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GLYPHOSATE RESISTANT CLASS | EPSPS GENES

STATEMENT REGARDING ELECTRONIC SUBMISSION OF A SEQUENCE LISTING

A Sequence Listing in ASCII text format, submitted under 37 C.F.R. § 1.821, entitled “73585-
US-L-ORG-NAT_ST25.txt”, 23,723 bytes in size, generated on May 2, 2013 and filed via EFS-
Web is provided in lieu of a paper copy. This Sequence Listing is hereby incorporated by
reference into the specification for its disclosures

FIELD OF THE INVENTION

This invention relates o genes for providing herbicide resistance in plants and, more
particularly, (o class | S-enolpyruvyishikimate-3-phosphate synthases (EPSPSs)
modified 1o provide glyphosate resistance, and variants thereof. More specifically, the
invention comprises DNA and protein compositions of glyphosate resistant EPSPS
genes, methods of use in plant cell culiure, crop breeding, creation ¢of transgenic plants,
controlling weeds at a locus comprising the transgenic plants and 1o the ransgenic
plants comprising the EFPSPS DNAL

BACKGROUND OF THE INVENTION

MN-phosphonomethylghycine, commaonly referred 1o as glyphosate, s an important
agronomic chemical. Glyphosate inhibits the enzyme that converls phosphoenadpyruvic
aoid {(PEP) and 3-phosphoshikimic acid 1o S-enolpyruvyl-3-phosphoshikimic acid.
inhibition of this enzyme {(S-enclpyruvyishildmate-3-phosphate synthase; referred 1o
hergin as "EPSPSY) kills plant cells by shulting down the shikimate pathway, thersby
inhithiting aromatic amino acid biosynthesis, inhibition of aromatic amino acid
biosynthesis kills plant cells as well as some bacterial cells. Glyphosate is an effective,
broad-spectrum systemic herbicide used o kill weeds and is the most widealy used
herbicide in the Linited States.

EFSPS enzymes are broadly categornized inlo three groups: Class |, Class H and Class
Hi Mutations in Class | EPSFS genes are known that provide iolerance to glyphosatie’s
inhithitory activity. For example, Glyphosate {olerance in planis can be achieved by the
expression of @ modified Class | EPSPE that has lower affinity for glyphosats, yet still
retains #ts catalvtic activity in the presence of giyphosate (U.S. Pat. Nos. 4,535,060,
6,040,497, and 7,723 575} “Tolerate”, "olerance”, “rasist” or “resistance” is intended o
mean that a plant can either survive, or carry out essential cellular functions such as
protein synthesis and respiration in the presence of an herbicide, particularly
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givyphosate, in a manner that is not readily dizcemible from untreated cells. Class |
EPSPS genes can be found in g variely of backgrounds, including plants, algae and
rricroorganism such as bacteria. Well-known Class | genes are derived from Jea mays
{com) and &, coff {where the gene is known as aro4).

Class H and Class H EPSPSs have been isolated from bacteria that are naturally
resistant 1o glyphosate and when the enzyme is expressed as g transgene in planis
provides glyphosate {olerance 1o the plants {Ex. 115, Patb Nos. 5,633,435, 5,094 845
and 7,534,837}

Crop plants that comprise one of the tolerant EPSPSs from Class | H or 1H are (olerant
o glyphosate and allow glvphosate 1o be used for effective weed control with minimal
concern of crop damage. For example, givyphosale olerance has been genetically
engineered into com {(U.5. Pat. No. 5,554,798}, wheat (Zhou et al. Plant Cell Rep.
12:158-163, 1995), sovbean (WO 9200377}, sugarbest (U. 5. Pat No. 7,335 818), and
canola (WO 9204448),

Thers iz g greal need in plant molecular biclogy for a diversity of genes that can provide
a selactable marker phenotyps. Tolerant EPSPS enzymes are useful as sslectable
markers during transformation where glyphosate selection is used, Le. where
transformed plant cells comprising the tolerant EPSPS are selected due to their ability to
survive on glvyphosate-containing media. The present invention provides DNA and
profein compositions of a glyphosale tolerant variant Class  ERFSPS enzyme. The
present invention also provides DNA constructs useful in plants and transgenic plamnts
that exhibit glyphosale iolerance.

SUMMARY OF THE INVENTION

In one aapsct of the invention there iz provided an isolated modified EPSPS DNA
molscule encoding a givphosate tolerant EPSPE protein having an aspartic acid at
position 68, and an isoleucine or leucine at position 102, In ancther aspect of the
invention there is provided an isolated modified EPSPS DNA molecule encoding a
glvphosate wolerant EFPSPE protein having a glutamic acid at position 88, and a cysieins
at position 101,

Int another aspect of the invention is & DNA construct that comprises a promoler that
functions in plant cells operably linked o a modified EPSPE DNA molscdle encoding s
givphosate tolerant BRSPS protein having an aspartic acid at position 88, and an
iscleucing or leucine at position 102, In vet another aspect of the invention there is
provided a transgenic plant than contains the DNA construct, wherein the fransgsnic
plant is tolerant to glyphosate herbicide.
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in another aspect of the invention is a DNA construct that comprises a promoter that
functions in plant cells operably linked 1o & modified EPSPS DNA moleculs encoding a
glvphosate olerant BRSPS protein having 2 glutaemic acid af position 88, and a cysieine
at position 101, In yet ancther aspect of the invention there is provided a transgenic
plant than containg the DNA construct, wherein the transgenic plant is tolerant to
alyphosate herbicide.

in another aspect of the invention is a method of preparing a Tertile ransgenic plant
comprising providing a plant expression cassette having a modified EPSPE gene
encoding an EPSPS protein having an aspartic acid at position 68, and an isoleucine or
teucine at position 102; and contacting recipient plant cells with the plant expression
cassetie under conditions permitling the uptake of the plant exprassion cassetie by the
recipient cells; and selecting the recipient plant cells that contain the plant expression
cassette; and regenerating plants from the selected recipient plant cells; and identifving
a fertile ransgenic plant that is tolerant 1o glvphosate.

int ancther aspect of the invention is a method of preparing a fertile transgenic plant
comprising providing a plant expression casseatie having a modified EPSPS gene
gncoding an EPSFE protein having a glutamic acid at position 88, and a cysieine at
position 101; and contacling recipient plant cells with the plant expression casselis
under conditions permitling the uptake of the plant expression cassetie by the recipient
cells; and selecling the recipient plant cells that contain the plant expression casselte;
and regenerating plants from the selecied recipiant plant cells; and identifving a fertile
fransgenic plant that is iolerant (o glyphosate.

in another aspect of the invention is g fertile glvphosate tolerant ransgenic plant that
contains a plant expression cassette having an aspartic acid at position 8 and an
iscleucine or leucine at position 102 that is crossed o angther plant (o provide progeny
that are tolerant 1o glyphosate.

int ancther aspect of the invention is & fertile glyphosals iolerant transgenic plant that
contains a plant expression cassetie having a modified plant EPSPS gene encoding an
EFSPS protein having a glutamic acid at position 88, and 3 cysieins at position 101 that
is crossed (o another plant 1o provide progeny that are tolerant to glyphosate.

i ancther aspect of the inverntion, there is provided a method for controfling weeds ing
field of crop plants, wherein the field of crop plants is reated with an effective amount of
a glyphosate comlaining herbicide and the crop plants coriain a plant exXpression
cassetie having a modified EPSPS gene encoding an BRSPS profein having an aspariic
acid at position 88, and an isoleucine or leucine at position 102,

in another aspect of the invention, there is provided a method for controlling weeds in a
field of crop plants, wherein the field of crop plants is reated with an effective amount of
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a glyphosate containing herbicide and the crop planis contain g plant expression
cassetle having a modified EPSPS gene sncoding an EPSPS protein having a glutamic
acid at position 88, and a cysteing at position 101,

in another aspect of the invention, there is provided an isolated modifisd EPSPS DNA
molecuie encoding a glvyphosate olerant EPBPE protein having an aspartic acid at
position 88, a cysieing at position 101 and an iscleucine or leucineg at position 102,
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG 1. Polypeptide alignment of maize EPSPSs (wild-type and miutanis)
FHG 2. Polypeptide alignment of various wild-type EPSPSs

FIG 3. Maize EPSPS gene exprassion in iohacco sevents

LIST OF SEQUENCES
SEQID NG 1 DNA seguence of maize EPSHE {wild-type)

SEQHD NG, 20 DNA sequence of maize BRSPS {(AIDEIT mutant of the presemt
nvention)

SEQHHI NG, 3 DNA seguence of maize EPSPS (AID EIGC mutant of the present
invention}

SEQID NOQ. 4: DNA sequence of maize BRSPS (AR ETTIGC mutant of the present
vention)

SEG D NG, & Amino acid seqguence of maize ERPSPS {wild-type)

SEQID NO. 8 Aming acid sequence of maize EPSPS (AID EITE mutant of the present
invention)

SEQH NG, 7 Amino acid seguence of maize EPSPS {(A[D EIGC mutant of the present
invention}

SEQID NO. B Amino acid sequence of maize EPSPES (AID EITIGO mutant of the
prasent invention}

DETAILED DESCRIPTION OF THE INVENTION

The present invention is drawn (o compositions and methods for reguiating herbicide
resistance in organisms, parliculady in plants or plant celis. The methods involve
iransforming organisms with nucleotids sequences snooding the Class | glyphosats
resistance EPSPE genes of the invention. The nuclectide sequences of the invention
are useiul for preparing plants that show increased tolerance 1o the herbicide
glvphosate. Thus, transformed bacteria, plants, plant cells, plant tissues and seeds are
provided. Compositions include nueieic acids and prodeins relating 1o herbicide
iolerance in microorganisms and plants as well a2 ransformed bacteria, plants, plant
fissues and seesds. Nucleotide seguences of the Class | glyphosate resistance EPSPS
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genes and the aming acid sequences of the proteins encoded therseby are disclosed.
The sequences find use in the construction of expression vectors for subsequent
fransformation into plants of interest, as probes for the isolation of other glyphosate
resistance genes, as selectable markers, and the like.

It is possible to produce glyphosate tolerant plants by inserting into the plant genome &
DNA molecule that causes the production of higher levels of wild-type EPBPS (LLS. Pat
Mo, 4,940,835, Shah et g, Science 233:478-481, 1886). Glyphosats iolerance can be
achisved by the expression of EPSPS variants or mutants that have lower affinity for
glivphosate and therefore retain thelr catabytic activity in the presence of glyphosals.
Examples include aroA P-S (U8, Pall No, 5,084 845, CFP4 EPSPS (L5, Pat No.
5,833,435}, maize TIPS (U8 Pat. No. 6,040,497, 1017192 and 101/144 variants (115
Pat No. 5,886,775 and 115, Pat No. §,225,112, Howe et al., Mol Breeding 103153164,
20023, 102106 varants {UL.S. Pat No. 7,723,575} and Class Hi variants (LLS. Pat. Nos.
7,534 8937, 7 405,347 7,538 262 and associated patents). For example, glivphosats
iclerance has been genetically enginsersd into com (U8, Pat. Nos. 5,554,748,
6,040,497}, wheat {(Zhou et al. Plant Cell Rep. 15:158-183, 1895}, soybean (WO
9200377, cotion (WO 0234348}, and canola (WO 8204449},

Variants of the wild-type EPSPE enzyme have been isolated that are glyphosate-
resistant as g result of slterations in the EPSPS amino acid coding sequence {Kishore el
atl., Annu. Rev. Biochem, 57:627-8663, 1988; Schulz el al, Arch. Microbiol, 137:121-123,
1984; Sost et al, FEBS Lett, 173:238-241, 1984, Kishore et al., In “Biotechnology for
Crop Protection” ACS Symposium Serles No. 379, eds. Hedln et gl 37-48, 1888},
These varignis typically have a higher Ki for glyphosate than the wildtype EPSPS
gnzyme that confers the glyphozats-tolerant phenotype, but these varianis are also
characterized by 2 high Km for PEP that makes the enzymae kingtically less efficient. For
exampie, the apparent Km for PER and the apparent Ki for glyphosate for the native
EPSPS from B coli are 10 uM and 0.5 uM while Tor a glyphosate-resistant isolate
having a single amino acid substitution of an alanine for the ghycine at position 96 these
values are 220 udM and 4.0 mM, respeciively.

The genes of the present invention are Class | EPSPS genes. There are known
mutations within Class | EPSPE genes that can render the gene resistant to glyphosate.
LS. Patl. No. 8,340 487 reports that the Class | EPSPS variant, known as the TIPS
miutation {(a substitulion of iscleucine for threonine at aming acid position 102 and a
substitution of serine for proline at amine acid position 108) comprises two mulations
that when introduced into the polypeptide sequence of Jea mays EPSPS confers
givphosate resistance o the enzyme. Transgenic planis containing this mutant enzyme
are tolerant to glyphoesate. dentical mutations may be made in the genss encoding
aglyphosate sensitive EPSPS enzymas from oiher sources 1o create glyphosate resistant
enzymes, such as sovbean and rice.
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Additional Class | mulants are described in U5, Pat. No. 7,723,575, This patent
discioses that additional aming acids can be substitited at the same 102 and 106
positions found in the THS mutant, particulardy, the threonine at position 102 can be
substituted with either izoleucine or leucine and the P al position 1086 can be substituted
with sither threonine or alaning. Both the TIPS mutant and the mutants described within
the 7,743,575 patent require substitutions at position 106 in order o achieve ghyphosals
tolerance.

in vitro site-directed mustagenssis of DNA molecules have clearly demonstrated utility for
infroducing specific changes in a DINA seguence of a genome and other methods under
development may also provide in shiu site-directied mutagenesis methods {(US Patent
Pub. 200201510721 These methods may be used 1o generate the DNA coding
seguences that encode for the glyphosate resistant EPSPE variants of the present
invention in the context of the endogenous host cell EPSPS gene.

The present invention provides aming acid substitutions in a Class | EPSPE that are
different from any previgusly described modified class | EPSPGSs. The present invention
relates specifically 10 cerlain double and triple variants of class | EPSPSs that are
giyvphosate resistant, but still retain a functional level of PEP substrate binding activity.

The EPSPS enzyme functions in plant chloroplast, therefore, chioroplast transit peptides
{CTR) are enginserad in a DNA molecule 1o encode g fusion of the CTP o the N
terminus of an EPSPS creating a chimeric molecule. A chimeric polynugieic acid coding
sequence is comprised of two or more open reading frames joined in-frame that encode
a chimeric protein, for example, a chioroplast ransit peplide and an EPSPS enzyme. A
chimeric gene refers to the multiple genstic elemenis derived from heterologous sources
operably linked 1o comprise a gene. The CTP directs the glyphosate resistant enzyme
into the plant chioroplast. In the native plant BRSPS gene, chioroplast transit peptide
regions are contained in the native coding seguence {(for example, CTPZ, Klee st al,,
BMol. Gen. Genst, 210:47-442 ) 1887}, The CTP is cleaved from the EPSPS enzyme at
the chioroplast membrane o create a "'mature EPSPE or EPSPE enzyme” that refers o
the polypeptide sequence of the processed protein product remaining afler the
chioroplast transit peptide has been ramoved.

The native CTP may be substifuled with 3 heterclogous CTF during construction of a
fransgens plant expression cassette, Many chioroplast-localized proteing, including
EPDRS, are expressed from nuclear genes as precursors and are targeted io the
chioroplast by a chloroplast transit peptide {(CTP) that is removed during the import
steps. Examples of other such chioropiast proteins include the small subunit (SSU) of
ribulnse-1,5,-bisphosphate carboxyiase frubisco}, ferredoxin, ferredodin oxidoraductase,
the light-harvesting complex protein | and protein H, and thioredoxin F. i has been
demonstrated in vivo and in vitro that non-chioroplast proteins may be targeted o the
chioroplast by use of protein fusions with a CTP and that a CTF sequence is sufficient to
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target g protein o the chloroplast. Incorporation of a suilable chioroplast transit peptide,
such as, the Arabidopsis thaliana EPSPS CTP {(Kige et al, Mol Gen. Genet. 210:437-
442 {1887}, and the Pelunia hvbrida EPSPS CTP {della-Cloppa et al., Proc. Nath, Acad.
Sob. USA 83:8873-6877 {18886) has been shown {0 target helerologous EPSPS protein
o chioroplasts in transgenic plants. The production of glyphosats lerant plants by
axpression of a fusion protein comprising an aming-terminal CTF with a glyphosate
resistant EPSPS enzyme is well known by those skilled in the art, (LL.5. Pat. No.
5627061, U.8 Pat No. 5833435, U.S. Pat No. 5312810, EP 0218571, BEP 188707,
EP 508900, and EP 9242948}, Thoss skilled in the art will recognize that various chimeric
constructs can be made that utilize the functionalily of a particular CTP 1o import
glvphosate resistant EPSPS enzymes into the plant cell chioroplast,

Modification and changes may be made in the structure of the DNA polynucieotides of
the invention and still obiain o DNA molecule that franscribes an mRNA that encodes
the muodified functional EPSPE protein of the present invention. The aming acid
substitutions disclosed hersin provide an improved characteristic 1o the protein, for
example, enhanced gliyphosale resistant EPSP synthase. Amino-acid substitutions or
amino-acid variamnts, are preferably substitutions of 3 single aming-acid residue for
ancther amino-acid residue at one or more posilions within the protein. Substitutions,
deletions, insertions of any combination thereof can be combined to arrive at a final
construct. The present invention involves the substitution of aming acids in a class |
EPSPS prolein o provide a new featurs of the protein, such as, glyphosate resistance.

it is known that the genstic code is degenerate. The amino acids and their RNA
codonis) are listed below in Table 1.
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TABLE 1 - Aming acids and the BRNA codons that encode

Aming Acid

Full name; 3 lstier code;

1letter code Codons

Alanineg; Alg; A GOA GUC GOG GLU
Cysteineg; Cys, © VGO LG

Aspartic acid; Asp; D GAC GAU

Glutamic acid; Gy, E GAA GAG
Phenvialanine; Phe; F UUIC UUU

Glveine; Gly, G GGA GGC GGG GGU
Histidine; Hiz; H CAC CAU

Ispleucine,; lle; | ALA AUC AU
Lysing; Lys, K AAA AAG

Leucine; Leu; L LIUA UIUG CUA CUC QUG CUU
Methioning; Met; M ALIG

Asparaging; Asi; N AAL AAU

Proline; Pro; P COA CCO COG CCL
Glutaming,; Gin; Q CAA CAG

Arginine; Arg, R
Sering; Ser S
Ttweonine, Thr T
Valine; Val V
Tryptophan, Tro; W
Tyrosine, Ty Y

AGA AGG CGA CGC CGG OGU
AGC AGU UCA UCC UCG UCU
ACA ACC ACG ACU

GUA GUC GUG GUU

UGG

UAC LIAL
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The codons are descoribed in terms of RNA bases, for example adening, wracl, guanins
and oyiosing, it is the mRNA that is directly transiated into polypeptides. It is undersiood
that when designing a DNA polynudleostide for use in a construct, the DNA bases would
be substitiied, for example, thymine instead of uracil. Codon refers (o a seguence of
thres nuclectides that specify 2 particular aming acd. Codon usage or “codon biag”
refers o the frequency of use of codons encoding aming acids in the coding seguences
of organisms. A codon usage table would be consulted when selecting substituting
codons for an artificial DNA seguence. The sequence of codons provides a coding
sequaence that refers 1o the region of continuous sequential nucleic acid triplets encoding
a protein, polypeptide, or peplide sequence. The term “encoding DNA” refers to
chromosomal DNA, plasmid DNA, cNA, or artificial DNA polynuclestide that encodes
any of the proleins discussed herein, "Mlasmid” refers 1o a circular, exirachromosomat,
selif-replicating pisce of DNA

The term “endogenous” refers (o materials originating from within an organism or cell
“Exogenous” refers o materials originating from outside of an organism or cell. This
tvpically apples to nucleic acld molecules used in producing transformed or transgenic
host cells and plants.

The term "genome” as it applies io baclera encompasses the chromosome, plasmids,
and other exirachromosomal DNA within a bacterial host cell. Encoding nucleic acids of
the present invertion infroduced ino bacterial host cells can therefors be either
chromosomally-integrated, plasmid-locsalized, part of & bacterial artificial chromosoms
{(BAL), a cosmid, or bacteriophage sequences. The term “‘genome” as i applies to plant
cells encompasses not only chromosomal DNA found within the nucleus, but organelis
DNA found within subceliular components of the cell. The term “gene” refers to
polynucieic acids that comprise chromosomal DNA, plasmid DNA, cDNA| an artificial
DA polynuctecstide, or other DINA that is transcribed into an RNA molecule, wherein the
RMA may encods g peptide, polypeptide, or protein, and the genetic elements flanking
the coding sequence that are involved In the regulation of expression of the mRNA or
potypeplide of the prasent invention. A “ragment” of a gene is a portion of a full-length
polynucleic acid molecule that is of al least a minimum length capable of transcription
into a RNA, transiation inio & peptide, or useful as a probe or primey in a DNA detection
meathod.

FPolynucieic acids of the present invention introduced into plant celis can therefors be
either chromosomaliy-integrated or organelle-localized. The modified EFSPEs of the
presert invention are targeied to the chioroplast or plastid by 8 transii peptide located
at the N-terminus of the coding sequence. Alternatively, the gene encoding the modified
ERSPSs may be integrated into the chioroplast genome, thersby eliminating the nged
for a chioroplast ransit peptide.

10
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“‘Heterologous DNA” seguences refers {0 a polynuciestide seguence that originates from
a forsign souwrce or species or, if from the sams source, is modified from its original form.
"Homologous DNA” refers to DBNA from the same source as that of the recipient cell.

“Hybridization” refers o the ability of a strand of nucisic acid to join with a
complementary strand via base pairing. Hybridization ooours when complementary
seguences in the two nucleic acid strands bind to one another. The nucleic acid probes
and primers of the present invention hybnidize under siringaent conditions 1o 3 targst
DNA seqguence. Any conventional nucleic acid hyvbridization or amplification method can
be used to identify the presence of DNA from a transgenic event in a sample. &
fransgeric “event” is produced by transformation of a plant cell with heterologous DNA,
Le., a nucleic acid construct that includes a transgene of interest; regensration of a
population of plants resulting from the insertion of the transgens into the genome of the
plant cell, and selection of a particular plamt characterized by insertion o a particular
genome location. The erm “event” refers 1o the oniginal transformant plant and progeny
of the transformant that include the heterologous DNA. The term "event” also includes
progeny produced by a sexual cutcross between the event and ancther plant that
wherein the progeny includes the heterologous DNA. Nucleic acid molecules or
fragmenis thereof are capable of specifically hybridizing to other nucleie acid molecules
under certain circumstances. As usad hereln, two nucieic acid molecules are said to be
capable of specifically hvlwidizing 1o one another i the two molecules are capable of
forming an anti-paraliel, double-stranded nucleic adid structure. A nudleic acid moleculs
is said {0 be the "complemeant” of ancther nucleic acid moleculs if they exhibit complste
complementarily. As used herein, molecules are said 1o exhibit “complete
complemeantarily” when every nuciectide of one of the molecules is complementary o a
nuclectide of the other. Two molecules are said 1o be “minimally complementary” if they
can hybridize 10 one ancther with sufficient stability 1o permit them 0 remain annealed
to one another under at least conventional “low-stringency” conditions. Similarly, the
molecules are said 1o be “complementary” if they can hybridize 10 one another with
sufficient stability to permit them 1o remain annealed 1o one another under conventional
“high-stringency” conditions. Conventional stringency conditions ars described by
Sambrook et al., Molecular Cloning—4 Laboratory Manual, 2nd. ed., Cold Spring Harbor
Laboratory, Cold Spring Harbor, MUY, {1888), herein referred 10 as Sambrock et al,,
(1988}, and by Haymaes et al., In: Nucleic Acid Hybridization, A Practical Approach, IRL
Prass, Washington, B.C. (1985). Departures from complete complementarity are
therefore permissible, as long as such departures do not completely preciude the
capacity of the molecules 1o form a double-stranded structure. In order Tor g nugieic acid
moleculs o serve as a primer or probe it need only be sufficiently complemeantary in
sequence o be able o form a stable double-stranded structure under the particular
solvert and sailt concenirations employed.
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As used herein, a substantially homologous seguencs is a nucieic acid sequence that
will specifically hybridize 1o the complement of the nucleic acid sequence o which it is
being compared under high stringency conditions. The term "stringent conditions” is
functionally defined with regard o the hybridization of a nucleic-adid probe 1o a target
rucieic acid (such as, 1o g particular nucleic-acid segquence of interest) by the specific
hybridization procedure discussed in Sambrook ot al, 1888, at §.52-8.55. See also,
Sambrook el al., 1989 at 9.47-8.52, 9.56-8.58; Kanshisa, (Nucl Acids Res, 12:203-213,
1984); and Wetmur and Davidson, {J. Mol Biol. 31.349-370, 1988). Accordingly, the
nucieotide sequences of the invention may be used for their ability to selectively form
duplex molecules with complementary stretches of DNA fragments. Depending on the
apphcation envisioned, one will desire 1o employ varving conditions of hybridization 1o
achieve varying degrees of selectivity of probe {owards targst sequence. For
applcations requiring high selectivity, one will typically desire 10 employ relatively
stringent conditions 1o form the hybrids, for example, one will select relatively low salt
and/or high temperature conditions, such as provided by about .02 Mo shout 015 M
NaC at tlemperatures of about 50° C. 1o about 70° C. A stringent condition, for example,
is {0 wash the hybridization filler at least twice with high-stringency wash buffer
{0.2=55C, 0.1% 505, 65° L), Appropriate stringency conditions that promote DNA
hybridization, for example, 8.0~7 sodium chionde/sodium citrate (88C) at about 45°
followsd by a wash of 2.0x85C at 50° C., are known o those skilled inthe artorcan be
found in Current Protocols in Molecular Bidlogy, John Wiley & Sons, NUY. (1988}, 6.3.1-
£.3.6. For example, the sall concentration in the wash siep can be selected from a low
stringency of about 2.0x850 at 50° C. 1o a high stringency of aboul §.2x558C a1 50° C.
in addition, the lemperature in the wash step ¢an be increased from low stringency
conditions at room lemperature, about 297 C., 1o high siringency conditions at about 857
. Both temperature and salt may be varied, or sither the temperature or the salt
conceniration may be held constant while the other variable is changed. Such selective
conditions tolerate Hite, f any, mismaich between the probe and the template or targst
strand. Detection of DNA molecules via hybridization is well known 1o those of skill in the
art, and the teachings of U.S. Pat. Nos, 4,865,188 and 5,176,935 are exemplary of the
methods of hybridization analyses.

Hdertity” refers to the degres of similarity between two polynudcieic acid or protein
sequences. An glignment of the two seguences is performed by a sultable algorithm .
Cne widely used and accepled compuler program for parforming seguence alignments
is CLUSTALW v1.6 {Thompson, et al. Nucl. Acids Res., 22 4673-4680, 15494}, although
gihers are commonly used. The number of malching bases or aming acids is divided by
the {otal number of bases or amine acids, and multiplied by 100 (o obiain a percent
identity, For example, if two 580 base pair sequences had 145 matched bases, they
would be 25 percent identical. If the two compared seqguences are of different lengths,
the number of maiches is divided by the shorter of the two lengths. For exampls, if there
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are 100 maiched amino acids between 200 and 400 aming acid proteins, they are 50
percent identical with respect io the shorler sequence. if the shorter seguence is less
than 150 bases or 50 aming acids in length, the number of matches are divided by 158
{for nucleic acid bases) or 50 {for aminoe acids), and multiplied by 100 1o oblain a percent
identity. in addition {o entity positions, consensus positions are also commuonlty scorsd.
Consensus aming acids are those known o have similar aming acid properties such as
charge, size, polarity, and aromaticily.

Intron” refers 10 8 genetic element that (s a portion of a gens not ransiated into protein,
even though it is franscribed into RNA, the intron seguence being "spliced out” from the
mgture messenger RNA

An “isolated” nucleic acld molecule is substantially separated away from other nucisic
acid seguences with which the nucleic acid is normally associated, such as, from the
chromosomal or extrachromosomat DNA of a cell in which the nuclsic adid naturally
gocurs. A nucleic acid molecule is an isolated nucleic acid moleculs when it comprises a
fransgenea or part of a ransgene present in the genome of ancther organism. The term
also embraces nucleic acids that are biochemically purified so as 1o substantially
ramove contaminating nucleic acids and other cellular components. The lerm
“ransgens’ refars o any polynucieio acid molecule normative o a cell or organism
transformed into the cell or organism. "Transgene” also encompasses the component
parts of a native plant gene modified by insertion of a normative polynucieic acid
moleculs by directed recombination or siie specific mutation.

“Isolated” "Purified,” "Homogeneous” polypeptides. A polyvpeptide is “isolated” if it has
besn separated from the celiular components {nucleic acids, lipids, carbohvydrates, and
other polypeptides) that naturally accompany it or that is chemically synthesized or
recombinant. A polypeptide molecule is an isolated polypeptide molecule when it is
expressad from g ransgene in ancther organiam. A monomeric polypeptide is isolated
when at least 0% by weight of 3 sample is composad of the polypeptide, preferably
90% or maore, more preferably 95% or more, and most preferably more than 99%.
Protein purily or homogeneity is indicated, for example, by polvacrylamide gsl
glectrophoresis of a protein sample, followed by visualization of & single polypeptide
band upon staining the polvacrviamide gel; high pressure Hauld chromatography; or
other conventional methods. Proteins can be purified by any of the means known in the
art, for example as described in Guide 10 Prolein Purification, ed. Deutscher, Meth,
Enzymol. 185, Academic Press, San Diego, 1890; and Scopes, Protein Purification:
Principles and Practice, Springer Verlag, New York, 1384,

The term "native” generally refers 10 a naturally-occurring Mwild-type”) polynucieic acid
or polypeptide. However, in the coniext of the present invention a modification of a
native isolated polynucieotide and polypeptide has occurred to provide a variant
polypeptide with a particular phenotype, Tor example, aming acid substitition in & native
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givphosate sensitive EPSPS o provide a glyphosate resistant BRSPS, The
polynuciestide modified in this manner is normative with respect (o the gengtic elements
normaily found linked © g naturally oocurring unmodified polynuciectide.

Using well-known methods, the skilled artisan can readily produce nucieotide and amino
acid seguence variants of genes and proteins that provide a modified gene product. For
exampie, “variant” DNA molecudes of the present invention are DNA molecules
containing changes in an EFSPS coding seguence, such a3, changss that include one
or more nuclectides of a native EPSPS coding sequence being delsted, added, and/or
substituted, such that the variant EPSPS gene encodes a modified protein that retains
EFSPS activity and s now resistant o glyphosate herbicide. Variant DNA molscules
can be produced, for exampls, by standard DNA miltagenssis lechniques or by
chemically synthesizing the variant DNA molecule or a portion thereof. Methods for
chemical synthesis of nucleic acids are discussed, for exampls, in Beaucage et al.,
Tetra, Letts. 22:1858-1862 {18981}, and Matteucci et al., J. Am. Chem. Soc. 103:3185-
{1981}, Chemical synthesis of nucleic acids can be performed, for exampls, on
automated oligonuciectide synthesizers. Such variants preferably do not change the
reading frame of the protein-coding region of the nucleic acid. The present invention
also encompasses fragments of a protein that lacks at lsast one residue of a full-length
protein, but that substantially mainiains activity of the protein.

A first nucleic-acid molecule is “operably linked” with a second nucigic-acid moleculs
wher the first nucleic-acid molscule is placed in a functional relationship with the
second nucleic-acid molecule. For example, a promoter is operably linked to a protein-
coding nucieic acid seguence if the promoter affects the transcription or expression of
the coding sequence. Generally, operably linked DNA molecules are contiguous and,
where necessary 1o join two profein-coding regions, in reading frame.

The term “plant” encompasses any higher plant and progeny thereof, including
monocots {(for example, com, rice, wheat, barley, elg.}, dicots {for example, soybean,
cotton, canola, tomato, polate, Arabidopsis, obacco, ete.), gymnosperms {pines, firs,
cadars, ete.) and includes parts of plants, including reproductive units of a plant (for
sxample, seeds, bulbs, twhers, frult, flowers, ¢} or other parnts or tssues from that the
plant can be reproduced.

“Polvadenyiation signal” or "polyA signal” refers 10 a nucleie acid sequence located 3 1o
a coding region that causes the addition of adenviate nucientides to the 3" end of the
miRNA franscribed from the coding region.

“Polymerase chain reaction (PCRY refers to a DNA amplification method that uses an
enzymatic technigue 1o creats multiple copies of one sequence of nucleic acid
{amplicon}. Copies of 3 DNA molecule are prepared by shuttling a DNA polymerase
betwesn two amplimers. The basis of this amplification method is mulliple cycles of
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temperature changes o denaturg, then re-anneal amplimers {(DNA primer molecules),
followed by extension (o synthesize new DNA sirands in the region located between the
Hanking amplimers. Nucleic-acid amplification can be accomplished by any of the
various nucleic-acid amplification methods known in the art, including the polymerase
chain reaction (PCR). A variety of amplification methods are kKnown in the art and ars
described, inter alig, in UGS, Pal Nos. 4,683,185 and 4,883,207 and in PCR Protocols: A
Guide 1o Methods and Applications, ed. Innis et al., Academic Press, San Diego, 1880,
PR amphlification methods have been developead (o amplify up 1o 22 kb of genomic
DNA and up 1o 42 kb of bacteriophage BNA {Cheng et al, Proc. Natl, Acad. Scl. USA
91:5885-5649, 1884}, These methods as well as cther methods known in the art of DNA
ampiification may be used in the practice of the present invention.

The term "promoter” o "promoter region” refers o a polynucisic acid molecule that
functions as a regulatory element, usually found upstream {57} 10 3 coding seguence,
that controls expression of the coding sequsence by controlling production of messenger
RNA {mRNA} by providing the recognition site for RNA polymerase and/or other factors
necessary for stan of transcription at the correct site. As contemnpiated herein, a
promoter o promoter region includes varations of promoters derived by means of
igation o various reguiatory sequences, random or controlled mutagenesis, and
addition or duplication of enhancer sequences. The promoter region disclossd herein,
and bintogically functional equivalents thereof, are responsible for driving the
transoription of coding sequences under their control when introduced inte 8 host as part
of a suitable recombinant DNA construct, as demonsirated by its ability 1o produce

R NAL

A “recombinant” nudleic acid is made by a8 combination of two ctherwise separated
segments of nucleic acld sequence, for example, by chemical synthesis or by the
manipulation of isolated segments of polynucieic acids by genetic engineering
technigues. The term “recombinant DNA construct” refers to any agent such as a
plasmid, cosmid, virus, autonomously replicating sequence, phage, or linear or oircular
single-stranded or double-stranded DNA or BNA nuclentide seguence, derived from any
source, capabie of genomic integration or aulonomous replication, comprising g DNA
molecule that one or more DNA sequences have been linked in g funclionally operative
manner. Such recombinant DNA constructs are capable of introducing & 57 reguisiory
seguence or promoter region and a DNA sequence for a selectad gene product inlc a
cell in such a manner that the DNA sequence is ranscribed into a functional mBRNA that
is transiated and therefore expressed. Recombinant DNA constructs may be
constructed to be capable of expressing antisense RNAs, or stabilized double stranded
antisense HNA in order 1o inhibit expression of a specilic target RNA of interest.

‘Hesistance” refers 1o an enzyme that is able o function in the presence of a toxin, for
axampie, naturally ccouring glyphosate resistant class  EPSPSs resistant to
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givphosate or a modified EPSPES enzyme having catalytic activity thatl is unaffecied by at
a herbicide concentration that normally disrupts the sams aclivity in the wild type
enzyme, for example, the modified class | EPSPS enzymes of the present invention. An
enzyme that has resistance 1o an herbicide may also have the funclion of detoxifying the
herbicids, for exampls, phosphinothricin acetviransferase, and glyphosats
miidoreduciase,

“Selectable marker” refers 1o 3 polynucleic acid moleculs that encodes a protein, which
confers a phenotype faciiitating identification of cells containing the polynucleic acid
molecuie. Selectable markers include those genes that confer resistance o antibiotics
{for example, ampicillin, kanamycing, resistance 1o herbicides (Jor example ghyphosate
or glufosinate}, overcoms a particular toxic metabolite {for example phosphomannose
isomerase, PMB, complement a nutritional deficlency {for example, uraci, histiding,
teucing}, or impart 8 visually distinguishing characteristic (for example, color changes or
Huorescence). Useful dominant selectable marker genes include genes encoding
antibiclic resistance genes {for exampls, neomycin phosphotransferass, npt); and
herbicide resistance genes {for example, phosphinothricin acetylitransferase, class |
EPSPSs and class 1H EPSPSs, modified class | EPSPSs). A useful strategy Tor
salection of ransformants Tor herbicide resistance is described, for example, in Vasi,
Cell Culture and Somatic Cell Genstics of Plants, Vols. -, Laboratory Procedures and
Their Applications Academic Prass, New York (18843,

An “artificial polynucieotide” as used in the present inverntion is 3 DNA seguence
designad according to the methods of the present invention and created as an isolated
DNA molecule for use in o DNA construct that provides expression of a protein in host
calls, or for the purposes of cloning inlo appropriate constructs or other uses known o
those skilled in the arl. Computer programs are available for these purposes, including
but not limited o the "Besthit” or “Gap” programs of the Seguence Analysis Software
Package, Genstics Computer Group (GOG), Inc., University of Wisconsin Biotechnology
Center, Madison, Wis, 33711, The antificial polynudlestide may be created by a one or
more methods known in the art, that include, butl are not imited o overlapping PCR. An
artificial polynucleotide as used herain, i3 non-naturally occurring and can be
substantially divergent from other polynuclectides that code for the identical or nearly
identical protein.

Expression of 8 Moditied Class | EPSFS Coding Sequernce in Flanis

DNA consiructs are mads that conlain various genetic elements necessary for the
gxpression of the EPSPS coding sequence in plants. “DNA construct” refers o the
heterclogous genetic elements operably linked to each other making up a recombinant
DA molecule and may comprise elements that provide expression of a DNA
polynuciectide molecule in a host cell and elements that provide mainignance of the
construct in the host cell, A plant expression cassetlte comprizes the operable linkage of
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genstic elements that when transferred info a plant cell provides expression of a
desirable gens product. “Plant expression cassette” refers to chimeric DNA segmenis
comprising the regulatory slements that are operably linked 1o provide the expression of
a ransgene product in plants. Promolers, leaders, introns, ransit peplide encoding
polynucisic acids, 37 transcriptional terminagtion regions are all genetic elements that
may be operably linked by those skilied in the art of plant molecular biology to provide a
desirable level of expression or funclionality o a glvphosate resistant class  EPSPS of
the present invention. A DNA construct can cortain one or more plant expression
casseties expressing the DNA mnlecules of the presant invention or other DNA
moleculas useful in the genetic enginesring of crop plants.

A varisty of promoters specifically active in vegstative tissuses, such as leaves, stems,
raots and iwbers, can be used to express the EPSPS polynucieic acid molecules of the
present invention. Examples of tuber-specific promoters include, but are not limited to
the class | and H patatin promoters (Bevan et gl EMBO J 8:1888-1806, 1986, Koster-
Topfer et al., Mol Gen Genetl. 219:3090-386, 1989, Mignery et al., Gene. 82:27-44, 1988,
Jefferson et al., Plant Mol Biol, 14: 9895-1006, 1930}, the promater for the potato tuber
ADPGPP genes, both the large and small subunits; the sucrose synthase promoier
{Salanoubal and Belliard, Gene. 80:47-56, 1887, Salancubat and Belliard, Gene 84:
181-185, 1989}, and the promoter for the major twbsr proteing including the 22 kd
protein complexes and proteinase inhibitors (Hannape!, Plant Physiol, 101:703-704,
1993). bxamples of leal-specific promoters include, but are not limited o the ribulose
biphosphate carboxryiase (RBCS or RuBISCO) promoters (see, for sxample, Maisuoka
et al, Plant . 5:311-319, 1834}, the light harvesting chiorophvll a/b binding protein gene
promoter {see, for example, Shiina ot al., Plant Physiol. 115:477-483, 19897, Casal et al.,
Plant Physiol, 116:1533-1538, 1998); and theArabidopsis thaliana myvb-related gene
promoter {Atmybd) (Liet al,, FEBS Lett. 3700117121, 18998). Examples of roct-specific
promoter include, but are not limited o the promoter for the acid chitinase gens {(Samac
et al., Plant Mol. Biol, 25:587-586, 1894}; the root specific subdomains of the CaMyVabs
promoter that have been identified {(Lam et al., Proc. Nath Acad. Sal. {(U.5.A) 86:7880-
7894, 1888} the ORF13 promoter from Agrobactenium rhizogenes that exhibits high
activity in roots (Hansen et al., Mol Gen. Genet. 254.337-343 {1897}, the promoter for
the tobacoo root-specific gene TobRB7 (Yamamoto et al., Plant Cell 3:371-382, 1881y,
and the root cell specific promoters reported by Conkling et al, {Conkling et al,, Plant
Physiol, 9312031211, 1990}

Another class of uselul vegetalive tissue-specific promoters is meristematic {root lip and
shoot apex) prometers. For example, the "SHOOTMERISTEMLESS and
SCARECROW promoters, which are active in the developing shoot or root apical
meristems can be used (Ui Lawrenzio st al, Cell 86:423-433, 1986; Long, Nalure
379:.66-69, 1996}, Ancther example of a useful promoter is that which conirols the
axpression of 3-hydroxy-3-methyighiaryl coenzyme A reduciase HMGZ gene, whose
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expression is restricted 1o meristematic and Horal {secretory zone of the stigma, maturs
pollen grains, gynoecium vascular ssus, and fertilized ovules) tissues (see, for
example, Enjuto et al., Plant Cell. 7:517-527, 1895}, Also another example of a usefuld
promoter is that which controls the expression of knl-related genes from maize and
other species that show meristem-specific expression {(seg, for example, Granger et al,,
Plant Mol Biol. 31:373-378, 1036, Kerstetter el al., Plant Cell §:1877-1887, 1884, Hake
et al., Philos. Trans. R, Soc. Lond. B, Biol. Sci. 350:45-51, 189495}, Another example of a
merisiematic promoter is the Arabidopsis thaliana KNATT promoter. in the shoot apex,
KNATT transcript is localized primarily 10 the shoot apical meristem; the sxpression of
KNATH in the shoot merisiem decreases during the floral ransition and is restricted o
the corlex of the inflorescence stem {see, for example, Lincoln et al.| Plant Cell 5:1859-
1876, 1984

Suitable seed-specific promoters can be derived from the following genes: MACT from
maize {Sheridan et al., Genetics 142:1008-1020, 1996; Cat3 from maize (GenBank No.
LOSU34, Abler st 3l Plant Mol Biol 22101311038, 18983); viviparous-1

from Arabidopsis {Genbank No. U83215); Atimvcl from Arabidopsis {(Lirag et al., Plant
Mol, Biol, 32:571-57, 1886, Conceicao et al., Plant 5:493-505, 1894); naph

from Brassica napus {GenBank No, JU2788); the napin gene family from Brassica
napus {(Sicdahl et al, Planta 197:264-271, 1885, and others (Chen et al., Proc. Natl,
Acad. Sol 83:8580-8564, 1488},

The ovule-specific promoter for BELT gene can also be used {Reiser et gl Cell 83:735-
742, 18985, GenBank Mo, U38844; Hay et al, Proc. Natll Acad. Sci. USA §1:5781-5785,
1994}, The egg and ceniral cell specific MEA (FIST) and FIG2Z promoters are also useful
reproductive lissus-specilic promoters {Luo et gl Proc. Natl Acad. Soi USA, 8710637
10642, 2000, Vielle-Calzada, et al., Genes Dev. 13:2071-2982, 1898}

A maize pollen-specific promoter has been identified in maize {(Guerrero et al., Mol
Gen. Genel 224:161-168, 18990}, CGther genes specifically sxpressed in pollen have
been described {(see, for example, Wakeley et al., Plant Mol Binl, 37187182, 1898;
Ficker et al., Mol Gen. Genet, 257:132-142, 19898, Kulikauskas et al., Plant Mol Biol,
34:.808-814, 1997, Treacy st g, Plant Mol Biol, 34:803-611, 1897}

It is recognized that additionsl promoters that may be utilized are described, for
example, in U.S. Pat. Nos. 5,378,818, 5,381,725, 5,428,147, 5,447 858, 5,608,144,
5,808,144, 5,614,389, 5,633 441, 5,633,435, and 4,833,438, it is further recognized that
the exact boundarnes of regulatory segquences may not be completely defined, DNA
fragments of different lengths may have identical promuoter activity,

The transiation leader seguence means a DINA molecule located between the promoter
of a gene and the coding seguencea. The transiation leader sequence is present in the
fully processed mRNA upstream of the transiation start seguence, The transiation leader
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sequence may alfect processing of the primary transoript 1o mRNA, mRNA stability or
fransiation efficiency. Examples of ransiation leader sequences include maize and
petunia heat shock protein leaders, plant virus coal protein leaders, plant rubisco gene
teaders among others {Tumer and Foster, Molecular Biotechnology 3:225, 1895,

The "3’ non-fransisled sequences” means DNA sequences located downstream of
structural polynucieotide seguence and include sequences encoding polvadenviation
and other regulatory signals capable of affecting mRNA processing or gene expression.
The polyadenyiation signal funclions in plants 1o cause the addition of polyadenviate
nuclectides 1o the 3° end of the mRNA precursor. The polvadenyiation seguence can be
derived from the natural gene, from a varnety of plant genes, or from T-DNA, An example
of the polyadenyiation sequencs is the nopaline synthase 37 ssquence (nos 37; Fraley at
al., Proc. Natl. Acad. Sci. LISA 80 4803-4807, 1983). The use of different 3" non-
transiated seguences is exemplified by Ingelbracht et al., Plant Cell 1.871-680, 1888,

The laboratory procedures in recombinant DNA technology used herein are those well
known and commonly emploved in the art. Standard technigues are used for cloning,
DNA and RNA isolation, amplification and purification. Generally enzymatic reactions
involving DNA Hgase, DNA polymerase, restriction endonucleases and the ke arg
performed according (o the manufacturer's specifications. These technigues and various
other technigues are generally performed according o Sambrook et al. (1888},

The DMA construct of the present invention may be introduced into the genome of
desired plant host by a variety of conventional ransformation technigueas that are well
known 1o those skilled in the arl. “Transformation” refers (o a process of infroducing an
sxogenous polynucleic acid molecule {for exampls, a DNA construct, a recombinant
polynucieic acid molecule) into a cell or protoplast and that exogencus polynucieic acid
molecule is incorporated into a host cell genome or an organelie genome {for example,
chioroplast or mitochondria) or is capable of aulonomous replication. “Transformed” or
“ransgenic” refers (o a cell, issue, organ, or organtam into which a foreign polynucisic
acid, such as a DNA vector or recombinant polynucisic acid molecule. A "transgenic” or
“ransformed” cell or organism also includes progeny of the cell or organism and
progeny produced from a breeding program employing such g "ransgenic” plant as a
parent in a oress and exhibiting an sitered phenolvpe resulling from the presence of the
foreign polynucteic acid molecule,

Methods of transformation of plant cells or tissues include, but are not limited

io Agrobacterium mediated transformation method and the Biolistics or particle-gun
medialted ransformation method. Sultable plant ransformation veclors for the purpose
of Agrobactenium mediated transformation incdude-thoss elements derived from a tumor
inducing (11} plasmid of Agrobacierium Wwimefaciens, for example, right border {RB)
regions and left border (LB) regions, and others disclosed by Hermrera-Estrella et al,|
Mature 303:209 {(1983); Bevan, Nucleic Acids Res, 12:8711-8721 {1884); Kilse el al.,
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Bio-Technology 3(71637-642 (1985}, In addition 1o plant transformation vectors derivad
from the Ti or reot-inducing (B plasmids of Agrobactenium, alternative methods canbe
used 1o insert the DMNA constructs of this invention inio plant cells, Such methods may
involve, but are not limited 1o, for example, the use of liposomes, electroporation,
chemicals that increase free DNA uplake, free DNA delivery via microprojectile
bombardment, and transformation using viruses or pollen.

DMNA constructs can be prepared that incorporate the class | EPSPS variant coding
sequences of the prasent invention for use in dirscling the expression of the ssguences
directly from the host plant cell plastid. Examples of such constructs suitable for this
purpose and methods that are Known in the art and are generally described, for
sxample, in Svab et al., Prog, Natl Acad. Soi USA B7:8526-8530, (1990) and Svab &t
al., Proc. Natl, Acad. Sci, USBA 80:913-917 (18993 and in L1.3. Pat No. 5,833,507 lis
contemplated that plastid transformation and expression of the class | EPSPS variants
of the present invention will provide glyphosate tolerance o the plant cell

When adeguate numbers of cells containing the exogenous polynucieic acid molecule
gncoding polypeptides from the present invention are obilained, the cells can be
cubtured, then regenerated into whole plants. "Regeneration” refers 1o the process of
growing a plant from a plant cell {for example, plant protoplast or explant). Buch
regeneration technigues rely on manipulation of cerntain phyichormones in g tissue
culture growth medium, typically relying on a biocide and/or herbicide marker that has
been introduced together with the desired nucleotide sequences. Choige of
methodology for the regeneration step is not critical, with suitable protocols being
available for hosts from Leguminoseae {for example, alfalfs, soybean, dover},
Umbelliferae {carrot, celery, parsnip), Cruciferae {for example, cabbage, radish,
canclarapeseed), Cucurbitaceae {for example, melons and cucumber), Gramingae {for
axample, wheat, barey, rice, maize), Sclanaceae or example, potato, tohacco, tomato,
peppers), various fioral crops, such as sunflower, and nut-bearing trees, such as
almonds, cashews, walnuls, and pecans. Seg, for exampls, Ammirate et al., Handbouok
of Plant Cell Culture~Crop Species. Macmillan Publ. Co. {1984} Shimamoio et al,,
Mature 338:274-276 (1498%8); Fromm, UCLA Symposium on Molecular Sirategies for
Crop Improvement, Apr. 16-22, 1880, Keystone, Colo, {1990}, Vasii et gl
Bio/Technology 5:429-434 {1890); Vasil et al., Bio/Technology 10:867-674 (1982);
Hayashimoto, Plant Physiol. 92:857-8863 (1990}, and Datla ot 8l Bis-technology 8:736-
740 (1980}, Such regeneration fechniques are described generally in Klee et al, Ann.
Rey, Plant Phys, 38:4687-488 (1887).

The development or regeneration of fransgenic plants containing the exogenous
polynucisic acid molscule that encodes a polypeplide of interest is well known in the art.
Preferably, the regenerated plants are seif-pollinated (o provide homozygous ransgenic
plants, as discussed above. Otherwise, pollen obtained from the regenerated planis is

20



10

15

20

25

30

35

WO 2014/178932 PCT/US2014/014997

crossed 1o seed-grown plants of agronomically important lines. Conversely, pollen from
plants of these important lines is used 1o pollinate regeneratad plants,

Plants that can be made 1o have enhanced glyphosale iolerance by practice of the
present invention include, but are not imited {o, Acacia, alfalla, aneth, apple, apricot,
artichoke, arugula, asparagus, avocado, banana, barley, beans, beet, Mackberry,
biusherry, broceoli, brussels sprouts, cabbage, canola, camtaloupe, carol, cassava,
caulifiower, celery, cherry, cilantrg, citrus, clementines, coffee, corn, cotton, cucumber,
Douglas fir, eggplant, sndive, sscarcle, sucalyptus, fennel, figs, forest trees, gourd,
grape, grapseiruil, honey dew, jicama, kiwifrult, lettuce, leeks, lemon, lime, Loblolly pine,
mango, melon, mushroom, nut, 0at, okra, onion, orange, an omamental plant, papava,
parsiey, pea, peach, peanul, pear, pepner, persimman, pine, pinsapple, plantain, plum,
pomegranals, poplar, potato, pumpkin, guince, radiala pine, radicchic, radish,
raspberry, rice, rve, sorghum, Southern pine, sovbean, spinach, squash, strawberry,
sugarbest, sugarcane, suntlower, sweael potato, sweetgum, tangerine, teg, iobacog,
tomato, wat, a vine, watermelon, wheal, yams, and zucchini.

The foliowing examples are provided o beller elucidate the practice of the present
invention and should not be interpreted in any way o limi the scope of the present
invention. Those skilled in the art will recognize that various modifications, additions,
substitulions, truncations, sic., can be made o the methods and genes described hergin
while not departing from the spirit and scope of the prasent invention,

EXAMPLES

Example 1. Novel ghyphosate tolerant gene discovery

A random mutagenesis approach was used to search for mutations which could render
maize EPSPS glyphosate tolerant. Five mutant libraries were created with increasing
error rates. In order to screen through the large mutant library, a surrogate system
using Escherichia coliwas employed as a high-throughput, /in vivo assay. This screening
assay succeeded in identifying the active EPSPS enzymes, reducing the number of
mutations to be tested in maize from thousands to less than one hundred. Comparison
of the active mutants showed that most were double amino acid mutations and that
there was significant overlap between different mutants. Twelve mutations that persisted
through different error rates were selected for testing in maize. These mutations are
listed in Table 2.
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Table 2: Description of the ZmEPSPS mutations

Mutant nt Changes aa Changes
Site 1 Site 2 aa aa

1 172 (G-A) 422 (A-G) |A59T K142R

2 446 (G-T) C150F

3 380 (G-A) R128H

4 232 (G-T) [380 (G-A) |[V79F R128H

5 232 (G-A) 242 (G-A) V79I G82D

6 283 (C-G) LI96V

7 296 (A-G) N100S

8 203 (C-A), | 301 (G-T),|A68E G101C
204 (T-A) 303 (A-C)

9 331 (G-A) V112l

10 212 (C-T) |439(G-C) |A72V V148L

11 455 (G-A) G153D

12 341 (C-T) A115V

13 203 (C-A) |305 (C-T) |A68D T102I

Exampie 20 Creation of £mEPSFS genes for plant fransformation

13 mutants of maize EPSPS (ZmEPSPS) gene were selected from the screening for
glyphosate tolerance in £. coli. Site directed mutagenesis PCR reactions were used to
create all 13 mutants with soybean codon optimized synthetic wild type ZmEPSPS gene
as a template. Mutations were introduced in the complementary PCR primers. The PCR
amplified mutant EPSPS genes were cloned in between the CMP-02 promoter and nos
terminator in a binary vector for plant transformation. The final vectors were introduced
into Agrobacterium EHA101 strain for transformation.

Example 3. Screening maize mutants using lobacco regeneration system

The efficacy of maize mutant genes (Table 2) were tested using a tobacco leaf discs
transformation/regeneration system. Following Agrobacterium-mediated transformation,
the explants were incubated on regeneration medium containing 50 nM glyphosate and
200 mg/L Timentin. Regeneration of explants on glyphosate media is dependent on the
efficacy of the mutant gene to provide tolerance to glyphosate. If the mutant is weak or
does not work, no regeneration is observed. Thus, by using the ability to regenerate on
glyphosate media, two mutant genes, ZmEPSPS-20 (contains Table 2 mutant #13; SEQ
ID NO. 6) and ZmEPSPS-27 (contains Table 2 mutant #8; SEQ ID NO. 7) were
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identified as tolerant mutants. Additionally, a third mutant comprising the mutations of
mutant #8 and #13 is possible resulting in an A[D,E]TIGC mutant.

Example 4. Tobacco glyphosate tolerant event production

The leaf disc tobacco transformation method (Horsch et al., 1985) was employed using
the EHA101 Agrobacterium strain. 0.5 cm? leaf discs were prepared from /n vitro grown
SR1 Nicotiana tabacum plants and were submerged in Agrobacterium suspension
culture with an optical density of 0.5 for 15 min. The discs were blotted dry on a sterile
Whatman filter paper. Following Agrobacterium treatment, the leaf discs were cultured
on media containing 100 uM Touchdown and 200 mg/L Timentin to select
transformants. Regenerating putative transgenic shoots were cultured on root inducing
media containing 100 uM Touchdown and 200 mg/L Timentin. Shoots with good roots
were tested for the presence of transgenes using a Tagman assay. Tagman positive
plants were transferred to soil and grown to maturity in the greenhouse. Transformation
frequency for each mutant by the following formula (Data in Table 3):

Total number of Tagman positive events obtained/Total number explants used)X 100

Table 3: Stable transformation frequency in tobacco with ZmEPSPS gene as selectable
marker.

NERRNE RPN

1S

18947 | ZmEPSPS-20
19087 | ZmEPSPS-27 |54

The level of ZmEPSPS exprassion in tobacco ransformants is shown in Figure 3.

Example B Testing the efficacy of the mutani genes in tnbscco

TO transgenic tobacco plants were grown on soil for 4 weeks in Conviron growth
chambers. These plants were sprayed with 2X, 4X and 8X Touchdown herbicide at 2X, 4X
and 8X field rate (1X field rate = 1680g AE/Ha), respectively, and the herbicide damage
was assessed 2 weeks post treatment. Tobacco events harboring the ZmEPSPS-20 and
ZmEPSPS-27 events were completely tolerant to 2X and 4X field rates and showed only
minor damage to 4X field rates. Resuits depicied in Table 4.
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Table 4: Resulis of spray with glyphosate on ZmEPSPS mutant containing tobacco

ZmEPSPS-20 2X No damage
ZmEPSPS-27 2X No damage
ZmEPSPS-20 4X No damage
ZmEPSPS-27 4X Nodamage @~
‘ZmEPSPS-20 | 8xX || M 'i'ﬁ"c')'f"déﬁﬁéée at shoot apex
ZmEPSPS-27 8X Minor damage, some

deformed leaves

Example 6 Sovbean ransformation

Matured soybean seeds (cv. Jack) were sterilized overnight in a fume hood with the
fume generated by mixing 100 ml of commercial bleach with 7 ml of hydrochloric

acid. Sterile seeds were germinated on germination media for 18 hrs. Explants were
prepared by following the method described in the patent application (US
2004/0034889). Seed coat was excised and removed. One cotyledon was removed by
snapping off, leaving the embryonic axis attached to the other cotyledon. The primary
leaves on the embryonic axis were removed, the hypocotyl was trimmed and the shoot
apex was wounded by gently inserting the tip of the scalpel blade. These explants were
submerged in 0.6 OD Agrobacterium suspension culture for 3 hrs. Following
Agrobacterium inoculation, the explants were placed on co-cultivation medium and
incubated at 23 C for 3 days. The explants were the inserted in recovery medium and
incubated for 7 days at 28 C under light with a 16/8 hrs photoperiod. Explants were
transferred to regeneration medium containing 75 uM glyphosate and incubated under
the same culture room conditions for three weeks. The cotyledon was excised and the
explants were inserted into elongation medium containing 50 uM glyphosate and
incubated in culture room for three weeks and sub-cultured onto fresh elongation
medium every three weeks. Freshly elongating shoots were transferred to fresh
elongation medium in plant container and allowed to grow further. Shoots which reached
about 3 cm long were transferred to soil and grown in a Conviron growth room. Shoots
with good roots were analyzed for the presence of transgenes using a Tagman

assay. Tagman positive plants with a good root system were transferred to greenhouse
and grown to maturity. Transformation frequency was calculated as with tobacco (Table
5).
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Table 5: Stable transformation frequency in soybean with ZmEPSPS-20 as selectable
marker (Construct 20492).

1 11.65

2 105 | | 571
AR o
P e SEa
5. s 7 | nge
L B N — 917
. 80
References:

Horsch RB, Fry JE, Hoffman NL, Eichholtz D, Rogers SG, Fraley RT (1985). A simple
and general method for transferring genes into plants. Science, 227: 1229-1231.

25



WO 2014/178932 PCT/US2014/014997

CLAIMS

What is claimed:

1. Anisolated DNA molecule encoding a modified EPSPS enzyme wherein said
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SrZyme Comprises:

a. a first amino acid substitution from Alanine 1o Aspartic Acid or Glutamic
Acid at the Alanine which corresponds to position 82 of the aming acid
saquence of SEQ D NGO 5 and

b. @ second amino acid substitution selectad from the group consisting of:
Clveine o Cysteing at the Glveine which corresponds to position 101 of
the amino acid seguence of SEQ D NG5, and Threonine o Isoleucine at
the Threonine which corresponds to position 102 of the aming acid
sequence of SEQ D NG:S.

. The isolated DNA molecule of oisim 1, wherein said DNA molecule is derived

from Jes mays.

. The isoizted DNA molecule of claim 2, wherein said modified EPSPS enzyme

comprises a polypeptide saquence selected from the group consisting of: SEQ D
NG. 8, SEQID NG, 7and SEQID NG, 8

. The isolated DNA molecule of claim 3, wherein said DNA minlecule comprises a

nolynuciectide sequence selected from the group consisting of SEQ D NG, 2,
SEQID NG Jand SEGID NG 4.

. The isolated DNA molecule of claim 1, whersin said DNA moleculs is derived

from a bacleria genome.

. A DNA construct comprising a prometer that functions in plant cells operably

linked 1o the isolated DNA molecule of claim 1.

. tThe DNA construct of claim 6, wherein said modified EPSPS enzyme comprises

a polypeptide sequence selected from the group consisting of, SEG 1D NG, §,
SEQID NG 7and SEQID NO. &

. The DNA construct of claim 8, comprising 8 DNA molecule selected from the

group consisting of SEQD NG, 2, SEQID NG, 3 and SEQ D NG, 4,

. A method of preparing a glyphosate iolerant plant comprising the sieps of
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a. coniacting a recipient plant cell with the DNA construct of claim &, wherein
said DNA construct is incorporaied info the genome of the recipient plant
cell;

b. regenerating the recipient plant cell into a plant; and

c. applying an effective dose of givyphosate to the plant, wherain the plant
displays a glyphosate tolerant phenotype.

10, The method of claim 9, wherein said modified EPSPS enzymes comprises a
polypeptide sequence selected from the group consisting of SEGQ D NO. §, 8EG
D NC. 7 and SEQIDNO. 8

11. The method of claim 8, wherein said DNA construgt comprises a DNA mnlecules
selected from the group consisting of: SEQID NGO, 2, SEQIID NG, 3and SEQ D
NO. 4.

12.A glyphosate olerant plant and progeny thersof comprising the DNA construct of
claim 6.

13 A glyphosate olerant plant of claim 12, wherein said modified EPSPS enzyme
comprises & polypeplide sequence selecied from the group consisting of SEQHD
NOG. 8, SEGQID NG, 7 and SEGQID NO. B

14 A glvphosate tolerant plant of claim 12, wherein the DNA construct comprises an
ERPSPS coding sequence selected from the group consisting of SEQHD NGO, 2,
SEQID NG, 3 and SEQID NG 4,

15,15, A method of controfling weeds in a field of givphosate tolerant crop plants
comprising applying 1o said fisld of glyphosate olerant crop plant an effective
dose of & glyphosate confaining herbicide, wherein said givphosate tolerant crop
plant contains a DNA construct comprising 2 promoter that functions in plant cells
operably linked to & DNA muolecule that encodes a chivroplast transit peptide
linked 1o the isolated DINA molecule of claim 1,

16. The method of claim 15, wherein said modified EPSPS enzyme comprises 3
nolypepiide sequence selected from the group consisting of: SEQHD NO. 6, BEQ
D NQ. 7and SEQID NG &

17. The method of claim 15, wherein said DNA construct comprises g DNA molecule
seiected from the group consisting of SEQ D NG, 2, SEQID NG, 3and SEQ D
NO. 4.

18. A purified EPSPS enzyme comprising:
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a. afirst amine acid substitution from Alanine 1o Aspartic Acid or Glutamic
Acitd at the Alaning which corresponds 1o position 88 of the amino agid
seguence of SEQ D NO: 5 and

b. asecond aming acid substitution selecied from the group consisting of

5 Glyeine to Cysigine at the Glycing which corresponds 1o position 101 of

the amino acid sequence of SEQ 1D NO: 5, and Threonineg o Iscleucing at
the Threonine which corrgsponds o position 102 of the aming acid
segusence of SEQ D NGO 5.

10 19, The solated DNA molscule of claim 1, wherain said enzyme further comprises an
amino acid substitution from Proline {0 Serine or Threonine or Alaning at the
Proline which corresponds o position 108 of the amino acid sequence of SEQ D
N5,

15
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FIGURE 1

TIPT AGAEEIVLQPIKEISGTVKLPGSKSLSNRILLLAALSEGTTVVDNLLNSEDVHYMLGALR
TIPA AGAEEIVLQPIKEISGTVKLPGSKSLSNRILLLAALSEGTTVVDNLLNSEDVHYMLGALR
TIPS AGAEEIVLQPIKEISGTVKLPGSKSLSNRILLLAALSEGTTVVDNLLNSEDVHYMLGALR
maize AGAEEIVLQPIKEISGTVKLPGSKSLSNRILLLAALSEGTTVVDNLLNSEDVHYMLGALR
ADGC AGAEEIVLQPIKEISGTVKLPGSKSLSNRILLLAALSEGTTVVDNLLNSEDVHYMLGALR
ADGCTI AGAEEIVLQPIKEISGTVKLPGSKSLSNRILLLAALSEGTTVVDNLLNSEDVHYMLGALR
ADTI AGAEEIVLQPIKEISGTVKLPGSKSLSNRILLLAALSEGTTVVDNLLNSEDVHYMLGALR

Kok kk ok ko ok ok ok kK ok ok ok ok ok ok ok k kK ok ok ok k ki ok ok k kK ok ok ok k ki ok ok k ok ok ok ok ko k ok Kk ok ok k ok ko k ok K
TIPT TLGLSVEADKAAKRAVVVGCGGKFPVEDAKEEVQLFLGNAGIAMRTLTAAVTAAGGNATY
TIPA TLGLSVEADKAAKRAVVVGCGGKFPVEDAKEEVQLFLGNAGIAMRALTAAVTAAGGNATY
TIPS TLGLSVEADKAAKRAVVVGCGGKFPVEDAKEEVQLFLGNAGIAMRSLTAAVTAAGGNATY
maize TLGLSVEADKAAKRAVVVGCGGKFPVEDAKEEVQLFLGNAGTAMRPLTAAVTAAGGNATY
ADGC TLGLSVEDDKAAKRAVVVGCGGKFPVEDAKEEVQLFLGNACTAMRPLTAAVTAAGGNATY
ADGCTI TLGLSVEDDKAAKRAVVVGCGGKFPVEDAKEEVQLFLGNACIAMRPLTAAVTAAGGNATY
ADTI TLGLSVEDDKAAKRAVVVGCGGKFPVEDAKEEVQLFLGNAGIAMRPLTAAVTAAGGNATY

KEK KKK KKK KK KKK KKK KKK KKK KKK KKK KK KKK Kokk Kok k &k ok k &k k ok &Kk Kk
TIPT VLDGVPRMRERPIGDLVVGLKQLGADVDCFLGTDCPPVRVNGIGGLPGGKVKLSGSISSQ
TIPA VLDGVPRMRERPIGDLVVGLKQLGADVDCFLGTDCPPVRVNGIGGLPGGKVKLSGSISSQ
TIPS VLDGVPRMRERPIGDLVVGLKQLGADVDCFLGTDCPPVRVNGIGGLPGGKVKLSGSISSQ
maize VLDGVPRMRERPIGDLVVGLKQLGADVDCFLGTDCPPVRVNGIGGLPGGKVKLSGSISSQ
ADGC VLDGVPRMRERPIGDLVVGLKQLGADVDCFLGTDCPPVRVNGIGGLPGGKVKLSGSISSQ
ADGCTI VLDGVPRMRERPIGDLVVGLKQLGADVDCFLGTDCPPVRVNGIGGLPGGKVKLSGSISSQ
ADTI VLDGVPRMRERPIGDLVVGLKQLGADVDCFLGTDCPPVRVNGIGGLPGGKVKLSGSISSQ

Kok kk ok ko ok ok ok kK ok ok ok ok ok ok ok k kK ok ok ok k ki ok ok k kK ok ok ok k ki ok ok k ok ok ok ok ko k ok Kk ok ok k ok ko k ok K
TIPT YLSALLMAAPLALGDVEIEIIDKLISIPYVEMTLRLMERFGVKAEHSDSWDREYIKGGQK
TIPA YLSALLMAAPLALGDVEIEIIDKLISIPYVEMTLRLMERFGVKAEHSDSWDREYIKGGQK
TIPS YLSALLMAAPLALGDVEIEIIDKLISIPYVEMTLRLMERFGVKAEHSDSWDREYIKGGQK
maize YLSALLMAAPLALGDVEIEIIDKLISIPYVEMTLRLMERFGVKAEHSDSWDREYIKGGQK
ADGC YLSALLMAAPLALGDVEIEIIDKLISIPYVEMTLRLMERFGVKAEHSDSWDREYIKGGQK
ADGCTI YLSALLMAAPLALGDVEIEIIDKLISIPYVEMTLRLMERFGVKAEHSDSWDREYIKGGQK
ADTI YLSALLMAAPLALGDVEIEIIDKLISIPYVEMTLRLMERFGVKAEHSDSWDREYIKGGQK

Kok kk ok ko ok ok ok kK ok ok ok ok ok ok ok k kK ok ok ok k ki ok ok k kK ok ok ok k ki ok ok k ok ok ok ok ko k ok Kk ok ok k ok ko k ok K
TIPT YKSPKNAYVEGDASSASYFLAGAAITGGTVTVEGCGTTSLQGDVKFAEVLEMMGAKVTWT
TIPA YKSPKNAYVEGDASSASYFLAGAAITGGTVTVEGCGTTSLQGDVKFAEVLEMMGAKVTWT
TIPS YKSPKNAYVEGDASSASYFLAGAAITGGTVTVEGCGTTSLQGDVKFAEVLEMMGAKVTWT
maize YKSPKNAYVEGDASSASYFLAGAAITGGTVTVEGCGTTSLQGDVKFAEVLEMMGAKVTWT
ADGC YKSPKNAYVEGDASSASYFLAGAAITGGTVTVEGCGTTSLQGDVKFAEVLEMMGAKVTWT
ADGCTI YKSPKNAYVEGDASSASYFLAGAAITGGTVTVEGCGTTSLQGDVKFAEVLEMMGAKVTWT
ADTI YKSPKNAYVEGDASSASYFLAGAAITGGTVTVEGCGTTSLQGDVKFAEVLEMMGAKVTWT

Kok kk ok ko ok ok ok kK ok ok ok ok ok ok ok k kK ok ok ok k ki ok ok k kK ok ok ok k ki ok ok k ok ok ok ok ko k ok Kk ok ok k ok ko k ok K
TIPT ETSVIVIGPPREPFGRKHLKAIDVNMNKMPDVAMTLAVVALFADGPTAIRDVASWRVKET
TIPA ETSVIVIGPPREPFGRKHLKAIDVNMNKMPDVAMTLAVVALFADGPTAIRDVASWRVKET
TIPS ETSVIVIGPPREPFGRKHLKAIDVNMNKMPDVAMTLAVVALFADGPTAIRDVASWRVKET
maize ETSVIVIGPPREPFGRKHLKAIDVNMNKMPDVAMTLAVVALFADGPTAIRDVASWRVKET
ADGC ETSVIVIGPPREPFGRKHLKAIDVNMNKMPDVAMTLAVVALFADGPTAIRDVASWRVKET
ADGCTI ETSVIVIGPPREPFGRKHLKAIDVNMNKMPDVAMTLAVVALFADGPTAIRDVASWRVKET
ADTI ETSVIVIGPPREPFGRKHLKAIDVNMNKMPDVAMTLAVVALFADGPTAIRDVASWRVKET

Kok kk ok ko ok ok ok kK ok ok ok ok ok ok ok k kK ok ok ok k ki ok ok k kK ok ok ok k ki ok ok k ok ok ok ok ko k ok Kk ok ok k ok ko k ok K
TIPT ERMVAIRTELTKLGASVEEGPDYCIITPPEKLNVTAIDTYDDHRMAMAFSLAACAEVPVT
TIPA ERMVAIRTELTKLGASVEEGPDYCIITPPEKLNVTAIDTYDDHRMAMAFSLAACAEVPVT
TIPS ERMVAIRTELTKLGASVEEGPDYCIITPPEKLNVTAIDTYDDHRMAMAFSLAACAEVPVT
maize ERMVAIRTELTKLGASVEEGPDYCIITPPEKLNVTAIDTYDDHRMAMAFSLAACAEVPVT
ADGC ERMVAIRTELTKLGASVEEGPDYCIITPPEKLNVTAIDTYDDHRMAMAFSLAACAEVPVT

ADGCTI ERMVAIRTELTKLGASVEEGPDYCIITPPEKLNVTAIDTYDDHRMAMAFSLAACAEVPVT
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ADTI

TIPT
TIPA
TIPS
maize
ADGC
ADGCTI
ADTI
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ERMVAIRTELTKLGASVEEGPDYCIITPPEKLNVTAIDTYDDHRMAMAFSLAACAEVPVT
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FIGURE 2
petunia -——ATAQKPSEIVLQPIKEISGTVKLPGSKSLSNRILLLAALSEGTTVVDNLLSSDDIHY
soybean AAAEKPSTAPEIVLEPIKDISGTITLPGSKSLSNRILLLAALSEGTTVVDNLLYSEDIHY
maize 0 éZ—-——=—- AGAEEIVLQPIKEISGTVKLPGSKSLSNRILLLAALSEGTTVVDNLLNSEDVHY
E. coli ———————- MESLTLQPIARVDGTINLPGSKSVSNRALLLAALAHGKTVLTNLLDSDDVRH
-.*:** :.**:.******:*** ******:.*.**: * * Kk *:*:::
petunia MLGALKTLGLHVEEDSANQRAVVEGCGGLFPVGKESKEEIQLFLGNAGTAMRPLTAAVTV
soybean MLGALRTLGLRVEDDKTTKQAIVEGCGGLFPTIKESKDEINLFLGNAGTAMRPLTAAVVA
maize MLGALRTLGLSVEADKAAKRAVVVGCGGKFPVED-AKEEVQLFLGNAGTAMRPLTAAVTA
E. coli MLNALTALGVSYTLSADRTRCEIIGNGGPLHAEG--—--ALELFLGNAGTAMRPLAAALCL
** * % ** . .. . * kK . . [ ************* **
petunia AGGNSRYVLDGVPRMRERPISDLVDGLKQLGAEVDCFLGTKCPPVRIVSKGGLPGGKVKL
soybean AGGNASYVLDGVPRMRERPIGDLVAGLKQLGADVDCFLGTNCPPVRVNGKGGLPGGKVKL
maize AGGNATYVLDGVPRMRERPIGDLVVGLKQLGADVDCFLGTDCPPVRVNGIGGLPGGKVKL
E. coli GSND——IVLTGEPRMKERPIGHLVDALRLGGAKITYLEQENYPPLRLQG——GFTGGNVDV
K,k ok ok kk e **** ** .*: * * Lt . . ** * . *: ** *
petunia SGSISSQYLTALLMAAPLALGDVEIEIIDKLISVPYVEMTLKLMERFGISVEHSSSWDRF
soybean SGSVSSQYLTALLMAAPLALGDVEIEIVDKLISVPYVEMTLKLMERFGVSVEHSGNWDRF
maize SGSISSQYLSALLMAAPLALGDVEIEIIDKLISIPYVEMTLRLMERFGVKAEHSDSWDRE
E. coli DGSVSSQFLTALLMTAPLAPEDTVIRIKGDLVSKPYIDITLNLMKTFGVEIEN-QHYQQF
.**:***:*:****:**** *. *.* ..*:* **:::**.**: **:. *: :::*
petunia FVRGGQKYKSPGKAFVEGDASSASYFLAGAAVTGGTITVEGCGTNSLQGDVKFAEVLEKM
soybean LVHGGQKYKSPGNAFVEGDASSASYLLAGAAITGGTITVNGCGTSSLQGDVKFAEVLEKM
maize YIKGGQKYKSPKNAYVEGDASSASYFLAGAAITGGTVTVEGCGTTSLQGDVKFAEVLEMM
E. coli VVKGGQSYQSPGTYLVEGDASSASYFLAAAAIKGGTVKVTGIGRNSMQGDIRFADVLEKM
-:***.*:** . **********:**.**:.***:.* * Kk .*:***::**:*** *
petunia GAEVTWTENSVTVKGPPRSSSGRKHLRAIDVNMNKMPDVAMTLAVVALYADGPTAIRDVA
soybean GARVTWSENSVTVSGPPRDFSGRKVLRGIDVNMNKMPDVAMTLAVVALFANGPTAIRDVA
maize GARVTWTETSVTVTGPPREPFGRKHLKAIDVNMNKMPDVAMTLAVVALFADGPTAIRDVA
E. coli GATICWGDDYISCT-——————— RGELNAIDMDMNHIPDAAMTIATAALFAKGTTTLRNIY
*rooox o HE Foook Rk gk akk koo kR ok kg
petunia SWRVKETERMIAICTELRKLGATVEEGPDYCIITPPEKLNVTDIDTYDDHRMAMAFSLAA
soybean SWRVKETERMIAICTELRKLGATVEEGPDYCVITPPEKLNVTAIDTYDDHRMAMAFSLAA
maize SWRVKETERMVAIRTELTKLGASVEEGPDYCIITPPEKLNVTAIDTYDDHRMAMAFSLAA
E. coli NWRVKETDRLFAMATELRKVGAEVEEGHDYIRITPPEKLNFAEIATYNDHRMAMCFSLVA
.******:*:.*: * * Kk *:** * Kk kKk Kk Kk ********.: * **:******.***.*
petunia CADVPVTINDPGCTRKTFPNYFOVLQQYSKHN
soybean CGDVPVTIKDPGCTRKTFPDYFEVLERLTKH-
maize CAEVPVTIRDPGCTRKTFPDYFDVLSTFVKN-
E. coli LSDTPVTILDPKCTAKTFPDYFEQLARISQAA
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FIGURE 3

Maize EPSPS gene expression in tobacco events
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FIGURE 4
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3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. }Z{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Groups I+: Claims 1, 2, 3 (in-part), 4 (in-part), 5, 6, 7 (in-part), 8 (in-part), 9, 10 (in-part), 11 (in-part), 12, 13 (in-part), 14 .
(in-part), 15, 16 (in-part), 17 (in-part), 18, 19, SEQ ID NOs: 2 (mutated Zea mays DNA sequence), 5 (Zea mays amino acid
sequence), 6 (mutated Zea mays amino acid sequence)
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payment of a protest fee.
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Box No. IV: Lack of Unity of Invention:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups I+: Claims 1-19 are directed toward a modified EPSPS enzyme wherein said enzyme comprises: a. a first amino acid
substitution from Alanine to Aspartic acid or Glutamic acid at the Alanine which corresponds to position 68 of the amino acid sequence of
SEQ ID NO: §; and b, a second amino acid substitution selected from the group consisting of: Glycine to Cysteine at the Glycine which
corresponds to position 101 of the amino acid sequence of SEQ ID NO: 5, and Threonine to Isoleucine at the Threonine which
corresponds to position 102 of the amino acid sequence of SEQ ID NO: 5; as well as plants comprising said modified enzyme and
methods of controlling weeds in a field of plants comprising said modified enzyme.

The isolated DNA molecule encoding a modified EPSPS enzyme, and the purified enzyme so encoded, as well as DNA constructs
comprising the isolated DNA molecule, a method of preparing a glyphosate tolerant plant comprising DNA encoding the EPSPS enzyme,
glyphosate tolerant plant and progeny thereof comprising the DNA, and a method of controlling weeds in a field of glyphosate tolerant
crop plants will be searched to the extent they encompass SEQ ID NOs: 2 (mutated Zea mays DNA sequence), 5 (Zea mays amino acid
sequence), 6 (mutated Zea mays amino acid sequecne). Itis believed that Claims 1, 2, 3 (in-part), 4 (in-part), 5, 6, 7 (in-part), 8 (in-part),
9, 10 (in-part), 11 (in-part), 12, 13 (in-part), 14 (in-part), 15, 16 (in-part), 17 (in-part), 18 and 19 encompass this first named invention and
thus these claims will be searched without fee to the extent that they encompass SEQ ID NOs: 2 (mutated Zea mays DNA sequence), 5
(Zea mays amino acid sequence), 6 (mutated Zea mays amino acid sequecne). Applicants must further indicate, if applicable, the
claims which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify
how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be
searched/examined. An Exemplary Election would be: SEQ ID NO: 7 (mutated Zea mays amino acid sequence).

Groups I+ share the technical features including: an isolated DNA molecule encoding a modified EPSPS enzyme wherein said enzyme
comprises: a. a first amino acid substitution from Alanine to Aspartic acid or Glutamic acid at the Alanine which corresponds to position
68 of the amino acid sequence of SEQ ID NO: §; and b, a second amino acid substitution selected from the group consisting of: Glycine
to Cysteine at the Glycine which corresponds to position 101 of the amino acid sequence of SEQ ID NO: 5, and Threonine to Isoleucine
at the Threonine which corresponds to position 102 of the amino acid sequence of SEQ ID NO: §; a purified EPSPS enzyme comprising:
a. a first amino acid substitution from Alanine to Aspartic acid or Glutamic acid at the Alanine which corresponds to position 68 of the
amino acid sequence of SEQ ID NO: 5; and b. a second amino acid substitution selected from the group consisting of: Glycine to
Cysteine at the Glycine which corresponds to position 101 of the amino acid sequence of SEQ ID NO: 5, and Threonine to Isoleucine at
the Threonine which corresponds to position 102 of the amino acid sequence of SEQ ID NO: 5; a DNA construct comprising a promoter
that functions in plant cells operably linked to the isolated DNA molecule; a method of preparing a glyphosate tolerant plant comprising
the steps of: a. contacting a recipient plant cell with the DNA construct, wherein said DNA construct is incorporated into the genome of
the recipient plant cell; b. regenerating the recipient plant cell into a plant; and c.-applying an effective dose of glyphosate to the plant,
wherein the plant displays a glyphosate tolerant phenotype; a glyphosate tolerant plant and progeny thereof comprising the DNA
construct; a method of controlling weeds in a field of glyphosate tolerant crop plants comprising applying to said field of glyphosate
tolerant crop plant an effective dose of a glyphosate containing herbicide, wherein said glyphosate tolerant crop plant contains a DNA
construct comprising a promoter that functions in plant cells operably linked to a DNA molecule that encodes a chioroplast transit peptide
linked to the isolated DNA molecule.

However, these shared technical features are previously disclosed by US 2013/0084641 A1 to Basu, et al. (hereinafter 'Basu') in view of
US 7,723,575 B2 to Alibhai, et al. (hereinafter 'Alibhai’). Basu discloses an isolated DNA molecule (isolated nucleic acid {isolated DNA
molecule); paragraph [0137]) encoding a modified EPSPS enzyme (EPSPS enzyme; paragraphs [0188], [0192]) wherein said enzyme
comprises: a. a first amino acid substitution from Alanine to Aspartic acid or Glutamic acid at the Alanine which corresponds to position
68 of the amino acid sequence of SEQ ID NO: 5 (wherein said enzyme comprises: a. a first amino acid substitution from Alanine to
Aspartic acid or Glutamic acid at the Alanine which corresponds to position 68 of the amino acid sequence of SEQ ID NO: 5; paragraph
[0193}. SEQ ID NO: 128); a purified (isolated polypeptide (purified); paragraph [0110]) EPSPS enzyme (EPSPS enzyme; paragraphs
[0188], [0192]) comprising: a. a first amino acid substitution from Alanine to Aspartic acid or Glutamic acid at the Alanine which
corresponds to position 68 of the amino acid sequence of SEQ 1D NO: 5§ (comprising: a. a first amino acid substitution from Alanine to
Aspartic acid or Glutamic acid at the Alanine which corresponds to position 68 of the amino acid sequence of SEQ ID NO: 5; paragraph
[0193], SEQ ID NO: 128); a DNA construct (recombinant nucleic acid (DNA construct); paragraph {0137)) comprising a promoter that
functions in plant cells operably linked to the isolated DNA molecule (comprising a promoter that functions in plant cells operably linked
to the isolated DNA molecule; paragraphs [0137), (0145]).

Basu does not disclose a second amino acid substitution selected from the group consisting of: Glycine to Cysteine at the Glycine which
corresponds to position 101 of the amino acid sequence of SEQ ID NO: 5, and Threonine to Isoleucine at the Threonine which
corresponds to position 102 of the amino acid sequence of SEQ ID NO:5; a method of preparing a glyphosate tolerant plant comprising
the steps of: a. contacting a recipient plant cell with the DNA construct, wherein said DNA construct is incorporated into the genome of
the recipient plant cell; b. regenerating the recipient plant cell into a plant; and c. applying an effective dose of glyphosate to the plant,
wherein the plant displays a glyphosate tolerant phenotype; a glyphosate tolerant plant and progeny thereof comprising the DNA
construct; a method of controlling weeds in a field of glyphosate tolerant crop plants comprising applying to said field of glyphosate
tolerant crop plant an effective dose of a glyphosate containing herbicide, wherein said glyphosate tolerant crop plant contains a DNA
construct comprising a promoter that functions in plant cells operably linked to a DNA molecule that encodes a chloroplast transit peptide
linked to the isolated DNA molecule. : ’

‘

-***-Continued Within the Next Supplemental Box-";-
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Alibhal discloses EPSPS enzymes (EPSPS proteins (EPSPS enzymes); abstract) comprising amino acid substitutions selected from the
group consisting of: Glycine to Cysteine at the Glycine which corresponds to position 101 of the amino acid sequence of SEQ ID NO: 5,
and Threonine to-Isoleucine at the Threonine which corresponds to position 102 of the amino acid sequence of SEQ ID NO: 5
(comprising amino acid substitutions selected from the group consisting of: Glycine to Cysteine at the Glycine which corresponds to
position 101 of the amino acid sequence of SEQ ID NO: 5, and Threonine to Isoleucine at the Threonine which corresponds to position
102 of the amino acid sequence of SEQ ID NO: 5; figure 5; column 2, lines 48-53; column 17, lines 7-37); a DNA construct comprising a
promoter that functions in plant cells operably linked to a modified EPSPS DNA molecule encoding EPSPS protein (DNA construct
comprising a promoter that functions in plant cells operably linked to a modified EPSPS DNA molecule encoding EPSPS protein; column
2, lines 53-56) a method of preparing (a method of preparing; column 2, lines 63-64) a glyphosate tolerant (glyphosate tolerant plant;
column 2, lines 60-67 to column 3, lines 1-8) comprising the steps of: a. contacting a recipient plant cell with the DNA construct
(contacting a recipient plant cell with the expression cassette (DNA construct; column 2, lines 63-67 to column 3, lines 1-8), wherein said
DNA construct is incorporated into the genome of the recipient plant cell (wherein said DNA construct is incorporated into the genome of
the recipient plant cell; column 15, lines 3-11); b. regenerating the recipient plant cell into a plant (regenerating the recipient plant cell
into a plant; column 2, lines 63-67 to column 3, lines 1-8); and ¢. applying an effective dose of glyphosate to the plant (applying an
effective dose of glyphosate to the plant; column 24, lines 30-37), wherein the plant displays a glyphosate tolerant phenotype (wherein
the plant displays a glyphosate tolerant phenotype; column 2, lines 63-67 to column 3, lines 1-8); a glyphosate tolerant plant and
progeny thereof comprising the DNA construct (a glyphosate tolerant plant and progeny thereof comprising the DNA construct; column
3, lines 9-16); a method of controlling weeds in a field of glyphosate tolerant crop plants comprising applying to said field of glyphosate
tolerant crop plant an effective dose of a glyphosate containing herbicide, wherein said glyphosate tolerant crop plant contains a DNA
construct comprising a promoter that functions in plant cells operably linked to a DNA molecule (a method of controlling weeds in a field
of glyphosate tolerant crop plants comprising applying to said field of glyphosate tolerant crop plant an effective dose of a glyphosate
containing herbicide, wherein said glyphosate tolerant crop plant contains a DNA construct comprising a promoter that functions in plant
cells operably linked to a DNA molecule; column 3, lines 17-25) that encodes a chloroplast transit peptide linked to the isolated DNA
molecule (that encodes a chloroplast transit peptide linked to the isolated DNA molecule; column 5, lines 38-41). It would have been
obvious to a person of ordinary skill in the art at the time of the invention, to have modified the disclosure of Basu, for including the
EPSPS enzyme modifications disclosed by Alibhai, in order to confer glyphosate resistance to the EPSPS enzyme, as previously
disclosed by Alibhai, and for providing methods of generating and screening plants for glyphosate resistance, as previously disclosed by
Alibhai, for enabling the production of plants comprising the polypeptide disclosed by Basu in a field, including weed control methods
using the application of glyphosate, as previously disclosed by Alibhai.

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by a combination of the Basu and Alibhai references, unity of invention is lacking.
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