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(57) ABSTRACT 
A plant comprising SEQ. ID. NO. 2 or a functional portion 
thereof, Wherein SEQ ID NO. 2 is not native to said plant. A 
glyphosate resistant grass of economic value comprises a 
nucleic acid molecule that encodes a EPSPS enzyme. In some 
embodiments, the nucleic acid molecule comprises a 
sequence of SEQ. ID. NO. 1, or a functional portion thereof. 
In some embodiments, the EPSPS enzyme can be a polypep 
tide molecule comprising an amino acid sequence that is 
essentially of SEQ. ID. NO. 2, or portion thereof. Embodi 
ments include a DNA construct comprising a SEQ. ID. NO. 1 
or a functional portion thereof and transgenic methods for 
inserting the DNA construct into a plant. Some embodiments 
include non-transgenic glyphosate resistant turfgrasses. 
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GLYPHOSATE RESISTANT 
S-ENOLPYRUVYLSHIKIMATE-3-PHOSPHATE 

(EPSP) SYNTHASE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 13/046,424 ?led on Mar. 11, 2011,Which 
is a divisional application of US. patent application Ser. No. 
11/656,817 ?led on Jan. 23, 2007, now US. Pat. No. 7,906, 
709 issued Mar. 15, 2011, Which claims the bene?t of US. 
Provisional Application No. 60/761,216 ?led on Jan. 23, 
2006 and US. Provisional Application No. 60/761,710 ?led 
on Jan. 23, 2006. The disclosures of the above applications 
are incorporated herein by reference. 

REFERENCE TO A SEQUENCE LISTING 

[0002] The material in the ASCII text ?le entitled “Penner 
Seq List.txt” is hereby incorporated by reference in its 
entirety. The ASCII text ?le entitled “Penner Seq List.txt” 
Was created on Feb. 20, 2013 and the siZe is 31,000 bytes. 

INTRODUCTION 

[0003] Glyphosate, N-(phosphonomethyl)glycine, is the 
World’s most Widely used herbicide. It is sold commercially 
under such names as RoundUp® and TouchdoWn®. Glypho 
sate is a foliar non-selective herbicide and has no activity in 
the soil. Glyphosate can be used pre-plant to control emerged 
Weeds in a no-tillage planting system or post-emergence by 
spot and direct application to control an extensive range of 
Weeds, as Well as to control Weeds in glyphosate resistant 
crops such as, for example, soybeans, corn, canola, and cot 
ton. Typically, glyphosate resistant crops are designed using 
genetic engineering. Naturally occurring glyphosate resistant 
plants are very rare and such rare plants are typically Weed 
varieties. There is a need for more glyphosate resistant crop 
and ornamental plants and, especially, glyphosate resistant 
turf and forage grasses. 

SUMMARY 

[0004] The present disclosure provides various embodi 
ments of technology regarding plants having resistance to 
glyphosate. Various embodiments relate, for example, to 
grasses having economic value and other plants that comprise 
genetic material comprising certain amino acid sequences, 
comprise certain enZymes, are bred using certain non-trans 
genic methods, comprise aspects of certain deposited germ 
plasm, or are produced using transgenic methods. 
[0005] For example, the present disclosure provides a plant 
comprising a polypeptide molecule of a glyphosate resistant 
EPSPS enzyme, the polypeptide molecule comprising an 
amino acid sequence of SEQ. ID. NO. 2, or a functional 
portion thereof. In some embodiments, the EPSPS enZyme is 
not natural to the plant. SEQ. ID. NO. 2 or functional portion 
thereof can be encoded by a nucleic acid sequence compris 
ing SEQ. ID. NO. 1 or a functional portion thereof. In some 
embodiments, the polypeptide molecule has about 80% or 
greater identity With SEQ. ID. NO. 2. In some embodiments, 
the nucleic acid sequence has about 93% or greater identity 
With SEQ. ID. NO. 1. 
[0006] The present disclosure also provides a glyphosate 
resistant grass of economic value comprising a nucleic acid 
molecule that encodes a EPSPS enZyme. In some embodi 
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ments, the nucleic acid molecule comprises a sequence of 
SEQ. ID. NO. 1, or a functional portion thereof. In various 
embodiments, the nucleic acid molecule has greater than 97% 
identity With SEQ. ID. NO. 1. In some embodiments, the 
EPSPS enZyme can be a polypeptide molecule comprising an 
amino acid sequence that is essentially of SEQ. ID. NO. 2, or 
portion thereof. 
[0007] The present disclosure also provides a glyphosate 
resistant plant comprising a non-transgenic glyphosate-resis 
tant Lolium rigidum germplasm. In some embodiments, the 
present disclosure provides germplasm deposited in the 
ATCC as Penner ryegrass PTA-8157 deposited on Jan. 19, 
2007. In some embodiments the germplasm comprises a 
nucleic acid molecule of SEQ. ID. NO. 1, or a functional 
portion thereof. The germplasm can comprise a polypeptide 
molecule of a glyphosate resistant plant EPSPS enzyme. In 
some embodiments, the germplasm comprises a polypeptide 
molecule comprising an amino acid sequence of SEQ. ID. 
NO. 2, or a functional portion thereof. In some embodiments, 
the germplasm comprises tWo different glyphosate resistant 
genes. In some embodiments, the germplasm comprises at 
least one glyphosate resistant protein. The germplasm can be 
used in a breeding program or crossed With a sexually com 
patible plant. 
[0008] In various embodiments, the present invention pro 
vides grasses or other plants that are in a golf course fairWay, 
a golf course rough, a golf course tee box, a laWn, an athletic 
?eld, a park, a roadside, a right of Way for a utility or a railWay, 
a trail, seed, or sod. In various embodiments, such plants are 
plants of economic value, including glyphosate resistant turf 
grass. The turfgrass can be, for example, selected from 
ryegrass, fescue, combinations thereof, and hybrids thereof. 
In some embodiments, the present disclosure provides gly 
phosate resistant forage grass. In some embodiments, the 
present disclosure provides glyphosate resistant cereal crops 
such as rye and Wheat. 

[0009] The present disclosure also provides seed of glypho 
sate resistant plants, as Well as the mixtures comprising such 
seed. The present disclosure further provides progeny, veg 
etative sprigs, tillers, tissues cultures, cell protoplast, clones, 
and/or germplasm of the plants. 
[0010] The present disclosure further provides methods for 
creating a laWn that is substantially free of a Weed variety to 
Which the laWn is susceptible. The method includes providing 
a laWn comprising a non-transgenic glyphosate resistant 
perennial turf grass and applying to the laWn a herbicidally 
amount of a glyphosate compound. 

DRAWINGS 

[0011] The skilled artisan Will understand that the draW 
ings, described herein, are for illustration purposes only. The 
draWings are not intended to limit the scope of the present 
disclosure in any Way. 

[0012] FIG. 1 is a graph illustrating a dose response curve 
for plant injury of resistant, sensitive, and intermediate Cali 
fornia rigid ryegrass; 
[0013] FIG. 2 illustrates a scheme of 5'/3' Random Ampli 
?cation cDNA End Polymerase Chain Reaction (RACE 
PCR) of an EPSPS gene from rigid ryegrass; 

[0014] FIG. 3 is a graph illustrating EPSPS activity of gly 
phosate resistant (R) and sensitive (S) biotypes of the Cali 
fornia rigid ryegrass in the presence of glyphosate; 



US 2013/0157340 A1 

[0015] FIG. 4 is a graph illustrating the distribution of gly 
phosate resistant classes in a P2 population of plants from a 
cross betWeen perennial ryegrass and glyphosate resistant 
rigid ryegrass; 
[0016] FIG. 5 is a graph illustrating the distribution of gly 
phosate resistant classes in a single Fzbcl population of 371 
plants derived from a backcross betWeen a glyphosate resis 
tant F2 hybrid plant With a sensitive perennial ryegrass; 
[0017] FIG. 6 is a graph illustrating a glyphosate sensitivity 
of the resistant (R) clone from F2bcl hybrid 3 and 4 WAT With 
glyphosate; and 
[0018] FIG. 7 is a graph illustrating the results of expres 
sion Agrobaclerium Zumefaciens transformed With the gly 
phosate-resistant EPSPS clone (B) and Wild-type Agrobac 
Zerium Zumefaciens (<>) after groWth in the presence of 
glyphosate for 48 hours. 
[0019] FIG. 8 illustrates a hybridiZation scheme betWeen 
perennial ryegrass (Lolium perenne) and glyphosate resistant 
rigid ryegrass (L. rigidum) from California. 

DETAILED DESCRIPTION 

[0020] The folloWing description of technology is merely 
exemplary in nature of the subject matter, manufacture and 
use of one or more inventions, and is not intended to limit the 
scope, application, or uses of any speci?c invention claimed 
in this application or in such other applications as may be ?led 
claiming priority to this application, or patents issuing there 
from. The folloWing de?nitions and non-limiting guidelines 
must be considered in revieWing the description of the tech 
nology set forth herein. In particular, although the present 
disclosure Will be discussed in some embodiments as relating 
to glyphosate resistance in grasses, as Well as plant-derived 
5-enolpyruvylshikimate-3-phosphate synthase (“EPSPS”) 
enZymes, such discussion should not be regarded as limiting 
the present disclosure to only such applications. 
[0021] The headings (such as “Introduction” and “Sum 
mary”) and sub-headings used herein are intended only for 
general organiZation of topics Within the present disclosure, 
and are not intended to limit the disclosure of the technology 
or any aspect thereof. In particular, subject matter disclosed in 
the “Introduction” may include novel technology and may not 
constitute a recitation of prior art. Subject matter disclosed in 
the “Summary” is not an exhaustive or complete disclosure of 
the entire scope of the technology or any embodiments 
thereof. Classi?cation or discussion of a material Within a 
section of this speci?cation as having a particular utility is 
made for convenience, and no inference should be draWn that 
the material must necessarily or solely function in accordance 
With its classi?cation herein When it is used in any given 
composition. 
[0022] The citation of references herein does not constitute 
an admission that those references are prior art or have any 
relevance to the patentability of the technology disclosed 
herein. All references cited in the “Description” section of 
this speci?cation are hereby incorporated by reference in 
their entirety, for all purposes. In the event that one or more of 
the incorporated references, literature, and similar materials 
differs from or contradicts this application, including but not 
limited to de?ned terms, term usage, described techniques, or 
the like, this application controls. 
[0023] The description and speci?c examples, While indi 
cating embodiments of the technology, are intended for pur 
poses of illustration only and are not intended to limit the 
scope of the technology. Moreover, recitation of multiple 
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embodiments having stated features is not intended to 
exclude other embodiments having additional features, or 
other embodiments incorporating different combinations of 
the stated features. Speci?c examples are provided for illus 
trative purposes of hoW to make and use the compositions and 
methods of this technology and, unless explicitly stated oth 
erWise, are not intended to be a representation that given 
embodiments of this technology have, or have not, been made 
or tested. 

[0024] The present technology provides glyphosate-resis 
tant plants. The term “glyphosate” as used herein refers to 
N-phosphonomethylglycine and its salts. Glyphosate is the 
active ingredient of RoundUp® herbicide (Monsanto Co.). 
The term “resistant” as used herein refers to a reduced toxic 
effect of glyphosate on the groWth and development of plants. 
[0025] In susceptible plant species, glyphosate inhibits bio 
synthesis of the aromatic amino acids tryptophan, tyrosine, 
and phenylalanine. In the shikimate pathWay, glyphosate 
competes With substrate phosphoenol pyruvate, PEP, for 
binding site of 5-enolpyruvylshikimate-3-phosphate syn 
thase (EPSPS; EC. 2.5.1.19). Glyphosate is the only herbi 
cide knoWn to inhibit EPSPS. Metabolism of glyphosate in 
higher plants is very limited and not Well understood. Gly 
phosate may not be readily metaboliZed if applied at phyto 
toxic rates. It has been reported that glyphosate metabolism to 
aminomethylphosonic acid (“AMPA”) is sloW. 
[0026] After glyphosate use for more than 30 years, some 
species of Weeds resistant to glyphosate have been reported in 
several countries. Glyphosate resistance has been reported for 
rigid ryegrass (Lolium rigidum Gaud.) in Australia and Cali 
fornia, USA; for goosegrass (Eleusine indica) in Malaysia; 
for horseWeed (Conyza canadensis) in DelaWare, USA; for 
Italian ryegrass (Lolium mulli?orum) in Chile; for hairy ?ea 
bane (Conyza bonariensis) and for buckhorn plantain (Plan 
Zago lanceolala) in South Africa. The inheritance of glypho 
sate resistance has been studied in goosegrass from Malaysia, 
rigid ryegrass from Australia and horseWeed in the USA. 
These studies concluded that the inheritance of glyphosate 
resistance Was nuclear controlled by a single semi-dominant 
gene. HoWever, it has been reported that multiple genes are 
responsible for glypho sate resistance in another population of 
rigid ryegrass from Australia. 
[0027] The present disclosure provides various methods for 
producing plants having resistance to glyphosate. Embodi 
ments include non-transgenic methods, transgenic methods, 
and methods using certain deposited material as further 
described herein. 

[0028] The present disclosure provides glyphosate-resis 
tant plants, including plants comprising a glyphosate resistant 
EPSPS enZyme that is not naturally occurring in such plants, 
or genetic material not naturally occurring in such plants that 
encodes a glyphosate resistant EPSPS enZyme. The term 
“plant” as used herein encompasses any higher plant and 
progeny thereof, including monocots such as, for example, 
grass, corn, rice, Wheat, barley, etc.; dicots such as, for 
example, soybean, cotton, tomato, potato, Arabidopsis, 
tobacco, etc.; gymnosperms such as, for example, pines, ?rs, 
cedars, etc.; fruit such as, for example straWberries, blueber 
ries, cherries, apples, pears, peaches, oranges and other citrus, 
grapes, etc.; and ger'mplasm and other parts of such plants, 
including reproductive units of a plant such as, for example, 
seeds, bulbs, tubers, pollen, spores, corms, rhiZomes, cut 
tings, sprigs, tillers, grafts, buds, cones, seedpods, clones, 
embryos, tissue cultures, endosperrn, ovules, cuticles, mer 
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istems, ?owers and other parts or tissues from Which the plant 
can be reproduced. In various embodiments, the plant is an 
“ornamental plant” species or cultivar that is groWn for its 
beauty in its end use, rather than having a value at harvest or 
as forage, in for example a garden, a park, or as a feature in a 
landscape design. For example, a homeoWner may groW orna 
mental plants to beautify a home area, or a ?oWer garden for 
cut ?oWers or for simple enjoyment. Ornamental plants 
include houseplants and plants used in outdoor gardening or 
landscaping, such as for example shrubs, ?oWers, evergreens, 
?oWering trees, and grasses. In some embodiments, such 
plants include cereals, legumes, forage crops, oilseed crops, 
?ber crops, vegetable crops, grasses, turf grasses, sugarcane, 
sugarbeet, tobacco, forest trees, fruit trees, fruit bushes, orna 
mental annuals, ornamental perennials and the like. 

[0029] In some embodiments, the present technology pro 
vides grasses of economic value. The term “a grass of eco 
nomic value” as used herein refers to a plant from the family 
Gramineae having an economic value (typically measured in 
monetary units) in a marketplace for at least one of its seed, 
sod, harvest, or forage. Examples of a grass of economic 
value include but are not limited to turfgrasses, forage 
grasses, Wheat, rye (the cereal), rice, corn, bamboo, and orna 
mental grasses. In some embodiments, the present disclosure 
provides glyphosate resistant cereal crops such as rye, triti 
cale and Wheat. The present disclosure further provides gly 
phosate resistant forage grass. In some embodiments, the 
plant is a glyphosate resistant turf grass. A “turfgrass” is a 
grass When regularly moWed forms a dense groWth of leaf 
blades and roots. Turfgrass is a major agricultural crop that 
covers over 50 million acres annually and is the only crop that 
increases With urban development. Examples of turfgrass 
include but are not limited to ryegrass, bent grass, Zyosua, 
fescue, bluegrass, festolium, and bermudagrass. In various 
embodiments, the turf grass is a rye grass, a blue grass, a 
fescue, festolium, combinations thereof, hybrids thereof and 
derivatives thereof. A glyphosate resistant turf grass may be 
created by a method of this invention and then bred into other 
turf grass for economically desirable traits. Turfgrass can be 
found on, for example but not limited to, golf courses, on 
athletic ?elds, in parks, in laWns, on school grounds, road 
sides, right of Ways, under poWer lines, on trails, and maybe 
sold as seed or as sod. In various embodiments, the present 
disclosure provides grasses or other plants that are in a golf 
course fairWay, a golf course rough, a golf course tee box, a 
laWn, an athletic ?eld, a park, a roadside, a right of Way for a 
utility or a railWay, a trail, seed, or sod. In various embodi 
ments, the present technology provides a “laWn” comprising 
a stand of grass having desirable, largely ornamental, features 
that may be planted by seed, sod or other method or main 
tained for commercial, residential or other purposes. In some 
embodiments, the laWn may be a golf course fairWay, a golf 
course rough, a golf green, an athletic ?eld, a park, a residen 
tial yard, or a commercial landscape. 

[0030] It is understood that not all of said plants may be 
obtained using all methods described herein. The selection of 
one or more of such methods for making a given plant of the 
present technology is, hoWever, Within the skill of one of 
ordinary skill in the art. Moreover, While production of a 
given plant may be speci?cally described herein in context of 
a given method, it is contemplated that such plants may be 
made by other methods, and that other plants may be made by 
such methods. 
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Non Transgenic Glyphosate Resistant Plants and Methods of 
Making 
[0031] The present technology provides in various embodi 
ments, non-transgenic glyphosate-resistant plants. As 
referred to herein, the term “non-transgenic” refers to plants 
derived from other plants to obtain glyphosate resistant char 
acteristics using breeding or similar techniques not including 
genetic transformation, i.e., such that the plant does not con 
taining a transgene. Such plants are generally not considered 
to be a genetically modi?ed organism (“GMO”). It is under 
stood, hoWever, that such plants may have characteristics that 
are essentially identical to transgenic plants, or may be non 
trans genically derived from plants that are trans genically pro 
duced for purposes other than obtaining glyphosate resis 
tance. In some embodiments, such plants may be hybrids. The 
term “hybrid” as used herein refers to seed or plants produced 
as the result of inter-species fertilization as opposed to seed 
produced as the result of fertilization of a female gamete by a 
male gamete from the same species. The term “transforma 
tion” as used herein refers to a process of introducing an 
exogenous nucleic acid sequence (such as, for example, a 
vector, recombinant nucleic acid molecule) into a cell or 
protoplast so that exogenous nucleic acid is incorporated into 
a chromosome orplastid genome or is capable of autonomous 
replication. The terms “transformed” or “transgenic” as used 
herein refer to a cell, tissue, organ, or organism into Which has 
been introduced a foreign nucleic acid, such as a recombinant 
vector. Transformation may be accomplished by a variety of 
means knoWn to the art including calcium phosphate-DNA 
co-precipitation, DEAE-dextran-mediated transfection, 
polybrene-mediated transfection, glass beads, electropora 
tion, microinjection, liposome fusion, lipofection, protoplast 
fusion, viral infection, biolistics (such as, for example, par 
ticle bombardment), A grobacleri um infection, and the like. A 
“transgenic” or “transformed” cell or organism also includes 
progeny of the cell or organism and progeny produced from a 
breeding program employing such a “transgenic” plant as a 
parent in a cross and exhibiting an altered phenotype resulting 
from the presence of the foreign nucleic acid. The term “trans 
gene” as used herein refers to any nucleic acid sequence 
introduced into a cell or organism via transformation. The 
term transgene also encompasses the component parts of a 
native plant gene modi?ed by insertion of a nucleic acid 
sequence by directed recombination. 
[0032] In various embodiments, such plants are bred or 
otherWise derived from grasses for the genus Lolium, includ 
ing Lolium rigidum. The genus Lolium includes ?ve species 
WorldWide. They can be separated into the allogamus (self 
incompatible) group including Lolium perenne L. (perennial 
ryegrass), Lolium mulli?orum Lam. (annual ryegrass), and 
Lolium rigidum Gaud. (rigid ryegrass) and the autogamus 
(self-compatible) group including Lolium Zumelenlum L. and 
Lolium remolum Schrank. Allogamus plants are self-incom 
patible and naturally out-cross Within or betWeen species in 
the same genus. Ryegrass is a diploid having 14 chromo 
somes (2n:l 4), hoWever, forage ryegrass may be a tetraploid 
having 28 chromosomes (4n:28). In some embodiments, the 
non-transgenic glyphosate resistant grass can be a rye grass 
hybrid and in some embodiments, a non-transgenic glypho 
sate resistant grass can be a hybrid Wherein one parent is a 
glyphosate resistant Lolium rigidum. 
[0033] The origin ofrigid ryegrass has been proposed to be 
from Europe. Breeding methods used for the ?rst released 
rigid ryegrass cultivar in the USA are natural selection and 
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rouging. These methods identify and dispose of abnormal 
plants and those With desirable characteristics are used as 
parents to generate the following cycles. Individual plants, 
Which have speci?ed phenotypic characteristics, are selected 
from the population and used for parents of the neW genera 
tion. 

[0034] In some embodiments, a non-transgenic glyphosate 
resistant grass, e. g., turf grass, comprises a nucleic acid mol 
ecule that encodes a glyphosate resistant EPSPS enZyme. The 
term “encode” as used herein refers to chromosomal DNA, 
plasmid DNA, cDNA, or synthetic DNA from Which a cell, or 
a complete set of transcription and translation functions in 
vitro, may produce any of the proteins discussed herein. Some 
embodiments include a plant comprising a nucleic acid mol 
ecule that encodes the glyphosate resistant EPSPS enZyme of 
SEQ. ID. NO. 2, and glyphosate resistant EPSPS proteins 
having a 80% identity thereto, and functional portions 
thereof. The terms “protein,” “polypeptide, peptide,” 
“encoded product,” “amino acid sequence” as used herein are 
used interchangeably to refer to compounds comprising 
amino acids j oined via peptide bonds. A “protein” encoded by 
a gene is not limited to the amino acid sequence encoded by 
the gene, but includes post-translational modi?cations of the 
protein. The term “amino acid sequence” as used herein refers 
to an amino acid sequence of a protein molecule, the term 
“amino acid sequence” and like terms, such as “polypeptide” 
or “protein” are not meant to limit the amino acid sequence to 
the complete, native amino acid sequence associated With the 
recited protein molecule. Furthermore, an “amino acid 
sequence” can be deduced from the nucleic acid sequence 
encoding the protein. The deduced amino acid sequence from 
a coding nucleic acid sequence includes sequences Which are 
derived from the deduced amino acid sequence and modi?ed 
by post-translational processing, Where modi?cations 
include but are not limited to glycosylation, hydroxylations, 
phosphorylations, and amino acid deletions, substitutions, 
and additions. Thus, an amino acid sequence comprising a 
deduced amino acid sequence is understood to include post 
translational modi?cations of the encoded and deduced 
amino acid sequence. In some embodiments the glyphosate 
resistant EPSPS according to the present disclosure, can 
include a chloroplast transit peptide (CTP). The CTP assists 
in carrying the EPSPS from its site of synthesis in the cyto 
plasm to the chloroplast. The CTP is cleaved from the EPSPS 
at the chloroplast to create a functional EPSPS enZyme. 

[0035] In some embodiments, the nucleic acid molecule 
that encodes a glyphosate resistant EPSPS enZyme can 
include a sequence that is substantially similar to SEQ. ID. 
NO. 1, or a fragment thereof. In some embodiments, the 
nucleic acid molecule has an identity of about 93% or greater 
With the SEQ. ID. NO. 1 and having a serine encoded at 
residue position 101. In some embodiments, the nucleic acid 
molecule has an identity of greater than 97% With SEQ. ID. 
NO. 1. The term “identity” as used herein refers to the degree 
of similarity betWeen tWo nucleic acid or protein sequences. 
An alignment of the tWo sequences is performed by a suitable 
computer program. The number of matching bases or amino 
acids is divided by the total number of bases or amino acids, 
and multiplied by 100 to obtain a percent identity. For 
example, if tWo 580 base pair sequences had 145 matched 
bases, they Would be 25 percent identical. If the tWo com 
pared sequences are of different lengths, the number of 
matches is divided by the shorter of the tWo lengths. For 
example, if there are 100 matched amino acids betWeen 200 
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and about 400 amino acid proteins, they are 50 percent iden 
tical With respect to the shorter sequence. If the shorter 
sequence is less than 150 bases or 50 amino acids in length, 
the number of matches are divided by 150 (for nucleic acid 
bases) or 50 (for amino acids), and multiplied by 100 to obtain 
a percent identity. In some embodiments, glyphosate resistant 
grass of economic value comprises a glyphosate resistant 
EPSPS enZyme and the enZyme can be substantially similar 
to SEQ. ID. NO. 2, or a fragment thereof. The term “equiva 
lent residue position” as used herein is a position that is 
functionally equivalent in an EPSPS enZyme to a residue 
position of a different EPSPS enZyme. Examples of equiva 
lent residue position include the folloWing: residue position 
53 of SEQ. ID. NO. 2 is equivalent to residue position 101 of 
SEQ. ID. NO. 2. The terms “amino-acid substitutions” and 
“amino-acid variants” as used herein refer to preferable sub 
stitutions of single amino-acid residue for another amino-acid 
residue at any position Within the protein. Substitutions, dele 
tions, insertions or any combination thereof can be combined 
to arrive at a ?nal construct. 

[0036] In some embodiments, the non-transgenic glypho 
sate resistant grass comprises a functional portion of SEQ. 
ID. NO. 1. In some embodiments, the non-transgenic glypho 
sate resistant grass comprises a glyphosate resistant EPSPS 
enZyme that comprises a functional portion of SEQ. ID. NO. 
2. 

[0037] In some embodiments, the non-transgenic glypho 
sate resistant grass comprises a portion of a gene that encodes 
SEQ. ID. NO. 2 or a functional portion thereof. The term 
“gene” as used herein refers to a nucleic acid sequence such 
as, for example, chromosomal DNA, plasmid DNA, cDNA, 
synthetic DNA, or other DNA that encodes a peptide, 
polypeptide, protein, precursor or RNA molecule, and 
regions ?anking the coding sequence involved in the regula 
tion of expression. The term “gene” encompasses the regions 
of a structural gene that encode a protein and includes 
sequences located adjacent to the coding region on both the 5' 
and 3' ends for a distance of about 1 kb on either end such that 
the gene corresponds to the length of the full-length mRNA. 
A functional polypeptide can be encoded by a full-length 
coding sequence or by any portion of the coding sequence as 
long as the desired activity or functional properties of the 
polypeptide are retained. The term “portion” as used herein in 
reference to a gene refers to fragments of that gene. The 
fragments may range in siZe from a feW nucleotides to the 
entire gene sequence minus one nucleotide. 

[0038] The terms “fragment of an EPSPS gene” or “portion 
of an EPSPS gene” as used herein refer to a portion of a 
full-length EPSPS gene nucleic acid that is of at least a mini 
mum length capable of expressing a protein With EPSPS 
activity. The term “enzyme” as used herein refers to mol 
ecules or molecule aggregates that are responsible for cata 
lyZing chemical and biological reactions. A molecule that 
catalyZes chemical and biological reactions is referred to as 
“having enZyme activity” or “having catalytic activity.” 
[0039] In some embodiments, a non-transgenic glyphosate 
resistant grass comprises a polypeptide molecule of glypho 
sate resistant plant EPSPS enZyme. In some embodiments, 
the polypeptide molecule comprises an amino acid sequence 
substantially similar to SEQ. ID. NO. 2, or any functional 
portion thereof. In some embodiments, a non-transgenic gly 
phosate resistant grass comprises a glyphosate resistant 
EPSPS enZyme Which has an identity to any one of SEQ. ID. 
NO. 2, of greater than about 80%. In some embodiments, a 
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glyphosate resistant EPSPS enzyme may be substantially 
similar to at least one of SEQ. ID. NO. 2, or a functional 
portion thereof. In some embodiments, a non-transgenic gly 
phosate resistant grass comprises a polypeptide molecule 
comprising essentially SEQ. ID. NO. 2 that provides a gly 
phosate resistant enZyme. In some embodiments, the non 
transgenic glyphosate resistant turf grass comprises a gene 
substantially similar to SEQ. ID. NO. 1 that operably encodes 
SEQ. ID. NO. 2. In some embodiments, the present disclosure 
provides an isolated nucleic acid molecule comprising SEQ. 
ID. NO. 1 that encodes a glyphosate resistant, plant-derived 
EPSPS enZyme. In some embodiments, SEQ. ID. NO. 1 is 
isolated from a ryegrass species. In some embodiments, SEQ. 
ID. NO. 1 is isolated from Lolium rigidum. In some embodi 
ments, an isolated nucleic acidmolecule comprising a nucleic 
acid sequence has an identity of greater than about 93% to 
SEQ. ID. NO. 1 and having a serine encoded at residue 
position 101. In some embodiments, an isolated nucleic acid 
molecule comprising a nucleic acid sequence has an identity 
of greater than about 97% to SEQ. ID. NO. 1. 

[0040] In some embodiments, SEQ. ID. NO. 1 is isolated 
from germplasm of the ATCC deposit of Penner ryegrass 
(PTA-8157 deposited on Jan. 19, 2007). The terms plant 
“germplasm” or “genetic material” as used herein refer to the 
reproductive or vegetative propagating material of plants and 
includes any raW genetic material from plants required by 
breeders for the development of hybrids and/or improved 
cultivars. Plant germplasm or genetic material can be living 
tissue from Which neW plants can be groWn, for example, seed 
or another plant part, such as, a leaf, a root, a piece of stem, 
pollen, ovule, a stamen, a pistil, spores, corms, rhiZomes, 
cuttings, grafts, buds, cones, seedpods, a cuticle, a croWn, a 
meristem, or cells that can be cultured into a Whole plant, and 
can contain the genetic information for the plant’s heredity 
makeup. The term “isolated” as used herein When referring to 
an “isolated” nucleic acid is one that has been substantially 
separated or puri?ed aWay from other nucleic acid sequences 
in the cell of the organism that the nucleic acid naturally 
occurs such as, for example, other chromosomal and extra 
chromosomal DNA and RNA, by conventional nucleic acid 
puri?cation methods. The term also embraces recombinant 
nucleic acids and chemically synthesiZed nucleic acids. 

[0041] In some embodiments, the present disclosure pro 
vides an isolated polypeptide molecule comprising SEQ. ID. 
NO. 2 that provides a glyphosate resistant EPSPS enZyme. In 
some embodiments, SEQ. ID. NO. 2 is encoded by SEQ. ID. 
NO. 1. In some embodiments, SEQ. ID. NO. 2 is isolated 
from Lolium rigidum. In some embodiments, SEQ. ID. NO. 2 
is isolated from germplasm of the ATCC deposit of Penner 
ryegrass (PTA-8157 deposited on Jan. 19, 2007). In some 
embodiments, an isolated DNA molecule encodes the gly 
phosate resistant EPSPS enZyme of SEQ. ID. NO. 2, and the 
isolated DNA molecule can be the nucleic acid sequence of 
SEQ. ID. NO. 1. 

[0042] Traditional breeding methods include selecting and 
soWing the seeds from the strongest, most desirable plants to 
produce the next generation of crops. The term “selection” as 
used herein refers to the process of determining the relative 
resistance of a cultivar to glyphosate unless stated otherWise. 
The term “cultivar” as used herein refers to a group of plants 
that have certain phenotypes in common and for Which those 
phenotypes shoW little to no plant-to-plant variation. The 
term “cultivated” as used herein refers to a plant purposely 
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groWn under agricultural conditions, as opposed to a “Weed” 
Which is unintentionally groWn under agricultural conditions. 
[0043] Traditional plant breeding methods include Wide 
crosses With related Wild and cultivated species for a desired 
trait and may involve a long process of crossing back to the 
commercial parent to remove undesirable genes. The term 
“trait” as used herein refers to an observable and/ or measur 

able characteristic of a plant. The term “Wild-type” as used 
herein in reference to a genotype or a phenotype common 
throughout a large population of individuals. A functional 
Wild-type gene is that Which is most frequently observed in a 
population and is thus arbitrarily designated the “normal” or 
“Wild-type” form of the gene. In contrast, the term “modi?ed” 
or “mutant” When made in reference to a gene or to a gene 

product refers, respectively, to a gene or to a gene product 
Which displays modi?cations in sequence and/or functional 
properties (such as, for example, altered characteristics) 
When compared to the Wild-type gene or gene product. The 
term “native” as used herein refers to a naturally-occurring 
(“Wild-type”) nucleic acid or polypeptide. The term “allele” 
as used herein refers to a particular variant of a gene When 
more than one form of the gene occurs Within a population. 
The terms “recessive,” “recessive gene,” and “recessive phe 
notype” as used herein refer to an allele that lacks a phenotype 
or produces a Weakly expressed phenotype When tWo alleles 
for a certain locus are present at the same time as in a “het 

eroZygote.” The terms “dominant,” “dominant gene,” and 
“dominant phenotype” as used herein refer to an allele that 
contributes the majority of a phenotype in the presence of a 
second allele. 

[0044] In some embodiments, breeding methods include 
mutation studies, composite crosses and evolutionary breed 
ing, male sterile facilitated recurrent selection and commer 
cial hybrids from balanced tertiary trisomics and from cyto 
plasmic male sterility. 
[0045] In various embodiments, through breeding it is pos 
sible to combine traits found in tWo or more individual plants 
and to transmit those traits to the progeny of those plants. 
Hybrid breeding is an advanced form of breeding. Hybrid 
plants result from crosses betWeen tWo different varieties or 
inbreeds. For example, starting from tWo inbred lines With 
poor yield their crossing results in high yielding progenies. 
Hybrids are often superior over non-hybrid varieties in vigor, 
yield, uniformity, as Well as in other characters, and this is the 
main reason for their agricultural value. In producing hybrid 
seed, the tWo varieties are generally groWn in proximity for 
effective pollination; one variety serves as the female (egg) 
parent and the other as the male (pollen) parent. Natural 
pollination is brought about by either Wind, insects, or other 
animals. In the past, crossing tWo varieties on a large scale is 
a very dif?cult task because the plants of many crop species 
bear both male and female reproductive structures and are self 
compatible, i.e., they are capable of self-pollination as Well as 
cross-pollination. Therefore, in order to prevent self-pollina 
tion and obtain pure hybrid seed, it may be necessary to 
emasculate the seed parent. 
[0046] The crossing L. rigidum With L. perenne is not 
straight-forward and does not commonly happen in nature, as 
the L. perenne seed requires vernaliZation and the ?owering 
times of L. perenne and L. rigidum are different. Therefore, 
vemaliZation and planting of L. perenne must be controlled so 
as to synchroniZe the ?oWering of L. perenne and L. rigidum. 
The terms “F-generation” and “?lial generation” as used 
herein refer to any of the consecutive generations of cells, 
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tissues or organisms after a biparental cross. The generation 
resulting from a mating of the biparental cross (such as, for 
example, parents) is the ?rst ?lial generation (designated as 
“Fl”) in reference to a seed and its plant, While that resulting 
from crossing of one F 1 individuals to another Fl individual or 
to the F1 individual itself is the second ?lial generation (des 
ignated as “F2”) in reference to a seed and its plant. For 
example, an F2 seed and a resulting plant are produced by 
self-pollination of F1, While later F generations are produced 
from self-pollination of the immediate prior generation. 
[0047] The term “tissue culture” as used herein is the main 
tenance or groWth of tissues, in vitro, in a Way that may alloW 
differentiation and preservation of their architecture and/or 
function. In an example of tissue culture, meristems can be 
actively dividing parts (about 0.2 mm to about 1 .0 cm in siZe), 
at the top of the shoot tips or root tips as Well as in the axillary 
buds. In another example, they can be dissected under the 
microscope and can be regenerated on speci?c media to com 
plete plants. Also in a third example of tissue culture methods, 
shoot tips and stem cuttings (about 0.2 mm to about 1 cm in 
siZe) can be cultivated in vitro to produce complete plantlets. 
The term “regeneration” as used herein refers to the process 
of groWing a plant from a plant cell, tissue, or organ (such as, 
for example, plant protoplast or explant). In some embodi 
ments of the present disclosure, methods include regenerating 
a non-transgenic glyphosate resistant plant or portion thereof. 
In some embodiments, regeneration can use tissue culture 
techniques that are knoWn to those skilled in the art. 

[0048] In embryo genesis, after the pollination of an egg 
cell With pollen a neW embryo develops Which contains the 
genetic make-up of both parents. HoWever, in interspeci?c or 
intergeneric crosses (Wide crosses) the hybrid embryo arises 
but dies due to the failure of forming a normal endosperm. 
The embryo can be rescued by early excision from the cary 
opsis and subsequent cultivation in vitro on an arti?cial 
media. Thereafter, a complete plantlet can be regenerated 
from that embryo. Alternatively, plant cells or tissues (includ 
ing undifferentiated callus tissue) may be stimulated in vitro 
so as to develop embryos or embryogenic callus tissue. 
Homozygous plants may be produced via embryo culture. 
[0049] In a double haploid system, if an egg cell is polli 
nated With the pollen of another species (for example Wheat>< 
maiZe), there Will be a stimulating effect Which causes the 
neWly developing embryo to contain only the chromosomes 
from the female gamete (half the number of chromosomes of 
a normal embryo). The plant regenerated from that embryo is 
sterile and, through colchicine treatment, fertility of this 
homozygous plant is recovered. The term “endogenous” as 
used herein refers to materials originating from Within an 
organism or cell. The term “exogenous” as used herein refers 
to materials originating from outside of an organism or cell. 
This typically applies to nucleic acid molecules used in pro 
ducing transformed or transgenic host cells and plants. 
[0050] Protoplast fusion can provide a unique tool to com 
bine valuable traits beyond the feasibility of normal sexual 
crossing. Protoplast as used herein is a cell from Which the 
cell Wall has been removed. Spheroplast as used herein is a 
cell from Which most of the cell Wall has been removed. 
Protoplasts may be isolated from leaves or other plant tissue 
using cell Wall degrading enZymes. Triggered by electric 
pulses protoplasts of tWo selected breeding lines can be fused 
in an electric ?eld. This fusion, knoWn as somatic hybridiza 
tion, encompasses the combination of all chromosomes from 
both fusion partners. Therefore, the starting material should 
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possess tWice the number of chromosomes Which can be 
achieved by speci?c crosses or through another culture. In 
another example, non-traditional crossing methods include 
clonal propagation of genetic self-incompatible plants as 
described in US. Pat. No. 4,499,687 (1985) for use in hybrid 
Brassica seed production. 
[0051] In some embodiments, a method of breeding a gly 
phosate resistant perennial ryegrass comprises the folloWing 
steps: providing germplasm comprising glyphosate resistant 
Lolium rigidum, crossing the germplasm With a second ger 
mplasm comprising a ryegrass to produce an F1; selecting a 
resulting germplasm from at least one member of the F1 
generation that is glyphosate resistant, backcrossing a 
selected germplasm from the F1 generation With a second 
germplasm comprising ryegrass to produce a bcl generation 
selecting a resulting germplasm from the bcl generation that 
is glyphosate resistant, backcrossing the selected germplasm 
from the bc 1 generation With the second germplasm compris 
ing ryegrass to produce a bc2 selecting a resulting germplasm 
from the bc2 generation that is glyphosate resistant and pro 
viding a glyphosate resistant ryegrass. In some embodiments, 
backcrossing (bc) can be up to seven generations. In some 
embodiments, backcrossing can be mixed With forWard 
crossing. In some embodiments, a method of breeding com 
prises providing a biomarker Which is indicative of glypho 
sate resistance. In some embodiments, the germplasm com 
prising glyphosate resistant Lolium rigidum may comprise a 
nucleic acid Which is essentially SEQ. ID. NO. 1 or a func 
tional portion thereof. 
[0052] In some embodiments, a glyphosate resistant turf 
grass may be obtained by embryo culture. In some embodi 
ments, a glyphosate resistant grass may be obtained by use of 
protoplast fusion. In some embodiments, the step of selecting 
may include spraying members of a neW generation With a 
herbicidally effective dose of glyphosate and such a step may 
include a Wait period such as 2, 3, 4 or more Weeks to deter 
mine survival of the neW generation. In some embodiments, 
the methods of breeding may include repeating steps of pro 
viding, crossing, selecting and backcrossing at least once. 
Some embodiments include the seed that is created from the 
breeding method. In some embodiments, the breeding 
method can further comprise selecting for an agronomically 
desirable trait. In some embodiments, an agronomically 
desirable trait may include drought resistance, salinity resis 
tance, disease resistance, fungus resistance, bacteria resis 
tance, blade height, blade Width, blade color, vigor, seed 
production, insect resistance and Winter hardiness. In some 
embodiments, a breeding method may include the use of a 
germplasm comprising a glyphosate resistant Lolium rigidum 
that comprises a molecule that is essentially part of SEQ. ID. 
NO. 2, or a functional portion thereof and that encodes a 
glyphosate resistant EPSPS enZyme. 
[0053] In some embodiments, a method of breeding gly 
phosate resistant plants comprises the folloWing steps: pro 
viding a material comprising a nucleic acid sequence that is 
essentially one of SEQ. ID. NO. 1, or a functional portion 
thereof and sequences having an identity of greater than 97% 
thereto, crossing the material With a germplasm compatible 
With the material and producing a glyphosate resistant germ 
plasm. In some embodiments, the material may be selected 
from the folloWing: germplasm, cuticle, seed, pollen, ovule, 
root, ?our, tissue, meristem, endosperrn, seed, cells, or 
anotherplant part. In some embodiments, the material may be 
selected from the folloWing: ryegrass, fescue, festolium, 
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combinations thereof and hybrids thereof. In some embodi 
ments, a glyphosate resistant germplasm is a hybrid compris 
ing of germplasm from a glyphosate resistant Lolium rigi 
dum. In some embodiments, a method of producing a 
glyphosate resistant plant comprises the following steps: 
crossing a ?rst grass plant With at least one other grass plant 
to produce a progeny of grass plants and such ?rst grass plant 
may comprise at least one of the folloWing SEQ. ID. NO. 2, or 
a functional portion thereof and sequences having an identity 
of 80% thereto, and screening the progeny of grass plants to 
select the progeny of grass plants that is resistant to glypho 
sate. In some embodiments, a method of breeding a plant With 
enhanced resistance to glyphosate comprises the folloWing 
steps: providing a ?rst plant, the ?rst plant is a glyphosate 
resistant Lolium rigidum, crossing the ?rst plant and the sec 
ond plant to generate a hybrid plant, the hybrid plant com 
prising a glyphosate resistant gene and selecting a glyphosate 
resistant plant or derivative thereof. In some embodiments, a 
method of breeding can further comprise backcrossing the 
glyphosate resistant hybrid or a derivative thereof and a sec 
ond plant to generate a backcrossed hybrid plant, the back 
crossed hybrid plant comprises a naturally resistant gene, and 
selecting a glyphosate resistant crossed hybrid plant. In some 
embodiments, the second plant may be at least one of the 
folloWing: ryegrass, fescue, forage ryegrass, festolium, com 
binations thereof, hybrids thereof and derivatives thereof. 

[0054] In some embodiments, a method of breeding may 
further comprise exposing a ?rst plant to colchicine or other 
muted gene to create a tetraploid. Exposing a diploid to tet 
raploid to create a tetraploid in a ryegrass is Well-knoWn in the 
art, see for example, Myers (1939) J. Heredity 30:499-504. In 
some embodiments, a method of breeding may comprise a 
step that includes crossing a tetraploid With a second plant 
that is a tetraploid to generate a hybrid plant. Such tetraploid 
may have value as a forge product. In some embodiments, a 
tetraploid may be a ryegrass, a hybrid thereof, or derivative 
thereof. In some embodiments, further backcrossing may be 
performed With a selected generation of a tetraploid and a 
second plant comprising a tetraploid. In some embodiments, 
additional crossing may be performed With a hybrid tetrap 
loid and another plant. In some embodiments, a plant that is a 
tetraploid comprises a polynucleotide molecule of a glypho 
sate resistant plant EPSPS enzyme and a polypeptide mol 
ecule may comprise at least a sequence of at least one of SEQ. 
ID. NO. 2, or a functional portion thereof. In some embodi 
ments, a method of breeding may include a material that 
comprises SEQ. ID. NO. 2, or fragments thereof and 
sequences having an identity of 80% thereto. In some 
embodiments, a breeding method may include the use of a 
material comprising SEQ. ID. NO. 2, or fragments thereof. In 
some embodiments, a breeding method may include material 
comprising a mutation of SEQ. ID. NO. 1, or fragments 
thereof and sequences having an identity of 93% thereto that 
encode a glyphosate resistant EPSPS enzyme. In some 
embodiments, a breeding method may include material com 
prising a mutation of SEQ. ID. NO. 17, or fragments thereof 
that is a glyphosate resistant EPSPS enzyme. In some 
embodiments, a breeding method may include the use of a 
fescue or a fescue hybrid. 

[0055] In some embodiments, a breeding method may 
include using a glyphosate resistant plant of the present dis 
closure to produce a hybrid of triticale. Techniques and meth 
ods of creating a hybrid of triticale from rye and Wheat is Well 
knoWn to those skilled in the art and may include the use of 
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diploids, tetraploids, hexaploids, octaploids and/or double 
haploids. In some embodiments, such techniques and meth 
ods may include the use of colchicine to double the chromo 
somes. In some techniques and methods useful herein, the 
Wheat is used as the female parent (cytoplasm) and rye as the 
male parent (pollen donor) and the resulting triticale hybrid is 
sterile. In some cases, it may be dif?cult to see the expression 
of rye genes in the background of Wheat cytoplasm and the 
predominant Wheat nuclear genome. In some embodiments, 
techniques and methods useful herein may produce secalot 
ricum in Which rye cytoplasm and it is used With Wheat pollen 
to produce triticale. In some embodiments, a resulting triti 
cale plant or hybrid can be used to produce a non-transgenic 
glyphosate resistant Wheat plant. Moving a trait from triticale 
to Wheat is Well knoWn to those skilled in the art. In some 
embodiments, a method of breeding can produce glyphosate 
resistant Wheat from a glyphosate resistant Lolium rigidum or 
hybrid thereof. 
[0056] In some embodiments, a method for breeding resis 
tance to glyphosate into plants comprises the folloWing steps: 
selecting a plant material that constitutively expresses a gly 
phosate resistant enzyme, using the plant material and a 
breeding program, and selecting a glyphosate resistant prog 
eny With agronomically desirable traits. In some embodi 
ments, a method for breeding glyphosate into plants includes 
using plant material from ryegrass, fescue, festolium, combi 
nations thereof, hybrids thereof and derivatives thereof. In 
some embodiments, a method for breeding glyphosate resis 
tance into plants may include steps of backcrossing and fur 
ther selecting. In some embodiments, the backcrossing and 
further selecting may be repeated multiple times until agro 
nomically desirable traits are stable. In some embodiments, a 
method for breeding resistance to glyphosate into plants may 
include the use of plant material that is Lolium rigidum com 
prising a glyphosate resistant gene. In some embodiments, a 
method for breeding resistance to glyphosate into plants 
includes the use of a tetraploid and such tetraploid may be 
obtained by the use of a mutagen such as colchicine. Methods 
for breeding turf grass are Well-knoWn to the skilled artisan 
(see for example Turfgrass Biology, Genetics and Breeding 
ed. Cassler and Duncan (2003)) and any breeding method, 
including those knoWn to those skilled in the art, may be used 
With the glyphosate resistant material of the present disclo 
sure. 

[0057] In some embodiments, the present disclosure pro 
vides germplasm deposited in the ATCC as Penner Ryegrass 
(PTA-8157 deposited on Jan. 19, 2007). The germplasm is 
deposited in the form of seed. The germplasm can be groWn 
into grass plants as knoWn to those skilled in the art. In some 
embodiments, the germplasm is a perennial ryegrass. In some 
embodiments the germplasm comprises nucleic acid mol 
ecule nucleic acid molecule comprises a sequence of SEQ. 
ID. NO. 1, or a functional portion thereof and sequences 
having an identity of 93% thereto. In some embodiments the 
germplasm comprises a polypeptide molecule of a glyphosate 
resistant plant EPSPS enzyme. In some embodiments, the 
germplasm comprises a polypeptide molecule comprising an 
amino acid sequence of SEQ. ID. NO. 2, or a functional 
portion thereof and sequences having an identity of 80% 
thereto. 

[0058] In some embodiments, the Penner Ryegrass can be 
used in a breeding program or crossed With a sexually com 
patible plant to produce a glyphosate resistant plant. In some 
embodiments, the germplasm is a perennial ryegrass. Also 
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disclosed is a method of producing a grass plant Which 
includes crossing a grass plant produced from the Penner 
Ryegrass With at least one other grass plant to produce at least 
one seed, harvesting the seed, and germinating the seed to 
produce at least one progeny grass plant. Included in the 
present technology are grass plants produced using this 
method, as Well as a vegetative sprig, tiller, or clone of the 
grass plant. In some embodiments, the Penner Ryegrass can 
be used to produce a glyphosate resistant forage grass as 
described herein. In some embodiments, the Penner Ryegrass 
can be used to produce a glyphosate resistant Wheat. In some 
embodiments, the Penner Ryegrass can be crossed With a 
fescue. In some embodiments, the present disclosure pro 
vides methods of producing a glyphosate resistant turf grass 
derived from the Penner Ryegrass. In some embodiments 
methods can include preparing a progeny plant derived from 
the Penner Ryegrass by crossing a plant of the Penner 
Ryegrass With a second turf grass plant, Wherein a sample of 
the seed of the Penner Ryegrass Was deposited under ATCC 
PTA-8157 deposited on J an. 19, 2007; then crossing the prog 
eny plant With itself or a second plant to produce a seed of a 
progeny plant of a subsequent generation and groWing a prog 
eny plant of a subsequent generation from the seed and cross 
ing the progeny plant of a subsequent generation With itself or 
a second plant; and repeating steps of crossing and groWing 
for an additional tWo to ten generations to produce a glypho 
sate resistant turf grass derived from the Penner Ryegrass. 

[0059] In some embodiments, the germplasm can have 
more than one glyphosate resistant allele. At least one of the 
glyphosate resistant alleles is the single nucleotide polymor 
phism (“SNP”) for the EPSPS gene at nt30l of SEQ. ID. NO. 
1. By sequencing of the EPSPS from sensitive and resistant 
ryegrass biotypes the SNP Was identi?ed. A change from 
cytosine to thymine at this position changes the amino acid 
from proline to serine. The SNP at nt30l of SEQ. ID. NO. 1 
can be used as a marker to identify plants that carry the allele 
of the resistant form of EPSPS. As shoWn in Table l and 
highlighted in the Examples beloW, a second allele can con 
tribute to the glyphosate resistance. 

TABLE 1 

Comparison ofthe occurrence ofthe SNP and Glyphosate 
resistance for a group of backcrossed turfgrass samples. 

S ample 
Number SNP Analysis (a) Phenotype (Dead) 

1 S control No 1X 
2 R control Yes 8X 
3 No 2X 
4 Yes 2X 
5 Yes 8X 
6 No 1X 
7 No 4X 
8 No 1X 
9 Yes 4X 

1 0 No 4X 
1 1 Yes 4X 
1 2 Yes 4X 
13 No 1X 
14 No 2X 
1 5 Yes 4X 
1 6 Yes 4X 
1 7 Yes 6X 
1 8 Yes 2X 
1 9 No 4X 
20 No 4X 
2 1 No 4X 

Jun. 20, 2013 

TABLE l-continued 

Comparison of the occurrence of the SNP and Glyphosate 
resistance for a group of backcrossed turfgrass samples. 

Sample 
Number SNP Analysis (a) Phenotype (Dead) 

22 S control No 1X 
23 R control Yes 8X 

(a) See Example 5 for an example ofthe SNP analysis. 

[0060] Having both the ?rst allele (the SNP) and the second 
allele in a plant such as, for example, a turf grass, can increase 
resistance to glyphosate. In some embodiments, the second 
allele may be attributed to glyphosate oxidoreductase 
(“GOX”) enZyme encoded by a GOX gene. Only one of the 
alleles may be needed to produce a glyphosate resistant plant 
such as for example, a turfgrass. In some embodiments, the 
second allele can be identi?ed as the Gly-Rest 2 gene. The 
Gly-Rest 2 gene encodes a glyphosate resistant protein that 
can be identi?ed as the Gly-Resist Protein (“GRP”) Which is 
different from the glyphosate resistant EPSPS. To identify 
Which plants have only the GRP protein, the folloWing is an 
example of an analysis that can be useful. The plants that have 
been crossed With a knoWn glyphosate resistant parent are 
groWn. A herbicidally effective amount of glyphosate is 
applied to the plants. The plants that survive the application 
are selected and a part of the plant is then used to determine if 
a biomarker for glyphosate resistant EPSPS is present. An 
example of such an analysis is discussed in the examples 
beloW. If the biomarker is present, then the plant has at least 
glyphosate resistant EPSPS and may have GRP. If the biom 
arker is not present, then the plant has the GRP present and 
does not have a detectable amount of the glyphosate resistant 
EPSPS present. A biomarker analysis for GRP can be 
designed and designing such an analysis is Well Within the 
knowledge of those skilled in the art. 
[0061] In some embodiments, the present technology pro 
vides a method for creating a laWn that is substantially free of 
Weeds. In some embodiments, a method of creating a laWn 
that is free of Weeds includes the steps of providing a laWn 
comprising a glyphosate resistant turf grass and the glypho 
sate resistant turf grass comprises a DNA molecule that is 
essentially SEQ. ID. NO. 1, or a functional portion thereof, 
and applying to the laWn a herbicidally effective amount of a 
glyphosate compound. 
[0062] In some embodiments, the present disclosure 
includes a method of obtaining a laWn that is essentially free 
of a Weed variety to Which the laWn is susceptible. In such 
embodiments, the laWn is essentially free of Weeds. As 
referred to herein, a Weed variety to Which a laWn is suscep 
tible is a Weed that can reasonably be expected to be found in 
a laWn of similar grass composition, soil type, and geographic 
region. The term “Weed” refers to undesirable vegetative 
matter and may be one of the folloWing: dandelion, gooseg 
rass, ground ivy, clover, crabgrass, thistle, plantain, knot 
Weed, quackgrass, nimble Weed, tall fescue, creeping bent 
grass, Zoysiagrass, bermudagrass, Dallisgrass, bindWeed, 
black medic, carpetWeed, chickenWeed, creeping beggar 
Weed, cudWeed, curly dock, English daisy, evening primrose, 
false dandelion, ?laree, Florida pusley, henbit, lambsquarters, 
malloW, oxalis, pennyWor‘t, pigWeed, prickly lettuce, 
purslane, ragWeed, sheep sorrel, Shepardspurse, soWthistle, 
speedWell, spotted spurge, tansy ragWort, Wild carrot, Wild 
geranium, Wild morning-glory, Wild onion, Wild violet, fox 
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tail, Johnsongrass, nutsedge, bahiagrass, barnyardgrass, poa 
annua, sandbur, and combinations thereof. A method of 
obtaining a lawn that is substantially free of Weeds may 
include the following steps: providing a laWn comprising a 
glyphosate resistant turf grass, and applying to said laWn a 
herbicidally effective amount of a mixture comprising gly 
phosate. In some embodiments, a method of obtaining a laWn 
that is substantially free of Weeds further comprises planting 
a seed capable of groWing glyphosate resistant turf grass, 
Wherein the turf grass is selected from ryegrass, fescue, fes 
tolium, combinations thereof, hybrids thereof and derivatives 
thereof. In some embodiments, a method of obtaining a laWn 
that is substantially free of Weeds comprises providing a laWn 
comprising glyphosate resistant turf grass, Wherein the turf 
grass comprises a nucleic acid molecule that encodes a gly 
phosate resistant EPSPS enZyme according to the present 
disclosure. 
[0063] In some embodiments, the DNA molecules of the 
EPSPS glyphosate resistance gene of SEQ. ID. NO. 1 or 
portions thereof can be used as a probe to identify other like 
DNA molecules by standard methods. In some embodiments, 
oligonucleotide DNA molecules homologous or complemen 
tary to the EPSPS glyphosate resistance gene of Lolium rigi 
dum can be used in a marker assisted breeding method to 
assist in the breeding of this gene into related and heterolo 
gous crop species. For example a SNP analysis can be used in 
a marker analysis. 

Transgenic Glyphosate Resistant Plants and Methods of 
Making 

[0064] In some embodiments, the present disclosure pro 
vides a DNA construct comprising the nucleic acid molecule 
comprising SEQ. ID. NO. 1 that encodes a glyphosate resis 
tant, plant-derived EPSPS enZyme and SEQ. ID. NO. 2 or a 
portion thereof and is operably linked to a promoter to drive 
expression in a host cell. In some embodiments, the present 
disclosure provides methods of making and using such a 
DNA construct. The term “construct” as used herein refers to 
the heterologous genetic elements operably linked to each 
other making up a recombinant DNA molecule. In some 
embodiments, the present disclosure provides methods of 
making and using such DNA constructs. 
[0065] Through plant genetic engineering methods, it is 
possible to produce glyphosate resistant plants by inserting 
into the plant genome a DNA molecule that causes the pro 
duction of higher levels of Wild-type EPSPS. Examples can 
be found in Shah et al., Science 233:478-481 (1986). Glypho 
sate resistance can also be achieved by the expression of 
EPSPS variants that have loWer af?nity for glyphosate and 
therefore retain their catalytic activity in the presence of 
glyphosate, for example, as disclosed in US. Pat. Nos. 4,940, 
835; 5,094,945; and 5,633,435, incorporated herein by refer 
ence. Enzymes that degrade glyphosate in the plant tissues, 
for example, as disclosed in US. Pat. No. 5,463,175 are also 
capable of conferring cellular resistance to glyphosate. Such 
genes, therefore, alloW for the production of transgenic crops 
that are resistant to glyphosate, thereby alloWing glyphosate 
to be used for effective Weed control With minimal concern of 
crop damage. For example, glyphosate resistance has been 
genetically engineered into corn as disclosed in US. Pat. No. 
5,554,798, Wheat as disclosed in Zhou et al., Plant Cell Rep. 
15:159-163 (1995), soybean as disclosed in PCT Application 
Publication No. WO 9200377 and canola as disclosed in PCT 
Application Publication No. WO 9204449. Other examples 
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of EPSPS and methods for preparing transgenic plants resis 
tant to glyphosate include those described and/or isolated in 
accordance With Singh, et al., In “Biosynthesis and Molecular 
Regulation of Amino Acids in Plants,” Amer Soc Plant Phys. 
Pubs (1992); US. Pat. Nos. 4,971,908; 5,145,783; 5,188,642; 
5,310,667; 5,312,910; and 6,040,497. They can also be 
derived from structurally distinct classes of non-homologous 
EPSPS genes, such as the class II EPSPS genes isolated from 
A grobaclerium sp. strain CP4. Examples can be found in US. 
Pat. Nos. 5,633,435 and 5,627,061. 
[0066] Variants of the Wild-type EPSPS enZyme are gly 
phosate resistant as a result of alterations in the EPSPS amino 
acid coding sequence and examples can be found in Kishore 
et al., Annu. Rev. Biochem. 57:627-663 (1988); SchulZ et al., 
Arch. Microbiol. 137: 121-123 (1984); Sost et al., FEBS Len. 
173:238-242 (1984); Kishore et al., In “Biotechnology for 
Crop Protection”ACS Symposium Series No. 379, eds. Hed 
lin et al., 37-48 (1988). These variants typically have a higher 
K,- for glyphosate than the Wild-type EPSPS enZyme that 
confers the glypho sate resistant phenotype, but these variants 
are also characterized by a high Km for PEP that makes the 
enZyme kinetically less ef?cient. For example, the apparent 
Km for PEP and the apparent Kl. for glyphosate for the native 
EPSPS from E. coli are 10 [1M and 0.5 uM While for a 
glyphosate resistant isolate having a single amino acid sub 
stitution of an alanine for the glycine at position 96 these 
values are 220 [1M and 4.0 mM, respectively. A glyphosate 
resistant plant variant EPSPS gene can be constructed by 
mutagenesis. 
[0067] Nucleotide and amino acid sequence variants of 
EPSPS genes and proteins, respectively, may also be used in 
the plants and methods of this technology. “Variant” DNA 
molecules are DNA molecules containing minor changes in a 
native EPSPS gene sequence, such as, for example, changes 
that one or more nucleotides of a native EPSPS gene sequence 

is deleted, added, and/or substituted, such that the variant 
EPSPS gene encodes a protein that retains EPSPS activity. 
Variant DNA molecules can be produced, for example, by 
standard DNA mutagenesis techniques or by chemically syn 
thesiZing the variant DNA molecule or a portion thereof. 
Methods for chemical synthesis of nucleic acids are dis 
cussed, for example, in Beaucage et al., Tetra. Lens. 22: 1859 
1862 (1981), and Matteucci et al., J. Am. Chem. Soc. 103: 
3185-3191 (1981). Chemical synthesis of nucleic acids can 
be performed, for example, on automated oligonucleotide 
synthesiZers. Such variants preferably do not change the read 
ing frame of the protein-coding region of the nucleic acid and 
preferably encode a protein having no amino acid changes. 
Nucleic acid sequence variants are most often created for the 
purposes of modi?cation of the sequence to add or delete 
restriction endonuclease sites or to affect transcription or 
translation of the nucleic acid molecule. 

[0068] In some embodiments, the present disclosure pro 
vides a recombinant vector comprising the DNA construct 
comprising the nucleic acid molecule comprising SEQ. ID. 
NO. 1, or a portion thereof, that encodes a glyphosate resis 
tant EPSPS enZyme and the recombinant vector is selected 
from the group consisting of plasmids, arti?cial chromo 
somes, cosmids, transposons, viruses, and combinations 
thereof. In some embodiments, the present disclosure pro 
vides methods of making and using such a recombinant vec 
tor. 

[0069] The term “plant expression vector” as used herein 
refers to chimeric DNA molecules comprising the regulatory 
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elements that are operably linked to provide the expression of 
a transgene product in plants. The term “chimeric” as used 
herein refers to a fusion nucleic acid or protein sequence. A 
chimeric nucleic acid coding sequence is comprised of tWo or 
more sequences joined in-frame that encode a chimeric pro 
tein. A chimeric gene refers to the multiple genetic elements 
derived from heterologous sources comprising a gene. The 
terms “in operable combination,” “in operable order” and 
“operably linked” as used herein refer to the linkage of 
nucleic acid sequences in such a manner that a nucleic acid 
molecule capable of directing the transcription of a given 
gene and/or the synthesis of a desired protein molecule is 
produced. The terms as used herein also refer to the linkage of 
amino acid sequences in such a manner so that a functional 
protein is produced. The terms “recombinant DNA construct” 
or “recombinant vector” as used herein refer to any agent such 
as a plasmid, cosmid, virus, autonomously replicating 
sequence, phage, or linear or circular single-stranded or 
double-stranded DNA or RNA nucleotide sequence, derived 
from any source, capable of genomic integration or autono 
mous replication, comprising a DNA molecule that one or 
more DNA sequences have been linked in a functionally 
operative manner. Such recombinant DNA constructs or vec 
tors are capable of introducing a 5' regulatory sequence or 
promoter region and a DNA sequence for a selected gene 
product into a cell in such a manner that the DNA sequence is 
transcribed into a functional mRNA that is translated and 
therefore expressed. Recombinant DNA constructs or recom 
binant vectors may be constructed to be capable of expressing 
antisense RNAs, in order to inhibit translation of a speci?c 
RNA of interest. Design of vectors useful herein include 
methods among those knoWn to those skilled in the art (Plant 
Molecular Biology: A Laboratory Manual, eds. Clark, 
Springer, NeW York (1997)). The term “plasmid” as used 
herein refers to a circular, extrachromosomal, self-replicating 
piece of DNA. The term “polypeptide fragments” as used 
herein can refer to fragments of an EPSPS that lacks at least 
one residue of a native full-length EPSPS protein, but that 
speci?cally maintains EPSPS activity. The terms “recombi 
nant protein” or “recombinant polypeptide” as used herein 
refer to a protein molecule expressed from a recombinant 
DNA molecule. In contrast, the term “native protein” as used 
herein refers to indicate a protein isolated from a (such as, for 
example, a nonrecombinant) source. Molecular biological 
techniques may be used to produce a recombinant form of a 
protein With identical properties as compared to the native 
form of the protein. For example, SEQ. ID. NO. 2 and SEQ. 
ID. NO. 14 are native proteins. 

[0070] In some embodiments, the present disclosure pro 
vides a recombinant vector comprising the DNA construct 
comprising the nucleic acid molecule comprising SEQ. ID. 
NO. 1, or a portion thereof, that encodes a glyphosate resis 
tant EPSPS enZyme and the recombinant vector is selected 
from the group consisting of plasmids, arti?cial chromo 
somes, cosmids, transposons, viruses, and combinations 
thereof. In some embodiments, the present disclosure pro 
vides methods of making and using such a recombinant vec 
tor. 

[0071] In some embodiments, the present disclosure pro 
vides an isolated polypeptide molecule comprising SEQ. ID. 
NO. 2, or a portion thereof, that provides a glyphosate resis 
tant EPSPS enZyme. In some embodiments, SEQ. ID. NO. 2 
is encoded by SEQ. ID. NO. 1, or a portion thereof. In some 
embodiments, SEQ. ID. NO. 2 is isolated from Lolium rigi 
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dum. In some embodiments, an isolated DNA molecule 
encodes the glyphosate resistant EPSPS enzyme of SEQ. ID. 
NO. 2, or a portion thereof, Wherein the DNA molecule has 
the nucleic acid sequence of SEQ. ID. NO. 1, or a portion 
thereof. 

[0072] In some embodiments, the present disclosure pro 
vides a recombinant DNA molecule comprising: a promoter 
that functions in plant cells, operably linked to a structural 
DNA sequence that encodes an EPSPS enzyme comprising 
the sequence of SEQ. ID. NO. 2, operably linked to a 3' 
non-translated region that functions in plant cells to cause the 
addition of polyadenyl nucleotides to the 3' end of the RNA 
sequence. In some embodiments, the present disclosure pro 
vides methods of making and using such a recombinant mol 
ecule. 

[0073] In some embodiments, the present disclosure pro 
vides methods of producing a glyphosate resistant plant com 
prising the steps of l) inserting into the genome of a plant cell 
a recombinant DNA molecule comprising: a promoter that 
functions in said plant cell, operably linked to a structural 
DNA sequence that encodes an EPSPS enZyme having the 
sequence of SEQ. ID. NO. 2, operably linked to a 3' non 
translated region that functions in said plant cell to cause the 
addition of polyadenyl nucleotides to the 3' end of an RNA 
sequence transcribed therefrom; and 2) regenerating from the 
transformed plant cell a genetically transformed plant Which 
has increased resistance to glyphosate herbicide as compared 
to an untransformed plant. 

[0074] In some embodiments, exogenous genetic material 
may be transferred into a plant by the use of a plant expression 
vector designed for such a purpose by methods that utiliZe 
A grobaclerium, particle bombardment or other methods 
knoWn to those skilled in the art. In some embodiments, a 
subgroup of exogenous material comprises a nucleic acid 
molecule of the present disclosure. 

[0075] In some embodiments, the particular promoters 
selected for use in the present disclosure should be capable of 
causing the production of suf?cient expression to, in the case 
of the DNA molecule, generate protein expression in vegeta 
tive or reproductive tissues of a transformed plant. A pro 
moter is a DNA sequence that regulates RNA synthesis. Pro 
moters or promoter regions are usually found upstream (5') to 
a coding sequence that controls expression of the coding 
sequence by controlling production of messenger RNA 
(mRNA) by providing the recognition site for RNA poly 
merase and/or other factors necessary for start of transcrip 
tion at the correct site. The location of most promoters knoWn 
in nature precedes the transcribed region. The promoter func 
tions as a sWitch, activating the expression of a gene. If the 
gene is activated, it is saidto be transcribed, orparticipating in 
transcription. Transcription involves the synthesis of mRNA 
from the gene. The promoter, therefore, serves as a transcrip 
tional regulatory element and also provides a site for initiation 
of transcription of the gene into mRNA. As contemplated 
herein, a promoter or promoter region includes variations of 
promoters derived by means of ligation to various regulatory 
sequences, random or controlled mutagenesis, and addition 
or duplication of enhancer sequences. The promoter region 
disclosed herein, and biologically functional equivalents 
thereof, are responsible for driving the transcription of coding 
sequences under their control When introduced into a host as 
part of a suitable recombinant vector, as demonstrated by its 
ability to produce mRNA. 
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[0076] Promoters may be “constitutive” or “inducible.” 
The term “constitutive” as used herein in reference to a pro 
moter means that the promoter is capable of directing tran 
scription of an operably linked nucleic acid sequence in the 
absence of a stimulus (such as, for example, heat shock, 
chemicals, light, etc.). Typically, constitutive promoters are 
capable of directing expression of a transgene in substantially 
any cell and any tissue. In contrast, an “inducible” promoter is 
one that is capable of directing a level of transcription of an 
operably linked nucleic acid sequence in the presence of a 
stimulus (such as, for example, heat shock, chemicals, light, 
etc.) that is different from the level of transcription of the 
operably linked nucleic acid sequence in the absence of the 
stimulus. 

[0077] In some embodiments, the DNA molecule may con 
tain a constitutive promoter, a structural DNA sequence 
encoding a herbicide resistant enzyme, and a 3' non-trans 
lated region. A number of constitutive promoters that are 
active in plant cells have been described in the art. In some 
embodiments, suitable promoters for constitutive expression 
in plants of herbicide resistance for the DNA molecule may 
include, but are not limited to, the cauli?ower mosaic virus 
(CaMV) 35S promoter (Odell et al., Nature 313:810-812 
(1985)). 
[0078] The glyphosate target in plants, the EPSPS enZyme, 
is located in the chloroplast. In some embodiments, many 
chloroplast-localized proteins, including EPSPS, can be 
expressed from nuclear genes as precursors and can be tar 
geted to the chloroplast by a chloroplast transit peptide (CTP) 
that is removed during the import steps, as described above. 
Examples of suitable such chloroplast proteins include, but 
are not limited to, the small subunit (SSU) of Ribulose-1,5 
bisphosphate carboxylase, Ferredoxin, Ferredoxin oxi 
doreductase, the light-harvesting complex protein I and pro 
tein II, and Thioredoxin F. In some embodiments, it can be 
demonstrated in vivo and in vitro that non-chloroplast pro 
teins may be targeted to the chloroplast by use of protein 
fusions With a CTP and that a CTP sequence can be suf?cient 
to target a protein to the chloroplast. In some embodiments, 
incorporation of a suitable chloroplast transit peptide, such 
as, for example, the Arabidopsis thaliana EPSPS CTP and 
examples of such may be found in Klee et al., Mol. Gen. 
Genet. 2101437-442 (1987) and the Petunia hybrida EPSPS 
CTP and examples of such may be found in della-Cioppa et 
al., Proc. Natl. Acad. Sci. 83:6873-6877 (1986), have been 
shoW to target heterologous EPSPS protein sequences to 
chloroplasts in transgenic plants. In some embodiments, the 
production of glyphosate resistant plants by expression of a 
fusion protein comprising an amino-terminal CTP With a 
glyphosate resistant EPSPS enZyme is Well knoWn by those 
skilled in the art and examples of such may be found in Us. 
Pat. Nos. 5,312,910; 5,627,061; and 5,633,435, as Well as EP 
Patent Nos. 189707; 0218571; 508909; and 924299. Those 
skilled in the art Will recogniZe that various chimeric con 
structs can be made that utiliZe the functionality of a particu 
lar CTP to import glyphosate resistant EPSPS enZymes into 
the plant cell chloroplast. 
[0079] Nucleic acids encoding chloroplast transit peptides 
are readily available from genomic or cDNA of any chloro 
plast-targeted protein, and their sequences are Well knoWn 
and available, e.g., from GenBank. Further such transit pep 
tide sequences, and their coding sequences, may be identi?ed 
by algorithm-based searching, e.g., as discussed in A. I. 
Schein et al., “Chloroplast transit peptide prediction: a peek 
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inside the black box,” Nucl. Acids Res. 29(16):6 (2001), and 
O. Emanuelsson et al., “ChloroP, a neural netWork-based 
method for predicting chloroplast transit peptides and their 
cleavage sites,” Prot. Sci. 8:978-984 (1999); alternatively, 
sequence analysis using the ChloroP algorithm may be per 
formed on any sequence submitted to the ChloroP Website of 
the Center for Biological Sequence Analysis at the Technical 
University of Denmark, Lyngby, DK, available online at 
World Wide Web cbs .dtu.dk/services/ChloroP/. Any such tran 
sit peptide, or other N-terminal peptide, may be synthesiZed 
as a fusion With an EPSPS according to some embodiments 
described herein. 

[0080] In some embodiments, the termination of transcrip 
tion is accomplished by a 3' non-translated DNA sequence 
operably linked in the chimeric vector to the gene of interest. 
In some embodiments, the 3' non-translated region of a 
recombinant DNA molecule contains a polyadenylation sig 
nal that functions in plants to cause the addition of adenylate 
nucleotides to the 3' end of the RNA. In some embodiments, 
the 3' non-translated region can be obtained from various 
genes that are expressed in plant cells. In some embodiments, 
the nopaline synthase 3' untranslated region and examples of 
such may be found in Fraley et al., Proc. Natl. Acad. Sci. 
80:4803-4807 (1983); the 3' untranslated region from pea 
small subunit Rubisco gene and examples of such may be 
found in CoruZZi et al., EMBOJ 3 : 1 67 1 -1 679 (1984); and the 
3' untranslated region from soybean 7S seed storage protein 
gene and examples of such may be found in Schuler et al., Nuc 
Acids Res. 10:8245-8261 (1982) may be used in this capacity. 
In some embodiments, the 3' transcribed, non-translated 
regions containing the polyadenylate signal of Agrobacte 
rium tumor-inducing (Ti) plasmid genes may be used in this 
capacity. 
[0081] The aforesaid genetic elements and other regulatory 
elements of similar function may be substituted When appro 
priate by those skilled in the art of plant molecular biology to 
provide necessary function to the plant expression cassette. 
DNA constructs for glyphosate tolerance designed for 
expression in plasmids Will necessarily contain genetic ele 
ments that function in plasmids. 

[0082] In some embodiments, a vector may also include a 
screenable or selectable marker gene. The term “selectable 
marker” as used herein refers to a nucleic acid sequence 
Whose expression confers a phenotype facilitating identi?ca 
tion of cells containing the nucleic acid sequence. Selectable 
markers include those that confer resistance to toxic chemi 
cals such as, for example, ampicillin resistance, kanamycin 
resistance, complement a nutritional de?ciency such as, for 
example, uracil, histidine, leucine, or impart a visually dis 
tinguishing characteristic such as, for example, color changes 
or ?uorescence. Useful dominant selectable marker genes 
include genes encoding antibiotic resistance genes such as, 
for example, resistance to hygromycin, kanamycin, bleomy 
cin, G418, streptomycin or spectinomycin; and herbicide 
resistance genes such as, for example, phosphinothricin 
acetyltransferase. A useful strategy for selection of transfor 
mants for herbicide resistance is described, such as, for 
example, in Vasil, Cell Culture and Somatic Cell Genetics of 
Plants, Vols. I-IH, Laboratory Procedures and Their Appli 
cations, Academic Press, NeW York (1984). Other possible 
selectable and/ or screenable marker genes Will be apparent to 
those of skill in the art. In some embodiments, a selectable 
marker may be used to monitor expression. 
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[0083] There are many methods for introducing transform 
ing nucleic acid molecules into plant cells. In some embodi 
ments of the present technology, suitable methods for trans 
forming the nucleic acid sequence encoding EPSPS of a plant 
include virtually any method shoWn effective in introducing 
the nucleic acid molecules into a plant cell such as, for 
example, by A grobaclerium infection, micro projectile bom 
bardment, or direct delivery of nucleic acid molecules. 
[0084] Four general methods for direct delivery of a gene 
into cells have been described: (1) chemical methods and 
examples of such may be found in Graham et al., Wrology 
541536-539 (1973); (2) physical methods such as microinjec 
tion and examples of such may be found in Capecchi, Cell 
221479-488 (1980); electroporation and examples of such 
may be found in Wong et al., Biochem. Biophys. Res. Com 
mun. 1071584-587 (1982), From et al., Proc. Natl. Acad. 
Sci. 8215824-5828 (1985), and Us. Pat. No. 5,384,253; and 
the gene gun and examples of such may be found in Johnston 
et al., Methods CellBiol. 431353-365 (1994); (3) viral vectors 
and examples of such may be found in Clapp, Clin. Perinalol. 
201155-168 (1993), Lu et al., .1. Exp. Med. 17812089-2096 
(1993), and Eglitis et al., Biolechniques 61608-614 (1988); 
and (4) receptor-mediated mechanisms and examples of such 
may be found in Curiel et al., Hum. Gen. Ther. 31147-154 
(1992); and Wagner et al., Proc. Natl. Acad. Sci. 8916099 
6 1 03 (1 992). 
[0085] A grobaclerium-mediated transfer is a Widely appli 
cable system for introducing genes into plant cells because 
the DNA can be introduced into Whole plant tissues, thereby 
bypassing the need for regeneration of an intact plant from a 
protoplast. The use of Agrobaclerium-mediated plant inte 
grating vectors to introduce DNA into plant cells is Well 
knoWn in the art. 
[0086] Modern Agrobaclerium transformation vectors are 
capable of replication in E. coli, as Well as Agrobaclerium. In 
some embodiments, Agrobaclerium containing both armed 
and disarmed Ti genes can be used for the transformations. In 
those plant varieties Where Agrobaclerium-mediated trans 
formation is ef?cient, it is the method of choice because of the 
facile and de?ned nature of the gene transfer. 

[0087] It is also to be understood that tWo different trans 
genic plants can also be mated to produce offspring that 
contain tWo independently segregating exogenous genes. In 
some embodiments, sel?ng of appropriate progeny can pro 
duce plants that are homozygous for both exogenous genes. 
Back-crossing to a parental plant and out-crossing With a 
non-transgenic plant are also contemplated, as is vegetative 
propagation. In some embodiments, a transgenic plant can be 
included in breeding methods described herein. In some 
embodiments, other methods of cell transformation can also 
be used and include, but are not limited to, introduction of 
DNA into plants by direct DNA transfer into pollen by direct 
injection of DNA into reproductive organs of a plant, or by 
direct injection of DNA into the cells of immature embryos 
folloWed by the rehydration of desiccated embryos. 
[0088] The regeneration, development, and cultivation of 
plants from single plant protoplast transformants or from 
various transformed explants is Well knoWn in the art. In some 
embodiments, regeneration and groWth process includes the 
steps of selection of transformed cells, culturing those indi 
vidualiZed cells through the usual stages of embryonic devel 
opment through the rooted plantlet stage. In some embodi 
ments, transgenic embryos and seeds can be similarly 
regenerated. In some embodiments, the resulting transgenic 
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rooted shoots can be thereafter planted in an appropriate plant 
groWth medium such as soil. The development or regenera 
tion of plants containing the foreign, exogenous gene is Well 
knoWn in the art. In some embodiments, the regenerated 
plants are self-pollinated to provide homozygous transgenic 
plants. Otherwise, pollen obtained from the regenerated 
plants is crossed to seed-groWn plants of agronomically 
important lines. Conversely, pollen from plants of these 
important lines is used to pollinate regenerated plants. In 
some embodiments, a transgenic plant of the present disclo 
sure containing a desired exogenous nucleic acid can be cul 
tivated using methods Well knoWn to one skilled in the art. 
[0089] Furthermore, those skilled in the art Will appreciate 
the methods and compositions related to transformation of 
plants disclosed in Us. Pat. Nos. 4,971,908; 4,769,061; 
5,145,783; 5,188,642; 5,310,667; 5,312,910; 5,352,605; 
5,530,196; 5,585,742; 5,792,930; 6,204,436; 6,225,114; 
6,362,396; 6,426,185; 6,566,587; and 6,825,400. 
[0090] Any type of cell may be used to express an 
improved, glypho sate-resistant EPSPS described herein from 
nucleic acid according to an embodiment of the present dis 
closure. The cells may be separate, individual cells, or part of 
a multicellular assemblage, such as a callus, tissue, or organ 
ism. In some embodiments, the cells Will be plant cells; in 
some embodiments, monocot cells. In some embodiments, 
the plant Will be a member of the order Poales, preferably of 
the family Poaceae. Examples of plants from this family 
include bentgrass (Agroslis spp., e.g., A. canina, A. paluslris, 
A. Zenuis), Bermudagrass (Cynodon spp., e.g., C. daclylon), 
bluegrass (Poa spp., e.g., R pralensis, P Zrivialis), buffa 
lograss (Buchloe spp., e.g., B. daclyloides), carpetgrass (Ax 
onopus spp., e.g., A. ?sszfolius), centipede grass (Eremochloa 
spp., e.g., E. ophiuroides), fescue (Fesluca spp., e.g., E arun 
dinacea, F ovina, F rubra, F Zrachyphylla), hairgrass (Des 
champsia spp., e.g., D. caespilosa), fountaingrass (Pennis 
elum spp., e.g., R clandeslinum, i.e. kikuyugrass), 
croWngrass (Paspalum spp., e.g., P nolalum, i.e. Bahiagrass; 
R vaginalum, i.e. seashore paspalum), ryegrass (Lolium spp., 
e.g., L. mulli?'orum, L. perenne, L. rigidum), saltgrass (Dis 
Zichlis spp., e.g., D. spicala), St. Augustine grass (Sleno 
Zaphrum spp., e.g., S. secondalum), and laWngrass (Zoysia 
spp., e.g., Z. japonica, Z. malrella, Z. Zenuifolia). Nucleic acid 
according to some embodiments described herein can be 
transformed into cells, or, e.g., protoplasts thereof, by any 
method knoWn useful in the art. 
[0091] In some embodiments, the polypeptide, and the 
nucleic acid encoding it, can be isolated, naturally occurring 
molecules. In some embodiments, the polypeptide, and the 
nucleic acid encoding it, can comprise native sequences. In 
some embodiments, the polypeptide, and the nucleic acid 
encoding it, can be recombinant, and at least one of the 
residues speci?ed above can be a mutation, Which is not 
naturally occurring in the polypeptide and Which is not natu 
rally encoded by the native coding sequence of that nucleic 
acid. 

EXAMPLES 

[0092] The folloWing examples are not limiting the present 
disclosure in any Way. These examples may be used by one 
skilled in the art to better understand the present disclosure. 

Example 1 

[0093] Rigid ryegrass (Lolium rigidum Gaud.) plants are 
collected from an almond orchard intensively treated With 
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glyphosate since 1984. The collected plants are grown and 
seed produced in greenhouse. The resistant, intermediate and 
susceptible biotypes are selected in the ?rst generation using 
1.12, 2.24, and 3.36 kg ai ha-l rates of glyphosate. Further 
selection is continued With a high glyphosate rate (8.96 kg ai 
ha“) to select for the resistant and With the loW rate (0.28 kg 
ai ha_l) to select for the susceptible individuals. The resistant 
(R) and susceptible (S) biotypes used in this example are 
generated from the 5th and 4”’ cycle, respectively. 
[0094] R and S biotypes of the California rigid ryegrass are 
groWn individually to the fully vegetatively mature stage 
prior to seedhead formation. In one experiment, tWo fully 
mature leaves of each plant (one R and one S biotypes) are 
treated With three 2 [11 drops of glyphosate (glyphosate iso 
propylamine salt, ROUNDUP ULTRATTM, Monsanto Co., 
St. Louis, Mo.) solution applied to the upper leaf surface. This 
corresponds to a ?eld rate of 1.12 kg ai ha“l glyphosate at a 
volume of 187 L ha-1 and pressure of 172.5 kPa. One Week 
after treatment, the S biotype is dead, but no injury is observed 
on the R biotype. 

Example 2 

[0095] A dose response study is conducted on the R and S 
lines of rigid ryegrass. The rates of glyphosate applied varied 
from 0.125><, 0.25><, 0.5><, 1x, 2x, 4x, 6x, 8x, 10><, to 12x. The 
sprayed solutions and application procedures are similar to 
those described previously. Plants are evaluated for visual 
injury at 4 WAT. Data (4 WAT) from tWo experiments With 8 
replications of each treatment are analyzed by non-linear 
regression and ?tted to a log-logistic model: 

100 

Where y is predictive of plant injury (% of control), X5O:dose 
required to obtain 50% injury and b is the slope at X50. 
[0096] The collected plants produced seeds in the green 
house after 8 to 10 Weeks. The seeds are designated as the ?rst 
generation, harvested and replanted for glyphosate resistant 
evaluation. The percentages of survivors are 89, 59, 45, and 9 
percent folloWing glyphosate application at 1x, 2x, 4x and 
8x, respectively, is shoWn in Table 2. Diverse sensitivity at 
each glyphosate level indicated that the collected plants are 
genetically heterozygous and that segregation occurred in the 
?rst generation. 

TABLE 2 

Glyphosate resistance and sensitivity of the ?rst generation of 
rigid ryegrass (Loliztm rigidztm) collected from California USA. 

Glyphosate Survivors“ Dead plants 
kg ai ha’l percent 

0 100 0 
1 .12 (1x) 89 1 1 C 
2.24 (2x) 59 41 
4.48 (4x) 45 55 
8.96 (8X) 91’ 91 

Tata are the means oftWo experiments With 90 plants in each. 

bPlants used to generate the resistant plants (R line). 
CSeeds from clones used for further selection for the most sensitive plants. 

[0097] Dose response curves of the R and S lines are shoWn 
in FIG. 1. The ratio of glyphosate rates betWeen the R and S 
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lines for ISO (50% injury) is >100-fold (ratio of 11x to 0.1x). 
This >100-fold ratio indicated a very high magnitude of gly 
phosate resistance in rigid ryegrass generated from the Cali 
fornia rigid ryegrass, compared to other Weeds that demon 
strated resistance to glyphosate as reported in, for example, 
Heap, International Survey of Herbicidal Resistant Weeds 
(2004) available at World Wide Web Weedscience.org. 

Example 3 

[0098] Cross-pollination is arranged in the greenhouse 
betWeen one plant each of the R and S lines Which have 
similar maturity. To prevent pollen contamination from un 
Wanted ryegrass, the plants are covered With transparent plas 
tic. The likelihood of sel?ng is less than 3% as discussed in, 
for example, Thorogood, Perennial Ryegrass (Lolium 
perenne L.) in M. D. Casler and R. R. Duncan, eds. T urfgrass 
Biology, Genetics, and Breeding, John Wiley & Sons, Inc., 
pp. 75-105 (2003). About 500 seeds from both R and S plants 
are harvested at maturity and kept separately. Fl plants are 
groWn and maintained similarly as previously described. The 
F1 progeny are evaluated for glyphosate sensitivity When the 
plants are 5 to 8 cm tall. Glyphosate is sprayed at 0.125><, 
0.5><, 0.25><, 1x, 2x, 4x, 6x, and 8x and the spray solutions 
prepared and delivered as described previously. The response 
of 10 plants in each of tWo experiments to glyphosate is 
recorded 3 and 4 WAT. 

[0099] TWenty uniform non-sprayed plants of the F1 prog 
eny (R><S) are groWn and pooled to alloW intercrossing to 
generate F2. Seeds are harvested at maturity and groWn as 
described previously. Glyphosate sensitivity is further evalu 
ated in the F2 population. At the tillering stage, as described 
previously, 400 plants of the F2 population are sprayed With 
0.125>< glyphosate (the rate used to identify the sensitive 
parent). The number of sensitive plants (severely injured and 
dead) is recorded 3 to 4 WAT. The survivors are re-acclimated 
for another Week and re-sprayed with 8x glyphosate (the rate 
used to identify the resistant parent). The number of survivors 
is recorded 3 to 4 WAT. The remaining plants from the plant 
population that shoWed a response betWeen sensitive and 
resistant rates are identi?ed as intermediate. Expected ratios 
in the F2 population betWeen sensitive, intermediate, and the 
resistant are evaluated With the model of one or tWo genes 
involved in the inheritance of glyphosate resistance as dis 
cussed in, for example, Diggle and Neve in Herbicide Resis 
tance and World Grains, S. B. PoWles and D. L. Shaner, eds. 
CRC Press, Boca Raton, London, NeW York, Washington, 
DC, pp. 61-99 (2001). Chi-square analyses are used to deter 
mine the most acceptable ratio for F2 segregation and the 
inheritance of the glyphosate resistance. 

[0100] The R and S lines are successfully crossed in the 
greenhouse. Seeds of F1 progeny are harvested separately 
from both R and S parents. Glyphosate sensitivity in the F1 
progeny harvested from R parents (R><S) and from S parents 
(S><R) appeared to be intermediate and only survived up to 2x 
glyphosate. Plants of the F1 progeny from (R><S) and (S><R) 
ranged in injury from 0 to 10% and 50 to 60% from 1x and 2x 
glyphosate, respectively, 3 WAT. The injury from 2>< glypho 
sate decreased to 20-30%, 4 WAT, and full recovery is 
observed after 5 Weeks. Glyphosate at 4x and higher rates 
killed the F 1 plants. The data indicated that the inheritance of 
glyphosate resistance in California rigid ryegrass is partial 
dominance and pollen transmitted, With no indication of 
maternal inheritance. 
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[0101] Non-sprayed Fl progeny (20 plants) from R><S are 
intercrossed to produce F2. Glyphosate sensitivity evaluation 
and Chi-square analysis of the F2 population are shoWn in 
Table 3. Plants that died from 0.125>< and those that survived 
8x of glyphosate are designated genotypically similar to the R 
and S parents, respectively. The rest of the plants in the 
population are identi?ed as intermediate betWeen sensitive 
and resistant plants. The expected ratio and Chi-square analy 
sis based on Mendelian segregation are shoWn in Table 3. 

TABLE 3 
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strand of cDNA is used as a template for the PCR to amplify 
the main fragment of EPSPS coding region using forWard and 
reverse oligonucleotides (FP1 and reverse RP1 primers, 
respectively (Integrated DNA Technologies, Inc., IA)). The 
PCR mixtures including cDNA template, primers, buffer 
(Promega Corp., Madison, Wis), dNTP (nucleotides mix 
(Promega Corp., Madison, Wis.)), and Taq polymerase 
(Promega Corp ., Madison, Wis.) are developed in the thermo 
cycle With temperatures adjusted as the manufacturer recom 

Chi-square analysis of the 132 population generated from 
hybridization between the resistant (survived 8x glyphosate) and 

the sensitive (dead from 0.125x glyphosate) biotypes of rigid ryegrass 
(Lolium rigidum Gaud.) from California. 

Sensitive Intermediate Resistant 
(0.125x) (0.125x-8x) (8x) Total P value 

F2 (Observed) 27 352 21 400 
F2 (Expected)" 100 (1/4) 200 (1/2) 100 (1/4) 400 
X2 53 116 62 231 na 
F2 (Expected)l7 25 (1/16) 350 (14/16) 25 (1/16) 400 
X2 0.2 0.01 0.6 0.8 aa 0.75 < P < 0.9 

“Model used for the expected ratio ofsegregation in the F2 population ifone gene is involved in the inheritance 
of glyphosate resistance: Resistant (RR):I_nterrnediate (Rr): Sensitive (rr) = 1/4:2/4:1/4, na: hypothesis not 
accepted, aa: hypothesis accepted. 

odel used for the expected ratio of segregation in the F2 population if tWo genes are involved in the 
inheritance of glyphosate resistance: Resistant (RRRR):I_nterrnediate (RRRr + RRrr + Rrrr): Sensitive (rrrr) = 
1/16: 14/16: 1/16 na: hypothesis not accepted; aa: hypothesis accepted. 

[0102] In the F2 population of 400 plants intercrossed from 
R><S, 27 plants are sensitive (died from 0.125>< glyphosate), 
352 are intermediate (betWeen R and S), and 21 plants are 
resistant (survived 8x glyphosate). These numbers are tested 
against the hypothesiZed distribution ratio of (1/4):(2/4): (1/4) 
and (1/16):(14/16):(1/16) associated With inheritance by one 
or tWo genes, respectively. Values of the X2 (X2:0.8; 
0.75<P<0.90) With the tested ratio (1/16):(14/16):(1/16) indi 
cated that at least tWo genes are involved in the inheritance of 
glyphosate resistance as shoWn in Table 3. The involvement 
of multiple genes for glyphosate resistance in the California 
rigid ryegrass is similar to the results reported by, for 
example, Feng et al., Weed Sci. 47:412-415 (1999) and Prat 
ley et al., Weed Sci. 47:405-411 (1 999) for rigid ryegrass from 
Australia, but is different from the inheritance study pub 
lished by Lorraine-ColWill et al., T hem: Appl. Genetics 102: 
545-550 (2001), Who concluded that the inheritance of gly 
phosate resistance in rigid ryegrass involved a single semi 
dominant gene. 

Example 4 

[0103] Total RNA is isolated from the croWn tissue of Cali 
fornia rigid ryegrass vegetative maturity as described previ 
ously. The methods for RNA isolation are modi?ed from 
methods discussed in ChomcZynski and Sacchi, Anal. Bio 
chem 162-156-159 (1987). Poly A mRNA is isolated from 
total RNA by using Oligotex mRNA Mini Kit (QIAGEN Inc, 
Valencia, Calif.), the procedures folloWed manufacturer rec 
ommendations. The quantity and quality of mRNA is deter 
mined spectrometrically. 
[0104] The ?rst strands of cDNA are synthesiZed from poly 
A mRNA using the 5'/3' RACE PCR kit (Roche Applied 
Science, PenZberg, Germany). Procedures for synthesis of the 
?rst strands cDNA folloWed the kit recommendation. It 
started With transcription of the mRNA using dT-anchor and 
reverse transcriptase in the reaction buffer provided. The ?rst 

mended for the primers. If annealing temperature of the prim 
ers are more than 1.0 C apart, the reactions are assigned by 
touch-doWn PCR as discussed in, for example, Don et al., 
Nucl. Acid Res. 19(14):408 (1991). PCR products are sub 
jected to electrophoresis to identify a successful ampli?cation 
by visualiZation of a clear band under UV light. The band is 
excised and DNA is gel extracted using the kit (from 5'/3' 
RACE PCR kit). The extracted DNA from PCR products are 
sequenced at the Genomic Technology and Support Facili 
ties, (“GTSF”), Michigan State University. 
[0105] The 3' end of EPSPS gene is generated by 3' RACE 
PCR using the ?rst strand cDNA as a template as illustrated in 
FIG. 2. Forward oligonucleotide primers (FP1 (SEQ. ID. NO. 
3); FP2 (SEQ. ID. NO. 4) are constructed from the main 
fragment of EPSPS coding region sequenced previously, and 
an anchor primer (SEQ. ID. NO. 10) is provided in the kit and 
is used as a reverse primer. The PCR mixtures are developed 
in thermo -cycle as mentioned previously, Which temperatures 
adjusted as the manufacturer recommended. Ampli?cation 
products are electrophoriZed and further processed, as 
described previously. 

[0106] The 5' end of EPSPS coding region is generated by 
5' RACE PCR. Reverse oligonucleotide primers (RP1 (SEQ. 
ID. NO. 5), RP2 (SEQ. ID. NO. 6), RP3 (SEQ. ID. NO. 7), 
and RP4 (SEQ. ID. NO. 8)) are constructed from the main 
fragment of the EPSPS coding region, Which are sequenced 
previously. The strand of 5' end cDNA is synthesiZed from 
mRNA using primer RP2 and reverse transcriptase in the 
buffer reaction as mentioned previously. Poly A-tails are 
attached at the 5' end of cDNA strands in the reaction of dATP 
nucleotides and terminal transferase, Which are provided in 
the same kit as mentioned previously. PCR are generated to 
amplify 5' end EPSPS coding region using the strand of 5' end 
cDNA as a template, dT-anchor (SEQ. ID. NO. 9) and RP3 as 
forWard and reverse primers, respectively. For better ampli 
?cation of 5' end EPSPS gene, nested PCR is generated With 




























