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(57) ABSTRACT 

Methods and compositions are provided related to improved 
plants that are tolerant to more than one herbicide. Particu 
larly, the invention provides plants that are tolerant of gly 
phosate and are tolerant to at least one ALS inhibitor, and 
methods of use thereof. The glyphosate/ALS inhibitor-toler 
ant plants comprise a polynucleotide that encodes a polypep 
tide that confers tolerance to glyphosate and a polynucleotide 
that encodes an ALS inhibitor-tolerant polypeptide. In spe 
ci?c embodiments, a plant of the invention expresses a GAT 
polypeptide and an HRA polypeptide. Methods to control 
weeds, improve plant yield, and increase transformation e?i 
ciencies are provided. 

Components 

ubi proni-ubi intron-GAT4602-pinll 
F1x35S_-uibi prom-ubi intron-GAT4602-pinll 
R1x35S-ubi prom-ubi intron-GAT4602-pinll 
F3x35S-ubi prom-ubi intron-GAT4602-pinll 
R‘3x35S-ubi prom-ubi intron-GAT4602-pinll 





Patent Application Publication Sep. 25, 2008 Sheet 2 0f 9 US 2008/0234130 A1 

83:28 .53 

.2. 

55.2mm 5 

.5 

$0 $0? £00m Qoom $9” Qoom $0M 
sagauagagge 

uoge wiqsuen 362mm 

:0 mhwommccmimmn ho Batu 



Patent Application Publication Sep. 25, 2008 Sheet 3 0f 9 US 2008/0234130 A1 

Xmmwmm Xmmwmm XFmwmm xEwmm Mm 

‘ _ _ v o.o 

11 l , < Ti T odw 

. ,, i l_ 

o 

|fi 1 7 {if ‘ ! Fa. ail ‘ 1!; I. .l ‘ .iizillf . i I x 

. a 

w 

|| l ? |..i||<l til; 1» i x. i , . m. it! I , ill! I. = 1.. (“H 
i ii? iii} 1? -- 1 i i i ‘ Q2: 

0.0m? 

>ON2tQ OP :0 wLQOCNSCM mm” *0 uuwtm 

m .3 



Patent Application Publication Sep. 25, 2008 Sheet 4 0f 9 US 2008/0234130 A1 

xmmmmm xmuwmm 

,‘ p llll. . , .l ‘ $0? 

III | , $.51! ; gem i i $2 

swam Adoo a|6u!s Jo % 

v mm 

$02 

# E00 Eo>m :o mhoocmscw mm..." *0 32B 



is $261 is $22 is $22 =5 @35- :5 

359:: 252:; 3:55.. 2 SEE Magi? 

hwvwwwwmmmNmmvwvmwcvhmvm PWQNWNNNQPQFMPOP N V P 

US 2008/0234130 A1 

OOP OON 00m 

Sep. 25, 2008 Sheet 5 0f 9 

00m 00m 

59mm; 
m .3 

Patent Application Publication 



58cm - U35 3 3:3 uEmwmcmb v9.1 

US 2008/0234130 A1 

m._.....>_~cm >32 E3292 coumEhotcmb :55285 Z 5258 .88 

m m 58; a 

M M 

a n 

m . 

S u 

w n 

0 

2, cmmwumm 
u u 

w. m 

s 258 “632mm ._.<u 
W Emu we m Exam; Q i ................ -- commwaxw EEEGL. 

r ................ :v X @695: "29.53.56 mm?“ 

>mmw< ws=mo Hco=m2m>m mcmw Egosomws 

@ .3 

Patent Application Publication 



US 2008/0234130 A1 

E2623 2% 3.33:6 2.3m .5. 
SE 3 , 2s 3. 2s .3 

Sep. 25, 2008 Sheet 7 0f 9 

Ewuw>w 8:02am E40 m *0 EQEQEQEQ 

N .5 

Patent Application Publication 



Patent Application Publication Sep. 25, 2008 Sheet 8 0f 9 US 2008/0234130 A1 
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COMPOSITIONS PROVIDING TOLERANCE 
TO MULTIPLE HERBICIDES AND METHODS 

OF USE THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/710,854, ?led onAug. 24, 2005, and US. 
Provisional Application No. 60/817,011, ?led on Jun. 28, 
2006, each of Which is incorporated by reference in their 
entirety. 

FIELD OF THE INVENTION 

[0002] This invention is in the ?eld of molecular biology. 
More speci?cally, this invention pertains to multiple herbi 
cide tolerances conferred by expression of a sequence that 
confers tolerance to glyphosate in conjunction With the 
expression of at least one other herbicide tolerance gene. 

BACKGROUND OF THE INVENTION 

[0003] In the commercial production of crops, it is desir 
able to easily and quickly eliminate unWanted plants (i.e., 
“Weeds”) from a ?eld of crop plants. An ideal treatment 
Would be one Which could be applied to an entire ?eld but 
Which Would eliminate only the unWanted plants While leav 
ing the crop plants unharmed. One such treatment system 
Would involve the use of crop plants Which are tolerant to a 
herbicide so that When the herbicide Was sprayed on a ?eld of 
herbicide-tolerant crop plants, the crop plants Would continue 
to thrive While non-herbicide-tolerant Weeds Were killed or 
severely damaged. Ideally, such treatment systems Would 
take advantage of varying herbicide properties so that Weed 
control could provide the best possible combination of ?ex 
ibility and economy. For example, individual herbicides have 
different longevities in the ?eld, and some herbicides persist 
and are effective for a relatively long time after they are 
applied to a ?eld While other herbicides are quickly broken 
doWn into other and/or non-active compounds. An ideal treat 
ment system Would alloW the use of different herbicides so 
that groWers could tailor the choice of herbicides for a par 
ticular situation. 
[0004] Crop tolerance to speci?c herbicides can be con 
ferred by engineering genes into crops Which encode appro 
priate herbicide metaboliZing enZymes and/ or insensitive her 
bicide targets. In some cases these enZymes, and the nucleic 
acids that encode them, originate in a plant. In other cases, 
they are derived from other organisms, such as microbes. See, 
e.g., Padgette et al. (1996) “New Weed control opportunities: 
Development of soybeans With a Roundup Ready® gene” 
and Vasil (1996) “Phosphinothricin-resistant crops,” both in 
Herbicide-Resistant Crops, ed. Duke (CRC Press, Boca 
Raton, Fla.) pp. 54-84 and pp. 85-91. Indeed, transgenic 
plants have been engineered to express a variety of herbicide 
tolerance genes from a variety of organisms, including a gene 
encoding a chimeric protein of rat cytochrome P4507A1 and 
yeast NADPH-cytochrome P450 oxidoreductase (Shiota et 
al. (1994) Plant Physiol. 106: 17). Other genes that confer 
tolerance to herbicides include acetohydroxy acid synthase 
(“AHAS”), mutations in the native sequence have been found 
to confer resistance to multiple types of herbicides on plants 
expressing it and has been introduced into a variety of plants 
(see, e.g., Hattori et al. (1995) Mol. Gen. Genet. 246: 419); 
glutathione reductase and superoxide dismutase (Aono et al. 
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(1995) Plant Cell Physiol. 36: 1687); and genes for various 
phosphotransferases (Datta et al. (1992) Plant Mol. Biol. 20: 
619). 
[0005] One herbicide Which has been studied extensively is 
N-phosphonomethylglycine, commonly referred to as gly 
phosate. Glyphosate is a broad spectrum herbicide that kills 
both broadleaf and grass-type plants due to inhibition of the 
enZyme 5-enolpyruvylshikimate-3-phosphate synthase (also 
referred to as “EPSP synthase” or “EPSPS”), an enZyme 
Which is part of the biosynthetic pathWay for the production 
of aromatic amino acids, hormones, and vitamins. Glypho 
sate-resistant transgenic plants have been produced Which 
exhibit a commercially viable level of glyphosate resistance 
due to the introduction of a modi?ed Agrobaclerium CP4 
EPSPS. This modi?ed enZyme is targeted to the chloroplast 
Where, even in the presence of glyphosate, it continues to 
synthesiZe EPSP from phosphoenolpyruvic acid (“PEP”) and 
shikimate-3-phosphate. CP4 glyphosate-resistant soybean 
transgenic plants are presently in commercial use (e.g., as 
sold by Monsanto under the name “Roundup Ready®”). 
[0006] Other herbicides of interest for commercial crop 
production include glufosinate (phosphinothricin) and aceto 
lactate synthase (ALS) chemistry such as the sulfonylurea 
herbicides. Glufosinate is a broad spectrum herbicide Which 
acts on the chloroplast glutamate synthase enZyme. Glufosi 
nate-tolerant transgenic plants have been produced Which 
carry the bar gene from Slreplomyces hygroscopicus. The 
enZyme encoded by the bar gene has N-acetylation activity 
and modi?es and detoxi?es glufosinate. Glufosinate-tolerant 
plants are presently in commercial use (e. g., as sold by Bayer 
under the name “Liberty Link®”). Sulfonylurea herbicides 
inhibit groWth of higher plants by blocking acetolactate syn 
thase (ALS). Plants containing particular mutations in ALS 
are tolerant to the ALS herbicides including sulfonylureas. 
Thus, for example, sulfonylurea herbicides such as Syn 
chrony (a mixture of chlorimuron-ethyl plus thifensulfuron 
methyl) can be used in conjunction With ALS herbicide 
tolerant plants such as the STS® soybean (Synchrony tolerant 
soybean) variety Which contains a trait that enhances the 
soybean’s natural tolerance to soybean sulfonylurea herbi 
cides. 

[0007] While a number of herbicide-tolerant crop plants are 
presently commercially available, one issue that has arisen 
for many commercial herbicides and herbicide/crop combi 
nations is that individual herbicides typically have incom 
plete spectrum of activity against common Weed species. For 
most individual herbicides Which have been in use for some 
time, populations of herbicide resistant Weed species and 
biotypes have become more prevalent (see, e.g., Tranel and 
Wright (2002) Weed Science 50: 700-712; OWen and Zelaya 
(2005) Pest Manag. Sci. 61: 301-311). Transgenic plants 
Which are resistant to more than one herbicide have been 

described (see, e.g., WO2005/012515). HoWever, improve 
ments in every aspect of crop production, Weed control 
options, extension of residual Weed control, and improvement 
in crop yield are continuously in demand. 
[0008] Particularly, due to local and regional variation in 
dominant Weed species as Well as preferred crop species, a 
continuing need exists for customiZed systems of crop pro 
tection and Weed management Which can be adapted to the 
needs of a particular region, geography, and/or locality. For 
example, a continuing need exists for methods of crop pro 
tection and Weed management Which can reduce: the number 
of herbicide applications necessary to control Weeds in a 
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?eld; the amount of herbicide necessary to control Weeds in a 
?eld; the amount of tilling necessary to produce a crop; and/or 
programs Which delay or prevent the development and/or 
appearance of herbicide-resistant Weeds. A continuing need 
exists for methods of crop protection and Weed management 
Which alloW the targeted use of particular herbicide combi 
nations. 

SUMMARY OF THE INVENTION 

[0009] Methods and compositions relating to improved 
plants that are tolerant to more than one herbicide or class or 
subclass of herbicides are provided. Compositions include 
plants that are tolerant to glyphosate as Well as at least one 
other herbicide or class or subclass of herbicide, as Well as, 
methods of use thereof. Additional compositions comprise 
plants that comprise a polynucleotide encoding a polypeptide 
that can confer tolerance to glyphosate and a polynucleotide 
encoding an ALS inhibitor-tolerant polypeptide. In one non 
limiting embodiment, compositions comprise a plant 
expressing a polynucleotide encoding a GAT (glyphosate-N 
acetyltransferase) polypeptide and are tolerant to at least one 
additional herbicide. In some embodiments, a plant of the 
invention expresses a GAT polypeptide and an HRA polypep 
tide. 
[0010] Methods for controlling Weeds in an area of cultiva 
tion employing the plants of the invention are provided. Fur 
ther provided are improved methods of transformation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 provides examples of constructs having 35S 
enhancer elements. 
[0012] FIG. 2 provides a schematic demonstrating the 
effect of 35S enhancers on TX e?iciency. 
[0013] FIG. 3 provides a schematic demonstrating the 
effect of 35S enhancers on T0 e?iciency. 
[0014] FIG. 4 provides a schematic demonstrating the 
effect of 35S enhancers on event copy number. 
[0015] FIG. 5 provides a table shoWing the effect of the 35S 
enhancers on T2 e?iciency. 
[0016] FIG. 6 provides an insecticidal gene evaluation 
assay. 
[0017] FIG. 7 provides a schematic shoWing the develop 
ment of a GAT selection scheme. 
[0018] FIG. 8 demonstrates that GAT can be used as a 
selectable marker. 
[0019] FIG. 9 provides a schematic demonstrating GAT 
transformation ef?ciencies. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present invention provides methods and com 
positions for making and using a plant that is tolerant to more 
than one herbicide or class or subclass of herbicide. In some 

embodiments, a plant is provided that is tolerant to both 
glyphosate and at least one other herbicide (or class or sub 
class of herbicide) or another chemical (or class or subclass of 
another chemical). Such plants ?nd use, for example, in meth 
ods of groWing crop plants involving treatment With multiple 
herbicides. Thus, the invention provides improved plants 
Which tolerate treatment With a herbicide or a combination of 
herbicides (including a combination of herbicides Which act 
through different modes of action; i.e., application of mix 
tures having 2, 3, 4, or more modes of herbicide action) or a 
combination of at least one herbicide and at least one other 
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chemical, including fungicides, insecticides, plant groWth 
regulators and the like. In this manner, the invention provides 
improved methods of groWing crop plants in Which Weeds are 
selectively controlled. In one embodiment, the plants of the 
invention comprise a polynucleotide Which encodes a 
polypeptide that confers tolerance to glyphosate and a poly 
nucleotide encoding an ALS inhibitor-tolerant polypeptide. 
As discussed in further detail beloW, such plants are referred 
to herein as “glyphosate/ALS inhibitor-tolerant plants.” 
[0021] The plants of the invention display a modi?ed tol 
erance to herbicides and therefore alloW for the application of 
herbicides at rates that Would signi?cantly damage plants and 
further alloW for the application of mixtures of herbicides at 
loWer concentrations than normally applied but Which still 
continue to selectively control Weeds. In addition, the glypho 
sate/ALS inhibitor-tolerant plants of the invention can be 
used in combination With herbicide blends technology and 
thereby make the application of chemical pesticides more 
convenient, economical, and effective for the producer. In the 
case of the glyphosate/ALS inhibitor-tolerant crops, the 
blends technology Will provide easily formulated crop pro 
tection products, of ALS herbicides for example, in a dry 
granule form that enables delivery of customiZed mixtures 
designed to solve speci?c problems in conjunction With the 
glypho sate/ALS inhibitor-tolerant crop of the invention. With 
the addition of robust ALS tolerance afforded by the plants of 
the invention, the utility of ALS herbicides is further enabled 
Whereby herbicidal crop response is eliminated. These 
uniquely selective herbicide offerings coupled With glypho 
sate/ALS inhibitor tolerate crops disclosed herein can noW be 
designed and customiZed to meet ever-changing Weed control 
needs. This breakthrough noW enables a myriad of herbicide 
blends, including for example ALS inhibitor blends, that can 
be customiZed for improved Weed management (since ALS 
inhibitor chemistries have different herbicidal attributes) 
including increased Weed spectrum, the ability to provide 
speci?ed residual activity, a second mode of action to combat 
or delay Weed resistance (complementing glyphosate, glufo 
sinate or the like), as Well as, neW offerings that can be 
designed either or both as pre-emergence or post-emergence. 
Blends also afford the ability to add or tank mix other agro 
chemicals at normal, labeled use rates such as additional 
herbicides With a 3rd or 4th mechanism of action, to ?ll spec 
trum holes or even the ability to include fungicides, insecti 
cides, plant groWth regulators and the like thereby saving 
costs associated With additional applications. As discussed in 
further detail beloW, the methods of the invention can be 
customiZed for a particular location or region. Improved 
methods of transformation are also provided. 

I. Glyphosate/ALS Inhibitor-Tolerant Plants 

[0022] a. Glyphosate Tolerance 
[0023] Plants are provided Which comprise a polynucle 
otide Which encodes a polypeptide that confers tolerance to 
glyphosate and a polynucleotide encoding an ALS inhibitor 
tolerant polypeptide. Various sequences Which confer toler 
ance to glyphosate can be employed in the methods and 
compositions of the invention. 
[0024] In one embodiment, the mechanism of glyphosate 
resistance is provided by the expression of a polynucleotide 
having transferase activity. As used herein, a “transferase” 
polypeptide has the ability to transfer the acetyl group from 
acetyl CoA to the N of glyphosate, transfer the propionyl 
group of propionyl CoA to the N of glyphosate, or to catalyZe 
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the acetylation of glyphosate analogs and/or glyphosate 
metabolites, e.g., aminomethylphosphonic acid. Methods to 
assay for this activity are disclosed, for example, in Us. 
Publication No. 2003/0083480, U.S. Publication No. 2004/ 
0082770, and Us. application Ser. No. 10/835,615, ?ledApr. 
29, 2004, WO2005/012515, WO2002/36782 and WO2003/ 
092360. In one embodiment, the transferase polypeptide 
comprises a glyphosate-N-acetyltransferase “GAT” polypep 
tide. 

[0025] As used herein, a GAT polypeptide or enZyme com 
prises a polypeptide Which has glyphosate-N-acetyltrans 
ferase activity (“GAT” activity), i.e., the ability to catalyZe the 
acetylation of glyphosate. In speci?c embodiments, a 
polypeptide having glyphosate-N-acetyltransferase activity 
can transfer the acetyl group from acetyl CoA to the N of 
glyphosate. In addition, some GAT polypeptides transfer the 
propionyl group of propionyl CoA to the N of glyphosate. 
Some GAT polypeptides are also capable of catalyZing the 
acetylation of glyphosate analogs and/or glyphosate metabo 
lites, e.g., aminomethylphosphonic acid. GAT polypeptides 
are characterized by their structural similarity to one another, 
e.g., in terms of sequence similarity When the GAT polypep 
tides are aligned With one another. Exemplary GAT polypep 
tides and the polynucleotides encoding them are knoWn in the 
art and particularly disclosed, for example, in Us. applica 
tion Ser. No. 10/004,357, ?led Oct. 29, 2001 , U.S. application 
Ser. No. 10/427,692, ?ledApr. 30, 2003, and Us. application 
Ser. No. 10/835,615, ?led Apr. 29, 2004, each of Which is 
herein incorporated by reference in its entirety. In some 
embodiments, GAT polypeptides used in creating plants of 
the invention comprise the amino acid sequence set forth in: 
SEQ ID NO: 5, 14, 11, 8, 21, 27, 17, 24, 30, 35, 46, 47, 48, 49, 
50, 51, 52, 53, 39, 42, 45, or 54. Each of these sequences is 
also disclosed in Us. application Ser. No. 10/835,615, ?led 
Apr. 29, 2004. In some embodiments, the corresponding GAT 
polynucleotides that encode these polypeptides are used; 
these polynucleotide sequences are set forth in SEQ ID NO: 
3, 12, 9, 6, 19, 15, 25, 22, 28, 33, 4, 7, 10, 13, 16, 18, 20, 23, 
26, 29, 32, 34, 36, 38, 41, 44, 43, 56, 31, 37, 40, 57, 58, 59, 60, 
61, 62, 63, or 64. Each ofthese sequences is also disclosed in 
Us. application Ser. No. 10/835,615, ?led Apr. 29, 2004. As 
discussed in further detail elseWhere herein, the use of frag 
ments and variants of GAT polynucleotides and other knoWn 
herbicide-tolerance polynucleotides and polypeptides 
encoded thereby is also encompassed by the present inven 
tion. 

[0026] In speci?c embodiments, the glyphosate/ALS 
inhibitor-tolerant plants of the invention express a GAT 
polypeptide, i.e., a polypeptide having glyphosate-N-acetyl 
transferase activity Wherein the acetyl group from acetyl CoA 
is transferred to the N of glyphosate. Thus, plants of the 
invention that have been treated With glyphosate contain the 
glyphosate metabolite N-acetylglyphosate (“NAG”). Thus, 
the invention also provides plants that contain NAG as Well as 
a method for producing NAG by treating plants that contain a 
GAT gene (i.e., that express a GAT polypeptide) With glypho 
sate. The presence of N-acetylglyphosate can serve as a diag 
nostic marker for the presence of an active GAT gene in a 
plant and can be evaluated by methods knoWn in the art, for 
example, by mass spectrometry or by immunoassay. Gener 
ally, the level of NAG in a plant containing a GAT gene that 
has been treated With glyphosate is correlated With the activ 
ity of the GAT gene and the amount of glyphosate With Which 
the plant has been treated. 
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[0027] The plants of the invention can comprise multiple 
GAT polynucleotides (i.e., at least 1, 2, 3, 4, 5, 6 or more). It 
is recogniZed that if multiple GAT polynucleotides are 
employed, the GAT polynucleotides may encode GAT 
polypeptides having different kinetic parameters, i.e., a GAT 
variant having a loWer K can be combined With one having a 
higher kcat. In some embodiments, the different polynucle 
otides may be coupled to a chloroplast transit sequence or 
other signal sequence thereby providing polypeptide expres 
sion in different cellular compartments, organelles or secre 
tion of one or more of the polypeptides. 

[0028] The GAT polypeptide encoded by a GAT polynucle 
otide may have improved enZymatic activity in comparison to 
previously identi?ed enZymes. EnZymatic activity can be 
characterized using the conventional kinetic parameters kcat, 
KM, and kcat/KM. kcat can be thought of as a measure of the 
rate of acetylation, particularly at high substrate concentra 
tions; KM is a measure of the a?inity of the GAT enZyme for 
its substrates (e.g., acetyl CoA, propionyl CoA and glypho 
sate); and kcat/KM is a measure of catalytic ef?ciency that 
takes both substrate a?inity and catalytic rate into account. 
k t/Km is particularly important in the situation Where the 
concentration of a substrate is at least partially rate-limiting. 
In general, a GAT With a higher kcat or kcat/KM is a more 
e?icient catalyst than another GAT With loWer kcat or kcat/ K M. 
A GAT With a loWer KM is a more ef?cient catalyst than 
another GAT With a higher KM. Thus, to determine Whether 
one GAT is more effective than another, one can compare 
kinetic parameters for the tWo enZymes. The relative impor 
tance of kcat, kcat/KM and KM Will vary depending upon the 
context in Which the GAT Will be expected to function, e. g., 
the anticipated effective concentration of glyphosate relative 
to the KM for glyphosate. GAT activity can also be character 
iZed in terms of any of a number of functional characteristics, 
including but not limited to stability, susceptibility to inhibi 
tion, or activation by other molecules. 

[0029] Thus, for example, the GAT polypeptide may have a 
loWer KM for glyphosate than previously identi?ed enZymes, 
for example, less than 1 mM, 0.9 mM, 0.8 mM, 0.7 mM, 0.6 
mM, 0.5 mM, 0.4 mM, 0.3 mM, 0.2 mM, 0.1 mM, 0.05 mM, 
or less. The GAT polypeptide may have a higher kcat for 
glyphosate than previously identi?ed enZymes, for example, 
a kcat of at least 500 min-l, 1000 min-l, 1100 min-l, 1200 
min_l, 1250 min_l, 1300 min_l, 1400 min_l, 1500 min_l, 
1600l min_l, 1700 min_l, 1800 min_l, 1900 min_l, or 2000 
min or higher. GAT polypeptides for use in the invention 
may have a higher kcat/KM for glyphosate than previously 
identli?ed enZymes, for example, a kcat/KM of at least 1000 
mM’l min_l, 2000 mM'l min_l, 3000 mM'l min_l, 4000 
mM’l min-l, 5000 mM‘l min-l, 6000 mM‘l min-l, 7000 
mM min_l, or 8000 mM'l min_l, or higher. The activity of 
GAT enZymes is affected by, for example, pH and salt con 
centration; appropriate assay methods and conditions are 
knoWn in the art (see, e.g., WO2005012515). Such improved 
enZymes may ?nd particularuse in methods of groWing a crop 
in a ?eld Where the use of a particular herbicide or combina 
tion of herbicides and/or other agricultural chemicals Would 
result in damage to the plant if the enZymatic activity (i.e., 
kcat, KM, or kcat/KM) Were loWer. 
[0030] Glyphosate-tolerant plants can also be produced by 
modifying the plant to increase the capacity to produce a 
higher level of 5-enolpyruvylshikimate-3-phosphate syn 
thase (EPSPS) as more fully described in Us. Pat. Nos. 
6,248,876; 5,627,061; 5,804,425; 5,633,435; 5,145,783; 
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4,971,908; 5,312,910; 5,188,642; 4,940,835; 5,866,775; 
6,225,114; 6,130,366; 5,310,667; 4,535,060; 4,769,061; 
5,633,448; 5,510,471; Re. 36,449; RE 37,287 E; and 5,491, 
288; and international publications WO 97/04103; WO 
00/66746; WO 01/66704; and WO 00/66747, Which are 
incorporated herein by reference in their entireties for all 
purposes. Glyphosate resistance can also be imparted to 
plants that express a gene that encodes a glyphosate oxido 
reductase enzyme as described more fully in US. Pat. Nos. 
5,776,760 and 5,463,175, Which are incorporated herein by 
reference in their entireties for all purposes. Additionally, 
glyphosate tolerant plants can be generated through the selec 
tion of naturally occurring mutations that impart tolerance to 
glyphosate. 
[0031] It is recogniZed that the methods and compositions 
of the invention can employ any combination of sequences 
(i.e., sequences that act via the same or different modes) that 
confer tolerance to glyphosate knoWn in the art to produce 
plants and plant explants With superior glyphosate resistance. 
[0032] b. Acetolactate Synthase (ALS) Inhibitor Tolerance 
[0033] Glyphosate/ALS inhibitor-tolerant plants are pro 
vided Which comprise a polynucleotide Which encodes a 
polypeptide that confers tolerance to glyphosate and further 
comprise a polynucleotide encoding an acetolactate synthase 
(ALS) inhibitor-tolerant polypeptide. As used herein, an 
“ALS inhibitor-tolerant polypeptide” comprises any 
polypeptide Which When expressed in a plant confers toler 
ance to at least one ALS inhibitor. A variety of ALS inhibitors 
are knoWn and include, for example, sulfonylurea, imidaZoli 
none, triaZolopyrimidines, pryimidinyoxy(thio)benZoates, 
and/or sulfonylaminocarbonyltriaZolinone herbicide. Addi 
tional ALS inhibitors are knoWn and are disclosed elseWhere 
herein. It is knoWn in the art that ALS mutations fall into 
different classes With regard to tolerance to sulfonylureas, 
imidaZolinones, triaZolopyrimidines, and pyrimidinyl(thio) 
benZoates, including mutations having the folloWing charac 
teristics: (1) broad tolerance to all four of these groups; (2) 
tolerance to imidaZolinones and pyrimidinyl(thio)benZoates; 
(3) tolerance to sulfonylureas and triaZolopyrimidines; and 
(4) tolerance to sulfonylureas and imidaZolinones. 
[0034] Various ALS inhibitor-tolerant polypeptides can be 
employed. In some embodiments, the ALS inhibitor-tolerant 
polynucleotides contain at least one nucleotide mutation 
resulting in one amino acid change in the ALS polypeptide. In 
speci?c embodiments, the change occurs in one of seven 
substantially conserved regions of acetolactate synthase. See, 
for example, Hattori et al. (1995) Molecular Genetics and 
Genomes 2461419-425; Lee et al. (1998) EMBO Journal 
7:1241-1248; MaZur et al. (1989) Ann. Rev. Plant Phys. 
40:441-470; and US. Pat. No. 5,605,011, each of Which is 
incorporated by reference in their entirety. The ALS inhibitor 
tolerant polypeptide can be encoded by, for example, the 
SuRA or SuRB locus of ALS. In speci?c embodiments, the 
ALS inhibitor-tolerant polypeptide comprises the C3 ALS 
mutant, the HRA ALS mutant, the S4 mutant or the S4/HRA 
mutant or any combination thereof. Different mutations in 
ALS are knoWn to confer tolerance to different herbicides and 
groups (and/ or subgroups) of herbicides; see, e.g., Tranel and 
Wright (2002) Weed Science 50:700-712. See also, US. Pat. 
Nos. 5,605,011, 5,378,824, 5,141,870, and 5,013,659, each 
of Which is herein incorporated by reference in their entirety. 
See also, SEQ ID NO:65 comprising a soybean HRA 
sequence; SEQ ID NO:66 comprising a maiZe HRA 
sequence; SEQ ID NO:67 comprising an Arabidopsis HRA 

Sep.25,2008 

sequence; and SEQ ID NO:86 comprising an HRA sequence 
used in cotton. The HRA mutation inALS ?nds particular use 
in one embodiment of the invention. The mutation results in 
the production of an acetolactate synthase polypeptide Which 
is resistant to at least one ALS inhibitor chemistry in com 
parison to the Wild-type protein. For example, a plant express 
ing an ALS inhibitor-tolerant polypeptide may be tolerant of 
a dose of sulfonylurea, imidaZolinone, triaZolopyrimidines, 
pyrimidinyloxy(thio)benZoates, and/or sulfonylaminocarbo 
nyltriaZolinone herbicide that is at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 
15, 20, 25, 30, 35, 40, 50, 70, 80, 100, 125, 150, 200, 500, or 
1000 times higher than a dose of the herbicide that Would 
cause damage to an appropriate control plant. In some 
embodiments, an ALS inhibitor-tolerant polypeptide com 
prises a number of mutations. Additionally, plants having an 
ALS inhibitor polypeptide can be generated through the 
selection of naturally occurring mutations that impart toler 
ance to glyphosate. 

[0035] In some embodiments, the ALS inhibitor-tolerant 
polypeptide confers tolerance to sulfonylurea and imidaZoli 
none herbicides. Sulfonylurea and imidaZolinone herbicides 
inhibit groWth of higher plants by blocking acetolactate syn 
thase (ALS), also knoWn as, acetohydroxy acid synthase 
(AHAS). For example, plants containing particular mutations 
in ALS (e.g., the S4 and/or HRA mutations) are tolerant to 
sulfonylurea herbicides. The production of sulfonylurea-tol 
erant plants and imidaZolinone-tolerant plants is described 
more fully inU.S. Pat. Nos. 5,605,01 1; 5,013,659; 5,141,870; 
5,767,361; 5,731,180; 5,304,732; 4,761,373; 5,331,107; 
5,928,937; and 5,378,824; and international publication W0 
96/ 33270, Which are incorporated herein by reference in their 
entireties for all purposes. In speci?c embodiments, the ALS 
inhibitor-tolerant polypeptide comprises a sulfonamide-tol 
erant acetolactate synthase (otherWise knoWn as a sulfona 
mide-tolerant acetohydroxy acid synthase) or an imidaZoli 
none-tolerant acetolactate synthase (otherWise knoWn as an 
imidaZolinone-tolerant acetohydroxy acid synthase). 
[0036] A plant of the invention that comprises at least one 
sequence Which confers tolerance to glyphosate and at least 
one sequence Which confers tolerance to an ALS inhibitor is 
referred to herein as a “glyphosate/ALS inhibitor-tolerant 
plant.”A plant of the invention that contains at least one GAT 
polypeptide and at least one HRA polypeptide is referred to 
herein as a “GAT-HRA plant.” 

[0037] c. Additional Herbicide Tolerance 

[0038] In some embodiments, plants are provided having 
enhanced tolerance to glyphosate and at least oneALS inhibi 
tor herbicide, as Well as, tolerance to at least one additional 
herbicide. In speci?c embodiments, tolerance to the addi 
tional herbicide is due to the expression of at least one 
polypeptide imparting tolerance to the additional herbicide. 
In some embodiments, a composition of the invention (e. g., a 
plant) may comprise tWo, three, four, ?ve, six, seven, or more 
traits Which confer tolerance to at least one herbicide, so that 
a plant of the invention may be tolerant to at least tWo, three, 
four, ?ve, six, or seven or more different types of herbicides. 
Thus, a plant of the invention that is tolerant to more than tWo 
different herbicides may be tolerant to herbicides that have 
different modes of action and/or different sites of action. In 
some embodiments, all of these traits are transgenic traits, 
While in other embodiments, at least one of these traits is not 
transgenic. 
[0039] In some of these embodiments, each herbicide tol 
erance gene confers tolerance to a different herbicide or class 
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or subclass of herbicides. In some of these embodiments, at 
least tWo of the herbicide tolerance genes confer tolerance to 
the same herbicide or to members of the same class or sub 
class of herbicides. Accordingly, further provided are plants 
having a polynucleotide that encodes a polypeptide Which 
can confer tolerance to glyphosate and a polynucleotide that 
encodes an ALS inhibitor-tolerant polypeptide can further 
comprise at least one additional herbicide-tolerance poly 
nucleotide Which When expressed imparts tolerance to an 
additional herbicide. Such additional herbicides, include but 
are not limited to, an acetyl Co-A carboxylase inhibitor such 
as quiZalofop-P-ethyl, a synthetic auxin such as quinclorac, a 
protoporphyrinogen oxidase (PPO) inhibitor herbicide (such 
as sulfentraZone), a pigment synthesis inhibitor herbicide 
such as a hydroxyphenylpyruvate dioxygenase inhibitor (e. g., 
mesotrione or sulcotrione), a phosphinothricin acetyltrans 
ferase or a phytoene desaturase inhibitor like di?ufenican or 
pigment synthesis inhibitor. It is understood that the invention 
is not bound by the mechanism of action of a herbicide, so 
long as the goal of the invention (i.e., herbicide tolerance to 
glyphosate and at least on ALS inhibitor) is achieved. Addi 
tional herbicides of interest are disclosed elseWhere herein. 

[0040] In some embodiments, the compositions of the 
invention further comprise polypeptides conferring tolerance 
to herbicides Which inhibit the enZyme glutamine synthase, 
such as phosphinothricin or glufosinate (e. g., the bar gene or 
pat gene). Glutamine synthetase (GS) appears to be an essen 
tial enZyme necessary for the development and life of most 
plant cells, and inhibitors of GS are toxic to plant cells. 
Glufosinate herbicides have been developed based on the 
toxic effect due to the inhibition of GS in plants. These her 
bicides are non-selective; that is, they inhibit groWth of all the 
different species of plants present. The development of plants 
containing an exogenous phosphinothricin acetyltransferase 
is described in US. Pat. Nos. 5,969,213; 5,489,520; 5,550, 
318; 5,874,265; 5,919,675; 5,561,236; 5,648,477; 5,646,024; 
6,177,616; and 5,879,903, Which are incorporated herein by 
reference in their entireties for all purposes. Mutated phos 
phinothricin acetyltransferase having this activity are also 
disclosed. 

[0041] In still other embodiments, the compositions of the 
invention further comprise polypeptides conferring tolerance 
to herbicides Which inhibit protox (protoporphyrinogen oxi 
dase). Protox is necessary for the production of chlorophyll, 
Which is necessary for all plant survival. The protox enZyme 
serves as the target for a variety of herbicidal compounds. 
These herbicides also inhibit groWth of all the different spe 
cies of plants present. The development of plants containing 
altered protox activity Which are resistant to these herbicides 
are described in US. Pat. Nos. 6,288,306; 6,282,837; and 
5,767,373; and international publication W0 01/ 12825, 
Which are incorporated herein by reference in their entireties 
for all purposes. 

[0042] In still other embodiments, compositions of the 
invention may comprise polypeptides involving other modes 
of herbicide resistance. For example, hydroxyphenylpyru 
vatedioxygenases are enZymes that catalyZe the reaction in 
Which para-hydroxyphenylpyruvate (HPP) is transformed 
into homo gentisate. Molecules Which inhibit this enZyme and 
Which bind to the enZyme in order to inhibit transformation of 
the HPP into homogentisate are useful as herbicides. Plants 
more resistant to certain herbicides are described in US. Pat. 
Nos. 6,245,968; 6,268,549; and 6,069,1 15; and international 
publication W0 99/ 23886, Which are incorporated herein by 
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reference in their entireties for all purposes. Mutated hydrox 
yphenylpyruvatedioxygenase having this activity are also 
disclosed. 
[0043] d. Fragments and Variants of Sequences that Confer 
Herbicide Tolerance 
[0044] Depending on the context, “fragment” refers to a 
portion of the polynucleotide or a portion of the amino acid 
sequence and hence protein encoded thereby. Fragments of a 
polynucleotide may encode protein fragments that retain the 
biological activity of the original protein and hence confer 
tolerance to a herbicide. Thus, fragments of a nucleotide 
sequence may range from at least about 20 nucleotides, about 
50 nucleotides, about 100 nucleotides, and up to the full 
length polynucleotide encoding a herbicide-tolerance 
polypeptide. 
[0045] A fragment of a herbicide-tolerance polynucleotide 
that encodes a biologically active portion of a herbicide 
tolerance polypeptide Will encode at least 15, 25, 30, 50, 100, 
150, 200, or 250 contiguous amino acids, or up to the total 
number of amino acids present in a full-length herbicide 
tolerance polypeptide. A biologically active portion of a her 
bicide-tolerance polypeptide can be prepared by isolating a 
portion of a herbicide-tolerance polynucleotide, expressing 
the encoded portion of the herbicide-tolerance polypeptide 
(e.g., by recombinant expression in vitro), and assessing the 
activity of the encoded portion of the herbicide-tolerance 
polypeptide. Polynucleotides that are fragments of a herbi 
cide-tolerance polynucleotide comprise at least 16, 20, 50, 
75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 
650, 700, 800, 900, 1,000, 1,100, 1,200, 1,300, or 1,400 
contiguous nucleotides, or up to the number of nucleotides 
present in a full-length herbicide-tolerance polynucleotide. 
[0046] The term “variants” refers to substantially similar 
sequences. For polynucleotides, a variant comprises a poly 
nucleotide having deletions (i.e., truncations) at the 5' and/or 
3' end; deletion and/or addition of one or more nucleotides at 
one or more internal sites in the native polynucleotide; and/or 
substitution of one or more nucleotides at one or more sites in 

the native polynucleotide. As used herein, a “native” poly 
nucleotide or polypeptide comprises a naturally-occurring 
nucleotide sequence or amino acid sequence, respectively. 
For polynucleotides, conservative variants include those 
sequences that, because of the degeneracy of the genetic code, 
encode the amino acid sequence of a herbicide-tolerance 
polypeptide. Naturally occurring allelic variants such as these 
can be identi?ed With the use of Well-known molecular biol 
ogy techniques, as, for example, With polymerase chain reac 
tion (PCR) and hybridization techniques. Variant polynucle 
otides also include synthetically derived polynucleotides, 
such as those generated, for example, by using site-directed 
mutagenesis or “shuffling.” Generally, variants of a particular 
polynucleotide have at least about 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, 99% or more sequence identity 
to that particular polynucleotide as determined by sequence 
alignment programs and parameters as described elseWhere 
herein. 

[0047] Variants of a particular polynucleotide (i.e., the ref 
erence polynucleotide) can also be evaluated by comparison 
of the percent sequence identity betWeen the polypeptide 
encoded by a variant polynucleotide and the polypeptide 
encoded by the reference polynucleotide. Percent sequence 
identity betWeen any tWo polypeptides can be calculated 
using sequence alignment programs and parameters 
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described elsewhere herein. Where any given pair of poly 
nucleotides of the invention is evaluated by comparison of the 
percent sequence identity shared by the tWo polypeptides they 
encode, the percent sequence identity betWeen the tWo 
encoded polypeptides is at least about 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, 99% or more sequence identity. 
[0048] “Variant” protein is intended to mean a protein 
derived from a native and/or original protein by deletion 
(so-called truncation) of one or more amino acids at the 
N-terrninal and/or C-terminal end of the protein; deletion 
and/or addition of one or more amino acids at one or more 

internal sites in the protein; or substitution of one or more 
amino acids at one or more sites in the protein. Variant pro 
teins encompassed by the present invention are biologically 
active, that is they continue to possess the desired herbicide 
tolerance activity as described herein. Biologically active 
variants of a herbicide-tolerance polypeptide of the invention 
Will have at least about 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 
96%, 97%, 98%, 99% or more sequence identity to the amino 
acid sequence for the native protein as determined by 
sequence alignment programs and parameters described else 
Where herein. A biologically active variant of a herbicide 
tolerance polypeptide may differ from that polypeptide by as 
feW as 1-15 amino acid residues, as feW as 1-10, such as 6-10, 
as feW as 5, as feW as 4, 3, 2, or even 1 amino acid residue. 
Variant herbicide-tolerance polypeptides, as Well as poly 
nucleotides encoding these variants, are knoWn in the art. 

[0049] Herbicide-tolerance polypeptides may be altered in 
various Ways including amino acid substitutions, deletions, 
truncations, and insertions. Methods for such manipulations 
are generally knoWn in the art. For example, amino acid 
sequence variants and fragments of herbicide-tolerance 
polypeptides can be prepared by mutations in the encoding 
polynucleotide. Methods for mutagenesis and polynucleotide 
alterations are Well knoWn in the art. See, for example, 
Kunkel (1985) Proc. Natl. Acad. Sci. USA 82: 488-492; 
Kunkel et al. (1987) Methods in Enzymol. 154: 367-382; US. 
Pat. No. 4,873,192; Walker and Gaastra, eds. (1983) Tech 
niques in Molecular Biology (MacMillan Publishing Com 
pany, NeWYork) and the references cited therein. Guidance as 
to amino acid substitutions that do not affect biological activ 
ity of the protein of interest may be found in the model of 
Dayhoffet al. (1 978) Atlas ofprotein Sequence andStructure 
(Natl. Biomed. Res. Found, Washington, DC), herein incor 
porated by reference. Conservative substitutions, such as 
exchanging one amino acid With another having similar prop 
erties, may be made. One skilled in the art Will appreciate that 
the activity of a herbicide-tolerance polypeptide can be evalu 
ated by routine screening assays. That is, the activity can be 
evaluated by determining Whether a transgenic plant has an 
increased tolerance to a herbicide, for example, as illustrated 
in Working Example 1, or With an in vitro assay, such as the 
production of N-acetylglyphosphate from glyphosate by a 
GAT polypeptide (see, e.g., WO 02/36782). 
[0050] Variant polynucleotides and polypeptides also 
encompass sequences and proteins derived from a mutagenic 
and recombinogenic procedure such as DNA shu?iing. With 
such a procedure, one or more different herbicide-tolerance 

polypeptide coding sequences can be manipulated to create a 
neW herbicide-tolerance polypeptide possessing the desired 
properties. In this manner, libraries of recombinant poly 
nucleotides are generated from a population of related 
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sequence polynucleotides comprising sequence regions that 
have substantial sequence identity and can be homologously 
recombined in vitro or in vivo. For example, using this 
approach, sequence motifs encoding a domain of interest may 
be shuf?ed betWeen a herbicide-tolerance polypeptide and 
other knoWn genes to obtain a neW gene coding for a protein 
With an improved property of interest, such as an increased 
K in the case of an enZyme. Strategies for such DNA shuf 
?iirg are knoWn in the art. See, for example, Stemmer (1994) 
Proc. Natl. Acad. Sci. USA 91: 10747-10751; Stemmer 
(1994) Nature 370: 389-391; Crameri et al. (1997) Nature 
Biotech. 15: 436-438; Moore et al. (1997) J. Mol. Biol. 272: 
336-347; Zhang et al. (1997) Proc. Natl. Acad. Sci. USA 94: 
4504-4509; Crameri et al. (1998) Nature 391: 288-291; and 
US. Pat. Nos. 5,605,793 and 5,837,458. 
[0051] The folloWing terms are used to describe the 
sequence relationships betWeen tWo or more polynucleotides 
or polypeptides: (a) “reference sequence”, (b) “comparison 
WindoW”, (c) “sequence identity”, and, (d) “percentage of 
sequence identity.” 
[0052] (a) As used herein, “reference sequence” is a de?ned 
sequence used as a basis for sequence comparison. A refer 
ence sequence may be a subset or the entirety of a speci?ed 
sequence; for example, as a segment of a full-length cDNA or 
gene sequence, or the complete cDNA or gene sequence. 
[0053] (b) As used herein, “comparison WindoW” makes 
reference to a contiguous and speci?ed segment of a poly 
nucleotide sequence, Wherein the polynucleotide sequence in 
the comparison WindoW may comprise additions or deletions 
(i.e., gaps) compared to the reference sequence (Which does 
not comprise additions or deletions) for optimal alignment of 
the tWo polynucleotides. Generally, the comparison WindoW 
is at least 20 contiguous nucleotides in length, and optionally 
can be 30, 40, 50, 100, or longer. Those of skill in the art 
understand that to avoid a high similarity to a reference 
sequence due to inclusion of gaps in the polynucleotide 
sequence a gap penalty is typically introduced and is sub 
tracted from the number of matches. 

[0054] Methods of alignment of sequences for comparison 
are Well knoWn in the art. Thus, the determination of percent 
sequence identity betWeen any tWo sequences can be accom 
plished using a mathematical algorithm. Non-limiting 
examples of such mathematical algorithms are the algorithm 
of Myers and Miller (1988) CABIOS 4: 11-17; the local 
alignment algorithm of Smith et al. (1981) Adv. Appl. Math. 
2:482; the global alignment algorithm of Needleman and 
Wunsch (1 970) J. Mol. Biol. 48: 443-453; the search-for-local 
alignment method of Pearson and Lipman (1988) Proc. Natl. 
Acad. Sci. 85: 2444-2448; the algorithm of Karlin and Alts 
chul (1990) Proc. Natl. Acad. Sci. USA 87: 2264-2268, modi 
?ed as in Karlin and Altschul (1993) Proc. Natl. Acad. Sci. 
USA 90: 5873-5877. 

[0055] Computer implementations of these mathematical 
algorithms can be utiliZed for comparison of sequences to 
determine sequence identity. Such implementations include, 
but are not limited to: CLUSTAL in the PC/Gene program 
(available from lntelligenetics, Mountain VieW, Calif.); the 
ALIGN program (Version 2.0) and GAP, BESTFIT, BLAST, 
FASTA, and TFASTA in the GCG Wisconsin Genetics Soft 
Ware Package, Version 10 (available from Accelrys Inc., 9685 
Scranton Road, San Diego, Calif., USA). Alignments using 
these programs can be performed using the default param 
eters. The CLUSTAL program is Well described by Higgins et 
al. (1988) Gene 73: 237-244 (1988); Higgins et al. (1989) 



US 2008/0234130 A1 

CABIOS 5: 151-153; Corpet et al. (1988) Nucleic Acids Res. 
16:10881-90; Huang et al. (1992) CABIOS 8: 155-65; and 
Pearson et al. (1994) Melh. Mol. Biol. 24: 307-331. The 
ALIGN program is based on the algorithm of Myers and 
Miller (1988) supra. A PAM120 Weight residue table, a gap 
length penalty of 12, and a gap penalty of 4 can be used With 
the ALIGN program When comparing amino acid sequences. 
The BLAST programs of Altschul et al (1990) J. Mol. Biol. 
215:403 are based on the algorithm of Karlin and Altschul 
(1990) supra. BLAST nucleotide searches can be performed 
With the BLASTN program, score:100, Wordlength:12, to 
obtain nucleotide sequences homologous to a nucleotide 
sequence encoding a protein of the invention. BLAST protein 
searches can be performed With the BLASTX program, 
score:50, Wordlength:3, to obtain amino acid sequences 
homologous to a protein or polypeptide of the invention. To 
obtain gapped alignments for comparison purposes, Gapped 
BLAST (in BLAST 2.0) can be utiliZed as described in Alts 
chul et al. (1997) Nucleic Acids Res. 25:3389. Alternatively, 
PSl-BLAST (in BLAST 2.0) can be used to perform an iter 
ated search that detects distant relationships betWeen mol 
ecules. See Altschul et al. (1997) supra. When utiliZing 
BLAST, Gapped BLAST, PSl-BLAST, the default param 
eters of the respective programs (e.g., BLASTN for nucle 
otide sequences, BLASTX for proteins) can be used. BLAST 
softWare is publicly available on the NCBI Website. Align 
ment may also be performed manually by inspection. 
[0056] Unless otherwise stated, sequence identity/similar 
ity values provided herein refer to the value obtained using 
GAP Version 10 using the folloWing parameters: % identity 
and % similarity for a nucleotide sequence using GAP Weight 
of 50 and Length Weight of 3, and the nWsgapdna.cmp scor 
ing matrix; % identity and % similarity for an amino acid 
sequence using GAP Weight of 8 and Length Weight of 2, and 
the BLOSUM62 scoring matrix; or any equivalent program 
thereof. By “equivalent program” is intended any sequence 
comparison program that, for any tWo sequences in question, 
generates an alignment having identical nucleotide or amino 
acid residue matches and an identical percent sequence iden 
tity When compared to the corresponding alignment gener 
ated by GAP Version 10. 
[0057] GAP uses the algorithm of Needleman and Wunsch 
(1970) J. Mol. Biol. 48: 443-453, to ?nd the alignment oftWo 
complete sequences that maximizes the number of matches 
and minimiZes the number of gaps. GAP considers all pos 
sible alignments and gap positions and creates the alignment 
With the largest number of matchedbases and the feWest gaps. 
It allows for the provision of a gap creation penalty and a gap 
extension penalty in units of matched bases. GAP must make 
a pro?t of gap creation penalty number of matches for each 
gap it inserts. If a gap extension penalty greater than Zero is 
chosen, GAP must, in addition, make a pro?t for each gap 
inserted of the length of the gap times the gap extension 
penalty. Default gap creation penalty values and gap exten 
sion penalty values in Version 10 of the GCG Wisconsin 
Genetics SoftWare Package for protein sequences are 8 and 2, 
respectively. For nucleotide sequences the default gap cre 
ation penalty is 50 While the default gap extension penalty is 
3. The gap creation and gap extension penalties can be 
expressed as an integer selected from the group of integers 
consisting of from 0 to 200. Thus, for example, the gap 
creation and gap extension penalties can be 0, 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65 or greater. 
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[0058] GAP presents one member of the family of best 
alignments. There may be many members of this family, but 
no other member has a better quality. GAP displays four 
?gures of merit for alignments: Quality, Ratio, Identity, and 
Similarity. The Quality is the metric maximiZed in order to 
align the sequences. Ratio is the quality divided by the num 
ber of bases in the shorter segment. Percent ldentity is the 
percent of the symbols that actually match. Percent Similarity 
is the percent of the symbols that are similar. Symbols that are 
across from gaps are ignored. A similarity is scored When the 
scoring matrix value for a pair of symbols is greater than or 
equal to 0.50, the similarity threshold. The scoring matrix 
used in Version 10 of the GCG Wisconsin Genetics SoftWare 
Package is BLOSUM62 (see Henikoff and Henikoff (1989) 
Proc. Natl. Acad. Sci. USA 89: 10915). 

[0059] (c) As used herein, “sequence identity” or “identity” 
in the context of tWo polynucleotides or polypeptide 
sequences makes reference to the residues in the tWo 
sequences that are the same When aligned for maximum cor 
respondence over a speci?ed comparison WindoW. When per 
centage of sequence identity is used in reference to proteins it 
is recogniZed that residue positions Which are not identical 
often differ by conservative amino acid substitutions, Where 
amino acid residues are substituted for other amino acid resi 
dues With similar chemical properties (e.g., charge or hydro 
phobicity) and therefore do not change the functional prop 
erties of the molecule. When sequences differ in conservative 
substitutions, the percent sequence identity may be adjusted 
upWards to correct for the conservative nature of thc substi 
tution. Sequences that differ by such conservative substitu 
tions are said to have “sequence similarity” or “similarity”. 
Means for making this adjustment are Well knoWn to those of 
skill in the art. Typically this involves scoring a conservative 
substitution as a partial rather than a full mismatch, thereby 
increasing the percentage sequence identity. Thus, for 
example, Where an identical amino acid is given a score of 1 
and a non-conservative substitution is given a score of Zero, a 
conservative substitution is given a score betWeen Zero and 1. 
The scoring of conservative substitutions is calculated, e.g., 
as implemented in the program PC/GENE (lntelligenetics, 
Mountain VieW, Calif.). 
[0060] (d) As used herein, “percentage of sequence iden 
tity” means the value determined by comparing tWo optimally 
aligned sequences over a comparison WindoW, Wherein the 
portion of the polynucleotide sequence in the comparison 
WindoW may comprise additions or deletions (i.e., gaps) as 
compared to the reference sequence (Which does not com 
prise additions or deletions) for optimal alignment of the tWo 
sequences. The percentage is calculated by determining the 
number of positions at Which the identical nucleic acid base or 
amino acid residue occurs in both sequences to yield the 
number of matched positions, dividing the number of 
matched positions by the total number of positions in the 
WindoW of comparison, and multiplying the result by 100 to 
yield the percentage of sequence identity. 
[0061] The use of the term “polynucleotide” is not intended 
to be limited to polynucleotides comprising DNA. Those of 
ordinary skill in the art Will recogniZe that polynucleotides 
can comprise ribonucleotides and combinations of ribonucle 
otides and deoxyribonucleotides. Such deoxyribonucleotides 
and ribonucleotides include both naturally occurring mol 
ecules and synthetic analogues. Thus, polynucleotides also 
encompass all forms of sequences including, but not limited 
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to, single-stranded forms, double-stranded forms, hairpins, 
stem-and-loop structures, and the like. 
[0062] e. Herbicide Tolerance 

[0063] A “herbicide” is a chemical that causes temporary or 
permanent injury to a plant. Non-limiting examples of herbi 
cides that can be employed in the various methods and com 
positions of the invention are discussed in further detail else 
where herein. A herbicide may be incorporated into the plant, 
or it may act on the plant without being incorporated into the 
plant or its cells. An “active ingredient” is the chemical in a 
herbicide formulation primarily responsible for its phytotox 
icity and which is identi?ed as the active ingredient on the 
product label. Product label information is available from the 
Us. Environmental Protection Agency and is updated online 
at the url oaspub.epa.gov/pestlabl/ppls.own; product label 
information is also available online at the url www.cdms.net. 
The term “acid equivalent” expresses the rate or quantity as 
the herbicidally active parent acid. For example, 2,4-D acid is 
often formulated in the form of a sodium or amine salt or an 
ester as the active ingredient in formulated products. The 
active acid equivalent per gallon of a widely used ester for 
mulation is 3.8 lb a.e./gallon (about 0.454 kg a.e./L), while 
the active ingredient per gallon is 6.0 lb ai/gallon (about 0.717 
kg ai/L). As used herein, an “agricultural chemical” is any 
chemical used in the context of agriculture. 
[0064] “Herbicide-tolerant” or “tolerant” or “crop toler 
ance” in the context of herbicide or other chemical treatment 
as used herein means that a plant or other organism treated 
with a particular herbicide or class or subclass of herbicide or 
other chemical or class or subclass of other chemical will 
show no signi?cant damage or less damage following that 
treatment in comparison to an appropriate control plant. A 
plant may be naturally tolerant to a particular herbicide or 
chemical, or a plant may be herbicide-tolerant as a result of 
human intervention such as, for example, breeding or genetic 
engineering. An “herbicide-tolerance polypeptide” is a 
polypeptide that confers herbicide tolerance on a plant or 
other organism expressing it (i.e., that makes a plant or other 
organism herbicide-tolerant), and an “herbicide-tolerance 
polynucleotide” is a polynucleotide that encodes a herbicide 
tolerance polypeptide. For example, a sulfonylurea tolerant 
polypeptide is one that confers tolerance to sulfonylurea her 
bicides on a plant or other organism that expresses it, an 
imidaZolinone tolerant polypeptide is one that confers toler 
ance to imidaZolinone herbicides on a plant or other organism 
that expresses it; and a glyphosate tolerant polypeptide is one 
that confers tolerance to glyphosate on a plant or other organ 
ism that expresses it. 
[0065] Thus, a plant is tolerant to a herbicide or other 
chemical if it shows damage in comparison to an appropriate 
control plant that is less than the damage exhibited by the 
control plant by at least 5%, 10%, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
90%, 100%, 150%, 200%, 250%, 300%, 400%, 500%, 600%, 
700%, 800%, 900%, or 1000% or more. In this manner, a 
plant that is tolerant to a herbicide or other chemical shows 
“improved tolerance” in comparison to an appropriate control 
plant. Damage resulting from herbicide or other chemical 
treatment is assessed by evaluating any parameter of plant 
growth or well-being deemed suitable by one of skill in the 
art. Damage can be assessed by visual inspection and/or by 
statistical analysis of suitable parameters of individual plants 
or of a group of plants. Thus, damage may be assessed by 
evaluating, for example, parameters such as plant height, 
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plant weight, leaf color, leaf length, ?owering, fertility, silk 
ing, yield, seed production, and the like. Damage may also be 
assessed by evaluating the time elapsed to a particular stage of 
development (e.g., silking, ?owering, or pollen shed) or the 
time elapsed until a plant has recovered from treatment with 
a particular chemical and/ or herbicide. 

[0066] In making such assessments, particular values may 
be assigned to particular degrees of damage so that statistical 
analysis or quantitative comparisons may be made. The use of 
ranges of values to describe particular degrees of damage is 
known in the art, and any suitable range or scale may be used. 
For example, herbicide injury scores (also called tolerance 
scores) can be assigned as illustrated in Example 1 using the 
scale set forth in Table 7. In this scale, a rating of 9 indicates 
that a herbicide treatment had no effect on a crop, i.e., that no 
crop reduction or injury was ob served following the herbicide 
treatment. Thus, in this scale, a rating of 9 indicates that the 
crop exhibited no damage from the herbicide and therefore 
that the crop is tolerant to the herbicide. As indicated above, 
herbicide tolerance is also indicated by other ratings in this 
scale where an appropriate control plant exhibits a lower 
score on the scale, or where a group of appropriate control 
plants exhibits a statistically lower score in response to a 
herbicide treatment than a group of subject plants. 
[0067] Damage caused by a herbicide or other chemical can 
be assessed at various times after a plant has been treated with 
a herbicide. Often, damage is assessed at about the time that 
the control plant exhibits maximum damage. Sometimes, 
damage is assessed after a period of time in which a control 
plant that was not treated with herbicide or other chemical has 
measurably grown and/ or developed in comparison to the siZe 
or stage at which the treatment was administered. Damage 
can be assessed at various times, for example, at 12 hours or 
at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 days, orthreeweeks, 
four weeks, or longer after the test plant was treated with 
herbicide. Any time of assessment is suitable as long as it 
permits detection of a difference in response to a treatment of 
test and control plants. 
[0068] A herbicide does not “signi?cantly damage” a plant 
when it either has no effect on a plant or when it has some 
effect on a plant from which the plant later recovers, or when 
it has an effect which is detrimental but which is offset, for 
example, by the impact of the particular herbicide on weeds. 
Thus, for example, a crop plant is not “signi?cantly damaged 
by” a herbicide or other treatment if it exhibits less than 50%, 
40%, 30%, 25%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 
3%, 2%, or 1% decrease in at least one suitable parameter that 
is indicative of plant health and/ or productivity in comparison 
to an appropriate control plant (e.g., an untreated crop plant). 
Suitable parameters that are indicative of plant health and/or 
productivity include, for example, plant height, plant weight, 
leaf length, time elapsed to a particular stage of development, 
?owering, yield, seed production, and the like. The evaluation 
of a parameter can be by visual inspection and/ or by statistical 
analysis of any suitable parameter. Comparison may be made 
by visual inspection and/or by statistical analysis. Accord 
ingly, a crop plant is not “signi?cantly damaged by” a herbi 
cide or other treatment if it exhibits a decrease in at least one 
parameter but that decrease is temporary in nature and the 
plant recovers fully within 1 week, 2 weeks, 3 weeks, 4 
weeks, or 6 weeks. 

[0069] Conversely, a plant is signi?cantly damaged by a 
herbicide or other treatment if it exhibits more than a 50%, 

60%, 70%, 80%, 90%, 100%, 110%, 120%, 150%, 170% 
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decrease in at least one suitable parameter that is indicative of 
plant health and/or productivity in comparison to an appro 
priate control plant (e.g., an untreated Weed of the same 
species). Thus, a plant is signi?cantly damaged if it exhibits a 
decrease in at least one parameter and the plant does not 
recover fully Within 1 Week, 2 Weeks, 3 Weeks, 4 Weeks, or 6 
Weeks. 

[0070] Damage resulting from a herbicide or other chemi 
cal treatment of a plant can be assessed by visual inspection 
by one of skill in the art and can be evaluated by statistical 
analysis of suitable parameters. The plant being evaluated is 
referred to as the “test plant.” Typically, an appropriate con 
trol plant is one that expresses the same herbicide-tolerance 
polypeptide(s) as the plant being evaluated for herbicide tol 
erance (i.e., the “test plant”) but that has not been treated With 
herbicide. For example, in evaluating a herbicide-tolerant 
plant of the invention that confers tolerance to glypho sate and 
an ALS inhibitor, an appropriate control plant Would be a 
plant that expresses each of these sequence but is not treated 
With the herbicide. In some circumstances, the control plant is 
one that that has been subjected to the same herbicide treat 
ment as the plant being evaluated (i.e., the test plant) but that 
does not express the enZyme intended to provide tolerance to 
the herbicide of interest in the test plant. One of skill in the art 
Will be able to design, perform, and evaluate a suitable con 
trolled experiment to assess the herbicide tolerance of a plant 
of interest, including the selection of appropriate test plants, 
control plants, and treatments. 

[0071] Thus, as used herein, a “test plant or plant cell” is 
one in Which genetic alteration has been effected as to at least 
one gene of interest, or is a plant or plant cell Which is 
descended from a plant or cell so altered and Which comprises 
the alteration. A genetic alteration may be introduced into the 
plant by breeding or by transformation. “Genetic alteration” 
is intended to mean a gene or mutation thereof Which confers 
a phenotype on the plant that differs from the phenotype of a 
plant that does not contain the genetic alteration. 
[0072] A “control” or “control plant” or “control plant cell” 
provides a reference point for measuring changes in pheno 
type of the subject plant or plant cell, and may be any suitable 
plant or plant cell. A control plant or plant cell may comprise, 
for example: (a) a Wild-type plant or cell, i.e., of the same 
genotype as the starting material for the genetic alteration 
Which resulted in the subject plant or cell; (b) a plant or plant 
cell of the same genotype as the starting material but Which 
has been transformed With a null construct (i.e., With a con 
struct Which has no knoWn effect on the trait of interest, such 
as a construct comprising a marker gene); (c) a plant or plant 
cell Which is a non-transformed segregant among progeny of 
a subject plant or plant cell; (d) a plant or plant cell Which is 
genetically identical to the subject plant or plant cell but 
Which is not exposed to the same treatment (e.g., herbicide 
treatment) as the subject plant or plant cell; (e) the subject 
plant or plant cell itself, under conditions in Which the gene of 
interest is not expressed; or (f) the subject plant or plant cell 
itself, under conditions in Which it has not been exposed to a 
particular treatment such as, for example, a herbicide or com 
bination of herbicides and/or other chemicals. In some 
instances, an appropriate control plant or control plant cell 
may have a different genotype from the subject plant or plant 
cell but may share the herbicide-sensitive characteristics of 
the starting material for the genetic alteration(s) Which 
resulted in the subject plant or cell (see, e.g., Green (1998) 
Weed Technology 12: 474-477; Green and Ulrich (1993) Weed 
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Science 41: 508-516). In some instances, an appropriate con 
trol maiZe plant comprises a NK603 event (Nielson et al. 
(2004) European Food Research and Technology 2191421 
427 and Ridley et al. (2002) Journal of A gricullure and Food 
Chemistry 50: 7235-7243), an elite stiff stalk inbred plant, a 
P3162 plant (Pioneer Hi-Bred International), a 39T66 plant 
(Pioneer Hi-Bred International), or a 34M91 plant (Pioneer 
Hi-Bred International). In some instances, an appropriate 
control soybean plant is a “Jack” soybean plant (Illinois 
Foundation Seed, Champaign, Ill.). 
[0073] Plants of the invention express a polypeptide that 
confers tolerance to glyphosate and at least one other 
polypeptide that confers tolerance to an ALS inhibitor. A 
plant of the invention shoWs at least one improved property 
relative to an appropriate control plant, such as, for example, 
improved herbicide tolerance, reduced lodging, increased 
height, reduced time to maturity, and improved yield. A plant 
has an improved property When it exhibits a statistically sig 
ni?cant difference from an appropriate control plant Wherein 
that difference is in a direction that represents an improve 
ment over the control plant. For example, a plant has an 
improved property When it exhibits an increase in yield that is 
statistically signi?cant in comparison to a control plant, and/ 
or When it exhibits a decrease in damage resulting from treat 
ment With a herbicide. Techniques for such assessments are 
knoWn in the art. Any suitable statistical analysis may be 
used, such as, for example, an ANOVA (available as a com 
mercial package from SAS Institute, Inc., 100 SAS Campus 
Drive, Cary, NC.) 
[0074] f. Plants 
[0075] As used herein, the term “plant” includes plant cells, 
plant protoplasts, plant cell tissue cultures from Which plants 
can be regenerated, plant calli, plant clumps, explants, and 
plant cells that are intact in plants or parts of plants such as 
embryos, pollen, ovules, seeds, leaves, ?oWers, branches, 
fruit, kernels, ears, cobs, husks, stalks, roots, root tips, 
anthers, and the like. Grain is intended to mean the mature 
seed produced by commercial groWers for purposes other 
than groWing or reproducing the species. Progeny, variants, 
and mutants of the regenerated plants are also included Within 
the scope of the invention, provided that these parts comprise 
the introduced polynucleotides. Thus, the invention provides 
transgenic seeds produced by the plants of the invention. 
[0076] The present invention may be used for transforma 
tion of any plant species, including, but not limited to, mono 
cots and dicots. Examples of plant species of interest include, 
but are not limited to, corn (Zea mays, also referred to herein 
as “maiZe”), Brassica spp. (e.g., B. napus, B. rapa, B. juncea), 
particularly those Brassica species useful as sources of seed 
oil (also referred to as “canola”), ?ax (Linum spp.), alfalfa 
(Medicago saliva), rice (Oryza saliva), rye (Secale cereale), 
sorghum (Sorghum bicolor, Sorghum vulgare), millet (e.g., 
pearl millet (Penniselum glaucum), proso millet (Panicum 
miliaceum), foxtail millet (Selaria ilalica), ?nger millet 
(Eleusine coracana)), sun?oWer (Helianlhus annuus), saf 
?oWer (Carlhamus Zinclorius), Wheat (Trilicum aeslivum), 
soybean (Glycine max), tobacco (Nicoliana Zabacum), potato 
(Solanum Zuberosum), peanuts (Arachis hypogaea), cotton 
(Gossypium barbadense, Gossypium hirsulum), sWeet potato 
(Ipomoea balalus), cassava (Manihol esculenla), coffee (Cofl 
fea spp.), coconut (Cocos nucifera), pineapple (Ananas 
comosus), citrus trees (Citrus spp.), cocoa (T heobroma 
cacao), tea (Camellia sinensis), banana (Musa spp.), avocado 
(Persea americana), ?g (Ficus casica), guava (Psidium gua 
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java), mango (Mangifera indica), olive (Olea europaea), 
papaya (Carica papaya), cashew (Anacardium occidenlale), 
macadamia (Macadamia inlegrifolia), almond (Prunus 
amygdalus), sugar beets (Bela vulgaris), sugarcane (Saccha 
rum spp.), oats, barley, vegetables, fruits, ornamentals (?ow 
ers), sugar cane, conifers, Arabidopsis. 
[0077] Vegetables include tomatoes (Lycopersicon escu 
lenlum), lettuce (e.g., Lacluca saliva), green beans (Phaseo 
lus vulgaris), lima beans (Phaseolus limensis), peas 
(Lalhyrus spp.), and members of the genus Cucumis such as 
cucumber (C. salivus), cantaloupe (C. canlalupensis), and 
musk melon (C. melo). Ornamentals include aZalea (Rhodo 
dendron spp.), hydrangea (Macrophylla hydrangea), hibiscus 
(Hibiscus rosasanensis), roses (Rosa spp.), tulips (Tulipa 
spp.), daffodils (Narcissus spp.), petunias (Petunia hybrida), 
carnation (Dianlhus caryophyllus), poinsettia (Euphorbia 
pulcherrima), and chrysanthemum. 
[0078] Any tree can also be employed. Conifers that may be 
employed in practicing the present invention include, for 
example, pines such as loblolly pine (Pinus Zaeda), slash pine 
(Pinus ellioli i), ponderosa pine (Pinusponderosa), lodgepole 
pine (Pinus conlorla), and Monterey pine (Pinus radiala); 
Douglas-?r (Pseudolsuga menziesii); Western hemlock 
(Tsuga canadensis); Sitka spruce (Picea glauca); redwood 
(Sequoia sempervirens); true ?rs such as silver ?r (Abies 
amabilis) andbalsam ?r (Abies balsamea); and cedars such as 
Western red cedar (T huja plicala) and Alaska yellow-cedar 
(Chamaecyparis noolkalensis). Hardwood trees can also be 
employed including ash, aspen, beech, basswood, birch, 
black cherry, black walnut, buckeye, American chestnut, cot 
tonwood, dogwood, elm, hackberry, hickory, holly, locust, 
magnolia, maple, oak, poplar, red alder, redbud, royal pau 
lownia, sassafras, sweetgum, sycamore, tupelo, willow, yel 
low-poplar. 
[0079] In speci?c embodiments, plants of the present 
invention are crop plants (for example, corn (also referred to 
as “maiZe”), alfalfa, sun?ower, Brassica, soybean, cotton, 
saf?ower, peanut, sorghum, wheat, millet, tobacco, etc.). 
[0080] Other plants of interest include grain plants that 
provide seeds of interest, oil-seed plants, and leguminous 
plants. Seeds of interest include grain seeds, such as corn, 
wheat, barley, rice, sorghum, rye, etc. Oil-seed plants include 
cotton, soybean, sa?lower, sun?ower, Brassica, maiZe, 
alfalfa, palm, coconut, etc. Leguminous plants include beans 
and peas. Beans include guar, locust bean, fenugreek, soy 
bean, garden beans, cowpea, mungbean, lima bean, fava bean, 
lentils, chickpea, etc. 
[0081] Other plants of interest include Turfgrasses such as, 
for example, turfgrasses from the genus Poa, Agroslis, Fes 
Zuca, Lolium, and Zoysia. Additional turfgrasses can come 
from the subfamily Panicoideae. Turfgrasses can further 
include, but are not limited to, Blue gramma (Bouleloua 
gracilis (H.B.K.) Lag. Ex Grif?ths); Buffalograss (Buchloe 
daclyloids (Nutt.) Engelm.); Slender creeping red fescue 
(Fesluca rubra ssp. Liloralis); Red fescue (Fesluca rubra); 
Colonial bentgrass (Agroslis Zenuis Sibth.); Creeping bent 
grass (Agroslis paluslris Huds.); Fairway wheatgrass (Agro 
pyron crislalum (L.) Gaertn.); Hard fescue (Fesluca longi o 
lia Thuill.); Kentucky bluegrass (Poa pralensis L.); Perennial 
ryegrass (Lolium perenne L.); Rough bluegrass (Poa Zrivialis 
L.); Sideoats grama (Bouleloua curlipendula Michx. Torr.); 
Smooth bromegrass (Bromus inermis Leyss.); Tall fescue 
(Fesluca arundinacea Schreb.);Annual bluegrass (Poa annua 
L.); Annual ryegrass (Lolium mulli?orum Lam.); Redtop 
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(Agroslis alba L.); Japanese lawn grass (Zoysia japonica); 
bermudagrass (Cynodon daclylon; Cynodon spp. L.C. Rich; 
Cynodon Zransvaalensis); Seashore paspalum (Paspalum 
vaginalum SwartZ); Zoysiagrass (Zoysia spp. Willd; Zoysia 
japonica and Z. malrella var. malrella); Bahiagrass 
(Paspalum nolalum Flugge); Carpetgrass (Axonopus a?inis 
Chase); Centipedegrass (Eremochloa ophiuroides Munro 
Hack.); Kikuyugrass (Penniselum clandesinum Hochst Ex 
Chiov); Browntop bent (Agroslis Zenuis also known as A. 
capillaris); Velvet bent (A groslis canina); Perennial ryegrass 
(Lolium perenne); and, St. Augustinegrass (Slenolaphrum 
secundalum Walt. KuntZe). Additional grasses of interest 
include switchgrass (Panicum virgalum). 
[0082] g. Stacking of Traits and Additional Traits of Inter 
est 

[0083] In some embodiments, the polynucleotide confer 
ring the glypho sate tolerance and the ALS inhibitor tolerance 
in the plants of the invention are engineered into a molecular 
stack. In other embodiments, the molecular stack further 
comprises at least one additional polynucleotide that confers 
tolerance to a 3rd herbicide. Such sequences are disclosed 
elsewhere in herein. In one embodiment, the sequence con 
fers tolerance to glufosinate, and 2 in a speci?c embodiment, 
the sequence comprises pat. 
[0084] In other embodiments, the glyphosate/ALS inhibi 
tor-tolerant plants of the invention comprise one or more trait 
of interest, and in more speci?c embodiments, the plant is 
stacked with any combination of polynucleotide sequences of 
interest in order to create plants with a desired combination of 
traits. A trait, as used herein, refers to the phenotype derived 
from a particular sequence or groups of sequences. For 
example, herbicide-tolerance polynucleotides may be 
stacked with any other polynucleotides encoding polypep 
tides having pesticidal and/or insecticidal activity, such as 
Bacillus Zhuringiensis toxic proteins (described in US. Pat. 
Nos. 5,366,892; 5,747,450; 5,737,514; 5,723,756; 5,593,881; 
Geiser et al. (1986) Gene 48: 109; Lee et al. (2003) Appl. 
Environ. Microbiol. 69: 4648-4657 (Vip3A); GalitZky et al. 
(2001) Acla Crystallogr. D. Biol. Crystallogr. 57: 1101-1109 
(Cry3Bbl); and Herman et al. (2004) .1. A gric. Food Chem. 52: 
2726-2734 (Cry1F)), lectins (Van Damme et al. (1994) Plant 
Mol. Biol. 24: 825, pentin (described in US. Pat. No. 5,981, 
722), and the like. The combinations generated can also 
include multiple copies of any one of the polynucleotides of 
interest. 

[0085] In some embodiments, herbicide-tolerance poly 
nucleotides of the glyphosate/ALS inhibitor-tolerant plants 
(i.e., such as plant comprising GAT and HRA) may be stacked 
with other herbicide-tolerance traits to create a transgenic 
plant of the invention with further improved properties. Other 
herbicide-tolerance polynucleotides that could be used in 
such embodiments include those conferring tolerance to gly 
phosate or to ALS inhibitors by other modes of action, such 
as, for example, a gene that encodes a glyphosate oxido 
reductase enZyme as described more fully in US. Pat. Nos. 
5,776,760 and 5,463,175. Other traits that could be combined 
with herbicide-tolerance polynucleotides of the glyphosate/ 
ALS inhibitor-tolerant plants (i.e., such as GAT and HRA 
sequence) include those derived from polynucleotides that 
confer on the plant the capacity to produce a higher level of 
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), for 
example, as more fully described in US. Pat. Nos. 6,248,876 
B1; 5,627,061; 5,804,425; 5,633,435; 5,145,783; 4,971,908; 
5,312,910; 5,188,642; 4,940,835; 5,866,775; 6,225,114 B1; 
































































































































































































































































