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(57) Abregé/Abstract:

The present invention provides saflufenacil-tolerant plants. The present invention also provides methods for controlling the growth

of weeds by applying saflufenacil to which the saflufenacil-tolerant plants of the invention are tolerant.

Plants of the Invention

express a cytochrome P450 polypeptide, the expression of which confers, to the plants, tolerance to the saflufenacill.
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(57) Abstract: The present invention provides satlutenacil-tolerant plants. The present invention also provides methods for con-

trolling the g

-owth of weeds by applying saflutenacil to which the satlutenacil-tolerant plants of the invention are tolerant. Plants

of the mvention express a cytochrome P450 polypeptide, the expression of which confers, to the plants, tolerance to the satlufe-

nacil.
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HERBICIDE-TOLERANT PLANTS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
61/293,165 filed on January 7, 2010, which is herein incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to herbicide-tolerant plants.

BACKGROUND OF THE INVENTION

[0003] P450’s form a large diverse gene family with about 246 isoforms in Arabidopsis
and 372 1dentified in rice. P450s are hemoproteins that convert a broad range of substrates to
more or less bioactive products. P450s are critical in numerous metabolic pathways,
including lignin and pigment biosynthesis, detoxification of harmful compounds, and are
considered important in the evolution of land plants. Inhibitors of P450 activity include 1-

aminobenzo-triazole, tetcyclacis, piperonyl butoxide, and tridiphane.

10004] Saflufenacil i1s an herbicide active ingredient (A.l) of the pyrimidinedione
chemical class. Saflufenacil is an active ingredient that is similar to flumioxazin and
sulfentrazone and is readily absorbed by foliage, root, and shoot tissue of plants. It 1s
believed that saflufenacil inhibits the pigment biosynthesis pathway at protoporphyrinogen
oxidase (PPO), which ‘causes an accumulation of photodynamic, toxic compounds that
rapidly damage cell membranes and results in cell death. Herbicidal compositions can be
used that have saflufenacil as the sole A.l. or that are supplemented with glyphosate to
manage a wide spectrum of dicot weeds. Herbicidal compositions comprising saflutenacil
have been. labeled for pre-plant or pre-emergence treatment in corn, sorghum, wheat, barley,
oats, rye, triticale, soybean, and tree/nut/vine cropping systems. Saflufenacil-containing

herbicidal compositions have good foliar and residual activity on broadleaf weeds in both no-
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till and tilled cropping systems. However, application of saflufenacil after emergence can

result in rapid and significant crop injury.

[0005] There remains a need in the art for plants or plants parts that exhibit tolerance to

herbicidal compositions comprising satlufenacil.

BRIEF SUMMARY OF THE INVENTION

(0006] In one aspect, the present invention provides a plant or plant part comprising a
recombinant polynucleotide encoding a CYP81A or CYP73A polypeptide, the expression of
which confers to the plant or plant part tolerance to saflufenacil. In some embodiments, the
recombinant polynucleotide encodes a CYP72A15 polypeptide, the expression of which

confers to the plant or plant part tolerance to saflufenacil.

[0007] In some aspects, the presént invention provides a seed capable of germination into
a plant comprising in at least some of its cells a recombinant polynucleotide operably linked
to a promoter operable in plant cells, the promoter capable of expressing a CYP81A or
CYP73A polypeptide encoded by the polynucleotide, the expression of the polypeptide
conferring to the plant tolerance to saflufenacil. In some embodiments, the recombinant
polynucleotide encodes a CYP72A15 polypeptide, the expression of which confers to the

plant tolerance to saflufenacil.

[0008] In one aspect, the present invention provides a plant cell of or capable of
regenerating a plant comprising in at least some of its cells a recombinant polynucleotide
operably linked to a promoter operable in plant cells, the promoter capable of expressing a
CYPSIA or CYP73A polypeptide encoded by the polynucleotide, the expression of the
polypeptide conferring to the plant tolerance to saflufenacil, wherein the plant cell comprises
the recombinant polynucleotide operably linked to a promoter. In some embodiments, the
recombinant polynucleotide encodes a CYP72A15 polypeptide, the expression of which

confers to the plant tolerance to saflufenacil.

10009} In another aspect, the present invention provides a plant cell comprising a
recombinant polynucleotide operably linked to a promoter operable in the cell, the promoter
capable of expressing a CYP81A or CYP73A polypeptide encoded by the polynucieotide, the
expression of the polypeptide conferring to the cell tolerance to saflufenacil. In some

2
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embodiments, the recombinant polynucleotide encodes a CYP72A15 polypeptide, the

expression of which confers to the cell tolerance to saflufenacil.

(0010} In other aspects, the present invention provides a plant product prepared from a
plant or plant part comprising in at least some of its cells a recombinant polynucleotide
operably linked to a promoter operable in plant cells, the promoter capable of expressing a
CYP&1A, or CYP73A polypeptide encoded by the polynucleotide, the expression of the
polypeptide conferring to the plant or plant part tolerance to saflufenacil. In some
embodiments, the recombinant polynucleotide encodes a CYP72A15 polypeptide, the

expression of which confers to the plant or plant part tolerance to satlufenacil.

[0011] In some aspects, the present invention provides a progeny or descendant plant
derived from a plant comprising in at least some of its cells a recombinant polynucleotide
operably linked to a promoter operable in plant cells, the promoter capable of expressing a
CYP81A or CYP73A polypeptide encoded by the polynucleotide, the expression of the
polypeptide conferring to the plant tolerance to saflufenacil, wherein the progeny or
descendant plant comprises in at least some of its cells the recombinant polynucleotide
operably linked to the promoter, the expression of the polypeptide in the progeny or
descendant plant conferring to the progeny or descendant plant tolerance to the saflufenacil.
In some embodiments, the recombinant polynucleotide encodes a CYP72A15 polypeptide,

the expression of which confers to the plant tolerance to saflufenacil.

[0012] In other aspects, the present invention provides a method for controlling weeds at
a locus for growth of a plant, the method comprising: (a) applying an herbicide composition
comprising saflufenacil to the locus; and (b) planting a seed at the locus, wherein the seed is
capable of producing a plant that comprises in at least some of its cells a recombinant
polynucleotide operably linked to a promoter operable in plant cells, the promoter capable of
expressing a CYPS8IA or CYP73A polypeptide encoded by the polynucleotide, the
expression of the polypeptide conferring to the plant tolerance to the saflufenacil. In some
embodiments, the recombinant polynucleotide encodes a CYP72A15 polypeptide, the

expression of which confers to the plant tolerance to satlufenacil.

(0013] In some aspects, the present invention provides a method for controlling weeds at

a locus for growth of a plant, the method comprising: applying an herbicidal composition
3
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comprising saflufenacil to the locus; wherein said locus is: (a) a locus that contains: a plant or
a seed capable of producing said plant; or (b) a locus that is to be after said applying 1s made
to contain the plant or the seed; wherein the plant or the seed comprises in at least some of its
cells a recombinant polynucleotide operably linked to a promoter operable in plant cells, the
promoter capable of expressing a cytochrome P450 polypeptide encoded by the
polynucleotide, the expression of the polypeptide conferring to the plant tolerance to the
saflufenacil. In one embodiment, the polypeptide is a CYP72A15 polypeptide or an isoform
of CYP81A or CYP73A.

[0014] In other aspects, the present invention provides a method of producing a plant
having tolerance to saflufenacil, the method comprising regenerating a plant from a plant cell
transformed with a recombinant polynucleotide operably linked to a promoter operable in the
cell, the promoter capable of expressing a CYP81A or CYP73A polypeptide encoded by the
polynucleotide, the expression of the polypeptide, conferring to the plant tolerance to the
satlufenacil. In some embodiments, the recombinant polynucleotide encodes a CYP72A15

polypeptide, the expression of which confers to the plant tolerance to saflufenacil.

10015] In one aspect, the present invention provides a method of producing a progeny
plant having tolerance to saflufenacil, the method comprising: crossing a first saflufenacil-
tolerant plant with a second plant to produce a saflufenacil-tolerant progeny plant, wherein
the first plant and the progeny plant comprise in at least some of their cells a recombinant
polynucleotide operably linked to a promoter operable in plant cells, the promoter capable of
expressing a CYP81A or CYP73A polypeptide encoded by the polynucleotide, the
expression of the polypeptide conferring tolerance to saflufenacil. In some embodiments, the

recombinant polynucleotide encodes a CYP72A15 polypeptide, the expression of which

confers tolerance to satlufenacil.

[0016] In still further aspects, the present invention provides a plant or plant part
comprising 1n of at least some of its cells a recombinant polynucleotide operably linked to a
promoter operable in plant cells, the promoter capable of expressing a CYP81A or CYP73A
polypeptide encoded by the polynucleotide, the expression of the polypeptide conferring to
the plant or plant part tolerance to saflufenacil, wherein the plant or plant part further exhibits

a second herbicide-tolerant trait. In some embodiments, the recombinant polynucleotide
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encodes a CYP72A15 polypeptide, the expression of which confers to the plant or plant part

tolerance to saflufenacil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1: Graph presenting safener and saflufenacil-induced expression of rice
and maize P450 genes. Expression of rice, wheat, and maize P450 genes are shown as the

fold change (log2 transformed) over that of unsprayed check controls.

[0018] Figure 2. Schematic guide tree. Sequences 1dentified for testing in the maize,
rice, and soybean transgenic systems were aligned and a guide tree prepared. Genes
designated as OsCYP72A1, OsCYP72A15, NSF1 conferred tolerance to saflufenacil in one
or more transgenic plant systems as disclosed herein. The guide tree was generated using the
AlignX program, with the Neighbor Joining method (NJ) which works on a matrix of
distances between all pairs of and these distances are related to the level of divergence

between the sequences. The calculated distance values for each molecule are displayed in

parenthesis.

[0019] Figure 3: Herbicide injury scores for independent TO maize events treated with
200 g at/ha saflufenacil + 1 % MSO. Numbers indicate number of events that fell within a
particular injury score. Injury scores are from 0-9, O being no injury and 9 being death.

Untransformed J553 1s the control.

[0020] Figure 4: Herbicide mnjury scores for segregating independent T1 maize events
treated with 240 g ai/ha Kixor + 1% MSO. Numbers indicate the number of plants that fell
within a particular mjury score. Injury scores are from 0-9, O being no injury and 9 being

death. Untransformed J553 1s the control.

10021] Figure 5: Herbicide injury scores for cuttings of independent TO transgenic and
wild type (cultivar Williams&82) soybean events treated with 25 g ai/ha saflufenacil + 1%
MSO. Numbers indicate number of events that fell within a particular injury score. Injury

scores are from 0-9, 0 being no injury and 9 being death.

[0022] Figure 6: Herbicide injury of cuttings from TO soybean events treated as

indicated. Application rate of saflufenacil 1s indicated.
5
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[0023] Figure 7: Saflufenacil tolerance spray test of TO soybean cuttings from RTP3173

(ZmNSF1) transformants. Saflufenacil spray rates are indicated below the plants as g ai/ha.

DETAILED DESCRIPTION OF THE INVENTION
10024} Definitions

10025} As used herein, “tolerant” or “herbicide-tolerant” indicates a plant or plant part
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 maximum rate is an example of an amount of herbicide

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

For the present invention, the terms "herbicide-tolerant" and "herbicide-resistant" are used
interchangeably and are intended to have an equivalent meaning and an equivalent scope.
Similarly, the terms ‘"herbicide-tolerance” and "herbicide-resistance" are used
interchangeably and are intended to have an equivalent meaning and an equivalent scope.
Similarly, the terms "tolerant" and "resistant" are used interchangeably and are intended to

have an equivalent meaning and an equivalent scope.

[0026] As used herein, in regard to an herbicidal composition useful in various
embodiments hereof, terms such as PPO inhibitor (e.g., saflufenacil), acetohydroxyacid
synthase (AHAS) inhibitor, acetyl-Coenzyme A carboxylase (ACCase) inhibitor, 5-
enolpyruvyl shikimate 3-phosphate synthase (EPSPS) inhibitor, imidazolinone, sulfonylurea,
and the like, refer to those agronomically acceptable herbicide active ingredients (A.l.)
recognized 1n the art. Similarly, terms such as fungicide, nematicide, pesticide, and the like,

refer to other agronomically acceptable active ingredients recognized in the art.

[0027] When used in reference to a particular mutant enzyme or polypeptide, terms such
as herbicide-tolerant and herbicide-tolerance refer to the ability of such enzyme or
polypeptide to perform its physiological activity in the presence of an amount of an herbicide
A l. that would normally inactivate or inhibit the activity of the wild-type (non-mutant)

version of said enzyme or polypeptide. For example, when used specifically in regard to an
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AHAS enzyme, or AHASL polypeptide, it refers specifically to the ability to tolerate an
AHAS-inhibitor. Classes of AHAS-inhibitors include sulfonylureas, imidazolinones,
triazolopyrimidines, sulfonylaminocarbonyltriazolinones, and
pyrimidinyloxy[thio]benzoates. In some embodiments in which an imidazolinone herbicide
is to be used, the AHASL is preferably one that comprises at least one herbicide tolerance
mutation located at amino acid residue position 122, 205, 574, or 653 (Arabidopsis thaliana
AHASL numbering); and in some embodiments in which a sulfonylurea herbicide 1s to be
used, the AHASL is preferably one that comprises at least one herbicide tolerance mutation

located at amino acid residue position 197 or 574 (Arabidopsis thaliana AHASL numbering).

[0028] As used herein, “recombinant,” when referring to nucleic acid or polypeptide,
indicates that such material has been altered as a result of human application of a
recombinant technique, such as by polynucleotide restriction and ligation, by polynucleotide
overlap-extension, or by genomic insertion or transformation. A gene sequence open reading
frame is recombinant if that nucleotide sequence has been removed from it natural text and
cloned into any type of artificial nucleic acid vector. The term recombinant also can refer to
an organism having a recombinant material, e.g., a plant that comprises a recombinant

nucleic acid can be considered a recombinant plant.

[0029] The term "transgenic plant" refers to a plant that comprises a heterologous
polynucleotide. Pretferably, the heterologous polynucleotide is stably integrated within the
genome such that the polynucleotide is passed on to successive generations. The
heterologous polynucleotide may be integrated into the genome alone or as part of a
recombinant expression cassette. "Transgenic" is used herein to refer to any cell, cell line,
callus, tissue, plant part or plant, the genotype of which has been so altered by the presence
of heterologous nucleic acid including those transgenic organisms or cells initially so altered,
as well as those created by crosses or asexual propagation from the initial transgenic
organism or cell. In some embodiments, a “recombinant” organism 1s a ‘‘transgenic”
organism. The term "transgenic" as used herein is not intended to encompass the alteration of
the genome (chromosomal or extra-chromosomal) by conventional plant breeding methods

(e.g., crosses) or by naturally occurring events such as, e.g., self-fertilization, random cross-
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fertilization, non-recombinant viral infection, non-recombinant bacterial transformation, non-

recombinant transposition, or spontaneous mutation.

[0030] As used herein, “mutagenized” refers to an organism or DNA thereof having
alteration(s) in the biomolecular sequence of its native genetic material as compared to the
sequence of the genetic material of a corresponding wild-type organism or DNA, wherein the
alteration(s) in genetic material were induced and/or selected by human action. Examples of
human action that can be used to produce a mutagenized organism or DNA include, but are
not limited to, as illustrated in regard to herbicide tolerance: tissue culture of plant cells (e.g.,
calli) and selection thereof with herbicides (e.g., saflufenacil), treatment of plant cells with a
chemical mutagen and subsequent selection with herbicide(s); or by treatment of plant cells
with x-rays and subsequent selection with herbicide(s). Any method known in the art can be
used to induce mutations. Methods of inducing mutations can induce mutations in random
positions 1n the genetic material or can induce mutations 1n specific locations in the genetic
material (i.e., can be directed mutagenesis techniqueé), such as by use of a genoplasty

technique.

(0031] As used herein, a “genetically modified organism” (GMO) is an organism whose
genetic characteristics contain alteration(s) that were produced by human effort causing
transfection that results 1n transformation of a target organism with genetic material from
another or “source” organism, or with synthetic or modified-native genetic material, or an
organism that 1s a descendant thereof that retains the inserted genetic material. The source
organism can be of a difterent type of organism (e.g., a GMO plant can contain bacterial
genetic material) or from the same type of organism (e.g., a GMO plant can contain genetic
material from another plant). As used herein in regard to plants and other organisms,

73 N4

“recombinant,” “transgenic,” and “GMO” are considered synonyms and indicate the
presence of genetic material from a different source; in contrast, “mutagenized” 1s used to
refer to a plant or other organism, or the DNA thereof, in which no such transgenic material
1s present, but in which the native genetic material has become mutated so as to differ from a

corresponding wild-type organism or DNA.
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[0032] 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, e.g.,

mutagenized and/or recombinant forms.

[0033] As used herein, “descendant” refers to any generation plant. In some

embodiments, a descendant is a first, second, third, fourth, fifth, sixth, seventh, eight, ninth,

or tenth generation plant.

(0034] Ass used herein, “progeny’ refers to a first generation plant.

[0035] The term “seed” comprises seeds of all types, such as, for example, true seeds,

caryopses, achenes, fruits, tubers, seedlings and similar forms. In the context of Brassica and
Sinapis species, “seed” refers to true seed(s) unless otherwise specified. For example, the
seed can be seed of transgenic plants or plants obtained by traditional breeding methods.
Examples of traditional breeding methods can include cross-breeding, selfing, back-crossing,
embryo rescue, In-crossing, out-crossing, inbreeding, selection, asexual propagation, and

other traditional techniques as are known 1in the art.

(00361 Although exemplified with reference to specific plants or plant varieties and their

hybrids, in various embodiments, the presently described methods using saflutenacil can be
employed with a variety of commercially valuable plants. Saflufenacil-tolerant plant lines
described as useful herein can be employed in weed control methods either directly or
indirectly, i.e. either as crops for herbicide treatment or as saflufenacil-tolerance trait donor
lines for development, as by traditional plant breeding, to produce other varietal and/or
hybrid crops containing such trait or traits. All such resulting variety or hybrids crops,
containing the ancestral saflufenacil-tolerance trait or traits can be referred to herein as
progeny or descendant of the ancestral, saflufenacil-tolerant line(s). Such resulting plants
can be said to retain the “herbicide tolerance characteristic(s)” of the ancestral plant, i.e.

meaning that they possess and express the ancestral genetic molecular components

responsible for the trait.

[0037] In one aspect, the present invention provides a plant or plant part comprising a

recombinant polynucleotide encoding a cytochrome P450 polypeptide, the expression of

which confers to the plant or plant part tolerance to saflufenacil.
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10038] In some embodiments, the cytochrome P450 polypeptide 1s a CYP81A 1soform or
a CY73A isoform polypeptide. In other embodiments, the cytochrome P450 polypeptide is
CYP81A6, NSF1, CYP73A38, or CYP72A15. In one embodiment, the CYP81A isoform is

CYP81A6 or NSF1.

[0039]

comprising a recombinant polynucleotide encoding a cytochrome P450 polypeptide, the

In other embodiments, the present invention provides a plant or plant part

expression of which confers to the plant or plant part tolerance to saflufenacil, with the
provisio that the P450 polypeptide is a cytochrome P450 other than NSF1. In another

embodiment, the NSF1 is other than a maize NSF1.

[0040]
AAK®63920.1, which 1s herein incorporated by reference in its entirety.

A CYP81A6 amino acid sequence 1s disclosed by, e.g., GenBank Accession No.

10041] In one embodiment, the plant or plant part of the present invention comprises a
recombinant polynucleotide encoding a CYP81A6 polypeptide, the expression of which
conters to the plant or plant part tolerance to saflufenacil. In another embodiment, the
CYP81A6 polypeptide 1s a rice polypeptide. In other embodiments, the CYP81A6

polypeptide has the amino acid sequence set forth in SEQ ID NO:1 (Table 1).

10042] Table 1. SEQ ID NO:1.

0s7JCYP81A6

1 maflgwavdli ardsgasssv
61 vqgrsgftnhl apangtgggg

121
181
241
301
361

Jqrlispdsqgv
hllleagapl

llgrgnggaa
spgcarectt

sviaeshcdl
gikadalsqgl

rlppgppavp
ehdvtfanrp

vitcdgygsa
srtgvkeeas
asgnwkeisi
aavhgshrnt
ilghlhivkk
rfesqgllvst

lyfspwdsvp
evi]swpptsk
hhkkmpsstt
shirelslam
pmhatmsrla
ngaalatasy

lpataspddg
gsvrrlevae
tktttpsrda
dnayiiails
erygpvislr
gahwrnlrri
evslsvimet

flliprfpdvce
hwyrlyktdn
wilivsarsdpf
vallfilhyy
1gsrravvvs
vavgllsahr

iahtkatrpe
aavsrrdafl
gagtettgtt
lrlypaapml
gcdgnl lmpf
vvpleamcrp

raaaaspaga ariglkrrlf
1iphigaanl wdylpalrwf
smiavlltlg ktepevytdn
eidasvgnsr litaddvtrl
mllinayalih rdpavweepe
lgtligcfdw ervdgvevdm

vglimsgliag
tdpdtdmsve
rrlidaerrr
sewamsllln
lphessadck
gmgrrrcpge
rdamggvlre

evramvryrmy
agetftkqgvvde
lddgdegekk
hpdtlkkaga
vggyniprgs
tlalrtvglv
1v

421
481
541
601
661l
721

dvigvrrkil
mitaltanlt
gylgcivret
kfmperfedg
tegggltipk

10043 ] A nucleic acid sequence encoding a CYP81A6 polypeptide is shown in Table 2.

10044] Table 2. SEQ ID NO:2.

10
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OsjCYP81A6

atggcgttcttgggatgggcggtcgacatcgeccecgegactececggegegtecgagetccgtegtgcteac
ctgcgacggctacggctecggcegetctacttectegeegtgggacagtgteccegettecggegacagcett
cccccgacgacggcettectgetgeecgegttteccggacgtectgegtgcagegectcgcaattcacCaac
cacctcgcgccggccaacggcactggecggeggcggctcaagaacgggcgtcaaggaggaagcgagcga
ggtgttgtcctggceccaccgacttcecgaagcaatctgtgegeecggttggaggtggecggagcactggtacce
gactctacaagacggacaatcaacggctgtctcctgatagtcaacaggtctcggtcctcgcagagtcg
cactgcgatttggcctcectggaaactggaaagagatctcgatccacCacaagaaaatgccaagcagcac
gacgacgaagacgacaacgccttceccagagatgectggattgtcteccgecaagatctgatccatttcatc
tccttctagaagcacaagcgccgctcggtataaaggCagacgcattgtcacaaatagctgagtgcac
cagagtcacagaaacacatcacacattcgtgagctcagcttageccatggataacgcectacattattgcC
cattctctctgtagctatcctcttcttgctccactactacctecctecggecgcggcaatggcggggcgyg
cgcggcectgcecgecgggtceccacecggecgteeccgatectgggacacctcecacctegtcaagaagecgatg
cacgccaccatgtccecgectecgecgageggtacgggeecggtgttetecgetgecgectegggtcgecggcyg
tgccgtggtggtgtecgtcecgecggggtgegeccagggagtgcttcaccgagcacgacgtgaccttcgecga
accggcccaggttcecgagtcecgcagcetgetggtectecgttcaacggegecgegetegecacggecgagetac
ggcgcgcactggcgcaaccteccgecggategtecgecgtgcagectgcttectecgegcacecgegteggect
catgtcggggctcatcgcececggecgaggtcececgecgecatggtgeggaggatgtacecgegecgeggecgegt
ccecececgecggegecgegegcecateccagetgaageggaggctgttecgaggtectecectcagegttgetcatg
gagaccatcgcccacaccaaggcgaceccgecccgagacggaccecggacaccgacatgtecgtggaagc
ccaggagtttaagcaggtcgtcgacgagatcatcccgcacatcggcgeggccaacctgtgggactact
tgccggcgectecggtggttecgacgtgttcggegtcaggaggaagatcctegececgectgtaagcececggagyg
gacgcgttccttecgecgectgatcgacgcggagcggecggaggectggacgacggcgacgagggcgagaa
gaagagcatgatcgccgtgctgcectcactectgcagaagacagagccggaggtgtacaccgataacatga
CCacagcCtcCtaacggcgaacttgttcggagCaggaacagagacaacctcgacgacatcagaatgggcg
atgtcgctactgCctgaaccaccccgacacact caagaaagcgcaagceccgagatcgacgecatcegtegyg
caactctcgcctgatcaccecgcececgacgacgtgactecgecteggctaccteccagtgcatecgtcagggaga
cgctccgcecctgtaccececgecegecgecgatgetectececgcacgagtectecgecgactgcaaggtcggc
ggctacaacatccecgcgecgggtecgatgttgctcatcaacgegtacgccatccacegtgacccggeggt
gtgggaggagccggagaagttcatgeccggagaggttcgaggacggcgggtgcgacggcaatctcttga
tgccgttcgggatggggaggcggaggtgcccecggcecgagacgctggegetgegecacagtggggttggtyg
ctgggcacgctgatccagtgcttcgactgggagagggtcgacggcgtggaggtcgacatgactgaagg
tggcgggctcaccatccccaaggtegtgecgttggaggecatgtgcaggeccgecgecgacgecatgggtg
gtgttcttcgecgagctcgtctga

[0045] In another embodiment, the recombinant polynucleotide encoding the CYP81A6
polypeptide has the nucleic acid sequence set forth in SEQ ID NO:2.

[0046] An NSF1 amino acid sequence is disclosed by, e.g., GenBank Accession No.
ACG28028.1, which is herein incorporated by reference in its entirety.

[0047] In one embodiment, the plant or plant part of the present invention comprises a
recombinant polynucleotide encoding an NSF1 polypeptide, the expression of which confers

to the plant or plant part tolerance to saflufenacil. In another embodiment, the NSF1

11
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amino acid sequence set forth in SEQ ID NO:3 (Table 3).

10048]

Table 3. SEQ ID NO:3.

PCT/US2011/020546

1
61
121
181
241
301
361
421

NSKF1

mdkayiaals
hgalarlaar
amlsvssygp
vglkrrifel
vipvirwidv
epevytdtvi
taddvphlty
pavwedpdrt

aaalfliihyl
hgpvismrlig
ywrnlrrvaa.
slsvlimetia
fgvrnkilda
talcanlfga
lgcivdetlr

vperfegagqg

lgrraggegk
Crravvvssp
vgllsahrvg
htktsraead
vgrrdalblgr
gtettgsttte
lhpaapllilp
kaegrllimpt

akakgsrrri
dcarecfteh
cmapalieaqv
adsdmsteah
lidgerrrid
wamsllIinhr
hesaadctvg
gmgrrkcpge

ppsppaipfl ghlihlvkapt
dvnfanrplf psmrlasfdg
ramvrrmdra aaaggggvar
efkgivdelv pyigtanrwd
agdesesksm iavlltlgks
ealkkagaei daavgtsrlv
gydvprgtml l1vnvhavhrd
tlalrtvglv latlligcfdw

481
10049]

dtvdgagvdm kasggltmpr avpleamcrp rtamrgvlikr 1

A nucleic acid sequence encoding an NSF1 polypeptide is shown in Table 4.

10050] Table 4. SEQ ID NO:4.

NSF1

atggataaggcctacatcgccgecctcecteecgecgecgececctecttettgecteccactacctectgggecg
gcgggccggcggcgagggcaaggccaaggccaagggctecgecggecggcggeteccecgecgageecctecgg
cgatcccgttceccectgggccacctccacctegtcaaggceccecegtteccacggggegetggeccgectecget
gcgcgccacggcceccecggtgttctccatgegectggggaccecggagagecgtggtegtgtegtecgecgga
ctgcgccagggagtgcttcacggagcacgacgtgaacttcgcgaaccggeccgctgttcececgtecgatgce
ggctggcgtccttcgacggecgccatgctecteccgtgtccagectacggeccecgtactggecgcaacctgegc
cgcgtcgceccgcecegtgcagectecctetecgegcacecgegtcgggtgecatggecceccecgecatecgaagecgcca
ggtgcgcgccatggtgcggaggatggaccgcgeccgececgeggccggeggeggecggegtecgegegegtcec
agctcaagcggcggctgttcgagctcteccecctcagegtgectcatggagaccatcgecgcacaccaagacg
tcccecgecgceccgaggceccgacgceccgacteggacatgtecgaccgaggeccacgagttcaagcagatecgtega
cgagctcgtgccgtacatcggcacggccaaccgectgggactacctgececggtgectgegectggttecgacyg
tgttcggcgtgaggaacaagatcctcgacgeccgtgggcagaagggacgecgttcctggggeggctecatc
gacggggagcggcggaggctggacgctggcgacgagagcgaaagtaagagcatgattgecggtgectgcect
Cactctgcagaagtccgagccagaggtctacactgacactgtgatcactgctctttgecgecgaacctat
tcggcgccggaacggagaccacgtccaccacgacggaatgggccatgtcactgectgectgaaccaccgg
gaggcgctcaagaaggcgcaggccgagatcgacgcggcggtgggcacctececcgectggtgaccgecgga
cgacgtgccccacctcacctacctgcagtgcatecgtcgacgagacgctgcgecctgcacccggeccgegc
cgctgctgctgccgcacgagtccgceccgeggactgcacggtecggecggctacgacgtgeccgecgecggecacg
atgctgctggtcaacgtgcacgcggtccacagggaccceccgecggtgtgggaggacccggacaggttegt
gccggagcggttcgagggcgccggcggcaaggcecgaggggegectgetgatgecgttegggatggggce
ggcgcaagtgccccggggagacgctecgegectgeggaccgtegggectggtgectecgecacgetgectecag
Cgcttcgactgggacacggttgatggagctcaggttgacatgaaggctagecggecgggctgaccatgcec
ccgggccgtcceccecgttggaggccatgtgcaggccgegtacagctatgegtggtgttcttaagaggectct
ga

[0051] In one embodiment, the recombinant polynucleotide encoding the NSFI

polypeptide has the nucleic acid sequence set forth in SEQ ID NO:4.
12
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A CYP73A38 amino acid sequence is disclosed by, e.g., GenBank Accession No.
NP 001055190.1, which is herein incorporated by reference in its entirety.

In one embodiment, the plant or plant part of the present invention comprises a
recombinant polynucleotide encoding a CYP73A38 polypeptide, the expression of which
confers to the plant or plant part tolerance to saflufenacil. In another embodiment, the

CYP73A38 polypeptide is a rice polypeptide. In other embodiments, the CYP73A38

polypeptide has the amino acid sequence set forth in SEQ ID NO:S5 (Table 3).

10054]

Table 5. SEQ ID NO:5.

1
6l
121
181
241
301
361
421
481

OsjCYP73A38

mdallvekvl
larrfgdill
vygdhwrkmr
mmyndmfrim
rchglksgrm
vaaiettlws
rlrmaipllv
kaveahgndt
ggfsngilkh

lgltvaavla
lrmgvrnlvv
rimtvpfftn
fdrrfdsvdd
klfedhivge
iewgiaelvn
phmnladgkl
rEvpfgvgrr
atvvckpida

lvvakltgkr
vsspdlakev
kvvagnragw
plinklkafn
rkrvmegtge
hpsigskvre
agydipaesk
scpgiilalp

lrlppgpaga
lhtggveigs

eeearlvved
aersrlsgst
ircamdhile
emasvliggaa
1lvnawflan
iigitlgrlv

pivgnwlgvg ddlnhrnlma
rtrnvvidif tgkggdmvit
vrrdpaaats gvvirrrlgl
eynygdfipv lrpflrryla
aerkgeinhd nvlyivenin
vtepdlerlp yvlgavvketl
dpkrwvrpde frperfleee
gesfdllpppg mdkvdttekp

10055]

[0056]

A nucleic acid sequence encoding a CYP73A38 polypeptide 1s shown in Table 6.

Table 6. SEQ ID NO:6.

OsjCYP73A38

atggacgcccectcectegtggagaaggtectectgggectgttegtggeggeggtgetggecectagtggt
ggccaagctcaccgggaagaggctceccgectecegeceggceececgecggegeteccategteggcaact
ggctccaggtcggcgacgacctcaaccacecgcaacctgatggegetggegeggeggtteggegacatee
ctcctecteecgecatgggcgtecegecaacetggtggtggtgteccageceggacetegecaaggaggtget
ccacacccagggcegtcecgagtteggetcecececgecacecegcaacgtggtgttecgacatcttcaccgggaagyg
ggcaggacatggtgttcaccgtgtacggcgaccactggcgcaagatgeggeggatcatgacggtgcecc
Ctcttcaccaacaaggtggtggcccagaaccgegegggttgggaggaggaggecgaggetggtggtgga
ggacgtccgeccgcecgacceecgeegeggcgaccecteeggegtggtgatcecggecgaaggttgecagetgatga
tgtacaacgacatgttccecgcatcatgttecgaccecgeecgtttecgacagegtggacgacecgetcecttecaac
aagctcaaggccttcaacgcggagcgcagececgectetegecagagettecgagtacaactacggtgactt
catcccegtectececgececcecettecteecgeecgetacetegecacgetgccaccagctcaagtecccagegcea
tgaagctcttcecgaggaccacttcgteccaggaacgcaagagagtgatggaacagactggtgagatccgg
Cgcgccatggaccacatcctecgaggccgagaggaagggecgagatcaaccacgacaacgtcectctacat
cgtcgagaacatcaacgttgctgctatcgagacgacgectgtggtcgatcgaatggggaatcgeggagc
tggtgaaccacccgagcatccagtecgaaggtgecgggaggagatggecgteggtgetgggeggegeggceg
gtgacggagccggacctggagcggectgceccecgtaccttcaggeggtggtgaaggagacgctgeggttgeg
catggcgatccecegcectgetggtgcecgcacatgaacctegececgacggcaagetegecggcectacgacatec
ccgceccecgagtceccaagatectggtgaacgegtggttectegecaacgaccecaageggtgggtgegecccec

13
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gacgagtttaggccggagaggttectggaggaggagaaggcecgtggaggegcacggcaacgactteeg
cttegtgeccetteggegteggecgecgecagetgececcgggatcatecectegegetgeccatecatecggga
tcacgectecggeccecgectegtceccagagettegacctgetgecgecgececgggatggacaaggtggacace
accgadgaagcccggecagttcagcaaccagatcecctcaagcacgccaccgtegtctgcaagececatecga
cgcctag

[0057]

10058]

[0059]

embodiment, the recombinant polynucleotide encoding the

CYP73A38 polypeptide has the nucleic acid sequence set forth in SEQ 1D NO:7.

In another

- A CYP72A15 amino acid sequence is disclosed by, e.g., GenBank Accession No.
NP_001043’62.%2."1', which is herein incorporated by reference 1n 1ts entirety. In one
embodiment, the plant or plant part of the present invention comprises a recombinant
polynucleotide encoding a CYP72A15 polypeptide, the expression of which confers to the
plant or plant part tolerance to saflufenacil. In another embodiment, the CYP72A15
polypeptide 1s a rice polypeptide. In other embodiments, the CYP72A15 polypeptide has the
amino acid sequence set forth in SEQ ID NO:7 (Table 7).

Table 7. SEQ ID NO:7.

OsCYP72A15

61
121
181
241
301
361
421
481

1 mimmlgaasq

gdvpenvrln
sirevmsnkf
sncctemvir
eriigafrti
l1lvesnmres
eevlihhfgrt
Imlpilfihh
akmaictilqg

wllaaaaaaa
rearkkplpl
ghygkpkptr
wensmsiegm
fipgywilpt
ngkaelgmtt
tpdydslsrl
dpdiwgkdag
rifsfelspsy

vaallwlavs
gchdiiprvl
lgkllasgvv
sevdvwpefqg
knnrrlreie
deileecklf
Kivtmilyev
efnpgrfadg
lhapftvitl

tlewawwtpr
pmfskaveeh
syegekwakh
nltgdviskt
revskllrgi
yviagmettsv
lrlyppvvil
isnatkygts

rleralragqg
gkpsftwigp
rrilnpafhh
afgssyeegr
igkreralkn
lltwtlivls
trrtykemel
ffpfgwgpri
kki

irgnryrlft
tprvmisdpe
ekikrmlpvE
rifglgaesa
getsngdllg
mhpewgerar
ggikypaevt
ciggnfalle

10060

[0061]

A nucleic acid sequence encoding a CYP72A15 polypeptide 1s shown in Table 8.

Table 8. SEQ ID NO:8.

hpghgaqgikl

-

OsCYP72A15

atgctgatgatgctaggggcggcecctcececcagtggatecctggecgecgecgeggeggeggeecgtggeggce
gctgetgtggetggecgtgtegacgetggagtgggectggtggacgecgeggeggetggagegegecce
tcecgggegcagggcecatecggggecaaceggtaccegectettcaceggegacgtgecggagaacgteecgyg
ctcaaccgggaggcecccggaagaagecgetgececgceteggetgecacgacatecatececegegegtgetgcece
gatgttcagcaaagccgttgaggagcacgggaaaccatcattcacttggtttggeccaacgecaagag
tgatgatttcagaccctgaatcaataagggaagttatgtctaataagtttggeccactatggcaaacca
aagcctacccegtcecteggaaagttgetagecteecggagttgtaagetatgaaggegagaaatgggcaaa
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gcaccggagaattcectgaatcecctgectttcaccacgagaaaataaagecggatgetgecagttttttceta
actgctgcacggaaatggttacaagatgggagaattcaatgtctattgaaggaatgtcagaggtagat
gtttggcectgagttccaaaatcttacaggagatgtcatatcaaagacagecatteggtagecagectatga
ggaaggaaggagaatttttcagctgcaagcagagtcagecgaacgcataatacaagectttcggacaa
tttttataccaggatattggttecttaccaactaaaaacaacagaaggttgagagaaattgaaagagag
gtcagcaaacttctacgaggaataattggaaagagagagcgggctattaaaaatggtgaaaccagtaa
tggtgacttgttgggcttattggtggagtcaaatatgagggagtcaaatgggaaagcagaactaggaa
tgactacggacgaaattattgaggaatgcaagctattttattttgecaggaatggagacaacatcagta
ttgctcacttggacattaattgtgctaagtatgcacccagagtggcaagagcgagcaagagaagaagt
gectacaccactttggaagaaccacaccagactatgatagettaagtecgtctgaagattgtaacaatga
ttctgtacgaggttcecttaggttgtateccgecagtggtgttettgaccagacgaacatacaaggaaatyg
gagctcecggecggcatcaaatateccegetgaagtgacceccttatgttgeccattttatttattcaccatga
tcccgatatttggggaaaagatgcaggtgaattcaateccagggaggttitgetgatggcatctceccaacg
caacgaagtatcagacctcectttettteccatttggatggggtcecocecgaatectgecateggeccagaacttt
gcactattggaagccaagatggctatctgtacaatccttcagcggttctcctttgagctttcaccatc
gtacatccacgcaccattcactgtgataactctccacccacagecatggtgcacaaattaagcectgaaga
aaatctaa

[0062] [n another embodiment, the recombinant polynucleotide encoding the

CYP72A15 polypeptide has the nucleic acid sequence set forth in SEQ ID NO:8.

[0063] Additional examples, without limitation, of cytochrome P450 amino acid and

nucleic acid sequences are shown 1n Table 9 and 10, respectively.

10064 ] Table 9. Examples of CYP450 polypeptide amino acid sequences.

TaCYP709C1 (SEQ ID NO:9)

MGLVWMVAAAVAAVILASWAFDALVYLVWRPRATTRQLRAQGVGGPGYRFFAGNLAETKQLRADSAGAALD
IGDHDFVPRVOQPHFRKWIPITHGRTFLYWFGAKPTLCIADVNVVKQVLSDRGGLYPKSIGNPHIARLLGKG
LVLTDGDDWKRHRKVVHPAFNMDKLKMMTVTMSDCAGSMMSEWKAKMDKGGSVEIDLSSQFEELTADVIS
HTAFGSSYEQGKKVFLAQRELQFLAFSTVFNVQIPSFRYLPTEKNLKIWKLDKEVRTMLMNIIKGRLATK
DTMGYGNDLLGLMLEACAPEDGONPLLSMDEIIDECKTFFFAGHDTSSHLLTWTMPFLLSTHPEWQEKLRE
EVLRECGNGIPTGDMLNKLOQLVNMFLLETLRLYAPVSATIQRKAGSDLEVGGIKVTEGTFLTIPIATIHRD

KEVWG;DANKFKPMRFENGVTRAGKHPNALLSFSSGPRSCIGQNFAMIEAKAVIAVILQRFSFSLSPKYV
HAPMDVITLRPKFGLPMILKSLEM

0s07g0635500 (SEQ ID NO:10)

MGNLGWMVAAAVAAVVASWAFDAVVKLVWRPRAITRRLRAQGVGGPGYRFFSGNLGEIRRLRDEGAGVVL
DVSSHDFVPIVQPHFRKWIPLYGKTFMYWFGARPTICLADVSMVRQVLSDRTGMYPKNVSNPYFARLLGK
GLVLTDGDEWKRHRKVVHPAFNMDKLKMMTVITMSDCAQSMISEWESELGTKGDIVEIELSRRFEELTADV
ISHTAFGSSYKEGKQVFLAQRELQFLAFSTFLSIQIPGSSYLPTKKNLKTWSVDKKVRSMLTDIIKSRLN

KDVAGYGNDLLGLMLEACAPEHGESQPQLSMDEIIAECKTFFFAGHDTTSHLLTWTMFLLSTHPEWQEK
LREEVATECDGKVPTGDMLNKLKLVNMFLLETLRLYGPVAFIQRRVNAELELGGITVPEGTVLSIPIATI
HRDKEVWGEDADIFKPERFKNGVSKAGKYPNALLSEFSSGPRACIGONFAMIEAKAVIAMILQRFSFTLSP
KYVHVPTDVITLRPKYGLPMILKSLKV

0s02g0467600 (SEQ ID NO:11)
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MAASAMRVAIATGASLAVHLEFVKSFVQAQHPALTLLLPVAVFVGIAVGAKGGSGGDGKAPPGPAAVPVEIG
NWLOVGNDLNHRFLAAMSARYGPVFRLRLGVRNLVVVSDPKLATEVLHTQGVEFGSRPRNVVEFDIFTANG
ADMVFTEYGDHWRRMRRVMTLPFFTARVVQOQYKAMWEAEMDAVVDDVRGDAVAQGTGFVVRRRLQLMLYN
IMYRMMFDARFESVDDPMFIEATRFNSERSRLAQSFEYNYGDFIPILRPFLRGYLNKCRDLOSRRLAFFN
NNYVEKRRKVMDTPGDRNKLRCAIDHILEAEKNGELTAENVIYIVENINVAATIETTLWSIEWALAEVVNH
PAVOSKVRAEINDVLGDDEPITESSIHKLTYLOQAVIKETLRLHSPIPLLVPHMNLEEAKLGGYTIPKGSK
VVVNAWWLANNPALWENPEEFRPERFLEKESGVDATVAGKVDFRFLPFGVGRRSCPGITILALPILALIVG
KLVRSFEMVPPPGVEKLDVSEKGGQFSLHIAKHSVVAFHPISA

0s06g0569500 (SEQ ID NO:12)

MESMLVAGAGAAAVAAVGGLVAAAALADKLVAAPPPRKNRANPPPAVPGLPIIGNLHQLKEKKPHQTFAK
WSETYGPIYTIKTGASPVVVLNSTEVAKEAMIDKFSSISTRKLPKAMSVLTRKSMVAISDYGDYQKMAKR
NIMIGMLGFNAQKQFRGTRERMISNVLSTLHKLVSLDPHSPLNFRDVYINELFSLSLIQSLGEDVSSVYV
EEFGREISKDEIFDVLVHEMMMCAVEADWRDYFPYLSWLPNKSFDTIVSTTEFRRDAIMNALTIKKQOKERT
ARGEARASYIDFLLEAERSAQLTDDOILMLLLSESILAAADTVLVTTEWTMYEIAKNPDKQELLYQEIREA
CGGEAVTEDDLPRLPYLNAVFHETLRLHSPVPVLPPRFVHDDTTLAGYDIAAGTOMMINVYACHMDEKVW
ESPGEWSPERFLGEGFEVADRYKTMAFGAGRRTCAGSLOQAMNIACVAVARLVOELEWRLREGDGDKEDTM
QFTALKLDPLHVHLKPRGRM

0s08g0508000 (SEQ ID NO:13)

MERDAWLLCAALAAATVVYYLACTTSRRAQRRRLPPGPTPLPVIGNVLSLRGNMHHALARLARERYGPVM
ALKLGLVTAVVVSS PDAAREAFTKHDRRLAARAVPDTSRVRGFADRSMIWLPSSDTRWKTLRGVVATHVE
SPRSIAAARGVRERKVRDIVGYFAAHVGEVVDVGEAVYSGVVNLVSNAFEFSGDVVDVGEESAHGLREAVE
DIITLATAKPNVSDLFPFLRPLDLOGWRRWAEKRYDTVFDILDNITNSRLADASAGNHAGDFLDSLLGLMS
YGKIARDDVTTIMFDVFGAGTDTIATTVOWAMAELLRNPSIMAKARTEMEDVLAGKKTIEENDTEKLPYT,
RAVIKEAMRLHPVAPILLPHOAAEDGVEIGGYAVPKGSTVIFNVWAIMRDPTAWERPDEFMPERFLORAE
VDFRGKDFEFMPFGAGRRLCPGLPMAERVVPFILASLLHAFEWRLPDGMSAEELDVSEKFITANVLTVPL
KAVPILASSASELQAS

051290150200 (SEQ ID NO:14)

MEVELPWGARCAAAAFFVSSLCVAALGVVLLLLRRWPWCGCHVCRAYLAGSWRREFANLGDWYADLLRRS
PTGTVHVHVLGCTVTANPANVEYMLKTRFDNFPKGRPFAALLGDLLGDGIFNVDGDAWRHQRKMASLELG
SVAVRSYAYKIVAQEVEARLMPVLANAADSGAVVDLODVFRRFAFDTICKISFGLDPGCLDREMPVSELA
DAFDAASRLSAMRGAAASPLLWKMKRFLNVGSERELKKAIKLIDGLAAAMIRERRKLGVANSHDLLSREM
ASSGDDARGAADDKFLRDIVVSFLLAGRDTVSSALTTLFMILSKNPDVAAAMRAEAGAAAGESAAVSYEH
LKRLNYTHAVLYENMRLFPPVQFDSKFCAAADVLPDGTYVDGGARVMYHPYAMGRMPRIWGADCDAFRPE
RWLTGAGGAFVPESLFKYPVFQAGLRVCLGKELAITEMKAVSVAVVRAFDVEVVGENGRCGGGAAAAPRYF
VPGLTASISGGLPVKIRRV

ZM1S60596158 (SEQ ID NO:15)

MERFYYVAAATEFVLVFLLHHLLTRKKQORLPPGPRFAYPILGHLPLVKKPLOQTSFADLVSRHGPITHLRL
GRRHAVVVGSAAVAKECFSGELDVAIANRPHFPSAREVTEFDYSVLTAVNYGALWRTMRRVSTVHLLSAHR
VNVMSDTVIARELRVMVRRLARASASAPGDAARVELKRRLFDLSHSVLMETMAQTKNTY SDDPEEDMSRE
AREMKDIIEETIPLVGAANLWNYVPLLRWLDLYGAKRKLADVVNRRDLIFDNMIGAERQKLROLERKKGE
AHASESDKMGMIGVMLSLOQKTEPDVYTDTFINALVSNLLAAGTETTSTTLEWAMSLLLNHPDVLKRAQEE
IESNVGRDRLLDKNDLPRLPYLHCITISETLRLYPPTPMLLPHEASTDCKIHGYDVPAGSMVLVNAYATHR
DPAMWEDPEEFRPERFELGRAEGKFMMPFGMGRRRCPGENLAMRTMGLVLGALLQCFDWTRVGDREVDMA
TATGTIMSKAVPLEAQCKPRANMSAVLOKT

ZM4s40785 (SEQ ID NO:16)

MDKAYVAVLSVAFLFLVHYLVGRAAPGGGKGRKRLPPSPLAI PFLGHLHLVKTPFHSALGRLAERHGPVE
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SLRMGCRRAVVVSSPECARACFTEHDMSFANRPRFESMRLVSFDGAMLSVSSYGPYWRTLRRVAAVOTLLS
AHRVACMSPVICAEVRAMVRRMARLAAGGAARVOLRRRLFELSLGVLMETIARTKTSRSEACAADTDVSP
EASELTRISEEIMPYLGTANLWDYLPFLRWFDVEFGVRNKLMAAVRWRDAFLRRLIDAERRRMDGDGDGEK
KSMTIAVLLSLQOQKSEPELYTDTMIMALCGDLFGAGTETTSVTTEWAMSLLLSHPEALKKAQAEIDAVVGNS
RRLITADDVPRLGYLHCVINETLRMYPAAPLLLPHESAADCKVGGYDVPRGTLLIVNAYATHRDPAVWED
PGSFLPERFEDGKAEGRLLMPFGMGRRKCPGETLALRTVGLVLATLLOCFDWDTVDGAEVDMTESGGLTM

PRAVPLEAMCKPRAAMCDVLREL

ZM1s57311919 (SEQ ID NO:17)

MDKAYIAALSAAALFLLHYLLGRRAGGEGKAKAKGSRRRLPPSPPATPFLGHLHLVKAPFHGALARLAAR
HGPVFSMRLGTRRAVVVSSPDCARECFTEHDVNFANRPLFPSMRLASFDGAMLSVSSYGPYWRNLRRVAA
VOLLSAHRVGCMAPAIEAQVRAMVRRMDRAAAAGGGGVARVOQLKRRLFELSLSVIMETIAHTKTSRAEAD
ADSDMSTEAHEFKQIVDELVPYIGTANRWDYLPVLRWFDVEFGVRNKILDAVGRRDAFLGRLIDGERRRILD
AGDESESKSMIAVLLTLOQKSEPEVYTDTVITALCAVSASSSTIRHSLILTKYKKSCPFSQFSROHSGLYY
PPKYRIR

[0065] Table 10. Examples of nucleic acid sequences encoding CYP450 polypeptides.

TaCYP709C1 (SEQ ID NO:18)

atgggtcttgtctggatggtggcggccgcececgtggecggeggtgetggectecgtgggegttecgacgegCctgg
Cgtacctcocgtgtggaggceccocgcgggcecatcaccocggecagetecgegegcagggegtecggeggttecgggceta
caggttcttcgccgggaacctcgecgagatcaagcagcecteccgegecgacagegeocggegecgegetggac
atcggcgaccacgacttcecgtceccececcagggteccagecgcactteccgcaaatggateccccateccacgggecgca
cgttcttgtactggttcggagccaagecgacactgtgcatcgeccgacgtgaacgtggtgaagcaggtgcet
ctccgaccgecggegggectgtaceccaagagecatcgggaaccecgcacatecgeececgectgetecggcaaggqgyg
ctcgtgctcaccgacggcgacgactggaagecgccaccgcaaggtecgteccacececggecttcaacatggaca
agctcaagatgatgacggtgaccatgtccgactgtgeccgggtcaatgatgteccgagtggaaggcaaagat
ggacaagggcggcagcgtggagattgacctgagcagccagtttgaggagctaaccgeggatgtcatcetcc
cacacggcattcggaagcagctacgaacaagggaaaaaggtcttcctecgegcagagggagectccagtttce
ttgccttcectecacecgttttcaacgtgcaaatecccatcattcaggtacctteccaactgaaaagaacctcaa
aatatggaagcttgacaaggaggtgaggaccatgctgatgaacatcataaaaggccgecttgccaccaaa
gacaccatgggctatggcaacgacctecctegggcttatgttggaggegtgtgecgecggaggacgggcaaa
atccgcecttttgagtatggatgagatcatagatgagtgcaagacattcttttttgeccgggcatgacaccag
ctcgcatctgctcacatggaccatgttcecttgectgagcacgcaccecccgagtggcaggagaagcectcagggag
gaggtgctaagagagtgtggcaacggtattcccaccggtgacatgectcaacaaactgcagttggtcaaca
tgttcctactagaaactctcaggttgtacgcacctgtatecggecattcagaggaaggcgggttcggatet
cgaggttggtggcatcaaagtgaccgaaggcacgttcctaacgatccccatcgecgacgatacatcecgegac
aaggaggtctggggagaagatgccaacaaattcaagectatgaggttcgagaatggagtgacaagggceccyg
gaaagcaccccaatgcattattgtetttcecteccagtgggeccgaggtcatgcatagggcagaactttgcaat
gatcgaggccaaggceccgtgatcecgecgtgattcttcagaggttctcattctecctatcaccaaagtatgtece
catgcccecceccatggatgtgatcacgectgeggectaagtttgggettecccatgatectcaagagectagaga
tgtaa |

0s07g0635500 (SEQ ID NO:19)

atgggtaatctggggtggatggtggcggcggeggtggcggceggtggtggegtcgtgggegttcgacgcgyg
tggtgaagctggtgtggaggccecgecgecatcaccaggcggcetgegggcecgcagggegtcggegggcecggyg
ataccggttcttctcececggcaacctecggecgagatcaggecgtcteccgecgacgagggegeecggegttegtgetce
gacgtctceccteccatgacttegtecccategtgecagecgecactteccgcaaatggatceecctctatggga
agacattcatgtattggttcggagcgecggcctaccatttgettggcagacgtgagcatggtgaggcaggt
gttatcggaccggacggggatgtaccctaagaacgtgtcgaacccatacttcgcacgactactcggcaag
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gggcttgtgctcaccgacggcgatgagtggaagcgccaccgcaaagtagtccaccececggcatttaacatgg
acaagctcaagatgatgactgtgactatgtccgattgtgcccaatctatgatttccgagtgggaatccga
gttggggacaaagggcgatatagtggagatcgagctgagceccgacgattcgaggagecttaccgectgatgtyg
atctcgcacacagcattcgggagcagctataaggaggggaagcaagtgttcttggcacaaagagagcttc
aatttecttgecttctceccaccttecttagcatccaaatcccggggtccagetacctcccgaccaagaagaa
cctaaagacatggtcagtggacaagaaggtgagaagcatgctcacggacatcatcaagagccggctcaac
aacaaagatgtcgcaggatacgggaacgacctgctceggattaatgectggaggcatgtgcaccggagcacyg
gggagagccagccacaacttagtatggacgagatcatcgccgagtgcaagacattcttctttgcagggca
cgacaccacctcacaccttctcacatggaccatgttcecctattgagcacacatccggagtggcaggagaag
ctcagggaggaggtggcaacggagtgtgacggcaaggtgcccaccggtgacatgctcaacaagctgaage
tagtcaacatgttcctcectecgagacectgaggttgtatggeectgttgcattcatacagaggagggtcaa
cgccgagctagaactcggcggcatcacggtcecectgagggcactgtectatcgatteccgattgcaacaatc
caccgcgataaggaggtgtggggcgaggacgccgacatattcaagccggagaggttcaagaatggggtgt
caaaggcgggaaaatatcccaacgcgttgctctecttcteccagtgggccgagggcatgcattgggcagaa
cttcgccatgatcgaggccaaggccgtaattgcaatgatcctacagaggttctecctttactctatcaccce
aagtacgtccacgtgccaaccgacgtgatcacgcttcggccaaagtatgggctgectatgatcctcaaga
gtctcaaggtgtag

0s02g0467600 (SEQ ID NO:20)

atggcggcctcececgecgatgagggtggecatcgccaccggggegtegttggeggtgecatttgttecgtcaagt
cgttcgtgcaggcgcagcatcctgectctcaccttgetgctgccagtggetgtgtttgteggecattgeggt
gggcgcgaagggcgggagcggtggtgacgggaaggcgccgecggggccggeggecgtgecggtgttegge
aactggctgcaggtgggcaacgacctgaaccaccggttcctcgeggcgatgtcggcacggtacggtcccg
tgttccgtctgecggectgggecgtgecgcaacctggtggtggtgtcggacccgaagectggcgacggaggtget
gcacacgcagggcgtggagttcggctccecgeccgegcaacgtecgtettcgacatcttcaccgecaacggce
gccgacatggtgttcaccgagtacggcgaccactggcgacgcatgcgececgegtcatgacgctgecgttct
tcacggcgcgegtegtgcagcagtacaaggceccatgtgggaggccgagatggacgecgtegtggacgacgt
gcgcggcgacgcggtggcgcagggcaccggcttcgtggtgcgacgcaggctgcagctcatgctgtacaac
atcatgtaccggatgatgttcgacgcgecggttcgagtcggtggacgaccccatgttcatcgaggeccaceca
ggttcaactccgagcgcagccgcctcgecgecagagettcgagtacaactacggecgacttcatcecccatccet
ccgtcccecttcecttgecggggctacctcaacaagtgccgtgacctccagagcaggaggcectcgecttcttcaac
aacaactacgtcgagaagagaaggaaggtgatggacactccgggagacaggaacaagctccggtgcgcecga
CCcgaccatatccttgaggcggagaagaacggcgagctgacggcggagaacgtgatctacatcgtggagaa
catcaacgtggccgccatcgagacgacgctctggtccatcgagtgggcgectggeccgaggtcgtcaaccac
ccggcggtgcagagcaaggtccgcgeccgagatcaacgacgtgctcggcgacgacgagceccatcaccgagt
CCagcatccacaagctgacttacctgcaggccgtgatcaaggagacgctgcggectgcactccecgatcecce
gctgctggtgcecgcacatgaacctggaggaggccaagctecggecgggtacaccatccccaagggatccaag
gtggtggtgaacgcgtggtggctggccaacaacccggcgctgtgggagaacceccgaggagttceggecetg
agcggttcttggagaaggagagcggcgtggacgccaccgtecgeccgggaaggtggacttcaggttectgec
cttcggcgtgggccgcecgcagctgeccggggatcatcctggcgetgeccatcctggcgetcatcgtecggg
aagctggtgaggagcttcgagatggtgccgccgccgggcgtggagaagctggacgtgagcgagaaaggcg
ggcagttcagcctccacatcgccaagcacteccgtecgtcgectteccacecccatctectgectga

0s06g0569500 (SEQ ID NO:21)

atggagtcgatgctcgtagceggagegggegeggeggeggtggeggeegtegggggectegtegeggegg
ccgcgctcgccgacaagctecgtecgecggcgecgeccgeccgecgcaagaaccgcgcecaacceegectceccagetgt
tcctggtttacccattattggaaatctgcatcaattgaaagaaaagaagcctcatcagacgtttgcaaaa
tggtctgaaacttatggaccaatctacactataaagaccggagcttctceccagtggttgtgctcaattcaa
ctgaagtagccaaggaggcgatgattgacaaattctcatccatatctactcgaaagctaccaaaagcaat
gtctgtgctaactcecgtaaaagtatggtcgcaatcagcgactacggtgactaccaaaagatggcgaagcgt
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aatattatgattggcatgttaggttttaatgcacagaaacagtttcgecggtacaagagagaggatgatca
gtaacgtgttaagcactttgcataagttggtttctcttgacccacattececectectgaacttcagggatgt
ttacattaatgagctgttcagecttgtecttgateccagagtttaggtgaggatgtgagttcagtttatgtyg
gaagagtttgggagggagatatccaaggacgaaatctttgatgtecttgtgcatgagatgatgatgtgtyg
cagttgaggctgactggagggactacttccectacctcagectggettccaaacaagagettegacacaat
tgtgtctactacagaattcagacgagatgctatcatgaatgecattgatcaagaagcagaaggagaggatt
gcacgcggagaggcaagggcatcctacattgacttecttgetggaagectgagaggagtgcacagectgacag
atgaccaactgatgctgetgetgteggagtceccatectggetgecagetgatactgtectggtgaccacecga
atggaccatgtatgagattgccaagaaccctgacaaacaggagctactctaccaagagatccgagaggcd
tgcggecggecgaggeggtgacecgaggacgacttgeegeggetgeegtacctcaacgecgtgtticcacgaga
cgctgcggctgcactccccggtgdcggtgctgcccccgaggttcgtccacgacgacaccacgctcgccgg
ctacgacatcgcggecgggecacccagatgatgatcaacgtgtacgegtgeccacatggacgagaaggtgtgg
gagtcgcecgggggagtggtegecggagaggtteccteggecgaggggttcgaggtggcggacaggtacaaga
cgatggcgttcggecgececgggaggaggacctgegecggggagectgcaggcgatgaacatcgegtgegtege
cgtggcgcegcectegtgecaggagetcecgagtggaggectgagggagggcgacggggacaaggaggacaccatyg
cagttcaccgccecttgaagecttgaccecgetgecatgteccacctcaageccagaggaaggatgtga

0s08g0508000 (SEQ ID NO:22)

atggagcgcgacgcgtggctgctatgtgcagecgectecgeccgeggecgacggtcgtctactacctecgectgea
cgacgtcgcegccecgegcgcecageggegtegtetgectectggeccgacgecegectgecggtgateggcaatgt
gctcagcctgcecgeggcaacatgcaccacgegcetggegegectecgegegegageggtatggceceececgtgatyg
gcgctgaagctgggcctegtcaccgececgtggtecgtctcectegeececgacgeggecgagggaggegttcacea
agcacgaccggcegectegeggegegegecgteccggacaccagecgegtgegegggttegeegaceggtc
catgatatggctgccgagctceccgacacgcecgetggaagacgectgegeggggtggtggccacgcacgtcecttc
Ccgccacggagcatcgeccgcggegcgeggegteccgegagecgcaaggtgegegacategtecggetacttcg
ccgcgcacgtcecggggaggtggtegacgtecggegaggecgtgtacageggggtggtcaacctegtgtegaa
cgccttcttcectececggtgacgtggtecgacgtecggcgaggagtcggegcacgggctacgggaagecgtggag
gacatcatcttggcgatcgcgaagcceccaacgtecteccgacectttttececttectecgeecegetecgaccetge
agggatggcgtcecgctgggcggagaaacgctacgacacggtgttecgacatecttggacaacataaccaacaqg
ccgtttggeccgacgceccteggecaggaaaccacgceccggegacttectggactecectecteggectecatgtec
tCacggcaagatcgctcgcgacgacgtgacaaccataatgttcgacgtgttcggecgccgggacagacacga
tcgccatcacggtgcagtgggcgatggecggagctgetcegcaaccecgagcataatggeccaaggcgcgceac
agagatggaggacgtcctcgecggcaagaaaaccatcgaggagaacgacacggagaagttgecgtaccete
cgggccgtgataaaggaggcaatgcggcecttcacececggtggcacegatactactgecgecaccaggcggceygyg
aggacggcgtggagatcggcggctacgecgtgceccgaaggggtcecgacggtgatcttcaacgtgtgggegat
catgcgtgacccgacggcgtgggagaggccggacgagttcatgeccagagagattcctgcaaagagecagayg
gtagatttccgaggaaaagactticgagttcatgeccgttcggggeccggaaggaggctgtgececggggttgc
cgatggcagagcgcgtcegtgccattcatactggegtegetgectgecacgegtticgagtggaggectcececccga
cggcatgtcggctgaggagttggatgtcagtgagaagttcaccacagccaatgttcttactgtccecactyg
aaggccgtceccceccatacttgectcectagtgctagtgaactacaagcaagctag

0s12g0150200 (SEQ ID NO:23)

atggaggtggagttgccatggggcgecgecggtgcgeggeggeggegttecttegtgtectegetgtgegtgg
cggcgctcecggcgtegtgetcecectgectectcaggecggtggecgtggtgeggectgecatgtectgecgegecta
cctggccecgggtcegtggaggagggagttcgeccaaccteggecgactggtacgcecgacctgetcegecgetceg
ccgacgggcaccgtccacgtceccacgtcececteggetgecacecgtcacggcgaacccggcgaacgtggagtaca
tgctcaagacgcgcttcgacaacttececcaaggggaggecgttegecgegetectecggegacctcectegyg
cgacggcatcttcaacgtcgacggcgacgegtggecgccaccagcecggaagatggccagectcgagetgggayg
agcgtcgccecgtgagatcecctacgegtacaagatcgtecgecccaggaggtggaggeeccgectcatgecggtgc
tcgccaacgeccgecgacageggegeecgtggtegacctgecaggacgtgttcegecgettegececttecgacac
catctgcaagatctcecttecggectecgacecegggctgectcgaccgggagatgecegtgtcggagetcgee
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gacgcgttcgacgcecgegtegeggetgtceegecatgegtggegeggeggegtecgecgttgetgtggaaga
tgaagcggtttctcaacgtecgggtecggagagggagectcaagaaggeccatcaagcectcatcgacgggctege
ggcggcgatgatccgggagegeceggaagecttggegtegecgaacagecacgacctecetgtececggttecatyg
gcctecctececggecgacgacgegegeggegeecgecgacgacaagttcectecegegacategtcgtcagettec
tcctegecggecgggacacggtgtecteecgegectecaccactectgttcatgatcctgtccaagaacecccga
cgtggcecggceccgceccatgecgegeggaggcecggegecgecgeecggcecgagagecgecgecgtcagetacgageac
ctgaagcggcectgaactacacccacgecgtgetgtacgagaacatgeggetgttccegecggtgcecagttcg
actccaagttctgecgececgeecgecgacgtgetecececgacggecacctacgtecgacggeggegegegegteat
gtaccacccctacgeccatgggecgecatgecegegecatectggggegecgactgegacgegttccggecggag
cggtggctcaccggegecggeggegegttegtgecggagagectettcaagtacceggtgttccaggecg
gcctcecegegtgtgecteggecaaggagetegecatcaccgagatgaaggeggtcagegtegecgtegtgag
ggcattcgacgtcgaggtecgtecggecgagaatggececggtgeggeggecggcecgecgecgecgcgecaagattc
gtgccggggctcaccgegtceccatcageggtgggctecccagtgaagatcagacgegtttag

ZM1s60596158 (SEQ ID NO:24)

atggaaagattctactacgtcgccgeggccaccttegtgetegtecttectgeteccaccacctcttgacga
ggaagaagcagcaacgtctgccaccecggecceccecgeggtteg<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>