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I. Summary of Facts and Submissions

1 The Ewopean patent EP 2 308 476 B1, Application number 16 012 2001,
tiled “Novel herbicide resistance gene (herginalier: "the patent™) in the name
of Dow AgroSaiences, LLE (US) was granted on 27 March 2013,

2 The Qpponent {(Bayer CropScience NV (BE}), represented by Mr. J. Desomer
of Bayer CropScience NV {BE), opposed the patent in ils whale extent under
Articles 100{a), 100{b) and 100{c) EPG. The opposiion was filed in slectronic
form on 20 Decembey 2013,

3 The Proprietor, reprasenied by Dr. J. Zwicker of Z&P Patentanwalte (DE},
requested that the opposition be rejected and the patent be mainfained on the
basis of amended claims as 1 to 19 of the Mailn Reguest provided in elactronic
farm on 8 August 2014,

4 Both parties requesied oral procesdings,

8 On 7 December 2015 the opposition division issued a summons to attend oral
proceedings on 5 Aprll 20186,

On 29 January 2018 the Opponent informed the Division that no fusther
submissions will be made and withdrew his request for oral procesdings.

[o)

~4

On 28 January the Propriefor conditionally withdrew his request for oral
proceedings.

] In the brief communication dated 11 February 2018 the Division informed the
parties that the summons lo attend oral proceedings have bheen canoelied, that
the procedure will be continued in wiiting and further of the preliminary
intention to grant & patent on the basls of the Main Request, filed in electronic
form on 8 August 2014,
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5 {a reply fo the communication the Proprieior submitted an amended page 3 of
the description on 18 February 2016, The Qpponent was given the chance o
provide cormments within bve months which he did not.

10 The numbering of the cited documents foliows the numbering of references
from the Opponent's submissions:

D1 Autoradicgraphs from hybridisation experimenis between AAD-1 and tfdA
nucleic acids

D2 WOLFGANG R STREBER ET AL "Analysis, Cloning, and High-Level
Expression of 2 4-Dichlorophenoxyacetate Moncoxygenase Gene HdA of
Alcaligenas sutrophus JMP134%,
JOURNAL OF BACTERIOLOQRY, AMERICAN SCCIETY FOR
MICROBIOLOGY, US,
vol. 189, no. 7, 1 Jduly 1987 (1987-07-Q1), pages 2050-2885,
XP0O01315263,
IS8N: 0021-8183

D3 FUKUMOR! FUMIYASU ET AL: "Alcaligenes eutrophus JMP124 "2.4-
dichlorophenoxyacatale monccxygenase” is an  alpha-ketoglutarate-
dependent dioxygenase”,
JOURNAL OF BACTERIOGLOGY,
vol. 175, no. 7, 1993, pages 2083-2088,
IGEN: 0021-2183

D4 Aming acid sequence alignmart between TFDA and AAD-1 proteing

D5 HULSE J 0 ET  AL: "CARNITINE SIOBYNTHESIZ BETA
HYDROXYLATION OF TRI METHYL LYSINE BY AN ALPHA KETO
GLUTARATE DEPENDENT MITOCHONDRIAL DI OXYGENABE",
JOURNAL OF BICLOGICAL CHEMIBTRY,
vol. 253, no. 5, 1878, pages 1654-1658,
ISHN: 00219258

D6 EICHHORN ERIC EY AL: "Characterization of alpha-ketoglutarate-
dependent taurine dioxygenase from Escherichia coli”,
JOURNAL QF BICLOGICAL CHEMISTRY,
vol, 872, no. 37, 1997, pages 23031-23038,
ISSN: 0021-9258

D7 Priority document USSN 80/567 052

ER0 P BH16 0 STERY
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g STREBER W R ET ALy "TRANSGENIC TOBACCO PLANTS

EXPRESSING A BACTERIAL DETOXIFYING ENZYME  ARE
HESISTANT TC 24D,

BIOTECHNOQLOGY. THE  INTERNATIONAL  MONTHLY  FOR
INDUSTRIAL BIOLOGY, NATURE PUBLISHING GRQUP, US,

vol. 7, no. 8 1 January 1889 (1989-01-01), pages 811-818,
XPOUB062554,

1S3 0733-222X, DO 10.1038/NBTOEB9-811

Dg LYON B R ET AL: "EXPRESSION QF A BACTERIAL GENE N
TRANSGENIZ TORADCO PLANTS CONFERS RESISTANCE TO THE
HERBICIDE 2 4-D*,

PLANT MOLECULAR BICLOGY,
vol. 13, no. B, 1984, pages 533-540,
ISEN: 01874412

10 LYON BRUCE R ET AL: "Colton plants transformed with a bactedial
degradation gene are protected from accidental spray drift damage by the
herbicide 2 4-dichiorophenoxyacetic acid”,

TRANSGENIC BESEARCH,
vol. 2, no. 3, 1883, pages 162-169,
IGGN: 0662-8819

D11 BAYLEY C ET AL: "ENGINEESING 24D RESISTANCE INTO
COTTON",
THEORETICAL AND APPLIED GENETICS, SPRINGER, BERLIN, DE,
vol. 83, no. & 1 January 1692 (1882-01-01}, pages 545848,
XPOOz(37287,
1SN 0040-8752, DO 10.1607/B8F022651D

D12 BISHT NAVEEN CHANDSA ET AL "Development of 2.4-D-resistant
tfransgenics in Incian oliseed mustard (Brassica juncea)”,
CURRENT SCIENCE (BANGALORE),
val. 87, no. 3, 10 August 2004 {2004-08~10), pages 367-370,

ISSN: 0011-3891

D13 Alignment of the nucleotide sequence of SEQ 1D NO: 3 of the patent with
the nucleotide sequence of enlry AFS18751 (Rhodoferax sp PE30 rdpA
gene)

D14 AFS18751 nudleotide sequence, version of June 28, 2003
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D15 SCHLEINITZ KATHLEEN M ET AL “Localizagtion and characterizaion of

two novel genes encoding stereospecific dioxygenases catalyzing 202.4-
dichicrophenoxyprepionate cleavage in Delftia acidovorans MG1Y,
APPLIED  AND ENVIRONMENTAL MICROBIOLOGY, AMERICAN
BOCIETY FOR MICROBICLOGY, US,

vol. 70, no. 9, 1 Seplember 2004 {(2004-09-01), pages B357-5385,
XPQU2549083,

ISSNE 00882240, DO 101 128/AEM. 70.9.5357-5365.2004

D16 Alignment of the awcleotide sequence of SEG 1D NO: 3 of the patent with
the nuclegtide seguence enfry AJB2R859 {Sphingomonas herbicidovorans
thpA gene}

M7 AJB28859 nucleotide sequence, version of March 3, 2004
D18 WO 97/13402 A1 (DOWELANCQO [US]) 17 April 1997 {1997-04-17)

DIS WO 87/05629 A1 (PLANT GENETIC SYSTEMS NV [BE]; BIOGEN NV
INL]} 24 September 1987 {1987-08-24)

D20 WO 037013224 A2 (BAYER BIQSCIENCE NV (BE]} 20 February 2003
{2003-02-20}

D21 US 5 483 175 A (BARRY GEBARD F {US] ET AL) 31 QOctober 1985
{1995-10-31)

De2 US 2003/135879 A1 (WEEKS DONALD P [US] ET AL 17 July 2003
(2003-07-17)

D23 WO 95/33270 Al {AMERICAN CYANAMID CO [US]; KAKEFUDA
GENICH! [US]; OTT KARL HEINZ [US])) 24 October 1996 {1996-10-24)

D24 PRINS M: “Broad virus resistance in ransgenic plants”,
TRENDS IN  BIOTECHNOLOGY, ELSEVIER  PUBLICATIONS,
CAMBRIDGE, GB,
vol. 21, no. 8, 1 September 2003 {2003-08-01), pages 373-875,
XPO04450444,
ISSN: Q187-7759, DO 10.10168/80167-7798(03300183-8

Das DELLAPQRTA S L ET AL "A PLANT DNA MINIPREPARATION:
YERSION ",
PLANT MOLECULAR BIOLOGY REPORTER, SPRINGER SCIENCE
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+BUSINESS MEDIA BV, NL,
vol. 1, na. 4, 1 Janudry 1883 (1983-01-01}, pages 18-21, XPO01016105,
ISSN: 07356840

. Reasons for the Decision
11 Admissibility

The opposition is admissible since i fulfills the requirements of Article 88{1}
and Rule 76 EPC,

12 Article 100{z) EPC in conjunction with Arlicles 78{1) and 123(2) EPC
12,4 The requirements of Rule 80 EPC are respected.

12,2  The Opponent states that the subject matter of the granted olaims goes
bevond the disciosure of the application as originally filed. The Cpponent
further mentions that the current divisional apphcalion is an exagt copy of the
paremtal application. Accordingly, any such subject matter gives rise to
obiections under Article 78(1) EPC.

The following claims are objected fo:

1. The combination of the specified enzymatic aclivily with the hybridisation
conditions in clainy 1 resulting iy a wide range of nucleic acids claimed,

2. The combination of “an asexual propagate” in claim 17 with the plant of
claim 1,

3. The ground lissue of claim 18 which is taken from particular tissue of maize
calli, rice plantiets or canola plants in specific Examples which does not allow
to derive the further combination with the generalized subject matter of claim
1.

4. The turther insect-resistance or agranomic trait genes of claims 14 and 18
in combination with the plants of claim 1,

5. The specific combination of a glufosinate with a glyphosate tolerance tralt of
claim 3 laken out of a longer list (singling oul of a specific combination} or from
an Example relating o speciiic combination of a plamt species and the AADY
{v3) gene.

122 The Propietar confirms that the opposed patent wasg granted for a divisional
application which was filed as an exact copy of the parent applicalion as
originally filed. Accordingly, any subject malter having a basis in the parent
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application as onginally filed (Aicle 76{1) EPC) has also a basis under Addicle
23{2) ERC in the gpplicalion a3 onginally filed. He submits the following with
regard o the gmended claims of the Main Request.

ad 1. The combination of technical features of claim 1 is derivable from original
claim & and paragraphs [0112], {011§], [3124}{0131] in combination with
paragraphs [020], [087], [01498], {0151], {0095}, [0112] and {0142] of the
application as originally filed and published as WQ 2005/107437.

ad 2. Claim 58 of the parent application refers to claim 5 which in turn refers 1o
claim 1. As indicated in point “ad 1.“ claims 1 and 5 fogether with the
paragraphs mentioned provide a basis for said claims 18 (granted claim 17)
and 18 {granted claim 15).

ad 3. Claim 19 (granted claim 18) refers to daim § which in turn refers o
glaims 1 and 2. Paragraph [0320] discloses grinding within the context of
general methods and therefore the extracted feature is not inextricably inked
with the other features of the specific embodimentiexample.

ad 4. Claims 61 and 62 of the parent application refer to claim & which in tum
refers to glaim 1. As indicated in point “ad 1., clalms 1 and 5 tegether with the
paragraphs mentiohed provide a basis for said claims 15 (granted claim 14}
and 18 {granted claim 15).

ad 5. Paragraph [0016] provides a lis! of three herbicide resisiance genes from
which one of the preferred embodiments was deleted in claim 4 (granted claim
3). This deletion i in agreement with the principles of decision G 2710 relating
to disclaimers.

Furthermore, the Palenles indicales paragraphs {0074 and the parts of the
description mentionad above in conjunction with claim 1 as basis for the
subject matter of newly introduced claigr 2 in which the pratein is defined in
functiong! ferms.

12.4 In agresment with the parties, the Oppesition Division notes that the current
divisional application i3 an exact copy of the parental application as originally
filed. Consaquently, any subject matter having a basis in the parent application
as onginally fed {(Articls 76{1} EPC} also a basis under Article 123(2) EPG in
the gpplication as originalty filed and vice versa.

With regard to a basis in the application as originally filed the Qpposition
Division observes the following.

First, concerning claim 1. the feature “a transgenic plant” is based on claim 5
and paragraph [0148]. Such plants may comprise a polynucleotide "encoding
aryloxyalkanocate dioxygenase enzymes that are capable of degrading a
phenoxy auxin herbicids and an aryloxyphenoxypropionale herbicide”, see for
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example paragraph [0020]. “Wherein said protein is al least 70% identical” is
derivable from paragraph {0142} "Ceriain proleins of the subject invention
have been specifically exemplified herein. As these proteins are merely
exemplary of the proteing of the subjsct mvention, # should be readily
apparent that the subject invention comprises vasiant or equivalent proteing
{and nuclectide seguences coding for equivalents thereof) having the same af
simitar activity of the exemplified proteins. Equivaleat proteing will have amino
acid similarity {andior homalogy} with an exemplified protein. The amino acid
identity will typically be at least 80%, preferably at least 75%, more preferably
at least BO%, even more preferably at least 90%, and can be at least 85%.
Preterred proteins of the subject invention can also be defined in ferms of
more particutar identity andfor similarity ranges. For exgniple, the identlly and/
or similariy can be 43, 50, 51, B2, 83, 54, 55, B8, §7, 5B, 59, 80, 81, 82, 63,
84, 65, 66, 87, 68, 68, 70, 71,72, 73, 74, 75,78, 77,78, 79, 80, 81,82, 83, 84,
BS, 88, 87, 88, 88, 50, 91, §2, 93, 84, 95, 98, 97, 88, or 49% as compared o g
sequence exemplified or suggested herein. Any sumber listed above can be
used o define the upper and lower limits". Paragraphs [0045] 1o [0047]
disclose "a protein encoeded by a nucieic acid molecule selected from the
group consisting of SEQ D NOSZ, SEQ 1D NO4 and SEQ ID NOB” as
foflows: "SEQ D NO: 3 i3 the nucleotide sequence of AAD-Y (v} from
Sphingobium herbicidovorans. SEQ 1D NO: 4 is the nucleic acid ssquence of
the native AAD-T gene with internal Notl restriction site removed. This gene is
designated AAD-7 (v DNA sequencing confirmed that the carrect PR
product was generated, but an inadvertent change was made at amino geid
#212 from arginine to cysteine. SEQ 1D NO: 5 is a "plant-optimized” DNA
sequence AAD-T (v3). This “geng" encades SEQ D NQ:11, which is the same
as SEQ 1D NO:S except for the addition of an alanine residue at the second
position. The additional alanine codon {CT) was included to encode an Neo
site {COATGG) spanning the ATG start codon, to enable subseqguent cloning
nperations”. In paragraph [0080] it is stated that " SEQ D NO: 8 is the native
amino acid sequence encoded by the AAL-T {v1) gene from Sphingobium
herbicidovorans”. A polynucieotide may “hybridize under stringent conditions
with the full complement of a nucleic acid molecule thal encodes SEG D NO:
9", see paragraph {0112} “one way to characterize these classes of protens
and the polynucleotides that encode them is by defining 8 polynuciectide by it
ability to hybridize, under g range of specified conditions, with an exemplified
nucleotide seguence {the complement thereol andior & probe or probes
derived from either strand)} and/or by their ability to be amplified by PCR using
primers derived from the exempliied sequences” and paraggraph [0124]:
“preferably, hybwidization of the polynuclectide is first conducted foilowed by
washes under conditions of low, moderate, or high stringency by techniques
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well-known in the ant” and paragraph [0128]: "Hybridisation characteristics of a
molecule can be used 10 define polynucleotides of the subed! invention. Thus
the subject invention includes polynuclectides {andior their complements,
preferably their {full complements) that hybndize with & polynuciectids
exemplified herein. That i3, one way 1o define a gene {and the protein #
encades), for example, is by its ability 1o hybridize (under any of the conditions
specifically disclosed herain) with a known or specifically exsmplified geng®,

Second, concarmning claim 2, the feature “a transgenic plant” is based on claim
5 and paragraph {01481 Such plants may comprise a polynucleotide
“encading a protein that enzymatically degrades {f) an R-enantiomeyr of ehiral
phenoxy auxin herbicides in addition 1o achiral phenoxy auxing”, see
paragraph [0074],

iy an aryloxyphenoxyprapionate herbicde, or

{iif} a phenoxy auxiny herbicide and an aryloxyphenoxypropionate herbicide”,
see paragraph [0020] The feature "whersin said polynucleotide hybridizes
under sfringent conditions with the full complement of a nuddeic goid molecule
that encedes SEQ 1D NO§" is derivable from the wording in paragraph [D112]
‘one way 1o characierize these clagses of proleing and the polynuclestides
that encode thewt {s by defining a polynucleotide by its abliity 1o hybridize,
under a range of specified conditions, with an exempiified nuclestide sequence
{the complement thereol andfor a probe or probes detved from either strand}
and/or by their ahility o be amplified by PCR using primers derived from the
exemplified sequences” plus paragraph [0124]; "preferably, hybrdization of
the polynuciectide is first conducted followed by washes under conditions of
tow, modevate, or high stringency by techaiques wel-known in the arl” and
paragraph [0128]: "Hybridisation characieristics of a modecuie can be used v
define polynucleotides of the subject invention. Thus the subject invention
includes polynuclectides {andior thelr complements, preferably their full
complements) that hybiidize with a polynucleotide exemplified hevein, That is,
one way 1o define a gens {and the prolein it encodes), for example, is by ils
ability fo hybridize {under any of the conditions specifically disclosed hereinj
with & known or specifically exemplified gane”.

Third, conceming glaim 18, the fealure an "asexus! propagate of the plamt of
claim 1 or 2" is once referred o in the parent application, namsly in clam &
which in turn refers to claim 1, see claim 53 “A parl, progeny, or asexual
propagate of the plamt of claim 8" and claim & "A transgeasic plant comprising
a plurality of calls according to clgim 1, wheren expression of said
polynucleotide renders said cells tolerant to an aryioxyalkanoate herbicide”.
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Fourth, concerming glaim 19, the fealurs “ground fissus from the plant of claim
9" is derivable from paragraph [0320]: "Frash tissue was placed indo tubes and
lyophitized at 4° © for 2 days. Affer the tissue was fully dried, a wngsten bead
{Valenite) was placed in the tube and the samples were subjected 1o 1 minude
of dry grinding using a Kelco bead mill". Said paragraph is labelied "7.10.1
Tissug harvesting DNA isolation and guaniification” and is & subssction of
paragraph {0318} fitled 710 Molecular Analysis: Maize Materials and
Methods®. The grinding of plamt matedal is congidered a general method
applicable to material originating from & wide range of species and tissue
types. From the description it is furthermore not evident that the feature
“ground lssue” would be inextricably linked with the other features of the
specific embodiment or example.

Fifth, concerning claims_ 15_and 158, the wording “inssctresistance gens
derived from an organism selected from the group consisting of Bacifius
thuringiensis, Fhotorhabdus, and Xenorhabdus” and "gene for an agronomic
frait selected from the group consisting of fungal resistance, siress iolerance,
increased yield, improved oif profile, improved fiber guality, viral resistance,
delayed ripening, cold lolerance, and salt tolerance” is dernvable from alaims
61 and 62 as oniginally filed. Said olaims refer (o original claim 5 which in {urn
refers to olaim 1.

Sixth, concering glgim 4. the fealure “glyphosate folerance trait and a
glufosinate tolerance Wall” in derivable from i a. paragraph [D018) “The
subject invention also includes plants that produce one or more enzymes of
the subject invention "stacked” together with one ¢or more other herbicide
resislance geneas, including, bul not Bmited to, glyphosals-, imidazolinang-,
and glufosinate-resistance genes, 50 as 1o provide herbicide-tolerant plants
compatible with broader and more robust weed control and herbicide
resistance management opliong™ {(emphasiz added by the Division}. According
o the Guidelines for Examingtion at the EPQ, Part H - Chapter V-2, 3.1 "The
replacement or removal of & feature from a claim does not violate Art 123{2) ¥
the skilled person would directly and unambiguously recognise that:

{1} the feature was not explained as essential in the disclysure;

{ii} the feature I3 not, as such, indispansable for the function of the
fnvention in the light of the technical problem the invention

serves to solve; and

{1} the replacement or remaoval requires no real modification of

other features to compensate for the change”.
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The Oppaosition Division noles that from the descriplion it is nol evident that
the feature “imidazolinone oleranceiresistance” is 1o be regarded as being
essential or indispensable or #s removal requires a modification of the ather
featuras, Le. “glyphosate tolerance” and and “glufosinate tolerance” 1o
compensate.

Far the reasons above, the Opposition Division considers that the claimsd
subject-matter i3 directly and unambiguousty derivable from the application as
originally filed.

The wording of new claim 2 does not 10 extend the scope of protection
conferred by the patent as granted. The Opposition theretore considers that
the requirements of Article 123(3) EPC are fulfilied.

13 Priority entitlement (Article 87 EPC)

13.1  The Opponent rafses the objection that the claims as granted are not entitled
to the priority date of 30 Aprilt 2004 (USBU/B67,052, document D7) and the
relevant date being the intemational filing date of 2 May 2005, Thershy,
documents D12 and D15 are prior art within the meaning of Article 54{2) £PC.
According W the Cpponent, the priority application contains fess teaching than
the subseguently filed parent and divisional application, | a. no caims were
filed with the priority document, In addifion, a number of sequences, figures
and examples are missing from said document. Mare specifically, the concept
of "g prolein that enzymalically degrades a herbicide selected from the group
of a phenoxy auxin and aryiphenoxyproprionate” of claim 1 can only be found
in originally filed claim 47 in the context of three exactly defined hybridizing
polynucientides encading AADT but not in the priorily application. Claims 2-18
are dependent on or referred o caim 1 and thus deficient as well. Additionally,
the generic terms of claims 14 {insect resistance gene}, 15 {agronomic tralt
genesy and 17 {asexual propagate} can not be found in the priority application.

132 With respect to the claims that are in his view objected 10 by the Opponent
under novelty or wentive step using documents D12 and D185, the Proprietor
submils thal the subject malter of claim 1 has a basis in D7, padiculany in
paragraphs {0018}, [0035}-[0037], [2034], {0084}, [0100], {0101}, [0116], [0123]
and {0124] of the prionty document. In addition thereto, he indicales
paragraphs [00198], [0051] and [0081] as basis Tor claim 2. Claim 10 {granied
claim 9} finds a basis in paragraphs [0015], [0017], [C051], [0084] and [Q074]
whereas claim 11 (granted claim 10} is based on paragraphs D048, [0108]
and {0116]. Furthermore, olaim 13 {granted claim 12} finds & basiz in
paragraphs {0014}, [0015], {0019, [0243] and [0313] and claim 18 {granted
claim 17} in paragraphs [0125] and [0130].
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13,3 The Opposition Division refers o the Guidelines for Examination at the ERPQ,
Part F ~ Chapler Vi-2, 1.3 which state "the exprassion “the same invention”
in Art, 87{1) means that the subject-mailter of a claim in a European
gpplicaton may enjoy the pricrty of 3 previous gpplication only i the skilled
pargon  can  derive  the subject-matter of the claim  directly and
unambiguously, using commoen genergl knowdedge, from the previcus
application as a whole. This means that the specific combingtion of festures
present in the claim must at least implicitly be disclosed in the previcus
application {see F-VI, 2.2 and G 2/98)" {emphasis added by the Division).

First, concerning olaim 1, the following features are disclosed in the respective
paragraphs of DY, Paragraph [0018]: plants comprising a. €.49. recombinantly
expressed, AAD-1 gene, Le. fransgesic plants {see paragraphs [0123] and
[0124}). The gene encodes an aryloxvalkkanogle dioxygenase enzyme that is
capable of degrading phenoxy auxin and grylphenoxyproprionate herbicides.
Paragraph {0084] mentions that “the subject invention includes the use of the
gxemplified polynucleclides shown in the alfached sequence Iisting”, Le.
AAD-1 nuclectide (8EQ 1D NCG: 3-8} and amino acid (BEQ 1D NO. 8}
sequUences, see paragraphs [0035]-0037] and [0044]. According 1o paragraph
{0100 “the subject invention includes polynuclectides  {andfor their
complements, preferably their full complements) that hybridize with a
polynucieotide exemplified heren. That is, one way to defing a gene {and the
protein & encodes), for example, is by s ability to hybridize {under any of the
conditions  specifically  disclosed herein) with a known o specifically
exemplified gene”, for example "stringent” conditions for hybridization, see
paragraph [0101]. According to paragraph [0116] "Preferred proteins of the
subject invention can also be defined in terms of move particular identity and/
ar similarfty ranges. For example, the identity and/or similarity can be 48, 50,
81, B2, B3, 54, 85, b8, 57, 58, 59, 60, 61, 82, 63, 64, 65, 86, &7, €8, 69, 70, 71,
72,73, 74,75, 76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 80, 91, 92,
93, G4, 85, 8§, 97, 3B, or 9% as compared o a seguencs sxemplified or
suggestad herein. Any number lisled above can be used to define the upper
and fower limits™,

Second, concering claim 2, lthe following features are disclosed in the
respeactive paragraphs of D7, In addition o the paragraphs indicated above in
conjunclion with claim 1, the enzymabic aclivities of the claimed AAD-1 prolein
are specified in paragraphs [0018] and {0081} degradation of phenoxy acid
and aryvioxyphenoxyproprionate herbicides {olaim 2 {H} and (i), paragraph
{0051} degradation of the R-enantiomer of the chiral phenoxy auxins in
addition to achiral phenoxy auxings {claim 2 {ij}.
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Third, concerning claim 14, the feature "plants resistant 0 a 2,4-D herbicide”
is discloged in paragraphs [D015] to [0018], [D051] and [0064] 1o {0082} of DY,

Forth, concerming claim 11, the llowing featres are disclosed in the
repective paragraphs of D7, "SEQ 1D NG 8% encoding native RAD-1:
paragraph {0040}, "a varant thereof': paragraph [010g]: "Proteins of the
subject invention ¢an have subsliluted amino acids so long as thev relain
desired functional activity. "Variant” genes have nucleotide sequences that
encode the same profeins o equivalent proteins having activity equivalent o
similar 1o an exemplified protein. The terms "variant proteing” and "equivalent
proteins” refer 1o proteins having the same or essentially the same biological/
funchional activity against the fargst pesis and equivalent seguences as the
exemplified proteins. As used herein, reference to an "equivaient” seguence
refars {o sequences having aming acid substitutians, deletions, additions, or
insertions thal improve or do not adversely affect activity to a significant
extent”. Paragraph [(0116] specifies that "the variant or equivalent proteins
{and nucleotide sequences coding for equivalents thereof) have the same or
shritar activity of the exemplified proteing. Equivalent proteins will have amine
acid similarity {andior homalogy} with an exemplified protein. The amino acid
identity will typically be gt least 80%, preferably at least 758%, more prefergbly
at ivast 80%, even mare preferably at least 80%, and can be at isast 853%™

Fifth, conceming claim 13, the following features are disclosed in the
respective paragraphs of D7, Paragraphs [0008] and [0014] kst MCPA,
dictorprop and further aryloxyatkanoate herbicides including 2,4-D, haloxyfop,
quizalofep and diclofop; paragraphs [0051] and [0313] further disclose
mecoprop and fuazifop. However, the herbicides fenoxaprop, metamifop,
cyhalofop and clodinoiop are not mentioned in the description of DY,

Sixth, conceming daim 14, for example paragraph 00151 mentions the
stacking with one or more other herbicide resistance genes.

Seventh, concerning olaim 15, paragraph [0G72] mentiona insect resistance
traiis, e.g. CryTF, CrytAb, Cry34:35. There i3, however, no specific disclosure
in D7 of the organisms listed in claim 15, namely Baciffus thuringiensis,
Photorhabdus and Xenarhabdus.

Eighth, conceming claim 17, paragraph [0088] spacifies that "AAD-1 alone or
stacked with oneg or more additional HTC trails can be stacked with one or
more additional inpul {8.g., nsect resistance, fungal resistance, or shress
tolerance, et al.} or oulpul {e.0., increased yield, improved off profile, improved
fiber quality, ef al) traits™.

RO Faers 2818 00 SR

COR-AAD1-00004540


mrush
Sticky Note
None set by mrush

mrush
Sticky Note
MigrationNone set by mrush

mrush
Sticky Note
Unmarked set by mrush


Danam Blatt Arnmekde-Ne
Date D1.08.2004 Shaet 13 Applicatea no: 140 018 209,
Qate R Centande n”

Ninth, conceming claim 18, it s noted that plant parts, seeds and lissues are
referred {0 i paragraphs [0125] and {0126] The term “progeny” is used in
paragraph [0130], however, not in conjunciion with claimed subject matter.
The term "asexual propagaie” is not menticned in the description of D7,

Taken together, the Opposition Division considers that claims 13, 15 and 18
are not entitled to priority. The relevant date is therefare the internalional filing
date of 2 May 2005 Accordingly, documents D12 and D15 might become
ralevant for the assessment of novelly andior inventive step of said claims.

14 Article 100{a) EPC in conjunctlion with Arlicle 54 EPC

14,1 The Opponent raises objections conceming lack of novelty of the subject
matier of granted olaims 1, 8, 12 and 17 in view of the disclosure of D8, The
document descrbes transgenic plants expressing UHdA from Alcaligenes
autrophus under controt of the CaMV 35 § promoter resulting in resistance to
2.4-D herbicide. The HfdA coding region, disclosed in D2, hybridizes under
stringent conditions to the nuclsic acid encoding a proteir of SEQ D NG G, as
derivable from the experimental data provided in document D1, TidA
possesses a 24-D degrading activily, see pgge 3, paragraph 11 of the
application. A similar argumentalion is formulated for said claims in view of the
disclosure of documents D9 {o D11 and late document D12,

142 The Proprietor submiis that granted claim 1 was spilt o two independent
claims, namely claims 1 and 2. Claim 1 was amended and further defined by
structural terms, L & by including a reference to 70% identity. Since the HdA
encading gene and the nucleic acid in SEQ 1D NO: & share only 32% identily,
the objection is overcome. Glaim 2 is defined by functiong! terms, Le
enzymatic activities, which are not assigned to HdA. Thereby the novelty
obiaclion is overcoms,

14.3  With regard 1o olaim 1 the Qpposition Division notes that documents D8 to
D12 disclose transgenic plants {tobacco, colton or mustard) comprising an
isolated polynucleotide {tidA gene from Alcaligenes  eulrophus/Ralsionia
sutrophsy thal  encodes a3  protein (2,4-dichlcrophencoxyacelate
monooxygenase, DPAM} that enzymatically degrades a herbicide selected
fram the group consisting of a phenoxy auxin herbicide {2.4-D) and an
aryloxyphenoxypropicnate herbicide wherein said polynucisotide hybridizes
under stringent concditions with the full complement of a nucleic acid molecule
that encodes SEQ 1D NO'9, as evidenced by exparmental data shown in D1,
whersin said plant expresses said polynuclectide and produces said protein.
The following technical feature is not disclosed in D8 o D12 "wherein said
protein is al least 70% identical with a prolein encoded by a nucleic acid

RO Faers 2818 00 SR

COR-AAD1-00004541


mrush
Sticky Note
None set by mrush

mrush
Sticky Note
MigrationNone set by mrush

mrush
Sticky Note
Unmarked set by mrush


Danam Blatt Arnmekde-Ne
Date 01.08,2018 Shaet Applicationnie: L0 018 S804,
Qate R Centande n”

molecuie selected from the group consisting of SEQ 1D NO:3, SEQ 1D NO:4
and SEQ 1D NOE" Indeed, as dervable from seguence alignments between
the TFDA protein of DB {(see also D) and the AAD-1 protein of the patent
presented in document D4, the identity of the claimed proteins encoded by
SEG D NG 3 (protein with SBEQ 13 NO: 9 with the protein disclosed in
document D8 is merely 32% which lies far out of the claimed range of "at least
70% identity”. The same holds true mutars mutandis for nuclelc acids in SEQ
1D NC: 4 and § which encode proteins that only differ in one or two amino acid
positions from the protein in SEQ 1D NO: @ by that resulting in comparable
entities.

Accordingly, claim 1 is novel over documenis D8 1o D12

With regard o olaim 2 the Opposition Division notes that documents D8 o
D12 disclose lransganic plants {obacco, cotlon or mustard) comprising an
isolated polynuciectide (fdA gene fram Alcafigenes  eulrophus/Ralstonia
eutropha) that  encodes a  protenn {2.4-dichlorophenoxyacetats
monooxygenase, DPAM) wherein said polynuclectide  hybridizes  under
stringent conditions with the full complemeant of a nuclelc acid molecule that
ancodes SEQ 1D NO®B, as evidenced by experimental data shown in DY,
wherein said plant expresses said polysucleotide and produces said proteln,
The following technical {eatuses are not disclosed in D8 1o D12:

"the protein enzymatically degrades

{i} an R-enantiomar of chiral phenoxy auxin herbicidas in addilion o achival
phenoxy guxing,

{f) an arvioxyphenoxypropionate herbickle, oy

{iii} & phenoxy auxin herbicide and an aryloxyphenoxypropionate herbicide”,
Accardingly, claim 2 is novel over documents DB e D12,

Claims 3-18 are dependent on or make direct reference 1o claim 1 or 2 and are
therefore novet as well.

Taken together, the Qpposibon Division considers that the subject matler of
claims 110 19 is novel,

15 Article 100{a) EPC in conjunclion with Article 58 EPC

15.4  The Cpponent raises a first objection against the subject matter of granted
glaims 2-7, 11 and 13 in view of document D8 in combination with any of
documents D13-D22. Said claims make reference to other herbicide genes,
particularly  glufosinate, glyphosate, dicamba and ALS inhibitor herbicide
tolerance genes. Since the application does not claim an interaction betwesen
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the presence of the phanoxy and arylphenoxypraprionate herbicide degrading
transgene and said other herbicide Wlerance genes, the technical problems
can be separated and amount io the provision of plants with these other
tolerance genes in addiion to the transgenic plamts of claim 1. Said other
harbicide genes are described in documents D18, D20 (glufesinate), D21
{glyphosale}, D22 (dicamba) and D23 {ALS inhibitor). A second objection is
raised against claim 8 in view of document D8, According to the Opponent, the
choice of a pasticular plant can not provide an inventive step. A third objection
is raised against clalm 10 penaining to the rdpA gene. The echnical problem,
provigion of transgenic plants  with  an  altemative phanoxy o
arylghenoxyproprionate herbicide degrading enzyme encoding transgenes, is
abvious starting from document D8 as closest prior art in view inn combination
with document 015, A fourth objection arises for claims 14 and 15 starting
from document D8 as closest prior arl. The other insect-resistant genes of
claim 14 and agrohomic trait genes of claim 15 are known from documenis
D18 and D24, respectively. Again, since the application dees not claim an
interaction hetween the presence of the phenoxy and arylphsnoxyproprionate
herbicide degrading {ransgene and said other lransgenes, the {echnical
problems can be separated and amount to the provision of plants with these
other tolerance genes in addition to the transgenic plants of claim 1. A fifth
obiection s formulated against claim 18 in view of document D8 ag closest
prior ant. Said document discloses the isolation of DNA which invoives grinding
of tissues as derivabie from document D25, The difference in sowrce {maize
plant} has no specific advantage and therelore the choice of 4 particudar plant
can not provide an inventive step.

15.2  The Proprietor submits that the structural feature "70% identity” introduced inlo
granied claim 1 and the functional features relating © specific enzymatic
antivities specified in claim 2 recile additional fealures not cisclosaed in any of
the documents D8 o D1t and DB o D24, in this context, the Proprietor
further relterates his view that documenis D12 and DS are not citable pricr
arl.

15,3 In this respect, the Opposition Divisian refers to the “problem and solution
approach” that is usually used 1o assess inventive alep. According fo the Case
Law of the Boards of Appeal of the EFQ, ath edition, 2010 {page 182}, this
“‘consists essentially of

{a) identifying the “closest prior art’,

{0} assessing the technical results {or effects] achieved by the claimed
nvention when compared with the "closest state of the art” estabiished,
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{c} defining the technical problem 1o be scived as the abiect of the invenlion to
achieve these rasulls, and

{d} examining whether or not a skilled person, having regard 1o the state of the
art within the meaning of Art. 54{2) EPC, would have suggested the claimed
technical featives in order 0 obiain the results achieved by the claimed
invention”,

Claim 1 is directed to g transgenic plant comprising a polynuciectide that
encodes a protein that enzymadically degrades a herbicide selected fram the
group  consisting  of a2 phenoxy  auxin herbicide and  an
arviosyphenaxypropicnate {AQPP) herbicide, wherain said protain is at least
70% identical with a protein encoded by a nucleic acid molecule selected from
the group consisting of SEQ 1D NO3, BEQ 1D NO4 and SEQ 1D NOSB,
wherein said polynuctectide hybrdizes under stringent conditions with the full
complement of a nucleie acid molecule that encades SEQ 1D NO 8.

In accordance with the Opponent and the Propriefor, the Opposition Division
considers document D8 to represent prior art disclosing subject matter
canceived for the same purpose or aiming at the same objective.

Sald document discloses transgenic plants {tohacco) compising an isolated
polynucieotide {HaA) thal encodes a protein {DFAM) that enzymatically
degrades g phenoxy auxin herbicide {(2.4-D) whersin said polynucieotide
hybridizes under stingent conditions with the full complement of a nucleic acid
molecuie that encades BEQ D NOLG.

The subject-matter of olaim 1 differs from these transgenic planis in that said
protein is at feast 70% wdentical wilh a prolein encoded by a nudleic acid
moleoule selected from the group consisting of SEQ 1D NO:3, SEQ 1D NO:4
and BEG D NG5 {(AAD-1, rpdA gene).

The objective problem 10 be solved by the present application resides in the
provigion of transgenic plants resistant to a phenoxy auxin herbicide and an
ADPP herbicide.

The sclution provided are planis expressing AAD-1 {rpdA) from Sphingobium
herbioidovorans.

Document D14 discloses the mdA gene and protein seguences from
Sphingobium herbicidovorans. The document i, however, silent on the use of
the AADT encoding geng o gensrate transgenic plants with herbicide
resistance.

Asg stated above, document D8 describes transgenic plants with 24D
resistance resuliing from expression of a 24-0 degrading enzyme {tfdA} from
Alcaligenes eulrophus. A person skilled in the art gould in principle have
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combined the teaching of D8 and D14 and arrive al the claimed solution.
However, there is no suggestion in any of the cited document that woudd have
incited him 1o do so. in fact, there is no indication in document D14 that AAD-
would degrade AOFF herbicides and thersby generating plants thal are
resistant to both phenoxy auxin and AQPP herbicides.

For these reasons, the solulion proposed in claim 1 involves an inventive step.

Claim 2 is directed 1o & transgenic plant comgrising a polynuciectide that
ancodes a protein that enzymatically degrades

{{} an R-enantiomer of chiral phenoxy auxin herbicides in addition to achiral
phenoxy auxins,

(i} an arloxyphenoxypropionate herbicide, or

wherein said polynuctectide hybndizes under stringent conditions with the full
complement of a nucleic acid molecule that encodes SEQ 1D NOG.

The Opposition Division considers document D8 o represent prior art
disclosing subject-maiter concelved for the same purpose or aming at the
same objaclive.

Sald document discloses transgenic plants {tohacco) compsing an isolated
polynucieotide {HaA) thal encodes a protein {DFAM) that enzymatically
degrades g phenoxy auxin herbicide {(2.4-D) whersin said polynuciestide
hybridizes under stiingent conditions with the full complement of a nucleic acid
molecuie that encades BEQ D NOLG.

The subject-matter of claim 2 differs from these transgenic planis in that said
protein enzymalically degrades

{i} an R-enantiomer of chiral phenoxy auxin herbicides in addition to achiral
phenoxy ains,

{ii} an aryloxyphenoxypropionate herbicide, or

{iity a phenoxy auwxin herbicide and an aryloxyphenoxypropionate herbicide.

The obieclive problem 1o be solved by the present application resides i the
provision of wansgenic plants resistant to an B-enantiomer of chiral phenoxy
auxin herbicides; and 1o a phenoxy auxin and an AQPP herbicide.

The solution provided gre plants expressing AAD-1 (mpdA) from Sphingabium
herbicidovorans.

Document D14 discloses the mdA gene and protein sequences from
Sphingobium herbicidovorans. The dacumenis is, however, siient on the use
of the AAD-1 encoding gene o generate transgenic plants with herbicide
rosiatance.
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As sialed above, document D8 describes transgenic planis with 24-D
resistance resulling from expression of a 2.4-D degrading enzyme {fdA) from
Alcaligenes sutrophus. A person skifed i the art gould in principle have
combined the teaching of D8 and D14 and amive at the claimed solulion.
However, there i3 no suggestion in any of the clted document that would have
incited him © do so. in fact, there is no indication in document D14 that AAD-1
would degrade an R-enantiomer of chiral phenoxy auxin herbicides or ACRP
herbicides and theveby generating plants that are rasistant o phenoxy auxin
and AOPP herbicides specified in claim 2.

For these reasons, the solution proposed in claim 2 involves an inventive step.

The same appliss mulatis mutandis to claims 3-18 which are dependent on or
directly referring to claims 1 and 2.

The same reasoning applies mutalis mutandis (o claime 18, 15 and 18 for the
combination of document 08 with document D15 taking into consideration the
comments concerning priovity of said claims, see section 7.2.3 abova.

Considering that the objective technical problem stated above is solved by the
claimed ifransgenic plants as well as their non-olwviousness, the Opposition
Division considers that the clalmed subject matier is Bwentive.

18 Article 100(h) EPCT in conjunctlion with Article 83 EPC

161 The Qpponent raises the objection thal the granied clamed subjsct-malter (s
insufficiently disclosed. The application provides support and disclosure only
for a limited number of methods and polynuclectides, Le. those having SEG 1D
NO: 3-8 which encode a polypeptide having SEQ 1D NO: 9 and transgenic
plants comprising these wheareas the hybridizing polynucieotides encompass
polynucieotides encoding a protein with only 32% amino acid sequence
identity, thereby not being congruent with the disclosure of the application.

16.2  The Propneior submits thal by including the structural lerm into claim 1 and
the functional terms into clgim 2 3aid claims are further ¥mited and thereby the
Oppanent's objections are rendered moot,

168.3  Indeed, the proteins of claim 1 are on one hand defined by their abliity 1o
degrade a phenoy awxin or an AQPP herbicide and on the other hand iimited
by the abilily of the corresponding polynucientides to hybridise under slringent
conditions with the nuclede acld encoding the protein with SEQ 1D NO» 9 and
their idenlily of at least 70% o the nucleic acids of SEQ D N 3, 4 ar 5
Conseguently, the proteins referred to in claim are baoth functionally and
structuraily fmited.  The proteins can be delermined by routine
gxpenmentation, i. a. by determinabon of the specified enzyme aclivilies and
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sequence identity using alignment, thereby not involving any undus burden.
The claimed subject matter s thus congruent with the disclosure of the
applicabion

The same holds true mulatis multandis for claim 2 in which the proteins are
defined by their abifity to degrade specific R-enantiomers, an AQPP herbicide
and optionally a phenoxy awxin and on the other hand imited by the ability of
the corresponding polynucieatides to hybridise under stringent conditions with
the nuclele acid encoding the protein with SEQID NGO &

Consequently, the proteins referred to iy claim 2 are both functionally and
structuraily fimited. The proteins can be delermined by routine
exparimentation, i. e. by determination of the specified enzyme aclivities and
sequence identity using aligniment, thereby not involving any undus burden.
The claimed subject matler is thus congrugnt with the disclosure of the
application.

Taken together, the Qpposition Division considers that the subjsct matter of
claims 1 and 2 is disciosed in a manner sufficiently clear and complete for R o
be caried put by a person skilled in the ard.

17 Double patenting

171 The Opponent remarks that granted claim 10 claims the same subject matter
as olaim & of EF 1 740 039 granted for the parent application whareas
according to an accepied principle in most patent systems wo patents can not
be granted to the same applicant for one invention. That principle of
prohibition of double patenting was accepted obiter dicium by the Enlarged
Board of Appeal in decisions G 1408 and G1/08.

-t
~
rQ

The Propristor submifs {hat double patenting is not listed as a ground for
opposition in Article 100 ERPC and therefore not a basis to revoke the patent.
17.3  The Opposition Division agrees that double patenting is indeed not tisied as a
ground for opposition in Article 100 ERC and therefore not a basis to revcke
the patent.

18 Decision

The grounds of opposition under Aricle 100(a), () and (¢} EFC do not
prejudice maintenance of the patent in amended form.
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Taking info account the amendments made by the Proprietor the patent and
the invention, (o which it relales, meet the requirements of the ERC, Adicle
101{3)}a) EPC.

According to Ardicle 108 ERC, this decision is subjest {0 appeal. if such appeal
fs filed, it shall have suspensive sffect. in accordance with Addicle 107 EPG,
any party o the proceedings adversely affecled by the decision may appeal
Notice of appeal must be filed &t the ERQ within two months after the date of
notification of the decision appesaied. The notice shall not be deemed to have
been filed until the appeal fee has been paid. In caze of an appesl, a writlen
statement satting owd the grounds for appeal must be filed within four months
fram notification of this decision {Artivle 108 ERC).
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i. Summary of Facts and Submissions

1 The European patent EP 2 298 01 B1, Application number 10 012 201.9,
tided "Nove!l herbicide resistance genes (hereinafter: "the patent’) in the nams
of Dow AgroSciences, LLE {US) was granted on 6 March 2013

2 The Qpponent {(Bayer CropScience NV {BE}), represented by Mr. J. Desomer
of Bayer CropScience NV {BE), opposed the patent in ils whale extent under
Articles 100{a), 100{b) and 100{c) EPG. The opposiion was filed in slectronic
form on § December 2013

3 The Proprietor, reprasenied by Dr. J. Zwicker of Z&P Patentanwalte (DE},
requested that the opposifion be rejected and the patent be mainfained on the
basis of amended claims as 1 to 11 of the Mailn Reguest provided in elactronic
form on 28 July 2014.

4 Both parties requesied oral procesdings,

8 On 7 December 2015 the opposition division issued a summons to attend oral
proceedings on 5 Aprll 20186,

8 On 29 January 2018 the Opponent informed the Division that no fusther
submissions will be made and withdrew his request for oral procesdings.

7 On 28 January the Propriefor conditionally withdrew his request for oral
proceedings.

] In the brief communication dated 11 February 2018 the Division informed the

parties that the summons lo attend oral proceedings have hesn canoelied, that
the procedure will be continued in wiiting and further of the preliminary
intention to grant & patent on the basls of the Main Request, filed in electronic
form on 28 July 2014,
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D2

D3

D4
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{a reply fo the communication the Proprieior submitted an amended page 3 of
the description on 18 February 2016, The Qpponent was given the chance o
provide cormments within bve months which he did not.

The numbering of the cited documents follows the numbedng of references
from the Opponent's submigsions and will be adhered 1o in the rest of the
procedure:
Autoradiographs from hybridisation experiments between AAD-1 and tidA
nucleis acids

WOLFQANG R STREBER ET AL "Analysis, GCloning, and High-Leve!
Exprassion of 2, 4-Dichiorophenoxyacetate Monooxygenase Gene thdA of
Alcakgenes sutrophus JMP1347,

JOURNAL OF BACTERIOLOGY, AMERICAN SQGIETY FOR
MICROBIOLOGY, US,

val, 188, no. 7, 1 July 1987 (1087-07-01}, pages 2950-2855,
XPOO1315263,

ISEN 0021-9183

FUKUMORI FUMIYASU ET AL "Alcaligenes sulraphus JMP134 2,4~
gdichiorophenoxyacetale monsoxygenase” is an alpha-ketoglutarate-
dependent dioxygenase”,

JOURNAL OF BACTERIOLOGY,

vol. 175, no. 7, 1883, pages 2083-2086,

ISON: 00219183

Amino acid sequence alignment between TFDA and AAD-1 proteins

HULSE J B ET AL: "CARNITINE BIOSYNTHESIS BETA
HYDROXYLATION OF TRI METHYL LYBINE BY AN ALPHA KETO
GUUTARATE DEPENDENT MITOCHONDRIAL DOXYGENASE",
JOURNAL OF BIOLOGICAL CHEMISTRY,

val. 253, no. 5, 1978, pagas 1654-16588,

ISSN: 0021-9258

EICHHORN ERIC &7 AL: "Characterization of alpha-ketoglutarate-
dependent tawrine dioxygenase from Escherichia colt”,

JOURNAL OF BIGLQGICAL CHEMISTRY,

vol. 272, no, 37, 1997, pages 23031-23036,

ISEN: DO21-5258
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Dy Priority document USSN 80/587 052

D8 STRERER W R ET AL "TRANSGENIC TOBACCO PLANTS

EXPREEBSING A BACTERIAL DETOXIFYING ENZYME ARE
RESISTANT TO 2,4-D7,

BIOTECHNOLOGY. THE INTEBNATIONAL MONTHLY FOR
INDUBTRIAL BICLOGY, NATURE PUBLISHING GROUP, US,
vol. 7, no. 8, 1 January 1888 {1888-01-01), pages 811-818,
XPDOBGB2554,

I8N 0733-222X, DOL 10 1038/NET0O888-811

|
&

LYON B R ET AL: "EXPRESSION OF A RACTERIAL GENE IN
TRANBGENIC TOBACCQO PLANTS CONFERS RESIBTANCE TO THE
HERBIGIDE 2 4-07,

BLANT MOLECULAR BIOLGGY,

val, 13, no. 5, 1889, pages 533-540,

ISON: 0187-4412

£

D1o LYON BRUCE R ET AL: “Cotton plants transformed with g bacterial
degradation gene are protected from accidental spray diift damage by the
herbicide 2 A-dichlorophenoxyacelic acd”,

TRANSGENIC RESEARCH,
¥ol. 2, no. 3, 1893, pages 1582-169,
ISSN: Quh2-8818

D11 BAYLEY C ET AL "ENGINEERING 2,4-0 RESISTANCE INTO
COTTON",
THECRETICAL AND APPLIED GENETICS, SPFRINGER, BERLIN, DE,
val. 83, no. §, 1 January 1882 {1892-01-01), pages 845-849,
XPOO2G37287,
IGEN: 0040-5752, DO 10, 1007/8F00226810

D12 BISHT NAVEEN CHANDRA ET AL “Devalopment of 2 4-D-resistant
transgenics in indian ollseed mustard {Brassica juncea)”,
CURRBENT SCIENCE (BANGALORE],
vol. 87, na, 3, 10 August 2004 (2004-08-10), pages 367-370,

ISSN: QO 11-3851

313 Alignment of the nucleotide sequence of SEQ D NG 3 of the patent with
the nucleatide sequence of enlry AFE16751 {Rhodoferax sp P230 rdpA
gene)

SR P 238 Q7 VIR
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D14 AFS18751 nuclectide sequence, version of Jung 26, 2003

D18 SCHLEINITZ KATHLEEN M ET AL: "Localization and characterization of
two novel genes ercading stersospecific dioxygenases cataiyzing 2(2.4-
dichiprophenaxy)propion ate deavage in Delllia acidovorans MC1",
APPLIED AND ENVIRONMENTAL MICGROBIOLOGY, AMERICAN
SQGIETY FOR MICROBIOLOGY, US,
vol. 70, no. 8, 1 September 2004 {(2004-05-01}, pages 5357-53865,
XPD02540043,

ISEN: D08G-2240, DO 10, 1128/AEM,70.9,5357-5365.2004

D18 Akgnment of the nucleotide sequence of SEQ (D NO: 8 of the patent with
the nucleotide sequence entry AJB2B859 (Sphingomonas herbicidovorans
tnpd gene)

D1y AJB28859 nucleotide sequence, version of March 3, 2004

D18 WO 97/13402 A1 (DOWELANGD [US] 17 April 1697 (1997-04-17)

H. Reasons for the Decision
11 Admissibility

The opposition is admissible since it flfills the requirements of Article 38{(1)
and Rule 76 EPC.

e
S

Article 100{c) EPC in conjunction with Articles 76(1) and 123({2) EPC
The regquirements of Rule 80 EPG appear to be respected.

e
ra
e

o~
Y
Py

The Cpponent stales that the subject maller of the granted claims goes
beyond the disclosure of the application as orginally filed. The Cpponent
further mentions that the current divisional application is an exact copy of the
paremtal application. Accordingly, any such subject maller also gives rise o
ohiections under Article 78(1) EPC.

The following claims are objected {o;

1. The exchange of the leleoiogical funclional definition in claim 1 “that
enzymatically degrades a herbicide selscied from the group consisting of a
phenoxy auxin herbicide and an arvioxyphenoxypropinate herbicide” with the
biochemical funclional definition ‘“having alpha-keloglularaie-dependent
dioxyaenase acltivity” and further shsence of an indication of the substrate of
the enzyme.

RO Faers 2818 00 SR

COR-AAD1-00004552


mrush
Sticky Note
None set by mrush

mrush
Sticky Note
MigrationNone set by mrush

mrush
Sticky Note
Unmarked set by mrush


Danam Blatt Arnmekde-Ne
Date 01,086,201 Shaet ¥ Applicateaner 18 G1 01,8
Qate R Centande n”

2, Claims 2 and 4 which depend on ¢laim 1 were indicated 1o be based on
originally filed claims 45 and 48 which in turn depend on olaim 44 requiring
"aryioxyalkanoate dioxygenase activity”; this activity is, however, no longer
present in said claims.

122 The Proprietor confirms that the opposed patent was granted for a divisional
application which was filed as an exact copy of the parent applicalion as
originally filed. Accordingly, any subject matter having a basis in the parent
application as originally Sled {Ardicle 78{1} EPC) has also a basis under Asticle
123(2) EPC in the application as originally filed. He submits the following with
regard to the gmended claims of the Main Request.

ad 1. The funciional characterization objected t© by the opponent is re-
infroduced inte claim 1. Further, pavagraphs [G018], [0045] to [0047], [0088],
{0088}, {01201 and [0142] are indicated as basis for claim 1.

ad 2 Due to their dependency on ¢laims 1 and 2, and because
aryloxyalkanoale is & more generic lerm encompassing phanoxy auxing and
ACPPs, aryloxyalkanogte dioxygenagse activity 18 pregent in claims 3 and &
{granted claims 2 and 4). Moreover, reference is made {o paragraph [0015]
which comprise a definiion of the lerm “aryloxyalkanoale®. Additionally,
paragraph [D074] is indicated as a basis for claim 4 {granted claim 3).

Furthermore, the Patentee indicates originally filed claim 47, paragraphs
[0020], [0074] and {0084} in addition to the pana of the desciption menticned
above in conjunction with claim 1 as a basis for the subject matter of newly
infraduced claim 2 in which the protein is defined in functional ferms including
the re-introduced stated feature.

12.4  In agreement with the parties, the Qpposition Division notes that the current
divisional application is an exact copy of the parental application as originally
filed, Conssquently, any subject matter having a basis in the parent application
as originally filed {Atticle 76(1) EPC) would have alse a basis under Ardicle 123
{2} EPC in the application as qriginally filed and vice versa.

With regard 0 a basis i the appiication as originally fited the Opposition
Division observes the {olfowing.

First, concerning glainl 1, the teleciogical functional featurs "that enzymatically
degrades a herbicide selecied from the group consisting of a phenoty auxin
herbicide and an arvioxyphenoxypropinate herbicide” was re-introduced into
said claim. Basis for the wording of said feature can be found for example in
paragraphs {0018} and {0086},
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Second, concewning claims 3 and §, the description specilies in paragraphs
[Q085] and [0086] that "[tthe subject invention relales in part o the
identification of an enzyme that is not only able o degrade 2,4-D, but also
surprisingly possesses novel properties, which disbnguish the enzyme of the
subject invention from proviously known tidA proteins, for example. Even
though this enzyme has very low homology o tfdA, the genss of the subject
invention can stil be generally classified i the same overall family of o-
ketoglutarate-dependent dioxygenases” and "More specifically, the subject
invention relates in part 1o the use of an enzyme that is nol only capable of
degrading 2.4-0, bt also ADPP herbicides. No a-keloglutarate- dependent
dioxygenase enzyme has previously been repoerted o have the abiity o
degrade herbicides of different chemical classes and modes of sction.
Preferred enzymaes and genes for use according to the subject invention
are referred o herein as AAD-1 {Aryloxy Alkanoate Dioxygenase) genes
and protgins. This invention alse relates in pant to the identification and use of
genes encading aryloxyalkanoate dioxygenase enzymes that are capable
of degrading phenoxy auxin and aryloxyphenoxypropionate herbicides.
Thug, the subject twvention refates in part to the degradation of 2.4~
dichlarophenoxyacetic acid, other phenoxyalkancic auxin herbicides, and
aryloxyphenoxyatkancate herbicides by a recombinantly expressed AAD-Y
gnzyme” {emphasis added by the division). Accardingly, the enzyme of the
invention is a o-ketoglutarate-dependent dicxygenase, more gpecifically an
aryloxyalkanoate dioxygenase (AAD-1) which degrades phenmy auxin and
aryloxyphenoxypropionate herbicides. The feature “wherein 8 nucleic acid
molecule hybridizes under stringent conditions with the full complement of a
sequence selected from SEQ 1D NO: &, 3 or 47 is derivable from the wording
in paragraph {0112} "one way to characterize these classes of proteins and
the polynudieotides that encade them is by defining a polynucieotide by its
ability to hybridize, under a range of specified conditions, with an exemplified
nucleotide sequence {the complemam thereof andior a probe or pobes
derived from either strand} andior by their ability 1o be ampliied by PCR using
primers derved from the exemplified sequences” plus paragraph [0124]
"preferably, hybridization of the polynucleotide is first conducted foilowed by
washes undsr conditions of low, moderate, or high siringency by fechnigues
well-known in the ant” and paragraph [0128]: "Hybridisation characteristics of &
molecuie can be used 1o defing polynucieotides of the subject invention. Thus
the subject invention includes polynucleotdes {andior their complements,
preferably thelr full complements) that hybridize with a polynucieotide
exemplified herein. That is, one way o define a gene {and the protein R
encades), for example, is by its ability o hybrigize (under any of the conditions
specifically disclosed herein} with & known or specificaily sxemplifisd gens”,
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“Wherein said prolsin is at least 70% identical” is denvable from paragraph
[0142] "Certain proteins of the subjest invention have been specifically
exemplified herein. As these proteins are merely exemplary of the proteins of
the subject wnwvention, it should be readily apparent thal the subject invention
comprises vanant or eguivalent proteins {and nucleotide sequences coding for
squivalents thereof} having the same or similar activity of the sxemplified
proteins. Equivalent proleins will have amine acid similarity {and/or homaology}
with an exemplified protein. The amine acid dentity will typically be at least
60%, preferably at lsast 75%, more preferably at least 80%, aven more
prefarably at teast 0%, and can be al least 95%. Preferred protsing of the
subject invention can also be defined in terms of more panticular identity and/
or similanty ranges. For example, the identity and/or similarity can be 49, 50,
51, B2, 53, 54, 85, 58, 57, 5B, 59, 64, 61, 82, 83, 84, 85, 6§, 57, £8, %, 7¢, 71,
72,73, 74,75, 76, 77,78, 79, 80, 81, 82, 83, 84, 85, 88, 87, 88, 89, 80, 91, 82,
93, 94, 85, 86, 97, 8B, or 899% as compared t© a sequence exemplified of
suggested herein, Any numbey listed gbove can be used to define the upper
and lower mits”. Paragraphs {0045} o [0047] disclose "a protein encoded by
a nucleie acid molecule selected from the group consisting of SEQ 1D NO:3,
SEG 1D NQ4 and SEQ 1D NOB" as follows: "SEGQ 1D NO: 3 is the nucleotide
sequence of AAD-T (v} from Sphingobiurm herbicidovorans. SEQ 1D NG: 4 s
the nudeic acid sequence of the nalive AADR-Y gone with internal Notl
resiriction site removed. This gene is designated AADR-T {v2), DNA sequenging
confirmed that the correct POR product was generated, bul an inadvertent
change was made at amino aeid #212 from arginine 1o cysteine. SEQ 1D NO:
5 is & "plant-optimized” DNA sequence AA0-1 (W3

Third, gonceraing olaim 2, the feature "z polynucientide” is based on claim 44,
The polynuctectide “encoding a protein that ensymatically degrades (i) an R-
enantiomer of chiral phenoxy auxin herbicides in addition to achiral phenoxy
auxing”, see paragraph {0074},

“(1} an aryloxyphenoxypropionate herbicide, or

i) a phenoxy auxin herbicide and an aryloxyphenoxypropionate herbicide”,
see paragraph [0020]. The feature “wherein a nuclsic acid molecuie hybridizes
under stringent conditions with the full complement of a seguence selecied
fram SECGHD NO: 8, 3 or 47 ig derivable from the wording in paragraph [0112):
“one way o characierize these classes of proleins and the polynucieptides
that encode them is by defining a polynuciectide by its ability to hybridize,
under a range of specified conditions, with an exemplified nuclectide sequence
{the complement thersof andior a probe or probes derived from either strand}
andiar by their ability to be amplified by POR using primers derived from the
exemplified sequences” plus paragraph [0124] “preferably, hybridization of

RO Faers 2818 00 SR

COR-AAD1-00004555


mrush
Sticky Note
None set by mrush

mrush
Sticky Note
MigrationNone set by mrush

mrush
Sticky Note
Unmarked set by mrush


Danam Blatt Arnmekde-Ne
Oate 01.08,2014 Shaet & Applisation Mo 13 018 291,95
Qate R Centande n”

the polynuclectide is first conducled followed by washes under conditions of
low, moderate, or high stringency by techniques weltb-known in the ant” and
paragraph [0126]: "Mylvidisation charactesistics of a molecuie can be used 1o
define polynucleotides of the subject invention. Thus the subject invention
includes polynuciectides {andfor their complements, preferably thelr full
complements) that hybridize with a polynuclestide exemplified herein, That is,
one way o define a gene {and the prolein it encedes), for example, is by ils
ability to hybridize {(under any of the conditions speciically disclosed herein}
with a known or specifically exempiified gene™.

For the reasons above, the Opposition Division considers that the claimed
subject-matier is derivabis from the application as onginally Med.

The wording of new claim 2 does not o extend the scope of protection
conferred by the patent as granted. The Qpposition therefore considers that
the requirements of Adicle 123(3) EPC are fulfilled.

13 Priotrity entitlement (Adicle 87 EPC)

13,1 The Opponent raises {he objection thal the claims as granted are not entitled
o the priority date of 30 Aprit 2004 {USSO/BE7.052; documert D7} and the
relevant date being the international filing date of 2 May 2005, Thereby,
documenis D2 and D15 are privy art within the meaning of Article 54{2) £EPC.
According to the Opponent, the prionty application contains less teaching than
the subsequently fited parent and divisiona! application, for example no claims
were fHled with the prionty docliment. in addition, a number of sequences,
figwres and exampies ave missing from said document.

More specifically the Opponent raises the following objections. With regard {0
claim 1: the priority document merely discloses proteins having a-ketoghdarate
dependent dioxygenase activity in connection with degradstion of phenoxy
awxins or aryloxyphenoxyatkanoates, there is no specific link between the
stringency conditions for hybridization and the sequences of SEQ ID NO: 3-8
and additionslly, there is no connection between plant promoters and said
hybridising nudleic acids, Claim 2 mentions codon bigs optimized for plants
whereas paragraphs [0111] and {0222] indicate codon bias "more closely
aligned to the plant target sequence”. Claim 3 specifies the proteins have B-
specific alpha-keloghiarate dependent dioxygenase activily to 2.4-D which is
an achirgl phenoxy auxin. The priority application does not provide for R-
specific dioxygenases relative to 2,4-D. Claim 4 refers to nuclestide of SEQ 1D
NQ: 5, said sequence differs in the 3 end in the priority application and the
patert. The general language of claim & is not darvable from the priority
application which uses a more limited language on page 56.
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3.2 With respect o the claims that are in his view objeciad o by the Opponent
under novelty or inventive step using documents D12 and D18, the Proprietor
submits that the subject matter of claim 1 had a basis in 07, paricuarly in
paragraphs [0092] to [0108], [005S], [0019], 10D, [D101], {6035]-[D037],
[0116], {0084, [0083] and [0132]. Furthermore, the 3" end of the sequence in
SEQ 1D NO: & 15 identical in both the priodty document and the patent, In
addition 1o the parts referred o in conjunclion with claim {1, the Proprietor
indicates paragraphs [0019], {0051] and [0061] as a basis for claim 2. The
amended enzymatic activity in claim 4 {granted ¢laim 3) has g basis in
paragraph [0051], whereas claim 8 {granted claim &) {s based on paragraph
1401, pages 49 and 51 and Table 14, Claim 8 (granted claim 7) finds a basis
in paragraph [0019] and clgim 10 {granted claim &) in paragraph [0032] of the
priority document D7,

The Qpposilion Division refers 1o the Guidslines for Examinalion at the EPO,
Part F - Chapter VI-2, 1.3 which state "the expression "the same invention”
in Art. 87{1) means that the subject-matier of a claim in a European
application may enjoy the priotity of a previous application only if the shilled
person can derive the subject-matier of the claim directly and
unambiguously, using common general knowledge, from the previcus
application as a whole. This means that the specific combination of features
present in the claim must at least implicllly be disclosed in the previous
application {see F-VI, 2.2 and G 2/68)" {emphasis added by the Division).

e
2
2

First, conceming claim 1, the following features arg disclosed in the respective
paragraphs of D7, Paragraphs [0082] to [0108]: polynuciectides encoding an
a-ketogiutarate-dependent dioxygenase {paragraph [0058], which s capable
of degrading phenoxy auxin  and  arylphencxyproprionate  herbicides
{paragraph [00D19}). Paragraph [0084] mentens that "the subject invention
includes the use of the exemplified polynuciedtides shown in the attached
sequence fisting”, Le. AAD-1 nucleotide {SEQ ID NO: 3-8} and aming acid
(SEQ 1D NO §) sequences, sse paragraphs [OD38][D037] and [0040].
Comparing the sequence with SEQ 1D NG § in the priority document D7 with
that of the patent it appears that both comprise an ientical 3 end consisting
of CTTAATCACCTAGAGOTC,. According 1o paragraph [2100] “the subject
invention includes polynuciectides {and/or thelr complements, preferably their
full complements) that hybridize with a polynuciectide exemplified herein. That
is, one way o define a gene {and the protein i encodes), for example, is by its
ability o hybridize {under any of the conditions specifically disclosed hereln}
with a known wr specifically exempliied gens”, for example stringent”
conditions for hylwidization, see paragraph [0101]. According 1o paragraph
[0118] "Preferred proteins of the subject inveniion can also be defined in terms
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of more particular identity andfor similanity ranges. For exampis, the ideniity
and/or similarity can be 49, B0, &1, &2, 53, 84, 55, 5§, §7, 58, 59, 80, 61, 62,
83, 64, 65, 66, 87, 68,69, 70, 71,72, 73,74, 75,76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 80, 81, 82, 93, 94, 85, 86, 897, 88, or 98% as compared
10 a sequence exemplified or suggested herain. Any number listed above can
be used to define the upper and lower limils". The polynucieciide "can be
placed under the control of a promoter in 8 host cell of inferest”, see
paragraph [0083], "elther by constitutive or inducible promaters ia the pland
cell”, see paragraph {01321

Second, conceming dcaim 2, the following features are disciosed in the
respective paragraphs of DY, In addition o the paragraphs indicated above in
conjunction with claim 1, the enzymatic activities of the claimed AAD-1 protain
are specified in paragraphs [0019] and {D061}: degradalion of phenoxy acid
and aryloxyphenoxyproprionate herbicides {claim 2 {i) and (ii}), paragraph
[QD51]L degradation of the R-snanfiomer of the chiral phenoxy auxing in
addibion o achival phenoxry auxins {claim 2 )},

Third, concerning claim 4, the amended wording "R-specific alpha-
ketoglutarate dependent dioxygenase aclivily relgtive 1o phenoxy auxing” is
based on paragraph {00511

Fowrth, concerning claim 6, paragraph [140] mentions plant promoter and
promoters of viral origin. Futhermore, paragraphs [6183] and [0188] make
reference 1o the "CsVMV promoter”, However, the person skilled in the art is
aware of the full name “cassava vein mosaie virug promoter” as defined in the
application as onginally filed on page 686 in legend of Table 14

Fifth, concerning olaim 8, paragraph [Q019] mentions "metheds of using an
AAD-1 gene as seleciable marker for identifving plant celiz and whole plants
transformed with AAD-1" Although the paragraph does not make reference 1o
the steps of collecting and assaying a sample from the plant their presence in
the claimed method is considered common knowledqe.

Sixth, concerning claim 18, paragraph [0092] mentions "methods of identitying
and characlerizing genes {hal encode proteins having the desired herbicidal
activity” using primers for PCR or probes.

Taken fogether, the Opposition Division considers that the ¢laims are entitled
to prioriy. Accordingly, documents D12 and D15 do not form prior arnt within
the meaning of Article 54{2) EPC.

14 Articls 100{a) EPC in conjunclion with Article 54 EPC
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141 The Opponent raises objections concerning lack of novelly of the subject
matter of granled clalms 1, 5, 7, 8 and 9 in view of the disclosure of D8, The
document describes transgenic plants expressing HdA from  Alcaligenes
eutrophus under controt of the CaMV 35 § promoter resulting in resistance 1o
24-D herhicide. The HdA coding region, disclosed in D2, hylwidizes under
stringent condiions 1o the nucleic acid encoding a protein of SEQ D NO: &, as
derivable from the experimental data provided in document D1, TidA
possesses a 2.4-0 degrading activity, ses page 3, paragraph 11 of the
application. A similar argumentation is formulated for said claims in view of the
disclosure of document D9 for claims 1 and §; and further in view of
documenis D10 and D11 for claims 1, 5, 7and 8.

14,2  The Proprietor submits that granted daim 1 was spilt into two independent
claims, claims ¥ and 2. Claim 1 was amended and further defined by structural
terms, L e. by including a reference fo 70% identity. Singce the tidA encaoding
gene and the nucleie ackd in SEQ 1D NO: § share only 32% identity the
objection is overcome. Claim 2 was defined by funclional terms, L.e. enzymatic
activities, which are not assigned to tdA. Thereby the novelty objection is
QVRIDOME,

ey
:L’).
(9]

With regard to claim 1 the Qppogition Divigion notes that documents D8 1o
D11 gisclose transgenic plants {tobaccn, collon or mustard) comprising an
isolated polynucleotide (idA gene from Alcaligenes eulrophus/Ralsionia
eutrophay  that  encodes a  proleln (24-dichlorophenoxyacetate
monooxygenase, DPAM} thal enzymatically degrades a herbicide selected
fram the group consisting of a phenoxy auxin herbicide {2.4-D) and an
aryloxyphenaxypropionats herbicide wherein said polynucieotide hybridizes
under stringent conditions with the full complement of a nudleic acid molecule
that encodes SEG 1D NO:8, as svidenced by expedmenial data shown in D1,
wherein said plant expresses said polynuclectide and produces said protein.
The following technical feature was not disclosed tn 08 to D120 "wherein said
protein is at least 70% wdentical with & protein encoded by a nucleic acid
molecule selected from the group consisting of SEQ D NOQ, SEQ 1D NO:4
and SEQ 1D NO®B", Indeed, as dedvable from sequence alignments between
the TFDRA protein of D8 {see also D2 and the AAD-1 protein of the patent
presanted in document D4, the identity of the claimed proteing encoded by
SEQ D NG, 3 {protein wath SEQ 10 NOQ: 8) with the prolein disclosed in
documeant DB is meraly 32% which lies far out of the claimed range of “at least
70% identity”. The same holds frue mutatis mutandis for nuclele acids in SEGQ
I NO:; 4 and § which encade proteins that only differ in one or fwo aminge acid
positions from the protein i SEQ (D NO: ¢ by that resulting & comparable
identiies.
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Accordingly, claim 1 1s novel over documenis D8 to D11,

With regard o claim 2 the QOpposition Division notes that documents DR
D11 discloss lransgenic plants {obaceo, cotton or musiard) comprising an
isolated polynuciectide (fdA gene fram Alcafigenes  sutrophusi Ralstonia
sutrophay that  encodes &  protein {2 4-dichlorophenoxyacatate
mongoxygenase, UPAM) wherein said polynuclectide hybridizes  under
stringent conditions with the full complement of & nuelelc acid molecule that
encodes SEG ID NO®, as evidenced by experimental data shown in D1,
wherein said plan expresses said polynuclectide and produces said protein.
The folfowing technical features were not disclosed in DB te DI

“the protein enzymatically degrades

{) an R-enantiomer of chiral phenoxy auxin herbicides in addiiion to achiral
phenoxy auxing,

{il} an ardloxyphenoxypropicnate herbicide, or

{ii}} a phenoxy auxin herbicide and an arvloxyphenoxypropionate herbicide”,

Accordingly, claim 2 is noved over documents DB 1o Dit.

Claims 3-11 are dependent on or make direct reference to claim 1 or 2 and are
therefore novel as well.

Taken together, the Qpposibon Division considers that the subject matler of
glgims 1 o 11 is novel.

15 Article 100{a) ERPC in conjunction with Article 568 EPC

15.1  The Opponent raises g first obieclion against the subject matlter of granted
claim 2 in view of document DB {or any of doocuments D8 fo D12) in
combingtion with document D18, Said claim merely speciiss that the
polynuctectide comprises a codon bias thal is optimized for expression in
plants. Such codon optimization is however common knowledgs, as derivable
from document D18 cited on page 58 of the application; further the
optimization of AAD-1 was cutscurced and therefore a workshop adaption. A
second objection is raised against claim 3 in view of document D8 {or any of
documents DO fo D12) in combination with D15, The difference, stereospecific
{R-specific} activity towards a phenoxy auxin resuits in the technical prablem
of provision of stereospecific (R-specific} aclivity towards a phenoxy auxin.
Document D15 discloses such a coding region identical to SEQ D ND: 3 {with
ang exception} and encoding an identical protein, The skilied persen would
substitute the HdA gene of document D8 with that of document D15 and
thereby arive at the subject matter of claim 3. A third objection is raised
against claim 4 with document D8 {or any of documents DB 1o D12) as closest
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art. The {echnical problem is the provision of alternalive phenoxy auxin
herbicide degrading enzyme encoding  polynucieatide constructs. Document
014 discloses a nuciectide sequence being codon oplimized according o
geneval knowledase 1 arrive at the nucleotde sequence of SEQ ID NGO S A
founth olyection is raised against claim 10 stariing from document D8 {or any
of documents D8 1o D12} as closest pricr arl in combination with common
general knowledge. Sald claim further specifies the use of an antibody in the
detection method. The specification already acknowledges the preparation of
antibodies by standard procedures, thereby facking an inventive step.

152  The Proprietor submits that the structura! feature "70% identity” introduced inte
granted olaim 1 and the funcltional features relating o speciic enzymatic
activities specified in daim 2 recite additional features not disclesed in any of
the documenis cited by the Opponent. In this context, the Proprietor further
reiterates his view that documents D12 and D15 are not aitable priar art.

In this respect, the Opposition Division refers (o the “problem and solution
approach” that is usually used fo assess inventive step. According to the Case
Law of the Boards of Appeal of the EPQO, 8th edition, 2010 {page 182}, this
"eonsisls sssentially of

{a} identifying the "closest prior art”,

{b} assessing the iechnical resulfs {or sffects) achieved by the claimed
inventian when compared with the “dosest state of the art” established,

{C) defining the technical problem 1o be sclved as the object of the invention
achieve these results, and

{d} examining whether or not & shilled person, having regard 1o the state of the
art within the meaning of Art. 84(2) EPC, would have suggested the claimed
technical fealures in order {0 cblain the resulis achieved by the claimed
invention”.

Claim 1 is directed {0 a polynucieotide thal encodes a protein having o-
ketoglutarate-dependent dioxygenase activity and enzymatically degrades a
herbicide selected from the group consisting of a phenoxy auxin herbicide and
an aryloxyphenoxypropionate {AGPP) herbicide, whersin said polynucleotide
hybridizes under stringent conditions with the full complement of a sequence
in SEQ D NO: 3, 4 or §, and whevein sald profein is af least 70% identical with
a protein encoded by a nucleic acid molecule selected from the group
cansisting of SEQ D NC:3, SEQ 1D NO4 and SEQ 1D NOE.

fy accordance with the Opponent and the Proprigtor, the Opposition Division
congiders document DS to represent prior ant disclosing subject mabter
conceived {or the same purpose or aiming at the same objective.
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Said document discloses an isolated polynuclectide {HdA) thal encodes a
protein {DPAM) that enzymatically degrades a phenoxy auxin herbicide {2.4-
D) wherein said polynuclectide hylyidizes under stringem conditions with the
full complement of a nuclsic acid maiscule that encodes SEQ D NOLG.

The subject-matter of claim 1 differs from these transgenic planis in that said
profein is gl least 70% dentical with a prolein encoded by a nucleic acid
molecude selected from the group consisting of SEQ D NQQ, SEQ 1D NO:4
and BEG D NOB (AAD-1, rpdA gene).

The objective problem 1o be solved by the present application resides in the
provision of a polynucieatide encoding a protein that confers resistance o a
phenoxy auxin herbicide and an AOPP herbicide in plants.

The sclulion provided is a polynucleotide encoding AAD-1 (rpdA} from
Sphingobium herbicidovorans.

Document D14 discloses the mdA gene and profein senuences from
Sphingobium  herbicidovorans. The document iz, however, silent on the
exprassion of the AAD-1 encoding gene under cantral of a promoter functional
in plant celis 1o generate transgenic plants with herbicide resistance.

As stated above, document D8 describes transgenic plants with 24D
resistance resulting from expression of a 2,4-D degrading enzyme {tfdA} from
Alcaligenes eulrophus. A person shilled inn the art gould in principle have
cambined the teaching of D8 and D14 and arrive at the claimed sojution.
However, there is no suggsstion in any of the ¢ited document that would have
incited him to do so. In fact, there was no indication in document D14 that
AAD-1 would degrade AOPP herbicides and thereby generating plants that
are resistant 1o both phenoxy auxin and ADPP herbicides.

For these reasons, the solution proposad in claim tinvolves an inventive step.

Claim 2 is divected to a polynucleotide that encodes a protein that
enzymatically degrades

{} an R-engntiomer of chiral phenoxy auxin herbicides w addition to achiral
phenoy auxing,

{ii} an aryloxyphenoxypropionate herbicide, or

{if} 8 phenoxy auxin herbicide and an arvloxyphenoxypropionale herbicids,
wherein said polynucieotide hybridizes under sinngent conditions with the full
compltement of a nucleic acid molecule that encodes SEQ 1D NOS.

The Opposition Division congiders document D8 to represent prior ant

disclosing subject-matter conceived for the same purpose or giming at the
same objective.
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Said document discloses an isolaled polynuclectide {HdA) thal encodes a
protein {DPAM) that enzymatically degrades a phenoxy auxin herbicide {2.4-
D) wherein said polynuclectide hylyidizes under stringent conditions with the
full complement of a nuclsic acid maiscule that encodes SEQ D NOLG.

The subject-matter of claim 2 differs from these transgenic planis in that said
protein enzymatically degrades

{1} an R-enantiomer of chiral phenoxy auxin herbicides i addition to achiral
phenoxy auxins,

{il} an ardioxyphenoxypropionate herbicide, or

{ii}) & phenoxy auxin herbicide and an avioxyphenoxypropionate herbicide.

The obieclive prablem o be solved by the present application vesides w1 the
provision of a polynucleolide which when expressed under the control of a
promoier functional in plant cells resulls in resistance fo an R-enantiomer of
chiral phenoxy auxin herbicides; and 1o a phenoxy awxin and an AQPP
herbicide.

The solution provided are plants expressing AAD-1 {rpdA} from Sphingobium
herbicidovorans.

Document D14 discloses the pdA gene and protein seguences from
Sphingabium herbicidovorans. The documents is, however, silent on the use
of the AAD-Y encoding gene to generate transgenic plants with herbicide
resistance.

Az stated above, document DB descrbes transgenic plants with 2.4-D
resistance resulting from expression of a 2.4-0 degrading enzyme {tfdd) from
Alcaligenes eulrophus. A person skilled in the art gould in principle have
combined the teaching of D8 and D14 and anive at the claimed solution.
However, there {5 no suggestion in any of the cited document that would have
incited him to do so. In fact, there is no indication in document D14 that AAD-1
watild degrade an R-enantiomer of chiral phenoy auxin herbicides or AGPP
herbivides and whereby iis expression under contral of 3 promoter functienal
in plant cells generates plants that gre resistant 1o phenoxy auxin and AOPP
herbicides specified in claim 2.

For these reasons, the solution proposed in claim 2 involves an inventive siep.

The same applies mulatis mutandis (o claims 3-11 which are dependent on ar
directly referring to claims 1 and 2.

Considering that the ohjeclive technical problem staled above is solved by the
claimed transgenic plants as well as their non-obvicusness, the Opposition
Division considers that the claimed subject matier is Bwentive.
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18 Article 100(b} EPC in conjunction with Article 33 EPC

1§31 The Opponent rases the objection thal granted colaims 1, 3 and € are
insufficiently disciosed. The application provides support and disclosure only
tor a limited number of methods and polynucieotides, L.e. those having SEQ 1D
NO: 3-8 which encode a polypeptide having SEQ 1D NO: 8 and tranggenic
plants comptising these whereas the hybridizing polynucleotides encompass
polynucisotides encoding a profein with only 32% amino acid sequence
identity, thereby not being congruent with the disclosure of the application.
Morsover, caim 2 pergins to proteins with Respecific alpha-keloglutarate-
dependent dioxygenase activity relalive o a 24 D herbicide whereas
according o the application 2.4 D is an achiral pheney awdn; no disclesure ia
provided for R-specific doxygenases relative to 2.4-D.

18.2 The Froprietor submits that by including the structural term imto claim 1 and
the functional terms info claim 2 zaid claims are further limited. In addition,
claim 4 {granted ¢laim 3} was amended by replacing the reference (o 24-D
with chiral phenoxy auxing. With the amendmants made, the QOppanent's
ohjactions are rendered moot.

16.3  Indeed, the proteins of claim 1 are o1 ong hand defined by thelr ability
degrade a phenoxy auxin or an AOPF herbicide and on the other hand limited
by the ahility of the corresponding polynucieatides to hybridise under stringent
conditicns with the nucleic acid of SEQ D NO: 3, 4 or 4 and the identity of
said protein of at least 70% with a protein encoded by the nucleie acids of
SEQ D NO: 3, 4 or 5. Conseqguently, the proteins referred 0 in claim are
considered hoth funclionally and siructurally  limited. The proleins can be
determined by rowtine experimentation, i, e. by determination of the speqified
enzyme activilies and sequence identity using alignment, thereby not involving
any undue burden. The claimed sublect mafler ts thus congrueni with the
disclosure of the application.

The same haolds true mutalis mutandis for claim 2 in which the proteins are on
the hand functionally defined by their ability to degrade speciic R-
enantiomers, an ACPP herbicide and optlionally a phenoxy auxin and on the
other hand lmited by the ability of the corresponding polynucleatides o
hybridise under stringent conditions with the nucieic acid encoding the protein
with SEQ 1D NO: 8.

Consequently, the proteins refered to in olaim 2 are both functionally and
struclurally kmited. The proleins can be determiined by routing
expertmentation, . e. by determination of the spacified enzyme activities and
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sequence identity using alignment, thereby not involving any undue burden.
The clasmed subject matier is thus congruent with the digclosure of the
application.

Claim 4 now specifies the encoded proteing as having R-gpecific alpha-
ketoglutarate-dependent dicxygenase activity relative o chiral phenoxy auxing
which is congruent with the disclosure of the applicalion, see paragraph [0074]
of the gpplication as onginally fled.

Taken together, the Opposition Division considers that the subject malter of
claims 1, 2 and 4 iz disclosed in a manner suffictently clear and complete for
{0 be carted owt by & person skiled in the art.

17 Decision

The grounds of opposition under Article 100{a), by and (¢) EPC do not
prejudice maintenance of the patent in amended form.

Taking into accoum the amendments made by the Proprietor the patent and
the invention, 1o which it relates, meel the requirements of the EPC, Asicle
101{3)a) EPC,

According to Ardicle 108 EPC, this decision is subject o appeal. if such appest
is filed, it shall have suspensive sffest. In accordange with Article 107 EPC,
any party {0 the proceedings adversely affected by the decision may appeal.
Notice of appeal must be filed gt the EPO within fwo months after the date of
notification of the decision appesied. The notice shall not be deemed 10 have
been filed untl the appeal fee has been paid. In case of an appeal, a written
statement setting out the grounds for appeal must be fed within four months
from notification of this decision {Article 108 EPG).
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i. Summary of Facts and Submissions

1 The Ewopean patent EP 2 308 477 B1, Application number 16 Q12 202.7,

tiled “Novel herbicide resistance gene (herginalier: "the patent™) in the name
of Dow AgroSciences, LLE {US) was granted on 6 March 2013

2 The Qpponent {(Bayer CropScience NV {BE}), represented by M. J. Desomer
of Bayer CropScience NV {BE), opposed the patent in ils whale extent under
Articles 100{a), 100{b) and 100{c) EPG. The opposiion was filed in slectronic
form on § December 2013

3 The Proprietor, reprasenied by Dr. J. Zwicker of Z&P Patentanwalte (DE},
requested that the opposition be rejected and the patent be mainfained on the
basis of amended claims as 1 to 22 of the Mailn Reguest provided in elactronic
form on 28 July 2014.

4 Both parties requesied oral procesdings,

8 On 7 December 2015 the opposition division issued a summons to attend oral
proceedings on 5 Aprll 20186,

On 29 January 2018 the Opponent informed the Division that no fusther
submissions will be made and withdrew his request for oral procesdings.

[o)

~4

On 28 January the Propriefor conditionally withdrew his request for oral
proceedings.

] In the brief communication dated 11 February 2018 the Division informed the
parties that the summons lo attend oral proceedings have bheen canoelied, that
the procedure will be continued in wiiting and further of the preliminary
intention to grant & patent on the basls of the Main Request, filed in electronic
form on 28 July 2014,
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{a reply fo the communication the Proprieior submitted an amended page 3 of
the description on 18 February 2016, The Qpponent was given the chance o
provide cormments within bve months which he did not.

The numbering of the cited documents follows the numbedng of references
from the Opponent's submigsions and will be adhered 1o in the rest of the
procedure:
Autoradiographs from hybridisation experiments between AAD-1 and tidA
nucleis acids

WOLFQANG R STREBER ET AL "Analysis, GCloning, and High-Leve!
Exprassion of 2, 4-Dichiorophenoxyacetate Monooxygenase Gene thdA of
Alcakgenes sutrophus JMP1347,

JOURNAL OF BACTERIOLOGY, AMERICAN SQGIETY FOR
MICROBIOLOGY, US,

val, 188, no. 7, 1 July 1987 (1087-07-01}, pages 2950-2855,
XPOO1315263,

ISEN 0021-9183

FUKUMORI FUMIYASU ET AL "Alcaligenes sutraphus JMP134 2,4~
gdichiorophenoxyacetale monsoxygenase” is an alpha-ketoglutarate-
dependent dioxygenase”,

JOURNAL OF BACTERIOLOGY,

vol. 175, no. 7, 1883, pages 2083-2086,

ISON: 00219183

Aminc acid sequence alignment between TFDA and AAD-1 proteins

HULSE 4 D ET AL "CARNITINE SBIOSYNTHESIS BETA
HYDROXYLATION OF TRI METHYL LYSINE BY AN ALPHA KETO
GLUTARATE DERPENDENT MITOCHONDRIAL DI OXYGENASE",
JOURNAL OF BICLOGICAL CHEMISTRY,

val. 253, na. 5, 1978, pages 1654-1659,

IS8N: 0021-8253

EICHHORN ERIC EY AL "Characterization of alpha-ketoglutarate-
dependent tauwrine dioxygenase from Escherichia colt”,

JOURNAL OF BIGLQGICAL CHEMISTRY,

vol. 272, no, 37, 1897, pages 23031-23038,

ISEN: 00215258
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07 Priority document USSN 80/567,052

D8 STREBER W ® ET AL: "TRANSGENIC TOBACGCO PLANTS

EXPRESSING A BACTERIAL DETOXIFYING ENZYME ARE
RESISTANT TO 2,4-D,
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D14 AFS18751 nucleotlids sequence, version of June 26, 2003

D18 SCHLEINITZ KATHLEEN M ET AL: "Localization and characterization of
two novel genes encoding sterecspecific dioxygenases catalyzing 2(2 4+
dichiorophenaxy)propionats cleavage in Delftia acidovorans MC1Y,
APPLIED  AND ENVIBONMENTAL MICROBIOLOGY, AMERICAN
SQGIETY FOR MICROBIOLOGY, US,
val. 70, no. 8, 1 September 2004 {2004-08-01), pages 5357-5365,
XPDO2548093,

ISEN: D089-2240, DO 10, 1128/AEM.70,9.5357-5385.2004

D18 Akgnment of the nucleotide seguence of SEQ 1D NO: 3 of the patent with
the nucleotide sequence entry AJ628859 {Sphingomonas herbicidovorans
tnpd gene)

D17 AJB28859 nucleotide sequence, version of March 3, 2004

D18 WO 97/13402 A1 (DOWELANGD [US]) 17 April 1997 (1997-04-17)

D1g WO 87/05629 A1 (PLANT GENETIC SYBTEMS NV [BE]: BIOGEN NV
INL]} 24 September 1987 {1887-08-24)

D20 WO 03/013224 A2 (RAYER BIOSCIENCE NV [BE]) 20 February 2003
(2003-02-20)

D2t US 5 463 175 A (BARRY GERARD F [US] ET AL) 31 Oclober 1995
(1995-10-31)

Dz2 US 2003/135879 At (WEEKS DONALD P [US] ET AL} 17 July 2008
{2003-07-17}

D23 WO 96/33270 At (AMERICAN CYANAMID CO [US]; KAKEFUDA
GENICHI [US]; OTT KARL HEINZ [US]) 24 Cotober 1996 {1696-10-24)

. Reasons for the Decision
11 Admissibility

The opposilion is admigsible since it {Ullills the requirements of Adicle B&(1)
and Rule 76 EPC.

12 Article 100{c) EPC in conjunction with Adticles 78(1) and 123(2) EPC
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12,1 The requirements of Rule 80 ERC are respecied.

12.2  The Opponent states that the subject matter of the granled claims goes
beyond the disclosure of the applicgtion as uriginally filed. The Qpponsnt
further mentions that the current divisional apphcation is an axact copy of the
pareastal application. Accordingly, any such subject matter gives rise o
objections under Article 76(1) EPC.

The following claims are objected to:

1. Claim 1 perfaing 10 g method of controlling a weed in "an area” whereas
originally filed claim 13 mentioned “a field". The feature “area” is only
mentioned in connection with glyphosate use and occurrence of weed tolerant
therelo in paragraghs [0005] and [0007).

2. The combingtion of the specified enzymatic aclivity with the hybridisation
conditions in cfaim 1 resulting in a wide range of nuclele acids claimed.

Thus originally fited claim 13 is much maore limited as granted claim 1, namely
to a method of controfiing a weed in a field using AAD-1 or a highly related
varant thereol,

3. The same argumentation applies mufatis mutandis to claim 16

2.3 The Poprelor confinms that the opposed palent was grantsd for a divisional
application which filed as an exact copy of the parent application as originally
filed. Accordingly, any subject matter having a basis in the parent application
as originally filed {Article 76{1} ERC) has also g basis under Article 123{2)
ERC in the application as originally filed. He submils the following with regard
to the amended claims of the Main Request.

ad 1. The technical feature “area” is found in paragraphs [GO05], [0007] and
[0017); "glyphosate” is only mentioned by way of example. Therefore the
mathod is not imited to these two fealure,

ad 2. The combination of further technical features of alaim 1 is dervable from
paragraphs {0088, [014%], [0087], [0045]-{0047] and [0120] in combinalion
with paragraphs {0050], [0085], [0112], {0t124], [0128], [01271[0148] and
[0151] plus paragraphs [0150] and [0017] of the application as originally filed
and published as WO 20054107437,

ad 3. Claim 20 {granted claim 19) relates t "z field” notf to an area. Basis for
the claim is found in paragraphs [0020], [0078], [00BQ] and [0085] and the
paris indicated in conjunction with olaim 1 plus paragraphs [0078], [0114] and
{0158},
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Furthermore, the Patenies indicaies originglly filed claim 13 and paragraphs
[0020], {00741 and [00877 and the parts of the desoription mentioned above in
conjunction with claim 1 as basis for the subject matter of newly infroduced
claims 2 and 21 in which the protein is defined in functional terms.

124 I agreement with the parties, the Opposilion Division notes that the curremt
divisional application ig an exact copy of the parental application as ovriginally
filed. Consequently, any subjest matter having & basis in the parent application
as onginally filed {Article 76{1} EPC) also has a basis under Arficle 123(2)
EPC in the application as originally filed and vice versa.

With regard 0 a basis in the application as cnginally filed the Qppaosition
Division ohaerves the ollowing.

First, concerning daim_1. & method of conbrofling weed is disclosed in
paragraphs {0201 and [00858]: "The subject mvention aiso includes methods
of controlling weeds wharein sakd methods comprise applving one or more
AOPP, phenoxry auxin, or other aryloxyalkancale herbicdes to plants
comprising an AAD-7 gene’. The feature "area” is derivable from paragraph
(0017} "The subject invention enables novel uses of novel combinations of
herbicides and crops, including preplant applicalion 1o an area to be planted
immediately prior to planting with seed for plants that would otherwise be
sensitive to thal herbicide {such as 2,4-0)". The Opposition Division further
notes that according o the Guidelines for Examination at the EPO, Patt H -
Chapter V-2, 3.1 “The replacement or removal of a feature from a claim does
not vinlate Art, 123(2) # the skilled person woudd directly and unambrguously
recognisa that

{i) the feature was not sxplained as essential in the disclosure;

{ii} the feature is not, as such, indispensable for the function of the
invention i the fight of the technical problem the invention

serves o aolve; and

{iit}y the replacemant or removat requires no real modification of
other featwres (o compensate for the change”.

Fram the desciption it is not evident that the feature "field” would be essential
or indispensable or #8 removal would requite a modification of the other
features 1o compensate.

"Transgenic plants” are based on claim 5§ and paragraph [0148]. Such plants
may comprise a polynuciestide “encoding aryloxyslkanoale dioxygenase
erzymes that are capable of degrading a phenoxy auxin heybloide and an
aryloxyphenoxypropionate herbicide, see for example paragraph [0020]
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“Wherein said prolsin is at least 70% identical” is dervable from paragraph
[0142] "Certain proteins of the subjest invention have been specifically
exemplified herein. As these proteins are merely exemplary of the proteins of
the subject wnvention, it should be readily apparent thal the subject invention
comprises vanant or eguivalent proteins {and nucleotide sequences coding for
squivalents thereof} having the same or similar activity of the sxemplified
proteins. Equivalent proleins will have amine acid similarity {and/or homalogy}
with an exemplified protein. The amine acid dentity will typically be at least
60%, preferably at lsast 75%, more preferably at least 80%, even more
prefarably at teast 0%, and can be al least 95%. Preferred protsing of the
subject invention can also be defined in terms of more panticular identity and/
or similanty ranges. For example, the identity and/or similarity can be 49, 50,
51, B2, 53, 54, 85, 58, 57, 5B, 59, 64, 61, 82, 83, 84, 85, 6§, 57, £8, %, 7¢, 71,
72,73, 74,75, 76, 77,78, 79, 80, 81, 82, 83, 84, 85, 88, 87, 88, 89, 80, 91, 82,
93, 94, 85, 86, 97, 8B, or 899% as compared © a sequence exemplified of
suggested herein, Any number listed gbove can be used to define the upper
and lower Bmits™. Paragraphs {0045} o [0047] disclose "a protein encoded by
a nucleie acid molecule selected from the group consisting of SEQ 1D NO:3,
SEG 1D NQ4 and SEQ 1D NOB" as follows: "SEGQ 1D NO: 3 is the nucleotide
sequence of AAD-T (v} from Sphingobiurm herbicidovorans. SEQ 1D NG 4 s
the nudeic acid sequence of the nalive AADR-Y gone with internal Notl
resiriction site removed. This gene is designated AADR-T {v2), DNA sequenging
confirmed that the correct POR product was generated, bul an inadvertent
change was made at amino aeid #212 from arginine to cysteine. SEQ 1D NO:
5 is a "plant-oplimized” DNA sequence AAD-T (v8). This "gene” encodes SEQ
[0 NG, which is the same as SEG 1D NO:9 except for the addition of an
alanine residue at the second position. The additional alantne codon {(BCT)
was included to encode an Neo | osite {CCATGE) spanning the ATG stast
cadon, to enable subsequent cloning operations”. In paragraph [0050] #t is
stated that “ SEQ 1D NO: 8 {a the native amine acld seguence encoded by the
AAD-1 (v1) gene from Sphingobium herbicidovorans’. A polynucisotide may
“hybridize under stringent conditions with the full complement of a nugleic acid
molecuie that encodes SEQ D NO:» 97, see paragraph [0118]: "one way 1o
characterize these classes of proteing and the polynuciectides thal encode
them is by defining & polynuclectide by its ahility to bybridize, under a range of
specified  congilions, with  an  exsmplifisd  nuclectide  sequence  {the
compiement thereof and/or a probe or prebhes derived from either strand) and/
of by thelr abiity o be amplified by POR using primers derived from the
exemplified sequences” and paragraph [0124]: “prefevably, hybridization of the
polynucieotide is first conducted followed by washes under conditions of low,
modearate, or high stringency by techniques weli-known in the ar” and
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paragraph [0128]: "Hybridisation characieristics of a molecule can be used to
define polynucieotides of the subject invention. Thus the subjsat invention
includes polynucleotides {andfor thelr complements, preferably theilr full
complements) thal hybridize with a polynucleotide exemplified hersin, That ig,
one way to define g gene {and the protein it encodes), for example, is by its
ability {o hybridize {under any of the conditions specifically disclosed herein)
with & known or specifically exempiified geng”.

Second, claim 2 is based on granted clainy 1; a polvnuclectide "encoding a
profein that enzymalically degrades {) an R-snantiomer of chiral phenoxy
alxin herbicides in addition to achiral phenoxy auxing®, see paragraph {00674},

‘Ui an aryloxyphenoxypropionate herbicide, or

{it) & phenoxy auxin herticide and an aryloxyphenoxypropionate berbicide”,
see paragraph [0020] The feature “wherein said polynucieotide hybridizes
under stringant conditions with the full complement of a nucleic acid molecule
that encodes SEQ D NG©” is derivable from the wording in paragraph [0112];
‘gne way 1o characterize these classes of proteing and the polynuclegtides
that encode them is by defining a polynuciectide by its ability to hybyidize,
under a range of specified conditions, with an exempiified nugleotide sequence
{the complement thereof and/or & probe or probes derived from either strand}
andfar by their ability 1o be amplified by FUOR using primers denved from the
exenplified sequences™ plus paragraph [0124]: "preferably, hybridization of
the polynuclectide is first conducted followed by washes under conditions of
low, moderate, or high stringency by lechniques well-knows in the art” and
paragraph [0126]: "Hybridisation characteristics of a molecule can be used o
define polynuclectides of the subject invention. Thus the subject invention
includes polynuclectides {andfor thelr complements, prefersbly their full
complements) thal hybridize with a polynuclectide exemplified herein. That is,
one way to define 3 gene {and the protein it encodes), for example, is by its
ability o hybridize {under any of the conditions specifically disclosed herein)
with a known or specifically exemplified geng”™.

Third, it is noted that the featire "area” iz absemt in glaim 20 whereas the
wording "a method of controlling at least one wesd in a Held" is based on
originally filed claim 13 and paragraphs [0020] and [Q078]. The other fachnical
features of the claim were already identified in eoniunclion with claim 1,

Farth, the lechnical features of claim 21 were alveady idenlified in conjunction
with claim 2.

For the reasons abuove, the Opposition Division considers that the claimed
subject-matter is derivabie from the application as odginally filed.
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The wording of new claim 2 does not lo extend the scope of proteciion
sonferred by the patent as granied. The Opposition therefore considers that
the requirements of Article 123(3) EPC are fulfilied.

13 Priority entitlement (Article 87 EPC)

13,1 The Opponent raises the objection that the claims as granted are not entitled
o the prioly date of 30 Apni 2004 {USBLHEE7,052; document D7) and the
relevant dale bewnng the intemalional filing dale of 2 May 2005. Thereby,
documents D12 and D15 are prior art within the meaning of Article 3442} EPC.
According to the Opponent, the priority application contains less leaching than
the subsequently filed parent and divisional application, i. a. no claims were
filed with the priorly document. in addition, a numbser of sequences, figures
and examples are missing from said document. More specifically, a method of
controling weeds as hroadly claimed are more specifically fimited in the
priceity document {0 plants comprising the AAD-1 gene, Additionally, claim 19
refers {0 a nuclectide of SEQ 1D NO: §, said sequence differs in the 3" end in
the priority application and the patent.

132 With respect 1 the olaims that were in bis view objected 10 by the Opponent
under novelly or inventive step using documens D12 and D15, the Proprietar
submits that the subject matter of claim 1 has g basis in D7, particulanly in
paragraphs {0019, [D083] in combination with paragraphs {0004}, [000€] and
{0018} plus paragraphs [0D38]-[DO3T], [CO39], [0040], [0081], [0088], [D0SS],
[0084], [0008], [0100], [0101] {0116}, and [0123H0125] of the priority
document. in additon to these pats of the description, he indicgtes
paragraphs [0019] and {0051] as basis for new claim 2 and paragraph [Q053]
as basis for ¢laim 20. The same parts ave indicated as basis for newly filed
claim 21.

"y
03
3

The Qpposition Division refers to the Guidelines for Examination at the EPQ,
Pari £ ~ Chapler Vi-2, 1.3 which stale "the expression "the same invention”
in Art. B7{1} means that the subject-matter of a claim in a Europesan
application may enjoy the prianty of a previous application only i the skilled
person  can derive the subjectmatier of the claim  directly and
unambiguously, using common general knowledge, from the previous
application as a whole. This means that the specific combination of features
present in the claim musl al least implicitly be disclosed in the pravious
application {see F-VI, 2.2 and 3 2/88)" (emphasis added by the Division).

Firgt, concerning claim 1, the following leatures are disclosed in the respective
paragraphs of D7, Paragraphs [00719] and {0083} "The subject invention also
includes methods of controlling weeds wherein said methods comprize
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applying one or more AOPP, phenoxy auxin, or cther aryloxyalkanoate
herbicides to plants comprsing an AAD-Y gene’, paragraph [0017]:
"Furthermaore, the subject invention provides novel methods of preventing the
development of, and controling, strains of weeds that are raesistant {o one or
mora herbicides such as glyphosate. The subject invention enables novel uses
of novel combinations of herbicides and crops, including preplant application
to an areg 1o be planted immediately prior 1o planting with seed {for plants that
would otherwise be sensitive 1o that herbicide {such as 2.4-D}". These plants
compnse 4, e.¢. recombinantly exprassed, AAD-1T gene, Le. transgenic plants
{see paragraphs [0123] and [0124]). The gene encodes an aryloxyalkanoaie
dioxygenase enzyme thal is capsbie of degrading phenoxy auxin and
arylphenoxyproprionate herbicides. Paragraph {0084] mentions that “the
subject invention includes the use of the sxempiified polynucleotides shown in
the altached sequence lisling”, i.e. AAD-1 nuclectide (SEQ 1D NO: 3-5) and
aming acid (SEQ 1D NG: 9) sequences, see paragraphs [0038]-[0037] and
[0040]. According to paragraph [0100] “the subjest invention includes
polynucieatides {and/or thelr complements, preferably thelr full complements;
that hybridize with a polynuclectide exemplified herein. That is, ane way o
define a gene {and the protein it encodes), for example, is by s ability to
hybridize {under any of the conditions specifically disclosed herein) with a
known or spacifically exemplified gene®, for example "stringent” condilions for
hybridization, see paragraph [0101]. According to paragraph [0116] "Preferred
proteing of the subject invention can aiso be defined v tlerms of more
particular identity and/or similarity ranges. For example, the identify andior
similarity can be 49, B0, B1, 52, 83, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 84,
85, 68, 67,68, 89, 70, 71, 72, 73,74, 75, 78. 77, 78, 79, 80, 81, 82, 83, 84, 85,
88, 87, 88, 89, 80, &1, 92, 63, 84, 85, 96, 97, 8§, or 98% as compared 0 a
sequence exemplified or suggested herein. Any number listed above can be
used {o defing the upper and lower fimits"

Second, concerning claim 2, the following features are disclosed in the
respective paragraphs of D7, In addition 1o the paragraphs indicated above in
conjunclion with claim 1, the enzymatic activiies of the claimed AAD-1 protein
are specified in paragraphs [0018] and {00611 degradation of phenoxy goid
and aryloxyphenoxyproprianate herbicides {claim 2 {i} and {iif}), paragraph
{0051} degradation of the R-gnantiomer of the chiral phenoxy auxing in
addition to achiral phenoxy quxing {olagim 2 ).
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Third, concerning claims 20 and 21, the fealure field” is distlosed in
paragraph [0083] of U7 which siates: "Combinalions of thess different
chenistry classes and herbicides with different modes of action and spectra in
the same field {either gequentially or w1 tank mix combination) shall provide
control of most potential weeds for which herbicidal control is desired™.

Taken ogether, the Opposition Divisian considers that the claims are enlifled
to priovity. Accordingly, documents D12 and D15 do not form prior art within
the meaning of Article 54{2) EPC.

14 Article 100{a) EPC in conjunctlion with Arlicle 54 EPC

14,1 The Opponem raises objections conceming lack of novelty of the subject
matier of granted elaims -3, 11, 12 and 18 in view of the disclosurs of D8,
The document describes transgenic planis exprassing {fdA from Alcaligenss
autrophus under controt of the CaMV 35 & promoter resulting in resistance to
2.4-D herbicide, e, transgenic plants were sprayed with 2.4-D {page 813,
right column). The tfdA coding region, disclosed in D2, hybridizes under
stringent conditions to the nucleic actd encoding a protein of SEQ ID NG 8, as
derivable from the experimental data provided in document D1 TidA
possesses a 2,4-D degrading activity, see page 3, paragraph 11 of the
application. A similar argumeniation is formulated for said claims in view of the
dischosure of documents D% o D11 and late doclsment Bi2,

142  The Proprietor submils that granted claim 1 was spilt into two independent
claims, claims 1 and 2. Claim 1 was amended and further defined by structural
terms, 1. e. by including a reference to 70% identity. Since the HdA encoding
gene and the nuclels acid in SEQ 1D NO: @ share only 32% identity, the
objection was overcome. The same limitation was introduced into clalm 20
which therefore is novel as well, Claim 2 15 defined by functional terms, Le.
gnzymatic activities, which are not assigned to tidA. Thereby the novelty
objection is overcome. The same limitation i infroduced into claim 21 which
theretorg is novel as well.

143 With regard o claims 1 and 20 the Opposition Division notes that documents
D8 w D11 disclose transgenic plants {tobacco, cotlon or mustard) comprising
an isolated polynucieotide {tfdA gene from Alcaligenes eutrophusiRalstonia
eulropha) that  encodes a  protewy  {2.4-dichicrophenoxyacetats
monooxygenase, DPAM) that enzymatically degrades a herbicide selected
from the group consisting of a phenoxy auxin herbicide (2.4-D) and an
aryloxyphenoxypropionate herbicide wherein said polynucieniide hybrichzes
under stringent conditions with the full complement of a nucleic add molecule
that encodes SEQ 1D NO:9, as evidenced by experimental data shown in D1,
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wherein said plant expresses said polyaucleotids and produces said protein.
The following technical fealure was not disclosed in U8 to D12; "wherein said
protein s at least 0% identical with a protein encoded by a nucleie acid
molecuie selected from the group consisting of SEQ 1D NO3, SEQ 1D NO4
and SEGQ {0 NO: 5" Indead, as derivable from seguence alignments between
the TFDA protein of D8 (see glso DR} and the AAD-1 protein of the patent
presented in document D4, the identity of the claimed proteins encoded by
SEG D NO! 3 {otein with SEQ 10 NO: 9) with the protein disclosed in
document D8 is merely 32% which lies far out of the claimed range of "at least
70% identity™. The same holds true mutalis mutandis for nucleie acids in SEQ
1D NG 4 and & which encode proteins that only differ in one or two amino aid
positions from the protein in SEQ ID NG S by that resulting in comparable
icdentities.

Accordingly, olaims 1 and 20 are novel over documents D8 1o D11

With regard to ciaims 2 and 21 the Opposition Division notes that documenis
D8 o D11 disclose transgenic plants {tebacco, cofton or mustard) comprising
an isciated polynucieotide (A gene from Alcafigenes sulrophusi Baisionia
gutrophay  thal  encodes a  protein {2 4-dichlorophencxyacetale
monoaxygenase, DPAM) wherein sald polynuclectide  hybidizes  under
stringent conditions with the full complement of a nudleic acid molecule that
encodes SEQ ID NO:Q, as evidenced by experimental data shown in D1,
wherein said plant expresses said polynuclestide and produces said protein.
The following technical Tealures are not disclozed in D8 1o D11

“the protein enzymatically degrades

{i} an R-enantiomer of chirgl phenoxy auxin herbicides in addition to achiral
phanoxy awing,

{ii} an aryioxyphenoxypropionate herbicids, or

{lii} & phenoxy auxin herbicide and an aryloxyphenoxypropionats herbicide”.

Accordingly, claims 2 and 21 are novel over documents D8 to D1,
Claims 3-19 and 22 are dependent on or make direct reference to claim tor 2
and are thersfore novel as well

Taken logether, the Opposition Divigion considers that the subject malter of
claims 1 o 22 18 novel

18 Article 100{g) EPC in conjunction with Article 56 ERPC
RO P 29160 §1IRE
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15,1 The Opponenti raizes a first objeclion against the subject matter of granted
claims 5-8 in view of document D8 in combination with any of documents D18-
D2, Said claims make reference io other herbicide genes, parlicularly
glufosinate, glyphosats, dicamba and ALS inhibitor herbicide tolerance genes.
Since the application doag not claim an imeraction between the presence of
the phenoxy and arylphenoxryproprionate herbicide degrading transgens and
said other herbicide folerance genes, the technicg! problems can be separated
and amount to the provision of plants with these other tolerance genes in
addition to the transgenic plants of ¢laim 1. Said other herbicide genes arg
described in documents 018, D20 (glufosinate), D21 {(glyphosate), D22
{dicamba) and D23 (ALS inhibitor). A second objection is raised aganst claim
13 in view of document [IB. According o the Opponent, the choice of a
particudar plant can not provide an inventive step. A third objection is ralsed
against claim 14 perlaining to the rdpA gene. The technical problem, provision
of transgenic planls with an allemative phenoxy oy arviphenoxyproprionate
herbigide degrading enzyme encoding transgenes, is obvious starting from
document D8 ag closast prior art in view in combination with document D15

152  The Proprietor submils that the struclurad featurs "70% identity” infroducsd info
gramted claims 1 and 20 and the functional features relaling fo specilic
snrymatic activities specified in claims 2 and 21 recite additional features not
disclosed in any of the documents B8 to D11 and D18 1o D24, in this context,
the Proprietor further reiterates hig view that documents D12 and D15 are not
citable prior art.

15.2 In this respeot, the Gpposition Division refers o the “problem and solution
approach” thal is usually used o assess inventive siep. According to the Case
Law of the Boards of Appeal of the ERPQO, &th edition, 2010 (page 182}, this
"coasisls essentially of
{g} identifying the “closest prior art”,

(b} assessing the iechnical resulis {or effects) achieved by the claimsd
invention when compared with the “closest state of the ant” established,

{c} defining the iechnical problem 1o be sclved as the obiject of the invention to
achigve these results, and

{d} examining whether or not a skilled person, having regard 1o the state of the
art within the meaning of At 54(2) EPC, would have suggested the claimed

technical features iy order 1o oblain the resulls achieved by the claimed
invention”,
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Claim 1 is dirscled to methad of contralling weed in an area compising a
transgenic plant comprising a polynuclestide that encedes a protenn that
enzymatically degrades a herbicide selected from the group consisting of a
phenaxy auxin herbicide and an aryloxyphanoxypropinate {AQPP) herbicids,
wherein sald protemn iz at legst 70% identical with a protein encoded by &
nucleic acid molecule selected from the group consisting of SEG 1D NO:S,
SEG D NQ:i4 and SEQ 1D NOu5, wherein said polynuclectide hybridizes under
stringent conditions with the full complement of a asuclele acid molecule that
gncodes SEQ D NO: 4.

[ accordance with the Opponent and the Proprietar, the Opposition Division
considers document D8 o represenl prior art distlosing subject malier
conceived for the same purpose or aiming at the same objective.

Said document discloses a msthod of controliing wesd comprising lransgenic
plants {(tcbacco} comprising an isolated polynuciestide (fdA) that encodes g
protein (DPAM) that enzymatically degrades a phenoxy auxin herbigids {2.4-
D) wherein said polynucientide hybridizes under stringent conditions with the
full complement of & nucieic acid metecule that encodes SEQ D NOS.

The subject-matler of claim 1 differs from this method in that the transgenic
plants comprise a protein that is at least 70% identical with a protein encoded
by a nucieic aaid molecule selecied from the group consisting of SEQ 1D MO
3, SEG D ND:4 and SEQ 1D NOKE {AAD-1, rpdA gene).

The objective problem o be solved by the present application resides in the
provision of a method of controlling weed comprising transgenie plants
resistant o a phenoxy auxin herbicide and an ACOFF herbicide.

The solution provided is a method comprising plants expressing AAD-1 (rpdA;
from Sphingebium herbicidovorans.

Document D14 discloses the rpdA gene and protein seguences from
Sphingobium herbicidovorans. The document is, however, silent on the use of
the AAD-1 encoding gens 1o generale transgenic plants with herbicide
registance 1o be used in a method of contraliing weed.

As stated above, document D8 describes transgenic plants with 2.4-D
resistance resulting from expression of a 2,4-0 degrading enzyme {{dA) from
Alcaligenss eutrophus. A person skilled in the art gould in pringiple have
combined the teaching of D8 and D14 gnd arrive at the claimed solution.
However, there was no suggestion in any of the cited document that would
have incited him o do so. In fact, there is no indication in document D14 that
AAD-1 would degrade AOPP herbicides and thereby generating plants tha
are resistant 1o both phenoxy auxin and ACPP herbicides.
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The same reasoning applies mulatis mutandis {o claim 20,

For these reasons, the solution proposed in claims 1 and 20 involves an
inventive siep.

Claim 2 iz directed 1o method of controlling a weed comprising a transgenic
plant comprising a polynuclectide that encodes a pratein that enzymatically
degrades

{1} an R-enantiomer of chiral phenoxy auxin herbicides iy addition to achiral
phenoxy auxins,

{il} an ardioxyphenoxypropionate herbicide, or

{ii5) a phenoxy auxin herbicide and an aryloxyphenoxypropionate herbicide,
wherein said polynucieotide hybridizes under sinngent conditions with the full
complement of a nucleie acld molecule that encodes SEQ 1D NOG,

The Opposiion Division considers document D8 {0 reprasent prior ant
disclosing subject-matter conceived for the same purpoese or aiming at the
same objective.

Said document discloses a method of controlling weed comprising transgenic
plants {tobacco) compsising an isolated polynucieotide {fdA) that encodes a
protein (DPAM) that enzymatically degrades a phenoxy auxin herbicide 2.4~
D} wherein said poiynuciestide hybridizes under stringent conditions with the
full complement of a nucleic acid molecule that encodes SEQ D NO®G.

The subject-matter of claim 2 differs from this methoad in that the ransgenis
plants comprise a protein that enzymatically degrades

{fy an R-enantiomer of chirgl phenoxy auxin herbicides in addition to achiral
phenoxy auxing,

{iiy an aryloxyphenoxypropionate herbicide, or

{iif} a phenoxy auxin harbicide and an aryloxyphenoxypropionate herbicide.

The obiective problem 1o be solved by the present application resides in the
provision a method of controling a weed comprising transgenic plants
resistant to an RB-enantiomer of chiral phenoxy auxin herecides; and 1o a
phenoxy auxin and an ADPP harbicide.

The sclution provided is a method comprising plants expressing AAD-1 {rmpdA)
trom Sphingobium herbicidovorans.

Document D14 discloses the mdA gene and prolein sequences from
Sphingobium herbicidovorang. The documents is, however, siient on the use
af the AAD-1 encading gene 1o generate transgenic plants with herbicide
resistance to be used in & method of controlling weed.
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As sialed above, document D8 describes transgenic planis with 24-D
resistance resulling from expression of a 2.4-D degrading snzyme {fdA) from
Alcaligenes sutrophus. A person skifed i the art gould in principle have
combined the teaching of D8 and D14 and amive at the claimed solulion.
However, there i3 no suggestion in any of the clted document that would have
incited him © do so. in fact, there is no indication in document D14 that AAD-1
would degrade an R-enantiomer of chiral phenoxy auxin herbicides or ACRR
herbicides and theveby generating plants that are rasistant o phenoxy auxin
and AOPP herbicides specified in claim 2.

For these reasons, the solution proposed in claim 2 involves an inventive step.
The same reasoning applies mutatis mulandis fo claim 21.

The same appiies mulalls mutandis o caims 318 and 22 which are
dependent on or directly referring to claima 1, 2, 20 gnd 21.

Considering that the objective technical problem stated above is solved by the
claimed transgenic plants as well as their non-chviousness, the Oppasition
Division considers that the claimed subiject matier is inventive.

16 Article 100({b} EPC in conjunction with Article 83 EPC

16.1  The Opponent raises the objection that the granted claimed subject-matter is
insufficiently disclosed. The application provides suppon and disclosure only
for a limited number of meathods and pelynucieotides, i.e. those having SEQ 1D
NQ: 3-5 which encode g polypeptide having SEQ 1D NO: § gnd transgenic
plants comprising these whereas the hybridizing polynuciectides encompass
polynucientides encoding a proteln with only 32% aming acid sequence
identity, thereby oot being congruent with the disclosure of the application.
Adgditionally, claim 17 requires the apphoation of a “parent herbicide”, The term
“herbicide” is however merely used in connection with the metabgalization of
24-D by AAD-1. {t is therefore unclear how the ferm "parent herbicide”
connects with the claimed method.

1§52 The Proprietor submits that by including the structural term into claims 1 and
20 and the functona! ferms into claims 2 and 21 said olaims are further imiled
and thereby the Opponent's objections are rendered moot. The Proprietor
further submits thal the Opponent's objection against claim 17 is a clariy
objection which is nat g ground for opposition.

18.3  Indesd, the proteins of claims 1 and 20 are on one hand defined by their ahility
to degrade a phenoxy auxin or an AUPP herbicide and on the other hand
frited by the ability of the corresponding polynucieatides to hybridise under
stringent conditions with the nucleic acd sncoding the protein with 8EQ 1D
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NO: 9 and their identily of at least 70% (o the nusleio saids of SEQIDNO: 3, 4
or 8. Congsequently, the proteins referrad 10 in olgim are both functionaly and
shructurally hmited. The proleins can be deleymined by routing
gxperimentation, i, & by defermination of the specified enzyme activities and
seguence identity using alignment, thereby not involving any undue burden.
The claimed subject malter is thus congruent with the disclosure of the
application.

The same holds true mulalls mufandis for caims 2 and 21 in which the
proteins are defined by their ability to degrade speciic R-enantiomers, an
ADPP herbicide and optionally a phenoxy auxin and on the other hand limited
by the abilily of the corresponding polynucieotides 1o hybridise under stringent
cenditions with the nucleic acid escoding the protein with SEQ (D NO: 8.

Conseguently, the proteins referred 1 in claims 2 and 21 are both funstionally
and structurally  Bmited. The proteins can be determined by routine
gxpenmentabion, i. e. by determination of the specified enzyme acliviliex and
sequence identity using alignment, thereby not involving any undue burden.
The claimed subject matter s thus congruest with the disclosure ¢f the
apphicabon.

The Division notes that the term "parent herbicide” is referred o in paragraph
[Q088h "An additional advantage that AAD-1 -transformed plants provide is
that parent herbicide(s) are matabolized to inactive forms, thereby reducing
the polential for harvesting herbicidal residues in grain or stover” and
paragranh [0187] "Additionaity, the herbicidal gotivity of the phenoxypropionic
acid, dichiorprop, was alse effectively degraded. The ratic of the nominal GRy,
for herbicide+enzyme solution versus the herbicide solution alone served ags
measure of loss of parent herbicide activity resuling from enzyme activity. A
ratic of 2-3 typically corrslaied with 50-75% loss of parent herbicide activity
{Table &)". According to Table & the parent hetbicides 24D, DCP,
Dichlorprap, Triclopyr and Fluoroxypyr ware tested. The term is thus used in
the description in connection with AAD-1 but not imited o the herbicide 2,4-D.
Accordingly, the Opposition Division considers that the application teaches
how the ferm connects with the meathod olaimed, namely by applying such
“parent herbicide” to an area and thereby controlling weed.

Taken together, the Qpposition Division considers that the subject matler of
the claims is disclosed in a manner sufficiently clear ang complete for it lo be
carded out by a person skifled in the art.

17 Daouble paienting
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17.1  The Qpponent ramarks that granted claim 14 claimed the same subject matter
as claim 16 of EP 1 740 039 granted for the parent application whereas
according to an accepted principle in most patent systems two patents can not
be granted {0 the same applicant for one invention. Thal principle of
prohibition of double patenting was accepled obiter dictum by the Enlarged
Board of Appeal in decigions G 1/05 and G1/08,

17,2 The Proprietor submits that double patenting is not listed as a ground for
appogition in Article 100 EPC and therefore not a basis (o revoke the patent.

17.2  The Opposition Division notes that double patenting iz indeed not listed as a
ground for opposition in Article 100 EPC and therefore in principle not a basis
to revoke the patent.

18 Decision

The grounds of opposition under Article 100(a), (b} and (} EPC do not
prejudice maintenance of the patent in amended form.

Taking into account the amendments made by the Proprelor the patent and
the invention, to which it relates, meet the requirements of the EPC, Asicle
101{3}a} EPC.

According to Article 108 EPC, this decision iz subject to appeal. if such appea!
is filed, it shall have suspensive effect iy accordance with Article 107 ERC,
any party {o the proceadings adversely affected by the decision may appeal.
Notice of appeal must be filed at the EPD within two maonths after the date of
notification of the decision appeaied. The notice shall not be deemed 1o have
been fed until the appeatl fee bas been paid. In case of an appeal, a written
statement setting out the grounds for appeal must be filed within four months
from notification of this decision {Articie 108 EPC).
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I. Summary of Facts and Submissions

1

€3

European patent 2 318 832 entitled “Novel herbicide resistance geng” is
based upon European patent application No. 10 012 188.5 filed on
02-05-2005. | claims prionty of US 567052 filed on 30-04-2004.

The mention of the grant of the patent was published in the European Patent
Bultetin of 18-08-2013. Praoprietor of the patent is Dow AgroSciences, LLEC.

The oppossd patent is a divisional of European patent 1 720 03¢ with
Application number G5 771 748,

Notice of opposition was filed by Bayer CropScaience NV on 18-08-2014.
Grounds of opposition are lack of novelly {Arl. 100{a} and 54 EPGC); lack of
wmventive step (Art. 100{a) and 56 ERC}, insufficiency of disclosure (Art. 100{b}
and 83 EPC) and added subject-matter {Ant. 100{¢) and 123{2) EPC).
Ravocation of the patent as a whole {s requestad on these grounds (At 1012}
EPCY

With the reply 1o the notice of opposition dated 24.11.2014, the proprietor
reguested the patent to be maintained on the basis of claims 117 of the new
main request as fled thevein.

Both parties requested oral proceadings in case their regpective requests
coudd not be Tully met (A, 118 EPC).

Cn 26-06-2015 the opposition division issued a summons ta attend oral
proceadings on 08,12 2015, ogether with an annex comprising division's
preliminary and non binding opinion with regard to the opposition.

The proprieior repliad to the summons with letler of 05.11.2018 refterating the
reguest of maintaining the patent on the basis the main request subymitted on
24.11.2014, or on the basis of auxdiary requests § H or # submitted on
05,11.2015 and in this order.

The opponent replied to the summons {¢ attend oral proceeding with fetier of
08.11.2015 confirming objections under R. 80, Arts. 123{2¥76(1} and 83 EPC
for the main request on file, and the observation regarding invalidity of the
claimed prionty.

The oral procesdings were held on 08.12.2015, Duwring the oral procesdings,
the proprictor submitted a new auxiliary request i while I while maintaining
his main request and auxdliary request L The provious auxifiary requests 1 and
11 were renumberad Il and IV, respectively,
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9 Atthe end of the oral proceedings the opposition diviston announced its
decision thal the claims of the auxiliary request § filed during said proceedings
met the requirements of the EPC. Amended description page 3 were agreed
among the parties.

10 Claim 1 of new auxiliary request #f reads as follows!

A lransgenic plant celf comprising an isolated polynuclestide that encodes a
profein that enzymatically degrades:

{1} & herbicide sefected from the group consisting of a phenoxy auxin herbicide
and an aryloxyphenoxypropionate herbicide, wherein said protein is al least
70% identical with a protein encodsed by a nucleic acid molecuis sslecied from
the group consisting of SEQ 10 NO:3, SEQ 10 NO:4 and SEQ 10 NQUB,

{ii} an aryloxyphenoxypropionate herbicide, or
(i) a phenoxy auxin herbicide and an aryloxyphenoxypropionats herbicide,
wherein said polynucleaiide hybridizes under stringent corgditions with the full

complement of a nucleic acid molecule that encodes SEQ 1D NO:9, whergin
sait plamt expresses said polynucleotide and produces said protein.

11 Al the end of the oral proceedings the opposttion division announced ils
decision that the ¢laims of the auxiiary request # filed during said proceedings
met the requirements of the ERC. Amendmenis to the description on page 3
werg agreed among the parties.

12 The numbering of the clted documents follows the numbering in the
consolidated st of references of the Opponent {D1a-Dic, D2-D23L

Reasons for the decision

13 The Qppaosition is regarded admissible since it fulfils the requirements of
Articies §9{1} and Ruls 76 EPC.

MAIN REQUEST
14 Rule 80 EPC

14.1  The main request comprises an amended independent olain 1 and 3 new
independant claim 2 . With reply 1o the objection under R, 80 EPC raised in
the summons to attend oral proceedings, the proprietor referred (o the
Guidelines for examingtion of the EPQ (part M, chapter l{, section 3.1) and
decision of the brards of appeal T223/97 and explained that claims 1 and 2
were sach dirgcied {0 a respective specific embodiment of claim 1 as granted
wherein novelty objections raised with the notice of oppositions were
addressed.
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14.2  The opposition division finds that claims 1 and 2 of the main request
gncompass embodiments of claim 1 as granted, attempting o addrass novelty
objections. in an ovedapping manner, Le: claim 1 resyicts granted olaim 1
using a structural imitation based on percentage of identity with regards o
three variants of AAD-1; whereas claim 2 tries o restrict the scope of granted
claim t by funciional imitations wherein the sole activity of degrading phenaxy
auxing in general is replaced by the more specific "an R-enantiomer of chiral
phenoxy auxin herbicides in addition 1o achiral phenoxy guxins”. The
opposition division sees no regson why the present case should require two
independent claims o overcome an objection based on At 100 EPC raised
against a single granted independent claims, that could be done solely by
modifying the granted claim 1 once. The scope of both claims overlaps in
sommon functional and structural limitations that are not directly relaled to
two specific embodiments of granted claim 1, as could be accepled in
exceplional cases as held in TI81/02. The addition of a second independent
claim is not at present needed to aveld revocation. The proposed
amendments do not seem to be an appropriate and necessary rasponsg in
order 1o avoid revocation and cannot thus be regarded as oocasioned by the
grounds of apposition as indicated in decision T283/08.

143 The main request therefore does nat fulfil the requirements of Rule 8D EPC.
15 Article 100{c), 78(1) and 123(2) EPC.
15,1 With the notice of opposttion the opponent argued that the subject-matter of

clatn 15 as granted {Le claim {18 of the main reguest) did not comply with
Arts. 10G{c) and 76(1) EPC. According to the opponent, only claim 61 as
originally filed with the pareni related o insectresistance genes as in claim 15
ag granted, but having a narrower scope of protection compared to granted
claim 15,

ok
o
AN

The proprietor disagreed and pointed to claims &1 and 1 as orginally fled in
the parent application as basis for clgim 1€ of the main request
{corresponding to claim 15 as granted) together with em 47 {see page 168 of
the application as published).

15.3  The opposilion divisios considers thal the sulieci-matter of claim 16 of the
main request goes beyond the application as originally filed and in the parent
application as originally fited contrary to Article 100(c}, 78(1) and 123(2} ERC.
Clainy 81 in the parent application {f.e: item 81 of the application as originally
filed), depends on claim 5 and ullimately on claim 1, also of the parent
application. The scape of claim 1 of the parent application relates to AAD
proteing and clossly related variants able to degrade aryloxyalkanoale
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herbicides. Claim 18 of the main request depends on claim 1, having a
broader scope both in the percentage of identity encompassed in the variants
and in the functional imitation.

AUXILIARY REQUEST
o This request algo contains the same two independent new claims as the main

request. Following the same reasaening as above {see point 18), the
opposition division hence considers that the awsiliary request | does not fulfil
the requirements of Rule 80 ERPC.

AUXILIARY REQUESTH
17 Priority {Art, 87 EPC)

17.1  The opponent argued that the claims as gramted were not entitled 1o the
priotity date of 30.04.2004 because in the absence of tem 47 {p. 188) of the
application as filed, the terms of the claim 1 could not be clearly and
unambigunusly denved from the priorily document {D7). The spponent
concluded that the relevant date o establich the state of the art regarding the
patent is the interational filing date, Le, 02.05.2005, and that D12 and D15
were therefore pricr art documents within the meaning of Ad. 54{2} EFC.

17.2  Duwing the wrilten precedure, the proprietors referred to paragraphs [0123],
{00191, [D034]-{0037], [0040], [0124] and page 28, |. 2 of D7 for the basis and,
1 addition, during the oral proceedings the proprietor pointed W paragraphs
51] to [53] and [218 ] of D7,

The opposition division considers that the subjsci-matter claimed can be
unambiguously denved from the priorily document, specialty from paragraphs
{216} and [83]. Paragraph 63 teaches that the iwention also includes methods
of controlling weeds whereln an aryloxyatkanoate and/or a phenoxy auxin
herbicides can be applied. L.e. the use of alternalive enzymalic activities is
disclosed in the priority document. The opposition division concludes that the
opposed patent is enlitled (o the priority dale claimed. it follows that D12 and
D15 cannot be considered as prior arf documents in the sense of Article 54(2)
EPC.

18 Novelty (Art. 100(a) in conjunction with 54 EPC)

b
o
Lo

18.1  The opponent argued with the notice of opposition that 8 disclosed
transgenic plants exprassing HdA gene from Alcaligenes sutrophusg, presently
renamed Ralstonia eutropha being tolerant o herbicide 2.4-D. The opponent
argued that in view of the test submitted with D1, wherein tdA DNA hybridizes
with SEQ D NO:@ of the present patent, the subect-maltey of claim 1 as
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granted was not novel. The same is argued for dependent glaims 1t and 13,
The same reasoning is followed with respect to prior att documents D8 1o
D12

P
?0
>

With the reply 1o the notice of opposition, the praprietor commentad o the
rasuits of the experiments submitied by the opponent with D1 without
acquigacence, but addressed the objection by amendmaent.

The progrigior noled {hal the opponent siated that IdA polypeptide sequence
o 32% identical over the whaole length to the polypeptide encoded by aad-1
gene of the opposed patent.

Since claim 1 of the main request requires that the proteln is at teast 70%
dentical to aad-1, prior art documents DB {o D12 did not anticipale new Claim
1.

This amendment is maintained for feature (i} of claim 1 of the auxiiary
request L Regarding features {ii} and (i} the proprigior added that they are
resiricted {0 enzymatic activities that tidA facks, and are thersfore also novel
over the prior art.

With regards to claim 1 of the auxiliary reguest 8, the opposition division finds
that the amendments introduced reslore novelty aover alt 81 and D8 to D12,

20 inventive step {Art, 100(a) in conjunction with 56 EPQ)

(o]

20,1 According to the opponent, the subject-matier of granted claims §, 58, 12, 14
and 18 lacks an inventive step from the cambination of any of 88 t¢ D12 with
D1g, D20, D21, B22 or D23, granted ciaims 2 and 10 are nol inventive in the
fight of any of D8 to D12 alone; granted claim 4 iaeks inventive atep over any
of D& to D12 combinad with D15; and that granted claim 15 lacks inventive
step over any of D8 to 012 in combination with D18,

20.2  Following the conclusions on Addicle 87 EPC above, D12 and D15 are not
citable prior art for the auxifiary request i, In addition, claim 1 is considered
novel over D8 {or 09 1o D11} it follows that the inventive step objections of
the opponent are therefore void

20.3  The opposition division considers that the subjsct-matter of claims 1to 15
compties with Arlicle 100{a) together with 56 EFC.

21 Sufficiency of disclosure {Arts. 100(b) and 83 EPC).

21,1 The coponent contended that the patent lacked a sufficient disclosure over iis
entire scope in so far as claim 1{) encompasses plant cells expressing genes
only 32% identical to the sequences disciosed and supposted in the opposed
patent, that according to the opponent, is fimited to polynuciectides of SEQ ID

TR0 Frasrs 2876 81 BTTRY
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Oatu B Anpredoie- Ny
Date B8,02.201¢ Shaet & Applicatioaner 18 G1E 189,
Qate R Cemtande n°

NQOs:3-E encoding the polypeptide of SEQ 1D NO@. Iy addition, during the oral
proceedings the opponent argued that the only guidance to work the subject
matter of points (i) and i) of Claim 1 was the enzymalic activity and 8
hybridization test that could encompass sequences with fow percentage of
dentity, as seen with gene ¥dA. According to the opponent this did not suffice
to carry cut the invention ovar i entire scope without undue burden,

21.2  The propristor disagreed and notes that the opponent has the burden of proof
when sufficiency of disclosure is at stake.

21.%  The opposition division agrees with the proprietor in considering that the
opponent has not proven that the invention cannot be carrisd out without
undue burdes. Glaim 1 requires that the transgene express by ihe plant cell
degrades either aryloxyalkanaate or phenoxy auxin herbicides or both, and
that the polynuclestide encoding the enzyme hybridizes with stringent
conditions to SEO D NS of the patent. Both {eatures can be routinely tested
by the skilled person and in combination # does not seem (o the opposition
division o represent an undue burden. It should be noled that tidA, aithough &
iz only 32% identioal to SEQ 1D NO:§, also encades a dioxygenase gnzyme,
as AAD-1 does. i is concluded that the subject-matter of the auxiliary request
# complies with Arts. 1Q0(b} and 83 EPC.

CONCLUSIONS

22 The proprietor indicated some amendments in the description in line with the
claims of the awdliary request i The opponent did not abject to this. The
opposition division finds that the amendments propenly reftects the claims of
the auxiliary request I and therefare is acceptable acearding 1o Article 84
EPC, Guidelines F.IV 4.3 {iil).

23 The patent as amended according to the auxiliary request i and the invention
1o which it relates meet the reguirements of the Convention {Aricle 101(3){a}
EPCY The opposition division has therefore decided 1o maintain the patentin
amended form, on the basis of the currently vahd auxiliary request 1L

TR0 Frasrs 2876 81 BTTRY
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WO MEORTER PTG BOGGEIRTS

HERBICIDE RESISTANT PLANTS

The present invention relates to recombinant DNA technology, and In particolar 1o
the production of transgenic plants which exhibit substantial resistance or substantial
5 tolerance ty herbicides when compared with non transgenic like planis. The invention also
wlates, inter alia, to the nucleatide sequences {and cxpression products thereof} which are
usud in the production of, or are produced by, the said ransgenic plants,
Plants which arg substantally “tolerant”™ 10 2 herbicide when they are subjecied to it
provide a dose/response curve which 1s shifted to the right when comparsd with that
W provided by similarly subjected non toderant ble plants. Sach dose/response curves have
“dose” plotted on the x-axis and “percentage K", “harbicidal effect” ic. plotted on the y-
axis. Toleramt plants wifl typically require at Jeast twics as nuch herbicide as non tolerant
fike plants in order w produce a given herbictdal effect. Plunts which ase sebstantially
“resistant” (¢ the herbicide exhibit fow, i any, necrotic, Iviic, chlorotic or other losions when
15 xubjected to the herbicide at concentrations and rates which are typically emploved by the
agricultural community to kill weeds in the field in which crops are to be growa for
comimnereial purposes.
It is particularly preferred that the plants are substantially resistant or substantially

telerant w herbicides (hereinafter "glyphisate™} which have S-eno! pyruvyl shikinuate

3]
&
o

phosphate synthetase (hereinafter "EPSPS"Y as their site of action, of whick N-
phosphonomethyiglycing (and its various salts) is the pre-cminent example.

The herbicide may be applied esther pro~- or post emergencs 1n accordance with usual
technmigues for berbicide application to fields comprising crops which have been rendered
resistant o the herbicide. The present invention provides, duter afia, nuclentide sequences
25 useful in the production of such herbicide tolerant or resistant plants,

Acoapding to the present invention there i provided an isolated polynncleotide
copprising the sequence depictad in SEQ ID No. 43, The tnvention also provides a
polvnucleotide, excluding the ¢DNA encoding the rice and corn EPSPS, which encodes an
EPSPS and which is complementary to one which when incubated ut a temperature of
30 between 63 apd 70°C in 0.1 strength citrate duffered saline containing 0.1% SDS followed
by rinsing at the same temperature with 0.1 strength citrate butfored saline containing 0.1%

SDS sull bybridises with the sequence depicted in SEQ ID No. 43, An EPSPS encoding

COR-AAD1-00004600
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WO QU/66748 PCTCBOBIST

a3
P
e

W

polyaucieotide sconrding to the invention may, however, be ebuained by screening plant
gevomic DNA libraries with g nucleotide constiteting an intron within the SEQ ID No. 43
sequence, and the invention also mcludes such a sequence obtainsble from that screening.

The trvension also includes an isolated polynucieotide cramprising a region encoding
a chloroplast transit peptide and « glyphosate resistant S-enelpymivylshikimate phosphate
synthase (EPSPS) 3" of the peptide, the said region being under expression control of a plamt
operable promaoter, with the provises that the said pronoter s not heterologous with respect
tos the sald region, and the chloroplast ransit peptide is not heterologous with respect to the
said sypthase.

N

oly "nom-

P

By "heterologous” is meant from a different source, and correspondin
heterotogrus™ means derived from the same source - but at a gene rather than orgenisin or
tissue level For example the CaMV338 promoter is clewly heterologous with respect to a
petunia EPSPS coding sequence irsofar ag the promoter is derived from a viros and the
sequence - the exprassian of which it costrols - from a plant. The term "heterologons”
according to the present invention bas a still marrower meaning, however, For egample
"heterologous” as it relates o the present Invention means that the petunia EPSPS coding
sequeace 18 "heterologous® with respest w, for exsrople, 8 promoter also derpved from
petunta - other than that which contrals expression of the EPSPS gene. In this sense the
petunia promoter derived from the petania EPSPS gene then wsed o control expression of an
EPSPS coding sequence Hkewise-derived from pelunia is "non-heterologous” with respect to
the said coding sequence. "Non-haterologous” does not mean, however, that the promoter
and coding sequence mast necessarily have been obtained from one snd the same {original or
progeniton) polynucleotide. Likewiss with respect {o wansil peptides, For example, a robisco
chloroplast transit peptide derived from sunflower s “heterologous™ with respect to the
coding sequence of an EPSPS gene likewise dertved from sunflower (the same plant, tissue
o cedl}. A rebisco transit pepiide encoding seguence derived froun senflower is “non-
hetarologous” sith respect 1o # rubisco enzyme encoding-sequence also derived from
sonflower even if the origins of both sequences are different polynucleotides whick may have
heen present i different cells, ussoss or sunflower plants,

A prederred form of the polynucicotide conmprises the following components in the §°

to 3 direction of ganscriptions-
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{1) At least one transcriptional enhancer being that enhancing region which is
upstream from the travscriptional start of the sequence from which the enhancer is
obtained and which enbancer per se does not function as a promoter either in the

sequence in which it is endogennusly comprised or when present heterolognusly as

W

part of a construct;
{ify  The promoter from the rice EPSPS gene;
{4}y The rice genomic sequence which encodes the rice EPSPS chioroplast tramit
peptide;
{iv}  The genonde sequence which encodes the rice BPSPS;
Hy {v) A transeriptionus! terminatar;
whessin the rice EPSPS voding sequence is modified in that « first position is mutated
so that the residue at this position is e rather than Thr and a second positiem is
mrutated so that the residue at this position is Ser rather than Pro, the mutations heing
introduced into EPSPS sequences which comprise the following conserved region
] GNAGTAMRPLTAAV in the wild type enzyme such that modified sequence reads
GNAGIAMRSLTAAY,
The enbancing region preferably comprises  sequence the 3" end of which is at least
40 nucleotides upsireamn of the closest transeriptional start of the sequence from which the
enhuneer is obtained. In & fiwther embodiment of the polynucleotide, the enhancing region
20 comprises a region the 3 end of which is at least 60 nucleotides upstream of the said closest
start, and in @ etill further embodiment of the polvnucieotids the said enhancing region
comprises dxequence the 3" of which is at least 10 naclentides upstream from the first
nucleotide of the TATA consensus of the ssquence from which the enhianver is olvtained.
The polynactestide according to the invertion nay comprise tweo of move
2% transeriprional enhancers, which in o particular mbodiment of the polynucleotide may be
tandemly present.
in the present inventive polynucleotide the 37 end of the enhancer, or first enhancer if
there 15 more than one present, may be between about 100 1o sbout 1000 nucleotides
upstream of the codon corresponding to the translational staxt of the EPSPS transit peptide or
30 the first asclentide of g intron in the 3 vntranslated region in the case that the said region
contains an intron. In @ more preferred embodiment of the polynuclentide, the 3" end of the

entiancer, or first enhancer, is between about 150 1o sbout 1000 nuclentides upstream of the
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csutont corresponding to the translational start of the EPSPS transit peptide or the first
nucteotide of an intron is the § untranslated region, and in a still move preferred enbodiment
the 3" end of the enhancer, or first snhancer, may be between about 3 o about 950
nucleotides upstream of the codon comrespoading to the wanslational stagt of the EPSPS

3 transit peptide or the fist pucleotide of an intron in the § untranshited region. In a vet more
preferred embodiment, the 3 end of the enbancer, or first enhancer, may be located hetween
about 770 and about 790 nucleotides upstream of the codon cneresponding to the
truaslational start of the EPSFS transit peptide or the first nuclentids of an intron in the 3¢

untransiated region.

“C,:.

In an alternative inventive polynucleotide, the 37 end of the enbancer, or first
enbancer, may be located between about 300 to about 380 nacleotides upstream of the codon
corresponding to the tramsfational start of the EPSPS wansit peptide or the first nucleatide of
an futron in the 5 untranslated region, and in & proferred embodiment of this alternative
polynucieotide the 3 end of the enhancer, or first enhancer, is focated botween abowt 320 o
13 abowt 350 aucleotides upstream of the codon courresponding (o the translational st of the
EPSPS transit peptide, or the first ucleotide of an iatron in the 5’ untranstated region.

In the polynuciestide according to the invention, the region apstream of the promoter
frop the vice EPSPS gene may comprise at least one enhancer derved from a sequence

which is upstream from the transeriptional stagt of either the CaMV3ISS or FMV3SS
P

P

W prownoters.

Accordingly the polyrucleotide may comprise in the 5 1o 3 dircction a first enhancer
COmprising a transcriptional enhancing region derived {rom a sequence which is upstream
from the transcriptional start of the GOS 2 promnter and a second enhancer comprising a
transcriptional enhancing vegion derived from a sequence which is upstream from the

33 transeriptional start of either the CaMVIS8 or FMV3SS promoters,

Alternatively, the pelynuclestide may comprise in the 5 1o 3 direction a first
cRiiancer comprising a transeriptional cabancing region desived from a sequence which is
upatream from the transcriptional stant of the rice actin promoter and a second enbancer
comprising a trapscriptional enhuncing region derived from a sequence which is upstream

30 from the transeriptional start of cither of the FMV3SS or CaMV 358 prometers,
Alternatively, the polymucieotide may comprise in the 5 to ¥ direction a first

enhancer comprising a transcriptional enhancing region derived from a sequence which is
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upsteeam {rons the transcriptionad start of the barley plastccyanin promoter and & second
erdiancer comprising a transeriptional enhancing region derived from a sequence which is
upstream from the transcriptional stant of either the CaMV3SS or FMV3SS promuoters,
Alernatively, the polynucieotide may comprise in the 5 to 3 direction s first
8 enbancer comprising a transeriptional enhancing region derived from a sequence which is
upstream from the transeriptional start of the maize polyubuitin promoter and a second
enhancer comprising a traasuriptional enhancing region decived from a sequence which is
upstream from the transcriptismal start of sither the CaMV 35S or FMV3ISS presnotess.
Alternatively, the polynucieotide may comprise In the 5 1o 3 direction a first
10 enbancer comprising 4 transcriptional enhancing region derived from a sequence which is
upstream from the transeriptional start of the FMV 35S promoter and s second enhancer
comprising a transeriptional enhancing region derived from a sequence which is upstrears
from the vanseriptional stan of the CaM V358 promoter.
Whatever the identity snd justapositon of the various enhancers present in the
t5  polynucleotide, the neclootides 5 of she codon which constitutes the translational start of the
rive EPSPS chiloroplast transit peptide may be Kozaek preferred, What is meant by thix is
well known to the skilled man and will be further apparent from the examples below,
Particularly preferred embadiments of the present inventive polyvnucieotide have a
aon-transtated region which comprises # sequence which functions as an intron located § nf
20 the rice genomie sequence which encedes the rice BPSPS chloroplast transit peptide. The
non-triansiated region may comprise the sequencs deplcted fn SEQ 1D Ne. 5§, in particular,
the non-transiated regicy may comprise the matzre ADHT intron which has the sequence of
SEQ ID Ne. 35

The polynuclestide of the invention may comprise a virally derived transiationsd

L

enhincer located within the non transtated region 5" of the rice genomic sequence which

[

encodes the rice EPSPS chloroplast transit peptide. The man skilfed in the ant iy aware of the
identity of such suitable transiaticoal enhancers - such as the Omega and Omega prime
sequences derbved frony TMV and that dertved from the tobacco etch virus, and bow sueck
translational enhancers can be htroduced into the polynucleotide s as to provide for the
36 desired resul.
The pulynuclestide according 0 the investion may {unther comprise regions encoding

proteins eapable of conferring upon plant material containing it at least one of the following
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agronontically desirable tralts: resistance to insects, fungi, viruses, bacteria, nematodes,
stress, dessivation, and herbicides, Whilst such a polyvnuclectide conternplates the herbicide
resistance conferring gene being other than an EPSPS, such as glivphosate oxido-reductase
{GOX) for example, the herbicide may be other than glyphosate in which case the resistance
§  conferring genes may be selected from the group cocnding the following proteing:
phosphinothricin acetyl transferase (PATY, hydvoxyphenyl pyravate dioxygenase (HPPD),
glutathione § vansferase (GST), cytochrome P50, Acetyl-COA carboxylase (ACCase),
Avetolactate syathase (ALS), protoporphyrivogen oxidase (PPO), dihydroptervate synthase,
polyapsne transport proteins, superaxide dismutase (SOD), bromosyni nitrilase, phytocne

Y desaturase (PDIS), the product of the fdA gear obtainable from Alealigenes sutrophus, and
known mutagenised or otherwise modified variants of the said proteins, In the case thut the
polynucieotide provides for multiple herbivide resistance such herbicides may be selected
from the group consisting of a dinitoaniline herbiaide, triazolo-pyrimidines, uracil, a
phenvhirey, friketone, isoxuzole, seetanibide, oxadiazole, triax,iaﬁmze-, sulfonanilide, amide,

15 anilide, RP20V773, Rwvochloridone, norflurazon, and triazofinone type herbicide and the post-
emgrgence herbicide is selvoted front the group consisting of glyphosate and salts thersof,
slofusinate, asulam, bentazon, bialaphos, bromactl, sethoxydim or another cyclohexanedione,
dicamba, fosamine, flupoiam, phepoxy propranate, quizalnfop or another anvloxy-
phenoxypropanoate, picioram, fluormetron, atvazine or another triazine, matribuzin,

0 chlorimwron, chlomsulfuron, flumetsulam, halosuliuron, sulformetron, imazaguin, imazethapyr,
wongben, inazamey, metosulam, pyrithrobac, rimsalfuron, bensuifuron, nicosutfuron,
fomesafen, floroglycofen, KI9201, ET751, carfentrazone, ZAI1296, sulcotrions, paraguat,
diguat, bromoxyat and fenaxaprop.

In the case that the polynucleotide comprises sequences encoding insecteidal

5 proteins, these proteins may be selected from the group consisting of crystal toxins derived
from Br, imchuding secreted Bt oging,; protease inhibitors, lectins,
Xenhorubdus/Photorhabdus toxins; the fungas resistance conferring genes may be selected
from the group consisung of those encnding known AFPs, defeasins, chitinases, glucanases,
Ave-CI9. Partealardy preferred insecticidal proteins are orylAc, erylAb, cry3A, Vip 14,Vip

3¢ 1B, cystein protegse inhibitors, and snowdrop lectin. To the case that the polvaucieotide
comprises bacterial resistance conferring genes these may be sefected From the group

consisting of those encoding cecropins and techyplesin and apalogues thereaf. Virus
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resistance conferring genes may be selected from the group consisting of those encoding
virus coat proteins, movement proteins, viral replicases, and anti-sense und ribozyme
sequences which are knows to provide for virus resistance; whereas the stress, sall, and
drought resistance conferring genes may be selected from those that encode Ghatathione-S-

3 wransferase and peroxidase, the sequence which constitates the kaown CBF1 regulatory
sequence and genes which are known o provide for acoumulation of trehalose.

The polynucieotide gccarding to the invention may be modified 1o enhanve
expression of the protein encoding sequences comprised by {t, in that mRNA instability
motifs andior fortuitous sphicr megions may be removed, or crop prefesred codons nray be

10 wed so that expression of the thus modified polynucleotids in a plant yields substantially
similar protsin having & substantially simifar activicyfunetion to that obtained by expression
of the unmoditied polynucleotide in the organism in which the protein encoding regions of
the unmaodified polynacieotide are endogenous. The degree of identity betwesn the modified
potynuclestide and a polynucieotide endogencusly contained within the said plant and

15 cneoding substantially the same protein may be such as o prevent co-suppression between
the modified and endogenous seguences. by this case the degree of identity betwesn the
sequences should preferably be less than about 70%,

The invention still further includes a biokogical or transformation vector comprising
the present inventive polynucientide. Accordingly, by "vector” is meant, inter glia, one of the

¥ following: a plasmid, virus, cosnud or a bacterium transformed or transfectad 80 gs &0 contain
the polynucleotide.

The invention stil! Auther includes plant material which has been transformed with
the said polynucteotide or vector, as well as such transformed plant material which has been,
or is, further transformed with a polynucleotide comprising regions encoding proteins

25 capable of conferring upon plant material containing it at least one of the following
agronomicatly desivable traits: resistance o insects, fungs, viruses, bacteria, nematodes,
siress, dessicstion, amd herbicides

The invention stitl figther inchudes morphologically normal, fentife whols plants
which have been regenerated from the matesial dischosed in the immediately preceding

1 paragraph, thew progeny seeds and pants, which progeny comprises the polysucieotide or
veotor of the fnvention stuably incorporated tnto its genome and heritable i a Mendelian

IRRRNCY.
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The invention still further includes morphologicatly normal fertile whole plants
which contain the present inventive polynucleotide and which result from the crossing of
plants which bave been regencrated frown material transformed with the present inventive
podynucieotide oy vector, and plants which have been transformed with a polynucieotide

5 comprising regions encoding prowins capable of conferring apon plant material containing it
at feast one of the following agrononucally desirable waits: resistance to lnsects, fanzi,
viruses, bacteria, rematodes, stress, dessication, and herbicides, the progeny of the resultant
plants, their seads and pans.

Plants of the invention may be selected from the group consisting of field crops,

1@ fruits and vegetables such as vanola, sonflower, wbacco, sugar beet, cotton, maize, wheat,
barley, rice, sorghum, tomato, mange, peach, apple, pear, strawberry, banana, melon, potato,
carrot, Jettuce, cabbage, onton, soya spp, sugar cane, pea, field beans, poplar, graps, citrus,
alfalfa, rye, oats, wef and forage grasses, flax and oiiseed rape, god nut producing plants

insofar as they are not already specifically mentioned, their progeny, seeds and parts.

py

Purticularty proferred such plants include msize, soybean, cotton, sugar beet and
ganola.

The ivention st further Campr%sesﬁ method of selectively controlling weeds ina
field, the field conprising weeds and plants of the invention or the herbiclde resistant
progeny thereof, the method comprising application to the field of a glyphosate type
A herbicide it an smount sufficient ty control the weeds without suhstantially affecting the
plants. According to this method, one or more of & herbicide, Insecticide, fungicide,
rematicide, bacteriocide and an anti-viral smay be applied 1o the fleld {and thus the plants
contuined within it) either hefore or after applicasion of the glyphosate herbicide.

The invention still further provides a mrethod of producing plants which are

35 substantiuily tlerant or substantially resistant to glyphosate herbicide, comprising the steps
¥ o g ) 2

of:
{1 transforming plant material with the polynecleotide or vector of the invention;
{ih selecting the thus transformed muterial; and
() regenerating the thus selected raterial into morphologivally normad fertile
30 whole plants.

The rrans{ormation may involve the lntroduction of the polynacleatide into the

matenal by any known means, but in particufar by: (1) biolistic bombardment of the material
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with particles coated with the polyaucleotide; (31) by impalement of the material on silicon
varhide Sbres which are coated with & solution comprising the polynucieotide; o (i) by
introduction of the polynucleotide or vecior into Agrobaecierin and co-cultivation of the
thus transformed Agrebactsrion with plant material which is therehy ransformed and is
subsequently regenerated. Plant transformation, selection and regeneration techniques,
which may requive routine modification in respect of a pardcular plant species, wre well
known to the skifled man, The thas transformed plant material may be selected by its
resistance to glyphosate.

The invention still fusther provides the use of the present inventive polvaucleotide or
vector in the production of plant tissues snd/or swrphologically normal fertile whotle plants
which are substantiafly toderant or substantially resistant o glyphosate herbicide.

The invention stif} further inclodes @ method of selecting biclogical material
ransformed 50 as to express a gene of nterest, wherein the transframed matedal comprises
the polynucleotide or vector of the invention, and wherein the seleclion comprises exposing
the fransformed material to glyphosate or a salt thereof, and selecting supviving material,
The said material may be of plant origin, and may in particelar be desived from 2 monocot
sefected from the group consisting of barley, wheat, oo, rice, oats, rve, sorghum, pineapple,
sugar cang, banana, nnion, ssparagus and leek.

N

fertile transformed
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phant o contain foreign DNA comprising the steps of:
{a) producing regenerable tssue from ssid plant to be rransformed;
{ transforming said regenerable tssue with said foretgrn DNA, wherein said
foreign DNA comprises a selectable DNA sequence, wherein said sequence fanctions
it a regenerable tissue as # selection devige,
{£) between about one day to about 60 days after step (b), placing said
regenerable tissas froms step () 3o a medium capable of producing shoots from said
tisage, whercin sard medium farther contains a compound used to select regenerahie
tissue contaiming said selectable DNA sequence 1o allow idenufication or selection of
the transformed regencratesd tssne
{d} af’{er at least one shoot has formud fronm the sefected tasue of step ()

transferring said shoot W a second medium capable of producing roots from said
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shoot ts produce a plantlet, wherein the second medium optionally contains the said
compound; and
{£)  growing said plantlet into a fertife transgenic plant wherein the Rsign DNA
is transmitted 1o progeny plants in Mendelian fashion, characterised in that the foreign DNA
i3, or the selectable DNA seguence comprised by the foreign DNA comprises, the
pedynucleotide according o the invention, and the said compound s glyphosate or a salt
thereof. The plant may be 4 monocot as indicated above - more preferably selected From
banara, wheat, rice, comn and barley and the said regenerabis tissue may consist of
embryogenic calli, somatic embryos, mature embryos ete,
The present invention will be further apparent from the following description taken in
conpriction with the associated dr awings and sequence listings,
List of Sequences
SEQ ID NO. 1-42 PCR primers.
SEQID NQ. 43 Rice genomic BRSPS sequence {from ATG).
SEQ D NO. 44 Rice genomic EPSPS sequence containing dosble matation.
SEQID NO. 45 FMV enhancer.
SEQ 1D NO. 46 CaM V338 enbancer 1.
SEQ ID NO. 47 CaM V338 enhanver 2
SEQ W NO. 48 Maize polyubiquitin enhancer.
SEQ I NO. 49 Rice actin enhancer
SEQ D NO. 50 Rice GOS2 enhancey
SE D NG, 51 Barley Plastoryanin enhancer
SEQ 1D NO. 52 G rice EPSPS promoter + 57 upstream region.
SEQ ID NO. 53 (3 rice EPSFS promoter + 57 upstream region.
SE(Q 1D NO. 54 G2 rice EPSPS promoter + Adh 1 intron in 37 upstream region,
SEQ 1D NO. 83 Maize Adht intron
List of Figares
Figure | Rice EPSPS genomic schematic map.
Figure 2 Vector pCRA-OSEPSPS (rice dsBEPSPS gens in vector pCR4-Bhunt)
Figure 3 Schematic representation of strategy used to tntroduece the double mutation.
Figure 4 Veetor pTOV
Figure 3 Vector pTCVIOQIQSEPSPS (comprises rice dmEFSPS gene in vector pTOV 001,
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Figure 6 Vector pTCVIDHEPSPSPAC (comprises rice dmEPSPS gene in vecwwr
pTCVIOGE),

Figure 7 Vector pBIuSK+EPSPS (comprises riee dmEPSPS gene in vector pBilgescript SK+),
Figare 8 Vector pPACH

Figire 9 Vector pTOVERSPSPH

Figurg 10 Vector pTCVEPSPSADH

Figure 11 Vestor pBIuSKEPSPSATIH (comprises rice dmEPSPS gene and Adhl intron}
Figure {2 Vector piGPRY

Figure 13 Vector Zen 9

Figure 14 Veotor Zen 12

Figure 15 Vector Zen {8

Figare 16 Intrsduction of Zen vectors into superbinary vectors

Production of plants tolerant to glyphosate treatment through over-expression of a
mutated EPSES under the control of & nen-heteralogons promoter.

The term ‘enhancer” as used throughout this specification means those sequences
apstreant of the promoter which do not comprise the promoter tself but which act to enhance
or segulate transcription imtiation from the prometer. The term “EPSPS promoter deletion™
ax used throughout this speoification refars to the BPSPS promoter together with nucleotides
from the enhancer which is native o the EPSPS gene - L o, novlentides which are upstream
£37) of the promoter.

In respect of the transformation of plant waterial, those skilled in the art will
recognise that although particutar types of targel material {e.g. embryogenic cell suspension
cultare or de-differentiating nmature embryos) and particular methods of transformation
{e.g. using Agrofacterion or particle bombardment} are specified in the examples below, the
present invention is not mited to these pardenlar embodiments and such target ymatertals and
methads may be used interchangeably, Fanthermore, the term “plant cetls” as used
throughout this description of the invention can rafer to isoluted cells, inclading suspension
cultares as wall as 1o cells in an intact or partdy intact tissue such as embryo, scutella,
microspare, pucrospore-derived smbryis or somatic cells front plant organs. Similarly,
although the specific examples are Hraited (0 maize, wheat and rice, the invention is equally
appdicable to any of & broad range of agriculiural crops and amenity plants which can be

transformest using suitable methods of plant cell fransformation.
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General molecular biological methods are carvied oot according 9 Sambrook er of
{1989 Molecular cloning: A laboratory Manual, 2 nd Edo. Cold Spring Harbour Lab, Press,
EXAMPLE L. Generativn of 5 ¢DNA probe for Rice EPSPS

A partial leagth ¢DNA encoding rice EPSPS is oblained using reverse transcriptass

5 PCR(RT-PCR}) Totad RNA is isodated fian two-week-old tiee plants (Qryvza sorive Lindica
var. Koshihikari} using the TREZOL™ method {Life Technologies), First-strand cDMNA
svnthesis 18 performed using Superseript H reverse transcriptase (Life Technologies) with 200
ng of EPSPS degengrate reverse 10 prisner (SEQ 1D NOL 1 and 2 pg of total RNA according
tox the supplizd protocods, Second strand synthesis and cDNA amplification by PCR s

¢ performed using EPSPS degenerate primers 10 snd 4 (SEQ ID NO.1 and SEQ 1D N2 and
PCR beads (Pharmacia) according 1o the manufacturers instructions. Al Istier codes are

standard abbrevigtions (Bur, J. Blochenu (1985) 130015}

SEQIDNOU

EPSPS degenerate reverse 10 &7 GUACRRGUISCARGIGARARIGUOATIGUCAT 3/
15 SEQIDNO2

EPSPS degenerate forward 4 50 GOWQGRACWOIMATACOTCCRYTIADIOS 3¢

The prodacts are cloned Into veetor pCR2LT Unvitrogen using a TA Cloning k8™ as
reconunended by the supplier. Plasmitd is regovered from selected colonies and the segosnce

anatysed by a process involving computer based bomwology searches (BLAST) o confirm that

20 the cloped RT-PCR product shows high homelogy w kaown plact BPSPS segeences,
CXAMPLE 2. Isolation of Rice EPSPS senomic sequence and eloning of the rice
EPSPS gene

A reginn of genomic DINA comtaining the full rice EPSPS gene and 57 upstream

region is isolated from a A EMBLSP&/TT genonue lbrary consteucted from five-day-old

35 etioluted rice shoots (Oryza sative L. Indica var. TRI6) (Clontech). 1x10° plague forming
units {pfu) are screened using the “P-labelled rice EPSPS cfINA probe (example 1) using
provoceds provided by the manufacturer. Positive plagues are subjected (0 subsequent rounds
of bybridisation screening until plaque purtty of 4 cross-hybridising plaque is obtained. A~
DXNA is prepared from the phage pure stack, according to the method described by Sanbrook

30 wtal, 1989, The DNA obtained is analysed by restriction digest and Southern blotting, using
the same P-fabelled rice EPSPS cDNA as « probe. Restriction fragments that cross-

hybridise ave, where applicable, blunt-ended using a method such as Perfectly Blan™
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{(Novagen}, and cloned inmto a sintable vector such a5 pSTBIue (Novagen). The DNA is then
seguenced using an ABI 377A PRISM automated DNA sequencer. Figure | shows a
schemane of the rice EPSPS gene with some of the restriction sitgs marked,

A 3.86 kb fragenent of the rice EPSPS gene, containing the coding region, the EPSPS
promoter, some of the 57 upstrean region and the terminator is obtained by PCR.
Qligonucleotide primer OSGRAL (SEQ 1D NO.3) is used in conjunction with OSEPSPS
(SEQ ID NO. 4} to amplify the desired region. QSEPSPS3 contains additional Soe | and Sma
t restriction enzyme sites to facilitate the sebeloning of the gene during the later stages of
vector construction. A schematic location of these primers is given in Figuee 1.
SBQINDNG, 3
OSSGRAL s+ »7r 707 707 90T 400 TCC OTT OTC O8C OFC 1
SEQIDNG. 4

3

OSEPSPS3 50w 070 o00 GG 108 IO TTE TTS POT TOT 4TC TAR T

&

High fideiity Pfo Tarbo™ polymerase (Stratagene) is used to performt the PCR
redcton with DNA obtainest from A preparation {described above) as the smplification
template. The PCR product of expreted size 15 cloned into pUCRblunt 4-TOPO™ (Invitregen)
and sequenced to check integrity.

EXAMPLE 3. Mulationof Titol and P io S in the rive EPSPS.

The T w I and P 1o § nustation is obtained by the intreduction of two point nustattons. These
mutations are introduced into the rice genomic EPSPS gene hy PCR using oligosucieotide
prisoers containing the desired mutation, A schematic diagram, indicating the binding sites of
the primers used, is shown in Figuse 3, Two separate PCR reactions are performed (both
using the & DNA as template).

1y BeoRVERd (SEQ 1D NQSY + O8MuBot {SEQ 1D NO. 6)

3 OeMutTop (SEQ ID NG, 7 + SallEad (SEQ ID NG 8)

SEQIDNQS

EcoRVEnd 37 GUTTACCAAGGTATCATATCUTLOTACATOTCAGOS 37

SEQ ID NO.6

OSMutBos SRR TCACOECTEC IO T AATGATLGCAT THUAR TTOCAGORTTOC 3¢
SEGID NQT

QshiutTop £ GOARCGOTORAATTRCARTICEATIATTOACAGCAGCCETHACTAS 3¢

SEQIDNOR
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The resulting PCR products ave joined by using equimnolar concentrations of each
PCR product as template with the two oligos SallEnd and EcoRVEnd in a new PCR reaction.

An aliguet of the rexction product is analysed by sgarose gel eleetraphoresis and cloned into

P

pCR-Blunt U™ (Invitrogen). Plasmid DNA is recovered and sequenced to detect the
successiul incarporation of the double mutation. ‘
The DNA [ragment containing the doubie mutation is incorporated into the rice
ERSPS genomic clone (Figore 1) as follows. The clone comtaining the double rautant is
digested with Eco RV and Saf L The plasmid containing the rice EPSPS DNA PCR product
10 s simitarly digested and the Eeo RVIS@l | fragment containing the doubly mutant ligated into
the ricg EPSPS gene tn pCR4ABunt -TOPO™ gsing standasd cloning methods described in
Sambrook et el 1989 and tansformed into compretent £, coli. Plasmid s recovered from
resaltant colonies and sequenced in order 1o confirm the presence of the double mutition
with ne farther alterations. This plaseid, pCR4-OSEPSPS, s shown in Figure 2

i3 The genomic rice EPSPS gene containing the donble mutant {Figure 2) 1s excised
from pCRA-Blhunt-TOPO™ using P¢r 1 and Nar | and higated into pTCVH}{H {Figure 4), to
generate pTCVIQOIOSEPSES (Figure §) and chis is transformed into £, cofi for
amphification. Next, the Pac FEve RV restriction fragment {s gxcised from the L DNA
{Figure 1} and inserted tnto pTCV I0B1OSEPSPS (Figure 3} to generate

20 pTCVIODIEPSPSPAC (Figure 6). The rice EPSPS gene, now containing sequence fram Pae

1 to Sact {Figure 6), is excised from pTCVIDOTEPSPSPAC (Figure 6) as ar Eag 1/Sac 1

fragment and ligated into similacly digested pRiueseript 8K+ o make pBRSK+RPSPS

{Figure 7). Funther rice EPSPS upstroam regions and desired enhancers are sssembled (as

described below) and ligated into the pBluescript $K+ vector using Xba 1/Pac 1.

o
24

EXAMPLE 4. Generation of singly enhanced : rice EPSPS promoter fusions

Figure 1 indivates the binding sites of the primers Gl and G2 used o generste a serics
of deletions at the § end of the rice EPSPS gene. The G and G2 primers are wsed in

o

combination with the RQUR 10 primer using the vice EPSPS fambda DNA template and Plo

TxE

Turbo™ polymerase (Stratagene) using prowcols provided by the supplier,
 SEQIDNQE

-
Gl F7 CRCCTECAGCIOERGITTECT TN RAGREICAGATASD 17

SEQ 103 NO.10
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G2 57 COOCTGCAGCTUGBGEICACALTARTCIAGTTIOTGTON 2
SEQ ID NGO
RQCRIG 3’ GRACCTUAGTTATATOTORTOS 3

The products obtained are analysed by agarose gel electrophoresis and cloned into
pOR-Blam H-TOFO™ vector (Invitrogen). The seguence of the resulting products is
determned to easure that there is no alteration in the sequence of the rice gennmic EPSPS
clone. Clones to progress are selected bused on their oricatation within the vector by
establishing whether or not Xhe T digestion removes only the polylinker sequence rather than
the whole insent from the vector,

The sequences of the CaMV3S § and FMV 358 genes and their associated 37
upstream regions are published in the EMBL dutabase (for example accession 00141 and
x00166). Primers are desigoed so as s amplify only the upstream enhancer regions of the
said genes. The CaMV33S enhancer] {SEQ 1D NO. 36) is thus obiained by PCR using
primers SEQ 1D NO. 12 and SEQ ID NO. 13 jo conjunction with Plu Turbo™ polymerase
and pMIBT DNA (A59870) as the wmplate. Alternatively a different region of the
CaMV 335 enbancer is obtuined using similar methods (SEQ TD NO. 37 The FMV33S
enhancer s synthesised chemically (SEQ 1D NO, 33),

The following oligonaciestide primers are used,

SEQIDNO. 12

3885 51 CBUTCIANAGGCOGGITARCATRITHOARCACGRCATACTIYTCTAL 37
SEQ I NG 13

3583 3 COCTGUAGTTOOAGCATOAR TRCACT TOCTTTGARCACG 3°

The sequence of the amplified and vloned molecules is confirmed folfowing cloning
into the PCR Blunt-1-TOPO vector (avirrogen). The pCR Blunt-ILTOPG vector, containing
the EPSPS 3'UTR defetion is digested with Xba 1/Xke 1. The Enhancer is removed from its
respective pCR Bluni-I1-TOPQ vector also using Xba WXhe t digestion and ligated into the
first veotors containing the BEPSPS promoter deletions geversted by PCR,

EXAMPLE §, Generation of donbly enhanced : rice EPSPS promoter fusicns,

In order 1o further increase expression from the rice EPSPS promoter an additionsd
entmacer may be used in conjunction with either the 358 or FMV enhancer.  In one example
of & cloning strategy to achicve this, enhancer/EPSPS fusions are inftially made {similar to

example 4} comprising & single (first) enhancer, Such first enhancers are selected from the
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apstream regrons 37 of the promoters of the rice GOSZ, rice actin 1, maize potyubiquitin,
CaMV 358, FMV 338 and barley plastocyanin genes. The nuclestide sequences of these
regions are published in the EMBL database (accession number k1913, x 158635, u2G15%,
V00141, x06166 and 228347 respectively). Primers are desigoed so as to amplify only the
desired transcriptional enhancer regions §7 1o these genes (SEQ 1D NO. 1510 220
SEQIDNO.IS

Barleys §¢ CUCTOTRARAGRCORGCUOTARARTL TCLCATERNGAGCRTE 3 ¢

SEQ I NOQ.S

Barfeyl 57 OGOTOCAGOTCRMGHORICTUTLIATCONGATRAGS 3

SEQIDNOIT

GSGOSS 3 CHUTITARABRCTOGUCHRAA TCCHRABAATTTOTOCACATTTIVALY 37

SEQIDNOS

OSGOS3 5 COCTHAGCTCAANGOTETCOTCOGTIAGKTCATIC 3

SEQID WO

MPUS S¢ GRC TAG TOR UOG 8CC ATO AST O0F CAS OTT TTS TIC 3
SEG D NQ.20

MPLI 50 TR ACT AL GG GAT SUC GCO TOO OFY 80 3¢
SEQIDNQ.2E

RA3 5 GO TA RGO GG GR TS S CUU T CAGCCGONTET POASTRTS 3

SEQ D NG22
RA3

1%

COUTGCASTROTOGIGATCCTOLTCRUTTITICS 4° par?

DNA is isolated from greenhouss grown plissts {maize, barley or rice) using the
DNAeasy protovol {Qlagen) and used us the starting template for POR anmplification. The
PCR products are cloned into pCR-Blunt-T-TOPO and sequenced 1o check authenticity, The
enbancer EPSPS fusion is made as deseribed previowsly in Example 4 (osing Xba/Xhol
swap) except m the case of nee actin 1, where the enhancer Ix inverted as an Xba 1/Pst 1
fragment {a Xhol site is replaced with a Py} site due to the presence of @ Xhe 1 site in the
Ries actin enbancer) and roaize polvubiguitin, where the enhancer is inserted as a Spe 1Xho
i fragmeant {the Xba | site is replaced with a Spe 1 site due to the presence of a Xba 1 site in
the imaize polyubiguitin enhancer). Note that an internal Xbhal site is used with respect to the
maize polyubiquitn enhancer region. The second enhancer, which can be either the

CaM V35S enhancer or the FMV enhancer is amplified using the primers 358Xho and 3583
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{SEQID NGO 23 and SEQ ID NO. 13) (358 or FMVXho and FMV3 (SEQ 1D N 23 and
SEQ 1D MO 26 respectively. These primers facilitate the introdaction of a Xho! site {or Per
1 site} atthe §7 and 37 sermind of the enhancer. Altersatively a Pac | site is introduced at the
3 end 1 place of the Xhol site using primers 338Pac (SEQ 1D NO. 24} o FMVPACI{SEQ
.27

SEQIDNQ.X

358xho 51 CTGCAGCTOGAGARCAT SN THAASTACOACACATTTETOTAD %7
SEQID NO.24

ISZPAC 5¢ TTAATTAACATUASTCOACTTSOTT THANGASS 37

SEQ Iy NOL2S

FMVXhot § CTOSAGHGOCSGCOSTASUTGRETTIG 3

SEGID NO.26

FMV3 S¢ DICHRYTITTOTOOTCRTCACTROYTING 37
SEQIDNQ.2T

FMV3Pac 37 TPAATTARTTTTATOFICGTUACTOCRTTOE 3¢

Once sequenced, the PCR produes, etther X 12 Xho 1, Fse 1Pac § {when rice actin
ix the first enhancer) or Xho H/Pac 1, 18 introduced jotn the vonstruct which comprises the
first echancer : EPSPS gene fusion sither af the Xhol site or between the Xho 1 and Pac T or
Fst } and Fae 1 restriction stes as required. The intvoduction at the Xho | site is ased to
construct the double enbancer fusion constructs comprising sither the G or G2 EPSPS
prosaoter deletions. Both the Xhe FPac land Psr HPac 1 fragments are used to construct
souble enhanver fusions comprising the G3 EPSPS promuoter deletion, Where the secend
enhancer 18 introduced ax an XAn | fragment the orlentation of the enhiancer is determined by
PCR
EXAMPLE 6. Insertion of Adhl intron into the $° UTR of the rice EPSPS gene

The invertion of the Maize Adht intron { into the desired rice EPSPS promater
deletion (2.2, made as described in Exanple 43 is perfurmed prior 1o the gensration of the
tusion construct with the desired enbancer(s). In this particular example the Adhi fatron is
wntroduced into the G2 EPSPS promoter deletion. The skilled man will appreciate that similay
methodology can be adupted 1o fncorporate the Adhl intron inte other EPSPS promoter

deletions. The maize Adhl intron Is inserted into the constructs by PCR. The Adh 1 intron is
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ampiified from a suitable sonsce, such as maize gennmic DNA or a vector such as pPACT
{Figure 8) using primers AdhS (SEQ (D NO. 38 1 andt Adh3 (SEQ ID NG, 29}

SEQID NG . 28

AdRS OO T O R T A G C A T A A G ARG TON GO T U T PO PO TR

SEQ 1D NO. 29

[

Adh3  Grosr TG T aU OO TR A TOCR A TOCAGGRAABICARTE

The resuiting PCR produet is denatured and psed as 8 primer in conjunction with
Adh3Pae (SEQ ID NO. 30} to amplify the desired prodoct using the vector
pTCVIQDTEPSPSPAC (Figure 6) as wmplate

10 SEQIDNO. 30

Adh3Pac COAGTYC TR TAGTECATTTCACUT TAR T TAARAL
The resulting PCR product is cloned into PUR-Blunt ¥ (invitragen), The Pac 1:&ind T
fragment is excised from the rice genomic clone (Figure 1) and inserted into pTCV IO to

generate pTCVERSPSPH (Figure 9). Next, the Pae ¥Neo 1 PCR product obtained above and

s
(¥4

compising the Adh §istron is inserted into pTCVEPSPH as shown by the schematic {Figure
9} The Pac Lifca RV fragment present in the cloned EPSPS gene containing the double
mutant (Figure 10} is excised and replaced with the Pae YEco RV fragment from
pTCVEPSPSPH that comprises the Adh 1 intron sequence (Figure 9). Finaily the foll
EPSPS gene vomprising the Adb | sequence is excised from pTCVEPSPSADH (Figure 10}
20 ayan Egg HSac | {ragment and clened into pBluescript SK+ to give pBRiSKEPSPSADH
{Figure [}

EXAMPLE 7. Introduction of pptimised pre ATG consensus sequence (Kozak) rig site

directed mutagenesis for construcis commprising the maize Adhl intron.

Optionally, site direvted mutagenesis s performed on constructs containing the Adhl
2% intron using the QuickChange Site Directed Mutagenesis kit (Stritagene). This is perfarmedd
on the Pacl/Sacl EPSPS fragment in pBluescript 3K+ (Figure 11) prior to fusion with the
enhancer : EPSPS promater fasions. The following oligonuclentide are used according to the
supplied protocols to sptimise the KOZAK sequence
SEG D NQ, 3
30 Oskozsk & GERCCOGTRCAGCTOUGGTATCATEICOGORACIATRAC 4/
SEGID NQ, 32

Ohkozakrev 5« Q00 THETLOCIOTCATOR TACCGCAGCTACACHIGTUC 3

COR-AAD1-00004617
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Clones are analysed by restriction analysis, using Kpa 1, on recovered plasmid, The
correctly altered DNA is characterised by an additional Kpn | restriction site compared 1o the
un-aliered DNA. The sequence is then verified by automated DNA sequencing.

The alicred DN A sequence may be transferred original construets using the unigue restriction
5 enzyme sites of Sphe | or Fae 1 at the 57 end and dvr I or oo RV gt the 3" end as appropriste
for each vect.

EXAMPLE 8 Completion of EPSPS expression casseties comprising, in the §° to 3°

direction, Enhancer region(s}, vice EPSPS promoter upstieam region, EPSPS

promoter, EPSPS SUTR + {(optional} maize Adhl intron 1, rice EPSPS plastid transit

10 peptide coding region, rice mature EPSPS coding region and rice EPSPS gene

terminator region |

The singly and doubly enhanced rice EPSPS promoter fusions {Examples 4 and 3}
contained within the pCR Bhunt-TH-TOPQ veators are excised using Xba { and Pac | and
inserted into the similarly digested pBluescript SK+ clone contamning the remainder of the

~ 2
;

F1 However, when the nmaize polyubiguitin

ot
v

rice EPSPS sequence (Flgures
enhancenEPSPS fusion is o be used this is firstly cloned inte pBluescript using SpetiFac |
The remainder of the rice EPSPS sequence is ther inserted as Pac 1 Sac | s complete the
expression cassette. This faal cloping step results in the reguired gene constructs. Examples
of constructs obtainable using the above strategies are given helow in Table 1. Schematic

2 maps are given in Figares 318,

Clons First Secoed EPSPS troventer Adhl EPSPS gonoanie BRSPS
enhancer ephancer  delenan Intran coding egion 'i‘e-mﬁna{{sr
ZENR CadVIFE None Gt N ¥as Yeu
FENTE Ra 358 Gt No Ve ¥es
ZEN1S EA 335 G3 Pin Yex Yes
ZENIS MPIL 338 G3 Nu Yes Yes
ZENIO RpC 338 R ¢ . Yes Yes Yes
ZENIY GOS2 338 G2 Yeg ¥es Yes
ZEN{Z 3082 358 {3 N Yes Yes
ZENZ3 FMY Nane G2 Yes Yes Yes
ZEN24 MV 3588 G2 Yesg Yes Yoy
FENIS 338 FMY G2 Yea Yex Yes
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EXAMPLE 9. Subcloning of EPSPS expression easssttes from Bluescript into pIGPDS

Where desired and gspecially for transformution of planis by direct DNA methods
{whiskers, bombardment and protoplasts), the EPSPS expression constructs are excised from
pBlueseript using Xma 1 and cloned inwo plGPDY (Figure 12). The use of this vectr for
trans{ormation avoids franster of antibiotic resistance genes 10 the plant since selection relies
on complementation of an auxotrophic his B E.voli nustant with the gene expressing IGPD
{tbe bis B product). The pIGPD9-derivid plasmids deriving from insertion of the ¥ma 1
fragments of pZENG, 11, 12, 14, 15, 16, 18, 20, 23, 24 and 25 are termed pZENSE, pZENI 1,
pZENIZL .. ele

Large DINA prepawatioas for use in plant trunsformation are obtained using the Maxi-
prep procedure (Qiagen) using protovoels provided by the Manufacturer

EXAMPLE 18, Preparation of DNA for plant transformation

The above procedure describes the assembly of *EPSPS expression casseties’
compeising, ina 3" to 37 direction, an enhancer sequence(s). an EPSPS promoter from rive, 2
region encoding @ rice BPSPS transit pepuide, & region encoding & mature rice EPSPS
snzyme which is resistant to glvphosate through baving T to Tand P to 5 changes at the
spreified positions and a vice EPSPS gene Cerminator.

Optionally the desired cassettex also further comprise a drug selection marker gene
{e.g ampiciilin resistence, kanamycin resistance ete.) 2 T-DNA Left or Right Border region
and (optionally) a scaffold attachment reginn added 57 andfor X7 1o the above described
construct, The skilled man will recognise that similar methods to those deseribed above can
be used to obtain these added components and clone them into the desired positions.

EXAMPLE 11. Transformation of corn lines using aw derebgcterium strain

vontaining a superbinary vector which includes an EPSPS expression cassette hetween

the vight and left borders of the T-DNA; selection and regeneration of plant cells and

plants which are resistan to glvphosate

Construction of Agrobacterian strain
Bluescript plasmid DNA (o.g. ZENQ, ZENTL ZEN14, ZENTS, ZENIS, ZEN2G,
ZENIQ, ZEN23, ZEN24 or ZEN23) is digested with gither Xma | or with Xba 1/ Sac | angd

the thus-obtained (~ $-6.5 kb) EPSPS-encoding fragment lgated into a position within the
cloning site located between the right and left T-DNA borders of similarly restricted pSB 1.

In the case, for example, of using the Xma | fragment of pZEN {8 this ligation creates the
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plasmid pZENISSB11 (Figure 18 The construction of plasmid pSB1{ and the constroction
of its parent, pSB21, is described by Komnari et al {1996, Plant ). 10 165-174). The T-DNA
region of pZENIR is integrated into the superbinary pSBI vector. {Saito e af EP 872 732

A} by a process of homcdogous recombination (Figure 16) to create the plasmid,

5 pSBIZENIE. To achieve this the plasoud pZENISSBI is transformed into £ coll strain
HE 101 which is then, acconding 1o the triple cross method of Ditta et &l {1980, Proe. Natl
Acad, Soi. USA 77: 73477351}, mated with an Agrobacterivsy LBA4404 hirbouring pSB1
1o creaty the wansformed strain of Agrebacterion, LBA4404 (pSBIZENR) in which the
presence of the cointegrate plasmid pSBIZENTE 1s selected for on the basis of resistance o

1 specunomycin. The identity of pSBIZENIE s also confismed on the basis of Sal |
restriction analysis {(Figure 16). LBA4404 straing containing the dircetly analogous
constructs pSBIZENG, pSBIZENL, pSBIZENIZ, pSBZEN14 ete are similarly constructed
starting from the Xmal fragments of pZENS, LENIL, ZENI2, ZEN 14 etc..

Ahernatively, using similar methods o those described above, a similar fragment of p

15 ZENY, ZEN 11 ete is homologousty recombingd into 8 position between the right and keft
borders of the supsrbinary vector pTOKIGZ (Fig 1 in US 3391616) o generate & stmilar set
of cointegrate plasmids selected {or i Agrobacteriun on the basis of combined resistancs ©
kanamycin and spectinomyein,

Agrobacteriwn strain LBALINE which has a belper plasmid PALA404 thaving a

2 complete wir region) 18 available from the American Type Culture Collection (ATCC 37349,
An alternative useful strain is Agrobacteriom BHALUL (1986, Hood «f of, 1. Bacteried,,

1083} 1283-12830) which has a helper plasmid having the vir tegion from the strongly
virutent strain Agrobacterivum hesefactens A2R1,
Preparation of Azrpbacterivm suspensions

2% Agrobacieria strains LBAAO4(pEB LZEND), LB A0S (pSBIZENTT) et arg each

stezaked onto plates contalning ‘PHISL solid medion and cultured at 28 C in the dark for 3
1o 10 day
PHI-L medinm is as described on page 26 {Example 4) of WO 98/32326. PHI-L
medivm made up in doobie-distifled water comprises 25 mif of stock solution A, 25 mlft of
3 stock solution B 4309 mild | of stock solution C and 50 mg/ T of spectinomycin, Stock
solations are sterilised by autoclaving or filtration, Stock solution A is 60 gf { KoHPD, and

20 g/} NaH:POy adjusted to pH 7.0 with KOI: stock solution B is 6 g/ Mz S0.THO, 3w/
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PKCL 20 g/ ENHLCL 0.2 ¢/ F CaCly and 30 mgd | FeSOu THO @ stock solution C 8 556 g/
of glucose and 16.67 g/ | of agar (A-7T049, Sigmw Chenticaly, S Louis, Mo, USA}
Alternatively the Agrobacieria sre cultured for 3 10 d on a plate contudning YP
mediom {5 ¢/ ysast extract, 10 g/l peptone, 5 g NaCl, 15 g/ 1 agar at pH 5.8} as deseribed
by fshidi er al {1996, Nature Biotechaclogy, 14, 745-7TNH o, aliermatively, wx described by
Het ot of in US 5591616 (AR medhum (Irlica and Kade, 1974; Proc. Natdl, Acad. Sci. USA

*

T1:3677-36811) but, in each case, modified to provide the appropriate antublotic selection
{e.g. containing 30 mg/ nd spectinomycin in the case of Agrakacterinm strain
LBAMOYpSBIZEND) stc. or ontaining both 30 my/ mi spectinomycin and 30 mg/ mi
Kanamyein in the vase that Agrodacterinm containing a pTOK 162-derived suparbimary
vegtor is used).

Plates of Agrebactesium made as desertbed above are stored st 4 € and used within a
maonth of preparation. For preparmuion of suspensions a single colony from the master plate is

reaked out onto a plate containiug, at pH 6.8, 5 g7 | yeast axtract {Difco), 10 g/ | peptune

{Difeo), § ¢f L NaCL 15 gf 1 agar (Difeo) and 30 mgd { of spectinmycin (or g8 appropriate for
the particudsr strain of Agrebacsréen) . Plates are lncubated at 28 O, in the dask for 24

Suspensions of Agrabgcteriwn for wansformation of plant material are prepared ina
simnilar manner to deseribed in US 5391610, (Using goasd microbiological practice 1o avoid
contamination of aseptic cultres) 3 X 3 mm loopluls of Agrobacterium are removed from
plates, transferred and suspended 1o 3 ml of sterile AA Liguid medivm in a 14 mi Falcon tube,
As usud here, AA Hyuid medium ot pH 5.2 containg the major inorganic salts, aming acids
and vitaming defined by Toriyama and Hinata (1985} in Plamt Science 41, 179-183), the
minor inorganic salts of Murashige and Skoog medivm (Murashige and Skoog, 1962 in
Physiol, Plant 15, 473-4973, 1.5 ¢/ | of casaming acuds (casein hydroiysaie), I mgfiof 2,4 -
dichlorophenoxyacetic acid (2.4-13), (.2 mg/ 1 of kinetin, 0.1 mg/ { of gibberelhn, 0.2M
ghucose, 0.2M saorose and 1 mM acetosyringons.

Alernatively, saspensions of Agrebacteritan for transfivmation of plant material are
prepased in a shmifar manner o described 1o WO 98/32326. 3 X § mun foopfuls of
Agrobgcierins are removed from plates, transferred and suspended in 8 ol of the swerile
PHI-A basic medium as described in Example 4 on page 26 of WO 98/32326 or,
aliernafively, suspended in 5 ml of the stertle PHE combined medium alse desoribad in

Example 4 on pags 26 of WO 9832326, In cither case § mi of 100 mM 3-8 -Dimethoxy~
k’ -
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hydroxyacetophenone is also added. PHI-A busic medium at pH 5.2 comprises 4 g/f of
CHU(NG) basal salts (Sigma ©-1416), 1.0 mi/ 1 of Erikeson’s vitamin mix (1000X |, 8 gma E-
1511, 0.5 mg/l thiamine. HCL 1.5 my/ m} of 24-D, 0.69g/ { L-proline, 8.5 ¢/ | sucrose snd

6R.5 g/ 1 glucose. PHIH combined medium, alse adjusted to pH 3.2 with KOH and filtey

2

steriized, comprises 4.3 o/l of MS salts {GIBCO-BRL), 0.5 my/ mi nicotinie acid, 0.5 myg/
mi pyridoxine, HCL 1.0 mg/ mi thiansine. HCL, HXimg/ 1 myo-inositol, 1 g/ ! vitamin assay
casaming acids (Difeoy, 1.3 mg/ mlof 24-D, 0.69g/ 1 L-proline, 6.5 g/ sucrose and 36 ¢/ 1
ghruose.
Alternatively, suspensions of Agrobacterfum for transformation of plant material ave
1 prepaved in a similar nanaer to desceribed by Ishida et al (19963 Nature Biotechnoloay, 14,
45730 3 X 5 mn loopfuls of Agrobacterius are remaved from plutes, transferred and
suspended in 5 mi of LS-inf medbam. LS-inf medivg: (Linsmaier and Skoog, 1968, Physiol.
Plant 18, 100-127) adjusted to pH 5.2 with KOH contained LS major and minor inorganic
salts, 0.5 mg/ ml nicotinic acid, 0.5 mgd mi pyrigdoxiae. HCL, 1.0 myg/ mi thigmine. HCL, 100
5 mgf boyo-mositol, | g/l vitimin assay casamino geids (Difeo), 1.5 mg/ ml of 24-D, 685 of
Psucrose and 36 ¢/ | glucose,
However produced, the suspension of Agrobacterium is vortgxed t make an even
suspension and the cell popuiation adjusted to between 0.5 3 10% and 2 x 10" ofi mi
{preferably the fower). 1 x 107 ofu/ mi corresponds to an OD { cm) of ~ 8,72 2t 550 nm.
2 Agrobacterizon suspensions are afiguoted into ¥ mi fots in sterife 2 mi
microcentrifoge tubes and used as soon as possible

Corn lines for ansfonmation

Suitable matze lines for transformation inchude bt are not vestricted to, A188, Fi

PI732 F1 (ALS8 x B73Hy), Fi (B73Hi x A188), F1 {A188 x BMS). Varieties A18%, BMS

T
W

{Black Mexican Sweet) and B73 Hi ave obtained from the Ministry of Agricuhure, Forestry
and Fishertes, which is well nwn to the skilfed man. PI732 is oblained from IWATA
RAKUNGQU KYODOKUMIAL Suitable maize lines also include a variely of AIS8 x inbred
crasses {v.g PHISH < AIBR, PHN4G x A8, PHPPS x AIBS in tabls 8 of WOO8/ 32326 as
well as elite inbreds from different heterotic groups (e.x PHN4G, PHP2R and PHIS in wable
3¢ 5 of WORS/ 32326).

For example immmature embryos are prodaced frons “Hi-IT” corn. M-I is & hybrid

betweon inbreds (A188 x B73} generated by reciprocal crissses between Hi-l parent A and
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Hi-I1 parent B avatiable from the Maize Genetic Cooperation Stock Center, University of
iHlinoss at Champaign, Urbaga, Hinais). Seeds, termed "Hi-H' seeds obtained from these
crosses are planted out in a greenhouse or field. The resulting Hi-ll plants are self or eross-

poflinaed with sister plants.

5 Preparation of immature smbryoes, infestion anst on-cultivation
Transformation of tnmature embryos of corn is carried cut by contucting the

fmmature embryos with the suitable recombinant siosins of Agrabacterinm described above.
An ismature embryo means the embrye of an immatwve seed which is in the stage of
maturing fofllowing pollination, Immature embryos are an intact tissue that is capable of celf

1 division o give rise to callus cells that can then differentiate to produce the tissues and
crgans of & whole plant. Preferred materdal for transformation alse inclodes the scutefla of
embryos which is also capable of inducing dedifferentiated callt with the ability 0 regenerate
normal fertile plaots having heen initially tansformed, Preferred material for tansformation

thus also includes callus derived from such dedifferentiated immasure zygotic embryos or

L

seufella.
Immatiee corn embryos are olated asepucally from developing ears as described by

Green and Phallips {1976, Crop. Sct 15 417-421) oy, alteratively, by the methads of

Neuffer ot al {1982, "‘Gmwing Maize for genetic purposes” i Maize for bivlogical research,

W.F. Gheridan gd.. Untversity Press, Untversity of North Dakota, Grand Porks, North

2 Dakota, USAY. For example, innnature corn embryos betwess -2 mm {preferably 1-1.2
mm} hony are aseptically isolated frory fomale spikes at 8212 (preferably 11} d after
polliination using a stertle spatola. Typically sars wre swrface sterilised with 2.63% sodiom
hypochlovite for 20 min before washing with sterile detomized water and aseptic removal of
yrnakire embryos. Immature embryos {preferably ~ 100 in number) are dropped divectly

25 inse a2 mi microventrifuge tube containing about 2 mi of the same medium as used for
preparing the suspeasion of Agrobacterism (the alternatives for which are described above).
The cap of the tube is closed and the conterts mixed by vortexing for a few seconds. The
mediom is decanted off, 2 ml of fresh medium are added and vortexing is ropested. All of
the mediunt 35 then drawn off o leave the washed immature embryos at the bettom of the

3D twbel

Having prepared the immature maize embryos the next phase of the process, the

infection step, is 10 contact thent in with the ransformed strain of Agrobacterion.
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I one example of this process, the infection step takes place in o lgwid medium
which includes the major inorganic salts and vitaming of N& medium (1987, Chu C.C. Proe.
Symp. Plant Tissue Culture, Science Press Peking. Pp 43-50) as described in example 4 of

WO ORA2326, 14 mi of suspension of Agrobacterium, prepared as described above in PHI-

L

A medivm is added o the embryns in the microcentrifuge tobe sud vortexed for about 30s.
Alternatively, 1O mi of suspension of Agrobacterivm prepared, abso as described whove, in
either FHI- medtas or dn LS-iaf medimo s added.
After standing for 5 minutes the sespension of Agrobacterivn aod enybryos is poursd
ot inte a Petrd plate containing either 1) PHE-B medium or 2) PHI-J mediam or 3) LE-AR
1 mediam sccording to whither the original saspension of Agrobacteriion had been prepared in
PHE-A medium, PHI medivm or LS-inf medium, mespectively, The dgrebacterim
suspension s drawn off using a Pastewr pipette, the embryos manipulated so that they sit’
axis-side downwards onto the mediva, the plate sealed with parafiim and incubated in the
dark at 23-23 C for 3 days of cocultivaton. PHI-B medivm at pH 3.8 comprises 4 g/l of
15 CHUING) basal salts (Sigma C-1416), LO ml/ | of Eviksson’s vitarnin mix {1000X , Sigma E-
15113, 0.5 mg/l thismine. HCL 1.5 mgd md of 24D, 0,69¢/ | L-proling, 0.85 mg/ 1 sibver
astrate, M g/ sucrose, 100 oM acensyringone und 3 g/ | gelrite (Sigma). PHI-T medium,
alsy adfusted v pH 5.8 comprises $.3 ¢/l of MS salts (GIBCO-BRLY, 0.5 mg/ nd nicotinie

acid, 5 mgd ml pyridoxine, HOL 1.0 mgf mi thiaming, HCL, 100 mg/ | myo-inositol, 1.5

[
Pl

tagf mf of 2,4-13, 0.69g/ | L-proline, 20 ¢/ 1 sucrose. 1 g/ | glucose, 0.5 &/ I MES (Sigma),

100 mM acetosvringons and 8 g/ 1 purified agar (Sigima A-7049}), LS-AS mediwmn {Linsmaier

and Skoog, 1965, Physiol. Plant 18, 100-127) adjusted to pH 5.8 with KOH contains L8

major and minor inorgante salts, 0.5 mgd ol nicetinic acid, 0.5 sy mi pyridoxine, HCL, 1.0

mg/ mi thiamine. HCL, 700 mgd | Leproline, 100 mg/ I myo-inositol, 1.5 mg/ o of 2.4-D, 20

35 gflsucrose, 10 g/ 1 glucose, 6.3 gf 1 MES, 100 mM acetosyringone and R g/ | purified agar
{Stgma A-T40}

Following the preparation of immative emibryos, as describod above, an aliernative
methad of achieving transformation is to infect them during and after a period of
dedifferentiation as described iy US 5521616, Inmature embryos are placed on LSD 1.3

30 sodid medium containing LS inorganic salts and vituming along with 10 mgf nud casamino
seids, 700 mgf 1 L-proline, 100 mg/  myo-inositel, 1.5 mg/ mi of 2,4-D, 20 ¢/ | sucrose and

2.3 g/ of gelrite. After 3 weeks wl 25 C, cullf originating from the scutelis ave collected in a
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2wl ancrocentrifuge tube and immersed in ¥ mil of Agrebacteriom suspension prepared, as
described above, in AA medium. After standing for § minutes, the resultant calli are
rapsferred (o 2NG solid medivim containing 100 mM acetosyringone and incubated in the
dack at 25 € for a 3 day period of cocultivation. ING solid medium comprises the inorganic
salts and vitaming of NS mediam: (Cha C.C., 1978; Proe. Symp. Plant Tissue Cidture,
Science Press Peking, pp 43-50) containing { g/ | cusamino acids, 2 mg/ 1 2.4-D, 3 g/ |
sucrose and 2 gf 1 of gelrite.

‘Resting and Selection of ransformanty’

Following cocaltivation, erbryos are, aptionaily, transferred to a plate containing
PHEC medivny, sealed over with parafilst and incubsated in the dark for 3 days for a ‘resting
step” prioy W selection. PHIC medunm a1 pH 5.8 comprises 4 g1 of CHU(NG} basal salts
{Sigma C-1416), 1.0 m¥/  of Eriksson’s vitamin mix {JOD0X | Sigma B-1511), 03 mgfl
thiamine. HCL 1.3 mg/ miof 2,4-D3, 0.69g/ 1 L-proline, 0.85 mg/ | silver nitrate, 30 g/ 1
sucrose, 143 g/ I MES, 100 my/ | carbenicillio and 8 2/ | purified ager (Sigma A-7049). As

selosed in WO Q8/32326, the desirability of including this resting step b the overal
transformation process vavies according to conn Hine and is @ matter of experiment.

For the selection step, abwnst 20 e.mbry{;s are ransferred oot cach of a numbsr of
fresh plates containing PHE-D selection medium or LSD 1.5 selection medium | sealed with
paralilm and wcobated o the dark ar 28 €. PHE-D selection mediam, acijustr::d wpH 58
with KOH, comprises 4 g/ of CHU(NG) basal salts (Sizma C-1416), 1.0 ;¥  of Eriksson's
vitaniin mix {1000X, Sigma E-1511), 0.5 my/] thiamsine. HCYL, LS mg/ mi of 2.4-D, (1.69g/ 1
L-profine, 085 mg/1silver nitrate, 30 ¢/ 1 sucrose, 0.5 ¢ | MES, 100 my/ | carbeniciliin, 8 3
U purified agar {Sigma A-7049) and borwesn 0.1 mM and 20 M of tissue cultuge grade N-
{Phosphonomethyli-glycine (Signa POSS6). LSD L5 selection medium, adjusted to pH 5.8
with KOH, comprises LS major and minor inorganic salts (Linsmaier and Skoog, 1968,
Fhysiol. Plant 18, 100-127), (1.8 mg/ mi nicotinic acid, 0.5 mg/ mi pyridoxine. HCI, 1.0 myf
mi thiamine. HCL, 700 mg/ 1 L-predine, 100 mg/ Loyo-inositol, 1.5 mg/ sl of 2,4-D, 20 g/ 1
sucrose, 0.5 g/ I MES, 250 mygf | cefotaxime, 8 o/ { purified agar {Sigma A-7049) and
between 0.1 mib and 20 mM of ssae culwre grade N-{Phosphonomethyli-gheise (Sigma P-

B556).
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Alterngtively, in the case that the starting material for selection are calli-decived from
irymature embryos as disclosed in WO 35391616 then such ealll are wushed with sierilised
water containing 250 mgf | cefotaxime before coliring on LSD 1.8 sefection medium.

The embseyos or clusters of vells that proliferate from the nmature embryos are
transferred (31 necessary using @ stertle scalpel} to plates containing fresh selection medium at
2 weekly intervals over g total proiod of about 2 months. Herbicide-resistint call wre then
butked by continued growth o the same medium unti the dismeter of the sele cted calfus
exvesds abowt 1.3 em

The concentration of N-(Phasphonomethyly-glyeine in the selection medium ix
chosen appropriately to select a desivable number of genuine transformunts and is preferably
within the range 0.3+ 5 md. Preferably the coneentration of N-(Phosphonometheh-glycing
ased in the selection medium is about | mM for the first two weks of selection angd ahout 3
mM thersafter.

Regeneration of mansformantsd propagation and analvsis of sansformed plant material

The selected calli are regenerated imto normal fertile plants according to, for example,
the methods deseribed by Duncan ot &8 {1985, Planty, 165, 322-332) by Kamo ez of (1985,
Bot, Gaz, 146{3), 327-334 ) andfor by West of af {1993, The Plant Cell, 5, 1361- 1368 andfor
by Shilfito e af (1989) Bio/ Technol, 7, 581-387.

Fror example, sefected culli of diameter 15 2 om are transferred to regeneration/
maturation madiom and incabated in the dark for abont 1-3 weeks to allow the somatic
SENYOS 1o ature. A suitable regencration medium, PHE-E medium (WO 987 32326) i
adiusted to pH 5.6 with KOH and comprises 4.3 g/t of MY salts (GIBCO-BRL), 0.5 mg/ ml
nicotinic acid, 0.5 mg/ mi pyridoxine. HCL 0.4 mg/ s thiamine. HCL, 100 mgd § mvo-
wosiol, 2 mgf 1 glyeine, 0.5 mig/ 1 zeatin, LO mg/ mi of indolescetic acid, 0.1 mM abscisic
aewd, 100 mgf | carbendcillin, 00 gf | suorose, B g/ 1 purified agar (Sigma A-7049) and,
optionally, between 0.02 oM and | wM of issue enlfore grade N-(Phosphonomethyd)-
gheine (Sipma P-8336),

The callt are then transferred to rootingd regeneration medivnm and wrown w25 C
under cither 4 schedule of 16 h daviight 70 mE m® s7%) and 8 h of darkness or under
continuous illussination ~ 250 mE ar” ¢ until such a time as shoots and roats develop.
Suitable rooting/ regenerativys media are either L8Z moedium as deseribed in lhc following

paragraph (optionally containing no phosphonomethylgiveine) o PHISF medivm at pH 5.6
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which camprise& A3 g of MS sals (GIBCO-BRL), 0.3 mg/ mi nicotinic acid, 0.5 mgf mi
pyndexine. HCL (01 mg/ mi thismine. HCL, 100 mg/ | myo-inosital, 2 mg/ § glycine, 40 g/1
suerose and 1.5 gf | gelrite,
Alterpatively, selected calli are transferred directly to LSZ regeneration medium
$  adjested to pH 5.8 with KOQH and comyprising LS major and misor inorganic salts (Linsmaier
and Skoog, 1965, Physiol. Plant 18, 100-127), 0.5 mg/ mi nicotinic acid, 0.5 mg/ ml
pyridoxine, HCL 1.0 mg/ mi thiamine, HCL, 700 mg/ i L-proline, 100 mg/ | myo-inositol, §
g mi of zeatin, 30 ¢/ 1 sucrose, 0.3 ¢/ | MES, 230 my/ | cefotaxine, 8 gf | purified agar
(Sigma A-7049) and, optionally, between 0.02 mM and { mM of tissue coltore grade N-
10 {Phosphonomethyl-glycine {Signa P-9556) is used.  After a periad of incubation in the dark
plates are subject tor ithanination (continuous ar light/day as above)and plantlets regenerated,
Seuall plantiets are transferred to individual glass rubes vontaining sither PHI-F

medivm or half strength LSF medium at pH 5.8 comprising LS major salts {(Linsmaier and
Skoog, 1963, Physiol. Flant I8, HX:-127) at half strength, LS minor salig, 0.5 mg/ mi

15 nimﬁnic acid, 0.5 mgd mi pyridoxine. HCL L0 mg/ mi thiamine. HCL, 100 mg? | myo-
tmosied, 20 ¢/ 1 sucrose, (0.5 ¢/ | MES, 8 g/ | purified agar (Sigma A-7049).and grown on for
about another week, Plantlets are then transferved to pots of sai!, hardened off in a growth
chamber (83% relative humidity, 600 ppm COzand 230 mE w57 ) and grown o ity
15t a sod mixture in a greeshouse.

A1 The first (To} generation of plants obtained us above ave self fertilised 1o obtain
second generation {T13 seeds, Alternarively {and preferablys the first generation of plants are
regiprocally crossed with another nen-transgesic corn inbred line in order (o obtain second
generation seeds. The progeny of these crosses (T1) are then expected to segregate 111 for

the herbicide resistance trait. T1 seads are svwn, grows up in the glass house or field and the

[
v

level of resistance, inheriance of resistance and segregation of resistance 0 the herhicide
glyphosate through this and subsequent generations assessed by the vhservation of
differential plant survival, fertility, and symptoms of necrosis in tissue Sallowing Spray
treatment of with glyphosate (suitably formutatedt and, optionally, as a salt) at & range of rates
between 25 and 2000 g/ ha and at a range of growth stages between and including V2 and V8
36 for, allernatively, at 7-21 days post germination}, These assessments are nuade relative o
susceptible segregants and relative to sinular, eniransformed fines of corn which do not

comprise genes of the present invention ov prior at sequences capable of conferring resistance
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to glyphosate, Transgenic Iimes which exhibit resistance to glyphasate sre selected and sgain
selfed or backerossed to 8 non-transgenis inbred,
At all stages in the above process tissue samples of transformed catlus, plantiets, TQ
and T1 plant material are optionally wken and analysed by 1) Southerns and PCR in arder 1o
5 indicate the presence, copy mumber and integrity of transgenes, 2} Northern (or simnifar)
amalysis in order o meastre expression of mRNA {rom transgenes, 33 quantitative Western
natysis of SIS gels in order 1o megsure expression fevels of EPSPS and 4) measurement of
EPSPS enzyme activity levels in the presence and absence of glypbosate in order to assess
nwe accarately how much of the EPSPS which is expressed dertves [rom the transge
1 Such methods of analysis are well Rnown in the art, Sultable roethods o test for the
presence, integrity and exprassion of the tranagene by PCR, for carrying out Southesn
analysis, for the cloning and expression of mature rice EPSES in Ecofi, for the purification
of rice EPSPS, for the generstion of polyclonal antibodies to purified rice EPSPS, for
Western analysis of EFSPS lovels in callus sad in plant tissues and for the measurernent of
15 EPSPS activity levels i plant-derived extracts at a concentration of glyphosate which
discriminates between the endogenous glyphosate-susceptible EPSPS and the glyphosate-
resistant product of the EPSPS-cncoding transgene are described in more detail below in
Exampiex {7 -20.

TABLE 2 Transpgene expression in calli originating from transformation of immature

20 smbryeos of AIBR X B73 (Hi-ID) corn with Agrobacterium strain LBA4404 containing a

superbinary vector carrving the EPSPS expression casseties of blueseript veetors
{pZEN 11, 12, 14 or 18} within the T-DNA borders
The table shows EPSPS enzymne assay (- 100 M zlyphosate at 100 pM PEPR)

results based upon enzyme assays of extracts of stably transformed calles of tegensrable

235 ALBS x B73 regenerable corn, transformed using Agrobacterinn containing a superbinary
veotor carrying the BEPSPS oxpression cassettes of the pZENTL, ZEN1Z, ZEN 14 or ZENIS
Bluescript plasmids, Each callus line represents a single event which is assayed in duplicate,
The ratio of the true {allowing for ~ 8% inhibition) tolerant cazyme acitvity expressed by the
transgene to endogenous susceptible activity (> 98% inhibited + glyphosate) is calculated.

36 The nudant EPSPS is expressed relatively strongly in some lines, notably lines S and 12,
where, alfowing for the reduced Vmax of the tolerant e enzyme relative to the wit {(sbout a

third) it van be estimated that the tolerant suzyme I8 exprexsed at 2-6 X the normal level of
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the endogenous EPSPS (this calcutation is complicated by the fast thag, in some selected
calli, expression of the transgene occurs alongside an apparent ~ 2-2,5X increase in the

background expression of the susceptible endogences enzyme).

Event, DBNA Measured activity  Total Activity (nmole /  Ratio of

Line#  Construct (nmol min/ mg) +  min/ mg) in abzence of sensitive/

T00uM glyphosate glyphosate true
{true tolerant activity tolerant
= measured x LO8) EPSPS
activity
{ ZENES 34 22.69 6:1
25 23172
3 ZENIS 6.6 7 191
17 2394
7 ZEN14 511 1813 2.8:4
43 2233
10 ZEN14 489 28.13 271
7.7 2513
12 ZENI A3 Miin 6t
16,63 33.60
13 ZENT1 4.54 20.92 KR
33 21.57
14 ZEN1Z 374 2244 6:1
2,58 2364
{5 ZENIZ 12.74 379 2:
11.40 3843
214 Conirol 0.0 11.8% -
0.1 1205
32 control 3.3 11.539
- 452 11.97
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EXAMPLE 12, Transformation of corn lines by bombardment with particles coated

with BNA which includes an EPSPS expression cassette; selection and regeneration of

plant cells and plants which are resistant to slyphosate

in g further example, friable embryogenic calins derived from immature maize
cmbryos js initiated on a solid medivm and transformed biotistically. Similar to the process
described in example 11, transformed caflos is then selected on the basis of diffecentiad
growth rate in medhim contaliing a range of concentrations of glyphosate. Resistant caflus
is selected amdd regencrated to provide To plantlets which are transferred to POLS, grows 1o
maturity and sell or cross fertilised in the glasshouse. The progeny seed {T1) are then KIOWn
up o provide further generations of plants which are assessed for resisunce to glvphosate
and analysed for ransgens presence, integrity and expression as deseribed in example 11,

Inttiation of callus from immatuse enmbhryoes

Friable embryogenic Type I catlus sultable for transformation is derived from
immature erabryos of, for example, A188 X B73 corn. Alternative inbred sauch as B73-
derived and bybrid lines of com can be abso used including, for example, those listed in
Example 11, mmature enbryos of matze between 1-2 mm long are isolated aseptically from
female spikes at, typieally, about 11 d after pollination using the methods indicated in
example 11.

Immature embryos are plated onto, for example, onto @ N6-based medium {Chu et al,
175, Scientia Sinica, 18, 659-668) adjusted with KOH to pH 5.8 containing 1mg/ 1 2,4-D,
2.9g/ t L-proline, 2 mg/ | L-glycine, 100 mg/ 1 of caseln hydrolysate, N& major salts, N6
rinor salis, N6 vitamins, 2.5 ¢/ | gelrite {or 2 g/ 1 *Gelgro™Y and 20 o/ | sucrose. Alternative
suttable media toclude, for example, & simitar medium but containing MS safts (Murashige
sined Sioog, 1962, Phiysiol. Plant, 13, 473-497) in place of N6 salts. Alternatively, the
medium may contain ~ 10 mgd | dicamba in place of 2,4-D.

Immature embryos are incubated tn the dark on the above medium at ~ 25 C tn order
to ininate calles, Type I callus material is selected by visual selection of fase growing friable
embryogenic cells by methods known in the art and as described for example in WO 9%/
4414 For example, suitable recipient vells are selectod manually by choosing preferred
cells which may be at the surface of & celf cluster and further identifiable by their lack of
differentiation, small size and high nucleus! cytoplasm volume ratio. A suspension cultuee is

itiated from tissue within the calios which appears the least differentiated | snftest and
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most friable. Tissue with this morphology s transferred to fresh plates of wedia about 8~ 16
d after the inttiad plating of the immaturs smbryns, The tissue is then routinely soboultured
every 14- 21 d by taking on ~ 10% of pleces which reach approgimately a gram. Al gach
step only material with the desired type I or type I morphology is subcudtured on.

5 Prepurabon of cel]l suspension cultures

Preferably within © months of the above-described callus initiation, dispersed

saspension cullures ave indtited in Haulkd medis containing suitable hormones sach as 24-D
and NAA optionally supplied in the foro of slow-release hormone capsade treatments as
described for example inexamples 1 and 2 of US 33530318, Qptionally, bormoue fevels

Y within the coltures are negniained by cecusional spiking with fresh hormaowe supplement.
Suspension coltures are imtiated, {or example, by adding approcimately 1.3 g of callus tssog
0 g 10G o Bask coptning 10 md of suspension culture medium,  Every 7days, the culture
15 further subcoltored by transferring, by use of ¢ sterile wide-ended pipette, 1 mi of settled
cedls and 4 mi of conditioned medium w a fresh flask containing fresh medivm. Large

15 apgregates of cells unable w pass through the pipette Hp are excloded at each subculturing
step. Optionally, suspension cultures are passed through a suitably sipve {e.g. ~ 8.5-1.0 num
suesh} ot cach subendturing sep. After 6- 12 weeks the culture becomes disparsed. Suitable
cefl suspension culture media {nciude for example, 8 medium adjusted w pH 5.0 containing
Murashige and Skouog (1962} major and minor salts {optionadly madified to contain a redured

20 evel, LA§ ¢/ 1, of ammomium pitrate), 30 gf { sucrose, (025 mg/ } thiamine, 10 mgdl
dicambs, 2§ mM Leproline, 200 mz/ | casein hvdrolysate, 110 mg/ | myo-inosited, S00 mg/
potassium sulphate and 00 mgd | potassium hydrogen phosphiate. Alternatively, in place of
dicamba, cell suspension medivm contiing 3 2.4-D andfor NAA,

Cryvopreservauon of cell suspension cudiures

2% Optionally, suspension cuftures obtained as deseribed above, are cryopreserved using
eryoprotectants and methods described for example in example 2 of US 3550318,

Cryopreservation entaily adding cryoprotectant at ice temperatare to pre-cooled cells, also at

P

e femperaturg, in a stepwise manner over a pariod of poe to two howrs, The mixtare is

maintained a lee temperature and the eventual volume of cryoprotectant is squal to the

22
o

vidunte of cell suspeasion. The final concentrations of cryoprotectants ave, for example, 10%
dimethyisuifoxide, 10% polyethyiene glycol (6008 Mw), 823 M L-profing and 023 M

glucose, After a 30 min period of equilihration at ice temperatare the mixture is divided into
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~ 0.5 mi aliquots, transferred to 2 mi microcentrifuge tubes, and cooled slowly at a rate of 0.5
€/ min down to a temperature of -8 C. Following a period for ive nucleation, the sauple {s
further cooled slowly down to -35 C amd then phinged into liguid nitrogen, When required
for use, frozen samples are thawed by first bathing them in their containers in water at ~ 40 C
§  for 2 min and then allowing them to sfowly thaw completely, The mixtare of eeils and
sryoprotectants s then pipetted onto a filter laid over  laver of BMS “feader” cells at 25 ¢
Omce the thawed tissue begins W0 grow it is transferred back to fresh solid cultors medivm
and, once established fwithin 1 to 2 wesks) is further traveferres into cell suspension coltaee
medium. Once growth in lquid suspension culture is re-established the cells are used for
1 transformation.
Paticle-mediated ransformation
Plusmaid pIGPDY-derived DNA (Figure 12) containing Xma! EPSPS expressiog
cassettes (Le. pZENG:, ZEN, ZEN12L ZENI4 ¢k} is purified, bulked up (e.g by anion

exchange chromatographic or CsCly gradient deasitometric isclation of plasmid DNA from

18 cells of 3 suitable HisB- Ree A- host strain of el (e.g. DHS ¢ hisB-) after growth to
stationary phase in @ mimimal A medium {(KoHPO, 32.3g, KHPO, 32 5z, (NHO280, Sg
and sodium citrate. 2H0 2.5g per How) and provided as & concentrated solution {preferably ~
P mg/ ml) in sterile water. DNA & provided as a cirendar plasmid DNA or, alternatively is

restricted with Xma 1 te provide a inear EPSPS-expression cassette-containing fragment and

"o
4

used following purificution by agarose gel electrophoresis and electrociution,

Suitable apparatus for bortbardment is, for example, the Biorad PDS O Helium
gun. The dish is placed 5-6 om below the stopping screen used 1o stop the capton
macroprojectiie. The DNA construct is precipitated oo tungsten or gold particles with an
average diameier of ~ 1.0 gm in a similar manner to that deseribed by Klein ef of 1987,

23 Nauwe, 327, 70-73, For example, 1.23 myg of tuagsten or gold particles {pre-washed in

cthanol at 63 € for 12 b} are mixed, in successive order, with ~ 20-30 mgof DNAC 1L M

CaCly ard 3.7 mM spermidine to a final volume of ~ 0.6 ml. The mixture is vortexed for 10

rran at 02 ) subject o Jow speed centrifagation (~ 500g) for § min and the hulk of the
supernatant decanted off to Jeave the tungsten pagicles suspended in a final volume of ~ 30
20wl 110 @ aliqussts are pipetted onto the macroprojectle of the particle gun.
Suspension cultores derived from type H andfor type TH callus are nraiuntained in

cultire for 3-8 months (or, tumrs\eiv recovered from oryvopreservation) , fx eshly
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sahcuitured and thes sieved through a ~ 0.5-1.0 mm stainless steel mesh, Approximately 0.3
mi packed celi volume of cells recovered from the filtrate is then pipetted onto 5 em paper
filters and vacuum dried before transfer to a patri dish containing a stack of three 7 om paper

filters moistened with suspension culure medivm. Bach plate of suspension cells is contred

S

ontes the sample plate tray, the petrt dish id removed and bombarded twice at a vacuum of 28
inches of mercury. 0.1 or 1.0 mm sercens are placed about 2.5 om below the stap plate in
order o amehiorate injury 10 the bombarded tissue. After bombardment the plant cells are
removed from the filter, resuspended back into celt suspension culture medium and cnitured
for 2-21 days. Alernatively, the bombarded calfus is transferred, plate to plate, onto to 8

1 plate comtaining a similar solid mediem (for example containing 8¢/ 1 of purified agar) and
Sinstbacly cultered at ~ 25 C in the dark,

Sslection of transformanty

Following transformation, cells growing anselected in guid or solid cultare are
transferred to filters and overlayed onto sofid medivm containing a range {01 - 20 mM) of
(5 selecting concentrations of tissue culture grade N-{phosphonomethyl) glycine {Sigma).
Suitable solid selection wedia inclode media, adjusted 1w pH 538 or 6.0 with KOH,
containing cither MS or N6 salts {such 4as those deseribed above for eallns inttiation or, with
stitable additivn of agar, those deseribed above for growth of cells in Hguid suspeasion) and
N-{phosphonomethyl} glycine . Suitable selection media also include, for exampie, the
2 selechion media deseribed in example T but, in this case, modified 3o as to lack antibiotes.
Transformed calli exprexsing the vesistant EPSP synthase enzyme are selected on the basis
i thelr growth at conventrations inhibiory 1o similar preparations of untransformed celis.
Growing clumps are subcuttared on 1o fresh selective medium. Preferably the concentration
of N-(Phosphonomethyl)-giveine used in the selection medium is sbout 1 mM for the first
25 two weeks of selection and about 3 mM therzafter. After 6-18 weeks putative resistant caili
are identified and seleeted.

Regeneration of tromsformuntsd Propagation and Apalysis of iransformed plant material

The selected calls are regenerated into normal fertile plants sccording to, for axample,
the methods deseribed by Duncan et of (1985, Planta, 185, 322-332) by Kamo ¢ af (1983,

Bot, Gaz. 146(3), 337-334) andlor by West ef af (1993, The Plant Cell, 5, 13611369} andfor

Led
2
>

by Shiliue o of (1989) B Technol. 7, S81-887.
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For example, plants we efficiently regenerated by iramsferding the embryogenic callus
o Murashige and Skoog mediom adjosted to pH 6.0 containing 0.25 mg/ 1 2.4-D, 10 mg;‘ 16~

benzyl-aminopurine and, optionadly, 0.02 1o 1 mM N-{phosphonomethyD) glycine. Afte
wegks tivsue is transferred to & similar medivm but facking bormones. Optionally the
hormone level is decreased step wise through more transfers and over a longer period of time
up 1o 6-8 weeks. Shoots which develop after 2-4 weeks are transferrad to MS medium

3

containing 19% sucrose and sulidified with 2p/ 1 Gelgro into which they then root.
Alternatively methods and media used for regeneration gre as in example | except
thut the media wsed do not contain antibiotic.
Methods for growing plants to matarity, for the further propagation of plants through
geagrations, for analysis of the inheritance of resistance o glyphosate and for analysis of the
presence, integrity and expression of the EPSPS wansgene are as described in example 11

EXAMPLE 13, Transformation of corn lines with DNA which includes an EPSPS

eapression cassette coated onto silivon carbide whiskers: selection and regeneration of

plant cells and plants which are resistant to plhvphosate

In a further example, maize lines inchuling, for example, hybrid lines having the
genotype A1&R x B73 are prepared as cell suspensions and transformed by contacting the
cells with silicon carbide whiskers coated with DNA using methods essentinlly as described
by Frame et al {1994, Plant L 6, 941-948). As dexcribed in the previcus examples, the
transformed callus so generated iy selected on the basis of differential growth rate in medivm
containing a range of concentrations of glyphosate, regeneruted into plantiets {Toy which are
grown (o maturity and either self or cross fertifised & provide progeny seed {T1) for further
breeding, Planis and plant mustersal is sesessed for resistance to glyphosate and analysed fiw

ransgene presence, integrity and expression as described in the previous examples.

Initigton of callus from immatare embevos, preparation of cell spspension culturss

Maize cell suspensions suttable for transfornuation are optionally crvopreserved angd
provided in the same manner as desorived i example2
Transformation

Plasmid pIGPD9-desived DNA (Figure 12) comtaining Xmal EPSPS expression
Cassetles {i.e. pZENSL, ZENTH, ZENIZL ZENI4 et is purified, bulked up {e.g by anion

exchange chromatographic or CsCly gradient densitometric isolation of plasmid DNA from

cells of o suitable HisB-Ree A~ bost strain of E.coli {e.g. DHS hisBe) after growth 10
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stationary phase in 3 minimal SxA medivm (KoHPQy 525z, KHPO, 22.5g, (NH)2S0; Sg
and sodivm citrate. 2H,( 2,55 per litre) and provided as a concentrated solution (preferably ~
L vog/ md} in sterile water. DINA ¥s provided as a circular plasmid DNA or, aliernatively is
restricted with Xt 1 o provide a linear EPSPS-expression cassetie-containing fragment an
used following purification by agarose gel electrophoresis and electraelution.

Transformation is carried out exactly as deseribed by Frame ot al 1994, Aliematively
the procedure is somewhat mrodified as deseribed below.

Cells grown in liquid culture in cell suspension mediom one day after subeuliuring
are allowed to sette out in 3 shake Hask. Speat medium is decanied and drawn off and 12 mil
of N6 mediuem at pH 6.0 (Cha et al 1975) modified to contain 6 mM L-proline, 20 ¢/ 1

suerese, 2 mgd 1 242D, Q.23 M sorbitol and 0.25M nmannitol is added per 4 ml packed cell

@

volume. The flask is returned to the shaker (rotary shaken at 123 rpm and incubated at 76-28
C) for 45 min. At the end of this period 1 mi aliquots of cell suspeasion are removed, using a
wide bore pipetie, info a series of sterfle mcrocentifoge » thes. After af owing the cells in
cach tube to settle out, 0.6 mi of the spent medim supernatant is then removed to leave most
of the remaising content as settfed cells, 30 my of silicon carbide whiskers (Silar SC-9
whiskers, Advanced Composite Maierals Corp., Greer, SC. USA) are suspended by
vortexing in 1 mi of the modified N6 mediun deseribed above. 40 ol of these suspended
whiskers and 23 mg of the plasmid or linear DNA including the BPSPS expression cassette
are the added o each tube of senled vells. The whes ave finger vortexed 2-3 times,
mixeunated (in a Mixomat dental amalgam mixer (Degussa, Ontario, Canadal for 1 second
and then 0.3 ml of N medium (owndificd as described above) 1 added 1o each
microcentrifuge tibe. The suspended cells are then plated (200 gl plateYout onto a filter
disc overlying solid Né medinm {the same a5 the modificd N& medium deserited above but
lacking sorbited, Jacking manmtol and containing 30 g/ 1 sucrose and 3 g/ 1 of gelrite). Fach
plate is then wrapped with Urgopose tape (Steirice, Brassels) and left to incubute in the dark
for I week at 26-28 €.

Selection of tansformunts

Transformed callus is selected as deseribed in example 12 or, alternatively, as
described in Frame et al 1994 except that N-{phosphonomethyhglyeing is ased, at a range of
concentrations between | and § mM in place of the hialaphos specified in the Frame et a}

publication.
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Regeneration of ransformants/ propaeation and analvsis of trassformed plant material

Plants arc regencrated, propagated, and bred as deseribesd in example 12, Plants are
analysed for resistance 1o ghyphosate and plant material is analysed for transgene presence,
mntegrity and expression as described in example 12

EXAMPLE 14, Transformation of rice lines using an dgrebacierinm strain containing

a superhinary vector which includes an EPSPS expression cassetfe between the right

and left borders of the T-DNA: sedection and regeneration of plant cells and plants

swhich are resistant o glyphosate

in a further example, scutella ame isolated from maturs seods of suitably lines of rice
{including, for example, varieties Koshihikari, Tsukinchikasd and Asanohikari)
dedifferentisted and the callus thus-obtained tramsformed by infection with Agrobacterium.
Following selection and regencration, transgenic plantiets (To) are obtained which sre grown
to rpaturity and either self or orass fertilised to provide progeny seed {T1) for further
breeding. Plants and plant material are assessed for resistance (o glyphosate and analysed for
transgene presence, integrity and expression as described inhe previous examples. As an

alternative fo the methods deseribed helow the methods described in example 1 of US

SER1616, sultable adapted so that glyphosate rather than hygronpvein is ased for sedestion, arg
used,

Constucuon of Agrobacierie: stain Preparston of Agrobacterium suspension

A strain of Agrebacterion containing superbinmy vector having the desired EPSPS
expression casselte between the right and feft borders 1s comstructed (using electroporation to
sransform Agrabacterinm with plasmid DNA) as describedt in example 1. Suspensions are
prepared accprding 1o the methods described fn example 1. Alternatively, the tramsformed
strain of Agrobacterium is grown {or 3 days on AB medivm (Chilton ef af, 1974, Proc. Natl
Avad. Sci. USA, 71, 3672-3676) containing appropriate anttbictic selection {e.g. $3 mgf |

ectinomycin in the case of LBA4404 (pSBIZENIR eic)) amd looped off of the plate to form
a suspension in AAM mediwn (Hiel e al, 1994, The Plat Journad, §(2), 3712825 at a
density of -3 x 10 cellss mi.

Rice cultivars, preparation of eallus from scutells

Rice cultivars are, for example Oryza sativa L. Tsukinohikari, Asanchikars and

Koshihikari,
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Mature seeds are dehusked, surface sterilized by washing in 70% ethanol and then
soaked for 30 minutes In 1.5% NaQCL. After rinsing in sterile water they are sultured at 30
C, in darkness for 3 weeks on 2N6 medinm at pH 3.8 which containg the major salts, minor

salts and vitamins of N6 medium (Cha 1978 in Proc, Symp. Plant Tissue Cultre,, Peking:

W

Science Press, pp 43-50) 30 o/ | sucrose, 1 g/ | casein hydrolysate, 2 mgd [ 2,4-D and 2 g/ §
gelrite. Profiferated callus derived from the sead scutella is subcultured for 3-7 days on fresh
26 medium. Growing callus (1-2 mm in dlameter) is seleoted, suspended in 2N6 Liquid
medium (without gelrite) and cultured in flasks, 1n darkness ou & rotary shaker at 125 mpn
and at 25 €. The medium 1s changed every 7 days. Cells growing in fog phase after 3-4

@0 wansformations are used for vansformation.

Infection, tramsflormanion and selection

Suspended rice callus cells are alfowed to settle ont of suspension and then
resuspended in thy suspension of Agrobacteris, left in contact for several minutes snd then,
again, altowed to sertde oot snd, without ninsing, plated out onts INS-AS medium (2NG6
13 medivm adjosted to pH 5.2 and containing 10 ¢/ { Drglucose and 100 mM acetosyringons)
and incohated in the dark at 28 € for 3-3 days, Growing material is rinsed throroughly with

250 mgd | ceftdaxime in sterile water and the n transforred onto ING-CH medium (2N6

medivm adjusted to pH 5.8 with KOH contabming 350 mg/ ! cefotaxime und 0.3 - S M
tissue culture grade N-(phosphonomethyl) glycine) or, alternatively, 2NERK-CH nredium (2N6

2 wmediom roodified as deseribed by Higd ef al 1994 but, in place of hygromycin, containing (0.3
-5 miM tissue calture grade N-{phosphonomethyd) glycine) and cuttured for 3 weeks in the
dark at 23C. Proliferating colonivs are subceltured onto a second plate of selective medium
for o further period of 7- 14 days.

Regeneration and analysis of plants

25 Growing colonies are plated ento a regencration medivm at pH 5.8 containing half
ngth N6 major salts, N6 minor salts, NG amino acids, vitamios of A& medium {Chilton er
af 1974), 1 gf | casein hydrodysate, 20 ¢f | suerose, .2 mg/ § nupthalenescetic acid, 1 mg/ 1}
kinctin, 3 g/ 1 gelrite and, optionally, 0.04-0.1 mM N-{phosphonomethivliglveine. These
plates are incubated at 25 € and kept under continuous iHumination {~ 2000 lux) As
36 described in example 11 regenerated plants are eventaally transferred 1o soil in pots and

matored I a greenhouse.
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Flants are propagated, and bred (for example the ransgenic plants are selfad)
essentlially as described in example 11, Plants are anajysed for resistance to glyphosate and
plant materdal is analysed for trunsgene presence, integrity and expression essentially as
described inexample 11,

EXAMPLE 15 Transformation of wheat lines with DNA which includes an EPSPS

expression cassetie by use of microprojeciile bombardment; selection and regeneration

of plaut cells and plants which are resistant to glvphosate

In a fuvther example, immansre embryos are isodated from suitable Hnes of whes
CGovluding, for example, spring wheat ov BobWhite, or Jaggar) incubated on honmone{ 2,4-
D) ~containing mediam for 2 days mnd tramsformed by bombardment with DNA-coated
particles. Following @ period for recovery and continued growth of callus, callusing ernbryos
are subcuitured through a series of media containing a fixed level of glyphosate and {serfally
dilued) decreasing levels of 2,4-D such that seenatic embryogenssis i induced. The
selected material s regenerated o form shoots on a medinm also containing glyphosate,
transferred 1o rooting medium and, as in the previous maize-related sxamples, regensrated
into plantiets {To) which are grows to matarity and cither self or crass forilised 1o provide
progeny seed {T1) for further breeding. Plamts and plant snatesial ave asseszed for resistunce
to glyphosate and analysed for transgene presence, integrity and expression as described in
the previoos examples. As an alternative 1o the methods deseribed below the methods
deseribed in example 1 of US 53631152 are used,

Peeparation of immature embryos

Wheat plant lines {for example spring wheat Triticum gestivant v BobWhite) are
grown to matugity in the greenhouse and caryopses isolated at 11 - 1§ postanthesis.
Caryopses are surface sterilised by treatment for 15 minutes in S%NaOCT and then washed
sepeatedly in sterile water. Immatore embryos are aseptically isolated onto 3ora squares of
siylom netting (mesh size 1.5 mm) overdying A2 mediom . A2 medium adjusted to pH 5.8 15
4.32 ¢/ { Murashige and Skoog salts, 20 ¢/ Tsuorose, 0.8 g/ | L-glutamine, 2 g/ 1 2,4-D, 100
mgd i casein hydrotysate, 2 mg/ t glycine, 100 mg/ | myo-inoesitol, 0.5 mg/ | nicotinic acid, 0.1
mg/ T thismine HC and 2.8 g/ 1 gelrite. Eatbrvos are arvanged inte a solid 2.5 om dise,
conyising appr{;}:. S0 in number, Plates are sealed with leakopore tape zm{! tncubated at
23°C in the dark for 2 days. Four bouss prior to hombardment embryos are transferred onto

plates containing fresh A2 medivm supplemented with 36.44 g/ I D-sorbile! and 36.44 g D-
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mansitol. The embryos are transferred from plate w plate by means of the aylon net upon
which they sit. The smbryos sit on this increased osmetic strength medinm for 4 h a1 28°Cin
the dark before being bombarded,
Particie-mediated lransformation

Plasmid plGPDS-derived DNA (Figure 12} containing Xmal EPSPS expression
cassettes {le. pZENY:, ZENIH, ZENI2E, ZEN14i cre ) is purified, bulked up {e.g by anion

exchange chivoma tographic or CsCl; gradient densitometric isolation of plasmid DNA from
cells of a sultable HisB- Rec A~ host strain of Ecoli (o.z. DH30: hisB-) after growth to
stationary phase in 3 minimad SxA mediom KGHPO, 32,88, KHPQ, 22 3g, (INHO2SQ, Sg
andd sodium citrate, 2H;Q 2.5y per fire) and provided as a concentrated sedation {preferably ~
P g/ mils in sterile water. DNA s provided ss a circular plusmid DNA o, alternatively is
restricted with Xma | 1o provide a hinear EPSPR-expression cassette-containing fragment and
ased following purification by agarose gel elevtrophiwesis and electroehition.

Particles are prepared and coated with DNA In a similar manner (& that described by
Kiein er ¢f 1987, Nature, 327, 70-73. Preparation of DNA-zoated particles and operation of
the particle gun iv as deseribed in example 2. Alternatively, the details are as follows, For
example, 60 mg of gold or tupgsten particles (~ 1.0 um) i a mivrocentrifuge tobe sre washed
repaatedly wn HPLC-grade ethanid and then, repeatedly, in sterile water. The particles are
resuspended in 1 omi of sterile water and dispensed into 30 gl aliquots in nidcrocenirifuge
tubes.  Gokd particles are stored at 4 C, tungsten particles &t - 20 C. 3 myg of DNA are added
to cach aliquust of {defrosted) particles and the tubes arg vortesed at top speed.  Whilst
maintaining sear continuous vortexing, 50 pl of 2.3M Call; and 204 of 0.1M spermudine i
acdded, After 1) minutes of further vortexing, samples gre centrifuged for § seconds in an
eppesdor! microcentrifuge, the supematant is drawn off and the panticles washed in
successive additons of HPLU-grade ethanol. The panicles are thoroughly resuspended in 60
wl of ethanol and then dispensed in 10 ul aliquots onte the surface of each macrocamier o be
used in the PDS1000 panticle gun

Components of the PDS IO particle gun are surface sterifised by inunersion in 70%
ethanol and air-drving. Target plates prepared, as described above, with ~ 50 enthrvos
avvanged 1nto an ~ 2.3 om dise are placed 6 em from the stopping sereen. 1100 psi rupture

dises are then used for bombardinent.  Each plade is bontharded once or twice.
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Bombarded plates are sealed with pore tupe and maiptained at 23 € in the dark for ~
16h. Embryos dislodged from the surface of the medium by the helium shock wave are
recovered and also incubated overnight on fresh plates of the same mannitol and sorbitol-
supplemented A2 medinm. The bombarded embryos are then transferred to fresh platgs of

5 A2 mediwn and incubated for { week w25 Cin the dask prior to selection,

Sciection and Rereneravon of Transformanis

After this recovery pesind callusing embryvos are removad frons the nots ansd
transforred to AZ 2P medivm (A2 wedion, adjusted to pH 5.8 contuining 2 mM N-
(phosphenomethyligliveine), at a density of 20 explants / plate. Afier one week on A2 2P
10 ypedium, calli are removed to Al 2P medium (A2 median containing ovly L.Omg /1 24-D
and 2 mM N-{phosphonnmethyDglycine) for 2 weeks and thence tr A 0.5 2P medium (A2
smedivm containing andy (0.3 mg /1 2.4-D and 2 oM Ne(phosphonomethyliglycine) for a
further two weeks. Optionally, the 2 week incubation periods ars reduced to | week andfor
the middle step of incubation or Al 2P mediun is omitted. Optionally, the selecting
15 concentration of N-phosphonomethviglveine is between 0.5 and 10 mM although 2 mM s
preferred. The overall time for this period of callus indoction with descending levels of 2.4+
13 in the medivmis 3 10 weeks, preferably 3-8 woeeks and most preferably ~ 4 weeks.
To encourage maxinuun shoot growth and o discourage root deselopment the calli
are then ransferred to Z medium. 2 medinm is A mediuro but contalning 10 my/ 1 zeatin in
2 place of 24-D and also containing 0.1 mM N-{phosphenomethyliglycine. Optionally, N-
{phosphonomethyliglyeine is in the range 0.04 - 0.25 mM, Regenerating calli are
muaintained on this medium for a pericd of 3 weeks before subcudture, at which poini well
developed shoots are exeised. As only one event is fikely to be produced on a single callus
{which represents a single embryo), the entire callus is removed to a fresh plate and
35 maintained with the excised shoot(s) w ensure roultiple clones arising from the same calhus
do not get counted as separate events, Calli with only pustially developed shoots or without
regenerating sectors are returned o 2 miedivm for s further 3 weeks. At the end of this
period non regeaerating calli are discarded,
Shoots are mgintained on Z medivm until 4 or more well-developed feaves (extending
30w~ 2omin length) have formed, The regenerating plant material is then carefully
transterred 0 plastic tubs containing (1.5MS medium, 0.5 MS medivm at pH 58 is 210 g/ |

of Murashige and Skoog salts, 15 g/ | suerose, 2.5 g activated charvoal, 2.5 g/ | gelrite, | mg/
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{ ghyeine, 30 my/ myo-inositol, 0.25 mg/ | aicotinie acid, 0.25 my/ | pyridoxine HCL, .03
mygd §ehtamine HCL and 0.1 mM N-{phosphonomethyligiveiie foptionally 0.8-0.25 md)
Onee plants have rooted they may be potted inta soil and weaned, or removed to
individeal glass boiling tubes containing G.53MS {with no N-(phosphenorethyebveine) and
5 2.5 géicharconl. Itis prefemed 1o huve charcoal prosent i the rooting medium w adsorb
any remaining PGRs or selection chemical transferred with the plantlet, and to orsate & dwrk
recting environment thereby avosling phyvsiologically aberrant green roots.
Callus induction and the first week of regeneration ecears at 25°C in the dwk. The
second week of regeneration ocpurs at low light at 25°C, then subseguent weeks at approx.
$0 2500 hux on a 16 hwour photo period.

Propagation, breeding and analvsis of gansformed plant materiad

Methods of producing T1 and further progeay are all well known in the art and
cesentially as described in the previows examples. Methods for analysis of the inheritance of

resistance @ glyphosate and the praseace, integrity and expression of transgenes are s in the

L

previous examples

EXAMPLE 16, Transformation of wheat lines with DNA which includes an EPSPS

expression cassetie hy electroporation of protoplasts; selection and repeneration of

plant cells and plagts which are resistant fo glvphosate

frs 1 further example, plasmid or linear DNA comprising an EPSPS expression
0 cossete and identical to that used in examples 12, 13 and 13 15 used for direct trusformation
of protuplasts of a line of whest cupable of regenceation tnto fertile plants (o US 32310158 .
Isolated protoplasts of wheat, preferably from feaf tissue of vells in culture {of Gamberg, O.L.
and Wetter, L.R., Plant Tissee Culore Methods, 1975, 11-21) are prepared at ~ca T X o®

protoplasts/od in 040 mamnited at pH S8, To this suspension are added first, 0.5 nyd of 40%

[
19 3

wiv pofyethyiene glveol {PEG) of molecolar weight 8000 fa modified F medium (Natore
{19823, 290, 72-74) «t pH S.8 and, sccond, 63 mil of water containing 13 mg of the desired
plasmid or Boear DNA and 50 myg of call thymus DNA. The misture is incubased together
for 30 min at 26 C, ocomsivmally agitated and subseqpeently diluted into F mediam { Nature
{19813, 296, 72-74). The protoplast are isolated by low-speed centrifugation, taken up in 4
3 mlof CC culwre medium (Potrykus, Harms, Lorz, {1979) Theor, Appl. Genet,, 54, 209-214)
arad incubated in the dark at 24 C.
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Adteraatively, and in addition o treatment with PEG, transformation of cereal
prowoplasts is carried out using funther steps of heat shock andfor electroporution {Neuwmans,
E.er 2l (1982), the EMBOJ. | 7, 841-845). Thus, for example, wheat protoplasts are
mcubated in an agesous solotion of DNA and mannitol, heated to 5 € for 3 min and then
cooled to @ C over a pericd of 10 secomds. Then polysthylene glyeol is added (Mr 3K -8K)
until the finad concentration s ~ 8% w/v. After geatle but thorough mixing trestment iy
carried out i an skectroporator, The chamber of a Diwdog “Porater (Dialog, Dusseldosf,
Germany) is sterilised by washing with 70% sthanol and then drying in sterile air.
Suspensions of protoplasts (~ ca 2 X 1 protoplasts/m! in 0.4M mannitol + the DNA ) are
adjusted with manganese chloride to a messured electrical resistance of ~ 1.4 k nhum.
Sampies of vohime ~ 0.4 mi are subjected, ut 10 sceond intervals, to three pulses of applied
voliages of hetween 1000 and 2000 V. The, tun transformed protoplasts are then collected
and diluted back out into CC vulture medivm.

Those skilled in the art will recognise that many permutations and variations of these
transformmtion procedures are possible and that, for example, ransfornaton may dso be
imyproved by rassing the pH 1w 8.5 andhr inereasing the conventration of caleium ions in the
sedution within which transformation Is carried out.

After 3-14 days aliquoss of the develuping celf cultures ave transerred w medium
containing alternative selecting concentrations of tssue-culture grade N-{phosphonoemethyl}
glycing (Sigma) between | and § mM {preferably 2 mM). Resistant cell colonies so
ulentifted {exhibiting growth on concentrations of giyphusute at least 2 fold greater thin
tederated by untransformed controls) are transferred to fresh agar medivm also containing a
range of selecting concentrations of glyphosate and, as deseribed, in example 13, suhcultured
between plates containing successively declining concentrattons of 2,4-D. Growing resistant
colanies may be analysed (by PCR et} for the presence of the recorabinant DNA. It may or
may not be possible 1o effect much selection at the callus step. In any case all growing calli
wilf e tuken forward.

Growing calli are then transferred to shoot mgeneration medium containing zeadin
and N-(phosphanomethylglycine and thence 1o rooling medivm exactly as deseribed in
cxamsple 13, Fertile transgenic plants expressing glyphosate-resistant EPSP syothase are
then regenerated, selected and tested as known in the art and as described in example 13 and

asing the analytical methods deseribed in example 11
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EXAMPLE. 17, Method for assaving EPSPS activity and determination of kinetic

constants, Method for assaving EPSPS sctivities i crude planit materialy and

discriminating the proportion of the total which is resistant to glyphosate,

EPSPS Enzvime assay

Assays are carried out generally according o the radiochemical method of Padgette et
al 1987 {Archives of Blochemistry and Biophysics, 258(2) 564-573) with K+ ions as the
major species of cationic counterion.  Assays in a total volume of S0ul. in S0mM
HepestKOH) pH 7.0 2t 25°C, contain purified enzyme or plant extract (see below) difated
appropriately in Hepes pH 7.0 costaining 10% glycerol, and SmM DTT, Y PEP either as
variable substrate! for kingtic determinations) or fixed at 100 or 250 pM and shikimate 3
Phosphate (K+ salt) ar 2 or 0.75 mM s indicated, Optionally, for assays of ¢rude plant
eXIrRCLs, ausays alsn contain 3 mM KF and/or 0.1 mM anumonim molybdate. Assays are
started with the addition of 7C phosphocnolpyruvate {eyciohexylammuoninnm salt) and
stopped alter 2-10 rainutes (2 minutes is preferable} with the addition of 50ul of a solution of
{ part 1M acetio acid and 9 parts sthanol, After stopping, 2001 is toaded onto a syachropuk
AXT0Q { 25cm x 4.6mum ) column and chromatograpbed using isocratic eluton with a
1. 28M potassivn phosphate pH 6.5 muohile phase flowing st 0.3 m/min over 38 minutes.
Under these conditions the retention timaes for PEP aud EPSP are ~ 19 and 35 minutes
sespechively. A CF 325TR scintilation coungter is connected 1o the end of the AX 100
columy, It is fitted with 2 0504 flow cell, and the flow rate of scintifant { Ulima Flo AP YIS
set at Tmlfmin, Relative peak areas of PEP and EPSP are integrated (o determine the
peroentage conversion of labelled PEP to EPSP.  Apparent K, and Vmax values are
determined by least squafe;\' fit 1 a hyperbola with simple weighting using the Grafit 3.00b
from Erithacus Software Ltd. Ky values are generally ascertained asing 89 concentrations
of variable substrate ranging from K,/ 2 - 10 K, and wiplicate points. Except whers
specifically noted, data points are only included in the analysis where there is < 30%
conversion of substrate 1o EPSP.

Stakimate-3-Pi {S3P) is prepared as follows, To Tmis of 0.3M TAPS pH 8.3
containing 0.05M Shikimate, Q.0663M ATF { Na saft ), 10mM KF, SmM DT'T, and 0.05M
MaCh a0, 75w of 2 77 unit { gimol min 3 mi™ sefotion of shikimate kinase is added.
After 24hes at sonm temperature, the reacting is stopped by brief heating 1o 95°C. The

reaction solution is diluted 50 fold in 0.01M Tris HCI pH 9, and chromatographed by anion
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exchange on Dowex 1 X 8-~ 400, using @ 8- 0.34M LiCh gradient, The $3P fractions are
combined, freeze dried, and then redissoived in Tmds distitfed Hx0. 28mbs of 0.IM
Ba{TCHCOOH); and 189mis of absolute ethanol are then added. This solation is lefl o stir
overnight at 4°C. The resulting precipitate of tri-Barium $3P is collected and washed in
30mis of 67% ethanol. The washed precipitate is then dissolved in ~ 30mis distilled HaQ. By
adding vither KsSOs the K or TMA” sadt of $3P is produced as required. Great care is taken
to add & mintmal excess of sulphate. The BaSOy precipitate is removed and the supernatani
containing the required salt of 83P freeze dried. Each salt is weighed and analysed by proton
NMR. S3P preparations so-preparsd are > 90% pure according © proton NMR and
(according to their weights and integration of 31P NMR} contain only low residues of
potassium sulphate.

Preparation of extracts of plant material suitable fur EPSPS assav

Callus or plantiet material (0.5 - 1.0 g} is ground to a fine frozen powder in & Hguid
nitrogen-chilted mortar and pestle. This powder is taken up in an equal volume of 2 suitable
chilfed extraction buffer (for exampie, 50 M Hepes/ KOH buffer at pH 7.3 containing |
md BEDTA, 3mM DTT, 1.7 mM ‘pefeblee’ (serine protease inhibitor), 1.5 mM leupeptin,
1.3 mM pepstatin A, HEG v/v glyeerol and 1% polyvinyipyrolidons), resuspenided, mixed and
centrifuged in a chilled centrifuge to bring down debris. The supernatant is exchanged down
a chitfed FDIO colure of Sephadex G28 jnto 25 mM Hepey/ KOH buffer at pH 7.5
vontairiag | mM EDTA, 3 M DT and (0% wv glycerol. Protein iy estimated by the
Bradford method standsedisest using bovine serum albumen. A portion of the extract is
frozen in liquid nitrogen; a portion s assayed immediately.

EPSPS assays of plant extracty are standardly carried out, as described above, with
0.1 mM “C-PEP and 0.75 mM shikimate-3-Pi either in the absence o the presence of Q.4
¢ N-{phosphoncmethyDeiyeine, Under these assay conditions, the resistant form of
EPSPS (see below) is estimated to be inhibited by < 8 5% whilst the senstiive w4 form is
essentially folly inlubdted (> 98%). Thas, the level of avtivity observed in the presence of
glyphosate (A) is taken 1y reprasent ~ 92% of the level of resistant enzyme degived from
expression of the transgene whilst the level of susceptible wit EPSPS is taken to be the total
leved of EPSPS acti vity obaerved in the sbsence of giyphosate mimus the valoe of A x ~ 1.08,
Because the Viax of the mutant enzyme is estimated o be only about a third of the Vimax of

the wit enzyme (snd hecause the Km vatues for PEP of both w/t and rautant forms sare
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estimated o be about 20 1M or less), the level of expression of the mutant eazyme
polypeptide relative 1o the fevel of expression of the endogenous w/t EPSPS is taken to be
about three fold higher thay the ratio caloulated on the basis of the ratio of their refative

observed activities. The total fevel of EPSPS polypeptide expression (mutant + wit) is also

(523

sstinsated by wing Westerns (see helow).

EXAMPLE. 18, Cloning and expression of w/t and mutated cDNA encoding mature

rice EPSPS in Eocoli. Purification and characterisation of wi and mutant vice EPSPS

Expression, purification and charscisrisation of wi mature rice BPSPS

Rice EPSPS cDINA is amplified wsing RT-PCR from RNA isolated from rice varisty

1 Koshigari using Superscript RT from BRL according 0 the recommendation supplied by the
manufacturer. PCR is performed using Pfu trbo polymerase from Stratagene according to
the methods supplied by the manufacturer. The oligonucleotides below are used in the
amplification reaction and the roverse anscrpion sieps.

SEQ. ID. NO. 33

g

Riee ¥ olige GUGCT OO T ORI TOC T ACGAB R TG T TROAROETOR
SEQ. T NO. 34
Rize § odign SUGLATATGRAGACTGARGRUATOTGS
The PCR product is cloned into pORBlunt 1] using Invitrogens Zero Blant TOPQ kit The
sequence of the insert is confinmed by sequencing and it is verified that the predicted open
30 reading frame corresponds to that of the predicted mature chloroplastie rice EPSPS protein
with the exception of the preseace of aw initiating Met. The cloned and verified rice epsps
sequence is exvised using Nde 1 and Xho | and the purified fragment is cloved into pET24a
{Novagen) digested sindlarly. The recombinant clones are introduced inte BL21 (DE3} a
codon-optimised RP strain of £.coli supplied by Swatagene. The EPSPS protein is expressed
25 inhes suain following addition of | mM IPTG 1o the fermenter medium (LB supplemented
with 100ug/ml Kanamycin}. The recombinant privtoin of the correct predicied mass is
identified 1) on the basis of Coomassie staiving of SDS gels of cell extacts and side by side
comnpartson with Coomassie-stained gels of extracts of similar E.colf cells transtformed with
an epaply pET24a vector and i) by western apalysis using a polyclonal antibody raised ©
X previousty-purified plant EPSPS protemn. The mature rice EPSPS protein s pusified at ~ 4 C
as foltows, 35 g wet weight of cells are washed in 50 ml of 0.1M Hepes/ KOH buffer at pH

7.5 containing 3 mM DTT, 2 mM EDTA and 20% vy glyceral, Following low-spesd
g 2l g 18
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centrifugation, the call pellet is resuspended in 50 mj of the same buffer bt also containing 2
mM of Pefabloc” a serine protease inhibiter. Cells are cvenly suspended using a glass
homogenizer and then disrupted at F000 pai using a Constant Systemns (Budbrooke Rd,
Warwick, UK.} Basic Z cell disropiar. The crudde extract is centrifuged at ~ 30000 g for T b
3 and the pelfet discanded. Protamine sulphate {salmine) is added 1o 3 finad concentration of
03.2% , muxed and the sofution left to stand for 30 min. Precipitated materisd is removed by
centrifugation for 30 min at ~ 30,000 g Aristar grade ammonium sulfate is added to a final
concentration of 40% of ssturation, stirred for 30 min and then centrifuged at ~ 27,000 ¢ for
33 min. The petlet is resuspended in ~ 10 ml of the same buffer as wsed for cell disruption,
10 further smmonium sulfate is added w bring the solution to ~ 70% of saturation. the soluton
15 stirred for 30 min and contrifuged aguin to vield a peiles which is resuspended in ~ 13 mi
of 5200 buffer (10 mM Hepes/ KOH (pH 7.8) containing 1 mM DTT, | mM EDTA and 20%
viv glycernd). This is filtered (0.45 micron) loaded and clvomatographed down a K26/ 60
column contitning Superdex 200 equifibvated with S200 buffer. EPSPS-containing fractions
15 detected on the baxis of BPSPS enzyme sctivity are combined snd loaded onto an xkia
column containing 20 mi of HP Q-Sepharase equilibrated with $200 buifer. The columm is
washed with S200 buffer and then EPSPS chuted within a Hoesr gradient developed from
0.0M w0 0.3M KCL in the saune balfer. EPSPS clutes within a single peak corresponding w a
salt concentration al or below 0.1 ML EPSPS-containing fractions detectad on the basis of
30 EPSPS enzyme setivity are combined and loaded ont a HiLoad xk26/60 column of
Seperdex 75 equilitvated with Supordex 75 butfer (25 mM Hepes! KOH (pH 7.3) containing
IotM DTT, I oM BDTA and 10% vév glveerol). BPSPS efutes Inter from the column that
might be expected on the basis of the molecultar weight of the presumed dimer. This may be
du s inderaction of the protein with the gel matrix at Tow fonic strength. EPSPS-containing
25 fractions identitied on the basis of enzyme actvity are combined and loaded ontn a Tml
column of MonoQ equilibrated with the sume, Superdex 75 huffer. The column is washed
with stasting buifer and EPSPS elated as a single pesk over the conrse of & 15 mi linear
gradient developed between 0.0 sad O23M KCL. EPSPS is obtaised near (380% pure) at this

stage in the purification. Optionally, EPSPS is further purified by exchange into Superdex

7
<

75 haffer containing 1.0 M {Asistar) ammonivm sulphate and loading onte 3 10 mi column of

phenyl sepharase equilibrated in the swae buffer. EPSPS i eluted as o single peak early
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during the vourse of & linear gradient of declining ammonium sulphate developed between
1.6 ond .0 M ammonium sulphate.

Cloning, expression, purification and characiyrisation of shenhosate-resistant mutand rice

The rice EPSPS cDNA in pCRBlunt is used as a template for two further PCR using the

foftowing priraer pairs designed to introduce specific changes

SEQ. ID.NG. 35
Riex S olige GOGCATRTGARGHCGH

SEQ. ID. NG, 36
Ri‘L‘{.’ viutgnd reverse }'{V SUAGT ARCEECTGC TR T CAAT A TIGCAT IO CAA T TCTARGIG TS

SEQ.ID. NO. 37

Rice ¥ olige BLOCTORRGTCAST TUCTOACCARAGTROTTAGABCETUG
SEQ. I, NO. 38
Rice mutant forward 1o sal Gonas0raaaa T T A TEUEE TOA TTGACAGCAGONOTGADDES

The resultaat products are gel purified and placed o & whe in egi-molar concsntrations
{o serve a5 a lemplate for another round of PCRs with the rice 8 and 37 oliges. The resuliant
products arg cloned into pCRBlunt I using Tovitrogens Zero Blunt TGRO kit It is confirmed
that the DNA sequence of the insert and 15 predicted open reading frame correspond to that
of the predicted mature chioroplastic rice EPSPS protein {with the exception of the preseace
of an initiating Met) and also that the desired changes {the specific mutation of Tio {and P
8 at specific positions i the EPSPS segoence) are encoded . The thus cloned and verified
vice epsps sequence IS excised using Nde 1 and Xho | and the purified fragment eloned into
pETda (Novagen) digested similarly. The recombluant clones arg introduced into BL21
{DE3}, a codon optimised RP strain of £, coli sapplied by Stratagene. The EPSPS protein is
expressed in thas strain following addition of 1 mM IPTG to the fermenter medium (LB
supplemented with 100ug/mi Kanamycin). The recombinant protein of the correct predicted
mass 1 identified i) on the basis of Coomassie staiaing of SDS gels of cell extracts and side
by side compariyon with Coomassie-stained gels of extracts of similar Feoli cells
ransformed with an empty pET24a vector and ii) by western analysis using a pedycional
anlibody raised 1o previousiy-purified plant EPSPS protein. This mutant forn: of rice EPSPS
iy purified and characterized in a simifar manver & the method described abave for wit rice

EPSPS.
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The so-obtained mutant form of rice EPSPS, assayed as deseribed above o the
presence of 2 mM shikimate-3-Pi, has an spparent Viax of ~ 10 pmol/ min/ mg and a Km
for PEP of 22 M. A1 40 uM PEP, the ICS50 value for the potassium salt of glyphosate is -
0.6 mM. The estimated Ki value for potassiom glvphosate of the mutant EPSPS is ~ 0.2

ML
EXAMPLE. 1%, Preparation of antibodies o purified rice EPSPS and methods for

Western analysis

Standard methods for generation of polycionid antisers in rubbits are used, Rabhits sre
young ferpale New Zealand Whites. Imvmunisation courses consist of 4 doses, each ~ 100
myg, administered at moathly intervals, Each dose in phosphate buffered saline ix
adpunisteresd as an emulsion with Freund's Complete adjuvant (dose 1) or Incomplete
adjuvant {doses 2-4) and is injected at four sub-cutaneous sites, A pre-bleed is taken beforns
dose i administered. A test bleed 1 taken 14 days after the second dose to confirm the
tynune response. A ferm biced i taken 14 days after the fourth dose and used for
experimentation. A fifth and final dose is given when at least 6 weeks has elapsed since the
fourth dose, and the finsl bleed (also used for experimentation) is taken 14 days later.
Antibodies are raised (o bath (i) parified native mature wit rive EPSPS (example 8) and also
(it} wr SDS-denatured rice EPSES polypeptids which is eluted from a band out cut of 8 125
SDS gel (the corect position of the prowin being sccurately marked by side by side
Coomassie stainin,g of the band).

% polyacrylarmde gels are used for SIS gef electraphonesis and Western blotting.
Electrophoresis is performed at a constant current of 100V for 90 minutes. Gels are bloted
against nitrovelnlose sheets overnight st 4 € at a constant 30V, Sheets are blocked in 5%
Marvel phosphate buffered suline containing 0.1% Tween (PBS-tween) for 1 or 2 hours,
washed three times in PBS-tween and incubated in rice EPSPS-RbI primary antibody at ~
1.3 mg TgG/md {sormally squivalent to a 1:4000 to 12 20,000 dihition of term bleed). These
antibody dilutions are applied in PBS (phosphate-buffered saline) contuining ¥ % Marve! and
0.08% Tween 20 for 2 kenars, Secondary antibody, Goat anti Rabbit HRP (Sigma AG154) is
apphied at 110000 ov 120,000 in PBS containing 0.05% Tween and 1% Marvel, Incobation
with sepondary anubody is continued for | hour, the hioyt is washed three times in PBS
(0.03% tweeny, ECL substrate is applied for usually 1 minute and film exposed for 10-60

seconds. Negative contro] blots ave blots with (1) prefmmune serom at o diluting caleulated
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to vield the same [TgG] as i test immune sera {(IgG is routinely purified from an aliguot of
cach serum and quaniitated so that these difuticns can be calondated directly) and also {2)
immune serum raised against Freund's adjuvant done. IgG concentration in control immune
serd {8 adjusted so that controls are al an appropriate concentration of IgG.  In order to make
§ this calentation, IgG s purified from crude antserant by filtration through a 0.430m syringe

filter und passed dewn a Tl HiTrap protein G columa (Pharmacia cat no: L 7-0404-01). The
bound 1gG s eluted from the colurn with 0.1M glyeine HCL pH 2.9 and  dialysed vs PBS
overnight. The IgG concentration Is extimated by UV determination. (a 1 cm pathiength of a
1 mg mi solution of pure IgG has ae absorbance at 280mm wavelength of 1.38). From the

1o IpQ vield a caleulation can be made of 1gG concentration in the crude antiserum, and correct
dilutions in western blots calonlated scvordingly.

Plant tissue samples are prepared for example as described in examgsde 17,
Aitemésiveﬁy, for Western analysis, a much sinpler procedure is used. HO-200 mg of plam
tissue to be analysed is rapudly homeogenized {for example using an ultra torrax, bead beater

15 or glass hompgenizer) in an equal volume of buffer (sumilar to 1n example 7}, centrifuged for
5 munutes in a chilled eppendort microcentrifuge and the superaatant a) a small aliquot is
analysed for protein using the Bradford methed and 1) for the most part miixed 101 with
Laemli SDS “sample buffer’, beated and then stored ready for loading onty gels, Typically
SDS slab gels are loaded with 10 protein samples in 10 wells, Typically these are 1 1o 10 ug

26 of crode exiracts of plant material for analysis alongside a standard curve of between 0 and
20 ng of puve rice EPSPS. In some cases Westerns are ran using antibodies ruised o purified
Wit EPSPS {rern Brassica napies {expressed and parified asing simtilar methods 1o those
described above), Io this ease the strength of the cross regction of the antibodies Is less
strong with rice EPSPS {or with endogenons plant wheat or maize EPSES) than in the case

that antibodics raised to rice EPSPS be asedd but still, nevertheless, provide sufficient reaction

1k
S

for usefu] quantitative information in refation to the stundard carve to be derivabie.

EXAMPLE 20. Isolation of genomic DNA from transgenic plant material, PCR

analysis. DNA probe preparation and hybridisation. Copy number and inteprity of

{ransgene,
30 Genongie DNA Iz isolated from plants, plantlers and valfus materiad using for

example, the method of Dellporta et al (1983) in Chromosome Steucture and Function:

Irspact of New Concepts, 18°th Stadler Genetics Symposium, 1P, Gustafson and R . Appels,
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eds). New York: Plenum Press) pp 263-282 or, alterpatively, using a DNAgasy kit {(Qiagen).
Transgenic callus and plant segregants that contain the mutated rice EPSPS rransgene ave
wdentified using fluoresence PCR using eligonucieotide primers SEQ. ID NO. 39 and 40 that
are 3pecific o the mutations within the rive EPSPS genomice sequence. The fluorsscent dye
SYBR green, which intercalates with double stranded DMA, is included i the PCR so that
samples containing the mutated rice EPSPS zone are idemified by an increase in fluoresence
in the sample, which s detected using an ABI 3377 machine. Alernatively, thuse skilfed in
the ast will know that the primers may be fluorcsrently laballed and technologies sech as
molecular beacons and "Scorpions” are available,

SEQ. NG, 39

RiceDIM Fwd2-34 s~ gre
SEQ. . NQ. 30

5y
i

R3OS byy ast Fgo Rab ogaea ar ~3

tiniversal Keverse B @il ges oot o8 coa 9ol goa b -3
A typical PCR reaction consists of, prepared in 96 well Optical plates and sealed

with Optical lids {PE Biosystems?, s as follows:

50l gDNA template, (Qiagen DNeasy prep)
12,50 2x SYBR Green premiy
2.35ud Spaoliud Stock Forwsrd Priner
2.3u1 3pmobipl Stock Raverse Primer
35.0ud Total volume

The following cycling parameters are followed:

Stage It S300 x 2 ming
Stage 2 Q3 x 10 mins
Stage & oyclesnf 950 x ISsecs

H0aC « 48sees

Changes in fluorescence within the ssinples is recordest every seven seconds from
stage 3 of the reaction.

For Southern blotiing approximately 10 jg of DNA is used for each restriction digest.
Genomic DNA is digested with suitable restriction enzymes (e.g Hind [ according o the
manufacturer’s instraetions {e.g Prornega). Restriction enzymes gre chosen that cut both
within and outside the mutant EPSPS sequence. DNA is separated gsing TAE (0.04M tris-

acetate, I mM EDTA) 8.8% agarose gels. Souwthern blotting s carried out according to
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methods giving by Sambrook ef of., 1989 using HyBond N+ nitroveltulose blotting
membrane {AmershamPharmacia). The DNA s cross-linked 1o the membrane by exposure
to UV fhunination,
DNA fragments used for gengrating specific probes are isolated by pusification on

5 gels of restriction digests of plasnud DNA or generated by PCR. For example, # 78 bp
fragment contaiming intran 1 of the nce EPSPS gene, s generated by PCR using primers aa
shown below,
SEQLID. NG, 43
INTS §¢ CoTtientobtaeglaaattscantie 37

$6 SEQ. . RO 42

INTIAS 50 gLIgnOUoania’ialacaagay ¢

Such prebes are labelfed with 7P using the random priming methed, for example
Ready-To-Go DNA kubelling boads (AsmershamPharmacia) and purified using, for example,
MicroSpin G-23 columns {AmershamPharoacia).

15 Blots of DNA gels are prehybndized at 83 Cin 5x SSC, 0.5% SDS, 2xDenhardt’s
solution, .13 my/ mi denstured salmon sperm DNA for at least one howr. The blot is then
tiybridized with deoatured probe for 16-24 at 65 C in fresh pre-hybeidisation solstion,
Membranes are blotted dry and visualised using avoradiography.

Where Southemn blotting indicates a single intogration event of the transgene at &

2 single focus, indicted by the probe hvbuidising with only a single specific sized restriction
fragment, then the result is confirmed through a rehyridisation of the blnt using an alternative
probe. For controls, untransformed matental s used. Additionally the blot may be probed
further with hybridisation probes specific w other regions of the transgenic comatruct (for
exampie the promoter, 3"UTR intron or upstrears enhancer sequences) in order to verify the

28 integrity of the construct. Additionally, in the case that Agrobuacterivm transformation is
used, specific probes are used 1o indicate the presence or absence of any DNA extending

from beyond the RB and LB of the super-binary vector,
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SEQ D NO. 43 Rice EPSPS gepomic (from ATG - WT sequence}

ANYRCTEER U YO LG R OGINYIE I LT O YRt ORGYCEY L QAngIngt OgRCunUgt £k

!
Frageggsagragot s BN ARl eie S SERRAOT i eu A et e fef e Luix TeTefletat So tx To betwle priufe o telucte Setn e

TG R g
t‘332ggtagcaccggcggcgaagq”ﬁedqsJqutﬁqtcr CCAGCCCRLCRGIREY
3RGLUCLOLACASUAGEAT O oCERC Lo ognaet et ownaggt oagany

SLLNTCTSISHALAYAL L LLAGUOSTL L L at tagygagargyeisigti igugas
' RSCLHRAPLLCTHYL L LLARLCACRERATECREREA
gasgziatgat aRnvehostasatgtoaggeiaoia:
HLARgULNL I LA FRER L LT QL REACEABGYLAICLENY

AT LLLQAGAZTAYL UL L L O UNCRSAR T TANGOARLE L EQGEIOLNCt
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SEQID NO. 45 FMV enhancer
TCPEFAGEEOGETTnCeEot s

C
ebtngost tiattgoazagalasageagast toaneisgtacaagigoggsacsasataacgtiQuraragrgetgtoctigasa

13

GUL LG GOggATCEGACAREARRTTAAL PINICAYSAL L QL LAGUOHR ST ALCRIAAGTS

=Y

T

JACTATLORALLRS LU LA QAT RARCECIYLFACYRLCATCASARTLNQAG

iy

\:a&agggtaatatccggaaaﬁtnLccagaxttﬁcatrgccwa3~t:tthacactttettq gayatay

R AGESEATACCALOTN L WS SFEL QOO T LOTngR ORI

&
SYRCTRCLATCCROGAZARAFCRALGIUIRRIEA3GRSG3 QT TRUGEU L CASARGUASTUIRE L LR Ly

L <
LERLAL OLOCROLWEC AT RAGTIAEGRIZCACRIL AT TILSC L L OGURAGACSCLES

SEQ D NO, 48 Maize Poiyﬁbiqaitin Enhancer

sttogatgtagastglaatagottoanaggatiasat
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atastotataztagtacasts
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atasaatagay saateacooiitangass
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garawoortosyoogoerticavtatottittigocogagtastigte

TogRtlineotentatrygtagyecaatgsat oot gigatogogt et
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TArTtiiostacatadtvatatyostiacuastatbicariacacty

p Y

X

FErELILoRnEtratitguil ttauacgasasttgastio ol
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BUadagitogebt tarsasataaagagheas
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BLoUatRLCERBL LEGRGLAY RLEATLLCPLELRCLE L tytasatacsgayyRtitgtatasgaaatats

=g
RARTCCATANICL QAL LLYRCALERL LN LLGAYRABEAL BALYAICASLASLASEIT LAEA

a vac
ALage L LCCCCoQLignagognatgastat L tinatay Laaaagataaart INZACT C3RABCR L LLSCIGRAGT

ICHRIAR 3
RACOCCEARGFLL N L REAGCOUAATYILGRL AL OCIAGA L OCAR LA
& FFLCOAZCNSRALGANCIALAGLCLCCATRTCATCOCIET

ASAZSRJARIYRIARA RS ATAASASLAI AAIARDE

SEQ ID KO, 50 Rice GOS2 Enhancer

18 GSRTLCTARSAPELLOLRCRCCYE LT LLATHLOOLIRCERARCRA R THTARYRACHEGLGOLAEAL A LI AR LIGQSUCI LAY D
LALGARTFCLSLASUTATEAT ALY ERGARFABTLOR LACRACTLSTLL LAY LEUCRILGGICL AR L RAZRIAGAYLOY
czaca«&agrttcg: € cagaatatacgtisacatanougtast

gaagriaaapy cottiorayotysantcastsqgra

fagagagataturtone CaRagaiitgracatataatiaratsattt

&
13 tata *“tgtu¢ut§zgstataccqcasrtcattaagqacatgtstt&stemstctcaant: Tera ﬁtaatt&&ﬁg&C&&
o

Stratittratiatoost

::t:aggtagc atagctg&
avAassasatartttiacagsrtagtat gassagha
CHLFCINGBERYCTRAL SO COE LT LYZN0a

G

FRYCLARCYBAGHRT AU

SEQ ID NO. 31 Barley Plastocyanin Eadancer

Dosaaato VRGN hosataonatogggisdegtgiagas i toacriganatatattngtant aorion
2Hag 2 £l

[

sasagtttats b cgiarasisggivgtsaatiigadrasciraanqayagasatsta
stgatstasiiiitatgivtazacastatatitnat Largt Lang
Flzau@syguagiatigiagiiatgeataanterinotatacacty
Batsastigoasttit tatoagancaatantvatgtiginostt

tttca&aata&aratctcaagtt§aatﬁaacatttatﬂtactagagttaarac

vgsglatatabztavagaghitaastsgastaagiiagbacstacantatatagal

(]
Lo

JECRA-Sugnied ke fedTode ﬁg GEagRAgRcFagammgiatcat gt itgiggaasat

Latatiag

CHEATIYIRTFAT R TEYRYOLACTCLCROCLOALOOITR L AR

SEQ D RO, 532 Rice Genomic G EPSPS (10 ATG)

33 QELREL YN gRgRTE GRYACROC QITHURBUGERATIAYIACCANGEIGAL & ECELOL LR S EROCELE Ly
23LLLREABEATIASHECORTL LLSASRACLERLCLE CaGabANEASY Foa
CHLOATCURTATEYFCYLEBCRGLALL YL L L LRULETACTAAL oCagat aaatasa
attiazaaszantiiagativitranctatabost Lataaseat iysauatys GO
rgagtggniitaagirigt togottitguasatatatatongtal EgaBAL

41} svagRIgysategtarsataaaloratit taayraant OCRIgotassh ty R tas
LERITCasaaRaRsn LatAL UNRSCHSGI Lol tataglagat LLcasothaal tagRacat A asat gl LOATOOga L aTAS

£
CECangRItAL L LAl Rant 3R L LanEral L REAR IR G LAEABA LOU OGN LR GTOgngR Tl O L A AREaIEEAS
{5

2 3 p
UL ATt RS ACHHGU VAT HLATHYII URAT CYHUSCURARCUIGYRCCH AN ARCURC LU G0N STGOO CRUNER LECRE
CLECFEACERCFIERSHURCLGUAL IOgRARCDGLE aﬁgaagttcawaﬁgan*“qaw::aaatcgch&ctcgcaq gytay
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GUURCRICOULT

ACONCTECEa R LAt at Lot oot Lo o oG ro b o8 0N C8UARA S UGTATUSANC UNIRDCTNG

LECHOINTORTCES L QL OCHC LATIEUDEROTRORDCTLH LOT ILOTAHARTU L OCAROYQCROCQYET

SEQ D NQ. 83 Rive Genomie G EPSPS (m ATG)

LrRatLaaAasTak

LOCOEUENRNOR

q LYRRATOUHCRITHCR LTS RTOAFL T ECR

R
ERACCITIG TAGEOCCATCRUENECOR AL TLARCE LOEhas
T Cobctartiotictiaibooiroeliaquaedy

OCTOUDITLRARTTOTSCTCCALCT L CROYR

SEQ ID NGO, 54 Rice Genomic G2 EPSPS +Maive Adht intron

YOCRNE fqaaaatiasattoaszatartiratatobtitatetatana
tnataasAntgeAageEtat cartugtgeargagioggrited attrgttcgattttg;a
aatasatstooQuatigsa o

TLhas@AraELs
COQTYRATTOFFACEILCY

COFLTHRICAGERCRLED

e

rantortacaniatasgant ARG RCQTCR TR T HACE

DCRTCRCBLCOT TOCHERER cototyrenohugatotya

CRLAARTRF LGOS

otagtottguittatgatogiy

B
FLQEUECigatoitygtst ot atog TECALFAARAYICLRAQTAS

Lotrtotogatgtascatogtontagos 3 Lacegtal ¢ CEBCAGLOLEICLERATACRLCRLRLGALEL LY
ageaasgarotatogt cghoties satgtiag

QUEERTORTEOTEIgaalt taarta’otoglngagigans ot COLTNQCLQCLATACANALGRTCA
LREGERTL LERCOENH LN LRAKIBSPRGCHERIAGELNGIALOULGALGAL L L3QEL L ZoCnaugugatigot LLeanggacan

tatgart:qttqanta LELGURgREACRIGCLLC

trgtatgotarceigeeatostggigaastiabitot

At

taacatagioragracigniattacoghytgabana

=

AatacuR ey

tgitotriaataaagacgicatisteata

AsCLogs baytgocnigi st

sGesagagogasasgtrigeoancengaiaa

PO & =
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CLAIMS
1. An isolated polynucleotide comprising the sequence depieted in SEQ 1D No. 43,
3 3 A polymicieoude encoding an EPSPS, excluding the cDNA sncoding the rice and

corn EPSPS, which polynucleotide is complementary i one which when incubated at

a temperature of hetween 65 and 70°C in 0. strength citrate buffered saline
containing th1% SDS followed by rinsing at the same temperature with 0.1 strength
citrate buffered galine containing .16 SDS still hybridises with the sequence

1 u:pn.{w it SEQ ID No, 43,

3 A polynucleotide encnding an EPSPS obtainable by sereening plant genomic DNA
Hibraries with a polynacleotide constituting an intron within the SEQ ¥ No. 43

SEGULICT,

—
s

4, An isolated podynocientide romprising a region sncoding a chloroplast transit peptide
ad @ glyphosaw resistant S-enolpyruvylshikinate phosphate synthase (EPSPS) 3 of
the peptide, the sald region being under expression control of a plant operable
prognoter, with the provesos thay the said promsater 1s not heterologous with respeet 1o

20 the said region, and the chioroplast transit peptide & not heterologous with respect 1o

the satd synihase.

3. A polynucleotide according to any one of claims 14, comprising the following

conpanenss in e § 1o 3" direction of transcription:-

28 £} At least one transcrippional ephancer being that enhancing region which is
upstrears from the transcriptional start of the seqeence from which the enhancer is
obtained and which enhancer per se does not function as a promuster either in the
sequence in which it 18 endogenowsly comprised or when present hetersdogously as
part of a construct;

30 (i} The promoter from the rice EPSPS gene;

(i} The rice genomic sequence which encades the rice EPSPS chioroplast transit

peptide;
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(v} The genomic sequence which encodes the rice EPSPS,
{v} A transcriptional terminator;
wherein the rice EPSPS coding sequence is modified in that a first position is mutated
50 that the residue at this position §s Hle vather than Thr and a second positicn is

3 ourated so that the residue at this position is Ser rather than Pro, the mutations being
itroduced into EPSPS sequences which comprise the following conserved region
GNAGTAMRPLTAAY in the wild type enzyme such that modified seguence reads
UGNAGIAMRSLTAAV,

TV A polvnucieotide according to claim §, wherein the said eabancing region comprises
a sequence, the 3 end of which is at feast 48 nuacleotides apstream of the clisest

transcrptional stan of the seguence from which the enhancer is ahtutned,
i

7, A polynucizotide according to either of claim 5 or 6, wherein the eohancing region
15 ceanprises a region the 3% ead of which is at least 60 nucleotides upstresm of the said

closest start.

8. A polynuclentide according 1o claim 3, whereln the sadd enhancing region comprises

a sequence the 3" end of which is at least 10 nucleotides upstrean from the first

24 nucleotide of the TATA consensus of the sequencs from which the enbancer is
ebtained.
g, A polysucleotide according 1o any one of claims 3-8, comprising first und second

transcriptional enhancers,

2%
1. A polynuclestide according to elaim 9, wherein the first and second enhancers are
tandemly present in the polvnucleotide.
o A polynucientide sccording to any vne of claims 5-10, wherein the 3 end of the
36 enhincer, or fiest enhancer, is between about 100 to about 1000 sucleotides upstrears

of the codon corresponding to the translational start of the EPSPS transit peptide, or

the first nucleotide of an intron in the § sntransiated region
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12, A polynucleotide according to any vne of clains §-11, wherein the 3 end of the
entancer, or first enhaacey, 15 between about 130 1o about 1K nucleatides upstream
of the codon corresponding to the transtational stan of the EPSPS transit peptide, or

the first nuclentide of an intron in the 57 untravstated region.

8

B

{3 A polynuclectide according o any ene of claims 5412, wherein the ¥ end of the
enhancer, or first enhancer, Is betwern ubout 300 to aboat 850 nuclentides upstream

of the codon corresponding o the transtational stant of the EPSPS tansit peptide, or

e

the first nuclectide of an intron in the & untranstated region.

14, Apolynucleotide according to any one of clalis 2-13, wherein the 3 end of the
enhancer, o first enhancer, is bepwoen abon 770 and about 790 nuclentides upstream
of the codon corresponding to the transhational start of the EPSPS tansit pephide, or

iS the Dirst nucleotide of &1 intron in the 3 vetransiated tegion,
&

IS A polynueleotide according to any one of claims 2-13, wherein the 3 end of the
artancer, of first eghapeer, s bepween abost MK and abow 380 nucleotides upstream
of the rodon corresponding 10 the transiational start of the EPSPS transit peptide, or

0 the first nocleotide of an intron in the 5 untransiated region.

16, A polynucleoude according to any one of claims 2-13 and 15, wherein the 3 end of
the enhancer, or first enhancer, i betwesn about 320 and abouat 330 nucleotides

upsireamn of the codon corresponding to the transkational start of the EPSPS transit

[
L

peptide, or the firg nucleotide of an intron in the § untransiated region.

—a
)

A pelynuclestide according o any one of claims 5-16, wherein the region upstream
of the pronmuyer from the rice EPSPS pens comprises at least ong snhancer derived
from a sequence which is upstream from the transeriptional start of either the

30 CaMV3ASS or FMVIAS promoters.
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18, A polynucleotide according to claim 17, comprising in the § to ¥ direction a first
enhancer comprising a transcriptional enhancing region derived from a sequence
which is upstream from the transcriptional start of the GOS 2 promater and a second

enhancer comprising a transeriptions! enhancing region derived from a sequence

fog

3 which 15 upstream from the transcriptional start of either the CaM V35S or FMVIAS
PIOMOETS,
19, A polynucleotide according to claim 18, copprising in the § o 3 divection a first
enhancer comprising a transeriptional enhancing region derived from a sequene
0 which is upstrears from the transcriptionat st of the rice actin promoter and a

second enhancer comprising # tragsoniptional enhancing region derived from a
sequance which 1s upstreans from the rranseriptional stast of either of the FMV35S or

CaMV 338 promaters,

5 3L A polynaclentide according to claim 17, comprising in the 5 to 3" direction a first
enhagcer comprising a iranscriptional enhancing region desived froms a sequencs
which 1s upstream from the transcriptional start of the barley plastooyanin promoter
and a second enbancer comprising a transcriptional enhancing region derived from a
sequence which is upstream from the transeriptional start of either the CaMV3ISS ar

20 FMV33S promoters,

1. A polynucleotide according to laim 17, comprising in the 3t dmcr,on & first
erhancer comprising a franscriptional enhancing region derived from 2 sequence

which s apstream from the trmscriptional stan of the maize polyubuitin promuter

28 and a second enhancer compnsing & ranscriptiona enhancing reginn derived from a
segquence which is upstream from the transeriptional start of either the CaMV3358 or
FMV35S prommters.
&0 A polynuclenstide aconrding to clahm 17, comprising in the 5 to 3 divection a first
3¢ enhageer comprising @ transcriptional enbancing region desived front 4 sequencs

which i upstream from the transcriptional start of the FMV 35S promoter and a
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second enhanver comprising a transcriptional enhancing region devived from a

sequience which is upstrcars from the transeriptional stant of the CaM V3358 prometer,

33 A palynucleotids according o any one of clatms 1-32, wharein the nucieotides § of
5 the codon which constinutes the transtational stant of the rice EPSFS chloroplast

transit peptide are Kozack preferred.

24, A polvnocleotide according to any one of claims 3-23, wherein § of the rice genomic
sequence which encodes the rice EPSPS chicvoplast transit peptide there is located o

[ nan-transtated region which comprises a sequence which functions a5 ag intron,

2%, A polynucleotide according to ofaim 34 wherein the rosetranslated region comprises

an intron, wherein the fntron 18 the mmze ADHT intros.

15 26, A polynuclectide according o either of claims 24 or 25, wherein the intron comprises

the sequence depicted in SEQ D NO. 35,

2
~}

A polynucleotide acosrding to any one of claims 5236, which comprises a vivally
derived transtational enhancer or other pon-viral vanslationa! ephancer located within
0 the non translated region 3' of the rice genomic sequence which encodes the rice

EPSPS chloroplast transit peptide.

28, A polyniclentide sccoading o any one of claims 5-27, further conywising regions

encoding proteins capsble of conferring upon plant material containing it at least ong

&K

23 of the follmwing agronomically desirable traits: resistange W insecty, fuagl, vinses,
hacteria, rematades, stress, dessieation, and herbicides.
ats A polvnucleotide acvording to claim 28, wherein the herbrride s other than
givphosate.
3G

36 A polvnocleotide aceording to either of clains 28 or 29, wheresn the insect resistance

venferring regions envede crysial toxins derived from B, inchuding secreted Bt
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toxing protease inhibitrs, lecting, Xenhorabdus/Photorhabdus toxins; the fungus
resistance conferring reginas are selected from the group vonsisting of those encoding
knowe AFPs, defensing, chitinases, glucanases, Avr-UR the bacterial resistance
conferring regions are selected from the group consisting of those encoding cecropins
b and techyplesio and analogues thereof! the virus resistance regions are selected from
the group consisting of genes encoding virus coat proteins, movement proteins, vival
rephicases, and antisense and ribozyme sequences which are known o provide for
virgs resistance; the stress, salt, and drought resistance conferring regions are selected
from thoss that encode Glutathione-8-transferase and peroxidase, the sequence which
{0 constitutes the known CBF1 regulatory sequence and genes which are known 0

provide for accumubstion of rehalose.

31, A polynucleotide accosding to cluim 30, wherein the insect resistance conferring

regions are selected from the group consisting of erylAc, crylab, erydA, Vip 14, Vip

{5 1B, cystein protease inhibitor, and spowdrop fectin genes.

32, A polyaucleotide according to any preceding claim, which is modified s that mRNA
instability motifs and/or unwanted splice regioms are removed, or ovop preferred
codons are wsed so that expression of the thus modified polynucleotide in a plamt

20 yields substantially similar protein having a substantially similar acuvitw/function o
that ohiained by expression of the protein encoding regions of the uamndified
polynucieotide in the organism in which they are endogenous.

33 A polynucleotide according to the preceding claim, whersin the degree of identity

25 hetween the modified polynucientide and a polysacleotide endogenously contained
within the said plant and encoding substantially the same protein is such as to prevent
co-sappression between the madified and endogenous sequences.

34 A polynucleotide sccording to the preceding claim, wherein the said degree is fess

30 than about 7%

ias
L4

A veetor comprising the polynucleotide of any preceding claim,
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Plant material which bas bees transformed with the polvnucientide of any ooe of

claims 1-34, or the vector of clatm 38,

Plant material which has been transformed with the pofynucientide of any one of
claims 1-34 or the veotor of claim 35, apd which has been, or is, further transformed
with a polynuciestide comprising regions encoding proteins capable of conferring
apon plunt material containing it at least one of the following agroneurcally desirable
trags: resistapee to insects, fungd, viruses, bagteria, nematodes, stress, desiceaticn,

and herbicides.

Morphidogically normal, fertile whole plants which have been regenerated from the

material according to either of claims 36 or 37, their progeny seeds and parts.

Muorphologieally normat fertile whole plants which comprise the polynuciectide of
any one of claime 1-34 and which result fromy the crossing of plants which have been
regenerated frovn material trunsformed with the polynucieotids of any toe of clarms
}-34 or the vector of clatm 35, andd plants which have been transformed with a
pudynuclestide comprising regions encoding proteins capable of conferring upon
plunt material containing it at least one of the folfowing agronomically desirable
traits: resistance to inseats, fungi, viruses, bacteria, nematodes, stress, desiceatinn,

and herbicides, the progeny of the resaftant plants, their seeds and parts.

Plants gecerding 10 either of clajms 38 or 39, selected from the group consisting of
freld crops, froits and vegetables such as canola, sunflower, tobacor, sugar best,
cotton, maize, wheat, batley, rice, sorghum, tomato, mango, peach, apple, pear,
strawberry, banany, melon, putato, carrot, letuce, cabbage, onion, soya spp, sugar
vane, pea, feld beans, poplie, grape, witrus, alfalfa, rye, oats, wrf and forage grasses,
flax and oilsced rape, and sut producing plants insofar as they are not already

specifically mentioned, their progeny, seeds and pans.

Maize, wheat or rice plants according o any one of claims 3840,
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43, A methed of selectively vontrotling weeds in a field, the field comprising weeds and
plants or progeny according 1o any one of claims 38-41, the methad comprising
application to the fizld of a glyphosate type herbicide in an amount suffivient to

controf the weeds without substantiaily affecting the plants,

Py
fad

A method according to the preceding claim, further comprising application to the
field exther before or after spphication of the glvphosate herbicids of one or more of
the following: a herbicide, insecticide, fungicide, nematicisde, bacterineids and an

anti-viral,

4L A method of producing plants which are substantially tolerant or suhstantially
resistant 1o ghyphosate herbicide, compising the seps of!
{1} transforming plant material with the polynucieotide of any one of claims 1 to

34 or the vector of clatm 35

the thus transformed material; and

,,
(%)
-
Yo
o
o~
P
%
AN
o
o)
“4
,_,

{hi}  regenerating

&

~

the thus selected pateriad into sworphologically normal fertile

whole planis.

43, A method sconrding to the preceding claim, wherein the transformation involves the
20 mtrodustion of the polyaucleotide into the materkd by: (i) biolistic hombardment of
the material with pactiches coated with the polyoaocleatide; or (i) impalement of the
malerial on silicon carbide fibres which are coated with a solutiom comprising the
polvaucieotide; or (11} introduction of the polyvaucleotde or vector intn
Agrabacterium and co~cuftivation of the thus tansformed Ageobacteram: with plamt

23 muderial which is thereby transformed and is subsequently regenerated.

46, A mwthod aceording to the preceding cladm, wherein the transformed material ts

selected by #s resistance (o glyphosate,
3 47, Use of the polynucieotide of any one of claims | w 34, or the vector of claim 35, in

the production of plant tissues and/or merpholngically normal fertile whole plants

which ave substantially tolerant or substantially resistant to glyphosate herbicide,
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48, Use of the polynucieotide of any one of claims | 1o 34, ¢r the vector of claim 33, in
the production of a herbicidal target for the high throughput i wire sereening of

potentiad herbicides.

49, A method of selecting biological material sransformed so a5 to express a gene of
iterest, wherein the transformed raaterial comprises the polvaucieotide of any one of
clatms 1 10 34 or the vecior of clatn 35 and wherein the selection comprises exposing
the ransformed material fo glyphosate or a salt thersof, and selecting sueviving

10 naterial,

30 A methed according to the preceding olaim, wherein the bindogival material is of

plant origin.

L
LA
p—t

A method accanding to the preceding clainy, wherein the plant is a monocet.

L4
2]

A method accordbng 0 the proceding claim, wherein the monocot is selected from
group consisung of barley, wheat, com, rice, oats, rye, sorghum, pincapple. sugar

cane, banana, onion, asparagus, kek,

Ty
4
=

(¥4
2

A method for regenerating a fertile transformed plant (0 contain foreign DNA

comprising the steps of:

{a) producing regenerable tssue from said plant so be transformed;

(hy  transforming said regenerable tissue with said foreign DNA, wherein said

25 foreign DINA comprises a selectable DNA sequence, wheretn said sequence functions
i 2 regencrable tissue as a selection device;
{e} befween abontone day to abomst 60 davs after step (), placing said
regenerable tissue from step (b) in a mediom capable of producing shoots from said
tissue, wherein said mediom further containg a compound used 10 select regensrable

30 tissue contating said selectable DNA sequence to allow dentification or selection of

the transformed regenerated fissne;
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(i) after at least one shoot bas formed from the selected tissue of step {¢)
transferring said shoot to 4 second mediom capable of producing roots from said
shoot to produce & plantles, wherzin the second medium optionally contains the said

compound; and

[

(e} growing said plantlet into a fertile wansgenic plant wherein the forcign DNA
ts trsnsnuited 1o progeny plants is Meodelian fashion, wherein between step (b) and
step (o} there is an optiona] step of plucing the transformed material onto cadius
inducing medaan, charscterised in that the foreign DNA is, or the selectable DNA
sequence comprised by the foreign DNA comprises, the polynucieotide according to

{ any one of clabms 1 to 34, and the said compound is glvphosate or a salt therent,

2
A

A method according o the preceding claim, wherein the plant is s monoont selected

frora the group consisting of banana, wheat, rice, corn und bardsy.

155 A mahod according iy either of clanms 53 or 54, wherein the said regenerable tissue

ta selected from the group consisting of embryogenic calli, somatic embryns,

ipunatuse cnbryos e,
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Pg‘perwork Reduction Act of 1995, no persons are req ired to respond to a collection of information unless it displ_zys a valid OMB control number
PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Fiing Date _
Substitute for Form PTO-875 15/288,406 10/07/2016 (7o be Mailed
ENTITY: LARGE [JsmaLL [ micro
APPLICATION AS FILED - PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(L) Basic FEE N/A N/A N/A
(37 CFR 1.16(a), (b}, or (c))
(L) sEARCH FEE
(37 GFR 1.16(k), (i), or (m)) N/A N/A N/A
(_J EXAMINATION FEE
(37 CFR 1.16(0), (g}, or (3)) N/A N/A N/A
TOTAL CLAIMS . %
(37 CFR 1.16() minus 20 = x $80 =
INDEPENDENT CLAIMS . %
(37 GFR 1.16(h) minus 3 = x $420 =
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Dé’;’g'f?glor\' SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)}
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART i
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
1 12/16/2020 § \creg PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x = -
E 57 FR 1.16() 34 Minus 34 =0 x $100 - 0
& | Independent « ‘ e _
g (370%1 o) 2 Minus 3 =0 x $480 = 0
< L) Application Size Fee (37 CFR 1.16(s))
(_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 0
(Column 1} (Column 2} {Column 3}
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
'E AMENDMENT PAID FOR
L § Total * ; ok - =
= § (37 CFR1.16()) Minus - x$ 0 -
£ I independent * ; akk = -
E '37GF% 1.16(h)) Minus - X $ 0 -
E ] Application Size Fee (37 CFR 1.16(s))
(] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
11640
TOTAL ADD'L FEE
~ If the entry in column 1 is less than the entry in column 2, write "0" in column 3. SLIE
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /DESHONNE T. MARTINO/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

/f you need assistance in completing the form, call 1-800-FTO-8133 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
107540 7590 01/04/2021
Barnes & Thornburg LLP (Dow) KRUSE, DAVID H
11 South Meridian Street -
Indianapolis, IN 46204 | ART UNIT PAPER NUMBER |
1663
DATE MAILED: 01/04/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/288 406 10/07/2016 Terry WRIGHT 14764-258662 5402

TITLE OF INVENTION: NOVEL HERBICIDE RESISTANCE GENES

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 04/05/2021

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verity whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

107540 7590 01/04/2021 Certificate of Mailing or Transmission
Barnes & ThOl‘I‘lblll‘g LLP (DOW) I hereby certify that this Fee(s) Transmittal is being deposited with the United
o States Postal Service with sufficient postage for first class mail in an envelope
11 South Meridian Street addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Indianapolis IN 46204 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
(Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE I FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/288.406 10/07/2016 Terry WRIGHT 14764-258662 5402
TITLE OF INVENTION: NOVEL HERBICIDE RESISTANCE GENES
| APPLN. TYPE I ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 04/05/2021

| EXAMINER | ART UNIT I CLASS-SUBCLASS |
KRUSE, DAVID H 1663 800-300000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form i1s NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual [} Corporation or other private group entity [J Government

4a. Fees submitted: [ Jissue Fee [ IPublication Fee (if required) [ JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via EFS-Web [LJ Enclosed check [.J Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

d Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE l FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
15/288.406 10/07/2016 Terry WRIGHT 14764-258662 5402
| EXAMINER |
107540 7590 01/04/2021
Barnes & Thornburg LLP (Dow) KRUSE, DAVID H
11 South Meridian Street -
Indianapolis, IN 46204 | ART UNIT PAPER NUMBER |

1663

DATE MAILED: 01/04/2021

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence

to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of

settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

3]

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as aroutine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be diselosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. B 15/288,406 WRIGHT et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
DAVID H KRUSE 1663 No

- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.[¥) This communication is responsive to the Reply filed 16 December 2020.
(J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

23 An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 15-16 and 18-49 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) DAl by (J Some  *¢) (J None of the:

1. (3 Certified copies of the priority documents have been received.

2. (O Certified copies of the priority documents have been received in Application No.

3. (J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1.[J Notice of References Cited (PTO-892)

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.3 Examiner's Comment Regarding Requirement for Deposit 7. J Other .
of Biological Material

4.3 Interview Summary (PTO-413),
Paper No./Mail Date.

/DAVID H KRUSE/

Primary Examiner, Art Unit 1663

5. (] Examiner's Amendment/Comment

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13)

Notice of Allowability Part of Paper No./Mail Date 20201221A
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Application/Control Number: 15/288,406 Page 2
Art Unit: 1663

Examiner’s Comment
Terminal Disclaimer

1. The terminal disclaimer filed on 8 December 2020 disclaiming the terminal
portion of any patent granted on this application which would extend beyond the
expiration date of each of U.S. Patent 7,838,733 and 9,127,289 and 10,174,337 has
been reviewed and is accepted. The terminal disclaimer has been recorded.
2. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to David H. Kruse, Ph.D. whose telephone number is (571)
272-0799 and direct fax number (571) 273-0799. The examiner can normally be
reached on Monday to Friday from 7:30 a.m. to 4:00 p.m.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Amjad Abraham can be reached at (571) 270-7058. The central FAX
number for official correspondence is 571-273-8300.

Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the Group Receptionist whose telephone number is

(671) 272-1600.

/David H Kruse/
Primary Examiner, Art Unit 1663
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes | 15265 406 WRIGHT et al,
T Y
DAVID H KRUSE 1663
CPC - Searched*
Symbol Date Examiner
C12N 9/0069 11/07/2018 /DK/
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
Inventor Name Search 11/07/2018 /DK/
EAST: USPAT, USPGPUB, EPO, JPO, DERWENT 11/07/2018 IDK/
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Sequence Search of SEQ ID NO: 9 10/30/2018 /DK/
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Update EAST 03/04/2020 /DK/
Update EAST 11/25/2020 IDK/
Sequence Search of SEQ ID NO: 9, included interference search 12/01/2020 /DK/
Update EAST 12/21/2020 /DK/

/DAVID H KRUSE/
Primary Examiner, Art Unit 1663

U.S. Patent and Trademark Office
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Part of Paper No.: 20201221A
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Interference Search
US Class/CPC | ;5 subclassicPC Group Date Examiner
Symbol
EAST EAST 12/21/2020 /DK/

/DAVID H KRUSE/
Primary Examiner, Art Unit 1663

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |sgg 406 WRIGHT et al.
H “ II “l Examiner Art Unit
DAVID H KRUSE 1663
CPC
Symbol Type Version
C12N F 2013-0:1-01
C12N | 2013-01:01
C12N | 2013:01-01
C12N ! 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 34
/DAVID H KRUSE/ 21 December 2020 . . -
Primary Examiner, Art Unit 1663 O.G. Print Claim(s) § O.G. Print Figure
(Primary Examiner) (Date) 1 NONE
U.S. Patent and Trademark Office Part of Paper No.: 20201221A

Page 1 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |sgg 406 WRIGHT et al.
H “ II “l Examiner Art Unit
DAVID H KRUSE 1663

INTERNATIONAL CLASSIFICATION
CLAIMED
C12N
NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 34
/DAVID H KRUSE/ 21 December 2020 . . -
Primary Examiner, Art Unit 1663 O.G. Print Claim(s) § O.G. Print Figure
(Primary Examiner) (Date) 1 NONE
U.S. Patent and Trademark Office

Part of Paper No.: 20201221A

Page 2 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |sgg 406 WRIGHT et al.
H “ II “l Examiner Art Unit
DAVID H KRUSE 1663
Claims renumbered in the same order as presented by applicant (3 CPA T.D. [O R.1.47
CLAIMS
Final {OriginaljFinal }OriginaljFinal [OriginaljFinal [OriginaljFinal {OriginaljFinal [OriginaljFinal }OriginaljFinal [Original
1 10 4 19 13 28 22 37 31 46
2 11 5 20 14 29 23 38 32 47
3 12 6 21 15 30 24 39 33 48
4 13 7 22 16 31 25 40 34 49
5 14 8 23 17 32 26 41
6 1 15 9 24 18 33 27 42
7 2 16 10 25 19 34 28 43
8 17 11 26 20 35 29 44
9 3 18 12 27 21 36 30 45
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 34
/DAVID H KRUSE/ 21 December 2020 . . -
Primary Examiner, Art Unit 1663 O.G. Print Claim(s) § O.G. Print Figure
(Primary Examiner) (Date) 1 NONE
U.S. Patent and Trademark Office Part of Paper No.: 20201221A
Page 3 of 3
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BARNES & THORNBURG

11 South Meridian Street
Indianapolis, Indiana 46204

OK TG ENTER: /D.H.K/ (317) 236-1313
(317) 231-7433 Fax

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Artorney Docker:  14764-258662

Examiner: David Kruse

Customer No.: 107540 }
}
Group: 1663 }
}
Confirmation No.: 5402 }
}
Application No.: 15/288,406 }
} FILED ELECTRONICALLY:
Invention: Novel Herbicide Resistance }
Genes } December 16, 2020
}
Inventor: Terry Wright et al. }
}
Filed: October 7, 2016 }
}
}
}
}

AMENDMENT AND RESPONSE UNDER 37 CFR 1.116

Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

Sir:

In response to the final Office Action dated December 8, 2020, Applicant requests entry
of the following amendments and consideration of the accompanying remarks. Applicant
believes that no fees are required for submission of this response. If any fees are required to
effect this filing, the Commissioner is authorized to charge the same to the account of Barnes &
Thornburg, Deposit Account No. 10-0435 with reference to our file 14764-258662.

Amendments to the Claims are submitted herewith beginning on page 2.

Remarks begin on page 8 of this paper.

COR-AAD1-00004699
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Receipt date: 12/16/2020 15/288,406 - GAU: 1663

BARNES & THORNBURG LLP

11 South Meridian Street
Indianapolis, Indiana 46204
(317)236-1313

PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Customer 107540 }
No.: }
}
Group: 1663 }
}
Confirmation ~ 5402 }
No.: }
}
Application 15/288,406 } FILED
No.: ELECTRONICALLY:
}
Invention: NOVEL HERBICIDE } December 16, 2020
RESISTANCE GENES
}
Applicant: Terry Wright et al. }
}
Filed: October 7, 2016 }
}
Attorney 14764-258662 }
Docket:
}
Examiner David Kruse }

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:

This Statement is filed pursuant to 37 C.F.R. § 1.56. No representation is intended that a
complete search has been made of the prior art or that no better art references than the references
cited in this IDS are available. The filing of this IDS shall not be construed to be an admission that
the information cited in the IDS is, or is considered to be, material to patentability as defined in
§1.56(b).

Pursuant to 37 C.F.R. § 1.98(a)(2)(ii), copies of cited U.S. patents and patent publications are

not provided herewith; a copy of each cited foreign and non-patent reference is provided herewith.

COR-AAD1-00004700
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Receipt date: 12/16/2020 15/288,406 - GAU: 1663

Applicant submits herewith the fee set forth in 37 CFR 1.17 (p) and authorize the
Commissioner to charge any additional fee necessary to affect this filing to our Deposit Account No.
10-0435, with reference to our Matter No. 14764-258662.

Consideration of the claims, leading to their allowance and passage of the application to
issuance, is respectfully requested. If any further discussion of this matter would speed prosecution

of this application, the Examiner is invited to call the undersigned at (434) 220-2866.

Respectfully submitted,

J ohh P. Breen
Registration No. 38,833
Attorney for Applicants

JPB:glt
(317) 261-7940
Indianapolis, Indiana 46204

COR-AAD1-00004701
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Receipt date: 12/16/2020 15/288,406 - GAU: 1663

Doc code: IDS PTO/SB/08a (02-18)
Doc description: Information Disclosure Statement (IDS) Filed

Application Number 15288406

Filing Date 2016-10-07

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor 1 Terry Wright

Art Unit | 1663

Examiner Name ] KRUSE, David H.

Attorney Docket Number |14764—258662

U.S.PATENTS
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
Initial* No Patent Number Code! Issue Date of cited Document Relevant Passages or Relevant
Figures Appear
1 5463175 1995-10-31 Barry etal.
/D.H.R
/D.H.K 2 6518222 2003-02-11 Arndt et al

If you wish to add additional U.S. Patent citation information please click the Add button.

U.S.PATENT APPLICATION PUBLICATIONS

Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document )
Figures Appear
3 2003135879 2003-07-17 Weeks et al.
/D.H.R/

If you wish to add additional U.S. Published Application citation information please click the Add butto

/DAVID H KRUSE/ 12/21/2020
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Receipt date: 12/16/2020 15/288,406 - GAU: 1663
Application Number 15288406
Filing Date 2016-10-07
INFORMATION DISCLOSURE First Named Inventor 1 Terry Wright
STATEMENT BY APPLICANT e
( Not for submission under 37 CFR 1.99)
Examiner Name 1 KRUSE, David H.
Attorney Docket Number [ 14764-258662
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.H.R/
FOREIGN PATENT DOCUMENTS
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Aoplicant of cited where Relevant Ts
Initial* No | Numbers Code2| Code4| Date PP Passages or Relevant
Document )
Figures Appear
4 03/013224 WO 2003-02-20 BAYER BIOSCIENCE |:|
N.V.
5 87/05629 wo 1987-09-24 PLANT GENETIC |:|
SYSTEMS N.V.
6 97/13402 woO 1997-04-17 DOW AGROSCIENCES |:|
LLC
7 96/33270 wO 1996-10-24 AMERICAN CYANAMID |:|
COMPANY
8 1167531 EP 2002-01-02 Monsanto Technology ]
LLC
9 0009727 woO 2000-02-24 MAXYGEN, INC. |:|
10 0066748 wO 2000-11-09 SYNGENTA LIMITED D
11 1471533 CN 2004-01-28 DOW AGROSCIENCES | English Abstract |:|
LLC
/DAVID H KRUSE/ 12/21/2020
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Receipt date: 12/16/2020 15/288,406 - GAU: 1663
Application Number 15288406
Filing Date 2016-10-07
INFORMATION DISCLOSURE First Named Inventor ]Terry Wright
STATEMENT BY APPLICANT o6
( Not for submission under 37 CFR 1.99)
Examiner Name IKRUSE,DaWdH.
Attorney Docket Number [ 14764-258662
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.H.X/
If you wish to add additional Foreign Patent Document citation information please click the Add button
NON-PATENT LITERATURE DOCUMENTS
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o . . )
I (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5
Initials No . ) .
publisher, city and/or country where published.
12 HULSE J D ET AL: "CARNITINE BIOSYNTHESIS BETA HYDROXYLATION OF TRI METHYL LYSINE BY AN ALPHA D
KETO GLUTARATE DEPENDENT MITOCHONDRIAL DI OXYGENASE", JOURNAL OF BIOLOGICAL CHEMISTRY,
vol. 253, no. 5, 1978, pages 1654-1659, ISSN: 0021-9258
EICHHORN ERIC ET AL: "Characterization of alpha-ketoglutarate-dependent taurine dioxygenase from Escherichia
13 coli", JOURNAL OF BIOLOGICAL CHEMISTRY, vol. 272, no. 37, 1997, pages 23031-23036, ISSN: 0021-9258 D
14 BISHT NA VEEN CHANDRA ET AL: "Development of 2,4-O-resistant transgenics in Indian oilseed mustard (Brassica ]
juncea)", CURRENT SCIENCE (BANGALORE), vol. 87, no. 3, 10 August 2004 (2004-08-10), pages 367-370,
ISSN: 0011-3891
15 PRINS M: "Broad virus resistance in transgenic plants", TRENDS IN BIOTECHNOLOGY, ELSEVIER D
PUBLICATIONS, CAMBRIDGE, GB, vol. 21, no. 9, 1 September 2003 (2003-09-01), pages 373-375, RPUUHASTH,
ISSN: 0167-7799, DOI: 10.1016/S0167-7799(03)00183-5
16 DELLAPORTA S L ET AL: "A PLANT DNA MINIPREPARATION: VERSION 11", D
PLANT MOLECULAR BIOLOGY REPORTER, SPRINGER SCIENCE +BUSINESS MEDIA B.V, NL,
vol. 1, no. 4, 1 January 1983 (1983-01-01), pages 19-21, XPOTTUTETUS, ISSN: 0735-9640
17 Opposition filed against EP 10012200.1, filed on 2013-12-20 |:|
18 Opposition filed against EP 10012201.9, filed on 2013-12-06 |:|
19 Opposition filed against EP 10012202.7, filed on 2013-12-20 D
20 Opposition filed against EP 10012199.5, filed on 2014-06-18 |:|

/DAVID H KRUSE/ 12/21/2020
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mrush
Sticky Note
None set by mrush

mrush
Sticky Note
MigrationNone set by mrush

mrush
Sticky Note
Unmarked set by mrush


Receipt date: 12/16/2020 15/288,406 - GAU: 1663

1 FI;/-Ic1)l1e.<£:‘lélar Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press, SECOND EDITION., 1989, Vol.2, ]
52 Applicant Response to Opposition filed against EP 10012200.1, filed on 2014-08-08 []
03 Applicant Response to Opposition filed against EP 10012201.9, filed on 2014-07-28 []
o4 Applicant Response to Opposition filed against EP 10012202.7, filed on 2014-07-28 []
o5 Applicant Response to Opposition filed against EP 10012199.5, filed on 2014-11-22 |:|
26 Final Decision in Opposition filed against EP 10012200.1, filed on 2016-08-01 ]
57 Final Decision in Opposition filed against EP 10012201.9, filed on 2016-08-01 ]
o8 Final Decision in Opposition filed against EP 10012202.7, filed on 2016-08-01 []
29 Final Decision in Opposition filed against EP 10012199.5, issued on 2016-02-09 ]

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /D.H.K/

/DAVID B KRUSE/ 12/21/2020
i
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Receipt date: 12/16/2020

15/288,406 - GAU: 1663

X
X

form of the signature.

CERTIFICATION STATEMENT

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the

Signature

/John P. Breen/

Date (YYYY-MM-DD)

2020-12-16

Name/Print

John P. Breen

Registration Number

38833

VA 22313-1450.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,

COR-AAD1-00004706
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To: INDocket@btlaw.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 107540

Jan 04, 2021 03:49:57 AM
Dear PAIR Customer:

Barnes & Thornburg LLP (Dow)
11 South Meridian Street
Indianapolis, IN 46204
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 107540 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15288406 NOA 01/04/2021 14764-258662
1449 01/04/2021 14764-258662

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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PART B - FEE®S) TRANSMITTAL
=b.

Complete and sead this form, together with applicable fee(s), by mail or fax, or via EFS-We

By mail, send to:  Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-143

M is form should be used mrruummz ing the [SSUE FEE and PUBLIC \TION ’H“r {}f m d). Blocks 1 through 5 should be completed s
furthe we including the Patent, advance o d to the cur sorrespendence address as in

ed otherwise 1n Block 1, by {a) \ptxsttymg 4. Dew COrrespondence ¢ i / Eparaie 1 ADDRESS fory tenance fee notti umns
n onl} nc used for domestic mailings of the
be used for any other mpanying
ment or formal g, musi

below or

NT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any

{07540 7890 01047207 C'meu_au 431 ‘«ia:img or Transmission
Barmes & "fh()l‘}ﬂ)lli'(’ LLP (Dow) 1 hereby certify that ] I depmnec wnn the Unted
) ’ States Postal Se ia in an eavelope
il South Meridian Street addressed to the TEE adiddress above, or being transmitied to

Indignapolis. TN 46204 the USPTO via EFS-Web or by facsimile to (371) 273-2885, on the dase below,
1 kY 5 Y
{Typed or printed same)
(Signature)
(Date)
g APPLICATION NO. ; FILING DATE E FIRST NAMED INVENTOR % ATTORNEY DOCKET NO. E CONFIRMATION NO. E
157288 406 2015 Terry WRIGHT 14764-2586672 3402
TVLE OF INVENTION: NOVEL HERBICIDE RESISTANCE G

TITLE OF TNV TON: NOVEL HERBICIDE RESISTANCE

E APPLN. TYPE i ENTITY STATUS l 1SSUE FEE DUE E PUBLICATION FEE DUE i PREV.PAIDISSUE FEE E TOTAL FEE(S) DATE DUE E

/2021

nopprovisional UNBDISCOUNTED $1200 $0.00 SO.00 51200 0441

E EXAMINER | ART UNIT g CLASS-SURCLASS i
KRUSE. DAVID H 1663 800-303£000
nge of comespondence address or indication of "Fee Address” (37 2. For printing on the patent front page, hist
£.363). (l) [he names of up to 3 registered p

1_Barmes & Thomburg LLP

. . o - or agents OR, d‘icmdm

: e of cotrespo address {or Change of Correspon -

Add orm PTO/SB/122) atrached. 5
tod “Fee Address” indication (or “Fee Address” Indication form FFQ/ [ug a0 name will he 1" inted. ;5

SR/47; Rev 03-09 or more recent} ed. Use of a Customer

Nimber is vequired.
3. ASSIGNEE NAME AND RESIDENCE DATA TCO BE PRINTED ON THE PATENT (print or type)

PEEASE NOTE: Unless an ctified below, no assignee data will appear on the
recorded, or filed for recor orth 1o 37 CFR 3.11 and 37 CFR 3.8i(a). Compl

() NAME OF A3 i3 () RESIDENCE:
Dow AgroSciences LLC Indianapolis, IN

gree i id
, as set fx

Please check the appropriate assignec category or categories (will not be printed on the patent} : o Individual & Caorporation or other privaie group entiry i3 Government

[ IPublication Fee {if required} [ JAdvance Crder - # of Copies

4a. Fees submitted: Rz
4h. Method of Payment: {Please first reapply omy previousty paia

XE Elsctropic Payw

2e shown above}

via EFS-Web {4 Enclosed ches [ Non-electranic paymen: by credit card {Attach form PTO-2038)

& The Diivector is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 10-0435

3. Change in Fatity Status (from status indicated above)
37 CER 1.29

PTO/SBE/ISA and 15B), ix
nlication auaad’w
his hox will be ta

tion of Micro Fmily Stats
mount wit! not be accey

i Applicant ceriitying micro entity status. Se

See 37 CFR 1.27

¥ oa icant asserting small entity sta e
fd Applicant asserting smail entity sta os: of eatitle

s box will be taken to be a notification

i -Jf 1\“, of entitlement to small or mic
Applicant changing to

VT L

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signatire requirements and certifications.

Authorized Signatire /John P. Breen/ Dhate January 7, 2021
38833

dname_John P. Breen Registration No.

Typed or

Page

2of3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMRB 0651~

0033 V.S, Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

06
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Electronic Patent Application Fee Transmittal

Application Number:

15288406

Filing Date:

07-Oct-2016

Title of Invention:

NOVEL HERBICIDE RESISTANCE GENES

First Named Inventor/Applicant Name:

Terry WRIGHT

Filer:

John P. Breen/Garla Twyman

Attorney Docket Number:

14764-258662

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz;r;(tsa)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200

COR-AAD1-00004710
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Description Fee Code Quantity Amount Suﬁ;l’;(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200

COR-AAD1-00004711
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Electronic Acknowledgement Receipt

EFS ID: 41585325
Application Number: 15288406
International Application Number:
Confirmation Number: 5402

Title of Invention:

NOVEL HERBICIDE RESISTANCE GENES

First Named Inventor/Applicant Name:

Terry WRIGHT

Customer Number:

107540

Filer:

John P. Breen/Garla Twyman

Filer Authorized By:

John P. Breen

Attorney Docket Number:

14764-258662

Receipt Date: 07-JAN-2021
Filing Date: 07-0CT-2016
Time Stamp: 17:03:38

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1200

RAM confirmation Number E202117H05287976
Deposit Account 100435

Authorized User

Garla Twyman

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)

COR-AAD1-00004712
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document s . . File Size(Bytes)/ Muiti Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

272329

1 Issue Fee Payment (PTO-85B) Issue_Fee_Transmittal.pdf no 1

f66061abf111113907da5ch53560b9d8IbS
elbbl

Warnings:

Information:

30361

2 Fee Worksheet (SB06) fee-info.pdf no 2

b5ffddbf7558405551c5€33651631aa2999%
8e42

Warnings:

Information:

Total Files Size (in bytes)1 302690

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

if a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

COR-AAD1-00004713
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 1450

Alexandiia, Vinginia 22313-1450

WWW.USPO.ZOYV

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
15/288,406 10/07/2016 1663 3120 14764-258662 34 1
CONFIRMATION NO. 5402
107540 CORRECTED FILING RECEIPT

11 South Meridian Street O L M LR

Indianapolis, IN 46204
Date Mailed: 01/11/2021

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, piease
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Terry WRIGHT, Westfield, IN;

Justin LIRA, Zionsville, IN;

Donald MERLO, Carmel, IN;

Nicole ARNOLD, Indianapolis, IN;
Applicant(s)

Dow AgroSciences LLC, Indianapolis, IN;

Power of Attorney: The patent practitioners associated with Customer Number 107540

Domestic Priority data as claimed by applicant
This application is a CON of 14/820,893 08/07/2015 PAT 10174337
which is a CON of 12/951,813 11/22/2010 PAT 9127289
which is a CON of 11/5687,893 05/22/2008 PAT 7838733
which is a 371 of PCT/US2005/014737 05/02/2005
which claims benefit of 60/567,052 04/30/2004

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

page 1 of 4
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Permission to Access Search Resuits: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 10/17/2016

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/288,406

Projected Publication Date: Not Applicable

Non-Publication Request: No

Early Publication Request: No

Title

NOVEL HERBICIDE RESISTANCE GENES
Preliminary Class
800
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not resuit in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application’s filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
page 2 of 4
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

page 3 of 4
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 4 of 4
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To: INDocket@btlaw.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 107540

Jan 11, 2021 03:51:10 AM
Dear PAIR Customer:

Barnes & Thornburg LLP (Dow)
11 South Meridian Street
Indianapolis, IN 46204
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 107540 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15288406 APP.FILE.REC  01/11/2021 14764-258662

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM

COR-AAD1-00004718
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UNITED STATES PATENT AND TRADEMARK OFFICE

4 GO AND RN

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.HSP[O.gOV

I APPLICATION NO. I ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/288,406 03/16/2021 10947555 14764-258662 5402
107540 7590 02/24/2021

Barnes & Thornburg LLP (Dow)
11 South Meridian Street
Indianapolis, IN 46204

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 257 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Terry WRIGHT, Westfield, IN;

Dow AgroSciences LLC, Indianapolis, IN;
Justin LIRA, Zionsville, IN;

Donald MERLQ, Carmel, IN;

Nicole ARNOLD, Indianapolis, IN;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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To: INDocket@btlaw.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 107540

Feb 25, 2021 03:47:29 AM
Dear PAIR Customer:

Barnes & Thornburg LLP (Dow)
11 South Meridian Street
Indianapolis, IN 46204
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 107540 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15288406 ISSUE.NTF 02/24/2021 14764-258662

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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