaata
tggttgggtyg
acagtagtta
acacagacca
tctgttecte
atgttggact
tctggagggc
aaccttagga
ggaggagccet
gagaggactg
tcagaggaac
agactccagg
gctcggaaga
cacgacactt
gactctcggt
aaggagatta
aagaaatggt
gatgcttttg
agggctcaaa
gcecttgecge

tttatcgagg

cgtacgagga
atcttgctcg
ggttttctge
gtggtcccaa
aaggtgtttc
ttcctattac
catgtgatcc
gcatgtttga
ctggcagagc
tgatgcagcet
gtgctgggca
tcaaccgtga
aaagagatct
catacaatca
gggtcgtgat
caaagggtaa
tcaaagaatg
gagcaaatgg
aacagttget
cccettagaat
ctttcttcta
gaggtgtaat
acttggecttce
tcgecctggag
gggtatctcg
agggtetttce

aggtcatgaa
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FIGURE 7A

>0sI.ACCI [BGIOSIBCE(018385]

atgacatccacacatgtggcgacattgggagttggtgcccaggcacctectecgtcaccagaaaaagtcag
ctggcactgcatttgtatcatctgggtcatcaagaccctcataccgaaagaatggtcagecgtacteggte
acttagggaagaaagcaatggaggagtgtctgattccaaaaagcttaaccactctattcgeccaaggtcett
gctggcatcattgacctcccaaatgacgcagecttcagaagttgatatttcacatggttcecgaagatecca
gggggcctacggtcccaggttectaccaaatgaatgggattatcaatgaaacacataatgggaggcatge
ttcagtctccaaggttgttgagttttgtacggcacttggtggcaaaacaccaattcacagtgtattagtyg
gccaacaatggaatggcagcagctaagttcatgcggagtgtccgaacatgggctaatgatacttttggat
cagagaaggcaattcagctgatagctatggcaactcecggaggatctgaggataaatgcagagcacatcag
aattgccgatcaatttgtagaggtacctggtggaacaaacaacaacaactatgcaaatgtccaactcata
gtggagatagcagagagaacaggtgtttctgectgtttggectggttggggtcatgcatctgagaatectyg
aacttccagatgecgctgactgcaaaaggaattgtttttcecttgggeccaccagcatcatcaatgecatgecatt
aggagacaaggttggctcagctctcattgctcaagecagectggagttccaacacttgettggagtggatca
catgtggaagttcctctggagtgttgettggactcaatacctgatgagatgtatagaaaagecttgtgtta
ctaccacagaggaagcagttgcaagttgtcaggtggttggttatcctgecatgattaaggcatcttgggg
tggtggtggtaaaggaataaggaaggttcataatgatgatgaggttaggacattatttaagcaagttcaa
ggcgaagtacctggttccccaatatttatcatgaggetagetgectcagagtecgacatettgaagttcagt
tgctttgtgatcaatatggcaacgtagcagcacttcacagtcgagattgcagtgtacaacggcgacacca
aaagataatcgaggaaggaccagttactgttgctectecgtgagactgtgaaagagettgagcaggcagcea
cggaggcttgctaaagctgtgggttatgttggtgctgectactgttgaatacctttacagcatggaaactg
gtgaatattattttctggaacttaatccacggctacaggttgagcatcctgtcactgagtggatagetga
agtaaatttgectgcggctcaagttgetgttggaatgggtataccecctttggcagattccagagatcagg
cgcttctacggaatgaaccatggaggaggctatgacctttggaggaaaacagcagctctagegactcecat
ttaactttgatgaagtagattctaaatggccaaaaggccactgcgtagctgttagaataactagcgagga
tccagatgatgggtttaagectactggtggaaaagtaaaggagataagtttcaagagtaaaccaaatgtt
tgggcctatttctcagtaaagtctggtggaggcateccatgaattcgetgattctcagttcecggacatgttt
ttgcgtatggaactactagatcggcagcaataactaccatggctcttgcactaaaagaggttcaaattcg
tggagaaattcattcaaacgtagactacacagttgacctattaaatgcctcagattttagagaaaataag
attcatactggttggctggataccaggatagccatgegtgttcaagectgagaggecteccatggtatattt
cagtcgttggaggggctttatataaaacagtaactgccaacacggccactgtttctgattatgttggtta
tcttaccaagggccagattccaccaaagcatatatcccttgtctatacgactgttgetttgaatatagat
gggaaaaaatatacaatcgatactgtgaggagtggacatggtagctacagattgcgaatgaatggatcaa
cggttgacgcaaatgtacaaatattatgtgatggtgggcttttaatgcagectggatggaaacagecatgt
aatttatgctgaagaagaggccagtggtacacgacttcttattgatggaaagacatgcatgttacagaat
gaccatgacccatcaaagttattagctgagacaccatgcaaacttcttegtttecttggttgectgatggtyg
ctcatgttgatgctgatgtaccatatgcggaagttgaggttatgaagatgtgcatgeeccctettatcace
cgcttcectggtgtcatacatgttgtaatgtctgagggccaagcaatgcaggectggtgatcttatagetagg
ctggatcttgatgacccttctgectgttaagagagectgagecgttcgaagatacttttccacaaatgggtce
tcectattgetgettectggeccaagttcacaaattatgtgetgecaagtctgaatgettgtecgaatgatect
tgcggggtatgagcatgatattgacaaggttgtgccagagttggtatactgectagacactecggagett
cctttectgcagtgggaggagecttatgtctgttttagcaactagacttccaagaaatcttaaaagtgagt
tggagggcaaatatgaggaatacaaagtaaaatttgactctgggataatcaatgatttccctgccaatat
gctacgagtgataattgaggaaaatcttgcatgtggttctgagaaggagaaggctacaaatgagaggett
gttgagcctcttatgagecctactgaagtcatatgagggtgggagagaaagtcatgetcactttgttgtea
agtccctttttgaggagtatctctatgttgaagaattgttcagtgatggaattcagtctgatgtgattga
gcgtcectgegecttcaacatagtaaagacctacagaaggtegtagacattgtgttgtecccaccagagtgtt
agaaataaaactaagctgatactaaaactcatggagagtctggtctatccaaatcctgetgectacaggg
atcaattgattcgcecttttcttcecttaatcacaaagecgtattacaagttggcacttaaagetagtgaact
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tcttgaacaaacaaaacttagtgagctccgtgcaagaatagcaaggagectttcagagetggagatgttt
actgaggaaagcaagggtctctccatgcataagcgagaaattgccattaaggagagcatggaagatttag
tcactgctccactgccagttgaagatgegetcatttetttatttgattgtagtgatacaactgttcaaca
gagagtgattgagacttatatagctcgattataccagcctcatcttgtaaaggacagtatcaaaatgaaa
tggatagaatcgggtgttattgctttatgggaatttectgaagggcattttgatgcaagaaatggaggag
cggttcttggtgacaaaagatggggtgccatggtcattgtcaagtctettgaatcactttcaatggecat
tagatttgcactaaaggagacatcacactacactagctctgagggcaatatgatgcatattgetttgttyg
ggtgctgataataagatgcatataattcaagaaagtggtgatgatgctgacagaatagccaaacttccct
tgatactaaaggataatgtaaccgatctgcatgectctggtgtgaaaacaataagtttcattgttcaaag
agatgaagcacggatgacaatgcgtcgtaccttcctttggtctgatgaaaagetttcttatgaggaagag
ccaattctccggcatgtggaacctectetttetgeacttecttgagttggacaagttgaaagtgaaaggat
acaatgaaatgaagtataccccatcacgggatcgtcaatggcatatctacacacttagaaatactgaaaa
ccccaaaatgttgcaccgggtatttttcecgaacecttgtcaggcaacccagtgtatccaacaagttttet
tcgggccagattggtgacatggaagttgggagtgctgaagaacctctgtcatttacatcaaccagcatat
taagatctttgatgactgctatagaggaattggagcttcacgcaattagaactggccattcacacatgta
tttgcatgtattgaaagaacaaaagcttcttgatcttgttccagtttcagggaatacagttttggatgtt
ggtcaagatgaagctactgcatattcacttttaaaagaaatggctatgaagatacatgaacttgttggtg
caagaatgcaccatctttctgtatgeccaatgggaagtgaaacttaagttggactgcgatggtcectgecag
tggtacctggaggattgtaacaaccaatgttactagtcacacttgcactgtggatatctaccgtgagatg
gaagataaagaatcacggaagttagtataccatcccgccactecggeggetggtectetgecatggtgtgg
cactgaataatccatatcagcctttgagtgtcattgatctcaaacgctgttetgetaggaataatagaac
tacatactgctatgattttccactggcatttgaaactgcagtgaggaagtcatggtectctagtaccetet
ggtgcttctaaaggtgttgaaaatgceccaatgttatgttaaagctacagagttggtatttgeggacaaac
atgggtcatggggcactcctttagttcaaatggaccggectgetgggectcaatgacattggtatggtage
ttggaccttgaagatgtccactcectgaatttectagtggtagggagattattgttgttgcaaatgatatt
acgttcagagctggatcatttggcccaagggaagatgecattttttgaagetgttaccaacctagectgtyg
agaagaaacttcctcttatttatttggcagcaaattctggtgectegaattggcatagcagatgaagtgaa
atcttgcttecegtgttgggtggtctgatgatggcagecctgaacgtgggtttcagtacatttatctaage
gaagaagactatgctcgtattggcacttctgtcatagcacataagatgcagetagacagtggtgaaatta
ggtgggttattgattctgttgtgggcaaggaagatggacttggtgtggagaatatacatggaagtgetge
tattgccagtgcttattctagggcatataaggagacatttacacttacatttgtgactggaagaactgtt
ggaataggagcttatcttgctecgacttggcatccggtgecatacagegtcttgaccagectattattetta
caggctattctgcactgaacaagettettgggcgggaagtgtacagetcecccacatgecagttgggtggtec
caaaatcatggcaactaatggtgttgtccatcttactgtttcagatgaccttgaaggecgtttictaatata
ttgaggtggctcagttatgttectgectacattggtggaccacttccagtaacaacaccgttggacccac
cggacagacctgttgcatacattcctgagaactecgtgtgatcctcgageggetateegtggtgttgatga
cagccaagggaaatggttaggtggtatgtttgataaagacagectttgtggaaacatttgaaggttgggcet
aagacagtggttactggcagagcaaagcttggtggaattccagtgggtgtgatagectgtggagactcaga
ccatgatgcaaactatccctgetgaccctggtcagettgattececcgtgagecaatetgttectegtgetygg
acaagtgtggtttccagattctgcaaccaagactgcgcaggcattgectggacttcaaccgtgaaggatta
cctetgttcatectegetaactggagaggettctetggtggacaaagagatetttttgaaggaattettce
aggctggctcgactattgttgagaaccttaggacatacaatcagectgectttgtetacatteccatgge
tgcagagctacgaggaggggcttgggttgtggttgatagcaagataaacccagaccgcattgagtgetat
gctgagaggactgcaaaaggcaatgttctggaaccgcaagggttaattgagatcaagttcaggtcagagyg
aactccaggattgcatgagtcggcttgacccaacattaattgatctgaaagcaaaactcgaagtagcaaa
taaaaatggaagtgctgacacaaaatcgcttcaagaaaatatagaagctcgaacaaaacagttgatgcct
ctatatactcagattgcgatacggtttgctgaattgcatgatacatcecctcagaatggectgcgaaaggtyg
tgattaagaaagttgtggactgggaagaatcacgatctttcttctataagagattacggaggaggatcte
tgaggatgttcttgcaaaagaaattagagctgtagcaggtgagcagtttteccaccaaccagcaategag
ctgatcaagaaatggtattcagcttcacatgcagctgaatgggatgatgacgatgettttgttgettgga
tggataaccctgaaaactacaaggattatattcaatatcttaaggctcaaagagtatcccaatccctete
aagtctttcagattccagctcagatttgcaagecctgecacagggtetttecatgttactagataagatyg
gatccctctagaagagcectcaacttgttgaagaaatcaggaaggtceccttggttga
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FIGURE 7B

>0sI.ACCI [BGIOSIBCE(018385]
MTSTHVATLGVGAQAPPRHQKKSAGTAFVSSGSSRPSYRKNGQRTRSLREESNGGVSDSKKLNHSTRQGL
AGITIDLPNDAASEVDISHGSEDPRGPTVPGSYQMNGI INETHNGRHASVSKVVEFCTALGGKTPIHSVLV
ANNGMAAAKFMRSVRTWANDTFGSEKAIQLIAMATPEDLRINAEHIRIADQFVEVPGGTNNNNYANVQLI
VETAERTGVSAVWPGWGHASENPELPDALTAKGIVFLGPPASSMHALGDKVGSALIAQAAGVPTLAWSGS
HVEVPLECCLDS I PDEMYRKACVTTTEEAVASCQVVGYPAMIKASWGGGGKGIRKVHNDDEVRTLEFKQVQ
GEVPGSPIFIMRLAAQSRHLEVQLLCDQYGNVAALHSRDCSVQRRHQKIIEEGPVTVAPRETVKELEQAA
RRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTEWIAEVNLPAAQVAVGMGIPLWQIPEIR
RFYGMNHGGGYDLWRKTAALAT PFNFDEVDSKWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNV
WAYFSVKSGGGIHEFADSQFGHVFAYGTTRSAAITTMALALKEVQIRGEIHSNVDYTVDLLNASDFRENK
THTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTANTATVSDYVGYLTKGQIPPKHISLVYTTVALNID
GKKYTIDTVRSGHGSYRLRMNGSTVDANVQILCDGGLLMQLDGNSHVIYAEEEASGTRLLIDGKTCMLON
DHDPSKLLAETPCKLLRFLVADGAHVDADVPYAEVEVMKMCMPLLS PASGVIHVVMSEGQAMQAGDLIAR
LDLDDPSAVKRAEPFEDTFPQMGLPIAASGQVHKLCAASLNACRMILAGYEHDIDKVVPELVYCLDTPEL
PFLOWEELMSVLATRLPRNLKSELEGKYEEYKVKFDSGIINDFPANMLRVIIEENLACGSEKEKATNERL
VEPLMSLLKSYEGGRESHAHFVVKSLFEEYLYVEELFSDGIQSDVIERLRLQHSKDLQKVVDIVLSHQSV
RNKTKLILKLMESLVYPNPAAYRDQLIRFSSLNHKAYYKLALKASELLEQTKLSELRARIARSLSELEMF
TEESKGLSMHKREIAIKESMEDLVTAPLPVEDALISLFDCSDTTVQQRVIETYIARLYQPHLVKDSTKMK
WIESGVIALWEFPEGHFDARNGGAVLGDKRWGAMVIVKSLESLSMAIRFALKETSHYTSSEGNMMHIALL
GADNKMHI IQESGDDADRIAKLPLILKDNVTDLHASGVKTISFIVQRDEARMTMRRTFLWSDEKLSYEEE
PILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRTLVRQPSVSNKES
SGQIGDMEVGSAEEPLSFTSTSILRSLMTAIEELELHAIRTGHSHMYLHVLKEQKLLDLVPVSGNTVLDV
GODEATAY SLLKEMAMKIHELVGARMHHLSVCQWEVKLKLDCDGPASGTWRIVTTNVTSHTCTVDIYREM
EDKESRKLVYHPATPAAGPLHGVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETAVRKSWSSSTS
GASKGVENAQCYVKATELVFADKHGSWGTPLVOMDRPAGLNDIGMVAWTLKMSTPEFPSGREIIVVANDI
TFRAGSFGPREDAFFEAVTNLACEKKLPLIYLAANSGARIGIADEVKSCFRVGWSDDGSPERGFQYIYLS
EEDYARIGTSVIAHKMQLDSGEIRWVIDSVVGKEDGLGVENIHGSAAIASAYSRAYKETFTLTFVTIGRTV
GIGAYLARLGIRCIQRLDQPIILTGYSALNKLLGREVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNI
LRWLSYVPAYIGGPLPVTTPLDPPDRPVAYIPENSCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWA
KTVVTGRAKLGGIPVGVIAVETQTMMQTI PADPGQLDSREQSVPRAGQVWFPDSATKTAQALLDEFNREGL
PLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPMAAELRGGAWVVVDSKINPDRIECY
AERTAKGNVLEPQGLIEIKFRSEELQDCMSRLDPTLIDLKAKLEVANKNGSADTKSLQENIEARTKQLMP
LYTQIAIRFAELHDTSLRMAAKGVIKKVVDWEESRSFFYKRLRRRISEDVLAKETIRAVAGEQFSHQPAIE
LIKKWYSASHAAEWDDDDAFVAWMDNPENYKDYIQYLKAQRVSQSLSSLSDSSSDLQALPQGLSMLLDKM
DPSRRAQLVEEIRKVLG
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FIGURE 8A

>0sJ.ACCI [0s05¢g22940]

atgccgatgcggccgtgggaatttattattttaggccgcacagcccccatctctcccccacccctcggga
tatccgccttctcccgcccgctccgcctccgcctccgcctccgcctcgccgccgttgtcgacgccgcaag
gatccaaacgccgccccgcgtcgccttctccgccttcttcttcttcttcttcttcttctccgagggtctc
tctcgggaaggtacagctgcccgcctccctgctcttatttatcgcgtgccgttcattccgtgccttctcc
agctccagatccgcgcgccgcacgccgatccgcgcccggccggttttagctgcgctcatcatttcctcgc
gttggctcagggtttaagctcctctttgttaagtgggacgatttcacacatctggggatttatcttctct
ttgtatggcactacacatttgagaaaccgtgcaattctactgtttggtcttgctggcatcattgacctcc
caaatgacgcagcttcagaagttgatatttcacatggttccgaagatcccagggggcctacggtcccagg
ttcctaccaaatgaatgggattatcaatgaaacacataatgggaggcatgcttcagtctccaaggttgtt
gagttttgtacggcacttggtggcaaaacaccaattcacagtgtattagtggccaacaatggaatggcag
cagctaagttcatgcggagtgtccgaacatgggctaatgatacttttggatcagagaaggcaattcagct
gatagctatggcaactccggaggatctgaggataaatgcagagcacatcagaattgccgatcaatttgta
gaggtacctggtggaacaaacaacaacaactatgcaaatgtccaactcatagtggagatagcagagagaa
caggtgtttctgctgtttggcctggttggggtcatgcatctgagaatcctgaacttccagatgcgctgac
tgcaaaaggaattgtttttcttgggccaccagcatcatcaatgcatgcattaggagacaaggttggctca
gctctcattgctcaagcagctggagttccaacacttgcttggagtggatcacatgtggaagttcctctgg
agtgttgcttggactcaatacctgatgagatgtatagaaaagcttgtgttactaccacagaggaagcagt
tgcaagttgtcaggtggttggttatcctgccatgattaaggcatcttggggtggtggtggtaaaggaata
aggaaggttcataatgatgatgaggttaggacattatttaagcaagttcaaggcgaagtacctggttccc
caatatttatcatgaggctagctgetcagagtcgacatcttgaagttcagttgetttgtgatcaatatgg
caacgtagcagcacttcacagtcgagattgcagtgtacaacggcgacaccaaaagataatcgaggaagga
ccagttactgttgctcctcgtgagactgtgaaagagcttgagcaggcagcacggaggcttgctaaagctg
tgggttatgttggtgctgctactgttgaatacctttacagcatggaaactggtgaatattattttctgga
acttaatccacggctacaggttgagcatcctgtcactgagtggatagctgaagtaaatttgcctgcggct
caagttgctgttggaatgggtataccectttggecagattccagagatcaggegettectacggaatgaacc
atggaggaggctatgacctttggaggaaaacagcagctctagcgactccatttaactttgatgaagtaga
ttctaaatggccaaaaggccactgcgtagctgttagaataactagcgaggatccagatgatgggtttaag
cctactggtggaaaagtaaaggagataagtttcaagagtaaaccaaatgtttgggcctatttctcagtaa
agtctggtggaggcatccatgaattcgctgattctcagttcggacatgtttttgcgtatggaactactag
atcggcagcaataactaccatggctcttgcactaaaagaggttcaaattcgtggagaaattcattcaaac
gtagactacacagttgacctattaaatgcctcagattttagagaaaataagattcatactggttggctgg
ataccaggatagccatgcgtgttcaagctgagaggcctccatggtatatttcagtcgttggaggggcttt
atataaaacagtaactgccaacacggccactgtttctgattatgttggttatcttaccaagggccagatt
ccaccaaagcatatatcccttgtctatacgactgttgctttgaatatagatgggaaaaaatatacaatcg
atactgtgaggagtggacatggtagctacagattgcgaatgaatggatcaacggttgacgcaaatgtaca
aatattatgtgatggtgggcttttaatgcagetggatggaaacagccatgtaatttatgectgaagaagag
gccagtggtacacgacttcttattgatggaaagacatgcatgttacagaatgaccatgacccatcaaagt
tattagctgagacaccatgcaaacttcttegtttettggttgetgatggtgetcatgttgatgetgatgt
accatatgcggaagttgaggttatgaagatgtgcatgeccectcettatcaccegettetggtgteatacat
gttgtaatgtctgagggccaagcaatgcaggctggtgatcttatagectaggetggatcttgatgacectt
ctgctgttaagagagctgagccgttcgaagatacttttccacaaatgggtctccctattgctgcttctgg
ccaagttcacaaattatgtgctgcaagtctgaatgettgtcgaatgatcecttgeggggtatgagecatgat
attgacaaggttgtgccagagttggtatactgectagacactccggagettectttectgecagtgggagyg
agcttatgtctgttttagcaactagacttccaagaaatcttaaaagtgagttggagggcaaatatgagga
atacaaagtaaaatttgactctgggataatcaatgatttccctgccaatatgctacgagtgataattgag
gaaaatcttgcatgtggttctgagaaggagaaggctacaaatgagaggcttgttgagcctcttatgagcc
tactgaagtcatatgagggtgggagagaaagtcatgctcactttgttgtcaagtccctttttgaggagta
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tctctatgttgaagaattgttcagtgatggaattcagtctgatgtgattgagegtctgegecttcaacat
agtaaagacctacagaaggtcgtagacattgtgttgtcccaccagagtgttagaaataaaactaagcetga
tactaaaactcatggagagtctggtctatccaaatcctgectgectacagggatcaattgattegetttte
ttcecttaatcacaaagegtattacaagttggcacttaaagectagtgaacttcttgaacaaacaaaactt
agtgagctcecgtgcaagaatagecaaggagectttcagagetggagatgtttactgaggaaagcaagggtce
tctccatgcataagcgagaaattgecattaaggagagcatggaagatttagtcactgetecactgecagt
tgaagatgcgctcatttetttatttgattgtagtgatacaactgttcaacagagagtgattgagacttat
atagctcgattataccagcctcatcttgtaaaggacagtatcaaaatgaaatggatagaatcgggtgtta
ttgctttatgggaatttectgaagggecattttgatgcaagaaatggaggageggttcttggtgacaaaag
atggggtgccatggtcattgtcaagtctcttgaatcactttcaatggecattagatttgcactaaaggag
acatcacactacactagctctgagggcaatatgatgcatattgctttgttgggtgctgataataagatge
atataattcaagaaagtggtgatgatgctgacagaatagccaaacttcccttgatactaaaggataatgt
aaccgatctgcatgcctectggtgtgaaaacaataagtttcattgttcaaagagatgaagcacggatgaca
atgcgtcecgtaccttectttggtctgatgaaaagectttecttatgaggaagageccaattectceggeatgtygg
aacctcctctttctgcacttcttgagttggacaagttgaaagtgaaaggatacaatgaaatgaagtatac
cccatcacgggatcgtcaatggcatatctacacacttagaaatactgaaaaccccaaaatgttgcaccgyg
gtatttttccgaacccttgtcaggcaacccagtgtatccaacaagttttettcgggecagattggtgaca
tggaagttgggagtgctgaagaacctctgtcatttacatcaaccagcatattaagatctttgatgactge
tatagaggaattggagcttcacgcaattagaactggccattcacacatgtatttgcatgtattgaaagaa
caaaagcttcttgatcttgttccagtttcagggaatacagttttggatgttggtcaagatgaagctactyg
catattcacttttaaaagaaatggctatgaagatacatgaacttgttggtgcaagaatgcaccatcttte
tgtatgccaatgggaagtgaaacttaagttggactgcgatggtectgeccagtggtacctggaggattgta
acaaccaatgttactagtcacacttgcactgtggatatctaccgtgagatggaagataaagaatcacgga
agttagtataccatcccgcecacteceggeggectggtectetgcatggtgtggcactgaataatccatatcea
gcectttgagtgtcattgatctcaaacgetgttctgectaggaataatagaactacatactgctatgatttt
ccactggcatttgaaactgcagtgaggaagtcatggtcctctagtacctetggtgettectaaaggtgttyg
aaaatgcccaatgttatgttaaagctacagagttggtatttgeggacaaacatgggtcatggggeactcee
tttagttcaaatggaccggcctgctgggetcaatgacattggtatggtagettggaccttgaagatgtec
actcctgaatttcctagtggtagggagattattgttgttgcaaatgatattacgttcagagetggatcat
ttggcccaagggaagatgcattttttgaagetgttaccaacctagectgtgagaagaaacttectettat
ttatttggcagcaaattctggtgctecgaattggcatagcagatgaagtgaaatcttgetteecgtgttggg
tggtctgatgatggcagccctgaacgtgggtttcagtacatttatctaagecgaagaagactatgectegta
ttggcacttctgtcatagcacataagatgcagctagacagtggtgaaattaggtgggttattgattctgt
tgtgggcaaggaagatggacttggtgtggagaatatacatggaagtgctgctattgeccagtgettattct
agggcatataaggagacatttacacttacatttgtgactggaagaactgttggaataggagcttatcttg
ctcgacttggcatccggtgcatacagecgtcttgaccagectattattettacaggectattetgecactgaa
caagcttcttgggcgggaagtgtacagetceccacatgcagttgggtggtceccaaaatcatggcaactaat
ggtgttgtccatcttactgtttcagatgaccttgaaggcgtttctaatatattgaggtggctcagttatg
ttcctgecctacattggtggaccacttccagtaacaacaccgttggacccaccggacagacctgttgcata
cattcctgagaactcgtgtgatcctcgageggetatececgtggtgttgatgacagecaagggaaatggtta
ggtggtatgtttgataaagacagctttgtggaaacatttgaaggttgggctaagacagtggttactggea
gagcaaagcttggtggaattccagtgggtgtgatagctgtggagactcagaccatgatgcaaactatccce
tgctgaccctggtcagettgattecegtgagcaatetgttectegtgetggacaagtgtggtttecagat
tctgcaaccaagactgcgcaggcattgctggacttcaaccgtgaaggattacctetgttcatcectegeta
actggagaggcttctctggtggacaaagagatctttttgaaggaattcttcaggectggectcgactattgt
tgagaaccttaggacatacaatcagcctgectttgtctacattcccatggectgcagagectacgaggaggg
gcttgggttgtggttgatagcaagataaacccagaccgcattgagtgctatgctgagaggactgcaaaag
gcaatgttctggaaccgcaagggttaattgagatcaagttcaggtcagaggaacteccaggattgecatgag:
tcggcttgacccaacattaattgatctgaaagcaaaactcgaagtagcaaataaaaatggaagtgctgac
acaaaatcgcttcaagaaaatatagaagctcgaacaaaacagttgatgcctctatatactcagattgega
tacggtttgctgaattgcatgatacatccctcagaatggctgcgaaaggtgtgattaagaaagttgtgga
ctgggaagaatcacgatctttcttctataagagattacggaggaggatctctgaggatgttcttgcaaaa
gaaattagagctgtagcaggtgagcagttttcccaccaaccagcaatcgagectgatcaagaaatggtatt
cagcttcacatgcagctgaatgggatgatgacgatgcttttgttgecttggatggataaccctgaaaacta
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caaggattatattcaatatcttaaggctcaaagagtatcccaatccctctcaagtctttcagattccagc
tcagatttgcaagccctgccacagggtctttccatgttactagataagatggatccctctagaagagctc
aacttgttgaagaaatcaggaaggtccttggttga
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FIGURE 8B

>0sjACCI [EAZ33685]

MTSTHVATLGVGAQAP PRHQKKSAGTAFVSSGSSRPSYRKNGORTRSLREESNGGVSDSKKLNHS IRQGL
AGIIDLPNDAASEVDISHGSEDPRGPTVPGSYQOMNGI INETHNGRHASVSKVVEFCTALGGKTPIHSVLV
ANNGMAAAKFMRSVRTWANDT FGSEKAIQLIAMATPEDLRINAEHIRIADQFVEVPGGTNNNNYANVQLI
VEIAERTGVSAVWPGWGHASENPELPDALTAKGIVFLGPPAS SMHALGDKVGSALIAQAAGVPTLAWSGS
HVEVPLECCLDSIPDEMYRKACVTTTEEAVASCQVVGYPAMIKASWGGGGKGIRKVHNDDEVRTLFKQVQ
GEVPGSPIFIMRLAAQSRHLEVQLLCDQYGNVAALHSRDCSVQRRHQKIIEEGPVTVAPRETVKELEQAA
RRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTEWIAEVNL PAAQVAVGMGI PLWQIPEIR
RFYGMNHGGGYDLWRKTAALATPFNFDEVDSKWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNV
WAYFSVKSGGGIHEFADSQFGHVFAYGTTRSAAITTMALALKEVQIRGEIHSNVDYTVDLLNASDFRENK
THTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTANTATVSDYVGYLTKGQI PPKHI SLVYTTVALNID
GKKYTIDTVRSGHGSYRLRMNGSTVDANVQILCDGGLLMQLDGNSHVIYAEEEASGTRLLIDGKTCMLON
DHDPSKLLAETPCKLLRFLVADGAHVDADVPYAEVEVMKMCMPL LS PASGVIHVVMSEGQAMQAGDLIAR
LDLDDPSAVKRAEPFEDT FPQMGLPIAASGQVHKLCAASLNACRMI LAGYEHDI DKVVPELVYCLDT PEL
PFLOWEELMSVLATRLPRNLKSELEGKYEEYKVKFDSGI INDFPANMLRVIIEENLACGSEKEKATNERL
VEPLMSLLKSYEGGRESHAHFVVKSLFEEYLYVEELFSDGIQSDVIERLRLOHSKDLQKVVDIVLSHQSV
RNKTKLILKLMESLVYPNPAAYRDQLIRFSSLNHKAYYKLALKASELLEQTKLSELRARIARSLSELEMF
TEESKGLSMHKRETAIKESMEDLVTAPLPVEDALISLFDCSDTTVQQORVIETYIARLYQPHLVKDSTRMK
WIESGVIALWEFPEGHFDARNGGAVLGDKRWGAMVIVKSLESLSMATRFALKETSHYTSSEGNMMHIALL
GADNKMHI IQESGDDADRIAKLPLI LKDNVTDLHASGVKTISFIVQRDEARMTMRRT FLWSDEKLSYEEE
PILRHVEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRT LVRQPSVSNKES
SGQIGDMEVGSAEEPLSFTSTSILRSLMTAI EELELHAIRTGHSHMYLHVLKEQKLLDLVPVSGNTVLDV
GQDEATAYSLLKEMAMKIHELVGARMHHLSVCQWEVKLKLDCDGPASGTWRIVTTNVTSHTCTVDIYREM
EDKESRKLVYHPAT PAAGPLHGVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETAVRKSWSSSTS
GASKGVENAQCYVKATELVQMDRLAGLNDIGMVAWTLKMSTPEFLSGREI IVVANDITFRAGSFGPREDA
FFEAVTNLACEKKLPLIYLAANSGARIGIADEVKSCFRVGWSDDGS PERGFQYIYLSEEDYARIGTSVIA
HKMQLDSGEIRWVIDSVVGKEDGLGVENIHGSAAIASAYSRAYKETFTLTFVTGRTVGIGAYLARLGIRC
IQRLDQPIILTGYSALNKLLGREVYSSHMOLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPAYIGG
PLPVTTPLDPPDRPVAYIPENSCDPRAAIRGVDDSQGKWLGGMFDKDS FVET FEGWAKTVVTGRAKLGGI
PVGVIAVETQTMMQT I PADPGQLDSREQSVPRAGQVWFPDSATKTAQALLDFNREGLPLFILANWRGFSG
GQRDLFEGILQAGSTIVENLRTYNQPAFVYIPMAAELRGGAWVVVDSKINPDRIECYAERTAKGNVLEPQ
GLIEIKFRSEELQDCMSRLDPTLIDLKAKLEVANKNGSADTKSLQENIEARTKQLMPLYTQIATRFAELH
DTSLRMAAKGVIKKVVDWEESRS FFYKRLRRRISEDVLAKEI RAVAGEQFSHQPATELIKKWYSASHAAE
WDDDDAFVAWMDNPENYKDY IQYLKAQRVSQSLSSLSDSSSDLQALPQGLSMLLDKMDPSRRAQLVEEIR
KVLG
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FIGURE %A

>AY312172 Zea mays

ATGTCACAGCTTGGATTAGCCGCAGCTGCCTCAAAGGCCTTGCCACTACTCCCTAATCGCCAGAGAAGTT
CAGCTGGGACTACATTCTCATCATCTTCATTATCGAGGCCCTTARACAGAAGGAAAAGCCGTACTCGTTC
ACTCCGTGATGGCGGAGATGGGGTATCAGATGCCAARAAGCACAGCCAGTCTGTTCGTCAAGGTCTTGCT
GGCATTATCGACCTCCCAAGTGAGGCACCTTCCGAAGTGGATATTTCACATGGATCTGAGGATCCTAGGG
GGCCAACAGATTCTTATCAAATGAATGGGATTATCAATGAAACACATAATGGAAGACATGCCTCAGTGTC
CAAGGTTGTTGAATTTTGTGCGGCACTAGGTGGCAAAACACCAATTCACAGTATATTAGTGGCCAACAAT
GGAATGGCAGCAGCAAAATTTATGAGGAGTGTCCGGACATGGGCTAATGATACTTTTGGATCTGAGAAGG
CAATTCAACTCATAGCTATGGCAACTCCGGAAGACATGAGGATAAATGCAGAACACATTAGAATTGCTGA
CCAATTCGTAGAGGTGCCTGGTGGAACARACAATAATAACTACGCCAATGTTCAACTCATAGTGGAGATG
GCACAARAACTAGGTGTTTCTGCTGTTTGGCCTGGTTGGGGTCATGCTTCTGAGAATCCTGAACTGCCAG
ATGCATTGACCGCAAAAGGGATCGTTTTTCTTGGCCCACCTGCATCATCAATGAATGCTTTGGGAGATAA
GGTCGGCTCAGCTCTCATTGCTCAAGCAGCCGGGGTCCCAACTCTTGCTCGGAGTGGATCACATGTTGAA
GTTCCATTAGAGTGCTGCTTAGACGCGATACCTGAGGAGATGTATAGAAAAGCTTGCGTTACTACCACAG
AGGAAGCAGTTGCAAGTTGTCAAGTGGTTGGTTATCCTGCCATGATTAAGGCATCCTGGGGAGGTGGTGG
TAAAGGAATAAGAAAGGTTCATAATGATGATGAGGT TAGAGCGCTGT TTAAGCAAGTACAAGGTGAAGTC
CCTGGCTCCCCAATATTTGTCATGAGGCTTGCATCCCAGAGTCGGCATCTTGAAGTTCAGTTGCTTTGTG
ATCAATATGGTAATGTAGCAGCACTTCACAGTCGTGATTGCAGTGTGCARCGGCGACACCAGAAGATTAT
TGAAGAAGGTCCAGTTACTGTTGCTCCTCGTGAGACAGTTAAAGCACTTGAGCAGGCAGCAAGGAGGCTT
GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAGTATCTTTACAGCATGGAAACTGGAGACTACT
ATTTTCTGGAACTTAATCCCCGACTACAGGTTGAGCATCCAGTCACCGAGTGGATAGCTGAAGTAAATCT
GCCTGCAGCTCAAGTTGCTGTTGGAATGGGCATACCTCTTTGGCAGATTCCAGAAATCAGACGTTTCTAT
GGAATGGACTATGGAGGAGGGTATGACATTTGGAGGAARACAGCAGCTCTTGCTACACCATTTAATTTTG
ATGAAGTAGATTCTCAATGGCCAAAGGGCCATTGTGTAGCAGTTAGAATTACTAGTGAGGACCCAGATGA
TGGTTTCAAACCTACTGGTGGGAAAGTGAAGGAGATAAGTTTTAAAAGCAAGCCTAATGTTTGGGCCTAC
TTCTCAGTAAAGTCTGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTCGGACATGTTTTTGCATATG
GGCTCTCTAGATCAGCAGCAATAACAAACATGACTCTTGCATTAAAAGAGATTCAAATTCGTGGAGAAAT
TCATTCAAATGTTGATTACACAGTTGACCTICTTAAATGCTTCAGACTTTAGAGAAAACAAGATTCATACT
GGTTGGCTCGACACCAGAATAGCTATGCGTGI TCAAGCTGAGAGGCCCCCATGGTATATTTCAGTGGTTG
GAGGTGCTTTATATAAAACAGTAACCACCAATGCAGCCACTGTTTCTGAATATGTTAGTTATCTCACCAA
GGGCCAGATTCCACCAAAGCATATATCCCTTGTCAATTCTACAGTTAATTTGAATATAGAAGGGAGCAAA
TACACAATTGARACTGTAAGGACTGGACATGGTAGCTACAGGTTGAGAATGAATGATTCAACAGTTGAAG
CGAATGTACAATCTTTATGTGATGGTGGCCTCTTAATGCAGTTGGATGGARACAGCCATGTAATTTATGC
AGAAGAAGAAGCTGGTGGTACACGGCTTCAGATTGATGGAAAGACATGTTTATTGCAGAATGACCATGAT
CCATCAAAGTTATTAGCTGAGACACCCTGCAAACTTCTTCGTTTCTTGGTTGCTGATGGTGCTCATGTTG
ATGCGGATGTACCATACGCGGAAGTTGAGGTTATGAAGATGTGCATGCCTCTCTTGTCACCTGCTTCTGG
TGTCATTCATTGTATGATGTCTGAGGGCCAGGCATTGCAGGCTGGTGATCTTATAGCAAGGTTGGATCTT
GATGACCCTTCTGCTGTGAAAAGAGCTGAGCCATTTGATGGAATATTTCCACAAATGGAGCTCCCTGTTG
CTGTCTCTAGTCAAGTACACARAAGATATGCTGCAAGTTTGAATGCTGCTCGAATGGTCCTTGCAGGATA
TGAGCACAATATTAATGAAGTCGTTCAAGATTTGGTATGCTGCCTGGACAACCCTGAGCTTCCTTTCCTA
CAGTGGGATGAACTTATGTCTGTTCTAGCAACGAGGCTTCCAAGAAATCTCARGAGTGAGTTAGAGGATA
AATACAAGGAATACAAGTTGAATTTTTACCATGGARAAAAACGAGGACTTTCCATCCAAGTTGCTAAGAGA
CATCATTGAGGAAAATCTTTCTTATGGTTCAGAGAAGGAARAGGCTACAAATGAGAGGCTTGTTGAGCCT
CTTATGAACCTACTGAAGTCATATGAGGGTGGGAGAGAGAGCCATGCACATTTTGTTGTCAAGTCTCTTT
TCGAGGAGTATCTTACAGTGGAAGAACTTTTTAGTGATGGCATTCAGTCTGACGTGATTGAAACATTGCG
GCATCAGCACAGTAAAGACCTGCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGGAACAAA
GCTAAGCTTGTAACGGCACTTATGGAARAAGCTGGTTTATCCAAATCCTGGTGGTTACAGGGATCTGTTAG
TTCGCTTTTCTTCCCTCAATCATAAAAGATATTATAAGTTGGCCCTTAAAGCAAGTGAACTTCTTGAACA
AACCARAACTAAGTGAACTCCGTGCAAGCGTTGCAAGAAGCCTTTCGGATCTGGGGATGCATAAGGGAGAA
ATGAGTATTAAGGATAACATGGRAGATTTAGTCTCTGCCCCATTACCTGTTGAAGATGCTCTGATTTCTT
TGTTTGATTACAGTGATCGAACTGTTCAGCAGAAAGTGATTGAGACATACATATCACGATTGTACCAGCC
TCATCTTGTAAAGGATAGCATCCAAATGAAATTCAAGGAATCTGGTGCTATTACTTTTTGGGAATTTTAT
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GAAGGGCATGTTGATACTAGAAATGGACATGGGGCTATTATTGGTGGGAAGCGATGGGGTGCCATGGTCG
TTCTCARATCACTTGAATCTGCGTCAACAGCCATTGTGGCTGCATTAAAGGATTCGGCACAGTTCARCAG
CTCTGAGGGCAACATGATGCACATTGCATTATTGAGTGCTGAARATGAAAGTAATATAAGTGGAATAAGC
AGTGATGATCAAGCTCAACATAAGATGGAARAGCTTAGCAAGATACTGAAGGATACTAGCGTTGCAAGTG
ATCTCCAAGCTGCTGGTTTGAAGGTTATAAGTTGCATTGTTCAAAGAGATGAAGCTCGCATGCCAATGCG
CCACACATTCCTCTGGTTGGATGACAAGAGTTGTTATGAAGAAGAGCAGATTCTCCGGCATGTGGAGCCT
CCCCTCTCTACACTTCTTGAATTGGATAAGTTGAAGGTGAAAGGATACAATGARATGAAGTATACTCCTT
CGCGTGACCGCCAATGGCATATCTACACACTAAGAAATACTGAAAACCCCAAAATGTTGCATAGGGTGTT
TTTCCGAACTATTGTCAGGCAACCCAATGCAGGCAACAAGTTTACATCGGCTCAGATCAGCGACGCTGAA
GTAGGATGTCCCGAAGAATCTCTTTCATTTACATCAAATAGCATCTTAAGATCATTGATGACTGCTATTG
AAGAATTAGAGCTTCATGCAATTAGGACAGGTCATTCTCACATGTATTTGTGCATACTGAAAGAGCAAAA
GCTTCTTGACCTCATTCCATTTTCAGGGAGTACAATTGTTGATGTTGGCCAAGATGAAGCTACCGCTTGT
TCACTTTTAAAATCAATGGCTTTGAAGATACATGAGCTTGTTGGTGCAAGGATGCATCATCTGTCTGTAT
GCCAGTGGGAGGTGAAACTCAAGT TGGACTGTGATGGCCCTGCRAAGTGGTACCTGGAGAGTTGTAACTAC
AAATGTTACTGGTCACACCTGCACCATTGATATATACCGAGAAGTGGAGGAAATAGAATCGCAGAAGTTA
GTGTACCATTCAGCCACTTCGTCAGCTGGACCATTGCATGGTGTTGCACTGAATAATCCATATCAACCTT
TGAGTGTGATTGATCTAAAGCGCTGCTCTGCTAGGAACAACAGAACAACATATTGCTATGATTTTCCGCT
GGCCTTTGARACTGCACTGCAGAAGTCATGGCAGTCCAATGGCTCTACTGTTTCTGAAGGCAATGAAAAT
AGTAAATCCTACGTGAAGGCAACTGAGCTAGTGTTTGCTGARARACATGGGTCCTGGGGCACTCCTATAA
TTCCGATGGAACGCCCTGCTGGGCTCAACGACATTGGTATGGTCGCTTGGATCATGGAGATGTCAACACC
TGAATTTCCCAATGGCAGGCAGATTATTGTTGTAGCAAATGATATCACTTTCAGAGCTGGATCATTTGGC
CCAAGGGAAGATGCATTTTTTGAAACTGTCACTAACCTGGCTTGCGAAAGGAAACTTCCTCTTATATACT
TGGCAGCAAACTCTGGTGCTAGGATTGGCATAGCTGATGAAGTARAATCTTGCTTCCGTGTTGGATGGTC
TGACGAAGGCAGTCCTGAACGAGGGTTTCAGTACATCTATCTGACTGAAGAAGACTATGCTCGCATTAGC
TCTTCTGTTATAGCACATAAGCTGGAGCTAGATAGTGGTGAAATTAGGTGGATTATTGACTCTGTTGTGG
GCAAGGAGGATGGGCTTGGTGTCGAGAACATACATGGAAGTGCTGCTATTGCCAGTGCTTATTCTAGGGC
ATATGAGGAGACATTTACACTTACATTTGTGACTGGGCGGACTGTAGGAATAGGAGCTTATCTTGCTCGA
CTTGGTATACGGTGCATACAGCGTCTTGACCAGCCTATTATTTTAACAGGGTTTTCTGCCCTGAACAAGC
TCCTTGGGCGGGAAGTGTACAGCTCCCACATGCAGCTTGGTGGTCCTAAGATCATGGCGACTAATGGTGT
TGTCCACCTCACTGTTCCAGATGACCTTGAAGGTGTTTCCAATATATTGAGGTGGCTCAGCTATGTTCCT
GCAAACATTGGTGGACCTCTTCCTATTACCAAACCTCTGGACCCTCCAGACAGACCTGTTGCTTACATCC
CTGAGAACACATGCGATCCACGTGCAGCTATCTGTGGTGTAGATGACAGCCAAGGGARATGGTTGGGTGG
TATGTTTGACAAAGACAGCTTTGTGGAGACATTTGAAGGATGGGCAAAAACAGTGGTTACTGGCAGAGCA
AAGCTTGGAGGAATTCCTGTGGGCGTCATAGCTGTGGAGACACAGACCATGATGCAGATCATCCCTGCTG
ATCCAGGTCAGCTTGATTCCCATGAGCGATCTGTCCCTCGTGCTGGACRAGTGTGGTTCCCAGATTCTGC
AACCAAGACCGCTCAGGCATTATTAGACTTCAACCGTGAAGGATTGCCTCTGTTCATCCTGGCTAATTGG
AGAGGCTTCTCTGGTGGACAAAGAGATCTCTTTGAAGGAATTCTTCAGGCTGGGTCAACAATTGTCGAGA
ACCTTAGGACATCTAATCAGCCTGCTTTTGTGTACATTCCTATGGCTGGAGAGCTTCGTGGAGGAGCTTG
GGTTGTGGTCGATAGCARAATAAATCCAGACCGCATTGAGTGTTATGCTGAAAGGACTGCCAAAGGTAAT
GTTCTCGAACCTCAAGGGTTAATTGAAATCAAGT TCAGGTCAGAGGAACTCCAAGACTGTATGGGTAGGC
TTGACCCAGAGTTGATARATCTGAAAGCAAAACTCCAAGATGTAAATCATGGAAARTGGAAGTCTACCAGA
CATAGAAGGGATTCGGAAGAGTATAGAAGCACGTACGAAACAGTTGCTGCCTTTATATACCCAGATTGCA
ATACGGTTTGCTGAATTGCATGATACTTCCCTAAGAATGGCAGCTARAGGTGTGATTAAGAAAGTTGTAG
ACTGGGAAGAATCACGCTCGTTCTTCTATAAAAGGCTACGGAGGAGGATCGCAGAAGATGTTCTTGCAAA
AGAAATAAGGCAGATAGTCGGTGATAAATTTACGCACCAATTAGCAATGGAGCTCATCAAGGAATGGTAC
CTTGCTTCTCAGGCCACAACAGGAAGCACTGGATGGGATGACGATGATGCTTTTGTTGCCTGGAAGGACA
GTCCTGAARACTACAAGGGGCATATCCAARAGCTTAGGGCTCAAARAGTGTCTCATTCGCTCTCTGATCT
TGCTGACTCCAGTTCAGATCTGCAAGCATTCTCGCAGGGTCTTTCTACGCTATTAGATAAGATGGATCCC
TCTCAGAGAGCGAAGTTTGTTCAGGAAGTCAAGAAGGTCCTTGATTGA
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MSQLGLAAAASKALPLLPNRQRSSAGTTFSSSSLSRPLNRRKSR
TRSLRDGGDGVSDAKKHSQSVRQGLAGIIDLPSEAPSEVDISHGSEDPRGPTDSYQMN
GIINETHNGRHASVSKVVEFCAALGGKTPIHSILVANNGMAAAKEMRSVRTWANDTFG
SEKAIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEMAQKLGVSA
VWPGWGHASENPELPDALTAKGIVFLGPPASSMNALGDKVGSALIAQAAGVPTLARSG
SHVEVPLECCLDAIPEEMYRKACVTTTEEAVASCQVVGYPAMIKASWGGGGKGIRKVH
NDDEVRALFKQVQGEVPGSPIFVMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVQRR
HQKIIEEGPVTVAPRETVKALEQAARRLAKAVGYVGAATVEYLYSMETGDYYFLELNP
RLQVEHPVTEWIAEVNLPAAQVAVGMGIPLWQIPEIRRFYGMDYGGGYDIWRKTAALA
TPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSG
GGIHEFADSQFGHVFAYGLSRSAAITNMTLALKEIQIRGEIHSNVDYTVDLLNASDFR
ENKIHTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTTNAATVSEYVSYLTKGQIPP
KHISLVNSTVNLNIEGSKYTIETVRTGHGSYRLRMNDSTVEANVQSLCDGGLLMQLDG
NSHVIYAEEEAGGTRLQIDGKTCLLQNDHDPSKLLAETPCKLLRFLVADGAHVDADVP
YAEVEVMKMCMPLLSPASGVIHCMMSEGQALQAGDLIARLDLDDPSAVKRAEPFDGIF
POMELPVAVSSQVHKRYAASLNAARMVLAGYEHNINEVVQDLVCCLDNPELPFLQWDE
LMSVLATRLPRNLKSELEDKYKEYKLNFYHGKNEDFPSKLLRDIIEENLSYGSEKEKA
TNERLVEPLMNLLKSYEGGRESHAHFVVKSLFEEYLTVEELEFSDGIQSDVIETLRHQH
SKDLQKVVDIVLSHQGVRNKAKLVTALMEKLVYPNPGGYRDLLVRESSLNHKRYYKLA
LKASELLEQTKLSELRASVARSLSDLGMHKGEMS IKDNMEDLVSAPLPVEDALISLED
YSDRTVQQKVIETYISRLYQPHLVKDSIQMKFKESGAITFWEFYEGHVDTRNGHGATII
GGKRWGAMVVLKSLESASTAIVAALKDSAQFNSSEGNMMHIALLSAENESNISGISSD
DQAQHKMEKLSKILKDTSVASDLQAAGLKVISCIVQRDEARMPMRHT FLWLDDKSCYE
EEQILRHVEPPLSTLLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVEF
RTIVRQPNAGNKFTSAQISDAEVGCPEESLSFTSNSILRSLMTAIEELELHAIRTGHS
HMYLCILKEQKLLDLIPFSGSTIVDVGQDEATACSLLKSMALKIHELVGARMHHLSVC
QWEVKLKLDCDGPASGTWRVVTTNVTGHTCTIDIYREVEEIESQKLVYHSATSSAGPL
HGVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETALQKSWQSNGSTVSEGNEN
SKSYVKATELVFAEKHGSWGTPIIPMERPAGLNDIGMVAWIMEMST PEFPNGRQIIVV
ANDITFRAGSFGPREDAFFETVTNLACERKLPLIYLAANSGARIGIADEVKSCFRVGH
SDEGSPERGFQYIYLTEEDYARISSSVIAHKLELDSGEIRWIIDSVVGKEDGLGVENI
HGSAARTASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQRLDQPITILTGFSALN
KLLGREVYSSHMQLGGPKIMATNGVVHLTVPDDLEGVSNILRWLSYVPANIGGPLPIT
KPLDPPDRPVAYIPENTCDPRAAICGVDDSQGKWLGGMFDKDSEFVETFEGWAKTVVTG
RAKLGGIPVGVIAVETQTMMQIIPADPGQLDSHERSVPRAGQVWEFPDSATKTAQALLD
FNREGLPLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTSNQPAFVYIPMAGELRG
GAWVVVDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMGRLDPELINLK
AKLQDVNHGNGSLPDIEGIRKSIEARTKQLLPLYTQIAIRFAELHDTSLRMAAKGVIK
KVVDWEESRSFFYKRLRRRIAEDVLAKEIRQIVGDKFTHQLAMELIKEWYLASQATTG
STGWDDDDAFVAWKDSPENYKGHIQKLRAQKVSHSLSDLADSSSDLOAFSQGLSTLLD
KMDPSQRAKFVQEVKKVLD
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FIGURE 10A

ATGTCACAGCTTGGATTAGCCGCAGCTGCCTCAAAGGCCTTGCCACTACTCCCTAATCGCCAGAGAAGTT
CAGCTGGGACTACATTCTCATCATCTTCATTATCGAGGCCCTTAAACAGAAGGAAAAGCCGTACTCGTITC
ACTCCGTGATGGCGGAGATGGGGTATCAGATGCCARAAAGCACAGCCAGTCTGTTCGTCAAGGTCTTGCT
GGCATTATCGACCTCCCAAGTGAGGCACCTTCCGAAGTGGATATTTCACATGGATCTGAGGATCCTAGGG
GGCCAACAGATTCTTATCAAATGAATGGGATTATCAATGAARACACATAATGGAAGACATGCCTCAGTGTC
CAAGGTTGTTGAATTTTGTGCGGCACTAGGTGGCAAAACACCAATTCACAGTATATTAGTGGCCAACAAT
GGAATGGCAGCAGCAAAATTTATGAGGAGTGTCCGGACATGGGCTAATGATACTTTTGGATCTGAGAAGG
CAATTCAACTCATAGCTATGGCAACTCCGGAAGACATGAGGATAAATGCAGAACACATTAGAATTGCTGA
CCAATTCGTAGAGGTGCCTGGTGGAACARACAATAATAACTACGCCAATGTTCAACTCATAGTGGAGATG
GCACAAARACTAGGTGTTTCTGCTGTTTGGCCTGGTTGGGGTCATGCTTCTGAGAATCCTGAACTGCCAG
ATGCATTGACCGCRAAAAGGGATCGTTTTTCTTGGCCCACCTGCATCATCAATGAATGCTTTGGGAGATAA
GGTCGGCTCAGCTCTCATTGCTCAAGCAGCCGGGGTCCCAACTCTTGCTTGGAGTGGATCACATGTTGAA
GTTCCATTAGAGTGCTGCTTAGACGCGATACCTGAGGAGATGTATAGAAAAGCTTGCGTTACTACCACAG
AGGAAGCAGTTGCAAGTTGTCAAGTGGTTGGTTATCCTGCCATGATTAAGGCATCCTGGGGAGGTGGTGG
TAAAGGAATAAGAAAGGTTCATAATGATGATGAGGTTAGAGCGCTGTTTAAGCAAGTACAAGGTGAAGTC
CCTGGCTCCCCAATATTTGTCATGAGGCTTGCATCCCAGAGTCGGCATCTTGAAGTTCAGTTGCTTTGTG
ATCAATATGGTAATGTAGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGGCGACACCAGAAGATTAT
TGAAGRAAGGTCCAGTTACTGTTGCTCCTCGTGAGACAGTTAAAGCACTTGAGCAGGCAGCAAGGAGGCTT
GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAGTATCTTTACAGCATGGAARACTGGAGACTACT
ATTTTCTGGAACTTAATCCCCGACTACAGGTTGAGCATCCAGTCACCGAGTGGATAGCTGAAGTAAATCT
GCCTGCAGCTCAAGTTGCTGTTGGAATGGGCATACCTCTTTGGCAGATTCCAGAAATCAGACGTTTCTAT
GGAATGGACTATGGAGGAGGGTATGACAT T TGGAGGAAAACAGCAGCTCTTGCTACACCATTTAATTTTG
ATGAAGTAGATTCTCAATGGCCAAAGGGCCATTGTGTAGCAGTTAGAATTACTAGTGAGGACCCAGATGA
TGGTTTCAARACCTACTGGTGGGAAAGTGAAGGAGATAAGTTTTAAAAGCAAGCCTAATGTTTGGGCCTAC
TTCTCAGTAAAGTCTGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTCGGACATGTTTTTGCATATG
GGCTCTCTAGATCAGCAGCAATAACAAACATGACTCTTGCATTAAAAGAGATTCAAATTCGTGGAGAAAT
TCATTCAAATGTTGATTACACAGTTGACCTICTTAAATGCTTCAGACTTTAGAGAAAACAAGATTCATACT
GGTTGGCTCGACACCAGAATAGCTATGCGTGTTCAAGCTGAGAGGCCCCCATGGTATATTTCAGTGGTTG
GGGGTGCTTTATATAAAACAGTAACCACCAATGCAGCCACTGTTTCTGAATATGTTAGTTATCTCACCAA
GGGCCAGATTCCACCAAAGCATATATCCCTTGTCAATTCTACAGTTAATTTGAATATAGAAGGGAGCAAA
TACACAATTGARACTGTAAGGACTGGACATGGTAGCTACAGGTTGAGAATGAATGATTCAACAGTTGAAG
CGAATGTACAATCTTTATGTGATGGTGGCCTCTTAATGCAGT TGGATGGAAACAGCCATGTAATTTATGC
AGAAGAAGAAGCTGGTGGTACACGGCTTCAGATTGATGGAAAGACATGTTTATTGCAGAATGACCATGAT
CCATCAAAGTTATTAGCTGAGACACCCTGCAAACTTCTTCGTTTCTTGGTTGCTGATGGTGCTCATGTTG
ATGCGGATGTACCATACGCGGAAGTTGAGGTTATGAAGATGTGCATGCCTCTCTTGTCGCCTGCTTCTGG
TGTCATTCATTGTATGATGTCTGAGGGCCAGGCATTGCAGGCTGGTGATCTTATAGCAAGGTTGGATCTT
GATGACCCTTCTGCTGTGARAAGAGCTGAGCCATTTGATGGAATATTTCCACAAATGGAGCTCCCTGTTG
CTGTCTCTAGTCAAGTACACAAAAGATATGCTGCAAGTTTGAATGCTGCTCGAATGGTCCTTGCAGGATA
TGAGCACAATATTAATGAAGTCGTTCAAGATTTGGTATGCTGCCTGGACAACCCTGAGCTTCCTTTCCTA
CAGTGGGATGAACTTATGTCTGTTCTAGCAACGAGGCTTCCAAGAAATCTCAAGAGTGAGTTAGAGGATA
AATACAAGGAATACAAGTTGAATTTTTACCATGGAAAAAACGAGGACTTTCCATCCAAGTTGCTAAGAGA
CATCATTGAGGAARATCTTTCTTATGGTTCAGAGAAGGAAAAGGCTACAAATGAGAGGCTTGTTGAGCCT
CTTATGAACCTACTGAAGTCATATGAGGGTGGGAGAGAGAGCCATGCACATTTTGTTGTCAAGTCTCTTT
TCGAGGAGTATCTTACAGTGGAAGAACTTTTTAGTGATGGCATTCAGTCTGACGTGATTGAAACATTGCG
GCATCAGCACAGTAAAGACCTGCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGGAACAAA
GCTAAGCTTGTAACGGCACTTATGGAAAAGCTGGTTTATCCARATCCTGGTGGTTACAGGGATCTGTTAG
TTCGCTTTTCTTCCCTCAATCATAAAAGATATTATAAGTTGGCCCTTAAAGCAAGTGAACTTCTTGAACA
AACCAAACTAAGTGAACTCCGTGCAAGCGTTGCAAGAAGCCTTTCGGATCTGGGGATGCATAAGGGAGAA
ATGAGTATTAAGGATAACATGGAAGATTTAGTCTCTGCCCCATTACCTGTTGAAGATGCTCTGATTTCTT
TGTTTGATTACAGTGATCGAACTGTTCAGCAGAAAGTGATTGAGACATACATATCACGATTGTACCAGCC
TCATCTTGTAAAGGATAGCATCCAAATGAAATTCAAGGAATCTGGTGCTATTACTTTTTGGGAATTTTAT
GAAGGGCATGTTGATACTAGAAATGGACATGGGGCTATTATTGGTGGGAAGCGATGGGGTGCCATGGTCG
TTCTCAAATCACTTGAATCTGCGTCAACAGCCATTGTGGCTGCATTAAAGGATTCGGCACAGTTCAACAG
CTCTGAGGGCAACATGATGCACATTGCATTATTGAGTGCTGAAAATGAAAGTAATATAAGTGGAATAAGT
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GATGATCAAGCTCAACATAAGATGGAAAAGCTTAGCAAGATACTGAAGGATACTAGCGTTGCAAGTGATC
TCCAAGCTGCTGGTTTGAAGGTTATAAGT TGCATTGTTCAAAGAGATGAAGCTCGCATGCCAATGCGCCA
CACATTCCTCTGGTTGGATGACAAGAGTTGTTATGAAGAAGAGCAGATTCTCCGGCATGTGGAGCCTCCC
CTCTCTACACTTCTTGAATTGGATAAGTTGAAGGTGARAGGATACAATGAAATGAAGTATACTCCTTCGC
GTGACCGCCAATGGCATATCTACACACTAAGAAATACTGARAACCCCARAATGTTGCATAGGGTGTTTTT
CCGAACTATTGTCAGGCAACCCAATGCAGGCAACAAGTTTACATCGGCTCAGATCAGCGACGCTGAAGTA
GGATGTCCCGAAGAATCTCTTTCATT TACATCAAATAGCATCTTAAGATCATTGATGACTGCTATTGAAG
AATTAGAGCTTCATGCAATTAGGACAGGTCATTCTCACATGTATTTGTGCATACTGAAAGAGCAARAAGCT
TCTTGACCTCATTCCATTTTCAGGGAGTACAATTGTTGATGTTGGCCAAGATGAAGCTACCGCTTGTTCA
CTTTTAAAATCAATGGCTTTGAAGATACATGAGCTTGTTGGTGCAAGGATGCATCATCTGTCTGTATGCC
AGTGGGAGGTGAAACTCAAGTTGGACTGTGATGGCCCTGCAAGTGGTACCTGGAGAGTTGTAACTACAAA
TGTTACTGGTCACACCTGCACCATTGATATATACCGAGAAGTGGAGGAAATAGAATCGCAGAAGTTAGTG
TACCATTCAGCCACTTCGTCAGCTGGACCATTGCATGGTGTTGCACTGAATAATCCATATCAACCTTTGA
GTGTGATTGATCTAARGCGCTGCTCTGCTAGGAACAACAGAACAACATATTGCTATGATTTTCCGCTGGC
CTTTGAARACTGCACTGCAGAAGTCATGGCAGACCAATGGCTCTACTGTTTCTGAAGGCAATGARAATAGT
AAATCCTACGTGAAGGCAACTGAGCTAGTGTTTGCTGAAARACATGGGTCCTGGGGCACTCCTATAATTC
CGATGGAACGCCCTGCTGGGCTCAACGACATTGGTATGGTCGCTTGGATCATGGAGATGTCAACACCTGA
ATTTCCCAATGGCAGGCAGATTATTGTTGTAGCAAATGATATCACTTTCAGAGCTGGATCATTTGGCCCA
AGGGAAGATGCATTTTTTGAARACTGTCACTAACCTGGCTTGCGAAAGGAAACTTCCTCTTATATACTTGG
CAGCAAACTCTGGTGCTAGGATTGGCATAGCTGATGAAGTARRATCTTGCTTCCGTGTTGGATGGTCTGA
CGAAGGCAGTCCTGAACGAGGGTTTCAGTACATCTATCTGACTGAAGAAGACTATGCTCGCATTAGCTCT
TCTGTTATAGCACATAAGCTGGAGCTAGATAGTGGTGAAATTAGGTGGATTATTGACTCTGTTGTGGGCA
AGGAGGATGGGCTTCGTGTCGAGAACATACATGGAAGTGCTGCTATTGCCAGTGCTTATTCTAGGGCATA
TGAGGAGACATTTACACTTACATTTGTGACTGGGCGGACTGTAGGAATAGGAGCTTATCTTGCTCGACTT
GGTATACGGTGCATACAGCGTCTTGACCAGCCTATTATTTTAACAGGGTTTTCTGCCCTGAACARGCTCC
TTGGGCGGGAARGTGTACAGCTCCCACATGCAGCTTGGTGGTCCTAAGATCATGGCGACTAATGGTGTTGT
CCACCTCACTGTTCCAGATGACCTTGAAGGTGTTTCCAATATATTGAGGTGGCTCAGCTATGTTCCTGCA
AACATTGGTGGACCTCTTCCTATTACCARACCTCTGGACCCTCCAGACAGACCTGTTGCTTACATCCCTG
AGAACACATGCGATCCACGTGCAGCTATCTGTGGTGTAGATGACAGCCAAGGGARAATGGTTGGGTGGTAT
GTTTGACAAAGACAGCTTTGTGGAGACATTTCGAAGGATGGGCARAARACAGTGGTTACTGGCAGAGCARAG
CTTGGAGGAATTCCTGTGGGCGTCATAGCTGTGGAGACACAGACCATGATGCAGATCATCCCTGCTGATC
CAGGTCAGCTTGATTCCCATGAGCGATCTGTCCCTCGTGCTGGACARAGTGTGGTTCCCAGATTCTGCAAC
CAAGACCGCTCAGGCATTATTAGACTTCAACCGTGAAGGATTGCCTCTGTTCATCCTGGCTAATTGGAGA
GGCTTCTCTGGTGGACARAGAGATCTCTTTGAAGGAATTCTTCAGGCTGGGTCARACAATTGTCGAGAACC
TTAGGACATATAATCAGCCTGCTTTTGTGTACATTCCTATGGCTGGAGAGCTTCGTGGAGGAGCTTGGGT
TGTGGTCGATAGCAAAATAARATCCAGACCGCATTGAGTGTTATGCTGAAAGGACTGCCAAAGGTAATGTT
CTCGAACCTCAAGGGTTAATTGAAATCAAGT TCAGGTCAGAGGAACTCCAAGACTGTATGGGTAGGCTTG
ACCCAGAGTTGATAAATCTGAAAGCAAAACTCCARGATGTAAATCATGGAAATGGAAGTCTACCAGACAT
AGAAGGGATTCGGAAGAGTATAGAARGCACGTACGAAACAGTTGCTGCCTTTATATACCCAGATTGCAATA
CGGTTTGCTGAATTGCATGATACTTCCCTAAGAATGGCAGCTAAAGGTGTGATTAAGAAAGTTGTAGACT
GGGAAGAATCACGCTCGTTCTTCTATAARAAGGCTACGGAGGAGGATCGCAGAAGATGTTCTTGCAAAAGA
AATAAGGCAGATAGTCGGTGATAAATTTACGCACCAATTAGCAATGGAGCTCATCAAGGAATGGTACCTT
GCTTCTCAGGCCACAACAGGAAGCACTGGATGGGATGACGATGATGCTTTTGTTGCCTGGAAGGACAGTC
CTGAAAACTACAAGGGGCATATCCARAAGCTTAGGGCTCARAAAGTGTCTCATTCGCTCTCTGATCTTGC
TGACTCCAGTTCAGATCTGCAAGCATTCTCGCAGGGTCTTTCTACGCTATTAGATAAGATGGATCCCTCT
CAGAGAGCGAAGTTTGTTCAGGAAGTCAAGAAGGTCCTTGATTGA
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FIGURE 10B

>AAP78896_ Zea mays
MSQLGLAAAASKALPLLPNRQRSSAGTTEFSSSSLSRPLNRRKSR
TRSLRDGGDGVSDAKKHSQSVRQGLAGIIDLPSEAPSEVDISHGSEDPRGPTDSYQMN
GIINETHNGRHASVSKVVEFCAALGGKTPIHSILVANNGMAAAKFMRSVRTWANDTEFG
SEKAIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEMAQKLGVSA
VWPGWGHASENPELPDALTAKGIVFLGPPASSMNALGDKVGSALIAQAAGVPTLAWSG
SHVEVPLECCLDAIPEEMYRKACVTTTEEAVASCQVVGYPAMIKASWGGGGKGIRKVH
NDDEVRALFKQVQGEVPGSPIFVMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVQRR
HQKIIEEGPVTVAPRETVKALEQAARRLAKAVGYVGAATVEYLYSMETGDYYFLELNP
RLQVEHPVTEWIAEVNLPAAQVAVGMGIPLWQIPEIRRFYGMDYGGGYDIWRKTAALA
TPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAYEFSVKSG
GGIHEFADSQFGHVFAYGLSRSAAITNMTLALKEIQIRGEIHSNVDYTVDLLNASDFR
ENKIHTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTTNAATVSEYVSYLTKGQIPP
KHISLVNSTVNLNIEGSKYTIETVRTGHGSYRLRMNDSTVEANVQSLCDGGLLMQLDG
NSHVIYAEEEAGGTRLQIDGKTCLLQONDHDPSKLLAETPCKLLRFLVADGAHVDADVP
YAEVEVMKMCMPLLSPASGVIHCMMSEGQALQAGDLIARLDLDDPSAVKRAEPFDGIF
PQMELPVAVSSQVHKRYAASLNAARMVLAGYEHNINEVVQDLVCCLDNPELPFLQWDE
LMSVLATRLPRNLKSELEDKYKEYKLNFYHGKNEDFPSKLLRDIIEENLSYGSEKEKA
TNERLVEPLMNLLKSYEGGRESHAHFVVKSLFEEYLTVEELFSDGIQSDVIETLRHQH
SKDLQKVVDIVLSHQGVRNKAKLVTALMEKLVYPNPGGYRDLLVRFSSLNHKRY YKLA
LKASELLEQTKLSELRASVARSLSDLGMHKGEMSIKDNMEDLVSAPLPVEDALISLED
YSDRTVQQKVIETYISRLYQPHLVKDSIQMKFKESGAITFWEFYEGHVDTRNGHGAIT
GGKRWGAMVVLKSLESASTAIVAALKDSAQFNSSEGNMMHIALLSAENESNISGISDD
QAQHKMEKLSKILKDTSVASDLQAAGLKVISCIVQRDEARMPMRHT FLWLDDKSCYEE
EQILRHVEPPLSTLLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVEFFR
TIVRQPNAGNKFTSAQISDAEVGCPEESLSFTSNSILRSLMTAIEELELHATIRTGHSH
MYLCILKEQKLLDLIPFSGSTIVDVGQDEATACSLLKSMALKIHELVGARMHHLSVCQ
WEVKLKLDCDGPASGTWRVVTINVTIGHTCTIDIYREVEEIESQKLVYHSATSSAGPLH
GVALNNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETALQKSWQTNGSTVSEGNENS
KSYVKATELVFAEKHGSWGTPIIPMERPAGLNDIGMVAWIMEMSTPEFPNGRQIIVVA
NDITFRAGSFGPREDAFFETVTNLACERKLPLIYLAANSGARIGIADEVKSCFRVGHWS
DEGSPERGFQYIYLTEEDYARISSSVIAHKLELDSGEIRWIIDSVVGKEDGLGVENIH
GSAAIASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQRLDQPIILTGFSALNK
LLGREVYSSHMQLGGPKIMATNGVVHLTVPDDLEGVSNILRWLSYVPANIGGPLPITK
PLDPPDRPVAYIPENTCDPRAAICGVDDSQGKWLGGMEFDKDSFVETFEGWAKTVVTGR
AKLGGIPVGVIAVETQTMMQITIPADPGQLDSHERSVPRAGQVWEFPDSATKTAQALLDE
NREGLPLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPMAGELRGG
AWVVVDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMGRLDPELINLKA
KLQDVNHGNGSLPDIEGIRKSIEARTKQLLPLYTQIAIRFAELHDTSLRMAAKGVIKK
VVDWEESRSFFYKRLRRRIAEDVLAKEIRQIVGDKFTHQLAMELIKEWYLASQATTGS
TGWDDDDAFVAWKDSPENYKGHIQKLRAQKVSHSLSDLADSSSDLQAFSQGLSTLLDK
MDPSQRAKFVQEVKKVLD
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FIGURE 11A

>AF029895 Triticum aestivum

ATGGGATCCACACATTTGCCCATTGTCGGCCTTAATGCCTCGACAARCACCATCGCTATCCACTATTCGCC
CGGTAAATTCAGCCGGTGCTGCATTCCAACCATCTGCCCCTTCTAGAACCTCCARGAAGAARAGTCGTCG
TGTTCAGTCATTAAGGGATGGAGGCGATGGAGGCGTGTCAGACCCTAACCAGTCTATTCGCCAAGGTCTT
GCCGGCATCATTGACCTCCCAAAGGAGGGCACATCAGCTCCGGAAGTGGATATTTCACATGGGTCCGAAG
AACCCAGGGGCTCCTACCARATGAATGGGATACTGAATGAARGCACATAATGGGAGGCATGCTTCGCTGTC
TAAGGTTGTCGAATTTTGTATGGCATTGGGCGGCAAAACACCAATTCACAGTGTATTAGTTGCGAACAAT
GGAATGGCAGCAGCTAAGTTCATGCGGAGTGTCCGAACATGGGCTAATGARACATTTGGGTCAGAGRAGG
CAATTCAGTTGATAGCTATGGCTACTCCAGAAGACATGAGGATAAATGCAGAGCACATTAGAATTGCTGA
TCAATTTGTTGAAGTACCCGGTGGAACAAACAATAACAACTATGCAAATGTCCAACTCATAGTGGAGATA
GCAGTGAGAACCGGTGTTTCTGCTGTTTGGCCTGGTTGGGGCCATGCATCTGAGAATCCTGAACTTCCAG
ATGCACTARATGCAAACGGAATTGTTTTTCTTGGGCCACCATCATCATCAATGAACGCACTAGGTGACAA
GGTTGGTTCAGCTCTCATTGCTCAAGCAGCAGGGGTTCCGACTCTTCCTTGGAGTGGATCACAGGTGGAA
ATTCCATTAGAAGTTTGTTTGGACTCGATACCCGCGGAGATGTATAGGAAAGCTTGTGTTAGTACTACGG
AGGAAGCACTTGCGAGTTGTCAGATGATTGGGTATCCCGCCATGATTAAAGCATCATGGGGTGGTGGTGE
TAAAGGGATCCGAAAGGTTAATAATGACGATGATGTCAGAGCACTGT TTAAGCAAGTGCARGGTGAAGTT
CCTGGCTCCCCAATATTTATCATGAGACTTGCATCTCAGAGTCGACATCTTGAAGTTCAGTTGCTTTGTG
ATCAATATGGCAATGTAGCTGCGCTTCACAGTCGTGACTGCAGTGTGCAACGGCGACACCAAAAGATTAT
TGAGGAAGGACCAGTTACTGTTGCTCCTCGCGAGACAGTGAARAGAGCTAGAGCAAGCAGCAAGGAGGCTT
GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAATATCTCTACAGCATGGAGACTGGTGAATACT
ATTTTCTGGAACTTAATCCACGGTTGCAGGTTGAGCATCCAGTCACCGAGTGGATAGCTGAAGTAAACTT
GCCTGCAGCTCAAGTTGCAGTTGGAATGGGTATACCCCTTTGGCAGGTTCCAGAGATCAGACGTTTCTAT
GGAATGGACAATGGAGGAGGCTATGACATT TGGAGGARAACAGCAGCTCTTGCTACTCCATTTAACTTCG
ATGAAGTGGATTCTCAATGGCCARAGGGTCATTGTGTAGCAGTTAGGATAACCAGTGAGGATCCAGATGA
CGGATTCAAGCCTACCGGTGGAAAAGTAAAGGAGATCAGTTTTAAAAGCAAGCCAAATGTTTGGGCCTAT
TTCTCTGTTAAGTCCGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTTGGACATGTTTTTGCATATG
GAGTGTCTAGAGCAGCAGCAATAACCAACATGTCTCTTGCGCTAAAAGAGATTCAAATTCGTGGAGAAAT
TCATTCAAATGTTGATTACACAGTTGATCTCTTGAATGCCTCAGACT TCARAGAAAACAGGATTCATACT
GGCTGGCTGGATAACAGAATAGCAATGCGAGTCCAAGCTGAGAGACCTCCGTGGTATATTTCAGTGGTTG
GAGGAGCTCTATATAAAACAATAACGAGCAACACAGACACTGTTTCTGAATATGTTAGCTATCTCGTCAA
GGGTCAGATTCCACCGAAGCATATATCCCTTGTCCATTCAACTGTTTCTTTGAATATAGAGGAAAGCAAA
TATACAATTGAAACTATAAGGAGCGGACAGGGTAGCTACAGATTGCGAATGAATGGATCAGTTATTGAAG
CABRATGTCCAAACATTATGTGATGGTGGACTTTTAATGCAGTTGGATGGAAACAGCCATGTAATTTATGC
TGAAGAAGAGGCCGGTGGTACACGGCTTCTAATTGATGGAAAGACATGCTTGTTACAGAATGAT CACGAT
CCTTCAAGGTTAT TAGCTGAGACACCCTGCAAACTTCTTCGTTTCTTGGTTGCCGATGGTGCTCATGTTG
AAGCTGATGTACCATATGCGGAAGTTGAGGTTATGAAGATGTGCATGCCCCTCTTGTCACCTGCTGCTGG
TGTCATTAATGTTTTGTTGTCTGAGGGCCAGCCTATGCAGGCTGGTGATCTTATAGCAAGACTTGATCTT
GATGACCCTTCTGCTGTGAAGAGAGCTGAGCCATTTAACGGATCTTTCCCAGAAATGAGCCTTCCTATTG
CTGCTTCTGGCCAAGTTCACAAAAGATGTGCCACAAGCTTGAATGCTGCTCGGATGGTCCTTGCAGGATA
TGATCACCCGATCAACAAAGTTGTACAAGATCTGGTATCCTGTCTAGATGCTCCTGAGCTTCCTTTCCTA
CAATGGGAAGAGCTTATGTCTGTTTTAGCAACTAGACTTCCAAGGCTTCTTAAGAGCGAGTTGGAGGGTA
AATACAGTGAATATAAGTTAAATGTTGGCCATGGGAAGAGCAAGGATTTCCCTTCCAAGATGCTAAGAGA
GATAATCGAGGAAAATCTTGCACATGGTTCTGAGAAGGAAATTGCTACAAATGAGAGGCTTGTTGAGCCT
CTTATGAGCCTACTGAAGTCATATGAGGGTGGCAGAGAAAGCCATGCACACTTTATTGTGAAGTCCCTTT
TCGAGGACTATCTCTCGGTTGAGGAACTATTCAGTGATGGCATTCAGTCTGATGTGATTGAACGCCTGCG
CCAACAACATAGTAAAGATCTCCAGAAGGT TGTAGACATTGTGTTGTCTCACCAGGGTGTGAGAAACARA
ACTAAGCTGATACTAACACTCATGGAGAAACTGGTCTATCCARACCCTGCTGTCTACAAGGATCAGTTGA
CTCGCTTTTCCTCCCTCAATCACARAAGATATTATAAGTTGGCCCTTARAGCTAGCGAGCTTCTTGAACA
AACCAAGCTTAGTGAGCTCCGCACAAGCATTGCAAGGAGCCTTTCAGAACTTGAGATGTTTACTGAAGAA
AGGACGGCCATTAGTGAGATCATGGGAGAT TTAGTGACTGCCCCACTGCCAGTTGAAGATGCACTGGTTT
CTTTGTTTGATTGTAGTGATCAAACTCTTCAGCAGAGGGTGATCGAGACGTACATATCTCGATTATACCA
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GCCTCATCTTGTCAAGGATAGTATCCAGCTGAAATATCAGGAATCTGGTGTTATTGCTTTATGGGAATTC
GCTGAAGCGCATTCAGAGRAGAGATTGGGTGCTATGGTTATTGTGAAGTCGTTAGAATCTGTATCAGCAG
CAATTGGAGCTGCACTARAGGGTACATCACGCTATGCARGCTCTGAGGGTAACATAATGCATATTGCTTT
ATTGGGTGCTGATAATCAAATGCATGGAACTGAAGACAGTGGTGATAACGATCAAGCTCAAGTCAGGATA
GACAAACTTTCTGCGACACTGGAACAAAATACTGTCACAGCTGATCTCCGTGCTGCTGGTGTGAAGGTTA
TTAGTTGCATTGTTCAAAGGGATGGAGCACTCATGCCTATGCGCCATACCTTCCTCTTGTCGGATGAARA
GCTTTGTTATGAGGAAGAGCCGGTTCTCCGGCATGTGGAGCCTCCTCTTTCTGCTCTTCTTGAGTTGGGT
ARGTTGAAAGTGAAAGGATACAATGAGGTGAAGTATACACCGTCACGTGATCGTCAGTGGAACATATACA
CACTTAGAAATACAGAGAACCCCAAAATGTTGCACAGGGTGTTTTTCCGAACTCTTGTCAGGCAACCCGG
TGCTTCCAACAAATTCACATCAGGCAACATCAGTGATGT TGAAGTGGGAGGAGCTGAGGAATCTCTTTCA
TTTACATCGAGCAGCATATTAAGATCGCTGATGACTGCTATAGAAGAGTTGGAGCTTCACGCGATTAGGA
CAGGTCACTCTCATATGTTTTTGTGCATATTGAAAGAGCAAAAGCTTCTTGATCTTGTTCCCGTTTCAGG
GAACAAAGTTGTGGATATTGGCCAAGATGAAGCTACTGCATGCTTGCTTCTGARAGAAATGGCTCTACAG
ATACATGAACTTGTGGGTGCAAGGATGCATCATCTTTCTGTATGCCAATGGGAGGTGAAACTTAAGTTGG
ACAGCGATGGGCCTGCCAGTGGTACCTGGAGAGTTGTAACAACCAATGTTACTAGTCACACCTGCACTGT
GGATATCTACCGTGAGGTCGAAGATACAGAATCACAGARACTAGTGTACCACTCTGCTCCATCGTCATCT
GGTCCTTTGCATGGCGTTGCACTGAATACTCCATATCAGCCTTTGAGTGTTATTGATCTGAAACGTTGCT
CCGCTAGAAATAACAGAACTACATACTGCTATGATTTTCCGTTGGCATTTGAAACTGCAGTGCAGAAGTC
ATGGTCTAACATTTCTAGTGACACTAACCGATGTTATGTTAAAGCGACGGAGCTGGTGTTTGCTCACAAG
AACGGGTCATGGGGCACTCCTGTAATTCCTATGGAGCGTCCTGCTGGGCTCAATGACATTGGTATGGTAG
CTTGGATCTTGGACATGTCCACTCCTGAATATCCCAATGGCAGGCAGATTGTTGTCATCGCAAATGATAT
TACTTTTAGAGCTGGATCGTTTGGTCCAAGGGAAGATGCATTTTTTGAAACTGTTACCAACCTAGCTTGT
GAGAGGAAGCTTCCTCTCATCTACTTGGCAGCAAACTCTGGTGCTCGGATCGGCATAGCAGATGAAGTAA
AATCTTGCTTCCGTGTTGGATGGTCTGATGATGGCAGCCCTGAACGTGGGTTTCAATATATTTATCTGAC
TGAAGAAGACCATGCTCGTATTAGCGCTTCTGTTATAGCGCACAAGATGCAGCTTGATAATGGTGAAATT
AGGTGGGTTATTGATTCTGTTGTAGGGAAGGAGGATGGGCTAGGTGTGGAGAACATACATGGAAGTGCTG
CTATTGCCAGTGCCTATTCTAGGGCCTATGAGGAGACATTTACGCTTACATTTGTGACTGGAAGGACTGT
TGGAATAGGAGCATATCTTGCTCGACTTGGCATACGGTGCATACAGCGTACTGACCAGCCCATTATCCTA
ACTGGGTTCTCTGCCTTGAACAAGCTTCTTGGCCGGGAAGTTTACAGCTCCCACATGCAGTTGGGTGGCC
CCAAAATTATGGCGACAAACGGTGTTGTCCATCTGACAGTTTCAGATGACCTTGAAGGTGTATCTAATAT
ATTGAGGTGGCTCAGCTATGTTCCTGCCAACATTGGTGGACCTCTTCCTATTACAAAATCTTTGGACCCA
CCTGACAGACCCGTTGCTTACATCCCTGAGAATACATGCGATCCTCGTGCTGCCATCAGTGGCATTGATG
ATAGCCAAGGGAAATGGTTGGGGGGCATGTTCGACARAGACAGTTTTGTGGAGACATT TGAAGGATGGGC
GAAGTCAGTTGTTACTGGCAGAGCGARACTCGGAGGGATTCCGGTGGGTGTTATAGCTGTGGAGACACAG
ACTATGATGCAGCTCATCCCTGCTGATCCAGGCCAGCTTGATTCCCATGAGCGATCTGTTCCTCGTGCTG
GGCAAGTCTGGTTTCCAGATTCAGCTACTAAGACAGCGCAGGCAATGCTGGACTTCAACCGTGAAGGATT
ACCTCTGTTCATCCTTGCTAACTGGAGAGGCTTCTCTGGTGGACAAAGAGATCTTTTTGAAGGAATCCTT
CAGGCTGGGTCAACAATTGTTGAGAACCTTAGGACATACAATCAGCCTGCCTTTGTATATATCCCCAAGG
CTGCAGAGCTACGTGGAGGGGCTTGGGTCGTGATTGATAGCAAGATARATCCAGATCGCATTGAGTTCTA
TGCTGAGAGGACTGCAAAGGGCAATGTTCTCGAACCTCAAGGGTTGATCGAGATCAAGTTCAGGTCAGAG
GAACTCCAAGAGTGCATGGGTAGGCTTGATCCAGAATTGATAAATCTGAAGGCAAAGCTCCAGGGAGTAA
AGCATGAAAATGGAAGTCTACCTGAGTCAGAATCCCTTCAGAAGAGCATAGAAGCCCGGAAGAAACAGTT
GTTGCCTTTGTATACTCAAATTGCGGTACGGTTCGCTGAATTGCATGACACTTCCCTTAGAATGGCTGCT
AAGGGTGTGATTAAGAAGGTTGTAGACTGGGAAGATTCTAGGTCGTTCTTCTACAAGAGATTACGGAGGA
GGATATCCGAGGATGTTCTTGCGAAGGAAATTAGAGGTGTAAGTGGCAAGCAGTTTTCTCACCAATCGGC
AATCGAGCTGATCCAGARATGGTACTTGGCCTCTAAGGGAGCTGAAACAGGAAGCACTGAATGGGATGAT
GACGATGCTTTTGTTGCCTGGAGGGAAAACCCTGARARACTACCAGGAGTATATCAAAGAACTCAGGGCTC
AAAGGGTATCTCAGTTGCTCTCAGATGTTGCAGACTCCAGTCCAGATCTAGAAGCCTTGCCACAGGGTCT
TTCTATGCTATTAGAGAAGATGGATCCCTCAAGGAGAGCACAGTTTGTTGAGGAAGTCAAGAAAGTCCTT
AAATGA
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>AAC39330_Triticum aestivum
MGSTHLPIVGLNASTTPSLSTIRPVNSAGAAFQPSAPSRTSKKK
SRRVQSLRDGGDGGVSDPNQSIRQGLAGIIDLPKEGTSAPEVDISHGSEEPRGSYQMN
GILNEAHNGRHASLSKVVEFCMALGGKTPIHSVLVANNGMAAAKEMRSVRTWANETFG
SEKAIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEIAVRTGVSA
VWPGWGHASENPELPDALNANGIVFLGPPSSSMNALGDKVGSALIAQAAGVPTLPWSG
SQVEIPLEVCLDSIPAEMYRKACVSTTEEALASCQMIGYPAMIKASWGGGGKGIRKVN
NDDDVRALFKQVQGEVPGSPIFIMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVQRR
HQKIIEEGPVTVAPRETVKELEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNP
RLQVEHPVTEWIAEVNLPAAQVAVGMGI PLWQVPEIRRFYGMDNGGGYDIWRKTAALA
TPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKELSFKSKPNVWAYFSVKSG
GGIHEFADSQFGHVFAYGVSRAAAITNMSLALKEIQIRGEIHSNVDYTVDLLNASDFK
ENRIHTGWLDNRIAMRVQAERPPWYISVVGGALYKTITSNTDTVSEYVSYLVKGQIPP
KHISLVHSTVSLNIEESKYTIETIRSGQGSYRLRMNGSVIEANVQTLCDGGLLMQLDG
NSHVIYAEEEAGGTRLLIDGKTCLLQONDHDPSRLLAETPCKLLRFLVADGAHVEADVP
YAEVEVMKMCMPLLSPAAGVINVLLSEGQPMQAGDLIARLDLDDPSAVKRAEPENGSE
PEMSLPIAASGQVHKRCATSLNAARMVLAGYDHPINKVVQDLVSCLDAPELPFLOWEE
LMSVLATRLPRLLKSELEGKYSEYKLNVGHGKSKDFPSKMLREIIEENLAHGSEKETA
TNERLVEPLMSLLKSYEGGRESHAHFIVKSLFEDYLSVEELFSDGIQSDVIERLRQQH
SKDLQKVVDIVLSHQGVRNKTKLILTLMEKLVYPNPAVYKDQLTRESSLNHKRYYKLA
LKASELLEQTKLSELRTSIARSLSELEMFTEERTAISEIMGDLVTAPLPVEDALVSLF
DCSDQTLQORVIETYISRLYQPHLVKDSIQLKYQESGVIALWEFAEAHSEKRLGAMVI
VKSLESVSAAIGAALKGTSRYASSEGNIMHIALLGADNQMHGTEDSGDNDQAQVRIDK
LSATLEQNTVTADLRAAGVKVISCIVQRDGALMPMRHTFLLSDEKLCYEEEPVLRHVE
PPLSALLELGKLKVKGYNEVKYTPSRDRQWNIYTLRNTENPKMLHRVFFRTLVRQPGA
SNKFTSGNISDVEVGGAEESLSFTSSSILRSIMTAIEELELHAIRTGHSHMFLCILKE
QKLLDLVPVSGNKVVDIGQDEATACLLLKEMALQIHELVGARMHHLSVCQWEVKLKLD
SDGPASGTWRVVTTNVTSHTCTVDIYREVEDTESQKLVYHSAPSSSGPLHGVALNTPY
QPLSVIDLKRCSARNNRTTYCYDFPLAFETAVQKSWSNISSDTNRCYVKATELVFAHK
NGSWGTPVIPMERPAGLNDIGMVAWILDMSTPEYPNGRQIVVIANDITFRAGSEFGPRE
DAFFETVTNLACERKLPLIYLAANSGARIGIADEVKSCFRVGWSDDGSPERGFQYIYL
TEEDHARISASVIAHKMQLDNGEIRWVIDSVVGKEDGLGVENIHGSAAIASAYSRAYE
ETFTLTEFVTGRTVGIGAYLARLGIRCIQRTDQPIILTGFSALNKLLGREVYSSHMQLG
GPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPANIGGPLPITKSLDPPDRPVAYIPE
NTCDPRAAISGIDDSQGKWLGGMFDKDSFVETFEGWAKSVVTGRAKLGGIPVGVIAVE
TQTMMQLIPADPGQLDSHERSVPRAGOVWFPDSATKTAQAMLDFNREGLPLEILANWR
GFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPKAAELRGGAWVVIDSKINPDRI
EFYAERTAKGNVLEPQGLIEIKFRSEELQECMGRLDPELINLKAKLQGVKHENGSLPE
SESLQKSIEARKKQLLPLYTQIAVRFAELHDTSLRMAAKGVIKKVVDWEDSRSFEYKR
LRRRISEDVLAKEIRGVSGKQFSHQSAIELIQKWYLASKGAETGSTEWDDDDAFVAWR
ENPENYQEYIKELRAQRVSQLLSDVADSSPDLEALPQGLSMLLEKMDPSRRAQFVEEV
KKVLK
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FIGURE 12A

>AY219174 Setaria italica (foxtail millet)

ATGTCGCARACTTGGATTAGCTGCAGCTGCCTCAAAGGCGCTGCCACTACTTCCTAATCGCCATAGAACTT
CAGCTGGAACTACATTCCCATCACCTGTATCATCGCGGCCCTCAAACCGAAGGARAAGCCGCACTCGTTC
ACTTCGTGATGGAGGAGATGGGGTATCAGATGCCAAAAAGCACAACCAGTCTGTCCGTCAAGGTCTTGCT
GGCATCATCGACCTCCCARATGAGGCAACATCGGAAGTGGATATTTCTCATGGATCCGAGGATCCCAGGG
GGCCAARCCGATTCATATCAAATGAATGGGATTGTAAGTGAAGCACATAATGGCAGACATGCCTCAGTGTC
CAAGGTTGTTGAATTTTGTGCGGCGCTAGGTGGCAAARACACCAATTCACAGTATACTAGTGGCCAACAAT
GGAATGGCAGCAGCARAGTTCATGAGGAGTGTCCGGACATGGGCTAATGATACTTTTGGATCGGAGAAGG
CGATTCAGCTCATAGCTATGGCAACTCCAGAAGACATGAGGATAAATGCAGAACACATTAGAATTGCTGA
TCAATTTGTGGAGGTGCCTGGTGGAACAAACAATAACAACTATGCARAATGTTCAACTCATAGTGGAGGTA
GCAGAAAGAATAGGTGTTTCTGCTGTTTGGCCTGGTTGGGGTCATGCTTCTGAGAATCCTGAACTTCCAG
ATGCATTGACCGCAAAAGGAGTTGTTTTCCTTGGGCCACCTGCGGCATCAATGAATGCATTGGGAGATAA
GGTCGGTTCAGCTCTCATTGCTCAAGCAGCTGGGGTCCCGACCCTTTCGTGGAGTGGATCACATGTTGAA
GTTCCATTAGAGTGCTGCTTAGATGCGATACCTGAGGARATGTATAGAAAAGCTTGTGTTACTACCACAG
AAGAAGCTGTTGCGAGTTGTCAGGTGGTTGGTTATCCTGCCATGATTAAGGCATCCTGGGGAGGTGGTGG
TAAAGGAATAAGAAAGGTTCATAATGACGATGAGGTTAGAGCACTGTTTAAGCAAGTACAAGGTGAAGTC
CCTGGCTCCCCAATATTTATCATGAGGCTTGCATCCCAGAGTCGTCATCTTGAAGTTCAGTTGCTTTGTG
ATCAATATGGCAATGTGGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGGCGACACCAAAAGATTAT
TGAGGAAGGCCCAGTTACTGTTGCTCCTCGTGAGACAGTTAAAGCGCTTGAGCAGGCAGCARAGGAGGCTT
GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAATACCTTTACAGCATGGAGACTGGGGAATACT
ATTTTCTGGAGCTTAATCCCAGATTACAGGTCGAGCATCCAGTCACTGAGTGGATTGCTGAAGTAAATCT
TCCTGCAGCTCAAGTTGCAGTTGGAATGGGCATACCTCTTTGGCAGATTCCAGAAATCAGACGTTTCGAT
GGAATGGACTATGGAGGAGGATATGACATTTGGAGGAAAACAGCAGCTCTTGCCACACCATTTAATTTTG
ATGAAGTAGATTCTCAATGGCCARAGGGCCATTGTGTAGCAGTTAGAATTACTAGCGAGGATCCAGATGA
TGGTTTCAAACCTACTGGTGGGAAAGTGAAGGAGATAAGTTTTARAAGCAAGCCTAATGTTTGGGCCTAC
TTCTCAGTAAAGTCTGGTGGAGGCATTCATGAATTTGTTGATTCTCAGTTTGGGCATGTTTTTGCATATG
GGCTCTCTAGATCAGCAGCAATAACGAACATGGCTCTTGCATTARAAGAGATTCAAATTCGTGGAGARAAT
TCATTCAAATGTTGATTACACAGTTGATCTCTTAAATGCTTCAGACTTCAGAGAAAATAAGATTCATACT
GGCTGGCTTGATACCAGAATAGCTATGCGTGTTCAAGCTGAGAGGCCCCCATGGTATATTTCAGTGGTTG
GAGGAGCTCTATATAAAACAGTAACTGCCAATGCAGCCACTGTTTCTGATTATGTCAGTTATCTCACCAA
GGGCCAGATTCCACCAAAGCATATATCCCTTGTCAGTTCAACAGTTAATCTGAATATCGAAGGGAGCAAA
TACACAGTTGAAACTGTAAGGACTGGACATGGTAGCTACAGATTACGAATGAATGATTCAGCAATTGAAG
CGAATGTACAATCCTTATGTGATGGAGGCCTCTTAATGCAGTTGGATGGAAATAGCCATGTAATTTACGC
GGAAGAAGAAGCTGGTGGTACACGACTTCTGATTGATGGAAAGACATGCTTGTTACAGAATGATCATGAT
CCATCAAAGTTATTAGCTGAGACACCCTGCAAACTTCTTCGGTTCTTGGTTGCTGATGGTGCCCATGT TG
ATGCTGATGTACCATATGCGGAAGTTGAGGTTATGAAAATGTGCATGCCTCTCTTGTCGCCTGCTTCTGG
TGTCATTCATGTTATGATGTCTGAGGGCCAGGCATTGCAGGCTGGTGATCTTATAGCAAGGCTGGATCTT
GATGACCCTTCTGCTGTGARAAGAGCTGAACCATTTCATGGAATATTTCCACARATGGACCTTCCTGTTG
CTGCCTCTAGCCAAGTACACAAAAGATATGCTGCAAGTTGGAATGCTGCTCGAATGGTCCTTGCAGGATA
CGAGCATAATATCAATGAAGTTGTACAAGATTTGGTATGCTGCCTGGATGATCCCGAGCTTCCCTTCCTA
CAGTGGGATGAACTTATGTCAGTTCTAGCAACTAGGCTTCCAAGAAATCTTAAGAGTGAGTTAGAGGATA
AATACATGGAATACAAGTTGAACTTTTACCATGGGAAAARACAAGGACTTCCCGTCCAAGCTGCTGAGAGA
CATCATTGAGGCAAATCTTGCATATGGTTCAGAGAAGGAAAAAGCTACGAATGAGAGGCTTATTGAGCCT
CTTATGAGCCTACTTAAGTCATATGAGGGTGGGAGAGAAAGCCATGCTCATTTTGTTGTCAAGTCCCTTT
TCAAGGAGTACCTTGCTGTGGAAGAACTTTTCAGTGATGGGATTCAGTCTGATGTGATTGAAACCCTGCG
TCATCAGCACAGTAAAGACTTGCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGGAACAAA
GCTAAGCTTGTAACAGCACTTATGGARAAGCTGGTTTATCCAAATCCTGCTGCTTACAGGGATCTGTTGG
TTCGCTTTTCTTCACTCAATCATARAAGATATTATAAGTTGGCCCTTAAAGCAAGCGAACTTCTTGAACA
AACTAAACTAAGTGAACTCCGTGCAAGCATCGCAAGAAGCCTTTCTGATCTGGGGATGCATAAGGGAGAA
ATGACTATTGAAGATAGCATGGRAGATTTAGTCTCTGCCCCATTACCTGTCGAAGATGCACTTATTTCTT
TGTTTGATTACAGTGATCCAACTGTTCAGCAGAAAGTGATCGAGACATACATATCTCGATTGTATCAGCC
TCTTCTTGTGAAAGATAGCATCCAAGTGAAATTTAAGGAATCTGGTGCCTTTGCTTTATGGGAATTTTCT
GAAGGGCATGTTGATACTAAAAATGGACAAGGGACCGTTCTTGGTCGAACAAGATGGGGTGCCATGGTAG
CTGTCAAATCAGTTGAATCTGCACGAACAGCCATTGTAGCTGCATTAAAGGATTCGGCACAGCATGCCAG
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CTCTGAGGGCAACATGATGCACATTGCCTTATTGAGTGCTGAAAATGAARATAATATCAGTGATGATCAA
GCTCAACATAGGATGGAAAAACTTAACAAGATACTCAAGGATACTAGTGTCGCAAATGATCTTCGAGCTG
CTGGTTTGAAGGTTATAAGTTGCATTGT TCAAAGAGATGAAGCACGCATGCCAATGCGCCACACATTACT
CTGGTCAGATGAAAAGAGTTGTTATGAGGAAGAGCAGATTCTTCGGCATGTGGAGCCTCCCCTCTCCATG
CTTCTTGAAATGCATAAGTTGAAAGTGAAAGGATACAATGAAATGAAGTATACTCCATCACGTGATCGTC
AATGGCATATCTACACACTAAGAAATACTGAAAACCCCARAATGTTGCATAGGGTATTTTTCCGAACTAT
TGTCAGGCAACCCAATGCAGGCAACAAGTTTATATCAGCCCAAATTGGCGACACTGAAGTAGGAGGTCCT
GAGGAATCTTTGTCATTTACATCTAATAGCATTTTAAGAGCCTTGATGACTGCTATTGAAGAATTAGAGC
TTCATGCAATTAGGACTGATCATTCTCACATGTATTTGTGCATATTGARAGAACAAAAGCTTCTTGATCT
CATTCCGTTTTCAGGGAGCACAATCGTCGATGTTGTCCAAGACGAAGCTACTGCTTGTTCACTTTTAAAA
TCAATGGCTTTGAAGATACACGAACTTGTTGGTGCACAGATGCATCATCTTTCTGTATGCCAGTGGGAGG
TGAAACTCAAGTTGTACTGCGATGGGCCTGCCAGTGGCACCTGGAGAGTTGTAACTACAAATGTTACTAG
TCACACTTGCACCGTTGATATCTACCGGGAAGTGGAAGATACTGAATCGCAGAAGTTAGTATACCATTCA
GCTTCTCCGTCAGCTAGTCCTTTGCATGGTGTGGCCCTGGATAATCCGTATCAACCTTTGAGTGTCATTG
ATCTAAAACACTGCTCTGCTAGGAACAACAGAACTACATATTGCTATGATTTTCCACTGGCATTTGAAAC
TGCCCTGCAGAAGTCATGGCAGTCCAATGGCTCCAGTGTTTCTGAAGGCAGTGAAAATAGTAGGTCTTAT
GTGAAAGCAACAGAGCTGGTGTTTGCTGAAAAACATGGGTCCTGGGGCACTCCTATAATTTCCATGGAGC
GTCCCGCTGGGCTCAATGACATTGGCATGGTAGCTTGGATCTTAGAGATGTCCACTCCTGAATTTCCCAA
TGGCAGGCAGATTATTGTCATAGCAAATGATATTACTTTCAGAGCTGGATCATTTGGCCCAAGGGAAGAT
GCGTTTTTTGAAGCTGTCACGAACCTGGCCTGCGAGAGGAAGCTTCCTCTTATATACTTGGCAGCAAACT
CCGGTGCTAGGATTGGCATAGCCGATGAAGTGAAATCTTGCTTCCGTGTTGGGTGGTCCGATGAAGGCAG
CCCTGAACGGGGTTTTCAGTACATTTATCTGACTGACGAAGACTATGCCCGTATTAGCTTGTCTGTTATA
GCACACRAAGCTGCAGCTGGATAATGGTGARATTAGGTGGATTATTGACTCTGT TGTGGGCARGGAGGATG
GGCTTGGTGTTGAGAATATACATGGAAGTGCTGCTATTGCCAGTGCTTATTCTAGGGCATATGAGGAGAC
ATTTACACTTACATTTGTGACTGGGCGGACTGTTGGAATAGGAGCATATCTTGCTCGGCTCGGTATACGG
TGCATACAGCGTCTTGACCAGCCTATTATTT TAACTGGGTTTTCTGCCCTGAACAAGCTTCTTGGGCGGG
AAGTGTACAGCTCCCACATGCAGTTGGGTGGTCCTAAGATCATGGCGACCAATGGTGTTGTCCACTTGAC
TGTTTCAGATGACCTTGAAGGTGT TTCCAATATATTGAGGTGGCTCAGCTATGTTCCTGCCAACATTGGT
GGACCTCTTCCTATTACAAAACCTTTGGACCCACCAGACAGACCTGTTGCATACATCCCTGAGAACACAT
GTGATCCGCGCGCAGCCATTCGTGGTGTAGATGACAGCCAAGGGAAATGGTTGGGTGGTATGTTTGACAA
AGACAGCTTTGTCGAGACATTTGAAGGATGGGCGARAACAGTGGTTACGGGCAGAGCAAAGCTTGGAGGA
ATTCCTGTTGGCGTCATAGCTGTGGAGACACAARACCATGATGCAGCTTATCCCTGCTGATCCAGGCCAGC
TTGATTCCCATGAGCGATCTGTTCCTCGGGCTGGACAAGTGTGGTTCCCAGATTCTGCAACCAAGACAGC
TCAGGCATTGTTGGACTTCAACCGTGAAGGATTGCCGCTGTTCATCCTTGCTAACTGGAGAGGATTCTCT
GGTGGACARAGAGATCTGTTTGAAGGAATTCTTCAGGCTGGGTCAACAATTGT TGAGAACCTTAGGACAT
ACAATCAGCCTGCTTTTGTCTACATTCCTATGGCTGGAGAGCTGCGTGGAGGAGCTTGGGTTGTGGTTGA
TAGCAARATAAATCCAGACCGAATTGAGTGTTATGCTGAGAGGACTGCTAAAGGCAATGTTCTGGAACCT
CAAGGGTTAATTGARATCAAATTCAGATCAGAGGAGCTCCAAGACTGTATGGGTAGGCTTGACCCAGGGT
TGATAAATCTGAAAGCAAAACTCCAAGGTGCAAAGCTTGGAAATGGAAGCCTAACAGATGTAGAATCCCT
TCAGAAGAGTATAGATGCTCGTACGAAACAGTTGTTGCCTTTATACACCCAGATTGCAATACGGTTTGCT
GAATTGCATGATACTTCCCTCAGAATGGCAGCTARAGGTGTGATTAAGAAAGTTGTAGATTGGGAAGAAT
CACGTTCTTTCTTCTACAGAAGGCTACGGAGGAGGATCTCTGAAGATGTTCTTGCARAAGAAATAAGAGG
AATAGCTGGTGACCACTTCACTCACCAATCAGCAGTTGAGCTGATCAAGGAATGGTACTTGGCTTCTCAA
GCCACAACAGGAAGCACTGAATGGGATGATGATGATGCTTTTGTTGCCTGGAAGGAGAATCCTGAAAACT
ATAAGGGATATATCCAAGAGTTAAGGGCTCARAAGGTGTCTCAGTCGCTCTCCGATCTTGCAGACTCCAG
TTCAGATCTAGAAGCATTCTCACAGGGTCTTTCCACATTATTAGATAAGATGGATCCCTCTCAGAGAGCC
AAGTTCATTCAGGAAGTCAAGAAGGTCCTGGGTTGA
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FIGURE 12B

>AR062902_Setaria italica (foxtalil millet)
MSQLGLAAAASKALPLLPNRHRTSAGTTFPSPVSSRPSNRRKSR
TRSLRDGGDGVSDAKKHNQSVRQGLAGIIDLPNEATSEVDISHGSEDPRGPTDSYQMN
GIVSEAHNGRHASVSKVVEFCAALGGKTPIHSILVANNGMAAAKFMRSVRTWANDTFG
SEKAIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEVAERIGVSA
VWPGWGHASENPELPDALTAKGVVFLGPPAASMNALGDKVGSALIAQAAGVPTLSWSG
SHVEVPLECCLDAIPEEMYRKACVTTTEEAVASCQVVGYPAMIKASWGGGGKGIRKVH
NDDEVRALFKQVQGEVPGSPIFIMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVQRR
HQKITEEGPVTVAPRETVKALEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNP
RLQVEHPVTEWIAEVNLPAAQVAVGMGIPLWQIPEIRRFDGMDYGGGYDIWRKTAALA
TPENFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSG
GGIHEFVDSQFGHVFAYGLSRSAAITNMALALKEIQIRGEIHSNVDYTVDLLNASDER
ENKIHTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTANAATVSDYVSYLTKGQIPP
KHISLVSSTVNLNIEGSKYTVETVRTGHGSYRLRMNDSAIEANVQSLCDGGLLMQLDG
NSHVIYAEEEAGGTRLLIDGKTCLLONDHDPSKLLAETPCKLLRFLVADGAHVDADVP
YAEVEVMKMCMPLLSPASGVIHVMMSEGQALQAGDLIARLDLDDPSAVKRAEPFHGIF
POMDLPVAASSQVHKRYAASWNAARMVLAGYEHNINEVVQDLVCCLDDPELPFLQWDE
LMSVLATRLPRNLKSELEDKYMEYKLNEYHGKNKDFPSKLLRDITEANLAYGSEKEKA
TNERLIEPLMSLLKSYEGGRESHAHFVVKSLFKEYLAVEELFSDGIQSDVIETLRHQH
SKDLQKVVDIVLSHQGVRNKAKLVTALMEKLVYPNPAAYRDLLVRFSSLNHKRYYKLA
LKASELLEQTKLSELRASTARSLSDLGMHKGEMTIEDSMEDLVSAPLPVEDALISLED
YSDPTVQQKVIETYISRLYQPLLVKDSIQVKFKESGAFALWEFSEGHVDTRKNGQGTVL
GRTRWGAMVAVKSVESARTAIVAALKDSAQHASSEGNMMHIALLSAENENNISDDQAQ
HRMEKLNKILKDTSVANDLRAAGLKVISCIVQRDEARMPMRHTLLWSDEKSCYEEEQT
LRHVEPPLSMLLEMDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRTIV
RQPNAGNKFISAQIGDTEVGGPEESLSEFTSNSILRALMTAIEELELHATIRTDHSHMYL
CILKEQKLLDLIPFSGSTIVDVVQDEATACSLLKSMALKIHELVGAQMHHLSVCQWEV
KLKLYCDGPASGTWRVVTTNVTSHTCTVDIYREVEDTESQKLVYHSASPSASPLHGVA
LDNPYQPLSVIDLKHCSARNNRTTYCYDFPLAFETALQKSWQSNGSSVSEGSENSRSY
VKATELVFAEKHGSWGTPIISMERPAGLNDIGMVAWILEMSTPEFPNGRQIIVIANDT
TFRAGSFGPREDAFFEAVTNLACERKLPLIYLAANSGARIGIADEVKSCFRVGWSDEG
SPERGFQYIYLTDEDYARISLSVIAHKLQLDNGEIRWIIDSVVGKEDGLGVENIHGSA
ATIASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQRLDQPIILTGEFSALNKLLG
REVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPANIGGPLPITKPLD
PPDRPVAYIPENTCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL
GGIPVGVIAVETQTMMQLIPADPGQLDSHERSVPRAGQVWEPDSATKTAQALLDENRE
GLPLFILANWRGESGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPMAGELRGGAWV
VVDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMGRLDPGLINLKAKLQ
GAKLGNGSLTDVESLQKSIDARTKQLLPLYTQIAIRFAELHDTSLRMAAKGVIKKVVD
WEESRSFFYRRLRRRISEDVLAKEIRGIAGDHFTHQSAVELIKEWYLASQATTGSTEW
DDDDAFVAWKENPENYKGYIQELRAQKVSQSLSDLADSSSDLEAFSQGLSTLLDKMDP
SQRAKFIQEVKKVLG
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FIGURE 13A

>AY219175 _Setaria italica (foxtail millet)

ATGTCGCAACTTGGAT TAGCTGCAGCTGCCTCAAAGGCGCTGCCACTACTTCCTAATCGCCATAGAACTT
CAGCTGGAACTACATTCCCATCACCTGTATCATCGCGGCCCTCAAACCGAAGGARARGCCGCACTCGTTC
ACTTCGTGATGGAGGAGATGGGGTATCAGATGCCAARARAGCACRACCAGTCTGTCCGTCAAGGTCTTGCT
GGCATCATCGACCTCCCARATGAGGCAACATCGGAAGTGGATATTTCTCATGGATCCGAGGATCCCAGGG
GGCCAACCGATTCATATCAAATGAATGGGATTGTAAATGAAGCACATAAT GGCAGACATGCCTCAGTGTC
CAAGGTTGTTGRATTTTGTGCGGCGCTAGGTGGCAAAACACCAATTCACAGTATACTAGTGGCCAACAAT
GGAATGGCAGCAGCARAGTTCATGAGGAGTGTCCGGACATGGGCTAATGATACTTTTGGATCGGAGAAGG
CGATTCAGCTCATAGCTATGGCAACTCCAGAAGACATGAGGATAAATGCAGAACACATTAGAATTGCTGA
TCAATTTGTAGAGGTGCCTGGTGGAACAAACAATAARCAACTATGCARATGTTCAACTCATAGTGGAGGTA
GCAGAAAGAATAGGTGTTTCTGCTGTTTGGCCTGGTTGGGGTCATGCTTCTGAGAATCCTGAACTTCCAG
ATGCATTGACCGCARAAGGAATTGTTTTCCTTGGGCCACCTGCGGCATCAATGAATGCATTGGGAGATAA
GGTCGGTTCAGCTCTCATTGCTCAAGCAGCTGGGGTCCCGACCCTTTCGTGGAGTGGATCACATGTTGAA
GTTCCATTAGAGTGCTGCTTAGATGCGATACCTGAGGAAATGTATAGAAAAGCTTGTGTTACTACCACAG
DAGAAGCTGTTGCGAGTTGTCAGGTGGTTGGTTATCCTGCCATGATTAAGGCATCCTGGGGAGGTGGTGGE
TAAAGGAATAAGARAGGTTCATAATGACGATGAGGTTAGAGCACTGTTTAAGCAAGTACAAGGTGAAGTC
CCTGGCTCCCCAATATTTATCATGAGGCTTGCATCCCAGAGTCGTCATCT TGAARGTTCAGTTGCTTTGTG
ATCAATATGGCAATGTGGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGGCGACACCAAAAGATTAT
TGAGGAAGGCCCAGTTACTGTTGCTCCTCGTGAGACAGTTAAAGCGCTTGAGCAGGCAGCAAGGAGGCTT
GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAATACCTTTACAGCATGGAGACTGGGGAATACT
ATTTTCTGGAGCTTAATCCCAGATTACAGGTCGAGCATCCAGTCACTGAGTGGATTGCTGAAGTAAATCT
TCCTGCAGCTCAAGTTGCAGTTGGAATGGGCATACCTCTTTGGCAGAT TCCAGAAATCAGACGTTTCTAT
GGAATGGACTATGGAGGAGGATATGACATTTGGAGGAAAACAGCAGCTCTTGCCACACCATTTAATTTTG
ATGAAGTAGATTCTCAATGGCCAAAGGGCCATTGTGTAGCAGTTAGAAT TACTAGCGAGGATCCAGATGA
TGGTTTCAAACCTACTGGTGGGAAAGTGAAGGAGATAAGTTTTAAAAGCAAGCCTAATGTTTGGGCCTAC
TTCTCAGTAAAGTCTGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTTGGGCATGTTTTTGCATATG
GGCTCTCTAGATCAGCAGCAATAACGAACATGGCTCTTGCATTAARAAGAGATTCAAATTCGTGGAGARAT
TCATTCAAATGITGAT TACACAGTTGATCTCTTAAATGCTTCAGACTTCAGAGAAAATAAGATTCATACT
GGCTGGCTTGATACCAGAATAGCTATGCGTGT TCAAGCTGAGAGGCCCCCATGGTATATTTCAGTGGTTG
GAGGAGCTCTATATAAAACAGTAACTGCCAATGCAGCCACTGTTTCTGATTATGTCAGTTATCTCACCAA
GGGCCAGATTCCACCAAAGCATATATCCCTTGTCAGTTCAACAGTTAATCTGAATATCGAAGGGAGCAAA
TACACAGTTGAAACTGTAAGGACTGGACATGGTAGCTACAGATTACGAATGAATGATTCAGCAATTGAAG
CGAATGTACAATCTTTATGTGATGGAGGCCTCTTAATGCAGTTGGATGGAAATAGCCATGTAATTTACGC
GGAAGAAGAAGCTGGTGGTACACGACTTCTGATTGATGGAAAGACATGCTTGTTACAGAATGATCATGAT
CCATCAAAGTTATTAGCTGAGACACCCTGCAAACTTCTTCGGTTCTTGGTTGCTGATGGTGCTCATGTTG
ATGCTGATGTACCATATGCGGAAGTTGAGGTTATGAAAATGTGCATGCCTCTCTTGTCGCCTGCTTCTGG
TGTCATTCATGTTATGATGTCTGAGGGCCAGGCATTGCAGGCTGGTGATCTTATAGCAAGGCTGGATCTT
GATGACCCTTCTGCTGTGAAAAGAGCTGAACCATTTCATGGAATATTTCCACAAATGGACCTTCCTGTTG
CTGCCTCTAGCCAAGTACACAAAAGATATGCTGCAAGTTTGAATGCTGCTCGAATGGTCCTTGCAGGATA
CGAGCATAATATCAATGAAGTTGTACAAGATTTGGTATGCTGCCTGGATGATCCCGAGCTTCCCTTCCTA
CAGTGGGATGAACTTATGTCAGTTCTAGCAACTAGGCTTCCAAGAAATCTTAAGAGTGAGT TAGAGGATA
AATACATGGAATACAAGTTGAACTTTTACCATGGGAAARACAAGGACTTCCCGTCCAAGCTGCTGAGAGA
CATCATTGAGGCAAATCTTGCATATGGTTCAGAGAAGGAARAAAGCTACGAATGAGAGGCTTATTGAGCCT
CTTATGAGCCTACTTAAGTCATATGAGGGTGGGAGAGARAGCCATGCTCATTTTGTTGTCAAGTCCCTTT
TCAAGGAGTACCTTGCTGTGGAAGAACTTTTCAGTGATGGGATTCAGTCTGATGTGATTGAAACCCTGCG
TCATCAGCACAGTAAAGACTTGCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGGAACARAA
GCTAAGCTTGTAACAGCACTTATGGAAAAGCTGGTTTATCCAAATCCTGCTGCTTACAGGGATCTGTTGG
TTCGCTTTTCTTCACTCAATCATAAAAGATATTATAAGT TGGCCCTTAAAGCAAGCGAACTTCTTGAACA
AACTAAACTAAGTGAACTCCGTGCAAGCATCGCAAGAAGCCTTTCTGATCTGGGGATGCATAAGGGAGAA
ATGACTATTGAAGATAGCATGGAAGATTTAGTCTCTGCCCCATTACCTGTCGAAGATGCACTTATTTCTT
TGTTTGATTACAGTGATCCAACTGTTCAGCAGAAAGTGATCGAGACATACATATCTCGATTGTATCAGCC
TCTTCTTGTGAAAGATAGCATCCAAGTGAAATTTAAGGAATCTGGTGCCTTTGCTTTATGGGAATTTTCT
GAAGGGCATGTTGATACTAAAAATGGACAAGGGACCGTTCTTGGTCGAACAAGATGGGGTGCCATGGTAG
CTGTCAAATCAGTTGAATCTGCACGAACAGCCATTGTAGCTGCATTAAAGGATTCGGCACAGCATGCCAG
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CTCTGAGGGCAACATGATGCACATTGCCTTATTGAGTGCTGAAAATGAAAATAATATCAGTGATGATCAA
GCTCAACATAGGATGGAAARACTTAACAAGATACTCAAGGATACTAGTGTCGCARATGATCTTCGAGCTG
CTGGTTTGARGGTTATAAGT TGCATTGTTCAAAGAGATGAAGCACGCATGCCAATGCGCCACACATTACT
CTGGTCAGATGAAAAGAGTTGTTATGAGGAAGAGCAGATTCT TCGGCATGTGGAGCCTCCCCTCTCCATG
CTTCTTGARATGGATAAGTTGAAAGTGAAAGGATACAATGARATGAAGTATACTCCATCACGTGATCGTC
AATGGCATATCTACACACTAAGAAATACTGAAAACCCCAARATGTTGCATAGGGTATTTTTCCGAACTAT
TGTCAGGCAACCCAATGCAGGCAACAAGTTTATATCAGCCCAAATTGGCGACACTGAAGTAGGAGGTCCT
GAGGAATCTTTGTCATTTACATCTAATAGCATTTTAAGAGCCTTGATGACTGCTATTGAAGAATTAGAGC
TTCATGCAATTAGGACTGGTCATTCTCACATGTATTTGTGCATATTGARAGAACAARAGCTTCTTGATCT
CATTCCGTTTTCAGGGAGCACAATCGTCGATGTTGGCCAAGACGAAGCTACTGCTTGTTCACTTTTAAAA
TCAATGGCTTTGAAGATACACGAACTTGTTGGTGCACAGATGCATCATCTTTCTGTATGCCAGTGGGAGS
TGAAACTCAAGTTGTACTGCCATGGGCCTGCCAGTGGCACCTGGAGAGT TGTAACTACAAATGTTACTAG
TCACACTTGCACCATTGATATCTACCGGGAAGTGGAAGATACTGAATCGCAGAAGTTAGTATACCATTCA
GCTTCTCCGTCAGCTAGTCCTTTGCATGGTGTGGCCCTGGATAATCCGTATCAACCTTTGAGTGTCATTG
ATCTAAAACGCTGCTCTGCTAGGAACAACAGAACTACATATTGCTATGATTTTCCACTGGCATTTGAAAC
TGCCCTGCAGAAGTCATGGCAGTCCAATGGCTCCAGTGTTTCTGAAGGCAGTGARAATAGTAGGTCTTAT
GTGAAAGCAACAGAGCTGGTGTTTGCTGAAARAACATGGGTCCTGGGGCACTCCTATAATTTCCATGGAGC
GTCCCGCTGGGCTCAATGACATTGGCATGGTAGCTTGCGATCTTAGAGATGTCCACTCCTGAATTTCCCAA
TGGCAGGCAGATTATTGTCATAGCARATGATATTACTTTCAGAGCTGGATCATTTGGCCCAAGGGAAGAT
GCGTTTTTTGAAGCTGTCACGAACCTGGCCTGCGAGAGGAAGCTTCCTCTTATATACTTGGCAGCAAACT
CCGGTGCTAGGATTGGCATAGCCGATGAAGTGAAATCTTGCTTCCGTGTTGGGTGGTCCGATGAAGGCAG
CCCTGAACGGGGTTTTCAGTACATTTATCTGACTGACGAAGACTATGCCCGTATTAGCTTGTCTGTTATA
GCACACAAGCTGCAGCTGGATAATGGTGAAATTAGGTGGATTATTGACTCTGTTGTGGGCAAGGAGGATG
GGCTTGGTGTTGAGAATCTACATGGAAGTGCTGCTATTGCCAGTGCTTATTCTAGGGCATATGAGGAGAC
ATTTACACTTACATTTGTGACTGGGCGGACTGTTGGAATAGGAGCATATCTCGCTCGGCTCGGTATACGG
TGCATACAGCGTCTTGACCAGCCTATTATTTTAACTGGGTTTTCTGCCCTGAACAAGCTTCTTGGGCGGG
AAGTGTACAGCTCCCACATGCAGTTGGGTGGTCCTAAGATCATGGCGACCARATGGTGTTGTCCACTTGAC
TGTTTCAGATGACCTTGAAGGTGTTTCCAATATAT TGAGGTGGCTCAGCTATGTTCCTGCCAACATTGGT
GGACCTCTTCCTATTACAAAACCTTTGGACCCACCAGACAGACCTGTTGCATACATCCCTGAGAACACAT
GTGATCCGCGCGCAGCCATTCGTGGTGTAGATGACAGCCAAGGGARATGGTTGGGTGGTATGTTTGACAA
AGACAGCTTTGTCGAGACATTTGAAGGATGGGCGAAAACAGTGGTTACGGGCAGAGCARAGCTTGGAGGA
ATTCCTGTTGGTGTCATAGCTGTGGAGACACARACCATGATGCAGCTTATCCCTGCTGATCCAGGCCAGC
TTGATTCCCATGAGCGATCTGTTCCTCGGGCTGGACAAGTGTGGTTCCCAGATTCTGCAACCAAGACAGC
TCAGGCATTGTTGGACTTCAACCGTGAAGGATTGCCGCTGTTCATCCTTGCTAACTGGAGAGGATTCTCT
GGTGGACAAACAGATCTGTTTGAAGGAATTCTTCAGGCTGGGTCAACAATTGTTGAGAACCT TAGGACAT
ACAATCAGCCTGCTTTTGTCTACATTCCTATGGCTGGAGAGCTGCGTGGAGGAGCTTGGGTTGTGGTTGA
TAGCAAAATAAATCCAGACCGAATTGAGTGTTATGCTGAGAGGACTGCTAAAGGCAATGTTCTTGAACCT
CAAGGGTTAATTGARATCAAATTCAGATCAGAGGAGCTCCARAGACTGTATGGGTAGGCTTGACCCAGAGT
TGATAAATCTGAARGCAAAACTCCAAGGTGCAAAGCTTGGAAATGGAAGCCTAACAGATGTAGAATCCCT
TCAGAAGAGTATAGATGCTCGTACGAARACAGTTGTTGCCTTTATACACCCAGATTGCAATACGGTTTGCT
GAATTGCATGATACTTCCCTCAGAATGGCAGCTAAAGGTGTGATTAAGARAGT TGTAGATTGGGAAGAAT
CACGTTCTTTCTTCTACAGAAGGCTACGGAGGAGGATCTCTGAAGATGTTCTTGCAAAAGAAATAAGAGG
AATAGCTGGTGACCACTTCACTCACCAATCAGCAGTTGAGCTGATCAAGGAATGGTACTTGGCTTCTCAA
GCCACAACAGGAAGCACTGAATGGGATGATGATGATGCTTTTGTTGCCTGGAAGGAGAATCCTGAAAACT
ATAAGGGATATATCCAAGAGTTAAGGGCTCARAAGGTGTCTCAGTCGCTCTCCGATCTTGCAGACTCCAG
TTCAGATCTAGAAGCATTCTCACAGGGTCTTTCCACATTATTAGATAAGATGGATCCCTCTCAGAGAGCC
AAGTTCATTCAGGAAGTCAAGAAGGTCCTGGGTTGA
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>AA062903 Setaria italica (foxtail millet)
MSQLGLAAAASKALPLLPNRHRTSAGTTFPSPVSSRPSNRRKSR
TRSLRDGGDGVSDAKKHNQSVRQGLAGIIDLPNEATSEVDISHGSEDPRGPTDSYQMN
GIVNEAHNGRHASVSKVVEFCAALGGKTPIHSILVANNGMAAAKFMRSVRTWANDTFG
SEKATIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEVAERIGVSA
VWPGWGHASENPELPDALTAKGIVFLGPPAASMNALGDKVGSALIAQAAGVPTLSWSG
SHVEVPLECCLDAIPEEMYRKACVTTTEEAVASCQVVGYPAMIKASWGGGGKGIRKVH
NDDEVRALFKQVQGEVPGSPIFIMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVQRR
HQKIIEEGPVTVAPRETVKALEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNP
RLOVEHPVTEWIAEVNLPAAQVAVGMGIPLWQIPEIRRFYGMDYGGGYDIWRKTAALA
TPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSG
GGIHEFADSQFGHVFAYGLSRSAAITNMALALKEIQIRGEIHSNVDYTVDLLNASDER
ENKIHTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTANAATVSDYVSYLTKGQIPP
KHISLVSSTVNLNIEGSKYTVETVRTGHGSYRLRMNDSAIEANVQSLCDGGLLMQLDG
NSHVIYAEEEAGGTRLLIDGKTCLLONDHDPSKLLAETPCKLLRFLVADGAHVDADVP
YAEVEVMKMCMPLLSPASGVIHVMMSEGQALQAGDLIARLDLDDPSAVKRAEPFHGIF
PQMDLPVAASSQVHKRYAASLNAARMVLAGYEHNINEVVQDLVCCLDDPELPFLOWDE
LMSVLATRLPRNLKSELEDKYMEYKLNFYHGKNKDFPSKLLRDIIEANLAYGSEKEKA
TNERLIEPLMSLLKSYEGGRESHAHFVVKSLFKEYLAVEELFSDGIQSDVIETLRHQH
SKDLQKVVDIVLSHQGVRNKAKLVTALMEKLVYPNPAAYRDLLVRESSLNHKRYYKLA
LKASELLEQTKLSELRASIARSLSDLGMHKGEMTIEDSMEDLVSAPLPVEDALISLED
YSDPTVQQKVIETYISRLYQPLLVKDSIQVKFKESGAFALWEFSEGHVDTKNGQGTVL
GRTRWGAMVAVKSVESARTAIVAALKDSAQHASSEGNMMHIALLSAENENNISDDQAQ
HRMEKLNKILKDTSVANDLRAAGLKVISCIVQRDEARMPMRHTLLWSDEKSCYEEEQT
LRHVEPPLSMLLEMDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVEFFRTIV
RQPNAGNKFISAQIGDTEVGGPEESLSFTSNSILRALMTAIEELELHATIRTGHSHMYL
CILKEQKLLDLIPFSGSTIVDVGQDEATACSLLKSMALKIHELVGAQMHHLSVCQWEV
KLKLYCDGPASGTWRVVTTNVTSHTCTIDIYREVEDTESQKLVYHSASPSASPLHGVA
LDNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETALQKSWQSNGSSVSEGSENSRSY
VKATELVFAEKHGSWGTPIISMERPAGLNDIGMVAWILEMSTPEFPNGRQIIVIANDI
TFRAGSFGPREDAFFEAVTNLACERKLPLIYLAANSGARIGIADEVKSCFRVGWSDEG
SPERGFQYIYLTDEDYARISLSVIAHKLQLDNGEIRWIIDSVVGKEDGLGVENLHGSA
AIASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQRLDQPIILTGFSALNKLLG
REVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPANIGGPLPITKPLD
PPDRPVAYIPENTCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL
GGIPVGVIAVETQTMMQLIPADPGQLDSHERSVPRAGQVWFPDSATKTAQALLDFNRE
GLPLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPMAGELRGGAWV
VVDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMGRLDPELINLKAKLQ
GAKLGNGSLTDVESLQKSIDARTKQLLPLYTQIAIRFAELHDTSLRMAAKGVIKKVVD
WEESRSFFYRRLRRRISEDVLAKEIRGIAGDHFTHQSAVELIKEWYLASQATTGSTEW
DDDDAFVAWKENPENYKGYIQELRAQKVSQSLSDLADSSSDLEAFSQGLSTLLDKMDP
SQRAKFIQEVKKVLG
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FIGURE 14A

>AF294805 Setaria italica (foxtail millet)

ATGTCGCAACTTGGATTAGCTGCAGCTGCCTCAAAGGCGCTGCCACTACTTCCTAATCGCCATAGAACTT
CAGCTGGAACTACATTCCCATCACCTGTATCATCGCGGCCCTCAAACCGAAGGAAAAGCCGCACTCGTTC
ACTTCGTGATGGAGGAGATGGGGTATCAGATGCCAAAAAGCACAACCAGTCTGTCCGTCAAGGTCTTGCT
GGCATCATCGACCTCCCAAATGAGGCAACATCGGAAGTGGATATTTCTCATGGATCCGAGGATCCCAGGG
GGCCAACCGATTCATATCAAATGAATGGGATTGTAAATGAAGCACATAATGGCAGACATGCCTCAGTGTC
CAAGGTTGTTGAATTTTGTGCGGCGCTAGGTGGCAAAACACCAATTCACAGTATACTAGTGGCCAACAAT
GGAATGGCAGCAGCAAAGTTCATGAGGAGTGTCCGGACATGGGCTAATGATACTTTTGGATCGGAGAAGG
CGATTCAGCTCATAGCTATGGCAACTCCAGAAGACATGAGGATAAATGCAGAACACATTAGAATTGCTGA
TCAATTTGTAGAGGTGCCTGGTGGAACAAACAATAACAACTATGCARAATGTTCAACTCATAGTGGAGGTA
GCAGAAAGAATAGGTGTTTCIGCTGTTTGGCCTGGTTGGGGTCATGCTTCTGAGAATCCTGAACTTCCAG
ATGCATTGACCGCAAAAGGAATTGTTTTCCTTGGGCCACCTGCGGCATCAATGAATGCATTGGGAGATAA
GGTCGGTTCAGCTCTCATTGCTCAAGCAGCTGGGGTCCCGACCCTTTCGTGGAGTGGATCACATGTTGAA
GTTCCATTAGAGTGCTGCTTAGATGCGATACCTGAGGAAATGTATAGAAAAGCTTGTGTTACTACCACAG
AAGAAGCTGTTGCGAGTTGTCAGGTGGTTGGTTATCCTGCCATGATTAAGGCATCCTGGGGAGGTGGTGG
TAAAGGAATAAGAAAGGTTCATAATGACGATGAGGTTAGAGCACTGTTTAAGCAAGTACAAGGTGAAGTC
CCTGGCTCCCCAATATTTATCATGAGGCTTGCATCCCAGAGTCGTCATCTTGAAGTTCAGTTGCTTTGTG
ATCAATATGGCAATGTGGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGGCGACACCAAAAGATTAT
TGAGGAAGGCCCAGTTACTGTTGCTCCTCGTGAGACAGTTAAAGCGCTTGAGCAGGCAGCAAGGAGGCTT
GCTAAGGCTGTGGGTTATGTTGGTGCTGCTACTGTTGAATACCTTTACAGCATGGAGACTGGGGAATACT
ATTTTCTGGAGCTTAATCCCAGATTACAGGTCGAGCATCCAGTCACTGAGTGGATTGCTGAAGTAAATCT
TCCTGCAGCTCAAGTTGCAGTTGGAATGGGCATACCTCTTTGGCAGATTCCAGARATCAGACGTTTCTAT
GGAATGGACTATGGAGGAGGATATGACATTTGGAGGARAACAGCAGCTCTTGCCACACCATTTAATTTTG
ATGAAGTAGATTCTCAATGGCCAAAGGGCCATTGTGTAGCAGTTAGAATTACTAGCGAGGATCCAGATGA
TGGTTTCAAACCTACTGGTGGGAAAGTGAAGGAGATAAGTTTTAAAAGCAAGCCTAATGTTTGGGCCTALC
TTCTCAGTAAAGTCTGGTGGAGGCATTCATGAATTTGCTGATTCTCAGTTTGGGCATGTTTTTGCATATG
GGCTCTCTAGATCAGCAGCAATAACGAACATGGCTCTTGCATTAAAAGAGATTCAAATTCGTGGAGAAAT
TCATTCAAATGTTGATTACACAGTTGATCTCTTAAATGCTTCAGACTTCAGAGAAAATAAGATTCATACT
GGCTGGCTTGATACCAGAATAGCTATGCGTGTTCAAGCTGAGAGGCCCCCATGGTATATTTCAGTGGTTG
GAGGAGCTCTATATAAAACAGTAACTGCCAATGCAGCCACTGTTTCTGATTATGTCAGTTATCTCACCAA
GGGCCAGATTCCACCAAAGCATATATCCCTTGTCAGTTCAACAGTTAATCTGAATATCGAAGGGAGCAAA
TACACAGTTGAAACTGTAAGGACTGGACATGGTAGCTACAGATTACGAATGAATGATTCAGCAATTGAAG
CGAATGTACAATCTTTATGTGATGGAGGCCTCTTAATGCAGTTGGATGGAAATAGCCATGTAATTTACGC
GGAAGAAGAAGCTGGTGGTACACGACTTCTGATTGATGGAAAGACATGCTTGTTACAGAATGATCATGAT
CCATCAAAGTTATTAGCTGAGACACCCTGCARAACTTCTTCGGTTCTTGGTTGCTGATGGTGCTCATGTTG
ATGCTGATGTACCATATGCGGAAGTTGAGGTTATGAAAATGTGCATGCCTCTCTTGTCGCCTGCTTCTGG
TGTCATTCATGTTATGATGTCTGAGGGCCAGGCATTGCAGGCTGGTGATCTTATAGCAAGGCTGGATCTT
GATGACCCTTCTGCTGTGAAAAGAGCTGAACCATTTCATGGAATATTTCCACAAATGGACCTTCCTGTTG
CTGCCTCTAGCCAAGTACACAAAAGATATGCTGCAAGTTTGAATGCTGCTCGAATGGTCCTTGCAGGATA
CGAGCATAATATCAATGAAGTTGTACAAGATTTGGTATGCTGCCTGGATGATCCCGAGCTTCCCTTCCTA
CAGTGGGATGAACTTATGTCAGTTCTAGCAACTAGGCTTCCAAGAAATCTTAAGAGTGAGTTAGAGGATA
AATACATGGAATACAAGTTGAACTTTTACCATGGGAAAAACAAGGACTTCCCGTCCAAGCTGCTGAGAGA
CATCATTGAGGCAAATCTTGCATATGGTTCAGAGAAGGAAAAAGCTACGAATGAGAGGCTTATTGAGCCT
CTTATGAGCCTACTTAAGTCATATGAGGGTGGGAGAGAAAGCCATGCTCATTTTGTTGTCAAGTCCCTTT
TCAAGGAGTACCTTGCTGTGGAAGAACTTTTCAGTGATGGGATTCAGTCTGATGTGATTGAAACCCTGCG
TCATCAGCACAGTAAAGACTTGCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGGAACAAA
GCTAAGCTTGTAACAGCACTTATGGAAAAGCTGGTTTATCCAAATCCTGCTGCTTACAGGGATCTGTTGG
TTCGCTTTTCTTCACTCAATCATAAAAGATATTATAAGTTGGCCCTTAAAGCAAGCGAACTTCTTGAACA
AACTAAACTAAGTGAACTCCGTGCAAGCATCGCAAGAAGCCTTTCTGATCTGGGGATGCATAAGGGAGAA
ATGACTATTGAAGATAGCATGGAAGATTTAGTCTCTGCCCCATTACCTGTCGAAGATGCACTTATTTCTT
TGTTTGATTACAGTGATCCAACTGTTCAGCAGAAAGTGATCGAGACATACATATCTCGATTGTATCAGCC
TCTTCTTGTGAAAGATAGCATCCAAGTGARAATTTAAGGAATCTGGTGCCTTTGCTTTATGGGAATTTTCT
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GAAGGGCATGTTGATACTAAAAATGGACAAGGGACCGTTCTTGGTCGAACAAGATGGGGTGCCATGGTAG
CTGTCAAATCAGTTGAATCTGCACGAACAGCCATTGTAGCTGCATTARAGGATTCGGCACAGCATGCCAG
CTCTGAGGGCAACATGATGCACATTGCCTTATTGAGTGCTGAARATGARAATAATATCAGTGATGATCAA
GCTCAACATAGGATGGARAAACTTAACAAGATACTCAAGGATACTAGTGTCGCARATGATCTTCGAGCTG
CTGGTTTGAAGGTTATAAGT TGCATTGTTCABRAGAGATGAAGCACGCATGCCAATGCGCCACACATTACT
CTGGTCAGATGARAAGAGTTGTTATGAGGAAGAGCAGATTCTTCGGCATGTGGAGCCTCCCCTCTCCATG
CTTCTTGAAATGGATAAGTTGAAAGTGAAAGGATACAATGAAARTGAAGTATACTCCATCACGTGATCGTC
AATGGCATATCTACACACTAAGAAATACTGAAAACCCCARAATGTTGCATAGGGTATTTTTCCGAACTAT
TGTCAGGCAACCCAATGCAGGCAACAAGTTTATATCAGCCCARATTGGCGACACTGAAGTAGGAGGTCCT
GAGGAATCTTTGTCATTTACATCTAATAGCATTTTAAGAGCCT TGATGACTGCTATTGAAGAATTAGAGC
TTCATGCAATTAGGACTGGTCATTCTCACATGTATTTGTGCATATTGAAAGAACAAAAGCTTCTTGATCT
CATTCCGTTTTCAGGGAGCACAATCGTCGATGTTGGCCAAGACGAAGCTACTGCTTGTTCACTTTTARAA
TCAATGGCTTTGAAGATACACGAACTTGTTGGTGCACAGATGCATCATCTTTCTGTATGCCAGTGGGAGG
TGAAACTCAAGTTGTACTGCGATGGGCCTGCCAGTGGCACCTGGAGAGTTGTAACTACAAATGTTACTAG
TCACACTTGCACCGTTGATATCTACCGGGAAGTGGAAGATACTGAATCGCAGAAGT TAGTATACCATTCA
GCTTCTCCGTCAGCTAGTCCTTTGCATGGTGTGGCCCTGGATAATCCGTATCAACCTTTGAGTGTCATTG
ATCTAAAACGCTGCTCTGCTAGGAACAACAGAACTACATATTGCTATGATTTTCCACTGGCATTTGAAAC
TGCCCTGCAGRAGTCATGGCAGTCCAATGGCTCCAGTGTTTCTGAAGGCAGTGARAATAGTAGGTCTTAT
GTGAAAGCAACAGAGCTGGTGTTTGCTGARAAACATGGGTCCTGGGGCACTCCTATAATTTCCATGGAGC
GTCCCGCTGGGCTCAATGACATTGGCATGGTAGCTTGGATCTTAGAGATGTCCACTCCTGAATTTCCCAA
TGGCAGGCAGATTATTGTCATAGCAAATGATATTACTTTCAGAGCTGGATCATTTGGCCCAAGGGAAGAT
GCGTTTTTTGAAGCTGTCACGAACCTGGCCTGCGAGAGGAAGCTTCCTCTTATATACTTGGCAGCAAACT
CCGGTGCTAGGATTGGCATAGCCGATGAAGTGAAATCTTGCTTCCGTGTTGGGTGGTCCGATGARGGCAG
CCCTGAACGGGGTTTTCAGTACATTTATCTGACTGACGARGACTATGCCCGTATTAGCTTGTCTGTTATA
GCACACAAGCTGCAGCTGGATAATGGTGAAATTAGGTGGATTATTGACTCTGT TGTGGGCAAGGAGGATG
GGCTTGGTGTTGAGAATATACATGGAAGTGCTGCTATTGCCAGTGCTTATTCTAGGGCATATGAGGAGAC
ATTTACACTTACATTTGTGACTGGGCGGACTGTTGGRATAGGAGCATATCTTGCTCGGCTCGGTATACGG
TGCATACAGCGTCTTGACCAGCCTATTATTT TAACTGGGTTTTCTGCCCTGAACAAGCTTCTTGGGCGGG
AAGTGTACAGCTCCCACATGCAGTTGGGTGGTCCTAAGATCATGGCGACCAATGGTGTTGTCCACTTGAC
TGTTTCAGATGACCTTGAAGGTGTTTCCAATATATTGAGGTGGCTCAGCTATGTTCCTGCCAACATTGGT
GGACCTCTTCCTATTACAARACCTTTGGACCCACCAGACAGACCTGTTGCATACATCCCTGAGAACACAT
GTGATCCGCGCGCAGCCATTCGTGGTGTAGATGACAGCCAAGGGARATGGTTGGGTGGTATGTTTGACAA
AGACAGCTTTGTCGAGACATTTGAAGGATGGGCGARAACAGTGGTTACGGGCAGAGCAAAGCTTGGAGGA
ATTCCTGTTGGTGTCATAGCTGTGGAGACACAAACCATGATGCAGCTTATCCCTGCTGATCCAGGCCAGC
TTGATTCCCATGAGCGATCTGTTCCTCGGGCTGGACAAGTGTGGTTCCCAGATTCTGCAACCAAGACAGC
TCAGGCATTGTTGGACTTCAACCGTGAAGGATTGCCGCTGTTCATCCTTGCTAACTGGAGAGGATTCTCT
GGTGGACAAAGAGATCTGT TTGAAGGAATTCTTCAGGCTGGGTCAACAATTGTTGAGAACCTTAGGACAT
ACAATCAGCCTGCTTTTGTCTACATTCCTATGGCTGGAGAGCTGCGTGGAGGAGCTTGGGTTGTGGTTGA
TAGCAAAATAAATCCAGACCGAATTGAGTGTTATGCTGAGAGGACTGCTAAAGGCAATGTTCTGGAACCT
CAAGGGTTAATTGAAATCAAATTCAGATCAGAGGAGCTCCAAGACTGTATGGGTAGGCTTGACCCAGAGT
TGATAAATCTGAAAGCAAAACTCCAAGGTGCAAAGCTTGGAAATGGAAGCCTAACAGATGTAGAATCCCT
TCAGAAGAGTATAGATGCTCGTACGARACAGTTGTTGCCTTTATACACCCAGATTGCAATACGGTTTGCT
GAATTGCATGATACTTCCCTCAGAATGGCAGCTAAAGGTGTGATTAAGAAAGTTGTAGATTGGGAAGAAT
TACGTTCTTTCTTCTACAGAAGGCTACGGAGGAGGATCTCTGAAGATGTTCTTGCAARAAGAAATAAGAGG
AATAGCTGGTGACCACTTCACTCACCAATCAGCAGTTGAGCTGATCAAGGAATGGTACTTGGCTTCTCAA
GCCACAACAGGAAGCACTGAATGGGATGATGATGATGCTTTTGTTGCCTGGAAGGAGAATCCTGAAAACT
ATAAGGGATATATCCAAGAGTTAAGGGCTCAARAGGTGTCTCAGTCGCTCTCCGATCTTGCAGACTCCAG
TTCAGATCTAGAAGCATTCTCACAGGGTCTTTCCACATTATTAGATAAGATGGATCCCTCTCAGAGAGCC
AAGTTCATTCAGGAAGTCAAGAAGGTCCTGGGTTGA
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FIGURE 14B

>AAL02056_ Setaria italica (foxtail millet)
MSQLGLAAAASKALPLLPNRHRTSAGTTFPSPVSSRPSNRRKSR
TRSLRDGGDGVSDAKKHNQSVRQGLAGIIDLPNEATSEVDISHGSEDPRGPTDSYQMN
GIVNEAHNGRHASVSKVVEFCAALGGKTPIHSILVANNGMAAAKFMRSVRTWANDTEG
SEKAIQLIAMATPEDMRINAEHIRIADQEFVEVPGGTNNNNYANVQLIVEVAERIGVSA
VWPGWGHASENPELPDALTAKGIVFLGPPAASMNALGDKVGSALIAQAAGVPTLSWSG
SHVEVPLECCLDAIPEEMYRKACVTTTEEAVASCQVVGYPAMIKASWGGGGKGIRKVH
NDDEVRALFKQVQGEVPGSPIFIMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVQRR
HQKIIEEGPVTVAPRETVKALEQAARRLAKAVGYVGAATVEYLYSMETGEYYFLELNP
RLOVEHPVTEWIAEVNLPAAQVAVGMGIPLWQIPEIRREFYGMDYGGGYDIWRKTAALA
TPENFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAYFSVKSG
GGIHEFADSQFGHVFAYGLSRSAAITNMALALKEIQIRGEIHSNVDYTVDLLNASDEFR
ENKIHTGWLDTRIAMRVQAERPPWYISVVGGALYKTVTANAATVSDYVSYLTKGQIPP
KHISLVSSTVNLNIEGSKYTVETVRTGHGSYRLRMNDSAIEANVQSLCDGGLLMQLDG
NSHVIYAEEEAGGTRLLIDGKTCLLONDHDPSKLLAETPCKLLRFLVADGAHVDADVP
YAEVEVMKMCMPLLSPASGVIHVMMSEGQALQAGDLIARLDLDDPSAVKRAEPFHGIF
POMDLPVAASSQVHKRYAASLNAARMVLAGYEHNINEVVQDLVCCLDDPELPFLQWDE
IMSVLATRLPRNLKSELEDKYMEYKLNFYHGKNKDFPSKLLRDITIEANLAYGSEKEKA
TNERLIEPIMSLLKSYEGGRESHAHFVVKSLFKEYLAVEELEFSDGIQSDVIETLRHQH
SKDLQKVVDIVLSHQGVRNKAKLVTALMEKLVYPNPAAYRDLLVRFSSLNHKRYYKLA
LKASELLEQTKLSELRASIARSLSDLGMHKGEMTIEDSMEDLVSAPLPVEDALISLFED
YSDPTVQQKVIETYISRLYQPLLVKDSIQVKFKESGAFALWEFSEGHVDTKNGQGTVL
GRTRWGAMVAVKSVESARTAIVAALKDSAQHASSEGNMMHIALLSAENENNISDDQAQ
HRMEKLNKILKDTSVANDLRAAGLKVISCIVQRDEARMPMRHTLLWSDEKSCYEEEQI
LRHVEPPLSMLLEMDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRTIV
ROPNAGNKFISAQIGDTEVGGPEESLSFTSNSILRALMTAIEELELHATRTGHSHMYL
CILKEQKLLDLIPFSGSTIVDVGQDEATACSLLKSMALKIHELVGAQMHHLSVCQWEV
KLKLYCDGPASGTWRVVITNVTSHTCTVDIYREVEDTESQKLVYHSASPSASPLHGVA
LDNPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETALQKSWQSNGSSVSEGSENSRSY
VKATELVFAEKHGSWGTPIISMERPAGLNDIGMVAWILEMSTPEFPNGRQIIVIANDI
TEFRAGSFGPREDAFFEAVTNLACERKLPLIYLAANSGARIGIADEVKSCFRVGWSDEG
SPERGFQYIYLTDEDYARISLSVIAHKLQLDNGEIRWIIDSVVGKEDGLGVENIHGSA
AIASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQRLDQPIILTGFSALNKLLG
REVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPANIGGPLPITKPLD
PPDRPVAYIPENTCDPRAAIRGVDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKL
GGIPVGVIAVETQTMMQLIPADPGQLDSHERSVPRAGQVWEPDSATKTAQALLDENRE
GLPLFILANWRGFSGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPMAGELRGGAWV
VVDSKINPDRIECYAERTAKGNVLEPQGLIEIKFRSEELQDCMGRLDPELINLKAKLQ
GAKLGNGSLTDVESLQRKSIDARTKQLLPLYTQIAIRFAELHDTSLRMAAKGVIKKVVD
WEELRSFFYRRLRRRISEDVLAKEIRGIAGDHFTHQSAVELIKEWYLASQATTGSTEW
DDDDAFVAWKENPENYKGYIQELRAQKVSQSLSDLADSSSDLEAFSQGLSTLLDKMDP
SQRAKFIQEVKKVLG
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FIGURE 135A

>AJ310767_Alopecurus myosuroides (black-grass)

ATGGGATCCACACATCTGCCCATTGTCGGGTTTAATGCATCCACAACACCATCGCTATCCACTCTTCGCC
AGATAAACTCAGCTGCTGCTGCATTCCAATCTTCGTCCCCTTCAAGGTCATCCAAGAAGAAAAGCCGACG
TGTTAAGTCAATAAGGCGATGATGGCGATGGAAGCGTGCCAGACCCTGCAGGCCATGGCCAGTCTATTCGC
CAAGGTCTCGCTGGCATCATCGACCTCCCAAAGGAGGGCGCATCAGCTCCAGATGTGGACATTTCACATG
GGTCTGAAGACCACAAGGCCTCCTACCARATGAATGGGATACTGAATGAATCACATAACGGGAGGCACGC
CTCTCTGTCTAAAGTTTATGAAT TTTGCACGGAATTGGGTGGAARAACACCAATTCACAGTGTATTAGTC
GCCAACAATGGAATGGCAGCAGCTAAGTTCATGCGGAGTGTCCGGACATGGGCTAATGATACATTTGGGT
CAGAGAAGGCGATTCAGTTGATAGCTATGGCAACTCCGGARGACATGAGAATAAATGCAGAGCACATTAG
AATTGCTGATCAGTTTGTTGAAGTACCTGGTGGAACAAACAATAACAACTATGCAAATGTCCAACTCATA
GTGGAGATAGCAGAGAGAACTGGTGTCTCCGCCGTTTGGCCTGGTTGGGGCCATGCATCTGAGAATCCTG
AACTTCCAGATGCACTAACTGCAAAAGGAATTGTTTTTCTTGGGCCACCAGCATCATCAATGAACGCACLT
AGGCGACAAGGTTGGTTCAGCTCTCATTGCTCAAGCAGCAGGGGTTCCCACTCTTGCTTGGAGTGGATCA
CATGTGGAAATTCCATTAGAACTTTGTTTGGACTCGATACCTGAGGAGATGTATAGGAAAGCCTGTGTTA
CBACCGCTGATGAAGCAGTTGCAAGTTGTCAGATGATTGGTTACCCTGCCATGATCAAGGCATCCTGGGG
TGCTGGTGGTARAGGGATTAGAAAGGTTAATAATGATGACGAGGTGARAAGCACTGTTTAAGCAAGTACAG
GGTGAAGTTCCTGGCTCCCCGATATTTATCATGAGACTTGCATCTCAGAGTCGTCATCTTGAAGTCCAGC
TGCTTTCTGATGAATATGGCAATGTAGCAGCACTTCACAGTCGTGATTGCAGTGTGCAACGACGACACCA
AAAGATTATCGAGGAAGGACCAGTTACTGTTGCTCCTCGTGAAACAGTGAAAGAGCTAGAGCAAGCAGCA
AGGAGGCTTGCTAAGGCCGTGGGTTACGTCGGTGCTGCTACTGTTGAATATCTCTACAGCATGGAGACTG
GTGAATACTATTTTCTGGAGCTTAATCCACGGTTGCAGGTTGAGCACCCAGTCACCGAGTCGATAGCTGA
AGTAAATTTGCCTGCAGCCCAAGTTGCAGTTGGGATGGGTATACCCCTTTGGCAGATTCCAGAGATCAGA
CGTTTCTACGGAATGGACAATGGAGGAGGCTATGATATTTGGAGGAAAACAGCAGCTCTCGCTACTCCAT
TCAACTTTGATGAAGTAGATTCTCAATGGCCGAAGGGTCATTGTGTGGCAGTTAGGATAACCAGTGAGAA
TCCAGATGATGGATTCAAGCCTACTGGTGGAAAAGTAAAGGAGATAAGT TTTAAAAGTAAGCCAAATGTC
TGGGGATATTTCTCAGTTAAGTCTGGTGGAGGCATTCATGAATTTGCGGATTCTCAGTTTGGACACGTTT
TTGCCTATGGAGAGACTAGATCAGCAGCAATAACCAGCATGTCTCTTGCACTAAAAGAGATTCAAATTCG
TGGAGAAATTCATACAAACGTTGATTACACGGTTGATCTCTTGAATGCCCCAGACTTCAGAGAAAACACG
ATCCATACCGGTTGGCTGGATACCAGAATAGCTATGCGTGTTCAAGCTGAGAGGCCTCCCTGGTATATTT
CAGTGGTTGGAGGAGCTCTATATAAAACAATAACCACCAATGCGGAGACCGTTTCTGAATATGTTAGCTA
TCTCATCAAGGGTCAGATTCCACCAAAGCACATATCCCTTGTCCATTCAACTATTTCTTTGAATATAGAG
GAAAGCAAATATACAATTGAGATTGTGAGGAGTGGACAGGGTAGCTACAGATTGAGACTGAATGGATCAC
TTATTGAAGCCAATGTACAAACATTATGTGATGGAGGCCTTTTAATGCAGCTGGATGGAAATAGCCATGT
TATTTATGCTGAAGAAGAAGCGGGTGGTACACGGCTTCTTATTGATGGAAAAACATGCTTGCTACAGAAT
GACCATGATCCGTCAAGGTTATTAGCTGAGACACCCTGCARACTTCTTCGTTTCTTGATTGCCGATGGTG
CTCATGTTGATGCTGATGTACCATACGCGGAAGTTGAGGTTATGAAGATGTGCATGCCCCTCTTGTCGCC
TGCTGCTGGTGTCATTAATGTTTTGT TGTCTGAGGGCCAGGCGATGCAGGCTGGTGATCTTATAGCGAGA
CTTGATCTCGATGACCCTTCTGCTGTGAAGAGAGCCGAGCCATTTGAAGGATCTTTTCCAGARATGAGCC
TTCCTATTGCTGCTTCTGGCCAAGTTCACAAAAGATGTGCTGCAAGTTTGAACGCTGCTCGAATGGTCCT
TGCAGGATATGACCATGCGGCCAACAAAGTTGTGCAAGATTTGGTATGGTGCCTTGATACACCTGCTCTT
CCTTTCCTACAATGGGAAGAGCTTATGTCTGTTTTAGCAACTAGACTTCCAAGACGTCTTAAGAGCGAGT
TGGAGGGCAAATACAATGAATACAAGTTAAATGTTGACCATGTGAAGATCAAGGATTTCCCTACCGAGAT
GCTTAGAGAGACAATCGAGGAAAATCTTGCATGTGTTTCCGAGAAGGAAATGGTGACAATTGAGAGGCTT
GTTGACCCTCTGATGAGCCTGCTGAAGTCATACGAGGGTGGGAGAGAAAGCCATGCCCACTTTATTGTCA
AGTCCCTTTTTGAGGAGTATCTCTCGGTTGAGGAACTATTCAGTGATGGCATTCAGTCTGACGTGATTGA
ACGCCTGCGCCTACRATATAGTARAGACCTCCAGAAGGTTGTAGACATTGTTTTGTCTCACCAGGGTGTG
AGAAACAAAACAAAGCTGATACTCGCGCTCATGGAGARACTGGTCTATCCAAACCCTGCTGCCTACAGAG
ATCAGTTGATTCGCTTTTCTTCCCTCAACCATAAAAGATATTATAAGTTGGCTCTTAAAGCTAGTGAACT
TCTTGAACAARACCAAGCTCAGCGAACTCCGCACAAGCATTGCAAGGAACCTTTCAGCGCTGGATATGTTC
ACCGAGGAAAAGGCAGATTTCTCCTTGCAAGACAGARAATTGGCCATTAATGAGAGCATGGGAGATTTAG
TCACTGCCCCACTGCCAGTTGAAGATGCACTTGTTTCTTTGTTTGATTGTACTGATCAAACTCTTCAGCA
GAGAGTGATTCAGACATACATATCTCGATTATACCAGCCTCAACTTGTGAAGGATAGCATCCAGCTGAAA
TATCAGGATTCTGGTGTTATTGCTTTATGGGAATTCACTGAAGGAAATCATGAGAAGAGATTGGGTGCTA
TGGTTATCCTGAAGTCACTAGAATCTGTGTCAACAGCCATTGGAGCTGCTCTAAAGGATGCATCACATTA
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TGCAAGCTCTGCGGGCAACACGGTGCATATTGCTTTGTTGGATGCTGATACCCAACTGAATACAACTGAA
GATAGTGGTGATAATGACCAAGCTCAAGACAAGATGGATAAACTTTCTTTTGTACTGAAACAAGATGTTG
TCATGGCTGATCTACGTGCTGCTGATGTCAAGGTTGTTAGTTGCATTGTTCAAAGAGATGGAGCAATCAT
GCCTATGCGCCGTACCTTCCTCTTGTCAGAGGAAAAACTTTGTTACGAGGAAGAGCCGATTCTTCGGCAT
GTGGAGCCTCCACTTTCTGCACTTCTTGAGTTGGATAAATTGAAAGTGAAAGGATACAATGAGATGAAGT
ATACACCGTCACGTGATCGTCAGTGGCATATATACACACTTAGAAATACTGAAAATCCAAAAATGCTGCA
CAGGGTATTTTTCCGAACACTTGTCAGACAACCCAGTGCAGGCAACAGGTTTACATCAGACCATATCACT
GATGTTGAAGTAGGACACGCAGAGGAACCTCTTTCATTTACTTCAAGCAGCATATTAAAATCGTTGAAGA
TTGCTARAGAAGAATTGGAGCTTCACGCGATCAGGACTGGCCATTCTCATATGTACTTGTGCATATTGAA
AGAGCAAAAGCTTCTTGACCTTGTTCCTGTTTCAGGGAACACTGTTGTGGATGTTGGTCAAGATGAAGCT
ACTGCATGCTCTCTTTTGAAAGAAATGGCTTTAAAGATACATGAACTTGTTGGTGCAAGAATGCATCATC
TTTCTGTATGCCAGTGGGAAGTGAAACT TAAGT TGGTGAGCGATGGGCCTGCCAGTGGTAGCTGGAGAGT
TGTAACAACCAATGTTACTGGTCACACCTGCACTGTGGATATCTACCGGGAGGTCGAAGATACAGAATCA
CAGAAACTAGTATACCACTCCACCGCATTGTCATCTGGTCCTTTGCATGGTGTTGCACTGAATACTTCGT
ATCAGCCTTTGAGTGTTATTGATTTAAAACGTTGCTCTGCCAGGAACAACAAAACTACATACTGCTATGA
TTTTCCATTGACATTTGAAGCTGCAGTGCAGAAGTCGTGGTCTAACATTTCCAGTGAARACAACCAATGT
TATGTTAAAGCGACAGAGCTTGTGTTTGCTGARAAGAATGGGTCGTGGGGCACTCCTATAATTCCTATGC
AGCGTGCTGCTGGGCTGAATGACATTGGTATGGTAGCCTGGATCTTGGACATGTCCACTCCTGAATTTCC
CAGCGGCAGACAGATCATTGTTATCGCAAATGATATTACATT TAGAGCTGGATCATTTGGCCCAAGGGAA
GATGCATTTTTCGAAGCTGTAACCAACCTGGCTTGTGAGAAGAAGCTTCCACTTATCTACTTGGCTGCAA
ACTCTGGTGCTCGGATTGGCATTGCTGATGAAGTAARATCTTGCTTCCGTGTTGGATGGACTGATGATAG
CAGCCCTGAACGTGGATTTAGGTACATTTATATGACTGACGAAGACCATGATCGTATTGGCTCTTCAGTT
ATAGCACACAAGATGCAGCTAGATAGTGGCGAGATCAGGTGGGTTATTGATTCTGTTGTGGGARARAGAGG
ATGGACTAGGTGTGGAGAACATACATGGAAGTGCTGCTATTGCCAGTGCCTATTCTAGGGCGTACGAGGA
GACATTTACACTTACATTCGTTACTGGACGAACTGTTGGAATCGGAGCCTATCTTGCTCGACTTGGCATA
CGGTGCATACAGCGTATTGACCAGCCCATTATTTTGACCGGGTTTTCTGCCCTGAACAAGCTTCTTGGGC
GGGAGGTGTACAGCTCCCACATGCAGTTGGGTGGTCCCAAAATCATGGCGACGAATGGTGTTGTCCATCT
GACTGTTCCAGATGACCTTGAAGGTGTTTCTAATATATTGAGGTGGCTCAGCTATGTTCCTGCAAACATT
GGTGGACCTCTTCCTATTACAAAATCTTTGGACCCAATAGACAGACCCGTTGCATACATCCCTGAGAATA
CATGTGATCCTCGTGCAGCCATCAGTGGCATTGATGACAGCCAAGGGARATGGTTGGGTGGCATGTTTGA
CARAAGACAGTTTTGTGGAGACATTTGAAGGATGGGCGAAGACAGTAGT TACTGGCAGAGCAAARCTTGGA
GGGATTCCTGTTGGTGTTATAGCTGTGGAGACACAGACCATGATGCAGCTCGTCCCCGCTGATCCAGGCC
AGCCTGATTCCCACGAGCGGTCTGTTCCTCGTGCTGGGCAAGTTTGGTTTCCAGATTCTGCTACCAAGAC
AGCGCAGGCGATGTTGGACTTCAACCGTGAAGGATTACCTCTGT TCATACTTGCTAACTGGAGAGGCTTC
TCTGGAGGGCAARGAGATCTTTT TGAAGGAATTCTGCAGGCTGGGTCAACAATTGTTGAGAARCCTTAGGA
CATACAATCAGCCTGCCTTTGTATATATCCCCAAGGCTGCAGAGCTACGTGGAGGAGCCTGGGTCGTGAT
TGATAGCAAGATAAACCCAGATCGCATCGAGTGCTATGCTGAGAGGACTGCAAAGGGTAATGTTCTCGAA
CCTCAAGGGTTGATTGAGATCAAGTTCAGGTCAGAGGAACTCARAGAATGCATGGGTAGGCTTGATCCAG
AATTGATAGATCTGAAAGCAAGACTCCAGGGAGCAAATGGAAGCCTATCTGATGGAGAATCCCTTCAGAA
GAGCATAGAAGCTCGGAAGARACAGTTGCTGCCTCTGTACACCCAAATCGCGGTACGTTTTGCGGAARTTG
CACGACACTTCCCTTAGAATGGCTGCTAAAGGTGTGATCAGGARAGTTGTAGACTGGGAAGACTCTCGGT
CTTTCTTCTACAAGAGATTACGGAGGAGGCTATCCGAGGACGTTCTGGCARAGGAGAT TAGAGGTGTAAT
TGGTGAGAAGTTTCCTCACAAATCAGCGATCGAGCTGATCAAGAAATGGTACTTGGCTTCTGAGGCAGCT
GCAGCAGGAAGCACCGACTGGGATGACGACGATGCTTTTGTCGCCTGGAGGGAGAACCCTGAAAACTATA
AGGAGTATATCARAGAGCTTAGGGCTCAAAGGGTATCTCGGTTGCTCTCAGATGTTGCAGGCTCCAGTTC
GGATTTACAAGCCTTGCCGCAGGGTCTTTCCATGCTACTAGATAAGATGGATCCCTCTAAGAGAGCACAG
TTTATCGAGGAGGTCATGAAGGTCCTGAAATGA
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FIGURE 15B

>CAC84161 Alopecurus myosuroides (black-grass )
MGSTHLPIVGFNASTTPSLSTLRQINSAAAAFQSSSPSRSSKKKSRRVKSIRDDGDGSVPDPAGHGQSIR
QGLAGIIDLPKEGASAPDVDISHGSEDHKASYQMNGILNESHNGRHASLSKVYEFCTELGGKTPIHSVLV
ANNGMAAAKFMRSVRTWANDTFGSEKAIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLI
VEIAERTGVSAVWPGWGHASENPELPDALTAKGIVFLGPPASSMNALGDKVGSALIAQAAGVPTLAWSGS
HVEIPLELCLDSIPEEMYRKACVTTADEAVASCQMIGYPAMIKASWGGGGKGIRKVNNDDEVKALFKQVQ
GEVPGSPIFIMRLASQSRHLEVQLLCDEYGNVAALHSRDCSVQRRHQKIIEEGPVTVAPRETVKELEQAA
RRLAKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTESIAEVNLPAAQVAVGMGIPLWQIPEIR
RFYGMDNGGGYDIWRKTAALATPFNFDEVDSQWPKGHCVAVRITSENPDDGFKPTGGKVKEISFKSKPNV
WGYFSVKSGGGIHEFADSQFGHVFAYGETRSAAITSMSLALKEIQIRGEIHTNVDYTVDLLNAPDFRENT
THTGWLDTRIAMRVOAERPPWYISVVGGALYKTITTNAETVSEYVSYLIKGQIPPKHISLVHSTISLNIE
ESKYTIEIVRSGQGSYRLRLNGSLIEANVQTLCDGGLLMQLDGNSHVIYAEEEAGGTRLLIDGKTCLLQN
DHDPSRLLAETPCKLLRFLIADGAHVDADVPYAEVEVMKMCMPLLSPAAGVINVLLSEGQAMQAGDLIAR
LDLDDPSAVKRAEPFEGSFPEMSLPIAASGQVHKRCAASLNAARMVLAGY DHAANKVVQDLVWCLDTPAL
PFLQWEELMSVLATRLPRRLKSELEGKYNEYKLNVDHVKIKDFPTEMLRETIEENLACVSEKEMVTIERL
VDPLMSLLKSYEGGRESHAHFIVKSLFEEYLSVEELFSDGIQSDVIERLRLQYSKDLQKVVDIVLSHQGV
RNKTKLILALMEKLVYPNPAAYRDQLIRFSSLNHKRYYKLALKASELLEQTKLSELRTSIARNLSALDMF
TEEKADFSLQDRKLAINESMGDLVTAPLPVEDALVSLFDCTDQTLQQRVIQTYISRLYQPQLVKDSIQLK
YQDSGVIALWEFTEGNHEKRLGAMVILKSLESVSTAIGAALKDASHYASSAGNTVHIALLDADTQLNTTE
DSGDNDQAQDKMDKLSFVLKQDVVMADLRAADVKVVSCIVQRDGAIMPMRRTFLLSEEKLCYEEEPILRH
VEPPLSALLELDKLKVKGYNEMKYTPSRDRQWHIYTLRNTENPKMLHRVFFRTLVRQPSAGNRFTSDHIT
DVEVGHAEEPLSFTSSSILKSLKIAKEELELHAIRTGHSHMYLCILKEQKLLDLVPVSGNTVVDVGQDEA
TACSLLKEMALKIHELVGARMHHLSVCQWEVKLKLVSDGPASGSWRVVTTNVIGHTCTVDIYREVEDTES
QKLVYHSTALSSGPLHGVALNTSYQPLSVIDLKRCSARNNKTTYCYDFPLTFEAAVQKSWSNISSENNQC
YVKATELVFAEKNGSWGTPIIPMQRAAGLNDIGMVAWILDMSTPEFPSGRQIIVIANDITFRAGSFGPRE
DAFFEAVTNLACEKKLPLIYLAANSGARIGIADEVKSCFRVGWIDDSSPERGFRYIYMTDEDHDRIGSSV
IAHKMQLDSGEIRWVIDSVVGKEDGLGVENIHGSAAIASAYSRAYEETFTLTFVTIGRTVGIGAYLARLGI
RCIQRIDQPIILTGFSALNKLLGREVYSSHMQLGGPKIMATNGVVHLTVPDDLEGVSNILRWLSYVPANI
GGPLPITKSLDPIDRPVAYIPENTCDPRAAISGIDDSQGKWLGGMFDKDSFVETFEGWAKTVVTGRAKLG
GIPVGVIAVETQTMMQLVPADPGQPDSHERSVPRAGQVWEPDSATKTAQAMLDEFNREGLPLEFILANWRGE
SGGQRDLFEGILQAGSTIVENLRTYNQPAFVYIPKAAELRGGAWVVIDSKINPDRIECYAERTAKGNVLE
PQGLIEIKFRSEELKECMGRLDPELIDLKARLQGANGSLSDGESLQKSIEARKKQLLPLYTQIAVRFAEL
HDTSLRMAAKGVIRKVVDWEDSRSFFYKRLRRRLSEDVLAKEIRGVIGEKFPHKSAIELIKKWYLASEAA
AAGSTDWDDDDAFVAWRENPENYKEYIKELRAQRVSRLLSDVAGSSSDLQALPQGLSMLLDKMDPSKRAQ
FIEEVMKVLK
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FIGURE 16A

>EU660897_ Aegilops tauschii (jointed goatgrass)

ATGGGATCCACACATTTGCCCATTGTCGGCCTTAATGCCTCGACAACACCATCGCTATCCACTATTCGCCCGGTAAA
TTCAGCCGGTGCTGCATTCCAACCATCTGCCCCTTCTAGAACCTCCAAGAAGAAAAGTCGTCGTGTTCAGTCATTAA
GGGATGGAGGCGATGGAGGCGTGTCAGACCCTAACCAGTCTATTCGCCAAGGTCTTGCCGGCATCATTGACCTCCCA
AAGGAGGGCACATCAGCTCCGGAAGTGGATATTTCACATGGGTCCGAAGRACCCAGGGGCTCCTACCARATGAATGEG
GATACTGAATGAAGCACATAATGGGAGGCATGCTTCGCTGTCTAAGGTTGTCGAATTTTGTATGGCATTGGGCGGCA
AAACACCAATTCATAGTGTATTAGTTGCGAACAATGGAATGGCAGCAGCTAAGTTCATGCGGAGTGTCCGAACATGEG
GCTAATGAAACATTTGGGTCAGAGAAGGCAATTCAGTTGATAGCTATGGCTACTCCAGAAGACATGAGGATAAATGC
AGAGCACATTAGAATTGCTGATCAATTTGTTGAAGTACCCGGTGGAACAAACAATAACAACTATGCAAATGTCCAAC
TCATAGTGGAGATAGCAGTGAGAACCGGTGTTTCTGCTGTTTGGCCTGGTTGGGGCCATGCATCTGAGAATCCTGAA
CTTCCAGATGCACTAAATGCAAACGGAATTGTTTTTCTTGGGCCACCATCATCATCAATGAACGCACTAGGTGACAA
GGTTGGTTCAGCTCTCATTGCTCAAGCAGCAGGGGTTCCGACTCTTCCTTGGAGTGGATCACAGGTGGAAATTCCAT
TAGAAGTTTGTTTCCACTCGATACCTGCGGATATGTATAGGARAGCTTGTGTTAGTACTACGGAGGAAGCACTTGCG
AGTTGTCAGATGATTCGGTATCCAGCCATGATTAAAGCATCATGGGGT GGTGGTGGTAAAGGGATCCGAAAGGTTAA
TAACGACGATGATGTCAGAGCACTGTTTAAGCAAGTGCAAGGTGARGT TCCTGGCTCCCCAATATTTATCATGAGAC
TTGCATCTCAGAGTCGACATCTTGAAGTTCAGTTGCTTTGTGATCAATATGGCAATGTAGCTGCGCTTCACAGTCGT
GACTGCAGTGTGCAACGGCCACACCAAAAGATTATTGAGGAAGGACCAGTTACTGTTGCTCCTCGCGAGACAGTGAA
AGAGCTAGAGCAAGCAGCAAGGAGGCTTGCTAAGGCTGTGGGTTATGT TGGTGCTGCTACTGTTGAATATCTCTACA
CCATGGAGACTGGTGAATACTATTTTCTGGAACTTAATCCACGGT TGCAGGTTGAGCATCCAGTCACCGAGTGGATA
GCTGAAGTAAACTTGCCTGCAGCTCAAGT TGCAGTTGGRATGGGTATACCCCTTTGGCAGGTTCCAGAGATCAGACG
TTTCTATGGAATGGACAATGGAGGAGGCTATGACATTTGGAGGAAAACAGCAGCTCTTGCTACCCCATTTARCTTTG
ATGAAGTGGATTCTCAATGGCCAAAGGGTCATTGTGTAGCAGTTAGGATAACCAGTGAGGATCCAGATGACGGATTC
AAGCCTACCGGETGGARAAGTAAAGGAGATCAGTTTTAAAAGCAAGCCAAATGTTTGGGCCTATTTCTCTGTTAAGTC
CGGTGGAGCCATTCATGAATTTGCTGATTCTCAGTTTGGACATGT TTTTGCATATGGAGTGTCTAGAGCAGCAGCAA
TAACCAACATGTCTCTTGCGCTAAAAGAGATTCAARATTCGTGGAGAAATTCATTCARATGTTGATTACACAGTTGAT
CTCTTGAATGCCTCAGACTTCAAAGAAAACAGGATTCATACTGGCTGGCTGGATAACAGAATAGCAATGCGAGTCCA
AGCTGAGAGACCTCCGTGGTATATTTCAGTGGTTGGAGGAGCTCTATATAAAACAATARCGAGCAACACAGACACTG
TTTCTGAATATGTTAGCTATCTCGTCAAGGGTCAGATTCCACCGAAGCATATATCCCTTGTCCATTCAACTGTTTCT
TTGAATATAGAGGAAAGCAAATATACAATTGARACTATAAGGAGCGGACAGGGTAGCTACAGATTGCGAATGAATGG
ATCAGTTATTGAAGCAAATGTCCAAACATTATGTGATGGTGGACTTTTAATGCAGTTGGATGGAAACAGCCATGTAA
TTTATGCTGAAGAAGAGGCCGETGCTACACGGCTTCTAATTGATGGAAAGACATGCTTGTTACAGAATGATCACGAT
CCTTCAAGGTTATTAGCTGAGACACCCTGCARACTTCTTCGTTTCTTGGTTGCCGATGGTGCTCATGTTGAAGCTGA
TGTACCATATGCGGAAGTTGAGGT TATGAAGATGTGCATGCCCCTCTTGTCACCTGCTGCTGGTGTCATTAATGTTT
TGTTGTCTGAGGGCCAGCCTATGCAGGCTGGTGATCTTATAGCARGACTTGATCTTGATGACCCTTCTGCTGTGAAG
AGAGCTGAGCCGTTTAACGGATCTTTCCCAGAAATGAGCCTTCCTATTGCTGCTTCTGGCCAAGTTCACAAAAGATG
TGCCACAAGCTTGAATGCTGCTCGGATGGTCCTTGCAGGATATGATCACCCGATCAACAAAGTTGTACAAGATCTGG
TATCCTGTCTAGATGCTCCTGAGCTTCCTTTCCTACAATGGGAAGAGCTTATGTCTGTTTTAGCAACTAGACTTCCA
AGGCTTCTTAAGAGCGAGTTGGAGGGTAAATACAGTGAATATAAGTTARATGTTGGCCATGGAAAGAGCAAGGATTT
CCCTTCCAAGATGCTAAGAGAGATAATCGAGGAARATCTTGCACATGGTTCTGAGAAGGAAATTGCTACAAATGAGA
GGCTTGTTGAGCCTCTTATGAGCCTACTGAAGTCATATGAGGGTGGCAGAGAAAGCCATGCACACTTTATTGTGAAG
TCCCTTTTCGAGGACTATCTCTCGGTTGAGGAACTATTCAGTGATGGCATTCAGTCTGATGTGATTGAACGCCTGCG
CCAACAACATAGTAAAGATCTCCAGAAGGTTGTAGACATTGTGTTGTCTCACCAGGGTGTGAGAAACAAAACTAAGC
TGATACTAACACTCATGGAGAAACTGGTCTATCCAAACCCTGCTGCCTACAAGGATCAGTTGACTCGCTTTTCCTCC
CTCAATCACAAAAGATATTATAAGTTGGCCCTTAARAGCTAGCGAGCTTCTTGAACAAACCAAGCTTAGTGAGCTCCG
CACAAGCATTGCAAGGAGCCTTTCAGAACTTGAGATGTTTACTGAAGAAAGGACGGCCATTAGTGAGATCATGGGAG
ATTTAGTGACTGCCCCACTGCCAGTTGARAGATGCACTGGTTTCTTTGTTTGATTGTAGTGATCAAACTCTTCAGCAG
AGGGTGATCGAGACGTACATATCTCGATTATACCAGCCTCATCTTGTCAAGGATAGTATCCAGCTGAAATATCAGGA
ATCTGGTGTTATTGCTTTATGGGAATTCGCTGAAGCGCATTCAGAGAAGAGATTGGGTGCTATGGTTATTGTGAAGT
CGTTAGAATCTGTATCAGCAGCAATTGGAGCTGCACTAAAGGGTACATCACGCTATGCAAGCTCTGAGGGTAACATA
ATGCATATTGCTTTATTGGGTGCTGATAATCAAATGCATGGAACTGAAGACAGTGGTGATAACGATCAAGCTCAAGT
CAGGATAGACAAACTTTCTGCGACACTGGAACAAAATACTGTCACAGCTGATCTCCGTGCTGCTGGTGTGAAGGTTA
TTAGTTGCATTGTTCAAAGGGATGGAGCACTCATGCCTATGCGCCATACCTTCCTCTTGTCGGATGAAAAGCTTTGT
TATGAGGAAGAGCCGGTTCTCCGGCATGTGGAGCCTCCTCTTTCTGCTCTTCTTGAGT TGGGTAAGTTGAAAGTGAA
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
AMAGACAGTTTTGTGGAGACATTTGAAGGATGGGCGAAGTCAGTAGT TACTGGCAGAGCGAAACTCGGAGGGATTCC
GGTGGGTGTTATAGCTGTGGAGACACAGACTATGATGCAGCTCATCCCTGCTGATCCAGGTCAGCTTGATTCCCATG
AGCGGTCTGTTCCTCGTGCTGGGCAAGTCTGGTTTCCAGATTCAGCTACTAAGACAGCGCAGGCAATGCTGGACTTC
ABCCGTGAAGGATTACCTCTGTTCATCCTTGCTAACTGGAGAGGCTTCTCTGGTGGGCAARGAGATCTTTTTGAAGG
AATCCTTCAGGCTGGGTCAACAATTGTTGAGAACCTTAGGACATACAATCAGCCTGCCTTTGTATATATCCCCAAGG
CTGCAGAGCTACGTGGAGGGGCTTGGGTCGTGATTGATAGCAAGATAAATCCAGATCGCATTGAGTTCTATGCTGAG
AGGACTCCAAAGGGCAATGTTCTTGAACCTCAAGGGTTGATTGAGATCAAGTTCAGGTCAGAGGAACTCCAAGAGTG
CATGGGCAGGCTTGACCCAGAATTGATAAATTTGAAGGCAAAACTCCTGGGAGCAAAGCATGAAAATGGAAGTCTAT
CTGAGTCAGAATCCCTTCAGAAGAGCATAGAAGCCCGGAAGARACAGTTGTTGCCTTTGTATACTCAARTTGCGGTA
CGGTTCGCTCAATTGCATGACACTTCCCTTAGAATGGCTGCTAAGGGTGTGATTAAGAAGGT TGTAGACTGGGAAGA
TTCTAGGTCTTTCTTCTACAAGAGATTACGGAGGAGGATATCCGAGGATGTTCTTGCAAAGGAAATTAGAGGTGTAA
GTGGCAAGCAGTTTTCTCACCAATCGGCAATCGAGCTGATCCAGARATGGTACTTGGCCTCTAAGGGAGCTGAAACG
GGAAACACTGAATGGGATGATGACGATGCTTTTGTTGCCTGGAGGGARAACCCTGARAACTACCAGGAGTATATCAA
AGAACTCAGGGCTCAAAGGGTATCTCAGTTGCTCTCAGATGTTGCAGACTCCAGTCCAGATCTAGAAGCCTTGCCAC
AGGGTCTTTCTATGCTACTAGAGAAGATGGATCCCTCAAGGAGAGCACAGTTTGTTGAGGARAGTCARGAAGGCCCTT
AAATGA
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FIGURE 16B

>ACD46679 Aegilops tauschii (jointed goatgrass)
MGSTHLPIVGLNASTTPSLSTIRPVNSAGAAFQPSAPSRTSKKKSRRVQSLRDGGDGGVSDPNQSIRQGL
AGIIDLPKEGTSAPEVDISHGSEEPRGSYQMNGILNEAHNGRHASLSKVVEFCMALGGKTPIHSVLVANN
GMAAAKFMRSVRTWANETFGSEKAIQLIAMATPEDMRINAEHIRIADQFVEVPGGTNNNNYANVQLIVEI
AVRTGVSAVWPGWGHASENPELPDALNANGIVFLGPPSSSMNALGDKVGSALIAQAAGVPTLPWSGSQVE
IPLEVCLDSIPADMYRKACVSTTEEALASCQMIGYPAMIKASWGGGGKGIRKVNNDDDVRALFKQVQGEV
PGSPIFIMRLASQSRHLEVQLLCDQYGNVAALHSRDCSVQRRHQKIIEEGPVTVAPRETVKELEQAARRL
AKAVGYVGAATVEYLYSMETGEYYFLELNPRLQVEHPVTEWIAEVNLPAAQVAVGMGIPLWQVPEIRRFY
GMDNGGGYDIWRKTAALATPFNFDEVDSQWPKGHCVAVRITSEDPDDGFKPTGGKVKEISFKSKPNVWAY
FSVKSGGGIHEFADSQFGHVFAYGVSRAAAITNMSLALKEIQIRGEIHSNVDYTVDLLNASDFKENRIHT
GWLDNRIAMRVQAERPPWYISVVGGALYKTITSNTDTVSEYVSYLVKGQIPPKHISLVHSTVSLNIEESK
YTIETIRSGQGSYRLRMNGSVIEANVQTLCDGGLLMQLDGNSHVIYAEEEAGGTRLLIDGKTCLLQNDHD
PSRLLAETPCKLLRFLVADGAHVEADVPYAEVEVMKMCMPLLSPAAGVINVLLSEGQPMQAGDLIARLDL
DDPSAVKRAEPFNGSFPEMSLPIAASGQVHKRCATSLNAARMVLAGYDHPINKVVQDLVSCLDAPELPFL
QWEELMSVLATRLPRLLKSELEGKYSEYKLNVGHGKSKDFPSKMLREIIEENLAHGSEKEIATNERLVEP
IMSLLKSYEGGRESHAHFIVKSLFEDYLSVEELFSDGIQSDVIERLRQQHSKDLQKVVDIVLSHQGVRNK
TKLILTLMEKLVYPNPAAYKDQLTRFSSLNHKRYYKLALKASELLEQTKLSELRTSIARSLSELEMFTEE
RTAISEIMGDLVTAPLPVEDALVSLFDCSDQTLOQRVIETYISRLYQPHLVKDSIQLKYQESGVIALWEF
AEAHSEKRLGAMVIVKSLESVSAAIGAALKGTSRYASSEGNIMHIALLGADNQMHGTEDSGDNDQAQVRI
DKLSATLEQNTVTADLRAAGVKVISCIVQRDGALMPMRHTFLLSDEKLCYEEEPVLRHVEPPLSALLELG
KLKVKGYNEVKYTPSRDROWNIYTLRNTENPKMLHRVFFRTLVRQPGASNKFTSGNISDVEVGGAEESLS
FTSSSILRSIMTAIEELELHAIRTGHSHMFLCILKEQKLLDLVPVSGNKVVDIGQDEATACLLLKEMALQ
THELVGARMHHLSVCOWEVKLKLDSDGPASGTWRVVTTNVTSHTCTVDIYREVEDTESQKLVYHSAPSSS
GPLHGVALNTPYQPLSVIDLKRCSARNNRTTYCYDFPLAFETAVQKSWSNISSDINRCYVKATELVFAHK
NGSWGTPVIPMERPAGLNDIGMVAWILDMSTPEYPNGRQIVVIANDITFRAGSFGPREDAFFETVTINLAC
ERKLPLIYLAANSGARIGIADEVKSCFRVGWSDDGSPERGFQYIYLTEEDHARISASVIAHKMQLDNGEI
RWVIDSVVGKEDGLGVENIHGSAAIASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQRTDQPIIL
TGFSALNKLLGREVYSSHMQLGGPKIMATNGVVHLTVSDDLEGVSNILRWLSYVPANIGGPLPITKSLDP
PDRPVAYIPENTCDPRAAISGIDDSQGKWLGGMFDKDSFVET FEGWAKSVVTGRAKLGGIPVGVIAVETQ
TMMQLI PADPGQLDSHERSVPRAGQVWFPDSATKTAQAMLDFNREGLPLFILANWRGFSGGQRDLFEGIL
QAGSTIVENLRTYNQPAFVYIPKAAELRGGAWVVIDSKINPDRIEFYAERTAKGNVLEPQGLIEIKFRSE
ELQECMGRLDPELINLKAKLLGAKHENGSLSESESLQKSIEARKKQLLPLYTQIAVRFAELHDTSLRMAA
KGVIKKVVDWEDSRSFFYKRLRRRISEDVLAKEIRGVSGKQFSHQSATELIQKWYLASKGAETGNTEWDD
DDAFVAWRENPENYQEYIKELRAQRVSQLLSDVADSSPDLEALPQGLSMLLEKMDPSRRAQFVEEVKKAL
K
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